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Q U A R T E R L Y  R E P O R T

T his w i l l  be th e  l a s t  q u a r te r ly  r e p o r t  o f th e  Colorado C ooperative 
F ish e ry  Research U nit to  be g e n e ra lly  d is t r ib u te d .  I n  compliance w ith  cu r­
re n t p o l ic ie s  of th e  Branch o f F ish e ry  B iology, U. S. F ish  and w ild x ife  
S e rv ice , and in  view of th e  r e p e t i t io u s  n a tu re  o f th e  m a te r ia ls  p re sen te d  
on th e  c u rre n t p ro je c ts  from q u a r te r  to  q u a r te r ,  and f u r th e r ,  to  re l ie v e  
some p re s su re  on th e  l im ite d  f i l i n g  f a c i l i t i e s  o f most r e c ip ie n t s ,  i t  was 
deemed ad v isab le  to  d isco n tin u e  th e  issu an ce  o f complete q u a r te r ly  r e p o r ts .

I n  th e  fu tu re , com pleted p ro je c t  m a te r ia l v d l l  be p rep ared  fo r  d is ­
t r ib u t io n  to  in te r e s te d  persons and ag en c ie s .

R eports v d l l  be subm itted  q u a r te r ly  to  th e  co o p era tin g  agencies 
sponsoring th e  U n it.

This q u a rte r  saw th e  com pletion o f  re g u la r ly  scheduled teach in g  
assignm ents on th e  p a r t  of th e  U nit L eader. In  th e  fu tu re , su p erv is io n  
of th e  program fo r  no t more th an  f iv e  g raduate  s tu d e n ts , m ajoring  in  f i s h  
management, v d l l  be th e  on ly  te ach in g  done by the  Leader. Most o f th e se  
s tu d en ts  w i l l  be working on U nit p r o je c t s .

The s tu d en ts  on U nit p ro je c ts  con tinued  t h e i r  in v e s t ig a t io n s  dur­
in g  t h i s  q u a r te r .  Eugene Cook i s  making a survey  o f th e  p a r a s i te s  found 
i n ' t h e  f is h e s  i n  warm-water r e s e rv o i r s ,  to g e th e r  w ith  t h e i r  in c id e n ce . A 
p a r t  of t h i s  program, v d l l  be th e  p re p a ra tio n  o f a key to  th e se  p a r a s i te s  
so t h a t  o th e rs  s tu d y in g  th e se  w aters  w i l l  have a u s e fu l guide to  the  para­
s i t e s .

R ichard Moore con tinued  h i s  in v e s t ig a t io n  on th e  Food H abits  of th e  
Carp. He te s t e d  v a rio u s  methods of stomach a n a ly s is .  The one th a t  now 
seems b e s t  adap ted  to  th e  s tu d y  of carp  stomach c o n ten ts  i s  th e  random 
sample method. For th e  p re se n t th e  i n t e s t i n a l  t r a c t  i s  d iv id ed  xnto th e  
fo r e ,  mid and h ind  gut and sep a ra te  exam inations a re  made of th e  co n ten ts  
o f each s e c t io n . The co n ten ts  o f th e  gut s e c tio n  a re  removed and p u t in to  
a cen tid fu g e  tube and th e  w ater le v e l  brought up to  10 m i l l i l i t e r s .  T h is 
m a te r ia l  i s  p laced  i n  a watch g la s s ,  mixed c a r e f u l ly ,  and a 1 m l. sample 
i s  removed w ith  a wide—mouth p ip e t t e .  This 1 m l. sample xs analyzed  in  
a Sedgw ick-R after counting  c e l l  under a b in o c u la r  d is s e c t in g  m icroscope, 
and th e  number of each food item  a re  counted .

The accuracy  of t h i s  method was checked by making t o t a l  counts on 
se v e ra l stomach sam ples, and th e n  1 m l. samples were tak en  and counted . 
A fte r  th re e  samples were counted th e  sam pling was stopped fo r  the  th re e  
samples gave no g re a te r  accuracy  th an  one sam ple.

Upon d isc u ss io n  w ith  th e  Head of th e  M athematics Department o f 
Colorado A & M C ollege, i t  was decided  th a t  th e  method of coun ting  1 m l. 
samples from th e  stomach would p rov ide  an a cc u ra te  p ic tu re  o f ^the food 
h a b its  o f th e  carp  p rov ided  enough carp  stomachs were analyzed . With t h i s  
more ra p id  method o f  a n a ly s is ,  i t .  i s  b e lie v e d  th a t  a s u f f i c i e n t ly  la rg e  
sample can be analyzed .
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Two o th e r s tu d en ts  were working on a M asters ' degree i n  F ish  Manage­
ment. Rex T a lia fe r ro  con tinued  h is  study on th e  age and growth o f  yellow  
p erch . He Tías employed by th e  S ta te  Game and F ish  Department on some e a s t­
e rn  Colorado re s e rv o ir s  du ring  th e  q u a r te r .  The m a te r ia ls  he c o l le c ts  p lu s  
th a t  tak en  on U nit p ro je c ts  should p rov ide  a f a i r  p ic tu ré  o f the  growth th a t  
can be expected from yellow  perch  in  Colorado. I f  th e re  i s  to  be a r e l i a b le  
b a s is  upon which to  compare v a rio u s  r e s e rv o i r s ,  o r fo r  l a t e r  e v a lu a tio n  o f 

■improvement work, i t  would seem in d ic a t iv e  t h a t  a knowledge of what growth 
ra te  i s  to  be expected fo r  th e  v a rio u s  sp ec ie s  i s  o f paramount im portance.

B ert Thomas began a problem on p lank ton  p ro d u c tio n , bu t du ring  th e  
q u a rte r  decided  to  t r a n s f e r  to  th e  Zoology Department and tak e  h is  Masters* 
degree i n  Zoology. He w i l l  con tinue  th e  p lank ton  s tudy , u s in g  samples c o l­
le c te d  on U nit su rveys, bu t h is  problem w i l l  be su p erv ised  by th e  p ro fe s so r  
of Limnology.

D uring t h i s  q u a r te r  some n e t t in g  was done to  determ ine th e  tim e o f 
spawning o f v a rio u s  sp e c ie s . With f lu c tu a t in g  w ater le v e ls  in  i r r i g a t io n  
re s e rv o i r s ,  which com prise th e  v a s t  m a jo rity  o f lo c a l  impoundments, i t  has 
appeared th a t  one p o ss ib le  c o n tr ib u tin g  cause to  poor f is h in g  has been in ­
adequate spawning of game f i s h e s .  With w ater le v e ls  r i s in g  o r f a l l in g  a t  
a r a te  o f  6 in ch es  a day (a s  happened a t  Lone Tree R eservo ir l a s t  y ea r) i t  
i s  p o s s ib le  fo r  many n e s ts  to  be l e f t  h igh  and dry  b e fo re  s u f f ic ie n t  tim e 
has e lapsed  fo r  th e  eggs to  ha tch  and th e  f r y  to  develop enough to  be ab le  
to  swim as th e  le v e l  d rops, or i f  th e  le v e l  r i s e s ,  th e  n e s ts  become too  deep 
fo r good spawn p ro d u c tio n . I f  th e  p e rio d  o f spawning can be d e lin e a te d , i t  
might be p o ss ib le  to  come to  some arrangem ent w ith  th e  w ater companies fo r  
a p e rio d  o f  s ta b le  w ater le v e ls  in  some r e s e rv o i r s .

This m ight be p o s s ib le  where companies own se v e ra l r e s e rv o ir s  i n  a 
ch a in . They cou ld  hold  th e  le v e l  s tead y  i n  one or two impoundments w hile 
th e  o th e rs  take  a l l  th e  w ater and f i l l  a t  a f a s t e r  r a t e .  Then, when th e  
f r y  a re  ‘s u f f i c i e n t ly  developed, a l l  of the  w ater could be l e t  in to  th e se  
r e s e rv o ir s  -where th e  le v e l  had been s ta b i l i z e d .  This would give th e  o th e r 
re s e rv o ir s  a p e r io d  o f s ta b le  le v e ls  and m ight ca tch  th e  l a t e  spaw ners.

The tim e and d u ra tio n  o f spawning must be known b efo re  i t  w i l l  be 
p o s s ib le  to  approach th e  owners of th e  re s e rv o ir s  about co o p era tin g  in  a  
s t a b i l i z a t io n  program . F i r s t  c o n s id e ra tio n  i s  always to  th e  farm er who 
needs th e  w a ter fo r  i r r i g a t i o n  o f  c ro p s , b u t i t  i s  hoped th a t  a m utually  
b e n e f ic ia l  agreem ent can be reached w ith  some w ater companies.

Another problem under th e  d ir e c t io n  o f th e  U nit Leader i s  th e  u t i ­
l i z a t i o n  o f rough f i s h .  Carp and  suckers a re  th e  dominant sp ec ie s  of rough 
f i s h  found in  Colorado r e s e r v o i r s .  A program o f n e t t in g  i s  underway to  
determ ine what s iz e s  of g i l l  n e ts  can be used fo r  th e  cap tu re  of th e se  spe­
c ie s  w ith o u t reducing  th e  game and p an fish  p o p u la tio n s . I t  i s  hoped eventu­
a l l y  th a t  th e  g en era l p u b lic  can be p e rm itte d  to  use g i l l  n e ts  f o r  ta k in g  
rough f i s h .  At p re se n t a la rg e  segment o f th e  f is h  p o p u la tio n  i s  not^being  
u t i l i z e d ,  or i s  in ad eq u a te ly  h a rv e s te d  by hook and l in e  f is h in g .  E a rly  re ­
s u l t s  in d ic a te  th a t  th e  2 and 2§ inch  b a r measure mesh g i l l  n e ts  a re  t ie  
most e f f e c t iv e  fo r  ta k in g  carp  and suckers and a re  n o t dangerous to  game 
f i s h .  However, a g re a t d ea l of a d d it io n a l  n e t t in g  needs to  be done b efo re  
co n clu siv e  s ta tem en ts  can be re le a s e d .
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Three men were added to  th e  s t a f f  o f a s s i s ta n t s  fo r  th e  summer 
months. Leonard F isk  and Dale Hoffman were ass ig n ed  to  th e  survey crews 
and Joe Kutkuhn i s  working w ith  th e  U nit Leader.

F isk  i s  assigned  to  th e  Lone Tree R eservo ir p a r ty , w ith  Eugene Gook 
as p a r ty  le a d e r .  He i s  a graduate o f Colorado A & K in  Game Management 
and p la n s  to  con tinue h is  s tu d y  fo r  a M aster o f  Science degree in  F ish  
Management. H is problem fo r  the summer i s  to  le a r n  whstt becomes of th e  f r y  
of f i s h e s .  Are they  ea ten  by o th e r  f ish ?  Or do th e y  d ie  o f  o th e r causes?

Hoffman i s  a s e n io r  a t  A & M and i s  m ajoring in  F ish  Management.
He was ass ig n ed  to  the  Jackson Lake Survey p a r ty ,  headed by Moore. Jackson 
Lake R eservo ir n ear F o rt Morgan, Colorado, i s  the  second impoundment to  be 
in te n s iv e ly  s tu d ie d .

The emphasis t h i s  summer on th e  lak e  in v en to ry  w i l l  be on th e  b io ­
lo g ic a l  in te r r e la t io n s h ip s  r a th e r  than  on th e  physico-chem ical d a ta . Spe­
c i a l  emphasis w i l l  be p laced  on th e  e f f e c t s  o f th e  removal of f is h e s  by 
n e t t in g .

In  co o p era tio n  w ith  th e  Reeky Mountain F o re s t and Range Experiment 
S ta tion*  a  thermograph was in s t a l l e d  on Fool Creek in  th e  F ra se r  F o res t Ex­
perim ent s ta t io n  a t  F ra se r , C olorado. The e f f e c t  o f v a rio u s  ty p e s  o f tim ber 
c u t t in g  on stream  tem peratu res w i l l  be checked. During th e  summer, a b r i e f  
survey of th e  Fool Creek a rea  w i l l  be made. At p re se n t i t  i s  rep o rte d  th a t  
th e  stream  tem peratu re  rem ains too  co ld  to  p erm it t r o u t  p ro d u c tio n . O ther 
f a c to r s  may be th e  cause and th ese  w i l l  be checked d u ring  th e  survey . Should 
th e  Fool Creek a rea  prove u n s a t is fa c to ry , an o th er stream  in  th e  F o re s t w i l l  
be s e le c te d .  The U nit i s  fu rn ish in g  th e  therm ograph and w i l l  conduct th e  
stream  su rvey . The s ta t io n  runs th e  thermograph in  co n ju n c tio n  w ith  o th e r 
m eteo ro lo g ica l in s tru m en ts  and a l l  o th e r  d e ta i l s  o f th e  p r o je c t .

Another thermograph has been i n s t a l l e d  on th e  South Branch o f th e  
Poudre R iver a t  P ingree Park . P ingree Park i s  th e  lo c a t io n  o f th e  Colorado 
A & M F o re s try  School summer camp. Again i t  i s  re p o rte d  th a t  w ater tem pera­
tu re  i s  th e  l im i t in g  f a c to r  to  f i s h  growth. In  th e  fu tu re  some stream  im­
provement work may be done in  an  a ttem p t to  b e t t e r  f is h in g  co n d itio n s  i n  
th i s  a re a . The in s t r u c to r  in  charge o f Game Management work a t  camp, to g e th e r  
w ith  h e lp  from in te r e s te d  s tu d e n ts , w i l l  c a rry  out t h i s  program . The Unit 
fu rn ish e s  th e  thermograph and te c h n ic a l  ad v ice .

The death  of Dean J .  Lee Deen on A p ril 2h, 1951» c o n s t i tu te d  a g re a t 
lo s s  to  th e  C ooperative F ish e ry  Research U n it. Dean Deen was always w il l in g  
to  h e lp  i n  th e  s o lu tio n  o f  problems c o n fro n tin g  th e  U n it. He d id  much to  
ease th e  U nit th rough i t s  growing p a in s , and g re a t ly  a id ed  the  U nit Leader 
in  e s ta b lis h in g  h im se lf in  a new community and surroundings* B esides h is  
p e rso n a l f r ie n d s h ip , h is  valued  judgment and h e lp  w i l l  always be remembered.

Kutkuhn i s  a ju n io r  and p lan s  to  m ajor i n  F ish  Management a ls o .

R e sp e c tfu lly  subm itted ,

W illiam  C. Beckman 
U nit Leader
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The h ig h lig h t  of t h i s  q u a r te r  was ail extended 
f i e l d  t r i p  through C olorado, The S en io rs  m ajoring in  
Game Management o r F o res t R ecrea tion  were taken  on a • 
5-week f i e l d  co u rse0 This t r i p  i s  re q u ire d  f o r  a l l  
men m ajoring in  Game Management o r F o res t R ecrea tion  
and i s  in c lu d ed  in  th e  curricu lum  f o r  F ish  Management 
Majors fo r  n ex t y e a r .

This q u a r te r  seven s tu d en ts  m ajoring in  Game Man­
agement needed a d d itio n a l work in  F is h e r ie s  B iology in  
o rd e r to  q u a l i fy  fo r  th e  F ish e ry  B io lo g is t o p tio n  on 
F edera l C iv il  S e rv ice  Exams, T herefore  a sp e c ia l prob­
lems course was o rgan ized  and inc lu d ed  in  t h e i r  course 
o f s tu d y  f o r  th e  sp rin g  q u a r te r .

In  a d d itio n  to  g iv in g  th i s  course th e  t r i p  a lso  
a ffo rd ed  an e x c e lle n t o p p o rtu n ity  to  g e t acquain ted  w ith  
th e  S ta te  o f Colorado and to  c o l le c t  f is h e s  from v ario u s  
w aters along th e  ro u te 0

I t  i s  th e  p re se n t p lan  to  w rite  a book on the  
F ishes o f Colorado, M0 M, E l lis*  book p u b lish ed  in  19lit 
i s  out o f p r in t  and many taxonomic changes have occurred  
as w e ll as some changes in  th e  f i s h  fauna. Thus th e  
sp rin g  t r i p  was u t i l i z e d  to  begin  th e  work o f  c o lle c t in g  
more specimens on which to  base t h i s  new volume,

A 3,i|00 m ile  c i r c u i t  o f c e n tr a l ,  sou thw estern , 
w este rn , and n o rthw estern  Colorado vfas made from A p ril 11 
through May 19, 1950, Twenty s tu d e n ts , Harold S te in h o f f , 
A ss* t0 P ro fe sso r o f ' Game Management, and I  made th e  t r i p c 
A suburban c a r r y a l l ,  two sedans, and a to n  and a h a l f  s tak e  
body tru c k  p rov ided  th e  t r a n s p o r ta t io n ,  Tents were taken  
along and used where o th e r  s h e l t e r  was n o t a v a ila b le . For 
th e  most p a r t  s t a t e  o r  government housing a t v a rio u s  p ro ­
je c t^  a reas was a v a ila b le  f o r  our u se . The F edera l F o res t 
S erv ice  and th e  S ta te  Game and F ish  Department were p a r­
t i c u l a r l y  co o p era tiv e  bo th  in  p rov id ing  t h e i r  f a c i l i t i e s  
f o r  our use and e s p e c ia l ly  f o r  th e  tim e o f t h e i r  employees 
in  ex p la in in g  t h e i r  work and conducting t r i p s  through th e i r  
a re a s ,

I  b e lie v e  t h i s  sp rin g  f i e l d  t r i p  i s  e x c e lle n t  and 
should be con tinued  and expanded. I t  p rov ides th e  s tu d en ts  
w ith  an o p p o rtu n ity  to  g e t away from t h e i r  tex tbooks to  a 
la rg e  e x te n t and p u t to  work th e  knowledge accum ulated 
during  t h e i r  p a s t  3 and 2 /3rds years  o f classroom  work.
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They saw th e  problems th a t  would be th e i r s  when th e y  
go t jobs and saw how some o f th e se  were being handled»
They made o b serv a tio n s  and surveys o f some problem 
a reas  and made up management p lan s  and suggestions#
During th e  l a s t  two weeks o f th e  Spring  term  th e se  r e ­
p o r ts  were gone over by  the  P ro fe sso r  in  charge and 
suggestions and comments made# Thus th e  l a s t  p ro f e s s o r ia l  
c r i t iq u e  was ob ta ined  befo re  embarking in to  th e  p ro fe s s io n a l
ficldo

The summers’ work program a lso  go t under way in  
June# On June 16 camp was s e t  up a t  Lone Tree R eserv o ir 
and b io lo g ic a l ,  chem ical and p h y s ica l in v e s t ig a t io n s  o f 
th e  R eserv o ir were begun# ' Eugene Cook and R ichard Moore 
a re  th e  a s s is ta n t s  on th i s  survey# They w i l l  be a t  th e  
r e s e rv o ir  u n t i l  l a t e  September# A re g u la r  Lake In v en to ry  
program has been s e t  up#

In  th e  l a s t  q u a r te r ly  re p o r t  m ention was made o f th e  
C a s to l i te  p l a s t i c  p rocess fo r  mounting f ish e s#  Je sse  
W illiam s, a s tu d en t in  Game Management, took a problems 
course under my d ir e c t io n  and worked on the  t  echnique o f 
mounting a s e r ie s  of eggs and f r y  in  p l a s t i c 0 In  th e  cas to ­
l i t e  p l a s t i c  he mounted u n f e r t i l i z e d ,  f e r t i l i z e d ,  eyed and 
ha tch ing  eggs, 1 , 12, 18 and 2k day o ld  fry# This p laque 
makes an e x c e lle n t dem onstration  p ie ce  and i s  u se fu l bo th  
in  th e  classroom  and fo r  p u b lic  m eetings and p a r t i c u la r ly  
could be used in  s ta t e  f i s h  h a tch e rie s#

D ire c tio n s  th a t  come from th e  C a s to l i te  Company of 
Woodstock, I l l i n o i s ,  when follow ed produce e x c e lle n t 
resu lts,#  Minor techn iques of pouring  th e  l iq u id  and add­
in g  th e  h a rd en er, e tc # , a re  soon developed and p robab ly  
can on ly  be acqu ired  by doing*

W ater re a c ts  w ith  th e  p l a s t i c  to  give a minor opaque­
ness to  th e  specim ens, and v a rio u s  agents should be t r i e d  
to  g e t th e  b e s t  media# B est r e s u l t s  were ob ta ined  from 
specimens th a t  were taken  from formaldehyde s o lu t io n s , 
a lthough th e y  gave a s l ig h t  cloudy appearance# A bsolute 
a lco h o l does n o t work w ell w ith  sm all specimens because 
th e y  s h r iv e l  up on exposure to  air<> I t  i s  q u ite  p robab le  
th a t  a fo rm alin  s o lu tio n  in  a lco h o l would be th e  b e s t  media 
fo r  th e  mounting technique#

Personnel and C ooperating Agencies

•For a l i s t  o f p e rsonnel and coopera ting  agenc ies, 
th e  re a d e r i s  r e fe r re d  to  Vol, 1 , No0 2, in  t h i s  s e r ie s  o f 
rep o rts#
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S ize  o f Q u a rte r ly  R eport

Following a d i r e c t iv e  from th e  C en tra l O ffice  
o f th e  F ish  and W ild life  S e rv ice  in  W ashington, on ly  
th e  h ig h lig h ts  of th e  work have been g iven . Should 
anyone w ish  a d d itio n a l in fo rm atio n  on any item s men­
tio n ed  in  th e  q u a r te r ly  re p o r ts  I  s h a l l  be p leased  
upon re q u e s t to  send th e  a d d itio n a l d e ta i ls»

R e sp e c tfu lly  subm itted ,

W illiam  C, Beckman, 
Leader
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Statement from Colorado Division of Wildlife's 
Non-Game Advisory Council

Rehabilitation of the Douglas Creek Watershed 
and Restoration of Native Cutthroat Trout

The Douglas Creek watershed in northwestern Colorado covers 
approximately 220,000 acres. The present state of the watershed 
is characterized by deep arroyos and expanses of greasewood. One 
hundred years ago this watershed was characterized as . . .  "the 
best grazing land you ever seen —  grass up to the stirrups of a 
horse" (see attached paper by Behnke). The Douglas Creek watershed 
is a classic example of accelerated erosion due to past over-: 
grazing by domestic livestock. The process of accelerated erosion 
can be reversed and, concomitantly, riparian vegetation re-esta- 
lished, sedimentation levels greatly reduced, stream channels 
stabilized and intermittent flows can become perennial (for docu­
mentation see attached paper) to again create favorable trout 
habitat.

The native trout of Douglas Creek is the Colorado River cut­
throat ̂ trout, Salmo clarki pleuriticus, presently an extremely 
rare fish and recognized by the Colorado Division of Midlife as a 
"threatened species." In the headwaters of Douglas Creek, several 
tributary streams have trout populations representing various de­
grees of hybridization between the native cutthroat trout and the 
introduced rainbow trout. One tributary, Soldier Creek, has a 
trout that is quite typical of S. c. pleuriticus in appearance 
(there is no outward indication of hybridization).

The opportunity for the Division of Wildlife and the BLM to 
enter into a cooperative arrangement to rehabilitate the Douglas 
Creek watershed for the benefit of native fish and wildlife and 
recreation is strongly endorsed by the Non-Game Advisory Council.

Of the 110 miles of perennial and intermittant streams in the 
watershed, 64 miles are on BLM lands and 46 miles on private or 
state lands. The private land is owned by the Tippery Oil Co. 
which, hopefully, will cooperate in the effort to rehabilitate the 
watershed through strict controls on livestock grazing. Some of 
the private lands are leased by the American Sportsman's Club. The 
Club has constructed several dams in the arroyo of West Creek to 
create ponded areas. These have been stocked with rainbow trout 
which reach a large size. Perhaps similar techniques could be used 
in other parts of the watershed to reduce erosion, raise the water 
table, and create habitat for cutthroat trout.

Once the watershed is revegetated, particularly with riparian 
vegetation, erosion and sediment loads should be tremendously re­
duced, the intermittant streams should become perennial with clean, 
cool water of good quality —  suitable for native cutthroat trout. 
With vigorous stands of riparian vegetation, a great diversity of



birds, mammals, reptiles and amphibians, not now present (or in low 
numbers) should become established on the watershed.

The major significance of the proposal, however, would be to 
demonstrate that the process of accelerated erosion, which has 
converted millions of acres of grassland into virtual wasteland 
in the Southwest during the last 100 years, is reversible and the 
original values of fish, wildlife and a dependable quantity of 
quality water emanating from this watershed can be restored.

This rehabilitation project could be completely justified, 
if for no other reason, solely on the basis of the BLM's mandate to 
reduce salinity in the Colorado River basin (see BLM 1977 Status 
Report: The effects of surface disturbance [primarily livestock] 
use on the salinity of public lands in the upper Colorado River 
basin).



A River Runs Through It

■ ith the close of the 1997 field season, CNHP has sampled and 

classified vegetation in nine of the ten major watersheds in 

Colorado (see inset). This project will generate a complete 

statewide description of riparian plant communities in Colorado.

CNHP employees Tom Stephens and Jennifer Zoener overcame 

unseasonai rains, high water, impenetrable vegetation and biting insects to 

visit approximately 35 miles of the San Miguel River main stem and 50 miles 

of tributary streams. This project will help identify impacts of flow alterations in 

the river, and provide information on the condition of riparian areas, helping to 

guide management decisions in the watershed.

The CNHP riparian ecology team finished sampling the Upper Rio 

Grande and Closed Basin watersheds. During these surveys, we discovered 

three new riparian communities, including what is “probably the most pristine 

cottonwood stand in the state,” according to ecologists Gwen Kittel and 

Renée Rondeau. This is a three-mile-long occurrence of the globally imperiled 

narrowleaf cottonwood/Drummond’s willow-Rocky Mountain maple plant type 

which is found in the Rio Grande National Forest.

The multi-year effort has been possible through support of the CO Dept, of 

Natural Resources, EPA, BLM, BOR, willing landowners, and other partners.

A New Spin 
on Riparian 
Know-How

mÊÈmWmmm Mt littllll 1 ¡11 É •••• §f

An interactive CD-ROM.

communities and the western 
. "::r P  ■  i i p i  p  • I  IS P  ■  i 
United States vegetation

" UaÉMHÉi
\*h ...

the federal standard, is scheduled 

for completion and distribution to 

land managers in March 1998.

Users virili be able to search 

information on over 2200 plant

scientific and common names o f| 
I Hi 'HHHHIliHHH

and state Natural Hallage rarity, " , 

ranks. More Information bn 

Colorado riparian communities 

indudes distribution, habitat, and a 

description o f the surrounding ,

' ' , > 
each community type, cross-

X" ":X . ¡1 f ' 'V
management information.

The CD*ROM is the result of a 

collaboration between CNHP, the

the US Geological Survey, and the 

Environmental Protection Agency.
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New Features Now Available in 
Colorado Natural Heritage List

She latest edition of CNHP's Rare and Imperiled 

Animals, Plants, and Plant Communities is 

now available with updates and new features. This 

complete list provides the scientific and common name, 

the global and state Natural Heritage rarity ranks, and 

the federal and state legal protection status for more 

than 1,200 plants, animals, and plant communities 

tracked by CNHP. The list catalogs those species with a 

state rarity rank of S1 (critically imperiled or extremely 

rare), S2 (imperiled or very rare), or S3 (vulnerable, rare, 

or found in a restricted range).

Two new critically imperiled plant 

species: Among the new 

plant listings are two new G1 

(critically imperiled globally): 

the skyrocket ( Gilia sedifolia)

found in the San Juans, and 

the bladderpod (Lesquerella 

vicina) found in the 

Uncompahgre River Valley.

Illustration by D. Baker

Cross-reference by county: New to this 

edition is a cross-reference that lists rare and imperiled 

species and significant plant communities by the 

Colorado counties from which they have been 

documented. This is a new twist on last year’s cross- 

reference by Bailey's ecoregions.

Complete Plant Community List: As a new 

feature, the list reflects the work of CNHP ecologists to 

develop a statewide plant community classification 

scheme. This latest edition is the first to list all plant 

communities found in Colorado.

Updated listings: Since the April 1996 edition, 

31 plant, 11 vertebrate, and 1 invertebrate species have 

been ranked as rare or imperiled and added to the list. 

Twenty-nine vertebrate and three plant species have 

been dropped from the list due to field surveys clarifying 

their relative degree of impediment in the state.

Peer reviewed rankings of vertebrate 

species: Vertebrate state rarity ranks have been 

updated as the result of an intensive expert peer review 

process. Experts were drawn primarily from the 

Colorado Division of Wildlife, federal agencies, the 

academic community and non-governmental 

organizations.

The Natural Heritage List, Rare and Imperiled 

Animals, Plants, and Plant Communities Vol 3, No. 1 is

available on the internet via anonymous FTP from: 

ftp://ftp.heritage.tnc.org/pub/nhp/us/co/rarelist.txt
or via our homepage at:

http://www.colostate.edu/orgs/CNHP. Hard copies 

will be available upon request from CNHP. Contributions 

of $10 to cover printing and shipping costs are 

appreciated.

Thank You For Your Gift
Dave Armstrong V ^  ,

Vince McElligott 
Randall Ferguson 
Buck and Barbara Ingersoll 
Bob Barfbrd 
Caroline H: Coleman 
Susan Sheridan 
Paula Lehr 
Robert Poole 
Odell’s Brewery

'.tovelan<riS 
f S ¡ p d e r ' ' ; 
lIRCoHins 
ÍGoíden \ÉÊÊÊÊ  
Colorado Springs

Fort Collins 
Denver 
G unnison^ 
Salida 
Fort Collins
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San Juan Mountains:

In 1997, CNHP bullion 19 

years of monitoring and 

search efforts for the 

federally endangered

Uncompahgre fritillary (Boloria acrocnema). This 

species was believed to be approaching extinction, but 

CNHP scientists Aaron Ellingson and Mundy Hackett 

visited 54 potential colony sites and confirmed the 

persistence of all previously known populations, and 

located one new colony site. This brings the total 

number of colonies to 7 with 14 populations.

The Uncompahgre fritillary is known to occur only in 

high-elevation, moist alpine meadows within the San 

Juan Mountains. CNHP has spent much time and effort 

attempting to survey these remote areas, and our 

success in 1997 indicates that such efforts are justified. 

Continued monitoring will be critical to understanding the 

causes of population fluctuations that could lead to 

extinction, potentially indicating a need for additional 

management.

Boulder: For the second year 

in a row, CNHP scientists have 

surveyed the City of Boulder 

Open Space and Mountain 

Parks for rare and imperiled butterflies. This field season 

Zoologist Phyllis Pineda discovered 11 new locations 

and updated four others.

Most exciting was encountering the Regal fritillary 

(Speyeria idalia), a large and beautiful butterfly that has 

seen a serious decline in both numbers and habitat 

across North America since the early 1980’s. Only one 

colony in eastern Colorado is confirmed; however, 

CNHP’s encounter of a fresh individual during the peak 

of its breeding season suggests the presence of a small 

colony in the Boulder Foothills.

W e also discovered three new locations of the state 

rare Ottoe skipper (Hesperia ottoe), an important 

indicator of xeric tallgrass prairies, which have been 

declining along Colorado’s Front Range.

Saving Butterflies on Both Sides of the Divide
CNHP inventories are helping land managers understand the conservation 

needs of globally significant butterflies in the San Juan Mountains, 

and for the City of Boulder Open Space and Mountain Parks.

I f

Big Survey—small subject

B NHP’s largest single-species inventory this

year was for the proposed endangered Preble’s 

meadow jumping mouse (Zapus hudsonius 

preblei). Zoologists found numerous locations of the 

mice in Douglas County, one new location in Jefferson 

County, and conducted radio telemetry studies of 

jumping mice on the U.S. Air Force Academy. The 

telemetry studies were the first successful attempt to 

understand the mouse’s life history patterns in order to 

facilitate better land-use planning.

Be our Secret Santa. 
We’ve been really good this year. 

CNHP is wishing for:
Laptop computers for W P 5.1 or better 

486 computers or better 

Color Printer 

Dissecting Microscope 

Reliable refrigerator 

Legal File Cabinets 

Large Walk-in Tent 

Bookshelves
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Beetles, Birds, Bats and Other Fun Species 
in Saguache County Closed Basin

■ his summer, CNHP field teams conducted a 

rapid ecological assessment in Saguache 

County Closed Basin. Numerous mountain 

streams drain into this large and high mountain valley, 

creating Colorado’s most extensive wetlands, one of its 

largest aquifers, and the world’s highest sand dunes. 

CNHP biologists found over 60 imperiled animals, plant 

species, and plant communities between the extensive 

sand dunes, playa lake wetland complex, and a diverse 

foothill/montane ecosystem.

In the San Juan 

Mountain foothills, scientists 

discovered the first 

Colorado location of the 

Wyoming ground squirrel 

(Spermophilus elegans), 

significantly extending its 

known range. They also found Colorado’s 

fourth known breeding colony of 

Townsend’s big-eared bat ( Pletownsendii) in an 

abandoned mine shaft on private land. The landowner is 

very interested in protecting this location. CNHP  

botanists located several new populations of slender 

spiderflower ( Cleomemulticaulis), and a new popluation 

of Smith’s whitlow grass (Draba smithii), bringing the 

total number of known locations for this species to eight. 

They also found two new San Luis Valley locations of 

milkvetch ( Astragaluscerussatus) and grass fern

(Asplenium septentrionale), and significantly extended 

the known range of several populations of rock-loving 

neoparrya (Neoparrya lithophila).

While conducting wetland inventories, teams 

discovered a new county location for the plains 

spadefoot toad (Spea bomifrons), and a new population

of the Rio Grande chub ( Gila pandora)— a declining fish 

that is a concern of regulatory agencies. But despite 

their efforts, the team was unable to find any locations 

for the northern leopard frog (Rana pipiens). This frog, 

reported to be abundant in the San Luis Valley during 

the 1970s, has been declining over much of its range 

and will continue to be a concern of CNHP.

As you travel south toward the lowest part of the

Closed Basin, the lakes and 

wetlands become very salty. 

These saline lakes and 

wetlands provide an 

important habitat for the last 

large and healthy 

populations of slender 

spiderflower (Cleome 

multicaulis), and are very 

important for shore birds and waterfowl.

Adjacent to this extensive and diverse playa lake 

wetland system are the Great Sand Dunes. Here, 

zoologists found new locations for the endemic and 

globally restricted San Luis Dunes tiger beetle (Cicindela 

theatina). They also discovered the first location in 

Saguache County for a solitary tiger beetle (Cicindela 

purpurea cimarrona), and four species of newly 

discovered insects that are still unnamed.

This wealth of information, partnered with two other 

CNHP efforts in the area-riparian area inventory and 

wetland inventory, will be given to Saguache County 

commissionerà and citizens to identify areas suitable for 

protection and restoration in the San Luis Valley. These 

support The Nature Conservancy’s program to work with 

local landowners and agencies to develop conservation 

strategies that incorporate local economic interests.

Sand Creek and the Great Sand Dunes
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PISH DISTRIBUTION
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A new hypothesisjA  the origin of the mod­
ern Colorado River and its Grand Canyon 
in northern Arizona is graphically set 
forth in this chart prepared by the Mu-

seum of Northern Arizona in Flagstaff. 
Some 35 million years ago (A), the up­
lifted Kaibab Upwarp separated two riv­
er drainage systems east and west of the

present Grand Canyon« Subsequently (B), 
the western system’s headwaters eroded 
headward, or eastward through the Up­
warp, and “captured” the eastern system

sometime after 10*6 million years ago. 
Downcutting of the eastern Grand Canyon 
and other features of the modern Colo­
rado River system (€) occurred Since.

this “capture,” the hypothesis holds. Ar­
rows indicate probable direction of pri­
mary drainage. (Chart Courtesy Museum 
of Northern Arizona)

Was Grand Canyon Carved by 2 Rivers Rather 7
FLAGSTAFF—A new theory on the creation 

of the Grand Canyon has been advanced by 21 
geologists and geophysicists in the recently pub­
lished Museum of Northern Arizona bulletin 
entitled “Evolution of the Colorado River in. 
.Arizona/̂  "" ■..../._cLI
! The new hypothesis "was evolved at a  special 
symposium held at tire museum’s! research 
center here during the summer of T964. The 
basic premise of the new theory is that 11 
million years ago there were two “Colorado 
Rivers” in northern Arizona, in contrast to the 
one river remaining in the canyon today.

THE CONCEPT is at sharp variance with; 
the long-held idea that the Grand Canyon was 
qarved by a single, swift, abrasive river as

it cut downward along its full course at a rate 
roughly the same as that of the uplift of the 
land.

The new theory states that the major uplift­
ing of land;^occirred millions of years before 
what is now the Grand Canyon began to idrm 
and created two separate river drainage sys­
tems to the east and west of the uplifted area 
now known geologically as the Kaibab Upwarp 
and geographically as the Kaibab Plateau.

The initial uplifting began 70 million years 
ago and raised what had been a gently sloping 
alluvial 1 plain, draining to the northeast, to 
altitudes of about 10,000 feet. Faulting accom­
panying the uplift created great escarpments, 
the remnants of which are still visible today in

such features as the Grand Wash Cliffs and the 
Hurricane Cliffs west of the Grand Canyon«

BY 35 million years ago, the geologic evidence 
indicates, the two separate river systems were 
well established. The eastern system, labeled 
the Ancestral Upper Colorado at the symposium, 
probably drained to the southeast while the 
so-called Hualapai River system to the west 
drained northwestward into present-day Utah.

The modem Colorado River was established, 
the new hypothesis holds, when the western 
system “captured” the eastern system by the 
process of headward erosion. The western sys-. 
tern gradually extended its headwaters east­
ward across the intervening Kaibab Plateau

until the eastern system was reached and di­
verted today.

Once the single river system was established, 
geologic events in the area principally con­
cerned downcutting by the river, with the forma­
tion of the eastern Gr^dt^Canÿbn,: Glen Canyon, 
Marble Canyon and the San Juan canyons, and 
with the development of various erosion sur­
faces of the; modern river . ¡system.

THE symposium report that 1.2 million 
years ago the “Lower Canyon” lavas dammed 
the river at Torbweâp Point.

“By this time tiie gorge of the Colorado River 
and Grand Canyon itself were essentially cut, 
for the channel of the river today is only a few

tens of feet below these lavas,” the bulletin 
points out.

“Why the Colorado should have downcut only 
a few tens of feet in approximately the last 
million years, whereas -during the preceding 
severaltmjlhon years it downcut some thousands 
of feet, is uncertain,” the bulletin adds.

THE MAJOR factor in the rapid initial down­
cutting, if suggests, may have been continued 
uplifting of the area and a substantial increase 
in the amount of water in the river after capture 
of the eastern drainage system.

The slow rate of downcutting in more recent 
times might have resulted from a cessation 
of the uplifting, recurrent damming of the river

(Continued on Page 2-C, Col. 6)
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Wjth a firmly established na- 
tlliial reputation.
prosperous even before it has 
opfened its doors, the college has 
© fat wallet containing $25,000 
•coated by 204 members of the 
£aw Society; a noneprofit cor- 
juration formed to provide pri­
vate support essential for a 
first-class school.

portion of these funds, plus

insurance, theater, military and 
the Internal Revenue Service.

Their ages vary from 19 to 72, 
but- 79 of the 110 are in the 2i- 
to-25 age bracket.

THEY’LL embark on studies 
leading to practice in, a profes­
sion that Pedriek considers the

n e w s p a p e r  struck

UTICA, N.H. (AP) — A press- 
strike prevented publica-

in modern circular form, of the 
British House of Commons.

S i d e w a l k  superintendents 
watching construction of the

Among Pedriek’s first; catches i 
was Richard C. Dahl, U: be- i 
spectacled karate and jud|, ex­
pert who was law librarian for 
the State of Washington :Tour 
years. Dahl also served with the < 
U.S. Department of Justice, ( 
Judge Advocate General’s Of-, 
fice, U.S. Department of Navy 1 
and the U.S. Treasury Depart- 
rnent. ;

He looks forward to the day 
when the ASU college of law 
will fill its shelf space of 200,-
000 books.

William C. Canby Jr., ja forr ‘ 
mer Peace Corps director in 
Africa, personifies the kind of 
legal scholar Pedriek sought. 
Canby was first in the Universi­
ty of Minnesota law school 
graduating class of 1956.7

A MEMBER of the Air Force 
> Judge Advocate General’̂  Corps
* and a law clerk to Justice 
Charles E. Whittaker of the U.S.

\ Supreme Court, Canby later was 
! a special assistant to Sen. Wal- 
r te r Mondale of Minnesota, a law
• school classmate at the Univer­
sity of Minnesota.

, Pedriek also lured to ASU Dr.
1 Edward W. Cleary, former pro- 
■ fessor of law at the University 
, of Illinois and recently the re- 
- porter for the committee af§

men s strike prevented puDiica- 
tion of the Utica, Observer-Dis­
patch yesterday, as four other 
unions vowed not to cross picket 
lines.

(Continued from Page 1-C)
by lava flows and the relative­
ly greater resistance to erosion 
of the deep Precambrian rocks, 
more than 600 million years old, 
compared to the younger, weak­
er se&mentary rocks encounter- 
ed by the river at higher levels 
during earlier cutting.

F o r ‘Your M oney’s  W orth,1 
it’s Sylvia P o rte r,that Pedriek considers the 

most noble in the world.
In the future, attorneys will 

find themselves increasingly oc­
cupied with the legal problems 
of the poor, according to Pedr 
rick. Therefore, they must know 
more about social and economic 
problems and psychology and

building refer to two circular 
domed rooms joined by a plexi­
glass-domed rotunda as a miniar 
ture astrodome.

Some students have nicknam­
ed the law building “Miss Maid- 
enform” because an aerial view 
suggests a brassiere.

PEDRICK describes the 79,950 
square-foot building as “unusual 
in shape, rich-looking and econo­
mical.” It was built for $19.70

JACKIE IN IRELAND
DUBLIN (UPI) — Jacqueline 

Kennedy returned to ( Ireland 
yesterday after a sax-day visit 
in Italy. She immediately left 
Dublin Airport by car for Water­
ford where she rejoined her two 
vacationing children.

sociology, too, he said.
“Lawyers are trained to be 

contentious and to become 
acclimated to the adversary 
process and verbal combat,” 
Pedriek said. “There is room 
for a variety of tasks to be done 
in the law profession. The na­
tion is in short supply of law­
yers, a fact about which it be­
came acutely aware a few years 
ago.. Since then, construction of

the income from a $90,000 es- 
t§ e  left in trust to ASU, will 
provide around 10 scholarships 
in the college’s first year.

THE FIRST scholarship will 
be awarded to an American In­
dian, in keeping with Pedrick’s 
pledge to help tribes of the 
Sotuhwest help themselves.

A federally financed program 
at the University of New Mexico 

is preparing Indians to 
embark upon careers in law. 
l i te r  they finish this readiness 
course, Indians will be eligible 
td enroll in law colleges at New 
Mexico,.; /the University of Ari* 
zona and ASU.

“As far as I know, Arizona, 
New Mexico and Utah have 
never graduated an Indian at- 
tolney/V Pedriek said. “Noŵ  
wd’re on our way to doing some-

Free Book Tells AH.. 
Sells Nothing

is one of the striking features 
of the Law Building. It provides
a dramatic setting for final 
arguments before a full bench.

MOOT COURT also will , be 
used for meetings of the Student

cost of $40 a square foot for 
law college under way at the “Your Hearing and Your 

Health.”
It doesn’t sell a thing. 

There’s not even a single 
word about Sonotone’s new 
all-transistor hearing aids. 
Contains facts about care 
of the ears; effects of vita­
mins and drugs on hearing ; 
whether deafness is inher­
ited, and many other re­
vealing facts.

“I was afraid I needed a 
hearing aid. But thank 
goodness I sent for that 
booklet. Now I know I don’t 
need one after all. Maybe 
it  "vHll help others as it 
helped me.”-

If you hear, but don’t un­
derstand, perhaps you don’t 
need a hearing aid — as 
you’ll learn from this 
revealing 40-page booklet,

University of Southern Califor­
nia.

A third of the cost was paid 
by federal funds.

Members of the law faculty 
will welcome in September a 
diverse group of students (who 
must have undergraduate de­
grees) now pursuing careers in

Bar Association, for occasional 
class sessions, programs of con­
tinuing education by the organ- BARGAIN
ized bar and for public lectures.

From a central well, rows of 
elevated tiers of benches with 
broad desk tops rise to the front
and both sides in a fashion
somewhat reminiscent, though accounting, baseball, medicine,

Safety of Children 
Homeowner Liability

KU R U M A N  GRAND PIANO. 
Beautiful tone and action. Per­
fect size. Needs some case work.

New $ C O C
$1795 - TODAY

ARIZ. PIANO STORES
500 W* Indian School

The Name 
You Can TrudS O N O T O NEIn a recent case Suzie Strauss, 8, and her mother were visit­

ing oik of mother’s old friends. Her new home had lots of 
glass sliding doors, a big patio and a swimming pool.

Suzie had a-time at the pool. After dinner she went for a 
short swim again.

Mother went into the house and later called Suae in. It was 
getting cold. Running into the 
house, Suae collided with the 
sliding glass door, shattered it 
and cut herself badly.

THIS WAS the first t i m e  
that  Suzie had usM the glass 
M ill^ l^ iilg iiu g iii^ ijs ra s

CLOSEOUTCarpetland
Warehouse

Bargains!
-ferculon SOI Dupont

Nylon

social guests of dangerous or 
hidden “traps.” A social guest 
takes all other risks in the 
house like the family.

(This legal column is is­
s u e d  as a public service 
■jb^er of t h e

GOOD SELECTION OF QUALITY BEDROOM AND LIVING ROOM FURNITURE 
MUST BE SOLD REGARDLESS OF COST OR LOSS. DUE TO RECENT DAMAGjjg 
OUR BUILDING MUST BE COMPLETELY REDECORATED. HOWEVER, B E M f l  
REDECORATING CAN BEGIN, THIS LOVELY FURNITURE MUST B E | f l  
HURRY, DON'T MISS THE FURNITURE BARGAINS OF T H E W ^ i j j j B

I C D C E

Kerne , ' .~i-
...4b* ¿iiííp

City—— ...... State—



INTRODUCTION

The h is to ry  o f Colorado ich thyo logy  t r a c e s  i t s  o r ig in s  to  the  e a r ly

|  U*S* G eological and G eographical Surveys* F ishes were c o lle c te d  by th e

j  n a tu r a l is t -  on th e  survey and sen t to  E*D* Cope who examined th e  specimens
-  X  #1  )

and id e n t i f ie d  them*r O ften as n o t, many o f th e  specimens would be d e s-  

. c rib ed  as new species* An example o f' such lic e n se  can be i l l u s t r a t e d  

by the  synonymy of N otropl^ stram ineus m issu rien sis*  In  l864 t Cope 

\ d esc rib ed  Hvbognathus s tram ineus. In  1871f Hvbopsis m is su r ie n s is  and % 

Hvbopsis s c v lla  allA .of/which a r e  synonyms o f th e  a fo re sa id  sp ec ie s(S u ttk u s  

1958i313)» C o llec tio n s  from th e  Arkansas R iver (Cope and Yarrow 1875) 

and th e  North P la t te  River(Cope 1870) a re  th e  e a r l i e s t  c o lle c t io n s  from 

e a s te rn  Colorado. The nex t survey o f Colorado f is h e s  was taken  in  1889»- 

when Jo rd a n (l8 9 l)  c o lle c te d  and examined specimens from th e  a re a . Very 

l i t t l e  in v e s t ig a t io n  succeded Jo rd a n 's  r e p o r t .  S carcely  a dozen papers 

were p u b lished  from 1904 to  1929. The papers  th a t  were p u b lished  a re  

Juday (1904),(1905); E l l i s ( l 9 l 4 ) ;  E l l i s  and J a f f a  (1918); J a f f a  (1917); 

C ockerell (1 9 0 8 ) ,(1911a), (1911b)» (1927); Evermann and C o ck e re ll(1908); 

and Smith (1929). U nfortunate ly  none o f th e se  in v e s t ig a to r s  was h ig h ly  

sp e c ia liz e d  in  th e  in trac& c ies  t» o f sy stem atic  ich th y o lo g y . The q u a li ty  

o f  th e  work during  th i s  tim e span was th e re fo re ,  n o t uniform ly  h igh .

A gap o f th re e  decades e lasped  befo re  Beckman (1952) pub lished  a key to  

Colorado f is h e s ,  based on a survey o f  the  l i t e r a t u r e  a t  t h a t  tim e. 

S ig n if ic a n t taxonomic s tu d ie s  have s ince  made h is  l i s t  o f  f is h e s  inadequate  

Only one subsequent in v e s t ig a t io n  has bean p u b lished  a f t e r  1952, D iffen - 

bach(1966) on th e  taxonomy o f  the Salmo c l a r k i i  s tom ias.

In  g en era l one may say th a t  very  l i t t l e  i s  known about th e  f is h e s  

o f  e a s te rn  Colorado and th a t  most o f th e  l i t e r a t u r e  i s  da ted  and



h ig h ly  inadequate  to  d e sc rib e  p re se n t co n d itio n s  o f  th e  sp ec ie s  in  t h i s  

a re a .

PROGRESS REPORT 

C o llec tio n s

C o llec tio n s  have been made a t  th e  fo llow ing  lo c a l s .  South P la t te  

R iv e r ia t  Ford, n o rth  o f  K ersey, p a s t  G reeley , south o f G oodrich, P l a t t e -  

v i l l e ,  one m ile above Cargy, South o f Ovid, southw est o f S te r l in g ,  

above Eleven m ile r e s e rv o i r ,  south  o f Crook, one m ile below T a rry a ll  road , 

near W atertown, between Weldona and Narrows B ridge, between Orchard and 

Goodrich b r id g e s , o u ts id e  o f Beetwood.

Pawnee Creek: twelve m iles w est o f S te r l in g  on H.W. 14, f iv e  m iles n o rth  

o f  Rayraer, on th e  L e s lie  M. Beck ranch .

Crow Creek: o f f  H.W. 14, e a s t  fo rk  on th e  Pawnee N ational G rasslands. 

Beaver Creek: below Brush, Colo.

W ildcat Creek

Big Thompson R iver: e ig h t m iles w est o f Loveland, n ear P a lisa d es  m ountain, 

n o rth  fo rk  above Drake, tw enty m iles w est o f  Loveland, one m ile south 

o f  Loveland, two m iles e a s t  o f th e  V aally  Highway.

L i t t l e  Thompson R iver: so u th eas t o f M illik en .

d e a r  Creek a t  the  confluence o f th e  Big Thompson R iver.

S a in t V rain R iver: south o f Hygiene, C o lo ., west o f  Gowandg 

Lefthand Creek: one m ile northw est o f Niwot, on N.63rd and Niwot road . 

Boulder Creek: a t  ju n c tio n  w ith  Highway 287, n o r th e a s t  o f  B oulder, in  

Boulder in  th e  c h ild e rn s  park .

South Boulder Creek on highway 5&.

L i t t l e  Dry Creek near F o rt Lupton



Coal Creek* e a s t  o f L afay e tte

Boxelder Creeks two m iles n o rth  o f Highway two m iles northw est o f 

Buckeye.

Cache la  Poudre R ivers e a s t  o f F o rt C o llin s , th re e  m iles e a s t  o f i n t e r ­

s ta t e  25, e a s t  o f Windsor.

F o s s i l  Creeks seven m iles south o f F o rt C o llin s l  

Park Creeks th re e  m iles south  o f  F o rt C o llin s .

I r r ig a t io n  d itb h  so u th eas t o f  F o rt C o llin s .

I r r ig a t io n  d i tc h  south o f T rilb y  Corners.

North Boulder Farm er's  d i tc h

Boulder and Weld Co. d i tc h  o n e -h a lf  m ile n o rth  o f Layner.

Mail Creek s ix  m iles south o f  F o rt C o llin s .

S te r l in g  R eservo ir

Jackson R eservo ir

Seaman's R eservo ir

R eservo ir #9 o u ts id e  o f Waverly

Larim er Co. d i tc h  south o f N eyer's  Corner

Terry  Lake i n l e t

I r r ig a t io n  d i tc h  from Terry Lake

F u rth er c o l le c t io n  w i l l  be done on th e  s t r e tc h  o f  th e  South P la t te  R iver 

from I l i f f  to  Nebraska. T r ib u ta r ie s  south  o f Denver and southw est o f 

Denver w i l l  a lso  be sampled n e x ^  y e a r . A l i s t  o f th e  f is h e s  c o lle c te d  

i s  g iven .

F ishes n o t y e t  caught b u t known o r suspected  in  th e  d ra in ag e  b a s in  

a re  Carpiodes f o r b e s i .  Chrosomus e o s . Chrosomus neogaeus, Hybopsis. 

a e s t iv a l i s  te tran em u s, Hvbopsis b ig u t t a t a . Hybopsos g r a c i l i s , Hybopsis



FISHES COLLECTED

PAWNEE CHEEK

Not r o p i s lu t r e n s i s  lu t r e n s i s
Not r o p i s stram ineus m is su r ie n s is
Pim aphales promelas
Catos to mus catostom us g r ise u s
Ic ta lu ru s  melas
Fundulus kansae
Fundulus sc ia d ic u s
La pomis cy an e llu s
Lepomis hum ilis

Beaver Creek
N otropis stram ineus m is su r ie n s is  
Catostomus commersoni su ck ley i 
Fundulus sc ia d ic u s  
Lepomis hum ilis  
Lepomis cy ane llu s

W ildcat Greek
N otropis d o r s a l is  d o r s a l is  
N otropis stram ineus m is su r ie n s is  
Pim aphales prom elas 
I c ta lu ru s  melas 
Fundulus kansae

Big Thompson R iver
N otropis d o r s a l is  d o r s a l is
N otropis stram ineus m is su r ie n s is
R hìn ichthys c a ta ra c tae
Pim aphales prom elas
Sem otilus a trom acu la tu s a trom acu latus
Campostoma anomalum pullum
Catostomus catostomu-s g r ise u s
Catostomus commersonS su ck ley i
I c ta lu ru s  melas
Fundulus kansae
Fundulus sc ia d ic u s
Porcina caprodes
Etheostoma nigrum nigrum
M icropterus salmoid e s  salm oides
Lepomis cy an e llu s
Perea fla v e sc e n s



Park Creek
Sem otilus a tro m acu la tu s a trom acu latus 
R hinichthys c a ta ra c ta e  
Catostomus commersoni su ck ley i 
Fundulus kansae 
Etheostoma e x ile

S a in t V rain R iver
N otrop is cornutus f r o n ta l i s
N otropis d o r s a l is  d o r s a l is
N otropis stram ineus m is su r ie n s is
R hin ichthys c a ta ra c ta e
Campostoma anomalum pullurn
Sem otilus a trom acu la tu s a trom acu latus
Pim aphales prom elas promelas
Cyprinus carp io
Hvbognathus hankinsoni
Catostomus commersoni su ck ley i
Catostomus catostom us g rise u s
Fundulus sc ia d ic u s
Fundulus kansae
Etheostoma nigrum nigrum
P ercina  caprodes
Lepomis cy an e llu s

Boulder Creek
Pim aphales prom elas
Sem otilus a trom acu la tu s a trom acu latu s
Cyprinus carp io
R hinichthys c a ta ra c ta e
Catostomus catostom us g rise u s
Catostomus commersoni su ck ley i
Fundulus sc ia d ic u s
Lepomis cy an e llu s
Lepomis hum ilis

Lefthand Creek
Sem otilus a trom acu latus a trom acu latus 
Pim aphales promelas 
R hin ichthys c a ta ra c ta e  
Catostomus catostom us g rise u s

L i t t l e  Dry Creek
Pim aphales prom elas



Coal Creek
Fundulus kansae 
Pim aphales prom elas

South P ia t te  R iver
N otropis d o r s a l is  d o r s a l is  
N otropis stram ineus m is su r ie n s is  
N otropis lu t r e n s i s  lu t r e n s i s  
N otropis b len n iu s
Sem otilus atrom aoulatus atroma c u la tu s
Pim aphales prom elas
R hinichthyes c a ta ra c ta e
Cyprinus carp io
Campostoma anomalum pullum
Catostomus catostom us g rise u s
Catostomus commersoni su ck ley i
Fundulus kansae
Fundulus sc ia d ic u s
Hvbohnathus hankinsoni
Dorosoma cepedianum
Lepomis cy an e llu s
Lepomis hum ilis
M ioropterus salm oides salm oides

Boxelder Creek
Catostomus catostom us e ra s b u s  
Catostomus commersoni su ck ley i 
Pim aphales p romelas 
Cyprinus carp io  carp io

Cache l a  Poudre R iver
N otropis stram ineus m is su r ie n s is  
Sem otilus a trom aoula tus atrom aoulatus 
Pim aphales prom elas 
Cyprinus carp io  
Campostoma anomalum pullum 
Catostomus commersoni suck ley i 
Etheostoma nigrum 
M icropterus salm oides salm oides

Mail Creek
Sem otilus atrom aoulatus

Lewis creek
N otropis stram ineus m is su r ie n s is  
N otropis d o r s a l is  d o r s a l is  
Pim aphales prom elas 
Catostomus commersoni su ck ley i 
Fundulus kansae 
Lepomis cy an e llu s  
Lepomis hum ilis



Cedar Creek
N otropis lu t r e n s i s  lu t r e n s i s  
N otropis stram lneus m is su r ie n s is  
N otrop is sp .
Sem otilus a trom acu la tu s a tro raaou latus 
Pim aphales prom elas 
Hybognathus SP.
Cato stomus commersoni su ck ley i 

F o s s il  Creek
Sem otilus a trom acu la tu s a trom acu latus 
Cvprinus carp io
N otropis stram ineus m is su r ie n s is  
Pim aphales promelas 
Lepomis cvane llu s
Lepomis m aahrochirus m achrochirus 
Pomoxis n igrom aculatus 
Etheostoma nigrum nigrum 
Ic ta lu ru s  melas
M icropterus salm oides SALMOIDES 
Catostomus catostom us g rise u s  
Catostomus commersoni su ck ley i 
R hin ichthys c a ra ta c ta e  
Fundulus kansae

Boulder Co. I r r ig a t io n  D itch 
Pim aphales prom elas 
Cyprinus carp io
Sem otilus a trom acu latus a trom acu latus 
R hinichthys c a ta ra c ta e

Eaton D itch
Etheostoma nigrum nigrum
Fundulus kansae
Pim aphales prom elas
Catostomus commersoni su ck ley i
Sem otilus a trom acu latus a trom acu latu s
N otropis stram ineus m is su r ie n s is
Catostomus catostom us g riseu s

IiCLet to  Terry  Lake 
Fundulus kansae
Sem otilus a trom acu latus a trom acu latus 
Catostomus catostom us graseus



Farmer * s D itch
I c ta lu ru s  mêlas

Larimer Co. D itch
Perea flav escen s
Sem otilus a trom acu latus a trom acu latus 
R hin ichthys c a ta ra c ta e  
Catostomus commersoni su ck ley i 
Etheostoma e x ile

North Poudre Canal
Not r o p i s d o r s a l is  d o r s a l is  
Not r o p i s stram ineus m issu r ie n s is  
Pim aphales prom elas 
R hin ichthys c a ta ra c ta e  
Catostomus catostom us g riseu s  
Catostomus commersoni su ck ley i 
Fundulus kansae 
Perea F lavescens 
Etheostoma nigrum nigrum 
Etheostoma e x ile

Crow Creek
I c ta lu r u s mêlas 
Pim aphales prom elas 
Etheostoma e x ile

C lear Creek
Catostomus catostom us g rise u s

Boulder and Weld Col» Ditltch 
Pim aphales prom elas 
R hin ichthys c a ta ra c ta e

S te r l in g  R eservo ir
C arp iodes, ea rc lo  c v ¡£ 3
M icropterus salm oides salm oides 
Pim aphales prom elas 
Not r o p i s lu t r e n s i s  lu t r e n s i s  
Not r o p i s stram ineus m is su r ie n s is

Boxelder #3 Lake
Pim aphales prom elas
P erc ina  caprodes
M icropterus salm oides salm oides
Pomoxis n igrom aculatus
Perea f lav escen s
Catostomus catostom us su ck ley i



Stew art * s Lake
Lepomis gibbosus 
E theostoma e x ile

R eservo ir #9
Etheostoma e x ile  
I c ta lu ru s  mêlas 
Pim aphales prom elas 
E theostoma aigrum nigrum



plumbea. Hvbopsis s to re ia n a . Phenacobius m i r a b i l i s . Gambusia a f f i n i s  a f f i n i s .
he 'f£ ro(< ?P t5

Etheostoma sp eo ta b ile  pulchellumADr any s c u le in s . Soupins , in  p a r t i c u la r ,
f-

a re  o f g re a t i n t e r e s t .  There has been no record  o f them on th e  headw aters

o f th e  e a s te rn  s lo p e . They a re  n a tiv e  to  the  headw aters o f the  w estern

slope and w ith  th e  number o f  w ater d iv e rs io n s  o f  w estern  w ater to  e a s te rn

d ra in ag es  one would suspec t t r a n s f e r  o f  th e se  f i s h  to  th e  e a s te rn  s lo p e .

Of th e  f i s h  caught, i t  i s  o f i n t e r e s t  to  note th a t  th e  common sh in e r ,

N otropis co rn u tu s« was only  c o lle c te d  in  th e  S a in t Vrain R iver. This

f i s h  i s  beffiorriiding q u ite  uncommon as i t s  range has been sev e rly  d ep le ted

because o f w ater p o l lu t io n . Noted on members o f  th e  sp ec ie s  Etheostoma

e x ile  was th e  h igh degree o f v a r i a b i l i t y  in  th e  c h a ra c te r  o f  cheek s c a la t io n .

This caused much confusion a s  i t  i s  one o f th e  c h a ra c te rs  one u ses to

d is t in g u is h  between i t  and Etheostoma sp ec tab ilw . The cheek o f  th e  Iowa$

D arte r i s  n o t always f u l ly  sca le d . In  f a c t  some specimens a re  asca lo u s

in  th a t  reg io n , w hile o th e rs  have one o r  two minute s c a le s  which can only

be d e tec te d  under a m icroscope. I t  i s  b e s t  to  sep a ra te  th e  two sp ec ies

on th e  degree o f  s e p a ra tio n  o f th e  s o f t  and spiny d o rs a l  f in s .  The

Iowa B a r te r  has a s e p a r a t io n  o f  approxim ately  two to  th re e  s c a le s ,  w hile

th e  d o rsa l f in s  a re  connected on Etheostoma s p e o ta b ile .

An u n id e n tif ie d  cy p rin id  o f th e  genus H otrop is i s  being s tu d ie d .

The m e r is tic  c h a ra c te rs  a re  q u ite  in d is tin g u is h a b le  from th a t  o f th e

N. stram ineus complex, b u t d if fe re n c e s  in  th e  s iz e  o f th e  mouth,shape

o f  th e  head and a more e longate  shape d i f f e r e n t i a t e  i t  from th e  sand
C

sh in e r . Q uite d i s t in c t iv e  i s  th e  h ig h er number o f r a d i i  on th e  s c a le s .

I t  i s  a lso  very  s im ila r  to  N. v o lu c e llu s  v o lu c e llu s  (see ta b le  1 ).



TABLE OF COMPARISONS

N. v o lu c e llu s  v o lu c e llu s  Unknown N otropis

1 . Anal ray s  norm ally 8 , range from l.A n a l ray s  $E fo r  14 specim ens.
7 -9 .

2 .  M iddorsal s t r ip e  f a i n t  o r i r r e g u -  2 . D is t in c t  and re g u la r , 
l a r .

3 .  Mouth reaches o r b i t .  3«Mouth does no t reach  o r b i t .

4 .  Length o f  upper jaw sh o r te r  than  Jaw i s  equal o r sm alle r than  d ia -
d iam eter o f eye.

5 .  L a te ra l l in e  s t r ip e  norm ally 
prom inant.

6.  Peritoneum  s i lv e ry .

7 .  Length o f  gu t i s  equal to  s tan ­
dard  le n g th .

8. I n f r a o r b i ta l  canal com plete.

9. Teeth* 0 ,464 ,0

10 .  Black diamond shaped sc a le s

11. D epth /standard  leng th= 4 .5

12 .  D epth/w idth= l.7

1 3 .  Depth caudal peduncle/head 
=more than  2 .5

1 4 /P red o rsa l le n g th /d o rs a l  f i n  
=more than  2 .5

4 .  m eter o f  eye.

5 . A bsent, b u t may be due to  p re s e r ­
v a tiv e .

6. Sakrery.

7. Equal to  s tandard  le n g th .

8.  r

9. 0 ,4 -4 ,0  

100 p re se n t

1 1 .  D epth /standard  leng th= 4 .66

12 .  D epth /w idth= l.3 3

1 3 .  Average fo r  seven specimens i s  2 .74

14. Average fo r  e ig h t  specimens i s  1.98

1 5 .  A n te rio r  l a t e r a l  l in e  s c a le s  a re  1 5 . Not y e t  ab le  to  measure a c c u ra te ly . 
2 . 5- 3 «§ tim es as  h igh  as  they  a re
wide fo r  th e  exposed p o r tio n  o f  sca le

16 .  L a te ra l l in e  count i s  35- 37« l 6.L a te ra l  l in e  count i s  35

(d a ta  fo r  N. v . v o lu c e llu s  from Trautman, 1957)

TABLE 1



Taxonomy

Beckman has been rev ised  in  accordance w ith  p re se n t taxonomic th in k in g  

The re v is io n s  a re  noted in  a subsequent l i s t .  O ther taxonomic problems 

a re  l i s t e d  in  g re a te r  d e t a i l  below.

Leuciscus evermanni Juday

This sp ec ie s  i s  a synonym of  Sem otilus a trom acu la tu s a tro m acu la tu s , 

creek chub. The c h a r a c te r i s t ic s  given in  th e  o r ig in a l  d e s c r ip t io n  

(Juday 1905) i s  c o n s is ta n c t w ith  the  c h a ra c te rs  o f the  creek chub. The 

to o th  fo rm ula, d o rs a l  and an a l f i n  ray  numbers a re  the  same and the  

number o f  s c a le s  in  the  l a t e r a l  l in e  o f  47 i s  reasonab ly  c lo se  to  the  

range o f  Sem otilus a tro m acu la tu s(5 0 -6 0 ). Dr. Behnke (p e rso n a l communi­

c a tio n )  counted th e  s c a le s  on th e  type specimen a t  th e  N ational Museum 

and counted 47 s c a le s  to  th e  s tandard  len g th  p lu s  two a d d itio n a l sc a le s

w ith  l a t e r a l  l in e  po res to  t o t a l  49. He fu r th e rm o re .found a note in  the  
5L,E -' qiv'A W

b o t t le  from Reeves—B ailey  s ta t in g  th a t  the  specimen was Sem otilus a t r e  

raaculatus. Juday based h is  d e s c r ip t io n  o f  a new sp ec ies  on th e  la ck  o f 

b a rb e ls  and ro b u stn ess  o f  the  specimen s ta t in g  th a t  i t  d i f f e r e d  from 

3, a trom acu latus in  th a t  re s p e c t. Trautman (1957*317) s ta t e s  t h a t  a 

b a rb le ss  c o n d itio n , a lthough uncommon, does occur. M etcalf (1966*102) 

found a c lin e  towards a more ro b u st form in  w estern  specim ens, a lthough 

n o t o f  s ig n if ic a n c e  to  m erit taxonmoic re c o g n itio n .

N otropis u n iv e r s i ta tu s  Everraann and C ockerell

Carl Hubbs id e n t i f ie d  th e  type specimen a s  N otropis cornu tus fro n ­

t a l i s  based on th e  m e r is t ic  c h a ra c te rs  and l a t e r  C ockerell b e liev ed  

the specimen to  be a co lo r v a r ie n t  o f th e  species(S m ith  1929* 7» un­

pub lished  M aster’s T h e s is ) .



N otropis h o r a t i i  C ockerell

This sp ec ie s  i s  based on a s in g le  specimen caught a t  Ju lesb u rg  on 

th e  South P la t te  R iver. E f fo r ts  to  c o l le c t  more specimens a t  th e  ex ac t 

s ta t io n  have been f r u i t l e s s .  Dr. Behnke (p e rso n a l communication) ex­

amined th e  type specimen a t  th e  N ational Museum. He d esc rib ed  the  

specimen a s  being beyond re c o g n itio n . The m e r is t ic  c h a ra c te rs  were badly  

damaged. He managed to  sketch  the  specimen and salvage some m e r is t ic  

c h a ra c te rs . The to o th  form ula o f 1-3 i s  unique w ith in  the  genus a lthough  

t h i s  may have been an anomaly. The sketch  s u p e r f ic a i l ly  resembles- N otropis 

d o r s a l i s .

Caroiodes v e l i f e r (R afinesque)

E l l i s  (1914) rep o rted  specimens o f  t h i s  sp ec ie s  caught from th e  

Cache la  Poudre R iver n ear G reely . This f i s h  has had i t s  range r a d ic a l ly  

reduced because o f the  in c re a se  in  s i l t y ,  p o llu te d  w ater in  th e  Kansas 

R iver System* The specimen may have been m is id e n tif ie d

specimen o f C. carp io  c a rp io * B ailey  and Allura (1962:82) f e e l  th a t  

th e re  a re  no v a l id  accounts o f t h i s  sp ec ie s  in  the  upper and middle w aters 

o f the  M issouri D rainage. The young o f both  sp ec ie s  a re  extrem ely  d i f f i c u l t  

to  se p a ra te .

Chrosomus e rv th ro g a s te r

E l l i s  (1914) l i s t s  specimens from S a in t Vrain Creek a t  Longmont and 

Boulder. M etcalf (1966) i s  c e r ta in  th a t  t h i s  sp ec ie s  doesn’ t  e x i s t  in  

the  P la t t e .  I t  was im possib le  to  determ ine from E l l i s ’ s d e sc r ip tio n  

w hether o r n o t, in  f a c t ,  the  specimen was eos . I t  i s  h ig h ly  probable

th a t  i t  i s



Bybognathus A gassiz

Work w i l l  be done to  determ ine o f  th e  Bybognathus of  t h i s  d ra inage  

IS  H. p la c i tu s  o r  H. n u c h a lis . The shape o f th e  Weberian ap p ara tu s  and 

th e  b a s io c c ip i ta l  bone w i l l  be used to  id e n t i f y  th e  specimens (B ailey  and 

Allum 1962).

Pimaphales prom elas Rafinesque

Vandermeer ( 1966) decied  th a t  th e  su b sp e c if ic  names o f P. prom elas 

should not be recognized  a s  th e re  a re  se v e ra l d i n e s  which he recogn ized . 

While th e re  were d i s t i n c t  s e p a ra tio n s , he f e l t  th a t  th e  taxonomy o f  t h i s  

sp ec ies  would become too unwieldy by naming many sub sp ec ies .

Campostoma anomalum pullum

M etcalf ' s s tu d y ( 1966) in d ic a te d  th a t  C. anomalum plumbeum WAs 

no t w ell d e fin ed  and th a t  i t  was a synonym o f  CU_ anomalum pullum . 

C arp iodes.fo rb e s i  Hubbs

Carpiodes fo rb e s i  i s  a q u estio n ab le  sp e c ie s . Bubbs, h im se lf, was 

n o t p o s i t iv e  th a t  i t  was a 2 "good sp e c ie s" , b u t decided to  give i t  f u l l  

sp ec ies  s ta tu s  because o f i t s  d i s t in c t iv e  pheno ty p e . C. fo rb e s i  i s  

more a tte n u a te d  than  C .cyprinus and has a s h o r te r  f i r s t  p r in c ip a l  ra y . 

B ailey  and allum  (1962) decided th a t  C. fo rb e s i  was a synonym o f C. 

cyprinus and th e  phenotypic d if fe re n c e s  between th e  two forms was due 

to  an environem ntal response . M etcalf (1964) f e e ls  th a t  th e  d i s t i n c t  

phenotype o f  C. fo rb e s i  i s  a t t r ib u ta b le  p a r t i a l l y  to  a d i f f e r e n t  geno­

type and th a t  th e  v a r ia b le  s iz e  o f  th e  d o rsa l f i n  in  specimens from th e  

Kansas R iver System re p re se n t a mosaic type o f  in te rg ra d a tio n  between

the  two forms



Kybopsis g r a c i l i s  (R ichardson)

Oland and Cross (1961) d is tin g u ish e d  two subspecies o f  H. g r a c i l i s : 

H. g r a c i l i s  g r a c i l i s  and g r a c i l i s  gulona. This d e c is io n  was based

on geographic d i s t r ib u t io n  o f  v e r te b ra l  count d if f e r e n c e s . B ailey and 

A lim  ( 1962) f e e l  th a t  th e  d if fe re n c e s  in  v e r te b ra l  counts a re  due to  

environm ental c o n d itio n s . They s t a t e ,  fo r  example, th a t  n o rth e rn  pou- 

la t io n s  w i l l  have more v e rte b ra e  because o f th e  phenotypic respone to  

the  cold w ater by th e  young developing  f r y .  S im ila r ly , f i s h  in  shallow  

w aters w il l  have low er counts because o f  th e  phenotypic response to  

warm w ater. B ailey  and Allum ( 1962) f u r th e r  b e lie v e  th a t  th e  geographic 

p a t te rn  o f th e  in te rg ra d a tio n  i s  in c o n s is ta n t  w ith  g en e tic  p r in c ip le s .  

M etcalf ( 1966) d is a g re e s , no tin g  th a t  H. g l  gulona ( low v e rte b ra e  form) 

i s  found in  th e  cold m elt w aters o f th e  upper North P la t te  R iver. I n te r ­

grades a re  found downstream, g rad u a lly  g iv ing  way to  H. g. g r a c i l i s  

(h igh  v e r te b ra te  form) in  the  warmer lowland w aters o f  th e  same r iv e r .



BECKMAN’S LIST WITH REVISIONS

CYPRINIDAE

Cvprinus oarp io  l in n a e u s , carp 

C arassius a u ra tu s  (L innaeus), g o ld fish  

Tinea t in e a  Linnaeus, tench

Notemigonus c ryso leucas a u ra tu s , W estern Golden Shiner 

Chrosoians eos Cop©, N orthern R edbelly Dace

Sem otilus a trom acu la tu s a trom acu la tu s (M itc h e ll) ,  N orthern Creek Chub 

Hvbopsis a e s t i v a l i s  te tranem us G ilb e r t ,  Arkansas R iver Speckeled Chub 

Hvbopsis b ig u t ta ta  (K ir tla n d ) , horneyhead chub 

Evbopsis g r a c i l i s  g r a c i l i s  ( g i r a r d ) ,  P la in s  F la thead  Chub 

In  Beckmanr Hybopsis g r a c i l i s  comfaunis 

Hvbopsis g r a c i l i s  gulona (Cope), Southern F la thead  Chub 

In  Beckman* Hvbopsis g r a c i l i s  phvsignathus

Both subspecies a lso  considered  by B ailey  and A llum (l962) to  be

phenotypic responses to  environm ent o f  Hvbopsis g r a c i l i s »

Hvbopsis plumbea (A g assiz ), lak e  chub

Hvbopsis s to re ia n a  (K ir tla n d ) , s i lv e r  chub 
i

RhjmichthySs c a ta ra c ta e  (V alenciennes), longnose dace
0 / JjPR hinichthvs Osculus (G ira rd ) , speckled dace ^

In  Beckman* R hin ichthvs n u b ilu s  yarrow i (Jordan  and Everman) 

Phenacobius m ira b i l i s  (G ira rd ) , suckerraouth minnow 

N otropis b le n n iu s . (G ira rd ) .  r iv e r  sh in e r

N otropis cornutus f r o n t a l i s  (A gassiz ), N orthern Common Shiner

N otropis stram ineus ra is su r ie n s is  (Cope), sand sh in e r p-"''
/

In  Beckman* N otropis d e l ic io s u s  m is su r ie n s is  (Cope)

N ) . y vi j * T  t  x  e i  ^  )

U ^ T  1
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~-j wmsamN otropis d o r s a l is  d o r s a l is  (A gassiz)

M otropis d o r s a l i s p ip to le p is  (Cope)

N otropis lu t r e n s i s  l u t r e n s i s (B aird  and G ira rd ) , P la in s  Red Shiner 

Hvbognathus hankinsoni Hubbs, b ra ssy  minnow 

Hvbognathus p la c i tu s  G ira rd , p la in s  minnow w

I n Beckman* Hybognathus p la c i ta  p la c i ta  G irard

More work i s  needed to  determ ine i f  t h i s  sp ec ie s  has been m isiden- 

t i f i e d  and i s  n o t in  f a c t ,  Hvbognathus n u ch a lis  n u c h a lis«

Pimaphales prom elas R afinesque, fa th ead  minnow

In  Beckman* Pim aphales prom elas prom elas Rafinesque 

Pim aphales prom elas c o n fe r tu s (G ira rd )

Campostoma anomalum pullum (A g assiz ), c e n tr a l  s to n e r o l le r  ^

In  Beckman* Campostoma anomalum plumbeum (G irapd ), p la in s  s to n e r o l le r  

a d d itio n

R icharson ius b a l te a tu s  (R ichardsonV

specimens c o lle c te d  by A. Kent Andrews in  the  QaariMKi R iver

ICTALURIDAE 

In  Beckman* AMERIURIDAE 

Ic ta lu ru s  fu rc a tu s  (LeSueur), b lue  c a t f i s h  

I c ta lu ru s  p u n c ta tu s (R afinesque), channel c a t f is h  

I c ta lu ru s  mêlas (R afinesque), b lack  bu llh ead

In  Beckman* I c ta lu ru s  mêlas c a tu lu s  (G irard )

I c ta lu ru s  mêlas mêlas (Rafinewque) 

P i lo d ic t i s  o liv a ris (R a fin e sq u e )«  f la th e a d  c a t f i s h

y a m p a

fir

Noturus f la v u s  Rafinewque, s to n ec a t



ANGUILLIDAE

A nguilla  r o s t r a ta  (LeSueur), American Eel

CIPRINQDONTIDAE

Fundulus kansae Garman, p la in s  k i l l i f i s h  

Fundulus sc ia d ic u s  Cope, p la in s  topminnow

POECItllDAE

Gambusia a f f i n i s a f f i n i s (B aird  and G ira rd ) , w estern  gambusia

SERRANIDAE

Roccus chrysops (R afin esq u e), w hite  b a s s \ /

In  Beckman* Lepibema chrysops (Rafinewque)

CENTRARCHIDAE

M icropterus dolom ieui dolom ieui (Lacepede), smallmouth bass 

M icropterus salm oides salmo id e s  (L acepede), largem outh bass 

Chaenobryttus gu lpsus (C u v ie r), warmouth bass

In  Beckman* Chaenobryttus co ro n ariu s  (Bartram )

Lepomis cv an e llu s  R afinesque, green su n fish  

Leponds gibbosus (L innaeus), pumpkinseed 

Lepomis hu tn ilis  (G ira rd ) , o raggespo tted  sunfilsh 

Lepomis m acrochirus m acrochirus R afinesque, b lu e g i l l  

A m bloplites rupe s t r i  s r u p e s t r i s (R afin esq u e), rock bass 

Pomoxis an n u larisR  R afinesque, w hite  c rapp ie

Pomoxis n igrom aculatus (LeS ueur), b lack  c rapp ie



Fishes of the Colorado River Basin
The total area drained by the Colorado River and all of its tributaries is 

approximately 244,000 square miles* This represents approximately one-fifteenth the 
total area of the fifty States of the Union,

The Colorado River has its origin in the high mountains of Colorado, Utah, and 
Wyoming. The length of the Colorado River, measured up the Green River branch, is 
exceeded by only three United States rivers. Distance from the headwaters of tke 
Green River to the mouth of the Colorado at the Gulf of California is approximately 
1700 miles.

Average annual rimoff for the Colorado River is approximately thirteen million 
acre feet. The flow varies from a low of three thousand cubic feet per second to 
over two hundred thousand. Most of this flow originates in the various mountain 
ranges that form an almost continuous border around the outermost rim of the basin. 
The basin itself makes up three-quarters of the rivers drainage area but contri­
butes nothing more than an undependable and fluctuating water supply derived 
principally from rainfall.

The volume of flow reaches a low point in the winter. The flow starts to rise 
as the mountain snowpack melts and reaches a peak in late May or June. This is 
followed by minor fluctuations until the flow reaches its winter minimum.

Some of the important tributary rivers are the Green, San Juan, Little Colorado, 
Gila, Santa Cruz and White.

The construction of dams on the Colorado River and its tributaries will bring 
about important ecological changes. Seven major dams plus many smaller impoundments 
on tributary streams have been completed or are currently under construction.

The fish fauna of the basin consists of sixteen families, fourty-nine genera 
and eighty-two species. Thirty-five of the species are native and twenty-eight are 
endemic to the Colorado River Basin.

The following list gives the species distribution in the states of Arizona,
New Mexico, Colorado, Utah and Wyoming. The origin is listed as introduced or 
native and endemic.



FISHES OF THE COLORADO RIVER DRAINAGE IN ARIZONA

J^ILY_________ GENUS_________ SPECIES_________COMMON NAME___________ ORIGIN*
Elopidae Elops affinis Machete N
Clupeidae Dorosoma petenense Threadfin shad

CiarkiSalmonidae Salmo Cutthroat troutIf Salmo gairdneri Rainbow troutIt Salmo trutta Brown troutft Salvelinus fontinalis Brook troutri A tfw *7— ̂ L‘Characidae~
K.wVit:

Astyanax mexicanus Mexican tetra

I
N,

N
Cyprinidae"O

••
h
If
ft;

^ |i

—-«f 
19

-«ft
««
II
II
If
if
ft
fl
ft
fl
If
II
II
tl
ft

Agosia chrysogasterCampostoma ornatum
Carassius auratus
Cyprinus carpioGila atrariaGila cypha
Gila ditaenaGila nigrescensGila purpureaGila robustaLavinia exilicauda
Lepidomeda albivalli8Lepidomeda altivelis
Lepidomeda mollispinis
Lepidomeda vittataMeda fulgidaMoapa coriacea
Notemigonus crysoleucas
Notropis lutrensis
Pimephalis promelas
Plagopterus argentissimus
Ptychocheilus lucius
Rhinichthys oscules
Richardsonius balteatusTiaroga cobitis

Longfin dace N,E ’
Mexican stone roller N,E
Goldfish i
Carp j
Utah chub x
Humpback chub N,E
Sonora chub n ,E
Rio Grande chub N,E
Yaqui chub n ,E
Bonytail n ,E
Hitch x
White River spinedace N,E
Paharanagat spinedace N,E
Virgin River spinedace N,E
Little Colorado spinedace N,E 
Spikedace N,E
Moapa dace x
Golden shiner I
Red shiner x
Fathead minnow I
Woundfin n ,E
Colorado squawfish N,E
Speckled dace X
Redside shiner x
Loach minnow N, E

CatostomidaeIf
If
If
If
ft
tl
If
It

Catostomus 
Catostomus 
Catostomus 
Catostomus 
Pantosteus 
Pantosteus 
Pantosteus 
Pantosteus 
Xyrauchen

ardens Utah sucker Icommersoni White sucker Iinsignis Sonora sucker N,Elatipinnis Flannelmouth sucker N,Eclarki Gila sucker N,Edelphinus Bluehead sucker N,Eplatyrhynchus Mountain sucker , Iplebeius Rio Grande sucker Itexanus Humpback sucker N,E

W
 M

 M
 W



FISHES OF THE COLORADO RIVER DRAINAGE IN ARIZONA (CONT.)

FAMILY GENUS SPECIES COMMON NAME ORIGIN*

-Ictaluridae Ictalurus catus White catfish IIt Ictalurus melas Black bullhead I»1 Ictalurus natalis Yellow bullhead IIf Ictalurus nebulosus Brown bullhead III Ictalurus punctatus Channel catfish I
Cyprinodontidae Crenichthys baileyi White River lcillifish N,EII Cyprinodon macularius Desert pubfish N,E*** »1 Fundulus parvipinnis California killifish Nft Fundulus zebrinus Rio Grande killifish I
Poeciliidae Gambusia affinis Mosquitofish Ih Poeciliopsis occidentalis Gila topminnow N,E
Serranidae Roccus chrysops White bass I
Centrarchidae Chaenobryttus gulosus Warmouth Ift Lepomis cyanellus Green sunfish I•#*» |f Lepomis gibbosus Pumpkinseed IIf Lepomis macrochirus Bluegill Itf Lepomis microlophus Redear sunfish IIf Micropterus dolomieui Smallmouth bass Itf Micropterus punctulatus Spotted bass IIt Micropterus salmoides Largemouth bass IIf Pomoxis annularis White crappie IIf Pomoxis nigromaculatus Black crappie I
Percidae Perea flavescens Yellow perch I
Eleotridae Eleotris picta Spotted sleeper N
Cottidae Cottus bairdi Mottled sculpin N
Mugilidae Mugil cephalus Striped mullet N

* I Introduced 
N Native
E Endemic to the Colorado River Drainage

TOTAL: Families - 16 
Genus -41 
Species - 68



FISHES OF THE COLORADO RIVER DRAINAGE IN COLORADO

FAMILY GENUS SPECIES COMMON NAME
wV«4_..

Salmonidae Oncothynchus nerka Sockeye salmonII Prosopiüm willlamsoni Mountain whitefishII Salao clarki Cutthroat troutft Salmo gairdneri Rainbow trbutIt Salmo trutta Brown troutit. ; Salvelinus fontinalis Brook troutif Salvelinus namaycush Lake trout
Cyprinidae CyprinuS carpib CarpIf Gila cypha Humpback chubII Gila robusta BtfhytailII Hybopsis gracilis Flathead chubIt Pimephalis promelas Fathead minnowIt Ptychocheilus lucius Colorado squawfishIt Rhinichthys cataractae Longnose daceft Semotilus atromaculatus Creek chub
Catostomidae Catostomus catostomus Longnose suckerIt Catostomu8 commersoni White suckerII Catostomus latipinnis Flannelmouth suckerIt Pantosteus delphinus Bluehead suckerIt Xyrauchen texanus Humpback sucker
Poeciliidae Gambusia affinis Mosquitofish
Cottidae Cottus annae Eagle sculpinit Cottus bairdi Mottled sculpin

* I Introduced 
N Native
B Endemic to the Colorado River Drainage

TOTAL: Families - 5
Genus - 16 
Species - 23
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PISHES OF THE COLORADO RIVER DRAINAGE IN NEW MEXICO

FAMILY GENUS SPECIES COMMON NAME
Salmonidaeit

«f
it
h

Salmo
Salmo
Salmo
Salmo
Salvelinus

ciarle!
gairdneri
gilae
trutta
fontinali.s

Cutthroat trout 
Rainbow trout 
Gila trout 
Brown trout 
Brook trout

Cyprinidae— fi 
If 
It 
!9 
II 
II 
>1 
If

Agosia
Campostoma
Cyprlnus
Gila
Meda
Notropis
Pimephalis
Ptychocheilus
Tiaroga

chrysogaster
anomalum
carpio
robusta
fulgida
lutrensis
prcmelas
lucius
cobitis

Longfin dace
Stonroller
Carp
Bonytail 
Spikedace 
Red shiner 
Fathead minnow 
Colorado squawfish 
Loach minnow

CatostomidaeII
91
It
If
It

Catostomus 
Catostomus 
Catostomus 
Pantosteus 
Pantosteus 
Pantosteus

commersoni
inslgnis
latipinnis
clarki
delphinus
plebeius

White sucker 
Sonora sucker 
Flannelmouth sucker 
Gila sucker 
Bluehead sucker 
Rio Grande sucker

Ictaluridaeft
If

Ictalurus
Ictalurus
Ictalurus

melas
natalis
punctatus

Black bullhead 
Yellow bullhead 
Channel catfish

Poeciliidaeit Gambus ia 
Poeciliopsis

affinis
occidentalis Mosquitofish 

Gila topminnow
Centrarchidaetl

II
II
It
If

Lepomis
Lepomls
Micropterus
Micropterus
Pomoxis
Pomoxis

cyanellus
macrochirus
dolomieui
salmpides
annularis
nigromaculatus

Green sunfish 
Blueglll 
Smallmouth bass 
Largemouth bass 
White crappie 
Black crappie

Percidae Stizostedion vitreum Walleye
Cottidae Cottus bairdi Mottled sculpin

* I 
N 
E

Introduced
Native
Endemic to the Colorado River Drainage

TOTAL: Families - 8
Genus - 21 
Species - 33

ORIGIN'*
N,E,I
I

N,E
I
I

N,E
I
I

N,E
N,E
I
I

N,E
N,E
I

N,E
N,e
N,E
N,E
I
I
I
I
I

N,E
I
I
I
I
I
I
I
N



FISHES OF THE COLORADO RIVER DRAINAGE IN tltAH 

FAMILY GENtjS SPECIES; .______COMMON NAME ORIGIN*
Salmonidae Prosopium willlamsoni Mountain whiiexish»1 Salmo clarki Cutthroat trout Nft Salmo gairdtieri Rainbow troutIt Salmo trutta Brown trout«1 Salvelinus fontinalis Brook trout
Cyprinidae Cyprihus carpió Carp1« Gila atraria Utah chubtt Gila cypha Humpback chub NII Gila robusta Bonytail Ntl Lepidomeda mollispinis Virgin River spinedace NIt Pimephalis promelas Fathead minnowIt Plagopterus argentissimus Woundfin Ntl Ptychocheilus lucius Colorado squawfish NIt Rhinichthys cataractae Longnose dace1« Rhinichthys oscules Speckled daceIt Richardsonius balteatus Redside shiner
Catostomidae Catostomus ardens Utah sucker» Catostomus latipinnis Flannelmouth sucker NIf Pantosteus delphinus Bluehead sucker N«« Pantosteus platyrhynchus Mountain suckertt Xyrauchen texanus Humpback sucker N
Ictaluridae Ictalurus melas Black bullhead1« Ictalurus punetatus Channel catfish
Cyprlnodontidae Fundulus zebrinus Rio Grande killifish
Poeciltidae Gambusia affinis Mosquitofish
Centrarchidae Lopomis macrochirus Bluegilltt Micropterus salmoides Largemouth bassII Pomoxis nlgromaculatus Black crappie
Percidae Perea flavescens Yellow perchit Stizostedion vitreum Walleye

* I Introduced
N Native
E Endemic to the Colorado River Drainage

TOTAL: Families - 8
Genus - 23
Species - 30
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FISHES OF THE COLORADO RIVER DRAINAGE IN WYOMING 

FAMILY_________ GENUS , SPECIES ______ COMMON NAME
Salmonidae Prosopium

SalmoM Salmoit Salmoit Salvelinustt Thymallus
Gyprinidae CyprinusII Gilatl PtychocheilusIt Rhinichthysn Richardoniusit Semotilus
Catostomidae CatostomusH PantosteusII Xyrauchen
Ictaluridae Ictalurus
Centrarchidae Micropterus
Cottidae Cottus

williamsOni Mountain Whiterish
clarki Cutthiroat trout
gairdneri Rainbow trout
trutta Brown trout
fontinalis Brook trout
arcticus Arctic grayling
carpio Carp
robusta Bonytail
lucius Colorado squawfish
oscules Speckled dace
balteatus Redside shiner
atromaculatus Creek chub
latipinnis Flannelmouth sucker
delphinus Bluehead sucker
texanus Humpback sucker
punctatus Channel catfish
dolomieui Smallmouth bass
bairdi Mottled sculpin

* I Introduced 
N Native
E Endemic to the Colorado River Drainage

TOTAL: Families - 6
Genus - 16 
Species - 18

ORIGIN*
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ANNOTATED LIST OF FISHES NATIVE TO THE COLORADO RIVER BASIN

Colorado Cooperative Fishery Unit 
Colorado State University 
Fort Collins, Colorado

INTRODUCTION
The following accounts attempt to concisely summarize the current state 

of our knowledge of the native fish fauna of the Colorado River basin and 
to call attention to those forms which are most in need of further study.

The geologic history of the Colorado River basin, indicates the present 
basin was once a series of independent basins providing areas for fishes 
to isolate and differentiate in diverse environments. The diversity, high 
degree of endemism, and marked distinctions of the faunal components of var­
ious segments of the basin support such a view.

For this report, the term Colorado basin includes several independent 
desiccating basins without present connection to the Colorado River system; 
however, the fishes found in these basins were derived from previous con­
nections with the Colorado system.

It is significant to note that of the 22 fishes listed by the U.S. 
Department of Interior as rare or endangered in the most recent checklist 
(1967) - 10 are endemic to the Colorado basin, as construed in this paper.

The following notations are used;
U - Denotes a distribution restricted to the upper basin, 

above the Grand Canyon, but not including the Little 
Colorado River.

L - Includes the Little Colorado River, the Grand Canyon 
and below to the mouth of the Colorado.

V - For the Virgin and White River section of the basin 
containing a number of small desiccating basins with 
relict populations derived from previous connections 
with the Colorado River.
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E - Endemic species whose natural distribution is 
limited to the confines of the basin.

R - Includes the species reported on the most recent 
rare and endangered species list.

Family Salmonidae: Trouts, Whitefishes, Graylings 
Salmo clarkii pleuriticus Cope, Colorado River cutthroat trout - U

The native trout of the Colorado basin closely resembles the Yellow­
stone subspecies, S.c, lewisi which has been widely introduced throughout 
the basin. Pure populations of the native trout, uncontaminated by hybrid­
ization with introduced Yellowstone cutthroat or rainbow trout undoubtedly 
are rare. Current studies by the Colorado Cooperative Fishery Unit are 
investigating the systematics of the native subspecies, attempting to dis­
cover differentiating characters allowing recognition and separation from 
hybrid populations and Yellowstone cutthroat. The original downstream 
distribution of the cutthroat trout included the San Juan River system, 
but probably not the Little Colorado or the Grand Canyon area.

Salmo gilae Miller. Gila trout - L E R
The native trout of the upper Gila River system is quite distinct from 

the upper Colorado River cutthroat. The origin and true affinities of this 
trout are not known. Its range has been drastically reduced, the only pure 
population identified with any degree of certainty occurs in a tiny head­
water section of Diamond Creek, Gila National Forest, New Mexico. Popula­
tions of native trout are known from the headwaters of the Black and White 
rivers, tributaries to the Salt River of the Gila basin in eastern Arizona, 
and from the headwater tributaries of the Little Colorado River near Mt. 
Baldy in the same general vicinity. These trout, sometimes referred to as 
Apache trout, show relationships to S. gilae but are differentiated suffi­
ciently to be regarded at least as a subspecies, indicating long separation
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from the Gila trout of Hew Mexico. The Apache trout is also included on 
the rare and endangered species list.

Prosopium williamsoni (Girard). Rocky Mountain Whitefish - 0
This species, as the cutthroat trout, is widespread throughout the 

western United States. The original distribution in the Colorado River 
system apparently was restricted to the Green River division of the basin.
No study has yet compared the Colorado basin whitefish with populations from 
other basins to indicate the amount of variability and divergence occurring 
in the whitefish of the Colorado system.

Family Catostomidae: Suckers

Catostomus latipinnis Baird and Girard. Flannelmouth sucker - O L E  

Once widespread in all of the larger streams of the basin, it has 
disappeared from many areas particularly in the lower basin.

Catostomus insignis Baird and Girard. Sonora sucker - L E
The common coarse scaled sucker of the Gila River division of the 

basin. The complete distribution has not been authoritatively established.

Pantosteus delphinus(Cope). Northern bluehead mountain sucker - U L 
A recent publication by Smith (1966) revised the taxonomy of the 

suckers of the genus Pantosteus. Smith considers Pantosteus as a subgenus 
of Catostomus. and his research changes many former conclusions concerning 
correct names, distribution of species, and endemic species. For this 
report it is not critical if Pantosteus is considered as a genus or subgenus, 
but Smith's findings on nomenclature, distribution, and relationships are 
followed in the following accounts of Pantosteus. Smith stated the correct 
species name for the bluehead sucker should be discobolus Cope and not



delphinus. The species discobolus is not endemic to the Colorado basin
hat occurs in the Bonneville basin and the Snake River. The bluehead sucker 
is known from the Little Colorado basin but not below the Grand Canyon. 
Former records of the bluehead sucker from the Virgin River basin and the 
Bill Williams River of Arizona actually belong to the species P. clarki. 
according to Smith.

Pantosteus clarki (Baird and Girard). Gila sucker - L E
Formerly considered only from the Gila River division, but the popula­

tions previously considered as P. utahensis (Tanner) and P, intermedius 
(Tanner) from the desiccating White and Virgin basins are in reality P. 
clarki.

Pantosteus platyrhvnchus (Cope). Mountain sucker - U
Smith greatly enlarged the limits of the species platyrhvnchus to in­

clude the Bonneville, Lahontan, and upper Missouri mountain suckers pre­
viously considered as the species virescens. lahontan« and jordani. He 
found platyrhynehus in the Green River division of the upper Colorado basin, 
together with the bluehead sucker P. delphinus (= discobolus). This makes 
a new addition to the native fish fauna of the Colorado basin. It is be­
lieved the species name delphinus actually was based on the species platy- 
rhynchus and thus is not available for use as the specific name for the 
bluehead sucker.

Xvrauchen texanus (Abbott). Humpback sucker - O L E
This highly modified sucker has suffered a great decline in abundance 

due to the changing environment of the basin. Little is known of its ecology 
or taxonomy.
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Family Cyprinidae: Minnows

Gila robusta-elegans-intermedia complex. Roundtail and bonytail chubs - H E  

This group of chubs, including Gila cypha. comprises one of the most 
fascinating problems in systematic ichthyology. The extreme variability 
in morphologies found in the roundtail and bonytail chubs have been described 
as no less than 12 species. The true situation is not known concerning 
the actual number of species and subspecies which should be recognized and 
the pattern of geographical differentiation and intergradation. Do two 
or more distinct types of Gila occur together without interbreeding? Are 
there consistant patterns of differentiation associated with geographical 
divisions? To what degree does environmental modification control the 
phenotype? The genus Gila of the Colorado basin is attracting well deserved 
attention as a fruitful field of biological study; however, an immense amount 
of work will be necessary before this genus is fully understood.

Gila jordani Tanner, described from Pahranagat Valley, Lincoln Co., 
Nevada, a glacial relict of the disrupted White River, is probably more cor­
rectly considered a subspecies of G. robusta.

Gila cypha Miller. Humpback chub - U L E R
This fish parallels the humpback sucker in the development of a peculiar 

morphology, evidently adapted for bottom living in rapid water. Some 
specimens indicate a transitional series and perhaps gene flow from the 
Gila robusta-elegans type to Gila cypha. The specimen on which the name 
is based came from the Grand Canyon. Further collections from the Grand 
Canyon should provide significant information on Gila cypha. and how it 
relates to the robusta-elegans complex. Recent humpback chub specimens 
from Lake Powell resemble G. cypha. but are fully scaled.
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Ptychochellus ; lucius Girard. Colorado River squawfish - U L E R
The largest North American species of the minnow family. This species 

has disappeared through aost of its range. Little is known of its life 
history and ecology.

Rhinichthvs oscuius (Girard). Speckled dace - U L V
This species has a broad distribution in western North America. Inter­

specific variability throughout its range is not well known.

Agosia chrysogaster Girard. Longfin dace - L
This genus and species cannot strictly be called endemic to the Colo­

rado system because it is found in the headwaters of the Rio Yaqui, The 
origin and evolution of Agosia most probably occurred in the lower Colorado 
basin. It is locally abundant in the Gila River system. The variability 
of Agosia and the existence of more than a single species or subspecies 
has not yet been established.

Tiaroga cobitis Girard. Loach minnow - L E
This genus and species is known only from the Gila River system. It 

has declined greatly in abundance.

Moapa coriacea Hubbs and Miller. Moapa dace - V E R
This genus and species is endemic to warm springs of the Moapa River, 

a tributary in the White River system, in Clark Co., Nevada. A relict 
species now restricted to warmer waters, typically of 87° - 93°P.
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Tribe Plagopterini - The Spinedaces.

This group consisting of three genera and six species is found only 
in the lower Colorado basin and its disrupted tributary, the Virgin River 
system. They are the only North American cyprinid fishes with spinous fin 
rays. It is believed they were derived from the genus Gila.

Lepidomeda mollispinis Miller and Hubbs. Middle Colorado spinedace - V E 
Miller and Hubbs recognized three subspecies of this species:

S- «oilispinis of the Virgin River system; m. pratensis. known only from 
a spring in Lincoln Co., Nevada, now believed to be extinct; and m. 
albivallis, from the White River segment of the Virgin River basin.

Lepidomeda altivelis Miller and Hubbs. Pahranagat spinedace - VIE 
This species was known only from two sites in Pahranagat Valley,

Nevada, it is now believed extinct due to introductions of carp and 
mosquitofish.

Lepidomeda vittata Cope. Little Colorado spinedace - L E R
The known range of this species is limited to the upper Little Colorado 

River system in eastern Arizona, it was once believed extinct, but a few 
populations have been discovered in recent years.

Meda fulgida Girard. Spikedace. - L E
This genus and species is known only from the Gila River system.

Plagopterus argentissimus Cope, Woundfin - V E
Apparently now restricted to the Virgin River system; once inhabiting 

the Gila River, but the last specimens known from the Gila basin were 
collected in 1894.
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Family Poeciliidae: Topminnows

Poecillopsis occidentalis (Baird and Girard). Gila topminnow - L E R 
Once widespread in the Gila River system, now found only in a few 

localities.

Family Cyprinodontidae: Killlfishes

Cvorinodon macularius Baird and Girard. Desert pupfish - L
Formerly wide ranging in the lower Colorado basin, this species is 

rapidly declining. One inimical factor is competition from the introduced 
mosquitofish, Gambusia affinis.

Perhaps during the Pliocene, connections of streams and lakes of the 
now desert areas of Death Valley and contiguous basins of California and 
Nevada, to the lower Colorado system, allowed Cvorinodon access to these 
basins.

Subsequent isolation has produced an array of species and subspecies. 
The described forms include: C. salinus Miller, the Salt Creek pupfish of 
Death Valley; C. radiosus Miller, the Owens Valley pupfish - R; C. nevadensis 
Eigenmann and Eigenmann, the Amargosa pupfish with six subspecies recognized; 
and C. diabolls Vales - R, the Devil's Hole pupfish, restricted to a single 
tiny pool.

Also in the Amargosa desert on the California-Nevada border, the Ash 
Meadows poolfish, Empetrichthvs merriami Gilbert, (now believed extinct) 
was found. Three subspecies of Empetrichthvs latos Miller - R, the only 
other known species in this genus, occurred in three springs (two springs 
now destroyed) in Pahrump Valley, Nye Co., Nevada,

The genus Crenichthys has two known species, C. baileyi (Gilbert), 
the White River sprlngfish found in warm springs along the White River
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drainage of Nevada, and C, nevadae Hubbs. the Railroad Valley springfish 
from a desiccating basin just west of the White River system, Nye Co., Nevada.

The cyprinodont ft»!? of the desert areas of the western United States 
reveal information on paît conditions and connections of the Colorado basin 
and provide insight into the mechanisms and rates of evolution.

Family Cottidae; Sculpins

Cottus bairdi Girard, Mottled sculpin - U L
A widespread species across the northern United States.

Cottus annae Jordan and Starks. Eagle sculpin - U
This sculpin formerly believed endemic to headwater areas in the upper 

Colorado River basin, is considered identical to Cottus beldingi Eigenmann 
and Eigenmann, of the Lahontan basin, middle and upper Columbia River system 
and the lower Bear River of the Bonneville basin, by Bailey and Bond (1963).
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N a tiv e  F is h e s  o f  th e  Upper C olorado R iv er  B a sin  w ith  P a r t ic u la r  R eferen ce  

t o  th e  E f f e c t s  o f  Endangered and T h reaten ed  S p e c ie s  on F u tu re D evelopm ent

in  th e  B a sin

Prepared for the Colorado River Water Conservation District

R obert J .B e h n k e  
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I n tr o d u c t io n

D uring m i l l io n s  o f  y e a r s  o f  i s o l a t i o n  th e  f i s h  fauna o f  th e  C olorado  

R iv er  b a s in  e v o lv e d  t o  f i t  s p e c i f i c  r o l e s  in  th e  e x i s t i n g  en v iron m en t. Four 

l a r g e ,  somewhat b iz a r r e  ap p ea rin g  s p e c ie s  became s p e c ia l i z e d  fo r  l i f e  in  th e  

main r iv e r  c h a n n e ls , an en vironm en t c h a r a c te r iz e d  by enormous f lu c t u a t io n s  

in  f lo w s  and t u r b i d i t i e s .  Perhaps fo r  m i l l io n s  o f  y e a r s  th e s e  s p e c ie s  

f lo u r is h e d  in  th e  h arsh  en vironm en t o f  th e  C olorado and Green r iv e r s  and in  

some o f  th e  la r g e r  t r i b u t a r i e s .  In  r e c e n t  t im es  lan d  u se  p a t t e r n s ,  i n i t i a t e d  

in  th e  N in e te e n th  C en tu ry , c o n s tr u c t io n  o f  main stream  dams, begun in  1935 , 

and th e  w id esp read  in tr o d u c t io n  o f  n o n -n a t iv e  f i s h e s ,  b e t t e r  adapted  to  th e  

ch an gin g  en v iro n m en ts , have c o n tr ib u te d  to  th e  c a ta s tr o p h ic  d e c l in e  o f  a l l  

fo u r  o f  th e  la r g e ,  m ainstream  f i s h e s  n a t iv e  to  th e  b a s in  (Behnke, 1 9 7 6 ) .

Under th e  Endangered S p e c ie s  A ct o f  1973 (PL 9 3 -2 0 5 ) ,  th e  U .S . D epartm ent 

o f  I n t e r io r  l i s t s  th e  sq u a w fish , P t y c h o c h e i l u s  l u c i u s ,  and th e  humpback chub, 

G i l a  c y p h a ,  a s  en d an gered . The Endangered S p e c ie s  O f f ic e  o f  th e  U .S . F ish  

and W ild l i f e  S e r v ic e  i s  c u r r e n t ly  p ro p o sin g  th a t  th e  b o n y t a i l  chub, G i l a  

e l e g a n s , be l i s t e d  as endangered and th e  razorb ack  (or humpback) su c k e r ,  

X y r a u c h e n  t e x a n u s , be l i s t e d  a s  th r e a te n e d . I t  i s  l i k e l y  th a t  th e s e  p r o p o sa ls  

w i l l  be a cce p te d  and th e  b o n y t a i l  chub and razorb ack  su ck er  w i l l  j o in  th e
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sq u a w fish  and humpback chub in  th e  f e d e r a l  r e g i s t e r  a s  f e d e r a l ly  r e c o g n iz e d  

endangered  or  th r e a te n e d  s p e c ie s  w ith  a l l  o f  th e  r a m if ic a t io n s  o f  e n v ir o n ­

m en ta l p r o t e c t io n  a s  s t ip u la t e d  in  th e  Endangered S p e c ie s  A c t . A l l  o f  

th e s e  fo u r  s p e c ie s  a re  p r e s e n t ly  l i s t e d  a s  endangered  by th e  C olorado W ild­

l i f e  Com m ission.

A p r o p o sa l by th e  A lbuquerque r e g io n a l  o f f i c e  o f  th e  U .S . F is h  and 

W ild l i f e  S e r v ic e  to  d e c la r e  th e  Yampa B a sin  to  M ilk Creek (ab ou t 15 m ile s  

downstream  from C raig) a s  c r i t i c a l  h a b it a t  fo r  s q u a w f is h /  w i l l  u n d ou b ted ly  

be a s i g n i f i c a n t  o b s t a c le  to  any f e d e r a l  in v o lv em en t p rom oting  any p r o j e c t  

in  th e  b a s in  w hich may have a n e g a t iv e  im pact on " c r i t i c a l  h a b ita t"  o f  an 

endangered  s p e c ie s .

Some o f  th e  c o n fr o n ta t io n s  th a t  may be in  s t o r e  in  th e  b a t t l e  o f  th e  

Endangered S p e c ie s  A ct v e r su s  w ater  d evelop m en t in  th e  Yampa R iv er  b a s in  

became ap p aren t to  me a t  a R esou rces fo r  th e  F u tu re Symposium in  A lbuquerque  

(O ctob er , 1 9 7 6 ) , where i t  was r e la t e d  t h a t  f u l l  s c a l e  en ergy  developm en t  

can n o t o ccu r  in  th e  b a s in  w ith o u t  m ajor dams fo r  w a ter  s to r a g e .

The k ey  q u e s t io n  i s  can endangered  s p e c i e s ,  co n tr a r y  to  a l l  p a s t  

e x p e r ie n c e , c o e x i s t  w ith  dams (no n e g a t iv e  im pact) and can m it ig a t io n  

m easures be an in t e g r a l  p a r t  o f  a d evelop m en t p r o j e c t  n o t  o n ly  t o  p r e s e r v e  

endangered  s p e c ie s  b u t to  enhance t h e ir  abundance and r e s t o r e  them to  a rea s  

where th ey  do n o t  now e x i s t ?

The em phasis o f  t h i s  r e p o r t  i s  on th e  sq u a w fish  b eca u se  o f  th e  p rop osed  

c r i t i c a l  h a b it a t  and b eca u se  i t  i s  th e  o n ly  endangered  s p e c ie s  w ith  a u th e n t ic  

re c o r d s  from th e  Yampa R iver  above M a y b elle . Com prehensive in fo r m a tio n  i s  

in c lu d e d  on th e  humpback and b o n y t a i l  ch u b s, on th e  razorback  su c k e r , and on  

th e  n a t iv e  c u t th r o a t  t r o u t ,  as w e l l  a s  an a n n o ta ted  l i s t  o f  a l l  n a t iv e  

s p e c ie s  o f  th e  upper C olorado R iv er  b a s in  to  p r o v id e  a b a s i s  o f  in fo rm a tio n
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t o  answer q u e s t io n s  and make p r e d ic t iv e  a ssu m p tio n s b a s ic  t o  any fu tu r e  

w ater d evelopm en t p r o j e c t s  in  th e  Upper C olorado b a s in .

H i s t o r ic a l  P e r s p e c t iv e s

I t  i s  somewhat i r o n ic  t h a t  th e  sq u a w fish , humpback and b o n y t a i l  chubs 

a re  s p e c ie s  o f  th e  minnow fa m ily  (C y p r i n i d a e )  and th e  razorb ack  su ck er  i s  

o f  th e  su ck er  fa m ily  ( C a t o s t o m i d a e )  — f i s h e s  o f  th e s e  f a m i l i e s  h i s t o r i c a l l y  

have b een  c o n s id e r e d  a s  "trash** f i s h ,  or  "rough" f i s h  by s t a t e  and f e d e r a l  

f i s h e r i e s  a g e n c ie s  t o  be e r a d ic a te d  by p e s t  c o n tr o l  program s. In d eed , a l l  

o f  th e  n a t iv e  s p e c ie s  in c lu d in g  la r g e  numbers o f  th e  p r e s e n t ly  endangered  

s p e c ie s  w ere e r a d ic a te d  by m a ssiv e  p o is o n in g  o f  th e  Green R iv er  (down to  

D in osaur N a t io n a l Monument) in  1962 p r io r  to  th e  c lo s u r e  o f  F lam ing Gorge 

Dam to  make th e  en vironm en t more h o s p i t a b le  fo r  th e  in tr o d u c e d  rainbow  tr o u t  

( M i l le r , 1 9 6 3 ). A ccord in g  t o  M i l l e r ,  100 men and $ 1 5 7 ,0 0 0  ($ 1 7 3 ,0 0 0  a cco r d in g  

t o  th e  N. Y. T im es, Aug. 1 1 , 1963) w ere u sed  to  k i l l  a l l  th e  f i s h e s  from about 

500 m ile s  o f  r i v e r .  A pre-im poundm ent stu d y  o f  th e  F lam ing Gorge R e se r v o ir  

s i t e  by Wyoming Game and F ish  Departm ent (1 9 6 0 , F is h .  T ech . R ept. 9) com­

mented t h a t  game f i s h  w ere s c a r c e  and tr a s h  f i s h  such  a s  sq u a w fish  and b on y- 

t a i l  chubs were abundant.

In  a 1971 b o o k le t  p u b lish e d  by th e  C olorado D iv is io n  o f  W i l d l i f e ,  

e n t i t l e d ,  " F ish es  o f  C o lorad o ,"  th e  f o l lo w in g  s ta te m e n t i s  found under 

C olorado S q u aw fish : "B ecause th e  sq u a w fish  a re  such  p r e d a to r s  on game 

f i s h ,  c o n tr o l  h as lo n g  been  a f i s h e r i e s  management p rob lem . E v ery th in g  from  

dynam ite to  ch em ica l c o n tr o l  has b een  t r i e d .  The m ost r e c e n t  developm en t 

i s  a s p e c i f i c  ch em ica l c a l l e d  1Squoxin* fo r  th e  c o n tr o l  o f  th e s e  p r e d a to r s ."  

T h is em b a rra ssin g  s ta te m e n t r e s u l t e d  from a la c k  o f , in fo r m a tio n  on th e  C olorado  

sq u a w fish . The au th or e v id e n t ly  b ased  th e  comments on a c l o s e l y  r e la t e d  

s p e c i e s ,  th e  Colum bia R iv er  sq u a w fish , P t y c h o c h e i l u s  o r e g o n e n s i s , an a d a p ta b le



and abundant sq u a w fish  th a t  i s  o f t e n  c o n s id e r e d  a p e s t  s p e c ie s *  A lthough  

th e  f a t e  o f  th e  n a t iv e  f i s h  fauna o f  th e  C olorado R iv er  b a s in  and th a t  o f  

t h e i r  o r i g in a l  en vironm en t may be lam ented  th e  f a c t  rem ains th a t  a m u lt i -  

m il l io n  d o l la r  r e c r e a t io n a l  f i s h e r y  has r e s u l t e d  from th e  c r e a t io n  o f  

r e s e r v o ir s  and th e s e  f i s h e r i e s  a r e  b ased  e n t i r e l y  on n o n -n a t iv e  f i s h e s .

Thus, i t  i s  u n d ersta n d a b le  why a s t a t e  f i s h  and game a g en cy , funded by 

l i c e n s e  s a l e s ,  may n o t  seem e n t h u s ia s t i c  to  back a program t o  p r o t e c t  or  

enhance s u r v iv a l  o f  endangered s p e c ie s  o f  minnows and s u c k e r s , p a r t i c u la r ly  

where c o n f l i c t s  w ith  s p o r t  f i s h in g  i n t e r e s t s  co u ld  d e v e lo p . The Endangered  

S p e c ie s  A c t, how ever, becom es a d e c i s i v e  a d v o ca te  fo r  any s p e c ie s  l i s t e d  

by th e  U .S . D epartm ent o f  I n t e r io r  a s  endangered  or  th r e a te n e d  by d ir e c t in g  

a l l  f e d e r a l  a g e n c ie s  t o  p r o h ib i t  any a c t io n  w hich  would be n e g a t iv e  to  th e  

s u r v iv a l  o f  endangered  or  th r e a te n e d  s p e c i e s .  E n viron m en tal groups (S ie r r a  

C lub, W ild ern ess  S o c ie t y ,  Audubon S o c ie t y ,  T rout U n lim ite d , e t c . )  have found  

a p o te n t  new weapon in  The Endangered S p e c ie s  A ct fo r  b a t t l e s  a g a in s t  c e r ­

t a in  p r o j e c t s  and w i l l  i n i t i a t e  l e g a l  a c t io n  on t h e i r  own t o  e n fo r c e  c e r t a in  

p r o v is io n s  o f  th e  law . For exam p le, Audubon S o c ie ty  and S ie r r a  Club la w y ers  

have p e t i t i o n e d  th e  U .S . F ish  and W ild l i f e  S e r v ic e  ( th e  agen cy charged  w ith  

en forcem en t o f  th e  Endangered S p e c ie s  A ct) to  th e  e f f e c t  th a t  th e  U .S . F .W .S. 

f a i l e d  t o  f u l f i l l  i t s  r e s p o n s i b i l i t i e s  in  regard  t o  Bureau o f  R eclam ation  

i r r i g a t i o n  p r o j e c t s  in  N orth  D akota, South  Dakota and N ebraska in  r e l a t io n  to  

p o t e n t ia l  n e g a t iv e  im p acts on c r i t i c a l  h a b it a t  o f  th e  endangered whooping  

cra n e  (a lth o u g h  c r i t i c a l  h a b it a t  o f  th e  whooping cran e h as n o t y e t  b een  

d e te r m in e d ) .

A b a s ic  q u e s t io n  may be ask ed : Are th e  sq u a w fish , humpback chub and 

b o n y t a i l  chub t r u ly  endangered  ( in  danger o f  e x t in c t io n ) ?  The answer i s  

p ro b a b ly  y e s ,  o r  a t  l e a s t  i t  i s  n o t  l i k e l y  th a t  new e v id e n c e  w i l l  be found
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w hich co u ld  s e r v e  a s  a b a s i s  to  remove th e s e  s p e c ie s  from th e  endangered  

l i s t .  T h is  m a tter  i s  t r e a t e d  in  more d e t a i l  under each  s p e c ie s  a c c o u n t , 

b u t a l l  in d ic a t io n s  a re  th a t  th e  sq u a w fish , razorb ack  su c k e r , humpback and 

b o n y t a i l  chubs have s u f f e r e d  g r e a t  d e c l in e s  in  abundance and d i s t r ib u t io n  

and a re  v e r y  r a r e , o c c u r r in g  o n ly  s p o r a d ic a l ly  in  a few  a r e a s  o f  t h e i r  

form er ra n g e . Such a r e a s  o f  o ccu rren ce  th en  assume g r e a t  s ig n i f i c a n c e  as  

" c r i t i c a l  h a b it a t ."  The d isa p p ea ra n ce  o f  th e s e  s p e c ie s  o ccu rred  f i r s t  in  

th e  low er b a s in  (below  Grand Canyon) (M inckley and D eacon, 1968) and t h e i r  

ra p id  d e c l in e  in  th e  upper b a s in  i s  c o r r e la t e d  w ith  th e  c o m p le tio n  o f  Flam ing  

Gorge R e se r v o ir  (1962) and Lake P o w ell (1 9 6 3 ) .

I t  i s  d i f f i c u l t  t o  document th e  o r i g in a l  abundance and d i s t r ib u t io n  

o f  th e s e  fo u r  s p e c ie s  or  to  q u a n t ify  t h e i r  d e c l in e  b eca u se  so  l i t t l e  d e t a i l e d  

in fo r m a tio n  e x i s t s .  Of a l l  th e  e a r ly  l i t e r a t u r e ,  o n ly  th e  e x p e d it io n  o f  

D avid S ta r r  Jordan in  1889 (Jord an , 1891) p ro v id ed  in fo r m a tio n  b ased  on 

c o l l e c t i o n s  from s e v e r a l  l o c a l i t i e s  in  th e  upper C olorado R iv er  b a s in .  

Evermann and R u tter  (1895) rev iew ed  a l l  o f  th e  l i t e r a t u r e  t o  th a t  tim e on 

th e  f i s h e s  o f  th e  C olorado b a s in .

Jordan and Evermann (1 8 9 6 , 1902) s t a t e d  th a t  th e  sq u a w fish  was "very  

abundant in  th e  r iv e r  ch a n n e ls  a s  fa r  n o rth  a s  th e  b a se  o f  th e  Rocky Moun­

t a in s  in  C olorad o ."  E s s e n t i a l ly  t h i s  same comment was r e p e a te d  fo r  th e  

razorb ack  su ck er  and th e  b o n y t a i l  chub.

In some a r e a s ,  p a r t i c u la r ly  in  th e  low er b a s in ,  sq u a w fish  and razorb ack  

su ck ers  w ere h a r v e s te d  by com m ercial f ish erm en . C on fu sion  has a lw ays  

surrounded th e  th r e e  chub s p e c ie s  o f  th e  genus G i l a  o f  th e  upper C olorado  

R iv er  b a s in .  The r o u n d ta il  chub, G. r o b u s t a , i s  s t i l l  a common s p e c ie s  in  

t r ib u ta r y  s tr e a m s , b u t sp ecim en s have lo n g  b een  known w hich appear in term ed ­

i a t e  betw een  G. r o b u s t a , G. c y p h a  (humpback chub) and G. e l e g a n s  (b o n y ta i l

¡ssi
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chub) and th e s e  in te r m e d ia te  ty p e s  a p p a r e n tly  became more common in  th e  

1 9 6 0 ' s , in d ic a t in g  h y b r id iz a t io n  was s t im u la te d  by th e  en v iro n m en ta l 

ch a n g es . S e v e r a l a u th o rs  have u sed  th e  term  " b o n y ta il chub" fo r  th e  common 

r o u n d ta il  chub. Thus, th e  form er abundance and p r e s e n t  o ccu rr en ce  o f  G .  

e l e g a n s  and G .  c y p h a  i s  n o t  w e l l  u n d ersto o d . The humpback chub was p ro b a b ly  

a lw ays r e s t r i c t e d  in  i t s  d i s t r ib u t io n  t o  deep  w a ter  canyon a rea s  o f  th e  

C olorado and Green r i v e r s .  I t  was n o t o f f i c i a l l y  d is c o v e r e d  and d e s c r ib e d  

u n t i l  1945 ( M il le r ,  1 9 4 6 ). The b o n y t a i l  chub may have b een  an im p ortan t  

food  so u rce  fo r  th e  sq u a w fish . The d e c l in e  o f  th e  b o n y t a i l  chub a p p a r e n tly  

c o in c id e d  w ith  th e  d e c l in e  o f  th e  sq u a w fish  and th e  p r e s e n t  known maximum 

s i z e  o f  sq u a w fish  i s  o n ly  ab ou t 15 l b s . ,  fa r  l e s s  than  th e  80 l b s .  r ep o r te d  

by Jordan fo r  th e  N in e te e n th  C en tury .

A l l  i c h t h y o lo g i s t s  and f i s h e r i e s  b i o l o g i s t s  f a m il ia r  w ith  th e  C olorado  

R iv er  b a s in  in  r e c e n t  y e a r s  a g ree  t h a t  sq u a w fish  and razorb ack  su ck ers  have  

been  g r e a t ly  red u ced  in  d i s t r ib u t io n  and abundance and f i s h  w hich  appear to  

be t y p ic a l  b o n y ta i l  chub o r  t y p ic a l  humpback chub a re  even  r a r e r .

The c o n s tr u c t io n  o f  F lam ing Gorge R e se r v o ir  and Lake P o w ell s t im u la te d  

s t u d ie s  on th e  n a t iv e  f i s h e s  o f  th e  upper b a s in .  Sm ith (1960) r ep o r te d  

c o l l e c t i n g  18 humpback chub from H id eou t F la t s  o f  th e  Green R iv er  (now under 

Flam ing Gorge R eserv o ir ) in  1959 . The d a ta  o f  Taba, e t  a l .  (1965) in d ic a te d  

sq u a w fish  w ere s t i l l  common and r e p r o d u c tio n  was s u c c e s s f u l  in  th e  Green 

R iv er  n ear Moab, Utah in  1 9 6 2 -6 4 . V anicek  (1 9 6 7 ) , V anicek  and Kramer (1969) 

and V a n icek , Kramer and F ra n k lin  (1970) docum ented d a ta  on th e  n a t iv e  f i s h e s  

in  th e  Green R iver  fo l lo w in g  th e  c lo s u r e  o f  F lam ing Gorge dam in  1962 (from  

th e  dam through  D in osaur N a t io n a l Monument). H olden and S ta ln a k e r  (1 970 , 

1 9 74 , 1975) d is c u s s e d  th e  chubs o f  th e  genus G i l a ,  th e  f i s h e s  o f  th e  D o lo res  

and Yampa r iv e r s  and th e  f i s h e s  o f  th e  upper C olorado R iv er  b a s in ,  r e s p e c t ­

i v e l y .  H olden and S ta ln a k e r  (1 9 7 4 , 1975) have em phasized  th e  p o in t  t h a t  th e



7

Yampa R iv e r , as th e  o n ly  m ajor t r ib u ta r y  in  th e  C olorado R iv er  b a s in  w ith o u t  

*
a m ainstream  dam, h o ld s  g r e a t  s ig n i f i c a n c e  fo r  th e  p r e s e r v a t io n  o f  endangered  

and th r e a te n e d  s p e c ie s .

E a r ly  d ocu m en ta tion  o f  th e  form er e x i s t e n c e  o f  any o f  th e  p r e s e n t ly  

endangered  s p e c ie s  in  th e  Yampa R iv er  d o es  n o t  e x i s t  to  my k n ow led ge. T h is ,  

how ever, i s  due t o  th e  la c k  o f  e a r ly  c o l l e c t i o n s .  H olden and S ta lm aker (1 9 7 4 , 

1975) summarized d a ta  from f i s h  c o l l e c t i o n s  made from 1967-1973  and docum ented  

th e  p r e se n c e  o f  sq u a w fish , razorb ack  su ck er  and "humpback chub com plex" in  

th e  Yampa R iv er  d u rin g  th a t  t im e . Only th e  sq u a w fish  was found upstream  

from D in osaur N a t io n a l Monument, th e  o th e r  s p e c ie s  w ere c o n fin e d  to  an area  

n ear th e  c o n flu e n c e  w ith  th e  Green R iv e r . The upstream  l i m i t  o f  sq u a w fish  

d is t r ib u t io n  in  th e  Yampa R iv er  i s  b ased  on a specim en  c o l l e c t e d  in  1971 

from n ear M ilk Creek by P au l H olden ( th u s , th e  b a s i s  fo r  th e  p rop osed  

c r i t i c a l  h a b i t a t ) . A lthough  s y s te m a tic  and com parable f i s h  c o l l e c t i o n  d a ta  

i s  la c k in g  fo r  th e  Yampa R iv e r , i t  d oes appear from s t u d ie s  o f  197 5 -7 6  th a t  

a c o n tin u ed  tren d  o f  d e c l in e  in  sq u a w fish  abundance and s u c c e s s  o f  rep rod u c­

t io n  (as w e l l  a s  th e  o th e r  s p e c ie s )  i s  in  p r o g r e s s .  T h is  has le d  me t o  

s u g g e s t  th a t  th e  sq u a w fish  may become e x t in c t  in  about 25 y e a r s ,  even  i f  no 

fu r th e r  en v iro n m en ta l a l t e r a t io n s  o ccu r  in  th e  upper b a s in  (Behnke, 1 9 7 6 ) .

I b ased  t h i s  assu m p tion  on th e  h is t o r y  o f  e x t in c t i o n s  o f  o th e r  an im al s p e c ie s  

and th e  ra p id  e x t in c t io n  o f  sq u a w fish  from  th e  low er b a s in  ( M il le r ,  1961; 

M inkley and D eacon, 1 9 6 8 ) . Once th e  cu rve o f  abundance rea c h e s  a c e r t a in  

i n f l e c t i o n  p o in t ,  th e  e x t in c t io n  p r o c e s s  i s  g r e a t ly  h a s te n e d .

In  any e v e n t ,  i t  m ust be a d m itted  th a t  no one r e a l l y  knows how " c r i t i c a l"  

th e  Yampa R iv er  i s  fo r  sq u a w fish  s u r v iv a l .  Do th e  sq u a w fish  p r e s e n t ly  

in h a b it in g  th e  Green R iv er  below  th e  mouth o f  th e  Yampa depend on th e  Yampa 

fo r  rep ro d u c tio n ?  I f  s o ,  to  what e x te n t?  Where a re  th e  spaw ning and n u rsery
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grounds? Why h as th e r e  been  no in d ic a t io n  o f  s u c c e s s f u l  r e p r o d u c tio n  o f  

sq u a w fish  in  th e  Yampa R iver  s in c e  1969 ( f in d in g  y o u n g -o f - th e -y e a r  f i s h ) ?

D e f i n i t i o n s , I n te r p r e t a t io n s  arid R a m if ic a t io n s

B e fo re  t r e a t in g  th e  b io lo g y  o f  th e  f i s h e s ,  i t  may be u s e f u l  t o  d is c u s s  

c e r t a in  a s p e c t s  o f  th e  Endangered S p e c ie s  A ct in  more d e t a i l .  The in t e n t  o f  

th e  A ct i s ,  o f  c o u r s e , t o  p r e v e n t  s p e c ie s  o f  a n im als  and p la n t s  from  becom ing  

e x t i n c t .  The in t e n t  i s  c a r r ie d  o u t  by a l i s t i n g  o f  endangered  and th r e a te n e d  

s p e c ie s  by th e  O f f ic e  o f  Endangered S p e c ie s  o f  th e  F ish  and W ild l i f e  S e r v ic e  

(D ept. I n t e r i o r ) . ♦ l o  f e d e r a l  agency can expend fu n ds o r  c o o p e r a te  in  any 

a c t i v i t i e s  w hich  w ould be d e tr im e n ta l t o  s p e c ie s  on t h i s  l i s t .  S t a t e s  a re  

en cou raged  t o  i n i t i a t e  management program s d e s ig n e d  t o  enhance s u r v iv a l  o f  

endangered  s p e c ie s  by a g ra n t o f  f e d e r a l  funds (C olorado w i l l  r e c e iv e  

$ 1 0 0 ,0 0 0  t h i s  f i s c a l  y e a r ) .

S e c t io n  3 o f  th e  A ct d e f in e s  te r m in o lo g y . Endangered s p e c ie s  i s  d e f in e d  

a s any s p e c ie s  in  danger o f  e x t in c t io n  th ro u g h o u t a l l  o r  a s i g n i f i c a n t  p o r t io n  

o f  i t s  ra n g e . S p e c ie s  i s  d e f in e d  t o  in c lu d e  s u b s p e c ie s  and s m a lle r  u n i t s  o f  

a s p e c i e s .  Thus^ argum ents o v er  th e  v a l i d i t y  o f  th e  humpback and b o n y t a i l  

chubs — a re  th ey  two s e p a r a te  s p e c ie s  o r  o n ly  s u b s p e c ie s  o f  one s p e c ie s  —- i s  

n o t p e r t in e n t  t o  t h e i r  c l a s s i f i c a t i o n  a s  "endangered s p e c ie s ."  The same 

r e a so n in g  a p p l ie s  t o  th e  n a t iv e  C olorado R iv er  c u t th r o a t  t r o u t ,  S a l m o  c l a r k i  

p i e u r i t i c u s ,  where th e  s p e c ie s  a s* a  w hole i s  n o t endangered  o r  th r e a te n e d ,  

b u t some s u b s p e c ie s  o f  th e  s p e c ie s  a r e .  T h reaten ed  s p e c ie s  means any s p e c ie s  

w hich i s  l i k e l y  t o  become an endangered s p e c ie s  w ith in  th e  f o r e s e e a b le  f u tu r e .

S e c t io n  7 (In te r a g e n c y  C oop eration ) ch a rg es  th e  S e c r e ta r y  o f  I n t e r io r  

t o  r ev iew  a l l  I n t e r io r  program s and to  u se  th e s e  program s fo r  th e  fu r th e r a n c e  

o f  th e  A ct. A l l  o th e r  f e d e r a l  a g e n c ie s  a re  t o  u t i l i z e  t h e i r  a u t h o r i t i e s  in  

fu r th e r a n c e  o f  th e  A ct by c a r r y in g  o u t  program s fo r  th e  c o n s e r v a t io n  o f
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endangered and th r e a te n e d  s p e c i e s .  T hese a g e n c ie s  a re  a l s o  t o  in s u r e  th a t  

a c t io n s  a u th o r iz e d , fu n d ed , o r  c a r r ie d  o u t by them do n o t  je o p a r d iz e  th e  

co n tin u ed  e x i s t e n c e  o f  th e s e  s p e c ie s  or  r e s u l t  in  th e  d e s t r u c t io n  or  

m o d if ic a t io n  o f  th e s e  s p e c i e s 1 h a b it a t  t h a t  i s  d eterm in ed  t o  be c r i t i c a l  by 

th e  S e c r e ta r y  o f  I n t e r io r  a f t e r  c o n s u lt a t io n  w ith  th e  a f f e c t e d  s t a t e s .

C r i t i c a l  h a b it a t  m en tion ed  in  th e  l a s t  s e n te n c e  i s  a m ost im p o rta n t  

and com plex i s s u e .

As o f  J u ly ,  1 9 76 , o n ly  one s p e c ie s  had i t s  " c r i t i c a l  h a b ita t"  d e f in e d  

and th a t  was an o b v io u s  exam ple - -  th e  s n a i l  d a r t e r ,  a sm a ll f i s h  known o n ly  

from a sm a ll a rea  o f  th e  L i t t l e  T en n essee  R iv er  ab ou t to  be in u n d ated  by a 

TVA dam under c o n s tr u c t io n .  The c a se  o f  TVA v s .  th e  s n a i l  d a r te r  and th e  

Endangered S p e c ie s  A ct i s  l i k e l y  t o  go t o  th e  Supreme C ourt. The S ix th  

C ir c u i t  Court o f  A pp eals (O ct. 1976) has a llo w e d  TVA t o  p ro ceed  w ith  

c o n s tr u c t io n  o f  th e  dam b u t has fo rb id d en  i t s  c lo s u r e  (sch ed u led  fo r  

Jan u ary , 1 9 7 7 ) f TVA r e s t s  i t s  c a s e  on th e  f a c t  t h a t  th e  s n a i l  d a r te r  was 

n o t  d is c o v e r e d  and d e s c r ib e d  u n t i l  a f t e r  dam c o n s tr u c t io n  was underway and 

on t h e i r  a ttem p ts  to  e s t a b l i s h  new p o p u la t io n s  in t o  new h a b i t a t .

The fo l lo w in g  i s  a r ep r o d u c tio n  o f  a b r i e f  a r t i c l e  from "The Endangered  

S p e c ie s  T e c h n ic a l B u lle t in "  (A u g., 1976) w r it t e n  by th e  D ir e c to r  o f  th e  

O f f ic e  o f  Endangered S p e c ie s ,  K e ith  M. S c h r e in e r , e n t i t l e d :  " C r i t ic a l  

h a b it a t :  what i t  i s  — and i s  n o t ."

In r e c e n t  m onths, my s t a f f  and I have b een  b arraged  w ith  innum erable  

q u e r ie s  and comments co n cern in g  c r i t i c a l  h a b i t a t .  I t  i s  c l e a r  th a t  

F ed er a l and S t a t e  a d m in is tr a to r s ,  C ongressm en, b i o l o g i s t s ,  r e p o r t e r s ,  

and p r iv a t e  c i t i z e n s  a re  w ondering about th e  m eaning o f  c r i t i c a l  h a b it a t  

and i t s  p o t e n t ia l  e f f e c t s  on t h e i r  own a c t i v i t i e s  and i n t e r e s t s .

The m ost im p o rta n t p o in t  I  can make ab ou t c r i t i c a l  h a b it a t  i s  

t h a t  in  no way d o es i t  p la c e  an ir o n  c u r ta in  around a p a r t ic u la r  a rea ;  

th a t  i s ,  i t  d o es n o t  c r e a te  a w ild e r n e s s  a r e a /  in v io l a b le  sa n c tu a r y ,  

o r  s e a l e d - o f f  r e fu g e .  F urtherm ore, I would s t r e s s  th a t  i t  d o es n o t  

g iv e  th e  F ish  and W ild l i f e  S e r v ic e  o r  any o th e r  governm ent agen cy an 

easem en t on p r iv a t e  p r o p e r ty  nor w i l l  i t  a f f e c t  th e  u lt im a te  j u r i s ­

d i c t i o n  r e g a r d in g  any p u b l ic  la n d s .
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C r i t i c a l  h a b it a t  i s  p ro v id ed  fo r  by s e c t io n  7 o f  th e  Endangered  

S p e c ie s  A ct o f  1 9 73 , w hich ch a rg es  F ed er a l a g e n c ie s — and o n ly  F ed er a l  

a g e n c ie s —-w ith  th e  r e s p o n s i b i l i t y  fo r  en su r in g  a c t io n s  a u th o r iz e d ,  

fu n d ed , o r  c a r r ie d  o u t  by them do n o t  e i t h e r  1) je o p a r d iz e  th e  con­

t in u e d  e x i s t e n c e  o f  Endangered or T h reaten ed  S p e c ie s  o r  2) r e s u l t  in  

d e s t r u c t io n  o r  a d v erse  m o d if ic a t io n  o f  th e  h a b it a t s  o f  th e s e  s p e c i e s .  

(S ta te  and p r iv a t e  a c t io n s  t h a t  do n o t in v o lv e  F ed er a l money or  

a p p ro v a l do n o t come under th e  term s o f  th e  A c t .)

S im ply s t a t e d ,  c r i t i c a l  h a b it a t  i s  th e  a rea  o f  la n d , w a te r , and 

a ir s p a c e  r eq u ir ed  fo r  th e  norm al n eed s and s u r v iv a l  o f  a  s p e c i e s .  As 

p u b lish e d  in  th e  F ed er a l R e g is te r  on A p r il 2 2 , 1 9 7 5 , th e  S e r v ic e  h as  

d e f in e d  th e s e  n eed s a s  sp a ce  fo r  grow th , m ovem ents, and b e h a v io r ;  

food  and w a ter; s i t e s  f o r  b r e e d in g  and r e a r in g  o f  o f f s p r in g ;  co v er  

o r  s h e l t e r ;  and o th e r  b i o l o g i c a l  and p h y s ic a l  r eq u ir e m e n ts . D e ter ­

m in a tio n  o f  a c r i t i c a l  h a b it a t  may in c lu d e  c o n s id e r a t io n  o f  c e r t a in  

b i o l o g i c a l ,  p h y s i c a l ,  o r  human e lem en ts  o f  a s p e c ie s *  en v iron m en t, 

i f — b u t o n ly  i f — th e  e lem en t i s  r e q u ir e d  fo r  th e  co n tin u ed  s u r v iv a l  

o r  r e a so n a b le  r e c o v e r y  o f  th e  s p e c i e s .

We a re  ta k in g  s p e c ia l  p a in s  t o  make su re  t h a t  ev e r y  sh red  o f  

b i o l o g i c a l  d a ta  i s  o b ta in e d  and a n a ly zed  b e fo r e  any c r i t i c a l  h a b it a t  

i s  d eterm in ed . F ed er a l and S ta te  a g e n c ie s  a re  b e in g  c o n ta c te d  in  

w r it in g  p r io r  t o  p u b l ic a t io n  o f  a p r o p o s a l.  Once th e  p r o p o sa l h as  

been  p u b lis h e d , w r it t e n  comments on i t s  b i o l o g i c a l  adequacy a re  a c t i v e l y  

so u g h t from a l l  in t e r e s t e d  p a r t i e s .  In some c a s e s ,  i f  th e  s i t u a t io n  

w a rra n ts , p u b l ic  h e a r in g s  a re  b e in g  h e ld  in  th e  a f f e c t e d  S t a t e s  to  

seek  th e  v iew s o f  l o c a l  r e s id e n t s .  I t  i s  o n ly  a f t e r  a l l  o f  t h i s  b i o l o g i ­

c a l  in fo r m a tio n  h as b een  c o l l e c t e d  and c a r e f u l ly  a n a ly zed  t h a t  a f i n a l  

d e te r m in a tio n  i s  made.

Once th e  f i n a l  d e te r m in a tio n  h as b een  p u b lis h e d , i t s  o n ly  e f f e c t  

i s  t o  ca u se  F ed er a l a g e n c ie s  m anaging la n d s  o r  a d m in is te r in g  program s 

w ith in  th e  a rea  t o  exam ine t h e i r  a c t io n s  in  l i g h t  o f  s e c t io n  7 .

The a c t io n s  o f  p r iv a t e  in d iv id u a ls  (fa rm ers , r a n c h e r s , t r a p p e r s ,  

e t c . ) ,  f ir m s ,  and S ta te  a g e n c ie s  a re  n o t  a f f e c t e d  u n le s s  fu n d in g  or  

a p p rova l from a F ed er a l agen cy  i s  in v o lv e d .

I f  an a c t io n  d o es  r e q u ir e  F ed er a l funds o r  a p p ro v a l, th en  th e  

p a r t ic u la r  F ed era l agen cy h a v in g  j u r i s d i c t i o n  m ust d e c id e  w hether o r  

n o t  th e  a c t io n  w ould " je o p a r d iz e  th e  c o n tin u ed  e x i s t e n c e  o f  th e  s p e c ie s  

o r  r e s u l t  in  d e s t r u c t io n  o r  m o d if ic a tio n "  o f  i t s  c r i t i c a l  h a b i t a t .

There i s  no way t o  p r e d ic t  how F ed er a l a g e n c ie s  w i l l  d e c id e  about 

p a r t ic u la r  a c t io n s  in  p a r t ic u la r  a r e a s .  The a g e n c ie s  s im p ly  c o n s id e r  

them on a c a s e -b y -c a s e  b a s i s  a s  th e y  a r i s e .  N e v e r th e le s s ,  I  sh o u ld  

em phasize t h a t  th e r e  a re  many ty p e s  o f  e x i s t i n g  lan d  u s e s  t h a t  a re  

co m p a tib le  w ith  th e  c o n tin u ed  s u r v iv a l  o f  s p e c ie s  and m ain ten an ce o f  

th e  q u a l i t y  o f  t h e i r  h a b i t a t s .  In  a d d it io n  th e  S e r v ic e  i s  p rep ared  

t o  p r o v id e  a s s i s t a n c e  and c o n s u lt a t io n  on th e  b i o l o g i c a l  im p acts o f  

p rop osed  a c t i v i t i e s  w henever such  c o n s u lt a t io n  i s  n eed ed . However, 

th e  f i n a l  d e c i s io n s  w i l l  be made by th e  a p p r o p r ia te  F ed er a l a g e n c ie s .

In  s h o r t ,  th e  d e te r m in a tio n  o f  c r i t i c a l  h a b it a t  i s  a means o f  

h e lp in g  a l l  F e d e r a l a g e n c ie s  m eet t h e i r  r e s p o n s i b i l i t i e s  under th e  

Endangered S p e c ie s  A ct o f  1973 . I t  i s  a t o o l  t o  h e lp  sa v e  and r e s t o r e  

s p e c i e s ,  n o t a weapon t o  h in d er  econom ic o r  s o c i a l  p r o g r e s s .



C r i t i c a l  h a b it a t  i s  t y p i c a l l y  recommended f i r s t  by th e  endangered  s p e c ie s  

" reco v ery  team ,"  an a d v is o r y  board ch arged  w ith  d e v e lo p in g  a p la n  t o  r e s t o r e  

an endangered  s p e c ie s  t o  an abundance where i t  i s  no lo n g e r  en d an gered . The 

recom m endation o f  th e  sq u a w fish  r e c o v e r y  team  in c lu d e d  th e  Yampa R iv er  from  

i t s  c o n flu e n c e  w ith  th e  Green R iv er  upstream  to  C r a ig , C o lo ra d o . As m entioned  

a b o v e , th e  recom m endations o f  th e  A lbuquerque r e g io n a l  o f f i c e  o f  th e  F ish  

and W ild l i f e  S e r v ic e  has s l i g h t l y  red u ced  th e  Yampa R iv er  c r i t i c a l  h a b it a t  

by p la c in g  th e  upstream  l i m i t s  a t  M ilk C reek . B e s id e s  th e  Yampa R iv e r , th e  

c u r r e n t recom m endations fo r  c r i t i c a l  h a b it a t  fo r  sq u a w fish  in c lu d e s  th e  C olorado  

R iv er  from Lake P o w ell t o  P la te a u  Creek (ab ou t 10 m ile s  above P a l i s a d e s ,  

C o lo r a d o ) , th e  Gunnison R iv er  to  D e lt a ,  C olorado and th e  Green R iv er  t o  i t s  

c o n f lu e n c e  w ith  th e  Yampa.

A Memorandum o f  U n d erstan d in g  was s ig n e d  in  March, 1 9 76 , by th e  D ir e c to r s  

o f  th e  F ish  and W ild l i f e  S e r v ic e ,  th e  BLM and th e  Bureau o f  R eclam ation  to  

th e  e f f e c t  t h a t  a l l  th r e e  a g e n c ie s  m ust a g ree  on th e  d e s ig n a t io n  o f  c r i t i c a l  

h a b it a t  b e fo r e  i t  i s  p u b lish e d  in  th e  f e d e r a l  r e g i s t e r .

B ecause o f  th e  t h r e a t  o f  em b a rra ssin g  law  s u i t s ,  h ow ever, i t  i s  l i k e l y  

th a t  even  w ith o u t  o f f i c i a l  d e s ig n a t io n ,  f e d e r a l  a g e n c ie s  a re  l i k e l y  to  t r e a t  

th e  Yampa R iv er  a s  "de fa c to "  c r i t i c a l  h a b it a t  fo r  sq u a w fish  u n le s s  i t  can  

be a d eq u a te ly  d em on stra ted  th a t  th e  Yampa R iv er  i s  n o t  s i g n i f i c a n t  fo r  th e  

s u r v iv a l  o f  th e  s p e c ie s  or  th a t  a p r o j e c t  can a c t u a l ly  enhance th e  s u r v iv a l  

p o t e n t ia l  o f  an endangered  s p e c i e s .

The o th e r  s p e c i e s ,  razorb ack  su c k e r , b o n y t a i l  and humpback chubs a re  

known o n ly  from sp ec im en s ta k en  n ear th e  c o n f lu e n c e  w ith  th e  Green R iv e r /

The c o n flu e n c e  o f  th e  Yampa and th e  Green r iv e r s  i s  a h ig h ly  s i g n i f i c a n t  

a rea  b eca u se  t h i s  i s  now th e  upstream  l i m i t s  o f  th e  endangered  s p e c ie s  o f  

th e  Green R iv er  a f t e r  th e  c o o l in g  e f f e c t  o f  F lam ing Gorge R e se r v o ir  r e l e a s e
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eliminated these species from the Green River upstream from this point.

Any p o t e n t ia l  a l t e r a t io n  in  th e  f lo w  and tem p eratu re p a t te r n s  o f  th e  Yampa 

R iv er  from a p rop osed  d evelop m en t p r o j e c t  w hich  co u ld  u p se t  th e  d e l i c a t e  

b a la n c e  w hich now e x i s t s  w ould be v ig o r o u s ly  fo u g h t . A l o g i c a l  q u e s t io n ,  

h ow ever, i s  can th e  f lo w  regim e be im proved in  th e  low er Yampa R iv er  to  

b e n e f i t  th e  endangered s p e c ie s ?

The Endangered S p e c ie s  A ct i s  a r e l a t i v e l y  new la w , ad eq u ate  p r e c e d e n ts  

do n o t  y e t  e x i s t  t o  s e r v e  as g u id e l in e s  in  r e l a t io n  t o  m it ig a t io n  fo r  

c r i t i c a l  h a b i t a t .

C olorado Sq uaw fish  P t y c h o c h e i l u s  l u c i u s  

Taxonomy and I d e n t i f i c a t i o n . The C olorado sq u a w fish  h as been  rep u ted  to  

a t t a in  a s i z e  o f  8 0 -1 0 0  l b s . ,  a lth o u g h  I b e l i e v e  a maximum o f  55 -6 0  l b s .  

i s  more r e a l i s t i c .  In  any e v e n t ,  th e  C olorado sq u a w fish  i s  by fa r  th e  

l a r g e s t  s p e c ie s  o f  th e  minnow fa m ily  n a t iv e  t o  N orth A m erica. The jaw  

e x ten d s  t o  th e  r e a r  m argin o f  th e  e y e .  S c a le s  8 0 -9 5  in  th e  l a t e r a l  l i n e ,  

d o r s a l and a n a l ra y s  t y p i c a l l y  9 . Body e lo n g a t e ,  t a i l  d e e p ly  fo r k e d .

Young squawf i s h  can be e a s i l y  co n fu sed  w ith  th e  r o u n d ta il  chub, G i l d ,  r o b u s t a . 

The p r e se n c e  o f  a w edge-shaped  sp o t  a t  th e  b a se  o f  th e  ca u d a l f i n  o f  young  

sq u a w fish  (a b se n t in  a d u lt s )  can s e r v e  t o  d i s t in g u is h  young sq u a w fish  from  

th e  r o u n d ta il  chub.

Three o th e r  s p e c ie s  o f  squawf i s h  a?:^ known from o th e r  r iv e r s  in  th e  

w estern  N orth A m erica. The o th e r  sq u a w fish  s p e c i e s ,  u n lik e  P . l u c i u s ,  a re  

h ig h ly  a d a p ta b le , re sp o n d in g  fa v o r a b ly  t o  ch an g in g  en v iron m en ts t o  such  an 

e x t e n t  th a t  th ey  a re  commonly c o n s id e r e d  a s  p e s t  s p e c ie s  t o  be c o n t r o l l e d .  

D is t r ib u t io n . A lthough  n o t  docum ented w ith  p r e c i s e  r e c o r d s , th e  o r ig in a l  

range o f  th e  sq u a w fish  in c lu d e d  th e  main ch a n n el a r e a s  o f  th e  Green and 

C olorado r iv e r s  and th e  la r g e r  t r ib u t a r i e s  from Wyoming t o  M exico .



T h is range was sh ared  w ith  th e  razorb ack  su ck er  and th e  b o n y t a i l  chub. 

P r e s e n t ly  th e  sq u a w fish  may be e x t i n c t  from th e  low er b a s in  (below  G len  

Canyon Dam), no re c o r d s  t h a t  I  know o f  e x i s t  a f t e r  1968 . In  th e  upper b a s in  

th e  m ajor s tr o n g h o ld  o f  th e  sq u a w fish  ap p ears to  be th e  Green R iv er  from th e  

c o n f lu e n c e  o f  th e  Yampa R iv er  downstream  to  i t s  c o n f lu e n c e  w ith  th e  C olorado  

R iver (b u t o ccu rr en ce  i s  s p o r a d ic ) .  R ecen t r ec o rd s  in  th e  C olorado R iver  

in c lu d e  sm a ll numbers around Grand J u n c tio n  as fa r  upstream  a s  P la te a u  C reek . 

Holden c o l l e c t e d  sq u a w fish  from th e  Gunnison R iv er  in  1 9 71 , b u t Bureau o f  

R eclam ation  c o l l e c t i o n s  in  th e  Gunnison in  1976 found n o n e . For th e  Yampa 

R iv er  i t  sh o u ld  be p o in te d  o u t  th a t  th e  d a ta  a re  d i f f i c u l t  t o  in t e r p r e t  in  

r e l a t io n  to  a c tu a l  abundance o f  sq u a w fish  in  any p a r t ic u la r  a rea  and to  

d e t e c t  r e a l  tr e n d s  in  abundance b eca u se  c o l l e c t i o n s  w ere made by d i f f e r e n t  

p e o p le  a t  d i f f e r e n t  t im es  u s in g  d i f f e r e n t  g ea r  w ith  v a r y in g  d e g r e e s  o f  tim e  

and e f f o r t  in v o lv e d .  That i s ,  c o l l e c t i o n s  w ere n o t s y s t e m a t ic a l ly  p lan n ed  

fo r  lo n g  term  co m p a riso n s, b u t r a th e r  sp o r a d ic  in  t im e , p la c e  and e f f o r t  

and i t  i s  o n ly  p o s s i b l e  to  in t e r p r e t  th e s e  d a ta  a s  s u g g e s t iv e  o f  th e  r e a l  

s i t u a t i o n .  The c o l l e c t i o n  s i t e s  o f  Holden (H olden , 1973; H olden and S t a l -  

n a k er , 1975) from th e  low er Yampa R iv er  encom passes about 45 m ile s  o f  r iv e r  

in  th e  Yampa Canyon o f  D in osaur N a t io n a l Monument. Of a t o t a l  o f  300 squaw­

f i s h  c o l l e c t e d  by Holden from th e  Upper C olorado R iv er  b a s in  from 1968 to  

1 9 71 , 269 came from th e  Yampa Canyon. More than  90% o f  th e s e  269 sq u a w fish  

w ere r ip e  m a le s , no r ip e  fem a le s  were ta k en . The sq u a w fish  found in  th e  Yampa 

R iv er  e v id e n t ly  a re  n o t  a r e s id e n t  p o p u la t io n  b u t p ro b a b ly  r e p r e s e n t  a f i s h  

m oving up from th e  Green R iver  fo r  sp aw n in g. Movement b e g in s  in  June w ith  

r i s i n g  w ater  tem p era tu res  and t y p i c a l l y  r e a c h e s  a peak in  l a t e  J u ly  a t  

w a ter  tem p era tu res  o f  6 8 ° -7 0 °  F . J u s t  where th e  spaw ning a r e a s  a re  lo c a te d  

in  th e  Yampa and th e  s u c c e s s  o f  r e p r o d u c tio n  a re  n o t  known. A p p aren tly
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r e p r o d u c tiv e  s u c c e s s  i s  low . H olden found j u v e n i le  sq u a w fish  abundant in  

th e  Echo Park a rea  (n ear C o n flu en ce ) in  19 6 8 , b u t found v e r y  few  in  1969  

and none in  1970 d e s p i t e  an in t e n s iv e  s e a r c h . F u rth er  s t u d ie s  in  1975-76  

in  th e  Yampa R iv er  by K arl S e e th a le r  (Utah S ta te  U n iv e r s i t y , funded by U .S . 

F ish  and W ild l i f e  S e r v ic e )  and C h a r les  P r e w it t  (C olorado S ta te  U n iv e r s i t y ,  

funded by BLM) a ls o  f a i l e d  t o  f in d  y o u n g -o f - th e -y e a r  sq u a w fish . Based on 

th e  c o l l e c t i o n  o f  spaw ned-out a d u l t s ,  S e e th a le r  b e l i e v e s  th e  a rea  o f  th e  

Yampa R iv er  in  L i ly  P ark , ab ou t two m ile s  above th e  c o n f lu e n c e  w ith  th e  

L i t t l e  Snake R iv er  i s  a spaw ning s i t e *  P r e w it t  c o l l e c t e d  a spawned o u t  

fe m a le , A ugust 8 ,  19 7 5 , from th e  Yampa R iv er  a t  M a y b e lle . P r e w it t  a l s o  

c o l l e c t e d  th r e e  a d u lt  sq u a w fish  from th e  mouth o f  C ross M ountain Canyon 

on A ugust 2 1 , 1975 . One specim en  was ta k en  r ig h t  a t  th e  mouth o f  th e  

canyon and two ta k en  about 100 ya rd s in t o  th e  canyon . T hese sp ecim en s and 

one ta k en  by P aul Holden n ear th e  mouth o f  M ilk Creek on June 2 3 , 1 9 71 , 

r e p r e s e n t  th e  known upstream  r ec o rd s  o f  sq u a w fish  in  th e  Yampa R iv e r .

H olden c o l l e c t e d  113 a d u lt  sq u a w fish  in  1970 b u t o n ly  12 in  1971 .

Based on n o te s  from c o n v e r s a t io n s  w ith  S e e t h a le r ,  I  b e l i e v e  he cap tu red  

more than  20 a d u lt  sq u a w fish  in  th e  Yampa R iv er  in  1975? 13 w ere ta k en  in  

th e  L i ly  Park a rea  (two m ile s  above mouth o f  L i t t l e  Snake) A ugust 6 ,  7 ,  

and 8 , 1975 . He ca p tu red  o n ly  two sp ecim en s in  1976 . P r e w it t  c o l l e c t e d  

no sq u a w fish  from th e  Yampa in  1976 b u t r e fr a in e d  from u s in g  g i l l n e t s  (th e
* ■■ % ■ ft *

m ost e f f e c t i v e  g ear) fo r  f e a r  o f  m o r t a l i t y .

I n te n s iv e  s e in in g  o f  young f r y  and f in g e r l in g  f i s h  t o  v a l id a t e  th e  

s u c c e s s  o f  sq u a w fish  rep r o d u c tio n  in  1975-7&  f a i l e d  to  f in d  any young  

sq u a w fish  in  th e  Yampa R iv e r . Young w ere found o n ly  in  th e  Green R iv er  (near  

J e n se n , U tah , in  D e s o la t io n  Canyon and in  Canyonlands N a t io n a l P a rk ).

In  summary, my in t e r p r e t a t io n  o f  th e  l im it e d  d a ta , in d ic a t e s  to  me th a t  

sq u a w fish  from th e  Green R iv er  m ig ra te  up th e  Yampa R iv er  fo r  r e p r o d u c tio n ,

s p r  ■ ■ - . - » ■  ; m
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th e  runs p ea k in g  when w a ter  tem p eratu re r e a c h e s  6 8 ° -7 0 ° F  (m ales and fem a le s  

p rob ab ly  m ig ra te  s e p a r a te ly  and m ost movement i s  d u rin g  th e  n ig h t ) . * The mass 

m ig r a t io n , in  p a r t ,  ex te n d s  to  C ross M ountain Canyon w ith  o c c a s io n a l  sp ecim en s  

p e n e tr a t in g  fu r th e r  upstream * The number o f  sq u a w fish  p a r t ic ip a t in g  in  t h i s  

m ig r a tio n  has b een  s t e a d i l y  d e c l in in g  and th e r e  i s  no in d ic a t io n  th a t  

s u c c e s s f u l  r e p r o d u c tio n  has o ccu rred  in  th e  Yampa R iv er  s in c e  1969 .

I t  i s  p ro b a b le  th a t  a f t e r  th e  c lo s u r e  o f  F lam ing Gorge Dam and th e  

c o o l in g  o f  th e  Green R iv er  fo r  65 m ile s  ( to  i t s  c o n f lu e n c e  w ith  th e  Yampa), 

spaw ning sq u a w fish  w hich fo rm erly  m ig ra ted  up th e  Green R iv er  t o  th e  F lam ing  

Gorge a rea  w ere sh u n ted  in t o  th e  Yampa by th e  c o ld e r  w a te r s .  However, 

sq u a w fish  p ro b a b ly  h i s t o r i c a l l y  have u sed  th e  Yampa fo r  rep ro d u ctio n *  "Old 

tim ers"  l i v i n g  in  th e  M ayb elle  and J u n ip er  Hot S p r in g s  a rea  (a llo w in g  fo r  

f i s h  s to r y  r e m in isc in g )  r e c a l l  th a t  1 5 -2 0  y e a r s  ago sq u a w fish  w ere much more 

abundant and o f  a much la r g e r  s i z e  than  th e y  a re  now. Mr. Wayne Seamap, 

D ir e c to r  F ish  R esea rch , C olorado D iv is io n  o f  W i l d l i f e ,  r e c a l l s  c a tc h in g  3 -6  

lb-* sq u a w fish  in  1969 by a n g lin g  in  th e  Yampa R iv er  b etw een  C ross M ountain  

Canyon and D in osaur N a t io n a l Monument.

I t  co u ld  be m en tion ed  t h a t  th e  c r e a t io n  o f  a 65 a c r e  backw ater a r e a ,  

th e  W alter W alker W ild l i f e  A rea , by g r a v e l e x c a v a t io n  fo r  i n t e r s t a t e  highway  

c o n s tr u c t io n ,  prom oted a "boom" in  sq u a w fish  rep r o d u c tio n  fo r  th e  sm a ll  

p o p u la t io n  in h a b it in g  th e  C olorado R iv er  n ea r  Grand J u n c t io n . T h is  m a tter  

w i l l  be d is c u s s e d  more f u l l y  under r e p r o d u c t io n , b u t i s  m entioned  h ere  a s  a 

c lu e  co n cer n in g  c r e a t io n  o f  h a b it a t  fo r  sq u a w fish  r e p r o d u c tio n  and a p o s s ib l e  

method fo r  r e s t o r in g  sq u a w fish  t o  p a r t s  o f  t h e i r  ran ge where th ey  no lo n g e r  

e x i s t .

R ecen t c o l l e c t i o n s  in d ic a t e  th e  sq u a w fish  no lo n g e r  e x i s t s  in  th e  San 

Juan, D o lo res  o r  W hite r i v e r s ,  b u t o c c a s io n a l ly  m ig r a te s  up th e  Duchense

R iv e r , U tah.
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L if e  H is to r y ,  E co lo g y  and R ep ro d u c tio n . L i t t l e  d e t a i l e d  d a ta  e x i s t s  b eca u se  

th e  sq u a w fish  was a lr e a d y  r a r e  by th e  tim e  i t  became an im p o rta n t s u b je c t  

fo r  s tu d y . Based on th e  l i t e r a t u r e  c i t e d  a b o v e , p e r s o n a l com m unications and 

o b s e r v a t io n s  and making some e v o lu t io n a r y  in t e r p r e t a t io n s  b a sed  on m i l l io n s  

o f  y e a r s  o f  s p e c i a l i z i n g  as a la r g e ,  main r i v e r  p r e d a to r  in  th e  o r i g in a l  

environm ent o f  th e  C olorado R iv er  b a s in ,  I  p ro p o se  th e  fo l lo w in g  s c e n a r io  

t o  e x p la in  why th e  e v o lu t io n a r y  h e r i ta g e  o f  th e  sq u a w fish  makes i t  i l l -  

adapted  t o  s u r v iv e  (why i t  i s  en d a n g ered ).

O r ig in a l ly  th e  sq u a w fish  p ro b a b ly  made m ajor upstream  spaw ning m igra­

t io n s  p a r t ic u la r ly  in t o  th e  la r g e r  t r ib u t a r i e s  (h ence th e  common name o f  

" sa lm on " ). Spawning and n u rsery  a r e a s  w ere p ro b a b ly  q u ie t ,  backw ater a rea s  

and oxbows o f  th e  low lan d  t r ib u t a r i e s  and main r i v e r s .  Such a r e a s  w ere  

changed e a r ly  by la n d  u se  p r a c t i c e s , v e g e t a t io n  rem o v a l, e r o s io n  and 

i r r i g a t i o n ,  ch an gin g  f lo w  reg im es and th e  a l t e r a t io n  o f  th e  p h y s ic a l  

c h a r a c t e r i s t i c s  o f  th e  r i v e r  c h a n n e ls . Thus, much o f  th e  o r i g in a l  prim e  

spaw ning h a b it a t  and n u rsery  grounds w ere l o s t .  Dams b lo ck ed  m ig r a t io n  

r o u te s  n o t  o n ly  by t h e i r  p h y s ic a l  s t r u c tu r e  b u t more im p o r ta n tly  by th e  

c r e a t io n  o f  a c l e a r ,  co ld w a ter  en vironm en t b elow  th e  dams. A minimum 

tem p eratu re o f  6 8 ° -7 0 °  F seem s c r i t i c a l  f o r  sq u a w fish  r e p r o d u c tio n . The 

m ost abundant n a t iv e  f i s h  o r i g i n a l l y  l i v i n g  in  th e  main r iv e r  ch a n n e ls  w ith  

a d u lt  sq u a w fish  was p ro b a b ly  th e  b o n y t a i l  chub and as su ch , was l i k e l y  th e  

m ajor fo o d  so u rce  o f  th e  sq u a w fish . P r e s e n t ly  th e  sq u a w fish  m ust depend on 

a v a r i e t y  o f  in tro d u ced  f i s h e s  fo r  i t s  food  and e v id e n t ly  i t  i s  n o t  so  w e l l  

adapted  t o  ca p tu re  th e s e  f i s h e s  a s  a re  th e  n o n -n a t iv e  p r e d a to r s .  That i s ,  

th e  sq u a w fish  i s  p ro b a b ly  a t  a c o m p e t it iv e  d isa d v a n ta g e . Dead sq u a w fish  

have b een  found w ith  ch a n n el c a t f i s h  lo d g ed  in  t h e i r  esop h agus ( th e  c a t f i s h  

s p in e s  p rev en ted  t h e i r  b e in g  sw allow ed  or  r e g u r g i t a t e d ) .
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V anicek  (1967) and V anicek  and Kramer (1969) s tu d ie d  sq u a w fish  food  

h a b its*  Young sq u a w fish  up t o  100 mm. fe d  on in v e r te b r a t e s .  I  e n v is io n  

th a t  a t  p r e s e n t  th e  young sq u a w fish  fa c e  in t e n s e  c o m p e tit io n  fo r  th e  

in v e r te b r a te  food  su p p ly  from in tro d u ced  minnows such  a s  th e  r e d s id e  s h in e r  

( R i c h a r d s o n i u s ) ,  th e  cre ek  chub { S e m o t i l u s ) , and th e  red  s h in e r  (N o t r o p i s ) 

w hich a re  r a p id ly  p r o l i f e r a t i n g  th ro u g h o u t th e  upper b a s in .  Betw een 100  

and 200 mm. th e  sq u a w fish  b e g in s  t o  consume more f i s h  in  i t s  d i e t  and a f t e r  

a s i z e  o f  200 ram., f i s h  become i t s  m ajor food  s o u r c e .

From th e  a b o v e , i t  would appear th a t  th e  key t o  an e f f e c t i v e  program  

o f  sq u a w fish  r e s t o r a t io n  would be to  c r e a te  en v iron m en ts where sq u a w fish  

can be r a is e d  t o  about 200 mm. in  th e  a b sen ce  o f  c o m p e tit io n  from th e  non­

n a t iv e  f i s h e s  (and p r e d a t io n  from n o n -n a t iv e  p r e d a to r s )  and th en  r e le a s e d  

t o  fe e d  on th e  abundant n o n -n a t iv e  m innows.

L i t t l e  i s  known about sq u a w fish  r e p r o d u c tio n  e x c e p t  th a t  a minimum 

w ater  tem p eratu re  o f  6 8 ° -7 0 °  F seem s c r i t i c a l  and t h a t  s e x u a l m a tu r ity  i s  

n o t  a t ta in e d  u n t i l  th e  age o f  6 -8  y e a r s  (maximum l i f e  span may be ab ou t 20 

y e a r s ) .  Q u ie t b ackw ater a r e a s  seem to  be p r e fe r r e d  fo r  spaw ning a lth o u g h  

no one has y e t  o b serv ed  sq u a w fish  spawning in  n a tu re  (S q uaw fish  spawning  

was in d u ced  a t  th e  W illow  B each , N evada, N a t io n a l F ish  H a tch ery , by 

p i t u i t a r y  hormone in j e c t i o n s — th e y  sp a w n ed  o v er  g r a v e l beds in  a h a tch ery  

ra cew a y ).

I t  i s  h ig h ly  s i g n i f i c a n t  t h a t  an abundance o f  young sq u a w fish  w ere 

n o ted  in  1975 in  th e  W alter W alker W ild l i f e  a rea  la k e — a backw ater o f f  th e  

main C olorado R iv er  c r e a te d  by g r a v e l  e x c a v a t io n . T h is  man-made h a b it a t  

e v id e n t ly  c l o s e l y  ap p roxim ates a rea s  o r i g i n a l l y  p r e fe r r e d  by sq u a w fish  fo r  

r e p r o d u c tio n . The s u c c e s s  o f  sq u a w fish  r e p r o d u c tio n  h ere  w i l l  p ro b a b ly  be  

l im it e d  by th e  abundance o f  n o n -n a t iv e  f i s h e s  b u t r a i s e s  th e  q u e s t io n :  Can
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s im ila r  h a b it a t s  be c r e a te d  s p e c i f i c a l l y  fo r  sq u a w fish  and d e s ig n e d  to  

ex c lu d e  th e  n o n -n a t iv e  f i s h e s ?

Spawning in the Yampa River probably occurs from late July to early 

mid-August.

Current Management arid Research

As m entioned  a b o v e , th e  c o n s tr u c t io n  o f  F lam ing Gorge R e se r v o ir  and 

Lake P o w ell s t im u la te d  s t u d ie s  on th e  n a t iv e  f i s h  fauna o f  th e  upper 

C olorado R iv er  b a s in .  In  r e c e n t  y e a r s ,  th e  endangered  s t a t u s  o f  th e  squaw­

f i s h  endowed th e  s p e c ie s  w ith  g r e a t  s ig n i f i c a n c e  in  r e s p e c t  to  any f e d e r a l  

w a ter  d evelopm en t p r o j e c t  in  th e  upper b a s in .  The F is h  and W ild l i f e  S e r v ic e  

h as funded th e  s t u d ie s  o f  K arl S e e th a le r  (sq u a w fish ) and C h a r les  McAda (r a z o r -  

back su ck er) through  th e  Utah C o o p era tiv e  F ish e r y  U n it .  The BLM has  

funded a p r o j e c t  on th e  n a t iv e  f i s h  fauna o f  th e  Yampa and W hite r iv e r s  

through  C olorado S t a t e  U n iv e r s ity  (Mr. C h a r les  P r e w i t t ' s  w o rk ). The Bureau  

o f  R eclam ation  h as funded f i s h  c o l l e c t i o n s  in  th e  C olorado and Gunnison  

r iv e r s  (Mr. George K id d ). C olorado sq u a w fish  w ere s u c c e s s f u l ly  p rop agated  

a t  th e  W illow  Beach N a t io n a l F ish  H atchery  in  1974 and 1975 (young fe e d  on 

t r o u t  p e l l e t s  and a d u lt s  fe e d  on rainbow  t r o u t ) . However, no re p r o d u c tio n  

o ccu rred  in  1976 a t  th e  h a tch ery  and th e  young sq u a w fish  r a is e d  a t  th e  

h a tch ery  have n o t been  s to c k e d  b eca u se  o f  a la c k  o f  agreem ent on where to  

p la n t  them .

The Sq uaw fish  R ecovery Team was e s t a b l is h e d  in  1975 (expanded to  a l s o  

in c lu d e  th e  b o n y t a i l  and humpback chubs and razorb ack  su ck er  in  1 9 7 6 ) . T h is  

i s  an a d v iso r y  board o f  p e o p le  r e p r e s e n t in g  v a r io u s  s t a t e  and f e d e r a l  a g e n c ie s  

whose ta sk  i s  t o  d e s ig n  a r e c o v e r y  program t o  p r e s e r v e  and in c r e a s e  th e

abundance o f  sq u a w fish .



The O f f ic e  o f  B io l o g ic a l  S e r v ic e s  o f  th e  F ish  and W ild l i f e  S e r v ic e  h as  

r e c e n t ly  awarded c o n tr a c t s  on h a b it a t  req u irem en ts  o f  endangered  f i s h e s  

(p r o je c t  2 4 ) . o f  th e  upper C olorado R iv er  b a s in .  E co lo g y  C o n s u lta n ts , I n c .

(F o r t C o l l in s )  w i l l  u n d ertak e p h ase  1 , e s s e n t i a l l y  a l i t e r a t u r e  r ev iew  and 

p la n n in g , w h ile  P au l H o ld en ’ s  group (BioW est) w i l l  p ro b a b ly  h a n d le  p h ase  2 , 

th e  f i e l d  i n v e s t ig a t i o n .  H olden p la n s  in t e n s iv e  sam p lin g  o f  63 s t a t io n s  

c o v e r in g  630 m ile s  o f  r iv e r  (Yampa, G reen, C olorado and^Gunnison) to  f in d  

where sq u a w fish  e x i s t  and w here th e y  rep rod u ce s u c c e s s f u l ly  and c o r r e la t e  

t h i s  in fo r m a tio n  w ith  p h y s i c a l ,  ch em ica l and b i o l o g i c a l  p aram eters o f  th e  

en viron m en t.

T hese r e se a r c h  e f f o r t s  a re  c h a r a c te r iz e d  by a la c k  o f  c o o r d in a t io n ,  

c e n t r a l  a u th o r ity  or u n i f ie d  d i r e c t io n .  P ro p a g a tio n  o f  sq u a w fish  h as b een  

proven  f e a s i b l e  b u t i s  c a r r ie d  o u t  a t  th e  W illow  Beach H atchery  more as a 

hobby th an  a s  a p r i o r i t y  program o f  th e  F is h  and W ild l i f e  S e r v ic e .  Who 

sh o u ld  be r e s p o n s ib le  fo r  fu n d in g  and d ir e c t in g  endangered s p e c ie s  p r o je c t s ?  

The O f f ic e  o f  Endangered S p e c ie s  i s  th e  o b v io u s  an sw er , b u t t h e i r  o r i g in a l  

in t e n t  to  d e v e lo p  endangered  s p e c ie s  management program s co n cern s g r a n tin g  

fu n ds t o  in d iv id u a l  s t a t e s  t o  a s s i s t  in  s t a t e  program s. W ith th e  number o f  

s t a t e s  in  th e  C olorado R iv er  b a s in ,  i t  i s  d o u b tfu l th a t  th e y  co u ld  a l l  

a g ree  on a common, c e n t r a l ly  d ir e c t e d  program .

I t  would appear from th e  g r e a t  amount o f  en v iro n m en ta l im p act a n a ly s is  

g o in g  on in  th e  r e g io n  t h a t  ad eq u ate  d a ta  on n a t iv e  f i s h e s  sh o u ld  b e a v a i la b le .  

D e s p ite  th e  g r e a t  b u lk  o f  l i t e r a t u r e  produced  by E n viron m en tal Im pact 

S ta te m e n ts , I  f in d  th e  work, p a r t ic u la r ly  in  r e l a t i o n  t o  f i s h e s ,  t o  be  

s u p e r f i c i a l  and w ith o u t i c h t h y o lo g ic a l  e x p e r t i s e .  For exam p le, th e  USDI 

r e c e n t ly  r e le a s e d  a " D raft E nvironm ental Im pact S ta tem en t on N orth w est  

C olorado C o a l,"  c o n s i s t in g  o f  f i v e  la r g e  volum es and two la r g e  a p p en d ices
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(w eig h in g  about 25 l b s . )  . In lo o k in g  up in fo r m a tio n  on th e  s t a t u s  o f  th e  

sq u a w fish  in  th e  Yampa R iv er  in  th e s e  volum es I read  t h a t  sq u a w fish  com p rise  

15% o f  a l l  f i s h e s  in  th e  low er Yampa R iv er  (from  th e  Green R iv er  t o  M a y b e lle ) . 

Who s a id  t h i s ?  What i s  th e  s ta te m e n t b a sed  on? When w ere th e s e  c o l l e c t i o n s  

made? How good a re  th e  d a ta ?  Such c r i t i c a l  in fo r m a tio n  i s  n o t  g iv e n .  I  

a l s o  n o te  in  T ab le IX -2 t h a t  in  th e  Yampa R iv er  from  L i ly  Park t o  M a y b e lle , 

c u t th r o a t  t r o u t  make up 10%, brook t r o u t  80% and rainbow  t r o u t  10% o f  th e  

f i s h e s *  The f a c t  i s  th a t  th e s e  s p e c ie s  do n o t  o ccu r  (e x c e p t  a s  random 

s tr a y s )  in  th e  low er Yampa.

The la c k  o f  a c o o r d in a te d  and u n i f ie d  program o f  fu n d in g  and d ir e c t io n  

w h ile  th e  sq u a w fish  c o n t in u e s  t o  d e c l in e  h as le d  me t o  p ro p o se  t h a t  sq u a w fish  

r e s t o r a t io n  become an in t e g r a l  p a r t  o f  fu tu r e  w a ter  d evelop m en t p r o j e c t s  

s im i la r  t o  m it ig a t io n  fo r  th e  b lo c k in g  o f salm on runs on th e  W est C oast by 

dams (Behnke, 1 9 7 6 ) . My id e a s  w ere p r e se n te d  t o  th e  Squaw fish  R ecovery  

Team (March, 1976) b u t w ere r e j e c t e d  as b e in g  d e f e a t i s t  ( i f  one p la n s  fo r  

d e f e a t ,  h e w i l l  be d e fe a te d )  . I  a p p r e c ia te  th e  members' p o in t s  o f  v iew  as  

firm  a d v o ca te s  o f  th e  sq u a w fish , b u t I m a in ta in  t h a t  some p o s i t i v e  a c t io n  

sh o u ld  b e ta k en  such  a s  th e  c r e a t io n  o f  a h a b it a t  t o  in s u r e  s u c c e s s f u l  

r e p r o d u c tio n , and I s e e  no o th e r  way, a t  p r e s e n t ,  t o  fund such  p r o j e c t s .

The sq u a w fish  can be l i t e r a l l y  r e se a r c h e d  to  d ea th  (or  t o  e x t i n c t i o n ) . By 

th e  tim e  a v ia b le  p la n  to  sa v e  t h i s  s p e c ie s  i s  r e a d y , i t  may b e to o  l a t e .

The key to  sq u a w fish  r e s t o r a t io n  i s  t h e i r  r e p r o d u c tio n  and s u r v iv a l  

in  t h e ir  f i r s t  and secon d  y ea r  o f  l i f e  ( u n t i l  th e y  a re  la r g e  enough t o  fe e d  

on o th e r  f i s h e s ) .  R ep ro d u ctio n , a t  l e a s t  in  th e  e a r ly  s t a g e s  o f  r e c o v e r y ,  

can be acco m p lish ed  in  a h a tch ery  a s  i s  a lr e a d y  known. But where a r e  th e  

young f i s h  t o  be s to ck ed ?  The c r e a t io n  o f  h a b it a t  s im i la r  t o  th e  o f f - c h a n n e l  

la k e  in  th e  W alter W alker W ild l i f e  a rea  sh o u ld  p r o v id e  id e a l  r e a r in g  s i t e s  

fo r  young sq u a w fish , b u t c o n tr o ls  m ust be d e s ig n e d  t o  p r e v e n t  t h e i r



21

i n f e s t a t i o n  w ith  n o n -n a t iv e  f i s h e s .  T h is  w ould be my id e a  o f  a p o s i t i v e  

a c t io n  o f  a r e c o v e r y  program . There i s  no way t h a t  sq u a w fish  abundance can  

be in c r e a se d  by s tu d y in g  th e  a r e a s  w here i t  e x i s t s  and rep ro d u ces  and where 

i t  d o es n o t ,  u n le s s  an a ttem p t i s  made t o  c r e a te  an en vironm en t s im ila r  t o  

t h a t  where s u c c e s s f u l  r e p r o d u c tio n  o ccu rs  in  a r e a s  t h a t  la c k  su ch  e n v ir o n ­

m en ts. In  r e s p e c t  t o  t h i s ,  th e  W alter W alker W ild l i f e  la k e  as a m odel fo r  

fu tu r e  f lo o d p la in  e x c a v a t io n s  t o  c r e a te  sq u a w fish  nursifc!^ a rea s  assum es a 

g r e a t  s ig n i f i c a n c e .

Much more in fo r m a tio n  i s  n e c e s s a r y  b e fo r e  i t  can be d eterm in ed  j u s t  how 

" c r i t i c a l"  th e  Yampa R iv er  i s  fo r  th e  s u r v iv a l  o f  th e  s p e c i e s .  How many 

sq u a w fish  e n te r  th e  Yampa R iver?  Where do th e y  spawn? What happens a f t e r  

th e  eg g s  a re  la id ?  Why have no young b een  found s in c e  1969? I f  r e p r o d u c tio n  

i s  a c t u a l ly  a co m p lete  f a i l u r e ,  i t  would b e b e t t e r  t o  fo r c e  th e  sq u a w fish  

t o  spawn e lse w h e r e  th an  a llo w in g  them t o  make f r u i t l e s s  a ttem p ts  a t  rep rod u c­

t io n  in  th e  Yampa.

S in c e  1 9 69 , th e  p r o l i f e r a t i o n  o f  n o n -n a t iv e  f i s h e s  in  th e  Yampa R iv e r ,  

p a r t ic u la r ly  th e  r e d s id e  s h in e r  and th e  cre ek  chub, may b e th e  e x p la n a t io n  

fo r  la c k  o f  r e p r o d u c tiv e  s u c c e s s  o f  th e  sq u a w fish . C rea tio n  o f  o f f - c h a n n e l  

en viron m en ts f r e e  o f  th e s e  n o n -n a t iv e  f i s h e s  i s  a l o g i c a l  c o u rse  o f  a c t io n .
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INTRODUCTION

The fis h  community of the Colorado River was h is to r ic a lly  dominated 
by endemic species — species found nowhere else (M il le r  1959). Because 
of lim ited  d is tr ib u tio n , survival of these species is more tenuous than 
i t  is fo r  species with wider d is tr ib u tio n s . A lte ra tio n  of the Colorado 
River ecosystem has g rea tly  reduced the populations of some of these 
endemic species, and continued a lte ra tio n s  of the r iv e r  could reduce a 
few species to ex tin c tio n .

The recent decline in abundance of three endemic fish es ; Colorado 
squawfish (Ptychocheilus lu c iu s ) , humpback chub (G ila  cypha), and bonytail 
chub (G. e legans); has been s ig n ific a n t enough tp ju s t i f y  c lass ify in g  
them as endangered by the United States Fish and W ild life  Service.

Under the provisions of the Endangered Species Act of 1973, endan­
gered species designation d ictates th a t Federal agencies involved in 
development must assure th a t th e ir  actions do not fu rth e r reduce populations 
of endangered species. Proposed developments th a t would fu rth e r reduce 
populations o f endangered species might be modified or canceled. Thus, 
the presence of an endangered species can g reatly  influence the development 
of natural resources and th is  has been a p a r t ic u la r ly  controversial 
issue a ffe c tin g  proposed Colorado River water p ro jects .

Information on the d is tr ib u tio n , abundance, and hab ita t associations 
of endangered Colorado River fishes was required in order to determine 
the e ffec ts  th a t proposed water development projects might have on these 
endangered species. In 1979 the Fish and W ild life  Service (FWS) and the 
Bureau of Reclamation (BR) cooperated in the development of the Colorado 
River Fishery Project (CRFP) in order to c o lle c t and in te rp re t information  
on endangered Colorado River fish es . Among the many findings of CRFP 
was th at the endangered Colorado squawfish and humpback chub apparently  
experience an unusually high rate  of m o rta lity  during the f i r s t  few 
years of l i f e  (M ille r  e t a l .  1982). I f  these causes of early  m o rta lity  
could be determined, i t  might be possible to lessen or e lim inate th e ir  
influence on the survival o f Colorado squawfish and humpback chub.

The in te n t of the present Windy-Gap work program includes determining 
the factors th a t a ffe c t the survival of Colorado squawfish and humpback 
chub during th e ir  f i r s t  year of l i f e .  Knowledge of these lim itin g  
factors would then be used in an attempt to increase the population size  
of these species, perhaps to the extent that the endangered species 
designations can be removed.

The sp e c ific  objectives of the Windy-Gap work plan are:

1) to locate and describe reproductive hab itats  fo r  Colorado 
squawfish and humpback chub in the Grand Junction area,

2) to locate and quantify rearing areas fo r young Colorado 
squawfish and humpback chub,

3) to id e n tify  the major factors th a t a ffe c t  the survival of 
Colorado squawfish and humpback chub during the f i r s t  
year of l i f e ,



4) to modify r iv e r  backwaters and gravel p its ,  between Debeque 
Canyon and the mouth of the Green R iver, in a way that 
might enhance the survival of endangered fish es .

5) to evaluate natural and modified r iv e r  backwaters as 
h ab ita t fo r young Colorado squawfish and humpback chub, 
and

6 ) to determine the extent th a t Colorado squawfish and humpback 
chub move w ith in  the Colorado River and i ts  tr ib u ta r ie s .

These objectives are la rg e ly  in te rre la te d  and the achievement of 
some is p rerequ is ite  to the successful completion of others. The ob jectives  
consists of two major work elements: 1 ) movement, spawning, and rearing  
studies (ob jectives 1 ,2 ,3 , and 6 ) and 2 ) backwater and gravel p i t  investigations  
(ob jectives 4 and 5 ). Although a d is tin c tio n  is made between these work 
elements fo r  the purpose of c la r i t y ,  i t  is recognized th a t work elements 
themselves are also in te rre la te d .

Investigations during 1982 were carried  out in the Colorado River 
between Palisade, Colorado and H ite , Utah; the Gunnison River between 
the Redlands diversion structure and the confluence of the Gunnison and 
Colorado r iv e rs ; the lower 20 miles of Yampa R iver; and the Green 
River from the confluences of the Yampa downstream to Gray Canyon 
(Figure 1).

- 2 -
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METHODS

Movement, Spawning and Rearing Investigations

The movement of adu lt Colorado squawfish was followed using 
rad iotelem etry. Fish were collected using e le c tro fis h in g , g i l l  nets, 
trammel nets, and traps. Colorado squawfish longer than 500 mm to ta l 
length (TL) were su rg ica lly  implanted with radio transm itters follow ing  
procedures outlined by Tyus (1982). Transmitters weighed about 1 0 - 1 1  
grams in a ir  and had a l i f e  expectancy of approximately 6 months. A ll 
rare fishes co llected were weighed (grams) and measured (TL, mm).

River reaches where radio-equipped Colorado squawfish were released 
were searched fo r  the presence of these radiotagged fis h  at leas t b i­
weekly. A la rg e r area was searched a t times when fish  could not be 
located in the immediate study area. The m ajority of the search e f fo r t  
was conducted using boats; however, airplanes and helicopters were also 
employed. Location and movement of fis h  was id e n tif ie d  by r iv e r  m ile 
(RM) w ith the confluence of the Green and Colorado riv e rs  s ta rtin g  as 
RM 0. Other tr ib u ta ry  r iv e r  mileage was calculated usinq the tr ib u ta ry  
mouth as RM 0. J

Possible spawning areas fo r  Colorado squawfish were id e n tif ie d  
using radiotelemetered f is h , and by analysing co llec tio n s  of la rva l 
f is h .  The radio tracking e f fo r t  was in te n s ified  during the suspected 
Colorado squawfish spawning season (July-August). When more than one 
radio-equipped fis h  were found a t a p a rtic u la r location — a possible 
ind ication  of pre-spawning or spawning a c t iv it ie s  in th a t area — trammel 
nets were a c tiv e ly  fished (d r if te d )  there to determine i f  other Colorado 
squawfish might be present. Collected Colorado squawfish were measured 
in the usual manner, and observations were made fo r  sexual products and 
any external reproductive characteris tics  of the f is h .

During July and August radio tracking e ffo rts  were accompanied by 
q u a lita tiv e  sampling of the la rva l fis h  community. Larval fishes were 
collected from backwaters and shoreline areas a t 2 - 5  r iv e r  mile in te rv a ls , 
using fine-mesh hand nets. A ll la rva l fishes co llected were preserved 
in formaldehyde and sent to the Larval Fishes Laboratory, Colorado State  
U n ivers ity , Fort C o llin s , fo r id e n tif ic a t io n .

A special Colorado squawfish young-of-the-year (Y0Y) survey was 
conducted each f a l l  to id e n tify  nursery areas, r iv e r  regions occupied by 
Y0Y Colorado squawfish of f in g e rlin g  size (25-60 mm). These surveys 
were done with seines (3x5 mm-mesh) from mid-September through October.
The Y0Y surveys were q u a n tita tiv e ; the areal extent o f each seining  
e f fo r t  was recorded, as were the water depth, water v e lo c ity , and substrate 
ch aracteris tics  o f the areas sampled (Archer e t a l .  1980), Sampling 
sites  were r iv e r  backwaters selected a t about 5 m ile in te rv a ls . At 
leas t two seine hauls were made in each backwater, and one s im ila r haul 
was made along the adjacent r iv e r  shoreline.



Backwater and Gravel P it  Investigations

E a rlie r  CRFP investigations suggested th a t r iv e r  backwaters ~  
n a tu ra lly  indented areas with l i t t l e  or no water c u rre n t—  are a 
p a rt ic u la r ly  important h ab ita t fo r  young Colorado squawfish and humpback 
chub, and th a t the lim ited  a v a ila b i l i ty  of such h ab ita t could l im it  the 
survival of these young endangered fish es . I f  the re la t iv e  scarc ity  of 
r iv e r  backwaters is  l im it in g , then an increase in backwater a v a ila b i l i ty  
might appreciably increase the ra te  of survival fo r  young endangered 

|  fish es .

Gravel p its  are defined in th is  study as man-made habitats constructed 
, w ith in  the r iv e r  flo o d p la in . They communicate w ith the r iv e r  during

periods of high r iv e r  flow but may or may not communicate when r iv e r  
discharge is low. Gravel p its  can be h yd rau lica lly  s im ila r to some 
natural backwaters. As gravel p its  are common in the Colorado River 
floodp la in  of the Grand Valley and since such p its  w il l  continue to be 
developed in the fu tu re , i t  seems prudent to investigate  the usefulness 
of these gravel p its  as h ab ita t fo r  the spawning and rearing of endangered 
fish es .

During 1982 routine physicochemical and b io log ical surveys were 
completed on several r iv e r  backwaters and gravel p its  along the Colorado 
River in the Grand Valley (Figure 2 ). These investigations were performed 
to determine the characteris tics  of habitats used by endangered fish es .
Four r iv e r  backwaters and seven gravel p its  were examined on an approximate 
weekly schedule. Physicochemical analyses included dissolved oxygen 
(DO), s a l in ity ,  conductiv ity , tu rb id ity ,  and observations on water 
elevation  (stage) and communication between the study area and the 
Colorado R iver.

B iological sampling of gravel p its  was performed using trammel nets 
and seines during day ligh t (3x5 mm-mesh), e lec tro fish in g  during darkness, 
and q u a lita t iv e ly  sampling fo r  la rva l fishes with a fine-mesh hand net.

The b io log ical sampling program fo r r iv e r  backwaters d iffe re d  
somewhat from th a t fo r  gravel p its . Because r iv e r  backwaters that 
contain young Colorado squawfish normally contain too few squawfish to 
allow  extensive study of the in teractions of fishes and th e ir  environment, 
the natural squawfish populations in study backwaters were supplemented 
using Colorado squawfish raised a t Dexter (New Mexico) National Fish 
Hatchery. These hatchery f is h  were about 3 months old and 35-85 mm long 
when stocked in to  the experimental backwaters on 6 October 1982. Each 

». f is h  was marked with a coded-wire microtag before stocking. The microtags
consisted of a small ( 1x0.5 mm) piece of magnetized wire th a t was 
mechanically inserted in the c a rtila g e  of the f is h 's  head. An e lectron ic  
device detected the presence of a tag when the f is h  was passed through 
the detector. The fis h  need not be k ille d  in order to detect the presence 
of a tag. Some of these tagged hatchery Colorado squawfish were also 
planted in gravel p its .
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F ig u re  2 . L o c a t io n s  o f  r i v e r  backwater and g r a v e l  p i t  s tu d y

a r e a s  a lo n g  Colorado R iv er  near Grand J u n c t io n ,  CO, 1982,  

Y o u n g -o f- th e -Y ea r  s tu d y  s i t e s *  a re  th o se  a r e a s  (4 r i v e r  b ack w aters  

and 2 g r a v e l  p i t s )  where h a tc h e r y -r e a r e d  C olorado sq u a w fish  were  

s to c k e d  in  e a r l y  O cto b er ,  1982.



Microtags contain physical marks on th e ir  surface th a t can be 
in terpreted  under a microscope. Because individual microtags are not 
unique and a l l  tags from a given group contain the same inform ation, 
such microscopic analysis allows the researcher to determine only of 
which group a tagged fis h  is a member. Decoding requires th a t the fis h  
be k ille d  and the tag removed. About 30,000 Colorado squawfish received  
microtags. Fish were separated into  two groups of 10,000 each and 4 
groups of 2,500 each. Each group received microtags unique to that 

* p a rtic u la r  group.

The sm aller groups of Colorado squawfish were stocked in to  each of 
» the four r iv e r  backwaters (Figures 3 -6 ) , whereas the two la rg er groups

were separately stocked in to  two gravel p its  (Figures 7 & 8 ) . Blocking 
nets were placed in the entrance to each r iv e r  backwater a t time of 
stocking; the next day the backwaters were sampled to obtain baseline  
catch per u n it e f fo r t  values a f te r  which block nets were removed.
Before stocking the gravel p its  as many predatory fishes as could be 
collected from one p it  were removed using mechanical means (se in in g , 
trammel n e ttin g , tra w lin g , and e le c tro fis h in g ).

Experimental backwaters were reg u larly  examined as described 
above. Gravel p its  and r iv e r  backwaters were sampled once or twice a 
week. A ll predatory fishes co llected were passed through the tag detector 
to determine the presence of tagged Colorado squawfish w ith in  the stomach 
of the predator. Six predators of each species were k il le d  i n i t i a l l y  to 
va lid a te  the accuracy of th is  dectection technique. Collected fis h  were 
measured and marked with a pelv ic  f in  c lip . Recaptured fis h  were noted; 
data were used in  cumulative census techniques of population estim ation  
(R icker 1975).
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RESULTS AND DISCUSSION

Radiotelernetry

Six Colorado squawfish collected from upper ^ake Powel1 near Gypsum 
Canyon were implanted with radio transm itte rs , between A pril 6 and May 
28 (Table 1 ). One add itional f is h  was implanted w ith ^n u ltrasonic  
transm itte r on A pril 6 . Contact was lo s t with three f is h , including the 
u ltrason ic  u n it , as soon as the f is h  were released. However, the remaining 
four radio-equipped fis h  were p e rio d ic a lly  located over periods of time 
ranging from 5 days to 6 months a f te r  release. Three of these fis h  were 
followed downstream into  the reservo ir in A pril where contact was lo s t  
in deep water (Figure 9 ) . Although one of these f is h  was never recontacted, 
the remaining two fis h  were recontacted in the Gypsum Canyon area in May 
and dune* the f is h  th a t was relocated in June was again found in the 
Gypsum Canyon area a t the end of July when radio tracking e ffo rts  were 
terminated in the upper rese rvo ir.

The most noteable movement was exhibited by the radiotelemetered  
f is h  th a t remained in the v ic in ity  o f Gypsum Canyon u n til ea rly  July.
In mid-August th is  fis h  was found a t RM 140, about 4 miles upstream from 
Black Rocks; an upstream movement of about 160 m i l J n  September the 
same f is h  was located near C lif to n , Colorado, an additional. 40 miles 
upstream.

Four Colorado squawfish collected from th$ Gunnison River (1 f is h ) ,  
Colorado River (1 f is h ) ,  and the region of the confluence of the two 
r iv e rs  (2 f is h ) ,  were implanted with radio tran sm itte rs . Twelve add itional 
Colorado squawfish co llected from flooded gravel p its  connected to the 
Colorado R iver; e igh t from Walker W ild life  area (RM 163 .6 ), two from 
Island Backwater (RM 175 .3 ), and two from Labor Camp (RM 183.2) were 
implanted with radios. Fish were implanted with radio tags and released 
¿etween May 14 and June 18 (Table 2 ). Radio contact was maintained with 
most fis h  through August, and with some fis h  in to  October. Of the fis h  
collected and tagged w ith in  gravel p its ,  nine were released inside the 
p its  whereas three were released outside the p its  in  the r iv e r  proper.
Fish were released in to  the r iv e r  because they were apparently leaving  
the p its  when captured in trap nets. A ll f is h  released w ith in  gravel 
p its  subsequently moved in to  the Colorado Rivqr. One of the f is h  released  
in Walter Walker W ild life  Area (WWWA) subsequently entered Connected 
Lakes p it  fo r  a short time while the fis h  wa$ inoving upstream. A 
Gunnison River f is h  apparently died sometime a fte r  im plantation; i ts  
movement is  not reported herein.

No long distance ( > 5 0  m iles) movements were observed fo r  Colorado 
* squawfish released in the Grand Junction area. However, tq ta l movement

equaling ?bout 40 miles was observed fo r  spmp f is h . In general, f is h  
collected from WWWA (Figure 10) moved fa rth e r  than did fis h  tagged in  
upstream qreas (Figure 11). Most of the radio-equipped fis h  remained in  
the Grand Junction area during the study period; however, one Colorado 
squawfish released in the Gunnison River and four f is h  from WWWA moved 
to Che Black Rocks region (RM 136) before contact wes lo s t ,  Although
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Table  1 .  R a d io te le m e te r e d  C o lo rad o  s q u a w f ish  in

upper Lake P o w e l l ,  Colorado R iver»  s p r in g  1982

Ta R 
No.

T o ta l

Length (mm) W eig h t(g )  Sex

C apture . 

S i t e  (RM)

M onitored

P er io d

3212 545 1200 C p  1 9 8 .5 4 /0 6  -  1 0 /2 5

3109 660 1900 C0 1 8 9 .5 4 /2 2  -  6 /0 8

2306 646 1840 C0 1 9 0 .5 5 /1 0

3220 550 1000 C0 1 9 3 .5 4 /1 1  -  4 /1 6

3141 671 2100 C0 1 9 5 .9 4 /0 4  -  7 /2 8

3198 690 2420 C0 1 8 2 .8 5 /2 8

25829 660 2600 C0 1 9 0 .2 4 /2 6

a F ish  implanped w i t h  u l t r a s o n i c  t r a n s m i t t e r . 

b Numeric da ta  are r i v e r  m i le s  (RM) l o c a t i o n s ; C0 S Colorado R iv ç r
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F ig u r e  9. Movement o f  fo u r  r a d io -e q u ip p e d  C olorado sq u a w f ish  

r e l e a s e d  near upper Lake P o w e l l ,  U tah , 1 9 82 .



Table £% Data f o r  16 Colorado sq u a w fish  im p la n ted  w i t h  r a d io  

t r a n s m i t t e r s  in  th e  Grand J u n c t io n  a rea  d u r in g  1 9 8 2 .

Tag 
No.

T o ta l

Length (mm) W eig h t(g )  Sex
Capture  

S i t e  (RM)
M onitored

P er io d

3127 732 4240 - I s la n d  BA ( 1 7 5 .3 ) 6 /02 -  8 /2 6

3180 611 1630 1 GU 0 0 2 .0 5 /1 9 -  9 /2 9

3139 726 3620 - C0 1 8 4 .1 5 /2 4 -  8 /1 9

2 7 2 8 a 774 5000 - GU 0 0 0 .0 5 /2 6 -  8 /2 7

3134 749 3680 - GU 0 0 0 .0 5 /2 6 -  7 /2 7

3160 523 1400 — Walker WA ( 1 6 3 .4 ) 5 /2 1 -  1 1 /0 3

252(1 570 1600 - Walker WA ( 1 6 3 .4 ) 5 /1 4 -  9 /0 3

3170 828 5714 - Walker WA ( 1 6 3 .4 ) 5 /1 4 -  9 /2 1

3187 766 4342 -  . Walker WA ( 1 6 3 .4 ) 5 /1 4 -  8 /0 4

3100 616 2360 - I s la n d  BA ( 1 7 5 .3 ) 6 /1 6 -  1 1 /0 3

3144 570 1600 Ripe

Male

Walker WA ( 1 6 3 .4 ) 6 /1 6 1  9 /2 9

2522 754 3840 Ripe

Male

Walker WA ( 1 6 3 .4 ) 6 /1 5 -  8 /1 0

2905 555 1300 5$ Walker WA ( 1 6 3 .4 ) 6 /1 4 -  9 /2 9

2579 572 1340 - Walker WA ( 1 6 3 .4 ) 6 /1 4 -  8 /2 0

3119 705 3200 - Labor Camp ( 1 6 3 . 4 ) 6 /1 8 -  6 /2 3

3190 739 3590 - Labor Camp ( 1 6 3 .4 ) 6 /1 8 -  7 /3 0

a Based  

a f t e r

on opr o b s e r v a t i o n s  

im p la n ta t io n

in  th e f i e l d ,  t h i s f i s h  p ro b a b ly d ie d  som etim e

b Numeric da ta  a re  r i v e r  m i l e  (RM) l o c a t i o n s ;
BA pf backw ater; GU = Gunnison R iv e r ;

C0 * Colorado R iv e r ;  WA = W i l d l i f e  Area (W alter W alker W i l d l i f e  A rea)
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contact was lo s t with most fis h  by the end of August, intensive searches 
between Palisade and Westwater continued through November; one search 
was made below Westwater in  September. The radio transm itters were near 
the end of th e ir  expected battery  l i f e  about the time contact was lo s t;  
however, the p o s s ib ility  th a t the fis h  l e f t  the study area-cannot be 
ruled out.

Movement of radio-equipped Colorado squawfish was closely monitored 
during the spawning period in an attempt to locate spawning areas. On 
duly 13 three radio-tagged fis h  were found in a small pool in a side 
channel a t RM 178.3 near C lif to n , Colorado. Trammel nets d r ifte d  through 
the pool co llected nine Colorado squawfish including one radio-tagged  

'  f is h ;  f iv e  of these fis h  were ripe  males. The remaining fis h  were
tuberculated in a pattern believed typ ica l of mature females, but sex 
products could not be produced when pressure was applied to the abdomen.
An additional radio-equipped Colorado squawfish was subsequently observed 
in  the v ic in ity  o f th is  pool.

A large eddy a t RM 176 was independently v is ite d  by f iv e  rad io - 
telemetered Colorado squawfish during the subsequent two weeks. A rip e  
male Colorado squawfish was collected from th is  locatio n . A rad io - 
tagged Colorado squawfish recaptured from a nearby side channel had a 
distended abdomen and had gained about 500g in the s ix weeks since i t  
was released. Although sex products were not expressed from th is  f is h ,  
i t  was most 1 -jkely a maturing female.

Although an aggregation of ripe  males is a s ig n ific a n t observation, 
i t  does not necessarily ind icate th a t spawning occurred in the immediate 
v ic in ity .  Males of most minnows ripen e a r l ie r  than females, and they 
can move considerable distances a f te r  ripening before spawning occurs 
(Breder and Rosen 1966). We encountered rip e  males in WWWA (RM 163.6) 
one month before the aggregation a t RM 178.3 was noted. We equipped two 
of these fis h  w ith radios; one radiotagged fis h  was subsequently found 
among the group o f radiotelemetered fis h  that constituted the aggregation 
described above. One of these fis h  moved 10 m iles, and the other 15 
m iles, during the time they were r ip e .

Although spawning did not necessarily occur in  the immediate v ic in ity  
of RM 176.0 or 178.3, i t  did occur in the Grand Junction area as demonstrated 
by the co llec tio n  of la rva l Colorado squawfish in August. The aggregation 
of mature Colorado squawfish near C lif to n , Colorado occurred when r iv e r  
flows were receding and water temperatures were near 20 C (Figure 12).

In addition to the radio tracking e f fo r t  in the Grand Junction area 
the FWS also conducted s im ila r radio tracking work in the Green R iver.
Green River work was a continuation of the previous 2 years rad io te l ernetry 

* to fu rth e r define movement and spawning fo r Colorado squawfish. Eleven
adu lt Colorado squawfish were radio-tagged and tracked by FWS in the 
Green River during 1982. C ollection of adult f is h  fo r  tagging began on 
May 4th and by May 20 th eleven fis h  ranging in size from 522 to 810 mm
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TL had been implanted. Movement patterns of these fis h  were somewhat 
d iffe re n t than those observed in the Green River in 1980 and 1981; with  
la rg er fish  moving into  or remaining in Whitewater canyon areas a f te r  
the spawning season. In ad d itio n , radio-tagged fish  lead us to a 
previously suspected spawning s ite  in Gray Canyon. Collections of ripe  
f is h  in Gray Canyon and subsequent young-of-the-year studies provide the 
f i r s t  documentation of th is  spawning s ite .  One 810 mm fis h  (No. 3001) 
moved about 322 miles during the study period. Colorado squawfish 
implanted in the Green and White rivers  apparently used the lower Yarnpa 
and Gray canyons fo r spawning in 1982. The movement patterns of rad io - 
telemetered Green River fish  are shown in Figure 13.

During the 1982 spawning season (July-August) the Vernal S tation  
conducted sampling in Yarnpa Canyon, on the Yarnpa River and in S p lit  
Mountain and Gray canyons on the Green R iver. A to ta l of seven ripe  
Colorado squawfish were co llected in the v ic in ity  of radio-tagged fish  
in Gray Canyon between July 13 and July 22. Only one co llec tin g  t r ip  
was made to the lower Yarnpa River where one ripe f is h  was co llected ;
The reason fo r  the comparative absence of ripe  fis h  in the Yarnpa was 
provided by co-workers doing a Yarnpa River fis h  study (Stoneburner,
1983), which indicated th a t spawning occurred about 3 to 4 weeks la te r  
than our sampling in 1982 (also 3-4 weeks la te r  than spawning in 1981). 
Study resu lts  indicated that spawning occurred in Gray Canyon about 3 
weeks e a r l ie r  than spawning in Yarnpa Canyon.

Larval and Younq-of-the-Year (YOY) Surveys

Larval sampling in the Colorado River was in it ia te d  in mid-July and 
performed on a weekly basis between Palisade and the Westwater Ranger 
Station through August. Two sampling tr ip s  were made during August in 
the r iv e r  reach between Westwater Canyon and Potash, Utah. An attempt 
was made to sample below Potash in la te  August; however, th is  e f fo r t  was 
canceled because of equipment fa i lu r e .  Sampling was also accomplished 
in upper Lake Powell in Ju ly , concurrent with rad io -track ing  work.

Larval Colorado squawfish (148 ind iv idu a ls ) were found throughout 
the study area (Figure 14). Colorado squawfish larvae (107 in d iv id u a ls ) 
were most frequently  encountered and were in highest re la t iv e  abundance 
in samples taken from the r iv e r  reach below Westwater Canyon (Westwater 
Canyon i t s e l f  was not sampled). Colorado squawfish larvae were f i r s t  
collected from the r iv e r  reach above Loma, Colorado la te r  in the season 
than from the downstream r iv e r  reach; th is  might r e f le c t  marked differences  
in the spawning time between r iv e r  reaches.

Larval data fo r the Green River have not been completely analyzed 
a t th is  time.

In mid-September through October, when YOY Colorado squawfish were 
large enough to be id e n tif ie d  in the f ie ld ,  the Colorado River and Green 
River were q u a n tita tiv e ly  sampled using 3x5 mm mesh seines. Colorado 
River YOY (30-40 mm TL) Colorado squawfish were only co llected below
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Figure  13 . Movement o f  r a d i o t e 1emetered Colorado squawfish in the Green R iv e r ,  
1982^ FWS Study. R iver  mi les  given from the conf luence .



F ig u r e  14 . D i s t r i b u t i o n  and r e l a t i v e  abundance o f  l a r v a l

and f i n g e r l i n g  C olorado s q u a w f is h ,  C olorado R iv e r ,  1982.  

L a rv a l d a ta  from 1981 a re  a l s o  p r o v id e d .

CS = C olorado sq u a w f ish



Westwater Canyon; areas with high YOY Colorado squawfish abundance were 
correlated with earlier high relative abundance of larval fish  (Figures 
14 and 15). YOY Colorado squawfish catch per effort for the Green River 
is  shown in Figure 16. In the Green River catch per effort of YOY 
Colorado squawfish was reduced to about one-half the average obtained in 
previous years. This reduction no doubt reflects the very high water 
levels in 1982 and does not indicate a poor spawning year. Shallow 
backwater habitats were virtually non-existent during the YOY collections  
on the Green River. Indeed, i t  is surprising that our collections 
produced 637 YOY fish  in the Green River and we interpret these data to 
mean that reproduction was as high as in previous years. However, i t  is  
possible that YOY survival may be decreased due to the unfavorable water

* conditions.

Backwater and Gravel Pit Investigations

Adult Colorado squawfish and razorback sucker were collected from 
nearly a ll of the gravel pits investigated (Table 3). When river runoff 
subsided and gravel pits became isolated from the river, Colorado squawfish 
were no longer found in the p its; however, razorback sucker continued to 
be collected from four gravel p its (numbers 1 ,2 ,4 , and 7 in Table 3). 
Colorado squawfish evidently moved out of the gravel p its before the 
pits became isolated . Fyke nets set in the entrance of WWWA caught 12 
Colorado squawfish leaving WWWA in late June, when the river began 
receding. Another Colorado squawfish was caught leaving WWWA in early 
July. Fyke nets collected two adult Colorado squawfish leaving and one 
entering Labor Camp pit during that same period. Post-runoff sampling 
resulted in the collection of two larval Colorado squawfish in Island 
Backwater p it (Table 3) on August 11. No larval Colorado squawfish were 
collected from the remaining gravel p its .

Largemouth bass (Micropterus salmoides) and green sunfish (Lepomis 
cyanellus) were the dominant predators in both Fish Pond (Figure 17) and 
Labor Camp (Figure 18). However, Fish Pond also had large numbers of 
bluegill (L. machrochirus) and black crappie (Pomoxis niqromaculatus).

Before Colorado squawfish were stocked, 155 largemouth bass, 247 
green sunfish, 881 b luegill and 1483 black crappie were removed from 
Fish Pond. Population estimates made after small squawfish were stocked 
showed appreciably larger Dopulations of largemouth bass in Labor Camp 
than in Fish Pond (Table 4).

In spite of our removal e ffort, green sunfish remained common in
* Fish Pond. Largemouth bass less than 350 mm in length were the predators 

that most frequently contained stocked Colorado squawfish. The frequency 
of largemouth bass containing stocked Colorado squawfish was high early

* in the study, and diminished over time (Table 5). This decrease is  
probably a result of decreased numbers of available Colorado squawfish 
and a decline in water temperature (Figure 19) with an attendant decline 
in largemouth bass feeding rate.

- 2 5 -
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Figure 16 . Catch per  e f f o r t  o f  y o u n g - o f - t h e - y e a r  Colorado squawfish,  spec ia l  
i n v e s t i g a t i o n ,  backwater h a b i t a t ,  Green R i v e r ,  1982. One u n i t  
of  e f f o r t  equals 10m^ sampled w i th  se in es .



Table 3. T o t a l  number o f  Colorado sq u a w f ish  and ra zo rb a ck  su c k e r

c o l l e c t e d  from g r a v e l  p i t s  c o n n e c te d  t o  th e  C o lo ra d o  R iv e r ,  1982.

G ravel R iv er C olorado Razorback

p i t m i l e  (RM) s q u a w f is h su c k e r s

$1 W alter  Walker W i l d l i f e

23abArea (WWWA) 1 6 3 .6 6a

2 . F i s h  Pond 1 6 5 .2 0 i a

3 . Connected Lakes 1 6 7 .8 0C 5a

A, I s la n d  Backwater 1 7 5 .3 2 1

5 . C l i f t o n  Pond 1 7 7 .8 0C 8

6 . L i t t l e  Pond 1 7 9 .2 1 0

7 . Labor Camp 1 8 3 .2 10 0C

a .  Some o f  th e s e  f i s h  w ere  l a t e r  rec a p tu r e d  in  th e  same pond.

b . C o l l e c t i o n  e f f o r t  was about e q u a l in  p i t s  2 - 7 ;  c o l l e c t i o n  e f f o r t  w as c o n s id e r a b ly  

g r e a t e r  in  p i t  1 th a n  in  o th e r  a r e a s .

c .  A lth ou gh  n ot c o l l e c t e d d u r i n g  th e  g r a v e l  p i t  m o n ito r in g  program, 1 9 8 2 ,  t h e s e  s p e c i e s  

were c o l l e c t e d  in  t h e s e  p i t s  d u r in g  e a r l i e r  CRFP e f f o r t s ,  or  by e a r l i e r  w orkers  

from o th e r  a g e n c i e s .
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Table 4. Population estimates derived from multiple capture
data on predatory species in Labor Camp and Fish Pond, fall, 1982.

FISH POND LABOR CAMP
Speciesa 

Size range (mm)
Number 
(N ) 95% Confidence

Number
(N) 95% Confidence

GS < 100 3569 159-14306 1548 171-9842

GS > 100 108 62-442 59 44-88

LG <151 68 42-168 1032 351-4576

LG 151-350 30 21-52 226 211-246

LG > 350 — — 17 13-23

BC <  130 4 3-6 — —

BC > 130 164 79-1998 — —

BG <115 632 43-1226 — —

BG > 115 246 103-640 — —

a GS = green sunfish; LG = largemouth bass; 

BC = black crappie; BG = bluegill

-31-



Table 5 .  Percent o f  predators con ta in in g  Colorado squawfish, Labor Camp and Fish Pond, f a l l ,  1982.

Green s un fish Largemouth bass

Date Gear,
D

type

<100 mm TLd > 1 0 0 mm XL < 1 5 0 mmxL 150 - 350 mm XL >350 mm XL

FPC LCf| FP LC FP LC FP LC FT LC

10/06-07 EL 10 0 17 100 150 83 100 67 25

10/07 SB — —  . — — — — — — —

10/12-13 SB 0 0 17 17 25 100 67 —
10/12-13 EL 0 0 100 — 0 50 100 ~ — 40

10/14-15 SB 0 0 — 67 — 0 —  . 100 — —

10/18-19 SB 0 0 — 0 0 0 — 60 — —

10/19-20 EL 0 0 0 — 58 - - 100 41 — 9

10/ 21-22 SB — 0 — 0 0 0 — — — —

10/25-26 SB 0 0 — 0 0 H mm — 19 — —

10/25-26 EL 0 0 0 100 20 0 33 0

10/28-29 SB 0 0 — — — 40 -- 25 — —
11/ 1-02 SB — 0 0 — — 0 — —
11/02-03 EL 0 0 0 0 0 14 — 20 — 11

11/04-05 SB 0 0 — — 0 — -- — —
11/09-10 SB 0 0 — — 0 0 — 0 — —
11/15-18 SB — 0 _ 0 0 __ ■

a - TL = 
b - EL =

to t a l  length  

e l e c t r o f i s h in g; SB-25-m long, ]/4-inch mesh bag se in e
c -  FP ~ Fish Pond 

d -  LC = Labor Camp
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Catch per u n it e f fo r t  of Colorado squawfish from Fish Pond was 
highly v a ria b le ; much less v a ria tio n  was evident in the data from Labor 
Camp (Figure 20). The d ifference in catch rates between p its  and the 
varia tio n  w ith in  p its  probably r e f le c t ,  in p a rt, the greater ease of 
sampling Fish Pond and the clumped d is trib u tio n  of small Colorado squawfish. 
I t  is s t i l l  uncertain whether catch per e f fo r t  s ta t is t ic s  showing fewer 
Colorado squawfish in Labor Camp than Fish Pond is  a va lid  s t a t is t ic .

Catch per u n it e f fo r t  was also qu ite  variab le  in  the r iv e r  backwaters. 
In two backwaters, catch ra te  was sometimes higher a f te r  th eb lo ck in g  
nets were removed and Colorado squawfish were no longer confined, than 
during the period when the blocking nets were in place (Figure 21).
Catch ra te  generally  declined in the backwaters u n til ea rly  November 
when rates were near zero; no Colorado squawfish were found in backwaters 
in  la te  November. Some Colorado squawfish had l e f t  study backwaters by 
la te  October when two tagged Colorado squawfish were co llected  from the 
r iv e r  about 3 miles downstream from the nearest study backwater. We 
have not y e t examined these microtags to determine of which study group 
these fis h  are members.

i
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oFigure 20 . Mean catch per unit effort (fish per m^
seined) of stocked Colorado squawfish in Fish Pond 
and Labor Camp, fall 1982.
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Figure 21 • Spot temperature data for river back-
t waters stocked with hatchery-reared Colorado squaw-

fish in 1982 (above)• Mean catch per effort of 
stocked Colorado squawfish in river backwaters, 
fall, 1982 (below), initial collections (below) 
were made when blocking nets were in place, whereas 
subsequent collections were made after blocking 
nets were removed.

)



1983 WORK PLANS

Each of the gravel p its  investigated during 1982 contained adult 
Colorado squawfish, razorback sucker, or both species, during the 
period of high r iv e r  discharges. As there was considerable v a ria tio n  
between gravel p its  in th e ir  physicochemical and b io log ical c h a ra c te ris tic s , 
the observation th a t rare fishes used each of these areas indicates th a t 
new gravel p its  constructed in a manner s im ila r to th a t o f ex is tin g  p its  
w il l  most l ik e ly  also be used by rare fish es . However, use of such 
gravel p its  by adu lt rare fishes should not be taken as evidence fo r  
enhancement of rare fis h  populations by such physical featu res . Only 
one gravel p i t  contained la rva l Colorado squawfish, a possible ind ication  
o f reproduction in the area, but these small f is h  might have entered the 
p it  from reproductive areas in the r iv e r .

We w il l  not perform the gravel p it  monitoring program o f 1982 in  
1983. A more deta iled  program on a smaller number of p its  w il l  be 
executed. WWWA is  used extensively by Colorado squawfish and razorback 
sucker during the period of high r iv e r  flows. The environmental clues 
used by these fishes to locate and enter WWWA, as well as to depart WWWA 
before the gravel p i t  becomes iso lated  from the r iv e r ,  are unknown.
Residence in the warm WWWA environment could influence gonadal maturation  
(and thus spawning tim e), subsequent movement w ith in  the r iv e r  system, 
and the physical condition of the fis h  because of exposure to pathogens 
in the p it  th a t are not normally encountered in the r iv e r .  These areas 
of concern could be addressed i f  deta iled  studies were performed on 
WWWA, and on s im ila r  areas. However, an e ffe c tiv e  means of co llec tin g  
f is h  with minimal expenditure of manpower must be developed. I f  we can 
determine what clues are used by these endangered species we can bette r  
manage the species to increase populations.

We plan, with the cooperation of the Colorado D ivision of W ild life  
(CDOW), to in s ta ll  a semi-permanent weir in the o u tle t of WWWA during 
w inter 1982-1983. This weir w il l  separately trap  fis h  moving in to  and 
out o f WWWA. Detailed measurements of f is h  w il l  be made, including  
analyses to determine the occurrance of important pathogens. Concurrent 
measurement of physical variab les such as water temperature and r iv e r  
dishcarge should allow us to determine the environmental clues used by 
rare fishes to locate gravel p its  of th is  type. A s im ila r  structure  
might be constructed in the o u tle t of Labor Camp p i t ,  where comparative 
data could then be co llected .

Further plans are being developed, in concert with CDOW and Corn 
Construction Company of Grand Junction, to create a spawning pond in an 
exis tin g  or planned gravel p i t  in the Grand Valley . The spawning pond 
concept includes separate in le t  and o u tle t structures between the pond 
and the r iv e r .  These structures would control the passage of fishes  
using w eirs, and the flow of water through the pond using a headgate 
structure . Water flow through the pond would be necessary, based on 
observations made in the hatchery, fo r successful reproduction by Colorado 
squawfish. Colorado squawfish, and perhaps razorback sucker, would be



allowed in to  the pond, whereas potentia l com petitor/predator would be 
excluded. The pond would be contructed to allow fo r  natural seasonal 
drain ing, mechanical pumping, or chemical treatm ent to aid in the removal 
o f undesirable fish es . Rare fishes would be held in the pond and obligated  
to spawning in th a t area.

The spawning pond concept would allow us to control environmental 
variables to a large extent. We should be able to examine: 1) spawning 
s ite  se lection , 2 ) spawning success under various physical conditions  

« and under d iffe re n t densities of adult f is h ,  3) the e ffe c ts  of com petitor/
predator species on spawning success, 4) the d r i f t  of la rv a l Colorado 
squawfish from reproductive areas, 5) the environmental clues that 

, influence the use of gravel p its  by Colorado squawfish as discussed
above fo r  WWWA, and 6 ) numerous other aspects of the reproductive ecology 
of rare Colorado River fishes.

Radiotelemetry of Colorado squawfish w il l  again be performed in 
1983. Our f ie ld  e f fo r t  w il l  include a systematic combined rad io -track ing  
and la rva l sampling program in the Colorado and Green r iv e rs . The 
Colorado River w il l  be divided in to  two separate reaches fo r  the 1983 
study; the Colorado River between Palisade, Colorado (RM 185), and 
Westwater Canyon (RM 124-116), Utah; and the Colorado River between 
Westwater and Spanish Bottom, Utah (below confluence with Green River a t  
RM-3). Equal sampling e f fo r t  w il l  be expended in each of these reaches. 
Each r iv e r  reach w il l  be surveyed biweekly. Radio tracking and la rv a l 
sampling w il l  also be performed in the Gypsum Canyon area of Lake Powell, 
as time and manpower perm it. We plan to in s ta ll  a continuously monitoring 
radio receiving s ta tio n  on the Gunnison River upstream from Redlands 
Diversion. This s ta tio n  could detect the passage of radio-tagged Colorado 
squawfish over the d ivers ion , as well as record signals from the one 
telemetered fis h  (implanted and released in the Upper Gunnison River in 
September 1982) which might move downstream. Eleven Colorado squawfish 
were implanted in the f a l l  of 1982 w ith 18-month radio transm itters as 
part of th is  1983 study e f fo r t .  Radiotelernetry work on humpback chubs 
in the Black Rocks area w il l  begin in March 1983. We are investigating  
the p o s s ib ility  o f using pressure-sensitive transm itters th a t would 
reveal the depth of the f is h . As many as ten humpback chubs w il l  be 
equipped with radios in 1983.

In the Green River Colorado squawfish radio-tagging w il l  emphasize 
the lower Green River and determine i f  additional spawning areas e x is t  
there. Up to 20 Colorado squawfish w il l  be radio tagged between the 
Gray Canyon area and the confluence with Colorado R iver. Work in the 

t  lower Green River w il l  also aid in determining possible movement of
Colorado squawfish between the Green and Colorado r iv e rs . Detailed  
information on known spawning areas w il l  be taken to expand our knowledge 

. on spawning needs of Colorado squawfish.

The Colorado squawfish YOY monitoring program w il l  continue during 
1983 in the Colorado and Green r iv e rs . A ll known spawning s ites  w il l  be 
checked and evaluated during 1983. Success of spawning and adu lt movement 
w ill  be correlated to 1983 r iv e r  flows.

- 3 8 -
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During ea rly  f a l l  1983, we were invited  to investigate the tro u t 

population in a short section of the North Fork of the Cache la  Poudre River 

located on lands of the North Fork Recreation Association. The purpose of 

th is  study was to provide basic information about the abundance, age, 

growth, and biomass of tro u t resid ing there , and to describe and measure 

hab ita t so that estimates of density and standing crop could be made. Using 

the man- and womanpower of students in Colorado State U n ive rs ity 's  F isheries  

Science course, we measured the tro u t population during la te  September and 

measured hab ita t during la te  October 1983.

STUDY AREA AND METHODS

We chose a 262-meter (860 f t . )  stream section fo r study, located w ith in  

the f i r s t  h a lf m ile downstream from the Halligan Reservoir dam where the 

f i r s t  access road from the west reaches the r iv e r .  The r iv e r  runs through a 

narrow, rock-faced gorge downstream from the reservo ir which makes access 

d i f f i c u l t .  The stream bed in the section we studied was predominately 

cobble and boulders interspersed with small pockets of gravel in flowing  

areas, and s i l t  along the margins where flow was reduced.

Stream width averaged 17 meters (59 f t . )  and depth varied from 5 

centimeters (2  in . )  in r i f f le s  to more than 2 meters ( 6 . 6  f t . )  in pools. 

Pools in th is  stream are often quite deep, esp ec ia lly  along c l i f f  faces, and 

those we measured ranged in area from 79-360 square meters (850-3875 f t 2 ) .  

The stream discharge, measured at only one transect during the morning of 28 

October, was 1.74 nr/sec (61 .4  f t 2 /s e c ) . The area of the study section  

was 0.47 hectares (1 .17 acres).
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The stream bank vegetation in the r ip a rian  zone was abundant and not 

degraded by over-grazing, which contributed to excellent stream bank 

s ta b i l i t y .  Periphyton (algae) was abundant on rocks in the stream bed. The 

water was s lig h tly  tu rb id , which may be due e ith e r to detached periphyton or 

to phytoplankton from the rese rv o ir, but did not appear to be caused by 

suspended inorganic sediment.

The general method used to estimate tro u t abundance is termed a 

mark-recapture population estim ate, and involves capturing as many tro u t as 

possible from the stream section on a f i r s t  run, and marking these fis h  by 

clipp ing the t ip  from one of the lobes of the t a i l  before returning them to  

the stream. Fish are captured by e lec tro fish in g  using d ire c t current, which 

stuns but ra re ly  harms them. We anesthetized tro u t with a compound called  

MS222 (tr ic a in e  methanesulfonate) which reduces the like lihood  of damage 

during measurement and weighing. A fte r about a week a second e le c tro fish in g  

run is made, and both recaptured (previously marked) and unmarked fis h  are 

caught. The proportion of recaptured to unmarked fis h  in the second sample 

is assumed to be the same as the proportion of fis h  o r ig in a lly  marked to the 

e n tire  population, allowing a population estimate to be made.

Because our e lec tro fish in g  equipment malfunctioned during our f i r s t  

attempt on 19 September, we captured only a few young-of-the-year tro u t. We 

made our two main e lec tro fish in g  runs on 23 and 28 September. Each fis h  

captured was measured and weighed, and scales were removed from about h a lf  

of the fis h  fo r analysis of age and growth. We calculated population 

estimates of fish  larger than 6 inches according to 50 m illim eter length 

groups fo r brown tro u t, rainbow tro u t, and a l l  tro u t combined. We also 

calculated the s ta t is t ic a l  95 percent confidence lim its  around the to ta l

3



number of fis h  fo r each of the three estim ates. Because the number of 

young-of-the-year (YOY) tro u t born in 1983 was estimated using a s lig h t ly  

d iffe re n t formula, th is  size group (74-149 mm, 3-6 in ) is treated  

separately .

RESULTS AND DISCUSSION

We captured 237 fis h  during a l l  e le c tro fis h in g , of which 111 were 

less than 6 inches (150 mm), 57 were rainbow tro u t larger than 6 inches, and 

69 were brown tro u t larger than 6 inches. A ll tro u t smaller than 6 inches 

were young-of-the-year. We estimated there to be 293 rainbow and 5 brown 

tro u t of th is  3-6-inch size class (Table 1 ) . We estimated the population of 

over-6 -inch tro u t to be 123 rainbow and 123 brown tro u t, or 250 tro u t when a 

to ta l estimate was made. We emphasize th a t population estimates using th is  

mark-recapture method are always s ta t is t ic a l ly  ra ther imprecise. Thus the 

reader should understand th a t the 95% confidence lim its  shown in Table 1 

ind icate th a t i f  1 0 0  s im ila r samples were drawn from th is  population, 95  of 

the estimates fo r a l l  tro u t over 6 inches in the section would f a l l  between 

176 and 395 tro u t.

The density of tro u t in terms of numbers and biomass (Table 2 ) , reveals  

th a t the tro u t population in th is  section of the North Fork is much la rg er  

than th a t measured in the best sections of the main stem of the Cache la  

Poudre River in October 1982 by Nehring and Anderson (1983). Trout biomass 

in the North Fork is comparable to the best sections of other tro u t r iv e rs  

in Colorado, such as the Colorado and Fryingpan r iv e rs . Trout biomass in 

the best sections of the South P la tte  River below Cheesman Dam is much
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la rger than the North Fork, fo r  both catch-and-release and 

standard-regulation sections (Table 2 ) .

A s tr ik in g  ch a ra c te ris tic  of the North Fork tro u t population we studied 

is the unusual number of large fis h  in the population (Table 1 and F ig . 1 ) .  

Whereas few fis h  in the main stem of the Cache la  Poudre River exceed 12 

inches (Nehring and Anderson 1983), we estimated that 151 of the 250 tro u t  

over six inches, were larger than 12 inches. The average length of the 

brown tro u t over 6 inches was about 12.5 inches and of s im ila r-s ized  rainbow 

tro u t about 13.1 inches. The largest brown tro u t we captured was 20 inches 

(502 mm) and the largest rainbow tro u t was 18 inches (460 mm). This large  

number of la rger tro u t is l ik e ly  due to two fac to rs : r e la t iv e ly  fa s t growth 

and reduced or no harvest by fishermen.

The most precise way to estimate age and growth of fis h  is to c lip  the 

YOY fis h  each f a l l  with a d iffe re n t f in c l ip  each year. A fte r a number of 

successive years of recapturing these known-age f is h , a complete growth 

h is to ry  can be calcu lated . Given only a sample of fis h  from one time 

period, we used two less precise methods to estimate age and growth. The 

f i r s t  method is to simply examine the length-frequency histogram fo r modes 

or "peaks" th a t represent age groups of fis h  (see F ig . 1 ) . The approximate 

d is trib u tio n  of lengths of fish  of each age are shown by the brackets, but 

overlap of d is trib u tio n s  fo r fis h  older than age I I  prevents determining 

th e ir  mean lengths. I t  is evident from these histograms th at age-0 or YOY 

tro u t are d is tin c t from older f is h , and th a t age-I and a g e -II f is h  of each 

species form f a i r ly  d is t in c t modes.

The second method involves ageing the fis h  by magnifying th e ir  scales 

and determining periods of fa s t (summer) and slow (w in ter) growth, much as



one would age a tre e . The d is trib u tio n  of lengths of fis h  of each age 

(Table 3 ) , indicates th a t average lengths of North Fork tro u t during la te  

September fo r ages 0 through I I I  are about 4, 9, 12, and 14 inches (125, 

225, 300, and 350 mm) resp e c tive ly . We emphasize th a t reading scales 

requires much p rac tice , is more of an a rt than a science, and th a t scales 

from old tro u t are notoriously d i f f ic u l t  to assess. However, the agreement 

between the two methods lends credence to our find ing  th a t these tro u t grow 

r e la t iv e ly  ra p id ly , and th a t few fis h  are older than f iv e  or six years.

This ra te  of growth is fa s te r than th a t measured by Nehring and 

Anderson (1982) fo r f is h  in most of Colorado's tro u t r iv e rs , including the 

oouth P la tte  River at Deckers during f a l l  1981 where lengths of age I 

through IV brown tro u t were 208, 274, 317, and 333 mm resp ec tive ly , and 

lengths of age I through I I I  rainbow tro u t were 201, 264, and 317 mm. By 

comparison, growth of tro u t in the main Cache la  Poudre River is poor.

Brown tro u t grow fa s te r than rainbow there , and averaged 97, 168, 231, 277, 

and 305 mm fo r ages 0 through IV in f a l l  1981.

We used the lengths and weights of the tro u t captured to ca lcu la te  a 

re la tio n sh ip  between length and weight separately fo r  brown and rainbow 

tro u t (F ig . 2 ) . Rainbow tro u t are s lig h tly  heavier fo r a given length than 

brown tro u t, which we had noticed while handling the f is h .  The 

length-weight re la tio n sh ip  fo r fis h  is ty p ic a lly  a steeply r is in g  curve, and 

usually f i t s  the data quite w e ll. We found th at 98% o f the va ria tio n  in the 

data fo r each species was explained by the mathematical equations shown in 

Fig . 2. We prepared Table 4 to aid in in te rp re tin g  the weights of f is h  of a 

given length in m etric and English u n its . Trout of both species reach one 

pound at 13-14 inches and two pounds at 17-18 inches.
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In summary, several facts  are evident from the data we collected and 

our analysis. F ir s t ,  the short section of the North Fork of the Cache la  

Poudre River we studied is populated about equally with adult brown and 

rainbow tro u t of re la t iv e ly  large s ize . Second, these fis h  are growing 

re la t iv e ly  rap id ly  in what appears to be productive h a b ita t, reaching 

catchable size of 8 inches during th e ir  second year of l i f e  (age I ) ,  and 1 2  

inches during th e ir  th ird  or fourth  year (age I I  or I I I ) .  Few fis h  appear 

to l iv e  longer than 5-7 years (age IV -V I) .  Th ird , rainbow tro u t are 

s lig h tly  heavier than brown tro u t fo r a given length. Fourth, because only 

a few age- 0  brown tro u t were captured i t  appears th a t brown tro u t did not 

reproduce in th is  section during 1982-83, and we suggest th a t brown tro u t 

may move in from upstream or downstream i f  reproductive fa ilu r e  is common. 

Natural reproduction of rainbow tro u t did occur judging from the re la t iv e ly  

small number of age-0 rainbow tro u t captured. These fish  were concentrated 

in the area near the entrance of a very small stream from the west, probably 

because some suitab le spawning gravel was ava ilab le  in the main r iv e r  near 

there . A ll of these fish  could e a s ily  have been produced by only one or a 

few pairs of spawning rainbow tro u t. By and large , the tro u t population and 

stream hab itat in the section we studied appear to be healthy and 

productive.

Many other aspects of tro u t populations in the North Fork gorge below 

Halligan Reservoir deserve fu rth e r study. For instance, the e ffec ts  of flow  

fluc tua tions  on stream hab itat and tro u t populations along the canyon would 

be an in te res ting  and challenging topic fo r fu rth e r research.
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Table 1 . Population estimates of rainbow, brown, and a l l  tro u t in a 
262-m section of the North Fork Cache la  Poudre R iver.

Total length Population estimate

mm in Rainbow Brown A ll tro u t

74-149 3-6 293

100-149 4-6 5

150-199 6-7 .9 0 2 2

200-249 8 -9 .9 24 1 1 34

250-299 10-11.9 28 34 63

300-349 12-13.9 41 30 71

350-399 14-15.9 17 32 52

400-449 16-17.9 9 7 16

450+ 18+ 4
mi

7 1 2

Total > 6  in 123 123 250

74-282 84-21395% Cl

Ave. length ( in ) 12.5 13.1

176-395



Table 2. Density and biomass o f a l l  tro u t in a 262-m section of the North Fork 
Cache la Poudre R iver, and standing crop estimates fo r the best 
sections of other Colorado tro u t r iv e rs .

Trout per lin e a l distance Trout per area

per km per mi per ha per acre

Number 950 1529 530 214

Biomass (kg) 369 kg/km 205 kg/ha -

Biomass ( lb ) - 1308 Ib/mi 183 lb /acre

Standing crop estimates fo r  a l l  tro u t from other Colorado tro u t r iv e rs  (from Nehring
and Anderson 1983)

11 Arkansas River -  Tezak section, March 1983 98 kg/ha

2 . Cache la  Poudre River -  3 mi above Rustic, Oct. 1982 100 kg/ha

3 . Colorado River -  Parshall to Sunset Ranch bridge, Oct. 1982 226 kg/ha
(C & R 12-20 in . )

4 .  Fryingpan River -  Old F a ith fu l section, Sept. 1982 204 kg/ha

5. S. Fk. Rio Grande -  above Beaver Creek bridge, Sept. 1982 118 kg/ha

6 . South P la tte  River -  Lower canyon (0 .2  mi above Wigwam Club, C & R) 469 kg/ha
Dec. 1982

Below Deckers (8  tro u t/d ay ) 358 kg/ha



Table 3. Length of brown and rainbow tro u t at each age as determined by reading scales.

Total length 

(mm) ( in )

Brown

IV+
0+ 1 + 1 1 + I 1 1 + and older 0+

80-99
100-119 4 in
120-139
140-159
160-179
180-199
200-219 8 in
220-239
240-259
260-279
280-299
300-319 12 in
320-339
340-359
360-379
380-399
400-419 16 in
420-439
440-459
460-479
480-499
500-519 20 in

4
21

9
2

1
1
2
2

6
4
3 3

2
3
4

4
1

1

1

Total 1  6 13 12 7 36

Rainbow

IV+
1+ 11+ I I I +  and older

14 17

2 1
2
1
1

2
1
1

6 5



Table 4. M etric-English equivalents of average length and 
weight of brown and rainbow tro u t.

Weight

Total length Brown Rainbow

mm in 9 lb g lb

153 6 36 0 . 1 37 0 . 1

204 8 85 0 . 2 89 0 . 2

254 1 0 162 0.4 174 0 .4

305 1 2 277 0 . 6 305 0.7

356 14 436 1 . 0 491 1 . 1

407 16 646 1.4 740 1 . 6

458 18 914 2 . 0 1063 2.3

509 20 1247 2.7 1470 3.2
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G C C  JOINT VENTURE 

BIOLOGICAL ALTERNATIVES

The following is a list of possible biological alternatives that could be employed by
G C C  to satisfy regulatory concerns regarding the endangered fishes in the Colorado
River. The two principal criteria used in making the selection were:
a) The action would directly benefit the fish and/or provide information that 

could be used to plan later action to benefit the fish, and
b) The action can be implemented or carried out by the G C C  itself (i.e., the 

concurrence or cooperation of others is not required, such as would be the 
case in any basin-wide agreement, for example).

Factors such as cost, water rights, engineering feasibility, etc. were not considered
in compiling the list. Emphasis was placed on measures to assist the squawfish, as it
is the flow requirements of this species that are of principal concern to FWS.
The alternatives identified have been divided into three major types:
1) Those which can be undertaken with little or no additional research.
2) Those which can be undertaken in conjunction with some research efforts.
3) Those which are principally research' or data gathering efforts.
The alternatives are as follows:
1. ACTIVITIES WITH NO RESEARCH
ia. Support Hatchery Rearing and Stocking. This alternative would require 

contributions to support ongoing efforts in existing hatcheries to raise and 
release more squawfish and/or humpback chub. Contributions could b e  
dedicated to expand the physical facilities and/or staff or to merely taking 
over funding existing projects.

lb* Construct Fish Passages around Dams. This alternative would require 
constructing fish ladders or other appropriate structures so that squawfish 
could get around three existing dams that block access to upstream areas 
on the Colorado and Gunnison Rivers. These dams are: the Grand Valley 
Diversion (at Palisade), the High Line Dam (at Cameo), and the Redlands 
Diversion (on the Gunnison). This would increase the area into which 

I squawfish could move to spawn, and could improve their reproductive 
potential.

lc. Sponsor a Symposium on T&E Fish. This alternative would require 
organizing, directing and funding a symposium for invited scientists to 
present the latest results of research in well-defined areas pertinent to the 
GCC situation. Biology and hydrology would be emphasized. The objec­
tives would be to compile the latest available information and bring 
together the experts to evaluate such factors as status of the species, 
research needs to get practical answers on target flows, solutions to 
existing problems, etc.



ld. Sponsor Public Information Programs. This alternative would require GCC 
to sponsor programs to disseminate, to the local and regional population, 
information about the T&E fish species, their status and measures being 
taken for their protection. They would also educate the public with regard 
to how they could assist in the protection of the species. The program 
could involve preparing and distributing literature, presenting of seminars, 
providing speakers to local groups, conducting advertising campaigns, etc.

le. Additional Storage and Release from GCC Reservoir. This alternative 
would require constructing the reservoir with capacity above that needed 
by the project and filling that capacity during peak flow periods. This 
water would be released during critical periods when target fish flows 
could not be met by existing river flows. FWS would determine release 
schedule on a month-by-month basis.

2. ACTIVITIES WITH SOME RESEARCH
2a. Create Backwater Nursery Areas. This alternative would require construc­

tion of backwater areas along the Colorado River between State Line and 
Palisade. Research would be required to determine the important charac­
teristics of known backwater nursery sites and these would have to be 
duplicated in the constructed versions. Possible structures could range 
from tree revetments to excavations along the river banks similar to 
existing gravel pits. Emphasis would be placed on providing nursery habitat 
for naturally spawned squawfish.

2b. Create Nursery Ponds. This alternative would require construction of 
ponds along the river in which water level and flow could be controlled. 
Hatchery spawned YOY would be introducted into these ponds and reared 
for several weeks until they are of sufficient size to be released for 
movement downstream. This holding period would give the young a better 
chance for survival than if they were released directly as YOY. Some 
research would be required to define pond design, and stocking and rearing 
procedures.

2c. Create Spawning Structures in Natural River Channel. This alternative 
would involve modifying natural substrate to better accommodate squaw­
fish spawning. This would call for hydrological as weil as biological 
expertise. Both biological and hyrological research would be required, 
although some information is available from research by FWS on the 
Yampa River.

2d. Construct Artificial Spawning Channels. This alternative wouid require 
construction of raceway channels at selected locations along the river. 
Squawfish have spawned in a raceway environment in hatcheries and the 
objective of this alternative wouid be to create suitable channel environ­
ments in the river. Both biological and hydrological research would be 
required.
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3. RESEARCH AND/OR INFORMATION GATHERING
There are innumerable possible research projects that can be identified. A number 
of general areas have been included in the Draft Recovery and Conservation Plans 
for the squawfish and humpback chub. Rather than list all possible research that 
could be conducted, we have focused on several projects that could yield important 
information on the G C C  situation. Also, any research efforts would be concentrated 
in the reach between about State Line and Palisade.
3a.

3b.

Gather Geomorphological Information. This research would gather detailed 
geomorphological information along numerous transects across the river in 
the G C C  area of interest. The surveys would provide sufficient data to 
predict the changes in available spawning and backwater habitat that would 
occur at different river levels during the critical time periods. Surveys 
would be concentrated in known or suspected squawfish spawning and 
nursery areas. Efforts would also be focused in quantifying changes in 
known humpback chub habitats.
Intensively Survey Backwater Areas. This research would gather detailed 
biological, physical and chemical information on backwater areas, both 
those known to serve as habitat for squawfish YOY and those not so 
utilized. Comparisons of results could identify the critical characteristics 
required by the YOY. The efforts would be concentrated in the critical 
time periods after spawning. Existing information of this nature would also 
be reviewed; for example, Mr. R .J/aldgz cpnducted,investigations of this, 
type on the Yampa River as part af the Colorado River Fishery Project. 
These data have not yet been released by FWS.

3c. Study the Role of Exotic Fishes. The research would be designed to 
determine the role that the non-native fishes play as competitors and/or 
preditors on squawfish. The study plan could involve selectively poisoning 
some nursery areas immediately prior to squawfish spawning and monitor­
ing the density of YOY in these areas in comparison to unpoisoned 
backwaters. Also, the FWS experiment using magnetically tagged YOY 
could be duplicated in other nursery sites. Efforts could also be made to 
quantify differences in the exotic fish populations in the Green and 
Colorado Rivers..

3d- Study Use of Water Temperature to Define Critical Periods. This research 
would investigate the possibility of timing the restriction of water with­
drawals to specific temperatures in selected backwater or known squawfish 
spawning areas. The present FWS target flow recommendations encompass 
a period from mid-June through August in order to account for year-to- 
year variations in the date of spawning and YOY entry into the nursery 
areas. This "vulnerability window" could be defined more accurately (and 
narrowed considerably) if, each year, the date of the onset of spawning 
could be pin-pointed. Research would focus on identifying a suitable 
temperature regime (e.g., three days of water temperatures of 22°C) and 
appropriate iocation(s) at which to monitor the temperature.

3 of 4



3e. Sponsor a Full-Time Observer Position. This alternative would require the 
funding of a position for a qualified fishery biologist to make and record 
pertinent observations at specific sites along the Colorado River in the 
area of interest. The observer would follow a detailed study plan which 
clearly defined the types of' observations and measurements required and 
the locations and frequency at which they would be made. Efforts would 
be focused on one or two selected backwater areas where critical habitat 
parameters (water level, flow, water quality, etc.) would be monitored. 
The observer would have only one tasks to document changes in habitat 
characteristics that occur with changes in flow. To date, no one has spent 
a continuous period of time making observations on flow-habitat relation­
ships. The level of effort would be lower than in 3b) or 3c) above, but the 
research would still provide useful information.

4 of 4
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si 25,7:00 p.m.—Community Hall, 
dicine Bow, Wyoming
¿t 26, 7:00 p.m.—BLM District 
;.ce, Rawlins, Wyoming 
j! 27,7:00 p.m.—High School 
r$teria, Saratoga, Wyoming 
s\ 26,7.*00 p.m.—University of 
roroing Student Union. Laramie.
voming |
'jnber 2, 7:00 p.m.—Senior Citizens
nier. Baggs. Wyoming 
ember 3, 7:00 p.m —West 
:mentary School, Wheatland, 
yoming
*£SS: Medicine Bow and Divide 
Team Leader, P.O. Box 670.
Ins, Wyoming 82301, {307} 324

FURTHER IN FO RM  ATT

: Husband, Team Lea 
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CEM ENTARY IN FO RM A
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•spapers. 
ry A. Oden.
Director. j

y>c 86-16264 Filed 8-11-81* am] 
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:au of Reclamation

*¡50*1 Diversion Unit, North Dakota! 
;nt to Prepare a Supplement to a 

Supplemental Environmental 
,*cment
•jrsuant to section 102(2)(C) of the 
ionsl Environmental Policy Act of 
I the Department of the Interior 
dscs to prepare a Supplement to the 

't Supplemental Environmental 
fment (DES R6-S) for the Garrison 
rsion Unit (GDU) in North Dakota.

• supplement will address changes 
-.the Commission Plan due to the 
.tison Diversion Unit Reformulation
ôf 1900. ,

Carrison Diversion Unit will 
{ vtr Missouri River water for 

culture, recreation, fish and wildlife, 
municipal, rural, and industrial uses 

y%fb Dakota. The primary features 
three reservoirs, five canals. 25 

fere pumping plants. 13 irrigation 
fj'X and municipal, rural, and 
r,trial water systems for up to 130

rto&jjfeent will amend the 
i&u* draft environmental statement 
S^*9} to address changes in some 
•* !f 3hires due to the Reformulation 
The document will identify and

assess impacts of ongoing work and 
describe additional studies being 
undertaken pursuant to the Act. The 
supplement will include the following: 
description of changes in the plan, 
additional studies required, and items 
deferred until a comprehensive report 
on the James River is completed and 
submitted to the Congress. The 
supplement will be provided for public 
review and comment. One document 
will then be prepared, which will 
respond to comments received on both 
DES 86-9 and the supplement, and be 
filed as the final supplemental 
environmental statement for the 
Garrison Diversion Unit.

There will be two scoping meetings to 
discuss the James River studies, the 
supplem ent and the procedure to be 
used in developing the final 
pnir»-— Statement. Those

V held on August 26, 
i  at the Doublewood 
marck, North Dakota 
V 1986 at 8:00 p.m. at 
{Senior Citizens 
{Main, Redfield, South

{ons for this

iraft supplemental 
ment are Timothy J. 

_ ilCr, cnief, Technical Support 
Division. Missouri-Souris Projects 
Office, Bureau of Reclamation, P.O. Box 
1017, Bismarck, North Dakota 58502, 
telephone (701) 255-4011, extension 541, 
or Robert Schroeder, Regional 
Environmental Affairs Officer, Missouri 
Basin Regional Office, Bureau of 
Reclamation, P.O. Box 36900, Billings, 
Montana 59107-6900, telephone (406) 
657-6558.

Dated: August 7.1906.
W illiam  C. Klostermeyer,
Commissioner.
|FR Doc. 86-18092 Filed 8-11-86; 8:45 am)
BILLING CODE 4310-OS-M

Fish and Wildlife Service 
Intent To Prepare an Environmental 
Assessment on a Proposed Action To 
Recover Rare and Endangered Fish In 
the Upper Colorado River Basin; 
Republication

(Editorial Note: The following document 
was originally published at page 2»256 in t e
issue of Wednesday. July 30.1988. The
document is being republished in its entirety 
because of typesetting errors.) 
a g e n c y : Fish and Wildlife Service. 
Interior.
action: Notice. __________  __
summary: This notice advises the public 
that the Fish and W ildlife Service 
(Service) is preparing an environmental

assessm ent on a proposed 
implementation program to recover four 
rare and endangered fish species in the 
Upper Colorado River Basin. This notice 
is being furnished in accordance with 
the CEQ Regulations for implementing 
the National Environmental Policy Act 
(40 CFR 1501.7(b)(3)). W e solicit public 
comment on impacts likely to result 
from the proposed action and 
alternatives, as w ell as suggestions on 
alternative means to protect and recover 
these fish species in a manner 
compatible with continued water 
development and State water allocation  
systems. Suggestions and information 
received will assist us m determining 
the scope of issues to be addressed and 
in evaluating their significance in the 
environmental assessm ent. 
d a t e s : Written comments should be 
received by August 29,1986. 
a d d r e s s : Comments should be 
addressed to: Regional Director, U.S.
Fish and Wildlife Service, P.O. Box 
25486, Denver Federal Center, Denver, 
CO 80225.
FOR FURTHER INFORMATION CONTACT.
Barry Mulder. Chief, Office of 
Endangered Species, U.S. Fish and 
Wildlife Service. P.O. Box 25486, Denver 
Federal Center, Denver, CO 80225, (303) 
236-7398, FTS 778-7398.
SUPPLEMENTARY INFORMATION:

I. Purpose and Need for Action
The purpose of the action is to protect 

and recover four rare fish species in the 
Upper Colorado River Basin in a manner 
that allows continued water 
development and that is consistent with 
State water rights systems, interstate 
compacts, and court decrees that 
allocate the rights to use Colorado River 
water among the States.

The four fish species of concern are 
the Colorado squawfish [Ptychocheilus 
Jucius), humpback chub [Gilo cyphoy  
bonytail chub [Gila elegans), and 
razorback sucker [Xyrauchen texanus). 
The first three species are listed as 
endangered, and the fourth is a 
candidate for listing under the 
Endangered Species Act of 1973, as 
amended. The ultimate goal of the 
recovery implementation program is U> 
delist the three endangered species ana 
to manage the razorback sucker so it 
would not need the protection of the 
Endangered Species Act.

Though once abundant in the upper 
basin, these fish are now threatened 
with extinction. Their decline is 
attributed to a number of factors, 
ranging from habitat reduction or 
alteration to introduction of nonnative 
species. The Service has stated that
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dicine Bow. Wyoming 
¿t 26,7:00 p.m.—BLM District 
;.ce, Rawlins. Wyoming 
si 27,7:00 p m.—High School 
:eteria, Saratoga, Wyoming 
¿128,7:00 p.m.—University of 
voicing Student Union, Laramie.
voicing .
richer 2, 7:00 p.m.—Senior Citizens 
iter, Baggs. Wyoming 
caber 3,7:00 p.m —West 
mentary School. Wheatland, 
yoming
^SS: Medicine Bow and Divide 
Team Leader. P.O. Box 670. 
ins, Wyoming 82301, {307} 324—

FURTHER INFO RM ATIO N  CONTACT:
.Husband Team Leader, at the 
.e address.

"?t£MENTARY INFORMATION*.
iication of places and dates of 
nng will also be published in local 
•spapers. 
j ]  K  Oden.
Director.

Toe, 66-18284 Filed 8-11-86; 10:50 am)

3U of Reclamation

son Diversion Unit* North Dakota; 
tto Prepare a Supplement to a 
Supplemental Environmental 
ment
•sunnt to section 102(2)(C) of the 
inal Environmental Policy Act of 
the Department of the Interior 
,SCS to prepare a Supplement to the 
Supplemental Environmental 
ment (DES 86-9) for the Garrison 
•sion Unit {GDI’S in North Dakota, 
mpplement will address changes 
the Commission Plan due to the 
¡son Diversion Unit Reformulation
>(1906. . . .  ...
e Garrison Diversion Unit will
:er Missouri River water for
ulture. recreation, fish *md wildlife, 
municipal, rural, and industrial uses 
arft* Dakota. The primary features 
U  three reservoirs, five canals, 25 
¿re pumping plants, 13 irrigation 
|  and municipal, rural, and 
*lnal water systems for up to 130
munities,
‘t wpplcmcnt will amend the 
iou» d r a f t  environmental statement 
S65-9} to address changes in some 
^features due to the Reformulation 

document will identify and

assess impacts of ongoing work and 
describe additional studies being 
undertaken pursuant to the Act. The 
supplement will include the following: 
description of changes in the plan, 
additional studies required, and items 
deferred until a comprehensive report 
on the James River is completed and 
submitted to the Congress. The 
supplement will be provided for public 
review and comment. One document 
will then be prepared, which will 
respond to comments received on both 
DES 86-9 and the supplement, and be 
filed as the final supplemental 
environmental statement for the 
Garrison Diversion Unit.

There will be two scoping meetings to 
discuss the James River studies, the 
supplem ent and the procedure to be 
used in developing the final 
environmental statement. Those 
meetings w ill be held on August 26,
1986. at 7:00 p.m. at the Doublewood 
Ramada Inn, Bismarck, North Dakota 
and on August 28.1986 at 8:00 p.m. at 
the Spink County Senior Citizens 
Center, 521 North Main, Redfield, South 
Dakota.

The contact persons for this 
supplement to the draft supplemental 
environmental statement are Timothy J. 
Keller. Chief. Technical Support 
Division. Missouri-Souris Projects 
Office. Bureau of Reclamation. P.O. Box 
1017. Bismarck, North Dakota 58502, 
telephone (701) 255-4011. extension 541, 
or Robert Schroeder, Regional 
Environmental Affairs Officer, Missouri 
Basin Regional Office, Bureau of 
Reclamation, P.O. Box 36900, Billings, 
Montana 59107-6900, telephone (406) 
657-6558.

Dated: August 7.1988.
William C. Klostermeyer,
Commissionerl
[FR Doc. 86-18092 Filed 8-11-86; 8.45 am) 
BILLING CODE 4310-0$“M

Fish and Wildlife Service 
Intent To Prepare an Environmental 
Assessment on a Proposed Action To 
Recover Rare and Endangered Fish in 
the Upper Colorado River Basin; 
Repubiicatton

I Editorial Note: The following document 
was originally published at page 2>256 in e
issue of Wednesday. July 30. 1988. The
document is being republished in its entirety 
because of typesetting errors ]
AGENCY: Fish and Wildlife Service, 
Interior.
action: Notice.
SUMMARV: This notice advises the public 
that the Fish and Wildlife Service 
(Service) is preparing an environmental

assessm ent on a proposed 
implementation program to recover four 
rare and endangered fish species in the 
Upper Colorado River Basin. This notice 
is being furnished in accordance with 
the CEQ Regulations for implementing 
the National Environmental Policy Act 
(40 CFR 1501.7(b)(3)). W e solicit public 
comment on impacts likely to result 
from the proposed action and 
alternatives, as well as suggestions on 
alternative means to protect and recover 
these fish species in a manner 
compatible with continued water 
development and State water allocation  
systems. Suggestions and information 
received will assist us m determining 
the scope of issues to be addressed and 
in evaluating their significance in the 
environmental assessm ent. 
dates: Written comments should be 
received by August 29,1986. 
address: Comments should be 
addressed to: Regional Director, U.S.
Fish and Wildlife Service, P.O. Box 
25486, Denver Federal Center, Denver, 
CO 80225.
FOR FURTHER INFORMATION CONTACT:
Barry Mulder, Chief, Office of 
Endangered Species, U.S. Fish and 
Wildlife Service, P.O. Box 25486, Denver 
Federal Center, Denver, CO 80225. (303) 
236-7398, FTS 776-7398.
SUPPLEMENTARY INFORMATION:

I. Purpose and Need for Action
The purpose of the action is to protect 

and recover four rare fish species in the 
Upper Colorado River Basin in a manner 
that allows continued water 
development and that is consistent with 
State water rights system s, interstate
compacts, and court decrees that
allocate the rights to use Colorado River 
water among the States.

The four fish species of concern are 
the Colorado squawfish [P tychocheiliis  
lu ciu s\ humpback chub [Gilo cypha ), 
bonytail chub [Gilo elegans), and 
razorback sucker [X y ro u c h e n texamis). 
The first three species are listed as 
endangered, and the fourth is a 
candidate for listing under the 
Endangered Species Act of 1973, as 
amended. The ultimate goal of the 
recovery implementation program is to 
delist the three endangered species and 
to manage the razorback sucker so it 
would not need the protection of the 
Endangered Species Act.

Though once abundant in the upper 
basin, these fish are now threatened 
with extinction. Their decline is 
attributed to a number of factors, 
ranging from habitat reduction or 
alteration to introduction of nonnative 
species. The Service has stated that
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continued water development within the 
upper basin is likely to further 
jeopardize these fishes* existence unless 
project impacts are offset by measures 
that preserve or improve these species’ 
current status.

II. Affected Environment 
The proposed action will occur in the 

Upper Colorado River Basin above Glen

Canyon Dam, excluding the San Juan 
River. This area encloses the principal 
remaining habitat for the four fishes in 
the upper basin, as well as those waters 
(mainstem and tributaries) with
potential to cause significant
downstream impacts to the fish or their 
habitat. The affected area is located in 
Colorado, Utah, and Wyoming. (See 
map below)

III. Description of the Proposed Action 
and Major Alternatives

We invite public comment on impacts 
likely to result from the actions 
described below, as well as suggestions 
on alternative means to protect and 
recover the four rare and endangered 
fish species in a manner compatible 
with continued water development and 
State water allocation systems.
A. Proposed Action

Preamble. The proposed action was 
developed by a subcommittee of the 

Upper Colorado River Basin 
Coordinating Committee. The 
Coordinating Committee is composed of 
representatives from the States of 
Colorado, Utah, and Wyoming; Bureau 
of Reclamation; Fish and Wildlife 
Service; private water development 
interests; and environmental 
organizations. The Department of the 
Interior is considering adopting their 
draft proposal for a cooperative 
Federal/State/private program as the 
preferred means for resolving water use 
conflicts involving rare and endangered 
fish and water development actions, as 
follows:

1. Adm inistration . A Recovery 
Implementation Committee representing

Federal, State, private water 
development, and conservation interests 
in the upper basin would oversee 
implementation of recovery actions for 
the four rare and endangered fish 
species. This committee would make 
recommendations to the Secretary of the 
Interior and the States, who would use 
their independent authorities to make 
and implement final decisions.

2. R ecovery Timeframe. 15 years, 
estimated.

3. R ecovery Actions.
a. H abitat management. (1) Determine 

the locations, times, and quantities of 
instream flows needed to protect and 
recover the fish and, through 
cooperation, prioritize work in this area.

(2) Evaluate alternative m eans for 
providing necessary flows. Once 
obtained, instream Hows would be 
appropriated, acquired and 
administered under State lew . Federal 
condemnation of water rights would not 
occur under the proposed action. 
Potential sources of water may include:

(a) Allocating and releasing water 
from Federal storage projects. For 
example, through the section 7 
consultation process, the Bureau of 
Reclamation would withhold from sale

5,000 acre-feet of water at Ruedi 
Reservoir. This water would tentatively 
be released in the months of July- 
September, as needed.

(b) Refining operations at Federal 
reservoirs. For example, the Bureau of 
Reclamation would refine operations 8t.

(i) Ruedi Reservoir—would release an 
additional 5,000 acre-feet in the months 
of July-September on an average of 4 
out of 5 years (supplementing the 5.000 
acre-feet withheld from sale noted in
A.3.a.(2)(a) above).

(ii) Flaming Gorge Reservoir—until
section 7 consultation is completed, has 
adopted an interim flow release 
schedule intended to improve rare and 
endangered fish spawning and survival. 
Ongoing research would determine a 
more permanent flow  release pattern 
which would be outlined in the 
biological opinion planned to be ;
completed in 1989. >

(iii) Blue Mesa Reservoir—until r  
section 7 consultation is completed, 
release water to ensure that a 2.000 
cubic feet/second minimum flow occurs ; 
below the confluence of the Gunnison 
and Colorado Rivers on an average of 9 * 
out of 10 years. Research would 
determine a more permanent fiow 
release pattern to be outlined in the
completed biological opinion. •, t

(c) Purchasing or leasing existing
water rights, on a willing seller basis, 
and converting these rights into 
instream flow rights. '

(d) Investigating the feasibility of 
acquiring “excess” w ater resulting from 
agricultural water conservation and 
salinity control projects and converting - 
acquired water into instream flows.

(e) Investigating changing the point of 
diversion for senior water rights to 
downstream locations.

(f) Investigating acquisition of 
nontributary ground water that could be 
pumped and put into streams.

Is) Applying for original appropriation 
of instream flows in surface streams, r

(3) When section 7 consultation is 
conducted on future projects:

(a) The Secretary of the Interior would 
recommend reasonable and prudent 
alternatives, where possible, to offset *, 
nondepletion impacts of water projects 
jeopardizing the endangered fish, e.g^ 
direct impacts caused by construction, 
inundation, or water quality changes 
resulting from reservoir operations.

(b) Since the proposed action 
establishes a commitment and 
mechanism to assure instream flows are 
acquired and protected under State law,
the Service would consider these
recovery actions as offsetting depletion 
impacts of most projects. Projects would 
be considered to have addressed  
depletion impacts by making
contributions as described in A.4.C

I
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/
/ below toward the recovery * 

implementation program. However, if 
there are instances where project 
depletions are likely to jeopardize fish, 
the Service and Recovery 
Implementation Committee, where 
possible, would identify measures to 
offset these impacts, and 
implementation of these measures 
would be given immediate attention.

b. H abita t developm ent and 
m aintenance. The locations and degree 

, to which any of the following techniques 
would be implemented would be 
determined after experimentation and 
consideration of effectiveness, cost, 
relationship to other recovery measures, 
and secondary impacts.

(1) Create backwaters to enhance 
young-of-year fish production. 
Backwaters can be created by 
manipulating river flow% connecting 
existing gravel pits/ponds to the river, 
or physically constructing backwaters.

(2) Increase spawning habitat by 
improving access to existing, unused 
spawning areas (e.g.. fish passage 
structures), reintroducing eggs/larvae 
into suitable unoccupied habitat, 
modifying instream characteristics to 
create new  spawning habitat, or 
constructing spawning habitat within 
the natural stream channel or in 
modified side channels.

(3) Create wintering habitat by 
building jetties.

(4) Build fish passage facilites to 
reestablish Colorado squawfish in parts 
of their historic range, e g., above 
Redlands Diversion Dam, Taylor Draw 
Dam, and Palisades.

c. A rtificia l propagation and stocking 
of rare and  endangered fish species. (1) 
Use hatcheries as refugia to safeguard 
against d isease and possible extinction.

(2) Raise fish in hatcheries and/or 
grow-out (rearing) ponds and use them 
for basic research studies.

( 3 ) immediately introduce the bonytail 
chub, which appears in imminent danger 
of extinction in the upper basin.

(4) Augment existing populations of 
Colorado squawfish, humpback chub, 
and razorback sucker through stocking 
only after artificial propagation 
techniques have been thoroughly 
investigated.

d. N onnative spec ies and sportfishing 
management. Competition and 
predation from nonnative species is 
believed to contribute to the decline of 
the four rare and endangered species. In 
addition, fishermen have caught 
endangered fish while seining for bait or 
angling. The following actions would be 
carried out by Federal or State agencies, 
as appropriate, to reduce future losses:

(1) Confine future stocking of 
nonnative fish shown to pose a threat to

the rare and endangered fish to areas off 
the mainstem where absence of 
potential conflict with rare and 
endangered fish can be demonstrated.

(2) For nonnative fish shown to pose a 
threat to the survival of rare and 
endangered fish, investigate the 
feasibility of selectively removing them 
from areas considered essential to the 
latter species.

(3) Review sportHshing practices and 
regulations to reduce the likelihood o f  
incidental take of rare and endangered 
Fishes, e.g., permanent or seasonal 
closures of fishing areas where 
incidental take is a serious problem; 
prohibition of seining in spawning areas, 
young-of-year habitat, and juvenile 
nursery areas; restrictions on use of live 
bait.

(4) Implement an information and 
education program to educate the fishing 
public on rare and endangered fish.

e. R esearch, monitoring, and data  
management. (1) Implement a 
comprehensive research program to 
provide basic biological information on 
the fishes, to test management 
approaches, and to investigate 
institutional or administrative actions.

(2) Track the overall status and trends 
of rare and endangered fish populations 
within the upper basin with a 
monitoring program.

(3) Establish a centralized data 
management system.

4. Funding—a. Special. Congress 
would be requested to establish two 
special funds;

(1) W ater rights fund (SlO million):
Used to acquire water rights to secure 
instream flow’s for the rare and 
endangered fishes.

(2) Constniction fund ($5 million):
Used for recovery actions involving 
capital expenditures, e.g., constructing 
hatchery or fish passage facilities, 
changing the point of diversion of a 
water right, or modifying habitat.

b. Annual. S2.4 million would be 
provided yearly for recovery actions.
The Federal share would total $2.1 
million, and the States* share, $300,000.

c. Intermittent. Private water 
developers would contribute a one-time 
amount of $10/acre-foot (based on 
average annual depletion and adjusted 
annually for inflation) for new water 
depletion projects that have not yet 
complied with section 7 of the 
Endangered Species Act. Contributions 
may also be made by conservation 
groups and private entities.
B. 'No A ction  “ A Iternati ve

Preamble. Since the Endangered 
Species Act requires the Federal 
government to protect and recover listed 
species, the “No Action** alternative has

been construed to mean “status quo,*’ 
i.e., continuation of current actions.

For example. Federal dams in the 
upper basin are required to comply 
constantly with section 7 of the 
Endangered Species A ct Dam 
operations must not jeopardize the 
survival of listed species and, where 
possible, should help conserve these 
species. These dams are being studied 
to determine if: (a) Water is available 
for instream flow needs and. (b) flow’ 
releases can be modified to increase 
production or survivorship of rare and 
endangered fishes. These actions would 
be implemented even if the proposed 
action is not adopted, and will be 
common to all alternatives under 
investigation.

(Note. These actions are denoted as 
recovery actions A.3.a.(2)(a) and A.3.a.(2)(b) 
under the proposed action.)

The “No Action“ alternative is as 
follows:

1. Adm inistration. There would be no 
Federal/State/private oversight 
committee. Instead, the various agencies 
and developers would coordinate as 
needed on a project-by-project basis. 
The Service would review w’ater 
projects through section 7 consultation 
and develop reasonable and prudent 
alternatives for projects likely to 
jeopardize endangered fish. The Bureau 
of Reclamation w’ould ensure its projects 
are not likely to jeopardize the fish. The 
States would continue current efforts, as 
funds permit. It is presumed the States 
would not administer instream flows for 
the rare and endangered fishes,

2. R ecovery  Timeframe. Indefinite 
(greater than 15 years).

3. R ecovery  Actions. The recovery 
actions outlined in the proposed action 
would take place as described, except 
as follows:

a. Recovery actions-that would not be 
undertaken due to lack of funds:

(1) Nearly all water acquisition 
measures (A.3.a.(2)(cHg))-

(2) Construction of fish passage 
facilities at sites other than Redlands 
Diversion Dam (A.3.b.(4)J.

b. Recovery actions that would be 
undertaken, but at a slow'er pace than in 
the Proposed Action due to lack of 
funds:

(1) Determination of needed instream 
flow’s (A.3.a.(l)),

(2) Creation of backwaters, spawning 
habitat, and wintering habitat (A.3.b.(l)-
(3)).

(3) All artificial propagation and 
réintroduction efforts, except for 
m aintenance of hatcheries as refugia 
(A.3.c.(2H4)].

i » m
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(4) All nonnative species and 
sportfishing management efforts 
[A.3.d.(lH4)]-

(5) All research, monitoring, and data 
management efforts (A.3.e.(l)-{3)].

c. Recovery actions that would be 
substantively different from those in the 
proposed action:

(1) For section 7 consultation, each 
project would be individually evaluated 
to determine the best mix of measures to 
offset impacts. In order to avoid 
jeopardy to the Fish, project sponsors 
could be required to modify proposed 
structures, provide flows, and/or 
contribute funds for recovery 
implementation actions in some cases 
{per the existing depletion formula).

(2) The razorback sucker would likely 
be listed under the Endangered Species 
Act.

(3) Releases from Federal reservoirs 
would not be legally protected as 
instream flow rights.

4. Funding. The existing level of 
funding would continue; i.e., 
approximately $1.6 million annually 
would be directed toward recovering the 
rare and endangered fish, of which $1.5 
million would be Federal funds and 
$100,000 would be State funds. Some 
money could continue to be contributed 
by water developers with small projects 
with correspondingly small depletions 
(See recovery action B,3.c.{l)).
C. "FederalAction O nly"A lternative

1. Administration. A Recovery 
Implementation Committee representing 
only Federal agencies involved in Upper 
Colorado River Basin resource 
management would use their authorities 
and resources io recover the Fish. It is 
assumed that the States would continue 
their current level of effort, as funds 
permit.

2. Recovery Timeframe. Indefinite 
(greater than 15 years).
•* 3 . Recovery Actions. The recovery 
actions outlined in the proposed action 
would take place as described, except 
as follows:

a. Recovery actions that would be 
undertaken, but may proceed at a lower 
level of effort than in the proposed 
action due to the need for State 
cooperation and/or concurrence:

(1) Réintroduction efforts [A.3.c.(3),
(4)].

(2) Efforts to control nonnative Fish 
species and sportfishing IA.3.d.(lH3)J.

b. Recovery actions substantively 
different from those in the proposed 
action:

(1) For section 7 consultation, each 
project would be individually evaluated 
to determine the best mix of measures to 
offset impacts. In order to avoid 
jeopardy to the fish, project sponsors

could be required to modify proposed 
structures, provide flows, and/or 
contribute funds for recovery 
implementation actions. Under this 
alternative, project sponsors’ 
contributions may be used to acquire 
water rights.

(2) If necessary, Federal 
condemnation of water rights would be 
considered to secure water for the Fish.

(3) The razorback sucker could be 
listed under the Endangered Species 
Act.

c. Recover}' actions that would be 
managed differently from those in the 
proposed action:

(1) Overall, the Federal government 
would take a proportionately stronger 
role in determining and implementing 
recovery actions for the four fishes in 
the upper basin.

(2) The Federal government will 
encourage the States to administer 
water rights (obtained as described in 
A.3.a.(2)(aHg)) under State water law. 
However, if the States do not agree to 
State administration, acquisition by the 
United States of instream flows under 
section 5 of the Endangered Species Act 
would be investigated. Assuming these 
flows could be legally protected, these 
instream flow rights would be held in 
the name of the United States, and 
administered by the States.

4. Funding. The construction fund and 
annual funding levels would be equal to 
the Federal funding levels in the 
proposed action. Congress would be 
requested to authorize a water rights 
fund only if water acquired by the 
Federal government under section 5 of 
the Endangered Species Act could be 
protected as an instream flow right 
under State or Federal law. Private 
water developers could be requested to 
contribute toward recovery efforts as 
described in C.3.b.(l) above.
III. Impacts of the Proposed Action

Comments are invited on the direct, 
indirect, and cumulative impacts likely 
to result from implementing the 
proposed action and major alternatives. 
Areas of potential impact include:
A. Target species

1. Federally listed species— Colorado 
squawfish, humpback chub, 
bonytail chub

2. Candidate species—razorback 
sucker

B. Nontarget species
1. Aquatic

a. Native fish species other than 
target species
b. Nonnative fish species
c. Sport fish species

2. Terrestrial
a. Sport species
b. Migratory birds

c. Endangered species
C. Recreation

1. Sportfishing
a. Reservoir
b. Stream

2. Rafting/Boating
D. Electricity production

1. Hydropower
2. Nonhydropower

E. Energy development
F. Agricultural production •

1. Crops *"'■
2. Livestock

G. Municipal/Indusirial
1. Urban growth
2. Industrial development

H. Water quality
1. Salinity , r;
2. Temperature . ^

I. V isual/aesthetic V.
J. Historical/archaeological/cultural /
K. Land management agencies
L. Habitats of Federal concern

1. Floodplains
2. Wetlands '  ̂
A more detailed explanation of the

proposed action may be obtained by \  
calling or writing the contact person 
identified at the beginning of this notice.

The environmental review of this 
project will be conducted in accordance 
with the requirements of the National 
Environmental Policy Act of 1969, as 
amended (42 U.S.C. 4371 et seq.), CEQ> 
Regulations to implement NEPA (40 CFR 
Parts 1500-1508). other appropriate 
Federal regulations, and Department of 
the Interior and Service procedures for 
compliance with these regulations.

We estimate that the draft 
environmental assessm ent will be 
completed by September 1936.

Dated: July 23,1936.
Galen L Buterbaugh,
R egion al D irector.
fFR Doc. 8G-17059 Filed 7-29-86: 8:45 am] 
BILLING CODE 150SHD1-M

National Park Service

National Register of Historic Pisces, 
Notification of Pending Nominations

Nominations for the following 
properties being considered for listing in 
the National Register were received by 
the National Park Service before August ;
2.1906. Pursuant to § 60.13 of 36 CFR 
Part 60 written comments concerning the 
significance of these properties under 
the National Register criteria for 
evaluation may be forwarded to the . * 
National Register. National Park <
Service. U.S. Department of the Interior, 
Washington, DC 20243. Written
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.C/Wü2>ôf"?*V 1̂ . .* ̂  i, /i „ ’. , *1t»̂ >v.. ; * î â «v ^
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INTRODUCTION

Western cyprinid fishes of , the genus Gila Baird and Girard 

have had a long, tortuous taxonomic history, which has resulted.; 

largely from a lack of understanding of their individual and geo­

graphic variation, or from erroneous interpretations of it. 
Geographic or ecologic allopatry, so characteristic of western 

fishes, prevails, and—1ocal differentiation is the rule. Interpre­

tation of the various forms of chubs has ranged from a proliferation 

of.-generic names, to synonymization of diverse morphotypes as sub- 
species or "ecotypes" of a single polymorphic species. In the Gila 

River basin alone {Fig. I)I the forms here recognized have been

•placed under six generic names and have accumulated more than a 

dozen specific synonyms. G?la elegans Baird and Girard, the bony- 

tail, has been subject to the least taxonomic confusion. it was 

considered a valid species until about 20 years ago, when it was 

placed as a Subspecies of Gila robusta Baird and Girard (Miller, 

I9b6b). Gila elegans now has been valIda ted- as a ful1 species by 
the taxonomic and ecologic studies of Holden (1968)—^ and Vanicek

J/Holden, P. B. 1968. Systematic studies of the genus Gila 

(Cyprinidae) of the Colorado River. Unpub1. M.S. thesis. Utah 

State Univ., Logan, 68 pp.
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( îS 67 ) . I t  is  p robab ly  e x t i n c t  in the lower Colorado R iv e r  basin

( M i l l e r  and Lower, 19 6 ^ ) ,  and is  not s p e c i f i c a l l y  in vo lved  in the  

problems discussed h ere . The o th e r  forms a re  not as e a s i l y  i n t e r ­

p r e t e d .  G i la  robusta is  w idespread in the  Colorado R iv e r  b a s in ,  and 

a southern  form long known as a subspecies , G. robusta  in te rm e d ia ,  

is  r e s t r i c t e d  to  the G i la  R ive r  segment. G i la  in te rm e d ia  is e le v a te d  

in  t h i s  paper to  species rank, and p ro b le m a t ic  p o p u la t io n s  in the  

G i la  R iv e r ,  p re v io u s ly  considered  as in te rg ra d e s  between robusta  and 

in te rm e d ia  (B arber and M in c k le y ,  I 9 6 6 ; and o t h e r s ) ,  a re  r e - i n t e r p r e t e d  

as a d i s t i n c t  subspecies o f  J3. ro b u s ta . Emphasis is  p laced  on tern- 

p o ra l  and s p a t ia l  s t a b i l i t i e s ,  h a b i t a t  c o n d i t io n s ,  and thé  c o r r e s -  

pondence o f^ o b le rv e d  p a t te rn s  o f  v a r i a t i o n  to  d ra in ag e  h is t o r i e s  and 

e c o lo g ic a l  In fo rm a t io n .

■ 2/  . ; §
Van icek , C. D. 1967- E c o lo g ic a l  s tu d ie s  o f  n a t iv e  Green 

R iv e r  f is h e s  below Flaming Gorge dam, 1964-1966 . Unpub!. Ph.D. 

d i s s . ,  1 b id . , I 38  pp.
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F ig u re  1, P lace names in the lower Colorado R iv e r  bas in  and

in s u r r o u n d in g  bas i n s .

" i l P h o en ix 25- Zuñí R iv e r

2 . Buckeye 2 6 . P l u v i a l  W hite R iv e r

3 . F lo r e n c e 2 7 . C o lo ra d o  R iv e r

4 ; S a f f o r d 2 8 .
*

R io  Grande

5 P r e s c o t t 2 9 . P ec o s  R iv e r

6 . R o o s e v e l t  Lake 3 0 .
l

R lo fC o n ch o s

7 . S u l l i v a n  Lake 3 1 .
/

R io  Yqqui

8 . Lake Mead 3 2 .
✓  i

R io  Sonora

Sa 1 to n  Sea 3 3 .
✓  * - /  

R ío  de la  C o n cep c io n

1 0 . Guzman B a s in 3 4 .

r  - -------- K----- —

Monkey S p r in g s

1 1 . . G i la  R iv er 3 5 . A ra^aipa  Creek

12 . S a l t  R iv e r 3 6 . Q.ueen C reek

13 . W hite R iv e r 3 7 . F i s h  C reek

14 . B la c k  R iv e r

\v 
• 

00 
fit* Cave Creek

T5. San F r a n c i s c o  R iv e r 3 9 . E a st  V erde R iv e r

16. San Simon R iv er 4 o . Wet B eaver  C reek

r?* San Pedro R iv er 4 1 . Oak C reek

18. San C a r lo s  R iv er 4 2 . Sycamore C reek

19. S anta  Cruz R iv er 4 3 . B ig  C hino Wash

2 0 . Verde R iv er 4 4 . T on to  Creek

2 1 1 Agua F r ía  R iv er 4 5 . C arizzD  C reek

2 2 . B i l l  W il l ia m s  R iv er 4 6 . F o s s i l  Creek

23 . V ir g i n  R iv er 4 7 . W est C le a r  C reek

24. L i t t l e  Colorado R iv e r  . G u lf  o f  C a l i f o r n i a
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' METHODS AND MATERIALS

A pp ro x im ate ly  1500 specimens o f  chubs from the lower Colorado  

R iv e r  basin  and n o r th e rn  Mexico ( F ig .  1) were examined (see Tab les  

1-3 f o r  l o c a l i t i e s  and c a ta lo g  numbers). Counts and measurements 

( th e  l a t t e r  taken  w i th  f in e - p o in t e d  d iv id e r s )  were made fo l lo w in g  

Hubbs and L a g le r  ( 1 9 5 8 ) .  Raw d a ta  were punched on computer cards ,  

converted  to",thousandths o f  s tan d ard  le n g th ,  and su b jec ted  to  v a r io u s  

s t a t i s t i c a l  t e s t s  and ana lyses  a t  the  A r izo n a  S ta te  U n iv e r s i t y  Com­

p u te r  C en te r ,  us ing  p r i n c i p a l l y  the  GE 425•
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Figure J. Allometric growth in Gila robusta robusta from 

the Salt River mainstream.
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m e r is t ic  fe a tu r e s  a ls o  v a r ie d  w i th  s iz e  was examined, and no such 

trends  were e v id e n t .

F u r th e r  d e f i n i t i o n  o f  In t r a p o p u la t io n  v a r ¡ a b i l i t y  was made by

m orpho log ica l comparison o f  samples from the same p la c e ,  but from

d i f f e r e n t  y e a rs .  In s e r ie s  o f  samples where adequate m a te r ia l  is

a v a i l a b le  over a r e l a t i v e l y  long p er io d  o f  tim e ( e . g . ,  East Verde

R iv e r ,  Black R iv e r ,  Monkey S prings , Cave Creek, Wet Beaver Creek,

and the G i la  R iv e r  headwaters; F ig .  1, Tab les  1, 2 ) - m a r k e d 's t a b i l i t y

year to  year is  in d ic a te d .  A sketch by John Mix S ta n le y  (Emory,

1848) o f  th e  nG? la  t r o u t 11 [ — G i la  ro b u s ta , but m is id e n t  i f i e d  as

P tych o ch e iju s  lu c iu s  by Evermann and R u t te r  (1895)3 , the f i r s t  known 
. - •*$ ' i  4-, ' ■

record  o f  a f i s h  from the upper G i la  R iv e r ,  even resembles the form

p re s e n t ly  in h a b i t in g  t h a t  a re a .

. S ince a ] lo m e t r i c  problems seemed minimal and temporal s t a b i l i t y  

in  morphology was a p p a re n t ,  grouping d a ta  accord ing  to  m ajor sub­

basins was used to  t e s t  f o r  in t r a - s t r e a m  v a r i a t i o n .  S i g n i f i c a n t  

d i f f e r e n c e s  were ap paren t w i t h in  th e  Santa Cruz, Verde, San Pedro 

and upper G i la  R iv e r  samples, and f u r t h e r  an a lyses  were u n d ertaken .

P opu la t ions  from th e  Santa Cruz R iv e r  system a re  m odally  q u i t e  

s i m i l a r ,  d e s p i te  h igh in d iv id u a l  v a r i a t i o n ,  excep t f o r  the  is o la t e d

Monkey Springs f i s h  which a re  u n ifo rm ly  d i s t i n c t i v e  over a number o f  

years  from a l l  o th e r  samples. With th a t  e x c e p t io n ,  l a t e r a l - l i n e  

s ca les  a re  in v a r ia b ly  between 60 and 8 0 , do rsa l and anal f i n - r a y s  

a re  both 8 (v e ry  r a r e l y  Jor 9; Tab le  I j . Al l f  ish  a re  th ic k -b o d ie d  

and d a rk ly  p igmented (F ig .  k ) .In a l l  re s p e c ts ,  they correspond to
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F ig u re  4 .  G i la  in te rm e d ia ; (A) Monkey Springs, ASU u n cat.,

220 mm SL; (B) O'Donne 1 Creek, ASU 272<£ 126 mm SL;

(C) Babacomari R iv e r ,  ASU u n c a t . ,  150 mm SL;

(D) San C arlos  R iv e r ,  ASU u n c a t . ,  125 mm SL.





the original description of Tigoma (= Gila) intermedia Girard (18 56), 
and to all previous and later descriptions of chubs from the Santa 
Cruz basin (see synonomy, pp.

V a r i a t i o n  i n populations of Gila from the Verde River system 
was exceedingly high, in almost all proportional and meristic features 

However, samples from throughout the Verde River mainstream are mor­

phometrically uniform. In tributaries, a mosaic pattern of variation 

occurs, with no apparent geographic coherence. Samples from tributary 

streams were therefore systematically examined, relative to the dis- 

tance of each collection site from the Verde itself, Meristics and 

morphology in simples from the’lower ends of iributarles, below any 

barrier falls or rapids (e.g., West Clear Creek, ASU 3267; Wet Beaver 

Creek, UMMz I20J01, UA uncat., ASU 783, 2429; and Sycamore Creek, 7  

ASU 3284, Table,2), with the exception of Wet Beaver Creek (discussed 

later) were the same as that of fish from the Verde River mainstream 

(see Fig. 6C). |All correspond well to the original and subsequent 
descriptions of Gila rohusta Baird and Girard (1853a)* Fish from 

Big Chino V«fesh (UMMZ 162834), an extreme upper tributary of the 

Verde system, above a series of falls and rapids now part ia 1 ly 1 nun- 
dated by Sullivan Lake, is J3. ?ntermedia, similar in most respects

to material from the Santa Cruz system* A small sample of juvenile 

fish from upper Oak Creek (ASU 848) also has counts and qualitative 

features suggestive of intermedia* However, there is a high proba­

bility that the last population results from introduction in the 
intensively-managed, heavily-fished stream*
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Material from above rapids or barrier falls in tributaries of 

the Verde River usually have lateral-line scales ranging between 70 
and 9 0 , with 75 to 85 being most common. Dorsal fin-rays are mostly 

9» with the exception of Fossil Creek population (ASU 2^28 and 
uncat.) which has 8 or 9 , anal fin-rays are predominantly 8 , and 

pelvic fin-rays are most commonly 9 on each side (Table 1). A11 

these populations are relatively thick-bodied (Fig. 5A-B), though 

not as extreme .as G. ?ntermedia (Fig. A thorough search of the

synomicon of chubs from the Gila basin, and examination of original 

descriptions, revealed the most-likely applicability of the name 

Gila graham? Bffird and Girard (1853c), type locality "Rio San Pedro, 

Arizona," and t*his name is applied for convenience through the 
remainder nf thii s  p a p p r  a«; G rnhi 1 g t a  grahami ____

It is no‘tab1 e that temporal stability of morphology is mani­

fest in populations of both forms in the Verde River basin (Tables 1, 

2), The only marked exception is in Wet Beaver Creek, where it

appears stable ‘(G. r . graham?) between 19 3 7 and I9 5 6 , but changes in 
■ - . f - ' ’ " _■ ’.V- f'-'A

l S b k - 6 6 . Wet Beaver Creek was treated with rotenone in 1962 (Bassett,
3/I9 6 2)— and the change may reflect invasion of the lower part of the

— Bassett, H. M. 1962. Statewide Fisheries Investigations, 
Dinge 11-Johnson Project F-7-R-5 , work plan 2, Job D-M (compl. rept.) 

11A manipulation of environmental conditions pertaining to minor jobs 
of a developmental nature in district II," 6 pp. mimeo.



Gjja robusta grahami: (A) Upper Sycamore Creek, 
ASU 1833, 140 mm $L; (B) East Verde River, ASU 

^ 0 1 , 170 mm SL; (C) Aravaipa Creek, ASU 3093,

200 mm SL; (D) Taylor Creek, UMMZ 110434, 160 mm 

^ ^^Q JL* robusta X Giìa r* ĝraharni ;

(E)7Tonto Creek, ASU 3255, 155 Wn SL; (F) Carizzo 
Creek, ASU 3175, 150 mm SL. >
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creek by Verde River _G. r. robusta and intergradation of that form 

with remnants of the original population. Some of the indigenous 

fish must have survived, since Bassett indicated that limited areas 

in the Canyon were not treated, and Kruckenbcrg (1968)Ì!/ found Gila 
abundant in the upper part of the stream in the mid-1960s.

Samples from the Salt River basin, upstream from Roosevelt 

Lake, are G, jr. robusta (Tables 1, 2; Fig. 6). Specimens freni the

extreme upper feaches of the Black River are slightly thicker-bodied
j fjjp- \ v ' v à\than those downstream, and this also may be noted in several of the

smaller-tributary populations. It is especially evident In Carizzo 
■ "é .. ' ' ;

Creek (ASU 2455; et seq.; Tables 1, 2 ; Fig. 5F). The tendency does
1  “ “  ■not, however, approach the over-all morphology of G. r. graham!* 

Variation of samples from Tonto Creek (Fig* 5E)> a major tributary
; . . ~ ■ _ i  ' ~ _ _  ■ "  • ; ' V . _ - ' . . _ , ; _  :

of the Salt River that heads near the eastern margin of the Verde

River basin, rpsembles that of JG. r j grahami from the East Verde 

River (Fig. SB), especially in meristic features of upstream popula­

tions (UMMZ 13J102), but reflects some intergradation with robusta at

lower stations (Tables 1, 2). In Fish and Cave creeks that enter the % 1
Salt River downstream from its major canyon, the chubs are 6. inter­
media.

4 /— Kruckenberg, 
of Wet Beaver Creek. 

Arizona University.

I S M : » l l i  1 màÉsMÉà®

J. I9 6 8. Stream survey and renovation success 
Typewritten report. Dept. Biology, Northern 

32 pp.



F ig u re  6 . G i la  robusta  ro b u s ta ; (A) B i l l  W i l l ia m s  R iv e r ,  ASU 277^> 

170 mm SL; (B) Western C ana l,  ASU 15\ 3 > 1l*t mm SL;

(C) Verde R iv e r ,  ASU 2475, 14$ mm SL; (D) S a l t  R iv e r ,

ASU 1373, 160 mm SL; (E) S a l t  R iv e r ,  ASU 3 H 8 , I 95 mm 

SL; (F) Lower Sycamore Creek, ASU 3284, 116 mm SL.
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Material from the headwaters of the San Pedro River presented 
no problem of interpretation. They are identical to G. intermedia 

from the adjacent Santa Cruz (when Monkey Springs is excluded), as 
are 17 extant specimens from the extreme upper San Simon River 

(Tables 1, 2). Additional populations referable to intermedia inhabit 
the San Carlos River and Queen Creek. The last population is most 
likely extinct, and was possibly introduced from "Salt River" 

according to notes on file, at the University of Michigan. The
■ ' \ i }:|i! |f ' \ i ■ f. ' ■ \ ; § '■ ■ ' I
remainder of the upper Gila River basin, and Aravaipa Creek (Figs.

5D and 5C respectively), a tributary to the extreme lower San Pedro

River, is inhabited by G. r. graham!. W. J. .'Roster (pers. comm, to T ! - - -------
W. L. Minckley) has likewise found only one form of G. robusta in 

the upper Gila River, and commented on its general uniformity. A 

trend toward thinner bodies and slightly higher meristic features is, 

however, evident in j». r. grahami in the lower mainstream of the 

Gila River (Table 1). This parallels, in general, the trend seen 

in G. r. robus|a in the Salt drainage, and may reflect in both 

instances intefgradation of robusta and grahami in the larger waters.

A blotched color pattern, characteristic of many populations of 
graham?, also occurs infrequently in the Black River, and in the 
GiTa mainstream* Specimens of G. robusta from the Bill Williams 

River system, an independent tributary of the Colorado River that 

has derived much of its fauna from the Gila basin (Miller, 1946a; 

Miller and Lowe, 196^; Smith, 19 6 6), has higher lateral-line and 

fin-ray counts and is referable to G. r. robusta; they have a high
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inc idence  o f  b lo tc h in g  (see F ig .  6A), however, th a t  may r e f l e c t  the

in f lu e n c e  o f  graham? or o f  o th e r  h ig h ly -b lo tc h e d  p o p u la t io n s  t o  the

n o rth  ( e s p e c ia l l y  G. jr . jo r d a n i  Tanner, from the White R iv e r ,  N evada).

i t  th e r e fo r e  appears th a t  four forms o f  the genus G i la  a re

indigenous to  the lower Colorado basin  ( f i v e ,  i f  an a rc h a e o lo g ic a l

record  o f  Ĝ. cypha M i l l e r  from Cate law Cave, Mohave County, A rizona /-"

[ M i l l e r ,  1955] is  ?n c lu d e d ) ; G i la  e le g a n s , d ism issed b e fo re  as not

p e r t in e n t  to  t h i s  in v e s t ig a t io n ;  G. r .  ro b u s ta , w idespread th ro u o b -

ou t the Colorado bas in  and l i v i n g  in  the B i l l  W i l l ia m s  d ra in a g e ,  the

mainstream o f^ th e  Verde, and in  the S a l t  R iv e r  system; G. r .  g raham i,

th e  newly re s u rre c te d  form, in h a b i t in g  the Verde R iv e r  tributaries 
4

and the  uppe^ G i la  R iv e r  system; and, in te rm e d ia , p r i n c i p a l l y  

d is t r ib u t e d  in c e n t r a l  and southern  A r iz o n a .

0 .

* ■- ■ . .

| ' XX' XX
4 . * " -
É



ECOTYPY AND CHUBS OF THE LOWER COLORADO

M i l l e r  (1946b) r e f e r r e d  to  chubs o f  the Colorado R iv e r  basin  

as " e c o lo g ic a l  subspec ies" on the bas is  o f  a general t re n d  from  

t h ic k -b o d ie s  in  the "small t r i b u t a r y  and brook" fornC in te rm e d ia , 

to  the a t t e n u a t e ,  " s w i f t  r iv e r - c h a n n e l"  form, e le g a n s .  These same 

concepts were o u t l in e d  in e a r l i e r  papers by Hubbs (1940 , 1941, and 

re fe re n c e s  c i t e d ) ,  and have appeared subsequently  in a number o f  

works ( e . g . , La R iv e rs ,  1962; Beckman, 1963; S ig le r  and Mi l l e r ,  

1963; Mi 11er fnd  Lowe, 1964; and o t h e r s ) .  Ecotype, a term proposed  

by Turesson (1922) f o r  p la n t s ,  as " th e  p roduct a r i s i n g  as a r e s u l t  

o f  g en o typ ica l response o f  an ecospecies  to  a p a r t i c u l a r  h a b i t a t , "  

is  g é n é r a lTy E q u iv a le n t  to  M i l l e r ' s  use o f  the  term " e c o lo g ic a l  

s u b s p e c ie s ."  !The term " e c o s p e c ie s ,"  a ls o  co ined by Turesson, is  

e q u iv a le n t  t o  the "Linnaean species  from an e c o lo g ic a l  p o in t  o f  

v iew  iM ayr,  1 ^ 6 3 ] . "  Mayr, e t  a l .  (1953) d e f in e  ecospecies  (m o d if ie d  

from Turesson): as "a group o f  p o p u la t io n s  so r e la t e d  t h a t  they  a re  

a b le  to  exchange genes f r e e l y  w ith o u t  loss o f  f e r t i l i t y  o r  v ig o r  in  

o f f s p r i n g , "  and ecotype as "a d e s c r ip t iv e  term a p p l ie d  to  p la n t  

races o f  v a ry in g  degrees o f  d is t in c t n e s s  which owe t h e i r  most con­

spicuous c h a r a c t e r i s t i c s  to  the s e le c t i v e  e f f e c t s  o f  lo c a l  e n v i r o n ­

m e n ts ."  Hubbs (19^3) fu r th e r e d  these concepts f o r  f is h e s  when he 

s ta te d  th a t  " in  in c re a s in g  ^numbers, subspecies a re  being shown to  

be e c o lo g ic a l  or m icrogeograph ica1 races [see a ls o  Hubbs, 19 6 1 ) .  "
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Another term t h a t  may p e r t a in  here is  ,,e c o ty p ic  v a r ! a t i o n , 11 as d e f in e d  

by Mayr (1 9 6 3 ) ,  Mthe fo rm a tio n  w i t h in  each geographic  a rea  o f  numerous 

l o c a l i z e d  p o p u la t io n s  th a t  s p e c ia l i z e  i n , e c o l o g i c a l l y  d i f f e r e n t  sub- , 

a re a s ,  and a re  not o b l i t e r a t e d  by gene exchange w i th  a d ja c e n t ,  

d i f f e r e n t l y  s p e c ia l i z e d  p o p u la t io n s . 11 In a p p l ic a t io n  o f  such con­

cepts  to  the  f is h e s  p re s e n t ly  under c o n s id e ra t io n  (e x c lu d in g  GV 

e le g a n s ) , th e  ecospecies  would be G?la ro b u s ta , w i t h  th re e  ecotypes  

or eco -su b sp ec le s , " r o b u s ta , 1* "g rah a m l , 11 and " in te rm e d ia -.* 1 The 

f,v a ry in g  degrees o f  d is t in c t n e s s 1* would be t h e i r  e x te r n a l  morphology, _

In  a graded s e r ie s  from in te rm e d ia , through graham! to  ro b u s ta ,  as 

d escrib ed  b e fo ie .

H a b i ta ts  from which chubs have been c o l le c t e d  by m y s e lf  and 

o th e r  p e rsonne l - f r om: A r i zo n a- S t a t e U n iv e r s i t y  a re  genera l ly  ineon- — —--------. ■ : 
j§[ * :

s i s te n t  w i t h  an "ec o ty p e"  in t e r p r e t a t i o n .  For example, G. r .  graham!
■ I ' . '. I  - ’ ’ . T" ' |  B

has been t a k e n * in  s m a l l ,  warm, d e s e r t  streams 1 ik e  A rava lp a  Creek >

(average  g r a d ie n t ,  7 -0  m/km), which c o n s is ts  p r i n c i p a l l y  o f  r i f f l e s  .
J /
•I -

and has few pools (B arber and MinckTey, I 966 ) .  In  c o n t r a s t ,  F o s s il
■ -T; ; : 1 : ' : :

Creek is  a l a r g e ,  s w i f t ,  c o n s ta n t - te m p e ra tu re  sp r in g  a t  i t s  so u rce ,

and i t  drops a lm ost 500 m in i t s  18 km d escen t to  the  Verde R iv e r .  » •

The subspecies a ls o  is  r e l a t i v e l y  un ifo rm  in the  upper G i la  R iv e r

b a s in ,  from the la rg e  mainstream to  the  h igh ( 2 , 5 0 0 - 3 .0 0 0  m) mountain

t r i b u t a r i e s .  Great s t a b i l i t y  in body form a ls o  e x is t s  in  G. f .

ro b u s ta , which ranges from the h a b i t a t  o f  la r g e ,  warm, s t r o n g ly -

f lo w in g  Phoenix Canal system (300 m above mean sea l e v e l ) ,  through \ ,

th e  tu r b u le n t  S a l t  R iv e r ,  to  the  c o ld  h ig h -g r a d ie n t  h a b i t a t s  o f  the



W hite and B lack r i v e r s  (2500 m ), and a ls o  is  p resen t  in sm a ll ,  

p o o l - r i f f l e ,  lo w -g ra d ie n t  t r i b u t a r y  c reeks . In the  B i l l  W i11 iams 

d ra in ag e  th e  f i s h  has been taken from marshy creeks o f  the head­

w a te rs ,  and in p o o l - r i f f l e  h a b i t a t s  f u r t h e r  downstream. The 

p re d o m in a n t ly -s o u th e rn  J2. in te rm e d ia  is  r a r e .  In the south o f  i t s  

range i t s  h a b i t a t s  a re  p r i n c i p a l l y  l e n t i c ,  in c ien g as , brooks, or  

( a t  p re s e n t)  in  impoundments. To the n o r th  i t  is  found in the  

. r e l a t i v e l y - l a r g e  San C arlos  R iv e r ,  in  ro c k -p o o ls  o f  F ish  Creek 

Canyon, and in  p o o l - r i f f l e  s i t u a t io n s  in  Cave Creek. One pop u la ­

t io n  l i v e s  in«an a r t i f i c i a l  h a b i t a t ,  the Buckeye Canal.

! t  is  ' ^ p a r e n t  t h a t  each o f  th e  th re e  forms o f  chubs l ive  in  

d i f f e r e n t  p la c e s ;  they a re  e s s e n t i a l l y  a l l o p a t r i c .  Yet the  h a b i t a t s  

o f  each compri.se a spectrum from la rg e  to  small w a te rs ,  from low t o

h igh  e le v a t io n ;  and from r e l a t i v e  s w if tn e s s  and tu rb u le n c e  to  a t  

l e a s t  s e m i - l e n t i c  c o n d i t io n s .  G i l a  in te rm e d ia  p r e f e r s  s m a l le r ,  

q u ie t  w a te r  h a b i t a t ,  though i t  1 ives s u c c e s s f u l ly  and r e t a in s  i t s  

i d e n t i t y  in  1a tg e r  w a te r  l i k e  the  San C a r lo s  R iv e r  and the  Buckeye 

C anal. The forms o f  G. ro b u s ta , on the  o th e r  hand, in h a b i t  a lm ost  

a l l  k inds o f  h a b i t a t s  p r e s e n t ly  a v a i l a b l e  to  them, and remain f a i r l y  

u n ifo rm  in morphology over broad geographic  a reas ; no s p e c ia l  h a b i­

t a t  p re fe re n c e s  a re  ap paren t f o r  these a n im a ls ,  so long as i t  is  a 

stream . S l ig h t  t ren d s  tow ard  t h ic k e r  bodies and re d u c t io n  o f  

m e r is t i c  fe a tu re s  (T a b le s  1, 2) in p o p u la t io n s  o f  the upper t r i b u ­

t a r i e s  o f  the  S a l t  R iv e r  (G. r .  ro b u s ta ) and o f  the G i la  R iv e r  

(G. r .  grahami) ,  may be e c o ty p ic  response, o r in t e r g r a d a t io n  between
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those subspecies , but i t  is not o f  a magnitude th a t  obscures d i s t i n c t  

ness o f  the  ta x a .  I t  is  h ig h ly  u n i i k e ly  th a t  m orpholog ica l s t a b i l i t y  

o f  ecotypes would p r e v a i l  i f  the an im als  w ere .as  p l a s t i c  as ecoty.pl c 

responses presumably r e q u ire .

P resen t d i s t r i b u t i o n  and abundance o f  chubs, and o th e r  f is h e s ,  

in  the  lower Colorado R iv e r  b as in , r e f l e c t s  the r a d ic a l  changes in  

s u r fa c e  w a te r  th a t  have occurred  in  the  l a s t  100 years  or so. A rroyo  

c u t t in g  has lowered w ater  ta b le s  and d ra in e d  a d i v e r s i t y  o f  marshy 

h a b i t a t s  ( H a s t i n g s , H 959; Mi 1 l e r , 1361b; Hastings and T u rn e r ,  1965; 

H in c k le y  and Deacon, 1968; and re fe re n c e s  c i t e d ) .  Pumping from  

underground w a te rs , and major and minor dams, have d r ie d  o th e r  

stream s. Y e t , f  the f is h e s  have not responded p h e n o ty p ic a l ly .



ACCOUNTS of species and subspecies

A l l  o ld e r  l i t e r a t u r e  on the "G?la robusta  complex" th a t  was 

a v a i l  a b le  to  me, i s c i ted  in the  fo l lo w in g  a cco u n ts . More re c e n t  

p u b l ic a t io n s  a re  inc luded  on ly  i f  they  r e f e r  to  f i s h  from the lower 

Colorado R iv e r  b as in , below Lake Mead ( F ig .  1 ) .  Comparisons o f  

c r i t i c a l  c h a ra c te rs  o f  the  spec ies  o f  the  lower Colorado basin  a re  

g iven  in  th e  fo l lo w in g  key, compiled from o r ig in a l  da ta  and from  

th e  1 i t e r a t u r d .

Key to  Species

-la_— Body h ig h ly  s t r

smoothly in to  a p re d o rs a l  hump in la rg e  a d u l t s .  T o ta l  number 

o f  v e r te b r a e  ( in c lu d in g  one u r o s t y la r  v e r t e b r a e  and fo u r  in  

the  Weberian a p p a ra tu s ) ,  4 7 -5 0 .  Caudal peduncle t h in ,  p e n c i l -  

l i k e ,  len g th  o f  caudal p e d u n c le / le n g th  o f  head 1 . 0  or g r e a t e r ,

’ len g th  o f  head /depth  o f  caudal peduncle u s u a l ly  5 .0 0  or g r e a te r  

Squamation o f te n  incom plete , w ith  sca les  absent o r h ig h ly  em­

bedded on predorsum, v e n te r ,  and caudal peduncle . F ins  la rg e  

and f a l c a t e ,  o r i g i n  o f  dorsa l f i n  n e a re r  to  t i p  o f  snout than  

to  caudal f in - b a s é .  Dorsal f i n - r a y s  a lm ost always 10 or more; 

anal f i n - r a y s  u s u a l ly  1 0 ..................G i la  e legans B a ird  and G ira rd
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b. Body t h ic k e r ,  not o b v io u s ly  s t  re  an l in e d ;  s k u l l  s l i g h t l y  depressed

or rounded on dorsum, p red o rsa l hump ab sen t,  or i f  p re s e n t ,  f a t t y

and r i s i n g  a b r u p t ly  a t  the nape. T o ta l  number o f v e r te b ra e  3 8 -

4 9 .  Caudal peduncle s h o r t ,  t h ic k ,  and w ide, le n g th  o f  caudal

p e d u n c le / le n g th  o f  head less  than 1 .0 ,  Length o f  head /depth  o f

caudal peduncle 5 .0  or less  (u s u a l ly  less than 4 . 0 ) .  Squamatiorf

com plete . F ins  s m a lle r  and rounded, o r i g i n  o f  dorsa l f i n  n e a re r

to  c a u d a l ] f in - b a s e  than t i p  o f  snout. Dorsal and anal f i n - r a y s

9 or fewer (v e ry  r a r e ly  10 ) . . . . . . . . .  . . . . . .  . . . 2

fffiH ' lllii ■
2a .  Body chubby, dark in  c o lo r a t io n .  Scales  la r g e ,  t h i c k ,  and

. ' I  '■I
b ro a d ly  im b r ic a te ;  basal r a d i i  u s u a l ly  p re s e n t .  L a t e r a l - l i n e  

f  .■ ■  ̂ ’< ft" ’• *■ - *y>
sca les  a lm ost always fewer than 8 0 .  Dorsal f i n - r a y s  u s u a l ly

8  ( ra re ly _ |7  or 9 ) ;  ana l f i n - r a y s  8 ( r a r e l y  7 ) ;  p e lv ic  f i n - r a y s%.' ; .. . . .... . I
8 o r  9 . Length o f  head /depth  o f  caudal peduncle u s u a l ly  J .0  o r  

le s s .  An a b ru p t ,  f a t t y ,  nuchal hump develops In  la rg e  fem a le s  

o f  some p |p u la t io n s .  T o ta l  'number o f  v e r te b ra e  3 8 -§ 5  , . . .

. .  .  ♦ * | *  -  * * • • * • . . . .  . . G i la  in te rm e d ia  G ir a r d .

. b. Body thick, but not chubby, light to mottled in coloration.
Scales smaller, thinner, and slightly imbricate; basal radii 
absent to weakly developed. Lateral-line scales usually mere 

than 80 (graham? ranges as low as 75}- Dorsal fin-rays 9» 

anal fin-rays mostly 9 (graham? has 8 or 9)» pelvic fin-rays 

usually 9 . Length of head/depth of caudal peduncle usually 
3.0 or more. Fatty nuchal hump rarely developed, and if
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p re s e n t ,  s c a rc e ly  d is c e r n ib le .  T o ta l  number o f  v e r te b ra e ,

b$~b$..........................................................G i la  robu s ta  B a ird  and G ira rd .

Gt la  e legans Ba I rd and GI r a r d , Bonyta i 1 chub.-“--Though once 

w idespread in the Colorado R iv e r  b as in , t h is  species is  now essen­

t i a l l y  r e s t r i c t e d  to  the upper p a r t  o f  the  d ra in ag e  above Lake Mead.

I t  is  e x t i n c t  iTt the G i la  R iv e r  system ( F ig .  ’JA),. L i t e r a t u r e  records  

a r e  from the mouth o f  the G i la  R iv e r  to  as f a r  e a s t  as F o r t  Thomas 

on the mainstream (K irs c h ,  I 889 ) .  Th is  record  may be q u e s t io n a b le ,  

e s p e c ia l l y  i f  based on small specimens, y e t  " b i g - r i v e r  f i s h e s "  l i k e  

squawfish (Ptyfchochei1 us iu c iu s ) and humpback sucker (Xyrauchen  

texanus) fo rm e r ly  moved to  even h ig h er e le v a t io n s  (M in c k le y  and A lg e r ,  

1968; Mi n e k le y  and Deacon, 1968 ),  and la rg e  specimens re p o r te d  from  

_Xempe . ( G i lb e r t !  and S c o f ie ld ,  I 8 98 ) ,  were undoubte d ly  G. e leg an s .------------

G i la  e legans B a ird  and G ira rd ,  1853a: 369  ( o r ig .  d e s c r . ,  "Zuni R iv e r ,  

New M e x ic o " ) ,  1853b: 150-51 ( c h a r . ,  f i g s . ) ;  G ir a r d ,  I 8 5 8 : 286, 

1859: 61 | c h a r . ) ;  Cope, I 8 7 I :  ( l i s t e d ) ;  Jordan and G i lb e r t ,

1883: 227* ( l i s t e d ) ;  Jordan, 1885: 818 ( l i s t e d ) ,  I 8 9 I :  22  ( d i s t . ) ;  

Jordan and Evermann, I 8 9 6 : 226 -27  (s y n o n .,  c h a r . ) ;  G i l b e r t  and 

S c o f ie ld ,  1898: h92 ( c h a r . ) ;  Meek, 1904: 5 3 -5 4  (ran g e , c h a r . ) ;  

Snyder, 1915: 580-81  (c o m p a r .) ;  Jordan, e t  a l . ,  1930: l l h  

(s y n o n . ) ;  M o f f e t t ,  1942: 82 , 1943: 182 ("Lake  Mead a r e a " ) ;

D i l l ,  1945: 153-54  ( d i s t . ,  a b u n . ) ;  M inck ley  and Deacon, I 9 6 8 ;

1427 ( l i s t e d ) .
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F ig u re  7 . D i s t r i b u t i o n  o f  G?la e legans (A) and G ila  in te rm e d ia  

•(B) in-' the  lower Colorado R iv e r  basin» S o l id  c i r c l e s  

a re  l o c a l i t i e s  from which specimens were examined, 

Small open c i r c l e s  re p re s e n t  l i t e r a t u r e  re c o rd s ,  and 

......................  t h e la rg e  open c i r c l e  is  the type locality.______ .
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Gila emoryi Baird and Girard, 1853a: 388 (orig. descr., "Gila River»»);

Jordan and Gilbert, 1883: 229 (listed).

Gila emorii, Girard, I8 5 6 : 205 ("Gila River"), 1859: 62 (listed);

Cope and Yarrow, I8 7 6: 667 (listed); Jordan and Gilbert, 1883;
241 (listed); Kirsch, 1889: 558 ("Fort Thomas, Arizona").

Leuciscus elegans, Gunther, 1868: 241 (char.). p|
Leuciscus emor? i, Gunther, 1868: 242 (char.).

Gila robusta elegans, Miller, 19^6b; 414 (char., compar.), I9 6 Ih;

373-74, 78 (ranges habitat); WalTis, 1951; SO (Lake Mead National 
Recreation area); La Rivers, 1952: 101 (key), 1962: 391-93 

(synon., char,, range); La Rivers and Trelease, 1952; H 6 (listed);
Shapova1ov, et al., 1959: 172 (listed); Miller and Lowe, 1964:

140 (compar., "ecotypy"); Uyeno and Miller, I9 6 5; 39 (compar.)1.;
Cole, I9 6 8: 471—72 (habitat, fig.).

Gila intermedia (Girard), Gila chub.—-This species Is endemic 

to the Gila River basin and is most abundant and widespread in the 

southeastern part (Fig. 7B). It commonly inhabits small creeks and 

ciengas. Its northernmost representation in the upper Verde system
below the Mogollon Rim (e.g,, Big Chino Wash and perhaps Oak Creejs) •

may best be explained via stream capture from .headwaters, of'-the' Agua ;
Fria River (see later).

The specific identity of G. intermedia is proposed on the 

basis of a combination of characters. For example, 97 per cent of 
390 specimens of G. intermedia have fewer than 8G scales in the 

lateral series (7 7 par cent have fewer than 7 5), whereas, 80 per cent
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of the 670 specimens of G. robusta (both subspecies) have 80 or more 
lateral line scales, and 96 per cent have more than 7 5 . Strongly- 

inscribed be ;a! radii were present in 63 per cent of about 70 

Intermedia from throughout its range, but basal radii were present 
in only \h.6 per cent of 13 7 specimens of robusta, and then were 

only weakly developed. Dorsal fin-rays in intermedia we re 7 or 8 in 

9^ pet cent of the specimens examined, and were 9 or more in 83 per 

cent of the robusta. Numbers of anal fin-rays are less reliable for 

separating the species because of the high incidence of 8 rays in 

6 . r_. grahams (ca. 50 per cent) ; 98 per cent of the G. intermedia had 

7 or 8 anal fin-rays and only 13 per cent of the G. r. robusta had 8 

or fewer. Pelvic fin-rays are almost always 9 in the subspecies of 
JE. robusta (greater than 95 per cent), and are 8 or 9 in G. inter­

media (ca. 50:50). Length of head/depth of caudal peduncle is more 

than 3-P in 87 per cent of G. robusta, and below 3.0 in 83 per cent 
of (5. intermedia. Of the two subspecies, G. r. robusta is more 

distinct (greater than 95 per cent above 3.0) from G. intermedia 

than is G. r_. grahami (77 per cent more "tfW# 3 10)
Breeding coloration of G. intermedia from Monkey Springs has 

been recorded by Hinckley 0968)5/. »»The axial and inguinal regions 

become deep orange-red, which may develop further into a broken,

^Minckley, W. L. I9 6 8. Aquatic biota of the Sonoita Creek 
basin, Santa Gruz County, Arizona. Arizona State University, 28 ppjf* 
mimeo.
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orange-red band along the lower sides and caudal peduncle, and extend 
forward to include the branchioèstegal rays and cheeks. The eyes of 

males become yellow to yellow-orange and the body is blue-black dor- 

sally. Fins of sane individuals, especially the larger ones may be 
washed with lemon-yellow." Breeding colors in intermedia recorded by 

myself from specimens from the San Carlos were in general agreement.

G i 1 a  gibbosa Baird and Gi rard, 18 54: 28 (or ig. descr. ,  »«Rio Santa 
Cruz, Arizona")

Tigoma intermedia Girard, I8 5 6 : 206 (or?g. descr., "Rio San Pedro 
of the Gil3 [Arizona]n).

Tigoma gibbosa, ¡Girard, I8 5 6 : 237, 1859: 64 (char., figs.); Jordan,
§t a]., 1930: H g  ("Rio Gila, Arizona").

£ila nigra Cope,; in Cope and Yarrow, 1876;, 663 (oriq. descr;, "Ash
Creek, Arizona," and "San Carlos, Arizona").

Squalius intermqdius, Jordan and Gilbert, 1883: 238 (listed).
Squalius niger, Jordan and Gilbert, 1883: 238 (listed).

I w
-• ■ ' % r  .. 1 . .. . p . . . ; ,

—^The name "Gila gibbosa" has obvious priority for this fish, 
bub is unavailable since it was synonomyzed with Leuciscus niger

(Cope) by Jordan and Evermann (I8 9 6). The name gibbosus was twice 

preoccupied in Leuciscus, and Article 5 9 of the International Code 

of Zoological Nomenclature (I9 6 I) dictates continued suppression of 

a name that is once a homonym, even if the homonymy is incorrect.

The next available name, Tigoma intermedia, is therefore applied.
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S qualius  lemmonî Smith, 1884: 3 ( o r ig .  d e s c r . ,  " R i l l i t o  Creek, near  

Tucson, A r i z o n a " ) .

Leuciscus in te rm e d iu s , Evermann and R u t t e r ,  1895: 484 ("R io  San 

Pedro, t r i b u t a r y  o f  Rio G i l a " ) ¡ G i l b e r t  and S c o f ie ld ,  18 9 8 :

4 9 3 -9 4  ( in  p a r t ;  c h a r . ,  synon ., 'Tempe and Chino, A r iz o n a " ) ;

Meek, 19 0 4 : 56  ( c h a r . ,  s y n o n .) .

Leuciscus n ig e r , Jordan and Evermann, 18 3 6 : 235 ("R io  G i l a " ,  c h a r . ,  

s y n o n . ) .

R ichardson ius  gi bbosus, Snyder, 1915: 5 8 1 -8 2  ( i n  p a r t ;  c h a r . ,  synon .,  

••Rio Santa C ru z " ) .

G i la  robusta  in te rm e d ia , M i l l e r ,  1946b; 414 ( c h a r . ) ,  1945: 1 0 8 - 109

(c o m p a r . ) ; I 9 6 Ib ;  377 -7 9  ( h a b i t a t ,  range, " e c o ty p y " ) ; La R iv e rs ,  

I 9 6 2 : 39 2  (com par.) ;  M i l l e r  and Lowe, 1964: 140 ( h a b i t a t ,  ra n g e );

. Uyeno and M i l l e r  1965: 39 (co m p ar .) ;  Barber and M in c k le y ,  I 9 6 6 :

3 1 7 -1 9  (c o m p a r .)*  M inck ley  and A lg e r ,  19 6 8 : 94  (c o m p a r . ) ;  C o le ,  

I 9 6 8 : 371-72 ( h a b i t a t ,  f i g . ) .

G i la  in te rm e d ia , M inck ley  and Deacon, 19 6 8 : 1427 ( l i s t e d ) .

G i la  robusta B a ird  and G i r a r d , Colorado R iv e r  c h u b .— T h is  spec ies  

is  p r e s e n t ly  the most w id e ly  d is t r i b u t e d  chub in  th e  Colorado R iv e r  

b a s in ,  where i t  is  rep resen ted  by fo u r  forms: G. r .  ro b u s ta , th rough­

out th e  b a s in  in the la r g e r  streams; G. r .  grahami, G i la  R iv e r  bas in  

( F ig .  8 B); Q. r .  seminuda Cope, V i r g in  R iv e r ,  and G. r ,  j o r d a n i , the  

P lu v ia l  White R iv e r ,  Nevada. G. r .  grahami is  r e s t r i c t e d  to  the

Verde River tributaries, upper Gila River, and Aravaipa Creek. Records
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Figure 8. Distribution of Gila robusta robust# (A) and Gila
■ V  X - - ; T V - . ’-’ : ^Cg6usta grahami (B) in the lower Colorado River 

ba$m. Sol id circles are local ¡ties* from which 

specimens were examined, small open fcircles repre­

sent literature records, and the large open circle 
is the type locality* *

. I  ..f
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of G. grahami from Utah (Evermann and Rutter, 1895) are based on 

mîsîdentîf¡cations of G. r. robusta. G. r. robusta inhabits the 

Verde River mainstream and the Salt River system above Roosevelt 

Dam. Intergrading populations seem present in lower Vet Beaver 

Creek, Tonto .Creek, Salt and upper Gila rivers, and possibly in the
Bill Villiams River (Fig. 8A). "  _

On a population basis G. r. grahami has between 70 and 90

scales in the^lateral series in 98 per cent of the specimens, with

most (8 2 per cent) falling between 75 and 85 (range of means 7 7 .0-
82.4). G.. r. robusta has 80 or more lateral-line scales in 9 7 per

cent of specinlens examined (range of means, 8 3 .8-91.3). Dorsal fin-

r a y s  a r e  9 în 99 per cent of G« r. robusta. whereas Iff per cent of

-^-r^ r a h a m f foad 8 dorsal In-rays and the~nremafnder ? — AnaT ftn-.---
rays are 9 *n 87 per cent of robusta while grahami has an approximate 

- I ------------- ■
50*50 ratio of f 8 a n d 9 anal f 1 n-r ays* The pelvic f I n~rays a re a 1 most: 

always 9 In bojth subspecies (9 1 per cent in grahami and 97 per cent 
in robusta)* Re-calculation of data in Table 2 gives the ratio of

•' I . , _

mean length of. caudal peduncle/1ength of head usually less than 0 . 7 8  

in grahami (k b ' per cent), and in robusta 8 k per cent of the population 
had a ratio greater than 0.7^. Population means of length of head/

depth of caudal peduncle falls between 3 .0 0  and 3 . 3 0  in 99 per cent 

of grahami, as compared to 81 per cent of robusta that fall above 

3.30 (range of means 2.78-3.27 and 3.28-3.62 respectively). Blotching 
is commonly present în G. _r. grahami (similar to that of 6 . r. jordani 

in the Pluvial White River [Tanner, 1959; La Rivers, I9 6 2J), but is
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rarely developed in G. r. robusta. Breeding colors that have been 

noted in both robusta and grahami resemble those of G. intermedia; 

however, great variation in intensity exists. For example, specimens 

collected throughout the year from the Salt River mainstream fail to 

display even the slightest development of nuptial colors, even in 

ripe males. in contrast, colors of mature male specimens of G. r. 
graham? from Aravai pa Creek were wel1 developed.

The foliovv'ing synonomies and key to the subspecies of G. 
fobusta from the Gila River basin summarize my findings.

Gila robusta r4busta Baird and Girard
W  ' —  - -  - ......................

GHa robusta Baird and Girard, 1853a: 369 (orig. descr., "2uni River,

_____ ^ew Mexicg"), 18536: 148-49 (char., figs.); Girard, 1856: 209

Ciisted);^Evermann and Rutter, 1895: 483 (range, char., synon.,'
, . • . ■ '■ ' T' ■; ■ | ‘ ; \

"Babacornar,i Creek, Ariz."); Jordan and Evermann, I8 9 6: 227-28 

(char., synon.); Gilbert and Scofield, 1898: 493 (synon., char,, 

compar.) ; lsnyder, 1 9 1 5 : 5 8 I (char . , compar.) - Jordan, et ai., 

I9 3O: 1l4’(synon.); Miller, 1945: lp4 (in part; char., range);

La Rivers, I9 6 2: 392 (char., compar.); Minckley and Deacon,
I9 6 8: 1427 (in part; 1 isted).

Gila gracilis Baird and Girard, 1853a: 369 (orig. descr., "Zuni River, 

Hew Mexico"); Girard, I8 5 6 : 205 (listed); Baird and Girard, I8 5 8 : 

287 ("White River, Arizona"); Cope and Yarrow, 18 7 6 : 665 (char.); 
Jordan and Gilbert, 1883: 229 (char.).

Ptychocheilus vorax Girard, 18 5 6 ; 209 (listed), 1859: 301 (char.).
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Gila affinis Abbott, I8 6 0: 473-74 (orîg. descr., "Kansas River", in 
error, localîty unknown).

Leuciscus robustus, Gunther, 1868: 241 (char.).

Leuciscus zunnensis Gunther,1868: 241 (replacement for gracilis, 
preoccupied in Leuciseus).

Gila nacrea Cope, 1871: 441 (orîg. descr., possibly young of Gila 
elegans).

Gila robusta robusta Mi 1ier, 1946b: 414 (char., compar.), 1955: 131

(compar.), 1961b: 3 7 8 (listed); Simon, 1951: 79 (char., fig.);

La Rivers; 1952: 100 (key), 1962: 392 (char., compar.)* Beckman, 

1963 : 45 (char., compar., î1 lust.); Uyeno and Miller, 1 9 6 5 :
39 (compar.); Barber and Minckley, 19 6 6: 317-19 (compar.); 

Minckley and Alger, 19 6 8: 93-94 (compar.); Cole, 1968:471-72 
(habitat, fig.).

Gila robusta grahami, Baird and Girard
I ¿0*

Gila grahami Baird and Girard, 1853c: 3 8 9 (orîg. descr., '‘Rio San 

Pedro, tributary to Rio Gila, Arizona"); Girard, Î8 5 6 : 205 

(listed); 1859: 61-62 (char., figs.); Cope, I8 7 I: 441 (listed); 

Cope and Yarrow, 18 7 6 : 6 6 5 -6 6 (in part; char., synon., range); 
Jordan and Gilbert, 1883: 228 (char.).

Leuciscus grahamì, Gunther, 1868: 242 (char.).

Ptychocheilus lucius, Evermann and Rutter, 1895: 476 (misident.).

Gì la robusta, Evermann and Rutter, 1895: 483 (in part;"Rio San

Pedro, tributary of Rio Gila, Fort Bridger, Henry's Fork of 

Green River, White River, Colorado Chiquito, and Ash Creek,



Arizona"); Jordan and Evermann, 18 9 6 : 2 2 7 (in part; char., dist.) ; 
Gilbert and Scofield, 1898, 493 (in part); Jordan, et al., 1930: 

114 (in part, listed); Miller, 19^5: io4 (in part; range), 1946a: 
414 (in part; compar., char.), 1 9 6 1b: 3 7 6 (in part; habitat),

1963: 7 (in part; listed); Koster, I9 5 7 : 5 8 (char.); La Rivers, 

I9 6 2: 389-90, 92 (in part; "Colorado River and tributaries," 

compar., synon.); Minckley and Deacon, I9 6 8: 1427 (in part; 
listed).

Richardsonius gibbosus, Snyder, I9 I5 ; 5 8 2 (in part [?1; "Clear Creek 
20 miles above confluence with Verde").

Gila robusta robusta, Miller, 1961b: 377 (in part); Miller and Lowe, 

1964: 141 (in part); Minckley and Alger, I9 6 8: 93-94 (in part); 
Coie, 19 6 8 : 471—72 (in part: habitat).

Gila robusta: robusta X intermedia, Barber and Minckley, I9 6 6: 3 1 7 - 

T9 (char., "Aravaipa Creek, Arizona"),

Key to Subspecies of Gila robusta from 

the Gila River Basin

la. Scales in the lateral line usually more than 80 (7 8-9 9).

Anal fin-rays almost always 9» Means of length of caudal 

peduncle/length of head usually more than 0 .7 4 ; means of 
length of head/depth of caudal peduncle 3 . 2 5  or greater.

Coloration most often silvery or dark gray dorsally, light 

ventrally, very rarely blotched .. G. r. robusta Baird and



b. Scales in the lateral line between 70 and 9 0, usually 75-S5. 

Anal fin-rays 8 or 9. Means of length of caudal peduncle/ 

length of head usually less than 0. means of length of head/ 

depth of caudal peduncle almost always less than 3.30. Colora­
tion darker, gray and commonly blotched . . . . . . , , w 

• • • v .........................................................G.  r.  graham i Baird and Girard



DISCUSSION AND CONCLUSIONS

Taxonomic conclusions In preceding sections are based largely 

on the lack of morphologic necotypyn in chubs of the lower Colorado 

River basin, and on their distributions that are inconsistent with 

any conceivable pattern of intergradation. Ecotypy is discussed 

before, as is the general distribution of each form, but interpre­

tation of patterns of variation necessitates examination of the 

history of integration in the drainage basin, and of age, origins,

and affinities of its fauna. Since chubs referable to Gila are 
f --------

known from mid-Miocene to present (Hiller, 19 6 5)> and species near, 
if not identical with, JG. robusta are present In late Pliocene 

(Uyeno and Hitler, 1963, 1965)» it will be necessary to review much 
of the known fenozoic history of the lower Colorado River basin.

As orientation to the proposed sequence of differentiation of G?Ta 

in this area,) the following events are proposed as most probable—  

they will be Justified and expanded later: (1) The lower basin was 

inhabited by a form of G, robusta derived from the north in early 
stages of drainage integration with the Colorado Plateau. (2) A 

second form of Gila (G. intermedia or its ancestor) invaded from 

the south, and inhabited waters south and west of the Mogollon 

Highlands. (3) Completion of internal integration of the Gila 
basin allowed invasion of an aggressive, larger-river population



(4) Ecological adjustments and displacements occurred, plus inter­

gradation of the two forms of G. robusta, until complementary dis- 
trîbutîons were attained.

Interpretation of changes In drainage In this vast region 
center principally on the relationships of the Colorado Plateau to 

areas to the south and west (Fig, 9). In late Mesozoic, the Plateau 
most likely consisted of a low, alluvial plain, near sea level and

| ’« . s ./YV;V . ■
with drainage to t|e east and northeast toward receding Cretaceous
seas (Wi lson, 1 9 6 2 ; McKee, _et aj_., I9 6 7). in Laramide times, upl ift
along the western fhargin, and in some areas on the Plateau, was

gentle, and direct]ons of drainage remained relatively unchanged.
Extensive erosîonal stripping of Mesozoic deposits was accompanied

gnd.followed by deposition of extensive northern and eastern beds
during Eocene, in the area that now is Utah. According to McKee,

v
et al. (1967), two drainage systems appeared on the Plateau by 

earliest Miocene, or sooner, the small Hualapai system west of the 

Kaibab uplift, and»another, larger system to the east (fig* $),

The Hualapai apparently flowed southwest, or possibly west. The 

other system ultimately drained toward the east or southeast, per­
haps near the present course of the Little Colorado River. Con­

tinuing uplift south of the southern border of thé Plateau, in a 

positive area called the MogolIon Highlands by Harshbarger, et al. 

(I9 5 7 ), and Central Arizona Mountains by McKee, et al. (1967), 

provided from its northern exposures extensive gravels to the southern 
Plateau margin (McKee, 1951).



F ig u re  fj§ Geological index map of Arizona and surrounding states 
with place names where appropriate.
1. Phoenix 24. Guzman Basin

. 2. Florence 25.
* ..

Rio Conchos
3. Globe 26. Pecos River -
4. Safford 27. Rio Grande
5. Prescott 28. Mogollon Rim
6. Chino Valley 29. Ardja of Colorado Plateau
7. Colorado River 30. Area of MogolIon Highlands
8.

9.

Gila River 

Salt River
31. - Are-a of Bas in and Range 

Province

10. San Pedro River
32. Area of Mohavia Landmass

11. Santa Cruz River 33. Area of Kaibab Upwarp

12. Verde River
34. Arê a of Defiance Up! ift

13. Agua Fria River 35. Area of Zunl Uplift

14. Bi 11 Wi 11iams River
36. Area of Hop i Buttes 

Volcanic Field
15. Little Colorado River 37. Area of White Mts*
16. Virgin River Volcanic Field

17. Pluvial White River 38. San Francisco River

18. Sal ton Sea 39. Area of Black Hills

19. Lake Head 40. Area of Upper Ancestral 
Colorado River

20. Gulf of California 41. Area of Hualapai Drainage
21. • ■ BBR Rio de la Concepcion -42. Area of Bouse Embayment
22. Rio Sonora 43. Approximate limits of
23.

' y
Rio Yaqui Pleistocene lake beds

44. Area of lower extent of
Bidahochi Formation
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Changes on the Plateau in Pliocene times (McKee, et al., 19 6 7), 
or perhaps in Miocene (Cooley, in McKee op. cit.; Cooley and Akers, 

1961; Cooley and Davidson, 1963), consisted of deposition of the ex­

tensive Bidahochi Formation (Fig. 9) in the southeastern part 

(Repenning and Irwin, 1 95^; Repenning, et _aí., 1958), and of inte­

gration of the eastern and western drainages of the Plateau into 

the through-flowing Colorado River. Question persists as to the ' 

course of the Colorado River west of the Plateau. it may have flowed 

west, as indicated by extensive Pliocene si listones southwest of the 

Saltón Sea (Woodring, 1932; Reed, 1933), and perhaps substantiated by 

fish distributions (Hubbs and Miller, l $ k 8 ; Smith, I9 6 6), or tt may 

have flowed south, in or near its present channel. There is little 
doubt, however, that the river flowed through the area nnw nr.rnpi^ 

by Lake Mead in later PI iocene (McKee, et a U , I9 6 7) , and extended 
on to the Gulf of California (Metzger, 19 6 8).

The lands forming part of the present Gila River segment of 
the Colorado Rivèr basin, south of the Mogollen Highlands, were 

drained by southwester1y-flowing streams in post-Laramide times.

The Mogol Ion Highlands were continuous with a landmass in what is 

now southern Nevada and eastern California (Fig. 9 ), forming during 

much of the Cenozoic a divide between the Plateau and the Basin and 

Range Province (Cooley and Davidson, 1963)- Southwesterly drainage 

through the Highlands, from the edge of the uplifted Plateau, was 
disrupted in Miocene by additional uplift of the Highlands as a 
unit (Lance, I9 6 0). Gorges were cut in the rising mountains, and



drainages developed transverse to the superimposed systems along 
zones of weakness, or under structural control (Melton, i9 6 0; 1 9 6 5 ; 

Cooley and Davidson, 1963). By this time, much of the southern edge 
of the Plateau had been captured by south-flowing streams, and the 

Mogol 1 on Rim (Fig, 9) was well established as the divide between the 

Gila and the Little Colorado Rivers, The Bi 11 Williams River area 
has been little studied, but it lies southwest of the Mogol Ion High» 
lands in an area of relative stability, and may long have occupied 
its present petition,

Gila robusta, or its progenitor, must have lived in the lower
f  1 "$ ¿ • . ■' ‘

basin at least by Pliocene, and perhaps prior to cutting of the Grand 

Canyon. Early!access was possible through massive headward erosion 

and capture of the southern part of the Colorado Plateau by the 

ancestral Sa11 and Gila rivers in 1até Miocene or in Pliocene (Cooley 

and Davidson, 1963). Establishment of a sharp drainage divide with 

upl ift of the Mogol Ion Rim in mid—Pliocene- may have provided effec­

tive isolation, and the Upper Verde basin was diverted south by 

uplift of the Black Hills (Fig. 9) at about this timé (Lehner, 1958» 

Cooley and Davidson, 1963). Access from the west obviously could not 
have occurred prior to cutting of the lower Colorado River, and may 
have been blocked for a time by the Pliocene, Bouse Embayment 

(Hamilton, i960; Metzger, I9 6 8). Miller (1961a) suggested that 

the distinctive fauna of the Gila River indicates a rather recent 

connection with the Colorado River. However, for part of the PIio- 
cene, the lower basin must have been accessible to chubs from that
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Events in l a t e r  P iio cen e  aga in  cu t o f f  much o f  the upper p a r t  

o f  the  a n c e s t ra l  G i la  R ive r  basin  from the Colorado m ainstream , and 

p ro v id ed  i s o la t io n  f o r  d i f f e r e n t i a t i o n  o f  the chubs. V a l le y  f  i 1 Is  

o f  l a c u s t r in e  and f l u v i a l  na tu re  were depos ited  to  depths exceeding  

600 m eters  in the e x te n s iv e  s t r u c t u r a l  tro u g h , p a r t i a l l y  a graben, 

t h a t  bounds the  Colorado P1ateau from th e  mouth o f  Grand Canyon to  

n o r th e rn  Chihuahua, Mexico (Feth  and Hem, 1963; Feth , 1964 ). Sur­

face e le v a t io n s  o f  these d ep o s its  a re  rem arkably  s im i l a r  throughout  

th e  a re a ,  and f o s s i l s  inc luded in a number o f  them c o r r e la t e  w e l l  

( T a y lo r ,  1963; Feth and Hem, I 9 6 3 ) • Ponding o f  the r i v e r s  was

effected by extrusion of volcanic materials and uplift in the lower 
* -Pl ■; ; A %■;  ̂ T ; • , V . i __ ,

Salt River are! (Fig. 9) east of the present city of Phoenix (Melton, 
|  . fi

T9 6 0 i I9 6 5)* At this time the upper Gila River (not including the 

reach east of ¿afford, see later) may have joined the Salt River 

north of the present town of Globe. An extension of the extrusives 

to the north along the Verde impounded that stream (Jenkins, 1923)» 

and to the easf of Florence, the San Pedro segment of the basin was 

similarly isolated. The Santa Cruz and other lesser rivers enteringI ' ■ ■ 3
the lower Gila valley were scarcely affected, and flowed far west to 

enter the drainage. The upper Gila River, above Safford, was not 

apparently integrated to the west until mid-Pleistocene, after the 
onset of incision of the volcanic dams, and prior to that time 

presumably flowed south into a closed basin; or perhaps into Mexico 

(Morrison, 1954; Cooley and Davidson, 1963; Melton, 19 6 5; Weber, in 
Kottlowski, et a 1., 19 6 5).
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The ancestor of G i13 ?ntermedia could have dispersed into 

north-flowing tributaries of the ancestral Gila basin at almost any 

time in Pliocene or Pleistocene, and remained in relatively small, 

headwater situations to the south and west of the MogolIon Highlands, 

moving into that region as dissection progressed. General distribu­

tion of the fish in recent times in the southern tributaries of the 
Gila (Fig. 1), perh aps reflects movement over lowered divides re­

sulting from alluviation of valleys between the Santa Cruz and San 

Pedro rivers in ’Pleistocene (Melton, 1965), and the occurrence of 
intermedia in the extreme upper Verde may result from a diversion of 

part of the Agua Fria River to the Verde in the area east-northeast
p|;' '

of Prescott (Chfno Valley). No preserved material of Gila is known
1.from the Agua Fria, but specimens of G. intermedia from that stream

were seen by W. Y. Minckley (pers. comm.) in T9 6 6. ~~~~“

Cutting of dams that blocked the rivers was initiated at about

the same times, fin early mid-Pleistocene, with cessation of voleanism

and uplift at paints of damming. Breaching of dams re-integrated much
|

of the system; base levels in the alluviated valleys were high above
t

that of the lower part of the system, and dissection progressed fairly 
rapidly. This degradation left remnant populations of fishes, in­

cluding J3. r. grahami, above falls of smaller tributaries. Movement 

of downstream populations, presumably G. r. robusta by this time, 

also was possible and they invaded upstream and largely displaced 
the former isolate, G. r. grahami.
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An obvious alternative to the interpretations given so far is 
secondary contact and hybridization (Mayr, I9 6 3) between a Gila River 

endemic (G. ?ntermcd?a), and an upper basin form (G. robusta). This 

cannot be completely rejected. If true, however, the hybridization 

must pre—dace cutting of the lake beds (mid—early Pleistocene) since 

G. J. grahami now-persists in hanging tributaries of the Verde system 

( ! • » Fossi l Creek) and shows remarkable homogeneity over a diverse 
spectrum 01 habitats, and in relation to time. Present intergrada- 

tion between two subspecies (robusta and intermedia) also may 

generally be rejected on the bases given above. No current zones 
of sympatry between robusta and intermedia are known but some older 

records (e.j¡., Gilbert and Scofield, I8 3 8), indicate local sympatry
in complex habitats. The intermediate form, graham?, may show _____ _

differentiation from place to place, a possible indication of Isola­
tion above dams of the different rivers during PIio-Pleistocene 

impoundment. These variations seem independent of the proximity of 

1ntermed?a. Variation within G. intermedia Is highly localized 

(I.e-, Monkey Springs), and in the case of robusta seems attribu­
table to intergradation from grahami populations.

The proposed origin of £. intermedia from the south is sub­

stantiated by its apparent relationships to chubs of the Mexican 

Plateau. Related species of the adjacent, southern and eastern 

basins include G. ditaenia Miller from the basin of the Rio de la 

Concepcion, Arizona and Sonora; G» purpurea (Girard) from the Rio 
Yaqui, Arizona and Sonora, and the Rio Sonora, Sonora; G# nIgrescens
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(Girard) from the Guzman basin, New Mexico and Chihuahua; and G.

pandora (Cope) from the Rio Grande and Pecos basins, New Mexico and

Texas. All are large-scaled, thick-bodied, darkly-pigmented, fishes •

with relatively low scale and fin-ray counts (Table 3), quite unlike
_G. robusta and its relatives, and very similar to G. intermedia. All

of these, plus Ĝ. orcutt? (Eigenmann and Eigenmann) of coastal streams • '

of southern California, were considered by Uyeno (1961)2^ to have ‘ *

originated frbtjithe "ancestral form that gave rise to G. r. inter- ,...
media in the Gila Ri-ver.*' •

if G. intermedia is more closely related to the south, as 

proposed here,,it most likely derived from captures involving north- 

flowing tributaries of the Gila, or perhaps earlier as part of an 

ancient fauna of the original southwest-trending stream systems.

Connection of the upper Gila River segment to the Guzman basin of

northern Chihuahua (Cooley and Davidson, 1963; Vfeber, in Kottlowski, * >

> 11* 19651 Melton, I9 6 5) is not supported by evidence from the 
ichthyofauna. Q. nigrescens of the Guzman basin is quite similar * ,
to intermedia, however, differing mostly in having 9 dorsal fin-

rays rather than 8 . Yet, no species and few genera are in common - ‘ ‘>
between the Gila and Guzman systems, the latter having principal ly .... .

✓
a Rio Grande assemblage of native fishes, whereas the Gila River

— llyeno, T. 1961. Osteology and phylogeny of the American 
cyprinid genus Gila. Unpubl. Ph.D. diss., Univ. of Mich. pp., 
pis., I-XXXV.
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b as in  is occupied by a d i s t i n c t i v e ,  h ig h ly -en d em ic  fauna ( M i l l e r ,

195 8 ) .  One a q u a t ic  organism, a union id clam, Anodonta c a l i f o r n i e n s i s

Lea, known from a number o f  w estern  dra inages  as f o s s i l  or l i v i n g

m a te r ia l  (T a y lo r ,  1963 ), is  p resen t in both the G i la  and Guzman

b a s in s .  I t s  absence from a d ja c e n t  southern  systems may, however,

r e f l e c t  a lack  o f  c o l l e c t i n g  (D. W. T a y lo r ,  p e rs . comm.).
: I fq S

The Rio Yaqui system and o th e r  minor c o a s ta l  d ra in ag es  o f  
✓

Sonora, Hex icq , share a number o f  Ich thyo fauna] e lem ents  w i th  th e

G i la  (Meek, l9t)£f* M i l l e r ,  I 3 5 8 ) .  These a re  Agosia , c f # c h ryso g as te r

( G i r a r d ) ,  P e o c i l 1 ops i s . o c c id e n ta l  Is  (Ba i rd and G i r a r d ) , and o th e r  
.. . ^  |
pairs of species that are closely related— Catostomus insignis 

Baird and GiraVd and C. bernardini Girard; robusta and G. minacae 

Meek (= G. robusta [?]; Miller, 1958), and another Gila that may be . 

—nearG. ?ntermedia (nG. nigrescens*1 of Meek [190^1, in part; dorsal 

and anal fin-rays 8, scales in the lateral series 60-75). Also, a
*  - i y

number of Rio Grande fishes have penetrated the Rio Yaqui (e.g.,

Notropis, Campostoma, Pimephaies, Ictalurus, and others), presumably 
• ■ | ■ ... ' : ' .

from the Guzman basin and/or from the Rio Conehos. The absence of
i

these in the Gila River, especially some of the more aggressive, 
upland minnows; indicate an invasion of the Yaqui that post-dates 
any large faunal exchanges between that drainage and the lower 
Colorado basin*
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Tabi* 3* «eristic variations in chubs, genus Gila, from the lowe- M M S  t .S  K S 1  Colerase Rxver basin; data marked with an asterisk {*) are
from files of the Utlvc-rsity of Michigan Muse«, of Zoology (see acknowledgments».

Localities, Catalog lumbers, 

and Years of Collect ion

Scales in the Lateral Line ‘ Dorsal Pin-stays Anal Fin~ra\ays Pelvic Fin-r

? yo  ̂ JC S S 5« 2 ¿ ¿ ¿ § ¿ o 9 n 7 8 9 n

SANTA CRUZ RIVER

Sabino C r . , UKMZ 146651; 1943B — 12
UA, Uncat.; 1943 — ' 3 5
ÙA, Uncat.; 1949 — . — ■

Bxngharjpton Pond, Tucson 
D W C  146647; 1943 6 13

M&nke.y Spring
0&, Uncat.; 1952 — 2
UA, Uncat.; 1959 5 2 3 —
ASU 599, 728; 1964 li 28 11
ASU 2401; 1966 5 8 4

1 Mexican tributary
ÜMK2 157239; 1940 5 4

Sheehy Spring 
♦tMíZ 131103; 1939 —

O m z 162671; 1950 L.
i

1 5
SAN PEDRO RIVER

Aravaipa Cr., OA, Uncat.; 1943 *-?, :— —
OA, Uncat.; 1957-60 — — —  '
Barber and Mi nek ley (19661 ' ¿ J  :— —  .
ASU 3393, 3105; 1967

•Redfield Canyon Cr. , DMmz 
•, 179800? 1961
Sabacomari E. jff
ASU 2724, 2763, Uncat-; 1967
ASU, Uncat,; I960

Twrttey Cr., OR, Uncat.; 1952
ASU 2761; 1967

0*Donnei Cr. , ASU 2761; 1967
SAN SIMON RI VER

San Simon denega 
W K Z  137093; 1939

M O D U S G IL A  S I  VER

*QÓ&en Cr.^ 13K12 125041; 1938 -
San Carlo» r .
ASU, Uncat.; 1968

*eagl« Cr., wo-z 131125; 1939 -

•WMZ 162745; 1950 -
DA, Uncat.; 1956

ASO 1836; 1964 >

15 . — 14 1 15 2 10 3 15 «... 8 ■ 7 15
8 8 —  8 8 —  8 - ■; 3' 5 8
2 1 — * f —  4-' — 4 —  4 1 2 1 4

25 - 25 —  2S 4 21 —  25 7 18 25

3 1 4 —  5 4 1 —  ■ s 1 4 — 5
5 — 25 —  25 - 25 —  25 1 23 1 25

48 — 50 —  50 8 42 —  50 1 47 ' 2 SO
17 — 25 —  25 1 24 —  25 25 25

12 - 21 —  21 — 21 —  21 14 7 21

4 29 1 34 . — — B —
25 — - 23 —  25 1 24 ' 25 1 IS 6 25

3 - — 3 3 — 1 2 3 — - 1 2 ■ 3
. 7 | —

10

7 7 
44 54

— 2 S T 
1 a ra ka.

— 7 7

14 - 2 13 15 — 8 7 IS 2 13 15

1 4 —  . 5 - 5. • — - 5 - 2 3 5

IB - 29 —  29 2 28 —  30 13 15 29 y
12 — 11 —  11 - 1 1 --11 1 U 12
? ' 7 —  7 1 6 —  7 — 3 4 ■ 7
2 — 2 —  2 - 2 —  2 —  • 2 2
4 - 6 —  6 — 6 —  6 6 6

—  7 —  18 —  18

—  — 8 20 9 — — —
22 127 2 151 —  — — —

\
37 —  25 — 25 l 24 — 25 ■ . —  • - 4 21 25
—  v ~  — m 1 7 3 11 ' 0 .  ~ -*■ M

4 7 - 5 h 2 7 ' — ■ . 1 6 7

20 —  19 8 27 22 5 27 —  4 23 27

1 —  1 — 1 — 1 — , 1 1 1
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Table 1. Continued

Localities, Catalog Numbers, 
and Vears of Collection

Scales in the Lateral Line Dorsal Pin-rays Anal Fin-rays P e lv ic  Fin-rays

SAN FRANCISCO RIVER

ONM 1730-1, 1738; 1948
GILA RIVER, NEW MEXICO .

Mai nstream, Re cl rock area 
tWH 1739, 2010; 1949

Mainstream* Cliff area 
OKMZ 124744; 1938
OKM 1732, 1752; 1949

UNM 1743. 1745, 1747, 1751; 
1953

Mainstream, Lyon’s Lodge 
BUM, Uncat.; 1966

Headwater tributaries 
OMMZ 110434; 1935
0»M 2007; 1949

UN-M 1729, 1748; 1951-52 *
VERDE RIVES

Mainstream, near Carp Verde 
ASU 496; 1963

Mainstream, Perkirisville area 
*UMMZ 162827; 1950

Upper East Verde R.
UHMZ 94886; 1926

*0MMZ 162823; 1950
ASU 4Ò7; .1963

ASU 1065; 1964

ASU 2299; 1965
ASU 3261; 1967

Lower F c » s il C r.
* V m Z 120088; 1937

♦OMMZ 162820; 1950
Upper Fossil Cr*
ASU 2462; 1966

ASU, Uncat.; 1968
Lower West Clear Cr.
ASU 3267; 1967

Lower Wet Beaver Cr.
OKMZ 120101; 1937
UA, Uncat.; 1956

ASU 783; 1964
ASU 2429: 1966

. "Lower Oak Cr.
ASU 2150. 3277; 1964, 1966

cpper Oak Cr., ASU 494; 1963

1 3 7- —

lj$j: — 3 6 4 ' — 17 — 7 18 25 —  14 11 25 , «j 6 19 25*
1 9 3 i i 'ft 15 |j9 2 21 23 5 18 23 1 1 21 23

*4 ' — m - 2 8 5 5 2 “ 22 6 17 23 —  10 23 23 • —  3 20 23
ft - ; v~ B 1 ~  — “ 1 - 1 2 3 . ~  1 2 3 v - | | 3 3

; ■ — ■ ~ — — 5 2 “  - - 7 - 4 4 8 —  6 2 8 . —  . i*i 8 8

■ k
2 2 1 — 5 - 10 5 15 13 2 15 > —  • 1 14 15

~

7 2 9 1 4 5 9 —  7 2 9 I —  3 6 9

1
3 2 1 - f 6 - —  6 6 -  - 6 6 —  1 ■ .5;-• 6

16 —  — lfi 16 ■ —  ____ 16 16
i — — 1 6 10 4 1 22 11 —  22 22 22 22 é è  ; 2« ?7l

i m
i m - V - 8. 14 3 Ì| - 2S — 3 22 25 19 6 25 —  5 20 25

| ~
Ip T —  20 20 —  14 6 20 • —  . 5... IS 20;

■i tl . | . — : '— 1 7 6 1 — — 16 - 1 18 19 —  15 4 19 — : f 2 17 19
:— 4 4 5 — - 13 — 1 12 13 —  7 6 13 —  i 12 a

j.
.. — — 1 3 —  f  ' 0 — 4 — 1 19 20 —  20 — 20 m  i 3 17 20

4 -
1 —  1*“ ■ '. 1 2 2 . —  %— 5 1 — —  10 10 3 7 10 2 i\ 8 20

i ■'
- - — — - - - —  —  •— —  12 31 53 .. 4¿¡ .

i
7 -  . —  >

f .
- - - 4 4 1 — - 9 — 3 6 9 ; —  ' 2 ■7 9 m m 9 ' 9

14 5 —  1 —  20

—  —  3 3 —

11 9 20 ~  16 4 20 —  2 18 20

1 3 —  — . —
1 8 1 — —

— — 1 1.’ —
— ~*Q,; 1 1 —

4

10
2

2

3

15

—  3
2 6

~ 2

1 4

2 10

—  ' —  3 3
2 15 —  17

5 6 , • —  ;. —  ’ 6 6

- 4 : — 1 3 • 4
2 10 1 3 6 10

2 2 — r~ 2 2

— 3 l 2 3

- 3 — - 3 3
— IT 4 13 17



56Table 1. Concluded.

Localities, Catalog Numbers
Scales in the Lateral Li ne Dorsal Fin-rays Anal Fin-rays| Pelvic Fin-rays

and Years of Collection. '''■•dV;- .iTi
■ i | | f - | ■ ' i m  o

cr>
in. s|

o* e- r»- r* sc . /-I 'o in Cr. f. c
cnCD■ 1, 

•• • 00
o»oOS

Tmcs
,n 7 8'■■ ■. 9 n ¡Ip 8 9 n 7 8 9 n

Lower Sycamore Cr. 
ASU 3284; 1967 ' 2 . 2 6 6' 6 6 6 :.6. - ;

Upper Sycamore Cr. 
ASU 1833; 1965 fill 1 2 1 : — _ 4 —  2 2 4 4 . 4- 3 i 4

Big Chino Wash 
UMMZ 162834; 1950 7 8 7 — 22 —  25 H J j 25 - 25 25 9 16 25

PHOENIX aWPiL SYSTEM

„Tempe area, ASU 1095, 1513; 
1964

' -

—  2 5 . . ; 7: :| 7 jj' 1 22 22 22 —  22 22 22 - 22
Buckeye area, ASC 2229; 1965 1  ~ v - ~ 3 10 9 2 ~ - 24 —  25 25 — 24 i 25 11 14 25' ;

SALT RIVER

Mainstream, UMMZ 162760; 1950t —  — ■ -■—  • ■ ■■ 15 15 14 isi/ 15 15
ASU 1373; 1964 -  - —  -  - 2 6 — 8 -  ■ — • 18 18 — 1 17 18 1 17 18
ASU 2451, 3118, 3132, 3140 
3149, 3159; 1966-67 —  — — —  1 8 36 27 4 76 - ~  1 105 106 1 105 106 —  -■ 5 101 106

Cave Ctv, URMZ 162841; 1950 *" ;—  4 13 7 1 — - - 25 —  25 — .25 7 18 — 25 —  • 5 20 25
ASU 48Q; 1963 —  1 1 — — .... 2 —  7 7 2 5 7 . • 1' 6 ; 7 .
ASU 2162, 2164; 1965 1

S i 1 — — . —  — — —  ■— — —  3 — X 1 2 — ' ■ % 1 2 3
Fish Cr., ASU 474; 1963 5 U  6 — — — 22 1 24 25 2 23 25 — 3 '22 25

ASU 2246; 1965 - —  X 2 ~ — 5 —  7 — 7 — 7 —  ;' 7 . : — — 7 7
•Tonto Cr,, UW?Z 131102; 1937 1 19 20 — m m

UMMZ 162803; 1950 — ■ ; ■—  | —  3 14 3 2 — 22 —  1 24 25 — 2 23 25 — 25 25
ASU 3255; 1967 f --' ' -  ^ 1 1 2 4 H 8 _  L, 14 14 — 3 U 14 - —  I— 14 14

Cherry Cr., ASU 3241; 1967 . “  ' — - -  ~  - r 1 — 2 —  — 2 | 2 — — 2 2 — . 2 2
canyon Cr. * ASU 3186; 1967 4 ----- * 'm —  2  IX 8 2 — 25 —  — 29 25 — — 25 25 — 25 25
Salt Ct.# ASU 3165; 1967 ’ - •  • -  -- - - 1 I p 1 M  — & t — r 2 3 ■— 3 3
Cibeque Cr*, ASU 2445; 1966 M  - —  2 2 4 — . 8 —  — . 8 8. | r — 8 8 —  ■ 8 8
ASU 3127, 3152; 1967 —  2 14 9 X — 28 23 28 — -r 28 28 — . | 28 28

Carrizo CSV, ASU 2455, 3175 
3179, 3196, 3199, 3202; 
1966-7 —  1 18 13 5 1 38 82 62 t , 32 48 80 4 78 82

Corduroy Cr., ASU 2459; 1966 - ~  -  7 3 — — 10 —  — 20 20 — 12 8 20 20 20
White R., tarn 1744; 1950 -  1 - - -  ~  “ 2 2 — 4 —  — 5 5 — —  . 5 5 —  . 5 ' 5

UKM 1753; 1957 --------- 4 1 5 —  — 5 5 — 1 4 • 5 :- — 5 5
ASU 2464, 3183, 3186; 
1966-7 —  — — —  —  3 7 14 5 29 —  : _. — - i60 2 58 60 4 56 60

Lower Black r.
UWt, Unrat. * 1965 —  ~ —  .—  -- — 2 4 — 6 —  1 6 7 ; _ 1 6 7 -, _ T 7

ASU 250?, 3203, 3217; 1967 - -  -  1 9 5 6 21 ' —  2 .XX 35 — 10 25 35 — 35 .35
Upper Black R., ummz 121823, 

121651, 121660; 1937 —  -r _ 4 7 11 . —  ' : —  ■I X 13 _ 5 8 13 .. . •13 13
ASU 2434; 1966 -- ~ ----- - 1 1 1 1 — —  ■■ 1 1 —  ' 1 1

BILL WILLIAMS RIVER

ASU 2222, 2353, 2359. 2774; 
1965-66 25 16 1 62 4 60 64 - 44 20 64 • 6 58- 64

H includes one fish with 10 fin-rays.



Table 2. Morphometric va ria tio n s  In cht 

Data In the f i r s t  s ix columns are expres 

confidence lim its . The la s t column Is 

the to ta l number of f is h  from a given lo

L o c a lit ie s , Catalog Numbers, 

Years of C o llec tio n , and 

Number of Fish ( In  Paren.)

SANTA CRUZ RIVER

Sab I no Cr . , UMMA 11+6651; 
1943 (15)

UA, Uncat.; 19*»3 (3 )

UA, Uncat.;  I 963

UA, U ncat.; 19^9 (2)

Blngharapton Pond, Tucson 
UMMZ 146647; 1943 ( 2 5 )

Monkey Spring 
UA, Uncat.; I 9 5 2  (5 )

UA, U n cat.; 1951» (25)

bs, genus §.1.1 a, from the lower Colorado River basin, 

sed as thousandths o f standard length + 0 . 9 5  per cent 

ranges of ra tio s , w ith means in parentheses, for 

c a l l ty  or stream.

» . 
XI «4- X M-

0tn
ftj<D 0 0 O jD■1

if?!

CL.
• jC- ■M

Cl .
JC•M

1 ' 
C

fO CD (V cn lZCL X C X . c0) 3 <D D 0 ' r—O m -J X ItJ0 O c
. <

-C  Ql fO 
•M <U X  D1Q D C mQ) O

00 3 | S4+ 3 321+ 6 1 1 7 + 3 2 1 7 + 5 1 1 5 + 3

94+ 2 li i l +  3 313+ 5 1 1 1 + 3 204+ 4 116+ 3 2 . 1 7 - 3 . 1 6

+
 1 

00 4 1 !¡ 7 + 5 312+11 1 0 6 + 6 209+ 8 112+ 7 (2 .7 1 )

9 3 + 7 11> 5 + 9 305+ 5 123+ 9 227+14  
-  V

126+ 9

9 3 + 2 t l 315+ 5 I l 9 + ' 2 2 1 0 + 4 114+ 3
2 . 4 2 - 2 .9 0

( 2 .5 9 )

74+ 9 U .4+18 287+15 110+12 227+30 113+1 7
eS1
CO

5 l i ■2+10 2 8 7 + 1 1 102+ 6 19%-! 4 105+ 7



Table 2. Continued.

Localities, Catalog Numbers, nj
Urn 4J
O

<4-

Years of Collection, and -Q
J 2  U  ' 
+-> O  
*0 U.

w XI
JC flj 
4-J <pTt "T*

Number of Fish (In Paren.) _ ‘S £  '
c

y  ««M

ASU 599; 1964 (25) 8 5+ 2 155+ 7
ASU 728, 1964 (25) 88+ 2 161+ 8

ASU 2401, 1966 (2 5 ) 85+ 2 15 6+ 8

Mexican Tributary 
UMM2 157239; 1940 (21) 98+ 2 164+ 3

Sheehy Spring 
UMMZ 162671; 1950 (25) 89+ 2 * 157+ 3

SAN PEDRO RIVER

Aravaipa Cr., UA, Uncat.; 
1943 (2 ) 92+ 7 148+ 9

UA, Uncat.; 19 5 7 (4) 90+ 6 1 5 0 + 8

UA, Uncat.; 1 9 5 7 (2) 84+ 7 143+11
ASU 3105; 1967 (7) 92+ 4 150+ 6
ASU 3093; 19 6 7 (9) 93+ 4 154+ 6

Le
ng
th
 o

f 
.1

He
ad

1 & 
Zf

W
Z

De
pt
h 

of
 

Ca
ud
al
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ed
#

Lé
ng
th
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f 
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ud
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ed
.

Le
ng
th
 o

f 
An
al
 F

in
-b
as
e

Le
ng
th
, 

He
ad
/ 

De
pt
h,
 

Ca
ud
a 1
 P

ed
.

3 1 0 + 5 99+ 2 2 0 2 + 6 107+4 2.43-3.58
3 0 7+ 5 1 0 1 + 2 207+ 6 108+ 3 (2.98)
3 0 5 + 5 1 0 6+ 3 198+ 6 111+3

2 .5 2 -2 .9 0
3 1 7 + 5 1 1 7 + 3 212+ 4 116+ 4

(2 .65)

2.31-3.04304+ 5 1 1 5 + 3 2 1 9+ 3 111+ 3
(2.59)

291+18 9 1 + 1 0 228+14 119+11
289+13 92+ 7 217+20 H 9+I5

2.41-3.78278+18 84+ 9 215+14 124+10•
2 7 8 + 10 92+ 8 211+ 8 119+6

(3.12)

296+ 9 9 1 + 5 215+ 8 118+ 5



Table 2. Continued,

Localities, Catalog Numbers,
O <+-OYears of Col 1ect! on* and JZ4J**U

JQL.O: u. ■ ■
. JZ

44“D
Number of Fish (In Paren.) . s . 0) +-> : C

torn*. .

r  |

BabacomarI R.
ASU 2724; 1967 (9)

ASU 2763; 1967 (4)

ASU, U ncat.; 19 6 7  (16)

ASU, U n cat.; î 968  (12)

Turkey C r . , UA, Uncat.; 
1952 (6 )

ASU 2761; 1967 (2)

0 ‘ Donne 1 C r ., ASU 2720; 
1967 ( 6 )

SAN SIMON RIVER

San Simon Clenega, UMMZ 
137093; 1939 (7)

85+ 6 159+7

9 5 + 8  168+11

93+ b 1 6 2 + 7

9 5 +  7  159+11

0 N
X I <4- X u . v> ~0

<+- 0) O CD O f0 f0 “O
O cl CL JD CD <D

“O JZ ■ JC ! IT  CL
CÜ JZ > •— > •M 4-J C JZ
<33

ZJZ
•M
CL

m
"O

CT> 
■. C *D

o>
■ - C  . = ' iZ

*  -M
•C  CL f\3

ZS d) O  *D0 CD —J ro CD O  ZD
O 0 fü £Z CO

c  ■ Û) O

291+ 8
v

114+ 4 204+ 7

-_____ <c.

118+ 5

, , „J

2 9 5 + 1 2 97+ 7 203+ 9 103+ 7 2 . 3 0 - 3 . 0 7

303+ 6 1 1 1 + 3 203+ 5 I I 9 + 3 (2 .6 0 )

290+ 7 I I 5 + 4 211+ 6 108+ 4

302+14 1 1 9 + 7 205+10 122+ 8

291+19 124+9 224+14 124+ 9
1.84-3.13

(2 .5 8 )

3 1 2 + 1 0 114+ 5 197+ 6 114+ 6 
\ “

305+20 114+ 9 2 1 0 + 1 5 114+ 9
2 .5 5 -2 .87

(2 ,63 )



Table 2, Continued,

L o c a lit ie s , Catalog Numbers, 

Years o f C o llec tio n , and 

Number of Fish ( In  Paren.) W
id

th
 o

f 

In
te

ro
rb

it
a

l

W
id

th
 o

f 

__
__

He
ad

__

MIDDLE GILA RIVER

San Carlos R.
ASU, Uncat.; 1968 (25) 84+ 4 154+ 2

Eagle Cr.
UA, U ncat.; 1956 (16) 78+ 2 146+ 5

.UA, U n cat.; 1956 (11) 75 + 3 168+ 4

SAN FRANCISCO RIVER 

UNM 1731; 1948 (15) 80+ 2 140+ 4

GILA RIVER, NEW MEXICO

Mainstream, Redrock area 
UNM 2010; 1949 (2) 75+ 6 1 3 7 + 9

Mainstream, C l i f f  área 
UMMZ ! 24774; 1938 (25) 84+ 2 147+ 2

UNM 1732; 1949 (6) 84+ 4 139+ 5

NUM 1752; 1949 (17) 84+ 2 146+ 3

<D
CO s*■ ■ . ; • ro “U  - 0"Ö u - “O O ra 0

O O) O <D 1 <t> a .
O CL. CL. JC c V 3 C JCJZ ro JC -M  r*—

•M <D jC «—  ‘ 3 4-» *— CD iZ jC  c l  ra
O ) JsSfí*- •M f0 i  cn fD C . -M a) "U
'f ir 1 CL c O t— . cn 0  D
<D <D CD .,1 3 . 1 —i ra c  ra

O iD • J m r~ 0  0
O 0 < -■ &

289+ 3 109+ 2 214+ 2 I 0 9 + 3
2 .37 -2 .85

(2 .60 )

290+ 4 103+3 208+ 4 121+ 3 2 .63 -3 .40

29 4  + 5 95+ 3 I 99+ 4 110+ 4 (2 .9 0 )

285+ 9 84+ 3 209+ 4 121 + 4
3 .0 4 -3 .7 4

(3 .27 )

310+14 82+ 9 196+12 130+16
2 .5 2 -4 .00

(3 .75)

299+ 4 96+ 3 209+ 4 I I 5 + 5

289+ 8 83+ 5 206+13 138+16

295+ 5 86+ 4 2 1 2 + 5 1 3 2 + 5



Table 2, Continued

L o c a lit ie s , Catalog Numbers rotl rjf

Years of C o llec tio n , and

T»'O v- -OJC u

Number of Fish ( In  Paren.)
•H 0 tï u

4-Jc

UNM 1743; 1953 (8 ) 76+ 3

UNM 1745; 1953 (5) 80+ 4

UNM T 751; 1953 (9) 8 1 + 3

UNM, Uncat.; 1966 (2) \ 84+ 6

Headwater t r ib u ta r ie s  
UMMZ 110434; 1 9 3 5  (8) 86+ 4

UNM 2007; 1949 (15) 80+ 2

UNM I 7 2 9 ; 1952 (8 ) 76+ 5

VERDE RIVER

Mainstream, near Camp Verde 
ASU 496; 1963 (6 ) 78+ 4

Mainstream, P e rk ln s v l1le  
area, ASU 2389; 1 9 6 6  (3) 7 8+ 5

129+ 4 

134+7
Le

ng
th

 o
f 

«H
ea

d

D
ep

th
 o

f 
# 

■
¡C

au
da

l 
Pe

d,

281+ 7 8%  5

281+ 9 81+ 6

2 7 6+ 6 89+ 4

304H 4 87_10

289+ 7 99+ 5

294+ 5 93+ 3

2 8 1 + 4 98+ 5

277+ 7 77+_4

2 6 6 + 1 1 76 + 5

<1)
to
fDM - ■■ % :. <4-

O T J O j O
0) 1

J C Cu - C c
4-J ■ -w  ■ ■. »__
CD r— CD Ll
C  . O C
<D “O <D r—

- J D fD
fD C

O

2 1 1 + 6 1 1 0 + 9

2 2 1 + 8  118+10

2 07 + 6  119+ 8

225+ 7 118+ 8

225 + 7  118+8

213+5  I I 7 + 6

213+6  113+5

, \

214+11 1 2 2 + 5

215+15 126+ 7

TJfD TJ<D * <23 
f P  JZ CL 

* +Jfw -a.'—
•+J <D f3 
en o  t j  ca? too

2 . 7 8 - 3 . 7 9

(3 .30 )

2 .47 -3 .53

(2 .9 0 )

3 .1 8 -3 .9 0  ax 

(3 .45)

\



Table 2.. Continued

L o c a lit ie s , Catalog Numbers, 

Years o f C o llec tio n , and 

Number o f  FIsh ( In Paren.)

ASU 2^7 4 ; 1 9 6 6  ( 1 8 )

Upper East Verde R.
UMMZ 94886; 1926 (25)

ASU 407; 1963 (19)

ASU 1065; 1965 (13)

ASU 2299; 1965 (20)

ASU 3261; 1967 (10)

Upper Foss I I  Cr.
ASU 2482; I 966  (9 )

ASU, Uncat. 5 1 968  (20)

Lower West Clear Cr.
ASU 3267; 1967 (6)

n

77+ 2

8 7+ 2 

88+ 2 

86+ 3 

8 3 + 2  

84+ 3

85+ 3 

8 7+ 2

81+ 4

# ID S  t
M- TJ H - "D m *0 *D
O M- 0 O O 0 JD f0 ^ CD

O Cu Cl 1 CD SZ CL
XT XJ . x :  ■ ■■ x : c X  +j
•P  ftJ JZ «•— 4-> tm-m ■ 4J fmm -  C L~~

* OT mmmQ * +J DD f0 CD ‘ Ll £  O (Uc  a s a . “U C 1 ■ c •M O  "D
0) 0 x CD 3  i CD ■ *■— . cd n .

—i 0 ra - J f0 - J 0 C  fa0 0 c 0 0

283+5 82+ 3 2 1 2 + 6 118+ 3

3 0 6 + 4 96+ 3 205 + 6 I 0 7 + 3

301+ 4 97+ 3 213+ 6 118+ 3

289+ 5 98+ 2 218+7 111+ 3
2 .74 -3 .90

3 0 2 + 4 96+ 2 2 03 + 6 1 1 1 + 2
(3 . 0 2 )

3 0 1 + 6 97+ 2 213+ 6 118+ 3

294 + 6 92+ 3 218+8 1 1 0 + 6 2 .8 2 -3 . 6 5

3 0 9 + 4 9 7 + 3 2 13 + 6 1 1 W  3 (3 .15)

287+ 7 78+ 4 206+ 9 114+ 5
3 . 3 1 - 3 . 8 9

(3 .6 2 )



Table 2* Continued.

L o c a lit ie s , Catalog Numbers,
o

Years of Col le c tio n , and ' x:•M . *T?
Number of Fish ( In  Paren.) 3

Lower Wet Beaver Cr. 
UMMZ, 120101; )937 (4) 93+ 4 151+ 5

UA, Uncat.; 1956 (10) 80+ 3 1 5 0 + 3

ASU 783; 1964 (2) 77+ 2 1 2 1 + 8

ASU 2429; I 966  (3 ) 7 8 + 5 143+ 6

Lower Oak Cr.
ASU 3277; 1967 (2) 96+ 7 159+3

Lower Sycamore Cr. 
ASU 3284; I 9 6 7  (6) 72+ 4 137+ 5

Upper Sycamore Cr. 
ASU 1833; 1965 (4) 8 2+ 5 138+ 5

Big Chino Wash 
UMMZ 162834; 1950 (25) 88+ 2 147+2

0
D-

*D0a.
Cl»«O 4-
JC O

ra x:
CO 0 +->c rc CL
0 0-J

29 2+ 9 97+ 3

304+ 6 89+ 3

262+13 76+ 7

2 9 2 + 1 1  9 2 + 5

300+ 1 9 1 + 3

283+ 8 7 8 + 4

281+ 9 9 9 + 4

294+ 4 1 0 2 + 2

0
CO

CO ftf CO W*
C  t?  C

226+13 1 0 8 + 6

2 0 8 + 8 I 06+ 4

216+18 1 2 2 + 8

208+ I 5 103+ 7

212+23 1 2 6 + 1 2

2 0 0 + 1 1 117+ 5

202+13 1 2 0 + 6

216+19 1 2 2 + 9

N* **0 -O0 00 Cl.
■ x:

- «%•M *—■x: Cl 0
•M 0 ”Uco 0 3c 00 0

2 .9 5 -3 .7 4

(3 .2 7 )

3 .26 -3 .31
(3 .2 9 )

3 .4 4 -3 .8 2
(3 .63)

2.56-3.02
(2 .84)

2 .4 7 -2 .98
(1.70) S



Table 2. Continued

L o c a lit ie s , Catalog Numbers, 15
4 -  -W0 — 4 -O

Years of C o llec tio n , and •0■JZ u •M O •n «
13

JC 03  
«M flj• n  ««p

Number of Fish ( In  Paren.)
U  V*
•- O 93k -m ' C. '

U  JL

s

PHOENIX CANAL SYSTEM

Tempe area,
ASU 1095; 196** (2) 81+ 5 1 2 9 + 1 2

ASU 1513; 1964 (20) 78+ 2 1 2 8 + 4

Buckeye area,
ASU 2229; 1965 (25) 89+ 2 138+ 3

SALT RIVER

Mainstream,
ASU 1373; 1964 (18) 79+ 2 1 3 6 + 4

ASU 2451; '966 (22) 78+ 2 134+ 3

ASU 3118; 1967 (25) 77+ 2 1 3 6 + 5

ASU 3132; 1967 (21) 77+ 2 135+ 3

ASU 3 1 4 0 5  1967 (6) 75+ 4 135+ 4

ASU 3149; 1 9 6 7  (24) 77+ 2 140+ 3

(1)* to *U .4- T? 4« T? 4- G G “U0 4- CD O 0 O X CD 0)-0 0 CL CL 1 ■ X * ClJC G JC -C c JZ ■ •«M O JC . 1—* ' 4-» p. ♦Í -M —O) X 4-J G or g UÍ |JL X Q. G■ e. ,CL Xf - ^  * G *0 c •M <D "U<ij <D D <D 3 ¿ 0 •— OIQ DO (0 ' -J G * -J G C GO O C
__

CD O

263+13 69+ 8 224+16 1 2 8 + 6 3 .4 0 -3 . 8 9

2 7 0+ 5 75+ 2 214+ 5 124+ 3 (3 .59 )

264+ 4 97+ 2 2 2 5 + 5 123+3
2 .5 1 -3 .09

( 2 . 6 8 )

288+ 6 80+ 2 2 1 0 + 5 1 3 0 + 3

266+ 5 7 8 + 2 2 2 2 + 7 1 1 9 + 2

271+ 4 7 5 + 2 22 2 + 4 119+ 3 3 .1 3 -4 .8 6

277+ 5 80+ 2 2 2 8+ 5 116+ 3 (3 .5 1 )

2 7 0 + 9 7 4 + 4 2 2 3 + 8 , 111+ 6

2 8 2 + 6 81+ 2 2 2 2 + 4 1 2 1 + 3



Table 2. Continued.

L o c a lit ie s , Catalog Numbers, 

Years of Col le c tio n , and 

Number of Fish (In  Paren.) W
id

th
 o

f 

In
te

ro
rb

it
a

l

ASU 3159; 1967 (9) 75+ 3

Cave Cr.
UHMZ 162841i 1950 (25) 89+ 1

ASU 480; 1963 (7) 84+ 3

ASU 2162; 1965 (2) 80+ 6

Fish Cr.
ASU 474; 1963 (25) 8 2+ 2

ASU, 2246; 1 9 6 $ (7 ) 83+ 4

Tonto Cr.
UMMZ 162803; 1950 (25) 8 2 + 2

ASU 3255; 1967 (14) 84+ 3

+ 4130

150+ 3

160

159+

146

1^8

137

+ 4

+ 3 

+ k

+ 3

149+

81i  6 M  9
Cherry Cr,

ASU 3241; 1967 (2)

"U
M - *4- 0
O

T3
O a .

JZ 0 JZ r—, ,
+J 0 •M ra
m X CL -p

tn 0
0 O a0

260+ 8 75V 3

2Sk+ 6 1 1 7 + 2

304+12 121+ 3

304+21 108+7

297+ 6 103+ 2

291+ 8 107+ 3

289+ 6 95+ 2

285+8 93+ 3

268+22 «Mr - - 75+ 8

• #' ■ 
“D M—

0
(A
ftJ

O O O -D
r* ■ CL.

JZ
1

• c•M - «M •W
CD m CD U -
C ' C
0 D 0 1—*

m 00 c

230+ 7 113+ 4

2 1 1 + 5 1 0 9 + 3

208+8 123+6 

199+16 129+10

2 2 1 + 5  1 2 0 + 3

2 1 9 + 8  I 2 9 + 5

21b+ 4 1 1 1 + 3

2 1 8 + 6  114+ 3

224+16 126+10

•
T )0 00 a .

X * j r r—
. r JU 04-» a .  *u
O) 0 3
c 0 0
0-J

2 .33 -2 .73

(2 .48)

2 .0 5 -3 .0 4

(2 .81 )

2 .7 6 -3 .3 8

(3 .0 1 )

3 . 5 1 - 3 . 6 2
vn

(3 . 5 5 )



Table 2. Continued,

L o c a lit ie s  Catalog Numbers, 

Years of C o llec tio n , and 

Number of Fish ( In  Paren,)

Canyon Cr.
ASU 3186; 1967 ( 2 5 ) 99+2

S a lt Cr.
ASU 3165; 1967 (3)

Clbeque Cr.
ASU 2445; 1966 (8)

ASU 3127; 1967 ( 2 5 )

ASU 3152; 1967 (3)

7*<+ 5

79+ 3 

77+ 2 

83+ 4

Carlzzo Cr.
ASU 2455; 1966 (5)

ASU 3175s 1967 (25)

ASU 3179; 1967 (25)

ASU 3196; 19 6 7 (8)

ASU 3199; 19 6 7 (10)
ASU 3203; 1967 (10)

82+ if 

82+ 2 

80+ 2 

85+ 3 

86+ 3 

8 8 + 3

• 0) N  ♦

<4-
T J ♦ (/) T J  T J
a> M - CD CD CD

O O e x O CD O jQ CD *  C l
“D a . 1 X  JOJO co J C »—• JO J C C H  4-J •—•M CD +-> 4-* ■ 4-J j c  a .  id

D>
'" C

r e C l
r  <d I f

o r
'W v.' C

CD
* U

c n
c

L u a) t j
CD 0  ZJ

CD 0 CD a) Of CD j - r—  ’ C  (D— ! O — j CD - J CD CD O
O C • J

< r

289+ 6 80+ 2

2 8 6 + 18 7 8+ 5

2'+5+ll 79+ 3

287+ 6 80+2

288+17 83+ 5

282+14 83+5

298+6 89+2

322+ 7 90+ 2

2 8 5 + 1 1 8 7 + 3

306+10 8 9+3

87+ 3

218+4 II5 + 3

221+12 111+8

226+ 8 118+ 5

223+ 5 123+ 2

226+13 128+18

203+10 109+ 6

2 1 5 + H  ' 1 2 0+ 3 
2 1 4f 5 116+ 3

217+7 105+5
2 1 1 + 7 1 1 1 + 4

2 1 6 + 7

3 .1 7 -3 . 8 9

(3.56)
3.62-3.70

(3.65)

2 . 1 4 - 3 . 7 8

(3.42)

2.41-3.98
(3.28)

317+10 113+ 4



T ab le  2 . Cent In u e d .

Local i t  le s ,  C a ta log  Number's, 

Years o f  C o l le c t io n ,  and 

Number o f  F ish  ( i n  P a r e n . )

(0M- «M O &  -QJC U •M O
*r Q) 4-»

jr-.-C i

0
jc m•P 0 T

. 5

4~O •o-C 0 •M 0"  oi ~’~tn c 
0- j

*D*4- 0 
O CL
JC —

tBB&as 4-1 0 0. -0 0 O O f0 O

4~ TJ O O CL 
JC4J »—
c *00) 3 —J 0 O

<DIT)M- 0O JQ 1-C C 1 -L* 1 *— en Ip: C 
<1>«J to t  • <r

NTJ . . .  I  1 O "O CD 0 •3C * CL 
jCJ 4-1 ' r— .

JC CL ro •M 0 *D C71Q §§c f ■ m |u 0 . : O , v

Corduroy C r .
ASU 2459; 1966 (20 ) 9 0 + 2 1 5 5 + 3 299+ 7 9 8 + 2

%  -4- 

2 1 2 + 5 12 0 + 3
2 .8 2 - 3 .3 7

W hite
UNM

R.
1 7 4 4 ; 1950 ( 5 ) 77+ 4 1 3 3 + 3 2 7 1 + 9 8 1 + 5 2 3 0 + 10 125+ 6

(3 .0 6 )

UNM 1750; 1954 (5 ) 8 2 + 4 133+ 6 2 7 6 + 3 83+ 4 2 2 1 + 1 0 1 1 6 + 7

ASU 2 4 6 4 ; 1 9 6 6  (20 ) 79+ 2 143+ 3 2 8 2 + 5 8 4 + 2 219+ 4 127+ 3
2 . 8 6 - 4 . 1 7  

( 3 .3 9 )
ASU 3183; 1967 (16 ) 74+ 2 1 3 6 + 3 274+ 6 78+ 2 220+ 5 116+ 3

ASU 3186; 1967  ( 2 5 ) 79+ 2 1 4 6 + 3 286+ 5 87+ 2 224+ 4 1 2 4 + 3

Lower
UNM

B lack R.
U n c a t . ; 1965  (7 ) 80+ 4 129+ 6 284+ 9 6 9 + 3 208+ 7 1 09+ 5

ASU 2507; 1967 (6 ) 77+ 4 ■ 137+ 7 271+10 7 4 + 4 224+ 8 115+ 6f . —- 2 .4 6 - 4 . 3 4

ASU 3203; 1967 (4 ) 8 2 + 5 " 1 3 9 + 7 279+11 85+ 5 218+11 118+ 7 ( 3 .5 8 )

ASU 3217; 1967 (25 ) 74+ 2 I 3 7 + 4 276+ 5 82+ 2 219+ 4 114+ 3

•
i

¡ j  |
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L o c a lit ie s , Catalog Numbers, 

Years of C o llec tio n , and 

Number of Fish ( In  Paren.) W
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Upper Black R.
UMMZ 121628; 1937 (5) 80+ 4 135+ 6 282+10 8 9 + 4 214+ 9 115+ 6

UMMZ 121651? 1937 (5) 7 7 + 4 138+ 6 284+11 92+ 4 218+ 9 102+ 4
2 .86 -4 .46

UMMZ 121669? 1937 (3) 84+ 5 I 3 I+ 7 3 0 3 + 4 8 0 + 1 0 218+21 134+14
(3 .34)

BILL WILLIAMS RIVER 

Burro Cr.
ASU 2222; I 965  (19) 7 9 + 2 I 39+ 2 288+ 5 94+ 2 217+ 6 114+ 4

ASU 2774? 1966 (25) 

Conger Cr.

82+ 2 147+ 2 2 9 1 + 4 88+ 2 220+ 5 107+ 5
2 .7 3 -3 .67

ASU 2353; 1966 (11) 

Trout Cr.

8 3 + 2 146+ 3 299+ 5 93+ 3 220+ 7 I 0 7+ 5 (3 .1 8 )

ASU 2359; 1966 (9) 83+ 3 145+4 296 + 6 90+ 3 2 1 5 + 8 108+ 6
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Table 3« Heristic variations in chubs, genus Gila, from river system south and east of the lower Colorado River basin.*

v Scales in the Lateral Line Dorsal fin—rays Anal £ in— rays Pelvic finara®®
Local ties and Catalog Nunbers ■ ■--- ---------  ■ - .—

*n <n iß up r» e>

CIPA DITAESIA— Rio Sonora basin,
Arizona and Sonora, ASU 2729 
and 2749 — — 15 13 1 — . 30 — 29 1 30 1 29 .30 1 29 30

GILA PURPUREA.-—Rio Yasoi hasini 
Arizona arid Sonora, ASU 1649, 
2233, 2284, Uncat. ' . 7 21 ~  - — 30 1 29 30 4 26 30 30 30

GILA KIGRSSCEKS— Guztagn bas in. 
Chihuahua, R a o  Casas Grandes. 
ASU 816 ■ §P . 2 7 5 _ 14 ' . 25 25 25 25 25 25
Rio Piedras Verdes. ASU 821 — 1 10 9 5 25 . — 1 24 25 — 25 ■ 25 L. __ 25 25
Rio del Car»e». ASU 709 ;fi — 9 e j 2 .— 19 — 1 24 25 • p 25 H S 25 — 2 23 25
Rio Santa Maria. ASI 838 — ~ 2 3 2 - 6 - ~ 6 — 6 — 6 — — . ̂ 6 5

GILA PANDORA— Rio Grande basin, 
New Mexico, Hondo Cr. ASU 2323 3 12 2 — , — m 17 —  ■22 — 22 2 20 22 ■ ¡ 20 S 22

Jetaez R. ASU 2362 — 10 6 — — ■ 16 — 18 — 18 2 16 16 V — 4 14 '- 18
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FISH FAUNAL CHANGES ASSOCIATED WITH 
LAND-USE AND WATER DEVELOPMENT

R obert J .  Behnke
Department of F ish e ry  and W ild life  Biology 

Colorado S ta te  U n iv e rs ity  
F o r t C o ll in s ,  Colorado 80523

ABSTRACT. Non-native fishes have commonly replaced native species 
throughout the Southwest. Man-induced changes in the environment have 
been responsible for rapid alterations in drainage basins which have 
favored the non-native fishes.

INTRODUCTION
F ish  sp e c ie s  have optimum h a b i ta t  c h a r a c t e r i s t i c s .  A sp ec ie s  needs more 

than  w ater o f s u i ta b le  q u a l i ty  to  l iv e  in  and more than  an adequate  food 
supply  to  meet n u t r i t i o n a l  req u irem en ts  i f  i t  i s  to  c o e x is t  s u c c e s s fu lly  w ith  
o th e r  s p e c ie s ,  p a r t i c u la r ly  non—n a tiv e  s p e c ie s . Such h a b i ta t  c h a r a c te r i s t i c s  
in c lu d e  channel morphology, s u b s t r a te ,  d e p th s , v e lo c i t i e s ,  tu r b i d i ty ,  and 
cover in  r e l a t i o n  to  o p tim al h a b i ta t  fo r  a l l  l i f e  h is to r y  s ta g e s  of a s p e c ie s .

Man-induced changes of the landscape of the American Southwest during 
the last 100 years have radically altered many major river systems and caused 
a rather dramatic change in the fish fauna, mainly by the replacement of 
native species by non-native species. This phenomenon has been especially 
manifested in the Colorado River Basin.

One consequence i s  th a t  s e v e ra l  n a t iv e  f is h e s  of th e  Colorado R iver B asin 
a re  p re s e n tly  recogn ized  o r proposed fo r  re c o g n itio n  as endangered o r t h r e a t ­
ened sp ec ie s  under th e  1973 Endangered Species A ct, and they  in  tu rn  now pose 
a th r e a t  to  c e r ta in  proposed w ater and energy developm ent p ro je c ts  in  th e  
b a s in .

To e x p la in  th e  rep lacem ent of ind igenous fauna by n o n -n a tiv e  sp e c ie s  in  
an e v o lu tio n a ry  p e rs p e c tiv e , i t  may be sim ply surm ised th a t  th e  env ironm ental 
changes occu rred  a t  a r a t e  f a r  ou tpacing  th e  r a t e  o f g e n e tic  change through 
ev o lu tio n  and n a tu r a l  s e le c t io n .  Manfs in f lu e n c e  on th e  f l u v i a l  geomorphic 
p ro cesses  has condensed thousands of y ea rs  of n a tu r a l  change in to  le s s  than  
100 y e a rs . E s s e n t ia l ly ,  th e  environm ent in  which th e  n a t iv e  sp e c ie s  have been 
evo lv ing  and ad ap tin g  du ring  m ill io n s  of y e a rs  i s  no lo n g e r th e r e ,  and non- 
n a t iv e  f is h e s  have la rg e ly  sup p lan ted  th e  n a t iv e  sp ec ie s  th roughout most of 
th e  Colorado R iver B asin .

In  g e n e ra l, f i s h e r i e s  b io lo g is t s  a re  only dimly aware of th e  ra m if ic a ­
t io n s  to  f i s h  h a b i ta t  caused by v a rio u s  land—use p ra c t ic e s  as they  in f lu e n c e , 
o r g r e a t ly  a c c e le r a te ,  f l u v i a l  geomorphic p ro c e sses  in  a r iv e r  b a s in . On th e  
o th e r  hand, f l u v i a l  geom orphologists may a c c u ra te ly  p re d ic t  th e  p h y s ic a l 
consequences of changes in  th e  flow  regim e, sedim ent lo a d s , and channel



morphology, b u t a re  unab le  to  p r e d ic t  a l l  s ig n i f i c a n t  b io lo g ic a l  changes 
w ith o u t an u n d e rs tan d in g  o f th e  f i s h  fauna and i t s  sp e c ie s  a s s o c ia t io n s  by 
h a b i ta t  ty p e s . I n te r d i s c ip l in a r y  co o p e ra tio n  and u n d e rs tan d in g  a re  n ecessa ry  
i f  fu tu re  env ironm ental a n a ly s is  of w a ter and energy developm ent p ro je c ts  and 
lan d -u se  p r a c t ic e s  a re  to  ach ieve  more a u th o r i t a t iv e  p re d ic t iv e  v a lu e s .

EXAMPLES OF MAN-INDUCED IMPACTS ON AQUATIC ECOSYSTEMS

In  r e l a t i o n  to  th e  s u rv iv a l  s ta tu s  o f n a t iv e  f is h e s  and t h e i r  re p la c e ­
ment by n o n -n a tiv e  s p e c ie s ,  im pacts on r i v e r  system s a re  c a te g o riz e d  as 
"sudden and c a ta s tro p h ic  " o r "g rad u a l and cum ulative" (Behnke, 1977a).
Sudden and c a ta tro p h ic  im pacts cause a g re a t  rearrangem ent of th e  environm ent 
in  a r e l a t i v e ly  s h o r t  p e rio d  of tim e . They a re  ty p ic a l ly  i r r e v e r s ib l e  and 
s i t e - s p e c i f i c .  Such changes can be r e a d i ly  observed and documented. M assive 
m ainstream  dams co n v e rtin g  warm, tu rb u le n t  r iv e r  s e c t io n s  in to  enormous 
impoundments, and t h e i r  c o ld , c le a r  ta i lw a te r s  a re  examples o f sudden and 
c a ta s tro p h ic  im p ac ts. In  a l l  such r e s e rv o i r s  and ta i lw a te r s  of th e  Colorado 
R iver B asin , th e re  has been v i r t u a l l y  a com plete rep lacem ent of n a t iv e  f is h e s  
by in tro d u ced  sp e c ie s  — a lthough  i t  must be ad m itted  th a t  th e  in tro d u ced  
f is h e s  form th e  b ases  o f m u l t i - m i l l io n - d o l la r  r e c r e a t io n a l  f i s h e r i e s .

The d isap p earan ce  o f endangered s p e c ie s ,  such a s  th e  Colorado R iver 
squaw fish , from r e s e rv o i r s  and ta i lw a te r  a re a s  of th e  Colorado R iver i s  n o t 
d i f f i c u l t  to  comprehend. They la ck  th e  e v o lu tio n a ry  programming fo r  
la c u s t r in e  l i f e  in  th e  r e s e rv o i r s  and re q u ire  a  minimum tem p era tu re  o f 20 
degrees C fo r  re p ro d u c tio n . The ta i lw a te r s  below th e  dams a re  too  c o ld .

The squaw fish  has n o t been found in  th e  low er Colorado R iver B asin 
(Grand Canyon and below) s in c e  1968. I t  has a ls o  d isap p eared  o r d r a s t i c a l l y  
d e c lin ed  in  numbers in  m ajor t r i b u ta r y  r iv e r s  which la c k  la r g e ,  m ainstream  
dams. In  th e se  a r e a s ,  i t  has been th e  g ra d u a l, cum ulative  im pacts a c t in g  to  
fav o r dominance of n o n -n a tiv e  f i s h e s .

I t  i s  more d i f f i c u l t  to  q u a n tify  cause and e f f e c t  r e la t io n s h ip s  r e s u l t in g  
from g ra d u a l, cum ulative im pacts. They a re  d isp e rse d  in  tim e and p la c e ; they  
a c t  through changes in  flow  reg im es, channel morphology (p h y s ic a l h a b i t a t ) ,  
d ep th , v e lo c i ty ,  t u r b i d i ty ,  tem p e ra tu re , e t c .

The G ila  R iver o f New Mexico and A rizona may be c i te d  as an example of 
th e  rep lacem ent o f n a t iv e  f is h e s  by in tro d u ced  sp e c ie s  as  th e  r e s u l t  of 
env ironm ental changes from lan d -u se  p r a c t ic e s .  O r ig in a lly  th e  G ila  was a 
c le a r  r iv e r  w ith  s ta b le  banks and channels av erag ing  100 to  200 f e e t  in  w id th , 
flow ing th rough  r ic h  bo ttom lands w ith  a s s o c ia te d  q u ie t  backw ater marshes and 
lag o o n s. Dense v e g e ta tio n  and an abundance of f i s h  and w i l d l i f e ,  in c lu d in g  
th e  p re s e n tly  endangered squaw fish , c h a ra c te r iz e d  th e  o r ig in a l  environm ent. 
Beginning in  th e  l a t e  n in e te e n th  c e n tu ry , th e  p e rio d  of th e  open range began 
( th e  " trag ed y  o f th e  commons"). O vergrazing by l iv e s to c k  d estro y ed  th e  

v e g e ta tio n  cover th roughout much of th e  b a s in , a c c e le r a t in g  e ro s io n  and 
peak ru n -o f fs  and s e t t in g  th e  s ta g e  fo r  g r e a t ly  am p lify in g  th e  e f f e c t s  of 
f lo o d s . As we now know, th e  f l u v i a l  geomorphic consequences of v e g e ta tio n  
rem oval from a r id  and sem iarid  w a te rsh ed s, such a s  th e  G ila , i s  q u i te  
p re d ic ta b le  (Schumm, 1969).



A flo o d  in  1916 d e v a s ta te d  th e  G ila  d ra in a g e , o b l i t e r a t in g  th e  bottom ­
lan d s and a s s o c ia te d  farms and co n v ertin g  th e  environm ent in to  a b a rre n  
expanse o f sh a llo w , b ra id e d  stream  ch an n e ls . The channel of th e  G ila  R iver 
expanded from 138 f e e t  to  1,935 f e e t  a t  Solomon, A rizona. A s im ila r  sequence 
of ev en ts  occu rred  in  o th e r  t r i b u ta r y  r iv e r s  o f th e  lower Colorado B asin — 
th e  L i t t l e  C olorado, th e  San Simeon, th e  B lue, th e  San P edro , e tc .  (Chapman, 
1933; M il le r ,  1961).

In the upper Colorado River Basin, the changes have been less dramatic, 
but the squawfish continues to decline in numbers in areas of former 
abundance, such as the Gunnison and Yampa Rivers. Here roads, railroads, 
urban areas, and agricultural irrigation have caused changes in channel 
morphology and loss of quiet backwater habitat which is important for early 
life history stages of the squawfish.

FINAL COMMENTS

The degree of aw areness of la n d -  and w a te r-u se  im pacts on f is h e s  can be 
gauged from th e  number o f symposia s tim u la te d  by th e  problem . Thus, th e re  
has been c o n s id e ra b le  l i t e r a t u r e  g en era ted  in  re c e n t y e a rs  on th e  e f f e c t s  of 
dams and r e s e r v o i r s ,  c h a n n e liz a t io n , lo g g in g , and in -s tre a m  flow  req u irem en ts  
(H a ll, 1971; F is h , 1968; A rner e t  a l . ,  1976; Corning e t  a l . ,  1975; Gibbons 
and S a lo , 1973; Osborn and Allman, 1977). The most p e rv a s iv e  man-induced 
in f lu e n c e  on w atersheds in  th e  W est, however, i s  l iv e s to c k  g ra z in g , b u t th e  
f i r s t  symposium examining th e  im pact of l iv e s to c k  on f is h e s  was h e ld  only  t h i s  
y ear (Behnke, 1977b). One reaso n  fo r  th i s  la c k  o f aw areness i s  due to  th e  
g ra d u a l, cum ulative im pact of l iv e s to c k  g ra z in g . Many degraded stream s have 
been in  th a t  c o n d itio n  so long th a t  i t  i s  commonly assumed th a t  only  n a tu r a l  
fo rc e s  a re  re s p o n s ib le . The problem  of l iv e s to c k  g raz in g  a c c e le r a t in g  th e  
e ro s io n a l p ro cess  and d e s tro y in g  op tim al f i s h  h a b i ta t  i s  p a r t i c u la r ly  a cu te  
in  a r id  and sem iarid  re g io n s . I t  i s ,  e s s e n t i a l l y ,  a problem  of range 
management, o r th e  f a i l u r e  of range management to  co n sid e r a l l  e f f e c t s  on th e  
a q u a tic  ecosystem  caused by range management p r a c t ic e s .  The s o lu t io n  to  t h i s  
problem  i s  to  remove stream s and th e i r  a s s o c ia te d  r ip a r ia n  v e g e ta tio n  from 
th e  s tan d a rd  g raz in g  a llo tm e n ts  and to  manage such a re a s  w ith  a  d i f f e r e n t  
s e t  o f p r i o r i t i e s .

With th e  in c re a s in g  demand on f i s h e r i e s  b io lo g is t s  to  p ro v id e  in p u t to  
p re d ic t  th e  consequences o f w ater and energy developm ent p ro je c ts  and la n d - 
use p r a c t ic e s ,  i t  i s  e s s e n t i a l  th a t  they  become f a m il ia r  w ith  c e r ta in  
p r in c ip le s  o f f l u v i a l  geomorphology, p a r t i c u la r ly  as they  r e l a t e  to  
ra m if ic a t io n s  th roughout a d ra in ag e  a re a , as  reg a rd s  changes in  flow  reg im es, 
channel m orphology, and bank s t a b i l i t y .

REFERENCES

A rner, D. H ., H. R. R o b in e tte , J .  E. F r a s ie r  and M. H. Gray. 1976. E f fe c ts  
of c h a n n e liz a t io n  o f th e  L u x a p a lila  R iver on f i s h ,  a q u a tic  in v e r te b r a te s ,



w ater q u a l i ty  and fu r b e a re r s .  U. S. Department o f I n t e r i o r ,  F ish  and 
W ild life  S e rv ic e , O ffice  of B io lo g ic a l S e rv ic e s . FWS/QBS-76-08: 58 pp.

Behnke, R. J .
1977a. Problems of c o ex is te n ce  between energy developm ent and th e  

n a t iv e  f i s h  fauna of th e  upper Colorado R iver B asin w ith  a 
s p e c ia l  re fe re n c e  to  endangered and th re a te n e d  s p e c ie s .
R esources fo r  th e  F u tu re  Forum on th e  im pact of energy develop­
ment on f i s h  and w i ld l i f e  symposium, A lbuquerque, New Mexico, 
November 1976, in  p re s s .

1977b. L iv esto ck  g raz in g  and stream  f i s h e r i e s :  Problems and suggested  
s o lu t io n s .  Symposium on th e  in te r a c t io n  of l iv e s to c k  g raz in g  
and f i s h  and w i ld l i f e ,  S parks, Nevada, May 1977, in  p re s s .  

Chapman, H. H. 1933. In f lu en c e  o f o v e rg raz in g  on e ro s io n  and w a te rsh ed s. 
C iv il  E ngineering  3: 74-78.

C orning, R. V ., R. F. R a le ig h , G. D. Schuder and A. Wood (e d .)  1975.
Symposium on s tream  channel m o d if ic a tio n  p ro ceed in g s . P ub lished  by 
Stream channel m o d if ic a tio n  symposium, Box 312, G ro tto e s , V irg in ia :
172 pp.

F is h , F. F. (e d .)  1968. R ese rv o ir f is h e ry  re so u rce s  symposium. Southern 
D iv is io n  American F is h e r ie s  S o c ie ty : 569 pp.

G ibbons, D. R. and E. 0 . S a lo . 1973. An an n o ta ted  b ib lio g ra p h y  on th e  
e f f e c t s  o f logg ing  on f i s h  of th e  w este rn  U nited  S ta te s  and Canada.
U. S. Departm ent of A g r ic u l tu re , F o rea t S e rv ice  G eneral T echn ica l R eport 
PNW-10: 145 pp.

H a ll ,  G. E. (e d .)  1971. R ese rv o ir f i s h e r i e s  and lim nology . American
F is h e r ie s  S o c ie ty  S p e c ia l P u b lic a tio n  7: 511 pp.

M il le r ,  R. R. 1961. Man and th e  changing f i s h  fauna of th e  American
sou thw est. Papers o f th e  M ichigan Academy of S c ien ces , A rts  and L e t te r s  
46: 365-404.

Osborn, J .  F. and C. H. Allman (e d .)  1977. In stream  flow  needs. American 
F is h e r ie s  S o c ie ty , two volum es: 1200 pp.

Schümm, S. A. 1969. A geomorphic approach to  e ro s io n  c o n tro l  in  sem iarid  
re g io n s . T ran sac tio n s  of th e  American S o c ie ty  o f A g ric u ltu re  E ngineers 
12: 60-68.


