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Abstract 

Behnke, R. J., and Mark Zarn. 
1976. Biology and management of threatened and endangered western trouts. 

USDA For. Sew. Gen. Tech. Rep. RM-28, 45 p. Rocky Mt. For. and Range 
Exp. Stn., Fort Collins, Colo. 

Discusses taxonomy, reasons for decline, life history and ecology, and sug- 
gestions for preservation and management of six closely related trouts native to 
western North America: Colorado River cutthroat, Salmo clarki pleuriticus; green- 
back trout, S. c. stomias; Lahontan cutthroat, S. c. henshawi; Paiute trout, S. c. 
seleniris; Gila trout, S. gilae; and Arizona native trout, S. apache. Meristic 
characters, distribution and status, habitat requirements and limiting factors, 
protective measures, and management recommendations are presented for each 
taxon. 
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BIOLOGY AND MANAGEMENT OF THREATENED AND ENDANGERED WESTERN TROUTS 

This r epor t  discusses the  biology and 
management of s i x  c lose ly  r e l a t e d  t r o u t s  
native t o  western North America. A l l  sharg 
many common ecologica l  and genet ic  a t t r i b u t e s ;  
a l l  have suffered  ca t a s t roph ic  decl ines  i n  
abundance due t o  e s s e n t i a l l y  s i m i l a r  f ac to r s .  
The folLowing sec t ion  presents genera l  i n -  
formation appl icable  t o  a l l  of t hese  t r o u t s  
and r e l evan t  t o  any meaningful preservat ion ,  
r e s to ra t ion  and management e f f o r t s .  Succeed- 
ing chapters present  more s p e c i f i c  b io log ica l  
and management considerations f o r  each taxa.  

Man s t i l l  lacks complete knowledge of 
the evolut ionary  h i s t o r y  which r e s u l t e d  i n  
the d ive r se  a r r a y  of western North American 
t rou t s  of t he  genus Salmo. E a r l i e r  thought 
considered t h a t  a l l  western t r o u t s  e i t h e r  
belonged t o  o r  r ecen t ly  derived from two 
evolutionary l i n e s  o r  species:  t h e  rainbow 
t rou t ,  Salmo ga i rdne r i ,  and the  c u t t h r o a t  
t rou t ,  2. c l a r k i .  Recent s tud ie s  have demon- 
s t r a t e d  t h a t  t he  t r u e  s i t u a t i o n  is  much more 
complex; s eve ra l  d i s t i n c t  groups inc luding 
the Gi la  t r o u t  (S-. g i l a e ) ,  Arizona na t ive  
t rou t  (5. apache), Mexican golden t r o u t  
(Salmo chrysogaster)  , Cal i fornia  golden t r o u t  
(Salmo aguabonita) and redband t r o u t  (not 
o f f i c i a l l y  named) do no t  f i t  t he  d iagnosis  of 
e i t h e r  the  rainbow t r o u t  o r  the c u t t h r o a t  
t rou t  and probably represent  d i s t i n c t  evolu- 
t ionary  l i n e s  of t h e i r  own which sprang from 
a common ancestor t o  a l l  western Salmo 
(Behnke 1972b, Schreck and Behnke 1971, 

Mil ler  1972). 

Despite such evolutionary d i v e r s i t y ,  a l l  
western t r o u t s  a r e  c lose ly  r e l a t e d  t o  the  
extent  t h a t  they can in terbreed f r e e l y  wi th  
each o the r  t o  produce f e r t i l e  hybrids.  Only 
i n  P a c i f i c  Coast r i v e r s ,  where rainbow t r o u t  
and t h e  coas t a l  cu t th roa t ,  5. c. c l a r k i ,  
r e s ide  together and i n  the  Salmon and Clear-  
water drainages of t he  Columbia River bas in  
of Idaho where r e s iden t  i n t e r i o r  cu t th roa t  

occur with anadromous steelhead t r o u t  
(5. g a i r d n e r i )  does coexistence occur n a t u r a l l y  
without hybridization.  In a l l  ins tances  where 
t h e  rainbow t r o u t  has been es tabl i shed beyond 
i t s  n a t i v e  range and stocked wi th  Gi l a  t r o u t ,  
golden t r o u t  o r  any of the i n t e r i o r  subspecies 
of c u t t h r o a t  t r o u t ,  hybr id iza t ion  has invar iably  
r e su l t ed .  The indiscr iminate  stocking of 
untold mi l l ions  of rainbow t r o u t  and seve ra l  
subspecies of cu t th roa t  t r o u t  i n t o  v i r t u a l l y  
every hab i t ab le  water throughout t he  West, and 
subsequent hybr id iza t ion  wi th  the  na t ive  t r o u t  
fauna, has been the  primary cause f o r  t he  
almost complete e l iminat ion  of pure populations 
of most of t he  taxonomic ca tegor ies  of na t ive  
t r o u t s  i n  the  i n t e r i o r  regions of the  West. 

The presence of a l l  degrees of hybr id i -  
za t ion  g r e a t l y  confounds the  work of co r rec t ly  
iden t i fy ing  and evaluating the  p u r i t y  of e x i s t -  
ing  populations of na t ive  t r o u t  i n  most regions,  
and t h e  recogni t ion  of pure stocks of any of 
the  s i x  t r o u t s  considered i n  t h i s  r epor t  i s  
no t  a simple mat ter .  Although one can acquire  
s u f f i c i e n t  f a m i l i a r i t y  wi th  the  s u b t l e  va r i a -  
t i ons  among t h e  d i f f e r e n t  species and sub- 
species  of western t rou t s  t o  d i s t ingu i sh  the  
var ious  taxa ,  t he  average f i e l d  worker cannot 
be  expected t o  accura te ly  d i f f e r e n t i a t e  t he  
t r u e  na t ive  t r o u t  of a given a rea  from hybrid 
populations.  Taxonomic c r i t e r i a  e x i s t  f o r  a l l  
the  t r o u t s  i n  t h i s  r epor t ,  but t he  s o r t i n g  and 
evaluat ion  of specimens co l l ec t ed  during survey 
work t o  determine the  s t a t u s  of a na t ive  t r o u t  
and t o  loca t e  pure populations remains an  in-  
volved process of d e t a i l e d  examination and 
comparison of twr~y charac ters .  

So unless an  agency i s  deal ing  wi th  
"ce r t i f i ed"  pure popqlations i n  a r a r e  t r o u t  
management program, i t  w i l l  u l t i m a t h l l  confront 
t he  problem of iden t i f i ca t ion .  P o s s i b i l i t i e s  
f o r  add i t iona l  refinement of information useful  
i n  taxonomic i d e n t i f i c a t i o n  e x i s t ;  these  i n -  
clude biochemical techniques such a s  p ro te in  
e lec t rophores is  and karyotype examination-- 
t he  determination of chromosome number and 
morphology. Yet the  inves t iga to r  should use 
caution i n  u t i l i z i n g  these modern techniques 



t o  determine the r e l a t i v e  pu r i ty  of t r o u t  
populations,  f o r  they requi re  both a Icnowledge 
of bas i c  p r inc ip l e s  of taxonomy and a fami l iar -  
i t y  wi th  the na tu ra l  range of v a r i a b i l i t y  of 
the t r o u t  under study. Often, i f  t he  extent  
of hybr id iza t ion  has reached a l eve l  where i t  
can be de tec ted  by e lec t rophores is  o r  a l t e r a -  
t ions  i n  the  chromosome compleaent, i t  w i l l  
a l s o  show up i n  the  form of changes i n  den- 
t i t i o n ,  spo t t ing  pa t t e rn ,  s ca l e  counts and 
other morphological charac ters .  

The l ack  of reproductive i s o l a t i o n  and 
the l ack  of clear-cut  d iagnost ic  f ea tu res ,  
has r a i sed  questions concerning t h e  v a l i d i t y  
of t he  recognized taxa  of western t r o u t s .  
The most pe r t inen t  advice  re levant  t o  
management p o l i c i e s  f o r  any t r o u t  under con- 
s ide ra t ion  i s  t o  ignore or avoid questions 
concerning the  v a l i d i t y  of zoological  nomen- 
c l a t u r e ,  while recognizing tha t  each of these  
t rou t s  i s  indeed an  evolutionary r e a l i t y .  
That i s ,  i t  has become an i n t e g r a l  p a r t  of 
the b io logica l  and evolutionary he r i t age  of a 
given geographical a r e a  as a r e s u l t  of its 
unique genet ic  programming under the  na tu ra l  
s e l ec t ion  which has taken place during i t s  
long i s o l a t i o n  and divergence from ances t r a l  
t r o u t  fauna. A l l  of the s i x  taxa of t r o u t  
discussed i n  t h i s  r epor t  f a l l  wi th in  the 
province of the  Endangered Species Act of 
1973 (P.L. 93-205) which def ines  a species  t o  
include "subspecies, smaller  taxa o r  any 
population segment thereof ." Thus, the 
v a l i d i t y  of a species  o r  subspecies should 
not  obs t ruc t  p ro t ec t ive  measures f o r  a r a r e  
t r o u t ;  the  major cons idera t ion  ought t o  be 
t h a t  the  t r o u t  represents  a segment of a 
species  indigenous t o  a p a r t i c u l a r  geographi- 
c a l  a r ea .  

Behnke (1972a) and Trojnar and Behnke 
(1974) have discussed the  r a t i o n a l e  and prac- 
t i c a l  value of preserving the  remaining 
genet ic  d i v e r s i t y  of our na t ive  western t r o u t s .  

REASONS FOR DECLINE 

W e  mentioned t h a t  the  hybr id iza t ion  
caused by massive in t roduct ion  of rainbow 
t rou t  and subspecies of cu t th roa t  t r o u t  i n t o  
waters i n  which they were not  na t ive  has led  
t o  the  v i r t u a l  e l iminat ion  of pure populations 
of t he  t r o u t s  under d iscuss ion  i n  t h i s  r epor t .  
Habi ta t  l o s s  and degradation a s  a r e s u l t  of 
i r r i g a t i o n  p ro jec t s ,  mining, logging, road 
building and overgrazing have a l so  taken t h e i r  
t o l l ,  p a r t i c u l a r l y  i n  the  a r i d  regions of t he  
West. These f a c t o r s  have no t  only g r e a t l y  
reduced the  amount of s u i t a b l e  h a b i t a t ,  but  

a l s o  favor the  displacement of na t ive  t rou t s  
by more t o l e r a n t  introduced species ,  notably 
the brook t r o u t  (Salvelinus fon t ina l i s )  and 
the brown t r o u t  (Salmo t r u t t a ) .  

Most pure na t ive  t r o u t  populations i n  
the  i n t e r i o r  regions of the West p e r s i s t  only 
i n  small  i so l a t ed  headwater stream s i t u a t i o n s  
i n  e s s e n t i a l l y  undisturbed h a b i t a t .  

LIFE HISTORY AND ECOLOGY 

A l l  of  our western t r o u t s  a r e  h ighly  
adaptable;  they can l i v e  i n  a v a r i e t y  of 
environments ranging from small brooks t o  
l a rge  r i v e r s  and lakes ,  and they feed on a 
broadrspectrum of organisms. This wide range 
of a d a p t a b i l i t y  makes i t  highly misleading t o  
base the  ecologica l  c h a r a c t e r i s t i c s  of an 
e n t i r e  taxon on da ta  taken from a population 
i n  a s p e c i f i c  h a b i t a t .  A11 t rou t s  a r e  oppor- 
t u n i s t i c  and e c l e c t i c  i n  t h e i r  d i e t ,  which 
e s s e n t i a l l y  r e f l e c t s  the a v a i l a b i l i t y  of food 
organisms i n  t h e i r  p a r t i c u l a r  environment. 
Growth depends pr imar i ly  on food a v a i l a b i l i t y ,  
s i z e  of prey,  the degree of i n t r a s p e c i f i c  and 
i n t e r s p e c i f i c  competition, water temperatures, 
and the  length of the growing season. Fecundity, 
i n  t u rn ,  depends on s i z e .  The l i f e  h i s t o r y  
and ecologica l  t r a i t s  of two neighboring popu- 
l a t i o n s  of t h e  same subspecies l i v i n g  i n  d i s -  
t i n c t l y  d i f f e r e n t  environments w i l l  d i f f e r  
much more from each o the r  than from those of 
d i f f e r e n t  t r o u t  species  l i v i n g  i n  e s s e n t i a l l y  
s imi l a r  environments. One must be aware t h a t  
d i f f e r e n t  genotypes allow f o r  a broad and 
l a b i l e  range of ecologica l  options;  t o  assume 
t h a t  s p e c i f i c  food h a b i t s ,  growth r a t e ,  
fecundity o r  o ther  c h a r a c t e r i s t i c s  of a 
given population under study represent  genetic-  
a l l y  "fixed" a t t r i b u t e s  of the taxon as a 
whole i s  a misconception. The s ign i f i cance  of 
t h i s  point  i n  r e l a t i o n  t o  r e s to ra t ion  e f f o r t s  
which aim t o  expand the  range of a r a r e  t r o u t  
i s  t h a t  waters with po ten t i a l  f o r  re in t roduct ion  
need not  c lose ly  match the condit ions of the  
waters of the  po ten t i a l  donor population. With 
the  condit ion tha t  no non-native t rou t s  a r e  
present ,  v i r t u a l l y  any waters s u i t a b l e  f o r  any 
t r o u t  species  can serve  a s  s u i t a b l e  h a b i t a t  
f o r  any of t he  s i x  t rou t s  t r ea t ed  i n  t h i s  r e -  
por t .  One notable  exception i n  a d a p t a b i l i t y  
t o  environmental extremes e x i s t s  i n  the  
Lahontan cu t th roa t  t r o u t ,  which can t o l e r a t e  
tremendous ranges i n  a l k a l i n i t y  and f lou r i sh  
i n  waters such a s  Walker Lake, Nevada, under 
condit ions l e t h a l  t o  a l l  o ther  t rou t s .  

A11 of the non-domesticated western 
t rou t s  of the  genus Salmo spawn i n  the  spring;  
increas ing  water temperatures t r i g g e r  repro- 
duction.  Most spawning a c t i v i t y  begins when 



water temperatures reach 5.5 - 9 . 0 ~  C .  Eleva- 
t i on  and l a t i t u d e  a l s o  i n f l u e n c a t h e  onse t  of 

which may occur a s  e a r l y  a s  March o r  
A p r i l  i n  some a reas  and extend we l l  i n t o  June 
and Ju ly  i n  o the r s .  The neces s i t y  of gravel  
fo r  n e s t  cons t ruc t ion  and high oxygen tens ions  
f o r  the developing embryos makes a l l  of the  
t rou t s  under cons idera t ion  e s s e n t i a l l y  obl iga-  
tory  stream spawners. Fry emerge from nes t s  
i n  e a r l y  t o  mid-summer, depending on when 
spawning occurs; length of the  growing season 
d i c t a t e s  s i z e ,  which reaches 2.5 t o  7.5 cm 
by autumn. F ish  six t o  e i g h t  years  o l d  may 
a t t a i n  a length  of l e s s  than 25 cm i n  small  
streams wi th  r e s t r i c t e d  h a b i t a t s  and dense 

but i n  l a r g e  r i v e r s  and lakes  
can  be r ap id  wi th  t r o u t  reaching 

seve ra l  pounds i n  weight by t h e  four th  o r  
f i f t h  year. The l a s t  spawning run ,  i n  4 9 3 8 ,  
of the  na t ive  cu t th roa t  of Pyramid Lake, 
Nevada, revealed  an  average weight  of 9.0 kg 
fo r  spawning f i s h ,  most of which were seven 
to e i g h t  years o ld  (Sumner 1940); t r o u t  of 
the same subspecies l i v i n g  i n  headwater 
streams may not  exceed 25 cm i n  length .  

Sexual matur i ty  t y p i c a l l y  occurs a t  a n  
age of two t o  four  years .  I n  smal l  s trearn 
populations mature t r o u t  may only  be 15 to  
20 cm i n  length  and spawn only 100-200 eggs. 
A gene ra l i za t ion  on fecundi ty ,  wi th  wide 
indiv idual  v a r i a t i o n ,  is  t h a t  females w i l l  
spawn about 1000 eggs per 450 gms of body 
weight. 

Present  populat ions of these  t r o u t  prob- 
ably cannot p e r s i s t  i n  waters where maxilnum 
temperatures cons i s t en t ly  exceed 21-22' C. 
But they may possess to lerance  t o  surv ive ,  
under stress, b r i e f  d a i l y  periods of h igher  
temperatures (25.5 - 26.7' C.)  i f  the  waters 
s i g n i f i c a n t l y  cool a t  n igh t .  The p a t t e r n  of 
replacement of n a t i v e  t r o u t s  by introduced 
brook, brown and rainbow t r o u t  throughout the  
i n t e r i o r  West i nd i ca t e s  t h a t  t he  na t ive  t r o u t s  
prefer  and funct ion  b e s t  a t  lower temperatures 
than do o the r  spec ies .  With few exceptions,  
na t ive  c u t t h r o a t  t r o u t  coex i s t  w i th  and 
dominate introduced spec ies  only i n  co ld ,  
headwater s i t u a t i o n s .  Thus, c l e a r c u t t i n g  and 
overgrazing, which remove vege ta t i ve  cover 
and warm the  waters ,  w i l l  favor t he  replace-  
ment of na t ive  t r o u t s  by o the r  forms. 

I n  Oregon, a f t e r  c l ea rcu t t i ng  of a water- 
shed, water  temperatures increased due t o  
lack of cover,  and dissolved oxygen i n  t he  
spawning gravel  decreased due t o  s i l t a t i o n .  
This d id  n o t  s i g n i f i c a n t l y  a f f e c t  t h e  coho 
salmon populat ion,  but  t he  cu t th roa t  t r o u t  
populatioa suf fered  a dec l ine  of two-thirds 
i n  number during s i x  years of a follow-up 
study (Ringler and Hal l  1975). 

Cutthroat  t r o u t ,  and perhaps Gi la  t r o u t  
and Arizona t r o u t  a s  we l l ,  s u f f e r  from a h igh  
v u l n e r a b i l i t y  t o  angling.  I n  a small  Idaho 
stream, 32 man-hours of f i s h i n g  removed 50 per- 
cen t  of t h e  cu t th roa t  t r o u t  and only 25 percent  
of the  brook t r o u t  15 cm and over i n  length  
(McPhee 1966). I n  New Mexico the  na t ive  t r o u t  
of t h e  Rio Chiquito dominated the  introduced 
brown t r o u t  by 420 t o  37 i n  samples made i n  
1965-1966, when the  stream was on p r iva t e  
land and closed t o  f i s h i n g  ( L i t t l e  and McKirdy 
1968). I n  1969, two years a f t e r  t he  U. S .  
Fores t  Serv ice  had acquired t h e  Land and 
opened the  stream t o  angl ing ,  sampling revealed 
t h a t  t he  r a t i o  had been d r a s t i c a l l y  reversed-- 
137 brown t r o u t  versus 37 c u t t h r o a t  t rou t - -  
due t o  t he  d i f f e r e n t i a l  v u l n e r a b i l i t y  of the  
two species  t o  a n g l i n g u  Management programs 
f o r  na t ive  t r o u t  can bene f i t  from t h i s  angl ing  
v u l n e r a b i l i t y ,  however, by e s t a b l i s h i n g  
s p e c i a l  r egu la t ion  catch-and-release f i s h e r i e s ,  
o r  by r e s t r i c t i n g  s i z e  and bag l i m i t s ,  a s  
discussed below (see pages 7-8). 

PRESERVATION, RESTORATION AND 
MANAGEMENT PROGRAMS 

It o f t e n  seems d i f f i c u l t  t o  i n i t i a t e  
meaningful r a r e  t r o u t  r e s t o r a t i o n  programs, 
bu t  whi le  r e a l  problems and obs t ac l e s  e x i s t ,  
workers can  overcome them i f  they develop a 
s e t  of p r i o r i t i e s  and goals  and recommend t h a t  
s p e c i f i c  ac t ions  be c a r r i e d  o u t .  It remains 
a r e l a t i v e l y  simple mat ter  t o  t r ansp lan t  t r o u t  
from a remnant populat ion i n t o  new waters--  
e i t h e r  bar ren  o r  where a l l  o the r  f i s h  have 
been el iminated--in order  t o  e s t a b l i s h  a new 
populat ion.  

The f i r s t  s t e p  i n  most r e s t o r a t i o n  pro- 
grams f o r  r a r e ,  na t ive  t rou t - - t ha t  of i d e n t i -  
f icat ion--involves a survey and inventory of 
waters where there  i s  a l ike l ihood of encoun- 
t e r i n g  pure populat ions.  Remote and i s o l a t e d  
headwater a r e a s ,  p a r t i c u l a r l y  above b a r r i e r  
f a l l s  and without  t r i b u t a r y  lakes  (which serve  
a s  popular t a r g e t  a reas  f o r  in t roduct ions  of 
e x o t i c  t r o u t s )  , o f f e r  t h e  g r e a t e s t  p o t e n t i a l  
f o r  na t ive  t r o u t  populat ion reserves .  When 
t r o u t  i n  such waters appear t o  resemble t he  
d iagnos is  of t he  na t ive  t r o u t ,  c o l l e c t  10-20 
specimens from each i s o l a t e d  s i t e  and preserve 
them i n  10 percent  formalin. I n  the  f i e l d ,  
wrap specimens i n  formalin-soaked c l o t h  and 
i n j e c t  formalin i n t o  t h e  body cav i ty  wi th  a 
hypodermic syr inge .  Comparative examination 
of these  co l l ec t ions  can begin t o  i d e n t i f y  

'/ McKirdy, H. J. Rio Chiquito populat ion - 
survey. Carson National  Fores t  memorandum. 
22 August 1969. 



those populations most c lose ly  conforming t o  
the  diagnosis of t he  taxon involved. Graduate 
research  t h e s i s  p ro jec t s  through un ive r s i t i e s  
can o f f e r  r e l a t i v e l y  e f f i c i e n t  and economical 
means of handling survey and i d e n t i f i c a t i o n  
worlc. Once researchers  e s t a b l i s h  the  r e l a t i v e  
pu r i ty ,  d i s t r i b u t i o n  and abundance of t he  
na t ive  forms, those populations judged t o  be 
uncontaminated by hybr id iza t ion  can be given 
s p e c i a l  cons idera t ion  i n  land use decisions 
and environmental impact ana lys i s ,  and serve  
a s  a source f o r  specimens f o r  in t roduct ions  t o  
increase  t h e i r  abundance. 

Unnecessary delays and procras t ina t ion  
t y p i c a l l y  begin a t  t h i s  s t age ,  when s p e c i f i c  
n a t i v e  populations have been i d e n t i f i e d .  
Many bel ieve  t h a t  they must i n i t i a t e  l i f e  
h i s t o r y  and h a b i t a t  s tud ie s  before  any manage- 
ment decis ions  o r  t r ansp lan t s  can take place.  
The objec t ives  a r e  t o  gather de t a i l ed  d a t a  on 
age,  growth, food h a b i t s ,  fecundity and o ther  
l i f e  h i s t o r y  c h a r a c t e r i s t i c s  of the  t r o u t  
population,  and on the b io log ica l ,  physical  
and chemical parameters of the waters i n  which 
they l i v e ,  with the  idea t h a t  once t h i s  know- 
ledge becomes ava i l ab le  i n t e l l i g e n t  and scien- 
t i f i c  management can begin. I f  the  l i f e  
h i s t o r y  c h a r a c t e r i s t i c s  of t r o u t  were genetic-  
a l l y  f ixed t r a i t s ,  and i f  the  environmental 
parameters measured composed a t r u e  r e f l e c t i o n  
of t he  l i m i t s  f o r  su rv iva l ,  t h i s  would be a 
l o g i c a l  course of ac t ion;  but  i n  f a c t  they 
a r e  not .  Such information usual ly  has l i t t l e  
meaning when p red ic t ing  t h e  success of a 
t r ansp lan t  i n t o  new waters,  except where bas i c  
information is  needed to  maintain an abundance 
of t r o u t  and a des i r ab le  age s t r u c t u r e  i n  a 
population exposed t o  exp lo i t a t ion  i n  a 
s p e c i a l  regula t ions  f i she ry  program. 

I f  a  survey determines t h a t  pure popula- 
t i ons  of a na t ive  t r o u t  a r e  r a r e  and r e s t r i c t e d  
t o  a few i s o l a t e d  s tocks ,  then f i r s t  p r i o r i t y  
should be t o  e f f e c t  t ransplants  i n t o  new 
waters w i th in  t h e i r  na t ive  range, before 
n a t u r a l  o r  man-caused catastrophes can fu r the r  
decimate the  remnant s tocks .  Af t e r  the  es tab-  
lishment of populations i n  new waters,  l i f e  
h i s t o r y  s tud ie s  and environmental analyses 
can include both donor and r e c i p i e n t  popula- 
t i ons  and t h e i r  environments. Such information 
would have g r e a t e r  p red ic t ive  value s ince  i t  
would o f f e r  more i n s i g h t  i n t o  the  range of 
adapt ive  responses o f  the  t r o u t  under study.  

Natura l ly  barren  waters above b a r r i e r s ,  
which prevent mixing wi th  introduced t r o u t s ,  
c o n s t i t u t e  i d e a l  s i t e s  f o r  e s t ab l i sh ing  new 
populations. Such locat ions  s t i l l  e x i s t ,  
though they a r e  r a r e .  The expense and e f f o r t s  
of e f f e c t i n g  a t r ansp lan t  of t h i s  na ture  in -  
volves only the  c o l l e c t i o n  and t r anspor t  of 

l i v e  f i s h .  Note t h a t  some barren  headwater 
streams, p a r t i c u l a r l y  a t  high e l eva t ions ,  
appear t o  provide s u i t a b l e  h a b i t a t  f o r  t rou t  
i n  summer, but  l a c k  pools and cover su f f i c i en t  
t o  successful ly  ca r ry  the f i s h  through a hard 
winter .  I n  these  s i t u a t i o n s  the  t r o u t  migrate 
from the  area  and w i l l  n o t  maintain a permanent 
population (Bjornn 1971). Habi ta t  improvement 
i n  headwater a r eas  is  f e a s i b l e  when i t  involves 
c rea t ing  pools and cover t o  provide support 
fo r  a permenent f i s h  population (Gard 1961, 
1972). 

Many more streams e x i s t  which support 
introduced t r o u t s  o r  hybrids above a n a t u r a l  
b a r r i e r ;  they too o f f e r  good p o s s i b i l i t i e s  for 
establishment of na t ive  t r o u t  populations with 
minimal e f f o r t  and expense. No doubt e x i s t s  
t h a t  these streams can support the transplanted 
t r o u t  a f t e r  the complete e l iminat ion  of a l l  
o ther  f i s h .  Use antimycin or rotenone i n  
small  streams t o  completely k i l l  a l l  f i s h ,  
taking c a r e  t o  t r e a t  a l l  poss ib le  refuge areas 
such a s  backwater areas  of beaver ponds and 
sp r ing  seeps.  The National Park Service  used 
t h i s  technique i n  Rocky Mountain National Park 
i n  e l iminat ing  the  brook t r o u t  from Hidden 
Valley t o  r e -e s t ab l i sh  the  greenback cut throat  
t r o u t .  

I f  no na tu ra l  b a r r i e r  e x i s t s  on an other-  
wise s u i t a b l e  stream, i t  i s  poss ib le  t o  con- 
s t r u c t  an  a r t i f i c i a l  b a r r i e r  o r  t o  b l a s t  one 
out  of a rock subs t r a t e .  Follow b a r r i e r  con- 
s t r u c t i o n  wi th  chemical treatment above the 
stream, t o  e l iminate  unwanted f i s h e s ,  before 
the  in t roduct ion  of na t ive  t r o u t .  Workers 
used t h i s  technique t o  r e -e s t ab l i sh  greenback 
t r o u t  i n  Black Hollow Creek, Colorado, and 
Gila t r o u t  i n  McKnight Creek, New Mexico. 

Another v i a b l e  p o s s i b i l i t y  i n  any r a r e  
t r o u t  re in t roduct ion  program i s  t he  e s t ab l i sh -  
ment of populations i n  newly constructed lakes 
t o  e s t a b l i s h  a unique f i she ry  under spec ia l  
r egu la t ions .  Christmas Tree Lake on the  
Apache Indian  Reservation,  Arizona, stocked 
wi th  Arizona na t ive  t r o u t ,  serves a s  an  
example of t h i s  method. Lake populations 
o f f e r  an abundant and e a s i l y  obtainable source 
of eggs f o r  propagation, and can g rea t ly  
f a c i l i t a t e  new in t roduct ions .  

Some d i f f i c u l t i e s  may e x i s t  i n  e s t ab l i sh -  
ing  a new population from t ransplants  of a 
few a d u l t  f i s h  i n t o  a new environment, par- 
t i c u l a r l y  i n  small  headwater streams without 
deep pools above a b a r r i e r .  The na tu ra l  ten- 
dency of a displaced f i s h  i s  t o  r e t u r n  t o  the 
p lace  of i t s  o r i g i n ,  and most may soon migrate 
downstream over t h e  b a r r i e r .  Trout movement 
i s  a l s o  more pronounced during periods of low 
o r  decreasing temperatures (Bjornn 1971). Once 



na tu ra l  reproduction has occurred i n  t h e  new 
the success of the in tsoduct ion  

should be assured,  bar r ing  some ca tas t rophe.  

P a r t i c u l a r l y  i n  a r i d  regions where streams 
c h a r a c t e r i s t i c a l l y  d isplay  in t e rmi t t en t  summer 
flows and l a c k  s u i t a b l e  pools and cover, stream 
improvement devices can promote increased 
abundance of t r o u t  by c rea t ing  t r o u t  h a b i t a t  
where none previously exis ted .  Stream improve- 
ment devices o f t en  r equ i r e  a considerable 
investment of money, time and labor ,  but  t he  

i n  the 1930's of such devices i n  
Diamond Creek, New Mexico, by C i v i l i a n  Con- 
servation Corps personnel may have saved the  
Gila t r o u t  i n  t h i s  stream from ex t inc t ion  
during subsequent drought years when v i r t u a l l y  
the e n t i r e  population was r e s t r i c t e d  t o  the  
pools crea ted  by the small dams. 

Successful  stream h a b i t a t  management 
improves l i v i n g  condit ions i n  the  waters and 
increases su rv iva l ,  growth and reproduction 
of t r o u t .  Good t r o u t  h a b i t a t  provides s h e l t e r  
from predators ,  f e r t i l e  water,  adequate l i v i n g  
space, proper water temperature, and gravel  
i n  the  streambed f o r  spawning. Proper stream 
management, e spec ia l ly  when i t  involves t h e  
construction of in-stream improvement devices,  
i s  both r e l a t i v e l y  expensive and r e l a t i v e l y  
complicated, and remains a job f o r  profess ionals  
who a r e  both well-versed i n  fundamental t r o u t  
ecology and f ami l i a r  wi th  h a b i t a t  management 
techniques. Every stream has i ts  individual  
problems and c h a r a c t e r i s t i c s ,  and t o  proceed 
with h a b i t a t  a l t e r a t i o n  p ro jec t s  t o  "improve" 
a stream without a thorough knowledge of 
avai lable  methods, t he  physica l ,  chemical and 
b io logica l  parameters of t h e  waters i n  question,  
and the  ecologica l  c h a r a c t e r i s t i c s  of the 
res ident  f i s h  population,  can do more harm 
than good. A h a b i t a t  improvement team should 
cons is t  of b io log i s t s  s k i l l e d  i n  h a b i t a t  
development, technic ians  f ami l i a r  wi th  survey- 
ing and mapping techniques, and foremen 
experienced i n  carpentry and mechanics (White 
and Brynildson 1967). Space does no t  permit 
a thorough discuss ion of h a b i t a t  improvement 
techniques here;  severa l  exce l l en t  papers 
ex i s t  to  f ami l i a r i ze  personnel with t h i s  
topic (see: Boreman 1974, Packer 1957, 
Jes ter  and McKirdy 1966, Gee 1952, Hunt 1969, 
White and Brynildson 1967, Jackson 1974). 

A survey of streams i n  an a rea  t o  loca t e  
those having po ten t i a l  f o r  improvement con- 
s t i t u t e s  the  f i r s t  s t e p  i n  an  o rde r ly  manage- 
ment sequence. Examination of streams should 
proceed on an indiv idual  bas i s  and take  i n t o  
account t he  c h a r a c t e r i s t i c s  of the e n t i r e  
stream course,  and n o t  j u s t  those  sec t ions  
obviously i n  need of management. I n  t h i s  
way many problems can be avoided, such a s  

cons t ruc t ion  of pools over t he  only adequate 
deposi t s  of spawning gravel  i n  the  stream. 
Diagnosis of s p e c i f i c  problems i n  the stream 
leads t o  a p re sc r ip t ion  o f ,  treatment methods 
and t h e i r  sequence. Implement f i r s t  those 
treatments which have the  g r e a t e s t  pos i t i ve  
e f f e c t  f o r  the  l e a s t  expenditure of money and 
e f f o r t .  A l og ica l  concluding s t e p ,  but  one 
t h a t  may be overlooked, cons i s t s  of following 
treatment with an order ly  program of inspect ion  
and maintenance (White and Brynildson 1967). 

Do not  f a i l  t o  consider e i t h e r  t h e  
f e r t i l i t y  of t h e  water o r  t h e  year-round 
carry ing capaci ty  of a stream which otherwise 
appears t o  have po ten t i a l  f o r  improvement. 
Habi ta t  manipulation aimed a t  increas ing  
cover i n  a stream w i l l  prove of l i t t l e  value  
i n  providing more t r o u t  e i t h e r  i f  production 
i s  l imi ted  by a lack  of n u t r i e n t s  o r  i f  the 
car ry ing capaci ty  of t he  stream i s  d r a s t i c a l l y  
reduced a t  some season, a s  by f r eez ing  i n  
winter  o r  flooding i n  spr ing ,  thereby negating 
any e f f e c t s  of increased summer production 
(White and Brynildson 1967). 

Protec t ing  na tu ra l  stream h a b i t a t  bes t  
guarantees the  perpetuation of na t ive  t r o u t  
populations. The most s i g n i f i c a n t  h a b i t a t  i n  
small  t o  moderate-sized streams cons i s t s  of 
undercut banks, which i n  turn  depend on exten- 
s ive  vege ta t ive  cover of t he  exposed bank 
(Wesche 1973). Livestock overgrazing presents  
t h e  grea tesk  t h r e a t  t o  t h e  i n t e g r i t y  of head- 
water stream h a b i t a t  qua l i t y  i n  t h e  West. 
Grazing l i ves tock  may des t roy  t h e  vege ta t ive  
cover and cave i n  overhanging banks, thereby 
e l iminat ing  t h e  most important t r o u t  h a b i t a t .  
Loss of streambank vegeta t ion  l eads  t o  increased 
water temperatures, erosion and s i l t i n g ,  elimi- 
na t ion  of spawning s i t e s  and reduction of food 
suppl ies  i n  t h e  stream, a l l  of which d r a s t i c a l l y  
degrade t r o u t  hab i t a t .  

Guidelines have been developed t o  minimize 
damage t o  streams from logging, road building 
and mining operations;  i f  they a r e  conscien- 
t i o u s l y  followed, good t r o u t  populations can 
be  maintained i n  watersheds subjec t  t o  these  
uses. The major multiple-use problem ye t  t o  
be  adequately t r e a t e d  on National  Resource Lands, 
however, is the  impact of l i ves tock  grazing on 
aquat ic  hab i t a t .  This  problem is  p a r t i c u l a r l y  
acu te  i n  a r i d  regions,  where l i ves tock  o f t e n  
tend t o  concent ra te  i n  r i p a r i a n  vegeta t ion  along 
stream banks. Their impact on t r o u t  h a b i t a t  
can be  devastat ing.  

Although l a c k  of r i p a r i a n  vegeta t ion ,  caved- 
i n  banks, e ros ion ,  and s i l t a t i o n  a r e  r e a d i l y  
v i s i b l e  r e s u l t s  of overgrazing, quan t i t a t ive  
da ta  documenting such damage a r e  no t  abundant. 
Gunderson (1968) reported on the  f i s h  popula- 



t ions  i n  comparable grazed and ungrazed sec- 
t ions  of Rock Creek, Montana. I n  1964, 
126.6 kg/ha of wild brown t r o u t  occurred i n  
the grazed sec t ion  and 167.8 kg/ha i n  the  
ungrazed sec t ion .  Trout above 30 cm i n  
length were more than th ree  times a s  abundant 
i n  the  ungrazed sec t ion .  The major h a b i t a t  
d i f ferences  between the  grazed and the ungrazed 
sec t ions  concerned r i p a r i a n  vegeta t ion ,  bank 
s t a b i l i t y  and average stream channel depth. 
The grazed segment of the  stream consis ted  of 
a spread-out channel with mainly shallow 
r i f f l e  a reas ;  it lacked deep pools and undercut 
banks. By 1970 the  d i f ferences  between the  
two stream segments were even g rea t e r .  Biomass 
of wi ld  brown t r o u t  had declined t o  71 kg/ha 
i n  t h e  grazed sec t ion ,  while i t  increased i n  
the  ungrazed p a r t  of the study a rea  t o  
238.9 kg/ha. I n t e r e s t i n g l y ,  i nves t iga to r s  
found moFe mountain whi tef i sh  (Prosopium 
will iamsoni)  i n  t h e  grazed than i n  the 
ungrazed sec t ion .  The mountain whi tef i sh ,  
o f t en  accused of being a ser ious  competitor 
with t r o u t ,  more l i k e l y  is  j u s t  b e t t e r  
adapted than t r o u t  t o  u t i l i z e  disturbed 
hab i t a t .  I n  the  n a t u r a l ,  ungrazed sec t ion  of 
the stream, whi tef i sh  comprised only 10 percent 
of the  t o t a l  f i s h  biomass, whereas i n  the  
a l t e r e d  grazed h a b i t a t  they made up 35 percent  
of t he  t o t a l  f i s h  biomass (Marcuson 1970). 

The need f o r  more p rec i se  d a t a  on the  
r e l a t ionsh ips  of l i ves tock  dens i ty  and grazing 
techniques t o  s o i l ,  c l imate ,  vegeta t ion  and 
impacts on stream environments and f i s h  
populations must be considered a s  t he  h ighes t  
research  p r i o r i t y  t o  provide a sound bas i s  f o r  
management decis ions  which w i l l  resolve  the  
c o n f l i c t s  between l ives tock  grazing and f i s h  
h a b i t a t  qua l i t y .  

The Intermountain Forest  and Range 
Experiment S t a t i o n  of the  U. S. Forest  Service  
a t  Boise, Idaho has i n i t i a t e d  a 10-year study 
t i t l e d  "The e f f e c t s  of l i ves tock  grazing i n  
high mountain meadows on aquat ic  environments, 
streamside environments and f i she r i e s , "  under 
the d i r e c t i o n  of D r .  William P l a t t s ,  who has 
s tudied  l i ves tock  impacts on treams fo r  many 
years.  I n  an e a r l i e r   report^^ he r a i sed  
s i g n i f i c a n t  questions on the  e f f i cacy  of r e s t -  
r o t a t i o n  grazing management f o r  r e s to r ing  
streambank vegeta t ion  and r e h a b i l i t a t i n g  
uns table  banks. P l a t t s  observed t h a t ,  while 
one year of rest may be  s u f f i c i e n t  t o  r e s t o r e  
pas tu re  grass ,  it may no t  be  s u f f i c i e n t  t i m e  
t o  enable previously overgrazed streambank 
shrubs t o  recover. 

g ~ l a t t s ,  W. and C. Roundtree. 1972. Bear 
Valley Creek, Idaho. Aquatic environment and 
f i she ry  study. USDA Fores t  Service,  unpubl. 
r ep t .  4E p. 

D r .  P l a t t s '  research  should provide a 
f a c t u a l  b a s i s  f o r  mul t ip le  use management and 
more harmonious coexistence of l i ves tock  and 
t r o u t  populations. It would be a mistake, 
however, t o  delay at tempts t o  reverse  stream 
h a b i t a t  d e t e r i o r a t i o n  10  years  while awaiting 
t h e  outcome of t h e  study. As a s t a r t i n g  point, 
a recommendation i n  t h e  Bureau of Land Manage- 
ment's environmental impact statement on 
grazing i n  Nevada (USDI Bureau of Land Manage- 
ment 1974) sho~l ld  be  implemented, namely tha t  
cos t s  f o r  protec t ing  c r i t i c a l  environments, 
such a s  streams and r i p a r i a n  vegeta t ion ,  be 
assumed by the  i n t e r e s t s  causing the  damage. 
I f  a r a r e  t r o u t  r e s t o r a t i o n  program i s  t o  be 
successful  where the  h a b i t a t  i s  exposed to  
grazing,  an i n t e g r a l  p a r t  of the  program must 
cons i s t  of s t r i c t  grazing con t ro l s  and water- 
shed protec t ion .  

For background information on the ac tual  
o r  p o t e n t i a l  impact of various land-use 
p rac t i ces  on t r o u t  streams, see:  Burns 1970, 
Cordone 1956, Cordone and Kelley 1960, Elser  
1968, Megahan and Kidd 1972, Mullan 1975, 
P l a t t s  1974, U.S. Fores t  Service 1975, White 
1975, Gibbons and Salo 1973, and Grove 1976. 

The U. S. Forest  Service,  Region V I ,  
Port land,  Oregon, is  cu r ren t ly  developing a 
f i s h  h a b i t a t  management pol icy  which w i l l  
include guidelines on: 

I. Fish h a b i t a t  pro tec t ion  and r e s to ra t ion  
A. Timber management and road con- 

s t ruc t ion  
B . Livestock grazing 
C. Mining 

11. Fish h a b i t a t  enhancement 

The sec t ion  on timber management and 
road cons t ruc t ion  has been completed. The 
sec t ion  on l i ves tock  grazing i s  i n  d r a f t  
form, scheduled f o r  completion by Ju ly  1976. 
Other sec t ions  have no t  y e t  been s t a r t e d .  
The Oregon chapter  of the  American Fisher ies  
Socie ty  passed a r e so lu t ion  endorsing t h i s  
h a b i t a t  management pol icy  and urging i t s  
adoption on a nationwide bas i s  (American 
Fisher ies  Socie tyNewsle t ter ,  March-April, 
1975). 

POTENTIAL ROLE OF NATIVE TROUT I N  
FISHERIES MANAGEMENT 

At f i r s t  glance,  the  idea  of promoting 
angling f o r  a r a r e  t r o u t  while t he  goal of 
the  program i s  t o  increase  i t s  abundance may 
appear cont radic tory .  Actually,  though, the 
major hope f o r  increas ing  the  abundance of a 
r a r e  t r o u t  l i e s  i n  re-es tabl i sh ing i t  i n .  
waters ,  wi th in  i t s  na t ive  range, where i t  has 
been ex t i rpa t ed  o r  hybridized.  I n  a l l  l i k e l i -  



hood, such s i t e s  a r e  now publ ic  f i s h i n g  waters.  
S ta te  game and f i s h  agencies funded, by ang le r  
l icense fees  may be understandably r e l u c t a n t  
to c lose  publ ic  f i s h i n g  waters i n  order t o  
r e -e s t ab l i s l~  a na t ive  t r o u t  population which 
would be f u l l y  protected from angling.  No 
rare or endangered t r o u t  has become s o  through 
overfishing;  the f e a r  t h a t  fishermen might 
,%terminate a population i s  simply not  based 
in f a c t .  Properly publicized,  na t ive  t r o u t  
can be used i n  unique, q u a l i t y  f i s h e r i e s  wi th  
v i r t u a l l y  no expense, i f  populations reproduce 
*aturally.  Fishermen of ten  place a higher 
recrea t ional  value on the  opportunity t o  f i s h  
for a na t ive  t r o u t  than f o r  a ha tchery  t r o u t .  

Special  regula t ions  f o r  na t ive  cu t th roa t  
in Idaho test streams inc lude  a catch-and- 
release f i she ry  and a 33-cm minimum s i z e  
l i m i t .  The abundance, average s i z e  and 
catch-per-hour of t r o u t  i n  the  stream have 
a l l  increased under these regula t ions  (Ball  
1971, Bjornn and Thurow 1974, Bogander e t  a 1  
1974). The National Park Service  i n i t i a t e d  
a catch-and-release f i she ry  on the  Yellowstone 
River i n  Yellowstone National Park i n  1973 
a f t e r  comparisons had shown tha t  309 cu t th roa t  
t rout  sampled i n  a closed sec t ion  averaged 
44.7 cm, aga ins t  36.1 cm f o r  378 t r o u t  from 
the open-fishing area .  The catch-per-hour 
under the  s p e c i a l  regula t ions  increased by 
two- t o  four-fold over t he  previous four 
years; most fishermen were en thus i a s t i c  over 
the change (Jack Dean, personal  communication 
to Robert Behnke). 

The research  of D r .  Ted Bjornn, leader  
of t he  Idaho Cooperative Fishery Unit ,  has 
provided the  bes t  evidence of the  p o t e n t i a l  
of na t ive  cu t th roa t  t r o u t  t o  produce a high 
qua l i t y  f i she ry  under spec ia l  r egu la t ions .  
In 1971 inves t iga to r s  attempted t o  r e s t o r e  
the abundance of the  na t ive  t r o u t  i n  seve ra l  
miles of  t he  upper S t .  Joe River, Idaho, by 
cessa t ion  of hatchery rainbow t r o u t  stocking 
and i n s t i t u t i o n  of an a r t i f i c i a l  l u r e  f i she ry  
with a minimum s i z e  l i m i t  of 33 cm. Studies 
from 1968 t o  1970 had revealed t h a t  t he  cu t -  
throat  was su f fe r ing  heavy angling exp lo i t a -  
t ion.  Cutthroat  t r o u t  caught by fishermen 
averaged only s l i g h t l y  over 17.8 cm; only 2.5 
percent of t he  population exceeded 25 cm and 
only 0.1 percent  exceeded 33 cm. The r e s u l t s  
of t h i s  management program have proved very  
encouraging. Rainbow t r o u t  have v i r t u a l l y  
disappeared from t h e  unstocked a rea .  Cut- 
throat  t r o u t  increased from three-  t o  s ix- fo ld  
i n  abundance i n  areas  under s p e c i a l  regula t ion ,  
and without stocking.  Average s i z e  of f i s h  
caught by anglers  increased 5 cm i n  the  f i r s t  
two years.  The proport ion of f i s h  longer 
than 25 cm increased by 1000 percent;  those 
over 33 cm increased by 3000 percent .  The 
number of cu t th roa t  caught increased by over 

four  times--8100 a f t e r  i n s t i t u t i o n  of spec ia l  
regula t ions  versus 1800 before--and the  catch- 
per-man-hour increased by s i x  t imes,  from 0.8 
t o  4.8, when comparing d a t a  of 1973 wi th  t h a t  
of 1968 i n  one f ive-mile stream sec t ion  
(Bjornn 1975). With the  33-cm minimum s i z e  
l i m i t ,  anglers  kept  many fewer cu t th roa t ,  but  
because of the g rea t ly  increased average s i z e ,  
the  t o t a l  weight of cu t th roa t  t r o u t  c ree led  
has probably no t  changed g rea t ly .  Angler 
response t o  the  na t ive  cu t th roa t  f i s h e r y  has 
genera l ly  been q u i t e  supportive and by 1974, 
the  stream enjoyed the  same i n t e n s i t y  of use 
t h a t  i t  had p r i o r  t o  the  i n s t i t u t i o n  of 
spec ia l  regula t ions ,  when heavy s tocking of 
ca tchable  rainbow t r o u t  supported the  f i shery .  
And s o  by p ro tec t ion  from excessive exp lo i t a -  
t i o n ,  a more va luable  f i she ry  based s o l e l y  on 
na tu ra l  reproduction of a na t ive  t r o u t  has 
replaced a more expensive catchable t r o u t  
f i s h e r y  and the vu lne rab i l i t y  of the  cu t th roa t  
t r o u t  t o  repeated catching has r e su l t ed  i n  a 
g r e a t l y  increased catch r a t e .  

Bas ica l ly ,  t he  design of a s p e c i a l  regu- 
l a t i o n s  f i she ry  assumes t h a t  a na tu ra l  t r o u t  
population w i l l  undergo a "stockpil ing" e f f e c t  
i f  smaller  t r o u t  a r e  protected from f i sh ing  
exp lo i t a t ion  and allowed t o  survive  t o  a 
l a r g e r  s i z e .  Most de t a i l ed  s tud ie s  of wild 
t r o u t  populations i n  streams have shown t h a t  
s p e c i a l  regula t ions  designed t o  produce more 
and l a rge r  t r o u t  by r e s t r i c t i n g  the  ca t ch  do 
n o t  work (Allen 1951; Hunt 1966, 1970; La t t a  
1973; Klein 1974). But most of these s tud ie s  
concerned brook t r o u t  (Salvelinus f o n t i n a l i s )  
and brown t r o u t  (Salmo t r u t t a ) .  I n  these  
species ,  t he  lack  of response t o  r e s t r i c t e d  
ca tch  r e s u l t s  from the  f a c t  t h a t  h a b i t a t  
c h a r a c t e r i s t i c s  and food supply govern na tu ra l  
mor t a l i t y  r a t e s  and age-size s t r u c t u r e  of the 
populations. Typically,  the  above s tud ie s  
demonstrated t h a t  the  overwhelming major i ty  of 
production and biomass--from 70 t o  90 percent-- 
remained t i e d  up i n  the 0 and I age groups 
( t r o u t  of sub-catchable s i z e )  and t h a t  about 
98 percent  of a l l  t r o u t  hatched died from 
na tu ra l  causes before they reached catchable 
s i z e ,  t yp ica l ly  i n  age group II+. Under c i r -  
cumstances where a l l  age groups compete f o r  a 
common food supply, and where sub-catchable 
t r o u t  c o n s t i t u t e  the  bulk of the biomass, 
at tempts t o  change the  age and s i z e  s t r u c t u r e  
of t he  population e i t h e r  by protec t ing  it 
from angling o r  conversely, t o  promote angling 
i n  the  hopes of s t imula t ing  growth i n  the  
f i shes  tha t  remain, w i l l  have l i t t l e  e f f e c t  
on the  population a s  a whole. This i s  because 
such a small  segment of the  t o t a l  population 
i s  exposed t o  removal by angling,  and because 
mor t a l i t y  i s  compensatory. That i s ,  reduced 
angling mor t a l i t y  r e s u l t s  i n  increased na tu ra l  
mor ta l i ty ;  therefore  the annual su rv iva l  r a t e  
of t r o u t  of any year c l a s s  remains approximately 



the  same whether t h e  f i s h  a r e  protected o r  
unprotected from angling.  

Why, then,  have the  cu t th roa t  t r o u t  popu- 
l a t i o n s  mentioned above apparently responded 
to  s p e c i a l  p ro t ec t ive  regula t ions  and exhibited 
a "stockpil ing" e f f e c t ?  Three major f ac to r s  
a r e  l i k e l y  involved. 

1. In  a l l  of these  areas  inves t iga to r s  
specula te ,  bu t  have no t  conclusively demon- 
s t r a t e d ,  t h a t  t he  spawning and r ea r ing  a reas  
e x i s t  a p a r t  from the  main f i sh ing  a reas .  This 
reduces o r  e l iminates  the  i n t r a s p e c i f i c  com- 
p e t i t i o n  between the  younger, sub -catchable 
age groups, and the  o lder ,  l a rge r  t rout .  

2. The vu lne rab i l i t y  of t he  cu t th roa t  
t r o u t  t o  angling r e s u l t s  i n  a h igher  catch- 
per -man-hour from c u t t h r o a t  t r o u t  than from 
other  species .  No one knows how many times a 
t r o u t  might be caught and re leased i n  any 
given f i s h e r y ,  bu t  Webster and L i t t l e  (1947) 
repor ted  t h a t  200 rainbow t r o u t  stocked i n  an 
enclosed sec t ion  of stream yielded a catch 
(when re leased)  of 601 i n  54 days--each t r o u t  
was caught an average of t h ree  times. A l l  
s tudies  t o  da t e  have revealed v i r t u a l l y  no 
(under f i v e  percent)  mor t a l i t y  i n  t r o u t  r e - .  
leased from a r t i f i c i a l  f l i e s  and lu re s .  

3 .  I n  the  s t u d i e s  on brook t r o u t  c i t e d  
above, v i r t u a l l y  no t rou t  survived t o  age 
c l a s s  I V  o r  V. I n  most cu t th roa t  t r o u t  popu- 
l a t i o n s ,  maximum ages of V I  o r  V I I  appear 
r a t h e r  commonly. Subsequent su rv iva l  of o lder  
age groups r e s u l t s  i n  a higher  r a t i o  of 
catchable-size t o  smaller  s i z e s  i n  cu t th roa t  
t r o u t  populations when compared t o  populations 
of t y p i c a l l y  short- l ived brook t r o u t .  

A higher  annual su rv iva l  of o lder  age 
groups (age I1 and older)  i nd ica t e s  a decrease 
i n  n a t u r a l  mor t a l i t y .  Where angling mor t a l i t y  
becomes high i n  such a s i t u a t i o n ,  i t  may 
exceed n a t u r a l  mor t a l i t y  and depress the popu- 
l a t i o n  below the  car ry ing capacity of the 
environment. Temporary protec t ion  from angl ing ,  
o r  a lowering of t he  c r e e l  l i m i ' t  i n  such 
ins tances ,  would r e s u l t  i n  higher annual su r -  
v iva l  and an increase  i n  numbers. 

Stream modification t o  produce more s h e l t e r  
and deeper water can increase  the proport ion of 
o lder  t o  younger t r o u t ,  food u t i l i z a t i o n ,  bio- 
mass and angler  ca tch .  Hunt (1969) demonstrated 
the e f f i cacy  of stream modification i n  Lawrence 
Creek, Wisconsin. 

Generally, s p e c i a l  regula t ions  work b e s t  
fo r  a trophy f i s h e r y  and r equ i r e  moderate t o  
l a rge  r i v e r s  o r  lakes  where food and space 
permit rapid growth and at tainment of  a l a rge  

s i z e .  V i r tua l ly  a l l  f i s h  i n  a small stream 
may d i e  of old age before  reaching a l eng th  of 
25 cm. Most streams holding pure populations 
of r a r e ,  n a t i v e  t r o u t  a r e  too  small and 
remote from c i v i l i z a t i o n  t o  a t t r a c t  more than 
neg l ig ib l e  f i s h i n g  pressure;  spec ia l  angling 
r e s t r i c t i o n s  a r e  no t  j u s t i f i e d  under such c i r -  
cums tances . The Province of Alberta,  Canada, 
has i n s t i t u t e d  management regula t ions  f o r  
small  streams containing cu t th roa t  t r o u t  which 
cons i s t s  of c los ing  the  streams i n  a l t e r n a t e  
years t o  al low a buildup of l a rge r  t r o u t  
(Radford 1975) . 

SUMMARY 

Steps  i n  a n a t i v e  t r o u t  management pro- 
gram may cons i s t  of: 

1. Survey of waters t o  c o l l e c t  specimens 
from suspected pure populations and to  loca t e  
po ten t i a l  s i t e s  f o r  re-introduction.  

2. Taxonomic study s f  co l l ec t ions  t o  
i d e n t i f y  pure populations. 

3 .  Protec t ion  and poss ib le  improvelnent 
of h a b i t a t .  

4 .  In t roduct ion  i n t o  barren o r  chemically 
t r ea t ed  waters i s o l a t e d  by some b a r r i e r  agains t  
contamination by non-native t r o u t s .  

5. Establishment of spec ia l  regula t ion  
f i s h e r i e s  where appl icable .  

1. Robert Behnke 
Dept. of Fishery and Wi ld l i f e  Biology 
Colorado S t a t e  Universi ty 
For t  Col l ins ,  CO 80521 

( t r o u t  taxonomy; evaluation of r e l a t i v e  
p u r i t y  of populations; r e s to ra t ion  
p ro jec t s )  

2 .  Allen Binns 
Habi ta t  Management Biologis t  
Wyoming Game and Fish  Department 
Box 342 
Lander, WY 52520 

(s ta te- federa l  cooperative r e s t o r a t i o n  
projec ts  including surveys, h a b i t a t  
improvement, cons t ruc t ion  of b a r r i e r s )  

3.  Ted Bjornn, Leader 
Idaho Cooperative Fishery Unit  
College of Forestry and Wildl i fe  Management 
Univers i ty  of Idaho 
Moscow, I D  83843 



(experience with s p e c i a l  r egu l a t i ons  t o  
e s t a b l i s h  f i s h e r i e s  based on n a t i v e  t r o u t )  

4 .  Robert Borovicka 
Bureau of Land Management 
729 N.  E. Oregon S t r e e t  
Por t land ,  OR 97208 

( s t a t e - f ede ra l  coopera t ive  p r o j e c t s  t o  
improve t r o u t  h a b i t a t  by dams and o the r  
s t r u c t u r e s  and by p ro t ec t i on  from 
overgrazing) 

5 .  Jack Dean 
Fish Management B io log i s t  
U. S. F ish  and Wi ld l i f e  Se rv i ce  
Yellowstone National  Park, WY 82190 

( spec i a l  r egu l a t i on  f i s h e r i e s ,  n a t i v e  
t r o u t  management) 

6. Paul Jeppson 
Idaho Fish and Game Department 
600 S. Walnut, Box 25 
Boise, I D  83707 

( s t a t e - f ede ra l  coopera t ive  p r o j e c t s  t o  
improve t r o u t  h a b i t a t  by dams and o t h e r  
s t r u c t u r e s ,  and p ro t ec t i on  from over-  
grazing) 

7. Douglas J e s t e r  
Department of Range and W i l d l i f e  
New Mexico S t a t e  Univers i ty  
Las Cruces, NM 88003 

( r a r e  t r o u t  r e s t o r a t i o n  p r o j e c t s ,  s t ream 
improvements ) 

8. James Johnson 
U.S. F i s h  and Wi ld l i f e  Serv ice  
Albuquerque, New Mexico 

( l i ve s tock  grazing impacts on streams) 

9. J. R. Kimball 
U. S. Fores t  Se rv i ce  
4438 Federa l  Building 
125 S. S t a t e  S t r e e t  
S a l t  Lake Ci ty ,  UT 84111 

(improvement of t r o u t  h a b i t a t  through con- 
t r o l  of overgrazing;  improvement devices)  

10. Henry McKirdy 
U. S . Fores t  Serv ice  
Federal  Building 
Missoula, MT 59801 

(stream improvement devices ,  n a t i v e  t r o u t  
management) 

11. James Mullan 
U. S.  Fish and Wi ld l i f e  Serv ice  
Vernal ,  UT 

( r e s t o r a t i o n  p r o j e c t s ?  ex terminat ion  of 
non-native f i s h e s ,  land-use impacts) 

12.  , William P l a t t s  
U. S .  Fores t  Serv ice  
Boise Research Work Unit  
316 E. Myrtle S t r e e t  
Boise, I D  83706 

(land-use impacts on streams and aqua t i c  
l i f e )  

13.  Max Rollefson 
Wyoming Department of Game and Fish 
Box 483 
Jackson, WY 63001 

( h a b i t a t  improvement t o  i nc r ea se  spawning 
and nursery  a r ea s  f o r  n a t i v e  c u t t h r o a t  
t r o u t )  

REFERENCES 

Al len ,  K. R. 
1951. The Horokiwi stream: a s tudy  of a 

t r o u t  populat ion.  New Zealand Marine Dept., 
Fish.  Bul l .  10. 

Ba l l ,  K. 
1971. Evaluat ion of catch-and-release regu- 

l a t i o n s  on c u t t h r o a t  t r o u t  i n  t he  North 
Fork of t he  Clearwater River .  Idaho Fish 
and Game Dept., Job Completion Report 
F-59-R-2. 37 p. 

Behnke, R. J. 
1972a. The r a t i o n a l e  of preserv ing  gene t i c  

d i v e r s i t y .  Proc. West. Assoc. of S t a t e  
Game and Fish Comm. 52:559-561. 

1972b. The systematics of salmonid f i s h e s  
i n  r e c e n t l y  g l ac i a t ed  lakes .  Jour.  F ish .  
Res. Bd. Canada 29(6):639-671. 

Bjornn, T. C. 
1971. Trout  and salmon movements i n  two 

Idaho streams a s  r e l a t e d  t o  temperature,  
food, streamflow, cover and popula t ion  
dens i t y .  Trans. Am. F ish .  Soc. 100(3): 
423 -438. 

1975. The S t .  Joe  River  c u t t h r o a t  f i she ry - -  
a case  h i s t o r y  of  ang l e r  preference.  Proc. 
West. Assoc. S t a t e  Game and Fish  Comm. In 
p re s s .  



, M. A. Brusven, M. Molnau, F. J. 
Watts and R. L. Wallace. 

1974. Sediment i n  streams and i t s  e f f e c t  
on aqua t i c  l i f e .  Water Resources Res. 
I n s t . ,  Univ. Idaho, Moscow. 

and R. F. Thurow. 
1974. L i f e  h i s t o r y  of S t .  Joe River cu t th roa t  

t r o u t .  Idaho Fish and Game Dept . , Job 
Perf .  Rept. F-60-R-5. 23 p. 

Boreman, J. 
1974. E f f ec t s  of s tream improvement on 

juveni le  rainbow t r o u t  i n  Cayuga I n l e t ,  
New York. Trans. Am. Fish.  Soc. 103(3): 
637-641. 

Burns, J. E. 
1970. The importance of s treamside vegeta-  

t i o n  t o  t r o u t  and salmon i n  B r i t i s h  Columbia. 
B r i t .  Col. Fish and Wildl. Branch, Fish.  
Tech. Circ.  1. 12 p. 

Cordone, A. J. 
1956. E f f e c t s  of logging on f i s h  production. 

Ca l i f .  Fish and Game Dept., Inland Fish.  
Admin. Rept. 56-7. 98 p. 

and D. W .  Kelley. 
1961. The inf luence  of inornanic sediments - 

on the  aqua t i c  l i f e  of streams. Ca l i f .  
F ish  and Game 47:189-228. 

Corning, R. V., R. F. Raleigh, G.  D.  Schuder 
and A. Wood (ed. ) . 

1975. Symposium on stream channelmodif i -  
c a t i o n  proceedings. Published by Stream 
channel  modif ica t ion  symposium, Box 312, 
Grot toes ,  V i r .  172 p. 

Dunham, D. K. ,  and A. Co l lo t z i .  
1975. The t r a n s e c t  method of stream h a b i t a t  

inventory: gu ide l ines  and app l i ca t ion .  
U.S. For. Ser Intermt.  Reg., Ogden, Utah. 
98 p. 

E l se r ,  A. A. 
1968. F ish  populat ions i n  a t r o u t  s tream i n  

r e l a t i o n  t o  major h a b i t a t  zones and channel 
a l t e r a t i o n s .  Trans. Am. Fish. Soc. 97: 
389-397. 

Gard, R. 
1961. Creation of t r o u t  h a b i t a t  by cons t ruc t -  

i ng  smal l  dams. Jour.  Wildl. Mgmt. 25: 
384-390. 

1972. Pe r s i s t ence  of headwater check dams 
i n  a smal l  stream. Jour .  Wildl. Mgmt. 
36:1363-1367. 

Gee, M. A. 
1952. Fish stream improvement handbook. 

USDA Fores t  Serv ice .  21 p. 

Gibbons, Dave R.,  and Ernest  0. Salo. 
1973. An annotated bibl iography of t h e  

e f f e c t s  of logging on f i s h  of t h e  western 
United S t a t e s  and Canada. USDA For. Serv. 
General Tech. Rep. PNW-10, 145 p. Pac i f i c  
Northwest For. and Range Exp. S tn . ,  Port- 
land ,  Ore. 

G r i f f i t h ,  J. S. 
1972. Comparative behavior and h a b i t a t  

u t i l i z a t i o n  of brook t r o u t  (Salvelinus 
f o n t i n a l i s )  and cu t th roa t  t r o u t  (Salmo 
c l a r k i )  i n  small  streams i n  nor thern  Idaho. 
Jour .  Fish.  Res. Bd. Canada '29:265-273. 

1974. U t i l i z a t i o n  of i nve r t eb ra t e  d r i f t  by 
brook t r o u t  (Salvelinus f o n t i n a l i s )  and 
c u t t h r o a t  t r o u t  (Salmo c l a r k i )  i n  small  
streams i n  Idaho. Trans. Am. Fish. Soc. 
103 :440-447. 

Grove, A. (ed.) 
1976. Stream management of salmonids. 

Supplement t o  Trout Magazine, 17(1):31 p. 

Gunderson, D. R. 
1968. Floodplain use r e l a t e d  t o  stream 

morphology and f i s h  populat ions.  Jour .  
Wildl .  Mgmt .  32:507-514. 

Herrington,  R. B. and D. K. Dunham. 
1967. A technique f o r  sampling general  f i sh  

h a b i t a t  c h a r a c t e r i s t i c s  of streams. U. S. 
Fores t  Service,  Intermountain For. and 
Range Exp. S ta . ,  Res. Pap. 41. 12 p. 

Hogander, G., T. C. Bjornn and S. P e t t i t .  
1974. Evaluation of catch-and-release regu- 

l a t i o n s  on c u t t h r o a t  t r o u t  i n  the  North 
Fork of the  Clearwater River. Idaho Fish 
and Game Dept., Job Perf .  Rept. F-59-R-5. 
17 p. 

Hunt, R. L. 
1966. Production and angler  ha rves t  of wild 

brook t r o u t  i n  Lawrence Creek, Wisconsin. 
Wisconsin Conserv. Dept., Tech. Bull .  
35:52 p. 

1969. E f f ec t s  of h a b i t a t  a l t e r a t i o n  on pro- 
duct ion ,  s tanding  crops and y i e l d  of brook 
t r o u t  i n  Lawrence Creek, Wisconsin. In 
P . S . Larkin (ed . ) , Symposium on salmon 
and t r o u t  i n  streams . H. R. McMillan 
Lectures i n  F i she r i e s ,  Univ. of B r i t i s h  
Columbia, Vancouver. p. 281-312. 



1970. A compendium of research o n a n g l i n g  
regula t ions  f o r  brook t r o u t  conducted a t  
Lawrence Creek, Wisconsin. Wisc. Cons. 
Dept., Res. Rept. 54:37 p. 

~ ~ ~ k s o n ,  Bonnie J. 
1974. Stream bed s t a b i l i z a t i o n  i n  Enf i e ld  

Creek, New York. N. Y. Fish and Game 
Jour. 21: 32-46. 

Jes ter ,  D. B. and H. J. Mcurdy.  
1966. Evaluation of t r o u t  s tream improve- 

ments i n  New Mexico. Proc. West. Assoc. 
S t a t e  Game and Fish  Comm. 46:316-333. 

King, W. (ed. ) 
1975. Wild t r o u t  management. Trout  

Unlimited, Denver, Colo. 103 p. 

Klein, W. D .  
1974. Specia l  regula t ions  and e l iminat ion  

of s tocking:  inf luence  on fishermen and 
the  t r o u t  populat ion a t  t he  Cache l a  
Poudre River ,  Colorado. Colo. Div. Wild l . ,  
Tech. Publ. 30:57 p. 

Latta, W. C. 
1973. The e f f e c t s  of a f l i e s -on ly  r egu la t ion  

upon t r o u t  i n  t he  Pigeon River,  Otsego 
County, Michigan. Mich. Dept. Nat. Res., 
Fish. Div., Fish. Res. Rept. 1807. 28 p. 

L i t t l e ,  R. G. and H. J. McKirdy. 
1968. Statewide f i s h e r i e s  i nves t iga t ions .  

Rancho d e l  Rio Grande g ran t ,  Carson National  
Fores t .  New Mexico Dept. Game and Fish.  
Job compl. r e p t .  F-22-R-7 and F-22-R-8. 
14 p. 

MacPhee, C. 
1966. Inf luence  of d i f f e r e n t i a l  angl ing  mor- 

t a l i t y  and stream gradient  on f i s h  abundance 
i n  a t rout -sculp in  biotope.  Trans.  Am. Fish.  
SOC.  95:381-387. 

Marcuson, P. 
1970. South-central  Montana f i s h e r i e s  study.  

Rock Creek f loodpla in  study.  Montana Dept. 
of Fish and Game. Job Progr.  Rept. F-20-R-14, 
Job I I a .  4 p. 

Megahan, W. F. and W. J. Kidd. 
1972. E f f ec t s  of logging and logging roads 

on eros ion  and sediment d i spos i t i on  from 
s teep  t e r r a i n .  Jour .  Fores t ry  80:136-141. 

Miller, R. R. 
1972. C l a s s i f i c a t i o n  of t h e  n a t i v e  t r o u t s  of 

Arizona wi th  the  desc r ip t ion  of  a new 
species ,  Salmo apache. Copeia 3:401-422. 

Mullan, J. W. 
1975. F isher ies  h a b i t a t  p lan  f o r  t he  Uintah 

and Ouray Indian Reservation a s  a f f ec t ed  
by the  Uinta and Opalco Units of the  Cen- 
t r a l  Utah P ro j ec t .  U. S. Fish and Wi ld l i f e  
Service ,  S a l t  Lake C i ty ,  Utah. 132 p. 

Packer, P. E. 
1957. Management of f o r e s t  watersheds and 

improvement of f i s h  h a b i t a t .  Trans. Am. 
Fish.  Soc. 87:392-397. 

P l a t t s ,  W. S. 
1974. Geomorphic and aqua t i c  condi t ions  i n -  

f luencing  salmonids and stream c l a s s i f i c a -  
t i o n .  U. S. Fores t  Serv ice ,  SEAM publica-  
t i o n ,  B i l l i n g s ,  Montana. 199 p. (mimeo.). 

Radford, D. S. 
1975. The ha rves t  of f i s h  from Dutch Creek, 

a mountain stream open t o  angl ing  on 
a l t e r n a t e  years .  Alber ta  Dept. of Recrea- 
t i o n ,  Parks and Wi ld l i f e ,  Fish Mgmt. Rept. 
15:54 p. 

Ringler ,  N. H. and J. D. Hall .  
1975. E f f ec t s  of logging on water  temperature 

and dissolved oxygen i n  spawning beds. 
Trans. Am. Fish. Soc. 104:117-121. 

Schreck, C. B. and R. 3 .  Behnke. 
1971. Trouts of t he  upper Kern River bas in ,  

Ca l i fo rn i a ,  wi th  reference  t o  sys temat ics  
and evolu t ion  of western North American- 
Salmo. Jour .  Fish. Res. Bd. Canada 28: - 
987-998. 

S ta lnaker ,  C. B., and J. L. Arnet te  (ed.) 
1976. Methodologies f o r  the determinat ion  

of s tream resource  f low requirements. U.S. 
F i s h  and Wi ld l i f e  Serv., Of f i ce  of Biol .  
Serv. ,  Western Water Al loca t ion .  199 p. 

Sumner, F. 
1940. The dec l ine  of t h e  Pyramid Lake f i she ry .  

Trans.  Am. Fish. Soc. 69:216-224. 

Trojnar ,  J. R. and R. J. Behnke. 
1974. Management impl ica t ions  of ecologica l  

segregat ion  between two introduced popula- 
t i o n s  of cu t th roa t  t r o u t  i n  a small  Colo- 
rado Lake. Trans. Amer. Fish.  Soc. 103: 
423 -430. 

USDA Fores t  Service.  
1975. Symposium on t r o u t  h a b i t a t  r e sea rch  

and management proceedings. USDA, USPS, 
Southeast  For.  Exp. S tn . ,  Ashevi l le ,  NC 
110 p. 



USDIBureau of Land Management. 
1974. Effects of livestock grazing on wild- 
life, watershed, recreation and other re- 
source values in Nevada. Bureau of Land 
Management, Nevada State Office, Reno. 

Webster, D. A. and G. S. Little. 
1947. Angling experiments by the fly tyers' 
club at Cornell University. Trans. Am. 
Fish. Soc. 64:63-70. 

Wesche, T. A. 
1973. Parametric determination of minimum 
streamflow for trout. Water Resources 
Res. Inst., Univ. of Wyoming, Laramie. 
102 p. 

1974. Relationships of discharge reductions 
to available trout habitat for recommending 
suitable streamflow. Water Resources 
Res. Inst., Univ. of Wyoming, Laramie. 
71 p. 

White, R. J. 
1973. Stream channel suitability for cold- 
water fish. Proc. 28th Ann. Mtg. Soil 
Cons. Serv. (Plants, Animals and Man): 
61-79. 

and D. M. Brynildson. 
1.967. Guidelines for management of trout - 
stream habitat in Wisconsin. Wisc. Div. 
Cons., Tech. Bull. 39:65 p. 



COLORADO RIVER CUTTHROAT 
Salmo c l a r k i  p l e u r i t i c u s  -- 

TYPICAL MERISTIC CHARACTERS 

Scale counts 
l a t e r a l  s e r i e s  

(two rows above l a t e r a l  
l i n e )  170-20M- 

and above l a t e r a l  l i n e  
(or ig in  of do r sa l  f i n  

t o  l a t e r a l  l i n e )  38-48 

Vertebrae 60-63 
(mean 61-62) 

Gil lrakers 17-21 

Pyloric caecae 25-45 
(mean 30-40) 

Basibranchial t e e t h  1-20 

/-~axonomic data  from Behzke (1974, - 
1975), Wernsman (1973)-/ 

SPECIES DESCRIPTION 

No m e r i s t i c  charac ters  unique t o  g. 2. 
pleur i t icus  e x i s t  which can serve  t o  au tho r i -  
ta t ive ly  a s s ign  a specimen to. t h i s  taxon. 
Hybridization r e s u l t i n g  from the  in t roduct ion  
of rainbow t r o u t  and o ther  subspecies of 
cutthroat  t r o u t  i n t o  the  Colorado River basin 
fur ther  complicates t he  recogni t ion  of pure 
Populations. I n  general ,  t he  mean values of 
at l e a s t  t en  specimens a r e  needed t o  determine 
the degree of pu r i ty  of a population i n  
question. 

Salmo c l a r k i  p l e u r i t i c u s ,  na t ive  t o  the  -- 
upper Colorado River basin i s ,  wi th  the green- 
back t r o u t  of the  Arkansas and South P l a t t e  
drainages on the  o ther  s i d e  of t he  Continental  
Divide, among the  most co lo r fu l  of  a l l  t he  
recognized forms of cu t th roa t  t r o u t .  The 
h ighly  va r i ab le  colora t ion  cons i s t s  t yp ica l ly  
of a poorly defined pink o r  red  band along the  
brassy  yellow s ides .  The v e n t r a l  region may 
b e  suffused wi th  crimson in  mature males. 

Character v a r i a b i l i t y  between populations 
of d i f f e r i n g  geographical a reas  e x i s t s  due t o  
long physical  i s o l a t i o n  of major h a b i t a t  a reas  
i n  the  Colorado and Green River basins.  For 
example, cu t th roa t  t r o u t s  na t ive  t o  the upper 
Green River bas in  (La Barge Creek, north) d i s -  
play small  t o  moderate-sized spo t s ,  t yp ica l ly  
smaller  than the  pupi l  of t he  eye, concentrated 
mainly on the  caudal peduncle and, a n t e r i o r l y ,  
above the l a t e r a l  l i n e .  S ign i f i can t ly  l a rge r  
spots occur on cu t th roa t s  from the  L i t t l e  
Snake River drainage (a t r i b u t a r y  t o  the  Yampa 
River);  t hese  may approach a s i z e  more typ ica l  
of the  greenback t r o u t .  A l l  degrees of i n t e r -  
mediacy i n  spo t t ing  occur, but  one should 
expect pure o r  e s s e n t i a l l y  pure populations 
t o  share  a high degree of uniformity wi th in  
any geographical a r e a  where they have had the  
opportunity t o  f r e e l y  intercommunicate. Baxter 
and Simon (1970) and Baxter (1972) present  
photographs of the large-spotted form of the 
Colorado River cu t th roa t ,  probably taken of 
specimens from the L i t t l e  Snake River drainage 
of Wyoming. The i l l u s t r a t i o n  i n  t h i s  r epor t  i s  
based on a specimen from Rock Creek, Wyoming, 



Map 1. Indigenous distribution of Salrno clarki pleuriticus. 



and &aracter izes  the spo t t ing  p a t t e r n  of t he  
native t r o u t  of the upper Green R i v e r  system. 

DISTRIBUTION 

The o r i g i n a l  d i s t r i b u t i o n  of 2. 5. 
l eu r i t i cus  extended from the  headwaters of 

fhe Colorado River bas in  downstream t o  the  
Dirty Devil River, Utah, on the west and t o  
the San Juan drainage of Colorado, New Mexico 
and Arizona on the  eas t .  But due t o  the  

and t u r b i d i t y  of the water,  most a reas  
of the Colorado and Green Rivers d i d  n o t  com- 
p-ise t rou t  h a b i t a t  u n t i l  a f t e r  the  construc- 
tion of mainstream dams (Behnke 1974, Wernsman 
1973). Resul tant  i s o l a t i o n  of the various 

t r i b u t a r i e s  caused much of t he  v a r i a b i l i t y  
inherent i n  &. 5. p l e u r i t i c u s .  

Only two populations of the many examined 
appear t o  be wholly pure. They occur i n  an 
isolated sec t ion  of Rock Creek, t r i b u t a r y  t o  
La Barge Creek, and i n  North Beaver Creek, an 
isolated t r i b u t a r y  i n  the Piney Creek drainage;  
both populations e x i s t  i n  Sub le t t e  County, 
Wyoming. A possibly pure population discovered 
in 1970 and described by Wernsman (1973) from 
the very headwaters of the  Colorado River i n  
Rocky Mountain National Park can probably now 
be considered e x t i n c t  f o r  a l l  p r a c t i c a l  pur- 
poses. Extensive sampling of t he  a r e a  i n  1974 
and 1975 turned up only th ree  c u t t h r o a t  t r o u t  
in a mult i tude of brook t r o u t .  

Numerous populations,  however, remain 
phenotypically good representa t ives  of S, c. 
pleuri t icus even though they show some evidence 
of hybridization.  Although co lo ra t ion  and 
spotting pat terns  remain t y p i c a l ,  c lo se r  
examination reveals  a s l i g h t  hybrid inf luence  
in the form of the absence of bas ibranchia l  
teeth, a g rea t e r  range of v a r i a b i l i t y  i n  
meristic charac ters ,  and a s h i f t  i n  t h e  mean 
values of some charac ters .  Such populations,  
while not  wholly pure, s t i l l  mer i t  spec ia l  
recognition i n  management and land use decis ions  
affecting t h e i r  well-being (Belmke 1974, 1975, 
1976; Wernsman 1973). 

STATUS AND POPULATION TReND 

Although c u t t h r o a t  t r o u t  e x i s t  i n  good 
numbers i n  small lakes and streams i n  the 
Colorado River bas in  of Colorado, Utah, and 
Wyoming, pure populations of 2. c. p l e u r i t i c u s  
are indeed r a r e  throughout i t s  range. 

Habi ta t  a l t e r a t i o n  and the  in t roduct ion  
Of non-native t r o u t s  have caused the  prec ip i tous  
decline of the  Colorado River cu t th roa t .  Brown 
trout and rainbow t r o u t  have completely r e -  
PLaced &. c. p l e u r i t i c u s  i n  l a r g e r  r i v e r s ,  and 

brook t r o u t  have f requent ly  displaced i t  i n  
smaller  t r i b u t a r i e s ,  but the  major f a c t o r  push- 
ing  pure populations of the Colorado River cut -  
t h roa t  towards ex t inc t ion  has been hybr id iza t ion  
with rainbow t r o u t  and non-native cu t th roa t  
t r o u t  used i n  stocking programs i n  Colorado, 
Utah, and Wyoming. 

Mil ler  (1972) included S. 5. p l e u r i t i c u s  
i n  h i s  l i s t  of threatened freshwater f i shes  of 
the  United S t a t e s .  The Utah Fish Committee of 
the American Fisher ies  Socie ty ' s  Bonneville 
Chapter lists it a s  endangered (Holden e t  a l .  
1974). The Colorado Divis ion  of Wi ld l i f e  
l is ts  5. 2. p l e u r i t i c u s  a s  threatened.  

W e  recommend t h a t  5. & p l e u r i t i c u s  b e  
recognized a s  threatened by t h e  U.S. Depart- 
ment of I n t e r i o r .  

LIFE HISTORY 

No published l i f e  h i s t o r y  da t a  e x i s t  f o r  
t h i s  t r o u t  save t h a t  concerning the  l acus t r ine -  
specia l ized  and s l i g h t l y  hybridized population 
of Trapper 's  Lake, Colorado (Snyder and Tanner 
1960, Drummond 1966), which has  l i t t l e  va lue  i n  
r e l a t i o n  t o  knowledge of the  l i f e  h i s t o r y  and 
ecology of 2. 5 p l e u r i t i c u s  throughout i t s  
range. A l l  of t he  genera l  information concerning 
l i f e  h i s t o r y  and ecology appearing i n  Chapter I 
can be appl ied  t o  &. 2. p l e u r i t i c u s .  

A s i g n i f i c a n t  a t t r i b u t e  of the  Colorado 
River c u t t h r o a t  i n  the  Green River drainage of 
Wyoming l i e s  i n  the  f a c t  t h a t  s eve ra l  "good" 
representa t ive  populations of t h i s  subspecies 
e x i s t  i n  s eve ra l  badly degraded streams of t he  
f o o t h i l l s  region.  Many of these  streams might 
be charac ter ized  a s  submarginal t r o u t  h a b i t a t ,  
s ince  they have suffered  from the  e f f e c t s  of 
overgrazing and i r r i g a t i o n  dewatering, which 
have l ed  i n  tu rn  t o  erosion,  warm temperatures 
and tu rb id i ty .  I n  s p i t e  of h a b i t a t  degradation 
and the  in t roduct ion  of rainbow t r o u t  and non- 
na t ive  forms of cu t th roa t  t r o u t ,  t he  na t ive  
populations have r e s i s t e d  hybr id iza t ion  and 
displacement t o  a su rp r i s ing  degree. The only 
explanation appears to  be t h a t  these loca l  pop- 
u l a t ions  a r e  hardy and adapted t o  t h e  present  
condit ions t o  such an extent  t h a t  n a t u r a l  
s e l ec t ion  s t rong ly  favors maintenance of t he  
na t ive  genotype. These factors--environmental 
degradation and the  in t roduct ion  of non-native 



trouts--under which many predominantly 2. 5 
p l e u r i t i c u s  s t i l l  survive ,  have almost invar-  
i a b l y  caused the  extermination of o ther  sub- 
species  of i n t e r i o r  cu t th roa t  t r o u t  (Behnke 
1975). 

HABITAT K3QUIREMENTS Ah9 LIMITING FACTORS 

A l l  western t r o u t s  of the genus Salmo 
possess e s s e n t i a l l y  s imi l a r  h a b i t a t  requirements 
A broad-based ecologica l  v a r i a b i l i t y  allows 
populations t o  t h r i v e  i n  small streams, l a rge  
r i v e r s  o r  lakes.  W i l e  seve ra l  lakes i n  the 
Colorado River bas in  o r i g i n a l l y  contained 
S. 2. p l e u r i t i c u s  whose bas i c  l i f e  h i s t o r y  - 
a t t r i b u t e s  may have d i f f e red  s l i g h t l y  from 
stream o r  r i v e r  populations,  the  bas i c  requi re-  
ments i n  terms of temperature, oxygen, and 
subs t r a t e  f o r  reproduction and survival  a r e  
q u i t e  s i m i l a r  f o r  a l l  5. 2. p l e u r i t i c u s  . Any 
f a c t o r s  leading t o  lo s s  of cover, s i l t a t i o n  
and warming of t he  waters w i l l  have detrimental  
impacts on cu t th roa t  t r o u t .  But the  most 
s i g n i f i c a n t  f a c t o r  l imi t ing  the  perpetuation 
of pure populations remains the  hybr id iza t ion  
r e s u l t i n g  from the  in t roduct ion  of rainbow 
t r o u t  and exo t i c  subspecies of cu t th roa t  t r o u t .  

PROTECTIVE MEASURES 

The Wyoming Game and Fish Department has 
h i r ed  a h a b i t a t  management b i o l o g i s t ,  D r .  
Al len  Binns, t o  d i r e c t  pro tec t ion ,  enhancement 
and r e s t o r a t i o n  of na t ive  t r o u t  populations i n  
Wyoming. The Department i s  conducting seve ra l  
p ro j ec t s  i n  t h e  Green River drainage,  some i n  
cooperation wi th  the  Bureau of Land Management 
and t h e  U. S. Forest  Service.  Projec ts  include 
stream improvement, spawning enhancement, 
b a r r i e r  cons t ruc t ion ,  t ransplant ing  and experi-  
mental propagation. D r .  Binns reported on 
t h i s  work a t  the  Colorado-Wyoming Chapter of 
the  American Fisher ies  Society meeting i n  
Apr i l  1975. Robert Behnke has examined seve ra l  
hundred specimens and has evaluated the r e l a -  
t i v e  p u r i t y  of many samples of Green River 
bas in  c u t t h r o a t  t r o u t ,  co l l ec t ed  during surveys 
made by Wyoming personnel (Behnke 1975). 

The Bureau of Land Management, Colorado 
S t a t e  Off ice ,  has fenced a sec t ion  of Northwater 
Creek, a t r i b u t a r y  t o  Parachute Creek i n  the 
o i l  sha l e  country of northwest Colorado, t o  
p ro tec t  a good r ep resen ta t ive  population of 
S.  2. p l e u r i t i c u s  from l ives tock  overgrazing. 
G o t h e r  v i r t u a l l y  pure population of 5. 2. 
p l e u r i t i c u s  occurs i n  Cunningham Creek, which 
has been a f f ec t ed  by d ivers ions  from the  
Frying Pan-Ar-kansas Projec t  of t he  Bureau of 
Reclamation. A cooperative agreement between 
the  Colorado Division of Wild l i fe  and the  
Bureau of Reclamation is designed t o  mi t iga t e  

the  dewatering impact of the  p ro jec t  on the 
t r o u t  population. 

Another Bureau of Reclamation p ro jec t ,  
the  Meek's Cabin Reservoir i n  the  Utah-Wyoming 
border a rea ,  flooded a na tu ra l  b a r r i e r  on the 
L i t t l e  West Fork of the  Black Fork River and 
an a r t i f i c i a l  b a r r i e r  was constructed t o  pre- 
vent  hybr id iza t ion  of the  e s s e n t i a l l y  pure 
S. 2. p l e u r i t i c u s  population wi th  rainbow - 
t r o u t .  

According t o  1973 and 1974 annual r epor t s  
on f i s h e r i e s  management i n  Rocky Mountain 
National Park, prepared by James Mullan of 
t he  U. S. Fish and Wildl i fe  Service,  Vernal, 
Utah, plans e x i s t  fo r  re in t roduct ion  of g. 5. 
p l e u r i t i c u s  i n t o  the  Colorado River drainage 
i n  $he Park. 

RECOMMENDATIONS 

Although the  o r ig ina l  range of 5. 2. 
p l e u r i t i c u s  covers a l a r g e  a rea  i n  Wyoming, 
Utah, Colorado and New Mexico, only i n  the  
Green River basin of Wyoming has a concerted 
e f f o r t  been made t o  survey waters f o r  na t ive  
t r o u t  populations,  evaluate  t h e i r  r e l a t i v e  
pu r i ty  and i n s t i t u t e  p ro tec t ive  and r ,es tora t ive  
measures. The e f f o r t s  of the Wyoming' Fish and 
Game Department should be emulated i n  Colorado, 
Utah and New Mexico i n  order t o  author i ta t ive ly  
determine i t s  s t a t u s  and t o  develop programs 
t o  p ro tec t  and perpetuate t h i s  t r o u t  throughout 
i t s  range. 

Populations which a r e  v i r t u a l l y  pure and 
judged t o  be good taxonomic representa t ives  
should be given spec ia l  recognit ion i n  re la t ion  
t o  h a b i t a t  pro tec t ion  o r  enhancement projec ts .  

Habi ta t  improvement and t ransplants  i n to  
barren  o r  chemically t r ea t ed  streams and lakes 
can e f f e c t  the increased abundance of pure 
populations. Habi ta t  managers should consider 
spec ia l  regula t ion  f i s h e r i e s  programs both to  
o f f e r  anglers  the  opportunity t o  f i s h  f o r  a 
r a r e  and beau t i fu l  na t ive  t r o u t  and t o  generate 
i n t e r e s t  and support among the public f o r  
r e s t o r a t i o n  programs. 

These recommendations assume added s ig -  
n i f i cance  i n  view of the  f a c t  t h a t  g. 2. 
p l e u r i t i c u s  i s  na t ive  t o  a l l  of the  o i l  shale 
region and much of the  po ten t i a l  coal  s t r i p  
mine areas  of Colorado, Utah and Wyoming. A 
1975 r epor t  prepared f o r  t he  Office of Biologi- 
c a l  Services of the  U. S. Fish and Wildl i fe  
Service  (Thorne Ecological  I n s t i t u t e ,  1975), 
gave the  h ighes t  research  p r i o r i t y  t o  threa t -  
ened and endangered species .  



AUTHORITIES 

1 ,  Robert Behnke 
Dept. of Fishery and Wildl i fe  Biology 
Colorado S t a t e  Universi ty 
For t  Col l ins ,  CO 80521 

(systematic i nves t iga t ions ,  evaluat ion  of 
pu r i ty ,  r e s to ra t ion  p ro jec t s )  

2 .  Allen Binns 
Wyoming Game and Fish Department 
Box 342 
Lander, WY 82520 

(protec t ive  and r e s t o r a t i o n  p r o j e c t s  i n  
the Green River basin) 

3. James Johnson 
U . S .  Fish  and Wildl i fe  Service 
Albuquerque, New Mexico 

(formerly i n  charge of BLM e f f o r t s  i n  
Colorado t o  p ro tec t  threatened and 
endangered f i shes )  

4. James Mullan 
U. S. Fish and Wildl i fe  Service  
Vernal, UT 

(general t r o u t  management and h a b i t a t  
requirements i n  Xocky Mountain region 
and f i s h e r i e s  management a c t i v i t i e s  i n  
Rocky Mountain National Park) 

REFERENCES 

Baxter, G. T. 
1972. The cu t th roa t ,  a f i s h  with n a t i v e  

roots .  Wyo. Wildl. 36 (5): 16-19. 

and J. R. Simon. 
1970. Wyoming f i shes .  Wyoming Game and 

Fish D&. , - ~ u l l .  4. 168 .- 
Behnke, R. J. 

1970. Rare and endangered species  repor t :  
the na t ive  c u t t h r o a t  t r o u t  of t he  Colorado- 
Green River basin,  Salmo c l a r k i  p l e u r i t i c u s  . 
Colorado Cooperative Fishery Unit. 7 p. 
(mimeo) 

- 
1974. S ta tus  repor t :  S a h o  c l a r k i  

p l eu r i t i cus .  Prepared f o r  Region 11, 
U. S. Fish and Wildl i fe  Service.  Albuauer- 

1975. Report on r ecen t  co l l ec t ions  of cu t -  
t h roa t  t r o u t  from the Green River basin,  
Wyoming. Wyoming Game and Fish Department. 
12 p. (mimeo) 

1976. Report on co l l ec t ions  of cu t th roa t  
t r o u t  from Parachute Creek drainage,  
Garf ie ld  County, Colorado. Prepared f o r  
BLM, Grand Junction. 7 p. 

Drummond, R. A. 
1966. Reproduction and ha rves t  of cu t th roa t  

t r o u t  a t  Trapper's Lake, Colorado. Colo- 
rado Department of Game, Fish and Parks, 
Spec. Rept. 10:26 p. 

Holden, P. B . ,  W. White, G. Somerville, D.  Duff, 
R. Gervais and S. Gloss. 

1974. Threatened f i s h  of Utah. Proc. Utah 
Acad. Science, Ar ts  and L e t t e r s  51 (p t .  2): 
46-65. 

Mi l l e r ,  R. R. 
1972. Threatened freshwater f i s h e s  of the  

United S ta t e s .  Trans. Am. Fish.  Soc. 
lOl(2): 239-252. 

Snyder, G. R. and H. A. Tanner. 
1960. Cutthroat  t r o u t  reproduction i n  the  

i n l e t s  t o  Trapper 's  Lake. Colorado Dept. 
of Game, Fish and Parks, Tech. Bull. 7: 
86 p. 

Thorne Ecological  I n s t i t u t e .  
1975. Wi ld l i f e  and o i l  sha l e ,  a problem 

ana lys i s  and research program. U. S.  
F ish  and Wildl i fe  Service,  Off ice  of 
Biologica l  Services.  Vol. I. 112 p. 

Wernsman, G. 
1973. The n a t i v e  t r o u t s  of  Colorado. M.S. 

Thesis ,  Colorado S t .  Univ., Ft .  Coll ins.  
57 p*  

we, N.M. 6 p. (mimeo) 



WYOMING 

Laramie 

NEBRASKA 

NEW MEXICO 

0 25 50 75 
I I I 

Kilometers 

Map 2. Indigenous distribution of Salmo clarki stomias. 



GREENBACK CUTTHROAT 
Salmo c l a r k i  stomias --- 

TYPICAL MERISTIC CHARACTERS SPECIES DESCRIPTION 

Scale counts 
l a t e r a l  series 

(two rows above l a t e r a l  
l i n e )  175-220+ 

(mean values  
185-216) 

and above l a t e r a l  l i n e  
(or ig in  of d o r s a l  f i n  

t o  l a t e r a l  l i n e )  42-60 
(mean values 

45-55) 

Vertebrae 

Pyloric caecae 

59-63 
(mean values  

60-62) 

(mean values  
29-35) 

Basibranchial t e e t h  Present ,  but  
h ighly  v a r i a b l e  

/-~axonomic d a t a  from Bebgke (1973, - 
1976), Wernsman (1973)J 

Taxonomic c r i t e r i a  f o r  5. c. stomias 
remain t e n t a t i v e  due t o  the  extreme rareness  
of pure populations and t o  the  s c a r c i t y  of 
ancient  museum specimens. Even so ,  s c a l e  
counts made from ava i l ab le  specimens cons i s t -  
e n t l y  exh ib i t  the  h ighes t  values of any cu t -  
t h roa t  t r o u t ,  o r  any t r o u t  i n  the  genus u. 
It may be  assumed t h a t  extremely h igh s c a l e  
counts a r e  c h a r a c t e r i s t i c  of pure populations 
of 2. 5. stomias, wi th  some suggestion t h a t  
those populations na t ive  t o  the  South P l a t t e  
bas in  may show s l i g h t l y  h igher  counts than 
those na t ive  t o  the Arkansas drainage.  The 
greenback cu t th roa t  d isp lays  typ ica l ly  lower 
numbers of py lo r i c  caecae and ve r t eb rae  than 
most o the r  subspecies of S. c l a r k i ,  but  much 
overlap occurs i n  these  charac ters .  

Salmo c l a r k i  stomias undoubtedly derived --- 
v i a  an  ancient  headwater t r ans fe r  from waters 
of t he  Colorado River basin t o  the  South 
P l a t t e  River drainage,  and f o r  t h i s  reason 
shares many s i m i l a r i t i e s  wi th  the  Colorado 
River cu t th roa t ,  &. c. p l e u r i t i c u s .  The s t r i k -  
ing  spo t t ing  pa t t e rn  and in t ense  co lo ra t ion  
which can develop i n  mature f i s h  i s  the  most 
d iagnost ic  f i e l d  charac ter  of t he  greenback 
t rou t .  &. 2. stomias typ ica l ly  d isplays  the  
l a r g e s t  and most pronounced spots  of any cu t -  
t h roa t  t rou t .  Round t o  oblong i n  shape, they 
appear concentrated pos t e r io r ly  on the  caudal 
peduncle area .  Coloration, s imi l a r  t o  2. 5. 
p l e u r i t i c u s ,  tends toward blood-red over t he  
lower s ides  and ven t r a l  region,  e spec ia l ly  i n  



mature males. Although a genetic b a s i s  e x i s t s  
t o  express c h a r a c t e r i s t i c  co lo r  pa t t e rns ,  t he  
a c t u a l  manifes ta t ion  of color  i n t e n s i t y  and 
pa t t e rn  depends a l s o  on age, s ex  and d i e t .  
For example, a lake  environment with crus ta-  
ceans ava i l ab le  f o r  food w i l l  induce a more 
in t ense  expression of co lo r  than a small  
s tream environment. 

DISTRIBUTION 

The o r i g i n a l  distribution of 2. c. stomias 
included t h e  headwaters of t h e  South P l a t t  and 
Arkansas River bas ins  i n  Colorado and a small  
a r e a  i n  southeas tern  Wyoming, but  permanent 
t r o u t  h a b i t a t  d id  n o t  extend much beyond the  
f o o t h i l l s  region. The advent of white man's 
c l v l l i z a t i o n  r ap id ly  pushed t h e  greenback t r o u t  
back t o  headwater areas ,  replac ing it i n  the  
l a r g e r  streams w i t h  brown t r o u t ,  and wi th  brook 
t r o u t  i n  smaller  t r i b u t a r i e s .  Further introduc- 
t i o n s  i n t o  headwater streams and l akes  displaced 
o r  hybridized t h e  n a t i v e  greenback t r o u t  t o  t h e  
po in t  of v i r t u a l  ext inc t ion .  

STATUS AND POPULATION TREND 

When the  white man came t o  Colorado, t he  
greenback t r o u t  was the only game f i s h  found 
i n  the  Arkansas and South P l a t t e  r i v e r  systems 
of the  s t a t e .  Rapid development brought about 
i r r i g a t i o n  d ivers ions  and stream dewatering, 
mining pol lu t ion ,  logging, grazing, widespread 
in t roduct ion  of non-native t r o u t s ,  and caused 
a prec ip i tous  decl ine  of na t ive  t r o u t  popula- 
t ions .  Greene (1937) believed they were 
ex t inc t .  Although cu t th roa t  t r o u t  remain 
common i n  h igh e l eva t ion  lakes  and streams of 
the  South P l a t t e  and Arkansas River bas ins ,  
v i r t u a l l y  none of t he  populations s o  f a r  
examined resemble the  na t ive  greenback t r o u t  
(Wernsman 1973) bu t  i n s t ead  have r e s u l t e d  
from in t roduct ions  of various non-native races  
and crosses of cu t th roa t  t r o u t ,  usual ly  with 
t r aces  of rainbow t r o u t  hybr id iza t ion .  This 
c i r cums tan t i a l  evidence suggests  t h a t  the  
greenback t r o u t  may be the  most vulnerable of 
a l l  t h e  western t r o u t s  t o  ext inc t ion .  

Analysis  of a l l  specimens examined t o  
1970 suggested only two pure populations. 
One of these  occurs i n  Como Creek, an  i s o l a t e d  
t r i b u t a r y  t o  North Boulder Creek, Boulder 
County, Colorado; t h e  o ther  is found i n  the 
very headwaters of t he  South Poudre River 
above a b a r r i e r  f a l l s  i n  Larimer County, 
Colorado. Due to  i ts  extreme rareness ,  2. 2. 
stomias has been l i s t e d  a s  endangered by t h e  
U. S. Department of the  In t e r io r . .  

A more complete d i scuss ion  on t h e  s t a t u s  
of t h e  green back cu t th roa t  was w r i t t e n  by 
Behnke (1976). 

LIFE HISTORY 

L i t t l e  s p e c i f i c  l i f e  h i s t o r y  da t a  e x i s t  
f o r  the  greenback cu t th roa t .  While S_. c. 
stomias appears t o  lack  t'he r e s i l i e n c y  and 
a d a p t a b i l i t y  which it needs t o  coex i s t  wi th  
introduced t r o u t s ,  the  mechanisms by which i t  
i s  displaced i n  r e l a t i o n  t o  spawning behavior, 
temperature, h a b i t a t  and food preferences,  o r  
o ther  f a c t o r s ,  remain unknown. 

Some l i f e  h i s t o r y  da ta  have been collected 
on two s l i g h t l y  hybridized populations which 
can be considered "goodn,representative green- 
back t r o u t  populations . Bulkley (1959) gatherel 
information on age and growth, food hab i t s  and 
movement of t he  greenback population i n  the  
headwaters of t he  Big Thompson River i n  Forest 
Cqyon of Rocky Mountain National Park. Nelson 
(1972) s tudied  the  unexploited population of 
Is land Lake, a r e se rvo i r  i n  the  Ci ty  o f  Boulder 
watershed, and provided data  on age, growth 
and fecundity.  Jordan (1891) and Juday (1907) 
made observations on s i z e  and food hab i t s  of  
greenback t rou t  i n  Twin Lakes, Colorado. None 
o f  these r epor t s  i nd fca t e  any unique l i f e  h i s -  
t o ry  a t t r i b u t e s  of s. & stomias. That i s ,  
t he  d a t a  and observations a r e  typ ica l  of any 
t r o u t  l i v i n g  under s imi l a r  circumstances and 
o f f e r  l i t t l e  i n ~ i g h t  i n t o  whatever s u b t l e  
d i f ferences  i n  ecoLogy e x i s t  f o r  the  greenback 
t r o u t  which make it so  vulnerable t o  d isplace-  
ment and ext rnc  t i on .  

Ea r ly  l i t e r a t u r e  (Jordan 1891, Juday 1907, 
Hallock 1877, Anon. 1878, Land 1913) indica tes  
t h a t  5. 5. stomias was o r i g i n a l l y  abundant but 
n o t  noted f o r  i t s  l a r g e  s i ze .  It reached a 
maximum weight of about 2.3  kg; o ther  subspecies 
of cu t th roa t  t r o u t  were known t o  a t t a i n  weights 
of 4.5 t o  9 kg a r  more. 

HABITAT REQUIREMENTS AND LIMITING FACTORS 

While no f ac tua l  evidence e x i s t s  t o  spe- 
c i f i c a l l y  def ine  gre'enback t r o u t  h a b i t a t  
requirements and l imi t ing  f ac to r s ,  circum- 
s t a n t i a l  evidence suggests  t h a t  a l l  of those 
f a c t o r s  r e l a t i n g  t o  h a b i t a t  a l t e r a t i o n  and 
in t roduct ion  of non-native t r o u t s  which have 
caused decl ines  i n  o ther  na t ive  i n t e r i o r  trouts,  
have 'had a p a r t i c u l a r l y  d e b i l i t a t i n g  e f f e c t  on 
S. 2. stomias. The most obvious f a c t o r  pre-  - 
vent ing  successful  r e s t o r a t i o n  of the  green- 
back t r o u t  i n t o  i t s  o r i g i n a l  h a b r t a t  i s  the  
presence of non-native t r o u t s .  Cer ta in ly  
re in t roduct ion  programs f o r  greenback t r o u t  
cannot achieve success unless  the proposed 
s i t e  i s  completely barren  of a l l  non-native 
t r o u t s  and thoroughly protec ted  from 
re-invasion. 



PROTECTIVE MEASURES 

The U. S. Department of the  I n t e r i o r  
recognizes 2. c. stomias a s  an 

endangered species .  

I n  a cooperative venture undertaken by 
the U. S. Forest  Service,  the  Colorado 
~ ~ ~ ~ e r a t i v e  Fishery Unit and the  Colorado 
Division of Wild l i fe  i n  1967, cons t ruc t ion  of 
a f i s h  b a r r i e r  and e l iminat ion  of the  brook 
trout  population above it crea ted  a sanctuary 
for the  greenback t r o u t  i n  upper Black Hollow 
creek, a t r i b u t a r y  t o  the Poudre River i n  
Larimer County, Colorado. A self-reproducing 

of greenback t r o u t  was es tabl i shed 
by introducing adu l t  greenbacks from Como 
creek (Gagnon 1973). But i n  1973, Dale Wil ls ,  
U. S . Forest  Service (personal communication 
to Robert Behnke) , found two brook t r o u t  
above the b a r r i e r .  A survey conducted i n  
August, 1975 by Rolf Nitman, Colorado Division 
of Wild l i fe ,  found the  brook t r o u t  now t o  be 
the dominant t r o u t  i n  the creek. 

Res tora t ion  e f f o r t s  on a l a r g e r  s c a l e  
took place i n  October 1973 when brook t r o u t  
were el iminated with antimycin above a na tu ra l  
ba r r i e r  i n  Hidden Valley Creek, Rocky Mountain 
National Park. Complete e rad ica t ion  of brook 
trout  from t h i s  creek was made e spec ia l ly  
d i f f i c u l t  due t o  the  presence of about 15 acres  
of beaver ponds and associa ted  backwaters 
(Mullan 1973). A sampling of Hidden Valley 
Creek on August 27, 1975 by James Mullan, 
U. S. Fish and Wildl i fe  Service,  and Dave 
Stevens, U. S. National Park Service,  found 
no brook t r o u t ,  and documented t h e  presence of 
adults  from the  1973 t ransplant  a s  we l l  a s  
f i sh  from na tu ra l  reproduction i n  1974 and 
1975. But another t r ansp lan t  of Como Creek 
t rout  i n t o  a barren headwater s ec t ion  of t he  
North Big Thompson River i n  Rocky Mountain 
National Park i n  1971 f a i l e d ,  evident ly  be- 
cause a l l  the  f i s h  migrated downstream over a 
ba r r i e r  during the winter  months. A dense 
brook t r o u t  population below the  b a r r i e r  makes 
i t  doubtful  t h a t  the greenback population w i l l  
sus ta in  i t s e l f  there .  I n  October 1975 the  
National Park Service t r ea t ed  Bear Lake wi th  
antimycin t o  e l iminate  the  brook t r o u t  popu- 
l a t ion ,  and on November 4 introduced greenback 
cut throat  taken from Como Creek. 

Other t r ansp lan t  programs have used 
v i r t u a l l y  pure greenback populations.  A 1959 
t ransplant  i n  Rocky Mountain National  Park 
took greenback t r o u t  from the  headwaters of 
the Big Thompson River i n  Forest  Canyon and 
stocked them i n t o  Fay Lakes i n  the  park. The 
population d id  not  e s t a b l i s h  i t s e l f  t he re ,  
but descendants of the  o r i g i n a l  in t roduct ion  
have maintained a self-reproducing population 

i n  Caddis Lake, immediately below Fay Lakes, 
where James Mullan discovered them i n  1972. 
Since 1971 the Ci ty  of Boulder has granted 
permission t o  the Colorado Division of Wild l i fe  
t o  obta in  spawn from a good r ep resen ta t ive  
greenback population i n  Is land Lake and up t o  
100,000 eggs per year have been taken and 
propagated. The Division of Wild l i fe  stocks 
these t r o u t  i n t o  severa l  mountain lakes i n  
nor theas tern  Colorado a s  p a r t  of i t s  f i she ry  
management program. 

RECOMMENDATIONS 

The g r e a t e s t  hope f o r  expanding the  
d i s t r i b u t i o n  and abundance of 2. 5. stomias i s  
by reintroducing i t ,  wi th in  i t s  na t ive  range, 
i n t o  s u i t a b l e  h a b i t a t  barren of exo t i c  t rou t s .  
Here, i r o n i c a l l y ,  the 1973 Endangered Species 
Act a c t u a l l y  hinders management of the  green- 
back t r o u t .  While the i n t e n t  of t h e  Act is 
commendable, i t s  prohibi t ion  of t he  "taking" 
o r  any form of harassment of an endangered 
species  would mean c los ing  t o  angling any 
stream i n t o  which greenback t r o u t  a r e  i n t r o -  
duced. V i r tua l ly  a l l  po ten t i a l  s i t e s  f o r  
greenback re in t roduct ion  a r e  cu r ren t ly  open 
t o  f i sh ing.  Public agencies a r e  no t  enthus i -  
a s t i c  t o  i n i t i a t e  r e s t o r a t i o n  p ro jec t s  f o r  an 
endangered t r o u t  which would r e s u l t  i n  c los ing  
publ ic  angling waters.  

The simplest  and most d i r e c t  so lu t ion  t o  
t h i s  problem would be  f o r  the  U. S. Department 
of the  I n t e r i o r  t o  change the  s t a t u s  of 2. 5. 
s tomias from "endangered" t o  "threatened. " A 
"threatened" s t a t u s ,  while s t i l l  af fording 
protec t ion  under the  Endangered Species Act, 
would no t  p roh ib i t  angling,  thereby allowing 
t h i s  t r o u t  t o  be incorporated i n t o  f i s h e r i e s  
management programs and encouraging the  r e -  
sumption of a c t i v e  r e s t o r a t i o n  p ro jec t s .  This 
r a r e  and beau t i fu l  t r o u t  has po ten t i a l  f o r  
inc lus ion  i n  spec ia l  regula t ion  f i s h e r i e s ,  
which can s t imula te  public support f o r  
r e s t o r a t i o n  programs, but  f i r s t  i t  must be 
removed from the endangered species  l is t .  

Well-organized surveys of i s o l a t e d  head- 
water a reas  of the  South P l a t t e  and Arkansas 
River drainages could f ind  and i d e n t i f y  o ther  
pure o r  v i r t u a l l y  pure greenback populations, 
as  we l l  a s  determine po ten t i a l  s i t e s  f o r  
re in t roduct ions .  

As wi th  2. 5. p l e u r i t i c u s  , i t  i s  n o t  
l i k e l y  t h a t  many pure populations of 2. 5. 
stomias remain, bu t  good r ep resen ta t ive  popu- 
l a t ions ,  s imi l a r  t o  those i n  Fores t  Canyon 
and Is land Lake, should be i d e n t i f i e d  f o r  
s p e c i a l  recogni t ion  i n  r e l a t i o n  t o  perpetua- 
t i o n  and p ro tec t ion  e f f o r t s .  
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LAHONTAN CUTTHROAT 
Salmo c l a r k i  henshawi -- 

TYPICAL MERISTIC CHARACTERS 

Scale counts 
l a t e r a l  s e r i e s  

(two rows above l a t e r a l  
l i n e )  150-180 

( 1 2 5 - 1 5 0 ) ~ ~  
and above l a t e r a l  l i n e  

(or ig in  of dorsal  f i n  
t o  l a t e r a l  l ine )  33-42 

Vertebrae 61-63 

Gillrakers 

Pylor i c  caecae 40-7 54- 

Basibranchial t e e t h  , Numerous and 
wel l  developed 

SPECIES DESCRIPTION 

The Lahontan cu t th roa t  t rou t  achieved i t s  
great d i f f e ren t i a t ion  from a l l  other subspecies 
of Salmo c l a r k i  due t o  i t s  long physical i so -  
lat ion i n  the Lahontan basin with the  r e s u l t -  
ant evolutionary se lec t ion  f o r  l acus t r ine  
specia l iza t ion i n  p luv ia l  Lake Lahontan, once 
the s i z e  of present-day Lake Erie.  The number 
of g i l l r ake r s ,  higher than i n  any other west- 
ern North American t rou t ,  fu r the r  substant ia tes  
the ancient l acus t r ine  evolutionary he r i t age  
of 2. 2. henshawi; *th few exceptions, o ther  
taxa of t rou t  possess only 17-21 g i l l r ake r s .  

a Typical values of t r o u t  n a t i v e  t o  t h e  
Humboidt River system of Nevada. 

The number of pyloric caecae is a l s o  higher i n  
the  Lahontan cut throat  than i n  o ther  subspecies 
of 5. c la rk i .  

When Lake Lahontan desiccated 5000 t o  
8000 years ago, the separation of i t s  major 
t r i b u t a r i e s  e f fec t ive ly  i so la ted  the  f i s h  
fauna of the  Carson, Walker, Truckee and 
Humboldt r i v e r  systems from each other.  One 
would expect a high degree of genetic va r i a -  
b i l i t y  among the populations of t h e  d i f fe ren t  
drainages under such circumstances, but i n  
f a c t ,  a l l  specimens examined from pure popu- 
l a t ions  i n  the  Truckee, Carson and Walker 
drainages conform t o  the diagnosis given 
above (Behnke 1960). However, the  na t ive  
cu t th roa t  of the  Humboldt River system of 
Nevada d i f f e r e n t i a t e s  recognizably from cut-  
throats  i n  the  other t r ibu ta r i e s  t o  ancient 
Lake Lahontan. It displays fewer scales  i n  
the  l a t e r a l  s e r i e s  and a lower number of 
g i l l r ake r s .  The Humboldt cu t th roa t  t r o u t  may 
represent an undescribed subspecies which 
probably separated from g. 2. henshawi much 
e a r l i e r  than the f i n a l  desiccation of Lake 
Lahontan, and probably d i f fe ren t i a t ed  i n  
response t o  evolutionary s t imul i  t o  adapt t o  
f l u v i a l  conditions i n  order t o  u t i l i z e  the  
v a s t  Humboldt River system (Behnke 1960, 1968, 
1972b). 

Jordan and Evermanu (1898) described 
Salmo c l a r k i  tahoensis from Lake Tahoe -- 
under the  assumption that: two d i f f e r e n t  
cut throat  t rou t s ,  d i f f e ren t i a t ed  by s i ze ,  
inhabited Lake Tahoe. However, t h e  type 
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of 2. 2. tahoensis i s  i d e n t i c a l  t o  

S. c. henshawi and the  observed s i z e  d i f ference  
zrobably r e su l t ed  from the presence of both 
older f i s h  which had repeatedly spawned, and 
younger f i s h  spawning f o r  the  f i r s t  t i n e ,  i n  
the spawning runs. Behnke (1960) considexs 
S .  5 tahoensis a synonym of 2. 5. henshabi. - sa1mo evermanni, a name a l s o  used t o  descr ibe  
5 .  5 henshawi, was based on an introduced 
~ o p ~ l a t i o n  of Lahontan cu t th roa t s  i n  the 
.pper Santa Ana River,  Cal i fornia  (Benson and 
~ ~ h n k e  1961). The t r o u t  named Salmo r e g a l i s  
from Lake Tahoe, and 2. smaragdus from Pyramid 
Lake, a r e  considered t o  be based on introduced 

t r o u t ,  2. ga i rdne r i  (Behnke 1 9 7 2 ~ ) .  

Thus, a primordial  cu t th roa t  invaded the  
Lahontan basin,  probably from the Columbia 
River basin,  and gave r i s e  t o  a l a rge  l a c u s t ~ i n e  

f i s h ,  2. 2. henshawi, from which an 
early separa t ion  led  t o  the development of 
the cut throat  t r o u t  endemic t o  the  Humboldt 
River drainage. Except f o r  populat,ions in -  
habiting Lake Tahoe, Pyramid Lake, Walker 
Lake and a few smaller  lakes ,  the  Lahontan 
cutthroat was forced t o  become a stream t r o u t  
by the des icca t ion  of Lake Lahontan. This 
ultimate d iv i s ion  between lake  and stream 

with i ts  associa ted  evolutionary 
programming, d id  not  r e s u l t  i n  taxonomic 
d i f f e ren t i a t ion  (except fo r  t h a t  exhibi ted  by 
the Humboldt cu t th roa t ) ,  but  it i s  s i g n i f i c a n t  
for subsequent discussions concerning l i f e  
history,  h a b i t a t ,  and the  reasons f o r  the 
catastrophic decl ines  i n  abundance suffered  
by t h i s  t rou t .  

The spo t t ing  pa t t e rn  of t he  Lahontan 
cutthroat cons t i t u t e s  i t s  most d iagnost ic  
f ield charac ter .  Large, roundish spots  cover 
the body evenly and extend onto the head and 
often t o  the ven t r a l  surface.  Other sub- 
species of i n t e r i o r  cu t th roa t  t r o u t  t yp ica l ly  
lack spots on the  head and ven t r a l  region,  
and have spots more concentrated pos t e r io r ly  
on the caudal peduncle area .  Coloration of 
the Lahontan cu t th roa t  i s  d u l l  when compared 
with t h a t  of t he  Colorado River cu t th roa t  o r  
the greenback t rou t .  The crimson, gold and 
orange co lo r s ,  i f  present  a t  a l l ,  a r e  much 
subdued. 

DISTRIBUTION 

The Lahontan cu t th roa t  t r o u t  a t  one time 
Occurred i n  abundance throughout the  Lahontan 
Basin of Cal i fornia  and Nevada, with major 
lacus t r i n e  populations i n  Pyramid Lake, Walker 
Lake, Independence Lake and Lake Tahoe, 
California, and Summit Lake, Nevada; f l u v i a l  
Populations occurred i n  the carsson, Walker and 
Truckee River systems of Cal i fornia  and i n  the  
Humboldt drainage of Nevada. 

Currently the  only lakes which harbor 
pure stocks of 2. 2. henshawi a r e  Summit Lake, 
Nevada, and Independence Lake, Cal i fornia .  By 
1959 the  only o ther  known populations conform- 
ing  t o  the diagnosis of 2. 2. henshawi occurred 
i n  Dog Creek of the Walker River drainage of 
Cal i fornia ,  the  very headwaters' of t he  Eas t  
Carson River above a f a l l s ,  and one of i t s  
t r i b u t a r i e s ,  Murray Canyon Creek (Behnke 1960). 
Behnke discovered a small ,  apparently pure 
population i n  Pole Creek, t r i b u t a r y  t o  t h e  
Truckee River, i n  1961, but t e n  years  l a t e r  
extens ive  e lec t ro- f i sh ing d isc losed only  
brook t r o u t ,  and t h e  na t ive  cu t th roa t  of Pole  
Creek is  now presumed ex t inc t .  More r ecen t ly ,  
apparently pure 2. 2. henshawi populations 
have been discovered i n  Golden Canyon Creek 
(an Eas t  Carson River t r i b u t a r y ) ,  By-Day Creek 
and Eas t  Fork Desert Creek ( i n  the  Walker 
River drainagz),  and Macklin Creek ( t r i b u t a r y  
t o  the  Yuba River i n  the Sacramento River 
bas in) .  The Macklin Creek population i s  
probably t h e  r e s u l t  of an e a r l y  t r ansp lan t  
from t h e  Truckee River. A t r ansp lan t  from 
Macklin Creek . into a barren,  i s o l a t e d  sec t ion  
of East  Fork Creek of t he  Yuba River drainage 
i n  1970 and 1971 has es tabl i shed a smll 
population t h e r e  (Cal i fornia  Department of 
Fish  and Game, Threatened Trout Committee 
notes;  Stephen Nicola, personal  communication 
t o  R. Behnke). 

Both Cal i fornia  and Nevada annually 
propagate mi l l ions  of "2. 2. henshawi", but  
the g r e a t  major i ty  of these hatchery f i s h  come 
from the  Heenan Lake s tock which o r ig ina t ed  
from a t r ansp lan t  of 2. 2. henshawi from the  
Carson River--a f l u v i a l ,  no t  a l a c u s t r i n e  
population--into Blue Lake, Ca l i fo rn ia ,  i n  
1864. Two subsequent in t roduct ions  of rainbow 
t r o u t  i n t o  Blue Lake r e su l t ed  i n  hybr id iza t ion  
before the  establishment of the  present  s tock 
i n  Heenan Lake. The Heenan Lake "cutthroat" 
bears a good phenotypic resemblance t o  2. 2. 
henshawi, but  the  lower number of s ca l e s  and 
g i l l r a k e r s  (Behnke 1960) and the  makeup of i t s  
blood serum (Utter  and Ridgway 1966) d i sc lose  
the  rainbow t r o u t  influence.  Thus, the  t r o u t  
widely propagated a s  2. 5. henshawi i s  i n  
r e a l i t y  a coun te r f e i t  of t he  r e a l  th ing ,  and 
the widespread in t roduct ion  of the  Heenan 
Lake s tock  i n  Cal i fornia  and Nevada i s  no t  
considered a s  pa r t  of the  d i s t r i b u t i o n  of the  
t rue  &. 2. henshawi. 

STATUS AND POPULATION TREND 

Commercial f i s h e r i e s  harvested v a s t  num- 
bers o f  Lahontan cu t th roa t  t r o u t ,  famed f o r  
i t s  abundance and s i z e ,  from Pyramid Lake, 
Walker Lake and Lake Tahoe during the  l a s t  
ha l f  of t he  nineteenth century,  supplying the 
needs of towns and mining camps i n  the  a rea  



and shipping surplus  f i s h  by Wells Fargo 
express t o  S a n  Francisco and o ther  c i t i e s .  
Robert Behnke, i n  a 1974 r epor t  prepared f o r  
t he  Paiu te  t r i b e ' s  l i t i g a t i o n  over the water 
r i g h t s  and f i s h e r y  values of Pyramid Lake, 
conservatively est imated t h a t  the  cu t th roa t  
t r o u t  of Pyramid Lake alone could have sup- 
ported a f i she ry  of 454,000 kg per  year i n  
the n ineteenth  century. And y e t  the  famed 
Pyramid Lake c u t t h r o a t  s tock was allowed t o  
become e x t i n c t  i n  1938 (Sumner 1940) desp i t e  
the  f a c t  t h a t  i t  was the  l a r g e s t  of a l l  
western t rou t s ;  t he  average s i z e  of f i s h  
caught i n  1938 was n ine  kg (Sumner 1940), and 
even though the  o f f i c i a l  record f o r  t h i s  
t r o u t  (and the  world record cu t th roa t  t rou t )  
was 18.6 kg, the  Indian  f i she ry  at  Pyramid 
Lake repor ted  t r o u t  weighing up t o  28 kg 
(Wheeler 1969). 

Fish commission r epor t s  of Nevada and 
Cal i fornia  and o ther  e a r l y  l i t e r a t u r e  con- 
demned rampant poaching, uncontrolled exploi-  
. t a t i on  and damming, d ivers ion  and po l lu t ion  
of t he  r i v e r s .  But overf i sh ing d id  not  br ing  
about the  v i r t u a l  demise of g. 5. henshawi. 
Blockage of spawning t r i b u t a r i e s  decimated 
the l a c u s t r i n e  populations,  and the i n t r o -  
duction of non-native t rou t s  i n t o  the  streams 
of t he  Lahontan bas in  caused replacement o r  
hybr id iza t ion  of t he  na t ive  cu t th roa t  t r o u t  
i n  the  r i v e r s .  

It may seem s t range  t h a t  such a l a r g e  
t r o u t ,  once so  abundantly d i s t r i b u t e d  through- 
out  t h e  g rea t  a r e a  of the  Lahontan bas in  
could so r ap id ly  s l i d e  toward ext inc t ion .  
The populations inhabi t ing  Pyramid, Tahoe 
and Walker Lakes were specia l ized  t o  e x i s t  i n  
a l a c u s t r i n e  h a b i t a t ;  they had adapted very  
highly t o  t h e i r  environment. These stocks 
appeared g rea t ly  r e s i s t a n t  t o  t h e  e f f e c t s  of  
hybr id iza t ion ,  perhaps through negat ive  
se l ec t ion  toward any' hybrids produced. The 
o r i g i n a l  cu t th roa t  t r o u t  of Pyramid Lake and 
Lake Tahoe maintained t h e i r  s tocks u n t i l  the  
19301s, desp i t e  massive stocking of rainbow 
t r o u t  i n t o  t h e  lakes and t r i b u t a r i e s  s ince  
before 1890, and d e l i b e r a t e  experimental 
hybr id iza t ion  i n  hatchery propagation (Behnke 
1960). But i n  1906, t he  Newlands I r r i g a t i o n  
p ro jec t  constructed Derby Dam on the  Truckee 
River, 30 m i l e s  above Pyramid Lake. Thus, 
the Pyramid Lake c u t t h r o a t  t r o u t  were denied 
access t o  most of t he  spawning h a b i t a t  of 
the Truckee River (Snyder 1917). Even so ,  
these  t r o u t  were to  maintain t h e i r  numbers 
u n t i l  t he  19201s, when divers ion  of t he  
e n t i r e  flow of the  Truckee became more f r e -  
quent, with consequent g rea t  losses  of 
spawning t rou t .  The l a s t  spawning run  of 
t r o u t  i n  the  Truckee River occurred i n  1938 
(Sumner 1940), but  streamflow was i n s u f f i c i e n t  
f o r  reproductive success and t h i s  magnificent 

race  became e x t i n c t .  I n  Lake Tahoe, damming, 
pol lu t ion  and s i l t a t i o n  of i t s  t r i b u t a r i e s  
r e su l t ed  i n  the  demise of t he  na t ive  cu t th roa t  
soon the rea f t e r .  The cu t th roa t  t r o u t  of  
Walker Lake held on u n t i l  1948 when 16 l a rge  
spawners were trapped near the  mouth of t he  
Walker River, which, due t o  i r r i g a t i o n  d ive r -  
s ions ,  no longer had flows s u f f i c i e n t  f o r  the 
reproductive requirements of the t r o u t  i n  the 
lake .  The Nevada Department of Fish and Game 
removed spawn from these t r o u t  and began a 
brood s tock;  t he  present  population of Walker 
Lake i s  maintained by hatchery  propagation 
(Behnke 1960, Johnson 1974). 

S.  2. henshawi possessed an  evolutionary 
he r i t age  which made i t  highly  adapted and 
successful  i n  lake  environments; i t  was much 
l e s s z u i t e d  f o r  stream exis tence  and q u i t e  
vulnerable,  i n  f l u v i a l  environments, t o  d i s -  
placement by brook, brown and rainbow t rou t s  
and t o  hybr id iza t ion  with rainbow and non- 
na t ive  cu t th roa t  t rou t s .  Today only a very  
few streams s h e l t e r  pure stocks of Lahontan 
cutthroat t r o u t  (see page 22). 

The p u r i t y  of t he  Walker Lake s tock,  
propagated i n  Nevada, is  i n  doubt. No 
ancient  museum specimens e x i s t  f o r  study of 
the  o r i g i n a l  population, and ample opportunity 
f o r  hybr id iza t ion  i n  the  Walker River has 
exis ted  f o r  more than h a l f  a century.  Indeed, 
specimens of the  s tock r a i sed  a t  Verdi, Nevada, 
have s l i g h t l y  lower g i l l r a k e r  counts and scale 
counts than i s  t yp ica l  of pure 2. henshawi 
(Behnke 1960). But t h e  highly a lka l i=ake r  
Lake environment, l e t h a l  t o  a l l  o ther  t r o u t s ,  
probably exer ted  s e l e c t i v e  pressures  s t rong 
enough t o  maintain t h e  genotype of t he  Walker 
Lake c u t t h r o a t  without s i g n i f i c a n t  modification 
from hybridization.  The cu t th roa t  t r o u t  of 
Walker Lake may p lay  an increas ingly  s i g n i f i -  
cant  r o l e  i n  propagation e f f o r t s  involving a 
l a rge ,  l a c u s t r i n e  predator.  Cutthroat  t r o u t s  
of Walker and Independence Lakes a r e  the  only 
e x i s t i n g  s tocks  t h a t  have h i s t o r i c a l l y  coexisted 
with o ther  demen t s  of t h e  na t ive  f i s h  fauna of 
the  Lahontan bas in  and a s  such might be 
expected t o  possess the  genet ic  programming 
fo r  maximizing e f f e c t i v e  coexistence wi th  and 
u t i l i z a t i o n  of t h i s  associa ted  fauna i n  other 
lakes .  

The n a t i v e  cu t th roa t  t r o u t  of the  ~umboldt 
River drainage of t h e  Lahontan Basin of Nevada 
has fared  b e t t e r  than 5, 2. henshawi i n  the  
r e s t  of t he  basin.  This t rou t ,  ev ident ly  more 
spec ia l i zed  f o r  stream l i f e  and apparently 
h ighly  adapted t o  the  harsh flood-dr,ought 
cycle  of t h i s  a r i d  region,  has pe r s i s t ed  i n  
many small streams desp i t e  repeated introduc- 
t ions  of non-native t r o u t s .  Pure o r  essential ly 
pure populations e x i s t  i n  about 20 streams 



(R. J. Behnke, personal notes and data) .  The 
,,tire t r o u t  populations i n  some small  streams 

be r e s t r i c t e d  t o  a few small  pools and 
beaver ponds i n  l a t e  summer, when the  streams 
become in t e rmi t t en t .  Although the  undescribed 

of the  Humboldt drainage p e r s i s t s  
in severa l  l o c a l i t i e s ,  i t  cannot be considered 
as common o r  abundant, and mer i t s  the  same 

f o r  protec t ion  and r e s t o r a t i o n  
,, 5. c. henshawi. 

Bond (1961, 1966) l i s t e d  5. 5. henshawi 
as the na t ive  t r o u t  of the Alvord des i cca t ing  
basin, which i s  contiguous wi th  the  nor thern  
Lahontan bas in  on the Oregon-Nevada border. 
Behnke (1960) recognized t h a t  t he re  were two 
d i s t inc t  groups of cu t th roa t  t r o u t  i n  t h i s  
basin (or bas ins) ,  one i n  the  Virgin Creek - 
Trout Creek drainage of the Alvord Lake sump 
and one i n  Willow and Whitehorse Creeks, which 
drain out  onto the dese r t  e a s t  of Alvord Lake 
a t  a higher e levat ion .  A t  t h a t  time Behnke 
believed t h a t  the t r o u t  co l l ec t ed  from Virgin 
Creek, which possessed 21-25 g i l l r a k e r s ,  were 
probably introduced Lahontan c u t t h r o a t  t r o u t  
and t h a t  the Willow and Whitehorse Creek pop- 
ulations cons t i t u t ed  an undescribed subspecies. 
Subsequent information and re-examination of 
the Virgin Creek specimens has caused Behnke 
to r e j e c t  h i s  previous b e l i e f  t h a t  these  
specimens a r e  5. g. henshawi. Though the  
Lahontan cu t th roa t  may have gained access t o  
Virgin Creek and the  Alvord bas in  v i a  an 
ancient connection wi th  Summit Lake, the  
specimens a r e  s u f f i c i e n t l y  d i s s i m i l a r  t o  be 
c lass i f ied  a s  a new subspecies (Behnke 1972b, 
1973). The na t ive  t r o u t  of t he  Virgin  Creek - 
Trout Creek drainage of t he  Alvord bas in  of 
Nevada and Oregon a r e  presumed e x t i n c t ,  s ince  
no specimens have been co l l ec t ed  s ince  1934. 
The cha rac t e r i s t i c s  of t he  c u t t h r o a t  t r o u t  i n  
Willow and Whitehorse Creeks a r e  c lose  t o  the  
Humboldt cu t th roa t  of the  Lahontan basin and 
their o r ig in  may have r e su l t ed  from a headwater 
stream capture from t h e  Humboldt system. Na- 
tive t r o u t  s t i l l  e x i s t  i n  Willow and Whitehorse 
Creeks but remain unc la s s i f i ed .  

Due t o  t h e  extreme rareness of pure 
S. c. henshawi, the U. S. Department of t he  - 
Interior  endowed it with the  s t a t u s  of 
"endangered." But t o  f a c i l i t a t e  management 
and r e s to ra t ion  e f f o r t s ,  the  s t a t u s  of t he  
Lahontan cu t th roa t  t r o u t  was changed from 
''endangered" t o  "threatened" (Federal Regis ter  
40(137), 16 J u l y  1975). This ac t ion  a l s o  
avoided the problem of at tempting t o  enforce 
the "no taking" provision of t he  Endangered 
Species Act of 1973 i n  the  popular spo r t  
fishery a t  Pyramid Lake, where pure 2. 2. 
henshawi from Summit Lake, p a r t i a l l y  hybridized 
5. 5. henshawi from the  Heenan Lake s tock  and 
F1 rainbow x cu t th roa t  hybrids have a l l  been 
Stocked together t o  provide angling.  

LIFE HISTORY 

Snyder (1917) made many general  observa- 
t ions  r e l a t i n g  t o  l i f e  h i s t o r y  of Lahontan 
cu t th roa t  t r o u t ,  mainly the  Pyramid Lake stock. 
Juday (1907) published some da ta  on Lake Tahoe 
cu t th roa t .  Calhoun (1944a, 1944b) described 
some l i f e  h i s t o r y  a t t r i b u t e s  of the  p a r t i a l l y  
hybridized Heenan Lake t r o u t  i n  Blue Lake and 
Heenan Lake. Lea's (1968) M. A. t h e s i s  on the 
Independence Lake cu t th roa t  contains the  most 
comprehensive da ta  on a pure population of 
S. 2. henshawi. - 

A11 of the  above s tud ie s  were based on 
l acus t r ine  stocks.  The work of Calhoun (1944a), 
which points  out  the v a r i a b i l i t y  i n  growth, 
age a t  maturi ty,  food h a b i t s  and o ther  l i f e  
h i s t o r y  f ac to r s  between populations of t he  
same s tock  (the Heenan Lake s t r a i n )  l i v i n g  i n  
Blue Lake and i n  Heenan Lake demonstrates t h a t  
the s p e c i f i c  d e t a i l s  gained from any l i f e  
h i s t o r y  study must be  r e s t r i c t e d  i n  appl ica t ion  
t o  the  s i t e  of the  s tud ie s .  Broad generaliza- 
t ions  applied t o  o ther  populations might prove 
erroneous. 

Based on a l l  these  s tud ie s ,  p a r t i c u l a r l y  
t h a t  of Lea (1968), i t  may be assumed t h a t  i n  
lakes ,  g. g. henshawi tends t o  feed more i n  
the pe lagic  zones and on t h e  surface .  When 
ava i l ab le ,  f i s h  become predominant i n  i t s  
d i e t  when it reaches a s i z e  of about 30.5 cm. 
I n  Independence Lake, t he  reds ide  sh ine r ,  
kokanee salmon and Paiu te  sculp in  were the  
main f i s h  eaten.  

The geologic h i s t o r y  of the  Lahontan 
bas in  and t h e  d i s t i n c t i v e  charac ters  of 2. 5. 
henshawi i n d i c a t e  t h a t  t h i s  t r o u t  has had the  
longest  period of evolut ion  of any western 
t r o u t  i n  which t o  spec ia l i ze  a s  a l a rge  
predator i n  a l acus t r ine  environment (Behnke 
1 9 7 2 ~ ) .  

The weak l i n k  i n  the l i f e  cycle  of 5. 2. 
henshawi concerns i t s  reproductive requirements; 
it i s  an obl iga tory  stream spawner. The sub- 
species '  superb adap tab i l i t y  t 6  t h e  Truckee 
River - Pyramid Lake system was negated by the  
blockage of access t o  spawning h a b i t a t  i n  the  
Truckee River. 

S. g. henshawi we l l  i l l u s t r a t e s  c e r t a i n  - 
ideas  regarding i n t r a s p e c i f i c  v a r i a b i l i t y  i n  
ecologica l ,  physiological ,  and behavioral  
t r a i t s .  The various s tocks ,  i s o l a t e d  thousands 
of years ago by the  des icca t ion  of Lake 
Lahontan, were subjected t o  t h e i r  own unique 
genet ic  programming under na tu ra l  s e l e c t i o n  i n  
d i f f e r e n t  environments. and t h i s  was oa r t i cu la r -  
l y  t r u e  i n  l a c u s t r i n e  versus f l u v i a l  popula- 
t ions .  Probably only the Pyramid Lake 
population of 2. 2. henshawi continuously 



PROTECTIVE MEASURES evolved i n  a l a r g e  lake  environment wi th  a 
f u l l  range of the Lahontan bas in  fauna. 

I n t e r p r e t a t i o n  of t h i s  evidence suggests 
t h a t  no e x i s t i n g  t r o u t  c l a s s i f i e d  a s  2. 2. 
henshawi, introduced i n t o  Pyramid Lake, can be 
expected t o  dup l i ca t e  the  adaptive success and 
l a r g e  s i z e  of t he  o r i g i n a l  Pyramid Lake S. g. 
henshawi, due t o  s u b t l e  d i f ferences  i n  t h e i r  
l i f e  h i s t o r y  c h a r a c t e r i s t i c s .  This i n t e rp re t a -  
t i o n  is  supported by the  f a c t  t h a t  i n  almost 
two decades of stocking "2. g. henshawi" i n t o  
Pyramid Lake, t he  maximum s i z e  recorded has 
no t  reached the  average s i z e  of the  o r i g i n a l  
s tock  recorded dur ing  i t s  1938 spawning run, 
and only reaches one-third t o  one-half t he  
maximum s i z e  once a t t a i n e d  by the  now-extinct 
Pyramid Lake c u t t h r o a t  (Behnke 1968, 1972a, 
1972c; Trojnar and Behnke 1974). 

HABITAT REQUIREMENTS AND LIMITING FACTORS 

The l ack  of s u i t a b l e  stream spawning 
h a b i t a t  has l imi t ed  l acus t r ine  populations of 
S. g. henshawi. Although hatchery propagation - 
and stocking i n t o  lakes provide a means of 
avoiding t h i s  l imi t ing  f a c t o r ,  u n t i l  brood 
s tocks  of 5. 2. henshawi a r e  g rea t ly  expanded, 
t he  in t roduct ion  of 2. g. henshawi x 2. 
g a i r d n e r i  hybrids cannot be considered an 
au then t i c  r e s t o r a t i o n  of t he  Lahontan cut -  
throat .  

Stream populations of Lahontan cu t th roa t  
have su f fe red  from hybr id iza t ion  with rainbow 
t r o u t ,  except i n  the  Humboldt River basin. 
Many of the  streams i n  which the  Humboldt 
cu t th roa t  occurs have a long h i s t o r y  of stock- 
ing  wi th  rainbow t r o u t ,  Yellowstone cu t th roa t ,  
and brook and brown t r o u t .  The only reasonable 
explanation f o r  t h e  r e s i s t ance  of t he  Humboldt 
c u t t h r o a t  t o  displacement and hybr id iza t ion  
might be t h i s  t r o u t ' s  super ior  adapta t ion  t o  
i t s  harsh environment. 

A unique to lerance  t o  high a l k a l i n i t y  
l eve l s ,  which can be a t t r i b u t e d  t o  a physio- 
l o g i c a l  adapta t ion  t o  the  environments of 
Lake Lahontan during i t s  period of des icca t ion  
and increas ing  concentrat ions of dissolved 
s o l i d s ,  allows 5. 2. henshawi (or t r o u t  with 
a predominant 2. g. henshawi genotype) t o  
t h r i v e  i n  waters such a s  Walker Lake which 
a r e  l e t h a l  t o  a l l  o ther  t rou t s  (Johnson 1974). 
The mechanisms of "a lka l in i ty  tox ic i ty"  and 
p rec i se ly  which ions  a r e  toxic  t o  o ther  t r o u t s ,  
y e t  t o l e r a t e d  by S, 2. henshawi, remain un- 
known. But t h i s  unique adaptat ion t o  an 
environmental extreme by S. 5. henshawi could 
prove use fu l  i n  e s t ab l i sh ing  f i s h e r i e s  i n  
lakes where o ther  t rou t s  could no t  survive.  

The Threatened Trout Committee of the  
Cal i fornia  Department of Fish and Game has 
conducted surveys t o  f ind  remnant populations 
of 2. c, henshawi and t o  determine s i t e s  f o r  
establishment of new populations by t ransplants ,  
A successful  t r ansp lan t  of t h i s  subspecies 
from Macklin Creek t o  the  barren headwaters of 
nearby Eas t  Fork Creek took place i n  1970 and 
1971. Propagation of Independence Lake cut -  
t h roa t  began pr imar i ly  t o  maintain the  s tock 
i n  Independence Lake; 32,000 t r o u t  from eggs 
taken i n  1974 were on hand i n  1975. Of these,  
5000 were marked and stocked i n  Heenan Lake 
t o  f a c i l i t a t e  fu tu re  propagation and 25,000 
were restocked i n t o  Independence Lake (Threat- 
ened Trout Committee, Cal i fornia  Department 
of Fish and Game minutes of meetings; Stephen 
Nicola, personal  communication t o  Robert 
Behnke). Removal of t he  beaver dams which 
blocked the  spawning run from Independence 
Lake i n  1964 g r e a t l y  increased the  success of 
na tu ra l  reproduction of t h i s  s tock (Lea 1968). 

The impact and po ten t i a l  t h r e a t  t o  the  
Independence Lake cu t th roa t  s tock  by the  
planned Walt Disney Productions r e s o r t  t o  be 
b u i l t  a t  Independence Lake, i s  d i f f i c u l t  t o  
fo recas t .  The obvious t h r e a t  of eutrophication 
e x i s t s ,  but  more important might be a demand 
f o r  stocking g r e a t  numbers of t r o u t  t o  meet' 
increased f i sh ing  pressure  i n  Independence Lake. 
Hopefully, developers w i l l  recognize the  
uniqueness and value of the  na t ive  Lahontan 
cu t th roa t  of Independence Lake and design a 
propagation program and s p e c i a l  regula t ion  
f i she ry  based on t h i s  f i s h  and perhaps kokanee 
salmon. 

The U. S. Fish and Wildl i fe  Service  
propagates the  pure s t r a i n  of 2. 2. henshawi 
i n  Summit Lake wi th  the  objec t ive  of res tor ing  
i t  i n  Pyramid Lake. The u l t imate  goal  i s  t o  re- 
e s t a b l i s h  n a t u r a l  reproduction i n  t h e  Truckee 
River,  once adequate flows and f i s h  passage 
f a c i l i t i e s  become a r e a l i t y  i n  the lower 
Truckee River (Gary Rankel, U. S. Fish and 
Wildl i fe  Service,  personal  communication t o  
Robert Behnke). But a s  noble a s  t h i s  goal  
may be, present  condit ions i n  the  Truckee, 
p a r t i c u l a r l y  the  p o t e n t i a l  f o r  hybr id iza t ion  
wi th  the  abundant rainbow t r o u t  population 
which e x i s t s  there ,  i nd ica t e s  t h a t  i t s  r e a l i -  
za t ion  w i l l  be d i f f i c u l t  i f  no t  impossible. 

I n  recogni t ion  of t he  s igni f icance  of the 
Mahogany Creek watershed, the  only spawning 
t r i b u t a r y  ava i l ab le  t o  the  Summit Lake cutthroat 
stock,  t he  Bureau of Land Management removed 
t h e  watershed from mining exploration t o  pro- 
t e c t  t h i s  stream from fu r the r  degradation. 
But i t  f a i l e d  t o  i n s t i t u t e  the  grazing controls 



which had been proposed, and consequent e f f e c t s  
of overgrazing r e su l t ed  i n  the  need t o  remove 
silt buildup a t  the  mouth of the s t r e im each 
year t o  allow the  spawning t r o u t  t o  en te r  t he  
stream. The BLM c i t e d  the e f f e c t s  of l i v e -  
stock grazing on the Summit Lake c u t t h r o a t  i n  
its environmental impact statement on grazing 
in Nevada (Anonymous 1974) a s  an example of 
the problems of multiple-use management on 
public lands when l ives tock  i n t e r e s t s  wield 
the predominant influence--despite na t iona l  

regarding the  su rv iva l  of an 
species .  

In  the  Humboldt drainage,  a successful  
transplant of the na t ive  t r o u t  from Frazer 
creek t o  Sherman Creek, Elko County, Nevada 
has taken p lace ,  with fu tu re  t r ansp lan t s  
anticipated.  The new Sherman Creek population 
has been observed i n  water temperatures r e a h -  
ing 25.6' C . ,  perhaps a record high tempera- 
ture f o r  cu t th roa t  t r o u t  i n  na tu ra l  condit ions 
(pat Coffin, Nevada Fish and Game Department, 
personal communication t o  Robert Behnke). 

The importance of the Lahontan c u t t h r o a t  
trout both i n  propagation a s  a s p o r t  f i s h  and 
for the r o l e  i t  plays i n  f i s h e r i e s  management 
d ic ta tes  two goals f o r  the  management and 
res tora t ion  of t h i s  t rout :  

1. I d e n t i f i c a t i o n ,  p ro t ec t ion  and 
transpllntg of pure population 

2. Propagation of pure S. 2. henshawi 
to replace  the  hybridized Heenan Lake s t r a i n  
for srocking i n  the Lahontan basin. 

Some compromises might be encouraged i n  
se lec t ion  of stocks i n  order t o  c r e a t e  the  
best-adapted genotype f o r  waters such as  
Pyraaiid Lake. The Summit Lake population,  
the major pure s tock of 2. 2. henshawi a v a i l -  
able f o r  propagation, has probably been 
i s o l a e d  from a l l  o ther  f i shes  f o r  s eve ra l  
thousand years.  Crossings of the  Summit Lake 
trout  with Independence Lake cu t th roa t  and/or 
Walker Lake cu t th roa t  might r e s u l t  i n  a 
broader base of herterozygosity and g rea t e r  
adaptabi l i ty  t o  new waters.  Because v i r t u a l l y  
a l l  in t roduct ions  of hatchery-propagated 
S o  c.-henshawi occur i n  lakes  where na tu ra l  - 
reproduction does no t  occur, no negative 
impact would be  expected from experimental 

\ i n t e r r a c i a l  hybr id iza t ion  i n  a r e s t o r a t i o n  
progrkm fo r  pure S. 5 henshawi. Of course,  
the only t r o u t  stocked i n t o  Independence Lake, 
where na tu ra l  reproduction does occur, should 
be from t h e  na t ive  population. 

One promising opt ion  of a propagation 
program should be  t e s t ed  and t h a t  concerns t h e  
propagation from parents  surviving i n  t h e  new 
environment t o  t a k e  advantage of n a t u r a l  se lec-  
t i o n  favor ing  c e r t a i n  h e r i d i t a r y  t r a i t s .  For 
example, t h e  stocking of Summit Lake cu t th roa t  
t r o u t  i n t o  Pyramid Lake is p resen t ly  accom- 
p l i shed by an  annual egg t a k e  a t  Summit Lake 
so  t h a t  each generation i n  Pyramid Lake is 
derived d i r e c t l y  from Summit Lake. A compari- 
son should be  made over s eve ra l  generations 
i n  r e l a t i o n  t o  su rv iva l  and cont r ibut ion  t o  
the  Pyramid Lake f i she ry ,  between f i s h  pro- 
pagated from eggs taken a t  Summit Lake and 
from eggs taken from Summit Lake t r o u t  
surviving t o  matur i ty  i n  Pyramid Lake. An 
i tem i n  t h e  Sport Fishing I n s t i t u t e  Bu l l e t in  
(April ,  1976) i s  of p a r t i c u l a r  relevance i n  
t h i s  respect .  A r a c e  of Columbia River coho 
salmon stocked i n  t h e  Lamprey River,  New 
Hampshire, gave a t o t a l  su rv iva l  of  a d u l t s  
re turning t o  t h e  home stream of 1.22 percent ,  
but  t h e  F1 generation r e s u l t i n g  from eggs 
taken from t h e  re turning salmon yielded a 
t o t a l  su rv iva l  of 5.75 percent  o r  a 4.7 f o l d  
increase  i n  su rv iva l  and a l s o  a 50 percent  
increase  i n  average weight of surviving 
salmon. 

The Walker Lake s t r a i n  needs an evalua- 
t i on  of i t s  r e l a t i v e  pu r i ty .  The Humboldt 
na t ive  cu t th roa t  needs an e s t ab l i shed  lake ,  
s imi l a r  t o  Heenan Lake, f o r  i t s  propagation. 
This t r o u t  possesses a good f i s h e r i e s  manage- 
ment po ten t i a l ,  acquired during i t s  r ecen t  
evolut ion  under the  harsh c l ima t i c  regime of 
nor theas tern  Nevada. When i t  has gained 
access t o  r e se rvo i r s  from i t s  headwater strong- 
holds during high runoff years ,  t he  Humboldt 
cu t th roa t  has g rea t ly  exceeded hatchery t r o u t  
i n  both growth and su rv iva l  (Behnke 1968 and 
personal  da t a ) .  

A propagation program f o r  2. 5. henshawi 
and the  Humboldt cu t th roa t  should have a s  one 
of its goals  t h a t  of demonstrating t h e  prac- 
t i c a l  values of preserving and u t i l i z i n g  the 
genet ic  d i v e r s i t y  of r a r e  and endangered 
t rou t s  t o  again  make these f i s h  a dominant 
element i n  t h e i r  na t ive  range. 
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PAIUTE TROUT 
Salmo c l a r k i  s e l e n i r i s  -- 

TYPICAL MERISTIC CHARACTERS 

Scale counts 
l a t e r a l  series 

(two rows above l a t e r a l  
l i n e )  150-180 

and above l a t e r a l  l i n e  
(o r ig in  of do r sa l  f i n  

t o  l a t e r a l  l i n e )  33-40 

Vertebrae 

Gi l l r ake r  s 

60-63 
(mean 61.8) 

21-27 
(mean 24) 

Py lo r i c  caecae 50-70 

Basibranchial  t e e t h  2-15 

(Behnke 1960, personal da t a  from 
s,pecimens taken from S i l v e r  King 
Creek, Cal i fornia ,  1933-1956) 

SPECIES DESCRIPTION 

The Paiu te  (sometimes spe l l ed  Piu te)  
t r o u t  was described by Snyder (1933) from 
above a barrier f a l l s  i n  the  headwaters of 
S i l v e r  King Creek, Alpine County, Cal i fornia .  

S i l v e r  King Creek is  t r i b u t a r y  t o  the  
Eas t  Fork of the  Carson River of the  Lahontan 
basin.  Snyder recognized the a f f i n i t i e s  and 
de r iva t ion  of the  Paiu te  t r o u t  from 2. 2. 
henshawi, the t r o u t  na t ive  t o  the  Lahontan 
bas in .  The absence of spots  on the  body 
seemed l i k e  such a s t r i k i n g  d iagnost ic  

charac ter  t o  Snyder t h a t  he  described 'I- 

s e l e n i r i s "  a s  a new species  and became some- 
what poe t i ca l  i n  h i s  s e l ec t ion  of a s p e c i f i c  
name which suggested "... a f anc i fu l  resemblance 
of i t s  evanescent t i n t s  t o  the  lunar rainbow" 
(Snyder 1934). 

Snyder's publ ica t ion ,  however, provided 
l i t t l e  d a t a  on t h e  taxonomic charac ters  of 
the  Paiu te  t r o u t ,  p a r t i c u l a r l y  concerning i t s  
range of v a r i a b i l i t y  and an adequate compari- 
son wi th  2. c. henshawi. No published taxonomic 
d a t a  has appeared s ince  t o  supplement h i s  
o r i g i n a l  work, but  a Master of Ar ts  t hes i s  by 
Behnke (1960) and subsequent da t a  which he has 
accumulated reveals  t h a t  2. 2. s e l e n i r i s  has 
nea r ly  i d e n t i c a l  values t o  2. 2. henshawi- i n  
a l l  of i t s  mer i s t i c  charac ters .  Data on 2. 5. 
s e l e n i r i s  which appear above a r e  published 
here  f o r  the f i r s t  time. 

The g i l l r a k e r  number ind ica t e s  t h a t  the 
separa t ion  of 2. 2. s e l e n i r i s  i n  S i l v e r  King 
Creek from an ances t r a l  g. 5. henshawi occurred 
a f t e r  g. 2. henshawi had a t t a ined  i t s  ultimate 
number of g i l l r a k e r s  i n  p luv ia l  Lake Lahontan 
under l acus t r ine  s e l e c t i v e  pressures ,  no more 
than about 5,000 t o  8,000 years ago. The 
Pa iu t e  t r o u t ,  then,  probably was no t  derived 
from t h e  primordial  t r o u t  which invaded the  
Lahontan basin, but  developed ins tead  r a the r  
r ecen t ly ,  d i f f e r i n g  from g: 2. henshawi only 
i n  spo t t ing  pa t t e rn .  Most l i k e l y  the  phylo- 
genet ic  separa t ion  of 2. 2. s e l e n i r i s  from 
S. 2. henshawi i n  the Carson River drainage - 
occurred a f t e r  the  i s o l a t i o n  of t he  various 
s tocks  of 5. 2. henshawi i n  the  Truckee, 



Carson and Walker r i v e r  systems by the  des- 
iccation of Lake Lahontan. 

Even the absence of spots on the  body a s  
a character t o  d i f f e r e n t i a t e  g. 5. s e l e n i r i s  
from 5. 5. henshawi cannot be used a s  absolute ly  
as believed.  Stephen Nicola, 
California Department of Fish and Game, care-  
fully examined 79 of the  specimens of 2. 5. 
se leni r i s  taken from S i l v e r  King Creek i n  
i-found t h a t  while 47 specimens had no 
spots, 32 had from one t o  n ine  spots  on the 
body (s. Nicola, personal  communication t o  
R. Behnke, 5 June 1974). 

m e n  Snyder described the  Paiu te  t r o u t  
in 1933, he assumed t h a t  it had o r ig ina t ed  i n  
Silver King Creek above Llewellyn F a l l s  and 
,S limited to  the  known d i s t r i b u t i o n  a t  t h a t  
time. But S i l v e r  King Creek above Llewellyn 
Falls was o r i g i n a l l y  barren  of f i s h ;  i t  had 
been stocked by a sheepherder with t r o u t  taken 
from lower S i l v e r  King Creek i n  1912. Another 
transplant above the f a l l s  took p lace  i n  1924. 
The subsequent discovery i n  1946 of Paiu te  
trout i n  Corral Valley and Coyote Valley, two 
isolated t r i b u t a r i e s  t o  lower S i lve r  King 
Creek, was a t t r i b u t e d  t o  an e a r l y  but: unknown 
introduction by man, which may have occurred 
as early as  the  1860's when Canadian loggers 
worked i n  the a rea  (Baugh 1973). Stephen 
Nicola kindly provided t o  Robert Behnke the  
information on these  transplants,which i s  
filed i n  the o f f i c e  of the  Cal i fornia  Depart- 
ment of Fish and Game, Sacramento, and taken 
from statements made i n  1944 by M r .  V i rg i l  
Connell, a stockman who pastured sheep i n  the  
Silver King watershed. 

M r .  Connellls s tatements r a i s e  a question 
on the o r ig ina l  d i s t r i b u t i o n  of Paiu te  t rout .  
If the stream above Llewellyn Fa l l s  was devoid 
of t rout  pr ior  t o  1912, and i f  the introduced 
trout came from lower S i l v e r  King Creek, then 
the or ig inal  range must have included the  
Silver King drainage above some n a t u r a l  b a r r i e r  
which prevented interbreeding with the  typ ica l  
Lahontan cut throats  of t he  Eas t  Carson River 
SYs tem. 

By the time Snyder described 5. 2. se len-  
& i n  1933, t he  t r o u t  below Llewellyn F a l l s  
had thoroughly hybridized with rainbdw t r o u t  
(Behnke 1960). It would be i n t e r e s t i n g  to  
know the date of the f i r s t  in t roduct ion  of 
rainbow t rou t ,  and of Lahontan c u t t h r o a t  t r o u t ,  
into the S i lve r  King drainage. 

The present  known d i s t r i b u t i o n  of Pa iu t e  
trout cons is ts  e n t i r e l y  of introduced popula- 
tions which include those  i n  F ly  v a l l e y  and 

Four M i l e  Canyon Creeks ( i so l a t ed  t r ibu -  
t a r i e s  t o  S i l v e r  King Creek); North Fork 
Cottonwood Creek and Cabin Creek, Mono County; 
Birchim Lake, Inyo County; and Delany Creek, 
Yosemite National  Park, where the  National  
Park Service  i s  at tempting t o  remove brook 
t r o u t  t o  s u s t a i n  the  Paiu te  population.  

STATUS AND POPUIATION TRENDS 

S i l v e r  King Creek was closed t o  f i s h i n g  
above Llewellyn F a l l s  i n  1933, a f t e r  2. c. 
s e l e n i r i s  was discovered there .  But when 
angling r e s t r i c t i o n s  were removed i n  1952 i t  
was found t h a t  Paiu te  t r o u t ,  l i k e  most c u t t h r o a t  
t r o u t  l i v i n g  i n  streams,  was e a s i l y  caught and 
vulnerable  t o  over-exploi ta t ion .  But i t  was 
the apparent ly  inadver tant  s tocking of 5000 
rainbow t r o u t  above Llewellyn F a l l s  by t h e  
Ca l i fo rn ia  Department of Fish and Game i n  1949 
which d e a l t  t he  f i n a l  blow t o  the Pa iu t e  t r o u t  
a s  a pure form i n  S i l v e r  King Creek. A common 
f i she ry  management p r a c t i c e  a t  t h a t  t i m e  was 
t o  "seed" headwater mountain streams wi th  
"new blood" i n  the  form of ha tchery  t r o u t  f r y ,  
even though evidence had long accumulated t o  
demonstrate t h e  worthlessness of such stocking.  
Af ter  t h e  1949 rainbow t r o u t  s tocking,  
Lahontan c u t t h r o a t s  were mistakenly dropped 
by a i r p l a n e  i n t o  Whitecliff  Lake, which flows 
i n t o  Bul l  Creek and j o i n s  S i l v e r  King Creek 
j u s t  above Llewellyn F a l l s .  

I n  1957, i nves t iga to r s  found hybr id  f i s h  
wi th  spo t s  above Llewellyn F a l l s  and by 1963 
they considered the  s i l v e r  King Creek popula- 
t i o n  a hybrid swarm. Pa iu t e  t r o u t  populations 
i n  Corra l  and Coyote Valleys had by 1963 a l s o  
thoroughly hybridized with rainbow t r o u t  from 
an unknown in t roduct ion;  h a l f  the specimens 
lacked bas ibranchia l  t ee th ,  and g i l l r a k e r  
numbers ranged from 19-24, versus 21-27 i n  
pure Pa iu t e  t r o u t .  These specimens a l s o  
exhibi ted  a profusion of spots  on t h e  body 
(R. Behnke, personal  notes and data) .  

For tunate ly ,  pure Pa iu t e  t r o u t  had been 
introduced and e s t ab l i shed  i n t o  formerly 
barren  F l y  Valley,  Four M i l e  Canyon and North 
Fork Cottonwood Creeks t o  ensure  its perpetua- 
t ion .  

Treatment wi th  rotenone i n  1964 of S i l v e r  
King Creek above Llewellyn F a l l s  at tempted t o  
e l iminate  hybr ids ,  and pure Paiu te  t r o u t  were 
re-introduced (MclLfee 1966, S t a l ey  1965). But 
some hybrids survived the  poisoning because of 
extens ive  beaver pond a reas  which made thorough 
treatment d i f f i c u l t  and by 1968 f i s h  wi th  spots 
on the  body again  occurred. 

The Threatened Trout Committee of t he  
Ca l i fo rn ia  Department of Fish and Game, i n  
l i g h t  of t h e  f a i l u r e  of chemical treatment i n  



S i l v e r  King Creek, has i n s t i t u t e d  an a l t e r n a -  
t i v e  management p rac t i ce  of annual e l ec t ro -  
f i s h i n g  i n  the  creek above Llewellyn F a l l s  
wi th  s e l e c t i v e  removal of f i s h  which d i sp lay  
more than f i v e  spo t s  on t h e  body. The 
e f f i c a c y  of t h i s  technique i s  cu r ren t ly  being 
t e s t e d  (Ryan and Nicola, 1976). 

The U. 6 .  Department of the  I n t e r i o r  had 
o f f i c i a l l y  l i s t e d  5. 5. s e l e n i r i s  a s  an 
endangered species ,  but  because of management 
problems r e s u l t i n g  from the  "endangered" 
c l a s s i f i c a t i o n  (see chapter  on 2. 2. stomias, 
page 19),  t he  Ca l i fo rn ia  Department of Fish 
and Game pe t i t i oned  the  I n t e r i o r  Department 
t o  change the  s t a t u s  t o  "threatened." The 
o f f i c i a l  change i n  s t a t u s  from "endangered" 
t o  "threatened" took p lace  i n  Ju ly ,  1975 
(Federal Regis ter  140 (37), 16 Ju ly  1975). 

A l l  present  pure populations of s e l f -  
reproducing Paiu te  t r o u t  occur i n  small ,  
i s o l a t e d  environments, but  the  nucleus e x i s t s  
t o  i n t e n s i f y  r e s t o r a t i o n  p ro jec t s .  

LIFE HISTORY 

Some l i f e  h i s t o r y  information appears 
i n  McAfee (1966). Darrel  Wong (1975) and 
James Diana (1975) present  more d e t a i l e d  da ta  
based on s tud ie s  of the North Cottonwood 
Creek population. 

Paiu te  t r o u t  a t t a i n  a length of only 23 
t o  25 cm i n  small streams such a s  the head- 
waters of S i l v e r  King Creek, but a r e  known t o  
reach lengths of up t o  46 cm i n  l a rge r  bodies 
of water such a s  Birchim Lake (McAfee 1966). 

The most s i g n i f i c a n t  l i f e  h i s t o r y  a t t r i -  
bute  of t he  Paiu te  t r o u t  i n  r e l a t i o n  t o  man- 
agement must be implied from a knowledge of 
i t s  evolutionary h i s t o r y .  5. 2. s e l e n i r i s  
has been completely i so l a t ed  from other  
species  of f i s h  f o r  probably seve ra l  thousand 
years,  ever  s ince  i t s  separa t ion ,  i n  S i l v e r  
King Creek, from a Lahontan cu t th roa t  t r o u t  
ances tor .  The cu t th roa t  i n  o ther  areas  of 
the  Lahontan bas in  evolved with a d iverse  
fauna of s eve ra l  species  of minnows and 
suckers,  a wh i t e f i sh ,  and a sculp in .  Selec- 
t i v e  pressures can d i f f e r  g rea t ly  between 
populations coexis t ing  wi th  a d i v e r s i t y  of 
species  and those developing i n  i s o l a t i o n ,  
with the  r e s u l t  t h a t  l i f e  h i s t o r y  and be- 
hav io ra l  c h a r a c t e r i s t i c s  of  i s o l a t e d  f i s h e s  
may prevent them from coexis t ing  successful ly  
p i t h  o the r  species .  It must be assumed t h a t  
n t r ansp lan t  of Paiu te  t r o u t  w i l l  s tand a 

good chance of success only i n  waters barren 
of o ther  f i shes .  

HABITAT REQUIREMENTS AND LIMITING FACTORS 

Although the  ances t r a l  t r o u t  of the  
Lahontan bas in  l i ved  a s  a la rge ,  l acus t r ine  
predator i n  p luv ia l  Lake Lahontan, the  Paiute 
t r o u t  has evolved i n  a small ,  cold stream 
environment. Since it th r ives  a l s o  i n  
Birchim Lake, i t  can be expected t h a t  the  
Paiu te  t r o u t  can adapt successful ly  t o  v i r -  
t u a l l y  any s u i t a b l e  t r o u t  waters.  The ultimate 
l imi t ing  f a c t o r ,  though, may be the presence 
of o ther  f i s h e s ,  p a r t i c u l a r l y  t rou t s .  

Schneegas and P i s t e r  (1967) and Ashley 
(1970) have w r i t t e n  h a b i t a t  management plans 
f o r  the  Paiu te  t r o u t .  

PROTECTIVE MEASURES 

To insure  p ro tec t ion  of t he  upper Silver 
King Creek watershed, the  Toiyabe National 
Forest  and the  S i e r r a  P a c i f i c  Power Company 
t ransacted  a land exchange i n  1971 which made 
most of the  watershed public land. The U. S. 
Marine Corps agreed t o  d iscont inue  i ts  use of 
the  watershed f o r  su rv iva l  t r a i n i n g  i n  1963. 
Af t e r  t he  poisoning of S i l v e r  King Creek to  
remove hybrids i n  1964, pure Paiu te  t r o u t  were 
reintroduced.  But hybrids reappeared and the 
Ca l i fo rn ia  Department of Fish and Game i s  
at tempting t o  con t ro l  them by annual e lec t ro-  
f i sh ing .  The cons t ruc t ion  of a b a r r i e r  on Four 
M i l e  Canyon Creek i n  1972 w i l l  hopefully insure 
t h e  i s o l a t i o n  of Pa iu t e  t r o u t  there .  

Transplant  programs have es tabl i shed 
seve ra l  new populations (see page 29). 

The Threatened Trout Committee of t he  
Ca l i fo rn ia  Department of Fish  and Game 
provides t h e  s t r u c t u r e  t o  coordinate s t a t e  
and f ede ra l  e f f o r t s  t o  p ro tec t  and enhance 
t h e  d i s t r i b u t i o n  and abundance of t h i s  t rout .  

RECOMMENDATIONS 

Pure populations of 2. 2. s e l e n i r i s  no 
longer e x i s t  i n  i t s  na t ive  waters.  The extreme- 
l y  l imi ted  n a t u r a l  d i s t r i b u t i o n  and ca t a s  tro-  
phic decl ine  i n  abundance of such a f i s h  may 
make i t  a matter  of  common sense not  t o  
r e s t r i c t  r e s t o r a t i o n  e f f o r t s  t o  the  na t ive  
range. Although Ca l i fo rn ia ' s  Threatened 
Trout  Committee has not  y e t  formalized i t s  
thinking i n  t h i s  matter ,  the  cu r ren t  view i s  
t h a t  S i l v e r  King Creek and i t s  t r i b u t a r i e s  
down t o  a poin t  below the  confluence of 



Corral Valley Creek and North Fork Cottonwood 
creek w i l l  be t he  ex t en t  of i t s  r e s t o r a t i o n  
e f fo r t s ,  although p ro t ec t ion  of Pa iu t e  t r o u t  
in Cabin Creek and Birchim Lake w i l l  remain 
in force a l s o  (S. Nicola, personal  communica- 
tion to  R. Behnke) . 

The Paiu te  t r o u t  could become a n  i n t e g r a l  
*art of t r o u t  management i n  mountain lakes  i f  
a brood s tock  lake ,  s i m i l a r  t o  Heenan Lake 
f o r  5. 2. henshawi propagation, were es tab-  
lished, s ince  many mountain lakes  l ack  
adequate Spawning a r e a  f o r  t r o u t  of t h e  genus 
salmo t o  maintain self-reproducing populat ions,  
S u s t  be stocked wi th  t r o u t  f r y  dropped 
from a i r c r a f t .  The p o t e n t i a l  of S. c .  
se leni r i s ,  a s  a r a r e  and b e a u t i f u l  t r o u t ,  

l u r e  h i k e r s  t o  more remote and l i t t l e - u s e d  
areas of na t iona l  f o r e s t s  could s e rve  a s  a 

"crowd d i spe r sa l "  technique i n  
f ishery and wilderness management. 

Streams wi th  n a t u r a l  b a r r i e r s  and small  
lakes having p o t e n t i a l  spawning t r i b u t a r i e s  
but now harboring non-native t r o u t s  should be 
considered f o r  chemical t reatment t o  e l iminate  
present t r o u t  populat ions and t o  e s t a b l i s h  
additional se l f -perpe tua t ing  populat ions of 
S. c. s e l e n i r i s .  - 
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GILA TROUT 
Salmo g i l a e  - 

TIP1CA.L MERISTIC CHARACTERS 

Sca le  counts 
l a t e r a l  series 

(two rows above l a t e r a l  
l i n e )  135-165 

and above l a t e r a l  line 
(o r ig in  of d o r s a l  f i n  

t o  lateral l i n e )  29-38 

Vertebrae 5 9 - 6 ~ ~  

PylorZc caecae 25-46 
(means 33-36)y 

43-57 
(mean 47.2)rl  

Basibranchial  t e e t h  ~ b s e n &  

L-Taxonomic d a t a  from Behnke (1973) and - 
personal  da t a ;  and from David (1976) .-/ 

d ~ e a n  values f o r  samples from four 
l o c a l i t i e s  range from 59.7 f o r  Spruce Creek 
specimens t o  61.7 f o r  McKenna Creek specimens. 

U v a l u e s  from specimens from Main Diamond, 
South Diamond and McKenna Creeks 

d v a l u e s  from specimens from Spruce 
Creek 

& / ~ b s e n t  i n  a l l  New Mexico specimens 
examined except those  i n  Spruce Creek. 
Basibranchial  t e e t h  were a l s o  present  i n  
th ree  of fou r  specimens co l l ec t ed  from Verde 
River drainage of Arizona i n  1888-89. 

SPECIES DESCRIPTION 

Although a na t ive  t r o u t  was h i s t o r i c a l l y  
known from the  Gi la  River bas in  of New Mexico, 
i t  was n o t  u n t i l  t h i s  t r o u t  was on the  brink 
of ex t inc t ion  t h a t  i t  was recognized a s  d i s -  
t i n c t  and described a s  a new species  by R. R. 
Mi l l e r  (1950). 

A problem wi th  providing a n  adequate 
diagnosis of Salmo g i l a e  i s  t h a t  the  o r ig ina l  
desc r ip t ion  i s  based on a population i n  t iny ,  
i n t e rmi t t en t  Main Diamond Creek and ce r t a in ly  
does no t  encompass the  range of na tu ra l  va r i -  
a b i l i t y  of t h i s  t r o u t  throughout i t s  o r ig ina l  
range. Mi l l e r  (1972) considered the or ig inal  
range of t he  Gila t r o u t  t o  include the  Verde 
River sys tern of Arizona (where the  na t ive  
t r o u t  is  now ex t inc t ) .  Four specimens col lec t -  
ed from Oak Creek, south of F lags t a f f ,  i n  1888 
and 1889, and now i n  the  U. S. National  
Museum, have the  spo t t ing  pa t t e rn  typ ica l  of 
t he  species  (Mil ler  1972, f i g .  5) ,  but three  
of the  four  possess bas ibranchia l  t ee th ,  a 
charac ter  not  previously reported i n  $5. silae 
i n  t h e  Gi l a  River bas in  of New Mexico. How- 
ever ,  David (1976) found bas ibranchia l  t e e t h  
in four  of 12  specimens of Gi la  t r o u t  from 
Spruce Creek, a t r i b u t a r y  of t h e  San Francisco 
River system of New Mexico. 

A d i s t i n c t i v e  f e a t u r e  of S. g i l a e  i s  the  
profuse p a t t e r n  of small, irregularly-shaped 
spo t s ,  mainly above t h e  lateral line on the  
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body, onto the head, and on the  do r sa l  and 
caudal f i n s .  The bas i c  co lo ra t ion  i s  yellowish 
o r  olive-yellow on the  s ides  of the body; a 
f a i n t  ro se  band may be present  along the  
l a t e r a l  l i n e  i n  a d u l t s .  A yellow cu t th roa t  
mark is  present  and the  do r sa l ,  anal  and 
pe lv i c  f i n s  a r e  t ipped with white or  yellow. 

Salmo - i s  reputed t o  have a unique - 
karyotype (number and morphology of chromo- 
somes) which d i f f e r e n t i a t e s  it from a l l  o ther  
t r o u t s  (R. R. Mi l l e r ,  personal communication 
t o  R. Behnke). M r .  Robert David, New Mexico 
S t a t e  Universi ty,  has studied t h e  chromosomes 
of 2. gilae a£ ter completion of h i s  t h e s i s .  
Prel iminary a n a l y s i s  i nd ica t e s  a karyotype 
d i f f e r e n t  from any o the r  t r o u t  (personal 
communication t o  R. Behnke). 

Gila t r o u t  which have hybridized with 
rainbow t r o u t  a r e  common i n  many t r i b u t a r i e s  
of  the  upper Gi la  River. They exh ib i t  e r r a t i c  
spo t t ing  and colora t ion ,  higher ve r t eb ra l  and 
caecal  counts and lower s c a l e  counts. 

DISTRIBUTION 

L i t t l e  information e x i s t s  t o  accura te ly  
de f ine  the  o r i g i n a l  d i s t r i b u t i o n  of t he  Gi la  
t r o u t .  Mi l l e r  (1950) documented i t s  occur- 
rence  throughout t he  upper Gila River water- 
shed downstream t o  the  town of C l i f f ,  New 
Mexico, i n  1896, but  i t  reputedly  was absent  
from the  San Francisco drainage of New Mexico 
and Arizona. Mi l l e r  (1972) evaluated museum 
specimens co l l ec t ed  from the  Verde drainage,  
Arizona, a t r i b u t a r y  t o  the  S a l t  River of 
t he  Gila River basin,  and pronounced them t o  
be Salmo g i l a e .  The present  population of 
Gi la  t r o u t  i n  Spruce Creek, New Mexico, a 
headwater t r i b u t a r y  i n  the  San Francisco 
drainage,  i s  a t t r i b u t e d  t o  an in t roduct ion  
i n  1905 (Miller  1950). 

The zoogeography of the d i s t r i b u t i o n  of 
S. ~ i l a e  i s  puzzling. One would expect t h a t  - 
S. apache, the  na t ive  t r o u t  i n  the  headwaters - 
of the  S a l t  River system, should a l s o  be the  
t r o u t  na t ive  t o  the  Verde drainage of Arizona. 
And i f  S. g i l a e  once had d i r e c t  communication 
from the  upper Gi la  bas in  of New Mexico with 
the  Verde drainage of Arizona, why were no 
remnant populations discovered i n  the  San 
Francisco River system? This d i s t r i b u t i o n a l  
enigma i s  f u r t h e r  compounded by the f a c t  t h a t  
t he  only known museum specimens of na t ive  
t r o u t  from the  San Francisco River system 
(K. P. Creek, Arizona) have the  typ ica l  spot -  
t i n g  p a t t e r n  of 2. apache (Miller  1972, f i g .  
4).  

I n  1975, t r o u t  specimens from Sycamore 
Creek, Arizona, a t r i b u t a r y  t o  the  Agua F r i a  

River ( the next  drainage west of the  Verde 
sys tem) , were co l l ec t ed  by Mr. Gary Edward, 
of the  Arizona Department of  Game and Fish 
and s e n t  to  Robert Behnke f o r  i den t i f i ca t ion ,  

Although the Sycamore Creek population has 
hybridized with rainbow t r o u t ,  enough of the 
o r i g i n a l  genotype remains t o  ind ica t e  that  
t h e  n a t i v e  t r o u t  of Sycamore Creek had a 
spot t ing  pa t t e rn  t y p i c a l  of S. gilae. 

Thus, 2. g i l a e  was probably na t ive  to 
both the  Verde and Agua F r i a  drainages of 
Arizona. Needham and Gard (1959) described , 
t r o u t  from the  Rio Yaqui of Mexico, a con- 
tiguous basin with the Gila River, which 
appears s imi l a r  t o  2. gilae. 

Unfortunately, t he  almost complete e l b .  
i na t ion  of both S. g i l a e  and 2. apache from 
t h e i r  na t ive  ranges before e i t h e r  of  these 
species was s tudied ,  prevents a b e t t e r  under- 
standing of t h e i r  o r i g i n a l  d i s t r i b u t i o n .  

Present ly ,  pure o r  e s s e n t i a l l y  pure 
populations a r e  known from Main Diamond, 
South Diamond and McKenna Creeks, New Mexico. 
The Spruce Creek population i n  the  San Fran- 
c i sco  drainage i s  a t t r i b u t e d  t o  an e a r l y  
in t roduct ion ,  b u t  the  lower number of vertebrae, 
h igher  number of pylor ic  caecae and the report 
of  bas ibranchia l  t ee th  i n  specimens from 
t h i s  population ind ica t e  t h a t  Spruce Creek 
t r o u t  a r e  we l l -d i f f e ren t i a t ed  from o the r  
S. ~ i l a e  i n  New Mexico. This might be con- 
s t rued  a s  evidence supporting the indigenous 
occurrence of S, g i l a e  i n  the San Francisco 
drainage. Further support of such na t ive  
d i s t r i b u t i o n  is  given by the  former occurrence 
of S. a i l a e  in  Eagle Creek, t h e  next  major 
t r i b u t a r y  t o  the  Gila River west of t he  San 
Francisco River (Mulch and Gamble 1956). 
David (1976) discovered a population of pure 
S. g i l a e  i n  I ron  Creek, an i so l a t ed  t r ibutary  - 
t o  t h e  Middle Fork of t h e  Gi l a  River. 

A cooperative p ro jec t  between the  U. S. 
Forest  Service,  New Mexico Department of  Game 
and Fish,  and New Mexico S t a t e  Universi ty 
introduced Gila t r o u t  from Main Diamond 
Creek i n t o  McKnight Creek of t h e  Mimbres 
River bas in  i n  1970 and 1972, a f t e r  construc- 
t i o n  o f  a b a r r i e r  and el imination of a sucker 
population. These t r o u t  have successful ly  
reproduced (R. David and Douglas ' Jes ter ,  New 
Mexico S t a t e  Univers i ty ,  personal  communica- 
t i o n  t o  R. Behnke) . 

Another p ro jec t  transplanted 89 Gila 
t r o u t  from Main Diamond Creek i n t o  barren  
Sheep Corral  Creek, a t r i b u t a r y  to  Sap i l lo  
Creek i n ,  the  Gila drainage, New Mexico. 



stream improvement devices were 
i n t o  Sheep Corral Creek, the  problem 

of l ives tock overgrazing remains and the 
degraded h a b i t a t  has had no chance t o  recover.  
A 1975 sunrey of Sheep Corral  Creek found 15 
trout from the  1972 t r ansp lan t ,  but  no s ign  
,,isted t h a t  successful  reproduction had 
,,curred. Probably 2. g i l a e  cannot become 
,,tablished i n  Sheep Corral  Creek u n t i l  the  
grazing problem is  corrected (R. David, 
personal communication t o  R. Behnke). 

The Arizona Game and Fish Department 
transplanted 5. gilae from Main Diamond Creek, 
New Mexico i n t o  Gap Creek, a barren t r i b u t a r y  
,,f the Verde drainage i n  1974, i n  an at tempt -- 
to r e s to re  t h i s  species  t o  t h e  Verde system. 
A more ambitious program t o  r e s t o r e  the  Gila 
trout t o  i t s  h i s t o r i c  range i n  Arizona was 
delayed by the  lo s s  of a hatchery brood s tock  
in 1974 (Gary Edwards, Arizona Game and Fish 
Department, personal  communication t o  R. 
~ehnke) . 

STATUS AND POPULATION TREND 

Miller (1950, 1961) described t h e  former 
abundance and rapid  decl ine  t o  almost extinc- 
tion of 2. gilae. Hybridization throughout 
the upper Gi l a  bas in  r e s u l t i n g  from t h e  in t ro -  
duction of rainbow t r o u t  was so  extens ive  
that by 1950 the  very few pure populations of 
Gila t r o u t  which remained were a l l  i s o l a t e d  
by ba r r i e r s  i n  small headwater streams. Sub- 
sequent re- in t roduct ion  programs i n  New 
Mexico and Arizona have met with modest success 
and the d i s t r i b u t i o n  and abundance of t h i s  
rare t r o u t  have increased i n  r ecen t  years.  

Salmo g i l a e  i s  o f f i c i a l l y  recognized a s  - 
an endangered species  under the  Endangered 
Species 'Act of 1973. 

LIFE HISTORY 

Two Master of Science theses have been 
prepared on t h e  Gila Trout of Main Diamond 
Creek (Regan 1964, Hanson 1971). Although 
these s tud ie s  present  d e t a i l e d  information on 
age, growth, food hab i t s  and fecundity of t h e  
trout and on physica l ,  chemical and b io log ica l  
parameters of t he  water,  t h i s  information 
reveals but  c e r t a i n  l i f e  h i s t o r y  cha rac t e r i s -  
tics as  determined by the  harsh environment 
of Main Diamond Creek. These s tud ie s  a r e  of 
limited value  i n  predic t ing  adap tab i l i t y  t o  
new waters except t o  ind ica t e  t h a t  a t r o u t  
which can t h r i v e  i n  Main Diamond Creek i s  

l i k e l y  t o  do wel l  i n  almost any t r o u t  h a b i t a t ,  
a s  long a s  no o ther  f i s h  a r e  present .  The 
growth p o t e n t i a l  of 2. & almost c e r t a i n l y  
i s  g rea t e r  than the 23 cm maximum s i z e  i t  
a t t a i n s  i n  Main Diamond Creek. 

Most probably, the  o r ig ina l  5. g i l a e  
found i n  the  upper Gila bas in  d id  not  cons i s t  
of a s i n g l e  homogeneous population, but  
i n s t ead  was composed of s eve ra l  d i s c r e t e  
stocks i n  the  smaller  t r i b u t a r i e s  and probably 
another s tock  u t i l i z i n g  the  main r i v e r  and 
l a r g e r  t r i b u t a r i e s ;  these separa te  stocks 
probably possessed s l i g h t l y  d i f f e r i n g  l i f e  
h i s t o r y  c h a r a c t e r i s t i c s .  The assumption of 
d i s c r e t e  populations and genet ic  heterogeneity 
i s  supported by the taxonomic d i f ferences  
found between ex i s t ing  populations,  pa r t i cu -  
l a r l y  when Spruce Creek specimens a r e  compared 
with o the r  samples of 5. gilae. 

HABITAT REQUIREMENTS AND LIMITING FACTORS 

Present  5. g i l a e  populations appear su f -  
f i c i e n t l y  adaptable t o  l i v e  i n  any waters 
s u i t a b l e  f o r  any species of t r o u t ,  even though 
o r i g i n a l l y  t h i s  species probably cons is ted  of 
d i s j u n c t  populations with d i f f e r i n g  ecologica l  
spec ia l i za t ions .  A major l imi t ing  f a c t o r ,  
though, remains the  presence, i n  p o t e n t i a l  
Gila t r o u t  h a b i t a t ,  of o ther  species  of 
t rou t ;  rainbow t r o u t  hybr id ize  wi th  5. g i l a e  
and brook and brown t r o u t  compete with i t  
f o r  food and space. Any stream present ly  
holding brook, brown, o r  rainbow t r o u t  can 
provide s u i t a b l e  h a b i t a t  f o r  2. g i l a e  a f t e r  
a l l  exo t i c  t r o u t s  a r e  el iminated and prevented 
from re-invasion. 

PROTECTIVE MEASURES 

Main Diamond, South Diamond, McKenna, 
I ron  and Spruce Creeks a r e  i n  the Gila Wilder- 
ness Area of the  Gila National Fores t ;  thus 
they a r e  endowed with some e x t r a  l e g a l  pro- 
t e c t i o n  from h a b i t a t  degradation. 

The "endangered" s t a t u s  granted the Gila 
t r o u t  under the  Endangered Species Act of 
1973 p roh ib i t s  i t s  "taking" o r  "harassment, " 
but prohibi t ing  angling f o r  an endangered 
t r o u t ,  p a r t i c u l a r l y  i n  remote a reas ,  may no t  
be re levant  t o  the  protec t ion  of t he  species 
except i n  a negative way, s ince  any large-  
s ca l e  r e s t o r a t i o n  e f f o r t  must be based on 
in t roduct ion  i n t o  public waters. Subsequent 
c losure  of such waters t o  angling can c r e a t e  
unfavorable response t o  such p ro jec t s  and 
i n h i b i t  r e a l i z a t i o n  of the  des i red  goal. How- 
ever,  due t o  the extreme r a r i t y  of 2. g i l a e ,  
i t  may not  be wise t o  remove the  species  from 



AUTHORITIES the  endangered l i s t  u n t i l  the L i t t l e  Creek 
r e s t o r a t i o n  p r o j e c t  has been successful ly  
completed. 

McKnight Creek has suffered  h a b i t a t  
degradation from l ives tock  overgrazing. The 
U. S. Forest  Service  i n i t i a t e d  co r rec t ive  
measures i n  1975 and a l s o  plans t o  i n s t i t u t e  
grazing con t ro l  i n  the Sheep Corral  water- 
shed i n  1976 (Douglas J e s t e r ,  personal  com- 
munication t o  R. Behnke). 

The Gi l a  t r o u t  recovery team has d ra f t ed  
an  o u t l i n e  of a Gi la  t r o u t  recovery p lan  
(January 19,  1976). Included i n  t h e  p lan  is 
a re-introduction of 5 ~ i l a e  i n t o  L i t t l e  
Creek a f t e r  cons t ruc t ion  of a b a r r i e r  and 
e l iminat ion  of hybrids.  

The Arizona Department of Game and Fish 
plans t o  r e -e s t ab l i sh  a brood s tock  of Gila 
t r o u t  f o r  in t roduct ions  i n t o  the Verde and, 
perhaps, Agua F r i a  drainages (G. Edwards, 
personal  communication t o  R. Behnke). 

Sect ion  7 of the  Endangered Species Act 
of 1973 d i r e c t s  a l l  f ede ra l  agencies t o  
c a r r y  out  programs f o r  conservation of en- 
dangered and threatened species  and t o  pre-  
vent  any of t h e i r  a c t i v i t i e s  from jeopardizing 
the  continued exis tence  of these species .  

I f  t he  L i t t l e  Creek r e s t o r a t i o n  p ro jec t  
meets wi th  success,  the  Gila t r o u t  should be 
changed i n  s t a t u s  from "endangered" t o  
"threatened." This change w i l l  f a c i l i t a t e  
management of t he  species  and s t imula te  
f u r t h e r  t r ansp lan t s  i n t o  publ ic  waters.  

The population i n  South Diamond Creek 
exh ib i t s  t he  most uniform appearance of a l l  
known e x i s t i n g  populations of S. g i l a e ;  a s  
the  most i d e a l  r ep resen ta t ive  of the  species ,  
a t  l e a s t  some f u t u r e  t r ansp lan t s  should be 
made from t h i s  population. 

Robert David's research  has revealed 
some populations of t r o u t  which, although 
s l i g h t l y  hybridized,  exh ib i t  a predominant 
S. g i l a e  p3anotype. Such populations should - 
be protec ted  aga ins t  f u t u r e  in t roduct ions  of 
non-native t rou t .  

1. Gila Trout Recovery Team 
Carl S chmit t , Leader 
New Mexico Game and Fish Department 
S t a t e  Capitol  
Santa Fe, NM 87503 
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Bruce Anderson 
U. S. Fores t  Service,  Gila Natl. Forest 
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U. S .  Fish and Wildl i fe  Service 

William Si lvey 
Arizona Game and Fish Department 

2. Robert Behnke 
Dept. of Fishery and Wildl i fe  Biology 
Colorado S t a t e  Universi ty 
For t  Col l ins ,  CO 80521 
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3. Robert David 
Dept. of Fishery and Wildl i fe  Science 
New Mexico S t a t e  Universi ty 
Las Cruces, NM 88003 

(graduate t h e s i s  on taxonomy of S. gilae 
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New Mexico Game and Fish Department 
S t a t e  Capitol  
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( in  charge of endangered and threatened 
species  program i n  New Mexico) 
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Dept. of Fishery and Wildl i fe  Science 
New Mexico S t a t e  Universi ty 
Las Cruces, NM 88003 

(long involvement wi th  Gila t r o u t  projects, 
f i r s t  with New Mexico Game and Fish Dept., 
presentliy a s  f a c u l t y  member a t  NMSU) 

6. Paul Turner 
Dept. of Fishery and Wildl i fe  Science 
New Mexico S t a t e  Universi ty 
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ARIZONA NATIVE TROUT 
Salmo apache - 

TYPICAL MERISTIC CHARACTERS 

Scale  counts 
l a t e r a l  series 

(two rows above l a t e r a l  
l i n e s )  133-172 

(mean 146-158) 
and above l a t e r a l  l i n e  

(o r ig in  of d o r s a l  f i n  32-40 
t o  l a t e r a l  l i n e )  (mean 34-36) 

Vertebrae 

Pylor ic  caecae 

58-61 
(mean 59.5-60) 

21-41 
(mean 26.7- 

32.9) 

Basibranchial  t e e t h  Ves t ig i a l  

SPECIES DESCRIPTION. 

Pylor ic  caecae counts a r e  among the  
lowest of American t r o u t s ;  basibranchial  
t e e t h  a r e  v e s t i g i a l ,  with only f i v e  t o  10 
percent  of the  specimens of some populakions 
possessing these  t ee th  (Behnke 1970, 1973, 
personal  da t a ) .  

The bas i c  co lo ra t ion  of Salmo apache 
resembles t h a t  of 5. g i l a e ,  with olive-yellow 
t o  golden-yellow on the  s ides  and v e n t r a l  
region,  a yellow cu t th roa t  mark and whi t i sh  
t i p s  on the  do r sa l ,  pe lv i c  and ana l  f i n s .  
While 2. apache lacks  the  rose-red l a t e r a l  
band typ ica l  of 2. -, the spo t t ing  pa t t e rn  
c o n s t i t u t e s  the  most pronounced phenotypic 
d i f f e rence  between the  two t rou t s .  2. apache 

d isplays  l a rge r  roundish o r  oblong spo t s ,  
s imi l a r  t o  i n t e r i o r  cu t th roa t  t r o u t s ,  over 
the  s i d e s  of the body, onto the  top of the 
head and on the  do r sa l ,  caudal and adipose 
f i n s  (Miller  1972, f i g .  2). S. apache typically 
possesses the  l a r g e s t  do r sa l  Tin  of any 
American t rou t .  

The unique karyotype of 2. apache shows 
56 chromosomes wi th  106 arms, and miy be  
derived from a cu t th roa t  t rou t - l i ke  ancestor 
(Miller 1972). 

DISTRIBUTION 

Cope and Yarrow (1875) f i r s t  recorded 
t r o u t  i n  the White River, Arizona ( i n  the 
headwaters of t he  S a l t  River system of the 
Gila River Basin) i n  1873, and r e fe r r ed  to  
them a s  a v a r i e t y  of t he  Colorado River cut- 
t h roa t  t r o u t .  Jordan and Evermann (1896) 
r e fe r r ed  t o  the  t r o u t  i n  the  headwaters of 
the  L i t t l e  Colorado River i n  Arizona a l s o  as 
the  Colorado River cu t th roa t .  When Mil ler  
(1950) described 2. g i l a e ,  he a l s o  mentioned 
na t ive  t r o u t  i n  the  headwaters of the  East 
Fork of t he  White River i n  Arizona and pro- 
v i s i o n a l l y  included them with the  Gi la  trout  
a s  2. g i l a e .  Af ter  f u r t h e r  study and examina- 
t i o n  of many more specimens Mi l l e r  became 
convinced of t he  uniqueness of t h i s  t r o u t  and 
described it a s  a new species ,  Salmo apache 
(Miller 1972). 

By t h i s  time, t he  range of S. apache had 
been s o  diminished t h a t  the  o r i g i n a l  



Was impossible t o  determine wi th  
certainty. Mi l l e r  (1972) considered i t s  
native range t o  include the upper S a l t  River 
s y s t e m  of Arizona (Black and White River 
drainages) and the  headwaters of t h e  L i t t l e  

River. A museum specimen taken i n  
1904 from K. P. Creek, a t r i b u t a r y  of the 
Blue River of t he  San Francisco drainage of 
Arizona, shows spo t t ing  pa t t e rns  c h a r a c t e r i s t i c  
of 2. apache and not  5. Rilae (Miller  1972, 

f i g .  4 ) .  Perhaps both species were na t ive  
to the San Francisco drainage of Arizona, bu t  
in this  case it would be expected t h a t  hybr id i -  
,,tion between them would have produced an 
array of in tergrading populations. 

The present  known l ia tura l  d i s t r i b u t i o n  of 
S .  apache includes: Ord Creek, Firebox Creek, - 
Deep Creek, and headwaters of t h e  Eas t  Fork 
of the White River; t h e  upper Bonito Creek 
rntershed, a t r i b u t a r y  t o  the  Black River. 
dl of these  streams are on t h e  For t  Apache 
Indian Reservation. The only known population 
of 5. apache i n  t h e  L i t t l e  Colorado River 
basin e x i s t s  i n  Paddy Creek, between the  towns 
of Alpine and Nutrioso, Arizona, near t h e  New 
Mexico border. A survey conducted i n  1967 
by John Anderson, U.S. F i sh  and Wildl i fe  
Service b i o l o g i s t ,  and Robert Behnke deter -  
mined t h a t  r ecen t ly  introduced brook t r o u t  
had become abundant i n  Paddy Creek. Thus, 
the outlook f o r  t h e  perpetuat ion  of t h e  only  
known population of 2. apache i n  t h e  L i t t l e  
Colorado River bas in  appears doubtful .  

S .  apache has been propagated a t  the  
sterl?ng Springs Hatchery, Arizona, and a 
population has been es tabl i shed i n  Christmas 
Tree Lake, a spo r t  f i sh ing  lake  crea ted  
speci f ica l ly  f o r  t h i s  species '  r e s t o r a t i o n  
on the Por t  Apache Indian Reservation. The 
Sterling Springs Hatchery is under renovation 
and a new brood s tock is  cu r ren t ly  being 
established (Joe Stone, personal  communication 
to Robert Behnke). The propagation and 
reintroduction program f o r  2. apache conducted 
by the Arizona Department of Game and Fish 
has r e su l t ed  i n  the  establishment of new 
Stream populations i n  Grant, Home, Mineral, 
and North Canyon Creeks and streams on .Graham 
Mountain (Robert Jantzen,  Director,  Arizona 

of Game and Fish,  l e t t e r  t o  Lynn 
Greenwalt, Direc tor ,  U. S. F i sh  and Wi ld l i f e  
Service; Joe  Stone,  personal communication 
to Robert Behnke) . 

STATUS AND POPULATION TREND 

Even though 2. apache possesses many 
d i s t i n c t i v e  charac ters  including a unique 
chromosome complement, no genet ic  b a r r i e r s  
e x i s t  aga ins t  hybr id iza t ion  with rainbow o r  
cu t th roa t  t r o u t .  The in t roduct ion  of rainbow 
t r o u t  i n t o  waters of the  White Mountains of 
Arizona began hybr id iza t ion  which spread 
throughout the  watersheds u n t i l  only remnant 
pure populations of 2. apache pe r s i s t ed  i n  a 
r e l a t i v e l y  few headwater areas .  Due t o  t h i s  
precarious s i t u a t i o n ,  t he  U. S. Department 
of t he  I n t e r i o r  l i s t e d  the  Arizona t r o u t  a s  
endangered. But the endangered s t a t u s  i n t e r -  
fered wi th  management and r e s t o r a t i o n  e f f o r t s  
and prohibi ted  angling (Christmas Tree Lake 
on the  For t  Apache Indian Reservation was 
constructed and stocked with 2. apache f o r  
use a s  a na t ive  t r o u t  f i shery) ,  so  the  s t a t u s  
of 5. apache was o f f i c i a l l y  changed from 
"endangered" t o  "threatened" (Federal Regis ter  
40 (137), 16 J u l y  1975). 

While '2. apache has been v i r t u a l l y  elim- 
ina ted  from i t s  na t ive  range, it has survived 
i n  g r e a t e r  numbers than 2. g i l a e .  I n  some 
streams, such a s  upper Ord Creek, g. apache 
had been found t o  coexis t  i n  good abundance 
with both brown t r o u t  and brook t rou t .  But 
1974 e l ec t ro f i sh ing  i n  Ord Creek showed brook 
t r o u t  t o  be dominant and Arizona t r o u t ,  rare 
(Ron Gumtow, personal communication t o  
Robert Behnke, 2 October 1975). 

LIFE HISTORY 

As Miller (1972) pointed out ,  almost 
nothing i s  known of t he  l i f e  h i s t o r y  of 
S. apache except fo r  t he  s i g n i f i c a n t  f a c t  t h a t  - 
i t s  reproductive season and spawning behavior 
must be  s u f f i c i e n t l y  s imi l a r  t o  rainbow t r o u t  
to  permit hybr id iza t ion .  Not a l l  S. apache 
populations a r e  completely i s o l a t e d  from 
introduced t rou t s .  But while brook t r o u t ,  
brown t r o u t ,  rainbow t r o u t ,  and rainbow X 
S .  apache hybrids have replaced pure 5. apache - 
i n  l a r g e r  streams a t  lower e levat ions  and i n  
d is turbed h a b i t a t ,  S. apache has been ab le  t o  
survive  with brook t r o u t  and brown t r o u t  i n  
Ord Creek and has pers is ted  i n  the  headwaters 
of t he  Eas t  Fork of t he  White River and i n  
the  upper Bonito Creek watershed without pro- 
t ec t ion  by absolute  physical  b a r r i e r s  o r  
from in t roduct ions  of non-native t rou t s .  
Such s i t u a t i o n s  resemble examples of na t ive  
cu t th roa t  t r o u t  maintaining t h e i r  i n t e g r i t y  
i n  undisturbed headwater areas  where they 
possess the  most f i t  genotypes f o r  colder  
waters and associa ted  environmental condit ions.  
Disruption and degradation of p r i s t i n e  head- 
water environments t yp ica l ly  lead t o  hybr id i -  
za t ion  with rainbow t r o u t  and/or replacement 
by brown t r o u t  o r  brook t rou t .  



The growth p o t e n t i a l  of S. apache remains 
unknown, but  the  l a r g e s t  specimen known from 
Christmas Tree Lake, a spent female, measured 
48.8 cm and weighed 0.9 kg (Ron Gumtow, 
personal  communication t o  Robert Behnke). 

HABITAT REQUIREMENTS AND LIMITING FACTORS 

The in t roduct ion  of non-native t rou t s  
may no t  pose as  severe  a t h r e a t  t o  2. apache 
a s  it does t o  2. g i l a e  i n  cold headwater 
streams a s  long a s  the  i n t e g r i t y  of the  
h a b i t a t  is  not  v io l a t ed .  The complete replace- 
ment of %. apache a t  lower e levat ions  and i n  
d is turbed a reas  demonstrates t h a t  t h i s  
species  i s  placed a t  a competitive disadvant- 
age i n  such s i t u a t i o n s .  The e n t i r e  upper 
Bonito Creek watershed, which contains the  
most abundant populations of 2. apache, i s  
cu r ren t ly  being logged. While guidelines 
f o r  h a b i t a t  pro tec t ion  have been provided to  
the logging opera t ion ,  they have no l ega l  
standing and some damage t o  the  stream has 
a l ready occurred (Richard Baldes and Ron 
Gumtow, personal  communication t o  Robert 
Behnke). The impact. of logging on the  Bonito 
Creek watershed and on 5. apache i s  under 
s tudy,  but  da t a  s u f f i c i e n t  f o r  basing fore-  
c a s t s  a r e  no t  y e t  ava i l ab le .  

PROTECTIVE MEASURES 

The Apache Indian Tr ibe  has closed the  
waters of Ord Creek t o  f i sh ing  i n  order t o  
p r o t e c t  t h e  Arizona t r o u t .  

The Office of Endangered Species,  U. S. 
Department of  t he  I n t e r i o r ,  l i s t s  2. apache 
a s  a threatened species  (Federal Regis ter  
40 (137), 16 Ju ly  1975). 

The Arizona Department of Game and Fish  
has propagated %. apache a t  t h e i r  S t e r l i n g  
Springs hatchery .from brood s tock developed 
from Ord Creek t r o u t .  At: l e a s t  four  new 
stream populations have been es tabl i shed.  
The brood s tock  was l o s t  i n  1974 but  the  
hatchery is undergoing renovation and a new 
brood s tock  i s  being es tabl i shed (Gary Edwards, 
Joe Stone, personal  communications t o  Robert 
Behnke) . 

Bruce Rosenlund (U. S . Fish  and Wi ld l i f e  
Service ,  Alchesay-Williams National Fish 
Hatchery, Whiteriver,  Arizona) has been con- 
ducting d i sease  and p a r a s i t e  s tud ie s  on 2. 
apache t o  determine the  presence of f i s h  
pathogens which could be serving a s  l imi t ing  
f ac to r s  t o  endangered populations i n  the 
wild,  and t o  determine t h e  f e a s i b i l i t y  of 
t r ans fe r r ing  endangered f i s h  t o  a hatchery 
f o r  propagation. 

Ken Harper (Arizona Cooperative Fishery 
Unit, USDI, 210 Biologica l  Sciences Eas t ,  
Universi ty of Arizona, Tucson, Arizona, 85721) 
is  conducting graduate research t o  determine 
the  e f f e c t s  of logging on 2. apache i n  the  
Bonito.Creek watershed. This p ro jec t ,  i n i t i a ,  
ted  i n  1974, i s  due f o r  completion i n  1976. 

RECOMMENDATIONS 

The Apache Indian t r i b e  has ,  i n  the  past, 
demonstrated a s ince re  i n t e r e s t  i n  perpetu- 
a t i n g  the  Arizona t rou t ,  but t he  recreational  
resources of the reservat ion  a r e  nonetheless 
a business en te rp r i se  and here tofore  the  
t o u r i s t  f i she ry  has been based mainly on 
stocking grea t  numbers of rainbow t r o u t ,  
par, t icularly i n  a s e r i e s  of r ec rea t iona l  
lakes crea ted  on the  reservat ion .  

Ronald Gumtow, b io log i s t  with the U. S .  
Fish and Wildl i fe  Service, and advisor  on 
f i s h e r i e s  management t o  the t r i b e ,  s t r e s ses  
a g r e a t l y  expanded emphasis on the  use of 
S. apache i n  s p o r t  f i s h e r i e s  management on - 
r e se rva t ion  waters i n  the  fu tu re .  The former 
endangered s t a t u s  of 2. apache prohibited 
angling and voided any economic gains t o  the 
t r i b e  from the p o t e n t i a l  f i s h i n g  i n  Christmas 
Tree Lake. Now t h a t  t he  s t a t u s  of g.  apache 
has  been changed from endangered t o  threatened, 
t he  lake  can be opened t o  fishermen ( for  a 
fee)  and s imi l a r  f i s h e r i e s  f o r  2. apache can 
be es tabl i shed.  

The emphasis on na t ive  t r o u t  f i she r i e s  
versus hatchery trout f i s h e r i e s  is one of 
q u a l i t y  versus quant i ty ;  the g rea t e r  value 
l i e s  with t r o u t  i n  the water r a t h e r  than trout 
i n  the c ree l .  The economic r a t i o n a l e  is that 
with proper pub l i c i ty  and public i n t e r e s t ,  
the  t o u r i s t  fisherman w i l l  be w i l l i n g  t o  pay 
more f o r  t he  opportunity t o  f i s h  f o r  a r a re  
and beau t i fu l  na t ive  t r o u t  than t o  f i s h  for 
the  common hatchery rainbow t rou t .  

Before %. apache can be widely used to 
c r e a t e  new f i s h e r i e s  i n  reservat ion  lakes,  
da t a  must be gathered from Christmas Tree 
Lake on age,  growth, v u l n e r a b i l i t y  t o  exploita- 
t i o n  and population s t r u c t u r e  under exploita- 
t i o n  t o  provide information on optimum stock- 
ing  r a t e s  and t o  design spec ia l  regulat ions 
on s i z e  and bag l i m i t s  t o  maintain maximum 
rec rea t iona l  values.  

The watersheds of streams on the  Apache 
Reservation and elsewhere wi th  populations of 
5. a ~ a c h e  should be granted s p e c i a l  
from poss ib l e  f u t u r e  despoi la t ion ,  comparable 
t o  wilderness a r e a s  of na t iona l  f o r e s t s .  



Off the  r e se rva t ion ,  t h e  r e in t roduc t ion  
s apache i n t o  bar ren  streams and gecrea- of ; 

tional lakes should be stepped up. This 
i s ,  i n  p a r t ,  dependent on the  

of hatchery propagation. 

paddy Creek, the  only  known l o c a l i t y  i n  
the L i t t l e  Colorado River bas in  wi th  a na t ive  
p o p ~ l a t i o n  of S. apache, should be monitored 
to determine the  impact of brook t r o u t  on 
S. apache. The 1967 survey of Paddy Creek by 
Anderson and Behnke noted t h a t  t h e  headwaters 
above a b a r r i e r  f a l l s  were bar ren  of a l l  f i s h .  
~f 5. apache s t i l l  e x i s t s  i n  Paddy Creek, a 

above the  b a r r i e r  should be made 
as soon a s  poss ib le .  

Specimens from previously unsampled 
loca l i t i e s  should be evaluated f o r  r e l a t i v e  
pur i ty  i n  an at tempt t o  discover new popula- 
tions of 5. apache. 
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