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Abstract:
Data were compiled for a grazing study over a 24 year period between 1932 and 1956 at the Livestock
and Range Research Station, Miles City, Montana. Previous research based on these data suggests that
climate is the major controlling factor of range condition and production.

The objectives of this study were: (1) to investigate the correlation between plant community
composition and precipitation, (2) to examine the effect of grazing intensity on the correlation between
plant community composition and amount of precipitation, and (3) to examine management
alternatives that maximize desirable plant communities for livestock production under variable climatic
conditions.

Basal cover data were collected annually from permanent meter square chart quadrats by using the
pantograph method. Data analysis employed multiple regression techniques with basal cover as the
dependent variable and precipitation parameters as independent variables. A series of predictive
equations were obtained to evaluate relationships among factors such as annual precipitation, preceding
annual precipitation, cumulative precipitation, and growing season precipitation. A total of 142 species
were recorded from 1932 to 1 956. Of these, predictive equations were developed with a coefficient of
determination (r2) of 0.70 or greater for twelve species. These included western yarrow, western
wheatgrass, fringed sagewort, red threeawn, blue grama, buffalograss, threadleaf sedge, needleleaf
sedge, tumbllegrass, scarlet globemallow, needle-and-thread, and green needlegrass.

Predictive equations were developed for three grazing intensities, for exclosures, and for all quadrats
combined. Cover was predicted for several precipitation regimes using each predictive equation. These
predicted cover values were then used to develop three dimensional graphs, which were used to
examine the precipitation regime that determines cover for a particular species. The response of each
species to precipitation is discussed. Each species responds to a different precipitation regime,
indicating that fluctuations in the precipitation regime will cause fluctuations in species composition of
the plant community By comparing graphs for the same species under different grazing intensities, the
effect of grazing upon plant cover is also discussed. Moderate grazing (.92 ha or 2.3 acres/AUM) was
recommended as the optimum for maintaining a composition most conducive to livestock production. 
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ABSTRACT

D ata w ere  c o m p ile d  f o r  a g r a z in g  s tu d y  o v e r a 24 y e a r  p e r io d  
b e tw een  1932 and 1956 a t  th e  L iv e s to c k  and Range R ese a rch  S t a t i o n ,
M iles C ity , Montana. P revious re se a rc h  based bn th e se  d a ta  su g gests  
t h a t  c l im a te  i s  th e  m a jo r  c o n t r o l l i n g  f a c t o r  o f  ran g e  c o n d i t io n  and 
p ro d u c tio n .

The o b je c t iv e s  o f  t h i s  study w ere: (I)  to  in v e s t ig a te  th e  c o rre ­
l a t i o n  between p la n t community com position  and p r e c ip i ta t io n ,  (2 ) to  
exam ine th e  e f f e c t  o f  g r a z in g  i n t e n s i t y  on th e  c o r r e l a t i o n  b e tw een  
p la n t community com position  and amount o f p r e c ip i ta t io n ,  and (3) to  !
examine management a l t e r n a t iv e s  th a t  maxim ize d e s ira b le  p la n t commu­
n i t i e s  f o r  l iv e s to c k  p ro duction  under v a r ia b le  c l im a tic  c o n d itio n s .

B a sa l c o v e r  d a ta  w ere  c o l l e c t e d  a n n u a l ly  from  p e rm an en t m e te r  '
square c h a r t  q u ad ra ts  by u sing  the pantograph method. Data a n a ly s is  
employed m u ltip le  re g re s s io n  tech n iques w ith  basa l cover a s  th e  depen­
den t v a r ia b le  and p r e c ip i ta t io n  p a ra m e te rs  a s  in d e p e n d e n t v a r i a b l e s .
A s e r i e s  o f  p re d ic t iv e  eq u a tio n s  were o b ta ined  to  e v a lu a te  r e la t io n -  j
s h ip s  among f a c t o r s  su ch  a s  an n u a l p r e c i p i t a t i o n ,  p re c e d in g  a n n u a l 
p r e c ip i ta t io n ,  cum ula tive  p r e c ip i ta t io n ,  and growing season p re c ip i­
t a t i o n .  A t o t a l  o f  I 42 s p e c ie s  w ere  r e c o rd e d  from  1932 to  I 956. Of 
th e s e ,  p r e d i c t i v e  e q u a t io n s  w ere  d e v e lo p e d  w ith  a c o e f f i c i e n t  o f  
d e te r m in a t io n  ( r 2 ) o f  0.70 o r g r e a t e r  f o r  tw e lv e  s p e c ie s .  These . 
in c lu d e d  w e s te rn  y a r ro w , w e s te rn  w h e a tg ra s s , f r in g e d  sagew ort, red  
th re e a w n , b lu e  g ram a, b u f f a lo g r a s s ,  t h r e a d l e a f  s e d g e , n e e d le le a f  
sedge, tum bleg rass, s c a r l e t  globem allow , n e ed le -an d -th read , and green 
n e ed le g ra ss .

P r e d i c t i v e  e q u a t io n s  w ere  d e v e lo p e d  f o r  t h r e e  g r a z in g  i n t e n ­
s i t i e s ,  f o r  e x c lo s u r e s ,  and f o r  a l l  q u a d r a ts  com bined . Cover was 
p r e d i c t e d  f o r  s e v e r a l  p r e c i p i t a t i o n  re g im e s  u s in g  e ac h  p r e d i c t i v e  
e q u a t io n .  These p r e d ic te d  c o v e r v a lu e s  w ere th e n  u sed  to  d ev e lo p  
th re e  d im ensional g raphs, which were used to  examine th e  p r e c ip i ta t io n  
regim e th a t  de term ines cover fo r  a p a r t i c u la r  sp e c ie s . The response 
o f each sp ec ie s  to  p r e c ip i ta t io n  i s  d iscu ssed . Each sp e c ie s  responds 
to  a d i f f e r e n t  p r e c ip i ta t io n  reg im e, in d ic a t in g  th a t  f lu c tu a t io n s  in  
t h e  p r e c i p i t a t i o n  r e g im e  w i l l  c a u s e  f l u c t u a t i o n s  i n  s p e c ie s  . . 
com position  o f the  p la n t community. By comparing graphs f o r  the same 
s p e c ie s  u n d e r d i f f e r e n t  g r a z in g  i n t e n s i t i e s ,  th e  e f f e c t  o f  g ra z in g  
upon p la n t  c o v e r  i s  a l s o  d is c u s s e d .  M oderate  g ra z in g  (.92  ha o r 2.3 
acres/A U M ) was recom m ended a s  th e  optim um  f o r  m a in ta in in g  a 
com position  most conducive to  l iv e s to c k  production*
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INTRODUCTION

C lim a te  a p p e a rs  to  be th e  m a jo r c o n t r o l l i n g  f a c t o r  o f  p la n t
I

grow th in  the  G reat P la in s . Reed and P e te rson  (1961) and H u rtt (1951) 

s ta te d  th a t  m ajor tre n d s  in  v e g e ta tio n  c h a r a c te r i s t i c s  a re  determ ined 

by f lu c tu a t io n s  in  c l im a tic  c o n d itio n s , and th a t  changes w ith in  th ese  

m ajor tren d s  a re  in flu en c ed  by g raz in g  in te n s i ty .

At the  p re se n t tim e , th e re  a re  g e n e ra liz e d  id e a s  o f th e  in f lu e n c e  

o f  p r e c ip i ta t io n  and g raz in g  in te n s i ty  on rangeland  p la n t  com m unities, 

but l i t t l e  e f f o r t  has been made to  q u a n tita tiv e ly , d e sc rib e  changes in  

th e s e  p la n t  c o m m u n itie s  a s  in f lu e n c e d  by f lu c tu a t in g  p r e c ip i ta t io n  

re g im e s . R e s e a rc h e rs  have d e v e lo p e d  m odels  to  p r e d i c t  o r  e s t im a te  

fo rag e  p roduction , but l i t e r a t u r e  has no t been found which a tte m p ts  to  

p r e d i c t  p la n t  co v e r u n d e r  f l u c t u a t i n g  p r e c i p i t a t i o n  r e g im e s .  

P r e d i c t i o n s  o f  fo r a g e  p ro d u c t io n  a r e  v e ry  u s e f u l  f o r  d e te r m in in g
v.

s to ck in g  r a te s .  However, by d e te rm in in g  changes in  b a sa l cover o f the  

p l a n t  s p e c ie s  p r e s e n t ,  a m ore c o n c is e  u n d e r s ta n d in g  o f  th e  ch an g in g  

e c o lo g ic a l  r o l e s  o f  th e  s p e c ie s  can  be a c h ie v e d , and hen ce  a b e t t e r  

u n d e r s ta n d in g  o f  com m unity dyn am ics  o f  th e  ra n g e  e c o sy s te m  can be 

r e a l iz e d .

The purpose o f t h i s  th e s i s  i s  to  q u a n t i ta t iv e ly  d e sc r ib e  changes 

in  b asa l cover o f  v e g e ta tio n  in  response to  v a r ia t io n  in  p r e c ip i ta t io n  

and g raz in g  in te n s i ty .
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The s p e c i f ic  o b je c t iv e s  o f t h i s  study  were:

1. Tb i n v e s t i g a t e  th e  r e l a t i o n s h i p  be tw een  p l a n t  com m unity 

com position and amount o f p r e c ip i ta t io n .

2 . To examine th e  e f f e c t  of g raz in g  in te n s i ty  on th e  r e la t io n s h ip  

b e tw e e n  p l a n t  c o m m u n ity  c o m p o s i t i o n  a n d  am o u n t o f  

p r e c ip i ta t io n .

3 . To exam ine  m anagem ent a l t e r n a t i v e s  t h a t  maximize d e s ira b le  

p la n t  c o m m u n itie s  f o r  l i v e s t o c k  p ro d u c t io n  u n d e r v a r i a b l e

c lim a tic  co n d itio n s



LITERATURE REVIEW

J
F a c to rs  C o n tro llim a  V e& etatioa Growth

C lim ate  appears  to  be th e  m ajor f a c to r  c o n tro l l in g  p la n t g ro w th s  

i n  th e  G re a t P la in s .  ' Reed and P e te r s o n  (1961), H u r t t  (1951), an<r-/ '  

C la rk , T i s d a le  and S koglund  (1943) s t a t e d  t h a t  m a jo r  t r e n d s  i n  

v e g e ta tio n  c h a r a c te r i s t i c s  a re  determ ined  by m ajor changes in  c l im a tic  

c o n d itio n s  and th a t  changes w ith in  th e se  m ajor tre n d s  a re  in f lu e n c e d , 

by g raz in g  in te n s i ty .  Whitman, Hanson and P ete rson  (1943) s ta te d  th a t  

d ro u g h t i s  th e  p r im a ry  in f lu e n c e  o f  v e g e t a t i o n a l  ch an g e . F orage  

p ro d u c t io n  may d e c r e a s e  due to  ab n o rm a l c l i m a t i c  c o n d i t io n s  and 

in c re a se d  g raz in g  in te n s i ty  (A lbertson , R iegel and Launohbaugh 1953). 

C l im a t ic  c o n d i t io n s  g r e a t l y  a f f e c t  th e  q u a n t i t y ,  q u a l i t y ,  and 

a v a i l a b i l i t y  o f fo rag e  (C lark e t  a l .  1943)°

S o il m o is tu re  co n ten t has a lso  been considered  th e  m ajor f a c to r  

c o n t r o l l i n g  p l a n t  g ro w th , w h e th e r  i t  be b io m ass  p r o d u c t io n . o r  

t i l l e r i n g ,  which in c re a s e s  b asa l a re a  (C lark  e t  a l .  1943; Schumacher 

1974; Coupland 1958). However, f lu c tu a t io n  in  s o i l  m o is tu re  i s  due to  

v a r i a t i o n  i n  p r e c i p i t a t i o n  (S c h u m a c h e r  1 9 7 4 ) . T h e r e f o r e ,  

p r e c ip i ta t io n ;  which i s  an e lem ent o f c lim a te , appears to  be a m ajor 

c o n t r o l l i n g  f a c t o r  o f  p la n t  g ro w th . T here  i s  a d i r e c t  r e l a t i o n s h i p  

betw een th e  amount o f p r e c ip i ta t io n  and fo rage  p ro d u c tio n  (A lbertson , 

Tomanek and R iegel 1957).

O th e r c l i m a t i c  f a c t o r s  have been  r e p o r te d  i n  th e  l i t e r a t u r e  a s
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l i m i t i n g  v e g s t a t i o n a l  g ro w th . These in c lu d e  h ig h  te m p e r a tu r e ,  low 

hum id ity , h igh  w inds, and b u r ia l  by d u s t, along w ith  low s o i l  m o is tu re  

(H eav e r and A lb e r ts o n  1936). C la rk  e t  a l .  (1943) s t a t e d  t h a t  

te m p e r a tu r e  i s  a c o n t r o l l i n g  f a c t o r  i n  th e  e a r ly  s p r in g ,  i n s o f a r  a s  

d e te rm in in g  when p la n t  grow th beg ins. This i s  a lso  a. p e rio d  when s o i l  

m o is tu re  i s  u su a lly  p le n t i f u l .  I t  appears  th a t  o th e r c l im a t ic  f a c to r s  

a l s o  a f f e c t  a v a i l a b i l i t y  o f  m o is tu re  and th e  p l a n t ’s  a b i l i t y  to  u se  

i t ,  so a v a ila b le  m o is tu re  rem ains th e  m ajor c o n tro l l in g  f a c to r .

S everal au th o rs  have d iscu ssed  s o i l  r e la te d  f a c to r s  th a t  c o n tro l 

p la n t  g ro w th . Young ( 1956) s t a t e d  t h a t  p la n t  d e a th  l o s s  due to  

drought can be r e la te d  to  s o i l  type and land  management. B a lla rd  and 

Ryerson ( 1973) s ta te d  th a t  fo rage  p ro d u c tio n  v a r ie s  more due to  range 4̂ - 

s i t e  and c o n d i t io n  th a n  p r e c i p i t a t i o n .  They r e p o r te d  t h a t ,  in  

n o rth e rn  Montana, only fo u r o f te n  g ra s s  sp e c ie s  showed a s ig n i f ic a n t  

r e l a t i o n s h i p  b e tw een  fo r a g e  p ro d u c t io n  and p r e c i p i t a t i o n  u s in g  

re g re s s io n  and c o r r e la t io n  tech n iq u es . When c o n sid e rin g  sandy s o i l s ,  

H erbel, Ares and . W right (1972) re p o r te d  a d i r e c t  r e la t io n s h ip  between 

drought damage and depth  o f s o i l .  They s ta te d  th a t  a shallow  s o i l  i s  X: 

b e t t e r  b ecau se  i t  h o ld s  m o is tu re  c l o s e r  to  p la n t  r o o t s ,  w here i t  i s  

m ore r e a d i l y  a v a i l a b l e .  Cook and Sim s (1975) s t a t e d  t h a t  s o i l  t y p e ^  

and p a s t  g raz in g  use determ ine  changes in  sp ec ie s  com position , w ith  

d ry  y e a r s  e m p h a s iz in g  th e s e  c h an g es . In  c o n tra s t ; ,  A bel, R o s e n f ie ld
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and S te p h e n s  (1962), r e f u t e  t h i s ,  s t a t i n g  t h a t  p r e c i p i t a t i o n  h a s  th e  

m a jo r  i n f l u e n c e  on p l a n t  g ro w th , w ith  o th e r  c l i m a t i c  f a c t o r s ,  s o i l  

type , topography, e c o lo g ic a l f a c to r s ,  and management p ra c t ic e s ,  such 

as  s to ck in g  r a te  o r b reed ing  program s, having l e s s  in f lu e n c e . Weaver, 

S to d d a r t  and N o ll ( 1935) r e p o r te d  s i m i l a r  f i n d i n g s ,  s t a t i n g  th a t^ p  

d rought e f f e c t s  a re  m ostly  due to  reduced s o i l  m o is tu re , w ith  l i t t l e  

e f f e c t  from low hum idity  o r h igh tem p era tu re .

Only tw o r e s e a r c h e r s ,  Jo h n so n  (1981) and C raddock and F o r s l in g  ^  

( 1938) s t a t e d  t h a t  g r a z in g  e f f e c t s  have a g r e a t e r  in f lu e n c e  on th e  

ra n g e  e c o sy s te m  th a n  does c l im a te .  C raddock and F o r s l in g  (1938) 

d iscu ssed  use o f s p r in g - f a l l  sheep range in  so u th ern  Idaho, which may 

not be com parable to  summer c a t t l e  use  in  so u th e a s te rn  Montana.

E f fe c ts  o f drought can a lso  be in c re ase d  by o th e r  f a c to r s  which 

o c c u r  a s  a r e s u l t  o f  th e  d ro u g h t c o n d i t io n s .  These f a c t o r s  u s u a l ly  

in te n s i f y  adverse  e f f e c t s  o f drought. G rasshoppers a re  i n f l u e n t i a l  in  

th e  d e t e r i o r a t i o n  o f  r a n g e la n d  d u r in g  d ro u g h t (Cook and Sim s 1975, 

Reed and P e te r s o n  1961). W hitm an e t  a l .  (1943) r e p o r te d  t h a t  

g rasshoppers  in c re a se d  during  droughty which g re a t ly  in c re a se d  th e i r  

u se  o f  g r a s s e s .  L i t t e r  c o v e r  i s  a l s o  l o s t  from  th e  s o i l  s u r f a c e  ^  

d u r i n g  d r o u g h t  by unknow n m ean s  (B.W, S i n d e l a r ,  p e r s o n a l  

com m unication). T herefo re , th e  in s u la t in g  and r e f l e c t i v e  q u a l i t i e s  o f 

th e  l i t t e r  c o v e r  a r e  l o s t ,  a l lo w in g  in c r e a s e d  e v a p o r a t io n  o f  s o i l  

m o is tu re  and h e a tin g  o f  th e  s o i l  p r o f i l e .  Organic m a tte r  co n ten t o f
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th e  s o i l  p r o f i l e  i s  a ls o  decreased  because l e s s  l i t t e r  i s  a v a ila b le  to  

be in c o rp o ra te d  ,in to  the  s o i l .

P r e c ip i ta t io n  Regime o f  the  N orthern G reat P la in s

C lim ate o f th e  G reat P la in s  ranges from sub-hum id to  se m i-a r id  

(Coupland 1958), At M iles C ity , Montana, where t h i s  study  i s  lo c a te d , 

the  c lim a te  i s  s e m i-a r id . H u rtt (1951) re p o rte d  th a t  average annual 

p r e c i p i t a t i o n  i s  a p p ro x im a te ly  325 mm (13  in c h e s ) ,  o f  w hich  70% 

ty p ic a l ly  f a l l s  between A p ril f i r s t  and S ep tem b er 3 0 th . T hroughout 

th e  G reat P la in s , p r e c ip i ta t io n  on a m onthly o r an annual b a s is  v a r ie s  

w idely  from th e  long  term  mean (C lark  e t  a l .  1943; Cook and Sims 1975; 

Craddock and F o rs lin g  1938). Extended p e rio d s  o f drought a re  common 

(Cook and Sim s 1975). By th e  same to k e n , e x te n d e d  p e r io d s  o f  above 

a v e ra g e  p r e c i p i t a t i o n  can  a l s o  o c c u r . S m o iiak  e t  a l .  (1976) s t a t e d  ^  

t h a t  w et o r  d ry  y e a r s  te n d  to  o c c u r  i n  seq u e n c e . Thus, d ro u g h t 

p e r io d s  and p e r io d s  o f  no rm al o r  h ig h  p r e c i p i t a t i o n  a l t e r n a t e  

r e g u l a r l y  o v e r  t im e  to  d e v e lo p  w e a th e r  c y c le s  (Cook and Sim s 1975). 

V eg eta tio n  o f th e  s h o r t  and mixed g ra s s  p r a i r i e  has evolved to  r e a c t  

in  a r e l a t iv e  e q u ilib r iu m  which changes con tinuously  in  r e la t io n  to  

c l i m a t i c  f l u c t u a t i o n s  (C la rk  e t  a l .  1943; N ewbauer e t  a l .  1980). 

Thus, d i f f e r e n t  p l a n t s  w i l l  r e a c t  d i f f e r e n t l y  d u r in g  w et o r  d ry  

c y c le s  (Cook and Sims 1975).

P r e c i p i t a t i o n  f l u c t u a t i o n s  below  norm al a r e  te rm e d  d ro u g h t 

(R ey n o ld s  1954). V a r io u s  d e f i n i t i o n s  have been  g iv e n  f o r  d ro u g h t.
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The USDA H eather Bureau d efin ed  drought a s  a p e rio d  when p r e c ip i ta t io n  

i s  30% o f th e  average f o r  21 days o r lo n g e r ( Ryerson unpublished ; Cook 

and Sim s 1975). A n o th er d e f i n i t i o n t i s :  a p e r io d  when an n u a l

p r e c i p i t a t i o n  i s  70% o f  n o rm al o r  m o n th ly  p r e c i p i t a t i o n  i s  60% o f  

n o rm a l (Cook and S im s 1975). The S o c ie ty  f o r  Range M anagem ent u s e s  

the  d e f in i t io n :  "prolonged dry w eather, g e n e ra lly  when p r e c ip i ta t io n  

i s  l e s s  th a n  75% o f  th e  a v e ra g e  a n n u a l"  (B e d e ll and Ganskopp 1980). 

H u rtt (1951), r e p o r t in g  on drought in  so u th e a s t Montana, d e fin ed  i t  a s  

being  when t o t a l  p r e c ip i ta t io n  i s  l e s s  than  70% o f  th e  229.5 mm (9.18 

in ch ) spring-sum m er average f o r  th e  a re a . This would be l e s s  than  160 

mm (6 .4  in c h e s )  o f  p r e c i p i t a t i o n .  He a l s o  s t a t e d  t h a t  a  s e r io u s  

m o is tu r e  d e f ic ie n c y  i n  th e  f i r s t  f o u r  m onths o f  th e  g ro w in g  se a so n  

w i l l  r e s u l t  in  g re a t ly  re ta rd e d  p la n t  grow th.

One o f the  g r e a te s t  problem s w ith  drought i s  th a t  i t s  occurrence 

cannot be r e l i a b ly  p re d ic te d  (Ryerson unpublished ; Cook and Sims 1975; 

S chum acher 1974). The p r o b a b i l i t y  o f  d ro u g h t can be e s t im a te d  I 

(Schumacher 1974). The p ro b a b il i ty  o f drought in  so u th e a s t Montana i s  

one y ear ou t o f every f iv e  (H u rtt 1951) and in  so u th ern  A lb erta  i t  i s  

one y e a r  o u t o f  e v e ry  fo u r  (Jo h n so n  1981). However, th e  seq uence  

c a n n o t be p r e d ic te d  (H u r t t  1951). B ecause  o f t h i s ,  i t  h as  been 

d i f f i c u l t  to  manage ra n g e la n d  f o r  f l u c t u a t i n g  c l i m a t i c  c o n d i t io n s  J  

(Cook and Sims 1975).

Drought has a d e le te r io u s  e f f e c t  on th e  economy o f th e  ranch ing
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i n d u s t r y .  L iv e s to c k  g a in s  a r e  g r e a t l y  re d u c ed  d u r in g  d ro u g h t (Reed 

and P e te rso n  1961), r e s u l t in g  in  low er t o t a l  p roduction . This has the  

e f f e c t  o f  lo w erin g  income. At th e  same tim e , in  many c a se s , l iv e s to c k  

have to  be rem oved from  th e  ra n g e . They may be s o ld ,  moved to  a 

re g io n  th a t  has no t been a f fe c te d  by drought co n d itio n s , o r  fed  hay or 

o th e r  s u p p le m e n ts . A ll o f  th e s e  a l t e r n a t i v e s  a r e  c o s t l y  and in c u r  

l a r g e  econom ic l o s s e s  f o r  r a n c h e r s .  B ecause o f  t h i s ,  d ro u g h t h a s  

r e c e iv e d  c o n s id e r a b le  a t t e n t i o n ,  w i th  many r e p o r t s  w r i t t e n  on i t s  

e f f e c t s  (Newbauer e t  a l .  1980; Coupland 1958). Most o f  th e se  s tu d ie s  

were i n i t i a t e d  to  in v e s t ig a te  the  e f f e c t s  q f g raz in g  on range, but the  

e f f e c t s  o f  c l im a te  w ere  su p e r im p o se d  on them (C oupland 1958). In  

c o n tr a s t ,  r e l a t iv e ly  few r e p o r ts  a re  a v a ila b le  on th e  e f f e c t s  o f above 

average p r e c ip i ta t io n  on range (Newbauer e t  a l .  I 980; Coupland 1958).

R ecen t i n t e r e s t  h a s  been  shown i n  above a v e ra g e  p r e c i p i t a t i o n  to  

d e te rm in e  th e  e f f e c t s  o f  w e a th e r ,m o d i f ic a t io n  on th e  G re a t P la in s  

ra n g e  e c o sy s te m  (N ew bauer e t  a l .  1980). A lso , above a v e ra g e  , 

p r e c i p i t a t i o n  n eed s  to  be b e t t e r  u n d e rs to o d  to  make f u l l  u se  o f  th e  

in c r e a s e d  g ro w th  t h a t  u s u a l ly  o c c u r s  w ith  in c r e a s e d  p r e c i p i t a t i o n ,  

w ith o u t lo w erin g  range co n d itio n .
• - i

A c o m p re h en s iv e  u n d e r s ta n d in g  o f  th e  r e s p o n s e s  Of th e  ra n g e  ■ . ^
■ '

ecosystem  to  w eather and g raz in g  i s  d e s ira b le  to  im prove management 

(Reed and P e te r s o n  1961). As o f  now, d ro u g h t c an n o t be c o n t r o l l e d ,  

bu t i t s  im pact can be le ssen ed  by p roper l iv e s to c k  management. To do
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t h i s ,  a c tu a l changes in  p la n t com m unities need to  be known so th a t  the  

e f f e c t s  o f drought on th e  range can be b e t te r  understood,

VeKetatloa JSespojas^^oJCJLimate

Abrupt and fundam ental changes in  th e  amount and k ind  o f l iv in g  

p la n t crown a re a  may r e s u l t  from severe  drought and l a s t  lo n g e r than 

o r d i n a r i l y  su p p o sed  (Reed and P e te r s o n  1961), The f re q u e n c y  and 

d u ra tio n  o f drought a re  both im p o rtan t in  de te rm in in g  th e  s e v e r i ty  o f 

th e  e f f e c t  o f  c l im a te  on v e g e ta t io n  (R yerson  u n p u b lis h e d ; Cook and

Sims 1975; H erbel e t  a l ,  1972). There i s  a c lo se  r e la t io n s h ip  b e tw ee n ^
'

th e  t im e  and am ount o f  p r e c i p i t a t i o n  and p l a n t  g ro w th  (A lb e r ts o n  .et 

a l .  1953)« One w et o r  d ry  y e a r  w i l l  a f f e c t  p ro d u c t io n ,  b u t two o r  

more w et o r  dry y e a rs  a re  re q u ire d  to  change the  b asa l cover (Ryerson 

u n p u b lis h e d ;  S m o liak  e t  a l .  1976). The m ag n itu d e  o f  change, w i l l  

depend  upon g r a z in g  p r e s s u r e ,  f i r e ,  s m a l l  h e r b iv o r e s ,  and i n s e c t s  

(Ryerson u n p u b lish ed )^

E f f e c t s  o f  d ro u g h t y e a r s  can  be c a r r i e d  o v e r  i n t o  n o n -d ro u g h t^  

y e a rs , e s p e c ia l ly  in  severe  d rough ts. S a rv is  (1941) re p o r te d  th a t  in  

th e  d ro u g h t o f  th e  1930 ' s ,  1934 and 1936 w ere  th e  o n ly  t r u e  d ro u g h t 

y e a rs . However, drought e f f e c t s  were reco rded  throughout the  e n t i r e  

p e rio d  o f th e  1930*8. Also, recovery  does no t occur im m edia te ly  a f t e r  

a drought b reaks. Coupland (1958) and Cook and Sims (1975) re p o rte d  

two m ajor reaso n s f o r  th i s :  f i r s t ,  i t  ta k e s  tim e  to  produce seed crops 

and have i d e a l  c o n d i t io n s  f o r  see d  to  g e rm in a te  and e s t a b l i s h ;  and
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seconds a f t e r  p l a n t s  have  been  d o rm an t f o r  a lo n g  t im e ,  i t  may ta lc e d  

tw o y e a r s  to  b re a k  dorm ancy , due to  low  v ig o r ,  A lb e r ts o n  e t  a l ,  

(1957) r e p o r te d  t h a t  i n  1940, a no rm al p r e c i p i t a t i o n  y e a r  w hich  

fo llo w ed  a prolonged drough t, d e te r io r a t io n  con tinued  throughout th e  

sum m er. In  n o r th e r n  M ontana, d u r in g  a d ro u g h t i n  th e  e a r ly  1960°s, 

b a s a l  c o v e r  c o n tin u e d  to  d e c r e a s e  i n  1962 , even  th ough  i t  was a y e a r  

o f  normal p r e c ip i ta t io n  (Ryerson unpub lished), E l l is o n  and W oolfolk ^  

(1937) re p o r te d  th a t  th e  e f f e c t  o f drought on p la n t v ig o r ex tends in to  

th e  y e a r  fo llo w in g  drought.

N ative v e g e ta tio n  has developed under co n d itio n s  o f  wide c l im a tic  

v a r i a t i o n  (A lb e r ts o n  e t  a l ,  1957)« M arked ch an g es  i n  b o ta n ic a l  

com position  occur, but th e  p la n t p o p u la tio n s  a re  no t d estroyed  (Cook 

and Sims 1975). These changes a re  slow , w hether fo r  b e t te r  o r  worse 

(S a rv is  1941). N ative g ra s s  sp e c ie s  w i l l  rem ain dom inant in  p r a i r i e s  

u n le ss  they  a re  sev e re ly  overgrazed  o r bu ried  by d u s t (Cook and Sims 

1975; S chum acher 1974; A lb e r ts o n  e t  a l .  1957). Reed and P e te r s o n  

(1961) re p o rte d  th a t  in  so u th ea s t Montana, p e re n n ia l g ra s se s  continued 

to  make up most o f  th e  p la n t  cover throughout a l l  c l im a t ic  c o n d itio n s  

o r  g r a z in g  i n t e n s i t i e s .  Cover d id  n o t d e t e r i o r a t e  to  w eeds o r  

u n p a la t a b le  g r a s s e s .  T h ere  was no e l i m i n a t i o n  o f  any com ponent o r  

t o t a l  d e s tru c t io n  o f range cover d u r in g  d ro u g h t i n  n o r th e r n  M ontana 

( R yerso n  u n p u b lis h e d ) .  R yerson  f u r t h e r  s ta te d  th a t  com position  was 

c o m p rise d  o f  s p e c ie s  t h a t  can  t o l e r a t e  d ro u g h t c o n d i t io n s .  T h is

5  /



in d ic a te d  high  to le ra n c e  o f such range to  adverse  c o n d itio n s . Mixed 

g r a s s  p r a i r i e  i n  w e s te rn  N o rth  D akota i s  h ig h ly  s t a b l e  d u r in g  

f lu c tu a t in g  m o is tu re  c o n d itio n s  (Whitman e t  a l .  1943). S tu d ies  from 

v a r i o u s  a r e a s  o f  t h e  w e s t e r n  r a n g e l a n d  i n d i c a t e  t h a t  f o r a g e  

p ro d u c tio n , b asa l a re a  cover, and sp e c ie s  com position  may be changed 

d r a s t i c a l ly  by m ajor w eather f lu c tu a t io n s ,  but u su a lly  the  dominant 

sp e c ie s  a re  no t com pletely  l o s t  from th e  s tan d  (Cook and Sims 1975). 

A few  s p e c ie s  a r e  te m p o r a r i ly  c o m p le te ly  k i l l e d ,  b u t th e y  r e c o v e r  

a f t e r  d ro u g h t from  seed  o r  v e g e t a t i v e  s p re a d . Only tw o r e p o r t s  

c o n tra d ic t  th e se  s ta te m e n ts . H u rtt (1951) s ta te d  th a t  a sm all d e c lin e  

in  annual p r e c ip i ta t io n  may r e s u l t  in  reduced grow th o r even in  t o t a l  

f a i l u r e  o f  a l l  but th e  most drought r e s i s t a n t  sp ec ie s . A lbertson  and 

Weaver (1946) re p o rte d  th a t  drought and d u s t, unaided by g raz in g , had 

re d u c e d  an  a re a  o f  m ixed g r a s s  p r a i r i e  to  a d i s c l im a x  o f s h o r t  

g ra s se s . However, i t  appears  th a t  th e se  au th o rs  co n sidered  only th e  

im m e d ia te  e f f e c t s  d u r in g  th e  v e ry  s e v e re  d ro u g h t Of th e  1 9 3 0 's , and 

d id  no t c o n sid e r p o st drought recovery .

Drought e f f e c t s  range from re d u c tio n  in  v ig o r, o r s iz e ,  in c lu d in g  

h e ig h t grow th, b a sa l d iam e te r , and ro o t  le n g th , to  a c tu a l  death  o f th e  

p la n t  (Ryerson unpublished ; Cook and Sims 1975). Thus, drought causes 

a  re d u c tio n  in  b asa l cover by m o r ta l i ty  o f p a r ts  o r  a l l  o f in d iv id u a l 

p la n ts  (P iep e r and Donart 1975; Cook and Sims 1975).

D if fe re n t sp e c ie s  have d i f f e r e n t  drought to le ra n c e s  and th e re fo re
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s i g n i f i c a n t l y  d i f f e r e n t  m o r t a l i t y  r a t e s  (Chamrad and Box 1965). 

S t r a te g ie s  used to  in c re a s e  d ro u g h t to l e r a n c e  in c lu d e  deep  r o o t in g ,  

sp read  by s to lo n s  and rh izom es, making maximum use o f l i g h t  showers, 

g r e a te r  l a t e r a l  d i s t r ib u t io n  o f ro o ts ,  o r reduced p a l a t a b i l i t y ,  which 

w i l l  re d u c e  g r a z in g  s t r e s s  d u r in g  d ro u g h t s t r e s s  (Cham rad and Box 

1965; W eaver and A lb e r ts o n  1939; W eaver e t  a l .  1935). B ecause  o f  

in h e re n t d if f e re n c e s  in  drought to le ra n c e s , sp ec ie s  r e a c t  and change 

i n  d i f f e r e n t  am ounts d u r in g  and f o l lo w in g  d ro u g h t (Co^x and Sim s 

1975).

T here  a r e  s e v e r a l  g e n e r a l  r e s p o n s e s  t h a t  v e g e ta t io n  u n d e rg o es  

du ring  drought. The e a r l i e s t  response o f v e g e ta tio n  i s  a re d u c tio n  in  

f o r a g e  y i e l d  (W eaver and A lb e r ts o n  1944). Young and s h a llo w  ro o te d  

p la n ts  d ie  f i r s t  (Coupland 1958). Decrease in  cover i s  more ra p id  in  

e a r ly  y e a rs  (A lbertson  and Weaver 1942). I f  drought p e r s i s t s  fo r  an 

e x te n d e d  p e r io d ,  c o v e r  may a c t u a l l y  i n c r e a s e  s l i g h t l y  due to  s p re a d  

i n t o  b a re  a r e a s  by m ore d ro u g h t r e s i s t a n t  s p e c ie s .  D u rin g  d ro u g h t, 

l o s s e s  o f  c o v e r  seem to  be g r e a t e s t  on m ore d e n se ly  c o v e re d  a r e a s  

(Coupland 1958). However, dom inant sp e c ie s  th a t  decrease  m ost ra p id ly  

du rin g  drought appear to  in c re a se  most ra p id ly  fo llo w in g  drought (Cook 

and Sims 1975).

V e g e ta t io n  re s p o n s e  d u r in g  d ro u g h t re c o v e ry  p ro c e e d e d  th ro u g h  

d e f in i te  s e re s  o f secondary su c c e s s io n  (C oupland 1958). The i n i t i a l  

s e re  depended upon th e  amount o f d e te r io r a t io n  th a t  had occu rred . The
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o r d e r  o f  th e  s e r e s  w as: a n n u a l f o r b s ,  a n n u a l g r a s s e s  w ith  p e r e n n ia l  

fo rb s , e a r ly  p e re n n ia l g ra s se s , and l a t e  p e re n n ia l g ra s se s . Rate o f 

recovery  depended on s e v e ra l f a c to r s :

1. predrought cover

2 . degree o f d e p le t io n  o f v e g e ta tio n  du ring  drought

3 . p la n t sp ec ie s ,rem a in in g  $

4 . d u st b u r ia l  damage

5 . g raz in g  in te n s i ty  b e fo re , d u rin g , and a f t e r  drought

6 . tram p ling  a f t e r  drought

7 . amount and d i s t r ib u t io n  o f p r e c ip i ta t io n  a f t e r  d rought 

(Coupland 1958; Ryerson u n p u b lish ed ).

D ro u g h t'g e n e ra lly  causes a d e c lin e  in  basa l cover, w ith  sp ec ie s  

c o m p o s i t io n  s h i f t i n g  to w a rd  s h o r t  g r a s s e s  (N ew bauer e t  a l .  I 960 ). 

Reed and P e te rso n  (1961) re p o rte d  on th e  e f f e c t s  o f th e  1930fs  drought 

i n  s o u th e a s t  M ontana. In  1933» p r i o r  to  th e  d ro u g h t,  b a s a l  c o v e r o f  

a l l  g r a s s e s  was 28%, b u t by 1937» i t  was re d u c e d  to  2%. M ost m a jo r 

g r a s s  s p e c ie s  c o v e r  d e c l in e d ,  b u t one , S andberg  b lu e g r a s s  (Poa 

s a n d b e rg li^ l. which in c re a se d  du ring  th e  drought p e rio d . Recovery to  

th e  o r ig in a l  amount o f b a sa l cover o f g ra s se s  was com pleted by 1944. 

Houston and Woodward (1966) re p o rte d  on a d i f f e r e n t  phase o f the  same 

s tu d y  b e tw een  1945 and 1956. D uring  t h i s  p e r io d ,  t o t a l  b a s a l  co v e r 

d e c l in e d .  P r e c i p i t a t i o n  w as below  a v e ra g e  f o r  m ost o f  t h i s  p e r io d .  

^Nomenclature taken  from USDA S o il C onservation  S erv ice  (1982)
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T his d e c lin e  in c lu d ed  most sp e c ie s , w ith  the  only sp e c ie s  in c re a s in g  

c o v e r  b e in g  S an d b erg  b lu e g r a s s ,  t h r e a d l e a f  sedge  (C arex  T i l i f o l i a Vf 

and b ig  s a g e b ru s h  ( A r te m is ia  t r i d e n t a t a ). R yerson  (u n p u b lish e d )  

re p o r te d  on a drought o c c u r!ng f r o m .I960 to  1962 in  n o rth e rn  Montana. 

T o ta l b a sa l cover was reduced from 14.5$ in  I960 to  6.75 in  1962, w ith  

g ra s s  and sedge b a sa l cover reduced from  11.4 to  6.25. Whitman e t  a l .  

(1943) r e p o r te d  on th e  e f f e c t s  o f  d ro u g h t i n  w e s te rn  N o rth  D akota. 

The e f f e c t s  i n  N o rth  D akota  w ere  n o t a s  s e v e re  a s  i n  M ontana. B a sa l 

c o v e r  d e c re a s e d  from  305 i n  1933 to  135 i n  1936. R ecovery  was 

r e l a t i v e ly  ra p id , w ith  many sp e c ie s  a t t a in in g  g re a te r  b a sa l cover, than  

p rev io u s  to  drought. In  e a s te rn  Wyoming, b asa l cover d ecreases  o f 505 

o r  m ore can be e x p e c te d  when w et y e a r s  a r e  fo l lo w e d  by d ry  y e a r s  

(Lange 1945). In  s o u th e r n  A lb e r ta ,  b a s a l  c o v e r  d e c l in e d  th ro u g h o u t 

the  drought o f th e  1930’s , w ith  a s im i la r  amount o f decrease  in  basa l 

cover o c cu rrin g  w hether th e  v e g e ta tio n  was grazed o r p ro te c te d  (C lark 

e t  a l .  1943). S evera l r e p o r ts  have been w r i t t e n  about th e  e f f e c t s  of 

d ro u g h t i n  th e  C e n t r a l  G re a t P la in s ,  m o s tly  in  N eb rask a  and K ansas. 

By 1936, a t  th e  h e ig h t o f the  d rought, p e re n n ia l g ra ss  b a sa l cover had 

d e c l in e d  by 205 (W eaver, R o b e r tso n  and F o w le r 1940). By 1939» 

p e re n n ia l g ra s s  cover had in c re a se d  to  tw ice  what i t  had been in  1936. 

Annual g r a s s e s  in c r e a s e d  b a s a l  c o v e r  p r o f u s e ly  (5645 in c r e a s e )  

im m edia te ly  a f t e r  1936, but had decreased  by 965 o f t h i s  in c re a se  by 

1939 . W eaver and A lb e r ts o n  (1940) r e p o r te d  t h a t  b a s a l  c o v e r was
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reduced by two th i r d s  to  one h a l f  o f th e  o r ig in a l  b asa l cover during  

d ro u g h t.  W eaver and A lb e r ts o n  (1939) a l s o  r e p o r te d  t h a t  th e  m a jo r 

dom inant g ra s se s  su f fe re d  th e  most lo s s  in  b asa l cover and were a lso  

s lo w  to  r e c o v e r .  M eanw hile , o th e r  p e r e n n ia l  g r a s s e s  t h a t  w e re n 't  

dom inant p r io r  to  th e  d rought, but had x e r ic  q u a l i t i e s ,  in c re a se d  and 

became dom inant du rin g  the  drought. The f a c t  th a t  th e se  sp e c ie s  had 

in c re a se d  was e v id en t by th e  age c la s s  s t r u c tu r e  being c h a ra c te r iz e d  

by young, newly e s ta b lis h e d  p la n ts .  Annual g ra s se s  in c re a se d  ra p id ly  

d u rin g  drought, but w ere rep laced  ra p id ly  fo llo w in g  drought. In  mixed 

g r a s s  p r a i r i e  o f  th e  C e n t r a l  G re a t P la in s ,  m id g ra s s e s  w ere  l o s t  and 

th e  s h o r t g r a s s  b lu e  gram a (B o u te lo u a  g r a c i l i s ) d o m in a te d  (C oupland 

1958). C raddock and F o r s l in g  (1938) r e p o r te d  t h a t  t o t a l  b a s a l  a re a  

d e c re a s e d  19% from  1923 to  1932 due to  d ro u g h t i n  s o u th e r n  Id ah o . 

P ech an ec , P ic k fo rd  and S te w a r t  (1937) s t a t e d  t h a t  b a s a l  co v e r o f  

g ra s se s  decreased  by 60%, a t  the  same s i t e  du ring  drought.

C oupland (1958) r e p o r te d  t h a t  d u r in g  lo n g  p e r io d s  o f  above 

a v e ra g e  m o is tu r e ,  w h ich  o c c u r re d  d u r in g  th e  1940 's  and 1950's  in  

A lb e r ta  and S a sk a tc h e w a n , s u c c e s s io n  moved to w a rd  m ore m esic  

c o m m u n itie s . T h is  in c lu d e d  in c r e a s e d  t o t a l  b a s a l  c o v e r  and a 

co m p o sitio n a l s h i f t  tow ard m idgrasses w ith  p ro p o r tio n a te ly  l e s s  s h o r t  

g r a s s  c o v e r . In  s o u th e r n  C anada, t o t a l  b a s a l  c o v e r  in c r e a s e d  23% 

d u r i n g  th e  p r e v i o u s l y  m e n t io n e d  p e r i o d  (C o u p la n d  19 5 8 ) . I n  

s o u th e a s te rn  Montana, t o t a l  basa l cover in c re a se d  61% and com position
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s h i f t e d  to w a rd  m ore m id g ra s s e s  d u r in g  a 13 y e a r  p e r io d  o f  above 

average p r e c ip i ta t io n  (Newbauer e t  a l .  1980)«

Response o f  In d iv id u a l S pecies to  C lim ate

C om positional changes due to  f lu c tu a t in g  p r e c ip i ta t io n  v a rie d  due 

td  l o c a t i o n  i n  th e  G re a t P la in s , and ty p e  o f  g r a s s  c o v e r  (C oupland 

1958). W estern w heatg rass  (Agroovron s m ith l i )  b asa l cover decreased  

d r a s t i c a l l y  d u r in g  e x te n d e d  s e v e re  d ro u g h t in  so u th e a s te rn  Montana, 

l o s in g  87.9$ o f  i t s  c o v e r  from  1933 to  1937 ( H u r t t  1951; Reed and 

P e te rso n  1961). In  c o n tra s t ,  , W estern w h eatg rass  in c re a se d  to  be th e  

d o m in an t s p e c ie s  d u r in g  th e  same p e r io d  i n  N orth  D akota (C oupland 

1958), N eb rask a , and K ansas (W eaver and A lb e r ts o n  1940; W eaver and 

A lb e r ts o n  1939; W eaver and A lb e r ts o n  1936). R ecovery  o f  w e s te rn  

w h e a tg r a s s  to  th e  p re -d ro u g h t  l e v e l  o f  b a s a l  c o v e r  was slow  in  

s o u th e a s t  M ontana (Reed and P e te r s o n  1961). They r e p o r te d  t h a t  

com plete recovery  from th e  1930's drought had no t y e t been reached by 

1945. Recovery o f w este rn  w heatg rass was a lso  slow in  w este rn  North, 

D akota  (W hitm an e t  a l .  1943)» b u t i t  made r a p id  i n c r e a s e s  i n  b a s a l  

cover fo llo w in g  drought in  c e n tr a l  North Dakota (S a rv is  1941).

M ost w h e a tg r a s s e s  (A aropyron  sp p .)  g e n e r a l ly  in c r e a s e d  b a s a l  

c o v e r  d u r in g  p e r io d s  o f  above a v e ra g e  p r e c i p i t a t i o n  th ro u g h o u t th e  

G reat P la in s  (Coupland 1958). Newbauer e t  a l .  (1980) re p o r te d  s im i la r  

r e s u l t s  d u r in g  a p e r io d  o f  above a v e ra g e  p r e c i p i t a t i o n  i n  s o u th e a s t

Montana



17

Blue grama b asa l cover decreased  more ra p id ly  du rin g  drought in

so u th e a s t Montana than  d id  m idgrasses (Coupland 1958), Blue grama i s

a  warm season sp e c ie s , w h ile  most m id g rasses  a re  cool season  sp ec ie s .

C onsequently, m idg rasses probably had the  advantage o f u s in g  a v a ila b le

m o is tu r e  b e fo re  b lu e  gram a i n i t i a t e d  g ro w th . E l l i s o n  and W oo lfo lk

(1937) and Reed and P e te rso n  (1961) re p o r te d  high death  lo s s e s  of blue

gram a i n  s o u th e a s t  M ontana a s  a r e s u l t  o f  d ro u g h t. H u r t t  (1951)

r e p o r te d  t h a t  b lu e  gram a a c t u a l l y  l o s t  95.5% o f  i t s  b a s a l  c o v e r

betw een 1933 and 1937. In  n o rth e rn  Montana, b asa l cover o f b lue grama

d e c re a s e d  from  6.2 to  4.1% o v e r  a tw o y e a r  d ro u g h t p e r io d  (R yerson

u n p u b lis h e d ) .  In  c e n t r a l  N orth  D ako ta , on ra n g e  d o m in a te d  by b lu e

grama, b asa l cover o f b lue grama decreased  l i t t l e  du rin g  drought and

recovered  q u ick ly  (S a rv is  1941). This response was a t t r ib u te d  to  an

a b i l i t y  to  re sp o n d  to  l i g h t  r a i n  sh o w e rs , m aking i t  p o s s ib l e  to  u se
: ' ' 

any a v a i l a b l e  m o is tu r e .  In  th e  e a s t e r n  p a r t  o f  th e  C e n t r a l  G re a t

P la in s , b lue grama co lon ized  bare a re a s  th a t  were p re v io u s ly  occupied

by t a l l e r  s p e c ie s  (W eaver and A lb e r ts o n  1939; A lb e r ts o n  and Tomanek

1965). F u rth e r w est in  Kansas, where th e  e f f e c t s  o f d rought were more

s e v e r e ;  even  b lu e  g ram a b a s a l  c o v e r  d e c re a s e d  (W eaver and A lb e r ts o n

1940). B lue  gram a w as slow  to  r e c o v e r  to  p re -d ro u g h t  c o v e r  l e v e l s

where i t  had s u ffe re d  la rg e  lo s s e s  (Reed and P ete rson  1961; Whitman e t

a l .  1943). P re-d rough t b a sa l cover, o f b lue grama had not been reached

by 1945 i n  s o u th e a s t  M ontana (Reed and  P e te r s o n  1961). Newbauer e t
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a l .  (1980) s t a t e d  t h a t  b lu e  gram a a p p e a re d  to  be one o f  th e  m ost 

drought to le r a n t  sp e c ie s  when c o n s id e r in g  th e  e n t i r e  N o rth e rn  G re a t 

P la in s .

Under above average p r e c ip i ta t io n ,  b lue grama b asa l cover tended 

to  d ecrease  in  so u th e a s t Montana and so u th ern  Canada (Newbauer e t  a l .  

1980; Coupland 1958). However, t h i s  response  v a rie d , depending on th e  

range s i t e  being  considered .

In  so u th e a s t Montana, b u ffa lo g ra s s  (Buchloe d a c tv lo id e s l l o s t  as 

much b a s a l  c o v e r  d u r in g  d ro u g h t a s  b lu e  gram a. I t  w as re d u c ed  by 

95.9$ o f  i t s  c o v e r  from  1933 to  1937 ( I l u r t t  1951; Reed and P e te r s o n  

1961; E l l i s o n  and W o o lfo lk  1937). A f te r  th e  d ro u g h t, b u f f a lo g r a s s  

in c r e a s e d  b a s a l  c o v e r  r a p i d l y .  I t  re a c h e d  p re - d r o u g h t  am oun ts  o f  

cover by 1942, and ach ieved  50$ g re a te r  cover than  p re -d ro u g h t amounts 

by 1945 (Reed and P e te rso n  1961). S tu d ie s  in  th e  C en tra l G reat P la in s  

re p o rte d  v a rio u s  resp o n ses  o f b u ffa lo g ra s s  to  drought. Some s tu d ie s  

r e p o r te d  t h a t  b u f f a lo g r a s s  d e c re a s e d  d u r in g  drought (Coupland 1958; 

Weavdr and A lbertson  1940; A lbertson  and Tomanek 1965). These re p o r ts  

s t a t e d  t h a t  b u f f a lo g r a s s  g e n e r a l ly  d e c re a s e d  m ore th a n  b lu e  gram a. 

These a u th o r s  a l s o  s t a t e d  t h a t  b u f f a lo g r a s s  i n c r e a s e d  r a p id ly  

fo llo w in g  drought. In  c o n tra s t ,  Weaver and A lbertson  (1939) re p o rte d  

th a t  b u ffa lo g ra s s  in c re a se d  during  drought.

Newbauer e t  a l .  (1980) c l a s s i f i e d  th re a d le a f  sedge a s  one o f the  

most drought to le r a n t  s p e c ie s  th ro u g h o u t th e  N o rth e rn  G re a t P la in s .
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In  so u th e a s t Montana, th re a d le a f  sedge b a sa l cover decreased  only  h a l f  

a s  much d u r in g  d ro u g h t a s  b lu e  g ram a, b u f f a lo g r a s s ,  o r  n e e d le -a n d -  

tb r e a d  ( StJLoa com&ta) . I t  l o s t  54,7# o f  I t s  c o v e r from  1933 to  1937 

(Reed and P e te rso n  1961; H u rtt 1951). I t  had recovered  to  p re -d rough t 

l e v e l s  by 1942 (Reed and P e te r s o n  1961). T h re a d le a f  sed g e  te n d ed  to  

r e a c t  to  above a v e ra g e  p r e c i p i t a t i o n  s i m i l a r  to  b lu e  g ram a, w ith  an 

in c r e a s e  o r  d e c r e a s e  i n  b a s a l  c o v e r  d ep en d in g  on th e  ra n g e  s i t e  

(N ew bauer e t  a l .  1980).

P r a i r i e  ju n e g r a s s  (K o e le r ia  p y ra m id a ta ) b a s a l  c o v e r  d e c re a se d  

d u r in g  d ro u g h t i n  N o rth  D akota ( S a r v i s  1941). P r a i r i e  ju n e g r a s s  

app ears  to  be one o f  th e  sp ec ie s  On th e  N orthern  G reat P la in s  which i s  

l e a s t  d ro u g h t t o l e r a n t  (N ew bauer e t  a l .  1980). P r a i r i e  ju n e g r a s s  

in c r e a s e d  i t s  b a s a l  c o v e r  d u r in g  above a v e ra g e  p r e c i p i t a t i o n  i n  

so u th e a s t Montana (Newbauer e t  a l .  1980).

S an d b erg  b lu e g r a s s  was th e  o n ly  p e r e n n ia l  g r a s s  s p e c ie s  t h a t  

in c r e a s e d  b a s a l  c o v e r  d u r in g  d ro u g h t i n  s o u th e a s t  M ontana (Reed and 

P e te r s o n  1961; H u r t t  1951; E l l i s o n  and W oo lfo lk  1937). Sandberg  

b lu e g r a s s  i s  a m in o r s p e c ie s  d u r in g  y e a r s  o f  n o rm al p r e c i p i t a t i o n  

(Lommasson 1939). These a u th o r s  d i s a g r e e  on th e  a c t u a l  am ount o f  

in c r e a s e  i n  b a s a l  c o v e r . H u r t t  (1951) r e p o r te d  t h a t  S andberg  

b lu e g ra ss  b asa l cover in c re ase d  75$ from 1933 to  1937» w h ile  Reed and 

P e te r s o n  (1961) r e p o r te d  an  in c r e a s e  i n  b a s a l  c o v e r  o f  4.5 t im e s .  

These in c re a s e s  w ere e s p e c ia l ly  pronounced on heavly  g razed  s i t e s  and
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d u rin g  extended drought (Lommassdn 1939). I t  in c re a se d  u n t i l  i t  was 

th e  d o m in an t s p e c ie s  d u r in g  d ro u g h t ( H u r t t  1951). S e v e ra l  f a c t o r s  

were suggested  by Lommasson (1939) which a llow ed Sandberg b lu eg ra ss  to  

i n c r e a s e  d u r in g  d ro u g h t.  T here  i s  a d e c re a s e  i n  c o m p e t i t io n  from  

o th e r  p e r e n n ia l  g r a s s e s  a s  th e y  d ie .  A lso , S an d b erg  b lu e g r a s s  

d e v e lo p s  e a r l y  i n  th e  s p r in g  and m a tu re s  seed  b e fo re  th e  h o t ,  d ry  

summer i n t e n s i f i e s  d rought. I t  u ses w in te r  m o is tu re  b e fo re  th e  s o i l  

d r i e s  up . I t  c o m p le te s  g ro w th  i n  o n ly  100 to  120 d a y s , so  seed  i s  

u s u a lly  m ature in  June. The p la n t i s  th en  dormant through th e  summer. [

M eanw hile , o th e r  p e r e n n ia l  g r a s s e s  t r y  to  m a tu re  se e d  d u r in g  th e  1

d r i e s t  season. During recovery , Sandberg b lu e g ra ss  was reduced to  i t s  

p r e - d r o u g h t  l e v e l  by 1943 in  s o u th e a s t  M ontana (Reed and P e te r s o n  i

1961).

N e e d le -a n d - th re a d  b a s a l  c o v e r  d e c re a s e d  d u r in g  d ro u g h t i n  i

so u th e a s t Montana (Coupland 1958; Reed and P e te rson  1961; H u rtt 1951;

E l l is o n  and W oolfolk 1937). Basal cover decreased  97.7% from 1933 to  

1937 ( H u r t t  1951). I t  had re g a in e d  i t s  p r e -d ro u g h t  b a s a l  co v er by 

1942 (Reed and P e te r s o n  1961). I t  i s  among th e  s p e c ie s  t h a t  r e c o v e r  

from  d ro u g h t m ost r a p i d l y ,  th ro u g h  e s ta b l i s h m e n t  o f  new s e e d l in g s  

( E l l i s o n  and W o o lfp lk  192)7). D uring  a tw o y e a r  d ro u g h t in  n o r th e r n  

Montana, b asa l cover o f need le -a n d -th re ad  was reduced from  2.9 to  0.8%

( R yerson  u n p u b lis h e d ) . B asa l co v er o f n eed le -a rid -th read  was red u ced , 

due to  d ro u g h t i n  N o rth  D akota a l s o  ( S a r v i s  1941). N ewbauer e t  a l .
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(I9 6 0 ) c l a s s i f i e d  n e e d ! e - a n d - th r e a d  a s  one o f  th e  l e a s t  d ro u g h t 

to le r a n t  sp ec ie s  in  the  N orthern  G reat P la in s . However, H u rtt (1951) 

s t a t e d  t h a t  i t  seem ed to  be th e  g r a s s  s p e c ie s  m ost a b le  to  r e c o v e r  

from drought.

N eed le - a n d - th r e a d  re sp o n d ed  to  above a v e ra g e  p r e c i p i t a t i o n  in  

s o u th e a s t  M ontana by in c r e a s in g  b a s a l  c o v e r  (N ew bauer e t  a l .  1980). 

H ow ever, d u r in g  a p e r io d  o f  above a v e ra g e  p r e c i p i t a t i o n  i n  s o u th e r n  

Canada, need le -a n d -th re ad  b a sa l cover decreased  (Coupland 1958).

L i t t l e  b luestem  (Schizachvrium  sooparium ) b asa l cover decreased  

du ring  drought in  North Dakota (S a rv is  1941) and in  th e  C en tra l G reat 

P la in s  (W eaver and A lb e r ts o n  1940; W eaver and A lb e r ts o n  1939; 

A lb ertso n  and Tomanek 1965; Weaver and A lbertson  1936).

F o rb s  a r e  a f f e c t e d  by p r e c i p i t a t i o n  f l u c t u a t i o n  i n  a s i m i l a r  

manner to  g ra s se s . Some a re  more drought r e s i s t a n t  than  o th e rs . Some 

s p e c ie s  v a n is h  o r d e c r e a s e  r a p i d l y ,  w h ile  o th e r s  may a c t u a l l y  

i n c r e a s e ,  a t  l e a s t  d u r in g  th e  b e g in n in g  o f  a d ro u g h t (W eaver and 

A lb e r ts o n  1939). D i f f e r e n t  s p e c ie s  u se  d i f f e r e n t  s t r a t e g i e s  to  

su rv iv e  d rought, such as  dormancy or reduced s ta tu r e  (Coupland 1958). 

S pec ies  w ith  f le sh y  ro o ts  o r  s to ra g e  o rgans a re  o f te n  a b le  to  p e r s i s t  

through drought the  b e s t (Weaver and A lbertson  1939).

During th e  drought p e rio d  from 1933 to  1937 in  s o u th e a s t Montana, 

t o t a l  b asa l cover o f fo rb s  decreased  by 82.8% (H urtt 1951). During a 

two y e a r  drought in  n o rth e rn  Montana, b a sa l cover o f fo rb s  was reduced
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from 3.1 to  0.4% (Ryerson. unpublished). In  th e  C e n t r a l . G reat P la in s , 

fo rb s  g e n e ra lly  s u ffe re d  lo s s e s  due to  d rough t, w ith  up to  a 50% lo s s  

in  b a s a l  c o v e r  (W eaver and A lb e r ts o n  1939). W eaver e t  a l .  ( 1940) 

r e p o r te d  t h a t  p e r e n n ia l  fo r b  b a s a l  c o v e r  d e c re a se d  by 28%, w h ile  

Weaver and A lbertson  (1936) re p o rte d  a  com plete d isappearance  o f a l l  

n a t iv e  fo rb s*  I t  a p p e a rs  t h a t  fo r b  re s p o n s e  to  c l im a te  i s  s i t e

d e p e n d e n t. In  s o u th e r n  Id ah o , b a s a l  c o v e r  o f  p e r e n n ia l  fo rb s
/  • ‘

decreased  40%, and annual fo rb s  com pletely  d isappeared  du rin g  drought 

(P ech an ec  e t  a l .  1937). The l o s s  o f  f o r b s  on t h i s  s i t e  o c c u r re d  more 

ra p id ly  than  the  lo s s  o f g ra sse s .

R ecovery  o f  f o r b s  a l s o  v a r ie d  f o l lo w in g  d ro u g h t. Annual fo r b s  

in c re a se d  im m ediately  fo llo w in g  drought, but p e ren n ia l fo rb s  recovered  

more slow ly  (Whitman e t  a l .  1943). The cover of p e ren n ia l fo rb s  was 

128% g re a te r  fo llo w in g  drought th a n  p r e v io u s  to  d ro u g h t i n  s o u th e rn  

Idaho (Pechanec e t  a l .  1937). Annual fo rb s  appeared im m edia te ly  a f t e r  

d ro u g h t and c o m p rise d  a m a jo r i ty  o f  th e  c o v e r , b u t th e y  d e c re a se d  

r a p i d l y  a s  p e r e n n ia l s  r e e s t a b l i s h e d  (W eaver and A lb e r ts o n  1939» 

Pechanec e t  a l .  1937» S a rv is  1941).

Annual pepperweed (Lenidium d en sif lo ru m ) was o f te n  th e  dominant 

annual fo rb  invad ing  the  G reat P la in s  re g io n  during  and im m ediately  

fo llo w in g  drought (S a rv is  1941; Weaver and A lbertson  1939).

S c a r le t  globem allow  (Snhaeralcea oocoinea) b asa l cover in c reased  

d u r in g  d ro u g h t (C oupldi.c  1958). A f te r  d rough t, s c a r l e t  globem allow.



cover decreased  to  p re -d ro u g h t le v e ls .

F o rb  an d  s h r u b  b a s a l  c o v e r  r e s p o n s e  to  a b o v e  a v e r a g e  

p r e c ip i ta t io n  v a rie d  depending on the  s i t e  being considered  (Newbauer 

e t  a l .  1980).

P la in s  p r i c k ly p e a r  (O o u n tia  p o lv a c a n th a ) basa l cover in c reased  

d u r in g  and im m e d ia te ly  f o l lo w in g  d ro u g h t (Reed and P e te r s o n  1961; 

E l l is o n  and W oolfolk 1937; H u rtt 1951). The a c tu a l in c re a se  in  cover 

i n  s o u th e a s t  M ontana was 108.3? d u r in g  th e  p e r io d  o f  1933 to  1937. 

T h is  made i t  one o f  th e  m a jo r c o n s t i t u e n t s  o f  th e  p l a n t  com m unity 

du rin g  drought (H u rtt 1951). I t  appeared to  be favored  by h o t te r  and 

d r i e r  w e a th e r  (Reed and P e te r s o n  1961). . T here  was a d e c re a s e  o f  

p a r a s i te s  o f p la in s  p r ic k ly p e a r  during  dry c o n d itio n s  (Coupland 1958). 

A lso , i t  i s  s p re a d  by rh iz o m e s  o r  by d i s t r i b u t i o n  o f  seed  and 

v e g e t a t i v e  p a r t s  by l i v e s t o c k .  As th e  w e a th e r  becam e w e t t e r  and 

c o o le r ,  p l a i n s  p r i c k ly p e a r  c o v e r  was reduced to  p re -d ro u g h t amounts 

(Reed and P e te rso n  1961; Coupland 1958). By 1946, p la in s  p r ic k ly p e a r 

c o v e r  was b a s i c a l l y  th e  same a s  b e fo re  th e  d ro u g h t i n  s o u th e a s t  

Montana (Reed and P e te rso n  1961).

S ag eb ru sh  ( A r te m is ia  sp p .) was g r e a t l y  red u ced  by d ro u g h t in  

s o u th e a s t  M ontana, (Reed and P e te r s o n  19 6 1). D i f f e r e n t  sag e b ru sh  

sp e c ie s  recovered  frpm drought to  d i f f e r e n t  degrees. S i lv e r  sagebrush 

(A rtem is ia  cana) r e e s ta b lis h e d  and recovered  ra p id ly . By 1943, there, 

w ere  a b o u t sev en  t im e s  a s  many p l a n t s  a s  p r i o r  to  th e  d ro u g h t (Reed



and P e te r s o n  1961). B ig s a g e b ru s h  d id  n o t r e c o v e r  a s  r a p id ly  

fo llo w in g  drought o r to  the  e x te n t th a t  s i l v e r  sagebrush d id . Fringed 

s a g e w o r t (A r te m is ia  f r l g i d a ) in c r e a s e d  r a p id ly  f o l lo w in g  d ro u g h t, 

probably  due to  i t s  a b i l i t y  to  invade d e te r io ra te d  o r d is tu rb e d  s i t e s .  

Elem ents o f  t h e .M oisture Regime th a t  Determine V egeta tion  Growth

C o u p la n d  (1 9 5 8 )  r e p o r t e d  t h a t  f l u c t u a t i o n s  i n  a n n u a l ^  

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

p r e c ip i ta t io n .  When a storm  occu rs, an a re a  may re c e iv e  one th ir d  o f / 

i t s  a n n u a l p r e c i p i t a t i o n  in  t h a t  one s to rm . D i f f e r e n t  s p e c ie s  / 

c h a ra c te r iz e  the  a sp e c t o f a p la n t community in  succeed ing  y ears  due/ 

to  th e  t im in g  and d i s t r i b u t i o n  o f p r e c i p i t a t i o n ,  w hich  w i l l  fa v o r  

v a r io u s  s p e c ie s  i n  s u c c e s s iv e  y e a r s  ( S a r v i s  1941). T h is  i s  becau se  

each sp e c ie s  responds d i f f e r e n t ly  to  p r e c ip i ta t io n  a t  v a rio u s  periods^  

i n  i t s  g ro w th  c y c le  (A bel e t  a l .  1962).

D iffe re n t m o is tu re  reg im es determ ine  fo rag e  p ro d u c tio n  in  a given 

y e a r  th a n  th e  m o is tu re  re g im e s  t h a t  d e te rm in e  p la n t  c o v e r . P la n t  

cover i s  more c lo se ly  r e la te d  to  w eather cy c le s , w h ile  p ro duction  i s  

an in d ic a to r  of the  grow ing co n d itio n s  w ith in  a s in g le  y e a r (Herbel e t  

a l .  1972; Byerson unpublished ; Sm oliak e t  a l .  1976).

Herbage p ro d u c tio n  and the  m o is tu re  regim e th a t  c o n tro ls  i t  has 

been s tu d ie d  by mtire re s e a rc h e rs  than  has p la n t cover. R eports have 

been based in  some cases  sim ply on o b se rv a tio n , w h ile  in  o th e r  cases, 

r e g r e s s io n  and c o r r e l a t i o n  te c h n iq u e s  have been  u sed  to  d e te rm in e
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which f a c to r s  most s tro n g ly  a f f e c t  and determ ine  p roduction . Beed and 

P e te rso n  (1961) re p o rte d  th a t  annual fo rag e  p roduction  u su a lly  depends 

on s p r in g  p r e c i p i t a t i o n .  B a l la r d  and Ryerson (1973) used re g re ss io n  

and c o r r e la t io n  on fo rag e  p roduction  d a ta  from n o rth e rn  Montana. They 

r e p o r te d  t h a t  o f  t e n  g r a s s  s p e c ie s  a n a ly z e d , o n ly  f o u r  s p e c ie s  a r e  

s i g n i f i c a n t l y  r e l a t e d  to  o r  in f lu e n c e d  by p r e c i p i t a t i o n .  These a r e  

w e s te r n  w h e a tg r a s s ,  g re e n  n e e d le g r a s s  (S tin a  v i r id u la ) . n eed le-and - 

th re a d , and n e e d le le a f  sedge (Carex e le o c h a r is l . W estern w heatg rass 

tends to  be in flu en c ed  by growing season p re c ip i ta t io n .  A p ril through 

June p r e c ip i ta t io n  fa v o rs  cool season g ra s se s , but g e n e ra lly  d is fa v o rs  

warm se a so n  g r a s s e s .  S a r v is  (1941) r e p o r te d  a h ig h  c o r r e l a t i o n  ^
j

b e tw een  A p r i l  th ro u g h  June p r e c i p i t a t i o n  and fo ra g e  p ro d u c t io n  in  

North Dakota. Rogler and Haas (1947) s tu d ie d  th e  c o r r e la t io n  between 

s o i l  m o is tu re  o r p r e c ip i ta t io n  and fo rag e  p ro d uction  in  North Dakota. 

There i s  a h ig h ly  s ig n i f ic a n t  c o r r e la t io n  c o e f f ic ie n t  ( r )  betw een f a l l  

s o i l  m o is tu re  a t  c e r t a i n  d e p th s  and t o t a l  fo r a g e  p ro d u c t io n  th e  

f o l lo w in g  s e a s o n . T hese a r e  r= .7 2  a t  I m (3 f e e t )  and r= .7 4  a t  2 m (6 

f e e t ) .  They a l s o  s t a t e d  t h a t  r= .76  be tw een  A p r i l  th ro u g h  J u ly  

p r e c ip i ta t io n  and fo rag e  p ro duction  fo r  th e  same season. Use of a l l  

o f th e se  v a r ia b le s  to g e th e r  f u r th e r  in c re a se d  the  r  v a lu e . In  South 

Dakota, c o r r e la t io n  was b e s t between th e  p rev ious Septem ber through 

June p r e c i p i t a t i o n  and fo ra g e  p ro d u c t io n  (Jo h n so n  1981). Jo h n so n  

f u r t h e r  s t a t e d  t h a t  t h e r e  i s  a com plex  i n t e r r e l a t i o n s h i p  b e tw een
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s e a s o n  o f  p r e c i p i t a t i o n ,  p l a n t  v ig o r ,  ra n g e  c o n d i t io n ,  and fo ra g e  

p ro d u c tio n . T herefo re , p la n t v ig o r and range c o n d itio n  may a f f e c t  the 

c o r r e la t io n  between p r e c ip i ta t io n  and fo rag e  p ro duction  (Johnson 1981;4( 

Weaver and A lbertson  1944). In  so u th ern  A lb e rta , fo rag e  p roduction  i s  

r e l a t e d  to  th e  p r e c i p i t a t i o n / e v a p o r a t i o n  r a t i o  (C la rk  e t  a l .  1943)«^ 

They a lso  s ta te d  th a t  m o is tu re  from f a l l  and w in te r  d id  n o t appear to  

be as  im p o rtan t a s  p r e c ip i ta t io n  du ring  th e  growing season. Smoliak 

(1956), a ls o  working in  so u th ern  Canada, re p o rte d  a  h igh  c o r r e la t io n  

(r=0.86) betw een May through June p r e c ip i ta t io n  and fo rag e  p roduction .

He developed the  fo llo w in g  re g re s s io n  eq u a tio n :

Y = 27.17 + 78.48 X ( r 2=0.74)

Y = p re d ic te d  fo rag e  p ro d u c tio n  in  lb s .  p er a c re  

X = May + June p r e c ip i ta t io n

He r e p o r te d  t h a t  th e r e  a r e  n e g a t iv e  c o r r e l a t i o n s  b e tw een  fo ra g e  

p ro d u c tio n  and seaso n a l average tem p e ra tu re , hours o f b r ig h t  s u n lig h t, 

wind m ileage, or seaso n a l ev ap o ra tio n . Abel e t  a l .  (1962) used March 

th ro u g h  Ju n e  p r e c i p i t a t i o n  p lu s  m o n th ly  d e v ia t io n  from  av e rag e  

te m p e r a tu r e  f o r  May and Ju n e  to  p r e d i c t  fo ra g e  p r o d u c t io n  f o r  th e  

c u r r e n t  s e a so n  i n  th e  N o rth e rn  G re a t P la in s .  In  th e  C e n t r a l  Greafc^- 

P l a in s ,  am ount and d i s t r i b u t i o n  o f  r a i n f a l l  d u r in g  th e  s i x  summer 

m onths (A p r i l  th ro u g h  S ep tem b er) g r e a t ly  a f f e c t  grow th o f g ra ss lan d  

v e g e ta tio n  (A lbertson  e t  a l .  1957). This i s  e sp e c ia l ly  tru e  o f e a r ly  

summer r a i n s ,  w ith  l a t e  summer r a i n  b e in g  to o  l a t e  to  h e lp  p la n t
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g ro w th  i f  e a r ly  r a i n  was la c k in g .  In  w e s te rn . K an sas, fo ra g e  

p ro d u c tio n  shows a s tro n g e r  r e la t io n s h ip  w ith  seasonal p r e c ip i ta t io n  

th a n  w ith  p r e s e a s b n a l  o r  w in te r  p r e c i p i t a t i o n  (H u le t t  and Tomanek 

1969)» They hen ce  r e p o r te d  t h a t  May and Ju n e  p r e c i p i t a t i o n  i s  m ost 

r e l i a b l e  f o r  p r e d i c t i n g  fo r a g e  p r o d u c t io n .  They a l s o  s t a t e d  t h a t  

p ro d u c tio n  o f  weedy sp e c ie s  i s  c o r r e l a t e d  w ith  A p r i l  p r e c i p i t a t i o n ,  

a n d  s h o r t  g r a s s  p r o d u c t i o n  i s  h i g h l y  c o r r e l a t e d  w i t h  J u l y  

p r e c i p i t a t i o n .  H ow ever, R e in e r t  (1962) s t a t e d  t h a t  e a r l y  se a so n  

p r e c ip i ta t io n  in f lu e n c e s  s h o r t  g ra s s  p ro d u c tio n  in  Kansas. In  e a s te rn  

C o lo ra d o , a n n u a l p r e c i p i t a t i o n  from  th e  tw o p re v io u s  y e a r s  and th e  

d e p th  o f  m o is t  s o i l  on A p r i l  15 .gave  th e  h ig h e s t  c o r r e l a t i o n  w ith  

f o r a g e  p ro d u c t io n  (D ahl 1963), In  s o u th e r n  Id a h o , p ro d u c t io n  i s  

c o r r e l a t e d  (r= 0 .944 ) w ith  p r e c i p i t a t i o n  i n  th e  p re v io u s  w in te r  and 

c u r r e n t  s p r in g  (C raddock and F o r s l in g  1938). Sneva and H yder ( 1962) 

d e v e lo p e d  a r e g r e s s io n  e q u a t io n  to  p r e d i c t  fo r a g e  p ro d u c t io n  in , th e  

n o rth e rn ,In te rm o u n ta in  Region:

Y = 1.11 X -  10.6 

Y = y ie ld  index  

X = p r e c ip i ta t io n  index

These in d ic e s  a re  in  com parison to  th e  median y ie ld  and p r e c ip i ta t io n  

f o r  a g iv e n  l o c a t i o n .  In  n o r th e r n  N evada, th e  p re v io u s  w in te r  and 

c u r r e n t  s p r in g  p r e c i p i t a t i o n  d e te r m in e s  s o i l  m o is tu r e ,  w h ich  th e n  

d e te rm in es  th e  le n g th  o f th e  growing season  and fo rag e  p ro duction  fo r

v1 .'J
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th a t  season  (Roundy, E ckert and Evans 1979)<^

Coupland (1958) re p o rte d  th a t  b a sa l cover d ec rea se s  only during  

prolonged drought. Reed and P e te rson  (1961) re p o rte d  th a t  two o r more 

co n secu tiv e  y e a rs  o f  drought a re  probably  necessary  fo r  an a p p re c ia b le
I

k i l l  o f p la n ts  and extended subsequent e f f e c t s .  In  so u th e a s t Montana,
'

ch an g es  i n  b a s a l  a r e a  c o v e r  a r e  m ost c lo s e ly  a s s o c ia te d  w ith  

p r e c ip i ta t io n  o f the  p rev io u s  growing season (Reed and P e te rso n  1 9 6 1 ).^  

In  e a s t e r n  Wyoming, a r e l a t i o n s h i p  e x i s t s  b e tw een  b a s a l  c o v e r and 

annual p r e c ip i ta t io n  beginning  on the  p rev io u s  Septem ber . 15th (Lange 

1945). In  s o u th e r n  Id a h o , b a s a l  c o v e r  re sp o n d s  to  p re v io u s  an n u a l 

p r e c i p i t a t i o n  (C raddock and F o r s l in g  1938). N elson  (1934) r e p o r te d  

s i m i l a r  r e s u l t s  f o r  g r a s s e s  i n  th e  d e s e r t  s o u th w e s t ,  and f u r t h e r  

s ta te d  th a t  p r e c ip i ta t io n  during  the  c u rre n t summer has l i t t l e  e f f e c t  

on p la n t  b asa l cover fo r  th a t  y ear. Herbel .e t a l .  (1972) s ta te d  th a t ,  

i n  the  same reg io n , p r e c ip i ta t io n  du ring  the  n ine months p r io r  to  the  

g ro w in g  s e a s o n  h as  th e  g r e a t e s t  in f lu e n c e  on p e r e n n ia l  g r a s s  b a s a l  

co v er.

V eg eta tio n  Response To Graalng

C lim ate  i s  th e  m ajor c o n tro l l in g  f a c to r  o f v e g e ta tio n  grow th w ith  

g raz in g  in te n s i ty  having p ro p o rtio n a te ly , l e s s  of an e f f e c t  (Reed and 

P e te rso n  1961; Whitman e t  a l .  1943). Under normal c o n d itio n s , changes ^  

i n  v e g e ta t io n  due to  g r a z in g  o c c u r  s lo w ly  ( S a r v is  1941). In  T exas, 

f o r  ex am p le , t h r e e  y e a r s  o f  d ro u g h t d e c re a s e d  ra n g e  c o n d i t io n  a b o u t
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th e  sam e, r e g a r d l e s s  o f  g r a z in g  I n t e n s i t y ,  in c lu d in g  ch an g es  in  

e x c lo su re s  (Osborn 1950). On mixed g ra s s  p r a i r i e  in  the  C en tra l G reat 

P la in s , lo s s e s  in  b asa l cover du ring  drought occurred  throughout a l l  

g raz in g  i n t e n s i t i e s . ' However, th e  amount o f lo s s  v a r ie d  (Weaver and 

A lb e r ts o n  1936). L o sse s  o f  b a s a l  c o v e r  w ere  50 to  60% u n d e r no 

g r a z in g ,  36 to  54% u n d e r m o d e ra te  g r a z in g ,  and 74 to  91% u n d e r heavy 

g ra z in g  du rin g  th e  drought o f th e  1930’s.

I t  i s  g e n e ra lly  acknowledged th a t  p a s t g raz in g  use a f f e c t s  p la n t 

s p e c ie s  com position , e s p e c ia l ly  du ring  a  drought (Cook and Sims 1975). 

Because heavy use d u ring  w et y e a rs  may ad v erse ly  a f f e c t  p la n t  v ig o r to  

th e  e x te n t  t h a t  d ro u g h t e f f e c t s  a r e  m ore s e v e re ,  i t  i s  u n w ise  to  ^  

reduce g raz in g  in te n s i ty  only du ring  drought (A lbertson  e t  a l .  1957). 

S how ers r e c e iv e d  d u r in g  d ro u g h t w i l l  produce more ru n o ff . However, 

Whitman e t  a l .  (1943) re p o rte d  th a t  d e te r io ra t io n  o f h eav ily  stocked 

ra n g e la n d  i n  N orth  D akota  was l e s s  th a n  t h a t  i n  o th e r  a r e a s ,  

ap p a ren tly  due to  rem oval o f l iv e s to c k  du ring  drought. They f u r th e r  

s ta te d  th a t  g raz in g  under drought co n d itio n s  would r e s u l t  in  h eav ie r 

u t i l i z a t i o n  due to  r e d u c t io n  i n  a v a i l a b l e  v e g e ta t id n ,  even  though  

s to c k in g  r a t e  may s t a y  th e  sam e. Removal o f  l i v e s t o c k  c o u ld  l i m i t  

t h i s  and speed recovery .

Heavy g r a z in g  ad d s to  th e  e f f e c t s  o f  d ro u g h t (Reed and P e te r s o n  

1961). Heavy g r a z in g  n o t  o n ly  r e d u c e s  v e g e ta t io n  g ro w th , b u t a l s o  ^  

l iv e s to c k  p ro d u c tio n  (Reed and P e te rso n  1961; Cook and Sims ,1975). I t
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a l s o  r e s u l t s  I n  g e n e r a l  d e t e r i o r a t i o n  o f  r a n g e la n d , r e g a r d l e s s  o f  

p r e c ip i ta t io n  (Cook and Sims 1975). Range t h a t , i s  overgrazed  p r io r  to  

d ro u g h t s u f f e r s  g r e a t e r  l o s s  i n  s ta n d ,  v ig o r ,  and c a r r y in g  c a p a c i t y ^  

when d ro u g h t o c c u rs  (S chum acher 1974). High p la n t  d e a th  l o s s e s  a r e  

u s u a l l y  a s s o c i a t e d  w i th  heavy g r a z in g  du rin g  drought (Cook and Sims 

1975). A lb e r ts o n  e t  a l .  (1957) s t a t e d  t h a t  h e a v i ly  g ra z e d  ra n g e  

s u f f e r s  m ost from  d ro u g h t and r e c o v e r s  s lo w e s t .  Heavy g ra z in g  c a n ^  

c au se  u n s ta b le  s o i l ,  low  v ig o r  i n  s u r v iv in g  p l a n t s ,  d e c re a se d  

r e v e g e t a t i o n  i n  s u c c e e d in g  w et y e a r s ,  in v a s io n  o f  i n f e r i o r  p l a n t s ,  

i n t e n s i f i e d  d ry  c o n d i t io n s ,  d e c re a se d  g r a z in g  c a p a c i ty ,  and added 

i n s t a b i l i t y  o f l iv e s to c k  p ro d u c tio n  (Nelson 1934). While i t  took f iv e  

y e a r s  to  r e c o v e r  on m o d e ra te ly  g ra z e d  ra n g e , i t  to o k  tw e n ty  o r  m ore 

y e a rs  fo r  h eav ily  grazed  range to  reco v er from drought in  th e  C en tra l 

G re a t P la in s  (A lb e r ts o n  e t  a l .  1957). I t  i s  so m etim es  d i f f i c u l t  f o r  

range m anagers to  i n te r p r e t  th e  im pact o f heavy g raz in g , because cover 

may in c r e a s e  u n d e r heavy g ra z in g  due to  s p re a d  o f  s h o r tg r a s s e s  

(A lb e r ts o n  e t  a l .  1957). However, a f t e r  t h i s  s t a g e ,  c o n tin u e d  heavy  

u se  o f t e n  r e s u l t s  i n  l o s s  o f  p e r e n n ia l  g r a s s  c o v e r  a lo n g  w ith  

a c c e le ra te d  e ro s io n . Weedy sp ec ie s  can th en  become p re v a le n t.

C o n s e rv a tiv e  s to c k in g  m in im iz e s  l o s s e s  d u r in g  d ro u g h t (H u r t t  

1951). M od era te  g r a z in g  may a c t u a l l y  be b e t t e r  th a n  no g ra z in g  

(Coupland 1958). I t  may cause a th in n e r  s tan d , and reduce com petition , 

f o r  m o is tu r e .  I t  e s p e c i a l l y  h e lp s  s h o r t  g r a s s e s ,  b e ca u se  th e y  a r e
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u s u a l l y  g r a z e d  l e s s .  C o v er w as a b o u t  t h e  sam e u n d e r  e i t h e r

m o d e ra te ly  g ra z e d  ra n g e  was g r e a t e r  th a n  when no g r a z in g  o c cu red  

(Tomanek 1948).

in te n s i ty .  Range should be used l i g h t l y  fo llo w in g  drought to  pen

a d d it io n a l ly  a c c e le ra te d  by l iv e s to c k  rem oval (Whitman e t  a l .  1943). 

Weaver and Hanson (1941) s ta t e d  th a t  even a  s in g le  y e a r o f p ro te c t io n ;  

from  g ra z in g  g r e a t l y  in c r e a s e d  th e  r e g e n e r a t io n  f o l lo w in g  d ro u g h t. 

H ow ever, m o d e ra te  g r a z in g  may in c r e a s e  re c o v e ry  due to  t r a m p l in g  

e f f e c t s  and rem oval o f excess mulch.

G rasses may produce more im m edia te ly  a f t e r  a drought because of 

reduced cover (Coupland 1958). Y ield in c re a se  response was q u ic k e s t on 

h e a v i ly  g ra z e d  s i t e s ,  w ith  m o d e ra te ly  g ra z e d  s i t e s  b e in g  d e la y e d  a 

y e a r  o r  tw o (C oupland 1958; W eaver and A lb e r ts o n  1944). T h is  i s  

probably  due to  th e  g re a te r  red u c tio n  in  cover on th e  h e av ily  grazed 

s i t e .  T h is  in c r e a s e d  p ro d u c t io n  from  a .re d u c e d  p la n t  c o v e r can be 

m is lead in g . A range manager may th in k  th a t  v e g e ta tio n  has recovered , 

w h ile  i n  r e a l i t y ,  p l a n t  c o v e r h a s  n o t y e t  f u l l y  r e c o v e re d  ( S a r v is

R esponse o f  d i f f e r e n t  s p e c ie s  to  g r a z in g  v a r i e s ,  j u s t  a s  p la n t  

sp e c ie s  respond d i f f e r e n t ly  to  c l im a tic  v a r ia b le s .  In  South Dakota,

c o n s e r v a t iv e  s to c k in g  o r  no g r a z in g  (N e lso n  1934), and y i e l d  on

D ro u g h t r e c o v e r y  i s  d i f f e r e n t i a l l y  in f lu e n c e d  by g ra z in g

ra p id  recovery  (E llis o n  and W oolfolk 1937; Johnson 1981). Recovery i s

1941)
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Lewis e t  a l .  (1956) re p o rte d  th a t  s h o r t  g ra s se s  dom inate under heavy 

g ra z in g , m idgrasses dom inate under l i g h t  g raz in g , arid m oderate g raz in g  

m a in ta in s  a p r o p o r t io n  o f  b o th  m id and s h o r t  g r a s s e s .  In  s o u th e a s t  

M ontana, th e  g r e a t e s t  t o t a l  b a s a l  c o v e r  o c c u r re d  u n d e r m o d e ra te  

s to c k in g  a f t e r  25 y e a r s  (1932-56 ) o f  c o n tin u o u s  sum m er g ra z in g  

(Houston and Woodward 1966), However, in  1945, on the  same s i t e ,  the

g r e a t e s t  t o t a l  b a s a l  c o v e r  o c c u r re d  u n d e r heavy s to c k in g  (Reed and
, ,

P e te rso n  1961). This was because o f an in c re a se  in  b u ffa lo g ra s s .

The response  o f s e v e ra l sp ec ie s  to  g raz in g  has been re p o rte d  in  

so u th e a s t Montana (Reed and P e te rso n  1961; Houston and Woodward 1966) 

arid so u th ern  A lb erta  (C lark e t  a l .  1943). The g raz in g  in te n s i ty  which 

f a v o r s  maximum c o v e r  f o r  each  s p e c ie s  i s  i n d i c a t e d  i n  T ab le  I .  

W estern w heatg rass  response  to  g raz in g  was v a r ia b le , being  in v e rse ly  

r e l a t e d  to  b u f f a lo g r a s s  c o v e r  (Reed and P e te r s o n  1961). B lue gram a 

was fav o red  by l i g h t  g raz in g  du rin g  drought (Reed and P e te rso n  1961), 

H ouston, and Woodward (1966) r e p o r te d  t h a t  a t  th e  end o f  th e  s tu d y , 

tum b leg rass  was only  found on th e  most l i g h t ly  grazed range. Reed and 

P e te rso n  (1961) s ta te d  th a t  a lth o u g h  n e e d le - a n d - th r e a d  had th e  same 

am ount o f  b a s a l  c o v e r , th e  c o v e r u n d e r heavy g ra z in g  c o n s i s t e d  o f  a 

g r e a t e r  d e n s i ty  o f  s m a l l e r ,  yo u n g er p l a n t s .  W ith d i f f e r e n t  s p e c ib s  

showing v a r ia b le  response  to  g raz in g  depending upon th e  tim e  period  

co n sid ered , i t  i s  f u r th e r  ap p aren t th a t  c lim a te  has a g re a te r  e f f e c t  

on v e g e ta tio n  change th an  does g raz ing .
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Table I , G razing I n te n s i ty  Which Favors Maximum Cover o f Several 
P la n t S pecies

sp e c ie s l i g h t
a ra z in a  in te n s i ty

. m oderate heavy
no

response

w este rn  w heatg rass 2 1V
red  threeaw n I 2
b lue grama 2 1,3
b u ffa lo g ra s s 1 ,2
th re a d le a f  sedge 2, I
n e e d le le a f  sedge 2 I
in la n d  s a l tg ra s s 2
p r a i r i e  ju n eg rass- I
f a l s e  b u ffa lo g ra s s 2
Sandberg b lu eg ra ss I 2
tum blegrass 2 I
sand dropseed , 2 I
n e ed le -an d -th read 3 2 . I ,
g reen  n eed leg rass I 2 ,
s ix  weeks g ra s s I
p la in s  bahai I
Hoods phlox I
woolly p la n ta in 2
American v e tch I
s c a r l e t  globemallow I 2
s i lv e r  sagebrush 2
b ig  sagebrush 2
f r in g e d  sagew ort 2
w in te r f a t 2 .
p la in s  p r ic k ly p e a r  . 2 2
broom snakeweed 2

1 ( Reed and P e te rso n  1961)
2 (Houston and Woodward 1966)
3 (C lark  e t  a l .  1943)
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Recommended Management P ra c t ic e s  fo r  F lu c tu a tin g  C lim atic  C onditions

Reed and P e te r s o n  (1 9 6 1 ), H u r t t  (1 9 5 1 ), Cook and S im s (1975), 

E l l i s o n  and W o o lfo lk  (1 9 3 7 ), A lb e r ts o n  e t  a l .  (1957), and W hitm an e t  

a l .  (1943) r e p o r te d  t h a t  c o n s e r v a t iv e  s to c k in g  i s  n e c e s s a ry  befo re ,, 

du ring , and fo llo w in g  drought to  l i m i t  perm anent drought damage, H u rtt 

(1951) s ta te d  th a t  c o n se rv a tiv e  s to ck in g  w i l l  a lso  m inim ize l iv e s to c k  

w eigh t lo s s e s . M aintenance o f h igh  anim al numbers a lso  d ecreases  net 

income du rin g  drought because o f in c re a se d  c o s t and decreased  p r ic e s  

fo r  c a lv e s  (Boykin, Gray and Caton 1962). T herefo re , i t  i s  b e s t from ^  

an  econom ic  a s  w e l l  a s  an  e c o lo g ic a l  s ta n d p o in t  to  re d u c e  l i v e s t o c k  

num bers d u r in g  d ro u g h t. Reed and P e te r s o n  (1961) and H u r t t  (1951) 

s ta t e d  th a t  a minimum of 12.4 ha (31 a c re s )  p e r animal, u n i t  per y ear, ^T 

o r  1.04 ha (2.6 a c r e s )  o f  good c o n d i t io n  ra n g e  p e r  a n im a l u n i t  m onth 

(AUM) a r e  needed  i n  s o u th e a s t  M ontana. T h is  i s  a p p ro x im a te ly  th e  

s to ck in g  r a te  of th e  in te rm e d ia te  g raz in g  in te n s i ty  used in  th e  study 

t h a t  th e y  r e p o r te d .  Reed and P e te r s o n  (1 9 6 1) s t a t e d  t h a t  t h i s  

s to ck in g  r a t e  may have shown slow d e te r io r a t io n  over a lo n g e r period  

o f  tim e . They a lso  s ta te d  th a t  t h i s  s to ck in g  r a te  should only  be used 

a s  a g u id e l in e  o r s t a r t i n g  p o in t ,  and t h a t  a c tu a l  s to c k in g  f o r  a -A 

p a r t i c u l a r  ra n g e  sh o u ld  be based  on h e rb a g e  u t i l i z a t i o n  o r  ran g e  

c o n d itio n  and tren d . S a rv is  (1941) recommended a s to ck in g  r a te  o f 1.4 

a c re s  p e r y e a r l in g  s t e e r  per month.

Very few m anagem ent p r a c t i c e s  have been developed s p e c i f ic a l ly
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f o r  u se  d u r in g  drought=  S p e c ia l  p r a c t i c e s  f o r  d ro u g h t a r e  to  c u l l  

e a r l y ,  a l t e r  th e  p la n  o f  s e a s o n a l  u s e , and r e s to c k ,  s lo w ly  a f t e r  

d ro u g h t (H u r t t  1951); However, no i n d i c a t i o n  i s  g iv e n  a s  to  a c tu a l  

amount and tim in g  to  re s to c k  a f t e r  d rought. P ro te c tio n  from g raz in g  

d u r in g  d ro u g h t k e p t d e g e n e ra t io n  o f  th e  v e g e ta t io n  to  a minimum 

(A lbertson  and Weaver 1944). Most recom m ended m anagem ent p r a c t i c e s  

a re  th o se  th a t  range managers should use re g a rd le s s  o f  drought. These 

in c lu d e  u sin g  e a r ly , s h o r t  b reed ing  season, p rov id ing  s a l t  and w ater, 

and m anag ing  f o r  even  l i v e s t o c k  d i s t r i b u t i o n  ( H u r t t  1951). O th er 

recommended p ra c t ic e s  a re  u s in g  complementary p a s tu re s , c ro ssfen c in g , 

d e v e lo p in g  w a te r ,  and u s in g  b ru sh  c o n t r o l  ( F ie ld s  1977). Use o f 

r o ta t io n a l  g raz in g  was considered  e s s e n t ia l  by Craddock and F o rs lin g  

(1938).



STUDY SITE DESCRIPTION

Experim ental Design

D ata f o r  t h i s  s tu d y  w ere c o m p ile d  o v e r  a 25 y e a r  p e r io d ,  from  

1932 to  1956, on two a re a s  lo c a te d  on th e  L ivestock  and Range Research 

S ta t io n  n ear M iles C ity , Montana. One a re a , c o n s is tin g  o f  338 ha (845 

a c r e s )  o f  l e v e l  to  g e n t ly  r o l l i n g  ra n g e , was u sed  f o r  s p r in g  and 

summer g r a z in g ;  w h ile  th e  o th e r  a r e a ,  c o n s i s t i n g  o f  400 ha (1002 

a c r e s )  o f  ro u g h e r  t e r r a i n ,  was u sed  f o r  f a l l  and w in te r , r a n g e .  T h is  

arrangem ent a ffo rd ed  p ro te c t io n  fo r  c a t t l e  from w in te r  sto rm s. Each

a r e a  was u sed  f o r  a p p ro x im a te ly  s i x  m o n th s , w ith  m ovem ent from  one
i

a re a  to  th e  o th e r  o c cu rrin g  approx im ate ly  on May 15 and November 15.
'

The sum m er and w in te r  ra n g e s  w ere  each  d iv id e d  i n t o  th r e e  p a i r s  o f  

p a s tu re s  o f  d i f f e r e n t  s iz e s  r a d ia t in g  from a c e n tr a l  w e ll and handling  

f a c i l i t i e s .  These c e n t r a l  w e l l s  w ere  th e  o n ly  s o u rc e  o f  p e rm an en t 

w a te r on th e  study a re a s . This arrangem ent made i t  p o s s ib le  to  g raze 

s i x  g ro u p s  o f  te n  cows u n d e r th r e e  r a t e s  o f  s to c k in g .  The s to c k in g  

r a t e s  on th e  summer ra n g e  w ere  .76 ha (1 ,9  a c r e s )  p e r  a n im a l u n i t  

month (AUM) f o r  heavy g raz in g , .92 ha (2.3 a c re s )  per AUM f o r  m oderate 

g r a z in g ,  and 1.24 ha (3. 1 a c r e s )  p e r  AUM f o r  l i g h t  g r a z in g .  S to c k in g  

r a t e s  on th e  w in te r  ra n g e  w ere  0 .8 ha (2.0 a c r e s ) ,  1.16 ha (2 .9  

a c re s ) , and 1.36 ha (3.4 a c re s )  p e r AUM fo r  heavy, m oderate, and l i g h t  

g raz in g , re s p e c tiv e ly .

The e x p e r im e n ta l  p a s tu r e s  w ere  u sed  in  th e  sam e m anner in  a l l
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y e a r s  e x c e p t th e  sum m ers o f  1932, 1936» and 1937» and th e  w in te r s  o f  

193*1-35 and 1937-38, In  th ese  cases , g raz in g  in te n s i ty  was lig h te n e d  

be tiause  th e  l i v e s t o c k  w ere  young o r  b ecau se  th e  ra n g e  w as u n a b le  to  

su p p o rt l iv e s to c k  due to  drought. In  a d d it io n , supp lem enta l feed in g  

was in c re a se d  du ring  drought p e rio d s . Because o f th e se  two fa c to r s ,  

the  a c tu a l  adverse  e f f e c t s  o f drought under continuous g raz in g  reg im es 

w ere m oderated by an in e s t im a b le  amount.

For f u r th e r  in fo rm a tio n  c o n c e rn in g  th e  c h a r a c t e r  and d e s ig n  o f  

t h i s  s tu d y , s e e  Beed and P e te r s o n  (1 9 6 1 ), H u r t t  (1 9 5 1 ), and H ouston 

and Woodward (1966).
/

C h arac te r o f  th e  Ranee Resource

V egeta tion  was ty p ic a l  o f th e  mixed g ra s s  p r a i r i e  o f th e  N orthern 

G reat P la in s . The range had been stocked  c o n se rv a tiv e ly  and managed 

w e l l  p r i o r  to  th e  s tu d y ,  l e a v in g  i t  i n  good c o n d i t io n .  P e re n n ia l  

g r a s s e s  and sed g e s  c o m p rise d  th e  m a jo r i ty  o f  th e  c o v e r  w ith  th e  

rem ainder being  m ostly  shrubs. Basal cover o f a l l  sp e c ie s  combined ^  

ranged from  15 to  80$, and averaged 40$ a t  the  beginning o f the  study. 

F iv e  g r a s s e s  and one sed g e  co m p rised  65$ o f  th e  t o t a l  c o v e r . These 

w ere w este rn  w h ea tg rass , n e e d le -a n d - th re a d , g re e n  n e e d le g r a s s ,  b lu e  ' 

grama, b u ffa lo g ra s s , and th re a d le a f  sedge.

C h a r a c te r is t ic s - o f  th e  C lim ate During th e  Study

P r e c ip i ta t io n  d a ta  fo r  th e  study were o b ta ined  from M iles C ity
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w e a th e r  r e c o r d s  lo c a t e d  a b o u t 6.4 km (4 m ile s )  n o r th  o f  th e  s tu d y  

s i t e .  A lthough  i n d iv id u a l  p r e c i p i t a t i o n  e v e n ts  may have v a r ie d  

between th e  study s i t e  and M iles C ity , i t  i s  u n lik e ly  th a t  the  longer 

term  cum ulative  p r e c ip i ta t io n  da ta  used fo r  t h i s  study were d i f f e r e n t .  

P r e c i p i t a t i o n  f l u c t u a t e d  w id e ly  th ro u g h o u t th e  s tu d y  (F ig . I ) .  

A verage an n u a l p r e c i p i t a t i o n  o v e r an 80 y e a r  p e r io d  was 323.5 mm 

(12.94 in .)  (Houston and Woodward 1966). Average annual p r e c ip i ta t io n  

du ring  the  study p e rio d , 1932 to  1956, was 314 mm (12.56 in .) .

\  /  \

F igure  I .  Annual and Average P r e c ip i ta t io n  (mm), 1931 through 1956
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P r e c ip i ta t io n  was below th e  long  term  average between 1930 and 1940, 

excep t in  1932. P r e c ip i ta t io n  was low enough in  1931» 1934, and 1936 

f o r  them to  be co n sidered  drought y e a rs . In  a d d itio n , average monthly 

te m p e r a tu r e s  w ere  h ig h e r  th a n  th e  lo n g  te rm  a v e ra g e s  d u r in g  th e  

1930’s . P r e c i p i t a t i o n  was above a v e ra g e  f o r  an  e x te n d e d  p e r io d  

fo llo w in g  th i s  drought p e rio d , l a s t i n g  from 1940 through 1948, w ith  

th e  e x c e p t io n  o f  th e  s l i g h t l y  below  a v e ra g e  y e a r s  o f  1945 and 1947. 

T e m p e ra tu re s  from  1940 to  1948 te n d e d  to  be c lo s e r  to  th e  lo n g  te rm  

a v e ra g e . D uring  th e  p e r io d  o f  1949 th ro u g h  1956, p r e c i p i t a t i o n  

f lu c tu a te d  above and below average in  a l t e r n a te  y e a rs , w ith  the  l a s t  

th re e  y e a rs  a l l  being below average.



METHODS AND PROCEDURES

Data C o lle c tio n

B asal cover d a ta  were c o lle c te d  u sin g  th e  pantograph method (H ill 

1920; Weaver and C lem ents 1938). The pantograph c h a r ts  were o b ta ined  

from 57 square  m eter p lo ts  lo c a te d  throughout th e  summer and w in te r  

r a n g e s . P lo t s  w ere  d i s t r i b u t e d  th ro u g h o u t th e  p a s tu r e s  to  m o n ito r  

each  g r a z in g  i n t e n s i t y ,  and w ere  p la c e d  i n  g ra z in g  e x c lo s u r e s  to  

d e te r m in e  th e  re s p o n s e  o f th e  ra n g e  to  p r o t e c t i o n  from  l i v e s t o c k  

g r a z in g .  D ata  w ere  n o t re c o rd e d  i n  a l l  y e a r s  o f  th e  s tu d y  p e r io d .  

Years i n  which the  q u a d ra ts  were n o t mapped were 1946, 1947, 1949, and 

1951 through 1955. A ll q u a d ra ts  w ere n o t recorded  in  a l l  y ea rs .

For t h i s  s tu d y , o n ly  d a ta  from  th e  summer p a s tu r e s  w ere  

e v a lu a te d .  G row ing s e a s o n  g r a z in g  had th e  g r e a t e s t  im p a c t on 

v e g e ta tio n , a s  evidenced by the  f a c t  th a t  v e g e ta tio n  changes were much 

s lo w e r  on th e  w in te r  ra n g e  (Reed and P e te r s o n  1961, H ouston and 

Woodward 1966). Also, g raz in g  im pact du rin g  the  w in te r  was le ssen ed  

due to  supplem ental feed ing .

Data A nalysis

D ata from  p a n to g ra p h  c h a r t s  w ere  e n te r e d  i n t o  a f i l e  on th e  

com puter as  a re a  (cm2) and as d e n s ity  (p la n ts /m 2) o f each sp ec ie s  in  

each qu ad ra t. L ife  form (g ra s s , fo rb , o r shrub) and g raz in g  response 

(d e c rea se r , in c re a s e r ,  o r in v ad er) were a ls o  e n te red  f o r  each sp ec ie s . 

O th e r in f o r m a t io n  w as e n te r e d  i n t o  th e  d a ta  s e t  f o r  each  q u a d ra t ,
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in c lu d in g  s to c k in g  r a t e  and s e a so n  o f  u se . A no ther s e t  c o n ta in in g  

p r e c i p i t a t i o n  d a ta  on .a  d a i ly  b a s i s  f o r  th e  e n t i r e  s tu d y  p e r io d  was 

a l s o  u sed . The co m p u te r was u sed  to  m a n ip u la te  th e  d a ta  i n t o  th e  

form s needed f o r  a n a ly s is  and to  perform  the  a n a ly s is .

A t o t a l  o f 142 sp e c ie s  were reco rded  on th e  study a re a  throughout 

the  s tudy . S ince many o f them were o f m inor im portance , i t  was f i r s t  

n e c e s s a ry  to  e l i m i n a t e  th o s e  s p e c ie s  t h a t  showed no r e l a t i o n s h i p  

b e tw een  t h e i r  b a s a l  c o v e r  and p r e c i p i t a t i o n .  T h is  was done to  

s im p lify  th e  s t a t i s t i c a l  a n a ly s is  used l a t e r .  The f i r s t  s te p  was to  

exam ine  th e  s p e c ie s  l i s t  and e l im in a t e  o b sc u re  s p e c ie s  w hich  a r e  

in fre q u e n t in  mixed g ra s s  p la n t com m unities. The number o f sp ec ie s  

was f u r t h e r  re d u c e d  by u s in g  th r e e  g ra p h in g  m ethods w h ich  com pared 

b a s a l  c o v e r  to  p r e c i p i t a t i o n .  G raphs w ere  p l o t t e d  by th e  co m p u te r. 

The f i r s t  s e t  o f graphs th a t  were examined were o f b asa l cover o f each 

sp e c ie s  v e rsu s  tim e  in  y e a rs  (Appendix A). These graphs were compared 

to  a graph o f annual p r e c ip i ta t io n  v e rsu s  tim e  in  y e a rs , a s  shown in  

F ig u re  I .  This com parison was used to  determ ine  th ose  sp e c ie s  whose 

c o v e r  f l u c t u a t e d  in  d i r e c t  r e s p o n s e  to  p r e c i p i t a t i o n .  S p e c ie s  t h a t  

show ed a d e f i n i t e  r e l a t i o n s h i p  w ere  r e t a i n e d  f o r  m ore in - d e p th  

e v a lu a tio n  and o th e rs  were d isca rd ed .

The ne*t s te p  invo lved  in  p re lim in a ry  sp ec ie s  e v a lu a tio n  was to  

p l o t  th e  b a s a l  c o v e r  o f  th e  r e m a in in g  s p e c ie s  w i th in  each  g ra z in g



i n te n s i ty  versus tim e  in  y e a rs . This in c lu d ed  l i g h t ,  m oderate, heavy 

and no g raz in g . A ll fo u r  l in e s  were p lo t te d  on the same graph. This 

g ra p h  was th e n  com pared  to  a g ra p h  o f  p r e c i p i t a t i o n  v e r s u s  t im e  in  

y e a rs . The purpose o f t h i s  method was to  determ ine  i f  cover of each 

s p e c ie s  w as r e l a t e d  to  c e r t a i n  g r a z in g  i n t e n s i t i e s  o n ly , and to  

id e n t i f y  which g raz in g  i n t e n s i t i e s  were most c r i t i c a l  f o r  each sp ec ie s  

being  co n sid ered . This method was la rg e ly  un su ccessfu l because th e  

number o f  l in e s  on any one graph made in te r p r e ta t io n  d i f f i c u l t ,  and in  

some cases  im p o ssib le .

F in a lly , graphs were p lo t te d  w ith  b asa l cover o f each sp ec ie s  on 

one a x i s  and a n n u a l p r e c i p i t a t i o n  on the. o th e r  a x i s  (A ppendix B). 

T h is  w a s .d o n e  o n ly  f o r  th o s e  s p e c i e s  t h a t  sh o w ed  a d e f i n i t e  

r e l a t i o n s h i p  i n  th e  f i r s t  s t e p .  T h is  m ethod p l o t t e d  p o in t s  so th@t 

th e  n a tu re  o f a r e la t io n s h ip  could be more c le a r ly  v is u a liz e d . These x 

graphs were subsequen tly  used to  id e n t i f y  v a r ia b le s  th a t  m ight be used 

advan tageously  in  m u ltip le  re g re s s io n  eq u a tio n s.

M u l t ip le  r e g r e s s io n  te c h n iq u e s  w ere  em ployed on th o s e  s p e c ie s  

th a t  con tinued  to  show a r e la t io n s h ip  in  th e  l a s t  g raph ing  method so 

a s  to  d e v e lo p  p r e d i c t i v e  e q u a t io n s  r e l a t i n g  b a s a l  c o v e r  f o r  each  

sp e c ie s  to  p r e c ip i ta t io n .  A v a r ie ty  o f eq u a tio n s  were ev a lu a ted  fo r  

t h e i r  p o te n t ia l  a b i l i t y  to  p re d ic t  b a sa l cover. The apprpach used fo r  

exam ining p re d ic t iv e  a b i l i t y  and o b ta in in g  an a ccep tab le  eq u a tio n  was 

to  use  th e  l e a s t  v a r ia b le s  to  e s ta b l i s h  a reasonab ly  h igh  c o e f f ic ie n t



o f  d e te r m in a t io n  ( r ^ ) e A v a lu e  o f  0.70 was s e t  a s  an  a c c e p ta b le  

v a lu e .

Two m u ltip le  re g re s s io n  program s were used to  d e riv e  p re d ic tiv e  

e q u a t io n s .  The f i r s t  m u l t i p l e  r e g r e s s io n  program  u sed  d id  n o t have 

th e  a b i l i t y  to  add o r  d e l e t e  v a r i a b l e s  i n  a s te p w is e  f a s h io n .  T h is  

p ro v ed  to  be a p ro b lem  in  d e te r m in in g  th e  b e s t  c o m b in a tio n  o f  

v a r ia b le s  to  use w ith o u t spending a g re a t  d ea l o f tim e u s in g  t r i a l  and 

,-e r ro r . L a te r ,  a  second  m u l t i p l e  r e g r e s s io n  program  w ith  s te p w is e  

c a p a b i l i t i e s  was u sed . T h is  program  e n te r e d  v a r i a b l e s  in  b o th  

a d d it iv e  and s u b tra c t iv e  modes. However, only the  a d d it iv e  mode was 

used fo r  t h i s  study . Because two program s were used, some equ atio n s  

were o b ta in ed  u sing  th e  f i r s t  m u ltip le  re g re s s io n  program , and some 

w ere  d e r iv e d  u s in g  th e  s te p w is e  p ro g ram . The program  u sed  h a s  been  

id e n t i f i e d  in  th e  r e s u l t s  s e c tio n .

Two g en era l eq u a tio n s  were examined to  determ ine which had th e  

h ig h e r  r 2 v a lu e .  The f i r s t  e q u a t io n  u sed  a n n u a l p r e c i p i t a t i o n  f o r  

b o th  th e  c u r r e n t  and p re v io u s  y e a r ,  a lo n g  w ith  v a r io u s  i n t e r a c t i o n s  

and t r a n s f o r m a t io n s  o f  th e s e  two v a r i a b l e s  (T ab le  2 , E q u a tio n  I ) .  

T h is  e q u a t io n  was u sed  w ith  an n u a l p r e c i p i t a t i o n  c a l c u l a t e d  in  tw o 

d i f f e r e n t  w ays. In  one c a s e ,  p r e c i p i t a t i o n  was summed f o r  th e  

c a le n d a r  y e a r ,  from  J a n u a ry  I th ro u g h  Decem ber BI. I n  th e  second  

case , p r e c ip i ta t io n  was summed from Hpvember 1 of th e  p rev ious y ear 

th ro u g h  O c to b e r BI o f  th e  y e a r  b e in g  c o n s id e re d .  T h is  w i l l  be



44

r e f e r r e d  to  a s  th e  p l a n t  y e a r .  The seco n d  g e n e r a l  e q u a t io n  u sed  

c u m u la t iv e  p r e c i p i t a t i o n  by m onth d u r in g  th e  e a r ly  g ro w in g  se a so n . 

The e q u a t io n  u sed  A p r i l ,  May, and Ju n e  p r e c i p i t a t i o n ,  and v a r io u s  

in te r a c t io n s  and t r a n s fo rm a tio n s  o f  th e s e  th r e e  v a r i a b l e s  (T ab le  2 , 

Equation 2). This eq u a tio n  was designed  to  he lp  id e n t i f y  th e  segment 

o f  grow ing season p r e c ip i ta t io n  th a t  m ost a f fe c te d  b asa l cover.

The f i r s t  s e t  o f  r e g r e s s io n  e q u a t io n s  was q b ta in e d  u s in g  mean 

b a s a l  c o v e r  o f  each  s p e c ie s  i n  a l l  q u a d r a t s ,  r e g a r d l e s s  o f  g ra z in g  

in te n s i ty .  Mean b asa l cover was determ ined  fo r  each y ear by averag ing  

th e  c o v e r  f o r  each  s p e c ie s  i n  a l l  q u a d r a t s  i n  w hich  th e  s p e c ie s  was 

e n c o u n te re d . T h is  p ro c e d u re  y ie ld e d  one v a lu e  o f a v e ra g e  c o v e r f o r  

each sp e c ie s  fo r  each y ear th a t  the  q u ad ra ts  were mapped. R egression 

e q u a tio n s  were a lso  determ ined  fo r  s e v e ra l groups o f sp e c ie s . Groups 

e v a l u a t e d  i n c l u d e d  b lu e  g ra m a  an d  b u f f a l o g r a s s  c o m b in e d  

( s h o r t g r a s s e s ) ,  a l l  c a c tu s ,  a l l  p e r e n n ia l  g r a s s e s ,  a l l  i n e r e a s e r  

g r a s s e s ,  a l l  d e c r e a s e r  g r a s s e s ,  a l l  a n n u a l g r a s s e s ,  a l l  s h ru b s ,  and 

a l l  i n e r e a s e r  s h ru b s . The c o v e r  o f  a l l  s p e c ie s  i n  each  o f  th e s e  

groups was summed f o r  each q u ad ra t, and th e se  sums were then  averaged 

f o r  a l l  q u ad ra ts  in  which any member sp e c ie s  were encountered  fo r  each 

y ear. R egression  eq u a tio n s  were next developed fo r  each sp ec ie s  a s  a 

f u n c t io n  o f  each  g r a z in g  i n t e n s i t y .  T h is  was done f o r  each  y e a r  by 

a v e r a g in g  th e  c o v e r  o f  each  s p e c ie s  i n  th e  q u a d r a ts  w i th in  each  

g ra z in g  in te n s i ty .



Table 2 . The Two G eneral E quations Used to  Determine Which 
P r e c ip i ta t io n  Param eters had the  G re a te s t P re d ic tiv e  
A b ili ty

Equation I:
Y = d +  +  bgX^ 4  bgX2 4  b ^ 2 +

D5XiX2 + D6X1X22 + D7X12X2 * D8X12X22

where: Y = p re d ic te d  b asa l cover (cm2 )

X1 = c u rre n t y e a r annual p r e c ip i ta t io n  ( i n . )

X2 = p rev ious y e a r annual p r e c ip i ta t io n  ( i n . )  

a , D1 •> D8 s c o n s ta n t term s

Equation  2:

Y z a +  D1X1 + D2X12 + DgX2 + D^x22 + D5Xg + D6Xg2

+ D7X1X2 + D8X1Xg + DgX2Xg + b iox 1x2x3 

where: Y z p re d ic te d  b asa l cover (cm2 )

X1 = A p ril p r e c ip i ta t io n  ( i n . )  

x2 = May p r e c ip i ta t io n  ( i n . )

Xg = June p r e c ip i ta t io n  ( i n . )  

a ,  D1 -  D1Q z co n s ta n t term s

The s te p w is e  program  was s e t  up to  add th e  a fo re m e n tio n e d  

v a r i a b l e s  one a t  a t im e  u n t i l  an r 2 v a lu e  o f  a t  l e a s t  0.70 was 

o b ta in e d .  A f te r  t h i s  was a c h ie v e d , e q u a t io n s  w ere  exam ined  to  

d e te rm in e  t h e i r  m a th e m a tic a l  v a l id i ty *  I f  n e c e s s a ry ,  a d d i t i o n a l
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v a r ia b le s  were then  added to  the  o r ig in a l  g en era ted  eq u a tio n  in  o rd er 

to  ach ieve  a mtire balanced m athem atica l r e la t io n s h ip .  For example, i f  

an r 2 value o f 0.70 was o b ta in ed  u s in g  v a r ia b le s  X p X2^ , and X^x22 in  

th e  s te p w is e  p ro g ram , X2 w ould th e n  be added to  a c h ie v e  a m ore
X

b a la n c e d  e q u a t i o n .  T h is  w as b e c a u s e  t h e  t r a n s f o r m a t i o n  an d  

i n t e r a c t i o n  v a r i a b l e s  a r e  d ep en d en t on b o th  x  ̂ and x2« A f te r  

e q u a t i o n s  w e re  e x a m in e d  and  m o d i f i e d  to  y i e l d  m ore b a la n c e d  

m athem atica l r e la t io n s h ip s ,  re g re s s io n  r e la t io n s h ip s  were re c a lc u la te d  

u sin g  th e  new com bination  o f v a r ia b le s . In  th e  example, X p x2 , x22 , 

X1X22 would then  be used. R e c a lcu la tio n  was done u sin g  th e  m u ltip le  

re g re s s io n  program which sim ply  used a l l  v a r ia b le s  g iven  to  i t .  This 

r e c a l c u l a t i o n  p ro c e d u re  was done to  o b ta in  th e  f i n a l  r e g r e s s io n  

eq u a tio n  th a t  was subsequen tly  used fo r  p re d ic t iv e  purposes (Appendix

O .

Once m eaningful re g re s s io n  eq u a tio n s  had been developed^ th e  next 

p ro c e s s  was to  u se  th e  e q u a t io n s  to  p r e d i c t  b a s a l  c o v e r  u s in g  g iv e n  

l e v e l s  o f  p r e c i p i t a t i o n  (A ppendix D). A t o t a l  o f  25 d i f f e r e n t  

c o m b in a tio n s  o f  p r e v io u s  and c u r r e n t  a n n u a l p r e c i p i t a t i o n  w ere 

exam ined  by u s in g  in c re m e n ts  o f  101.6mm, 203.2mm, 304.8mm, 406*4mm, 

and 508.0mm (4 , 8 , 1 2 ,  16, and 20 in c h e s ,  r e s p e c t i v e l y )  o f  an n u a l 

p r e c i p i t a t i o n .  These p r e d ic te d  v a lu e s  w ere  th e n  u sed  to  p l o t  th r e e  

d im ensional com puter-generated  graphs, a lso  c a lle d  response  su rfa c e s  

(F ig u re s  3 -4 0 ) . These re s p o n s e  s u r f a c e s  can  be u sed  to  d e s c r ib e  th e



47

sp e c ie s  response  to  f lu c tu a t in g  p r e c ip i ta t io n  over a two y ear p e rio d .



RESULTS AND DISCUSSION

G raphing Methods

A f te r  p r e l im in a r y  s c r e e n in g ,  69 s p e c ie s  w ere  s u b je c te d  to  th e  

i n i t i a l  g raph ing  methods as  l i s t e d  in  Table 3 (see Appendices A and B 

f o r  i n d i v i d u a l  g r a p h s ) .  V isu a l e x a m in a tio n  o f  th e  i n i t i a l  g ra p h s  

re v e a le d  th a t  only  21 sp e c ie s  showed a s u f f i c i e n t  r e la t io n s h ip  between 

cover and p r e c ip i ta t io n  to  m e rit  f u r th e r  a n a ly s is . These sp ec ie s  were 

th e re fo re  su b je c te d  to  m u ltip le  re g re s s io n  procedures.

M u ltip le  R egression

M u ltip le  re g re s s io n  a n a ly s is  showed th a t  h ig h e r r 2 values were 

g e n e r a l ly  o b ta in e d  by u s in g  p l a n t  y e a r  p r e c i p i t a t i o n  a s  opposed  to  

c a le n d a r y ear p r e c ip i ta t io n .  This was r e a d i ly  ap paren t when only f iv e  

o f  the  e ig h t v a r ia b le s  from the  g en era l equation  ( ta b le  2, Equation I) 

w ere  in c lu d e d .  The s i m p l i f i e d  e q u a t io n  t h a t  was u sed  f o r  t h i s  

d e te rm in a tio n  was;

Y = a  + b^x, + bgX-j2 bgX2 * b^Xg2 + bgXjXg 

where; Y = b asa l cover (cm2 )

x I  = c u rre n t annual p r e c ip i ta t io n  ( i n . )

X2 = p rev io u s  annual p r e c ip i ta t io n  ( i n . )
' " I

a , *>1 -  bg = c o n sta n t term s /

The r e s u l t i n g  r 2 v a lu e s  t h a t  w ere  a s s o c ia te d  w ith  b o th  s e t s  o f  

p r e c i p i t a t i o n  d a ta  a r e  p re s e n te d  i n  T a b le  4. W ith th e  e x c e p t io n  o f  

f r i n g e d  s a g e w o r t ,  t h e  r 2 v a l u e s  w e re  h i g h e r  f o r  e a c h  o f  t h e
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Table 3 . A ll S pecies That Were S ub jec ted  to  the I n i t i a l  Graphing .
P rocedures to  Determine Which S pecies Showed a R e la tio n sh ip  
Between B asal Cover and P r e c ip i ta t io n

Common Name S c ie n t i f i c  Name

w estern  yarrow A c h ille a  m ille fo liu m O
th ic k sp ik e  w heatgrass Aaroovron dasvstachvum
w este rn  w heatgrass A« s ra lth ii O
bluebunch w heatgrass A* soicatum
s le n d e r  w heatg rass A, trachvcaulum
w estern  ragweed Ambrosia o s ilo s ta c h v a •
sm allflow er pussy to es A ntennaria  a o ric a
red  threeaw n A ristA da lo n a is e ta e
hoary ta n s y a s te r A s te r  canescens
ta n s y le a f  a s te r Afl ta h a c e t i f o l iu s
th re e lea v e d  m ilkvetch A strag a lu s  a i l v i f l o r u s
s le n d e r  m ilkvetch An g r a c i l i s
M issouri m ilkvetch A. m is so u r ie n s is
s i l v e r  sagebrush A rtem isia  capa O
fr in g e d  sagew ort An f r i a id a O
b ig  sagebrush A. t r i d e n ta ta a
sh ad sca le A tr ib le x  c o n f e r t i f o l i a
N u tta l l  s a ltb u sh A. g a rd n e ri
b lue grama B outeloua g r a c i l i s 0
Japanese brome Bromus .Iaoonicus
c h ea tg ra ss B» tectorum
b u ffa lo g ra s s Buchloe d a c tv lo id e s a
p r a i r i e  sandreed C alam ovilfa lo n e i f o l ia
b h re a d lea f sedge Carex f i l i f o l i a a
n e e d le le a f  sedge Ĉ, e le o c h a r is 0,
w in te r f a t E u ro tia  la n a ta
w este rn  tansym ustard D escu ra in ia  soohia
in la n d  s a l t g r a s s D is t ic h l i s  s o ic a ta  v a r . s t r i o t a
snow -on-the-m ountain Euohorbia m arainata
s c a r l e t  gaura Gaura coccinea
curlycup  gumweed G rin d e lia  so u arro sa
annual sunflow er H elian th u s  annuus
p r a i r i e  sunflow er Hfl o e t io l a r i s
l i t t l e  b a rley Hordeum ousillum
p r a i r i e  ju n e g ra ss K o e le ria  ovram idata '
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Table 3« (con tinued )

Common Name S c ie n t i f i c  Name

lygodesm ia .Iuncea 
Hammllarla m isso u r le n s ls  
Hedlcago lu o u lln a

ru sh  sk e le to n is e d
p incush ion  cac tu s
b lack  medic
yellow  sw eetc lover
f a l s e  b u ffa lo g ra s s
b r i t t l e  p r ic k ly p e a r
p la in s  p r ic k ly p e a r
w itch g ra ss
Hoods phlox
w oolly p la in ta in
b ig  b lu eg ra ss
Kentucky b lu eg ra ss
Sandberg b lu e g ra ss
Douglas knotweed
ru s s ia n  t h i s t l e
ru s s ia n  t h i s t l e
greasewood
tum blegrass
l i t t l e  bluestem
b o ttle b ru s h  s q u i r r e l t a i l
b u ffa lo b u r
s c a r l e t  globemallow
a lk a l i  saca to n
sand dropseed
n eed le -an d -th read
g reen  n eed leg rass
dandelion
f i e l d  pepnyc re s s  (fanweed) 
s a l s i f y
c lo v e r ( t r e f o i l )
American v e tch  
s ix  weeks g ra s s  
broom snakeweed 
meadow death  camas

Honroa aouarrosa  
Oountia f r a g i l i s  
Po oo lvacan tha 
Panlcum c a o i l la r e  
Phlox hoodii 
P lan tago  oatagon ica  
Poa amola 
P. o ra te n s is  
£e. san d b e rg ii 
Polygonum d o u g la s ii  
S a lso la  k a l i  !
S. o e s t i f e r
S arcobatus verm iou la tus 
Schedonnardus o a n ic u la tu s  
Schiaachvrium  scooarium  
S ita n io n  h v s tr ix  
Solanum ro s tra tu m  
S h aera lcea  ooccinea 
Soorobolus a iro id e s  
Sn cryp.trand.ua 
S tIo a  comata 
S, v i r id u la  
Taraxacum o f f ic in a le  
T h laso i arvense 
Tragooogon dubius 
-TEiffllAiim spp,
V ic ia  am ericana 
V uloia o c to f lo ra  
Xanthoceohalum s a ro th ra e  
Zigadenus venenosus

0S pec ies th a t  showed a s u f f i c i e n t  r e la t io n s h ip  to  j u s t i f y  re g re ss io n  
a n a ly s is .
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Table 4 . r £ Values O btained Using C alendar Year and P la n t Year Annual 
P r e c ip i ta t io n

sp e c ie s  o r group c a len d a r year p la n t  y e a r1

w este rn  yarrow .27
w este rn  w heatg rass .71 .87
red  threeawn .74 .76
s i lv e r  sagebrush .18
fr in g e d  sagew ort .66 .62
b ig  sagebrush .10
b lue grama .52 ,
b u ffa lo g ra s s .77 .83
th re a d le a f  sedge .44
n e e d le le a f  sedge .50.
s ix  weeks g ra ss .35
p incush ion  cac tu s .21
p la in s  p r ic k ly p e a r .50
Hoods phlox .28
woolly p la n ta in .28
Sandberg b lu eg ra ss .27
tum blegrass .62 .79
s c a r l e t  globemallow .73 .76
sand dropseed •53 .64
need le~ and-th read .77 .80
green  n eed leg rass .60 .68

sh o r tg ra s se s .69 .80
a l l  c ac tu s .50
in c re a s e r  g ra s se s .63 .60
d e c rea se r g ra s se s .65 .43
a l l  p e re n n ia l g ra s se s .66 .59
annual g ra s se s .16
shrubs .31
in c re a s e r  sh rubs . .31
t o t a l  cover .17

^ C a lcu la tio n s  o f  r 2 v a lu es  fo r  p la n t y e a r  p r e c ip i ta t io n  were undertaken 
only when r 2 v a lu es  f o r  c a len d a r y ear p r e c ip i ta t io n  exceeded 0 .6 0 .
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in d iv id u a l sp e c ie s  when p la n t y ear p r e c ip i ta t io n  v a lu es  w ere used in

th e  re g re s s io n  eq u atio n . When co n sid e rin g  groups o f sp e c ie s , however,

w ere low fo r  a l l  groups, and in  only one in s ta n c e  (sh o r tg ra s se s )  was

th e  u se  o f  i n d iv id u a l  s p e c ie s .  B ecause  c a le n d a r  y e a r  p r e c i p i t a t i o n

through O ctober), i t  was e lim in a te d  from fu r th e r  c o n s id e ra tio n .

C um ulative p r e c ip i ta t io n  fo r  A pril through June was then  compared 

to  p la n t  y e a r annual p r e c ip i ta t io n  d a ta  u sing  the  s tep w ise  m u ltip le  

re g re s s io n  program (STPWS) and th e  g e n e ra l equation  p resen ted  in  Table 

2 (E quation 2), R esu ltin g  r^  v a lu es  a long  w ith  th e  v a r ia b le s  used a re  

p r e s e n te d  i n  T ab le  5 f o r  th e  n in e  s p e c ie s  t h a t  w ere  e v a lu a te d  on a 

p l a n t  y e a r  p r e c i p i t a t i o n  b a s i s .  The r 2 v a lu e s  t h a t  a r e  shown w ere 

o b ta in e d  when a l l  o f  th e  v a r i a b l e s  l i s t e d  w ere in c lu d e d  in  th e  

r e g r e s s i o n  e q u a t io n .  The "num ber o f  v a r i a b l e s "  co lum n l i s t s  th e  

num ber o f  v a r i a b l e s  needed  to  o b ta in  th e  r 2 v a lu e  l i s t e d ,  w hich 

in c lu d e  a l l  o f the  a c tu a l  p r e c ip i ta t io n  v a lu es  fo r  th e  th re e  months. 

V a r ia b le s  u sed  to  r e a c h  th e  r 2 v a lu e  in d ic a te d  a r e  a l s o  l i s t e d  

a c c o rd in g  to  th e  o rd e r  t h a t  th e y  w ere  added  to  th e  e q u a t io n .  ThijS 

co lum n h a s  n o t b een  c o m p le te d  f o r  th o s e  s p e c ie s  w i th  an  r 2 v a lu e  o f

r 2 v a lu e s  w ere  g r e a t e r  when u s in g  th e  c a le n d a r  y e a r  d a ta .  Only one 

ex cep tio n , the  sh o r tg ra s se s  group, was noted . In  g e n e ra l, r 2 va lu es

the  a cc e p tab le  le v e l  o f  0.70 exceeded. I t  th e re fo re  appears  th a t  the

u se  o f  g ro u p s  o f  s p e c ie s  f o r  p r e d i c t i n g  c o v e r

p ro v ed  to  be o f  l e s s  v a lu e  th a n  p l a n t  y e a r  p r e c i p i t a t i o n
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T a b le  5 °  r 2  V a l u e s  O b t a in e d ,  a n d  V a r i a b l e s  U se d  W ith  C u m u la t iv e  E a r ly
G r o w in g  S e a s o n  P r e c i p i t a t i o n  ( T a b l e  2 ,  E q u a t io n  2 )

no. o f 
v a r ia b le s

sp e c ie s r 2 to t a l  l e a s t o rd e r of v a r ia b le s  e n te r in g I

w este rn  w heatg rass .85 10 4 a. 6 , I ,  7 , 10, 9 , 4, 3, 5
red  threeawn .83 10 8 5 , 2 , 6» I ,  8 , 7» 9» 4, 10, 3
fr in g e d  sagew ort .71 10 10 9» 8, 4 , 5» 6 , 7» 3 1 2 , 10, I
b u ffa lo g ra s s .59 10
tum blegrass .65 10
s c a r l e t  globemallow .60 10
sand dropseed .70 10 10 6 , 5» 7 j 10, 9 , 2 , I ,  4 , 8, 3
n eed le -an d -th read .64 10
green  n eed le g ra ss .59 10

1Numbers in  t h i s  l i s t  correspond w ith  the  o rd e r o f v a r ia b le s  i n " 
Equation 2 (T able 2 ) ,  which a re  a lso  th e  same as  th e  s u b s c r ip ts  o f 
the  b te rm s.

l e s s  th an  0.70. In  some case s , when a c tu a l p r e c ip i ta t io n  v a r ia b le s  

a r e  l a s t  to  e n t e r  th e  e q u a t io n ,  th e  num ber o f  v a r i a b l e s  co u ld  be 

d e c re a s e d  to  o b ta in  an  r 2 v a lu e  o f  0 .7 0 . T h is  was done by f o r c in g  

a c tu a l  p r e c ip i ta t io n  v a r ia b le s  i n t o  th e  e q u a t io n  a t  th e  p o in t  w here
' i  .

0.70 was f i r s t  reached. The " le a s t  number o f v a r ia b le s "  column l i s t s  

th e  number o f v a r ia b le s  used when t h i s  procedure was fo llo w ed . P lan t 

y e a r p r e c ip i ta t io n  d a ta  gave h ig h er r 2 v a lu es  fo r  6 ou t o f  9 sp ec ie s , 

and i t  u sed  fe w e r  v a r i a b l e s  f o r  a l l  e x c e p t  w e s te rn  w h e a tg r a s s ,  t h a n , 

cum ula tive  seaso n a l p r e c ip i ta t io n  d a ta . W estern w h eatg rass  i s  a cool 

s e a s o n  s p e c ie s ,  so  i t s  s t r o n g  r e l a t i o n s h i p  w ith  A p r i l  th ro u g h  Ju n e
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p r e c ip i ta t io n  i s  n o t s u rp r is in g . However, red  threeaw n, need le-and- 

th re a d , and green  n e ed leg ra ss  a re  a lso  considered  cool season  sp ec ie s ; 

and th e y  d id  n o t show, su ch  a  re s p o n s e  to  e a r ly  g ro w in g  se a so n  

p r e c ip i ta t io n .  Because o f th e se  r e s u l t s ,  p la n t y ea r p r e c ip i ta t io n  was 

c o n s id e re d  to  have  th e  m ost p o t e n t i a l  f o r  p r e d i c t i n g  c o v e r , so 

a d d it io n a l  e f f o r t s  to  p re d ic t  basa l cover co n cen tra ted  on i t .

A lthough  c u m u la t iv e  p r e c i p i t a t i o n  was n o t th e  b e s t  p r e d i c t o r ,  

r e s u l t s  c o u ld  be u sed  to  exam ine how p r e c i p i t a t i o n  d i s t r i b u t i o n  

a f f e c t s  b a sa l cover f o r  each sp ec ie s  (Table 5), When u sing  the  STFiWS 

program , p r e c ip i ta t io n  v a r ia b le s  w ere added to  th e  eq u a tio n  in  t h e i r  

o rd e r o f a b i l i t y  to  im prove the  p re d ic t io n  o f cover, consequently  the  

f i r s t  p r e c i p i t a t i o n  v a r i a b l e s  e n te r e d  w ere those  th a t  most s tro n g ly  

a f f e c t e d  b a s a l  c o v e r , and th e  l a s t  v a r i a b l e s  e n te r e d  had th e  l e a s t  

e f f e c t  on c o v e r . U sing  t h i s  p ro c e d u re , v a r i a b l e s  I ,  3» and 5 a r e  

i d e n t i f i e d  as  a c tu a l  A p ril, May, and June p re c ip i ta t io n ,  r e s p e c tiv e ly ;  

w h ile  th e  o th e r  v a r i a b l e s  a r e  t r a n s f o r m a t io n s  o r  i n t e r a c t i o n s  o f  

a c t u a l  p r e c i p i t a t i o n  v a r i a b l e s .  In  t h i s  c a s e , c o v e r  o f  o n ly  f o u r  

sp e c ie s  was p re d ic te d  a c c u ra te ly  enough th a t  the  v a r ia b le s  a re  l i s t e d .  

In  most c a se s , i t  appeared th a t  in te r a c t io n s  a re  more im p o rtan t than  

p r e c i p i t a t i o n  f o r  i n d iv id u a l  m onths. A p p a re n tly , p r e c i p i t a t i o n  

throughout the  p e rio d  i s  im p o rtan t, and p r e c ip i ta t io n  f o r  in d iv id u a l 

months does no t p lay  an im p o rtan t ro le ,  w ith  a few ex cep tio n s . June 

p r e c i p i t a t i o n  p la y e d  an  im p o r ta n t  r o l e  f o r  re d  th re e a w n , f r in g e d
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s a g e w o r t ,  and san d  d ro p s e e d , w h ile  A p r i l  p r e c i p i t a t i o n  was f a i r l y  

im p o rtan t in  p re d ic t in g  cover f o r  w este rn  w heatg rass and red  threeaw n.

The annual p r e c ip i ta t io n  eq u a tio n  (Table 2, Equation I )  was used 

w ith  th e  p l a n t  y e a r  p r e c i p i a t i o n  d a ta  i n  th e  STPWS p ro g ram . A ll 21 

sp e c ie s , as in d ic a te d  w ith  an a s t e r i s k  in  Table 3, were examined w ith  

r e s p e c t  to  a l l  e ig h t  v a r ia b le s .  R esu ltin g  r 2 v a lu es  and th e  v a r ia b le s  

u sed  a r e  p r e s e n te d  i n  T ab le  6. The sam e p r e c i p i t a t i o n  d a ta  w ere 

s u b s e q u e n t ly  u sed  w ith  s p e c ie s  c o v e r  d a ta  s e p a r a te d  i n t o  g ra z in g  

i n t e n s i t i e s .  No g r a z in g ,  l i g h t ,  m o d e ra te , and heavy  g r a z in g  a r e

p resen ted  in  Tables 7 through 10, r e s p e c tiv e ly . Only 14 o f 21 sp e c ie s
< ■

w ere  c o n s id e re d  f o r  r e g r e s s io n  a n a ly s i s  w ith in  g raz in g  in t e n s i t i e s .  

The o th e r  sev e n  s p e c ie s  had su ch  low r 2 v a lu e s  i n  th e  p re v io u s  

a n a l y s i s  t h a t  a d d i t i o n a l  e v a lu a t io n  o f  them  was n o t m e r i te d .  When 

b asa l cover in  a l l  q u ad ra ts  was co n sid ered , good r 2 v a lu es  o f a t  l e a s t  

0.70 w ere  o b ta in e d  f o r  n in e  s p e c ie s  u s in g  v a r io u s  c o m b in a tio n s  o f  

v a r ia b le s .  When no g raz in g  o ccu rred , as  measured in  e x c lo su re s , h igh  

r 2 v a lu e s  (> 0.70) w ere  a c h ie v e d  f o r  s i x  s p e c ie s .  Under l i g h t  

g r a z in g ,  b a s a l  c o v e r  o f  e ig h t  s p e c ie s  y ie ld e d  good r 2 v a lu e s .  

S a t is fa c to ry  re g re s s io n  eq u a tio n s  ( r 2 > 0.70) were l ik e w is e  ob ta ined  

f o r  seven sp e c ie s  under m oderate g ra z in g , and fo r  n ine sp ec ie s  under 

heavy g raz in g .

The o r d e r  i n  w hich  v a r i a b l e s  e n te r e d  th e  e q u a t io n  p ro v id e d
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T a b le  6«  r 2  V a l u e s  O b t a in e d  a n d  V a r i a b l e s  U se d  w i t h  P l a n t  Y e a r  A n n u a l
P r e c i p i t a t i o n  ( T a b l e  2 ,  E q u a t io n  I ) ,  A l l  Q u a d r a ts

no. o f 
v a r ia b le s

sp e c ie s  r 2 t o t a l  l e a s t  o rd e r o f v a r ia b le s  e n te r in g 1

w este rn  yarrow .35 8
w este rn  w heatg rass .91 6
red  threeaw n .80 6
s i l v e r  sagebrush .14 8
fr in g e d  sagew ort .71 8
b ig  sagebrush .19 8
blue grama .72 5
b u ffa lo g ra s s .85 7
th re a d le a f  sedge .66 8
n e e d le le a f  sedge .62 8
s ix  weeks g ra s s .28 8
pincush ion  cac tu s .19 8
p la in s  p r ic k ly p e a r .18 8
Hoods phlox .69 8
woolly p la n ta in .34 8
Sandberg b lu eg ra ss .28 8
tum blegrass .98 8
s c a r l e t  globemallow .73 4
sand dropseed .66 8
n e ed le -an d -th read .84 7
green  n eed leg rass .70 6

5 I , 7 , 4 , 2, 8 , 3
5 1» 2 , 7» 4, 6 , 3

7 4, 3, 6» 7 , 2 , 8

5 4, 3, 2 , 5 , I
4 6, 2 , 4, 5, 3 , 8

5 4» 3, 6 , 7» 2, 8, 5» I
4 6 , 3, 8, I

3 5, 8, 4 , 1» 6 , 2 , 3
6 4, 3, 2 , 5, 6 , I

1Numbers in  t h i s  l i s t  correspond w ith  th e  o rd e r o f v a r ia b le s  in  
Equation I (T able 2 ) ,  which a re  a lso  th e  same as th e  s u b s c r ip ts  o f 
th e  b term s.

i n s i g h t  i n t o  th e  r e l a t i v e  im p o r ta n c e  o f  in d iv id u a l  p r e c i p i t a t i o n  

p a ram ete rs  to  basa l cover. Upon exam ination  of a l l  ta b le s  (6-10), i t  

can  be se e n  t h a t  th e  r e l a t i v e  im p o r ta n c e  o f  in d iv id u a l  v a r i a b l e s  

d i f f e r s  among sp e c ie s . Moreover, the  e n try  sequence o f p r e c ip i ta t io n
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Table 7» r 2 Values O btained and V a riab le s  Used With P la n t Year Annual 
P r e c ip i ta t io n  (Table 2, Equation I ) , No G razing Q uadrats

no. o f 
v a r ia b le s

sp e c ie s  r 2 t o t a l  l e a s t  , o rd e r o f v a r ia b le s  en te rin g ^  , !

w este rn  yarrow .81 8 5 4, 3 , 2 , 5 , 6 , 8, 7s I
w este rn  w heatgrass .51 8 Pred  threeaw n 0 O2
fr in g e d  sagew ort .59 8
b lue grama .80 8 7 6, 5, 2 , 8, 7 9 3 S 4 , I
b u ffa lo g ra s s .82 7 6 - 4, 3, 8, 7 , 2 , 6 , I
th re a d le a f  sedge .62 8
n e e d le le a f  sedge .25 8
p incush ion  cac tu s .50 8
tum blegrass .77 7 7 3, 8, 2 , 5 , I , 7, 4
s c a r l e t  globemallow .70

6 P
6 3, 4, I , 5, 8, 2

sand dropseed 0 O2 ■
n eed le -an d -th read .62 8
green  n eed leg rass .87 5 4 6, 2, 8, I » 3

 ̂Numbers in  t h i s  l i s t  correspond w ith  th e  o rd e r of v a r ia b le s  in  
Equation I (T able 2 ) ,  which a re  a lso  the  same as  the  s u b s c r ip ts  o f 
th e  b term s.

2S pecies w ith  no v a lu es  reco rded  were no t encountered under th i s  
g raz in g  in te n s i ty

v a r ia b le s  fo r  th e  same sp ec ie s  was d i f f e r e n t  under d i f f e r e n t  g raz in g  

i n t e n s i t i e s .  By c o n sid e rin g  the a c tu a l  p r e c ip i ta t io n  v a lu es  fo r  the 

c u r r e n t  and p re v io u s  y e a r s ,  v a r i a b l e s  I and 3, r e s p e c t i v e l y ,  some 

g e n e r a l i t i e s  appear. In  th e  m a jo rity  o f c a se s , 22 o f 39 eq u a tio n s , i f  . 

one o f  th e s e  v a r i a b l e s  e n te r e d  e a r l y ,  th e  o th e r  e n te r e d  l a t e .  The 

r e a s o n  f o r  t h i s  c o u ld  n o t be d e te rm in e d . In  25 o f  39 e q u a t io n s ,
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T a b le  8 .  r 2  V a lu e s  O b t a in e d  a n d  V a r i a b l e s  U se d  W ith  P l a n t  Y e a r  A n n u a l
P r e c i p i t a t i o n  ( T a b le  2 ,  E q u a t io n  I ) ,  L i g h t  G r a z in g  Q u a d r a ts

no. o f
v a r ia b le s

sp e c ie s r 2 to t a l l e a s t o rd e r of v a r ia b le s  en terin g ^

w este rn  yarrow O O2
w este rn  w heatgrass .78 6 5 2 , 7» 4 , I 9 5, 3
red  threeaw n .92 8 8 I 9 2, 7 , 4» 6, 3» 8, 5
f r in g e d  sagew ort .84 7 4 4, 3, 7, 6 , 2 , 5, I
b lue grama .76 8 8 4, 3, 2, 5 , 6 , 8, 1„ 7
b u ffa lo g ra s s .74 8P 6 6 9 ■2 , 4, 5 , 7» 8, 3 , I
th re a d le a f  sedge O O2
n e e d le le a f  sedge .43 8
p incush ion  cac tu s .34 8
tum blegrass .78 7 5 7, 2, 4 , 1» 6, 8, 3
s c a r l e t  globemallow .75 6 3 8, I , 2 , 4» 6 , 3
sand dropseed .66 8
n eed le -an d -th read .84 8 3 5» 2, 4 , 7» I , 8, 6 , 3
g reen  n eed leg rass .19 8

1

2

Numbers in  t h i s  l i s t  correspond w ith  the  o rd e r o f v a r ia b le s  in  
Equation I (T able 2 ) ,  which a re  a lso  th e  same as  th e  s u b s c r ip ts  Cf 
th e  b te rm s.
S pecies w ith  no v a lu es  reco rded  were no t encountered under t h i s  
g raz in g  in te n s i ty

p rev io u s  y e a r p r e c ip i ta t io n  e n te red  b e fo re  c u rre n t y e a r p re c ip i ta t io n .  

This supported  th e  th e o r ie s  o f Reed and P ete rson  (1961)» Craddock and 

F o rs lin g  (1938), and Nelson (1934) who s ta te d  th a t  p r e c ip i ta t io n  from 

th e  p re v io u s  y e a r  had th e  g r e a t e s t  in f lu e n c e  on b a s a l  c o v e r . The 

re m a in in g  14 e q u a t io n s ,  in  w hich  c u r r e n t  y ear p r e c ip i ta t io n  en te red  

f i r s t ,  s u p p o r te d  th e  t h e o r i e s  o f  Lange (1945) and H e rb e l e t  a l .
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Table 9® Values O btained and V a ria b le s  Used With P lan t Year Annual 
P r e c ip i ta t io n  (T able 2» E quation  I ) ,  Moderate G razing 

, Q uadrats

no. o f 
v a r ia b le s

sp e c ie s  r^  t o t a l  l e a s t  o rd e r o f v a r ia b le s  en te rin g ^

w este rn  yarrow .23 8
w este rn  w heatgrass *97 8 5 3, 4, 2 , 5 , 7 , 8 , 6, I
red  threeawn .81 8 6 5, 8, 4 , 7 , 6 , 1 8 2, 3
f r in g e d  sagew ort .7^ 3 3 4, 3, I
b lue grama .79 5 5 4, 3, 6 , 7 , I
b u ffa lo g ra s s .87 6 3 6, 2, 5 , 3 , 7 , I
th re a d le a f  sedge .62 8
n e e d le le a f  sedge .82 8 . 4 7». 6, 2 , 5 , 8, 38 4, I
p incush ion  c ac tu s  1 .29 8
tum blegrass .35 8
s c a r l e t  globemallow .71 5 5, I , 6 , 4 , 3
sand dropseed 0 O1 2
n eed le -an d -th read .60 8
green  n eed leg rass .68 8

1Numbers in  t h i s  l i s t  correspond w ith  the  o rd e r o f v a r ia b le s  in  
Equation I (T able 2 ) ,  which a re  a lso  th e  same as th e  s u b s c r ip ts  o f 

. th e  b term s.
2S pec ies w ith  no v a lu es  reco rded  were no t encountered under th i s  

g raz in g  in te n s i ty

(1 9 7 2 ). They s t a t e d  t h a t  p r e c i p i t a t i o n  s in c e  th e  p r e v io u s  f a l l  i s  

m ost im p o r ta n t ,  w hich  c o r re s p o n d s  w ith  th e  c u r r e n t  p la n t  y e a r .  

T herefo re , my r e s u l t s  support th e  th eo ry  th a t  v e g e ta tio n  response to  

c lim a te  i s  s p e c i f ic  to  each sp e c ie s , w ith  each sp e c ie s  responding  to  a 

d i f f e r e n t  p r e c ip i ta t io n  regim e.

P re d ic tiv e  eq u a tio n s  were com piled fo r  a l l  sp e c ie s  th a t  had a r 2
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Table 10. r 2 V alues O btained and V a ria b le s  Used With Annual P lan t 
Year P r e c ip i ta t io n  (T able 2 , Equation I ) , Heavy Grazing 
Q uadrats

no. o f 
v a r ia b le s

sp e c ie s r 2 to t a l  l e a s t  o rd e r o f v a r ia b le s  en te rin g ^

w este rn  yarrow .32 8
w este rn  w heatgrass .88 8
red  threeawn .89 8
f r in g e d  sagew ort .69 8
b lue grama .69 8
b u ffa lo g ra s s .77 7
th re a d le a f  sedge .70 7
n e e d le le a f  sedge .89 8
p incush ion  cac tu s .61 8
tum blegrass .94 8
s c a r l e t  globemallow .83 8
sand dropseed .53 8
n eed le -an d -th read .84 8
green  n eed leg ra ss .73 8

5 I 9 7, 4, 2 , 8, 6, 5, 3
8 I , 2 , 7 , 3» 4, 8, 5, 6

I

6 5, 4 , 2 , 3 , 7 $ 8, I
7 5, 3, 2 , 7 , I 9 4, 6
5 , 3, 4, 2 , 5, 7 , 6, 8, I

5 4» 3, 2, 5, 6 , 8» 7, I
4 3, 5, 2 , 8 , 7 , 4, 6 , I

3 5, 6 , 2 , 3 , 4, 8, 7, I
8 4, 6 , 2 , I , 8, 3 , 5, 7

INumbers in  t h i s  l i s t  co rresp o n d ,w ith  th e  o rd e r o f v a r ia b le s  in  
Equation I (T able 2 ) ,  which a re  a lso  th e  same as th e  s u b s c r ip ts  o f 
th e  b term s.

v a lu e  o f  0.70 o r  h ig h e r .  T h is  was c o m p le ted  f o r  i n d i v i d u a l  g ra z in g  

in te n s i ty  c a te g o r ie s , a s  w e ll a s  a c ro ss  a l l  q u ad ra ts . These equations 

a re  p re sen ted  in  Appendix C. An e f f o r t  was made to  l i m i t  th e  number 

o f v a r ia b le s  to  the  l e a s t  number needed to  o b ta in  an r 2 v a lue  o f 0.70. 

The a c tu a l  p r e c i p i t a t i o n  v a r i a b l e s ,  i f  n o t a l r e a d y  in c lu d e d ,  w ere 

added  to  th e s e  e q u a t io n s  f o r  b e t t e r  m a th e m a tic a l  b a la n c e . The 

r e s u l t i n g  r 2 v a lu e s  and th e  v a r i a b l e s  u sed  f o r  each  c a te g o ry  a r e
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p resen ted , in  Tables 11 through 15» Twelve sp ec ie s  were considered  in  

one o r  m ore o f  th e  c a t e g o r i e s ,  i n c lu d in g  w e s te rn  y a r ro w , w e s te rn  

w h ea tg rass , red  threeaw n, fr in g e d  sagew ort, b lue grama, b u ffa lo g ra s s , 

th re a d le a f  sedge, n e e d le le a f  sedge, tum blegrasa, s c a r l e t  globem allow , 

n e ed le -a n d -th rea d , and g reen  n eed leg rass ,

G razing in te n s i ty  c a te g o r ie s  w ere f u r th e r  analyzed  w ith  re sp e c t 

to  cum ula tive  e a r ly  grow ing season p r e c ip i ta t io n  by u sin g  Equation 2 

(T ab le  2 ). R e s u l t in g  r ^  v a lu e s  and th e  v a r i a b l e s  u sed  a r e  p re s e n te d  

in  ta b le s  16 through T9. This, eq u a tio n  y ie ld e d  b e t te r  r 2 va lu es  than  

th e  a n n u a l p r e c i p i t a t i o n  e q u a t io n  f o r  o n ly  3 o f  11 s p e c ie s  (w e s te rn  

w h ea tg rass , f r in g e d  sagew ort, and th re a d le a f  sedge) when no g raz in g

Table 11. r 2 V alues O btained And V a ria b le s  Used For P re d ic tiv e  
Equations, (Table 2 , Equation I ) ,  A ll Q uadrats

sp ec ie s r 2
no. o f 

v a r ia b le s l i s t  oi’ v a ria b le s^

w este rn  w heatgrass .87 5 I , 2 , 3, 4 , 7
red  threeaw n .75 5 I , 2 , 3 , 4 , 7
fr in g e d  sagew ort .71 7 I , 2 , 3, 4, 6 , 7,. 8
b lue grama .72 5 I P 2 , 3 , 4 , 5
b u ffa lo g ra s s .72 4 I , 2 , 3 , 6 ,
tum blegrass .85 5 I V 3, 4, 6, 7
s c a r l e t  globemallow .73 4 I 9 3, 6 , 8
n e ed le -an d -th read .76 3 I 9 3, 5
green  n eed leg rass .70 6 i , 2 , 3, 4 , 5, 6

INumbers in  t h i s  l i s t  correspond w ith  th e  o rd er o f v a r ia b le s  in  
Equation I (T able 2 ) ,  which a re  a lso  th e  same as  th e  s u b s c r ip ts  of 
the  b term s.
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T a b le  1 2 .  V a lu e s  O b t a in e d  And V a r i a b l e s  U se d  F o r  P r e d i c t i v e
E q u a t io n s  ( T a b le  2 ,  E q u a t io n  I ) ,  No G r a z in g

sp e c ie s r 2
no. o f 

v a r ia b le s l i s t  o f v a r ia b le s^

w este rn  yarrow . .72 5 I 9 2 , 3 , 4 , 5
b lue grama .75 7 1» 2 9 3? 5» 6? 7 9 8
b u ffa lo g ra s s .79 6 I 9 .2, 3 , V 7 ,  8
tum blegrass .77 7 I 9 2 , 3 , 4 , 5» 7 , 8
s c a r l e t  globemallbw .70 6 I 9 2 , 3 , 4 , S9 8
g reen  n eed leg rass .82 I 9 2 , 3 , 6

I Numbers in  t h i s  l i s t  correspond w ith  th e  o rd e r of v a r ia b le s  in  
Equation  I (Table 2 ) ,  which a re  a lso  th e  same as the  s u b s c r ip ts  of 
th e  b te rm s.

Table 13. r 2 Values O btained And V aria b le s  Used For P re d ic tiv e  
Equations (Table 2 , Equation  I ) ,  L ight G razing

no. o f
sp e c ie s r 2 v a r ia b le s l i s t ,  o f  v a riab le s^

w este rn  w heatgrass .78 5 I 9 2 9 3 , 4 , 7
red  threeawn .92 8 I 9 2'f 3 , 4 , 5, 6 9 7 9 8
f r in g e d  sagew ort .73 4 I 9 3 , 4 , 7
b lue grama .76 8 I 9 2 , 3 , 4 , S9 6 , 7, 8
b u ffa lo g ra s s .73 6 I 9 2, 3 , 4 , S9 6
tum blegrass .70 5, I 9 2 , 3 , 4„ 7
s c a r l e t  globemallow .70 3 I 9 2 , 8
nee d le -a n d -th re ad .75 3 I ,  3, 5

^Numbers in  t h i s  l i s t  correspond w ith  th e  o rd er of v a r ia b le s  in  . 
Equation I (Table 2 ) ,  which a re  a lso  th e  same as th e  s u b s c r ip ts  o f 
the  b te rm s. ,
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T a b le  # .  V a l u e s  O b t a in e d  And V a r i a b l e s  U se d  F o r  P r e d i c t i v e
E q u a t io n s  ( T a b le  2 ,  E q u a t io n  I ) ,  M o d e r a te  G r a z in g

sp e c ie s r 2
no. o f 

v a r ia b le s l i s t  o f  v a r ia b le s 1

w este rn  w heatgrass ,87 5 I ,  2 , 3 , 4 , 5
red  threeaw n .74 6 I ,  3 , 4» 5 , 7 , 8
fr in g e d  sagew ort ,74 3 I ,  3 , 4
b lue grama .79 5 . 1» 3» 4» 6 , 7
b u ffa lo g ra s s .78 3 I ,  3 , 6
n e e d le le a f  sedge .77 4 I » 3» 6 , 7
s c a r l e t  globemallow .71 5 1» 3 , 4 »p 5 , 6

1Numbers in  t h i s  l i s t  correspond w ith  the  o rd e r o f v a r ia b le s  in  
Equation I (T able 2 ) ,  which a re  a lso  th e  same as th e  s u b s c r ip ts  o f 
th e  b te rm s.

Table 15, r 2 Values O btained And V aria b le s  Used For P re d id tiv e  
E quations (T able 2, Equation I ) ,  Heavy G razing

no, o f
sp e c ie s  r 2 v a r ia b le s  l i s t  o f  v a r ia b le s 1

w este rn  w heatgrass .81 5 I P 2 , 3» 4 , 7
red  threeawn .89 8 I , 2 , 3 , 4» 5» 6 , 7, 8
b u ffa lo g ra s s .70 6 I 9 2, 3 , 4 , 5» 7
th re a d le a f  sedge .70 7 I , 2 , 3 , 4 , 5, 6 , 7
n e e d le le a f  sedge .74 5 I P 2 , 3» 4» 5
tum blegrass .87 . 5 I , 2, 3» 4, 5
s c a r l e t  globemallow .75 4 I P 2, 3 , 5
n e ed le -an d -th read *76 3 I P 3 , 5
green  n eed leg rass .73 8 I I 2» 3 , 4 , 5, 6, 7» 8

1Numbers in  t h i s  l i s t  correspond w ith  th e  o rd e r of v a r ia b le s  in  
Equation  I (Table 2 ) , which a re  a lso  th e  same as the  s u b s c r ip ts  o f 
th e  b te rm s,
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T a b le  1 6 .  r 2  V a lu e s  O b t a in e d  And V a r i a b l e s  U se d  W ith  C u m u la t iv e
P r e c i p i t a t i o n  ( T a b le  2 ,  E q u a t io n  2 ) ,  No G r a z in g

sp e c ie s r=

no. o f 
v a r ia b le s

to t a l  l e a s t o rd e r o f v a r ia b le s  en te rin g ^

w este rn  yarrow .50 10 9, 2, 6 , 4 , 8 , 7» 5, I ,  3» 10
w este rn  w heatgrass .74 7 3» 10 9 7» 9» 2 , 5 , 4 , I
red  threeaw n 0 . O2
fr in g e d  sagew ort .86 8 5 3» 2 , 4 , I ,  8 , 6 , 9 , 5
b lue  grama .74 10 9 6 , 1» 9 , 2 , 10, 4 , 7 , 8, 3» 5
b u ffa lo g ra s s .71 10 10 9» 8, 6 , 2 , 10, I ,  5 , 4 , 7» 3
n e e d le le a f  sedge .71 7 7 4 , 7, 3» I ,  6 , 8 , 5
tum blegrass .70 10 10 5, 3 , 4 , 6 , 9 , I ,  7 , 2 , 8, 10
s c a r l e t  globemallow .46 10
nee d le -a n d -th re a d .66 10
green  n eed leg rass .76 9 9 6» I 9 9, 5 , 8 , 2 , 4 , 7 , 3

^Numbers in  t h i s  l i s t  correspond w ith  th e  o rd e r o f v a r ia b le s  in  
Equation  I (Table 2 ) ,  which a re  a lso  th e  same a s  the  s u b s c r ip ts  o f 
th e  b term s.

2S pecies w ith  no v a lu es  recorded  were no t encountered under th i s  
g raz in g  in te n s i ty

o c c u r r e d .  I t  p ro v id e d  a b e t t e r  e q u a t io n  f o r  o n ly  one o f  th e  same 11 

s p e c ie s  (g re e n  n e e d le g r a s s )  i n  l i g h t  g r a z in g ,  b u t tw o s p e c ie s  

( th re a d le a f  sedge and tu m b leg rass) were more e f f e c t iv e ly  handled by i t  

u n d e r  m o d e ra te  g r a z in g .  In  h e a v i ly  g ra z e d  p a s tu r e s ,  c u m u la tiv e  

p r e c ip i ta t io n  provided  l e s s  s a t i s f a c to r y  re g re ss io n  r e la t io n s h ip s  than  

annual p r e c ip i ta t io n  in  a l l  cases. Because o f th e se  r e s u l t s ,  annual 

p l a n t  y e a r  p r e c i p i t a t i o n  was s t i l l  c o n s id e re d  th e  b e s t ,  o v e r a l l  

in d e p e n d e n t  v a r i a b l e  to  in c lu d e  I n  a r e g r e s s io n  e q u a t io n  in v o lv in g



T a b le  1 7 .  r 2  V a l u e s  O b t a in e d  a n d  V a r i a b l e s  U se d  W ith  C u m u la t iv e
P r e c i p i t a t i o n  ( T a b l e  2»  E q u a t io n  2 ) ,  L i g h t  G r a z in g

no. o f 
v a r ia b le s

sp e c ie s r 1 2 t o t a l . l e a s t  o rd e r of v a r ia b le s  e n te r in g 1

w este rn  yarrow . 
w este rn  w heatgrass 
red  threeaw n 
fr in g e d  sagew ort 
b lue grama 
b u ffa lo g ra s s  
n e e d le le a f  sedge 
tum blegrass 
s c a r l e t  globemallow 
nee d le -a n d -th re ad  
g reen  n eed leg ra ss  .

0 O2
.65 10
.78 8 8 5 , I ,
.68 , 10
.77 10 10 2 , 1»
.62 10
.57 10
.78 9 9 2 , 8,
.70 10 10 6 , 2 ,
.72 10 9 5 , 2 ,
.99 10 5 3 , 5 ,

8, 10, 6 , 3 , 9, 7

4, -Q co O 5 , 9 , 6 , 3

7 , 10 , 9 9  I , 6 , 3 , 5
7 1 1» 3 , 4» 8, 9, 10, 5
4, 3» 6 , 8, 9, 7, 10, I
9» 4» 8, 6» 7 , 2» 10, I:

1Numbers in  t h i s  l i s t  correspond w ith  the  o rd e r o f v a r ia b le s  in  
Equation I (Table 2 ) ,  which a re  a lso  th e  same as th e  s u b s c r ip ts  o f 
th e  b te rm s.

2S pecies w ith  no v a lu es  recorded  were no t encountered under th i s  
g raz in g  in te n s i ty

p la n t b asa l cover.

The e q u a t io n s  t h a t  a r e  sum m arized  i n  T a b le s  16 th ro u g h  19 a r e  

s i m i l a r  to  o th e r  e q u a t io n s  t h a t  have a l r e a d y  been d is c u s s e d  when 

c o n s id e r in g  th e  o r d e r  i n  w hich  v a r i a b l e s  e n t e r  and th e  r e l a t i v e  

im portance  o f p r e c ip i ta t io n  during  each month. V ariab les  do no t e n te r  

i n  th e  sam e o r d e r  i n  any tw o c a s e s .  Only th e  a c tu a l  p r e c i p i t a t i o n  

v a r i a b l e s  ( I ,  3» and 5) w ere  c o n s id e re d  to  d e te rm in e  w h e th e r  any 

g en e ra l s i m i l a r i t i e s  appear. When t h i s  was done, th e re  appeared to  be
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Table 18. r 2 V alues O btained and V a ria b le s  Used H ith  Cumulative 
P r e c ip i ta t io n  (Table 2 , Equation  2 ) ,  M oderate G razing

sp ec ie s r 2

no. o f 
v a r ia b le s

to t a l  l e a s t o rd e r o f v a r ia b le s  e n te r in g 1

! . -:j

1

w este rn  yarrow .46 10
I

w estern  w heatgrass .94 10 4 2 , 8, 6 , 3, 10, 7 , 9, 4 , 5 , I
red  threeawn .82 9 6 '5., 2 , 6 , I , 8 , 7 , 10, 9 , 3
f r in g e d  sagew ort .43 10
blue grama .47 10 . - -’"i
b u ffa lo g ra s s .61 10 , , , ...I
n e e d le le a f  sedge .85 9 5 9» 2 , 1» 3, 7 , 10, 6, 8, 5
tum blegrass .93 9 6 5 , 9, 2 , 3 , 4 , 7 , 10, 8 , I
s c a r l e t  globemalldw .66 10
n e ed le -an d -th read .50 10
green  n eed leg ra ss .58 10

INumbers in  t h i s  l i s t  correspond w ith  th e  o rd e r o f v a r ia b le s  in  
Equation I (T able 2)» which a re  a lso  th e  same as  th e  s u b s c r ip ts  o f 
the  b te rm s.

an equal d i s t r ib u t io n  o f a l l  o f th e  p o s s ib le  o rd e rs  o f  v a r ia b le s  I ,  3» 

and 5. This in d ic a te d  th a t  no p a r t i c u la r  month was more i n f l u e n t i a l  

th a n  a n o th e r  w ith  r e s p e c t  to  i t s  o v e r a l l  e f f e c t  on a l l  s p e c ie s  o r  

g r a z i n g  i n t e n s i t i e s .  T h e r e f o r e ,  v e g e t a t i o n  r e s p o n s e  to  an y  

p r e c i p i t a t i o n  re g im e  can  s t i l l  be re g a rd e d  a s  s p e c i f i c  to  each  

sp e c ie s , and each g raz in g  in te n s i ty  to  which a sp ec ie s  i s  su b jec ted .

B ecause  th e  g ro u p s  o f  s p e c ie s  p r e v io u s ly  c o n s id e re d  had n o t 

d i s t i n g u i s h e d  among g r a z in g  i n t e n s i t i e s ,  some o f th e  g ro u p s  w ere 

r e c a lc u la te d  u s in g  th e  STPHS program under d i f f e r e n t  g ra z in g  reg im es.

I iJ
"I , vf i

M I



T a b le  1 9 . r 2 V alues O btained and V a ria b le s  Used With Cum ulative 
P r e c ip i ta t io n  (Table 2 , Equation 2 ) ,  Heavy G razing

sp e c ie s V

no. o f 
v a r ia b le s

to t a l  l e a s t o rd e r o f v a r ia b le s  e n te r in g 1

w estern  yarrow .39 10 ■ .
w este rn  w heatgrass .68 ' 10
red  threeaw n .81 9 9 I ,  8 , 6 , 5 , 7» 10 , 3» 9, 2
f r in g e d  sagew ort .51 10 _ ■ ■ -
b lue grama .52 10
b u ffa lo g ra s s .56 10
n e e d le le a f  sedge .65 10
tum blegrass .64 10
s c a r l e t  globemallow • 51 . 10
n e ed le -an d -th read .51 10
green  n eed leg ra ss .72 . 10 10 7 , 8 , 6 , I ,  5 , 10, 2 , 9 , 4,: 3

I Numbers in  t h i s  l i s t  correspond w ith  th e  o rd e r o f v a r ia b le s  in  
Equation  I (T able 2 ) , which a re  a lso  the  same as the  s u b s c r ip ts  o f 
th e  b term s.

Annual p la n t y e a r p r e c ip i ta t io n  was used a s  an independent v a r ia b le  in  

E quation  I (Table 2). R esu ltin g  r 2 v a lu e s  and th e  v a r ia b le s  used a re  

p r e s e n te d  i n  T ab le  20* The r 2 v a lu e s  i n  t h i s  t a b l e  a r e  much h ig h e r  

th a n  th o s e  p r e s e n te d  f o r  g ro u p s  a c r o s s  a l l  q u a d r a ts  ( t a b l e  5). A 

p a r t i a l  e x p lan a tio n  may be th a t  th e  v a lu es  in  Table 20 were c a lc u la te d  

by in c lu d in g  a lm o st a l l  o f th e  e ig h t v a r ia b le s ,  w h ile  the  a l l  qu ad ra ts  

r e s u l t s  (T ab le  5) w ere  o b ta in e d  w ith  o n ly  th e  f i r s t  5 v a r i a b l e s .  In  

t a b l e  20 , r 2 v a lu e s  o f  0.70  can be o b ta in e d  u s in g  l e s s  v a r i a b l e s  by 

a d d in g  th e  r e q u i r e d  v a r i a b l e s  (I and 3 ) s o o n e r . I t  a p p e a rs  t h a t  th e
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Table 20. r 2 V alues O btained and V a ria b le s  Used With P la n t Year 
Annual P r e c ip i ta t io n  (T able 2 , Equation I )  On Groups 
Of S p e c ie s , By G razing I n t e n s i t i e s

no. o f
v a r ia b le s

no g ra z in g  r 2 t o t a l l e a s t o rd e r of v a r ia b le s  en te rin g ^

in c re a s e r  g ra s se s  .88 8 3 . 6, 5, 4 , 7 , Bi- 2 , 3, I
d e c rea se r g ra s se s  .77 8 8 3, 2 , 7 , 5» 4, 6» 8, I
a l l  p e re n n ia l g ra s se s  .91 6 - 3 6, 5, 4, 2 , I , 3

l i g h t  g raz in g

in c re a s e r  g ra s se s  .70 5 5 4, 2 , 5 , 3» 'I -
d e c re a se r  g ra s se s  .78 8 5 1» 7 , 4 , 2 , 6 , 8» 5, 3
a l l  p e re n n ia l g ra s se s  .71 5 5 4, 2 , 5, 3» I

m oderate g raz in g

in c re a s e r  g ra s se s  .85 7 5 6, 2 , 4 , 5» I $ 7» 3
d e c re a se r  g ra s se s  .93 7 5 3, 4 , 2$ 5, 7, 8, I
a l l  p e re n n ia l g ra s se s  .85 7 5 6, 2 , 4 , 5, 3, 8, I

Heavy g raz in g

in c re a s e r  g ra s se s  .74 8 8 4, 3, 2 , 5, 6 , 7, 8, I
d e c re a se r  g ra s se s  .89 8 5 2, 7 , 4» I , 6 , 8, 5, 3
a l l  p e re n n ia l g ra s se s  .81 5 5 4, 3, 2 , 5 , I

^Numbers in  t h i s  l i s t  correspond w ith  th e  o rd er of v a r ia b le s  in  
Equation I (T able 2 ) ,  which a re  a lso  th e  same as th e  s u b s c r ip ts  o f 
the  b te rm s.
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l a s t  v a r ia b le s  o f th e  equ atio n , those  no t used in  th e  MTSEG program, 

w ere im p o rtan t to  o b ta in in g  a more a c c u ra te  p re d ic tio n . This can a lso  

be se e n  by lo o k in g  a t  th e  o r d e r  o f  th e  v a r i a b l e s  i n  th e  l i s t  o f  

v a r i a b l e s  e n t e r in g  i n  t a b l e  20, w i th  v a r i a b l e s  s i x  and  sev en  o f te n  

b e in g  among th e  f i r s t  to  be u sed , add v a r i a b l e s  one and th r e e  b e in g  

th e  l a s t  to  be u sed  to  r e a c h  an  r ^  v a lu e  o f  .0,70« F in a l  p r e d i c t i v e  

eq u a tio n s  f o r  th e se  groups o f sp e c ie s  w ere no t c a lc u la te d , so fu r th e r  

a n a ly s is  could not be perform ed.

P red ic te d  B asal Cover and Response Curves

A f te r  r e g r e s s io n  r e l a t i o n s h i p s  w ere  exam ined  and th e  m ost 

a p p r o p r i a t e  e q u a t io n  d e te rm in e d , v a lu e s  w ere p r e d ic te d  f o r  each  

s p e c ie s  u s in g  a n n u a l p la n t  y e a r  p r e c i p i t a t i o n  a s  an  in d e p e n d e n t 

v a r i a b l e  and b a s a l  c o v e r  a s  a d e p en d e n t v a r i a b l e .  R e s u l t in g  b a s a l  

c o v e r  v a lu e s  f o r  each  s p e c ie s  i n  each  c a te g o ry  f o r  w hich  a  r e l i a b l e  

e q u a t io n  ( r^  > 0 .70) was a v a i l a b l e  a r e  p re s e n te d  i n  Appendix D. 

E q u a tio n s  u sed  to  p r e d i c t  th e s e  v a lu e s  a r e  p re s e n te d  i n  A ppendix C. 

These v a lu es  w ere then  used to  develop th re e  d im ensional graphs, a lso  

c a l l e d  re s p o n se  s u r f a c e s  (F ig u re s  3 -4 0 ) . These re s p o n s e  s u r f a c e s  

p r o v id e d  a p i c t u r e  o f  th e  o v e r a l l  r e s p o n s e  o f  a s p e c i e s  to  

p r e c ip i ta t io n  com binations. By com paring response cu rv es  o f the same 

s p e c ie s  u n d e r d i f f e r e n t  g r a z in g  i n t e n s i t i e s ,  th e  r e s p o n s e  o f th e  

sp e c ie s  to  g raz in g  could  a lso  be ev a lu a ted .

Each h o r i z o n ta l  a x i s  o f  a t h r e e  d im e n s io n a l g ra p h  r e p r e s e n t s
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p r e c ip i ta t io n  f o r  a year? w ith  p rev io u s  y e a r p r e c ip i ta t io n  on th e  l e f t  

and c u r r e n t  y e a r  p r e c i p i t a t i o n  on th e  r i g h t .  The v e r t i c a l  a x i s  

r e p r e s e n t s  th e  p r e d ic te d  am ount o f  c o v e r  (cm2 ) g e n e r a te d  by th e  

r e g r e s s i o n  e q u a t io n .  As v e r t i c a l  r i s e  i n c r e a s e s ,  t h e r e  i s  m ore 

p re d ic te d  b asa l cover. The v e r t i c a l  legend on th e  r i g h t  o f  th e  graph 

i n d i c a t e s  th e  a c t u a l  h e ig h t  o f  th e  v e r t i c a l  a x i s  i n  in c h e s  on th e  

l e f t ,  and th e  p r e d ic te d  b a s a l  c o v e r  o f  th e  s p e c ie s  i n  cm2 on th e  

r ig h t .  The a c tu a l  p o in ts  th a t  were p re d ic te d  a re  in d ic a te d  by s t a r s  

on th e  su rfa ce  o f th e  response curve, and a l l  in te rm e d ia te  v a lu es  were 

in te rp o la te d  by th e  com puter program to  c re a te  th e  response  su rfa ce .

Exam ination o f th e  response cu rves in d ic a te s  t h a t  some o f them 

p r e d i c t  a n e g a t iv e  am ount o f  b a s a l  c o v e r . O b v io u s ly , t h i s  i s  

im p o s s ib le  i n  r e a l  l i f e ,  b u t t h i s  s i t u a t i o n  c o u ld  r e s u l t  from, an 

a r t i f a c t  o f  th e  r e g r e s s io n  p ro c e d u re . N e g a tiv e  v a lu e s  so m etim es  

o c c u r re d  when th e  p r e c i p i t a t i o n  c o m b in a tio n  b e in g  c o n s id e re d  w as 

beyond the  l i m i t s  o f the  d a ta  from which th e  re g re s s io n  eq u a tio n  was 

d e riv ed . For exam ple, co n secu tiv e  y e a rs  w ith  101.6 mm (4 in ch es) o f  

p r e c i p i t a t i o n  n e v e r  o c c u r re d  d u r in g  th e  s tu d y , and th e  c o m b in a tio n  

m ig h t t h e r e f o r e  r e s u l t  i n  a  n e g a t iv e  c o v e r  v a lu e  i f  a r t i f i c i a l l y  

f o r c e d  i n t o  t h e  e q u a t i o n .  F i g u r e  2 c o n t r a s t s  a c t u a l  a n n u a l  

p r e c i p i t a t i o n  t h a t  o c c u r re d  d u r in g  th e  study w ith  th e  p r e c ip i ta t io n  

reg im es f o r  which cover was p re d ic te d . P re d ic tio n s  f o r  com binations 

o u t s i d e  t h e  l i n e  a ro u n d  t h e  o u t e r  p e r i m e t e r  o f  t h e  a c t u a l
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p r e c i p i t a t i o n  p o in t s  may o r may n o t be v a l id ,  w hich  c a n n o t be

d e te rm in e d  from  th e s e  r e s u l t s .  T h e re fo re ,  f o r  th o s e  p o in t s  i n  th e

square  th a t  a re  o u ts id e  t h i s  l in e ,  c a re  needs to  be taken  to  co n sider

o n ly  th e  g e n e r a l  t r e n d  t h a t  a p p e a rs  and n o t th e  a c t u a l  v a lu e s

p r e d ic te d .  In  th e  r e a l  l i f e  s i t u a t i o n ,  th e r e  p ro b a b ly  w ould n o t be

any cover under those p r e c ip i ta t io n  reg im es f o r  which n eg a tiv e  amounts

o f  c o v e r  w ere  p r e d ic te d .  B ecause i t  i s  d i f f i c u l t  to  t e l l  on th e

s u r f a c e  o f th e  c u rv e  how f a r  th e  n e g a t iv e  v a lu e s  d ip  below  th e  z e ro

l e v e l ,  th e  th ic k n e s s  o f  th e  base  i s  th e  same a s  th e  d e p th  to  th e

lo w est neg a tiv e  value.

508

3  406• ■

^  305 "

COg

>  203  "  0)
U

CLi

101 -

101 2^3  3^5  406  508
C u r r e n t  ? p t .  ( r a m )

F igure  2. S c a tte r  Diagram of P o in ts  Where Actual P r e c ip i ta t io n
Occurred Over a Two Year P eriod . The Square In d ic a te s  
th e  Outer L im its  o f the  Two Year P r e c ip i ta t io n  Regimes 
Used to  P re d ic t Cover
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C over g r e a t e r  th a n  th e  am ount p o s s ib le  was l ik e w is e  p re d ic ted . 

There a re  10,000 cm2 in  a q u ad ra t, and cover v a lues g r e a te r  than th i s  

were p re d ic te d  on some graphs. This s i tu a t io n  a lso  r e s u l te d  from the  

p re d ic t iv e  eq u a tio n  e x tra p o la t in g  cover fo r  p r e c ip i ta t io n  regim es th a t  

were no t in  th e  d a ta  used to  develop th e  re g re s s io n  eq u a tio n s.

W estern Yarrow

W este rn  y a rro w  c o u ld  o n ly  be p r e d ic te d  a c c u r a t e ly  f o r  th e  

ungrazed q u ad ra ts  (F igure  3). R egression  eq u a tio n s  f o r  o th e r  g raz in g  

i n t e n s i t i e s  had r 2 v a lu e s  t h a t  w ere  to o  low . T h e re fo re , w h ile  

re s p o n s e  to  p r e c i p i t a t i o n  c o u ld  be c o n s id e re d  f o r  t h i s  s p e c ie s ,  th e  

r e s p o n s e  to  c l im a te  may be much d i f f e r e n t  u n d e r o th e r  g ra z in g  

i n t e n s i t i e s .  B asa l c o v e r  was h ig h e s t  a t  p o in t s  w here a t  l e a s t  one 

y e a r o f p r e c ip i ta t io n  was high. This was e sp e c ia l ly  n o tic e a b le  on th e  

l e f t  and r i g h t  p o r t io n  o f th e  g ra p h  w here p r e c i p i t a t i o n  f l u c t u a t e d  

c o n s id e r a b ly  from  one y e a r  to  th e  n e x t .  The re s p o n s e  was g r e a t e s t  

when 508 mm (20 in c h e s )  o f  p r e c i p i t a t i o n  was e i t h e r  p re c ed e d  o r  

fo llow ed  by 101.6 mm (4 inches) o f p r e c ip i ta t io n .  Lowest basa l cover 

w as p r e d ic te d  i n  th e  m id d le  o f  th e  g ra p h , w here p r e c i p i t a t i o n  was 

s l ig h t ly  below average fo r  two co n secu tiv e  y ears . When p r e c ip i ta t io n  

was 101.6 mm (4 in c h e s )  in  b o th  y e a r s ,  co v e r a c t u a l l y  in c r e a s e d  

s l i g h t l y .  H ow ever, th e  a c c u ra c y  o f  t h i s  o b s e r v a t io n  may be s u s p e c t  

because t h i s  p r e c ip i ta t io n  com bination  never a c tu a l ly  occu rred . The 

response  su rfa ce  appears to  have a d ish  shape w ith  h ig h e r amounts o f
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cover under extrem e co n d itio n s  and low er amounts under more average o r 

norm al co n d itio n s . I t  appears  th a t  t h i s  sp ec ie s  may have evolved an 

a b i l i t y  to  respond to  y ea r to  y e a r f lu c tu a t io n s  in  p r e c ip i ta t io n  th a t  

a r e  common i n  t h i s  r e g io n  (s e e  F ig u re  I ) .  L oss o f  c o v e r u n d e r 

c o n s is te n t ,  average r a i n f a l l  co n d itio n s  i s  perhaps due to  co m p etitio n  

from  o th e r  sp e c ie s  which have a  g r e a te r  a b i l i t y  to  take  advantage o f 

l e s s  ex trem e p r e c ip i ta t io n  reg im es. P o ss ib ly , w este rn  yarrow  has th e  

a b i l i t y  to  t h r i v e  i n  a r e a s  o n ly  when th e  c o m p e t i t iv e  a b i l i t i e s  o f  

o th e r  sp e c ie s  have been decreased  by adverse  p r e c ip i ta t io n  co n d itio n s . 

W estern W heatftrass

B asal cover was p re d ic te d  fo r  a l l  g raz in g  c a te g o r ie s  except non­

u se  (F ig s .  4 -7 ) . A ll c u rv e s  show a v e ry  s i m i l a r  r e s p o n s e  u n d e r 

d i f f e r e n t  g r a z in g  i n t e n s i t i e s  w i th  th e  prim ary d if f e r e n c e s  being in  

the  a c tu a l  amount o f  cover p re d ic te d . This seemed to  in d ic a te  th a t ,  

u l t i m a t e l y ,  g r a z in g  h a s  r e l a t i v e l y  l i t t l e  e f f e c t  on th e  re s p o n se  o f 

w este rn  w h eatg rass, w h ile  p r e c ip i ta t io n  has the  m ajor e f f e c t .  W estern 

w h eatg rass  a ls o  seems to  be s t im u la te d  by f lu c tu a t in g  p r e c ip i ta t io n  

w ith  th e  g r e a te s t  amount o f cover p re d ic te d  where th e  h ig h e s t year to  

y e a r f lu c tu a t io n  in  p r e c ip i ta t io n  occu rs. The lo w est amount o f cover 

on th e  response  su rfa c e  occurs where p r e c ip i ta t io n  i s  most c o n s is te n t 

f ro m  y e a r  to  y e a r .  Two c o n s e c u t i v e  y e a r s  o f  a b o v e  a v e r a g e  

p r e c i p i t a t i o n  a p p e a rs  to  c au se  th e  m o st re d u c ed  b a s a l  c o v e r . I t  

th e re fo re  appears th a t  o th e r  sp e c ie s  may have a co m p e titiv e  advantage
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o v e r  w e s te rn  w h e a tg ra s s  u n d e r c o n s i s t e n t  p r e c ip i t a t io n  c o n d itio n s , 

w h ile  w e s te rn  w h e a tg r a s s  h a s  e v o lv e d  th e  a b i l i t y  to  re sp o n d  to  

f l u c t u a t i n g  p r e c i p i t a t i o n .  S in c e  f l u c t u a t i n g  p r e c i p i t a t i o n  i s  

c h a r a c t e r i s t i c  o f  t h i s  r e g io n ,  t h i s  may g iv e  w e s te rn  w h e a tg ra s s  a 

c o m p e t i t iv e  a d v a n ta g e  i n  m ost y e a r s .  Reed and P e te r s o n  (1961) and 

H u rtt (1951) s ta te d  th a t  w este rn  w heatg rass  s u ffe re d  la rg e  d ecreases 

in  cover du ring  prolonged drought. These r e s u l t s  a re  c o n s is te n t  w ith  

th e  p r e d ic te d  c o v e r  f o r  c o n s e c u t iv e  y e a r s  w ith  low  p r e c i p i t a t i o n .  

Both r e p o r ts  a ls o  s ta te d  th a t  recovery  was slow in  th e  e a r ly  1940«s, 

which was a p e rio d  o f c o n s is te n tly  above average p re c ip i ta t io n .  The 

r e g r e s s io n  c u rv e s  l i k e w is e  p ro v id e  a p o ss ib le  e x p lan a tio n  fo r  t h i s  

re s p o n s e  i n  t h a t  th e y  p r e d ic te d  t h a t  c o v e r  w ould be low  d u r in g  

c o n s i s t e n t l y  h ig h  p r e c i p i t a t i o n .  However, C oupland (1958) and 

Newbauer e t  a l .  (1980) re p o rte d  th a t  w heatg rasses g e n e ra lly  in c re a se  

c o v e r  d u r in g  above a v e ra g e  p r e c i p i t a t i o n ,  w hich  c o n t r a d ic t e d  my 

r e s u l t s .  No r e s e a r c h  in f o r m a t io n  h a s  been  found  on th e  e f f e c t s  o f  

f lu c tu a t in g  p r e c ip i ta t io n .o n  w este rn  w heatg rass  o r  any o th e r  sp ec ie s .

M oderate g raz in g  appeared to  fa v o r w este rn  w heatg rass  s in ce  th e  

g r e a te s t  amount o f  cover occurred  a t  t h i s  g raz in g  in te n s i ty .  However, 

th e  lo w e s t  am oun ts  o f  c o v e r  w ere  a l s o  a s s o c ia te d  w i th  m o d e ra te  

g raz in g . Heavy g raz in g  ranked second w ith  re sp e c t to  cover and l i g h t  

g r a z in g  had th e  l e a s t  am ount o f  p r e d ic te d  co v e r . , H ow ever, l i g h t  

g ra z in g  a ls o  had th e  s m a lle s t  n eg a tiv e  v a lu es . This means th a t  l i g h t
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g r a z in g  w i l l  p ro b a b ly  r e s u l t  i n  th e  l e a s t  f l u c t u a t i o n  i n  c o v e r and 

s u b s e q u e n t ly  p ro d u ce  l e s s  c y c l i c  f l u c t u a t i o n  i n  th e  p ro d u c t iv e  

c a p a b i l i ty  o f the  range, Houston and Woodward 0966) a ls o  concluded 

t h a t  w e s te rn  w h e a tg ra s s  was f a v o re d  by l i g h t  g r a z in g ,  Reed and 

P e te r s o n  (1961)» h ow ever, r e p o r te d  t h a t  re s p o n se  to  g ra z in g  was 

v a r ia b le  and th e re fo re  a lso  depended on o th e r  v a r ia b le s .  My r e s u l t s  

a l s o  p a r t i a l l y  a g re e  w ith  them  s in c e  th e  c u rv e s  f o r  each  g ra z in g  

i n t e n s i t y  a r e  so  s i m i l a r .  I t  t h e r e f o r e  a p p e a rs  t h a t  f a c t o r s  o th e r  

than  g raz in g  in te n s i ty  c o n tro l cover o f w este rn  w heatg rass.

F ringed  S aae^ort

F r in g e d  s a g e w o r t  w as p r e d ic te d  and g ra p h s  p l o t t e d  a c r o s s  a l l  

q u a d ra ts  and a t  l i g h t  and m oderate g raz in g  i n t e n s i t i e s  (F igs, 8-10), 

Each graph i s  d i f f e r e n t  from the  o th e rs  to  a c e r ta in  e x te n t in d ic a t in g  

th a t  g raz in g  p re ssu re  p lay s  an im p o rtan t r o le  in  th e  response  of t h i s  

s p e c ie s  to  p r e c i p i t a t i o n .  The g ra p h  f o r  a l l  q u a d r a ts  com bined d oes 

n o t show any g e n e r a l  t r e n d s  t h a t  a r e  r e a d i l y  a p p a r e n t .  E x cep t f o r  a 

few p o in ts , t h i s  sp e c ie s  responds po o rly  to  f lu c tu a t in g  p re c ip i ta t io n ,  

w ith  n eg a tiv e  v a lu es  a t  p o in ts  around the  edges which in d ic a te  extrem e 

f l u c t u a t i o n s .  I n  th e  c e n t e r ,  w here  p r e c i p i t a t i o n  f l u c t u a t e s  l e s s  

from  y e a r  to  y e a r  and i s  n e a r  o r  s l i g h t l y  above a v e ra g e , b a s a l  c o v e r 

a p p e a rs  to  be g r e a t e s t .  I t  i s  i n t e r e s t i n g  to  n o te  t h a t  th e  n e g a t iv e  

v a lu es  th a t  were p re d ic te d  a re  a lm o st tw ice  as la rg e  as  the  p o s i t iv e  

v a lu e s .  T h ere  d oes n o t seem to  be any e x p la n a t io n  f o r  t h i s ,  e x c e p t



F i g u r e  8 .  R e s p o n s e  o f  B a s a l  C o v e r  o f  F r i n g e d  S a g e w o r t
D e s c r i p t i o n  o f  G r a p h , S e e  P a g e  6 9 . to  P r e c ip i ta t io n ,  A ll Q uadrats. For
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p o ss ib ly  th a t  t h i s  sp e c ie s  i s  sim ply  ho t favored  by th e  c y c lic  c lim a te  

th a t  i s  common in  t h i s  reg io n .

The l i g h t  and m oderate g raz in g  in te n s i ty  graphs a re  more s im i la r  

to  e ac h  o th e r  th a n  th e  g ra p h  t h a t  co m b in es  a l l  q u a d ra ts*  I f  o th e r  

g r a z in g  i n t e n s i t i e s  had been  s e p a r a t e l y  g ra p h e d , i t  a p p e a rs  t h e i r  

c u rv e s  w ould p ro b a b ly  have been  sh ap ed  d i f f e r e n t l y  to  y i e l d  th e  

r e s u l t s  seen  on th e  a l l  q u ad ra ts  curve. I t  appears th a t  h igh  amounts 

o f  p r e c i p i t a t i o n  in , th e  p re v io u s  y e a r  a r e  n e c e s s a ry  to  o b ta in  h ig h  

a m o u n ts  o f  b a s a l  c o v e r  o f  f r i n g e d  s a g e w o r t .  C u r r e n t  y e a r  

p r e c i p i t a t i o n  h a s  r e l a t i v e l y  m in o r e f f e c t s .  B a sa l c o v e r  in c r e a s e s  

a g a in  s l i g h t l y  a s  p r e c i p i t a t i o n  from  th e  p re v io u s  y e a r  becom es 

e x tre m e ly  low  a t  th e  101,6mm (4 in c h )  l e v e l .  When p r e c i p i t a t i o n  i s  

h igh  in  th e  p rev ious y e a r , th e  amount o f c u rre n t p r e c ip i ta t io n  appears 

to  h ave  m ore e f f e c t  on b a s a l  c o v e r  u n d e r l i g h t  th a n  u n d e r  m o d e ra te  

g raz in g . This tendency showed th e  g r e a te s t  response a t  in te rm e d ia te

v a lu e s  o f  c u r r e n t  y e a r  p r e c i p i t a t i o n .  In  th e  c a se  o f  e x tre m e ly  low
■ ;

p r e c i p i t a t i o n  d u r i n g  t h e  p r e v i o u s  y e a r ,  h ig h  c u r r e n t  y e a r  

p r e c i p i t a t i o n  c a u s e s  th e  g r e a t e s t  c o v e r  re s p o n s e . In  c o n t r a s t  to  

t h i s ,  th e  o n ly  t im e  t h a t  p r e c i p i t a t i o n  in  th e  c u r r e n t  y e a r  a f f e c t s  

c o v e r  u n d e r m o d e ra te  s to c k in g  i s  a t  low  l e v e l s  o f  p re v io u s ,  y e a r  

p re c ip ita tio n *  Under th e se  c ircu m stan ces , cover d ec rea se s  a s  c u rre n t 

y e a r  p r e c i p i t a t i o n  in c r e a s e s .  F o r f r i n g e d  s a g e w o r t to  in c r e a s e  

ra p id ly  fo llo w in g  drough t, as d iscu ssed  by Reed and P e te rso n  (1961),
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i t  w ould  need  to  i n c r e a s e  c o v e r  when c u r r e n t  y e g r  p r e c i p i t a t i o n  i s  

h ig h  and p re v io u s  y e a r  p r e c i p i t a t i o n  i s  low . These c u rv e s  i n d i c a t e  

t h a t  a  s m a l l  i n c r e a s e  i n  c o v e r  may o c c u r  u n d e r th e s e  c i r c u m s ta n c e s ,  

but no t th e  la rg e  in c re a s e s  th a t  m ight be expected .

Because f r in g e d  sagew ort i s  no t considered  p re fe r re d  fo rag e  fo r
r

'> c a t t l e ,  lo w e st l e v e l s  o f t h i s  sp e c ie s  a re  u su a lly  co n sid ered  optimum.

Lowest p re d ic te d  cover app ears  to  be th e  r e s u l t  o f m oderate s to ck in g , 

a lthough  d if fe re n c e s  a re  minor between th e se  two g ra z in g  in t e n s i t i e s .

However, Houston and Woodward (1966) c o n tra d ic te d  th e se  r e s u l t s  when 

they re p o rte d  th a t  f r in g e d  sagew ort was favored  by m oderate g raz ing .

Red Threeawn

B asal cover response was p re d ic te d  and p lo t te d  f o r  a l l  q u ad ra ts  

combined and f o r  l i g h t ,  m oderate, and heavy g raz in g  i n t e n s i t i e s  (F igs.

1 1 -1 4 ). A ll g ra p h s  a r e  s i m i l a r  i n  t h a t  c o v e r i s  low  in  th e  m id d le .

This response  i s  c h a ra c te r iz e d  by p r e c ip i ta t io n  th a t  i s  c lo se  to  th e  

average amount fo r  two co n secu tiv e  y e a rs . D iffe ren ces  among curves, 

h o w ev er, w ere  r e a d i l y  a p p a r e n t  a t  b o th  h ig h  and low  p r e c i p i t a t i o n  

v a lu e s .  The c u rv e  t h a t  com bined a l l  q u a d r a ts  lo o k s  v e ry  s i m i l a r  to  

the  w este rn  w heatg rass  cu rves w ith  the  only m ajor d if f e re n c e  being the  

r e l a t i v e  amount o f  p re d ic te d  cover. Red threeaw n had j on ly  about one 

te n th  a s  much b asa l cover as  w este rn  w heatg rass. Red threeaw n showed 

in c re a se d  cover a s  f lu c tu a t io n s  in  p r e c ip i ta t io n  in c re ase d .

The sh ap e  o f th e  l i g h t  arid heavy  g r a z in g  i n t e n s i t y  c u rv e s  a r e
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F igure  12. Response of B asal Cover of Red Threeawn to  P r e c ip i ta t io n ,  L ight G razing. For 
D e sc rip tio n  o f Graph, See Page 69.



F igure 13. Response o f B asal Cover of Red Threeawn to  P r e c ip i ta t io n ,  Moderate G razing. For 
D e sc rip tio n  o f Graph, See Page 69.
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a lm o s t  e x a c t  r e p l i c a s ,  w h ile  th e  m o d e ra te  g ra z in g  i n t e n s i t y  c u rv e  

shows a d i f f e r e n t  response  to  extrem e p r e c ip i ta t io n  c o n d itio n s  (F igs. 

12-14). The p r in c ip le  d if fe re n c e  between th e  l i g h t  and heavy g raz in g  

i n t e n s i t y  r e s p o n s e  i s  t h a t  a lm o s t  f o u r  t im e s  a s  much co v e r i s  

p re d ic te d  under l i g h t  g raz in g . I t  f u r th e r  appears th a t  red  threeaw n 

in c re a s e s  under l i g h t  o r heavy g raz in g  when p r e c ip i ta t io n  co n d itio n s  

a re  most extrem e, w hether they vary s u b s ta n t ia l ly  from y e a r to  y e a r o r 

a r e  c o n s e c u t iv e ly  h ig h  o r  low  f o r  tw o y e a r s .  The m o d e ra te  g ra z in g  

i n t e n s i t y  c u rv e  i s  s i m i l a r  to  th e  c u rv e  f o r  a l l  quadra ts* , e x c e p t i t  

a p p e a rs  t h a t  th e  r e l a t i v e  r e s p o n s e  to  p re v io u s  p r e c i p i t a t i o n  i s  

g r e a te r  in  m oderate g raz in g  a s  opposed to  a l l  q u ad ra ts . Once again , 

cover i s  l e a s t  a f t e r  two co n secu tiv e  y e a rs  o f h igh p re c ip i ta t io n .

Red threeaw n i s  u su a lly  considered  a s tro n g  in c re a s e r  sp e c ie s  on 

s i t e s  w h ich  have u n d erg o n e  g r a z in g  s t r e s s  (Reed and P e te r s o n  1961; 

H ouston  and Woodward 1966). My r e s u l t s  do n o t s u p p o r t  t h i s  th e o ry ,  

however, because the  g r e a te s t  amounts o f p re d ic te d  b asa l cover o f red  

threeaw n occurred  in  th e  l i g h t e s t  g razed  p a s tu re s . S ince re d  threeaw n 

i s  co n sid ered  an u n p a la ta b le  sp e c ie s  to  l iv e s to c k , i t  would th e re fo re  

seem th a t  m oderate g raz in g  is . th e  b e s t management p ra c t ic e  to  use to  

m a in ta in  the  lo w e s t le v e l  o f  red  threeaw n and thereby m a in ta in  maximum 

l i v e s t o c k  p r o d u c t i v i t y .  In  no c a s e s  d oes re d  th re e a w n  in c r e a s e  to  

become the  dom inant sp e c ie s  w ith  re s p e c t to  the  amount o f  b asa l coyer.
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A graph was no t co n stru c te d  fo r  heavy g raz in g  because r 2 v a lu es  

w ere  to o  lo w . F ig u r e s  15-18 i l l u s t r a t e  co v e r re s p o n s e  f o r  o th e r  

g raz in g  i n t e n s i t i e s  and fo r  a l l  q u ad ra ts  combined. In  each case , th e  

p re d ic te d  amounts o f  cover in d ic a te  th a t  b lue grama i s  d e f in i te ly  one 

o f  th e  d o m in an t s p e c ie s  on t h i s  ra n g e . The r e s p o n s e s  f  ound in  each  

ca teg o ry  a re  very  s im i la r  to  those a lre ad y  d iscu ssed  f o r  red  threeaw n. 

I t  ap p ears  th a t  b lue  grama has th u s  evolved an a b i l i t y  to  th r iv e  under 

f lu c tu a t in g  p r e c ip i ta t io n  a s  in d ic a te d  by h ig h e r amounts o f cover in  

a s s o c ia t io n  w ith  extrem e p r e c ip i ta t io n  v a lu es .

I t  i s  i n t e r e s t i n g  to  n o te  t h a t  a  n e g a t iv e  v a lu e  o f  c o v e r  w as 

n e v e r  p r e d ic te d  f o r  a l l  q u a d r a ts  o r  m o d e ra te  g r a z in g ,  b u t i t  i s  

p r e d ic te d  f o r  p r o te c te d  a r e a s  o r  l i g h t  g r a z in g .  T h is  s u g g e s ts  t h a t  

b lu e  gram a h a s  a s t r o n g  re s p o n se  to  g ra z in g  p r e s s u r e  a s  w e l l  a s  

c lim a te . In c re a s in g  g raz in g  p re ssu re  seems to  fav o r th e  presence o f 

b lue grama.

The a l l  q u a d r a ts  c u rv e  (F ig . 15) i s  s i m i l a r  to  th e  o th e r  a l l  

q u a d ra ts  cu rves p re v io u s ly  d iscu ssed , i n  th a t  b a s a l .cover i s  g r e a te s t  

when y e a r  to  y e a r  p r e c i p i t a t i o n  f l u c t u a t i o n  i s  g r e a t e s t .  When 

p r e c i p i t a t i o n  i s  u n ifo rm  from  y e a r  to  y e a r ,  p r e d ic te d  b a s a l  co v e r 

g ra d u a lly  in c re a se s  a s  p r e c ip i ta t io n  in c re a se s .

The e f f e c t  o f extrem e p r e c ip i ta t io n  v a lu es  on cover depended upon 

in d iv id u a l g raz in g  in te n s i ty .  Under p ro te c t io n  (F ig. 16), i t  appeared
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t h a t  c u r r e n t  y e a r  p r e c i p i t a t i o n  w as m ost im p o r ta n t  b ecau se  th e  

g r e a te s t  amount o f  cover o ccu rred  when c u rre n t y ear p r e c ip i ta t io n  i s  

h ig h e s t=  T h is  w as e s p e c i a l l y  n o t i c e a b l e  w hen p r e v i o u s  y e a r  

p r e c i p i t a t i o n  w as e i t h e r  e x tre m e ly  low  o r  h ig h . I t  s h o u ld  be n o te d  

t h a t  th e  h ig h e s t  p r e d ic te d  am oun ts  o f  c o v e r  a r e  p r e s e n te d  o n ly  to  

i l l u s t r a t e  how the  s p e c ie s  m ight respond to  h igh  p r e c ip i ta t io n  v a lu es , 

because they  a re  g r e a te r  than  th e  amount possib le=

When c o n s id e r in g  l i g h t  g r a z in g  (F ig . 17), b a s a l  c o v e r  l i k e w i s e  

in c r e a s e d  u n d e r e x tre m e  p r e c i p i t a t i o n  re g im e s . T h is  in c lu d e d  bo th  

h igh  and low p r e c ip i ta t io n  v a lu es  th a t  occurred  in  co n secu tiv e  y ea rs  

and p r e c ip i ta t io n  f lu c tu a t io n s  from y e a r to  year= Because th e  h ig h e s t 

p re d ic te d  amounts w ere more than tw ice  a s  much a s  the  amount p o s s ib le , 

h o w ev er, su ch  r e s u l t s  w ere  o f  u se  o n ly  f o r  e s t a b l i s h i n g  t r e n d s  i n  

cover response . In  m oderate g raz in g  (F ig . 18), the  g r e a te s t  amount o f 

c o v e r  a p p e a rs  to  o c c u r  when p r e v io u s  y e a r  p r e c i p i t a t i o n  i s  h ig h  and 

c u rre n t y ear p r e c ip i ta t io n  i s  low. Because my r e s u l t s  in d ic a te  th a t  

b lu e  gram a can  re sp o n d  f a v o r a b ly  to  one o r tw o y e a r s  o f  low 

p r e c ip i ta t io n ,  th e se  r e s u l t s  th e re fo re  do not support th e  f in d in g s  o f  

Reed and P e te r s o n  (1961) o r  H u r t t  (1951). H ow ever, b lu e  gram aes 

re s p o n s e  to  a lo n g e r  d ro u g h t c a n n o t be d e te rm in e d . My r e s u l t s  do 

s u p p o r t  Newbauer e t  a l .  (1980), who s t a t e d  t h a t  b lu e  gram a i s  a 

d rought to le r a n t  sp e c ie s .

Although b lue grama responds d i f f e r e n t ly  to  p r e c ip i ta t io n  under
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d i f f e r e n t  g r a z in g  i n t e n s i t i e s ,  th e r e  i s  no g ra z in g  i n t e n s i t y  w hich  

s t r o n g ly  f a v o r s  o r  p e n a l i z e s  t h i s  s p e c ie s .  The g r e a t e s t  am ount o f  

b a sa l cover app ears  to  occur w ith  l i g h t  g raz in g , and th e  l e a s t  amount 

w i th  m o d e ra te  g r a z in g .  H ow ever, th e s e  v a lu e s  w ere  a r t i f i c i a l l y  

d e riv ed  from beyond th e  l i m i t s  o f th e  c o lle c te d  d a ta , and so t h i s  i s  

probably  no t a good method to  determ ine  which g raz in g  in te n s i ty  fa v o rs  

c o v e r . Reduced b lu e  g ram a c o v e r  i s  u s u a l ly  c o n s id e re d  an  a d v an ta g e  

because i t  i s  such a low fo rag e  producer even though th e  fo rag e  i s  o f 

good q u a l i ty  and i s  p re fe r re d  by l iv e s to c k . I t  would th e re fo re  seem 

th a t  m oderate s to ck in g  m ight be the  b e s t  management p ra c i tc e .  I t  a lso  

ap p ears  th a t  cover i s  p ro p o r tio n a te ly  h ig h e r under m oderate g raz in g  

in te n s i ty  when average p r e c ip i ta t io n  c o n d itio n s  p re v a il .  This would 

h e lp  to  m it ig a te  f lu c tu a t io n s  in  p la n t m a te r ia l  a v a ila b le  from y ear to  

y e a r .  My r e s u l t s  a r e  c o n t r a r y  to  th o s e  o f  p re v io u s  r e s e a r c h e r s  who 

a l l  i n d i c a t e d  t h a t  b lu e  gram a i s  g e n e r a l ly  s t im u la t e d  by h e a v ie r  

g raz in g  (Reed and P e te rso n  1961; Houston and Woodward 1966; C lark e t  

a l .  1943).

B u ffa lo g ra ss

B u ffa lo g ra ss  was p re d ic te d  and graphed in  a l l  c a te g o r ie s  (F igs. 

1 9 - 2 3 ) .  H igh  p r e d i c t e d  a m o u n ts  o f  b a s a l  c o v e r  c o n f i r m  t h a t  

b u f f a lo g r a s s  i s  an im p o r ta n t  s p e c ie s  i n  th e  m ixed  g r a s s  p r a i r i e  o f  

t h i s  reg io n . As d iscu ssed  p re v io u s ly , some o f the  p re d ic te d  v a lu es  o f 

c o v e r  ex ceed  th e  am ount p o s s ib le  and a r e  u s e f u l  o n ly  to  i l l u s t r a t e
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t r e n d s  i n  c o v e r . T h is  s i t u a t i o n  d e v e lo p e d  o n ly  on th e  g ra p h  f o r  th e  

p r o te c te d  a r e a s  (F ig . 2 0 ). R esponse v a r ie d  a g r e a t  d e a l  from  one 

g raz in g  in te n s i ty  to  an o th e r in d ic a t in g  th a t  g raz in g  p re ssu re  p layed 

an im p o rtan t r o le  in  th e  response o f b asa l cover to  p re c ip i ta t io n .

When the  o v e ra ll  response  to  p r e c ip i ta t io n  was co n sid ered  w ith o u t 

r e g a rd  to  g r a z in g  i n t e n s i t y ,  i t  w as a p p a r e n t  t h a t  b a s a l  c o v e r  o f  

b u ffa lo g ra s s  in c re a se d  w ith  in c re a se d  p r e c ip i ta t io n  (F ig . 19). Cover 

was g r e a te s t  w ith  two co n secu tiv e  y e a rs  o f  high p r e c ip i ta t io n  w ith  ah 

ap p aren t l in e a r  decrease  in  cover a s  e i th e r  p rev ious o r c u r re n t y ear 

p r e c i p i t a t i o n  d e c re a s e d . T h is  s u g g e s ts  t h a t  th e  t o t a l  c u m u la tiv e  

p r e c i p i t a t i o n  f o r  b o th  y e a r s  i s  p ro b a b ly  m ost d i r e c t l y  r e l a t e d  to  

b a s a l  c o v e r . T h is  h y p o th e s i s  i s  f u r t h e r  s u p p o r te d  by th e  o rd e r  in  

w hich  in d e p e n d e n t v a r i a b l e s  e n te r e d  th e  b u f f a lo g r a s s  m u l t ip l e  

re g re s s io n  eq u a tio n s . I n te r a c t io n  v a r ia b le s  e n te red  e a r ly ,  and hence 

they seemed more im p o rta n t th a n  in d iv id u a l  p r e c i p i t a t i o n  v a r i a b l e s  

c o n s id e re d  a lo n e .  In  th e  c a se  o f  w ide  v a r i a t i o n  i n  y e a r  to  y e a r  

p r e c i p i t a t i o n ,  R esponse a p p e a rs  to  be th e  same r e g a r d l e s s  o f  th e  

r e l a t i v e  o r d e r  o f  lo w  o r  h ig h  p r e c i p i t a t i o n .  The c o v e r  o f  

b u ffa lo g ra s s  has been p re v io u s ly  r e p o r te d  to  re sp o n d  in v e r s e l y  w ith  

w este rn  w heatg rass  (Reed and P e te rson  1961). This th eo ry  i s  confirm ed 

by my p r e d ic te d  r e s u l t s  w i th  c o v e r  f o r  b u f f a lo g r a s s  b e in g  h ig h e s t  

where w este rn  w heatg rass  cover i s  lo w est and v ice  v e rsa .

B u ffa lo g ra ss  seemed to  respond more to  c u rre n t y ear p r e c ip i ta t io n
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u n d e r nonuse  th a n  p r e v io u s  y e a r  p r e c i p i t a t i o n  (F ig . 2 0 ). T h is  was 

in d ic a te d  by the  g r e a te s t  amount o f  cover being p re d ic te d  when c u rre n t 

y e a r  p r e c i p i t a t i o n  i s  h ig h . The h ig h e s t  v a lu e s  w ere  p r e d ic te d  when 

p rev io u s  y e a r  p r e c ip i ta t io n  was e i th e r  ex trem ely  high o r low. This 

may i n d i c a t e  t h a t  b u f f a lo g r a s s  i s  w e l l  a d a p te d  to  p r e c i p i t a t i o n  

e x tre m e s  and f l u c t u a t i o n s .  The im m e d ia te  re s p o n se  to  h ig h  c u r r e n t  

p r e c ip i ta t io n  th a t  was shown by my re g re s s io n  eq u a tio n s  ag rees  w ith  

r e s u l t s  p r e s e n te d  by p re v io u s  r e s e a r c h e r s  (Reed and P e te r s o n  19 6 H5 

Coupland 1958; Weaver and A lbertson  1940; A lbertson  and Tdmanek 1965). 

They r e p o r te d  t h a t  b u f f a lo g r a s s  q u ic k ly  r e c o v e r s  from  d ro u g h t in  a 

y e a r  o f  h ig h  p r e c i p i t a t i o n .  T hese r e s e a r c h e r s  a l s o  s t a t e d  t h a t  

b u ffa lo g ra s s  cover d e c rea se s  d r a s t i c a l ly  du ring  drought, and t h i s  i s  

c o n s i s t e n t  w ith  th e  low  c o v e r  t h a t  w as p r e d ic te d  by my e q u a t io n s  a t  

low p r e c ip i ta t io n  v a lu es .

B u f f a lo g r a s s  re s p o n d s  i n v e r s e ly  when u n d e r l i g h t  g r a z in g  a s  

opposed  to  when i t  i s  n o t g ra z e d  (F ig . 21 ). The g r e a t e s t  am ount o f  

c o v e r  i s  p r e d ic te d  when p re v io u s  y e a r  p r e c i p i t a t i o n  w as h ig h  and 

c u r re n t  y ear p r e c ip i ta t io n  i s  low. There i s  a lso  a s l i g h t  in c re a se  in  

c o v e r  a s  c u r r e n t  p r e c i p i t a t i o n  in c r e a s e s .  T h is  re s p o n s e  d oes n o t 

ag ree  w ith  r e p o r ts  o f o th e r  re s e a rc h e rs  who re p o rte d  th a t  b u ffa lo g ra s s  

re sp o n d s  q u ic k ly  in  a y e a r  o f  in c r e a s e d  p r e c i p i t a t i o n  (Reed and 

P e te rso n  1961; Coupland 1958; Weaver and A lb ertso n  1940; A lbertson  and 

Tomanek 1965). Why t h i s  o c c u r r s  c o u ld  n o t  be d e te rm in e d  from  th e
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in fo rm a tio n  th a t  was a v a i la b le  in  my s tu d y .

The m oderate g ra z in g , curve (F ig, 22) i s  s im la r  to  th e  no g raz in g  

c u rv e  (F ig . 2 0 ), e x c e p t  t h a t  c o v e r  i s  h ig h  when c u r r e n t  y e a r  

p r e c i p i t a t i o n  i s  h ig h ,  r e g a r d l e s s  o f  p r e c i p i t a t i o n  i n  th e  p re v io u s  

y e a r .  T here  a p p e a rs  to  be a d i r e c t  l i n e a r  r e s p o n s e  be tw een  c u r r e n t  

y e a r p r e c ip i ta t io n  and b a sa l cover. In  a d d itio n , r e s u l t s  from F igure  

22 f u r t h e r  s u p p o r t  th e  h y p o th e s i s  t h a t  b u f f a lo g r a s s  c o v e r can  

in c re a se  ra p id ly  in  a y e a r o f high p r e c ip i ta t io n  even i f  th e re  was a 

drought in  the  p rev io u s  y ear.

The heavy  g r a z in g  re s p o n se  (F ig . 23) i s  v e ry  s i m l a r  to  th e  

re s p o n s e  w ith  a l l  q u a d r a ts  com bined  (F ig . 19). C over in c r e a s e d  

l i n e a r i l y  as  p r e c ip i ta t io n  in c re a se d  re g a rd le s s  o f the  y e a r  in  which 

p r e c ip i ta t io n  occu rred . However, cover under heavy g raz in g  in c re ase d  

a g re a t  deal more when p r e c ip i ta t io n  f lu c tu a te d  w idely  th an  i t  d id  on 

the  a l l  q u ad ra ts  curve. Once ag a in  i t  appeared th a t ,  to  some e x te n t,

b u ffa lo g ra s s  and w este rn  w heatg rass  a re  responding  in v e rs e ly  to  each
I

o th e r .

B u ffa lo g ra ss  i s  a d e s ira b le  fo rag e  sp ec ie s . However, because i t  

i s  a  r e l a t iv e ly  low fo rag e  p roducer, i t  i s  u su a lly  d e s ir a b le  to  l i m i t  

b u f f a lo g r a s s  c o v e r . T h is  w ould n o rm a lly  a llo w  m ore c o v e r  o f  th e  

h i g h e r  p r o d u c in g  w e s t e r n  w h e a t g r a s s .  The g r e a t e s t  c o v e r  o f  

b u ffa lo g ra s s  was o b ta in ed  w ith  no g raz in g . P ro g re ss iv e ly  l e s s  cover 

was p re d ic te d  under l i g h t ,  heavy, and m oderate g raz in g , re s p e c tiv e ly .
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T here fo re , i t  appeared th a t  m oderate g raz in g  would be m ost e f f e c t iv e  

in  l im i t in g  b u ffa lo g ra s s  b asa l cover, . and would consequen tly  be b e st 

f o r  l i v e s t o c k  p ro d u c t io n .  Reed and P e te r s o n  (1961) and H ouston  and 

Woodward ( 1966) b o th  s t a t e d  t h a t  b u f f a lo g r a s s  was f a v o re d  by heavy 

g ra z in g , which i s  n o t in  agreem ent w ith  my r e s u l t s .

T h read lea f Sedge

R egression  eq u a tio n s  f o r  th re a d le a f  sedge y ie ld e d  accep tab le  r 2 

v a lu e s  f o r  only , th e  heavy  g r a z in g  i n t e n s i t y  (F ig . 2 4 ). A lthough  

g raz in g  in te n s i ty  g ig h t  p lay  an im p o rtan t r o le  in  th e  cover response 

o f  t h i s  s p e c i e s  to  p r e c i p i t a t i o n ,  o n ly  l i m i t e d  e f f e c t s  o f  

p r e c i p i t a t i o n  c o u ld  be r e l i a b l y  i n t e r p r e t e d .  I t  a p p e a rs  t h a t  

t h r e a d l e a f  sed g e  may re sp o n d  m ore r e a d i l y  to  h ig h  p r e v io u s  y e a r  

p r e c i p i t a t i o n  d u r in g  y e a r s  when c u r r e n t  y e a r  p r e c i p i t a t i o n  i s  low . 

When p r e v io u s  y e a r  p r e c i p i t a t i o n  i s  n o t p a r t i c u l a r l y  h ig h ,  c o v e r 

i n c r e a s e d  s l i g h t l y  a s  c u r r e n t  y e a r  p r e c i p i t a t i o n  i n c r e a s e d .  

T h read leaf sedge appeared to  be r e l a t i v e l y  d ro u g h t t o l e r a n t  b ecau se  

th e re  was some cover in  even th e  lo w est p r e c ip i ta t io n  reg im es. This 

i s  i n  a g re e m e n t w i th  r e s u l t s  p r e s e n te d  by Reed and P e te r s o n  (1961),
I

H u r t t  (1 9 5 1 ), and N ew bauer e t  a l .  (1980) who s t a t e d  t h a t  t h r e a d l e a f  

sed g e  i s  d ro u g h t t o l e r a n t  and does n o t lo s e  a s  much c o v e r  a s  o th e r  

sp e c ie s  du rin g  tim e s  o f drought.



Figure 24. Response o f Basal Cover of T hread leaf Sedge 
D e sc rip tio n  o f Graph, See Page 69. to  P r e c ip i ta t io n , Heavy Grazing. For
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MeedleXeaf Sedge

N e e d le le a f  sed g e  was g rap h ed  a t  o n ly  th e  m o d e ra te  and heavy 

g r a z in g  i n t e n s i t i e s  b e ca u se  o f  low  r 2 v a lu e s  a t  o th e r  g ra z in g  

i n t e n s i t i e s  (F ig s . 25 and 2 6 ). When c o n s id e r in g  b o th  g ra p h s , c o v e r  

appeared to  be g r e a te s t  when p r e c ip i ta t io n  d id  no t vary  in  co n secu tiv e  

y e a rs . The g r e a te s t  amounts occurred  when p r e c ip i ta t io n  was h ig h e s t.

The m oderate g raz in g  curve (F ig . 25) in d ic a te s  th a t  la rg e  amounts 

o f  cover were p re d ic te d  when c u rre n t y e a r p r e c ip i ta t io n  was high. The 

g r e a te s t  response  was observed a t  h igh  c u rre n t year p r e c ip i ta t io n  in  

com bination  w ith  average to  above average p rev ious y e a r  p re c ip i ta t io n .  

T h ere  w as a l s o  a s l i g h t  in c r e a s e  in  b a s a l  c o v e r  a t  low  am ounts o f  

c u r re n t y e a r p r e c ip i ta t io n .  T herefo re , ex trem ely  high o r low p rev ious
-i ■ '

y ear p r e c ip i ta t io n  seems to  d is fa v o r  b asa l cover, w h ile  extrem ely, high 

o r low c u rre n t y e a r p r e c ip i ta t io n  seems to  enhance cover.

On th e  heavy g raz in g  curve, only c o n s is te n t  p r e c ip i ta t io n  a llo w s 

th e  p re s e n c e  o f  t h i s  s p e c ie s  w ith  y e a r  to  y e a r  f l u c t u a t i o n s  c a u s in g  

l a r g e  n e g a t iv e  v a lu e s  to  be p r e d ic te d  (F ig , 26). C over was g r e a t e s t  

when p r e c i p i t a t i o n  was e i t h e r  v e ry  h ig h  o r  v e ry  low f o r  two 

co n secu tiv e  y e a r s .

M o d era te  s to c k in g  a p p e a rs  to  f a v o r  n e e d le le a f  sedge w ith  coyer 

being  6<;5 tim es  g r e a te r  under m oderate s to ck in g . Houston and Woodward 

(1966) a l s o  s t a t e d  t h a t  n e e d le le a f  sed g e  was fa v o re d  by m o d e ra te  

g raz in g , a lthough  Reed and P e te rson  (1961) concluded th a t  th e re  was no
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response  to  g raz in g . S ince i t  i s  a low producer o f fo rag e , n e e d le le a f  

sed g e  i s  n o t v e ry  im p o r ta n t  f o r  l i v e s t o c k  p ro d u c t io n  e s p e c i a l l y  a t  

th e se  r e l a t iv e ly  low amounts o f cover. 

tumble&rass

Cover was graphed f o r  nonuse, l i g h t ,  and heavy g raz in g  (F igs. 27= 

2 9 ). T u m b leg rass  showed g r e a t e s t  c o v e r  u n d e r nonuse  when p re v io u s  

y e a r  p r e c i p i t a t i o n  w as h ig h  and c u r r e n t  y e a r  p r e c i p i t a t i o n  was low  

(F ig . 27). Cover v a lu es  were g e n e ra lly  very  low o r even n eg a tiv e  f o r  

a l l  o th e r  p r e c i p i t a t i o n  reg im es^  The g ra p h s  f o r  l i g h t  and heavy  

g r a z in g  a r e  v e ry  s i m i l a r  w i th  g r e a t e r  am ounts o f  c o v e r  b e in g  

a s s o c i a t e d  w ith  y e a r  to  y e a r  f l u c t u a t i o n  i n  p r e c i p i t a t i o n  (F ig s . 28 

and 2 9 ). The m a jo r d i f f e r e n c e  b e tw een  g r a z in g  i n t e n s i t i e s  was t h a t  

p re d ic te d  cover under heavy g raz in g  was much g re a te r  th an  th a t  under 

l i g h t  g r a z in g ,  and t h i s  w ould  t h e r e f o r e  s u g g e s t  t h a t  heavy  g ra z in g  

f a v o r s  t h i s  s p e c ie s .  H ow ever, a ev en  g r e a t e r  am ount o f  c o v e r  was 

p re d ic te d  f o r  no g ra z in g , so tu m bleg rass i s  a p p a ren tly  a ls o  favored  by 

n o t being  grazed . Therefore^ th e se  r e s u l t s  ag ree  w ith  th o se  o f Reed 

and P e te rso n  (1961), a s  long  as  the  no g raz in g  category  i s  considered . 

S c a r le t  Globemallow

Good r^  v a lu es  w ere o b ta ined  fo r  s c a r l e t  globem allow  and cover 

w as t h e r e f o r e  g rap h ed  f o r  a l l  c a t e g o r i e s  c o n s id e re d  (F ig s .  30=34). 

When co m b in in g  a l l  q u a d r a ts  (F ig . 3 0 ), co v e r i s  g r e a t e s t  w ith  

c o n s i s t e n t l y  h ig h  p r e c i p i t a t i o n ,  and  i t  d e c r e a s e s  g r a d u a l ly  a s
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F igure  28 . Response o f B asal Cover o f Tumblegrass to  P r e c ip i ta t io n ,  L ight G razing. For 
D e sc rip tio n  o f  Graph, See Page 69.
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F igure  31. R e s p o n s e  o f  B a s a l  C o v e r  o f
D e s c r i p t i o n  o f  G r a p h , S e e

S c a r le t  Globemallow 
Page 69. to  P r e c ip i ta t io n , No G razing. For
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p r e c ip i ta t io n  d ecreases  in  th e  c u rre n t y ear. However, cover does no t 

d e c l in e  a s  r a p id ly  when p re v io u s  y e a r  p r e c i p i t a t i o n  d e c l i n e s ,  

i n d i c a t i n g  t h a t  p r e c i p i t a t i o n  i n  th e , p re v io u s  y e a r  may tie m ore 

im p o rtan t th an  c u rre n t y e a r  p r e c ip i ta t io n  f o r  enhancing cover. This 

s p e c ie s  a p p e a rs  to  tie f a i r l y  d ro u g h t t o l e r a n t ,  b ecau se  no n e g a t iv e  

v a lu e s  w ere  p r e d ic te d .  T h is  may i n d i c a t e  t h a t  i t  w ould  n o t tie 

e l im in a te d  by d ro u g h t o r  any o th e r  p r e c i p i t a t i o n  re g im e  t h a t  was 

co n sid e red .

S c a r le t  globem allow  ap p aren tly  needs a c e r ta in  amount o f  g raz in g  

p r e s s u r e  to  re m a in  i n  th e  s ta n d . When c o v e r  r e s p o n s e  from  u n g razed  

q u a d ra ts  was examined, most p re d ic te d  cover v a lues were n eg a tiv e . (Fig. 

31). The r e s u l t s  w ere j u s t  o p p o s ite  to  those  ob ta in ed  f o r  the  sp ec ie s  

when g r a z in g  o c c u r re d .  S c a r l e t  g lo b e m a llo w  p e r s i s t e d  u n d e r  nonuse 

only when the  amount o f  p r e c ip i ta t io n  f lu c tu a te d  w idely  from y ear to  

y ear. The g r e a te s t  amount o f cover occu rred  during  th e  most extrem e 

f lu c tu a t io n s .

The l i g h t  and m oderate g raz in g  in te n s i ty  curves (F igs. 32 and 33) 

a r e  a lm o s t  i d e n t i c a l  w ith  th e  p r im a ry  d i f f e r e n c e s  o c c u r r in g  a t  low  

le v e l s  o f p r e c ip i ta t io n .  Both curves a re  a lso  very s im i la r  to  th e  a l l  

q u ad ra ts  combined curve (F ig . 30). The g re a te s t  cover o ccu rred  when

p r e c i p i t a t i o n  was h ig h  f o r  two c o n s e c u t iv e  y e a r s .  U n d e r , l ig h t
;

g r a z in g ,  th e  c o v e r  d e c re a s e d  l i n e a r l y  a s  b o th  p re v io u s  and c u r r e n t  

a n n u a l p r e c i p i t a t i o n  d e c l in e d .  The sam e re s p o n se  o c c u r re d  on th e
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m o d e ra te  g r a z in g  c u rv e  e x c e p t  a t  lo w e r  l e v e l s  o f  c u r r e n t  y e a r  

p r e c ip i ta t io n .  When t h i s  occurred  w ith  low le v e ls  o f  p rev ious y ear 

p r e c ip i ta t io n ,  cover tended to  in c r e a s e  g r a d u a l ly  a s  c u r r e n t  a n n u a l 

p r e c ip i ta t io n  in c re a se d . When i t  o ccu rred  a t  h igh le v e l s  o f p rev ious 

y ear p r e c ip i ta t io n ,  p re d ic te d  cover v a lu es  became n eg a tiv e . Cover was 

c o n s e q u e n tly  h ig h e s t  u n d e r low c u r r e n t  y e a r  p r e c i p i t a t i o n  when 

p rev io u s  y ear p r e c ip i ta t io n  was average.

C over was h ig h e s t  u n d e r heavy g r a z in g  when p r e v io u s  y e a r  

p r e c ip i ta t io n  was h ig h e s t , and c u rre n t y ear p r e c ip i ta t io n  was lo w est 

(F ig . 3 4 ). At low  l e v e l s  o f  p re v io u s  y e a r  p r e c i p i t a t i o n ,  how ever, 

c o v e r  in c r e a s e d  a s  c u r r e n t  y e a r  p r e c i p i t a t i o n  in c r e a s e d .  In  t h i s  

re s p e c t ,  th e  curve was s im i la r  to  curves a s so c ia te d  w ith  o th e r  g raz in g  

i n t e n s i t i e s .  However, p rev io u s  y ear p r e c ip i ta t io n  and p r e c ip i ta t io n  

f l u c t u a t i o n s  b e tw een  y e a r s  a p p e a re d  to  p la y  a g r e a t e r  r o l e  in  

d e te rm in in g  b asa l cover a t  heavy g raz in g  i n t e n s i t i e s .

C oupland (1958) r e p o r te d  t h a t  c o v e r  in c r e a s e d  d u r in g  d ro u g h t. 

H ow ever, my r e s u l t s  i n d i c a t e  t h a t  c o v e r  w i l l  d e c r e a s e  w ith  low  

p r e c ip i ta t io n  except i f  no t grazed.

S c a r l e t  g lo b em a llo w  i s  c o n s id e re d  to  be o f  low v a lu e  a s  fo ra g e  

f o r  c a t t l e .  A r e d u c t io n  i n  c o v e r o f  t h i s  s p e c ie s  i s  c o n s e q u e n tly  

d e s ir a b le  fo r  l iv e s to c k  p roduction . S ince heavy g raz in g  re s u l te d  in  

th e  lo w e s t  am ount o f  p r e d ic te d  c o v e r , t h i s  a p p e a rs  to  be th e  b e s t  

g raz in g  in te n s i ty  to  use to  r e g u la te  s c a r l e t  globem allow . My r e s u l t s
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a r e  i n  d i r e c t  c o n f l i c t  w i th  th o s e  o f  Reed and P e te rs o n  (1 961). They 

s t a t e d  t h a t  th e  s p e c ie s  re sp o n d ed  f a v o r a b ly  to  heavy g ra z in g . 

However, my r e s u l t s  in d ic a te d  th a t  cu rves a re  s im i la r  a t  a l l  g raz in g  

i n t e n s i t i e s  and th a t  th e re  i s  a c tu a l ly  l i t t l e  d if fe re n c e  in  th e  amount 

o f  cover p re d ic te d . This ag rees  c lo se ly  w ith  the  r e s u l t s  o f Houston 

and Woodward (1966) who s t a t e d  t h a t  t h e r e  was no d i f f e r e n t  re s p o n se  

b e tw een  g r a z in g  i n t e n s i t i e s .  I t  sh o u ld  b e ,n o te d  t h a t  th e  co v e r o f  

s c a r l e t  globem allow  i s  so low in  a l l  c ase s  th a t  i t  seldom p re se n ts  a 

problem on t h i s  range.

N eedle-and-Thread

A cceptable r 2 v a lu es  were o b ta in ed  and cover was graphed f o r  a l l  

q u a d ra ts  combined, l i g h t ,  and heavy g raz in g  (F igs. 35-37). A ll curves 

a r e  v e ry  s i m i l a r  w i th  th e  h ig h e s t  am ount o f  c o v e r  o c c u r r in g  when 

p r e c i p i t a t i o n  i s  c o n s i s t e n t l y  h ig h  f o r  tw o y e a r s .  C over d e c re a se d  

l in e a r ly  a s  p r e c ip i ta t io n  decreased , r e g a rd le s s  o f th e  y e a r in  which 

th e  p r e c i p i t a t i o n  o c c u r r e d .  N e g a tiv e  v a lu e s  o f  c o v e r  w ere  n ev er 

p re d ic te d  excep t under heavy g raz in g  when p r e c ip i ta t io n  i s  ex trem ely  

low f o r  two co n secu tiv e  y e a rs . In  th i s  case  the  p la n ts  were sev e re ly  

s t r e s s e d  by both drought and heavy g raz in g  p re ssu re . This in d ic a te d  

t h a t  t h i s  s p e c ie s  i s  h ig h ly  d ro u g h t t o l e r a n t  a s  lo n g  a s  i t  i s  n o t 

o v e rg ra z e d . The a c t u a l  am ount o f  c o v e r  i s  much g r e a t e r  when a l l  

q u a d r a t s  a r e  com bined  th a n  u n d e r e i t h e r  l i g h t  o r  heavy  g ra z in g  

in t e n s i t i e s .  This probably  in d ic a te s  th a t  th e  p re d ic te d  cover would
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F igu re  36. Response o f 
D esc rip tio n

B asal Cover o f Needle-and-Thread to  P r e c ip i ta t io n  
o f  Graph, See Page 69.
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be co n sid e rab ly  h ig h e r on e i th e r  nonuse o r m oderate s to ck in g . Based on 

th e  g r a z in g  i n t e n s i t i e s  t h a t  w ere  g ra p h e d , i t  a p p e a rs  t h a t  l i g h t  

g r a z in g  p ro m o te s  m ore c o v e r  th a n  heavy  g ra z in g .  The d i f f e r e n c e  in  

amount i s  no t very s u b s ta n t ia l ,  however. L ight s to ck in g  i s  th e re fo re  

more advantageous fo r  l iv e s to c k  p ro duction  because need le= and-th read  

i s  c o n s id e re d  a d e s i r a b l e  fo r a g e  s p e c ie s .  B ased on th e  in f o r m a t io n  

a v a i l a b l e ,  th e s e  r e s u l t s  do n o t a p p e a r  to  d i f f e r  from  th o s e  o f  Reed 

and P e te r s o n  (1 961), H ouston  and Woodward (1 966), o r  C la rk  e t  a l .  

(1943).

Green M eedlearass

, A cceptable r^  v a lu es  were ob ta in ed  and cover was graphed fo r  a l l  

q u a d ra ts  combined, nonuse, and heavy g raz in g  (F igs. 38-40). The only 

p o r t i o n  i n  common among th e  t h r e e  g ra p h s  i s  th e  c e n te r  w here 

p r e c ip i ta t io n  i s  c o n s is te n t  between y e a rs  and near average. In  th i s  

c a se  th e  r e s u l t i n g  p r e d ic te d  c o v e r  i s  lo w . Each c u rv e  show s a 

d i f f e r e n t  response to  extrem e p r e c ip i ta t io n  v a lu es .

On t h e  a l l  q u a d r a t s  c u r v e  ( F ig .  3 8 ) ,  c o v e r  i s  h ig h  w hen 

p r e c i p i t a t i o n  i s  e i t h e r  h ig h  f o r  two c o n s e c u t iv e  y e a r s  o r  v a r i e s  

g re a t ly  from y ear to  y e a r w ith  a t  l e a s t  one high p r e c ip i ta t io n  y ear. 

C urren t y ear p r e c ip i ta t io n  appears to  a f f e c t  cover more because cover 

i s  g r e a te r  when i t  i s  h igh  and p rev ious yeSr p r e c ip i ta t io n  i s  low.

On th e  nonuse c u rv e  (F ig . 39)„ b a s a l  co v e r i s  g r e a t e s t  when 

p r e c ip i ta t io n  i s  h igh in  both y e a rs . There i s  a lso  a s l i g h t  in c re a se .
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F igure 40. Response o f B asal Cover o f Green N eedlegrass 
D e sc rip tio n  o f Graph, See Page 69. to  P r e c ip i ta t io n , Heavy G razing. For
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i n  cover when p r e c ip i ta t io n  i s  c o n s is te n tly  low. The lo w e s t amount o f  

cover occurred  when p r e c ip i ta t io n  f lu c tu a te d  from y ear to  y ear. Green 

n e e d le g r a s s  i s  o f t e n  a s s o c i a t e d  w i th  w e s te rn  W h e a tg ra s s 6 and u n d e r 

nonuse, i t s  cover appears  to  have an in v e rse  r e la t io n s h ip  w ith  w este rn  

w h e a tg ra s s  c o v e r . As d is c u s s e d  e a r l i e r ,  a s i m i l a r  r e s p o n s e  was 

observed w ith  b u ffa lo g ra s s .

With heavy g raz in g , g reen  n eed leg ra ss  had high  cover va lu es  under 

any e x tre m e  p r e c i p i t a t i o n  re g im e  (F ig . 40). T h is  w as o b se rv e d  when 

p r e c i p i t a t i o n  am oun ts  w ere  c o n s i s t e n t l y  h ig h , c o n s i s t e n t l y  lo w , o r  

f lu c tu a te d  between y e a rs . In  t h i s  r e s p e c t ,  i t  appeared to  respond in  

a s im i la r  manner as  red  threeaw n. , .

Green n eed leg ra ss  i s  u su a lly  co n sidered  to  be a h ig h ly  p ro d u c tiv e  , 

and d e s i r a b l e  fo r a g e  s p e c ie s  t h a t  d e c r e a s e s  r a p id ly  u n d e r g ra z in g  

p re s su re . However, my d a ta  seem to  in d ic a te  th a t  t h i s  h y p o th esis  may 

n o t be v a l i d .  The g r e a t e s t  am o u n t.o f c o v e r  was p r e d ic te d  f o r  heavy 

g r a z in g .  F u r th e rm o re , g re e n  n e e d le g r a s s  te n d e d  to  in c r e a s e  c o v e r 

u n d e r m ore p r e c i p i t a t i o n  re g im e s  u n d e r heavy  g r a z in g  th a n  u n d e r 

p r o t e c t i o n  from  g ra z in g .  These r e s u l t s  do n o t a g re e  w ith  th o s e  o f 

Reed and P e te r s o n  (1961) o r  H ouston  and Woodward (1966) who s t a t e d  

th a t  th e re  i s  e i th e r  no response to  g raz in g  o r a fa v o ra b le  response to  

l i g h t  g raz in g  or nonuse.
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SUMMARY AND CONCLUSIONS

The purpose o f t h i s  study was to  q u a n t i ta t iv e ly  d e sc rib e  changes 

in  b asa l cover o f v e g e ta tio n  in  response to  v a r ia t io n  in  p r e c ip i ta t io n  

and. g raz in g  in te n s i ty .  The o b je c t iv e s  w ere:

1. To i n v e s t i g a t e  th e  r e l a t i o n s h i p  b e tw een  p la n t  com m unity 

com position  and amount o f p r e c ip i ta t io n ,

2. To examine the  e f f e c t  of g raz in g  in te n s i ty  on th e  r e la t io n s h ip  

b e tw e e n  p l a n t  c o m m u n ity  c o m p o s i t i o n  an d  am o u n t o f  

p r e c ip i ta t io n .

3 . To exam ine m anagem ent a l t e r n a t i v e s  th a t  maximize d e s ira b le  

p la n t  c o m m u n itie s  f o r  l i v e s t o c k  p ro d u c t io n  u n d e r v a r i a b l e  

c l im a tic  c o n d itio n s .

B asa l c o v e r d a ta  o f I 42 s p e c ie s  c o m p ile d  o v e r a 24 y e a r  p e r io d  

betw een 1932 and 1956 a t  the  L ivestock  and Range Research S ta tio n  near 

M ile s  C ity ,  M ontana w ere  a n a ly z e d  i n  t h i s  s tu d y  to  d e te rm in e  w hich  

s p e c ie s  showed a r e l a t i o n s h i p  b e tw een  b a s a l  c o v e r and an n u a l 

p r e c ip i ta t io n .  S evera l p lo t t in g  tech n iq u es  were used to  v is u a l iz e  the  

r e l a t i o n s h i p  b e tw een  co v e r and p r e c i p i t a t i o n .  B ased on th e s e  

tech n iq u es , 21 sp e c ie s  were s e le c te d  fo r  fu r th e r  d a ta  a n a ly s is  which 

em ployed m u l t i p l e  r e g r e s s io n  te c h n iq u e s , w ith  b a s a l  c o v e r a s  th e  

d e p en d e n t v a r i a b l e  and p r e c i p i t a t i o n  p a ra m e te r s  a s  th e  in d e p e n d e n t 

v a r ia b le s .  B asal cover under sev e ra l g raz in g  tre a tm e n ts  was p re d ic ted  

u s in g  a n n u a l p la n t  y e a r  p r e c i p i t a t i o n  f o r  two c o n s e c u t iv e  y e a r s  o r
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c u m u la t iv e  e a r ly  g ro w in g  s e a s o n  p r e c i p i t a t i o n .  T h e se  g r a z i n g  

t r e a tm e n t s  in c lu d e d  t h r e e , d i f f e r e n t  s to c k in g  r a te s ,  no g raz in g , and 

a l l  g raz in g  i n t e n s i t i e s  combined. B asal cover o f tw elve sp e c ie s  th a t  

a re  c o n s t i tu e n ts  o f  the  mixed g ra s s  p r a i r i e  o f so u th ea s t Montana were 

r e l i a b ly  e s tim a te d  based on annual p la n t  y ear p r e c ip i ta t io n  fo r  two

c o n s e c u t iv e  y e a r s .  A ll o f  th e s e  s p e c ie s  a r e  common c o n s t i t u e n t s  o f
■ ■ ,

most p la n t com m unities in  t h i s  re g io n , and some of them a re  th e  most 

abundant sp ec ie s  in  many p la n t com m unities. I t  appeared th a t  cover 

r e l a t i o n s h i p s  o f  o th e r  s p e c ie s  c o u ld  a l s o  be e s t a b l i s h e d  by u s in g  

s i m i l a r  r e g r e s s io n  te c h n iq u e s  and by in t r o d u c in g  o th e r  in d e p e n d e n t 

v a r ia b le s .

A f te r  e x am in in g  th e  p r e d ic te d  c o v e r  o f  each  s p e c ie s ,  i t  was 

ap p aren t th a t  each sp e c ie s  r e a c ts  to  p r e c ip i ta t io n  reg im es and g raz in g  

tre a tm e n ts  in  a unique manner. A sp e c ie s  may respond d i f f e r e n t ly  to  

th e  same p r e c i p i t a t i o n  re g im e  when s u b je c te d  to  d i f f e r e n t  g ra z in g  

i n t e n s i t i e s .  Because o f th i s ,  i t  i s  d i f f i c u l t ,  i f  not im p o ss ib le , to  

p r e d i c t  how c o v e r o f  th e  e n t i r e  p la n t  com m unity w i l l  re sp o n d  to  a 

g iven  p r e c ip i ta t io n  regim e. Because each sp ec ie s  has i t s  own response 

to  p r e c ip i ta t io n ,  c o n s ta n t changes can be expected in  the  com position 

o f  th e  p la n t  com m unity  a s  th e  p r e c i p i t a t i o n  re g im e  c h an g e s . The 

s p e c ie s  t h a t  a r e  f a v o re d  and d is fa v o re d , w i l l  l i k e w i s e  change in  

a c c o rd a n c e  w ith  p r e v a i l i n g  p r e c i p i t a t i o n .  My r e s u l t s  a re  th e re fo re
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su p p o rtiv e  o f those  o f p a s t re s e a rc h e rs  such as Cook and Sims (1975). 

For management purposes, the  dominant sp e c ie s  in  the p la n t comm 

need  to  be i d e n t i f i e d ,  and th e n  c o n s id e r a t io n  can  be g iv e n  to  how

th a t  th e  p r e c ip i ta t io n  regim e changes, however, i t  should be r e a l iz e d

e f f e c t  on management d e c is io n s .

I t  i s  a lso  ap p aren t th a t  many sp e c ie s  have evolved an a b i l i t y  to

commonly a p a r t  o f th e  c lim a te  o f  th e  N orthern  G reat P la in s . They may

ex trem es occur, as w este rn  w heatg rass o r red  threeaw n do; o r may have 

the  a b i l i t y  to  respond q u ick ly  to  any in c re a se s  in  p r e c ip i ta t io n ,  a s  

b u ffa lo g ra s s  o r n eed le -an d -th read  do.

For th e  tw elve  sp e c ie s  considered  in  d e ta i l ,  m oderate g raz in g  i s  

th e  m ost co n d u c iv e  to  th e  optim um  am ount o f  co v e r d e s i r e d  f o r  more 

sp e c ie s  than  any o th e r  g raz in g  in te n s i ty .  Species w ith  optimum cover 

under m oderate s to ck in g  in c lu d e d  w e s te rn  w h e a tg ra s s ,  r e d  th re e aw n , 

f r in g e d  sagew ort, b lue grama, b u ffa lo g ra s s , and n e e d le le a f  sedge. Two 

sp e c ie s  ( s c a r l e t  globem allow and g re e n  n e e d le g r a s s )  re a c h e d  optim um  

c o v e r  u n d e r heavy g r a z in g ,  w h ile  n eed le -an d -th read  o b ta in ed  optimum 

cover under l ig h t  g raz in g . The optimum g raz in g  in te n s i ty  could  not be 

d e te rm in e d  f o r  tw o s p e c ie s  (w e s te rn  y a rro w  and t h r e a d l e a f  sed g e )

p r e c ip i ta t io n  reg im es a f f e c t  the  cover o f those sp e c ie s . In  the  event

th a t  an o th er sp e c ie s  m ight become dom inant. This m ight then  have an

re sp o n d  to  f l u c t u a t i o n s  and e x tre m e s  in  p r e c i p i t a t i o n  th a t  a re

have evolved the  a b i l i t y  to  o b ta in  maximum cover when f lu c tu a t io n s  and
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b e ca u se  o n ly  one g r a z in g  i n t e n s i t y  was s tu d ie d .  These c o n c lu s io n s  

a g re e  w ith  th o s e  o f  Reed and P e te r s o n  (1961) and H u r t t  (1951), who 

a l s o  recom m ended th e  m o d e ra te  g r a z in g  i n t e n s i t y  on t h i s  ra n g e . I t  

t h e r e f o r e  a p p e a rs  t h a t  m o d e ra te  s to c k in g  o f  .92 ha (2.3 a c r e s )  p e r  

AUM, o r 5.52 ha (13.8 a c re s )  per anim al u n i t  fo r  the  e n t i r e  s ix  months 

o f summer g raz in g  would p rov ide c o n d itio n s  fo r  optimum developm ent of 

p la n t cover. Because the  cover o f a l l  sp e c ie s  f lu c tu a te d  from none or 

very  l i t t l e  to  th e  maximum amount due to  changes in  th e  p r e c ip i ta t io n  

reg im e, i t  i s  a lso  ap p aren t th a t  s to ck in g  r a te  needs to  be a d ju s te d  to  

c o in c id e  w ith  th e  fo r a g e  a v a i l a b l e .  A lthough  b a s a l  c o v e r  i s  n o t a 

d i r e c t  measurement o f the  fo rag e  a v a ila b le  f o r  l iv e s to c k , i t  p rov ides 

a r e l i a b l e  in d e x  to  th e  am ount o f  p la n t  b a s a l  m a te r i a l  a v a i l a b l e  to  

produce fo rag e . My r e s u l t s  th e re fo re  support the  recom m endations of

Reed and P e te r s o n  (1961) and H u r t t  (1951) t h a t  a c tu a l  s to c k in g  r a t e s
, ,

f o r  a s i t e  need to  be s e t  and a d ju s te d  based on fo rage  u t i l i z a t i o n  o r

ra n g e  co n d itio n .
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Included  a re  graphs o f 48 s p e c ie s . For an ex p lan a tio n  o f these  

g rap h s, see page 41. The sp e c ie s  from Table I th a t  do no t have graphs 

In  appendix A showed such a poor r e la t io n s h ip  th a t  no graph was 

p r in te d  fo r  them. In  most o f th ese  c a se s , cover was only  recorded  in  

one o r two y ea rs  throughout th e  study p e rio d . T h erefo re , a 

r e la t io n s h ip  could hot be determ ined between cover and p r e c ip i ta t io n  

f o r  th e se  sp e c ie s .

The v e r t i c a l  a x is  re p re se n ts  basa l cover (cm^) o f the  sp ec ie s  

being considered  and the  h o riz o n ta l a x is  re p re se n ts  y e a rs  from 1931 

th rough 1968. Data from th e  p eriod  a f t e r  1956 was no t considered  

because o f in c o n s i te n c ie s  in  the  methododogy of reco rd in g  q u a d ra ts .
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Figure Al. Basal Cover (cm^) of Western Yarrow by Years

F i g u r e  A 2 . B a s a l  C o v e r  (cm 2 ) o f  T h i c k s p i k e  W h e a t g r a s s  by Y e a r s
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Figure A3. B asal Cover (cm2 ) o f W estern W heatgrass by Years

F i g u r e  A 4 . B a s a l  C o v e r  (cm 2 ) o f  B lu e b u n c h  W h e a t g r a s s  by Y e a r s
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F igure AS. B asal Cover (cm^) of S lender W heatgrass by Years
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F i g u r e  A 6 . B a s a l  C o v e r  (cm 2 ) o f  F i e l d  P u s s y t o e s  by Y e a r s
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Figure A7. Basal Cover (cm2 ) o f Red Threeawn by Years

F i g u r e  A S . B a s a l  C o v e r  (cm 2 ) o f  H o ary  T a n s y a s t e r  by Y e a r s
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F igure A9. Basal Cover (cm^) o f T ansy leaf A ster by Years

F i g u r e  AI O. B a s a l  C o v e r  ( c u r )  o f  T h r e e l e a v e d  M i lk v e t c h  by Y e a r s
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Figure Al l .  B asal Cover (cm^) o f S ilv e r  Sagebrush by Years

n  . 9T . 9

F i g u r e  A l 2 .  B a s a l  C o v e r  ( c m2 ) o f  F r i n g e d  S a g e w o r t  by Y e a r s
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Figure A13. Basal Cover (cm^) o f Big Sagebrush by Years

1 0 0 .  e

F i g u r e  Al 4 .  B a s a l  C o v e r  ( c m ^ )  o f  S h a d s c a l e  by Y e a r s
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F igure A15. B asal Cover (cm2 ) o f N u tta ll  S a ltbush  by Years

l f . »

F i g u r e  A 1 6 .  B a s a l  C o v e r  (cm 2 ) o f  B l u e  Grama by Y e a r s
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F igure A l?. B asal Cover (cm^) o f C heatgrass by Years

l e o o . o

F i g u r e  A 1 8 .  B a s a l  C o v e r  (cm 2 ) o f  B u f f a l o g r a s s  by Y e a r s
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F igure A19. B asal Cover (cm2 ) o f P r a i r ie  Sandreed by Years

F i g u r e  A 2 0 .  B a s a l  C o v e r  (cm 2 ) o f  T h r e a d l e a f  S e d g e  by Y e a r s
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Figure A21. Basal Cover (cm^) of Needleleaf Sedge by Years
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Figure A22. Basal Cover (cm2) of Winterfat by Years
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F igure A23* Basal Cover (cm^) o f W estern Tansymustard by Years

F i g u r e  A 2 4 .  B a s a l  C o v e r  (c m ^ )  o f  I n l a n d  S a l t g r a s s  by Y e a r s
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Figure A25. B asal Cover (co^) o f Snow-On-The-Mountain by Years

F i g u r e  A 2 6 .  B a s a l  C o v e r  ( c a r )  o f  L i t t l e  B a r l e y  by Y e a r s
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F igure A27. Basal Cover (cm^) of P r a i r ie  Junegrass by Years

14.1
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F igure A28. Basal Cover (cm2 ) o f P incushion Cactus by Years
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F igure  A29. Basal Cover (cm^) of F a lse  B u ffa lo g rass  by Years
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F i g u r e  A 3 0 .  B a s a l  C o v e r  (cm 2 ) o f  P l a i n s  P r i c k l y p e a r  by Y e a r s
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----------------------------------------------------Y!*?________________
F igure A3I .  Basal Cover (cm^) o f Hoods Phlox by Years

F i g u r e  A 3 2 .  B a s a l  C o v e r  (cm 2 ) o f  B i g  B l u e g r a s s  by Y e a r s
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F igure  A33. Basal Cover (cm2 ) of Kentucky B luegrass by Years

171 .«

F i g u r e  A 3 4 .  B a s a l  C o v e r  (cm 2 ) o f  S a n d b e r g  B l u e g r a s s  by Y e a r s
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F igu re  A35. Basal Cover (cm2 ) o f R ussian T h is t le  ( S a lso la  k a l i ) by Years

1 1 . 0

_______________________________  YEWl

F igure A36. B asal Cover (cm2 ) of R ussian T h is tle  ( S. o e s t l f e r ) by Years



156
It.S i-

#.# •

7.1 *

8.7

•
4.1

S
I

2 8 -

—

A
I .4 - /X  -

/
0.0

—

YEim

F igure A37• B asal Cover (cm2 ) o f Greasewood by Years
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F i g u r e  A 3 8 .  B a s a l  C o v e r  (cm 2 ) o f  T u m b l e g r a s s  by Y e a r s
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F igure  A39. B asal Cover (cm2 ) o f L i t t l e  Bluestem by Years
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F igu re  A40. Basal Cover (cm2 ) o f B o ttle b ru sh  S q u i r r e l t a i l  by Years
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F igure A41. B asal Cover (cm^) of S c a r le t  Globemallow by Years

171 .4

F i g u r e  A 4 2 .  B a s a l  C o v e r  (cm 2 ) o f  S a n d  D r o p s e e d  by Y e a r s
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F igure A43. Basal Cover (cm2 ) o f Needle-And-Thread by Years

F i g u r e  A 4 4 .  B a s a l  C o v e r  (cm 2 ) o f  G r e e n  N e e d l e g r a s s  by Y e a r s
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F igure A45. B asal Cover (cm^) o f F ie ld  Pennycress by Years

F i g u r e  A 4 6 .  B a s a l  C o v e r  ( c n r )  o f  A m e r i c a n  V e t c h  by Y e a r s
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F igure A47. B asal Cover (cm2 ) of S ix Weeks Grass by Years
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F i g u r e  A 4 8 .  B a s a l  C o v e r  (cm 2 ) o f  Broom  S n a k e w e e d  by Y e a r s
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Included  a re  graphs o f 21 s p e c ie s . For an e x p la n a tio n  o f th ese  

g rap h s, see page 42. These 21 sp e c ie s  a re  the  same as  th ose  in d ic a te d  

by an a s t e r i s k  in  Table 3 .

The v e r t i c a l  a x is  re p re se n ts  b asa l cover (cm2 ) o f th e  sp ec ie s  

being  considered  and the  h o r iz o n ta l  a x is  r e p re s e n ts  annual 

p r e c ip i ta t io n  ( in c h e s ) .  Annual p r e c ip i ta t io n  was determ ined on a 

ca le n d a r y ear b a s is .
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F igure  BI. Basal Cover o f W estern Yarrow (cm2) vs. Ppt. ( in .)

F i g u r e  B 2 .  B a s a l  C o v e r  o f  W e s t e r n  W h e a t g r a s s  (cm 2 ) v s .  p p t .  ( i n . )



F i g u r e  B 3 .  B a s a l  C o v e r  o f  Red T h r e e a w n  (cm 2 ) v s .  P p t .  ( i n . )

F i g u r e  B 4 .  B a s a l  C o v e r  o f  S i l v e r  S a g e b r u s h  ( c n r )  v s .  p p t .  ( i n . )
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F igure  B5. B asal Cover of Fringed Sagewort (cm2 ) v s . P p t. ( i n . )

F i g u r e  B 6 .  B a s a l  C o v e r  o f  B i g  S a g e b r u s h  (cm 2 ) v s .  p p t .  ( i n . )
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Figure B7. B asal Cover o f  Blue Grama (cm2 ) v s . P p t. ( i n . )

F i g u r e  B 8 .  B a s a l  C o v e r  o f  B u f f a l o g r a s s  (cm 2 ) v s .  p p t .  ( i n . )
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F igure  B9. B asal Cover o f T h read leaf Sedge (cm2) vs. Ppt. ( in .)
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F i g u r e  B I O . B a s a l  C o v e r  o f  N e e d l e l e a f  S e d g e  (cm 2 ) v s .  p p t .  ( i n . )
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F igure  BH. B asal Cover of S ix Weeks Grass (cm2) vs. Ppt. (in .)
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F i g u r e  B 1 2 .  B a s a l  C o v e r  o f  P i n c u s h i o n  C a c t u s  (cm 2 ) v s .  p p t .  ( i n . )
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F igure  B13. Basal Cover of P la in s  P rick ly p ea r (cm2) vs. Ppt. (in .)

r p . »

F i g u r e  B 1 4 .  B a s a l  C o v e r  o f  H o o d s  P h l o x  (cm 2 ) v s .  p p t .  ( i n . )
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F igure  B15. Basal Cover o f Woolly P la n ta in  (cm2) vs. Ppt. (in .)

F i g u r e  B I 6 .  B a s a l  C o v e r  o f  S a n d b e r g  B l u e g r a s s  (cm 2 ) v s .  p p t .  ( i n . )
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Figure BI?. B asal Cover o f Tum blegrass (Cm4i) vs. Ppt. ( in .)
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F i g u r e  B 1 8 .  B a s a l  C o v e r  o f  S c a r l e t  G l o b e m a l l o w  (cm 2 ) v s .  p p t .  ( i n . )
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PRELIP.

Figure BI9. Basal Cover of Sand Dropseed (cm2) vs. Ppt. ( in .)

F i g u r e  B 2 0 .  B a s a l  C o v e r  o f  N e e d l e - A n d - T h r e a d  (cm 2 ) v s .  p p t .  ( i n . )
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F igure B21. Basal Cover o f Green N eedlegrass (cm2) vs. Ppt. (in .)
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These p re d ic t iv e  equ atio n s  were used to  p re d ic t  th e  r 2 v a lues 

p re sen ted  in  Appendix D and to  develop th e  response s u rfa c e s  p resen ted  

in  th e  r e s u l t s  and d is c u ss io n  (F ig s . 3 -4 0 ) .,

The form at o f th ese  p re d ic t iv e  eq u a tio n s  i s  the  same as  th a t  in  

Equation I (Table 2 ) .  The l im i t s  o f th e  p r e c ip i ta t io n  range fo r  which 

th ese  eq u a tio n s  were developed and can th e re fo re  be considered  

a c c u ra te  i s  d esc rib ed  on page 70. The r 2 values fo r  each eq uation  a re  

p re sen ted  in  Tables 11 through 15.
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T a b l e  C l .  P r e d i c t i v e  E q u a t i o n s  F o r  E a c h  S p e c i e s ,  A l l  Q u a d r a t s

w este rn  w heatg rass:

Y = 314.94552 -  124.279 X1 + 11.8775 X12 -  4.83999 X2 +

3.55881 X22 -  .525034 X12X2

red  threeaw n:

Y = 127.04529 -  28.5771 X1 + 1.75123 X12 + 1.81926 X2 + 

.30904 X22 -  .0578837 X12X2

fr in g e d  sagew ort:

Y = -116.48492 + 5.15864 X1 + .30566 X12 + 18.6792 X2 -

.978152 X22 + .0258527 X1X22 -  .112216 X12X2 + 

.00449175 X12X22

blue grama:

Y = 168.71558 -  250.312 X1 + 32.4161 X12 + 241.647 X2 +

17.4964 X22 -  45.7052 X1X2

b u ffa lo g ra s s :

Y = -596.02415 -  4.92507 X1 + 4.75403 X12 + 104.578 X2 +

.269783 X1X22
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Table C l. continued

tum bleg rass:

Y = 135.59773 + 5.3621 X1 + 7.08009 X2 -  67.8864 X22 -

.428921 X1X22 + .194891 X12X2 

s c a r l e t  globemallow:

Y = 3.2561017 -  ^244123 X1 + .612354 X2 -  .00347786 X1X22 +

.000226045 X12X22

n e e d le -a n d -th rea d :

Y = -115.84551 + 9.36894 X1 + 8.69832 X2 + .0897017 X1X2 

green  n e e d le g ra s s :

Y = -388.33155 + 24.7982 X1 + 1.05042 X12 * 82.3713 X2 -

2.74464 X22 -  7.92769 X1X2 + .301237 X1X22 .
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T a b l e  C 2 .  P r e d i c t i v e  E q u a t i o n s  F o r  E a c h  S p e c i e s ,  No G r a z i n g

w este rn  yarrow:

Y = 20.046803 * .661224 X1 + .192152 X12 -  4.382 X2 +

.384692 X22 -  .308826 X1X2

blue grama:

Y = -10089.855 -  414774 X1 + 137.308 X12 + 1101.26 X2 +

157.195 X1X2 -  12.4052 X1X22 -  25.0029 X12X2 + 

1.23554 X12X22

b u ffa lo g ra s s :

Y = -15490.895 -  291.462 X1 + 160.399 X12 + 2709.16 X2 -

102.35 X22 -  23.3204 X12X2 + .903136 X12X22

s c a r l e t  globemallow:

Y = -71.783237 +' 9.29841 X1 _ .148333 X12 + 7.75859 X2 ^

.0900293 X22 -  .851612 X1X2 -  .00120556 X12X22

green  n eed leg ra ss :

Y = 730.63662 -  48.8834 X1 + .506737 X12 -  59.8564 X2 +

.27439 X1X22
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T a b l e  C 3 .  P r e d i c t i v e  E q u a t i o n s  F o r  E a c h  S p e c i e s ,  L i g h t  G r a z i n g

w este rn  w heatg rass:

Y = 281.96973 -  84.4277 X1 + 7.30098 X12 -  I .79236 X2 +

2.14408 X22 -  .302763 X12X2

red  threeaw n:

Y = 9534.872 -  1497.58 X1 + 57.702 X12 -  1616.18 X2 +

68.1226 X22 + 249.923 X1X2 -  10.3495 X1X22 -  

9.49594 X12X2 + .387236 X12X22

fr in g e d  sagew ort:

Y = 6.5587718 + 1.58895 X1 -  4.84677 X2 + .349201 X22 -

.00660262 X12X2

blue grama:

Y = 104550.85 -  17246.5 X1 + 706.303 X12 -  16595.5 X2 +

663.123 X22 + 2685.71 X1X2 -  104.505 X1X22 -  

107.697 X12X2 + 4.10807 X12X22

b u ffa lo g ra s s :

Y % 10500.415 -  1077.36 X1 + 29.4025 X12 -  1716.08 X2 +

95.8159 X22 + 112.903 X1X2 -  5099788 X1X22
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Table C3. continued

tum blegrass:

Y = 49.302923 -  25.6069 X1 + 2.22567 X12 + 1.45874 X2 +

.635546 X22 -  .0984811 X12X2 

s c a r l e t  globemallow:

Y = 5.4501815 -  .227872 X1 -  .113289 X2 + .000191289 X12X22

n e e d le -a n d -th re a d :

Y = 23.302652 -  7.02391 X1 -  2.08849 X2 + 1.71237 X1X2

L



T a b l e  C 4 .  P r e d i c t i v e  E q u a t i o n s  F o r  E a c h  S p e c i e s ,  M o d e r a t e  G r a z i n g

w este rn  w heatg rass:

Y = -1133743 + 61.6811 X1 + 9.20687 X12 + 126.245 X2 +

6.14131 X22 -  22.9712 X1X2

red  threeaw n:

Y = 161.2628 -  4.41035 X1 -  13-382 X2 + 1.79356 X22 -

2.96938 X1X2 + .211868 X12X2 -  .0070872 X12X22

fr in g e d  sagew ort:

Y = 19.19.6825 -  .487076 X1 -  3-37432 X2 + .230495 X22
r

blue grama:

Y = 4125.9981 -  143.617 X1 -  897.905 X2 + 92.1704 X22 -

5.58251 X1X22 + 3-19802 X12X2

b u ffa lo g ra s s :

Y = -350.33276 + 108.94 X1 -  40.9804 X2 + 1.21977 X1X22 

n e e d le le a f  sedge:

Y = 2.1617686 -  4.45732 X1 + 5.24831 X2 -  .0459848 X1X22 +

.0585517 X12X2



Table C4. continued
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s c a r l e t  globemallow:

Y = -20.80817 -  1.30123 X1 + 5/49619 X2 -  .253495 Xg2 -  

.28289 X1X2 + .0159205 X1X22



T a b l e  C S . P r e d i c t i v e  E q u a t i o n s  F o r  E a c h  S p e c i e s ,  H e a v y  G r a z i n g

w este rn  w heatg rass:

Y = 235.62474 -  105.6 X1 + 10.1142 X12 + 1.04026 X2 +

3.01918 X22 -  .445206 X12X2

red  threeaw n:

Y = 2747.7708 -  428.534 X1 + 16.3466 X12 -  452.976 X2 +

18.5732 X22 + 69.3053 X1X2 -  2.78545 X1X22 -  

2.59423 X12X2.+  .102359 X12X22

b u ffa lo g ra s s :

Y = -1569.4267 -  70.8638 X1 + 24.9654 X12 + 240.621 X2 +

10.713 X22 -  15.9065 X1X2 -  .672488 X12X2

th re a d le a f  sedge:

Y = 113.85799 + 7.55602 X1 -  .822696 X12 -  35.0759 X2 +

3.74578 X22 + .506401 X1X2 -  .269074 X1X22 +

.167261 X12X2

n e e d le le a f  sedge:

Y = 41.26365 -  .745211 X1 -  .0918709 X12 -  5.45874 X2 +

.0774817 X22 + .24617 X1X2
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Table CS. continued

tum bleg rass:

Y = -216.91736 + 9.10557 X1 + 2.21234 X12 + 20.1123 X2 +

2.03869 X22 -  5.17404 X1X2 

s c a r l e t  globemallow:

Y = -3.6343506 -  .879599 X1 + .0722715 X12 + 1.51661 X2 -

.0769598 X1X2

n e ed le -a n d -th rea d :

Y = -58.564653 + 3.47362 X1 + 4.17649 X2 + .609354 X1X2 

green  n e e d le g ra s s :

Y = 16930.547 -  2686.29 X1 + 104.01 X12 -  2790.2 X2 +

112.95 X22 + 437.841 X1X2 -  17.4778 X1X22 -  

16.7842 X12X2 + .663431 X12X22



APPENDIX D



Values p re sen ted  were ob ta ined  u sing  th e  p re d ic t iv e  equations 

p re sen te d  in  Appendix C. These v a lu es  were used to  develop the  

response  su rfa c e s  (F ig s . 3 -4 0 ).



1 8 8

T a b l e  D l . P r e d i c t e d  C o v e r  V a l u e s  o £  W e s t e r n  Y a rr o w  f o r  G i v e n
P r e c i p i t a t i o n  R e g im e s

p rev . c u rre n t a l l  no l i g h t  mod. heavy
y r .  p p t. y r . p p t. q u ad ra ts  g raz in g  g raz in g  g raz in g  g raz in g

4 4 4 .2
8 8 -3 .1

12 12 - 1 .9
16 16 8.0
20 20 26.4

4 8 0 .2
8 12 0 .2

12 16 8 .9
16 20 26.1
20 4 . 47.5

4 12 8.5
8 16 16.0

12 20 32.0
16 4 27.5
20 6 23.8

4 16 29.1
8 20 44.0

12 4 13.6
16 8 8.6
20 12 12.3

4 20 62.1
8 4 5 .8

12 8 -0 .3
16 12 2.1
20 16 13:2



1 8 9

T a b l e  D 2 .  P r e d i c t e d  C o v e r  V a l u e s  o f  W e s t e r n  W h e a t g r a s s  f o r  G i v e n
P r e c i p i t a t i o n  R e g im e s

p rev .
PP t.

c u rre n t 
y r .  p p t.

a l l
q u ad ra ts

no l ig h t
g raz in g  g raz in g

mod.
g ra z in g z

heavy
graz ing

4 4 11.8 68.8 -504 .0 —1.0
8 8 1.1 41.5 -1 1 8 .2  , 11.8

12 12 81.1 83.8 23.7 103.1
16 16 50.3 79.3 -7 8 .4 102.0
20 20 -293 .0 -8 8 .4 -424 .4 -162.4

4 8 129.7 145.2 -7 1 .2 119.6
8 12 132.1 128.3 143.0 143.6

12 16 157.9 142.3 113.8 189.1
16 20 5.8 70.6 -159 .3 85.2
20 4 1777.7 1056.1 2548.2 1509.7

4 12 361.5 290.1 556.9 336.8
. 8 16 376.9 283.7 600.7 371.9
12 20 348.7 269.3 400.5 371.6
16 4 867.0 517.0 1343.2 732.0
20 8 1089.2 667.1 1510.3 946.8

4 16 707-1 503.7 1382.2 650.6
8 20 735.6 . 507.7 1254.9 696.9

12 4 269.1 172.8 432.9 221.0
16 8 480.8 302.5 672.9 425.4
20 12 514.6 346.6 668.9 480.4

4 20 1166.7 785.9 2403.9 1061.0
. 8 4 — 16.0 23.4 -182 .9 -23 .3
12 8 118.1 94.0 130.0 113.7
16 12 208.6 156.6 199.0 215.4
20 16 53.8 94.8 24.0 110.7



1 9 0

Table D3. P red ic ted Cover Values of Fringed Sagewbrt f o r  Given
P r e c ip i ta t io n  Regimes

X

p rev . c u rre n t a l l no l ig h t mod. heavy
y r .  p p t. y r .  p p t. q u ad ra ts g raz in g g raz in g g raz in g graz ing

4 4 -3 6 .3 -1 .3 7 .4
8 8 3.6 —0 «7 3.0

12 12 • 7 .3 5.6 6 .0
16 16 3 .0 15.1 16.3
20 20 43.9 25.0 34.0

4 8 -7 .7 -4 .4 5 .0
8 12 8.5 6 .0 7 .9

12 16 7 .4 21.3 18.2
16 20 29.6 38.8 35.9
20 4 23.3 13.3 -0 .4

4 12 -4 .9 3.7 9.9
8 16 —3.0 23.9 20.2

12 20 4.6 48.1 37.9
16 4 12.1 11.0 1.6
20 8 -2 6 .4 -0 .5 —2.8 i

4 16 —28 • I 22.9 22.1
8 20 -3 1 .0 53.0 39.8

12 4 — 1.6 . 7 .8 3 .5
16 8 -5 .7 1.2 -0 .9
20 12 -3 9 .5 -3 .2 2.1

4 20 -7 7 .2 ■ 53.3 41.8
8 4 -1 7 .7 3.7 5 .5

12 8 4.3 1.1 1.1
16 12 -8 .7 2.6 4 .0
20 16 -16.1 5.3 14.3
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T a b l e  D 4 ,  P r e d i c t e d  C o v e r  V a l u e s  o f  Red T h r e e a w n  f o r  G i v e n
P r e c i p i t a t i o n  R e g im e s

prev . 
y r .  p p t.

c u rre n t 
y r .  p p t.

a l l
q u ad ra ts

no l ig h t
g raz in g  g raz in g

mod.
g raz in g

heavy
graz in g

4 4 49.3 1020,8 83.1 571.2
8 8 15.1 97.0 23.6 29.8

12 12 2 .4 9 .8 -0 .3 —1.8
16 16 -1 1 .3 -17 .0 -1 4 .6 -2 2 .5
20 20 -48 .1 718.1 -8 8 .6 95.6

4 8 67.7 427.2 76.3 137.3
8 12 32.3 6 .8 37.0 -2 .7

12 16 10.8 34.0 13.8 1.0
16 20 -1 8 .9 21.4 -4 0 .8 -37.1
20 4 175.3 1253.9 105.1 356.7

4 12 95.9 -1 3 .0 123.4 —6.6
8 16 59.3 239.7 93.5 55.0

12 20 29.2  . 47.4 53.1 -1 .3
16 4 70.0 177.0 64.3 45.4
20 8 104.6 354.7 105.0 115.1

4 16 134.1 600.2 224.4 139.7
8 20 96.2 , 795.8 193.1 203.1

12 4 15.1 -7 0 .8 47.0 -22 .6
16 8 33.6 60.8 37.9 18.8
20 12 43.8 -3 4 .4 72.7 -8 .9

4 20 182.2 2266.9 379.1 576.0
8 4 7 .9 510.4 . 53.3 152.6

12 8 3 .8 -25 .1 10.8 -9 .7
16 12 6 .2 —3 • 8 11.6 -3 .9
20 16 -7 .1 86.8 8.1 -15 .4



1 9 2

T a b l e  D 5 .  P r e d i c t e d  C o v e r  V a l u e s  o f  B l u e  Grama f o r  G i v e n
P r e c i p i t a t i o n  R e g im e s

p rev . 
y r .  p p t.

c u rre n t 
y r .  p p t.

a l l
q u ad ra ts

no
g raz in g

l ig h t
g raz in g

mod.
g raz in g

heavy
g raz in g

it 4 201.4 -4869.8 21535.7 1282.0
8 8 368.6 -484.1 1522.5 472.1

12 12 .670.5 84.3 884.8 780.7
16 16 . 1107.1 1440.5 1236.1 1292.3
20 20 1678.2 15777.0 9429.2 1091.5

4 8 1276.5 -1143.1 6152.4 1247.5
8 12 1272.3 614.4 712.4 1500.3

12 16 1402.8 398.8 1452.3 1851.9
16 20 1668.0 6608.8 2605.4 1387.0
20 4 5719.0 16648.1 21761.2 2467.3

4 12 2911.5 1628.0 715.6 3447.9
8 16 2735.9 1066.5 2782.1 4048.9

12 20 . 2695.0 1640.6 2039.5 3729.1
16 4 2783.6 8529.9 5325.2 1557.0
20 8 3869.0 4627.2 8299.5 3057.9

4 16 5106.3 3443.7 5225.4 7883.3
8 20 4759.4 872.2 7731.8 8118.0

12 4 885.6 . 2237.6 -191.1 1056.0
16 8 1664.9 2401.0 2596.1 1377.3
20 12 2578.9 475.0 1756.8 3025.5

4 20 7861.1 4303.8 19681.9 14553.6
8 4 24.8 -2229.0 5212.4 964.3

12 8 498.1 697.3 337.0 515.3
16 12 1106.0 37.9 1233.0 1289.1
20 16 1848.6 4191.6 2133.4 2370.0

V,



1 9 3

T a b l e  D 6 .  P r e d i c t e d , C o v e r  V a l u e s  o f  B u f f a l o g r a s s  f o r  G i v e n
P r e c i p i t a t i o n  R e g im e s

p rev . c u rre n t a l l  no l ig h t  mod. heavy
y r .  p p t. y r .  p p t. q u ad ra ts  g raz in g  g raz in g  g raz in g  g raz in g

4 4 -104.1 -6152.6 2752.7 -5 9 .0 -617.1
8 8 643.7 -675.3 321.6 271.4 710.0

12 . 12 . 1750.9 308.2 903.9 640.9 2153.6
16 16 3321.4 1713.1 2196.3 1049.3 3455.8
20 20 5458.6 14002.7 1895.6 1496.9 4358.5

4 8 366.1 -1027 .8 1142.5 -164 .3 562.1
8 12 1234.8 626.7 897.0 205.1 1848.5

12 16 2532.1 812.9 2129.3 613.6 3165.4
16 20 4361.8 7219.9 2536.2 1061.1 4254.8
20 4 1711*8 20505.7 2494.6 1684.1 5785.5

4 12 870.8 1284.2 1830.8 -230 .6 2084.2
8 16 1895.0 503.0 3003.1 177.8 3329.8

12 20 3417.0 2203.4 4117.7 625.3 4520.0
16 4 1029.6 9925.9 1148.0 1248.3 3115.6
20 8 2389.3 6455.1 - 3503.6 1578.7 4914.5

4 16 1410.1 783.4 4817.7 -257 .9 3949.0
8 20 2624.4 -1046.7 6639.9 189.6 5153.9

12 4 • 499.6 1956.2 742.1 812.5 1158.5
16 8 1655.3 3066.1 1502.1 1142.9 2886.2
20 12 3239.6 687.8 3740.1 1512.4 4386.4

4 20 1983.9 -2530.4 10103.0 -246 .2 6145.7
8 4 121.7 -3403.3 1277.0 376.8 -85 .7

12 8 1073.4 689.3 441.5 707.2 1484.6
16 12 2419.2 328.5 1851.6 1076.6 2999.6
20 16 4262.7 3203.6 3204.1 1485.1 4201.0



1 9 4

T a b l e  D 7 .  P r e d i c t e d  C o v e r  V a l u e s  o f  T h r e a d l e a f  S e d g e  f o r  G i v e n
P r e c i p i t a t i o n  R e g im e s

p rev . c u rre n t a l l  no l ig h t  mod. heavy
y r .  p p t. y r .  p p t. q u ad ra ts  g raz in g  g raz in g  g raz in g  g raz in g

4 4 ' 52.1
8 8 60:9

12 1.2 101.1
16 16 133.6
20 20 119.1
»4 8 58.7
8 12 107.1

12 16 139.3
16 20 116.1
20 4 77.0

4 12 150.8
8 16 204.3

12 20 194.1
16 4 u 78.2
20 8 165.9

4 16 328.3
8 20 352.4

12 4 74.5
16 8 114.5
20 12 202.6

4 20 591.3
8 4 65.8

12 8 79.5
16 12 133.0
20 16 187.0
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T a b l e  D 8 .  P r e d i c t e d  C o v e r  V a l u e s  o f  N e e d l e l e a f  S e d g e  f o r  G i v e n
P r e c i p i t a t i o n  R e g im e s

p re v . c u rre n t a l l  no l i g h t  mod. heavy
y r .  p p t. y r .  p p t. q u ad ra ts  g raz in g  g raz in g  g raz in g  g raz in g

4 4 6.1 20.1
8 8 14.6 6 .4

12 12 32.4 0.1
16 16 64.0 1.1
20 20 114.0 9.6

4 8 22.0 5 .9
8 12 21.0 —1.4

12 16 25.0 - 1 .3
16 20 38.4 6.1
20 4 12.1 -1 1 .4

4 12 31.9 -5 .8
8 16 15.7 —6 «7

.12 20 -0 .1 -0 .3
16 4 -0 .5 0 .9
20 8 81.7 —9.8

4 16 36.0 -15.1
8 20 -1 .5  . -9 .6

12 4 -5 .7 10.3
16 8 44.5 -1 .5
20 12 121.9 -5 .8

4 20 ' 34.2 -2 1 .9
8 4 -3 .5 16.7

12 8 22.1 3.9
16 12 66.0 -1 .4
20 16 132.7 0.6
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T a b l e  D 9 .  P r e d i c t e d  C o v e r  V a l u e s  o f  T u m b l e g r a s s  f o r  G iv e n
P r e c i p i t a t i o n  R e g im e s

p rev .
p p t.

c u rre n t 
y r .  p p t.

a l l  no
q u ad ra ts  g raz in g

l ig h t
g raz in g

mod.
g raz in g

heavy
graz ing

4 4 *■882 • 4 -7 .8 -114 .8
8 8 -121 .5 -11 .0 -4 2 .2

12 12 39.2 2 .2 0.8
16 16 -128 .2 —6 . 1 14.3
20 20 -1279.6 -7 3 .3 —I »8

4 8 -551 .9 22.3 -1 9 .3
8 12 209.8 20.6 35.8

12 16 225.4 22.7 61.2
16 20 -705 .9 -9 .1 57.2
20 4 -3145.4 286.8 549.2

4 12 512.8 72.6 141.5
8 16 1038.7 72.5 179.0

12 20 515.1 63.5 187.0
16 4 — 1086 • 6 125.1 277.0
20 8 -946 .2 166.3 313.6

4 16 2311.6 143.3 367.5
8 20 2365.3 144.6 387.5 ,

12 4 -2 3 .2 22.1 75.6
16 8 -318 .6 61.0 124.2
20 12 94.8 66.1 143.2

4 20 4844.6 234.3 658.8
8 ■ 4 44.9 -2 2 .2 -55 .0

12 8 -4 3 .7 2.0 5.6
16 12 0 .8 17.3 36.6
20 16 -2 2 .3 -13 .7 38.1



1 9 7

T a b l e  D IO . P r e d i c t e d  C o v e r  V a l u e s  o f  S c a r l e t  G l o b e m a l l o w  f o r  G i v e n
P r e c i p i t a t i o n  R e g im e s

p rev .
p p t.

c u rre n t 
y r .  p p t.

a l l
q u ad ra ts

no
g raz in g

l ig h t
g raz in g

mod.
g raz in g

heavy
graz in g

4 4 , 4 .6 20.7 4.1 -1 .2 *»1 m2

8 8 5 .5 -1 .0 3 .5 7 .5 1.1
12 12 6 .6 -3 .3 5.5 11.2 3 .2
16 16 10.0 -1 2 .4 13.1 16.3 5.3
20 20 18.6 —6.6 30.6 28.7 7.1

4 . 8 6.6 -6 .9 3 .8 7 .2 3 .7
8 12 7 .0 0 .7 4.1 10.4 4.7

12 16 8 .3 -7 .1 8 .3 12.8 5.7
16 20 12.9 -1 2 .0 20.0 20.6 6 .4
20 4 1.1 22.8 1.7 5.6 7 .5

4 12 6.4 4.6 3.6 9.5 8.5
8 16 8 .2 1 .6 5.1 9.3 8 .3

12 20 9.7 -9 .2 12.0 12.4 8.0
16 4 1.8 18.7 2 .2 3 .9 1.9
20 8 4 .5 0 .6 5.1 8.2 7 .4

4 16 . 9 .8 13-7 3 .5 5 .8 13.3
8 20 9.1 1.6 6 .5 4 .2 11.9

12 4 2 .7 9 .5 2.7 2 .2 —
16 8 4.4 2 .7  ' 4 .2 7 .9 3.0
20 12 8.6 -1 1 .7 11.0 12.9 7.3

4 20 11.0 20.5 3.6 -3 .9 18.2
8 4 3.6 -3 .5 3.4 0 .5 -2 .5

12 8 4 .8 2 .2 3.6 7 .7 0.9
16 12 7 .2 -7 .5 7 .8 12.1 4.1
20 16 13.3 -1 4 .2 19.6 19.7 7.2



1 9 8

T a b l e  D l l .  P r e d i c t e d  C o v e r  V a l u e s  o f  N e e d l e - a n d - T h r e a d  f o r  G i v e n
P r e c i p i t a t i o n  R e g im e s

p rev . c u r re n t a l l  no l i g h t  mod. heavy
y r .  p p t. y r .  p p t. q u ad ra ts  g raz in g  g raz in g  g raz in g  g raz in g

4 4 1360.6 14.5 —18.2
8 8 2873.4 , 60.0 41.6

12 12 4422.6 160.5 120.9
16 16 6008.0 315.8 219.7
20 .20 7629.8 525.9 ' 338.0

4 8 2166.4 33.3 8.2
8 12 3697.4 106.4 77.8

12 16 5264.7 234.3 166.9
16 20 6868.3 417.0 275.4
20 4 . 4116.0 11.4 76.3

4 12 2972.2 52.3 34.7
8 16 4521.4 152.8 114.0

12 20 6106.8 308.1 212.8
16 4 3427.1 12.1 52.7
20 8 4994.4 140.0 141.8

4 16 3778.0 71.4 61.1
8 20 5345.3 199.3 150.2

12 4 2738.3 12.8 29.1
16 8 4287.4 113.3 108.3
20 12 5872.9 268.6 207.2

4 20 4583.8 90.4 87.6
8 4 2049.5 13.5 5 .4

12 8 3580.4 86.7 75.0
16 12 5147.7 214.6 164.1
20 16 6751.3 397.2 272.6



1 9 9

T a b l e  D 1 2 .  P r e d i c t e d  C o v e r  V a l u e s  o f  G r e e n  N e e d l e g r a s s  f o r  G i v e n
P r e c i p i t a t i o n  R e g im e s

p rev . 
y r .  p p t.

c u rre n t 
y r .  p p t.

a l l
q u ad ra ts

no
g raz in g

, l ig h t  
g raz in g

mod. heavy
g raz in g  g raz in g

4 4 -9 4 .4  . 329.3 3478.4
8 8 7 .3 49.5 199.4

12 12 32.1 49.5 199.4
16 16 95.8 274.9 49.0
20 20 313.8 990.7 1305.2

4 8 34.3 142.5 823.8
. 8 12 56.1 -14 .6 —2.6
12 16 78.2 125.1 88.0
16 20 216.1 666.8 159.5
20 4 275.3 -156 .0 2278.3

4 12 113.7 -9 .2 -114.0
8 16 94.1 -8 .5 293-3

12 20 151.9 359.1 86.8
16 4 132.5 -5 9 .0 299.1
20 8 127.7 -132.3 662.7

4 16 143.7 -12 5 .9 664.8 .
8 20 121.4 67.7 - ^ 1087.1

12 4 23.3 54.2 -160 .5
16 8 54.0 -8 8 .0 118.8
20 12 85.0 66.6 -38.1

4 20 124.4 -207 .5 3161.3
8 4 -5 2 .3 183.7 899.2

12 8 13.8 -2 7 .4 -35 .6
16 12 41.7 23.3 35.4
20 16 147.0 441.0 179.1
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