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Abstract:
A study was conducted during the 1981 and 1982 summer grazing seasons to determine the effects of
time of livestock grazing on stream channel stability and suspended sediment concentrations for
Cottonwood Creek, a small watershed located on the Red Bluff Research Ranch in southwest Montana.
Eight pastures were grazed in succession for 14 days each from June 14 through October 4, with a
ninth pasture remaining ungrazed as a control. Stream channel stability, soil moisture, stream flow, and
suspended sediment concentrations were monitored during each grazing period. Stream channel
alterations were found to be significantly greater during the early grazing periods (June 14 - August 9),
with Iate-season channel alterations (August 9 -October 14) being not different from the ungrazed
control (P < 0.01). Periods of peak channel alterations were associated with high vegetation utilization
rates and were correlated to high soil moisture (r^2 = 0.84). Alterations associated with the winter
monitoring periods were 10 to 800 percent greater than alterations directly attributable to livestock
grazing and may be an indirect repercussion of summer livestock activity. No direct relationship
between peak concentrations of suspended sediment and cattle activity was discernible. Peak sediment
concentrations occurred during periods of high rainfall and appear to be a function of erosion from
streambanks altered during the previous season’s grazing. Sediment concentrations were generally
higher downstream of areas exhibiting the greatest streambank instability. 
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ABSTRACT

A s tu d y  was c o n d u c te d  d u r in g  t h e  1981 and 1982 summer g r a z in g  
s e a s o n s  to  d e te r m in e  th e  e f f e c t s  o f  t im e  o f  l i v e s t o c k  g r a z in g  on 
s t r e a m  c h an n e l  s t a b i l i t y  and su sp en d ed  sed im en t c o n c e n tra t io n s  fo r  
Cottonwood Creek, a sm all  w atershed  lo c a te d  on the  Red B lu f f  Research 
Ranch in  southw est Montana. E ight p a s tu re s  were grazed i n  success ion  
f o r  14 days each from June 14 through October 4, w ith  a n in th  p astu re  
r e m a in in g  u n g ra z e d  a s  a c o n t r o l .  S tream  c h an n e l  s t a b i l i t y ,  s o i l  
m o i s t u r e ,  s t r e a m  f lo w ,  and su sp en d ed  s e d im e n t  c o n c e n t r a t i o n s  w ere  
m onitored du ring  each g raz in g  period . Stream channel a l t e r a t i o n s  were 
found  to  be s i g n i f i c a n t l y  g r e a t e r  d u r in g  th e  e a r l y  g r a z i n g  p e r io d s  
(June 14 -  August 9)» w ith  I a te - se a so n  channel a l t e r a t i o n s  (August 9 -  
October 14) being not d i f f e r e n t  from the  ungrazed c o n t ro l  (P < 0.01). 
P e r io d s  o f  peak  c h a n n e l  a l t e r a t i o n s  w e re  a s s o c i a t e d  w i th  h ig h  
v e g e ta t io n  u t i l i z a t i o n  r a t e s  and were c o r r e la te d  to  high s o i l  m ois tu re  
( r  = 0 .8 4 ) .  A l t e r a t i o n s  a s s o c i a t e d  w i th  th e  w i n t e r  m o n i to r in g  
p e r i o d s  w e re  10 to  800 p e r c e n t  g r e a t e r  th a n  a l t e r a t i o n s  d i r e c t l y  
a t t r i b u t a b l e  to  l i v e s to c k  g raz in g  and may be an i n d i r e c t  rep e rcu ss io n  
o f  summer l i v e s t o c k  a c t i v i t y .  No d i r e c t  r e l a t i o n s h i p  be tw een  peak 
c o n c e n t r a t i o n s  o f  s u s p e n d e d  s e d im e n t  and c a t t l e  a c t i v i t y  was 
d is c e rn ib le .  Peak sedim ent c o n c e n tra t io n s  occurred  du ring  p e riods  of 
h igh r a i n f a l l  and appear to  be a fu n c t io n  of e ros ion  from streambanks 
a l t e r e d  during  the  p rev ious season’s g raz ing . Sediment co n cen tra t io n s  
w ere  g e n e r a l l y  h ig h e r  dow nstream  o f  a r e a s  e x h i b i t i n g  t h e  g r e a t e s t  
streambank i n s t a b i l i t y .



INTRODUCTION

R iparian  a re a s  a re  p roduc tive , y e t  very  f r a g i l e  ecosystem s which 

s e r v e  a s  a f o c a l  p o in t  o f  management f o r  th e  e n t i r e  w a te r s h e d .  

A lthough  th e  r i p a r i a n  zone  may occupy  o n ly  a b o u t  two p e r c e n t  of a 

w atershed’s a re a  (Buckhouse nda), i t  i s  i n  th ese  communities t h a t  user 

i n t e r e s t  i s  d i s p r o p o r t i o n a t e l y  h ig h . M anagers o f  v i r t u a l l y  ev ery  

n a tu ra l  re source  d i s c i p l i n e  focus t h e i r  a t t e n t io n  on th e  u t i l i z a t i o n  

of r i p a r i a n  a re a s ,  which o f te n  r e s u l t s  i n  many u se r  groups competing 

f o r  a l i m i t e d  r e s o u r c e .  The m u l t i t u d e  o f  i n t e r e s t s ,  management 

o b j e c t i v e s ,  and v a l u e s  e x p re s s e d  by th e  v a r i o u s  g ro u p s  makes a 

c o n f l i c t  over r i p a r i a n  a re a s  in e v i ta b le .

One such c o n f l i c t  concerns the  e f f e c t s  g raz ing  l iv e s to c k  e x e r t  on 

r i p a r i a n  e c o s y s te m s .  The management g o a ls  e s ta b l i s h e d  by w i l d l i f e  

and f i s h e r i e s  b i o lo g i s t s  to  m a in ta in  the  i n t e g r i t y  of r i p a r i a n  h a b i t a t  

f o r  t e r r e s t r i a l  and a q u a t i c  o rg a n is m s  a r e  o c c a s i o n a l l y  in  c o n f l i c t  

w ith  the  management g o a ls  o f  l iv e s to c k  producers, who a re  m arketing  

h e rb a g e  th ro u g h  a ru m in a n t  a n im a l  and lo o k  t o  r i p a r i a n  a r e a s  a s  a 

h ig h ly  p r o d u c t iv e  s o u rc e  o f  f o r a g e ,  w a t e r ,  sh ad e ,  and p r o t e c t i o n  

throughout th e  g raz in g  season.

In  re c e n t  y ea rs ,  numerous s tu d ie s  have equated l iv e s to c k  graz ing  

w i th  d e c l i n i n g  r i p a r i a n  e c o sy s te m  s t a b i l i t y .  A lthough  many o th e r  

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

h a b i t a t  (Busby 1979. C l a i r e  and S to r c h  i n  p r e s s ) ,  i t  i s  l i v e s t o c k  

graz ing , because of i t s  high v i s i b i l i t y ,  which has been im p l ic a te d  as

I
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Damage t r a c e a b l e  to  l i v e s t o c k  g r a z i n g  o c c u r s  when im p ro p e r  

management p r a c t i c e s  a llow  l iv e s to c k  to  c o n ce n tra te  i n  r i p a r i a n  a re a s  

f o r  e x te n d e d  p e r i o d s  o f  t im e  (Armour 1977). The r e s u l t i n g  im p a c ts  

g e n e ra l ly  occur as  d e s ta b i l i z e d  stream banks, a l t e r e d  s tream  channels, 

in c reased  suspended sedim ent load ing , and ex cess iv e  v e g e ta t io n  removal 

(Behnke and Raleigh 1978; P l a t t s  1981a). The im pacts  l iv e s to c k  e x e r t  

on r i p a r i a n  a re a s  may be obvious im m edia te ly , as  denuded v e g e ta t io n  

and c o l l a p s e d  s t r e a m b a n k s ,  o r  th e  damage may o c c u r  a s  s u b t l e  an n u a l  

a l t e r a t i o n s  which can tak e  many y e a r s  to  d e te c t  ( P l a t t s  1981a).

N a tu r a l  r e s o u r c e  m an ag ers  a r e  b e in g  p r e s s u r e d  t o  r e d u c e  th e  

im pacts  l iv e s to c k  i n f l i c t  on r i p a r i a n  system s, ye t  a la c k  o f  resea rch  

p e r ta in in g  to  a l t e r n a t i v e  g raz in g  p r a c t i c e s  i n  r i p a r i a n  a re a s  l i m i t s  

t h e  managem ent o p t i o n s  a v a i l a b l e .  Many s tu d ie s  have suggested t h a t  

the  only management a l t e r n a t i v e ,  which i s  com patib le  w i th  m a in ta in ing  

th e  i n t e g r i t y  of r i p a r i a n  h a b i t a t ,  i s  to  exclude or r e s t r i c t  l iv e s to c k  

u se  i n  t h e s e  a r e a s  (Ames 1977, Behnke 1979» D avis  1982, and P l a t t s  

1978). However, the  r e s t r i c t i o n  or e l im in a t io n  of l iv e s to c k  access  to  

r i p a r i a n  a re a s  may be u n d e s irab le  f o r  th e  l iv e s to c k  producer a s  these  

a re a s  may c o n s t i t u t e  th e  prim ary fo rage  base of a p a s tu re  and produce 

the  only d e s i r a b le  fo rage  during  l a t e  summer g raz ing  periods .

A number o f  s t u d i e s  e x a m in in g  t h e  im p a c t  l i v e s t o c k  e x e r t  on 

r i p a r i a n  c o m m u n it ie s  have  been c o n d u c te d  i n  r e c e n t  y e a r s .  Much o f 

t h i s  re s e a rc h  has cen te red  on a t te m p t in g  to  e s t a b l i s h  to  what degree 

l i v e s t o c k  g r a z i n g  i m p a c t s  r i p a r i a n  a r e a s  and  e v a l u a t i n g  t h e

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

a r e a s  (Busby 1979).
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e f f e c t iv e n e s s  o f  v a r io u s  g raz ing  methods to  reduce l iv e s to c k  im pacts

i n  t h e s e  a r e a s .  Much o f  t h e  r e s e a r c h  to  d a t e  has  been  based  on
!

s u b je c t iv e  d a ta ,  which may inc lude  only one year 's , o b se rv a t io n s  w ith  

l i t t l e  c o n s i d e r a t i o n  g iv e n  to  th e  m easu rem en t o f  q u a n t i f i a b l e  

pa ram ete rs  or to  s t a t i s t i c a l  design. Many t im es  th e se  s tu d ie s  have 

f a i l e d  to  co n s id e r  s to ck in g  r a t e s ,  d u ra t io n  of g raz ing , or season of 

u se  i n  a n a l y s i s  o f  d a ta .  T h is  r e s u l t s  i n  a l a c k  o f  p e r t i n e n t  

i n f o r m a t i o n  on w h ich  management d e c i s i o n s  co u ld  be made. I t  i s  i n  

r e g a r d  t o  t h i s  f a c t  t h a t  t h e  need f o r  more a c c u r a t e  and p r e c i s e  

re se a rc h  becomes ev iden t.

In  response  to  th e  need fo r  re se a rc h  concerned w ith  m inim izing 

l iv e s to c k  g raz in g  im pac ts  on r ip a r i a n  communities, a f iv e - y e a r  study 

i s  being conducted by the  Montana A g r ic u l tu ra l  Experiment S ta t io n  i n  

con ju n c t io n  w ith  Montana S ta te  U n iv e rs i ty  to  de term ine  th e  e f f e c t s  of 

t im e  of g raz in g  on a s e r i e s  o f  r i p a r i a n  ecosystem c h a r a c t e r i s t i c s .  A 

p o r t io n  of t h i s  study i s  to  d is c e rn  th a t  period  or p e rio d s  during  the 

g raz in g  season  (June 15 -  October 4) when l iv e s to c k - in d u c e d  streambank 

and channel i n s t a b i l i t y  and suspended sedim ent load ing  a re  minimized.

The p r in c ip le  o b je c t iv e s  o f  t h i s  s tudy were: I) to  de term ine  what 

tim e during  the  g raz in g  season stream banks were most s u s c e p t ib le  to  

c a t t l e  g r a z i n g  i m p a c t s ,  and 2) t o , d e t e r m i n e  i f  f l u c t u a t i o n s  i n  

su sp en d ed  s e d im e n t  l e v e l s  o c c u re d  d u r in g  p e r io d s  when c a t t l e  w ere

p re sen t
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LITERATURE REVIEW

The com bined i n f l u e n c e s  o f  g e o lo g y ,  c l i m a t e ,  s o i l  s t r u c t u r e ,  

geomorphology, v e g e ta t io n ,  and w a te r  ru n o f f  o f te n  r e s u l t  i n  u n s tab le  

r i p a r i a n  system s, even i n  a s t a t e  u n a l te red  by human a c t i v i t y  (Meehan 

and P l a t t s  1978). When e x c e s s iv e  s t r e s s  i s  e x e r t e d  o n ' t h e s e  

m a r g i n a l l y  s t a b l e  s y s te m s  th ro u g h  i m p r o p e r l y  c o n t r o l l e d  l a n d  

m anagement p r a c t i c e s ,  s e v e r e  damage u s u a l l y  r e s u l t s  (Meehan and 

P l a t t s  1978).

I t  h a s  been  s u g g e s te d  t h a t  one o f  t h e  m ost d e s t r u c t i v e  f o r c e s  

in f lu e n c in g  r i p a r i a n  ecosystem s i s  lo ng -te rm  overgraz ing  by l iv e s to c k  

( Behnke 1977, D av is  1982, L eopold  1975). Townsend and S m ith  (1977) 

and Cope (1979) have re p o r te d  t h a t  l iv e s to c k  g raz in g  degrades r ip a r i a n  

h a b i t a t  and s u b s e q u e n t ly  r e d u c e s  t h e  p r o d u c t i v i t y  o f  t h e s e  a r e a s .  

Mismanagement o f  l iv e s to c k  cart r e s u l t  i n  an im als  being con cen tra ted  i n  

r i p a r i a n  a re a s ,  thus  i n f l i c t i n g  some degree of damage on each of the  

f o u r  m a jo r  com ponen ts  o f  a r i p a r i a n  e c o s y s te m :  I )  s t r e a m s i d e  

v e g e ta t io n ,  2) s tream  channel morphology, 3) streambank s t a b i l i t y ,  and 

4) w a te r  q u a l i t y  (Behnke and Raleigh 1978, C la i re  and S to rch  in  p ress ,  

Marcuson 1977, P l a t t s  1979, P l a t t s  1981a).

Streambank v e g e ta t io n  m a in ta in s  th e  i n t e g r i t y  of r i p a r i a n  a reas  

by s t a b i l i z i n g  stream banks (Meehan, Swanson and S ed e ll  1977, Winegar 

1977), r e d u c in g  e r o s io n  (W hite  and B r y n i ld s o n  I 967), r e d u c in g  w a te r  

t e m p e r a t u r e s  by s h a d in g  s t r e a m s  (Armour 1977, Bowers e t  a l .  1979, 

P l a t t s  1978), and a s  a s o u rc e  o f  o r g a n ic  d e t r i t u s  and t e r r e s t r i a l
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T here  e x i s t s  an abundance  o f  l i t e r a t u r e  r e g a r d i n g  t h e  e f f e c t s  

l i v e s t o c k  e x e r t  on r i p a r i a n  v e g e t a t i o n  (Ames 1977, B o ld t ,  U resk  and 

Severson 1978, Bryant e t  a l .  1972, Buckhouse nda, C la i re  and Storch  in  

p r e s s ,  Crouch 1979, D av is  1977, Evens and K rebs 1977, Hayes 1978, 

Knoph and Cannon I 982, M eyers 1981, Pond 1961, Roath 1980, Roath and 

K ru eg e r  1982, S m ith  nda , T u i n s t r a  1967, V o g le r  1978, W inega r  I 977). 

These s t u d i e s  have  r e p o r t e d  t h a t  l i v e s t o c k  g r a z i n g  r e s u l t s  i n  

u n d e s i r a b l e  ch an g es  i n  p l a n t  s u c c e s s i o n ,  com m unity p r o d u c t i v i t y ,  

s p e c i e s  c o m p o s i t io n ,  r e p r o d u c t i o n ,  and d i v e r s i t y  a s s o c i a t e d  w i th  

r i p a r i a n  a r e a s .

The e f f e c t s  o f  l i v e s t o c k  g r a z i n g  on r i p a r i a n  v e g e t a t i o n  can 

g e n e r a l l y  be te rm e d  a s  n e g a t i v e  (Buckhouse nda). As e a r l y  a s  1946, 

l i v e s t o c k  w e re  r e p o r t e d  t o  c o n c e n t r a t e  i n  r i p a r i a n  c o m m u n it ie s  and 

u t i l i z e  th e  v e g e ta t io n  more in te n s iv e ly  than in  a d ja c e n t  h a b i t a t  types 

(Reid and P ick fo rd  1946). The im pacts  o f  excess ive  herbage removal in  

r i p a r i a n  a r e a s  c a n  be c a t e g o r i z e d  by v e g e t a t i o n  s t r u c t u r e : 

u t i l i z a t i o n  o f  h e rb a c e o u s  v e g e t a t i o n  and u t i l i z a t i o n  o f  woody 

v e g e ta t io n  (Buckhouse nda).

The prim ary e f f e c t  o f  excessive  l iv e s to c k  g raz ing  on herbaceous 

v e g e t a t i o n  i s  th e  r e p la c e m e n t  o f  n a t i v e  b u n c h g ra s s e s  by in v a d e r  

g ra s se s  and fo rb s  (Dobson 1973, Evenden and Kauffman 1980, flayes 1978, 

Volland 1978). Grazing has been re p o r te d  to  in c re a se  the  number of 

u n d e s i r a b l e  s p e c i e s  found  i n  r i p a r i a n  a r e a s  (E verden  and Kauffman 

1980) by o p e n in g  up th e  v e g e t a t i o n  and c r e a t i n g  n i c h e s  i n  w hich

' i n s e c t s  w h ic h  s e r v e  i n  t h e  fo o d  c h a i n  o f  r i p a r i a n  s y s t e m s  (Cummins

1974, Meehan, Swanson and S e d e l l  1977).
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r u d e r a l  s p e c i e s  in ay become e s t a b l i s h e d  (Dobson 1973, Hayes 1978). 

I n f o r m a t i o n  r e g a r d i n g  p r o d u c t i v i t y  o f  s t r e a m  s i d e  v e g e t a t i o n ,  a s  

i n f l u e n c e d  by g r a z i n g  i s  c o n f l i c t i n g  ( Buckhouse nda) .  Numerous 

s t u d i e s  have  r e p o r t e d  d e c r e a s e s  i n  p r o d u c t i v i t y  due to  l i v e s t o c k  

g r a z i n g  (D uff 1979, G underson 1968, McClean, N ic h o lso n  and Ryswyk 

1973, M arcuson 1977, Pond 1961). However, Roath  (1980) and V o llan d  

( 1978) found l iv e s to c k  g raz in g  had no s ig n i f i c a n t  a f f e c t  on biomass 

p roduc tion  and Kauffman e t  a l .  ( in  p re ss )  observed g r e a te r  production  

i n  grazed communities over s im i l a r  ungrazed a reas .

The e f f e c t s  o f  h e r b iv o r y  on sh ru b  and t r e e  p r o d u c t io n  and 

r e p r o d u c t i o n  i s  a c r i t i c a l  im p a c t  t o  r i p a r i a n  ecosystem s (Buckhouse 

nda). Marcuson (1977) found shrub p roduc tion  to  be 13 t im es  g r e a te r  in  

an ungrazed a re a  than i n  a sev e re ly  grazed a rea . C aro thers  (1977) and 

G l i n s k i  (1977) r e p o r t  t h a t  e x c e s s i v e  g r a z i n g  p r e s s u r e  p r e v e n t s  th e  

e s tab l ish m e n t  o f  s ee d l in g s  o r  suckers  r e s u l t i n g  in  communities which 

a r e  e v e n -a g e d  and n o n - r e p r o d u c in g .  V o g le r  (1978) found  l i g h t  

b ro w s in g  may s t i m u l a t e  s p r o u t i n g  o f  r i p a r i a n  woody s p e c i e s ,  y e t ,  

p e r s i s t e n t  l i v e s t o c k  use  can  r e s u l t  i n  th e  e l i m i n a t i o n  o f  woody 

s p e c i e s  (Crouch 1979).

Season  o f  use  a p p e a r s  t o  have  an a f f e c t  on t h e  a b i l i t y  o f  

r i p a r i a n  v e g e ta t io n  to  w ith s tan d  g raz in g  pressu re . C la i r e  and S torch  

( in  p ress)  and Roath (1980) in  Oregon have shown I a te - se a so n  graz ing  

has l i t t l e  im pact on e i t h e r  herbaceous o r  woody r i p a r i a n  v eg e ta t io n ,  

w h ile  Myers (1981) concluded t h a t  l iv e s to c k  use of r i p a r i a n  h a b i t a t  i n  

th e  s p r i n g  i s  more c o n d u c iv e  to  sh ru b  s u r v i v a l  th a n  d u r in g  th e  "ho t

period" o f  l a t e  summer.
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P e rh a p s  t h e  g r e a t e s t  im p a c t  o f  e x c e s s i v e  l i v e s t o c k  g r a z in g  i n  

r ip a r i a n  communities i s  the  subsequent d e s t a b i l i z a t i o n  of stream banks 

fo l lo w in g  v e g e ta t io n  removal. The f i r s t  s ign  o f  r i p a r i a n  damage, as a 

r e s u l t  o f  l iv e s to c k  a c t i v i t y ,  w i l l  occur a s  re d u c t io n s  i n  v e g e ta t iv e  

c o v e r  and a s u b se q u e n t  i n c r e a s e  i n  s t r e a m  bank and s t r e a m  ch an n e l  

i n s t a b i l i t y  ( P l a t t s  1981 a, S k o ly in  1967). S t u d i e s  by B e r ry  (1978) 

Hayes (1978) and W inegar (1977) a l l  i n d i c a t e  t h a t  a c c e l e r a t e d  

streambank u n d e rc u t t in g  occurs  a f t e r  e x cess iv e  v e g e ta t io n  removal by 

l i v e s t o c k .  P l a t t s  (1981b) r e p o r t e d  l e s s  s t a b l e  s t r e a m b a n k s  when 

u t i l i z a t i o n  r a t e s  were 65 pe rcen t or g r e a te r ,  w h ile  u t i l i z a t i o n  r a t e s  

o f  25 p e r c e n t  o r  l e s s  r e s u l t e d  i n  l i t t l e  o r  no s t re a m b a n k  damage. 

S im ila r  r e s u l t s  were p resen ted  by Hayes (1978), who re p o r te d  in c reased  

streambank i n s t a b i l i t y  a f t e r  v e g e ta t io n  u t i l i z a t i o n  r a t e s  exceeded 60 

p e r c e n t .  Cooper (1979) s t a t e s  t h a t  s t re a m b a n k  damage may be 

independent o f  animal numbers though and t h a t  i t  does not take f u l l  

u t i l i z a t i o n  of stream bank v e g e t a t i o n  to  s e r i o u s l y  damage s e n s i t i v e  

banks.

The im pact o f  l iv e s to c k  g raz ing  on s tream  channel morphology and 

streambank s t a b i l i t y  v a r i e s  depending upon the na tu re  of the  stream 

being s tu d ie d  (Buckhouse nda). I t  has been suggested t h a t  streambank 

s u s c e p t i b i l i t y  to  l iv e s to c k  im pact may be determ ined by s o i l  s t r u c tu r e  

and bank rock  con ten t (Behnke and Raleigh 1978, Cooper 1979» Gunderson 

1968, M arcuson 1977, P l a t t s  1979). Cooper (1979) s t a t e s  t h a t  banks 

c o n ta in in g  a h ig h e r  percen tage  of rock s i g n i f i c a n t l y  impede ungula te  

damage. Streambanks w i th  low percen tages  o f  bank rock a s  w e l l  as  s o i l s
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Numerous s tu d ie s  have re p o r te d  th e  e f f e c t s  o f  l iv e s to c k  t ram p lin g  , 

on s o i l  com paction .and  s o i l  d is tu rb an ce  (A ld e rfe r  and Robinson 1979» , 

B ry a n t  e t  a l .  1972, Orr I9 6 0 ,  R auzi and Hanson 1966, Roath 1980). 

R oath  ( 1980) s t a t e s  t h a t  th e  g r e a t e s t  im p a c t  l i v e s t o c k  e x e r t  on 

r i p a r i a n  a r e a s  i s  t r a m p l i n g  damage and he n o te s  t h a t  t h e  amount o f  

im p a c t  a p p e a r s  to  be d e p en d e n t  upon s o i l  m o is tu r e .  Cooper (1979) 

s p e c u l a t e d  t h a t  m o i s t u r e  f r o z e n  i n  s t r e a m b a n k s  may s u p p ly  th e  s o i l  

w ith  s u f f i c i e n t  support to  w ith s tan d  heavy weight.

L ivestock  g raz in g  has been shown to  a l t e r  stream  channel shape, 

r e s u l t i n g  i n  c h a n n e ls  w h ich  a re ' t y p i c a l l y  w id e r  and s h a l l o w e r  th a n  

comparable a re a s  not being grazed (Armour 1977, Duff 1979, Gunderson 

1968, K auffm an e t  a l .  i n  p r e s s ,  M arcuson I 977, W hite  and B r y n i ld s o n  

1967). A stream  channel r e c e iv in g  heavy g raz ing  p re s su re  from sheep 

was r e p o r t e d  by P l a t t s  (1981b) to  be f o u r  t im e s  a s  w id e  a s  an a r e a  

re c e iv in g  l i g h t  graz ing . Kauffman e t  a l .  ( in  p ress)  found a r i p a r i a n  

sy s tem  g ra z e d  u n d e r  a s t o c k i n g  r a t e  o f  2.5 ha/AUM l o s t  o v e r  t h r e e  

t im es  a s  much stream  bank a s  an ungrazed c o n tro l  area.

However, th e se  f in d in g s  c o n f l i c t  w ith  those  re p o r te d  by Buckhouse 

e t  a l .  (1 9 8 1 ) , Hayes (1978) , and Roath (1980). Hayes (1978) found 

f e w e r  ch an g es  i n  s t re a m b a n k  shape  w i t h i n  p a s t u r e s  b e in g  g razed  by 

c a t t l e  th a n  i n  p a s t u r e s  w hich  r e c e i v e  no g r a z in g .  Both Buckhouse 

S k o lv in  and K nigh t (1981) and R oath  (1980) r e p o r t  i n s i g n i f i c a n t  

s t re a m b a n k  a l t e r a t i o n s  f o l l o w i n g  l i v e s t o c k  g r a z in g  i n  Oregon. They 

s u rm iz e  t h a t  th e  n a t u r a l l y  o c c u r r i n g  im p a c t s  o f  w a t e r  f lo w  (R oath

w ith  sandy t e x t u r e s  a r e  r e p o r te d  to  be' h ig h ly  s u s c e p t i b l e  to  t r a m p l in g

damage (USDI 1978).
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1980) and ic e  damage (Buckhouse e t  a l .  1981) r e s u l t e d  i n  more channel 

a l t e r a t i o n s  than  were c o n tr ib u ted  by c a t t l e .  Buckhouse (1980) s t a t e s  

i t  i s  a c c e p te d  t h a t  l i v e s t o c k  do im p a c t  s t r e a m b a n k s ,  bu t i t  i s  . 

im p o rtan t  to  q u a n t i fy  how much of the  damage i s  i n  excess  of n a tu ra l ly  

o c c u r r in g  changes.

Tram pled  s t r e a m b a n k s  have  been  r e p o r t e d  t o  i n c r e a s e  o v e r la n d  

w a te r  and sedim ent flow, r e s u l t i n g  i n  h igher suspended sedim ent l e v e l s  

in  s tream s  (Armour 1977, Johnson e t  a l .  1978). Rosgen (1975) r e p o r t s  a 

good c o r r e l a t i o n  be tw een  s t r e a m b a n k  s t a b i l i t y ,  w a t e r  f low  and 

su sp en d ed  s e d im e n t  l e v e l s .  Rosgen1 s r e l a t i o n s h i p  i s  based  on t h e  

assum ption th a t  a g iven  w a te r  d ischarge  can t r a n s p o r t  a s e t  amount of 

sediment i n  suspension  and th e  a v a i l a b i l i t y  of sedim ent i s  dependent 

upon streambank s t a b i l i t y .  As bank damage in c re a s e s ,  sed im ent l e v e l s  

a lso  in c re a se  (Cooper 1979).

Increased  l e v e l s  o f  suspended sedim ent i n  th e  w a te r  column have 

been i d e n t i f i e d  a s  the  most damaging im pact l iv e s to c k  have on stream 

p ro d u c t iv i ty  (Armour 1977, P u ff  1979). Berry (1978) and Cordone and 

K elley  (1961) found th a t  suspended sedim ent d ec reases  a s t re am 's  t o t a l  

o r g a n i s m  p r o d u c t i v i t y .  N um erous  s t u d i e s  have  i n d i c a t e d  t h a t  

overgrazing  by l iv e s to c k  may r e s u l t  i n  i n c r e a s e d  su sp e n d e d  s e d im e n t  

l e v e l s  and in c re a se d  l e v e l s  o f  sedim ent i n  th e  streambed, r e s u l t i n g  in  

reduced f i s h  biomass p roduction  and low ered  salmonoid numbers w i th in  

the  f i s h  p o pu la tion  (Armour 1977, Behnke and Raleigh 1978, Bowers e t  

a l .  I 979, C l a i r e  and S to r e d  i n  p r e s s ,  Cordone and K e l l e y  1961, Duff 

1979, Gunderson 1968, Marcuson 1977).
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T here  i s  g e n e r a l  ag re em e n t  among a q u a t i c  b i o l o g i s t s  t h a t  th e  

in t r o d u c t io n  of p a r t i c u l a t e  m a t te r  i n to  a body o f  w a te r  can r e s u l t  i n  

adverse e c o lo g ic a l  consequences (Cairns 1968). There i s ,  however, ,a 

la c k  of agreem ent a s  to  the  amount of suspended sedim ent which can be 

a s s im i la te d  b e fo re  th re sh o ld  v a lu e s  f o r  a q u a t ic  o rganism s a re  reached 

(Cairns 1968, and Hoak 1957). McKee and Wolf (1963) s t a t e  th a t  w a ter  

c o n t a i n i n g  su sp e n d e d  s e d im e n t  l e v e l s  o f  80 mg/1  i s  n o t  h a rm fu l  to  

a q u a t i c  o rg a n is m s .  P e t e r s  (1962) r e p o r t e d  t h a t  l e v e l s  o f  200 mg/1 

w e re  found  t o  i n f l i c t  75% m o r t a l i t y  f o r  i n c u b a t i n g  em bryo ra inbow  

t r o u t  ( Salmo g a i r d n e r i ). H e r b e r t  and M erk ins  (1961) r e p o r t e d  

suspended sedim ent co n cen tra t io n s  o f  30 ppm (p a r t s  per m i l l io n )  having 

no adverse  e f f e c t  on aq u a t ic  organism s y e t  l e v e l s  o f  270 ppm r e s u l te d  

i n  a 50 pe rcen t death  r a t e  among th e  salmonoids being monitored. In  

c o n t r a s t ,  a s tu d y  by B e n o i t ,  C a i r n s  and R eim er ( i n  p r e s s )  r e p o r t e d  

young sa lm o n  c o u ld  t o l e r a t e  ov e r  120 h o u rs  i n  a s  much s e d im en t  a s  

co u ld  be k e p t  i n  s u s p e n s io n  by v ig o r o u s  a e r a t i o n .  R ep o r ted  l e t h a l  

l e v e l s  o f  su sp en d ed  s e d im e n t  f o r  s a lm o n o id s  ra n g e  from  75 ppm to  

270,000 ppm (W allen 1951).

A lthough  a q u a t i c  o rg a n is m s  can s u r v i v e  i n  w a te r  w i t h i n  a w ide  

ra n g e  o f su sp e n d e d  s e d im e n t  l e v e l s  ( C a i rn s  1968), i t  i s  th e  l o s s  of 

sp aw ning  a r e a s  and fo o d  w hich  may be m ost d e t r i m e n t a l  to  t h e i r  

, s u r v i v a l  (C a i rn s  196 8). C a i rn s  (1968) n o te d  t h a t ,  i n v e r t e b r a t e  

o rg a n ism  p r o d u c t io n  i s  s u b s t a n t i a l l y  lo w e r  i n  sand  and s i l t  th a n  i n  

rubb le  and g rave l.  When in o rg an ic ,  sed im ents  cover ru b b le  and g rave l,  

f i s h  food and spawning a re a s  a re  destroyed .
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L iv e s to c k  have  been i m p l i c a t e d  a s  t h e  p r i n c i p l e  so u rc e  o f  

in c reased  sedim ent l e v e l s  in  s tream s (Cooper 197,9» Busby 1979» P l a t t s  

1978, W inegar I 977). Yet, s t u d i e s  by Gary, Johnson  and Ponce (1983) 

and Jo h n so n  e t  a l .  ( 1978) h av e  i n d i c a t e d  l i t t l e  c o r r e l a t i o n  be tw een  

l iv e s to c k  a c t i v i t y  in  r i p a r i a n  a re a s  and th e  la rg e  c o n ce n tra t io n s  o f  

suspended sedim ent recorded  i n  the stream  they were m onitoring . Both 

s t u d i e s  c o n c lu d e d  t h a t ,  a l th o u g h  l i v e s t o c k  a c t i v i t y  d id  r e s u l t  i n  a 

s l i g h t  i n c r e a s e  i n  su sp en d ed  s e d im e n t  l e v e l s ,  th e  am oun ts  w ere  

i n s i g n i f i c a n t  r e l a t i v e  to  n a t u r a l l y  o c c u r r in g  c o n ce n tra t io n s .  Peak 

s e d im e n t  c o n c e n t r a t i o n s  w e re  r e c o r d e d  d u r in g  p e r i o d s  o f  h ig h  w a te r  

flow in  both the  grazed and ungrazed reach es  o f  the  s tream  (Johnson e t  

a l .  1 9 7 8 ), and  t h e y  f e l t  i t  w as  a p p a r e n t  t h a t  t h e s e  h ig h  

c o n c e n tra t io n s  o r ig in a te d  upstream  of th e  study s i t e  w ith  the  c a t t l e  

c o n t r ib u t in g  i n s i g n i f i c a n t  amounts of a d d i t io n a l  sedim ent.

R e c o g n iz in g  and u n d e r s t a n d i n g  t h e  im p a c t s  l i v e s t o c k  e x e r t  on 

s t re am s id e s  i s  a p r e r e q u i s i t e  to  fo rm u la t in g  r ip a r i a n  management p lans 

( C l a i r e  and S to r c h  i n  p r e s s ) .  O ften ,  w ha t i s  found  t o  be good ra n g e  

management i s  not good r i p a r i a n  management ( P l a t t s  1979). Methods fo r  

improving r i p a r i a n  zone management to  reduce l iv e s to c k  damage in c lude : 

ex c lu s io n  o f  l iv e s to c k ,  a l t e r n a t i v e  g r a z i n g  m ethods , ch an g e s  i n  th e  

c l a s s  o f  l i v e s t o c k ,  and m anaging  r i p a r i a n  a r e a s  a s  s p e c i a l - u s e  

p a s tu re s  (Buckhouse nda).

S e v e r a l  s t u d i e s ,  r e p o r t e d  by Buckhouse e t  a l .  (1981) e v a lu a t e d  

v a r io u s  g raz in g  methods f o r  t h e i r  c o m p a tab i l i ty  w ith  the  o b je c t iv e s  of 

both l iv e s to c k  and w i l d l i f e  managers o f  r i p a r i a n  a re a s .  Some g raz ing  

methods have shown p o te n t i a l  f o r  p re se rv in g  r i p a r i a n  w i l d l i f e  h a b i t a t ,
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w ith  r e s t - r o t a t i o n  a ch iev in g  th e  most success  (Davis 1982, C la ire  and 

S to r c h  i n  p r e s s ,  Hayes 1978, K im b a ll  and Savage 1977$ Swan 1979). 

Drawbacks o f  r e s t - r o t a t i o n  and o t h e r  g r a z i n g  m ethods  i n c l u d e s  , 

in c re a se d  t r a i l i n g  a long fe n c e  l i n e s ,  c o n c e n t r a t i o n  o f  l i v e s t o c k  i n  

r i p a r i a n  a re a s ,  in c reased  t ra m p lin g  damage, and s tream  bank i n s t a b i l i t y  

(Ames 1977, and Meehan and P l a t t s  1978). No w ide ly-used  g raz in g  method 

has been observed to  be com patib le  w ith  the  o b je c t iv e s  o f  a l l  r ip a r i a n  

ecosystem s u se r  groups (Ames 1977$ and Meehan and P l a t t s  1978).

Total exc lu s io n  of l iv e s to c k  from r i p a r i a n  a re a s ,  as recommended 

by Ames (1977)$ Dahlen (1978), Davis (1982) and P l a t t s  (1978), has met 

w i th  m a r g in a l  b e n e f i t s  (V o llan d  1978). A lthough some s u c c e s s  i n  

r e s t o r i n g  damaged r i p a r i a n  a r e a s  h a s  been  a c h ie v e d  by e x c lu d in g  

l i v e s t o c k  (Behnke 1979$ D av is  1977)$ V o llan d  (1978) r e p o r t s  t h a t  a 

r i p a r i a n  a r e a  e x c lu d e d  fro m  l i v e s t o c k  g r a z i n g  f o r  e l e v e n  y e a r s  was 

found  to  p ro d u ce  l e s s  v e g e t a t i v e  b io m a ss  th a n  an a r e a  b e in g  g ra z ed .  

A lso , p o l i t i c s ,  f u n d in g ,  p e r s o n n e l  c o n s t r a i n t s ,  and c o n f l i c t i n g  

re so u rce  demands make l iv e s to c k  e x c lu s io n  an unaccep tab le  a l t e r n a t i v e  

f o r  re so u rce  managers (Davis 1982).

F e n c in g  r i p a r i a n  a r e a s  s e p a r a t e l y  i n t o  s p e c i a l  management 

p a s t u r e s  may be a s u c c e s s f u l  m u l t i p l e - u s e  sy s te m  o f  r i p a r i a n  

management (K auffm an e t  a l . ,  i n  p r e s s ) .  S tu d i e s  by Jo h n so n  ( 1965)$ 

Kauffman (1982) , Pond (1961), and R oath  (1980) a l l  r e p o r t e d  re d u c ed  

l i v e s t o c k  damage to  r i p a r i a n  a r e a s  when g ra z e d  l a t e  i n  t h e  seaso n . 

Cooper (1979) su g g es ts  th a t  l a t e  f a l l  g raz in g  may have been conducive 

to  reduc ing  stream bank damage on r i p a r i a n  a re a s  i n  Wyoming. F u r the r  

s tu d y  i s  n e c e s s a r y  r e l a t i n g  to  t h e  e f f e c t s  o f  t im e  o f  g r a z in g  on



I
r i p a r i a n  ecosystem s i n  e s t a b l i s h in g  proper r i p a r i a n  g raz in g  p r a c t i c e s  

( P l a t t s  1981b).

13
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SITE DESCRIPTION

This study was i n i t i a t e d  i n  1981 on the no rth  fo rk  of Cottonwood 

Creek, a t r i b u t a r y  o f  th e  M adison R iv e r  i n  s o u th w e s t  Montana. 

Cottonwood Creek i s  lo c a te d  in  the  f o o t h i l l s  of the  Madison Mountain 

Range and d r a i n s  a s m a l l  w a te r s h e d  o f  a p p r o x im a te ly  1360 h e c t a r e s  

( F ig u re  I ) .  The Cottonw ood w a te r s h e d  i s  s i t u a t e d  16 k i l o m e t e r s

F igure  I .  View of the  Cottonwood Creek Drainage Taken From 
the Center of the  Study S i t e  Looking South.

so u th eas t  of N orris ,  Montana on th e  Montana A g r ic u l tu ra l  Experiment 

S ta t io n 's  Red B lu ff  Research Ranch (F igure  2).

Cottonwood Creek

Cottonwood Creek i s  approx im ate ly  4 km in  len g th  and flow s 

n o r t h e a s t  w here  i t  j o i n s  th e  M adison R iv e r  i n  B e a r t r a p  Canyon.
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F igure  2. M o n tan a  A g r i c u l t u r a l  E x p e r im e n t  S t a t i o n ' s  Red B lu f f  
Research Ranch in  Southw estern  Montana showing Location of 
Study S i t e .

MONTANA
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Topography of the  w atershed  i s  c h a ra c te r iz e d  by moderate to  s teep  

s l o p e s ,  ( F ig u r e  3) w i th  e l e v a t i o n s  r a n g in g  from 2000 m e te r s  a t  

th e  h e a d w a te r  s p r i n g  to  1400 m e te r s  w here  th e  c r e e k  f lo w s  i n t o  

th e  Madison River. The creek  i s  bordered on th e  south by a s teep  

r id g e  w ith  s lo p es  o f  30 to  50 pe rcen t and on the north  by r o l l i n g  

h i l l s  w i t h  15 to  30 p e r c e n t  s lo p e s .  At i t s  s o u rc e ,  Cottonwood 

Creek i s  s i t u a t e d  in  r o l l i n g  t e r r a i n  w ith  a wide r i p a r i a n  zone. 

The r i p a r i a n  a r e a  becomes c o n s i d e r a b l y  n a r ro w e r  a s  t h e  c re e k  

flow s towards i t s  confluence w ith  the  Madison River. Cottonwood 

Creek i s s u e s  from a la rg e  p e renn ia l  sp r in g  w ith  numerous sm all ,  

p e r e n n i a l  and i n t e r m i t t e n t  s p r i n g s  f e e d i n g  l a t e r a l l y  i n t o  th e  

c h an n e l  a lo n g  i t s  e n t i r e  l e n g t h .  The so u th  f o r k  o f  Cottonwood 

Creek m erg es  w i th  th e  n o r th  f o r k  o f  Cottonwood Creek a p p r o x i ­

m ately I km upstream of i t s  confluence w ith  the  Madison River.

F igure  3. The Topography of Cottonwood Creek i s  C harac te r ized  
by Moderate to  Steep Slopes.
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Stream morphology of Cottonwood Creek i s  h ig h ly  v a r ia b le  over i t s  

e n t i r e  len g th .  The creek  f low s over a r e l a t i v e l y  l e v e l  g ra d ie n t  fo r  

t h e  I n i t i a l  1.5 km below th e  h e a d w a te r  s p r i n g  w i th  t h e  g r a d i e n t  

becoming g ra d u a l ly  s te e p e r  over the  rem ain ing  2.5 km. A l e v e l  p o r t io n  

o f  the  creek  approx im ate ly  I km downstream from the  headw ater sp rin g  

was ch o sen  f o r  th e  s tu d y  s i t e .  The c r e e k  f lo w s  a lo n g  a 13 p e r c e n t  

g ra d ie n t  throughout th e  study area.

The stream  bottom w i th in  th e  study s i t e  has a s u b s t r a t e  of f in e  

g rave l covering  the c en te r  channel and sand and s i l t  a long  the  w a ter  

column -  stream  bank in te r f a c e .  S p a t te red  s e c t io n s  o f  the  stream are  

covered w ith  d e p o s i t s  of sm all ru b b le  and coarse  g rave l.  Stream flow 

d ischarge  a s  measured a t  the  downstream end o f the  study area , v a r ie s  

c o n s i d e r a b l y  w i t h i n  sea so n .  Flow v a l u e s  ra n g e  from  0.03 m ^ /sec  i n  

June  t o  0.01 m ^ /se c  i n  S ep tem b er .  Channel w id th  and d ep th  v a ry  

th ro u g h o u t  th e  s tu d y  s i t e .  Maximum c h a n n e l  w id th  b e tw een  banks i s  

a p p r o x im a te ly  8 m e te r s  w i th  a maximum d e p th  of a p p r o x im a te ly  1.6 

m e te rs  from the bank edge to  stream  bottom. The narrow est s e c t io n  o f  

th e  ch an n e l  i s  1.1 m e te r s  and s h a l l o w e s t  s e c t i o n  i s  0.21 m e te rs .  

Cottonw ood C reek  i s  p re d o m in a n t ly  r i f f l e s ,  w i th  p o o ls  b e in g  l e s s  

p r e v a l e n t .  The p r im a ry  so u rc e  o f  d e b r i s  w i t h i n  t h e  c r e e k  ch an n e l  

r e s u l t s  from  f a l l e n  t r e e s  and b ra n c h e s .  The banks  a r e  p r i m a r i l y  

formed o f  deep sandy-loam s o i l  w ith  l i t t l e  or no bank rock.

S o i l s

S o i l s  o f  th e  Cottonwood C reek  d r a in a g e  a r e  fo rm ed  from  h a rd ,  

c o a rse -g ra in ed  metamorphic rock. The metamorphic rock  i s  composed o f 

a c o m p l ic a te d  s u i t e  o f  ro c k  ty p e s .  These i n c l u d e  g r a n i t e  and
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amphibole g n e iss ,  am phobolite , s c h i s t ,  q u a r t z i t e ,  and m arble  (Veseth 

and M ontagne 1980). The m etam O rph ic  ro c k  w e a th e r s  i n t o  c o a r s e ,  

sandy-loam s o i l s ,  which a re  w e l l -d ra in e d  and s u s c e p t ib le  to  e ro s io n  

problems (Veseth and Montagne 1980). The study s i t e  i s  comprised of 

s o i l s  developed from colluvium and a lluv ium . Three s o i l s  a r e  found on 

th e  s tu d y  s i t e  ( F ig u r e  4). The n o r th  and s o u th  f a c i n g  s l o p e s  a re  

composed o f  colluvium  d ep o s its .  The north  f a c in g  s lo p es  a r e  comprised 

o f  l o a m y - s k e l e t a l ,  m ixed Typic C r y o r th e n t s ,  w h i l e  th e  s o u t h - f a c i n g  

exposures a r e  a lo a m y -sk e le ta l ,  mixed Typic Cryoboroll. The a l l u v i a l  

r i p a r i a n  zo n e  i s  a f i n e - l o a m y ,  m ixed A rg ic  C ry o b o ro l l .  The w a t e r  

t a b l e  i n  t h e  r i p a r i a n  zone  v a r i e s  from  a few c e n t i m e t e r s  to  

approx im ate ly  one m eter below the s o i l  su rface .

S tream b an k  s o i l  t e x t u r e s  v a ry  a lo n g  t h e  l e n g t h  o f  t h e  s t re a m . 

The predominant s o i l  t e x tu r e  i s  sandy-1 oam, w ith  some a re a s  o f  loamy- 

sand and loam.

Climate

A N ationa l Oceanographic and Atmospheric A d m in is tra t io n  weather 

r e p o r t i n g  s t a t i o n  i s  l o c a t e d  a t  t h e  Red B lu f f  R e se a rc h  S t a t i o n  

h ead q u a r te rs .

The Red B l u f f  a r e a  h a s  a f r o s t - f r e e  p e r io d  l a s t i n g  75 to  100 

days. During the  1982 g raz in g  season, tem p era tu res  ranged from a high 

o f 31 °C to  a low of - 3 °C. The study s i t e  r e c e iv e s  between 400 mm and 

510 mm o f  p r e c i p i t a t i o n  a n n u a l l y ,  i n c l u d i n g  1 ,200 mm o f  snow. The 

snow c o l l e c t s  i n  l a rg e  d r i f t s  on th e  north  s lopes  o f  th e  dra inage  and 

p e r s i s t s  u n t i l  e a r l y  May. Up t o  40 p e r c e n t  o f  t h e  a n n u a l  

p r e c i p i t a t i o n  f a l l s  during  th e  months o f  May and June w h i le  th e  period
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F igu re  4 . View of Cottonwood Creek In d ic a t in g  th e  L ocation  of Three 
S o i l  P i t s  and Their R espective  S o il  C la s s i f ic a t io n .

Fine-loam y, mixed

Arole Cryoboroll
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of minimum m o is tu re  accum ula tion  occu rs  from November u n t i l  February 

(NOAA 1982).

V egeta tion

V egeta tion  a long  Cottonwood Creek i s  h ig h ly  v a r ia b le .  Based on 

c r i t e r i a  e s ta b l i s h e d  by C la i re  and S to rch  ( in  p ress) ,  th re e  d i f f e r e n t  

v e g e t a t i o n  z o n e s  b o rd e r  Cottonw ood C reek . At t h e  h e a d w a te r s ,  a 

s ag e b ru sh /g ra ss lan d  zone bo rders  the c reek  channel, w h i le  w i th in  the  

s tu d y  a r e a ,  an a s p e r i / g r a s s / f o r b  v e g e t a t i o n  zone  fo rm s  t t ie  dom inan t 

r i p a r i a n  com ponent. The lo w e r  r e a c h e s  o f  C ottonw ood C reek a r e  

bordered by a mixed b ro ad lea f  sh ru b /co n ife ro u s  t r e e  zone. Using th e  

p re d o m in a n t  s p e c i e s  o f  v e g e t a t i o n ,  s e v e r a l  v e g e t a t i v e  ty p e s  can be 

d e s c r i b e d  w i t h i n  t h e  a s p e n / g r a s s / f o r b v e g e t a t i v e  zone  fo u n d  on t h e  

s tu d y  s i t e  (M ontana S t a t e  R u ra l  A reas D evelopm ent C o m m ittee  1982) 

(A ppendix  A).

However, f o r  t h e  p u rp o s e s  o f  t h i s  s tu d y ,  v e g e t a t i o n  t y p e s  are . 

c o l l e c t i v e l y  r e f e r r e d  t o  a s  e i t h e r  u p la n d  o r  r i p a r i a n  c o m m u n it ie s .  

The r i p a r i a n  community i s  comprised o f  the  aspen, a spen /w illow , bog, 

meadow and stream  bank v e g e ta t io n  types  w h ile  the upland community i s  

composed o f  u p l a n d / g r a s s l a n d ,  s a g e b ru s h  and a sp e n  p a rk  v e g e t a t i o n  

types .

The r i p a r i a n  communities a re  dominated by Canada b lu eg ra ss  (£oa 

c o m n re ssa  L.). r e d to p  ( A g r o s t i s  s t o l o n i f e r a  L.), T im othy  ( Phleum 

n r a t e n s e  L .), sm ooth brome (Bromus i n e r m i s  L e y s s . ) ,  beaked  sedge 

( C arex  r o s t r a t a  S to k e s ) .  S p r e n g e l ’ s sedge  ( Carex s p r e n g e l i i  Dewey), 

w hite  c lo v er  (T r ifo l iu m  reoens L.) w ith  an o v e rs to ry  of quaking aspen 

( P o d u I u s  t r e m u l o i d e s  M ichx.), w i l lo w  ( S a l i x  spp. L.), c h o k e c h e r ry
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( P ru n u s  v l r g i n i a n a  L .) , and swamp g o o s e b e r ry  ( R ibes  l a c u s t r e  (P e r s . )  

P o i r . ) .

The upland communities a r e  composed o f  Canada b lu eg ra ss ,  green , 

n e e d l e g r a s s  ( S t i o a  v i r i d u l a  T r in . ) ,  n e e d le a n d th r e a d  ( S t i p a  com ata  

T r i n. & R u p r .) ,  w e s t e r n  w h e a tg r a s s  (A gropyron  s m i t h i i  Rydb.), and 

Idaho fescue  fF es tuca  id ah o en s is  Elmer) w ith  s c a t t e r e d  dense s tands  of

m o u n ta in  b ig  s a g e b ru s h  ( A r t e m i s i a  t r i d e n t a t a  subsp. vaseyana (Rydb.)
)

B eetle )  in t e r s p e r s e d  w i th  woods ro se  (Rosa woods!! Lind L.) and Rocky 

Mountain ju n ip e r  (Ju n ip eru s  scopulorum Sarg.).

Both th e  u p la n d  and r i p a r i a n  c o m m u n it ie s  have p o p u l a t i o n s  o f  

sev e ra l  in troduced  sp ec ie s .  These in c lu d e :  houndstongue (Cvnaglossum

o f f i c i n a l e  L.), s p o t t e d  knapweed ( C e n ta u re a  m acu lo sa  Lam.), t a l l  

l a r k s p u r  (D e lp h in iu m  o c c i d e n t a l e  W ats .) ,  Canada t h i s t l e  (C i r i c iu m  

avarense (L.) Scop.), and cheat g ra ss  brome (Bromus teo torum  L.).

Study S i t e

The Cottonwood Creek study s i t e  was s e le c te d  f o r  i t s  u n ifo rm ity  

o f  v e g e t a t i o n ,  s o i l s ,  s lo p e  and s t r e a m  m orphology . N ine 0.5 ha 

p a s t u r e s  w e re  c o n s t r u c t e d  on t h e  s i t e  t o  p ro v id e  e i g h t  p a s t u r e s  f o r  

g raz in g  t re a tm e n ts  and one p a s tu re  f o r  an ungrazed c o n tro l .  Each of 

th e  p a s tu re s  c o n ta in s  approx im ate ly  equal p ro p o r tio n s  o f  r i p a r i a n  and 

u p l a n d  c o m m u n i t i e s  ( F i g u r e  5 ) .  The p a s t u r e s  a r e  n u m b e re d  

c o n s e c u t i v e l y  one th ro u g h  n in e ,  ■ b e g in n in g  w ith  the  p a s tu re  f u r th e s t  

downstream.

P a s t u r e s  one th ro u g h  e i g h t  r e c e iv e  annual, fo u r teen -d ay  graz ing  

t r e a t m e n t s .  G ra z in g  i s  i n i t i a t e d  i n  p a s t u r e  one d u r in g  th e  second 

week o f  June  each  y e a r  ( F ig u r e  6 ) .  Upon c o m p le t io n  o f  a g r a z in g
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F ig u re  5 . View o f P a s t u r e  5 Showing Upland and R ip a r i a n  Community 
Types.

F igure  6 . D ia g r a m a t i c  View o f  P a s tu r e  L ayou t and G ra z in g  S ch ed u le  
Used During the  1981 and 1982 Grazing Seasons.

GRAZING SCHEDULE

1 : JUNE 14 -  JUNE 28

2 : JUNE 28 -  JULY 12

3 : JULY 12 -  JULY 26

4 : JULY 26 -  AUGUST 9

5 : AUGUST 9 -  AUGUST 23

6 : AUGUST 23 -  SEPTEMBER 6

7 : SEPTEMBER 6 -  SEPTEMBER 20

8 : SEPTEMBER 20 -  OCTOBER 4

9 : UNGRAZED
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p e r io d ,  th e  c a t t l e  w e re  moved to  t h e  a d j o i n i n g  u p s t re a m  p a s t u r e  to  

avoid confounding o f  w a te r  q u a l i ty  d a ta  w ith  prev ious a c t i v i t y .  Each 

p a s t u r e  was g ra z e d  d u r in g  t h e  same p e r io d  a n n u a l l y  to  m o n i to r  

cum ula tive  y e a r ly  e f f e c t s .

C a t t l e

Four y e a r l i n g  h e i f e r s  w ere  used  t o  p ro v id e  a m o d e ra te  s t o c k i n g  

r a t e .  Spayed H e r e f o r d - A n g u s - T a r e n ta i s e  c r o s s  h e i f e r s  w e ig h in g  an 

a v e ra g e  232 k i lo g r a m s  w e re  used  d u r in g  t h e  1981 s e a s o n  and H e re fo rd  

h e i f e r s  a v e r a g in g  194 k i lo g r a m s  w ere  used  d u r in g  th e  1982 sea so n . 

Both g ro u p s  o r i g i n a t e d  from  th e  Montana S t a t e  U n i v e r s i t y ,  Bozeman 

L ives tock  Center and spen t t h e i r  f i r s t  y e a r  in  p a s tu re s  and f e e d lo t s  

a t  th e  c e n t e r .  The h e i f e r s  had no p r e v io u s  e x p e r i e n c e  g r a z i n g  open 

rangeland  o r r i p a r i a n  communities.

I t  should be noted t h a t  the  Cottonwood Creek s tudy  s i t e  was once 

p a r t  of the  Cottonwood g raz in g  u n i t  f o r  the  Red B lu ff  Research Ranch. 

T h is  d r a in a g e  r e c e i v e s  y e a r l y  heavy g r a z i n g  use  from  c a t t l e ,  sheep  

and o c c a s i o n a l l y  h o r s e s .  In  th e  p a s t ,  g r a z in g  h a s  o c c u r r e d  on ly  

during  th e  summer and autumn w ith  no use recorded  d u r in g  th e  w in te r .  

The s i t e  was a f f l i c t e d  w i th  v a r io u s  l e v e l s  o f  l iv e s to c k  im pacts  p r io r  

to  th e  i n i t i a t i o n  o f  t h i s  study.
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METHODS

Stream Channel S t a b i l i t y

S tream b an k  s t a b i l i t y  was m o n i to r e d  a t  f o r t y - f i v e  p e rm a n e n t1 

t r a n s e c t s  l o c a t e d  a lo n g  th e  c r e e k  c h a n n e l  a s  i t  f lo w s  th ro u g h  th e  

study s i t e .  F ive t r a n s e c t s ,  p o s i t io n e d  p e rp e n d icu la r  to  th e  channel, 

w e re  l o c a t e d  i n  each  p a s t u r e .  The t r a n s e c t s  w e r e  n u m b e re d  

c o n secu tiv e ly  one through f o r t y - f i v e ,  beginning i n  th e  downstream end 

of p a s tu re  one and te rm in a t in g  i n  the  upstream end of p a s tu re  nine.

T r a n s e c t  l o c a t i o n s  w i t h i n  each  p a s t u r e  w e re  d e te r m in e d  by 

p o s i t io n in g  the  f i r s t  t r a n s e c t  a t  a randomly s e le c te d  d is ta n c e  of one 

to  f i v e  m e te rs  from the  downstream c ro ss -fen c e .  The rem ain ing  fou r  

t r a n s e c t s  w e re  e v e n ly  d i s t r i b u t e d  a t  t e n - m e t e r  i n t e r v a l s  a lo n g  th e  

r e m a in d e r  o f  th e  c r e e k  w i t h i n  t h a t  p a s t Urei The c h a n n e l  a r e a  had 

r e c e i v e d  heavy l i v e s t o c k  use  p r i o r  t o  t h e  i n i t i a t i o n  o f  t h i s  s tu d y ,  

and much o f  th e  s t re a m b a n k s  w e re  a l r e a d y  a t  v a r i o u s  l e v e l s  o f  

i n s t a b i l i t y .  A reas  show ing  e x c e s s i v e  p r e - s tu d y  l i v e s t o c k - r e l a t e d  

im p a c t s  w e re  a v o id e d  when p o s i t i o n i n g  t h e  ch an n e l  t r a n s e c t s .  In  

s i t u a t i o n s  w here  a t r a n s e c t  l i n e  w ould  have  i n t e r s e c t e d  a s e v e r e ly  

damaged stream  bank, the  t r a n s e c t  was re p o s i t io n e d  im m edia te ly  upstream 

o f  th e  damaged a r e a .  T r a n s e c t s  w e re  a l s o  n o t  p la c e d  i n  a r e a s  

s u b j e c t i v e l y  d e te r m in e d  t o  be i n a c c e s s i b l e  to  c a t t l e .  T h e re fo re ,  

dense s tan d s  o f  w illow  and swamp gooseberry  were avoided.

The endpo in ts  o f  each t r a n s e c t  were permanently marked w ith  s te e l ,  

o r  wooden pegs p o s i t io n ed  above the  h ighw ater  mark a t  a minimum of 0.5 

m e te rs  from the  streambank edge. L ocating  th e  t r a n s e c t  endpo in ts  0.5
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m from  th e  bank edge was done t o  p r e v e n t  t h e i r  l o s s  t o  s t re am b a n k  

s lo u g h in g  and to  e n s u r e  th e  e n t i r e  c h a n n e l ,  w h ich  may be s u b j e c t  to  

c a t t l e  im pac ts ,  i s  b is e c te d  by the  t r a n s e c t  l in e .

The l e n g t h  o f  each  t r a n s e c t  l i n e  v a r i e d  d e p e n d in g  upon th e  

morphology of the  channel. P o r t io n s  o f  th e  creek w ith  s te e p  banks and 

a narrow  c h a n n e l  w ere  c h a r a c t e r i z e d  by s h o r t e r  t r a n s e c t s ,  w h i le  

s e c t io n s  o f  the  channel which were d ish-shaped  g e n e ra l ly  r e s u l te d  i n  

lo n g e r  t r a n s e c t  l in e s .

Each t r a n s e c t  was measured along  two axes: I) h o r iz o n ta l  and 2) 

v e r t i c a l .  A n y lo n  m e te r  t a p e  was s t r e t c h e d  and l e v e l e d  b e tw een  th e  

two p e rm an en t t r a n s e c t  e n d p o in t  s t a k e s  t o  r e p r e s e n t  t h e  h o r i z o n t a l  

a x i s .  The h e i g h t s  o f  th e  m e te r  ta p e  on th e  e n d p o in t  s t a k e s  w ere  

r e c o r d e d  and th e n  used  i n  f u t u r e  t r a n s e c t  r e a d i n g s  t o  e n s u r e  

cons is tency  between measurements. A m eter s t i c k  he ld  p e rp en d icu la r  to  

th e  nylon m eter tape was used to  provide a s c a le  fo r  th e  v e r t i c a l  a x is  

(F ig u re  7).

The h o r i z o n t a l  m e te r  ta p e  was u sed  a s  a b a s e l i n e  from  w hich  

v e r t i c a l  measurements a re  made to  the  stream  channel. Measurements of 

the  s tream  channel were taken  a t  ten-cm i n t e r v a l s  a long  th e  b a se lin e  

ta p e .  The d i s t a n c e  b e tw ee n  th e  b a s e l i n e  ta p e  and th e  ch an n e l  was 

recorded  to  th e  n e a re s t  c en t im e te r  (F igure  8a). The shaded p o r t io n  of 

F igure  8b re p re se n te d  the c r o s s - s e c t i o n a l  a rea  of th a t  p o r t io n  of the  

c reek .

M easurem ent o f  th e  w a te r  d e p th  was c o n d u c ted  by r e c o r d i n g  t h e  

v e r t i c a l  d i s t a n c e  b e tw ee n  th e  b a s e l i n e  ta p e  and th e  w a t e r  s u r f a c e ,
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f o l l o w e d  by a m easu rem en t o f  th e  d i s t a n c e  from  th e  to p  o f  th e  w a te r  

column to  the streambed.

F igure  7 . Channel Measurements Were Taken Using a H o r iz o n ta l ly  
S tre tch e d  Meter Tape and V e r t i c a l l y  Held Meter S tick .

Changes i n  stream  channel s t a b i l i t y  were recorded  fo l lo w in g  th re e  

m o n i to r in g  p e r io d s :  I)  t h e  1981 g r a z i n g  s e a s o n ,  2) th e  1982 g r a z in g  

season, and 3) th e  w in te r  of 1981-1982.

Each t r a n s e c t  was measured in  sp r in g t im e  before  the  f i r s t  g raz ing  

period. T ransec ts  w i th in  a p a s tu re  r e c e iv in g  a g raz ing  t re a tm e n t  were 

r e m e a s u re d  im m e d ia te ly  upon c o m p le t io n  o f  th e  g r a z i n g  p e r io d .  

T r a n s e c t s  l o c a t e d  w i t h i n  t h e  c o n t r o l  p a s t u r e  w ere  m easu red  i n  th e  

s p r i n g  p r i o r  to  th e  f i r s t  g r a z in g  p e r io d  and i n  th e  f a l l  a f t e r
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F igure  8a. Measurements Were Taken to  th e  Nearest C entim eter Along 
th e  H o r i z o n ta l  P lan e  and a t  Ten C e n t im e te r  I n t e r v a l s  
Across th e  V e r t ic a l  Plane.

STREAM CHANNEL C R O S S - S E C T I O N  

MEASUREMENT

Figure  8b. The T r a n s e c t ' s  C r o s s - S e c t i o n a l  Area i s  R e p re s e n te d  by 
th e  Shaded P o r t io n  of the  I l l u s t r a t i o n .

STREAM CHANNEL C R O S S - S E C T I O N  AREA
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com pletion  o f  the  l a s t  g raz in g  period . A r e p r e s e n ta t io n  o f  the  stream 

c h an n e l  c o n f i g u r a t i o n  b e f o r e  and a f t e r  each  g r a z i n g  t r e a t m e n t  was 

d e r iv ed  from the  t r a n s e c t  measurements, a l lo w in g  a d e te rm in a t io n  of 

r e l a t i v e  am oun ts  o f  ch an n e l  a l t e r a t i o n s  w hich  o c c u r r e d  d u r in g  th e  

g r a z in g  period .

Changes i n  th e  stream  channel which occurred d u r in g  th e  w in te r  

between the  1981 and 1982 f i e l d  seasons were determ ined by comparing 

t h e  c h an n e l  c o n f i g u r a t i o n s  a f t e r  c o m p le t io n  o f  t h e  1981 g r a z in g  . 

t r e a tm e n ts  and the p re -g ra z in g  measurements of the  1982 season.

Stream Flow Discharge

F iv e  w a te r  s a m p l in g  p o i n t s ,  d e s i g n a t e d  A, B, C, D and E w ere  

l o c a t e d  im m e d ia te ly  dow nstream  o f p a s t u r e s  I ,  3 ,  5 ,  7 and 9, 

r e s p e c t i v e l y  ( F ig u r e  10). W ater f lo w  and su sp en d ed  s e d im e n t  w ere  

m onitored a t  each of th ese  s ta t io n s .

Water s tag e  was measured con tinuous ly  us ing  Stevens Type-F Level 

R e c o rd e r s  m ounted on P a r s h a l l  f lu m e s  ( F ig u re  11). Two s i z e s  o f  

P a rsh a l l  flum es were used i n  th e  study. Flumes w ith  th re e - in c h  th ro a t  

w id th s ,  h a v in g  a c a p a c i t y  o f  one c u b ic  f o o t  pe r  seco n d , w ere  used  a t  

s t a t i o n s  B, C, D and E, w h i l e  a s i x - i n c h  f lu m e  w i th  t h r e e  c u b ic  f e e t  

p e r  second  c a p a c i t y  w as l o c a t e d  a t  s t a t i o n  A. The l a r g e r  f lu m e  a t  

s t a t i o n 'A  was r e q u i r e d  t o  acco m o d a te  peak  f lo w  l e v e l s  e n c o u n te re d  

during  sp r in g  runoff .

The Stevens re c o rd e r s  measure w a te r  s tage  on a continuous basis .  

Recorder s t r i p  c h a r t s  were rep laced  every 14 days in  co n junc tion  w ith  

com ple tion  o f  a g raz in g  p e r io d  and th e  subsequent movement of c a t t l e



Figure  9• D iagram atic  Sketches of Each Transect Before and A fte r  Grazing Were 
Produced Using the Channel Measurement Data.

RIPARIAN GRAZI NG STUDY 

C O T T O N W O O D  C R E E K

RED BLUFF,  MONTANA T R A N S E C T  19

rovo
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F igure  10. D iagram atic  I l l u s t r a t i o n  o f  P as tu re  Layout In d ic a t in g  With 
B lack  S q u a re s  th e  L o c a t io n  o f  W ater  S a m p lin g  S t a t i o n s .  
Each u n i t  i s  0 .5  h e c ta re .

PARSHALL FLUME AND SUSPENDED SEDIMENT COLLECTOR 

LOCATIONS

Figure  11. P a rsh a l l  Flumes and Stevens Type -  F Continuous Recorders 
Were Used to  Measure Stream Flow.
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to  an a d j o i n i n g  p a s t u r e .  S tream  f lo w  d i s c h a r g e  was m o n i to r e d  from  

mid-May u n t i l  mid-October of each f i e l d  season.

Water flow c h a r t s  were analyzed u s in g  a computerized d i g i t i z e r  to  

de term ine  average s tag e  during  a c o l l e c t io n  period. The average w a ter  

depth in fo rm a t io n  was used to  de term ine  t o t a l  cubic  m e te rs  o f  w ater  

p a s s in g  th ro u g h  a s t a t i o n  d u r in g  th e  c o l l e c t i o n  p e r io d  f o l l o w i n g  

p r o c e d u r e s  o u t l i n e d  i n  t h e  S te v e n s  W ate r  R eso u rc e s  D ata  Handbook 

(1975). The in fo rm a t io n  was then converted  to  be expressed  a s  w a ter  

d i s c h a r g e  i n  c u b ic  m e t e r s  p e r  second . T h is  was done t o  p r e s e n t  th e  

d a t a  i n  a f o r m a t  c o m p a t ib le  w i th  o t h e r  p u b l i s h e d  w a t e r  q u a l i t y  

s tu d ie s  r e p o r t in g  suspended sedim ent co n cen tra t io n s .

Suspended Sediment

In  t h i s  s tu d y ,  su sp en d ed  s e d im e n t  c o n c e n t r a t i o n s  w e re  sam pled  

us ing  m odif ied  s in g le  s tag e  suspended sedim ent sam pler (Inter-Agency 

Committee on Water Resources 1983). The m odified  u n i t  i s  designed to  

sam ple  c o n t in u o u s ly  a p o r t i o n  o f  t h e  w a te r  column. A ccuracy  of th e  

s a m p le r  was d e te r m in e d  by d i v e r t i n g  and c a p t u r i n g  t h e  t o t a l  w a te r  

column and e v a lu a t in g  th e  t o t a l  grams of sedim ent per u n i t  volume of 

w a te r .  T h is  w as com pared t o  a c o l l e c t i o n  made by th e  s a m p le r  u n i t s .  

This procedure was rep e a te d  fo u r  tim es.

R e s u l t s  i n d i c a t e  c o n s i d e r a b l e  a c c u ra c y  o f th e  s a m p l in g  u n i t s .  

Average t o t a l  c o n c e n tra t io n s  of sedim ent from the e n t i r e  w a te r  column 

w ere  33.0 mg/1, w h i l e  t h e  s a m p le r  u n i t s  c o l l e c t e d  an  a v e ra g e  

c o n c e n tra t io n  o f  32.0 mg/1. No d i f f e r e n c e  was noted between the  t o t a l  

c o l l e c t i o n  and sam pler c o l l e c t io n  us ing  an A nalysis  o f  Variance t e s t  

(P2 .01).
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Suspended sedim ent sam plers  were lo c a te d  a t  each w a te r  sampling 

s t a t io n .  The sam plers  used i n  t h i s  s tudy were m odified  s in g le - s t a g e ,  

U.S- U-59 suspended sedim ent sampler (Inter-Agency Committee on Water 

R e so u rc e s  I 963). A b a t t e r y  o f  f o u r  s e d im e n t  c o l l e c t i o n s  i s  l o c a t e d  

w ith  each P a rs h a l l  flum e (F igure  12).

The sam plers  c o n s is te d  o f  a 500 ml s e t t l i n g  b o t t l e  f i t t e d  w ith  a 

rubber s to p p er  and two tu b es  which served a s  in ta k e  and exhaust p o r ts  

( F ig u r e  13). An i n t a k e  p o r t  was c o n n e c te d  by p l a s t i c  tu b in g ;  to  a 

c o l l e c t i o n  po in t p o s i t io n ed  w i th in  the  d iv e rg in g  o u t l e t  s e c t io n  of the  

P a r s h a l l  flume. As w a te r  flowed through th e  tub ing  i n t o  th e  b o t t l e ,  

suspended sedim ent s e t t l e d  ou t in  the  b o t t l e  and s e d im e n t- f re e  w a te r  

e x i t e d  th ro u g h  th e  e x h a u s t  p o r t .  T h is  d e s ig n  a l lo w e d  w a t e r  to  f low  

through the  system p e rm i t t in g  continuous sampling. The sam plers  were 

a b le  to  c o l l e c t  sedim ent i n  th e  s iz e  range of 63 ym to  500 ym in  s ize .  

P a r t i c l e  s i z e s  sm a l le r  than 63 Pm w i l l  not s e t t l e  ou t of suspension  i n  

th e  s e t t l i n g  b o t t l e s  and p a r t i c l e s  l a r g e r  than 500 -pan w i l l  g en e ra l ly  

not be c a r r i e d  i n  suspension  i n  a creek  w i th  low flow s (EPA 1979).
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F igu re  12. D ia g r a m a t i c  V iews o f  W ater S am p lin g  S t a t i o n  I n d i c a t i n g  
Loca tion  of Suspended Sediment Samplers.

S T E V E NS  RECORDE R

SETTLING BOTTLES

I O FLOW
o z

PARSHALL FLUME

SIDE VIEW

SETTLING BOTTLES

FLOW

COLLECTION POINTS

TOP VIEW
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Figure  13. Modified C o l l e c t i o n /S e t t l in g  B o t t le s  Containing In tak e  and 
Exhaust P o r ts  to  Allow f o r  Continuous Water Flow.

EXHAUST PORT
INTAKE PORT

5 0 0  ml

The c o l l e c t i o n  p o i n t s ,  p o s i t i o n e d  w i t h i n  t h e  d i v e r g i n g  o u t l e t  

s e c t io n  of the  P a rsh a l l  flum e, were a s e r i e s  o f  0.64-cm d iam eter  copper 

tu b e s  s e t  a t  f o u r  h e i g h t s .  The c o l l e c t i o n  p o i n t s  w e re  num bered one 

through fo u r  and were p o s i t io n e d  i n  a v e r t i c a l  a r ray  a t  s e t  d is ta n ce s  

from th e  flume bottom. Point I was 23 cm from the  bottom, po in t 2 i s  

12.5 cm, p o i n t  3 i s  7.5 cm and p o i n t  4 i s  2.5 cm above  th e  f lum e 

bottom.

Suspended  s e d im e n t  was c o l l e c t e d  c o n t in u o u s ly  from  e a r l y  June 

u n t i l  mid-October. S e t t l i n g  b o t t l e s  from a l l  f iv e  sam pling s t a t i o n s  

were rep la ce d  every fo u r tee n  days upon com pletion of a g raz in g  period .
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The sedim ent samples c o l le c te d  during  each g raz ing  p e riod  were 

d r ie d  f o r  24 hours a t  50°C. The d r ie d  m a te r ia l  was weighed then ashed 

f o r  12 h o u rs  a t  500°C i n  a m u f f l e  f u r n a c e ,  a f t e r  w hich  th e  m a t e r i a l  

was reweighed to  de term ine  the  amount of m inera l and o rgan ic  m a tte r  in  

each sample.

To p r e s e n t  s e d im e n t  d a ta  on a g r a m - p e r - c u b i c - m e t e r - o f - w a t e r -  

b a s i s ,  i t  was n e c e s s a r y  to  d e te r m in e  w hat p r o p o r t i o n  o f  t h e  w a te r  

column i s  a c tu a l ly  sampled. This va lue  was then  used to  in te r p o l a t e  

the  t o t a l  amount of suspended sediment being tra n sp o r te d  by the  w ater 

column during  th e  fou r teen -d ay  c o l l e c t io n  period. A computer program 

was w r i t t e n ,  under  th e  g u id a n ce  o f  Dr. Jo h n  E. T a y lo r  (1983) of th e  

Department of Animal & Range Sciences, Montana S ta te  U n iv e rs i ty ,  to 

c a l c u l a t e  s e d im e n t  t r a n s p o r t  from  th e  t o t a l  w a te r  f low  c o l l e c t e d  

d u r in g  a s a m p l in g  p e r io d  (Appendix B). The program  c a l c u l a t e d  

s e d im e n t  t r a n s p o r t  by i n p u t t i n g  a v e ra g e  s t a g e  h e i g h t ,  t o t a l  w a te r  

flow , and t o t a l  grams o f  sediment c o l le c te d  during  a sam pling period. 

S o i l  Moisture

Soil m o is tu re  was measured us in g  a T roxler neutron  probe. Access 

t u b e s  w ere  l o c a t e d  i n  p a s t u r e s  2 , 4 ,  6 , 8 and 9 a lo n g  t r a n s e c t  l i n e s  

s e t  p e rp en d icu la r  to  th e  stream channel. Each t r a n s e c t  l i n e  con ta ins  

fo u r  a ccess  tubes. Two tubes  were p o s i t io n ed  in  the up lands and two 

o th e r s  on e i t h e r  s ide  of the  streambank fo r  each t r a n s e c t  l i n e  (Figure 

14). S o i l  m o i s t u r e  was r e c o rd e d  a t  d e p th s  o f  15 cm, 30 cm, 45 cm, 60 

cm, 75 cm and 90 cm. High w ater  t a b le s  in  c e r t a in  lo c a t io n s  r e s u l te d  

i n  some tu b e s  no t b e in g  m easu red  a t  a l l  s i x  d e p th s  d u r in g  th e  f i e l d

season.
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F ig u r e  Vi. Neutron Probe Access Tubes Were P o s i t i o n e d  i n  t h e  Upland
and  Along t h e  S t r e a m  banks .  S o i l  M o i s t u r e  M e a s u r e m e n t s
Were Taken a t  15,  30 ,  4 5 ,  60 ,  75 ,  and 90 C e n t i m e t e r
Depths.

NEUTRON PROBE  

ACC ESS TUBE LOCATI ONS

M E A S U R E D  D E P T H S

15 c m 
3 0

4 5
6 0

7 5

8 0

U P L A N D S T R E A M B A N K U P L A N D

M e a s u re m e n t  o f  s o i l  m o i s t u r e  was  i n i t i a t e d  i n  e a r l y - J u n e  and 

con t in u ed  th roughou t  the g r a z i n g  season  a t  f o u r t e e n - d a y  i n t e r v a l s  to  

c o i n c i d e  w i t h  c o m p l e t i o n  o f  each  g r a z i n g  p e r i o d .  The l a s t  s o i l  

m o i s t u r e  r e a d i n g  was conduc ted f o u r t e e n  days  a f t e r  co m p le t io n  of  the  

l a s t  g r a z i n g  t r e a t m e n t .  S o i l  m o i s t u r e  w as  r e c o r d e d  a t  a l l  t w e n t y  

a c c e s s  t u b e s  on each sam pl ing  da te .  Access tu b e s  were not  e s t a b l i s h e d  

f o r  p a s t u r e  9 u n t i l  the  1982 f i e l d  season.

N e u t r o n  p ro b e  d a t a  w as  a n a l y z e d  u s i n g  s t a n d a r d  p r o c e d u r e s  

o u t l i n e d  by Taylor  (1972).

V e g e ta t io n  U t i l i z a t i o n

The am oun t  o f  h e r b a g e  r em oved  f rom  a p a s t u r e  d u r i n g  a g r a z i n g  

t r e a t m e n t  w as  e s t i m a t e d  a t  t h e  end o f  t h a t  g r a z i n g  p e r i o d  u s i n g  th e  

cage compar ison  method f o l l o w i n g  p ro ced u res  d e s c r ib e d  by Brown (1954).

U t i l i z a t i o n  was  d e t e r m i n e d  a t  s i t e s  r a n d o m l y  s e l e c t e d  w i t h i n  t h e
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v arious  v e g e ta t io n  types  found in  a p astu re . The s i t e s  were p ro tec ted  

f o r  s a m p l in g  w i th  tw e lv e  I m x 2 m x I m g r a z in g  u t i l i z a t i o n  cages . 

The number of cages p laced i n  each v e g e ta t io n  type were s u b je c t iv e ly  

d e te r m in e d  b a sed  on th e  s i z e  o f  t h a t  ty p e .  S am p lin g  c o n s i s t e d  o f  

c l i p p i n g  v e g e t a t i o n  ( to  a h e i g h t  o f  one cm.) w i t h i n  a 0.25 sq u a re  

m eter p lo t  frame beneath the  u t i l i z a t i o n  cage, A complimentary p lo t  

was c l i p p e d  w i t h i n  one to  tw o m e te r s  o u t s i d e  t h e  u t i l i z a t i o n  cage. 

The v e g e ta t io n  was separa ted  by sp ec ie s  and d r ied  to  a co n s ta n t  weight 

to  exp ress  p roduc tion  e s t im a te s  on an oven-dry basis .

The p e r c e n t  o f  v e g e t a t i o n  u t i l i z e d  d u r in g  a g r a z i n g  p e r io d  was 

determ ined  by the  r e l a t i o n :

% u t i l i z a t i o n  = P - G  x 100%
P

w h ere  P e q u a l s  t h e  o v e n -d ry  w e ig h t  o f  v e g e t a t i o n  c l i p p e d  from 

p r o t e c t e d  p l o t s  and G i s  th e  o v e n -d ry  w e ig h t  o f  v e g e t a t i o n  c l ip p e d  

from  g ra z e d  p l o t s .  The p e r c e n t  u t i l i z a t i o n  f o r  each s p e c i e s  was 

determ ined  and then compiled by v e g e ta t io n  type. U t i l i z a t i o n  of the 

d i f f e r e n t  v e g e t a t i o n  ty p e s  was p o o led  i n t o  u p lan d  o r  r i p a r i a n  

community c l a s s i f i c a t i o n s .
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RESULTS

In  t h e  f o l l o w i n g  s e c t i o n s ,  p a s t u r e  num bers and g r a z i n g  p e r io d  

num bers  a r e  used  synonym ously  to  ! f a c i l i t a t e  g r a p h i c s  and d a ta  

p re s e n ta t io n .

Stream Channel S t a b i l i t y

Changes i n  stream  channel a rea  were found to  be e i t h e r  p o s i t iv e  

o r  n e g a t i v e  v a lu e s .  P o s i t i v e  v a lu e s  c o r re sp o n d e d  to  an  i n c r e a s e  i n  

c h an n e l  a r e a ,  w h i l e  n e g a t i v e  v a l u e s  r e p r e s e n t e d  a d e c r e a s e  i n  a r e a .  

In  c o m p i l in g  t o t a l  ch an g es  i n c u r r e d  by a s t re a m  s e c t i o n  d u r in g  a 

m o n i to r in g  p e r io d ,  a b s o l u t e  v a l u e s  w e re  used . T h is  p ro c e d u re  was 

i n s t i t u t e d  to  e l im in a te  the  c o u n te rac t in g  e f f e c t s  of summing negative 

and p o s i t i v e  v a lues , which could r e s u l t  i n  an u n d e re s t im a tio n  of t o t a l  

stream  channel a l t e r a t i o n s .

Total stream  channel a l t e r a t i o n s  de rived  fo r  each p a s tu re  during 

a r e s p e c t iv e  m onito r ing  period  a re  i l l u s t r a t e d  in  F ig u res  15, 16, and 

17. P as tu re  numbers a r e  re p re se n te d  on th e  h o r iz o n ta l  a x is  and stream  

channel changes in  square c e n t i m e t e r s  a r e  d i s p l a y e d  on th e  v e r t i c a l  

a x is .

S tream  ch an n e l  a l t e r a t i o n s  w hich  o c c u r re d  d u r in g  t h e  I 981 and 

1I 982 g r a z i n g  sea so n  m o n i to r in g  p e r i o d s  a r e  p r e s e n te d  i n  F ig u re ;  15. 

D u rin g  b o th  th e  1981 and 1982 g r a z i n g  s e a s o n s ,  s t r e a m  ch an n e l  

a l t e r a t i o n s  w ere  s i g n i f i c a n t l y  g r e a t e r  (P < 0.01) d u r in g  th e  f i r s t  

h a l f  o f  t h e  g r a z in g  s e a s o n  (June 14 -  August 9) th a n  d u r in g  th e  l a s t  

h a l f  of th e  sea so n  (A ugust 9 -  O c to b e r  4). P a s tu r e  2 (Ju n e  28 -  J u ly  

12) e x h i b i t e d  t h e  g r e a t e s t  l e v e l  o f  r e l a t i v e  change d u r in g  bo th  th e
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F ig u r e  15. Change i n  S t r e a m  C hanne l  Area  (cm2 ) O b s e rv e d  D u r i n g  t h e
1981 and 1982 Graz ing  Seasons.

1 9 8  IP < 0 . 0  1

1 9 8 2

P A S T U R E
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1981 and 1982 g raz in g  seasons and was s i g n i f i c a n t l y  d i f f e r e n t  from a l l  

o th e r  p a s tu r e s .

P a s t u r e  8 (S ep tem b e r  20 -  O c tober  4) r e p r e s e n t e d  t h e  g r a z in g  

period  showing the  l e a s t  amount of stream  channel a l t e r a t i o n .  I t  was 

s i g n i f i c a n t l y  d i f f e r e n t  from  p a s t u r e s  I th ro u g h  4 , y e t  ch an n e l  

a l t e r a t i o n s  i n  p a s t u r e  8 w e re  a p p r o x im a te ly  eq u a l  to  (1981) o r  

s l i g h t l y  lo w e r  ( 1982) th a n  th e  ch an n e l  a l t e r a t i o n s  r e c o r d e d  i n  t h e  

ungrazed c o n tro l  p a s tu re  9.

The r e l a t i v e  amount o f  s t r e a m  ch an n e l  a l t e r a t i o n s  e x p r e s s e d  

w i t h i n  each p a s t u r e  a p p e a r s  to  be c o n s i s t e n t  f rom  y e a r  t o  y e a r .  

Channel a l t e r a t i o n s  from 1981 were not s i g n i f i c a n t ly  d i f f e r e n t  from 

those  recorded  f o r  the same p as tu re  during  the  1982 g raz in g  season.

The 1981 and 1982 s t r e a m  c h a n n e l  a l t e r a t i o n  d a t a  w e re  

c o l l e c t i v e l y  a n a ly z e d  u s in g  a l i n e a r  r e g r e s s i o n  to  d e t e r m in e  i f  a 

t re n d  i n  channel a l t e r a t i o n s  e x i s t s .  C a lcu la t io n s  produced a negative  

s lo p e :

Y = -0.41 X +74.96

i n d i c a t i n g  a d e c r e a s i n g  t r e n d  i n  ch an n e l  a l t e r a t i o n s  fro m  e a r l y  t o  

l a t e  i n  th e  season.

F ig u r e  16 r e p r e s e n t s  t h e  s t r e a m  ch an n e l  a l t e r a t i o n s ,  w hich 

occurred  du ring  the  w in te r  o f  1981-1982 m on ito r ing  period . R e la t iv e  

changes i n  channel a rea  were g r e a te s t  in  p a s tu re s  I and 2 and low est 

in  p a s tu re s  8 and 9. However, th e re  was no s ig n i f i c a n t  d i f f e r e n c e  in  

channel a l t e r a t i o n s  among th e  pastu res .
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F ig u r e  16.  Change i n  Stream Channel Area (cm2 ) Observed F o l low ing  t h e
W in te r  o f  1981-1982.

P < 0 . 0 1
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L in e a r  r e g r e s s i o n  a n a l y s e s  o f  w i n t e r  d a ta  p roduced  a n e g a t i v e  

s lo p e :

Y = -0 .66  X +77.94

in d ic a t i n g  a d e c l in e  in  damage from e a r ly  to  l a t e  grazed p a s tu res .

Channel a l t e r a t i o n s  r e c o rd e d  d u r in g  t h e  w i n t e r  o f  1981-1982 

m o n ito r ing  period  were found to  be ,10 to  800 percen t g r e a te r  than the  

stream  channel changes, recorded  during  th e  g raz ing  seasons o f  1981 and 

1982.

The t o t a l  stream  channel changes which occurred during  th e  two- 

y e a r  s tu d y  w ere  d e te r m in e d  by co m p ar in g  th e  ch an n e l  a r e a s  r e c o rd e d  

b e f o r e  t h e  I 981 g r a z i n g  s e a s o n  t o  t h e  c h an n e l  a r e a s  r e c o r d e d  a t  th e  

end of the  1982 g raz in g  season. These r e s u l t s  a re  p resen ted  in  F igure 

17. The g rap h  shows t h a t  th e  d e g re e  o f  s t r e a m  c h an n e l  a l t e r a t i o n s  

g rad u a lly  decreases  a s  the  season p ro g resses  i n  a p a t t e r n  s im i la r  to  

th e  y e a r ly  g raz ing  season changes.

P as tu re  2 again  showed th e  g r e a te s t  l e v e l s  o f  channel a l t e r a t i o n s  

and was s i g n i f i c a n t l y  d i f f e r e n t  from a l l  the  o th e r  p a s tu res .  P as tu res  

7 and 8 both in d ic a te d  l e s s  channel a l t e r a t i o n s  than  did  th e  ungrazed 

c o n t r o l  p a s t u r e ,  9. A l i n e a r  r e g r e s s i o n  t e s t  o f  t o t a l  chan n e l 

a l t e r a t i o n s  produces th e  equation:

Y = - I .56 X +137.30

in d ic a t in g  a d ec reas in g  tren d  in  changes of channel a re a  from p as tu re  

I through p a s tu re  9.

As p rev io u s ly  mentioned, changes i n  channel a rea  a re  denoted by 

p o s i t iv e  or n eg a tiv e  v a lu e s  in d ic a t in g  e i t h e r  an in c re a se  or decrease  

i n  c h an n e l  a r e a .  A n a ly s i s  o f  th e  d i r e c t i o n  o f  change shows l i t t l e
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F ig u r e  17.  T o t a l  Change i n  S t r e a m  C h an n e l  Area (cm2 ) O b s e rv e d  From
th e  S p r in g  o f  1981 U n t i l  the F a l l  o f  1982.
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c o n s i s t e n c y  be tw een  t h e  1981 and 1982 g r a z i n g  p e r i o d s  (T ab le  I ) .  

C om parison  o f  th e  two g r a z i n g  s e a s o n s  r e v e a l s  t h a t  9 t r a n s e c t s  

i n c r e a s e d  i n  a r e a  and 9 t r a n s e c t s  d e c r e a s e d  i n  a r e a  d u r in g  bo th  

g r a z in g  s e a s o n s .  Yet, d u r in g  b o th  y e a r s ,  27 t r a n s e c t s  i n c r e a s e d  i n  

a r e a  one y e a r  and  d e c r e a s e d  i n  a r e a  t h e  o t h e r  r e v e a l i n g  an  

i n c o n s i s t e n c y  i n  th e  ty p e  o f  changes  b e in g  r e c o r d e d  a t  t h e s e  

t r a n s e c t s .  Channel a l t e r a t i o n s  w hich  occurred  during  th e  w in te r  of 

1981-1982 show 32 t r a n s e c t s  i n c r e a s i n g  i n  a r e a  and 13 t r a n s e c t s  

d e c rea s in g  i n  a rea . There was no s i m i l a r i t y  between which t r a n s e c t s  

in c re a se d  i n  a rea  and which decreased when comparing th e  1981 and 1982 

g raz ing  p e r io d s  to  th e  o v e r-w in te r  a l t e r a t i o n s .

T ota l stream  channel a l t e r a t i o n s  over the  two-year, s tudy show 34 

t r a n s e c t s  in c re a se d  i n  a re a  w h ile  only 11 decreased  i n  a rea .  Transect 

9, lo c a te d  in  p a s tu re  2, e x h ib i te d  the  g r e a te s t  degree of in c re a s e  in  

c h an n e l  a r e a  (144.39 crn^), and t r a n s e c t  19. i n  p a s t u r e  4 showed th e  

g r e a t e s t  d e c r e a s e  (24.54 cm2). T r a n s e c t s  4 th ro u g h  6 and 30 th ro u g h  

33 a p p e a r  to  be two a r e a s  o f  d e p o s i t i o n  w i t h i n  t h e  s t r e a m  ch an n e l .  

These d e p o s i t i o n  a r e a s  c o n t a i n  two t h i r d s  o f  th e  t r a n s e c t s  w h ich  

c o n s i s te n t ly  decreased  i n  a rea .

S o i l  M oisture

S o il  m o is tu re  da ta  were analyzed f o r  the  top 45 cm of s o i l .  This 

d e p th  was s e l e c t e d  due t o  i t s  g r e a t e r ,  p o t e n t i a l  s u s c e p t i b i l i t y  to  

l iv e s to c k  im pac ts  and because s o i l  m o is tu re  v a r i e s  l i t t l e  below 45 cm 

(Papendick, Cochran and Woody 1971). The average s o i l  m o is tu re  of the  

to p  45 cm o f  s o i l  f o r  a l l  s t re a m b a n k  a c c e s s  t u b e s  i s  p r e s e n t e d  i n



P a s tu r e

1

2

3

4

Table I . D irec t io n  of change e x h ib i te d  by stream channel c ro s s - s e c t io n s  during  th e  1981 and 
g raz ing  seasons and the t o t a l  change from pre-1981 to  post-1982. In c re a se s  in  channel 
designa ted  by (+) and decrea se s  in  channel a re  designated  by ( - ) .

1982
a re

Graz ing Season 
T ran s ec t  1981 1982

Pre-1981
t o

Post-1982 P a s tu r e
Grazing  Season 

T ran s ec t  1981 1982

Pre-1981
t o

P o s t - 198?
I + + +
2 + - +
3 + + +
4 - + -

5 - - -

6 + - —

7 + - +
8 + - +
9 + + +

10 - —

11 + + +
12 - mm

13 + — +
14 + + +
15 - + +
16 + + +
17 + — +
18 + + +
19 + —

20 - + +
21 - + +
22 - + +
23 - + +
24 + _ +
25 + + +

6 26
27
28
29
30

7 31
32
33
34
35

8 36
37
38
39
40

9 Control 41
42
43
44
45

+
+

+
+
+

+

+
+
+

+
+
+

+

+
+

+

+

+

— 4 r
V l

+
+
+
+
+
+

+
+

+

5 +
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F ig u r e  18. S o i l  m o i s tu r e  was sam pled  a t  th e  end o f  each  g r a z in g  

pe riod  and p resen ted  he re  as  p a s tu re  numbers.

During both the  1981 and 1982 seasons, s o i l  m o is tu re  v a lu es  were 

found to  be h ig h e s t  i n  the  e a r ly  g raz in g  pe riods  fo llow ed  by a rap id  

decrease  through g raz ing  p e rio d s  I and 2 and a gradual decrease  u n t i l  

pe riods  6 (1982) and 7 (1981) when f a l l  p r e c i p i t a t i o n  in c re a se d  s o i l  

and m o is tu re  l e v e l s .

O v e ra l l  s o i l  m o i s tu r e  l e v e l s  w e re  h ig h e r  i n  I 982 th a n  i n  1981. 

T h is  i s  e s p e c i a l l y  e v id e n t  d u r in g  th e  f a l l  s o i l  m o i s t u r e  r e c h a r g e  

period. F a l l  recharge  occurred  e a r l i e r  and was o f  a g r e a te r  magnitude 

th a n  i n  I 981.

Stream Flow Discharge

F ig u r e  19 r e p r e s e n t s  w a te r  f lo w  d a t a  from' I 981 and 1982 as  t h e  

average flow from a l l  f i v e  sam pling s t a t i o n s  a t  the end of a g raz ing  

period. Flow d a ta  a re  p resen ted  on a m^/day basis .

During both 1981 and 1982, peak flow occurred  approx im ate ly  June 

T th ro u g h  TO, th u s  e n d in g  a p p r o x im a te ly  fo u r  d ay s  b e f o r e  th e  

i n i t i a t i o n  of any g raz in g  tre a tm e n ts .  Flow le v e l s  r a p id ly  decreased 

d u r in g  t h e  f i r s t  f o u r  g r a z i n g  p e r i o d s  and s t a b i l i z e d  d u r in g  th e  

r e m a in d e r  o f  th e  g r a z i n g  sea so n . L i t t l e  f a l l  r e c h a r g e  was n o ted . 

Flow l e v e l s  d u r in g  ,1982 w ere  g e n e r a l l y  g r e a t e r  th a n  d u r in g  th e  1981

season
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F igu re  18. Streambank S o il  M oisture ($) Recorded During th e  1981 and 
1982 Grazing Seasons Using a T rox ler  Neutron Probe.

I 9 8 2

1 9 8  1
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Figure  19. Water Volume Recorded fo r  Cottonwood Creek During the  1981 
and 1982 Grazing Seasons (m^/day).

1 9 8  1

1 9 8 2

PAST URE
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Suspended Sediment

Suspended sedim ent d a ta  a re  p resen ted  i n  F igures  20 and 21. The 

g ra p h s  p r e s e n t  th e  am ount o f  su sp en d ed  s e d im e n t  c o l l e c t e d  d u r in g  a 

g r a z in g  p e r i o d  a t  each  s a m p l in g  s t a t i o n .  Sam pling  s t a t i o n s  a r e  

d e s i g n a t e d  A, B, C, D and E on th e  r i g h t - h a n d  a x i s  o f  th e  g rap h . The 

foreground a x is  r e p re s e n ts  th e  p a s tu re  number or g raz in g  p e r io d  during  

which sedim ent was c o l le c te d .  The v e r t i c a l  a x is  d is p la y s  the  amount 

o f  s e d im e n t  c o l l e c t e d  d u r in g  each  g r a z i n g  p e r i o d  i n  g/m^ o f  w a te r  

flow.

The shaded p o r t io n s  o f  each graph re p re se n t  th e  l o c a t io n  o f  the  

c a t t l e  d u r in g  t h a t  g r a z i n g  p e r i o d ■and h e lp  t o  i d e n t i f y  w hich  

c o l l e c t i o n  s t a t i o n  i s  dow nstream  o f  t h a t  l o c a t i o n  (e .g . c o l l e c t i o n  

s t a t i o n  A i s  downstream of p a s tu re s  I and 2, c o l l e c t io n  s t a t i o n  E i s  

downstream of the  ungrazed p a s tu re ,  9« and re p re s e n ts  th e  control).,

For the  1981 g raz in g  season (F igure  20), peak suspended sediment 

f lo w  was fo u n d  to  o c c u r  d u r in g  t h e  second  g r a z in g  p e r i o d  a t  each o f 

t h e  f i v e  s a m p l in g  s t a t i o n s .  S e d im e n t  l e v e l s  s h a r p l y  d e c r e a s e d  

fo l lo w in g  th e  peak lo ad in g  period  a t  s t a t i o n s  B through E. ' Sediment 

c o n c e n tra t io n s  then s t a b i l i z e d  during  th e  fo u r th  g ra z in g  period  and 

remained co n s ta n t  throughout th e  rem ainder of the  g ra z in g  season. A 

g r a d u a l  d e c r e a s e  i n  s e d im e n t  c o n c e n t r a t i o n s  was n o te d  a t  s t a t i o n  A 

fo l lo w in g  th e  peak lo a d in g  period , and continued  u n t i l  th e  te rm in a t io n  

of the  g raz in g  season.

S t a t i o n  B r e c o r d e d  t h e  h i g h e s t  c o n c e n t r a t i o n  o f  su spended  

s e d im e n t  a t  peak s e d im e n t  f low  d u r in g  th e  second g r a z i n g  p e r io d .  

D u ring  t h e  second  and t h i r d  g r a z in g  p e r i o d s ,  s t a t i o n  B c o l l e c t e d
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F ig u r e  20.  Suspended Sedim ent C o n c e n t r a t i o n s  (g/m^) C o l l e c t e d  During
t h e  1981 G r a z i n g  S e a s o n  U s i n g  a M o d i f i e d  S i n g l e  S t a g e
S e d i m e n t  S a m p l e r .  The Shaded  P o r t i o n  o f  t h e  F i g u r e
R e p r e s e n t s  t h e  L o c a t i o n  o f  t h e  C a t t l e  i n  R e l a t i o n  t o  t h e
Sampling  S t a t i o n s .

1 9 8  I

<9 f
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F ig u r e  21 .  Suspended Sed iment C o n c e n t r a t i o n s  (g/m^) C o l l e c t e d  During
t h e  1982 G r a z i n g  S e a s o n  U s i n g  a M o d i f i e d  S i n g l e  S t a g e
S e d i m e n t  S a m p l e r .  The Shaded  P o r t i o n  o f  t h e  F i g u r e
R e p r e s e n t s  t h e  L o c a t i o n  o f  t h e  C a t t l e  i n  R e l a t i o n  t o  t h e
Sampl ing S t a t i o n s .

1 9 8 2
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g r e a t e r  am oun ts  o f  s e d im e n t  th a n  any o t h e r  s t a t i o n  (P < 0 ,01). No 

o t h e r ■s ig n i f i c a n t  d i f f e r e n c e s  were noted between the sam pling s t a t i o n s  

during  any o th e r  g raz in g  period . Also, sedim ent c o n c e n tra t io n s  during  

th e  f i r s t  th re e  g raz in g  p e rio d s  were found to  be s i g n i f i c a n t l y  g re a te r  

th a n  t h e  l a s t  f i v e  g r a z i n g  p e r io d s '  f o r  s t a t i o n s  B th ro u g h  E and f o r  

g raz in g  pe riods  7 and 8 f o r  s t a t i o n  A.

The 1982 suspended sedim ent da ta  d is p la y s  t re n d s  s i m i l a r  to  those 

e x p r e s s e d  i n  1981 ( F ig u re  21). Peak s e d im e n t  c o n c e n t r a t i o n s  w ere  

r e c o r d e d  d u r in g  t h e  second  g r a z i n g  p e r io d  fo r  a l l  sam pling s t a t i o n s  

e x c e p t  E, w here  peak s e d im e n t  l o a d i n g  o c c u r r e d  d u r in g  th e  f i r s t  

g r a z i n g  p e r io d .  A r a p i d  d e c r e a s e  i n  s e d im e n t  c o n c e n t r a t i o n s  was 

r e c o r d e d  f o l l o w i n g  t h e  p e a k  c o n c e n t r a t i o n  p e r i o d .  S e d im e n t  

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

remained co n s ta n t  throughout the  rem ainder of the g raz in g  season.

As w i t h  1 9 8 1 ,  s t a t i o n  B r e c o r d e d  t h e  h i g h e s t  s e d i m e n t  

c o n c e n t r a t i o n s  d u r i n g  t h e  s e c o n d  g r a z i n g  p e r i o d .  S e d im e n t  

c o n c e n tra t io n s  f o r  s t a t i o n  B were s i g n i f i c a n t l y  g re a te r  than th e  o th e r  

s t a t i o n s .  No o t h e r  s i g n i f i c a n t  d i f f e r e n c e s  w ere  n o te d  b e tw een  

s t a t i o n s  d u r in g  t h e  r e m a in in g  g r a z i n g  p e rio d s  except t h a t  suspended 

s e d im e n t  c o n c e n t r a t i o n s  d u r in g  th e  f i r s t  two g r a z i n g  p e r i o d s  w ere  

s i g n i f i c a n t l y  g r e a t e r  th a n  t h e  l a s t  s i x  g r a z in g  p e r i o d s  a t  a l l  f i v e  

sam pling s ta t io n s .

No in c re a se  i n  suspended sedim ent c o n ce n tra t io n s  was observed due 

to  th e  p re s e n c e  o f  c a t t l e .  In  m ost c a s e s ,  a g e n e r a l  r e d u c t i o n  i n  

c o l le c te d  suspended sedim ent was recorded  i n  1981 d u r in g  a l l  g raz ing  

p e r io d ’s and i n  1982 d u r in g  g r a z in g  p e r io d s  3 th ro u g h  8. An i n c r e a s e
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i n  suspended sedim ent c o n c e n tra t io n s  was observed downstream of the  

c a t t l e  a t  s t a t i o n  A during  g raz in g  p e rio d s  I and 2, however, t h i s  same 

in c re a se  was a ls o  noted upstream of th e  c a t t l e  a t  s t a t i o n s  B, C, D and 

E during  the  same period.

F ig u r e  22 r e p r e s e n t s  t h e  g ram s o f  su spended  o r g a n i c  m a t t e r  

c o l le c te d  a t  each sam pling s t a t i o n  d u ring  the  8 g raz in g  p e rio d s  from 

t h e  I 982 g r a z i n g  s e a s o n .  No d a ta  a r e  a v a i l a b l e  f o r  1981. A lthough 

organ ic  m a t te r  l e v e l s  were g r e a te s t  d u ring  the  e a r ly  g raz in g  pe riods ,

I th ro u g h  3 , t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  b e tw een  e a r l y  and 

l a t e  p e r io d s .  S am p lin g  s t a t i o n s  A, B, C and D r e c o r d e d  peak  o r g a n ic  

m a t e r i a l  l o a d i n g  d u r in g  t h e  t h i r d  g r a z i n g  p e r io d ,  w h i l e  s t a t i o n  E 

recorded  i t s  peak l e v e l s  du ring  the  second g raz ing  period. Subsequent 

peaks were observed a t  s t a t i o n s  A, C, D and E a t  v a r io u s  t im e s  during 

the  g raz in g  season. No in c re a s e  in  o rgan ic  m a t te r  lo a d in g  was ev ident 

due to  c a t t l e  a c t i v i t y  upstream of any reco rd in g  s t a t io n .

V egeta tion  U t i l i z a t i o n

During th e  1981 g raz in g  season  u t i l i z a t i o n  r a t e s  i n  th e  r i p a r i a n
I

a re a  were c o n s i s te n t ly  h igher  than i n  the upland communities (Figure
I

23 ) .  U t i l i z a t i o n  r a t e s  i n  t h e  r i p a r i a n  c o m m u n it ie s  a v e ra g e d  59 

pe rcen t w ith  a high o f 71 percen t du ring  g raz in g  period 2 and a low of 

49 p e r c e n t  d u r in g  p e r io d  5. Upland c o m m u n it ie s  a v e r a g e d  46 p e r c e n t  

u t i l i z a t i o n  over the  g raz in g  season w ith  a high o f 73 pe rcen t during 

g raz ing  p e rio d  7 and a low of 27 p e rcen t  during  p e riod  4.
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F ig u r e  22.  S u s p en d ed  O r g a n i c  M a t t e r  (g )  C o l l e c t e d  D u r i n g  t h e  1982
G r a z i n g  S e a s o n  U s i n g  a M o d i f i e d  S i n g l e  S t a g e  S e d i m e n t
Sampler.  The Shaded P o r t i o n  o f  th e  F ig u re  R e p re s e n t s  t h e
L o c a t i o n  o f  t h e  C a t t l e  i n  R e l a t i o n  t o  t h e  S a m p l i n g
S t a t i o n s .

1 9 8 2
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F igure  23. P e rc e n t  U t i l i z a t i o n  o f  Upland and R i p a r i a n  V e g e ta t io n  
Determined Using the Cage Comparison Method.

P A S T U R E
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U t i l i z a t i o n  r a t e s  during  th e  1982 season show r i p a r i a n  u t i l i z a ­

t i o n  h i g h e r  i n  e a r l y  sea so n  ( p a s t u r e s  2 , 3 and 4) w h i l e  up land  

u t i l i z a t i o n  r a t e s  were h ig h e r  during  th e  l a t t e r  (p a s tu re s  5» 6 and 7).

R iparian  u t i l i z a t i o n  r a t e s  averaged 52 pe rcen t w ith  a high o f 74 

p e r c e n t  d u r in g  g r a z in g  p e r i o d  3 and a low o f  42 p e r c e n t  d u r in g  4. 

Upland c o m m u n it ie s  a v e rag e d  54 p e r c e n t  w i th  a h ig h  o f  74 p e r c e n t  

during  g raz in g  p e riod  7 and a low of 35 d u r in g  period  4. .

D u ring  bo th  th e  1981 and 1982 s e a s o n s ,  peak u t i l i z a t i o n  i n  th e  

u p la n d  c o m m u n it ie s  o c c u r r e d  d u r in g  g r a z i n g  p e r io d  7, w h i l e  peak 

r i p a r i a n  u t i l i z a t i o n  o c c u r r e d  d u r in g  g r a z i n g  p e r io d  2 i n  1981 and 

period  3 in  1982. The period  o f  low est u t i l i z a t i o n  f o r  both y e a rs  fo r  

upland communities was during  pe riod  4, w h ile  f o r  r ip a r i a n  communities 

i t  occurred  i n  g raz ing  p e r io d  5 in  1981 and period  4 in  1982. During 

both seasons, u t i l i z a t i o n  r a t e s  i n  the  sp r in g  were high  f o r  r ip a r i a n  

and upland communities dropping to  a low during  m id-season  and then  

in c re a s in g  aga in  during  l a t e  season.
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DISCUSSION

Time o f g r a z in g  was found  to  be fu n d a m e n ta l  i n  e v a l u a t i n g  th e  

e f f e c t s  o f  l iv e s to c k - in d u c e d  streambank i n s t a b i l i t y  a long Cottonwood 

Creek.. A l te r a t io n s  of stream  banks a t t r i b u t a b l e  to  l iv e s to c k  g raz ing  

were found to  be g r e a t e s t  during  e a r ly  g raz ing  p e riods  (periods  I to  

4) and s i g n i f i c a n t l y  l e s s  i n  t h e  l a t t e r  p e r io d s  ( p e r i o d s  5 t o  8) (P < 

0 .01 ) .  The second  g r a z i n g  p e r io d  i n  l a t e  June  and e a r l y  J u ly  was 

found to  have s ig n i f i c a n t l y  g r e a t e r  s t r e a m  bank a l t e r a t i o n s  th a n  any 

o th e r  g r a z i n g  p e r io d  d u r in g  bo th  y e a r s  o f  m o n i to r in g .  A l t e r a t i o n s  

were observed to  be c o n s i s te n t  from one y ear  to  the next, in d ic a t in g  

the  banks were r e c e iv in g  approx im ate ly  th e  sam e .im pac ts  each season. 

Streambank a l t e r a t i o n s  d u ring  the  l a t t e r  p a r t  of the  season were not 

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

c o n tro l .

Q u a l i t a t iv e  o b se rv a tio n s  in d ic a te  con s id e rab ly  more exposed banks 

and hoof damage during  the  e a r ly  pe riods , e s p e c ia l l y  a t  c reek c ro ss in g  

lo c a t io n s ,  and a t  p o in ts  where th e  c a t t l e  en te red  th e  creek channel to  

g ra z e  on s t r e a m b a n k  v e g e t a t i o n .  V e g e t a t i o n  u t i l i z a t i o n  s t u d i e s  by 

P l a t t s  (1982) and Hayes (1978) i n d i c a t e  t h a t  d e c r e a s e d  s t re a m b a n k  

s t a b i l i t y  i s . l i k e l y  t o  r e s u l t  when u t i l i z a t i o n  l e v e l s  become 

e x c e s s iv e .  P l a t t s  (1982) r e p o r t e d  t h a t  streambank a l t e r a t i o n s  were 

probable' when r i p a r i a n  v e g e ta t io n  u t i l i z a t i o n  exceeds 65 p e rcen t  w ith  

Hayes (1978) r e p o r t in g  s i m i l a r  f in d in g s  o f  damage o ccu r r in g  above 60 

p e r c e n t  u se . U t i l i z a t i o n  o f  r i p a r i a n  v e g e t a t i o n  on th e  Cottonwood 

s tudy s i t e  averaged 62 and 63 percent, f o r  1981 and 1982 re s p e c t iv e ly



58

d u r in g  t h e  f i r s t  h a l f  o f  th e  g r a z in g  s e a s o n  and 55 and 52 p e r c e n t  

du ring  the second h a l f  of the  season.

The p eriods  o f  g r e a t e s t  stream  bank a l t e r a t i o n s  co inc ide  w ith  high 

u t i l i z a t i o n  r a t e s  s u p p o r t i n g  P l a t t s '  (1 9 8 2 )  and  H a y e s t  (I 97 8) 

c o n c lu s io n s  t h a t  h ig h  u t i l i z a t i o n  i s  a good i n d i c a t o r  o f  d e c r e a s e d  

stream  bank s t a b i l i t y .  This concept d id  no t hold t ru e  i n  1981 during 

g raz ing  p e r io d  7, however, when r i p a r i a n  v e g e ta t io n  u t i l i z a t i o n  l e v e l s  

exceeded 70 p e rcen t  and stream  bank a l t e r a t i o n s  were m inim al, fo llow ed  

i n  1982 by u t i l i z a t i o n  l e v e l s  o f  55 percen t and a marked in c re a se  i n  

a l t e r a t i o n s .  Cooper (1979) and D uff (1979) bo th  n o te d  t h a t  heavy 

u t i l i z a t i o n  was not necessary  to  im p a r t  damage upon th e  stream  banks 

t h a t  th e  amount o f  a n im a l  a c t i v i t y  and th e  s e n s i t i v i t y  o f  th e  banks 

were a more c r i t i c a l  f a c to r .

A c a t t l e  b e h a v io r  s tu d y  c o n d u c ted  by Marlow (1983) on t h e  

Cottonw ood Creek s tu d y  s i t e  r e v e a l s  t h a t  th e  c a t t l e  a r e  sp e n d in g  

s i g n i f i c a n t l y  l e s s  t im e  i n  th e  r i p a r i a n  communities du ring  th e  f i r s t  

h a l f  of the  g raz in g  season than  the  l a s t  (F igure  24). No c o r r e la t io n  

between th e  amount of tim e  c a t t l e  spend i n  th e  r i p a r i a n  communities 

and s t r e a m  bank a l t e r a t i o n s  was d i s c e r n i b l e  ( r ^  = 0 .04). The c a t t l e  

w ere  h a v in g  a s i g n i f i c a n t l y  g r e a t e r  im p a c t  on t h e  s t re a m b a n k s  and 

doing i t  i n  a s h o r te r  period of time d u ring  the  e a r ly  g raz in g  pe riods , 

w h i l e  h a v in g  l i t t l e  im p a c t  o v e r  a lo n g  p e r io d  o f  t im e  d u r in g  t h e  

l a t t e r  g r a z i n g  p e r io d s .  T h is  l e a d s  t o  th e  i n f e r e n c e  t h a t  th e  

stream  banks may be more v u ln e ra b le  to  l iv e s to c k  im pac ts  i n  th e  e a r ly

p a r t  of the g raz in g  season.
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F igu re  24. Time (Hours) Spent by C a t t le  Group in  Upland and R iparian  
H a b i t a t  Types D uring  th e  1982 G ra z in g  Season  (Marlow 
I 983). D a tes  Along t h e  H o r i z o n ta l  Axis a r e  Synonymous 
With Grazing Periods.

• •  • •

DATE

The d i r e c t i o n  of stream  bank changes ( inc reased  a re a  due to  s o i l  

l o s s  or decreased  a rea  due to  s o i l  gain) was h igh ly  v a r ia b le  between 

m o n i to r in g  p e r io d s .  T h is  v a r i a b i l i t y  may a g a in  be a t t r i b u t e d  to  

c a t t l e  b e h a v io r .  D uring  each  g r a z in g  s e a so n  a d i f f e r e n t  group of 

h e i f e r s  w ere  used . Q u a l i t a t i v e  o b s e r v a t i o n s  r e v e a l  t h a t  th e  two 

groups used d i f f e r e n t  c reek c ro s s in g  p o in ts  which r e s u l te d  in  c e r ta in  

t r a n s e c t s  r e c e iv in g  more tram p lin g  damage w h ile  o th e rs  downstream of 

s u c h  a r e a s  r e c e i v e d  d e b r i s  and  s e d i m e n t  a c c u m u l a t i o n s .  The



60

c o n s i s t e n c y  o f  im p ac t  sh o u ld  be n o ted  though . A lthough  d i f f e r i n g  

t r a n s e c t s  d i s p l a y e d  a l t e r a t i o n s  one y e a r  to  th e  n e x t ,  th e  t o t a l  

a l t e r a t i o n s ,  w i th in  each p a s tu re  remained c o n s is te n t  du ring  th e  two 

y e a rs .

Roath (1980) s t a t e s  t h e  g r e a t e s t  im p a c t  l i v e s t o c k  have  on 

r i p a r i a n  a re a s  may be t ram p lin g  damage and th a t  wet so i l ,  i s  the  most 

s u s c e p t ib le  to  l iv e s to c k  im pacts. The pe riods  of g r e a te s t  stream  bank 

a l t e r a t i o n s  were found to  be c lo se ly  c o r r e la te d  to  high s o i l  m ois tu re  

l e v e l s  ( r2 = 0.82) d u r in g  f r o s t - f r e e  g raz in g  pe riods . S o il  m ois tu re  

was found to  be h ig h e s t  e a r ly  i n  the season and g rad u a lly  decreased  to  

the  low est l e v e l s  i n  e a r ly  September. Stream bank a l t e r a t i o n s  were a lso  

h ig h e s t  e a r ly  i n  the  season fo llow ed  by a gradual decrease  throughout 

the  rem ainder of the  season. As th e  streambank d r ie d ,  i t  appeared to  

be l e s s  s u s c e p t ib le  to  tram p lin g  damage. During the  1981 season, the  

dry stream  banks showed l i t t l e  im pact due to  th e  c a t t l e ,  y e t ,  inc reased  

s t re a m b a n k  a l t e r a t i o n s  w ere  n o te d  w i t h i n  p a s t u r e  7 d u r in g  th e  I 982 

season a f t e r  an e a r ly  f a l l  snow storm in c re ase d  s o i l  m o is tu re  le v e l s .  

This in c re a s e  and damage l a s t e d  only one g raz in g  period.

. The c o r r e l a t i o n  between s o i l  m o is tu re  and stream bank a l t e r a t i o n s  

dropped ( r 2 = 0.63) a f t e r  m id -S ep tem ber d u r in g  bo th  g r a z i n g  s e a so n s .  

D u rin g  t h e  l a s t  tw o g r a z i n g  p e r i o d s ,  s o i l  m o i s tu r e  i n c r e a s e d  w h i l e  

streambank a l t e r a t i o n s  decreased  even though s o i l  m o is tu re  was being 

r e c h a r g e d  by f a l l  p r e c i p i t a t i o n  e v e n t s .  D uring  b o th  I 981 and 1982, 

e a r ly  f a l l  snowstorms and average d a i ly  a i r  tem p era tu res  below 2° C. 

may have combined to  f r e e z e  the  recharge  m o is tu re  i n  th e  upper la y e r  

o f  s o i l ,  th u s  a c t i n g  to  cem ent th e  banks  i n  p la c e .  The f r o z e n
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stream  banka may then have been s t ro n g  enough to  support th e  w eight of 

the c a t t l e  and not succumb to  tram p lin g  damage. S im i la r  f in d in g s  were 

r e p o r t e d  by Cooper (1 9 7 9 ) , who. n o te d  re d u c ed  s t r e a m b a h k  damage 

a s s o c i a t e d  w i t h  l i v e s t o c k  g r a z i n g  l a t e  i n  th e  f a l l  and w i n t e r  a f t e r  

t h e  s t r e a m b a n k s  had become f r o z e n .  K auffm an (1982) a l s o  r e p o r t e d  

reduced s o i l  d is tu rb an ce  during  l a t e  f a l l  g razing.

Although d i r e c t  l iv e s to c k  im pac ts  to  streambank s t a b i l i t y  may be 

reduced during  the  f a l l  and w in te r ,  i t  was o v e r -w in te r  a l t e r a t i o n s  

which were found to  be g r e a te r  than l iv e s to c k - in d u c e d  damage. Over­

w in te r  a l t e r a t i o n s  were 10 to  800 percen t g re a te r  than  the  a l t e r a t i o n s  

recorded a long  th e  same t r a n s e c t s  during  th e  g raz ing  season. S im ila r  

r e s u l t s  were rep o r ted  by Buckhouse (1980) and Hayes (1978). Buckhouse 

(1980) r e p o r t e d  g r e a t e r  s t r e a m  bank a l t e r a t i o n s  o c cu r r in g  du ring  th e  

w i n t e r  th a n  d u r in g  th e  g r a z i n g  s e a s o n  and c o n c lu d ed  t h a t  i c e  f l o e s ,  

high w a te r ,  and channel physiognomy were c r i t i c a l  f a c to r s  involved in  

th e  e r o s i o n  p ro c e s s .  Hayes (1978) a l s o  found  w i n t e r / s p r i n g  ch an n e l  

a l t e r a t i o n s  t o  be i n  e x c e s s  o f  a l t e r a t i o n s  a t t r i b u t a b l e  to  c a t t l e  

g raz in g  im pacts  du ring  the  g raz in g  season.

Cottonwood Creek c h a r a c t e r i s t i c a l l y  has deep snow d r i f t s  l i n in g  

the channel len g th  over th e  w in te r  and i n t o  l a t e  May. The weight of 

snow and ic e  may ac t  to  lo o sen  th e  s o i l  and cause stream  bank slumping 

on a r e a s  im p a c te d  by l i v e s t o c k  d u r in g  th e  p r e v io u s  y e a r ’s g ra z in g .  

The d e g re e  o f  l i v e s t o c k  im p a c t  d u r in g  t h e  g r a z in g  s e a s o n  co u ld  

i n f l u e n c e  th e  amount o f  o v e r - w i n t e r  damage. The f i r s t  two g r a z in g  

p e r io d s  i n  w hich  th e  g r e a t e s t  d e g re e  o f  s t re a m b a n k  a l t e r a t i o n s  

o c c u r r e d  d u r in g  th e  g r a z i n g  s e a s o n  a l s o  had th e  g r e a t e s t  amount o f
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o v e r - w i n t e r  change. The r e m a in in g  7 p a s tu r e s  a l l  had s t a t i s t i c a l l y  

s im i l a r  l e v e l s  of a l t e r a t i o n s  during  the  w in te r  period  although they 

w e re  s i g n i f i c a n t l y  g r e a t e r  th a n  t h e  im p a c t s  r e c o r d e d  d u r in g  th e  

g r a z in g  sea so n .  However, o v e r - w i n t e r  a l t e r a t i o n s  i n  th e  u n g razed  

c o n tro l  p a s tu re  a lso  averaged 655 percen t g r e a te r  than th e  a l t e r a t i o n s  

r e c o r d e d  d u r in g  th e  g r a z i n g  sea so n . T h is  i n d i c a t e d  t h a t  n a t u r a l l y  

o c c u r r i n g  f a c t o r s  may have a s  s i g n i f i c a n t  an im p a c t  on i n d u c in g  

stream  bank i n s t a b i l i t y  and e v e n t u a l l y  i n c r e a s e d  su sp en d ed  s e d im e n t  

lo ad in g  a s  does l iv e s to c k  im pacts.

Rosgen (1975) r e p o r t s  t h a t  suspended sedim ent co n ce n tra t io n s  a r e  

c o r r e l a t e d  to  s t re a m b a n k  s t a b i l i t y  and w a t e r  f lo w . As s t r e a m b a n k s  

become l e s s  s ta b l e ,  more sedim ent w i l l  be c o n tr ib u te d  to  th e  stream 

flow and in c re a s in g  volumes o f  w a ter  can t r a n s p o r t  a g r e a t e r  volume of 

sediment. Johnson e t  a l .  (1978) a l so  s t a t e  t h a t  h igh c o n ce n tra t io n s  

o f  su sp e n d e d  s e d im e n t  a r e  g e n e r a l l y  an  i n d i c a t i o n  o f  e r o s io n  

a s s o c ia te d  w ith  some degree of impact.

C a t t l e  presence appeared to  have no e f f e c t  on th e  pe riod  o f peak 

s e d im e n t  c o n c e n t r a t i o n s  a s  peak su sp en d ed  s e d im e n t  c o n c e n t r a t i o n s  

o c c u r r e d  a t  a l l  r e c o r d i n g  s t a t i o n s  d u r in g  t h e  second  g r a z i n g  p e r io d  

d u r in g  b o th  m o n i to r in g  s e a s o n s  r e g a r d l e s s  o f  c a t t l e  p re s e n c e .  The 

same h e ld  t r u e  fo r  suspended o rgan ic  m a tte r .  Peak suspended sediment 

c o n c e n t r a t i o n s  o f  24.04 g/m^ i n  1981 t o  25.25 g/m^ i n  1982 w e r e .w e l l  

below th e  c r i t i c a l  l e v e l  of 80 g/m^ re p o r te d  by McKee and Wolf (1963) 

to  be d e t r im e n ta l  to  a q u a t ic  organisms.

The p a t t e r n  o f  peak  su sp en d ed  s e d im e n t  c o n c e n t r a t i o n s  l a s t i n g  

o n ly  f o r  a p p r o x im a te ly  two w eeks im m e d ia te ly  f o l l o w e d  by a r a p id
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decrease  and s t a b i l i z a t i o n  w ith  low c o n c e n tra t io n s  i s  c o n s is te n t  w ith
i

f in d in g s  by Gary e t  a l .  (1983), who found s im i l a r  peak c o n ce n tra t io n  

-  s t a b i l i z a t i o n  p a t te r n s  on a sm all w atershed  i n  th e  Colorado Front 

R ange . I n  t h e i r  o b s e r v a t i o n s ,  t h e y  n o t e d  maximum s e d i m e n t  

c o n c e n tra t io n s  occurred  during  peak stream  flow periods . Yet, in  t h i s  

s t u d y ,  maximum s u s p e n d e d  s e d i m e n t  c o n c e n t r a t i o n s  o c c u r r e d  

approx im ate ly  14 to  21 days a f t e r  th e  peak w ater  flow period.

The peak suspended sedim ent co n ce n tra t io n  period (June 28 -  J u ly  

12) c o i n c i d e s  w i th  t h e  p e r io d  o f  h e a v i e s t  p r e c i p i t a t i o n  f o r  th e  

Cottonwood Creek drainage. The Cottonwood Creek d ra inage  r e c e iv e s  an 

a v e ra g e  o f  450 mm p e r  y e a r  w i t h  110 mm, o r 24 p e r c e n t  o f  t h e  y e a r l y  

average o c cu r r in g  during  l a t e  June and e a r ly  Ju ly . The l a r g e  volumes 

of w a te r  o r ig in a t in g  from convec tiona l thunders to rm s may ac t  to . wash 

lo o s e n e d  s o i l  a lo n g  damaged s t r e a m  banks  i n t o  th e  w a te r  column. 

A lthough  t h e r e  was no o b s e r v a b le  i n c r e a s e  i n  su sp en d ed  s e d im e n t  

c o n c e n t r a t i o n s  due t o  c a t t l e  a c t i v i t y  a s  th e y  w e re  moved u p s tre a m  

through th e  p a s tu re s ,  th e re  may have been an i n d i r e c t  in c re a s e  during  

th e  fo l lo w in g  sp r in g  a s s o c ia te d  w ith  t h e i r  r e s id u a l  im pacts.

Suspended sedim ent c o n c e n tra t io n s  were found to  be g r e a te r  below 

p a s tu re s  t h a t  had co n sid e rab le  streambank a l t e r a t i o n s .  Peak sediment 

c o n c e n tra t io n s  were found a t  c o l l e c t io n  s t a t i o n s  A and B, which were 

downstream of the  p a s tu re s  grazed e a r ly  i n  the season and which showed 

t h e  g r e a t e s t  a l t e r a t i o n s .  The c a t t l e  a c t i v i t y  o f  a l t e r i n g  t h e  

s tream  banks may be coupled w ith  the  d e s t a b i l i z i n g  f o r c e s  of i c e  and 

snow during  th e  w in te r  to  lo o sen  th e  exposed banks and may provide a 

source of sedim ent to  be f lu sh ed  in to  th e  w a te r  column.
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I t  appears  t h a t  pe riods  o f  peak suspended sedim ent c o n ce n tra t io n s  

may be m agnified  by l iv e s to c k  a c t i v i t y  on Cottonwood Creek during  the  

prev ious g raz in g  season.
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SUMMARY

L iv e s to c k .g ra z in g  can a f f e c t  a l l  components o f  a r i p a r i a n  system. 

The i n f l u e n c e  o f  l i v e s t o c k  on r i p a r i a n  a r e a s  dep en d s  on num erous 

f a c to r s ,  in c lu d in g  th e  t im e  of grazing. The o b je c t iv e  of t h i s  study 

was to  a s c e r t a i n  what tim e during  the  g raz in g  season stream banks a re  

most s u s c e p t ib le  to  l iv e s to c k -g e n e ra te d  im p ac ts  and w hether in c re a s e s  

i n  suspended sedim ent c o n c e n t r a t io n s  o c c u r  d u r in g  p e r i o d s  o f  c a t t l e  

a c t i v i t y .  Q u a n t i t a t i v e  m e a su re m e n ts  o f  s t r e a m  c h an n e l  a r e a ,  s o i l  

m o i s t u r e ,  s t r e a m  f lo w ,  su sp en d ed  s e d im e n t  c o n c e n t r a t i o n s ,  and 

v e g e t a t i o n  u t i l i z a t i o n  w e re  made d u r in g  each  f o u r t e e n - d a y  g r a z in g  

period .

E a rly -seaso n  g raz ing  induced im m ediate streambank a l t e r a t i o n s  a s  

w e ll  a s  in c re a se d  suspended sedim ent c o n c e n tra t io n s  which occurred  the 

fo l lo w in g  year. Stream channel a l t e r a t i o n s  were found to  be g r e a te s t  

d u r in g  th e  e a r l y  g r a z i n g  p e r i o d s  and w e re  a s s o c i a t e d  w i t h  r i p a r i a n  

v e g e ta t io n  u t i l i z a t i o n  r a t e s  exceeding 60 pe rcen t.  P a s tu re s  r e c e iv in g  

l e s s  than 60 percen t use showed f a r  l e s s  streambank i n s t a b i l i t y .  S o il  

m o is tu re  was c lo se ly  c o r r e la te d  w ith  s tream  channel a l t e r a t i o n s  (r^ =

0.84) d u r in g  f r o s t - f r e e  g r a z i n g  p e r io d s .  T h is  c o r r e l a t i o n  was l e s s  

ev iden t (r^. = 0.63) a f t e r  mid-September when th e  stream  banks began to  

f r e e z e .  F ro zen  s t r e a m b a n k s  may be a b l e  to  w i t h s t a n d  l i v e s t o c k  

a c t i v i t y  w ith  very l i t t l e  damage.

W ithin  p a s tu re s  and between y e a rs ,  th e  tren d  o f  change i n  channel 

a l t e r a t i o n s  was i n c o n s i s t e n t  from  one y e a r  to  th e  n e x t  and may be a 

r e s u l t  o f  d i f f e r e n t  c r o s s i n g  p o i n t  p r e f e r e n c e s  d i s p l a y e d  by th e
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d i f f e r e n t  h e i f e r  groups used during  th e  two y e a r s  o f  study. Behavior 

o b se rv a t io n s '  of the  c a t t l e  used i n  t h i s  s tudy  (Marlow 1983) i n d ic a te  

th e  an im als  a r e  spending l e s s  t im e  i n  r i p a r i a n  a re a s  during  th e  e a r ly  

g raz ing  season w h ile  i n f l i c t i n g  a g r e a t e r  im pact on the  streambanks. 

This lends  to  th e  in fe re n c e  t h a t  th e  stream banks a r e  more s u s c e p t ib le  

to  c a t t l e  damage e a r ly  i n  the  g raz in g  season.

Although d i r e c t  im pac ts  o f  c a t t l e  were  g r e a te r  d u ring  th e  e a r ly  

g raz in g  p e riods , o v e ra l l  channel a l t e r a t i o n s  were 10 to  800 percen t 

g r e a te r  du ring  th e  w in te r  m on ito r ing  p e r io d  than  during  th e  g raz ing  

sea so n .  T h is  i n c r e a s e  i n  damage may have  been due t o  i c e  and snow 

c o l l a p s i n g  s t r e a m  banks a l r e a d y  a l t e r e d  by c a t t l e  th e  summer before. 

C a t t le - in d u ced  a l t e r a t i o n s ,  i n t e n s i f i e d  by snow and ic e  damage, may 

p r o v id e  t h e  source, o f  h ig h  su sp en d ed  sedim ent c o n c e n tra t io n s  i n  th e  

l a t e  sp ring . S im i la r  in c re a s e s  i n  a l t e r a t i o n s  were d isp lay ed  w i th in  

th e  c o n t r o l  p a s t u r e ,  i n d i c a t i n g  e n v i r o n m e n ta l  f a c t o r s  may have a s  

s i g n i f i c a n t  a r o l e  i n  im pac ting  stream banks as do l iv e s to c k .

Peak su sp e n d e d  s e d im e n t  c o n c e n t r a t i o n s  w e re  g r e a t e s t  a t  a l l  

sam pling s t a t i o n s  d u ring  the  second g raz in g  period (June 28 -  J u ly  12) 

r e g a rd le s s  o f  c a t t l e  presence. The h ig h e s t  c o n c e n tra t io n s  occurred  14 

to  21 d ay s  a f t e r  peak s t r e a m  f lo w  d i s c h a r g e  i n  th e  c r e e k  and i n  

co n junc tion  w ith  periods  o f  heavy r a in f a l l*  Peak suspended sedim ent 

lo a d in g  may be a fu n c t io n  of overland  sedim ent t r a v e l  from streambanks 

a l t e r e d  by c a t t l e  g r a z i n g  t h e  s e a s o n  b e f o r e  and damaged by i c e  and 

snow d u r in g  th e  w i n t e r .  The g r e a t e s t  s e d im e n t  c o n c e n t r a t i o n s  w ere  

g e n e ra l ly  downstream of th e  p a s tu re s  t h a t  have th e  g r e a t e s t  stream  bank

i n s t a b i l i t y .
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The sam pling techn ique  used to  e s t im a te  stream channel a l t e r a t i o n  

appears  a c c u ra te  and re p e a ta b le .  Although time-consuming, th e  method 

provided a r e l i a b l e  r e p r e s e n ta t io n  o f  channel movement. The m odified 

s in g le - s t a g e  sedim ent samples a lso  proved to  be a c c u ra te  and r e l i a b l e  

i n  e s t im a t in g  sedim ent c o n c e n tra t io n  w i th in  th e  w a te r  column. A major 

drawback of the  sam pler was c logging  w ith  ic e  during  th e  l a t t e r  p a r t  

o f  the  season.

L a te —s e a s o n  g ra z in g .m a y  be a l e s s  dam aging  a l t e r n a t i v e  th a n  

g raz in g  a t  o th e r  t im es  i n  r i p a r i a n  a re a s  deemed c r i t i c a l  to  f i s h e r i e s  

o r  i n  a r e a s  w i th  s e n s i t i v e  s t r e a m  banks o r  a r e a s  a l r e a d y  e x h i b i t i n g  

l iv e s to c k  damage. This could reduce l iv e s to c k -g e n e ra te d  im pac ts  to  the 

environment, w h ile  s t i l l  p e rm i t t in g  u t i l i z a t i o n  o f  the  r i p a r i a n  fo rage  

b ase .  P ro p e r  g r a z in g  managemerit, u s in g  m o d e ra te  s t o c k i n g  r a t e s ,  

s a l t i n g  away from  th e  r i p a r i a n  z o n e , and h e r d in g  t h e  a n im a l s  to  

p r e v e n t  a r e a s  o f  o v e r g r a z i n g ,  i s  a n e c e s s a r y  p a r t  o f  any r i p a r i a n  

g r a z in g  pl^n.

More in te n s iv e  re se a rc h  i s  re q u ire d  concern ing  th e  c o r r e l a t i o n  of 

th e  p h y s i c a l  a l t e r a t i o n  o f  r i p a r i a n  a r e a s  w i th  t h e  e f f e c t s  o f  

l i v e s t o c k  g r a z i n g  u n d e r  p ro p e r  m anagem ent. Too o f t e n ,  r i p a r i a n  

s t u d i e s  have  e v a lu a t e d  i m p r o p e r .g r a z i n g  p r a c t i c e s  r e s u l t i n g  i n  an  

i n d i c t m e n t  o f  l i v e s t o c k ' g r a z in g  i n  g e n e r a l ,  y e t  p ro v id e d  l i t t l e  

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

i n t e r a c t i o n .  An a d e q u a te  u n d e r s t a n d in g  o f  the  e c o lo g ic a l  p rocesses  

and proper l iv e s to c k  management i n  r i p a r i a n  a re a s  i s  e s s e n t i a l  i f  we 

a r e  to  f u l l y  o p t i m i z e  t h e  m u l t i p l e  use  o f  r i p a r i a n  e co sy s tem

re so u rc e s .
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Appendix A

V egeta tion  Types Common to  the  Cottonwood Creek Study S i te
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Appendix A

Table 2. V egeta tion  types common to  the  Cottonwood Creek study s i t e  
based  on c r i t e r i a  e s t a b l i s h e d  by th e  Montana R u ra l  A reas 
Development Committee (1982), w i th  m o d if ic a t io n  to  inc lude  
ad jac e n t  upland v e g e ta t io n  types.

R iparian
Predominant Species

PopuIus tremuloides miehx. 
Poa comoressa L.
Bromus inerm is  Leyss.
Phleum o r a te n s i s  L.
T rifo llnm  reoens L.
Taraxlcum o f f i c i n a l e  Weber 
Ribes l a c u s t r e  (P e r s . )  Poir .

I I  A 1/99 Aspen/Willow Pooulus trem ulo ides
S a l lx  spp. L.
Poa comoressa 
A e ro s t is  s t o l o n i f e r a  L.
Carex r o s t r a t e a  Stokes 
Carex s o r e n e e l i i  Dewey 
Junous b a l t i c u s  W il l [ .
Rlbes l a c u s t r e  
Prunus v l r e ln la n u s  L.

RAD
C la s s i f i c a t io n

I  A 4

V egeta tion
Type

Aspen

I I I  E Bog Carex r o s t r a t a  
Carex s o r e n e e l i i  
A e ro s t is  s t o l o n i f e r a  
Juncus b a l t i c u s  
Ribes l a c u s t r e

IV A Meadow Bromus inerm is
Phleum o r a te n s i s
Poa comoressa
A ero s t is  s t o lo n i f e r a
Carex r o s t r a t a
Juncus b a l t i c u s
A ch illea  m l l l l fo l iu m  L.
Cirsium avarense  ( L . ) Scop.

I l l  B I Streambank Poa comoressa
A e ro s t is  s t o l o n i f e r a  
Bromus inerm is  
Carex r o s t r a t a  
Carex s o r e n e e l i i  
Juncus b a l t i c u s  
L lnarea  v u le a r i s  H i l l
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RAD
C la s s i f i c a t i o n

V egeta tion
Tvoe

Upland
Predominant Species

V A I

V B I

I  A 4/99

Upland/G rassland

U pland/Sagebrush

Aspen Park

Poa comoressa
Poa san d b e rg l i  Vasey
Poa o r a te n s i s  L.
S tio a  comata T r in. & Rupr. 
S t io a  v i r i g u l a  T r in. 
Agroovron sm ith ! !  Rydb. 
A g ro o v ro n so ic a tu m (P u rsh )  

S c r i bn. & Smith 
Festuca  id ah o en s is  Elmer 
Bromus teotorum L.
A ch illea  m i l l i fo l iu m

A rtem isia  t r l d e n t a t a  v a r .
vaseyana (Rydb.) B eetle  

Rosa woods i i  Lind. L.
Bromus tectorum  
Poa comoressa 
S tio a  comata 
A ch illea  m i l l i fo l iu m

Pooulus trem ulo ides
Poa comoressa
Bromus inerm is
Geranium v iscoslssim um  F.&M.
Taraxicum o f f i c i n a l e
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D e sc r ip t io n  of computer program d e s ig n e d  to  d e te r m in e  su sp en d ed  
sedim ent loads  fo r  each sam pling p e r io d  based on average w a te r  depth, 
t o t a l  w a te r  flow and t o t a l  sediment c o l le c te d  (Taylor 1983). Computer 
i s  a Texas I n s t r u m e n t s  TI - 58 h a n d -h e ld  c a l c u l a t o r  m ounted on a 
p r in to u t  c r i b .

The program c o n s i s t s  o f  fou r  s te p s :

1. I n i t i a l i z e  th e  co m p u te r  t o  e r a s e  e x i s t i n g  m a t e r i a l  and p re p a re  
u n i t  to  work program.

2 . E n te r  a v e ra g e  w a te r  d e p th  ( s t a g e  h e i g h t )  d u r i n g  t h e  c o l l e c t i o n  
p e r io d .  Program c a l c u l a t e s  th e  a r e a  o f  w a t e r  f l o w in g  th ro u g h  
flum e and a d ju s t s  f o r  the  number o f  c o l l e c t i o n  tu b e s  which would 
be f i l l i n g .

3. E n te r  t o t a l  w a te r  f lo w  r e c o rd e d  d u r in g  t h e  c o l l e c t i o n  p e r io d .  
Program  m e a s u re s  th e  l e n g t h  o f  t h e  w a te r  colum n to  g iv e  a 
v o lu m e tr ic  va lue  to  w a te r  f lo w in g  i n t o  th e  c o l l e c t i o n  tube.

4. E n ter  t o t a l  sedim ent c o l le c te d  d u r in g  c o l l e c t io n  period . Program 
c a lc u la te s  th e  grams o f  sedim ent per cubic  m eter of w a te r  during  
the  c o l l e c t io n  period.

Appendix B

'S
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Step

Appendix B -  C ontinued

000 76 LBL —
001 10 ©
002 47 CMS
003 25 CLR —  i
004 58 FIX
005 09 09 —
006 91 R/S
007 76 LBL
008 11 W
009 99 PRT — -
010 65 X
011 07 7
012 93 •
013 06 6
014 02 2
015 95
016 55

=
— 2

017 01 I
018 00 0
019 00 0
020 00 0
021 00 0
022 95 =
023 42 STD
024 01 01
025 91 R/S
026 76 
027 12

LBL
ZR*

028 99
029 55

PRT

030 43 RCL — 3
031 01 01
032 95 =
033 42 STD
034 02 02
035 91 R/S
036 76 LBL

/p\037 13 ©

I n i t i a l i z e

Enter average w ater depth

Determine w ater  a rea

Enter t o t a l  w ater flow

Determine w ater  volume

E nter t o t a l  sediment c o l le c te d
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Appendix B -  C ontinued

038 99 PRT
039 42 STD
040 03 03
041 43 RCL
042 02 02
043 65 X
044 01 I
045 93
046 09 9
047 06 6
048 03 3
049 52 EE
050 05 5
051 94 + /-
052 95 =
053 22 INV
054 52 EE
055
056

55
43 RCL

057 03 03
058 95 =
059 35 1/x
060 99 PRT
061 98 ADV
062 91 R/S
063 00 0
064 00 0
065 00 0
066 00 0

Step

4 C a lcu la te  sediment -  g /m ^ /c o l le c t io n period
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