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INTRODUCTION 

Proposed energy developmcnts,are p l a c i n g  heavy burdens on t h e  d e s e r t  

ecosystems o f  Southwestern United S t a t e s .  Coal f i r e d  e l e c t r i c a l  p l a n t s  

and t h e  r e s u l t a n t  coa l  mines a r e  major p e r t u r b a t i o n s  proposed f o r  Southern 

Utah's d e s e r t s  and h igh  p la teaus .  Unfor tunate ly  l i t t l e  i s  known of  t h e  

environmental consequences o f  such d i s tu rbances ,  e s p e c i a l l y  concerning 

a q u a t i c  ecosygtems. 

The p resen t  s tudy  surveyed t h e  a q u a t i c  fauna and f l o r a  of  Esca lan te  

Canyon i n  south  c e n t r a l  Utah. Dams have been proposed t h a t  would a f f e c t  

t h e  Esca lan te  River  and its t r i b u t a r i e s ' .  The dams are f o r  water  s t o r a g e  

f o r  c o a l  . f i r e d  e l e c t r i c a l  p l a n t s .  The s tudy was made t o  determine t h e  

composition of  t h e  a q u a r i c  ecosystem o f  Esca lan te  Canyon a1.d probable 

changes i f  f l a s h  f lood ing  and r i v e r  l e v e l  were decreased. Emphasis w a s  

p laced  on f i s h e s  i n  t h e  r i v e r  and p l a n t s  i n  t h e  r i p a r i a n  community. Th i s  

f i n a l  r e p o r t  d e t a i l s  t h e  f i n d i n g s  t o  da te .  

.STUDY AREA 

Location and Extent  : 

The Esca lan te  River is  l o c a t e d  w i t h i n  western Kane and Gar f i e ld  

coun t i e s ,  l a t i t u d e s  37' 30"-37' 45", l o n g i t u d e s  111' 30"-111" 45". 

The upper r i v e r  r u n s  i n  a n  east-west d i r e c t i o n  from t h e  Table C l i f f s  

t o  t h e  town of Esca lan te  wi th  major t r i b u t a r i e s  e n t e r i n g  from t h e  Aquarius 

P l a t e a u  t o  t h e  nor th .  From h e r e  t h e  r i v e r  runs  i n  a  north-south d i r e c t i o n  

t o  Lake Powell. Major t r i b u t a r i e s  e n t e r  t h i s  s e c t i o n  o f  t h e  r i v e r  from 

the w e s t  and east i n  a n  east-west manner. 



  he s tudy  a r e a  i s  the  lower 80 km. o f  t h e  Esca lante  River from Harr i s  

Wash t o  Coyote Wash. Sampling s t a r t e d  200 m. above t h e  mouth of S i l v e r  

. F a l l s  Creek, on t h e  Esca lante ,  and ended on the  Esca lante  200 m. below 

t h e  mouth of Coyote Wash. Sampling inc luded t h e  r i v e r  channel  and the 

r i p a r i a n  community along the . edge  of  t h e  r i v e r .  
. -  . 

Adminis t ra t ion  and Use: 
. . 

The r i v e r ,  n o r t h  o f  Harris Wash i s  adminis te red  by t h e  Bureau of 
- . - . .  

Land llanagemeht, Kanab D i s t r i c t .  Most of H a r r i s  Wash and t h e  Esca lante  

River  down t o  and inc luding  Coyote Wash a r e  adminis te red  by the  Park 
. .. . .. : . . .  - 

Service  through t h e  Glen Canyon N a t i o c a l  Recrea t ion  Area (GCNXA). Below 
.. . 
-. . . -. 

Coyote Wash, t h e  canyon is mostly f looded  by Lake Powel l - and  comes under 

t h e  j u r i s d i c t i o n  of t he  GCXRA. 
.. . - . . . 

Land u s e  a long the  Esca lante  i s  p r i m a r i l y  confined t o  c a t t l e  grazing,  
. . . - - -  

backpacking and horse  t r a v e l .  Grazing e x i s t s  t o  about  1 5  km. below Harris 
. -  - 
Wash from which p o i n t  t e r r a i n  becomes u n s u i t a b l e  f o r  c a t t l e .  Backpacking 

. . 

and horse  t r a v e l  f o r  t h e  s c e n i c  a m e n i t i e s  a r e  probably t h e  most important 

u ses  a t  p re sen t .  Due t o  t h e  r ecen t  p u b l i c i t y i n  t h e  Esca lan te  a r e a ,  

and i t s  unique wi lderness  s i t u a t i o n ,  backpacking and backpacking a c t i v i t i e s  . 

have become much more popular  and c o n s t i t u t e  t h e  major l a n d  use  on t h e  

lower Esca lante .  

Topography and Geology: 

Within t h e  s tudy a rea ,  s e v e r a l  d i s t i n c t  s t r a t i g r a p h i c  u n i t s  can be 

d i f f e r e n t i a t e d .  These u n i t s  have a d i s t i n c t  e f f e c t  on t h e  phys ica l  

appearance of  t h e  r i v e r  canyon and a r e  impor tant  i n  determining canyon 

c r o s s  s e c t i o n ,  width,  depth, s t r eam g r a d i e n t ,  and a l l u v i a l - c o l l u v i e l  

d e p o s i t s ,  hence i n f l u ~ n c i n g  t h e  f l o r a  and fauna. 
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and 

From 0-15 km. the  r i v e r  charac ter  i s  influenced by t h e  Navajo 

Kaycnta formations.  H a r r i s  Wash a l s o  c u t s  through these  formations.  

Navajo i s  a very  r e s i s t a n t  sandstone and downcutting through t h i s  

s e c t i o n  has  been slow. S imi l a r ly ,  the  Kayenta is  a l s o  r e s i s t a n t  bu t  

l e s s  so  than  t h e  Navajo. This h a s  given t h e  canyon a ve ry  broad f l o o r  ' 
% 

90-150 m. wide w i t h  headwalls a s  wide a s  one-half km. Meanders t r a v e r s e  
, . 

t h e  canyon f l o o r  bu t  do no t  touch t h e  canyon s i d e  wa l l s .  The s tream 

g rad ien t  i s  340 m/km. A l l u v i a l  depos i t s  are ex tens ive ,  c o n s i s t i n g  mostly 

of sand and s i l t  s i z e d  p a r t i c l e s .  C o l l u v i a l  d e p o s i t s  a r e  l a c k i n g  due t o  

t h e  r e s i s t a n t  n a t u r e  of t h e  sandstone. 

From 15-43 Ian., t h e  canyon c u t s  through the  Windgate,Formation. I n  

t h i s  s e c t i o n ,  t h e  canyon nar rws ,*meanders  l e s s  and has  a g r e a t e r  s t ream 

a g r a d i e n t  of 5.0 m/km. - Entrenchment w i t h i n  t h e  canyon is g r e a t e r  w i t h  

almost  no meandering from s i d e  w a l l  t o  s i d e  wa l l .  Canyon p r o f i l e  i s  

d i f f e r e n t  from t h e  previous  s e c t i o n  w i t h  canyon width be ing  narrower. 

The r iver  e n t e r s  t h e  Chinle Formation a t  43 km. and con t inues  through 
. .- 

t h i s  s e c t i o n  u n t i l  t h e  58 km. mark. It is apparent  t h a t  t h e  Chinle .:' 

Formation h a s  formed a small a n t i c l i n e  a t  this po in t ,  which t h e  r i v e r  c u t s  

i n t o  b u t  does  not  p a s s  through. The Ch in le  is a moderately s o f t  l imestone 

, formation t h a t  is e a s i l y  eroded. The canyon opens through t h i s  s e c t i o n ,  

b u t  t h e  r i v e r  remains entrenched.  The r i v e r  does n o t  meander w i t h i n  the  

canyon probably due t o  t h e  s o f t . n a t u r e  of t h e  l imestone t h a t  a l l o w s  

r a p i d  downcutting. 

From 58 km. t o  Lake Powell,  t he  r i v e r  r e -en te r s  t h e  Windgate Formation. 

Canyon c h a r a c t e r i s t i c s  are very  s i m i l a r  t o  those  found upstream where 

t h e  River  had p rev ious ly  c u t  t h e  Windgate Formati0.n. 



P l a n t  Con~rnunity : 

-Vege ta t ion  i n  t he  s tudy a r e a  can b e  broken down i n t o  two types:  

t h e  r i p a r i a n  community and t h e  deser t - shrub  community. 

The r i p a r l a n  community e x i s t s  w i t h i n  t h e  in f luence  of t h e  r i v e r ' s  

water  t a b l e  and is confined t o  a r e a s  a long  the  r i v e r  bank. The wid th  

of  t h e  r i p a r i a n  c o m u n i t y  v a r i e s  and i s  dependent on t h e  r i v e r  bank 

g r a d i e n t ;  a  g e n t l e  r i v e r b a n k  having a  wider  r i p a r i a n  community than  a  s t e e p e r  

bank. Those i l a n t  s p e c i e s  i n f l u e n c e d  <i t h e  r i v e r ' s  wa te r  t a b l e  u s u a l l y  

r e q u i r e  t h e i r  r o o t  mass t o  be a t  o r  n e a r  t h e  water  t a b l e .  Some, bu t  not  

a l l ,  a r e -ph rea tophy te s .  

The d e s e r t  shrub community b e g i n s  where t h e  r i v e r  bank is h igh  
I 

enough s o  t h a t  p l a n t s  a r e  no l o n g e r  i n f l u e n c e d  by t h e  r i v e r ' s  wa te r  t a b l e .  

This  community is n o t ,  h w e v e r ,  t h e  s u b j e c t  of d i scuss ion  s i n c e  i t  i s  n o t  

d i r e c t l y  inf luenced  by t h e  Esca l an te .  
. . . . 

METHODS 

- Esca lan te  Canyon i s  a  r o a d l e s s  area w i t h  few a c c e s s  p o i n t s .  Foot 

t r a v e l  is  t h e  on ly  v i a b l e  method of t r a v e r s i n g  through t h e  s tudy  a rea .  

Access was gained through H a r r i s  Wash and  through Coyote Wash. A l l  

sampling and camping equipment was backpacked and hand c a r r i e d .  

Ripar ian  Community: 

Sampling techniques  f o r  i n v e s t i g a t i n g  t h e  r i p a r i a n  community were 

modif ied from West et a l . ,  1974. Macroplo ts  were l o c a t e d ,  t r a n s e c t s  were 

set up w i t h i n  macroplots,  and m i c r o p l o t s  were observed a l o n g  each  t r a n s e c t .  

P l a n t  s p e c i e s  were i d e n t i f i e d  and  measurements were t aken  t o  determine 

p l a n t  cover  and dens i ty .  



From p re l imina ry  obse rva t ions ,  a t  which time presence-absence t r a n s e c t s  

were taken,  i t  was decided t h a t  a ruacroplot would be  l o c a t e d  every  3 km. 

a l o n g  t h e  r i v e r .  Macroplot s i z e  was 50 m. long  by 20 m. wide, t h e  l e n g t h  

p a r a l l e l l i n g  t h e  r i v e r .  Approximate l o c a t i o n s  of t h e  macroplo ts  were 

determined from 7.5 and 15 minute maps upon which k i lome te r  markings had 

been l a i d  out .  Tossing a s t o n e  l o c a t e d  t h e  beginning of  t h e  macroplot  

w i t h  the  l e n g t h  running.downstream from t h a t  po in t .  Stream d i r e c t i o n ,  

. s i d e  of bank Sampled, rock  formation,  and s t ream g r a d i e n t  were recorded  

a t  t h i s  time. Also,  e s t i m a t i o n s  of v a r i o u s  pe rcen t  cove r s  on t h e  macro- 

l o t  were t aken  a t  t h i s  time. 

T r a n s e c t s  were set up a s  fol lows:  P rev ious  t o  r e a c h i n g  t h e  macroplo t ,  

t h r e e  numbers spaced between encrements of  1 7  were taken  from 1-50. 

A measuring t a p e  w a s  l a i d  ou t  f r o m t h e  beginning of t h e  macroplot  s o  

t h a t  0 and 50 meters were e x a c t l y  10  me te r s  from the  r i v e r  edge.  The t h r e e  

numbers were - then  l o c a t e d  a l o n g  t h e  t a p e  and-  s taked.  These p o i n t s  were 

t h e  midpoin ts  of t h e  t h r e e  t r a n s e c t s .  Next,  t h e  t a p e  was l a i d  pe rpend icu la r  

t o  the p r e v i o u s l y  measured l i n e  f o r  20 mete r s  and s t aked  s o  t h a t  t h e  ,10 

meter  mark w a s  e x a c t l y  a t  t h e  mid po in t .  This  was t h e  t r a n s e c t  l i n e  f o r  

t h e  mic rop lo t s .  T h e . 1 0 ~  and med iun ' f l ood  marks were recorded  f o r  d i s t a n c e  

in from t h e  r i v e r  edge and h e i g h t  above t h e  r i v e r .  

' Microplo ts  were l a i d  s i d e  by s i d e  and  measured 1 m. long  by 2 m. wide. 

~ i c r o ~ l o t s  were always taken on t h e  downstream s i d e  o f  t h e  t r a n s e c t .  

Tree,  sh rub ,  and f o r b  d a t a  were taken  w i t h i n  t h i s  p l o t .  Gras s  d a t a  was 

taken i n  a p l o t  50 cm. by 20.cm. on t h e  r i g h t  s i d e  a d j a c e n t  t o  t h e  b a s e l i n e .  

A point-frame was used t o  measure ground cover  a t  each me te r  mark; on 

t h e  t r a n s e c t . b a s e l i n e  and one-half neter from t h e  t r a n s e c t .  



. . . 
Cover measurements were est imated w i t h  t h e  a id  of a frame t h a t  

represented  5 and 104 of t h e  microplot .  Dens i ty  measurements were taken  

by counting i n d i v i d u a l  stems above the  ground except bunch g r a s s e s  which * 

were counted by t he  bunch. Along w i t h  t h i s  information,  p l a n t  Bpecies  

w'ere c o l l e c t e d  each time a newone  was encountered and measured. 

Aquatic Community: 
* 

Sampling was conducted on two t r i p s  through the  s tudy a rea .  

Tr ip  1 (July  2-8) cons i s t ed  of f i s h  and p l a n t  sampling. O r i g i n a l l y  every  . 
o t h e r  km was t o  b e  a sampling s t a t i o n ,  but l o n g i t u d i n a l  v a r i a t i o n  was 

small s o  s t a t i o n s  were s e t  f u r t h e r  apa r t .  Every o t h e r  km was used t o  

km 12,  eve ry  t h i r d  t h e r e a f t e r .  The weather  was c l e a r  and h o t  and t h e  

r i v e r  was c l e a r .  F i s h  were sampled wi th  a 30 'x4 '~1 /4"  s e i n e ,  on ly  s p e c i e s  

xnnposi t ion w a s  noted.  F i s h  were e a s i l y  s e e n  throughout t k e  t r i p  a l lowing 

f o r  presence d a t a  t o  be  obta ined  i n  deep h o l e s  o r  a r e a s  o therwise  unsu i t ed  
, 

t o  se in ing .  

T r i p  2 ( Ju ly  19-23) c o n s i s t e d  of q u a n t i t a t i v e  f i s h  sampling i n  1 4  
. . 

sites. The weather  was cloudy, r a i n y  and t h e  r i v e r  was extremely t u r b i d .  

F h s h  f lood ing  occurred  s e v e r a l  t i m e s .  Each s i t e  was se ined  s e v e r a l  t imes 

t o  e s t ima te  popu la t ion  composition and s i ze . '  An a d d i t i o n a l  12'x101 x3/8" s e i n e  

was used f o r  deep ho le s .  Spec ie s  and t o t a l  l e n g t h  of f i s h  were noted. 

The Esca lante  R ive r  is composed of  t h r e e  major  h a b i t a t  types ,  deep pool ,  

r i f f l e  and shal low sand run. Each was sampled throughout t h e  s tudy  a r e a  

t o  determine changes i n  popu la t ions  l o n g i t u d i n a l l y  i n  t h e  stream. The 

d a t a  d id  n o t  lend  i t s e l f  t o  formal  p o p u l a t i o n  e s t ima tes  s o  t h e  number 

caught  i n  t h e  f i r s t  t h r e e  s e i n e  h a u l s  a t  e a c h  s i t e  was used as a popula t ion  

index. These f i g u r e s  were cons idered  good e s t i m a t e s  because f i s h  numbers 



were g e n e r a l l y  sma l l  and the t h r e e  s e i n e ' h a u l s  u s u a l l y  caught most 

of t he  f i s h  p resen t .  Also i n f o f m t i o n  ga thered  dur ing  T r i p  1 l e d  credence 

t o  t h i s  index. 

RESULTS 

Ripar ian  Community: 

- A d i s c u s s i o n  of r e s u l t s  r e l a t e d  t o  t h e  r i p a r i a n  community w i l l  be  

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

s p e c i e s  found i n  t h e  lower Esca lante  R ive r  Canyon. Second, is  a 

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

c o m , n i t y  sub types.  These r e l a t i o n s h i p s ,  however, a r e  s t i l l  not  c l e a r y  

understood and f u r t h e r  i n v e s t i g a t i o n  i s  r e q u i r e d  b e f o r e  they  ccn be  

completely de f ined .  

I n  t h e  f i r s t  two t r i p s  down t h e  river, g e n e r a l  obse rva t ions  were 

made and the  presence-absence t r a n s e c t s  were taken eve ry  3 km. From 

t h i s  was compiled a complete s p e c i e s  list of p l a n t s  encountered i n  t h e .  

r i p a r i a n  community of  t h e  lower Esca lan te .  Th i s  was f u r t h e r  supplemented 

on the  t h i r d  t r i p  a t  which time sampling was made on p l a n t  cover  and 

dens i ty .  

The f i r s t  f l o r i s t i c  l i s t i n g  is a l l  p l a n t s  encountered i n  t h e  r i p a r i a n  

community. Most of t hese  s p e c i e s  a r e  n o t  confined t o  t h e  r i p a r i a n  

c o m u n i t y  and a r e  found elsewhere. However, t hese  p l a n t s  o b t a i n  

maximum growth and develcpnent w i t h i n  t h e  r i p a r i a n  community. The second 

l i s t i n g  i s  o f ' s p e c i e s  t h a t  a r e  endemic t o  t h e  r i p a r i a n  c o m u n i t y  and can 

, n o t  s u r v i v e  o u t s i d e  t h e  in f luence  of t h e  r i v e r ' s  water  t a b l e .  Within 

each  l i s t i n g ,  v e g e t a t i o n  is  c l u s t e r e d  i n t o  t h r e e  major d i v i s i o n s ;  t r e e s  



and shrubs  and g r a s s e s  i n c l u d i n g  Carex and Juncus and f o r b s  

Trees  and Shrubs 

S a l i x  exigua 
S. amydaloides - --- 
Tamarix pdntandra 
Populus f r e m o n t i i  
Quercus gambel i i  
Bacchar i s  emoryi 
Chrysothnnus nauseosus 

Grasses 

Poaceae 

D i s t i c h l i s  s t r i c t a  
Muhlenburgia a s p e r i f o l i a  
Ploypogon monosplen iens i s  
Agros t i s  s e m i v e r t i c i l l a t a  
A. p a u l u s t r i s  - 
Panicum vi rga tum 
Bordeum j uba t  urn 
Bromus t e  ctoru; 
Elymus canadens i s  
Echinochlola  c r u s g a l l i  
Cenchrus ~ a u c i f l o r u s  
Or i zops i s  hyrnenoides 
S ~ o r o b o l u s  c o n t r a c t u s  

Juncaceae 

Juncus t o r r e y i  
Juncus bu fon ius  
Juncus t r a c y i  

Eau i se t aceae  

Equisteum a rvense  
Equisetum laev iga tum . 

Typhaceae 

Typha l a t i f o l i a  

Cyperaceae 

Sc i rpus  americznus 



Forbs  

M e l i l o t u s  o f f i c i n a l i s  
M e l i l o t u s  a l b a  - - - --- 
F r a x i n u s  anomala 
F r a n s e r i a  a c a n t h i r a r p a  
Conyza can<dens i s  
Ranunculus c y n b a l a r i a  . 
P l a n t  a20 ma j o r  
Polvronum l a ~ i t h i f o l i u m  . - ., 
Kochia s c o p a r i a  

. Lepidum montannn 
Corispermurn hy s s o p i f o l i u m  
Apocynum* cannab ium 
M e d l c a ~ o  l a ~ u l i n a  
Medicago s a t i v a  
Cleome l u t e a  
Plan-tago p u r s h  ii 
Euphorbia  p a t r y i  
C a s t i l l e  ja l i n a r i a e f o l i a  
Veron ica  a n a g a l u s  
'Hel io t ropium convolvulaceum 
Epi lobium a d m o c a u l o n  - 

. ~ o r r i p a  n a s t u r t i u m  
G n a ~ h a l i u m  ~ a l u s t r e  
Eriogonum i n £  i a t u m  
Xanthium o f f i c i n a l e s  
Taraxacum o f f i c i n a l e s  

. A x c e l e p i a s  s p e c i o s a  
S a l s o l a  k a l i  
D i c o r i a  c a n e s c e n s  
Peta los temum f l a v e s c e n s  
M e n t z e l i a  pumi la  
Oenothera  h o o k e r i  -- 
Ranunculus c v m b a l a r i a  
C a s t i l l e j a  l i n a u a e f o l i a  
Veronica  a n a n a l i s  . . 
Eriogonum i n f l a t &  - 
Oenotnera  F o c k e r i  

Those s p e c i e s  endemic t o  t h e  r i p a r i a n  community are 'grouped as 

f o l l w s  : 

T r e e s  and s h r u b s :  

S a l i x  e x i c u a  
S a l i x  amyda lo ides  
Tamarix Denotandra  
Popu lus  f r e m o n r i i  - - i n  s h r u b  f o r m  
B a c c a r i s  emorvi  



Grasses 

Junacaceae 
. Juncus t o r r e y i  

Juncus bufonicus 
Juncus t r a c y i  

Equise taceae  
Zquisetum arvense . / 

Equisetum lasvigatum 
Cyperaceae 
Sc i rpus  amer icmus  

Forbs 

No f o r b s  were found t h a t  vere s t r i c t l y  confined t o  t h e  r i p a r i a n  

community; however, Me l i lo tus  a l b a  and F r a n s e r i a  acan th i ca rpa  t h r i v e  

. b e s t  w i t h i n  t h i s  community-, 

Those s p e c i e s  confined t o  t h e  r i p a r i a n  community are of p r i n c i p l e  

concern and probably c o n s t i t u t e  t h e  most e c o l o g i c a l l y  impor t an t  spec i e s  

w i t h i n  t h e  r i p a r i a n  community. It is t h e s e  s p e c i e s  w i t h  which subsequent 

" a n a l y s i s  dea l s .  

The nex t  s t e p  in t h e  a n a l y s i s  o f  d a t a  was t o  c l u s t e r  by Ecu l id i an  

d i s t a n c e  u s i n g  methods de r ived  from Ward and desc r ibed  by P y o t t  (1972). 

C l u s t e r i n g  was done, on presence-absence d a t a ,  on  a weighted group 

b a s i s  s t a r t i n g  wi th  t h e  two i n d i v i d u a l  s p e c i e s  having t h e  lowes t  index 

v a l u e  of s i m i l a r i t y .  Tab le  1 is a  dendogram of mic rop lo t s  c l u s t e r e d  

on t h e  b a s i s  of p l a n t  s p e c i e s .  

The groups can b e  d e l i n e a t e d  w i t h  a n  index  of s i m i l a r i t y  of 16  

from t h e  dendogram based on v e g e t a t i o n  s imilari t ies.  

1. I m m a t u r e S a l i x  and Tamarix 

2. Mature Populus and Tamarix 

3. 'Adolescent  S a l i x ,  ~ o ~ u l u s ,  ~ n d  Tamarix 

4. Immature Tamarix, F r a n s e r i a ,  and M e l i l o t u s  a l b a  



5 .  Mattire N e l i l o t u s  a l b a  w i t h  unders tory  of Muhlenbnrgia a s p e r i f o l i a .  

6 .  r o c k  w a l l s ,  water ,  o r  c l a y  s l i c k s .  

7. Mature S a l i x  and ~ h r ~ s o t h a m n u s  nauseosus w i t h  unde r s to ry  of 
D i s t i c h l i s  s t r i c t a .  

8. Adolescent  and mature S a l i x  and Tamarix w i t h  unde r s to ry  of 
immature F r a n s e r i a .  

9. h m a t u r e ,  ado le scen t ,  and mature  Tamarix and Bacchar i s .  

10. Immature and ado le scen t  S a l i x  w i t h  unde r s to ry  of Sc i rpus  and 
Equisetum. 

For ease i n  i n t e r p r e t a t i o n  f o u r  major  c a t e g o r i e s  based on  t h e  t e n  above 
- 

can b e  d e r i v e d  w i t h  an index  o f  s i m i l a r i t y  equa l  t o  28. P e r c e n t  cover 

f o r  impor t an t  s p e c i e s  i n  each community subtype  are shown i n  Table  2. 

Groups 1-4 can  b e  co l l apsed  t o  y i e l d  community sub type  A. Adolescent 

and mature  S a l i x ,  Populus ,  and Tamarix w i t h  an u n d e r s t o r y  of  S a l i x ,  

.Tamarix, F r a n s e r i a ,  and Me l i l o tu s .  

. . Groups 5 and 7 c o l l a p s e  i n t o  community subtype  B: mature  S a l i x ,  

Chrysotamnus nauseosus,  and M e l i l o t u s  w i t h  an u n d e r s t o r y  of  Muhlenburgia 

a s p e r i f o l i a  and D i s t i c h l i s  s t r i c t a .  - 
Groups 8 and 9 c o l l a p s e  i n t o  community sub type  C: immature, 

a d o l e s c e n t ,  and mature S a l i x ,  Tamarix,  and Bacchar i s  w i t h  an  unde r s to ry  

of  F r a n s e r i a ,  Mo,l i lotus ,  and Conyza. 

Community subtype  D i s  composed of group 10: inimature and 

a d o l e s c e n t  S a l i x  w i t h  unde r s to ry  of S c i r p u s  and Equise tun .  

I n  o r d e r  t o  understand t h e  r e l a t i o n s h i p s  of each  community sub- 

type  one  must r e s o r t  t o  i n v e s t i g a t i n g  t h e  envi ronmenta l  g r a d i e n t s  su r -  

rounding each  co rnun i ty  subtype.  .From combining t h e  i n f o r m a t i o n  i n  

T a b l e s  1 and 2 w i t h  environmental  g r a d i e n t s  of geology,  hyd ro log ic  flow, 

and s t r e a m  bank g r a d i e n t s  each community subtype can  b e  understood.  



COMMUNITY SUBTYPE 

S p e c i e s  A B C  D 

I S a l i x  e x i g u a  

A S. e x i g u a  - . 8 1  .14 3 . 9 8  4.24 - 
M - S.  e x i g u a  1 .68  8 .94  6 .20 .36 -- 
I P o p u l u s  f r e m o n t i i  .09  .13 .08 . .75  

I T a n a r i x  p e n t a n d r a  . 22  .26 1 . 8  - .46 

M I. p e n t a n d r a  .98 -. 1 .40  . - . 86  - .05  

Cliryso t l ia~nnus  n a s e o s u s  .14 2.58 .54 .02  , 

S c i r p u s  a m c r i c a n u s  .10 . 00 .13 6 .47 

Equise tum arvense .13 . 0 0  .05 2.36 -- 
D i s  t i c h l i s  s t r i c t a  I .05 3.37 .32  . 0 1  - 
bluh lenberg ia  as p e r f  o l i a  . 10  2 . 1 1  .19  .10 

M e l i l o t u s  a l b a  6 . 0 1 .  8 .07 
- '  

.87 - .33 

F r a n s e r i a  a c a n t h i c a r p a  5.43 - - 4.43 1 . 0 1  .27 
T a b l e  2. Mean P e r c e n t  Cover  f o r  P l a n t  S p e c i e s  O c c u r r i n g  i n  More Than 20% o f  t h e  M i c r o p l o t s  by 

Community Sub type  Cover  is  o n  B a s i s . o f  1x2 Meter M i c r o p l o t .  



The first of t h e s e  d e l i n e a t i o n s  i s  t h e  apparent  c o r r e l a t i o n  of t h e  

rock s t r a t a  l o  t h e  vegeta t ion .  Those f o r m a t i o s  composed of sandstone 

@?a~ajo, Kayenta and Windgate) seem t o  have a d i f f e r e n t  i n f luences  

t h a n  t h e  Chinle formation which i s  composed mainly of l imestone.  Within 

f h e s e  format ions ,  sommunity subtypes A, D, and B occur. 

I n  t h e  Navajo and Kayenta Formations,  S a l i x  exigua and Popxlus 

f r e m o n t i i  seem t o  be  t h e  most abundant.  Species  of each e x i s t  from 

s e e d l i n g s  through matur i ty .  Bacchar is  emoryi e s s e n t i a l l y  does n o t  e x i s t  

a n d  Tamarix pentandra is n o t  v e r y  abundant.  Tamarix pentandra occurs  only 

i n  matme  forms. Sc i rpus  americanus and Equisetum arvense  a s  every  

abundant p e r i p h e r a l  TO t h e  r i v e r  edge, a s  i n  community subtype D. 

In . t h e  Windgtte formation s p e c i e s  composi t ion remains approximately 

t h e  same. Bowwer, Tamarix pentandra  is .  no longer  present .  Baccharis  

emoryi st i l l  does n o t  e x i s t .  

In t h e  Chin le  formation, s p e c i e s  composi t ion changes and community 

subtype  C appears .  Populus f r e m o n t i i  is e s s e n t i a l l y  nonexis tan t .  Baccharis  

emoryi occurs  f o r  t h e  f i r s t  t ime and through t h i s  s e c t i o n .  It a l o n g . w i t h  

S a l i x  and Tamarix becomes t h e  doninant  p l a n t  spec ie s .  Tamarix pentandra  

i n c r e a s e s  i n  abundance as compared t o  p r e v i o u s  s e c t i o n s .  

When t h e  r i v e r .  r e t u r n s  i p t o  t h e  Windgate formation, s p e c i e s  composition 

r e t u r n s  t o  t h a t  p r i o r  t o  t h e  Chin le  format ion .  Baccharis  emoryi dec reases  

in abundance u n t i l  i t  i s  nonexis tan t .  Tamarix a l s o  appears  t o  dec rease  i n  

abundance, bu t  occur s  w i t h  g r e a t e r  f requency than  i n  t h e  p rev ious  sands tone  

formations.  

The n e x t  major s t r a t i f i c a t i o n  i s  an appa ren t  age-class  s t r u c t u r e  of 

p l a n t  s p e c i e s  w i t h i n  macroplots. ,No  age -c l a s s  s t r u c t u r e  has  y e t  been 

determined but  e s t i m a t e s  v e r e  made on a v i s u a l  bases.  This s t r a t i f i c a t i o n  
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seems t o  e x i s t  thoughout the canyon but is more pronounced i n  the narrower 

sec t ions  of the Canyon. Reasons fo r  these s t r a t i f i c a t i o n s  a r e  not yet  

c lea r ly  understood but a re  probably re la tcd to  per iod ic  f looding.  Further 

inves t iga t ions  should . def i r e  t h i s  re la t ionship.  

The f i r s t  zone occurs along the  r i ve r  edge and is  represented bes t  

by community subtype D and i n  pa r t  comunity  subtype A .  This zone is  

dominated with Scirpus americanus and seedlings of S a l i x  exigua,  Tanurix 

pentandra and Populus f r e m o ~ t i i .  Baccharis emoryi s eed l ings  were a l s o  

found i n  thoc limestone sec t ion  of the  canyon. Equisetum spec i e s ,  Typha 

l a t i f o l l a  and Juncus spec ies  were p r i u a r i l y  confined t o  this zone. 

The second zone represented by comunity subtype A was predominantly 

of adolescent p l an t s  of f a i r l y  young age. A l l  r i p a r i a n  and other species 

occur i n  t h i s  zone and a r e  genera l ly  nure mature than the  vegetat ion 

i n  t he  previous zone. 

The l a s t  zone moving away from the  r i v e r  i s  represented by community 

subtype B consis ted of a l l  spec i e s  growing i n  a  mature state. Populus, 

. Tamarix and- S a l i x  are a l l  in a shrub form with  one major s t e m  and many 

suckers. I n  t h i s  zone, Mel i lotus  o f f i c i n a l e s  and Meli totus  - a l b a  occur 
.- 

i n  the  mature form, as does Franser ia  acanthicarpa. Chrysothaun~us nauseosus 

invades t n i s  zone from the  dese r t  shrub camuni ty  and reaches  maximum 

development. 

Aquatic Community 

Ten spec ies  of f i s h  sere co l lec ted  in Escalante Canyon. Only four  

of these  are native; ..f lannelmouth sucker - Catostomus l a t i p i n n i s ,  bluehead 

suckex - - C. disocobolus, r ound ta i l  chub - Gila  robusta  robus ta  and 

speckled dace - Rhinichythys - osculus. The flannelmouth sucker  w a s  the  



most common indigenous s p e c i e s ,  whereas t h e  in t roduced r ed  s h i n e r  - 
Notropis  l n t r e n s i s  was the  most abundant s p e c i e s  i n  the  s tudy  a r e a  (Table 3). 

D i s t r i b u t i o n  of n a t i v e  and in t rodncad  s p e c i e s  d i f f e r e n t .  Nat ive  

forms were most abundant i n  t h e  upper p a r t  o f  t h e  s tudy a r e a ,  in t roduced 

f i s h e s  i n  the  lower p a r t  (Table 3) .  The d i v e r s i t y  of s p e c i e s  a l s o  va r i ed  

by be ing  h igher  (more s p e c i e s )  i n  t h e  upper  p a r t .  A l l  f o u r  n a t i v e  s p e c i e s  

were r e l a t i v e l y  abundant i n  t h e  upper a r e a  whereas t h e  r e d  s h i n e r  

dominated t h e  'lower a rea .  

Species  Accounts - 

Roundtai l  Chub - G i l a  r o b u s t a  -- r o b u s t a  Bai rd  and Girard.  Round ta i l  

chubs were common t o  abundant  i n  t h e  uppe r  p a r t  of t h e  s tudy a r e a  

(Table 3). Few were c o l l e c t e d  o r  s e e n  below km 30. Three s i z e  c l a s s e s  

were noted,  30-50 mm, 70-120 an and 1 6 W  mm. The j u v e n i l e s  (30-120 niin) 

were most abundant i n  sand o r  sand  and r o c k  runs ,  wherezs a d u l t s  (160t mm) 

were almost exc lus ive ly  i n  deep pools .  The 70-120 mm s i z e  c l a s s  was t h e  

most abundant, sampling gea r  probably sampled t h i s  group most e f f e c t i v e l y .  

Speckled Dace - Rhinichthys  O S C U ~ U S .  Speckled dace were found - 

throughout t h e  s tudy  a r e a  b u t  were most common i n  t h e  upper 30 km. They 

were c o l l e c t e d  i n  a l l  h a b i t a t  types.  Two s i z e  c l a s s e s  were found,  j u v e n i l e s  

30-50 mm and a d u l t s  55-80 mm. J u v e n i l e s  were u s u a l l y  found i n  s lower  

water ;  sand runs  and edges of' pools .  A d u l t s  were t y p i c a l l y  found i n  

r i f f l e s .  Few j w e n i l e s  were found below km 30 al though a d u l t s  were 

common throughout the  s tudy  a r e a .  

Flannelmourh Sucker - Catostomus l a t i p i n n i s .  Flacnelmouth s u c k e r s  

were found throughout t h e  s tudy  a r e a  b u t  were most abundant above km 30 

where they dominated t h e  scream, e s p e c i a l l y  i n  biomass. Three  s i z e  c l a s s e s  
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were noted, 30-100 mm, 140-215 mrn and 2204. mm. The l a s t  s i z e  c l a s s  

undoubtedly encompasses s e v e r a l  age groups. Adults were found throughout 

t h e  study a r e a  i n  near ly  equal  abundance (Table 3 ) ,  but  bo th  s m a l l e r  

s i z e  c l e s s e s  were almost exclus ively  l i v i n g  i n  the  upper 30 km. 

Bluehead Sucker - Catostornus discobolus.  The bluehead sucker  was 

t h e  l e a s t  common of  the  four  n a t i v e  f i s h e s .  Again i t  was mainly r e s t r i c t e d  

t o  t h e  upper p a r t  of the  study area .  Three s i z e  c l a s s e s  were ev iden t ,  

30-50 mm, 65-100 mm and lOW mm. No d i s t r i b u t i o n a l  d i f f e r e n c e  was noted 

between s i z e  c l a s ses .  Blueheads w e r e  p r i m a r i l y  taken over  g r a v e l  o r  sand 

and g r a v e l  bottoms, i n  r i f f l e s  o r  deep (0.5-1.0 m) runs. 

Red Shiner  - Notropis  l u t r e n s i s ,  Red s h i n e r s  were co l l ec ted  a t  

a l l  14  sites i n  Tr ip  2. They almost t o t a l l y  dominated t h e  lower p a r t  

of  t h e  study a rea .  When they were abundant above km 30, t h e  n a t i v e  

s p e c i e s  a l s o  were abundant. But n a t i v e  f i s h e s  became s c a r c e  below km 30 

and r e d  s h i n e r  numbers rose. Only two s i z e  c l a s s e s  were e v i d e n t ,  35-40 mm, 

probably yea r l ings ,  and 41-69 mm, undoubtedly s e v e r a l  age  groups  b u t  no 

f i n e r  breakdown could be  made. Red s h i n e r s  were abundant i n  a l l  h a b i t a t  

types ,  they  were most common over sand and  rock bottoms w i t h  a r e l a t i v e l y  

slow cur ren t .  

Fathead Minnow - Pimephales promelas. Fathead minnows were r a r e l y  

taken i n  t h e  main r i v e r  (Table 3). They were extremely ,abundant i n  a  

s i l t y ,  dammed pool  i n  Har r i s  Wash and i n  s t agnan t  pools nea r  t h e  mouth 

of Stephens Wash. I n  t h e  r i v e r  they were usua l ly  found i n  small backwashes 

of s t i l l  water  ad jacen t  t o  pools o r  t h e  channel.  



T r i p  1, but  only one juveni le  was caught during Tr ip  2. ' S 

more than two seen i n  an area.  They were i n  pools or  s low 

l e n g t h  of the study area .  

Channel Ca t f i sh  - I c t a l u r u s  puncta tus ,  Adult channe l  

s e e n  occas ina l ly  dur ing  Tr ip  1, usua l ly  l y i n g  near the  bo t  * 

pools.  They were more common i n  t h e  lower p a r t  of the  s t u  
t 

Year l ing c a t f i s h  (30-56 m) and one j u v e n i l e  (158 nun) were 

a long  with one a d u l t  (390 mm) i n  Tr ip  2. ~ i l e  small  c a t f i s '  . 
i n  slow water  a reas ;  pools, sand runs  and edges of r i f f l e s  

Largemouth Bass - Eicropterus_ salmoides. Largemouth - 
approxinrately 150-300 mm were seen occas ina l ly  i n  deep poo. 

t h e  study a r e a  dur ing  Tr ip  I. None w e r e  c o l l e c t e d  i n  Tr ip  

they  were i n  p a i r s ,  a  few l a r g e  pools  contained several .  

. Green Sunfish - Lepomis cyanel lus .  One green sunf i sh  

i n  t h e  r i v e r  on Tr ip  1. None were c o l l e c t e d  t h e r e  i n  Tr ip  

abundant i n  s tagnant  pools nea r  t h e  mcuth of Stephens Wash 

age  c l a s s e s  represented,  suggest ing reproduct ion there.  

DISCUSSION 

Ripar ian  Plant-s  

Among t h e  more important  r e s u l t s  obta ined i n  the  appal  

of  geologic  s t r a t a  wi th  vegetat ion.  The sandstone formatic 

s t o n e  formation e x e r t  d i f f e r e n t  c o n t r o l s  a s  shown i n  the  ir 

Tamarix and the  i n t r o d u c t i o n  of Baccharis  i n  t h e  limestone 1 

Whether t h i s  c o r r e l a t i o ~ l  i s  a nut r ient -based e f f e c t  o r  pure 

phenomenon due t o  t h e  geologic d i f f e r e n c e s  should be d e t e r r  



The s t r a t i f i c a t i o n o f  spec ie s  t o  an  age - s i ze  c l a s s  s t r u c t u r e  appea r s  

ve ry  impor tant  i n  maintaining an e q u i l i b r i u m  i n  t h e  success ions1  dynzimics 

of t h e  r i p a r i a n  p l a n t  community. The s t r a t i f i c a t i o n  seems t o  b e  r e l a t e d  

to  t h e  frequency and i n t e n s i t y  of t h e  f l a s h  f lood cycle.  L i t t l e  v e g e t a t i o n  

becomes permanently e s t a b l i s h e d  c l o s e  t o  t h e  r i v e r  where f l a s h  f l o o d i n g  

occur s  most f r equen t ly .  Fu r the r  away from t h e  bank, f lood ing  becomes 

l e s s  i n t e n s e  and the  vege ta t ion  i s  a b l e  t o  p e r s i s t  longer  unt i .1  t h e  a r e a  
* 

of permanent v e g e t a t i o n  and no o r  v e r y  few f l o o d s  i s  reached. 

Both t h e  i n t e n s i t y  of f looding  and the '  geology of  t h e  a r e a  appear  

t o  ma in ta in  an equ i l ib r ium between S a l i x ,  Populus and Tamarix. F u r t h e r  

a n a l y s i s  of' t h e  d a t a  pool  and a d d i t i o n a l  f i e l d  work i s  needed t o  e x p l a i n  

this.phenomenon. Undoubtedly i f  f l a s h  f l o o d i n g  was reduced o r  a l l e v i a t e d ,  

a l t e r a t i o n s  i n  t h e  r i p a r i a n  community would b e  expected. -Vegetat ion would 

grow i n t o  a dense jungle  of mature S a l i x ,  Populus and Tamarix. 

Evapot ranspora t ive  l o s s e s  would b e  expected  t o  inc rease .  The canyon 

would no . longer  b e  a s  e a s i l y  hiked as t h e  open beaches become f i l l e d .  
I 

. Much o f  Esca lan te '  s charm a s  a  n a t u r a l  a r e a  would b e  l o s t .  

F i shes  
\ 

The observed d i s t r i b u t i o n  of f i s h e s  i n  t h e  Esca lan te  River  s u g g e s t s  

t h a t  t h e  zed s h i n e r  has  rep laced  many of t h e  n a t i v e  s p e c i e s  i n  t h e  lower 

area. It is then  important  t o  de termine  why o r  how t h e  s h i n e r  becomes 

e s t a b l i s h e d .  The answer t o  t h i s  problem appea r s  t o  be found i n  cons ide r ing  

t h e  d i v e r s i t y  o f '  t h e  h a b i t a t ,  and t h e  e f f e c t  t h a t  d i v e r s i t y  has  on t h e  

compet i t ive  advantage of one s p e c i e s  over  another .  

It seems safe t o  assume t h a t  s p e c i e s  which are adapted  f o r  a g iven  

set of  cond i t ions  usual ly  compete f avorab ly  w i t h  g e n e r a l i s t  s p e c i e s  i n  

t h a t  h a b i t a t .  But t h e  g e n e r a l i s t ,  e s p e c i a l l y  i f  i t  is  a n  aggres s ive  compet i tor ,  
. . 



usua l ly  can outcompete the  specia l ized  spcc ies  i n  o the r  than prime 

h a b i t a t  f o r  the  l a t t e r .  This appears t o  be the  case  f o r  t h e  Escalante  

f i s h e s .  A d i s t i n c t  d i f f e rence  was noted i n  f i s h  species ,  s i z e  c l a s s e s  

and numbers above and below approximately km 30. This corresponds 

q u i t e  w e l l  t o  the  a r e a  where the  canyon bottom narrows and t h e  r i v e r  ' 

becomes entrenched i n  t h e  Windgate formation. The upper meandering r i v e r  

h a s  cons iderable  r i f f l e s  and sand and/or rock runs ,  intermixed wi th  

# - 
pools  o f  va r ibus  shapes and s izes .  Dive r s i ty  o f  t h e  h a b i t a t  is 

r e l a t i v e l y  high. Native f isheS*are abundant. The lower entrenched 

. . r i v e r  has a r a t h e r  mnotenous s t r i n g  of sand runs  and deep pools  under 

l a r g e  boulders,  w i t h  a f e w  r i f f l e s  intermixed. Dive r s i ty  t h e r e  is - 
low. Native f i s h e s  a r e  sca rce  and an e x o t i c  s p e c i e s  dominates. Therefore  

i t  appears  t h a t  t h e  upper a r e a  provides.good h a b i t a t  f o r  t h e  n a t i v e  

s p e c i e s  and t h e  lower area is less than prime. 

Aquatic- invertebrates.productivity appears  t o  be  t h e  key t o  t h e  

importance' of  t h e  upper areas.  R i f f l e s  t y p i c a l l y  produce t h e  b u l k  of  

s t r eam i n v e r t e b r a t e s .  The upper a r e a  had a g r e a t e r  p e r c e n t a g e .  

of r i f f l e s  than t h e  lower a r e a  and hence would be  expected t o  have more 

i n v e r t e b r a t e s .  This  was noted t o  be  t r u e  i n  t h e  Escalante ,  a l though  

i n v e r t e b r a t e s  were no t  q u a n t i t a t i v e l y  sampled. The carnivorous  r o u n d t a i l  

chub would b e  expected t o  b e  b e t t e r  adapted t o  t h e  upper than lower area .  

The bluehead sucker ,  which t y p i c a l l y  feeds  by s c a r p i n g  a l g a e  and 

i n v e r t e b r a t e s  o f f  rocks,  would a l s o  be  b e t t e r  adapted t o  t h e  upper 

area .  I n  t h e  lower a r e a  a much l e s s  s t a b l e  food supply e x i s t s .  

Here t h e  omnivorous red  s h i n e r  appears b e t t e r  adapted t o  u t i l i z e  what 

food is a v a i l a b l e  than e i t h e r  the  chub o r  bluehead, and t h e r e f o r e  



outcompetes them. The s h i n e r  does not outcompete adu l t  flannelmouth 

sucker and speckled dace i n  the  lower a rea ,  a t  l e a s t  no t  t o  t h e  

po in t  of replacement. These two omnivorous spec ies  a r e  t h e  g e n e r a l i s t s  

of the  upper Colorado b a s i n  and hence can compete favorably w i t h  t h e  

s X n e r .  Juven i l es  of these  s p e c i e s  do not  f a r e  a s  w e l l  though, they 
- 

apparent ly  a r e  outcompeted by t h e  sh ine r  i n  the  lower area .  J u v e n i l e s  

of omnivorous s p e c i e s  a r e  genera l ly  more r e l i a n t  on i n v e r t e b r a t e s  than - .  
a d u l t s ,  and would be more s u s c e p t i b l e  t o  competition f o r  t h i s  l i m i t e d  

resource in t h e  lower area .  I n  t h e  a rea  of 'abundant, s t a b l e  food, 

juveni1e.s apparent ly  compete favorably wi th  the  e x o t i c  sh ine r .  

The redshiner  appears t o  dominate t h e  lower a r e a  by be ing  omnivorous, 

aggressive and by t h e  shear  weight of  numbers. These tendencies  were 

noted a t  a camp s i t e  n e a r  km 67. L i t e r a l l y  hundreds of s h i n e r s  swarmed 

around the  shore  when food was offered,  and continued t o  fo l low us  

whenever w e  were near. Reminiscent of bea rs  i n  Yellowstone o r  gray j a y s  

around a p i c n i c  basket ,  a l l  f e a r  of  humans seemed l o s t .  Competition f o r  

food sc raps  was f i e r c e .  The r a p i d i t y  by which t h i s  s p e c i e s  can  and has  

increased i n  t h e  Colorado b a s i n  is w e l l  documented (Hubbs, 1955 ; Stone 

e t  al. , 1969; Holden, 1973). 

Therefore, t h e  upper a r e a  remains a stronghold f o r  n a t i v e  f i s h e s  

because of a d i v e r s i t y  of  h a b i t a t  which provides adequate l i v i n g  space  

and abundant i n v e r t e g r a t e  food source. The lower a rea  l a c k s  t h e  d i v e r s i t y  

of h a b i t a t  and s t a b l e  i n v e r t e b r a t e  food source which apparen t ly  g i v e s  

t h e  red sh ine r  an advantage over t h e  n a t i v e  species .  Holden (1973) 

hypothesized competition between red s h i n e r s  and n a t i v e  f i s h e s  t o  b e  

a major cause of r ecen t  d e c l i n e s  i n  the  l a t t e r  i n  the  upper Colorado 



b a s i n .  The da ta  of t h i s  s tudy l end  cons ide rab le  support  t o  t h e  

hypothes is  and i n d i c a t e  the  a r e a s  o f  probably a c t i v e  competi t ion.  

I f  t h e s e  conclusions a r e  v a l i d ,  any major reduct ion  of wa te r  i n  t h e  

Esca lan te  systemwould'have d i s a s t e r o u s  e f f e i t s  on t h e  n a t i v e  f i s h e s .  A 

lower ing  f o  t h e  r i v e r  volume would cause  t h e  upper a r e a  t o  become much 

less d i v e r s  than i t  is  p resen t ly .  R i f f l e s  would b e  made s m a l l e r  and 

less product ive.  S i l t i n g  would have d i s a s t e r o u s  e f f e c t s  i n  t h e  r i f f l e s  . 
as flows may not  b e  adequate t o  wash i t  away. The upper a r e a  would . 

become much more homogenous, approaching t h e  lower a r e a  i n  t h i s  r e s p e c t .  
3 

These changes would then provide  c o n d i t i o n s  where the  r ed  s h i n e r  can 

a p p a r e n t l y  outcompete t h e  n a t i v e  forms, and t h e  n a t u r a l  r i v e r  ecosystem 

would be l o s t .  

RECOMMENDATIONS 

The presen t  s tudy has  shown t h a t  changes i n  t h e  f l u v i a l  regime 

of Esca lante  Canyon could s e r i o u s l y  al ter  t h e  n a t u r a l  communities 

p r e s e n t l y  e x i s t i n g  there .  A d d i t i o n a l  s t u d i e s  should  be made t o  q u a n t i f y  

t h e  e f f e c t s  caused by d i f f e r e n t  l e v e l s  o f  flow reduct ion .  I n  t h i s  way 

f u t u r e  energy o r  water  needs could  be  planned s o  as not  t o  b r i n g  

u n a l t e r a b l e  changes in  t h e  s u c c e s s i o n a l  dynamics o f  t h e  f l c r a  and 

fauna of  t h i s  unique area. It is impor tant  such  s t u d i e s  b e  under taken  

immediately s o  as t o  g a t h e r  b a s e l i n e  d a t a  b e f o r e  i r r e v e r s a b l e  changes 

t a k e  place.  


