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The Bio log ica l  Bas i s  f o r  t h e  D e f i n i t i o n  

of Species  of ~nadromous SalmonMs 

Under t h e  Endangered Species  Act 

by 

Fred M, U t t e r  

The r a t i o n a l e  f o r  t h e  Endangered Species  Act (ESA) of 1973 a s  amended 

i n  1978 can be paraphrased a s  fol lows:  Every animal spec ie s  - a s  w e l l  a s  

i s o l a t e d  popula t ions  w i t h i n  some s p e c i e s  - r ep resen t  unique and i r r e p l a c e a b l e  

groups of organisms conta in ing  a c t u a l  o r  p o t e n t i a l  e c o l o g i c a l ,  s c i e n t i f i c ,  

h i s t o r i c a l ,  r e c r e a t i o n a l ,  e s t h e t i c  and educa t iona l  va lue ;  a l l  such groups 

warrant  r e spons ib le  management and-where necessary-protect ion.  The assessment 

of t h e  c u r r e n t  s t a t u s  of such groups, leading  t o  p o s s i b l e  p r o t e c t i v e  o r  

remedial a c t i o n s ,  r e q u i r e s  a  sound b i o l o g i c a l  b 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 both s p e c i e s  and popula t ions .  

This  r e p o r t  i s  an i n i t i a l  response from t h e  Northwest and Alaska F i s h e r i e s  

Center t o  a mandate from t h e  Nat ional  Marine F i s h e r i e s  Serv ice  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  s t o c k s  of anadromous salmonids r e l a t i v e  t o  t h e  ESA. It is 

intended t o  s e r v e  as p a r t  of a  b a s i s  f o r  subsequent documents t h a t  w i l l  i d e n t i f y  

s p e c i f i c  problems and recommend courses  of remedia l  a c t i o n .  The complexi t ies  

and u n c e r t a i n t i e s  of d e f i n i n g  and i d e n t i f y i n g  s p e c i e s  and popula t ions  a r e  

examined p r i m a r i l y  i n  t h e  context  of salmonid l i t e r a t u r e .  Syntheses a r e  made 

from t h e s e  d a t a  t o  o u t l i n e  t h e  gene ra l  requirements  f o r  de f in ing  s p e c i e s  and 

d i s t i n c t  popula t ion  segments f o r  t h e  implementation of such d e f i n i t i o n s  i n  

accordance wi th  t h e  ESA. Numerous rev iewers  of t h e  i n i t i a l  d r a f t  of t h i s  r e p o r t  

provided supplemental informat ion ,  i d e n t i f i e d  unclear  o r  erroneous s ta tements ,  

and suggested v a r i o u s  mod i f i ca t ions  t o  c l a r i f y  t h e  p resen ta t ion .  I thank each 

reviewer f o r  t h i s  necessary  a s s i s t a n c e  which r e s u l t e d  i n  a  more complete and 

a  c l e a r e r  s ta tement .  



DEFINITION AND CHARACTERIZATION OF SPECIES 

The r e a l i t y  of t h e  taxonomic l e v e l  c a l l e d  "species"  i s  accepted among 

most b i o l o g i s t s  w i th in  t h e  framework of t h e  d e f i n i t i o n :  "Species a r e  groups 

of in te r -breeding  n a t u r a l  popula t ions  t h a t  a r e  r ep roduc t ive ly  i s o l a t e d  from 

o the r  such groups" (Mayr, 1970). The recognized spec ie s  of salmonids a r e  

g e n e r a l l y  c o n s i s t e n t  wi th  t h i s  d e f i n i t i o n .  Each of t h e  f i v e  spec ie s  of 

P a c i f i c  salmon (Oncorhynchus) t h a t  a r e  indigenous t o  North America f r e q u e n t l y  

e x i s t  sympa t r i ca l ly  wi th  one o r  more congeneric  s p e c i e s  (Aro and Shepard, 

1976; Atkinson e t  a l . ,  1967). Yet t h e s e  spec ie s  remain r e a d i l y  i d e n t i f i a b l e  

throughout t h e i r  ranges. The c o a s t a l  forms of s t ee lhead  (Salmo g a i r d n e r i )  

and c u t t h r o a t  (S. - c l s r k i )  t r o u t  l i k e w i s e  occur sympat r ica l ly ;  a l though they  

a r e  f e r t i l e  i n  l a b o r a t o r y  c r o s s e s  (J. Mighel l ,  NMFS, personal  communication), 

they  do n o t  s i g n i f i c a n t l y  i n t e r b r e e d  i n  na ture .  

It would appear a t  f i r s t  g lance ,  t hen ,  t h a t  t h e r e  a r e  no problems among 

anadromous salmonids a t  t h e  s p e c i e s  l e v e l  w i th  regard  t o  t h e  i d e n t i f i c a t i o n  of 

such groups. This  p i c t u r e  is  decep t ive ,  however, and such a conclusion is  

premature. The f i v e  s p e c i e s  of P a c i f i c  salmon and t h e  two t r o u t  spec ie s  

mentioned above have each evolved and diverged from common ances to r s  f o r  

5 per iods  probably exceeding 1 0  yea r s  (Neave, 1958). One may s a f e l y  assume 

t h a t  t h e i r  a n c e s t r a l  forms v e r y  l i k e l y  resembled one another  much more than  

do t h e  forms e x i s t i n g  today. 

Sympatric Popula t ions  

Assuming t h a t  t h e  processes  l ead ing  t o  s p e c i a t i o n  (e.g., see Stebbins ,  

1971) a r e  more o r  l e s s  con t inua l ,  i t  is reasonable  t o  sugges t  t h a t  popula t ions  

i n  t h e  process  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  e x i s t  i n  salmonids. Evidence 

f o r  non-interbreeding of conspec i f i c  salmonid popula t ions  t h a t  c o e x i s t  i n  t h e  

same area would suppor t  t h e  con ten t ion  t h a t  t h e s e  popula t ions  are g e n e t i c a l l y  



i s o l a t e d  from one another  and a r e  i n  t h e  e a r l y  s t a g e s  of processes  leading  

t o  complete r ep roduc t ive  i s o l a t i o n  ( i . e .  s p e c i a t i o n ) .  Such evidence e x i s t s  

from i n v e s t i g a t i o n s  of salmonid popula t ions  and some of i t - w i l l  be b r i e f l y  

reviewed below. 

Inna te  t a c t i c  responses l ead ing  newly emerged salmonid f r y  e i t h e r  upstream 

o r  downstream t o  l a k e s  se rv ing  a s  nursery  a r e a s  have been demonstrated i n  

Sockeye salmon (2. nerka)  from d i v e r s e  geographic r eg ions  (Raleigh, 1971; 

Brannon, 1972). These responses  were a l t e r e d  through ind iv idua l  c ros ses  

involving both i n l e t  and o u t l e t  pa ren t s  i n d i c a t i n g  t h e  inadapt ive  n a t u r e  

of n a t u r a l  c r o s s e s  between i n l e t  and o u t l e t  popula t ions  of a given drainage.  

This  inadapt iveness  i n f e r s  t h e  g e n e t i c  i s o l a t i o n  of such popula t ions  sha r ing  

an o therwise  common environment. 

Two morphological ly d i s t i n c t  groups of Bonnevil le  Whi tef i sh  (Prosopium 

s i l o n o t u s )  were found t o  c o e x i s t  i n  Bear Lake on t h e  Utah-Idaho border 

(White, 1974). Each form was d i s t i n c t  wi th  regard t o  growth, and t o  age and 

s i z e  a t  matur i ty .  It was recommended t h a t  each group be given t e n t a t i v e  

r ecogn i t ion  a s  d i f f e r e n t  spec ie s .  

D i rec t  evidence f o r  non-interbreeding of two Brown t r o u t  (Salmo t r u t t a )  

popula t ions  co-exis t ing  i n  a smal l  Swedish l a k e  has been r e c e n t l y  r epor t ed  

by Ryman et a l . ,  (1979). These groups ( i d e n t i f i e d  on t h e  b a s i s  of d i s t i n c t  

biochemical g e n e t i c  p r o f i l e s )  had d i f f e r e n t  growth r a t e s  and spawning a reas .  

The au thor s  pos tu l a t ed  t h a t  one group was a r e l i c t  popula t ion  t h a t  had been 

i s o l a t e d  wi th in  a g l a c i a l  r e fuge  about 125,000 yea r s  ago whi le  t h e  second 

represented  a more widespread group of brown t r o u t  t h a t  r e c e n t l y  reinvaded 

t h e  area.  Although it may be argued whether o r  n o t  t h e s e  two groups a r e  

s u f f i c i e n t l y  r ep roduc t ive ly  i s o l a t e d  t o  warrant  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  

spec ie s ,  they  a r e  c l e a r l y  d ive rg ing  towards such a d i s t i n c t i o n .  S imi l a r  

sympatr ic  popula t ions  of Swedish char  (Sa lve l inus  a lp inus )  have a l s o  been 

repor ted  (Nyman, 1972). 
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Direc t  evidence f o r  sympatr ic  popula t ions  of sockeye salmon has been 

found i n  sockeye salmon popula t ions  of t h e  Lake Washington d ra inage  near  

S e a t t l e .  Genet ic  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  popula t ion  of 

non-anadromous sockeye salmon i n  Issaquah Creek of t h e  Lake Washington 

d ra inage  nea r  S e a t t l e  t h a t  is  d i s t i n c t l y  d i f f e r e n t  no t  only  from o the r  non- 

anadromous and anadromous sockeye salmon popula t ions  of t h i s  d ra inage  but  

a l s o  from a l l  sockeye salmon popula t ions  o u t s i d e  of t h i s  dra inage  t h a t  have 

been s tud ied  (Ut t e r  e t  a l . ,  i n  p r e s s ) .  

The above examples d e s c r i b e  diverged and sympatr ic  conspec i f i c  popula t ions  

of salmonids t h a t  a r e  i n  presumably e a r l y  o r  i n t e rmed ia t e  phases of spec ia t ion .  

It i s  ve ry  l i k e l y  t h a t  o t h e r  - poss ib ly  numerous - s i m i l a r  i n s t a n c e s  e x i s t  

among such s p e c i e s  of salmonids i n  view of t h e  r ecen 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  de t ec t ion .  

A l l o p a t r i c  Popula t ions  

Another segment of t h e  s p e c i e s  ques t ion  concerns nominally conspec i f i c  

popula t ions  t h a t  a r e  temporal ly o r  geographica l ly  i s o l a t e d  from o the r  populat ions.  

These popula t ions  may be i n  va r ious  s t a g e s  of i n c i p i e n t  spec ia t ion ,bu t  t h e i r  

c a p a b i l i t i e s  f o r  main ta in ing  g e n e t i c  i s o l a t i o n  under sympatr ic  cond i t ions  

cannot be assessed .  The in land  c u t t h r o a t  t r o u t  complex i e p r e s e n t  a  s e r i e s  of 

geographica l ly  i s o l a t e d  groups of popula t ions  where r e c e n t  e s t ima tes  of gene t i c  

d i s t a n c e s  demonstrate  s u b s t a n t i a l  g e n e t i c  divergence among some of t h e  groups 

sugges t ing  i n c i p i e n t  s p e c i a t i o n  (Loudenslager & G a l l ,  i n  p r e s s ) .  A d e t a i l e d  

examination of t h e  popula t ion  s t r u c t u r e  of t h e  c o a s t a l  group (S. - c l a r k i  c l a r k i )  

over a  l i m i t e d  geographic range (Campton, 1980) ind ica t ed  a  s t r o n g  tendency 

t o  main ta in  t h e  i n t e g r i t y  of l o c a l  popula t ions  f u r t h e r  suggest ing t h e  p o s s i b i l i t y  

of i s o l a t e s  w i t h i n  t h i s  group t h a t  may be d iverg ing  towards spec ia t ion .  
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Pink salmon (0. - gorbuscha) i s  t h e  b e s t  known example of temporal 

i s o l a t i o n  i n  salmonids.  Thei r  r i g i d  two-year l i f e  c y c l e  has  l e d  t o  two 

d i s t i n c t  gene pools  throughout t h e i r  s p e c i e s  range.  Extensive geographic 

surveys of g e n 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 m i l a r i t y  w i t h i n  

a year  c l a s s  - r e g a r d l e s s  of geographic o r i g i n  - than between year  c l a s s e s  - 

even i n  t h e  same s t reams (Aspinwall,  1974; Johnson, 1979; Donnelly e t  a l . ,  

1979). Even and odd year  p ink  salmon have a l s o  evolved d i f f e r e n t  i n t r i n s i c  

growth r a t e s  (Ricker e t  a l . ,  19781, d i s t i n c t  geographic d i s t r i b u t i o n s  (Aro 

and Shepard, 1967; Atkinson e t  a l . ,  19671, and d i f f e r e n t i a l  temporal and 

d i s t r i b u t i o n a l  spawning p a t t e r n s  having 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 ra inages  used a l t e r n a t e l y  by both  year  c l a s s e s  (He l l e ,  1970; Taylor ,  1980). 

It is  ev iden t  t h a t  t h e  two year  c l a s s e s  a r e  d ive rg ing  towards u l t i m a 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 .  

Nominal Spec ies  

The phenotypic  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  of many 

salmonids have h i s t o r i c a l l y  confused t h e  s p e c i e s  p i c t u r e  i n  some in s t ances .  

Thus, two phenotypica l ly  d i f f e r e n t  groups having non-overlapping geographic 

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 be ca tegor ized  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  e o t  warrant  such 

a d i s t i n c t i o n .  

The c u r r e n t  taxonomic s t a t u s  of rainbow t r o u t  (Salmo -- g a i r d n e r i )  and 

r e l a t e d  popula t ion  groups is  a p o s s i b l e  example of t h i s  s i t u a t i o n .  This  group 

of popu la t ions  comprises two recognized s p e c i e s  (S. - g a i r d n e r i  and - S. aquabonita)  
I 

p l u s  a t h i r d  popula t ion  complex - t h e  redband t r o u t  - t h a t  has  n o t  been formal ly  

named b u t  has  been e l eva t ed  t o  s p e c i e s  rank  i n  much of t h e  c u r r e n t  l i t e r a t u r e  

( s ee  Gold, 1977). Although i t  is beyond t h e  scope of t h i s  r e p o r t  t o  make a 

d e t a i l e d  review of t h e s e  groups ( s e e  Behnke, 1965; G a l l  e t  a l . ,  1976; Gold, 1977; 



Wilmot, 1974) i t  is  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  

between 0 and 1 averaging t h e  l e v e l  of 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  between 

two popu la t ions  over  a l l  l o c i  examined - u s u a l l y  g r e a t e r  than 20, s e e  Rogers, 

1972; Nei ,  1972) among t h e s e  recognized s p e c i e s  groups i n  c o n t r a s t  w i th  t hose  

among t h e  subspec ie s  of c u t t h r o a t  t r o u t .  Loudenslager and Ga l l  ( i n  p re s s )  

have r e p o r t e d  an average  g e n e t i c  s i m i l a r i t y  (based on e l e c t r o p h o r e t i c  d a t a  

from approximately 40 l o c i )  of about .85 among t h r e e  major i n t e r i o r  subspec ies  

of c u t t h r o a t ;  Campton (1980) has  i d e n t i f i e d  a s i m i l a r  d ivergence  of t h e  

c o a s t a l  subspec ie s  from o t h e r  c u t t h r o a t  groups. The g e n e t i c  s i m i l a r i t y  among 

t h e  rainbow-golden-redband t r o u t  complex (based on d a t a  analogous t o  t h e  

c u t t h r o a t  t r o u t  comparisons) i s  above .925 i n  a l l  comparisons between popula t ions  

(Allendorf  and U t t e r ,  1974; R. Smith, pe r sona l  communication - d a t a  f o r  Ph D 

t h e s i s ,  Univ. of Cal. ,  Davis).  The purpose of making t h i s  c o n t r a s t  i s  not  t o  

deba te  t h e  v a l i d i t y  of t h e  s p e c i e s  r ank  i n  one group o r  t h e  subspec ies  rank  

i n  t h e  o t h e r  (a l though such a deba te  based on a d 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  of t h e  known f a c t s  of t h e  ma t t e r  is c l e a r l y  i n  o r d e r ) ,  bu t  t o  po in t  

ou t  t h e  p 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 s p e c i e s  

c l a s s i f i c a t i o n ,  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 divergence.  

It is e v i d e n t ,  then ,  t h a t  u n c e r t a i n t i e s  do e x i s t  concerning 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 salmonids.  Some of t h e s e  u n c e r t a i n t i e s  

a r e  d i r e c t l y  fmportant  t o  cons ider  w i th  regard  t o  t h e  inp lementa t ion  of t h e  

ESA because of t h e  converse p o s s i b i l i t i e s  of e i t h e r  cons ider ing  two o r  more 

non- in te rbreeding  groups t o  be  a s i n g l e  panmic t ic  u n i t  o r  g ran t ing  unwarranted 

aepa ra t ion  t o  minimally d iverged  popula t ions .  These problems w i l l  nex t  be  

considered a t  t h e  wi th in-spec ies  l e v e l .  



DEFINITION AND IDENTIFICATION OF DISTINCT POPULATION SEGMENTS 

The processes  r e s u l t i n g  i n  t h e  formation of d i s t i n c t  i n t r a s p e c i e s  

popula t ions  a r e  t h e  e a r l y  phases of those  u l t i m a t e l y  leading  t o  s p e c i a t i o n ,  

wi th  t h e  primary d i s t i n c t i o n  being (by d e f i n i t i o n )  t h e  absence of reproduct ive  

i s o l a t i o n .  The s t rong homing tendencies of anadromous salmonids make t h i s  

group 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  formation of such populat ions.  Given 

t h i s  common c h a r a c t e r i s t i c ,  it is  tempting t o  formulate a  general ized model 

f o r  migra tory  salmonids i n  which a h ie ra rchy  of a r e a s ,  major s treams 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  populat ion u n i t .  

The model does provide a  u s e f u l  f i r s t  approximation 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 va r ious  spec ies  wi th  regard t o  l o c a t i o n  and time 

has been w e l l  documented i n  t h e  salmonid l i t e r a t u r e  (reviewed i n  Ricker , 

1972). Examinations of comparative g e n e t i c  a t t r i b u t e s  of t h e s e  runs  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 demonstrated t h a t  

g e n e t i c  s i m i l a r i t y  tends  t o  i n c r e a s e  d i r e c t l y  with geographic proximity 

(Ut t e r  e t  a l . ,  1974; Kr i s t i ansson  and McIntyre, 1976; May, 1975; Grant,  1977; 

Thorgaard, 1978; and Allendorf and U t t e r ,  1979). 

The model has 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  prec ludes  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  de f in ing  d i s t i n c t  populat ion segments of anadromous 

salmonid spec ies .  I t  assumes a s i n g l e  con t inua l  r a d i a t i o n  of populat ion 

segments from an i n i t i a l  s t a r t i n g  poin t  and f a i l s  t o  consJder geo log ica l  or 

b i o l o g i c a l  events  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 predicted 

r a d i a t i o n .  Thus, t h e  model would 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 wi th in  major d ra inages  when considering proximal popula t ions  of t h e  Columbia 

and Fraser  Rivers  j u s t  upstream and downstream from t h e  Cascade Crest .  However, 

morphological and biochemical evidence have independently shown j u s t  t h e  

opposi te  t o  be t r u e  (Behnke, i n  p r e s s  ; Allendorf ,  1975; and U t t e r  e t  a l . ,  1979). 



The conclus ion  t h a t  t h e  popula t ions  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 ra inage  i s  supported 

by knowledge of r e c e n t  g e o l o g i c a l  even t s  t h a t  exp la ins  t h e  ad jacent  l o c a t i o n  

of diverged popula t ions .  Geographic d i s c o n t i n u i t i e s  of popula t ion  u n i t s  of 

coho and chinook salmon t h a t  d e v i a t e  from t h e  model have a l s o  been r epor t ed  

(Allendorf  and U t t e r ,  1979). 

A second d e f i c i e n c y  of t h e  model i s  t h e  t a c i t  assumption of a  r e l a t i v e l y  

uniform c a p a b i l i t y  f o r  r a d i a t i o n  among t h e  d i f f e r e n t  anadromous spec i e s .  Much 

evidence has  accumulated 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 salmonids a s  a  r e f l e c t i o n  of t h e  evo lu t ion  

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 . ,  i n  p r e s s ) .  I n  

11 a d d i t i o n ,  t r a n s p l a n t a t i o n r  i n t e r f e r e  w i th  h e r i t a b l e  p a t t e r n s  of homing 

p r e c i s i o n  (Ricker , 1972) and f u r t h e r  complicate  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  format i o n  of d i s c r e t e  popula t ions  groupings. 

The above d i scuss ion  does n o t  nega te  t h e  a p p l i c a t i o n  of t h e  model, bu t  

p l a c e s  s t r i c t  l i m i t s  on i t s  use .  Gene ra l i za t ions  cannot be made between s p e c i e s  

because of d i f f e r i n g  geographic r anges  of i n t e rb reed ing  popula t ions .  

Gene ra l i za t ions  w i t h i n  s p e c i e s  must cons ider  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 .  

- 

1/ 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  - 

compound t h e  problem of popula t ion  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 he  

popula t ion  u n i t s  desc r ibed  h e r e  - u n l e s s  s p e c i f i c a l l y  des igna ted  otherwise-  

a r e  presumed t o  be  a  r e f l e c t i 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 

in t roduced  popu la t ions  w i l l  be  considered i n  a  l a t e r  s ec t ion .  



Data Required f o r  I d e n t i f y i n g  Popula t ion  Segments 

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

r equ i r ed  t o  b e s t  i d e n t i f y  a d i s t i n c t  popula t ion  segment s i n c e  t h e  model 

based on homing r e q u i r e s  supplemental d a t a  i n  o rde r  t o  provide  g e n e r a l l y  

r e l i a b l e  informat ion .  An i d e a l  s e t  of d a t a  should have a  pu re ly  g e n e t i c  

b a s i s  because d a t a  r e f l e c t i n g  environmental v a r i a b l e s  could i n d i c a t e  homogeneity 

among g e n e t i c a l l y  d i s c r e t e  popula t ions  occupying s i m i l a r  h a b i t a t s  and thus  

g ive  mis leading  informat ion .  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 .  Meddelian v a r i a t i o n )  

i n  o rde r  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 magnitude of measurable  

d i f f e r e n c e s  between any two popula t ions  should 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  groups. A s u f f i c i e n t  

sampling 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  both  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 popula t ions  and t h e  accuracy of measure- 

ments e s t i m a t i n g  r e l a t i o n s h i p s  among popula t ions .  F i n a l l y ,  t h e s e  d a t a  should 

be a t t a i n a b l e  w i t h  r ea sonab le  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  meaningful sample 

s i z e s  can b e  obtained.  

The a b i l i t y  t o  d e f i n e  d i s t i n c t  popula t ion  segments i n  salmonid s p e c i e s  has  

been l i m i t e d  i n  t h e  p a s t  through t h e  absence of d a t a  f u l f i l l i n g  t h e  above 

c r i t e r i a .  A review of morphological ,  phys io log ica l  and behav io ra l  approaches,  
N 

used t o  examine t h e  d i s t r i b u t i o n  of 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  of P a c i f i c  

salmon (Ricker ,  1972) i n d i c a t e d  (1)  t h a t  much g e n e t i c  v a r i a t i o n  ex i s t ed  among 

popu la t ions  of P a c i f i c  salmon and (2)  t h a t  homing had a s t r o n g  g e n e t i c  b a s i s  

and w a s  t h e  most d e f i n i t i v e  i n d i c a t o r  of popula t ion  s t r u c t u r e .  Never the less ,  

t h e  d i s c r e t e n e s s  of t h e  under ly ing  g e n e t i c  v a r i a t i o n  remained unknown and t h i s  

precluded any q u a n t i f i c a t i o n  of pu re ly  g e n e t i c  d i f f e r e n c e s  among popula t ions .  



Homing has a l s o  been excluded a s  a  primary c r i t e r i o n  f o r  populat ion d e f i n i t i o n  

because of t h e  l i m i t a t i o n s  out l ined above. The i n a b i l i t y  of these  methods 

t o  genera l ly  provide r e l i a b l e  gene t i c  d e f i n i t i o n s  of populat ion s t r u c t u r e s  

does not  negate  t h e  o v e r a l l  va lue  of t h e s e  d a t a  which cumulatively add g r e a t  

wealth t o  understanding t h e  biology of P a c i f i c  salmon and which occas ional ly  

(usual ly  through a  combination of d i s t i n c t  homing and timing) a c t u a l l y  i d e n t i f y  

d i s c r e t e  populat ion segments. 

S tudies  of a l l e l i c  v a r i a t i o n s  of p ro te ins  ( i . e .  e l e c t r o p h o r e t i c a l l y  de tec ted  

biochemical gene t i c  da ta )  have r e c e n t l y  rece ived increas ing 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  research  and management (Reviewed i n  Ut te r  e t  a l . ,  1974; 

Allendorf and U t t e r ,  1979), and f u l f i l l  more of t h e  ideal ized  c r i t e r i a  out l ined 

above f o r  d a t a  requi red  t o  i d e n t i f y  d i s c r e t e  populat ion segments than any 

o ther  known method. The use  of p r o t e i n  d a t a  has added a  new dimension t o  t h e  

s tudy and understanding of i n t e r -  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  of salmonids. 

Indeed, most of t h e  r ecen t  advances i n  t h e  understanding of such 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  of i n t e r p r e t a t i o n s  of p ro te in  da ta .  

Although p r o t e i n  d a t a  a r e  a  va luab le  add i t ion  t o  t h e  t o o l s  used t o  s tudy 

t h e  gene t i c  s t r u c t u r e  of populat ions,  they should not  be regarded a s  a  panacea. 

For ins tance ,  i t  may be proper ly  concluded from c o n s i s t e n t l y  d i f f e r e n t  

f requencies  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 reas  t h a t  a  r e a l  gene t i c  d i f f e r e n c e  e x i s t s  between t h e  populat ions of these  

areas .  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  taken 

wi th in  each a r e a  does no t  - i n  i t s e l f  - j u s t i f y  concluding 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 population. 

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. 

Allendorf (1975) i n i t i a l l y  i d e n t i f i e d  two major populat ion groups of s teelhead 

t r o u t  i n  t h e  Colombia River where t h e  upstream populat ions were not  s t rong ly  

separated wi th in  t h e  upper Columbia River o r  Snake River branches. Subsequent 



d a t a  based on a d d i t i o n a l  p r o t e i n  systems (Milner,  1977) s t r o n g l y  separa ted  

s t ee lhead  t r o u t  of t h e  Dworshak Hatchery (Snake River)  from popula t ions  of 

t h e  upper Columbia River .  The second example concerns t h e  Yellowstone 

c u t t h r o a t  t r o u t  (& c l a r k i  bouv ie r i )  f o r  which biochemical g e n e t i c  d a t a  from 

geographica l ly  d i s t i n c t  popula t ions  have revea led  minimal a l l e l i c  frequency 

d i f f e r e n c e s  (Loudenslager and Ki t ch in ,  1979). Nevertheless ,  popula t ions  

w i t h i n  t h e  subspecies  have demonstrated a  l a r g e  d i v e r s i t y  of phys io log ica l  

adap ta t ions  t o  widely d i f f e r e n t  environments (Varley, 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  responses  have been observed i n  emergent f r y  from i n l e t  

and o u t l e t  s t reams i n  Yellowstone Lake (&Jeighand Chapman, 1971). Thus, 

t h e  absence of p r o t e i n  v a r i a t i o n  among popula t ions  d id  not  prec lude  t h e  

e x i s t e n c e  of cons ide rab le  g e n e t i c  d i v e r s i t y .  

The p o s s i b i l i t y  t h a t  t h e  geographica 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 t i o n  

more heav i ly  r e f l e c t s  environmental r a t h e r  than  l i f e  h i s t o r y  v a r i a t i o n  i s  

another  p o i n t  t h a t  r e q u i r e s  examination. It has  been implied t o  t h i s  poin t  

t h a t  t h e  l a t t e r  s i t u a t i o n  i s  c o r r e c t .  Perhaps t h e  po in t  i s  no t  an important 

one f o r  t h i s  document where t h e  primary o b j e c t i v e  i s  t h e  i d e n t i f i c a t i o n  of 

d i s c r e t e  popula t ions  r a t h e r  than  t h e  q u a n t i f i c a t i o n  of r e l a t i o n s h i p s  among 

them. However, i f  t h e  geographica 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  environmental v a r i a t i o n ,  then  a s i n g l e  in t e rb reed ing  populat ion may 

have d i f f e r e n t  f r equenc ie 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  environmental 

s e t t i n g s  and o t h e r  v a r i a b l e s  having a less 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  

counts)  may 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  populat ion.  The cons i s t ency  of a l l e l i c  f requencies  of p r o t e i n  v a r i a n t s  

i n  popula t ions  of anadromous salmonids has  been r e c e n t l y  examined throughout 

l i f e  cyc le s  i n  s i n g l e  gene ra t ions ,  between genera t ions ,  and among overlapping 

year  c l a s ses .  A l l  comparisons demonstrated t h e  temporal s t a b i l i t y  of a l l e l i c  



f r equenc ie s  and j u s t i f i e s  t h e i r  use  p r imar i ly  as markers of v a r i a t i o n  among 

popula t ions  r a t h e r  than  among environments (Ut t e r  e t  a l . ,  i n  p r e s s ) .  An 

analogous 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  approximates an thropologica l  e s t ima tes  of 

t r u e  r e l a t i o n s h i p s  wh i l e  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  

morphological f e a t u r e s  is more a r e f l e c t i o n  of a n c e s t r a l  environments 

(Caval l i -Sforza,  1974 and P a t t e r s o n ,  1978). 

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

populat ion segments wi th in  an anadromous salmonid spec ie s  having e s t ab l i shed  

(1)  t h a t  a model based only  on homing is  inadequate 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  necessary  but  g e n e r a l l y  incomplete f o r  adequate 

i d e n t i f i c a t i o n ?  The complexi t ies  of d i f f e r e n t  s i t u a t i o n s  prec lude  a simple 

genera l ized  s o l u t i o n .  Rather ,  each s i t u a t i o n  must be regarded a s  unique 

which - i n  f a c t  - i t  is. However, a l o g i c a l  sequence of processes can be 

ou t l ined  which should lead  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  reg ion  i n  ques t ion .  What is 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 rea?  ( t r a n s p l a n t a t i o n  r eco rds  or  

r e l i a b l e  anecdota l  information;  popula t ion  s i z e s ,  spawning t imes and 

spawning l o c a t i o n s  - p a s t  and p resen t ;  man induced changes i n  t h e  

environment; opmpilat ion of a l l  ava5lable  a l l e l i c  frequency data; 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  reg ion  could con ta in  

va luab le  information) .  What i s  t h e  geo log ica l  record of t h e  r eg ion?  

( d a t a  sugges t ing  former i s o l a t i o n  i n  p r e s e n t l y  continuous dra inages  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 popula t ions) .  



11. C o l l e c t  d a t a  from a  sys temat ic  sequence of samples from t h i s  

a r e a .  I n i t i a l l y  sample a t  extreme ranges  of t h e  a r e a  us ing  d a t a  

from Phase I f o r  gu ide l ines .  C o l l e c t  p r o t e i n  d a t a  and 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 iming and growth d a t a )  t h a t  may 

provide  c l u e s  sugges t ing  r ep roduc t ive  i s o l a t i o n .  Measure phys ica 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 .  Synthes ize  d a t a  from 

i n i t i a l  sampling t o  determine t h e  nex t  approximation towards i d e n t i -  

f i c a t i o n  of popula t ion  s t r u c t u r e  of t h e  region.  

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  popula t ions  

of t h e  a r e a .  Successive approximations based on preceding samplings, 

d a t a  c o l l e c t i o n s  and syntheses  lead  u l t i m a t e l y  t o  an  answer based 

on a  though t fu 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 rocess  is 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 ima te  t h e  amount of work (and hence t h e  

c o s t )  involved i n  ob ta in ing  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  vary  wi th  every s i t u a t i o n ;  such is t h e  n a t u r e  of s c i e n t i f i c  

inqui ry .  Nor is t h e r e  any c e r t a i n t y  as t o  what methods w i l l  provide t h e  

u l t i m a t e  answers, p a r t i c u l a r i 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  de tec t ed  by 

p r o t e i n  d a t a  a r e  minimal. Cytogenetic 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 ee lhead  popula t ions  (Thorgaard 1977a; 

1977b) a l though 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  is n o t  n e a r l y  a s  ex tens ive  

as 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 no t  be  g e n e r a l l y  app l i cab le .  A promising 

process  which examines enzymatical ly fragmented mitochondria1 DNA (Avise et a l . ,  

1979) may a l s o  b e  accep tab le  when t h i s  process  becomes f u r t h e r  developed. Other 

procedures t h a t  d e t e c t  some degree of g e n e t i c  v a r i a t i o n  remain u s e f u l  bu 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  of d i s t i n c t  populat ion u n i t s .  



On t h e  o t h e r  hand, t h e  three-phased format  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  both  t o  i n t e r -  and i n t r a - s p e c i f i c  problems. Proper  implementation i n  

conjunct ion  w i t h  t h e  ESA promises a weal th  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 salmonid popu la t ions  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  is  important  t o  recognize  t h a t  many s i t u a t i o n s  may r e q u i r e  

remedial  a c t i o n s  p r i o r  t o  a t ime frame t h a t  would permit  t h e  f u l l  implementation 

of t h i s  process .  P r o v i s i o n a l  d e c i s i o n s  based on incomplete  d a t a  ( i . e .  Phase I )  

may be  necessary  i n  such in s t ances .  F i n a l  d e c i s i o n s  could then  be based on 

subsequent 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  through t h e  f u l f i l l m e n t  

of Phases I1 and I T I .  

BIOLOGICAL IMPLICATIONS OF TRANSPLANTED AND HATCHERY POPULATIONS 

The management of anadromous salmonids i n  t h e  wes tern  United S t a t e s  

dur ing  t h e  l a s t  cen tury  has  involved 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 tocks .  These developments cons iderably  complicate  

t h e  a p p l i c a t i o n s  of t h e  ESA t o  managing t h e s e  popula t ions .  Some of t h e s e  

complexi t ies  a r e  p r i n c i p a l l y  non-biological  and w i l l  n o t  be examined here .  For 

i n s t a n c e ,  t h e  ques t ion  of whether o r  no t  an  a r t i f i c i a l  r u n  t h a t  i s  s e l f  

pe rpe tua t ing  (e.g. t h e  sockeye salmon r u n  i n  t h e  Cedar River near  S e a t t l e )  

should be p ro t ec t ed  under t h e  ESA is  p e r t i n e n t ,  bu t  beyond t h e  scope of t h i s  

r e p o r t .  Quest ions 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  complexi t ies  a r e  

examined below. 

What is 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 

popula t ions  on indigenous popu la t ions?  Th i s  ques t ion  i s  a major concern i n  

c u r r e n t  salmonid management and i ts answers have a d i r e c t  bear ing  on implementation 

of t h e  ESA. There has  been much con jec tu re  concerning 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  popula t ions  of supplemental p l a n t i n g s  of non-native 

and ha tchery  f i s h .  A major p o t e n t i a l  t h r e a t  - over and above competi t ion,  

p reda t ion  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 introduced f i s h  w i t h  
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n a t i v e  popu la t ions .  U n t i l  r e c e n t l y ,  i t  has  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 though Behnke ( i n  p r e s s )  has  r epo r t ed  morphological  

evidence of i n t e r b r e e d i n g  of introduced salmonids wi th  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  popu la t ions ,  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 s  w i t h  in t roduced  o r  hybrid forms. A nega t ive  

r e s u l t  of t h i s  i n t r o g r e s s i o n  has  been t h e  apparent  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  growth t h a t  former ly  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  popula t ions .  

Loudenslager and G a l l  ( i n  p r e s s )  have confirmed and q u a n t i f i e d  some of t h i s  

i n t r o g r e s s i o n  wi th  a l l e l i c  f requency d a t a  based on 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 introduced spec i e s .  

some d a t a  a r e  accumulating on t h e  g e n e t i c  impact of ha t che ry  p l a n t s  

on n a t i v e  popula t ions .  A long term s tudy  by t h e  Washington S t a t e  Department 

of Game i s  i n  p rog res s  on t h e  Kalama River  t o  s tudy  t h e  immediate and long  

term i n t e r a c t i o n s  of ha t che ry  p lan ted  and indigenous s t ee lhead  t r o u t  popula t ions .  

Hatchery 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  bred 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) so  t h a t  t h e  v a r i a n t  w i l l  b e  passed on t o  descendents  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  can be measured i n d e f i n i t e l y  beyond 

t h e  f i r s t  gene ra t ion  (Crawford e t  a l . ,  1978; 1979). Reisenbichler  and McIntyre 

(1977) - a l s o  us ing  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  between ha t che ry  and wild s t ee lhead  t r o u t  of 

t h e  Deschutes River  where performance of wi ld  f i s h  was b e s t  i n  s t ream environ- 

ments and t h a t  of ha t che ry  f i s h  w a s  b e s t  i n  pond environments. The Washington 

S t a t e  Department of F i s h e r i e s  has  been engaged i n  a  long-term commitment t o  

s tudy  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 ec t ed  chum salmon 

enhancement p r o j e c t s  s i n c e  1976 and has  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 the r  salmon s p e c i e s  (Seeb and Wishard, 1977). A s tudy  i s  i n  p rog res 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 ee lhead  t r o u t  popula t ions  of t h e  
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Skagi t  River i n  Washington (Campton, 1979) where heavy ha tchery  p l an t ings  

have been made f o r  many yea r s ,  w i th  those  determined 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 rase r  River of B r i t i s h  Columbia (Parkinson, 

1980) where management i s  based on n a t i v e  f i s h ;  t h e s e  comparisons should 

provide va luab le  i n s i g h t s  i n t o  t h e  e f f e c t s  of ha tchery  management on 

popula t ion  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  measuring t h e  g e n e t i c  

impact of ha tchery  f i s h  on n a t i v e  popula t ions .  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 involv ing  

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  propagat ion i s  j u s t  beginning 

(e.g. ocean ranching) .  I t  is  now both  t e c h n i c a l l y  f e a s i b l e  and economically 

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 ansp lan ted  and a r t i f i c i a l l y  

propagated f i s h  on n a t i v e  f i s h  over t ime and space; i t  is i r r e s p o n s i b l e  t o  

ignore  t h i s  c a p a b i l i t y .  

Can endangered popula t ions  be  perpe tua ted  by a r t i f i c i a l  propagat ion? 

Behind t h i s  ques t ion  l i e s  a more pene t r a t ing  ques t ion  wi th  regard  t o  t h e  ESA: 

does a r t i f i c i a l  propagat ion of endangered popula t ions  i r r evocab ly  a l t e r  t hose  

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  populat ion worthy of p r o t e c t i o n  under t h e  

ESA? The evidence i s  compelling t h a t  t h e  process  of "domestication" g e n e t i c a l l y  

a l t e r s  t h e  adap t ive  q u a l i t i e s  of a populat ion (e.g. s e e  Reisenbichler  and 

McIntyre, 1977, c i t e d  above). However, a  sys t ema t i c  examination has n o t  been 

made t o  determine whether o r  n o t  domest icated popula t ions  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 i g i n a l  wild s t a t e .  I f  gene ra l ly  a f f i r m a t i v e  

d a t a  a r e  obta ined ,  t h e  primary focus  can be  on pe rpe tua t ion  of t h e  populat ion,  

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 is  a g r e a t  d e a l  of evidence demonstrating t h e  c a p a b i l i t y  of 

domesticated rainbow t r o u t  t o  become es tab l i shed  i n  d i v e r s e  h a b i t a t s  (Mac- 

Crimmon, 1971; Behnke, 1965; VanVelson, 1978). This evidence i s  cons i s t en t  

with t h e  recent  f ind ing  of high average heterozogosi ty  wi th in  most domesticated 

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 

suggests  t h a t  many hatchery s t r a i n s  have re t a ined  a s u f f i c i e n t  pool of gene 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 century of 

domesticat ion. 

However, t h i s  p o s s i b i l i t y  has  not  been adequately t e s t ed  by contro l led  

experimentation o r  systematic observation,  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 lose ly  r e l a t e d  spec ies  (or  subspec i f i c  taxa)  

where a d a t a  base i s  minimal o r  non-existent.  Recent observat ions  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  process of e s t ab l i sh -  

ing  hatchery s t r a i n s  from wild populat ions of salmonids (Ryman et a l . ,  i n  press ;  

Allendorf and Phelps,  i n  p ress ) ;  thus  a r e p r e s e n t a t i v e  sampling of t h e  gene 

pool i n  ques t ion  must be obtained i n  e s t a b l i s h i n g  a cul tured  population. It i s  

a l s o  important t o  recognize t h a t  spec ies  o r  populat ions r equ i r ing  p ro tec t ion  

under t h e  ESA have most l i k e l y  l o s t  much genet ic  v a r i a t i o n  through severe  

reduct ions  i n  populat ion s i z e s  and t h e r e f o r e  probably have gene pools  wi th  

s i g n i f i c a n t l y  reduced l e v e l s  of gene t i c  v a r i a t i o n  r e l a t i v e  t o  those  of outbred 

rainbow t r o u t  populat ions.  Such populat ions may theref  o r e  l a c k  t h e  gene t i c  

p l a s t i c i t y  t o  adapt t o  condi t ions  of c u l t u r e  o r  t o  subsequently 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 

not  been considered t o  t h i s  point ,  and it is f e a s i b l e  t o  s imula te  n a t u r a l  

condi t ions  t o  a much g r e a t e r  ex ten t  than is  commonly done i n  salmonid hatcher ies .  

The p o s s i b i l t y  of perpetuat ing  wild populat ions of salmonids by a r t i f i c i a l  

propagation i n  conjunction wi th  t h e  ESA t h e r e f o r e  cannot be  genera l ly  resolved 



a t  t h i s  po in t ;  each s i t u a t i o n  w i l l  probably have t o  be separa te ly  considered 

following a thorough examination of i t s  pe r t inen t  b i o l o g i c a l  a t t r i b u t e s .  

SUMMARY 

The v a l i d i t y  of most recognized spec ies  of salmonids under t h e  b io log ica l  

spec ies  concept is supported by evidence from d i v e r s e  sources.  However, t h e  

s p e c i f i c  s t a t u s  of a  number of r e c e n t l y  diverged populat ions remains uncer ta in .  

It is p a r t i c u l a r l y  important t o  con6ider t h e  p o s s i b i l i t y  of unrecognized 

reproduct ive ly  i s o l a t e d  populat ions f o r  p ro tec t ion  under t h e  ESA. 

I n n a t e  l i f e  h i s t o r y  d i f f e r e n c e s  among spec ies  a s  we l l  a s  numerous 

u n c e r t a i n t i e s  wi th in  spec ies  preclude t h e  u s e  of a  general ized model based on 

homing a s  t h e  s o l e  o r  primary means of de f in ing  d i s c r e t e  population segments 

of anadromous salmonid species .  A process involving success ive  samplings, 

analyses  and syntheses of d a t a  from populat ions of a  p a r t i c u l a r  a r e a  i s  

suggested. A major requirement of t h i s  process i s  r e l i a b l e  genet ic  da ta .  

The c a p a b i l i t y  f o r  t h e  d e t e c t i o n  of a l l e l i c  p ro te ins  by e lec t rophore t i c  methods 

has provided a major t o o l  f o r  i d e n t i f y i n g  and measuring gene t i c  d i f f e rences  

among populat ions and species .  These d a t a  a r e  necessary,  but i n s u f f i c i e n t  f o r  

i d e n t i f y i n g  most populat ion segments and must be complemented by o the r  

b i o l o g i c a l  and l i f e  h i s t o r y  d a t a  a s  w e l l  a s  by h i s t o r i c a l  and geologica l  in fo r -  

mation. P rov i s iona l  c l a s s i f i c a t i o n s  of threatened o r  endangered populat ions on 

t h e  b a s i s  of incomplete d a t a  may be  necessary i n  many ins tances ,  but  f i n a l  

c l a s s i f i c a t i o n s  should depend on complete s e t s  of da ta .  

Transplanted and hatchery populat ions complicate t h e  i d e n t i f i c a t i o n  and 

management of anadromous salmonid populat ions under t h e  ESA. Some evidence is 

c i t e d  t h a t  i n d i c a t e s  a  p o t e n t i a l  o r  a c t u a l  adverse gene t i c  e f f e c t  of hatchery o r  

t ransplanted  f i s h  on some n a t i v e  populat ions,  and cur ren t  s t u d i e s  designed t o  
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measure such e f f e c t s  a r e  mentioned. The t e c h n i c a l  and economical f e a s i b i l i t y  

f o r  measuring t h e s e  e f f e c t s  suggest  t h a t  such measurements should be  a  

r e q u i s i t e  f o r  new o r  extended t r a n s p l a n t a t i o n  and ha tchery  ope ra t ions .  

Fu r the r  d a t a  a r e  needed t o  de te rmine  whether o r  n o t  th rea tened  o r  

endangered s p e c i e s  and popula t ions  can be  a r t i f i c i a l l y  perpe tua ted  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  adapt  t o  wild environments upon r e i n t r o d u c t i o n  t o  

n a t i v e  h a t i t a t s .  Th i s  c a p a b i l i t y  appa ren t ly  e x i s t s  i n  some domest icated 

s t r a i n s  of rainbow t r o u t .  However, 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 i n s i c  

l e v e l s  of g e n e t i c  v a r i a t i o n  between most domest icated popula t ions  of rainbow 

t r o u t  and many th rea t ened  o r  endangered n a t u r a l  popula t ions  of salmonids.  
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