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ABSTRACT 

T r a n s p i r a t i o n a l  water  u s e  (TWU) b y  r i p a r i a n  v e g e t a t i o n  i n  t h e  
L i t t l e  L a r a m i e  R i v e r  d r a i n a g e  o f  s o u t h e a s t  Wyoming was e s t i m a t e d  
f r o m  f i e l d  m e a s u r e m e n t s  o f  l e a f  a r e a s ,  s t o m a t a 1  c o n d u c t a n c e s ,  a n d  
m i c r o c l i m a t e  a t  f i v e  r e p r e s e n t a t i v e  s t u d y  s i t e s .  T h e s e  s i t e s  
were l a r g e  a n d  sma l l  n a t u r a l  s t reams a n d  l a r g e  a n d  s m a l l  
i r r i g a t i o n  d i t c h e s  a t  l o w  e l e v a t i o n  ( b e l o w  8 ,000  f t ) ,  a n d  a n  
a l p i n e  s o u r c e  b a s i n  a t  h i g h  e l e v a t i o n  ( 1 0 , 6 0 0  f t ) .  Woody 
p h r e a t o p h y t e s  - c o t t o n w o o d  a n d  w i l l o w  s p e c i e s  - were t h e  m a j o r  
c o n s u m e r s  o f  w a t e r ,  p e r  u n i t  o f  l e a f  a r e a  a n d  f o r  e n t i r e  r i p a r i a n  
z o n e s ,  a t  t h e  l o w - e l e v a t i o n  s i t e s .  I n  t h e  a l p i n e  s o u r c e  b a s i n ,  
d w a r f  w i l l o w s ,  b r o a d l e a v e d  h e r b s ,  a n d  s e d g e s  were t h e  m a j o r  
c o n s u m e r s  o f  wate  C o t t o n w o o d  u s e d  more w a t e r  p e r  u n i t  l e a  
a r e a  ( 1 8 5  l b s  f t  ) t h a n  d i d  t h e  w i l l o w s  ( 1 0 3  t o  119  l b s  a t  
l o w  e l e v a t i o n ,  b u t  a n n u a l  w i l l o w  TiJU was l a r g e r  t h a n  c o t t o n w o o d  
b e c a u s e  w i l l o w  t h i c k e t s  o c c u p i e d  a g r e a t e r  a r e a  t h a n  d i d  
c o t t o n w o o d  g r o v e s .  A t  h i g h  e l e v a t i o y ,  m a r s h  m a r i g o l d  u s e d  m o r e  
water p e r  u n i t  l e 2 f  a r e a  ( 4 0  l b s  f t -  ) t h a n  d i d  w i l l o w s  o r  s e d g e s  
(30  t o  3 3  l b s  f t -  ) ,  b u t  i t s  a n n u a l  TWU was l e s s  t h a n  t h e  o t h e r  
s p e c i e s  b e c a u s e  o f  i t s  l e s s e r  t o t a l  l e a f  a r e a .  

i n  t h e  a l p i n e  s o u r c e  b a s i n  a n d  r a n g e d  f r o m  19 t o  47 i n c h e s  i n  t h e  
l o w - e l e v a t i o n  r i p a r i a n  z o n e s ,  T W U / s t r e a m f l o w  r a t i o s  i n c r e a s e d  a s  
s t r e a m f l o w s  d e c r e a s e d  b e c a u s e  t h e  r a t i o  o f  t r a n s p i r i n g  l e a f  a r e a  
t o  s t r e a m f l o w  was h i g h e r  a l o n g  s m a l l e r  s t reams.  T h e  c o m b i n a t i o n  
of  l o w  s t r e a m f l o w s ,  maximum r i p a r i a n  l e a f  a r e a s ,  a n d  maximum 
d a i l y  water  u s e  r a t e s  i n  l a t e  summer  r e s u l t e d  i n  g r e a t e r  
T W U / s t r e a m f l o w  r a t i o s  i n  A u g u s t .  

A n n u a l  T W U / s t r e a m f l o w  r a t i o s  i n  1986 were l e s s  t h a n  o n e  
p e r c e n t  f o r  t h e  l a r g e  a n d  s m a l l  n a t u r a l  s t reams a n d  t h e  l a r g e  
i r r i g a t i o n  d i t c h ,  t w o  p e r c e n t  f o r  t h e  s m a l l  i r r i g a t i o n  d i t c h ,  a n d  
f o u r  p e r c e n t  f o r  t h e  a l p i n e  s o u r c e  b a s i n .  Mid-  t o  l a t e  summer  
T W U / s t r e a m f l o w  r a t i o s  e x c e e d e d  t e n  p e r c e n t  f o r  b o t h  t h e  sma l l  
n a t u r a l  s t r eam a n d  t h e  s m a l l  i r r i g a t i o n  d i t c h .  When TWU was 
e x t r a p o l a t e d  t o  t h e  e n t i r e  L i t t l e  L a r a m i e  d r a i n a g e ,  t h e  a n n u a l  
T W U / s t r e a m f l o w  r a t i o  was a b o u t  t h r e e  p e r c e n t .  T h e  p r o p o r t i o n  o f  
t o t a l  d r a i n a g e  TWU c o n t r i b u t e d  by  e a c h  m a j o r  c l a s s  o f  r i p a r i a n  
z o n e  d e c r e a s e d  f r o m  l o w - e l e v a t i o n  n a t u r a l  s t r eams  ( 6 2  p e r c e n t )  t o  
l o w - e l e v a t i o n  i r r i g a t i o n  d i t c h e s  ( 3 4  p e r c e n t )  t o  a l p i n e  s o u r c e  
b a s i n s  ( 4  p e r c e n t ) .  

R i p a r i a n  z o n e  TWU i s  a r e l a t i v e l y  m i n o r  q u a n t i t y  c o m p a r e d  t o  
t o t a l  s t r e a m f l o w  a l o n g  most  s t ream c h a n n e l s  i n  s o u t h e a s t  Wyoming.  
S m a l l  s t r e a m f l o w  i n c r e a s e s  m i g h t  b e  a c h i e v e d  i n  m i d -  t o  l a t e  
summer  by  s u b s t i t u t i n g  w i l l o w s  f o r  c o t t o n w o o d s  a l o n g  i r r i g a t i o n  
d i t c h e s .  TWU o f  a l p i n e  r i p a r i a n  v e g e t a t i o n  n e e d s  t o  b e  a c c o u n t e d  
f o r  i n  m o d e l s  o f  water  d e l i v e r y  f r o m  m o u n t a i n s  t o  v a l l e y s .  When 
g r o w i n g  s e a s o n  p r e c i p i t a t i o n  a n d  water  s t o r a g e  i n  r e s e r v o i r s  a n d  
water  t a b l e s  i s  t a k e n  i n t o  a c c o u n t ,  r i p a r i a n  TWU i s  a 
q u a n t i t a t i v e l y  u n i m p o r t a n t  c o m p o n e n t  o f  r i v e r  d r a i n a g e  water  
b u d g e t s  i n  s o u t h e a s t  Wyoming.  

- 5 .  

R i p a r i a n  z o n e  TWU f o r  t h e  g r o w i n g  s e a s o n  o f  1986 was 5 i n c h e s  
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INTRODUCTION 

V e r y  l i t t l e  q u a n t i t a t i v e  o r  e v e n  q u a l i t a t i v e  i n f o r m a t i o n  i s  
a v a i l a b l e  r e g a r d i n g  t h e  p o t e n t i a l  a v e n u e s  o f  wa te r  l o s s  a s  stream 
water  m o v e s  f r o m  s o u r c e  r e g i o n s  a t  h i g h  e l e v a t i o n s  t o  l o w -  
e l e v a t i o n  v a l l e y s  a n d  p l a i n s  i n  Wyoming.  B e c a u s e  m o s t  o f  Wyoming 
i s  s e m i a r i d ,  wa te r  i s  i n  s h o r t  s u p p l y  r e l a t i v e  t o  demand  i n  s o m e  
a r e a s ,  e s p e c i a l l y  i n  t h e  o v e r a p p r o p r i a t e d  N o r t h  P l a t t e  R i v e r  
d r a i n a g e .  A g r i c u l t u r e  i s  d e p e n d e n t  o n  i r r i g a t i o n ,  w h i l e  
m u n i c i p a l  a n d  i n d u s t r i a l  d e m a n d s  f o r  water  a r e  g r o w i n g .  

m o u n t a i n s .  T h i s  water  f o l l o w s  n a t u r a l  s t ream c h a n n e l s  a n d  
a r t i f i c i a l  i r r i g a t i o n  c h a n n e l s  d o w n h i l l  a n d  o u t  a c r o s s  t h e  
p l a i n s .  A t  a l l  p o i n t s  a l o n g  t h e s e  s t ream s y s t e m s ,  s t r e a m f l o w  is 
s u b j e c t  t o  c o n v e y a n c e  l o s s e s .  T h e s e  l o s s e s  may b e  p e r m a n e n t  
( e v a p o r a t i o n ,  t r a n s p i r a t i o n ,  l o s s  t o  d e e p  a q u i f e r s )  o r  t e m p o r a r y  
( b a n k  s t o r a g e ) .  C l e a r l y ,  t h e  i d e n t i f i c a t i o n  a n d  q u a n t i f i c a t i o n  
o f  c o n v e y a n c e  l o s s e s  i s  n e c e s s a r y  f o r  d e v e l o p i n g  m o d e l s  o f  wa te r  
a v a i l a b i l i t y .  F u r t h e r m o r e ,  t h e s e  l o s s e s  may b e  s u b j e c t  t o  d i r e c t  
human m a n i p u l a t i o n  t o  r e d u c e  t h e i r  m a g n i t u d e  o r  t o  make  t h e m  
o c c u r  a t  t i m e s  o f  t h e  y e a r  when  water a v a i l a b i l i t y  i s  h i g h .  

l i t t l e  a t t e n t i o n  i s  t r a n s p i r a t i o n  by v e g e t a t i o n  o f  r i p a r i a n  
z o n e s .  T h e  d i u r n a l  a n d  s e a s o n a l  p a t t e r n s  o f  water  l o s t  v i a  
r i p a r i a n  p l a n t  t r a n s p i r a t i o n  a r e  v i r t u a l l y  u n k n o w n  i n  Wyoming o r  
f o r  a n y  h i g h - e l e v a t i o n ,  s e m i a r i d  e c o s y s t e m .  We d o  n o t  know 
w h e t h e r  t h e s e  l o s s e s  a r e  q u a n t i t a t i v e l y  s i g n i f i c a n t  c o m p a r e d  t o  
s t r e a m f l o w s  o r  how t h e y  c o m p a r e  t o  o t h e r  c o n v e y a n c e  l o s s e s ' .  

T h i s  s t u d y  m e a s u r e d  t r a n s p i r a t i o n a l  water  c o n s u m p t i o n  by 
r i p a r i a n  v e g e t a t i o n  g r o w i n g  a l o n g  n a t u r a l  s t reams a n d  i r r i g a t i o n  
d i t c h e s  i n  s o u t h e a s t  Wyoming.  C o m p a r i s o n s  were m a d e  b e t w e e n  
s p e c i e s ,  b e t w e e n  r i p a r i a n  p l a n t  c o m m u n i t i e s ,  b e t w e e n  s t ream 
t y p e s ,  a n d  b e t w e e n  d i f f e r e n t  e l e v a t i o n s .  R e l a t i o n s h i p s  b e t w e e n  
t r a n s p i r a t i o n ,  s t r e a m f l o w s ,  a n d  water  t a b l e  d e p t h s  were e x a m i n e d .  

M o s t  s t r e a m f l o w  i n  Wyoming o r i g i n a t e s  a s  s n o w m e l t  i n  t h e  

One  p o t e n t i a l l y  i m p o r t a n t  c o n v e y a n c e  l o s s  w h i c h  h a s  r e c e i v e d  

P r e v i o u s  R e s e a r c h  

R i p a r i a n  v e g e t a t i o n  i n  N o r t h  America c o n s i s t s  m o s t l y  o f  
p h r e a t o p h y t e s ,  p e r e n n i a l  woody  p l a n t s  w h o s e  d e e p  r o o t s  d r a w  u p o n  
water  t a b l e s  t h r o u g h o u t  t h e  g r o w i n g  s e a s o n  ( M e i n z e r  1 9 2 7 ) .  M o s t  
p r e v i o u s  r e s e a r c h  o n  r i p a r i a n  water  u s e  h a s  f o c u s e d  o n  
p h r e a t o p h y t e s ,  w i t h  t h e  m a j o r  i n t e r e s t  b e i n g  r e m o v a l  o f  water  
f r o m  s t reams d u e  t o  y h r e a t o p h y t e  e v a p o t r a n s p i r a t i o n  ( E T ) ,  a 
p h e n o m e n o n  r e f e r r e d  t o  a s  " s t r e a m f l o w  d e p l e t i o n . "  

c o n c e r n  i n  t h e  a r i d  s o u t h w e s t  U.S .  f o r  many y e a r s  ( R o b i n s o n  
1 9 5 8 ) .  D i r e c t  m e a s u r e m e n t  o f  p h r e a t o p h y t e  ET i n  n o n - w e i g h i n g  
l y s i m e t e r s  s h o w e d  a n n u a l  v a l u e s  r a n g i n g  f r o m  2 t o  1 2  i n c h e s  i n  
U t a h  ( W h i t e  1 9 3 2 ) ,  13 t o  4 7  i n c h e s  i n  N e v a d a  ( R o b i n s o n  1 9 7 0 ) ,  a n d  
36 t o  96 i n c h e s  i n  A r i z o n a  ( G a t e w o o d  e t  a l .  1950,  McDona ld  a n d  
H u g h e s  1968,  v a n  H y l c k a m a  1 9 7 0 ) .  A n n u a l  ET f r o m  w i l l o w  t h i c k e t s  
i n  N e v a d a  was 6 t o  15 i n c h e s  ( R o b i n s o n  1 9 7 0 ) .  A c t u a l  water  l o s s  
f r o m  t h e  p l a n t s  t h e m s e l v e s  ( t r a n s p i r a t i o n )  was l e s s  t h a n  t h e s e  
f i g u r e s  i n d i c a t e ,  s i n c e  s o i l  e v a p o r a t i o n  r a n g e d  f r o m  3 t o  6 

T h e  p o t e n t i a l  f o r  s t r e a m f l o w  d e p l e t i o n  h a s  b e e n  a s p e c i a l  
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i n c h e s  i n  U t a h  ( W h i t e  1 9 3 2 )  a n d  3 t o  4 5  i n c h e s  i n  A r i z o n a  
( G a t e w o o d  e t  a l .  1950,  M c D o n a l d  a n d  H u g h e s  1 9 6 8 ) .  D a i l y  . 

t r a n s p i r a t i o n  o f  s a l t c e d a r  ( T a m a r i x  c h i n e n s i s )  g r o w n  i n  t a n k s  was 
0 . 9  t o  6 . 2  i n c h e s  p e r  d a y  ( D a v e n p o r t  e t  a l .  1 9 8 2 ) .  A wa te r  
b u d g e t  m e t h o d  e s t i m a t e d  a n n u a l  p h r e a t o p h y t e  ET a l o n g  a n  A r i z o n a  
r i v e r  a t  5 2  i n c h e s ,  w i t h  maximum d a i l y  ET o f  0 . 4  i n c h e s  ( Q a s h u  
a n d  E v a n s  1 9 6 7 ) .  R e m o v a l  o f  p h r e a t o p h y t e  v e g e t a t i o n  a l o n g  a 
s t r e t c h  o f  t h e  G i l a  R i v e r  i n  A r i z o n a  r e d u c e d  r i p a r i a n  ET a n d  
i n c r e a s e d  s t r e a m f l o w  ( C u l l e r  1 9 7 0 ) .  

Meyboom ( 1 9 6 4 )  d e r i v e d  r i p a r i a n  ET u s e  f rom d a i l y  s t r e a m f l o w  
f l u c t u a t i o n s  i n  S a s k a t c h e w a n ,  C a n a d a .  A n n u a l  ET o f  w i l l o w s  
( S a l i x  d i s c o l o r )  a n d  w e s t e r n  c o t t o n w o o d  ( P o p u l u s  s a r g e n t i i )  was 
e s t i m a t e d  t o  b e  13 a n d  4 1  i n c h e s ,  r e s p e c t i v e l y .  N o n - w e i g h i n g  
l y s i m e t e r s  i n s t a l l e d  i n  a w i l l o w  ( S a l i x  v i m i n a l i s )  t h i c k e t  i n  
S w e d e n  i n d i c a t e d  a n n u a l  ET o f  5 i n c h e s ,  o f  w h i c h  c a .  20  p e r c e n t  
was e v a p o r a t i o n  ( K o w a l i k  a n d  E c k e r s t e n  1 9 8 4 ) .  

I n  Wyoming ,  a n n u a l  ET e s t i m a t e s  of  18 t o  27  i n c h e s  h a v e  b e e n  
m a d e  f o r  i r r i g a t e d  p a s t u r e s  w i t h  n o n - w e i g h i n g  l y s i m e t e r s  ( B o r e l l i  
a n d  B u r m a n  1 9 8 2 ,  P o c h o p  e t  a l .  1 9 8 6 ) ,  b u t  n o  d i r e c t  m e a s u r e m e n t s  
h a v e  b e e n  m a d e  f o r  p h r e a t o p h y t e s ,  w h i c h  i n  o u r  r e g i o n  a r e  
p r i m a r i l y  c o t t o n w o o d s  ( P o p u l u s  s p e c i e s )  a n d  w i l l o w s  ( S a l i x  
s p e c i e s ) .  V a n K l a v a r e n  e t  a l .  ( 1 9 7 5 ) ,  u s i n g  t h e  B l a n e y - C r i d d l e  
e q u a t i o n ,  c o m b i n e d  l o n g - t e r m  w e a t h e r  d a t a  a n d  water u s e  
c o e f f i c i e n t s  ( d e t e r m i n e d  f r o m  l y s i m e t e r  s t u d i e s )  m e a s u r e d  f o r  
w i l l o w s  a n d  c o t t o n w o o d s  i n  A r i z o n a  w i t h  t h e  t o t a l  a r e a  o f  
r i p a r i a n  v e g e t a t i o n  t o  e s t i m a t e  a mean a n n u a l  p h r e a t o p h y t e  ET 
a l o n g  t h e  B i g  L a r a m i e  R i v e r  o f  3 4  i n c h e s .  

C o m b i n e d  e n e r g y  b u d g e t / a e r o d y n a m i c  m e t h o d s  h a v e  a l s o  b e e n  u s e d  
t o  e s t i m a t e  p h r e a t o p h y t e  E T .  T h e s e  m e t h o d s  g i v e  g o o d  a g r e e m e n t  
w i t h  l y s i m e t e r  v a l u e s ,  p r o v i d e d  d i u r n a l  c h a n g e s  i n  p l a n t  s t o m a t a 1  
c o n d u c t a n c e  a r e  a c c o u n t e d  f o r  ( v a n  H y l c k a m a  1980, K o w a l i k  a n d  
E c k e r s t e n  1 9 8 4 ) .  

i n d i c a t e d  t h a t  s i g n i f i c a n t  f l u x e s  o f  water  o c c u r  f r o m  r i p a r i a n  
v e g e t a t i o n .  I n  a r i d  r e g i o n s ,  a n n u a l  p h r e a t o p h y t e  ET e x c e e d s  
a n n u a l  r a i n f a l l ,  a n d  t h e  p l a n t s  d r a w  u p o n  water  t a b l e s  a n d ,  
p r e s u m a b l y ,  s t r e a n f l o w s  t o  meet t h e i r  water  n e e d s .  

A n n u a l  ET e s t i m a t e s  f o r  t e m p e r a t e  z o n e  p h r e a t o p h y t e s  a r e  f e w .  

T o  s u m m a r i z e ,  p r e v i o u s  r e s e a r c h  on  p h r e a t o p h y t e  ET h a s  

H y p o t h e s e s  

( 1 )  P h r e a t o p h y t e s ,  woody  p l a n t s  w h o s e  d e e p  r o o t s  t a p  p e r e n n i a l  
water  t a b l e s ,  a r e  t h e  g r e a t e s t  c o n s u m e r s  o f  water i n  l o w -  
e l e v a t i o n  r i p a r i a n  z o n e s .  I n  h i g h - e l e v a t i o n  r i p a r i a n  z o n e s ,  
p h r e a t o p h y t e s  a n d  s h a l l o w - r o o t e d  h e r b a c e o u s  s p e c i e s  a r e  t h e  m o s t  
i m p o r t a n t  water  c o n s u m e r s .  

( 2 )  T r i b u t a r y  ( s m a l l - o r d e r )  s t ream s y s t e m s  h a v e  t h e  g r e a t e s t  
r e l a t i v e  water  d e p l e t i o n  ( a n n u a l  t r a n s p i r a t i o n  a s  a p r o p o r t i o n  o f  
a n n u a l  s t r e a m f l o w )  d u e  t o  t h e  g r e a t e s t  r a t i o  o f  r i p a r i a n  p l a n t  
l e a f  a r e a  t o  s t ream v o l u m e .  

( 3 )  T o t a l  r i p a r i a n  t r a n s p i r a t i o n  i s  q u a n t i t a t i v e l y  mos t  i m p o r t a n t  
d u r i n g  low s t r e a m f l o w  p e r i o d s  i n  l a t e  s u m m e r .  
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0 b-j ec  t i v  es  

(1)  I d e n t i f y  t h e  m a j o r  s p e c i e s  a n d  p l a n t  c o m m u n i t i e s  o c c u r r i n g  i n  
l o w -  a n d  h i g h - e l e v a t i o n  r i p a r i a n  z o n e s  a l o n g  l a r g e  a n d  s m a l l ,  
n a t u r a l  a n d  a r t i f i c i a l ,  s t ream c h a n n e l s .  

( 2 )  D e t e r m i n e  t o t a l  l e a f  a r e a  o f  e a c h  ma jo r  s p e c i e s  a n d  c o v e r  o f  
e a c h  ma jo r  p l a n t  c o m m u n i t y .  

( 3 )  D i r e c t l y  m e a s u r e  d a i l y  t r a n s p i r a t i o n  r a t e s  f o r  e a c h  m a j o r  
s p e c i e s  a n d  e s t i m a t e  s e a s o n a l  t r a n s p i r a t i o n  r a t e s .  

( 4 )  C a l c u l a t e  t o t a l  r i p a r i a n  z o n e  t r a n s p i r a t i o n a l  water  
c o n s u m p t i o n  f o r  v a r i o u s  l o w -  a n d  h i g h - e l e v a t i o n  streams a n d  
c o m p a r e  i t  t o  s t r e a m f l o w s .  

( 5 )  C o r r e l a t e  t r a n s p i r a t i o n  r a t e s  a n d  s t r e a m f l o w s  w i t h  water  
t a b l e  f l u c t u a t i o n s .  

( 6 )  E x t r a p o l a t e  r e s u l t s  t o  a n  e n t i r e  w a t e r s h e d .  
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METHODS 

O v e r a l l  F r a m e w o r k  

We c h o s e  t o  e s t i m a t e  r i p a r i a n  water  u s e  by  m u l t i p l y i n g  water  
u s e  r a t e s  p e r  u n i t  o f  l e a f  a r e a ,  a s  m e a s u r e d  d i r e c t l y  u s i n g  
d i f f u s i o n  p o r o m e t r y ,  by  t o t a l  l e a f  a r e a s  f o r  s p e c i f i c  s t u d y  
a r e a s .  T h i s  m e t h o d  h a s  s e v e r a l  a d v a n t a g e s  o v e r  l y s i n e t e r s :  1 )  i t  
m e a s u r e s  t h e  t r a n s p i r a t i o n  c o m p o n e n t  o f  ET,  2 )  i t  i s  c o m p a r a -  
t i v e l y  i n e x p e n s i v e  a n d  h i g h l y  p o r t a b l e ,  a n d  3 )  water  u s e  r a t e s  
c a n  b e  m e a s u r e d  w i t h  t e m p o r a l  r e s o l u t i o n  a s  s h o r t  a s  o n e  h o u r ,  
w h i l e  l y s i m e t e r s  a t  b e s t  m e a s u r e  o n l y  w e e k l y  water  u s e .  

f o l l o w i n g  e q u a t i o n ,  a n  a n a l o g y  t o  Ohm's  law f o r  e l e c t r i c i t y :  
T r a n s p i r a t i o n  p e r  u n i t  o f  l e a f  a r e a  ( E )  i s  c a l c u l a t e d  w i t h  t h e  

w h e r e  g 
l a y e r  c o n d u c t a n c e  t o  wa te r  v a p o r ,  a n d  L A V D  = l e a f - t o - a i r  water  
v a p o r  c o n c e n t r a t i o n  d i f f e r e n c e .  
s a t u r a t i o n  water  v a p o r  c o n c e n t r a t i o n  a t  l e a f  t e m p e r a t u r e  ( + 1 ) ,  
a n d  p = a t m o s p h e r i c  water  v a p o r  c o n c e n t r a t i o n  a t  a i r  t e m p e r a t u r e  
(T,) g n d  r e l a t i v e  h u m i d i t y  ( R H ) .  
m e a s u r e d  d i r e c t l y .  
w i n d s p e e d  u s i n g  c o n v e c t i v e  h e a t  t r a n s f e r  e q u a t i o n s .  

c u r v e s  may b e  i n t e g r a t e d  t o  c a l c u l a t e  c u m u l a t i v e  d a i l y  
t r a n s p i r a t i o n  ( E  ).  S i n c e  E i s  e x p r e s s e d  p e r  u n i t  o f  l e a f  a r e a ,  
a n d  s i n c e  i n d i v i i u a l  s p e c i e s  d i f f e r  i n  E d ,  e a c h  s p e c i e s '  l e a f  
a r e a  a n d  t h e  t o t a l  l e a f  a r e a s  o f  e a c h  p l a n t  c o m m u n i t y  a n d  o f  
e n t i r e  r i p a r i a n  z o n e s  m u s t  b e  known t o  c a l c u l a t e  t o t a l  r i p a r i a n  
water  u s e  ( T W U ) :  

= s t o m a t a 1  c o n d u c t a n c e  t o  water v a p o r ,  g b  = b o u n d a r y  

= 

S 

L A V D  = ( p ,  - p a ) ,  w h e r e  p 

g , T , T a ,  a n d  R H  c a n  b e  
g b  c a n  b e  c a l c u f a t e i  f r o m  l e a f  d i a m e t e r  a n d  

I f  E v a l u e s  a r e  p l o t t e d  o v e r  e n t i r e  d a y s ,  t h e  a r e a s  u n d e r  t h e  

d 

e 

J 3  
(2) TWU = Q ? = I  ' n=r ' E d ( i , j , k )  L A 1 i , j , k  C k 

w h e r e  E o f  i t h  s p e c i e s  a t  j t h  c a n o g y  l e v e l  i n  k t h  
p l a n t  c $ k i i h J i k $ ,  LA$ . 
a r e a  p e r  f t  g r o u n d  a t JA4 o f  t h e  c o r r e s p o n d i n g  s p e c i e s ,  h e i g h t  
l e v e l ,  a n d  p l a n t  c o m m u n i t y ,  a n d  Ck = t o t a l  c o v e r  o f  e a c h  p l a n t  
c o m m u n i t y .  

A s  t h i s  d i s c u s s i o n  s h o w s ,  p r e d i c t i o n  o f  r i p a r i a n  TWU r e q u i r e s  
a k n o w l e d g e  o f  g t h e  m i c r o c l i m a t e  s u r r o u n d i n g  l e a v e s ,  a n d  L A I .  
E a c h  of  t h e s e  t h r e e  c o m p o n e n t s  u n d e r g o e s  c o n t i n u o u s  c h a n g e  i n  t h e  
n a t u r a l  e n v i r o n m e n t .  F o r  e x a m p l e ,  L A 1  i n c r e a s e s  e a r l y  i n  t h e  
g r o w i n g  s e a s o n  a n d  d e c r e a s e s  l a t e  i n  t h e  g r o w i n g  s e a s o n .  ' L A V D  
a n d  g c a n  c h a n g e  i n  s e c o n d s  i n  r e s p o n s e  t o  f l u c t u a t i o n s  i n  T 

may r e s p o n d  t o  a h o s t  o f  m i c r o c l i m a t i c  ( e . g . ,  T , a n d  R H .  g s  
p R o t o s y n t h e t i c  p h o t o n  f l u x  d e n s i t y  ( P P F D ) ,  T , L A V D )  a n d  
p h y s i o l o g i c a l  ( e . g .  , i n t e r n a l  water  s t a t u s )  & a c t o r s .  
t o  m e a s u r e  t h e s e  c h a n g e s ,  b o t h  s p a t i a l l y  ( e . g . ,  b e t w e e n  c a n o p y  
l e v e l s )  a n d  t e m p o r a l l y  ( e - g . ,  b e t w e e n  d a y s )  i s  l i m i t e d .  

T h e r e  a r e  two  m e t h o d s  t o  d e a l  w i t h  t h e s e  d i f f i c u l t i e s .  T h e  
f i r s t  i s  t o  i n t e r p o l a t e  s p a t i a l l y  ( e . g . ,  b e t w e e n  d i f f e r e n t  s t u d y  
s i t e s  o r  c a n o p y  l e v e l s )  o r  t e m p o r a l l y  ( e . g . ,  b e t w e e n  h o u r l y  

= E 
= l e a f  a r e a  i n d e x  ( f t  p r o j e c t e d  l e a f  

S' 

1' b 

O u r  a b i l i t y  
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m e a s u r e m e n t s  o f  E o r  b i w e e k l y  m e a s u r e m e n t s  o f  E d ) .  
a c c u r a t e ,  b u t  much more c o m p l e x  m e t h o d ,  i s  t o  d e v e l o p  p r e d i c t i v e  
r e l a t i o n s h i p s  f o r  u n m e a s u r e d  q u a n t i t i e s ,  e . g . ,  m i c r o c l i m a t e  a t  
v a r i o u s  c a n o p y  l e v e l s  o r  g s  a t  v a r i o u s  t imes  o f  t h e  d a y .  T h e  
n e c e s s a r y  r e l a t i o n s h i p s  a r e  p a r a m e t e r i z e d  w i t h  f i e l d  
m e a s u r e m e n t s .  F o r  e x a m p l e ,  g s  i s  m o n i t o r e d  c o n c u r r e n t l y  w i t h  
t h o s e  e n v i r o n m e n t a l  v a r i a b l e s  p r e s u m e d  t o  i n f l u e n c e  g . A n o t h e r  
e x a m p l e :  v e r t i c a l  v e r t i c a l  p r o f i l e s  o f  m i c r o c l i m a t i c  v a r i a b l e s  
a r e  m a d e  i n  s e l e c t e d  p l a n t  c a n o p i e s .  

s i m p l e  ( l i n e a r  i n t e r p o l a t i o n )  a n d  c o m p l e x  ( p r e d i c t i v e  
r e l a t i o n s h i p s )  m o d e l s  t o  e s t i m a t e  s e a s o n a l  r i p a r i a n  TWU a t  
s e v e r a l  r e p r e s e n t a t i v e  r i p a r i a n  z o n e  s t u d y  s i t e s .  We , m e a s u r e d  
s t r e a m f l o w s  a n d  wa te r  t a b l e  d e p t h s  a t  e a c h  s i t e  f o r  c o m p a r i s o n  
w i t h  TWU. F i n a l l y ,  w e  c o m p a r e d  TWU a n d  s t r e a m f l o w s  f o r  a n  e n t i r e  
r i v e r  d r a i n a g e ,  b a s e d  o n  a k n o w l e d g e  o f  t o t a l  r i p a r i a n  z o n e  c o v e r  
a n d  d r a i n a g e  s t ream d i s c h a r g e .  O u r  o v e r a l l  s t r a t e g y  f o r  
c a l c u l a t i n g  r i p a r i a n  TWU i s  s u m m a r i z e d  i n  F i g u r e  1. 

A m o r e  

S 

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

S t u d y  S i t e s  

A p r e l i m i n a r y  r e c o n n a i s s a n c e  was c a r r i e d  o u t  i n  t h e  L i t t l e  
L a r a m i e  R i v e r  d r a i n a g e ,  a t r i b u t a r y  o f  t h e  N o r t h  P l a t t e  R i v e r  i n  
s o u t h e a s t  Wyoming ,  t o  q u a l i t a t i v e l y  c a t e g o r i z e  s t ream c h a n n e l  
s y s t e m s  w i t h i n  w h i c h  r e p r e s e n t a t i v e  s t ream r e a c h e s  c o u l d  b e  
c h o s e n  f o r  i n t e n s i v e  s t u d y .  T h e  L i t t l e  L a r a m i e  i s  f e d  by 
s n o w m e l t  a n d  s p r i n g s  o n  t h e  c r e s t  o f  t h e  M e d i c i n e  Bow M o u n t a i n s  
( e l e v a t i o n  10 ,000  t o  12 ,000  f t ) .  H e a d w a t e r  s t r e a m s  f l o w  a c r o s s  a 
r o l l i n g  s u b a l p i n e  p l a t e a u ,  t h e n  d e s c e n d  m o r e  p r e c i p i t o u s l y  t o  
C e n t e n n i a l  V a l l e y  a t  t h e  f o o t  o f  t h e  m o u n t a i n s  ( e l e v .  7 , 5 0 0  t o  
8 ,000  f t ) .  Here t h e  s t r eams  c o a l e s c e  t o  fo rm a s i n g l e  m a i n  
c h a n n e l  c r o s s i n g  t h e  f l a t  L a r a m i e  B a s i n .  

G e n e r a l  f e a t u r e s  o f  r i p a r i a n  z o n e s  

l o w -  ( b e l o w  8 ,000  f t )  a n d  h i g h -  ( a b o v e  9 , 5 0 0  f t )  e l e v a t i o n .  
S t r e a m  g r a d i e n t s  a t  i n t e r m e d i a t e  e l e v a t i o n s  were t o o  s t e e p  f o r  
s i g n i f i c a n t  r i p a r i a n  z o n e s  t o  f o r m .  

a n d  a l o n g  i r r i g a t i o n  d i t c h e s  w h i c h  d i v e r t  water f r o m  n a t u r a l  
s t reams t o  r e s e r v o i r s  o r  o n t o  i r r i g a t e d  p a s t u r e s .  We d i v i d e d  
t h e s e  l o w - e l e v a t i o n  stream c h a n n e l s  i n t o  f o u r  c a t e g o r i e s :  1 )  
l a r g e  n a t u r a l  s t r eams ;  2 )  s m a l l  n a t u r a l  s t reams,  t r i b u t a r y  t o  t h e  
l a r g e  s t r eams ;  3 )  l a r g e  i r r i g a t i o n  d i t c h e s  w h i c h  p r o v i d e  water t o  
a n u m b e r  o f  u s e r s ;  a n d  4 )  s m a l l  i r r i g a t i o n  d i t c h e s ,  u s u a l l y  
p r o v i d i n g  water  t o  i n d i v i d u a l  p a s t u r e s .  

Near t h e  m o u n t a i n s ,  t h e  n a t u r a l  s t r eam r i p a r i a n  z o n e s  a r e  
c o n t i n u o u s ,  b u t  a s  d i s t a n c e  f r o m  t h e  m o u n t a i n s  i n c r e a s e s ,  t h e y  
b e c o m e  d i s c o n t i n u o u s  a n d  sometimes d i s a p p e a r  c o m p l e t e l y .  A l o n g  
l a r g e  n a t u r a l  s t r e a m s ,  t h e  r i p a r i a n  z o n e  v a r i e s  i n  w i d t h  f r o m  ca .  
30 t o  500 f t ,  w h i l e  a l o n g  s m a l l  n a t u r a l  s treams t h e  w i d t h  r a n g e s  
f rom c a .  5 t o  50 f t .  T h e  d o m i n a n t  v e g e t a t i o n  i s  woody 
p h r e a t o p h y t e s :  n a r r o w l e a f  c o t t o n w o o d  ( P o p u l u s  a n g u s t i f o l i a  James) 
a n d  v a r i o u s  w i l l o w  ( S a l i x )  s p e c i e s .  l J i l l o w s  t e n d  t o  f o r m  

We o b s e r v e d  t w o  m a j o r  a r e a s  o f  o c c u r r e n c e  o f  r i p a r i a n  z o n e s ,  

A t  low e l e v a t i o n ,  r i p a r i a n  z o n e s  o c c u r  a l o n g  n a t u r a l  s t r eams  
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t h i c k e t s ,  w h e r e a s  c o t t o n w o o d s  c l u s t e r  t o g e t h e r  i n  g r o v e s ,  o r ,  
a l o n g  sma l l  s t reams,  o c c u r  s i n g l y .  

smal l  i r r i g a t i o n  d i t c h e s  w e l l  o u t  o n t o  t h e  p l a i n s ,  f o r m i n g  
n a r r o w ,  d i s c o n t i n u o u s  r i p a r i a n  z o n e s .  G e n e r a l l y ,  c o t t o n w o o d s  
p r e d o m i n a t e  a l o n g  t h e  l a r g e r  d i t c h e s  a n d  w i l l o w s  a l o n g  t h e  
s m a l l e r  d i t c h e s .  

M o u n t a i n s  a r e  t h e  p r i m a r y  s o u r c e s  o f  water  f o r  t h e  L i t t l e  
L a r a m i e .  T h e s e  " a l p i n e  s o u r c e  b a s i n s "  v a r y  i n  s i z e  f r o m  0 . 2  t o  2 
a c r e s  a n d  f r o m  5 t o  50 f t  d e e p .  A l l  c o n t a i n  l a t e - m e l t i n g  
s n o w b a n k s  a n d  many c o n t a i n  s p r i n g s  a n d  s m a l l  l a k e s .  R i p a r i a n  
v e g e t a t i o n  i n  s o u r c e  b a s i n s  c o n s i s t s  o f  s e v e r a l  v i s u a l l y  d i s t i n c t  
p l a n t  c o m m u n i t i e s ,  w i t h  g e n e r a l l y  s h a r p  b o u n d a r i e s  d e l i n e a t i n g  
a d j a c e n t  c o m m u n i t i e s .  T h e  w i l l o w  c o m m u n i t y  c o n s i s t s  o f  1 t o  3 f t  
t a l l  w i l l o w s  w i t h  s e d g e  ( C a r e x  s p e c i e s )  f o r m i n g  a n  u n d e r s t o r y .  
T h e  s e d g e - w i l l o w  c o m m u n i t y  i s  a m i x t u r e  of  d w a r f  w i l l o w  s p e c i e s  
a n d  s e d g e  g r o w i n g  e i t h e r  o n  m o i s t  p e a t  o r  i n  s h a l l o w  s t a n d i n g  
w a t e r ;  h e r b s  u s u a l l y  g r o w  b e n e a t h  t h e  c a n o p y .  T h e  s e d g e  
c o m m u n i t y  c o n s i s t s  o f  a t a l l  f o r m  o f  s e d g e  g r o w i n g  i n  s t a n d i n g  
w a t e r ;  i f  t h e  water  i s  s h a l l o w  e n o u g h ,  b r o a d l e a v e d  h e r b s  f o r m  a 
s p a r s e  u n d e r s t o r y .  T h e  m o i s t  meadow c o m m u n i t y  c o n s i s t s  p r i m a r i l y  
o f  a s h o r t  f o r m  o f  s e d g e ,  w i t h  v a r y i n g  c o v e r  o f  b r o a d l e a v e d  
h e r b s ,  g r o w i n g  o n  m o i s t  p e a t  e l e v a t e d  a b o v e  t h e  water  t a b l e .  T h e  
s n o w b a n k  c o m m u n i t y  c o v e r s  a r e a s  w h e r e  s n o w m e l t  o c c u r s  s o  l a t e  i n  
t h e  g r o w i n g  s e a s o n  t h a t  c o n t i n u o u s  v e g e t a t i v e  c o v e r  d o e s  n o t  
d e v e l o p ;  m o s t  o f  t h e  g r o u n d  i s  b a r e  mud,  w i t h  s c a t t e r e d  s e d g e s  
a n d  h e r b s .  

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

T o p o g r a p h i c  d e p r e s s i o n s  n e a r  t h e  c r e s t  o f  t h e  M e d i c i n e  Bow 

L o w - e l e v a t i o n  s t u d y  s i t e s  

o u t  a l o n g  t h e  L i t t l e  L a r a m i e  R i v e r  a t  t h e  m o u t h  o f  C e n t e n n i a l  
V a l l e y  ( e l e v .  7 , 5 6 0  f t ) .  C o t t o n w o o d s  f o r m e d  g r o v e s  o f  10 t o  80 
f t  t a l l  t r e e s  s e t  w i t h i n  a n e a r l y  c o n t i n u o u s  t h i c k e t  o f  8 t o  15 
f t  t a l l  w i l l o w  s h r u b s .  T h e  s o i l ,  d e r i v e d  f r o m  Q u a t e r n a r y  
a l l u v i u m ,  was h i g h l y  o r g a n i c  n e a r  t h e  s u r f a c e  a n d  u n d e r l a i n  by 
s i l t  a t  1 . 5  t o  3 f t  d e p t h .  

i t s  j u n c t u r e  w i t h  t h e  S o u t h  F o r k  of t h e  L i t t l e  L a r a m i e  i n  
C e n t e n n i a l  V a l l e y  ( e l e v .  7 , 5 8 0  f t ) .  T h e  r i p a r i a n  z o n e  was 
d i s c o n t i n u o u s ,  10 t o  50 f t  i n  w i d t h ,  c o n s i s t i n g  p r i m a r i l y  o f  
sma l l  w i l l o w  t h i c k e t s  o r  i s o l a t e d  w i l l o w  s h r u b s  w i t h  6 t o  15 f t  
t a l l  c a n o p i e s .  T h e  s o i l  was h i g h l y  o r g a n i c  n e a r  t h e  s u r f a c e  a n d  
u n d e r l a i n  by  c l a y .  

A l a r g e  i r r i g a t i o n  d i t c h  s i t e  was l o c a t e d  a l o n g  t h e  B e l l a m y  
C a n a l ,  a s h o r t  d i s t a n c e  d o w n s t r e a m  of  t h e  c a n a l ' s  b e g i n n i n g  o n  
t h e  L i t t l e  L a r a m i e  a t  t h e  m o u t h  o f  C e n t e n n i a l  V a l l e y  ( e l e v .  7 , 5 6 0  
f t ) .  T h e  s t ream c h a n n e l  l a y  1 t o  3 f t  b e l o w  t h e  l e v e l  o f  t h e  
s u r r o u n d i n g  p r a i r i e  a n d  was l i n e d  w i t h  d i r t  r i d g e s ,  1 t o  6 f t  
t a l l ,  c a s t  u p  by t h e  e x c a v a t i o n  o f  t h e  d i t c h  i n  1890. 

. C o t t o n w o o d s  l i n e d  t h e s e  r i d g e s ,  f o r m i n g  a r i p a r i a n  z o n e  30 t o  7 5  
f t  w i d e .  S o i l  was r o c k y  Q u a t e r n a r y  a l l u v i u m .  

A f i n a l  s i t e  was l a i d  o u t  a l o n g  a s m a l l  i r r i g a t i o n  d i t c h  
( H e c h t  D i t c h )  w h i c h  d i v e r t e d  water  f r o m  H e c h t  C r e e k  j u s t  b e l o w  

A s t u d y  s i t e  r e p r e s e n t a t i v e  o f  a l a r g e  n a t u r a l  s t ream was l a i d  

A sma l l  n a t u r a l  stream s i t e  was c h o s e n  a l o n g  H e c h t  C r e e k  a b o v e  
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t h e  H e c h t  C r e e k  s i t e  o n t o  a n e a r b y  p a s t u r e .  D i r t  r i d g e s  0 . 5  t o  2 
f t  h i g h ,  c a s t  u p  d u r i n g  d i t c h  e x c a v a t i o n ,  l i n e d  e i t h e r  s i d e  a n d  
p o s s e s s e d  a d i s c o n t i n u o u s  c o v e r  o f  3 t o  10 f t  t a l l  w i l l o w  s h r u b s ,  
c r e a t i n g  a r i p a r i a n  z o n e  5 t o  2 5  f t  w i d e .  S o i l  was c l a y  w i t h  
s o m e  o r g a n i c  ma t t e r  n e a r  t h e  s u r f a c e .  

A l l  o f  t h e  l o w - e l e v a t i o n  s i t e s  were u n d e r l a i n  by  p e r e n n i a l  
water  t a b l e s .  I n  a d d i t i o n ,  s i n c e  a l l  s i t e s  were l o c a t e d  o n  
p r i v a t e  r a n c h e s ,  c a t t l e  g r a z i n g  a n d  human  a c t i v i t y  h a d  d i s t u r b e d  
e a c h  s i t e  t o  v a r y i n g  d e g r e e s .  T h i s  i s  t r u e  o f  v i r t u a l l y  a l l  low 
e l e v a t i o n  r i p a r i a n  z o n e s  i n  t h e  L a r a m i e  B a s i n .  

w e a t h e r  s t a t i o n  a t  C e n t e n n i a l ,  W Y ,  a b o u t  6 mi l e s  a w a y  f r o m  a n d  
8 7 0  f t  h i g h e r  t h a n  t h e  s t u d y  s i t e s ,  g a v e  mean a n n u a l  r a i n f a l l  o f  
2 6 . 0  i n c h e s ;  mean  a n n u a l  T of 36.9'F; a n d  J u n e - S e p t e m b e r  mean  
d a i l y  maximum T 

N i n e  y e a r s  o f  r e c o r d s  ( 1 9 7 7 - 1 9 8 5 )  f r o m  a U.S. F o r e s t  S e r v i c e  

o a  o f  6 5 . 7  F a n d  mean  d a i l y  minimum T of  4 0 , 5 ° F .  a a 

H i g h - e l e v a t i o n  s t u d y  s i t e  

l o n g ,  100 t o  200 f t  w i d e ,  30 t o  50 f t  d e e p )  l o c a t e d  o n  L i b b y  
F l a t s ,  a l a r g e  a l p i n e  meadow w i t h i n  t h e  t i m b e r l i n e  e c o t o n e  ( e l e v .  
10 ,600  f t ) .  T h e  f l a t  b a s i n  f l o o r  was u n d e r l a i n  by a water  t a b l e  
f e d  by s p r i n g s ,  a s h a l l o w  p o n d ,  a n d  a l a t e - m e l t i n g  s n o w b a n k .  A 
s m a l l  s t ream d r a i n e d  t h e  b a s i n .  A m o s a i c  of r i p a r i a n  p l a n t  
c o m m u n i t i e s  c o v e r e d  t h e  b a s i n  f l o o r ,  g r o w i n g  o n  p e a t  o f  v a r y i n g  
t h i c k n e s s  u p  t o  3 f t .  T h e  p e a t  was u n d e r l a i n  by a n  unknown d e p t h  
o f  s i l t .  D o l o m i t e  b e d r o c k  was e x p o s e d  o n  t h e  s i d e s l o p e s  o f  t h e  
b a s i n .  

S e v e n  y e a r s  o f  r e c o r d s  ( 1 9 7 7 - 1 9 8 3 )  f r o m  a Wyoming Water 
R e s e a r c h  C e n t e r  w e a t h e r  s t a t i o n  a t  n e a r b y  T e l e p h o n e  L a k e s ,  1 .3  
mi l e s  n o r t h  o f  a n d  118 f t  h i g h e r  t h a n  L i b b y  F l a t s ,  g a v e  mean  
a n n u a l  r a i n f a l l  o f  53.9 i n c h e s ;  mean a n n u a l  T o f  29.3 'F;  a n d  
J u n e - S e p t e m b e r  meag d a i l y  maximum T o f  6 5 . 1 O P  a n d  mean d a i l y  
minimum T of  2 7 . 7  F ,  

T h e  h i g h - e l e v a t i o n  s i t e  was a smal l  t o p o g r a p h i c  b a s i n  ( 4 5 0  f t  

a 
a 

S p e c i e s  c o m p o s i t i o n  
P l a n t  s p e c i m e n s  were c o l l e c t e d  f r o m  e a c h  s i t e  a n d  i d e n t i f i e d  

u s i n g  t a x o n o m i c  k e y s .  I d e n t i f i c a t i o n s  were c o n f i r m e d  by 
p e r s o n n e l  a t  t h e  Aven N e l s o n  H e r b a r i u m ,  U n i v e r s i t y  o f  Wyoming.  
N o m e n c l a t u r e  f o l l o w s  N e l s o n  ( 1 9 8 4 ) .  

T h e  m a j o r  s p e c i e s ,  i n  terms of  stem d e n s i t y  a n d  l e a f  a r e a ,  
were c o t t o n w o o d ,  m o u n t a i n  w i l l o w  (2. m o n t i c o l a  E e b b ) ,  a n d  s a n d b a r  
w i l l o w  (2. e x i g u a  N u t t . )  a t  L i t t l e  L a r a m i e ,  m o u n t a i n  w i l l o w  a n d  
G e y e r  w i l l o w  (2. p e y e r i a n a  A n d e r s s . )  a t  H e c h t  C r e e k ,  c o t t o n w o o d  
a t  B e l l a m y  C a n a l ,  s a n d b a r  w i l l o w  a t  H e c h t  D i t c h ,  a n d  p l a n e l e a f  
w i l l o w  ( S .  p l a n i f o l i a  P u r s h )  a t  L i b b y  F l a t s .  A l s o  o c c u r r i n g  
o c c a s i o n a l l y  were B e b b  w i l l o w  (5.  b e b b i a n a  S a r g . )  a n d  w h i p l a s h  
w i l l o w  (2. l a s i a n d r a  B e n t h . )  a t  L i t t l e  L a r a m i e ,  m o u n t a i n  a l d e r  
( A l n u s  i n c a n a  ( L . ) M o e n c h )  a n d  B e b b  w i l l o w  a t  H e c h t  C r e e k ,  
m o u n t a i n  w i l l o w  a t  H e c h t  D i t c h ,  a n d  s h o r t f r u i t e d  w i l l o w  ( S .  - 
b r a c h y c a r p a  N u t t . )  a n d  m o u n t a i n  w i l l o w  a t  L i b b y  F l a t s .  

O t h e r  woody  p l a n t  s p e c i e s  were a b s e n t  a t  H e c h t  C r e e k ,  H e c h t  
D i t c h ,  a n d  L i b b y  F l a t s  a n d  o c c u r r e d  o n l y  a s  s c a t t e r e d  l o w  s h r u b s  
a t  L i t t l e  L a r a m i e  a n d  B e l l a m y  C a n a l .  A s p a r s e  u n d e r s t o r y  o f  
g r a s s e s  g r e w  b e n e a t h  t h e  c o t t o n w o o d  g r o v e  a n d  w i l l o w  t h i c k e t  
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c a n o p i e s  a t  L i t t l e  Laramie a n d  H e c h t  C r e e k .  
A s i n g l e  s e d g e  s p e c i e s  ( C a r e x  s c o p u l o r u m  H o l m )  was w i d e s p r e a d  

a t  L i b b y  F l a t s ,  a t a l l  f o r m  ( 3  t o  10 i n c h e s  h i g h )  g r o w i n g  i n  t h e  
s e d g e  c o m m u n i t y  a n d  a much s h o r t e r  form ( 0 . 5  t o  3 i n c h e s  h i g h )  i n  
t h e  m o i s t  meadow c o m m u n i t y .  T h e  p r e d o m i n a n t  h e r b  i n  a l l  
c o m m u n i t i e s  was m a r s h  m a r i g o l d  ( C a l t h a  l e p t o s e p a l a  D C . ) .  O t h e r  
h e r b s  o c c u r r e d  a s  m i n o r  c o m p o n e n t s  o f  t h e  s e d g e - w i l l o w ,  m o i s t  
m e a d o w ,  a n d  s n o w b a n k  c o m m u n i t i e s .  

L e a f  Areas 

T o t a l  l e a f  a r e a  a t  e a c h  s t u d y  s i t e  was t h e  p r o d u c t  o f  LA1 a n d  
t o t a l  c o v e r  ( a r e a l  e x t e n t )  o f  t h e  r i p a r i a n  z o n e .  C o v e r  was 
c o n s t a n t ,  b u t  LA1 v a r i e d  s e a s o n a l l y  b e c a u s e  a l l  o f  t h e  p l a n t  
s p e c i e s  were d e c i d u o u s .  S i n c e  w e  e x p e c t e d  TWU t o  d i f f e r  b e t w e e n  
s p e c i e s  a n d  b e t w e e n  p l a n t  c o m m u n i t i e s ,  we s e p a r a t e l y  m e a s u r e d  
c o v e r  o f  e a c h  p l a n t  c o m m u n i t y  a n d  LA1 o f  e a c h  s p e c i e s  w i t h i n  e a c h  
c o m m u n i t y .  

P l a n t  c o m m u n i t v  c o v e r  
T h e  b o u n d a r i e s  o f  e a c h  p l a n t , c o m m u n i t y  o n  t h e  b a s i n  f l o o r  a t  

L i b b y  F l a t s  were v i s u a l l y  m a p p e d  o n t o  a 1 6 . 4  x 1 6 . 4  f t  g r i d  
d e l i n e a t e d  w i t h  s t a k e s  a n d  s t r i n g .  A t  t h e  l o w - e l e v a t i o n  s i t e s ,  
t h e  e d g e s  of  w i l l o w  t h i c k e t s  a n d  c o t t o n w o o d  g r o v e s  were m a p p e d  
s e p a r a t e l y  u s i n g  c o m p a s s  a n d  t a p e  a l o n g  a s u f f i c i e n t  l e n g t h  o f  
e a c h  s t r eam c h a n n e l  t o  g i v e  a r e p r e s e n t a t i v e  p i c t u r e  o f  e a c h  
r i p a r i a n  z o n e .  T h e s e  l e n g t h s  were 4 4 9  f t  a t  H e c h t  C r e e k ,  6 5 6  f t  
a t  H e c h t  D i t c h  a n d  B e l l a m y  C a n a l ,  a n d  1 , 2 0 0  f t  a t  L i t t l e  L a r a m i e .  

L e a f  a r e a  i n d i c e s  
L A I ' s  were m e a s u r e d  a t  t h e i r  s e a s o n a l  max ima  ( A u g u s t ,  1986,  

f o l l o w i n g  c e s s a t i o n  o f  g r o w t h )  f o r  e a c h  m a j o r  s p e c i e s  i n  e a c h  
p l a n t  c o m m u n i t y .  T w e n t y  c o t t o n w o o d s  o f  v a r y i n g  s i z e  f r o m  
s a p l i n g s  t o  l a r g e  t r e e s  were f e l l e d  i n  t h e  r i p a r i a n  z o n e  o f  Rock 
C r e e k ,  30 mi l e s  n o r t h  o f  a n d  a t  a s i m i l a r  e l e v a t i o n  t o  t h e  L i t t l e  
Laramie s i t e .  Diameter a t  b r e a s t  h e i g h t  ( D B H ;  4 . 5  f t )  of  e a c h  
t r u n k  was m e a s u r e d .  L e a v e s  were c o u n t e d  o n  r a n d o m  s u b s a m p l e s  o f  
t h e  b r a n c h e s  w i t h i n  e a c h  6 .56  f t  h e i g h t  l e v e l  a l o n g  e a c h  t r u n k .  
P r o j e c t e d  ( o n e - s i d e d )  a r e a s  o f  200 r a n d o m l y - c h o s e n  l e a v e s  were 
m e a s u r e d  w i t h  a v i d e o  a r e a  meter ( D e c a g o n  D e v i c e s ) .  T h e s e  d a t a  
were u s e d  t o  e s t i m a t e  t o t a l  p r o j e c t e d  ( o n e - s i d e d )  l e a f  a r e a  of  
e a c h  t r e e .  T h e n  a l i n e a r  r e g r e s s i o n  was d e v e l o p e d  b e t w e e n  l o g l o  
DBH a n d  l o g l o  l e a f  a r e a .  

A l l  c o t t o n w o o d  stems a t  L i t t l e  L a r a m i e  a n d  B e l l a m y  C a n a l  were 
c o u n t e d  a n d  t h e i r  D B H ' s  m e a s u r e d .  T h e s e  D B H ' s  were t h e n  u s e d  i n  

. t h e  D B H / l e a f  a r e a  e q u a t i o n  t o  e s t i m a t e  l e a f  a rea  p e r  t r e e .  L e a f  
a r e a s  were summed a c r o s s  a l l  t r e e s  a t  e a c h  s i t e ,  t h e n  d i v i d e d  by  
t h e  t o t a l  c o v e r  o f  c o t t o n w o o d s  a t  e a c h  s i t e  t o  c a l c u l a t e  LAI .  

C u r r e n t - y e a r  s h o o t s  o f  v a r y i n g  l e n g t h  were r e m o v e d  i n  A u g u s t  
f r o m  c l u m p s  o f  m o u n t a i n  w i l l o w ,  s a n d b a r  w i l l o w ,  G e y e r  w i l l o w ,  a n d  
b e a k e d  w i l l o w  a t  L i t t l e  L a r a m i e  ( n  = 70 t o  100) .  S u b s a m p l e s  o f  
l e a v e s  (100 o r  m o r e )  f r o m  t h e s e  s h o o t s  were m e a s u r e d  f o r  l e n g t h ,  
w i d t h ,  a n d  p r o j e c t e d  a r e a .  From t h e s e  d a t a ,  r e g r e s s i o n s  b e t w e e n  
l e a f  a r e a  a n d  l e a f  l e n g t h  a n d  w i d t h ,  a n d  b e t w e e n  t o t a l  s h o o t  l e a f  
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a r ea  a n d  s h o o t  l e n g t h ,  were d e v e l o p e d  f o r  e a c h  s p e c i e s .  

w i t h i n  t h e  w i l l o w  t h i c k e t s  a t  L i t t l e  Laramie.  T h e  t o t a l  n u m b e r  
o f  l i v e  s tems i n  e a c h  c l u m p  was c o u n t e d .  E v e r y  t e n t h  l i v e  stem 
o f  e a c h  s p e c i e s  was s a w n  o f f  a t  t h e  b a s e  a n d  i t s  b a s a l  d i a m e t e r  
a n d  h e i g h t  m e a s u r e d  ( n  = 50 t o  1 4 4 ) .  T h e s e  s tems  were d i v i d e d  
i n t o  3 . 2 8  f t  h e i g h t  l e v e l s  a n d  t h e  l e n g t h s  o f  s u b s a m p l e s  o f  
c u r r e n t - y r  s h o o t s  w i t h i n  e a c h  l e v e l  were m e a s u r e d .  A t  H e c h t  
C r e e k ,  t h e '  b a s a l  d i a m e t e r  o f  e v e r y  l i v e  stem i n  e v e r y  f i f t h  c l u m p  
o f  e a c h  w i l l o w  s p e c i e s  was m e a s u r e d .  A t  H e c h t  D i t c h ,  a l l  l i v e  
stems i n  t e n  r a n d o m l y - c h o s e n ,  3 0 . 2 8  x 1 3 . 1 2  f t  q u a d r a t s  were 
c o u n t e d  a n d  t h e  b a s a l  d i a m e t e r  o f  e v e r y  t w e n t i e t h  stem i n  e a c h  
q u a d r a t  was m e a s u r e d .  

R e g r e s s i o n s  b e t w e e n  stem b a s a l  d i a m e t e r  a n d  stem t o t a l  l e a f  
a r e a  were d e v e l o p e d  f o r  e a c h  s p e c i e s  u s i n g  t h e  d a t a  f r o m  L i t t l e  
L a r a m i e .  T h e s e  r e l a t i o n s h i p s  were t h e n  a p p l i e d  t o  t h e  stem 
d i a m e t e r  d a t a  f o r  e a c h  q u a d r a t  a t  L i t t l e  L a r a m i e  a n d  H e c h t  D i t c h  
a n d  t o  e a c h  w i l l o w  c l u m p  a t  H e c h t  C r e e k  t o  c a l c u l a t e  t o t a l  l e a f  
a r e a  o f  e a c h  s p e c i e s .  C u m u l a t i v e  l e a f  a r e a s  o f  e a c h  s p e c i e s  i n  
e a c h  q u a d r a t  o r  c l u m p  were d i v i d e d  by  q u a d r a t  o r  c l u m p  a r e a  t o  
y i e l d  e s t i m a t e s  o f  s p e c i e s '  L A I ,  b r o k e n  down by 3 . 2 8  f t  h e i g h t  
l e v e l s  w i t h i n  t h e  c a n o p y .  

T h e  h a r v e s t  m e t h o d  was u s e d  t o  e s t i m a t e  LA1 a t  L i b b y  F l a t s .  
D u r i n g  maximum s e a s o n a l  LA1 i n  m i d - A u g u s t ,  1985, r a n d o m l y - l o c a t e d  
0 . 8 2  x 1 . 6 4  f t  q u a d r a t s  were l a i d  o u t ,  t e n  w i t h i n  e a c h  p l a n t  
c o m m u n i t y .  A l l  v e g e t a t i o n  i n  e a c h  q u a d r a t  was c l i p p e d  t o  g r o u n d  
l e v e l  a n d  p l a c e d  i n  p l a s t i c  b a g s .  C l i p p i n g s  were o v e n - d r i e d  f o r  
48  h r  a t  122 '  F a n d  s e p a r a t e d  i n t o  two o r  t h r e e  h e i g h t  l e v e l s  f o r  
e a c h  c o m m u n i t y .  E a c h  h e i g h t  l e v e l  was f u r t h e r  s o r t e d  i n t o  
i n d i v i d u a l  w i l l o w  s p e c i e s ,  m a r s h  m a r i g o l d ,  a n d  t a l l  a n d  s h o r t  
f o r m s  o f  s e d g e ,  a n d  t h e s e  s u b s a m p l e s  were w e i g h e d  t o  t O . 0 0 4  02. 
O t h e r  h e r b a c e o u s  s p e c i e s  i n  t h e  s e d g e - w i l l o w  a n d  m o i s t  meadow 
c o m m u n i t i e s  were i n c l u d e d  w i t h  m a r s h  m a r i g o l d .  

were m e a s u r e d  w i t h  t h e  a r e a  meter .  T h e s e  1 a v e s  were t h e n  o v e n -  
d r i e d  a n d  w e i g h e d .  S p e c i f i c  l e a f  a r e a s  ( f t  l e a f  a r e a  p e r  o u n c e  
d r y  w e i g h t )  were c o m p u t e d  f o r  e a c h  s p e c i e s .  D r y  w e i g h t s  o f  t h e  
c l i p p i n g  s a m p l e s  were m u l t i p l i e d  by  t h e  s p e c i f i c  l e a f  a r e a s  a n d  
d i v i d e d  by q u a d r a t  a r e a  t o  c a l c u l a t e  e a c h  s p e c i e s '  LAI .  

T e n  r a n d o m l y - l o c a t e d ,  3 0 . 2 8  x 3 0 . 2 8  f t  q u a d r a t s  were l a i d  o u t  

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

5 

S e a s o n a l  c h a n g e s  i n  l e a f  a r e a  
We m e a s u r e d  c h a n g e s  i n  LA1 o v e r  t h e  c o u r s e  o f  t h e  

" t r a n s p i r a t i o n  g r o w i n g  s e a s o n , "  i . e . ,  t h e  p e r i o d  b e t w e e n  l e a f  
b u d b r e a k  a n d  t h e  c e s s a t i o n  of  t r a n s p i r a t i o n  d u e  t o  h a r d  a u t u m n  
f r o s t s  ( T a  l e s s  t h a n  25'F) i n '  1985 a n d  1986. 
i n t e r v a l s ,  o n e  c u r r e n t - y e a r  s h o o t  was r e m o v e d  f r o m  e a c h  o f  t w e n t y  
c o t t o n w o o d s  a t  L i t t l e  L a r a m i e ,  r a n g i n g  i n  s i z e  f r o m  s a p l i n g s  t o  
l a r g e  t r e e s ,  a n d  f r o m  t w e n t y  s e p a r a t e  c l u m p s  o f  m o u n t a i n  w i l l o w  
a t  L i t t l e  L a r a m i e ,  G e y e r  w i l l o w  a t  H e c h t  C r e e k ,  s a n d b a r  w i l l o w  a t  
H e c h t  D i t c h ,  a n d  p l a n e l e a f  w i l l o w  a t  L i b b y  F l a t s .  S h o o t  l e n g t h s  
were m e a s u r e d  a n d  l e a f  a r e a s  p e r  s h o o t  c a l c u l a t e d  f r o m  t h e  s h o o t  
l e n g t h / l e a f  a r e a  r e g r e s s i o n s .  S a m p l i n g  c o n t i n u e d  u n t i l  mid -  
A u g u s t  w h e n  s h o o t  g r o w t h  h a d  c e a s e d .  

A t  t w o - w e e k  

S t a r t i n g  t h e  f i r s t  w e e k  o f  S e p t e m b e r ,  o b s e r v a t i o n s  o f  l e a f  
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s e n e s c e n c e  a n d  a b s c i s s i o n  were made  a t  w e e k l y  i n t e r v a l s  u n t i l  
t r a n s p i r a t i o n  c e a s e d .  E v e r y  l e a f  on e a c h  o f  t w e n t y  s h o o t s  f r o m  
e a c h  s p e c i e s  was p l a c e d  i n  o n e  o f  t h e  f o l l o w i n g  c a t e g o r i e s :  9 5  t o  
100 p e r c e n t  g r e e n  ( t h e  r e s t  o f  t h e  l e a f  y e l l o w ) ,  50 t o  95 p e r c e n t  
g r e e n ,  5 t o  50 p e r c e n t  g r e e n ,  0 p e r c e n t  g r e e n ,  o r  f a l l e n  o f f .  

L e a f  a r e a  c h a n g e s  were a l s o  o b s e r v e d  o n  s e d g e  a n d  m a r s h  
m a r i g o l d ,  A t  t w o - w e e k  i n t e r v a l s  f o l l o w i n g  p l a n t  e m e r g e n c e ,  o n e  
p l a n t  o f  e a c h  s p e c i e s  was c o l l e c t e d  f r o m  r a n d o m  l o c a t i o n s  a c r o s s  
t h e  b a s i n  f l o o r  a t  L i b b y  F l a t s .  P r o j e c t e d  a r e a  o f  e a c h  l e a f  o n  
e a c h  p l a n t  was m e a s u r e d  w i t h  t h e  a r e a  meter a n d  mean  l e a f  a r e a  
p e r  p l a n t  c a l c u l a t e d .  

w i n t e r ,  t h e  t o t a l  c o v e r  of  e a c h  r i p a r i a n  p l a n t  c o m m u n i t y  was 
i n i t i a l l y  z e r o  a t  t h e  b e g i n n i n g  o f  t h e  g r o w i n g  s e a s o n ,  t h e n  
g r a d u a l l y  i n c r e a s e d  t h r o u g h  t h e  summer  a s  t h e  m e l t i n g  s n o w b a n k  
e x p o s e d  a d d i t i o n a l  a r e a .  O n c e  w e e k l y  i n  1985 a n d  1 9 8 6 ,  f r o m  t h e  
f i r s t  a p p e a r a n c e  o f  b a r e  g r o u n d  u n t i l  a l l  s n o w  h a d  m e l t e d ,  t h e  
b o u n d a r i e s  o f  t h e  s n o w p a c k  were s k e t c h e d  o n t o  a map o f  t h e  
r i p a r i a n  p l a n t  c o m m u n i t i e s .  F r o m  t h e s e  m a p s ,  t h e  t o t a l  s n o w - f r e e  
a r e a  o f  e a c h  c o m m u n i t y  was m e a s u r e d  a t  w e e k l y  i n t e r v a l s .  

B e c a u s e  t h e  b a s i n  a t  L i b b y  F l a t s  f i l l e d  w i t h  s n o w  d u r i n g  t h e  

M i c r o c l i m a t e  

A b o v e - c a n o p y  m i c r o c l i m a t e  

f i e l d  o v e r  t h e  c o u r s e  o f  t h e  g r o w i n g  s e a s o n s  o f  1985 a n d  1986.  
Two a u t o m a t e d  w e a t h e r  s t a t i o n s  were e s t a b l i s h e d  e a c h  y e a r ,  o n e  
e a c h  a t  l o w  a n d  h i g h  e l e v a t i o n .  I n  1985, t h e  l o w - e l e v a t i o n  
s t a t i o n  was l o c a t e d  i n  s h o r t - g r a s s  p r a i r i e  -300 f t  west ( u p w i n d )  
f r o m  B e l l a m y  C a n a l ,  w h e r e a s  i n  1986 i t  was t o c a t e d - 1 0 0  f t  i n s i d e  
a w i l l o w  t h i c k e t  a t  L i t t l e  L a r a m i e .  I n  b o t h  y e a r s ,  t h e  h i g h -  
e l e v a t i o n  s t a t i o n  was l o c a t e d  i n  t h e  m i d d l e  of  t h e  b a s i n  f l o o r  a t  
L i b b y  F l a t s .  

s y n t h e t i c  p h o t o n  f l u x  d e n s i t y  (PPFD)  was m e a s u r e d  w i t h  a q u a n t u m  
s e n s o r  ( L i - C o r  m o d e l  L I - 1 9 0 S B ) .  Air t e m p e r a t u r e  ( T  ) a n d  
r e l a t i v e  h u m i d i t y  ( R H )  were m e a s u r e d  w i t h  a c o m b i n a t i o n  
t h e  r m i s t o r  a n d  t h i n - f i l m  ca p ac  i t a n  c e se  n s o r (We a t  h e r me a s u re mo d e l  
5 1 2 3 - B )  i n s i d e  a r a d i a t i o n  s h i e l d .  W i n d s p e e d  was m o n i t o r e d  w i t h  
a c u p  a n e m o m e t e r  ( W e a t h e r m e a s u r e  m o d e l  2 0 3 2 ) .  R a i n f a l l  was 
m e a s u r e d  w i t h  a t i p p i n g - b u c k e t  r a i n  g a u g e  ( R a i n w i s e  m o d e l  111) 
s u r r o u n d e d  by a w i n d  b a f f l e .  E x c e p t  f o r  t h e  r a i n  g a u g e s ,  w h i c h  
were i n s t a l l e d  n e a r  g r o u n d  l e v e l ,  a l l  i n s t r u m e n t s  were m o u n t e d  o n  
s e c t i o n a l  s t e e l  t o w e r s  a t  s u f f i c i e n t  h e i g h t s  ( a p p r o x i m a t e l y  18 f t  
a t  B e l l a m y  C a n a l ,  2 9  f t  a t  L i t t l e  L a r a m i e ,  9 f t  a t  L i b b y  F l a t s )  
t o  m e a s u r e  m e t e o r o l o g i c a l  v a r i a b l e s  b e y o n d  t h e  i n f l u e n c e  o f  t h e  
v e g e t a t i o n  c a n o p y .  

T h e  s e n s o r s  a t  e a c h  s i t e  were s c a n n e d  e v e r y  f i v e  m i n u t e s  by 
b a t t e r y - o p e r a t e d  d a t a  l o g g e r s  ( C a m p b e l l  S c i e n t i f i c  m o d e l  CR-21X). 
O n c e  h o u r l y ,  t h e s e  o b s e r v a t i o n s  were summed ( r a i n f a l l )  o r  
a v e r a g e d  ( a l l  o t h e r  p a r a m e t e r s )  a n d  s t o r e d  i n  s o l i d - s t a t e  memory 
m o d u l e s  ( C a m p b e l l  S c i .  m o d e l  SM16).  E v e r y  t e n  d a y s  t h e  c o n t e n t s  
o f  t h e  m o d u l e s  were t r a n s f e r r e d  t o  a m i c r o c o m p u t e r  ( I B M  PC) v i a  
a n  RS-232 i n t e r f a c e .  

M e t e o r o l o g i c a l  v a r i a b l e s  were m e a s u r e d  c o n t i n u o u s l y  i n  t h e  

I n s t r u m e n t a t i o n  was i d e n t i c a l  a t  b o t h  s t a t i o n s .  P h o t o -  
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W i t h i n - c a n o p y  m i c r o c l i m a t e  
We m e a s u r e d  v e r t i c a l  p r o f i l e s  o f  w i n d s p e e d ,  T a ,  a n d  R H  i n  t h e  

w i l l o w  t h i c k e t  a t  L i t t l e  L a r a m i e  a n d  i n  t h e  s e d g E - w i l l o w ,  s e d g e ,  
a n d  m o i s t  meadow c o m m u n i t i e s  a t  L i b b y  F l a t s .  T h e s e  d a t a  were 
u s e d  t o  d e v e l o p  r e l a t i o n s h i p s  b e t w e e n  e a c h  v a r i a b l e  a n d  e i t h e r  
LA1 o r  h e i g h t  a b o v e  g r o u n d .  PPFD i s  v e r y  d i f f i c u l t  t o  m e a s u r e  i n  
p l a n t  c a n o p i e s ,  s o  w e  u s e d  r e l a t i o n s h i p s  f r o m  p r e v i o u s l y  
p u b l i s h e d  s t u d i e s  o n  b r o a d l e a v e d  c a n o p i e s .  P r o f i l e s  were n o t  
m e a s u r e d  i n  c o t t o n w o o d  g r o v e s  o r  t h e  r i p a r i a n  z o n e s  a t  H e c h t  
C r e e k  a n d  H e c h t  D i t c h  b e c a u s e  t h e  c a n o p i e s  were s o  n a r r o w  t h a t  
t h e y  p r o b a b l y  d i d  n o t  s u b s t a n t i a l l y  a l t e r  t h e  p r o p e r t i e s  o f  t h e  
a i r f l o w  p a s s i n g  t h r o u g h  t h e m .  

A t  L i t t l e  L a r a m i e ,  Ta s e n s o r s  (0 .13  i n c h  d i a m e t e r  c o p p e r -  
c o n s t a n t a n  t h e r m o c o u p l e s )  a n d  w i n d s p e e d  s e n s o r s  ( m i n i a t u r e  c u p  
a n e m o m e t e r s ;  R i m c o  m o d e l  R/AMI) were m o u n t e d  a t  t h r e e  h e i g h t s  
( t o p ,  m i d d l e ,  a n d  b a s e  o f  c a n o p y )  o n  t h e  w e a t h e r  s t a t i o n  t o w e r .  
A s i n g l e  R H  s e n s o r  ( V a i s a l a  m o d e l  MMI-14) was m o u n t e d  a t  m i d -  
c a n o p y  h e i g h t .  T h e  s e n s o r s  were l e f t  i n  p l a c e ,  c o n n e c t e d  t o  t h e  
d a t a  l o g g e r ,  f o r  t h r e e  d a y s  i n  l a t e  A u g u s t ,  1986.  

A t  L i b b y  F l a t s ,  t h e r m o c o u p l e s  a n d  m i n i a t u r e  a n e m o m e t e r s  were 
m o u n t e d  a t  t h r e e  h e i g h t s  o n  a m o v a b l e  a l u m i n u m  r o d  a n d  l e f t  i n  
p l a c e  f o r  t w o  t o  t h r e e  d a y s  i n  e a c h  p l a n t  c o m m u n i t y  d u r i n g  l a t e  
A u g u s t ,  1985. A p o r t a b l e  d a t a  l o g g e r  ( C a m p b e l l  S c i e n t i f i c  m o d e l  
CR-7) s c a n n e d  t h e  s e n s o r s  e v e r y  f i v e  m i n u t e s  a n d  a v e r a g e d  t h e  
v a l u e s  o n c e  h o u r l y .  S h o r t - t e r m  p r o f i l e s  o f  R H  a t  L i b b y  F l a t s  
were m e a s u r e d  w i t h  a t h e r m o c o u p l e  p s y c h r o m e t e r  ( C o l e - P a r m e r  m o d e l  
8520-50) h a n d - h e l d  a t  d i f f e r e n t  h e i g h t s  d u r i n g  a s i n g l e  d a y  i n  
l a t e  A u g u s t ,  1985. 

S o i l  m i c r o c l i m a t e  
S p o t  m e a s u r e m e n t s  o f  s o i l  t e m p e r a t u r e  ( T - )  a n d  s o i l  water  

p o t e n t i a l  ( v s )  were p e r f o r m e d  i n  1985 a t  e a E h  of  t h e  s t u d y  s i t e s .  
T h e s e  m e a s u r e m e n t s  s h o w e d  t h a t  t h e  s o i l  i n  a l l  p l a n t  c o m m u n i t i e s  
a t  L i b b y  F l a t s  a n d  o n  l o w - l y i n g  r i v e r  t e r r a c e s  a t  L i t t l e  L a r a m i e  
was a t  o r  n e a r  s a t u r a t i o n  t h r o u g h o u t  t h e  g r o w i n g  s e a s o n .  T h i s  
was a t t r i b u t a b l e  t o  l a t e  s p r i n g  f l o o d i n g  a t  L i t t l e  L a r a m i e  a n d  t o  
a c o m b i n a t i o n  of  s n o w m e l t ,  f r e q u e n t  r a i n f a l l ,  a n d  p o o r  d r a i n a g e  
a t  L i b b y  F l a t s .  

An i n t e n s i v e  s a m p l i n g  p r o g r a m  was c a r r i e d  o u t  d u r i n g  t h e  
g r o w i n g  s e a s o n  of 1986. A t  L i t t l e  L a r a m i e ,  T was m e a s u r e d  a t  
9 . 8  a n d  23.6 i n c h  d e p t h s  ( t h r e e  r e p l i c a t e s  e a g h  d e p t h )  o n  two 
f l a t ,  a l l u v i a l  t e r r a c e s .  One  ( " l o w e r " )  t e r r a c e ,  was b 2  f t  a b o v e  
t h e  s t r eam c h a n n e l  a n d  was s u b j e c t  t o  l a t e  s p r i n g  f l o u d i n g .  T h e  
o t h e r  ( " u p p e r " )  t e r r a c e  l a y N 6  f t  a b o v e  t h e  s t ream c h a n n e l  a n d  
was n o t  s u b j e c t  t o  f l o o d i n g .  On t h e  l o w e r  t e r r a c e ,  c o p p e r -  
c o n s t a n t a n  t h e r m o c o u p l e s  ( 0 .13  i n c h  d i a m e t e r )  were s c a n n e d  h o u r l y  
by t h e  w e a t h e r  s t a t i o n  d a t a  l o g g e r .  On t h e  u p p e r  t e r r a c e ,  Ts a n d  

were m e a s u r e d  o n c e  w e e k l y  w i t h  t h e r m o c o u p l e  p s y c h r o m e t e r s  a n d  a 

A t  b o t h  H e c h t  C r e e k  a n d  H e c h t  D i t c h ,  T a n d  y/ were m e a s u r e d  
e w p o i n t  m i c r o v o l t m e t e r  (Wescor m o d e l  HR-33T).  5 

a t  2 . 0  a n d  9 . 8  i n c h  d e p t h s  ( t h r e e  r e p l i c a a e s  eacg d e p t h )  u s i n g  
p s y c h r o m e t e r s .  A t  L i b b y  F l a t s ,  T was m e a s u r e d  w i t h  
t h e r m o c o u p l e s  a t  2.0 a n d  7 . 9  i n c h  d e p t h s  i n  t h e  s e d g e - w i l l o w  
c o m m u n i t y ,  a t  1 . 2  i n c h  d e p t h  i n  t h e  s e d g e  c o m m u n i t y ,  a n d  a t  1 . 2  

S 
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* a n d  7 . 9  i n c h  d e p t h s  i n  t h e  m o i s t  meadow c o m m u n i t y  ( t h r e e  
r e p l i c a t e s  e a c h  d e p t h ) .  V a l u e s  were r e c o r d e d  h o u r l y  by  t h e  d a t a  
l o g g e r  f o r  t h e  s h a l l o w  d e p t h s  i n  t h e  s e d g e - w i l l o w  a n d  m o i s t  
meadow c o m m u n i t i e s  a n d  w e e k l y  w i t h  a d i g i t a l  t h e r m o m e t e r  (Omega 
m o d e l  2 1 7 6 A )  f o r  t h e  o t h e r  d e p t h s  a n d  c o m m u n i t i e s .  

S t o m a t a 1  C o n d u c t a n c e s  

S 
D a i l y  p a t t e r n s  o f  g 

We m e a s u r e d  d a w n - t o - d u s k  c h a n g e s  i n  g -  o f  t h e  m a j o r  ( g r e a t e s t  
l e a f  a r e a )  r i p a r i a n  s p e c i e s  a t  h o u r l y  i n F e r v a l s  o n  r e p r e s e n t a t i v e  
c l e a r  o r  m o s t l y - c l e a r  d a y s .  P r e l i m i n a r y  m e a s u r e m e n t s  i n  1985 
were c o n d u c t e d  d u r i n g  t w o  d a y s  i n  A u g u s t  o n  a v a r i e t y  o f  s p e c i e s  
a t  L i t t l e  L a r a m i e ,  H e c h t  C r e e k ,  a n d  L i b b y  F l a t s .  T h e s e  meas- 
u r e m e n t s  i n d i c a t e d  t h a t  a b s o l u t e  gs  v a l u e s  a n d  t h e  d a i l y  p a t t e r n  
o f  g were s i m i l a r  b e t w e e n  m o u n t a i n  a n d  G e y e r  w i l l o w  a t  H e c h t  
Creel?, a n d  b e t w e e n  t h e  t h r e e  w i l l o w  s p e c i e s  a t  L i b b y  F l a t s .  
S a n d b a r  w i l l o w  s h o w e d  d i f f e r e n t  p a t t e r n s  f r o m  m o u n t a i n  a n d  G e y e r  
w i l l o w .  T h e r e  were a l s o  d i f f e r e n c e s  b e t w e e n  t h e  t w o  f o r m s  o f  
s e d g e .  T h e r e f o r e ,  more i n t e n s i v e  g m e a s u r e m e n t s  were c a r r i e d  
o u t  i n  1986,  f o c u s i n g  o n  f e w e r  s p e c i e s .  

M e a s u r e m e n t s  o f  g i n  1986 o c c u r r e d  a t  a p p r o x i m a t e l y  t h r e e -  
w e e k  i n t e r v a l s  b e t w e g n  J u n e  3 a n d  A u g u s t  30 f o r  c o t t o n w o o d ,  
m o u n t a i n  w i l l o w ,  a n d  s a n d b a r  w i l l o w  o n  t h e  u p p e r  r i v e r  t e r r a c e  a t  
L i t t l e  L a r a m i e  a n d  a t  t w o - w e e k  i n t e r v a l s  f o r  p l a n e l e a f  w i l l o w ,  
m a r s h  m a r i g o l d ,  a n d  t h e  t a l l  a n d  s h o r t  f o r m s  o f  s e d g e  a t  L i b b y  
F l a t s .  S a n d b a r  w i l l o w  l e a v e s  were n o t  l a r g e  e n o u g h  t o  s a m p l e  
u n t i l  J u n e  2 9 .  

F i v e  f u l l y  s u n l i t  a n d  f i v e  f u l l y  s h a d e d  l e a v e s  o f  c o t t o n w o o d  
a n d  o f  e a c h  w i l l o w  s p e c i e s  a t  L i t t l e  Laramie were s a m p l e d  d u r i n g  
e a c h  s e t  o f  h o u r l y  m e a s u r e m e n t s .  A t  L i b b y  F l a t s ,  f i v e  s u n l i t  a n d  
f i v e  s h a d e d  l e a v e s  were m e a s u r e d  h o u r l y  f o r  p l a n e l e a f  w i l l o w ,  
w h e r e a s  f i v e  l e a v e s  t o t a l ,  w i t h o u t  r e g a r d  t o  d e g r e e  o f  s h a d i n g  
( m o s t  l e a v e s  were f u l l y  s u n l i t )  were m e a s u r e d  f o r  m a r s h  m a r i g o l d  
a n d  s e d g e .  E a c h  l e a f  came f r o m  a d i f f e r e n t  s h o o t  ( c o t t o n w o o d ,  
w i l l o w s )  o r  p l a n t  ( m a r s h  m a r i g o l d ,  s e d g e ) .  P l a n t s  i n  t h e  same 
v i c i n i t y  were m e a s u r e d  o n  s u c c e s s i v e  d a t e s .  P l a n t s  a t  L i b b y  
F l a t s  were c h o s e n  i n  a r eas  t h a t  h a d  b e e n  s n o w - f r e e  f o r  a t  l e a s t  
o n e  w e e k .  

C o n d u c t a n c e s  were m e a s u r e d  s e p a r a t e l y  o n  t o p  a n d  b o t t o m  l e a f  
s u r f a c e s  w i t h  a t r a n s i e n t  d i f f u s i o n  p o r o m e t e r  ( L i - C o r  m o d e l  
L I - 7 0 0 )  a n d  summed i n  s e r i e s  t o  g i v e  t o t a l  g ( E q .  1) .  T h e  
p o r o m e t e r  c u v e t t e  was s h a d e d  f r o m  d i r e c t  s u n f i g h t  d u r i n g  
m e a s u r e m e n t s  t o  m a i n t a i n  t e m p e r a t u r e  d i f f e r e n t i a l s  b e t w e e n  t h e  
l e a f  a n d  t h e  a i r  i n s i d e  t h e  c u v e t t e  a t  4'F o r  l e s s .  C a l i b r a t i o n s  
were p e r f o r m e d  i m m e d i a t e l y  f o l l o w i n g  e a c h  s e t  o f  m e a s u r e m e n t s  
u s i n g  a p l a s t i c  p l a t e  b a c k e d  by  w e t  f i l t e r  p a p e r  a n d  p e r f o r a t e d  
w i t h  d i f f e r e n t  s i z e s  a n d  d e n s i t i e s  o f  h o l e s  t o  s i m u l a t e  v a r i o u s  

% o r a t o r y  a g a i n s t  a p e r f o r a t e d  metal  p l a t e ,  f o r  w h i c h  g 
were c a l c u l a t e d  f r o m  d i f f u s i o n  t h e o r y  ( M o n t e i t h  1 9 7 3 ) .  !?late g 
v a l u e s  were c o r r e c t e d  f o r  c h a n g e s  i n  t h e  d i f f u s i o n  c o e f f i c i e n t  o f  

S 

T h i s  p l a t e  was c a l i b r a t e d  u n d e r  i s o t h e r m a l  c o n d i t i o n s  i n  t h e  
v a l u e s  

S 

water v a p o r  in a i r  ( D w ) a t t r i b u t a b l e  t o  t e m p e r a t u r e  a n d  t o  
e l e v a t i o n a l  d i f f e r e n c e s  i n  a m b i e n t  p r e s s u r e  ( S m i t h  a n d  G e l l e r  
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1 9 7 9 ) .  
N a t u r a l  l e a f  t e m p e r a t u r e s  o f  c o t t o n w o o d ,  w i l l o w s ,  a n d  m a r s h  

m a r i g o l d  were m e a s u r e d  t o  w i t h i n  0.9’F i m m e d i a t e l y  b e f o r e  
i n d i v i d u a l  g m e a s u r e m e n t s  u s i n g  a n  i n f r a r e d  t h e r m o m e t e r  ( B a r n e s  
E n g i n e e r i n g  g o d e l  111) c a l i b r a t e d  a f t e r  e v e r y  f i f t h  m e a s u r e m e n t .  
S e d g e  T1 was m e a s u r e d  (+0.4’F)  by p r e s s i n g  a 0 .003 i n c h  d i a m e t e r  
t h e r m o c o u p l e  a g a i n s t  t h e  s h a d e d  s i d e  o f  e a c h  l e a f .  B e f o r e  e a c h  
s e t  o f  g m e a s u r e m e n t s  o n  a g i v e n  s p e c i e s ,  T a n d  R H  were 
m e a s u r e d s a t  s a m p l e  h e i g h t  w i t h  a s h i e l d e d  c o t p e r - c o n s t a n t a n  
t h e r m o c o u p l e  (0 .01 i n c h  d i a m e t e r )  a n d  a t h i n - f i l m  c a p a c i t a n c e  
s e n s o r  ( W e a t h e r m e a s u r e  m o d e l  5 1 2 1 ) .  

S e a s o n a l  p a t t e r n s  o f  gs 
T h e  maximum g ,  v a l u e  o c c u r r i n g  o n  c l e a r  d a y s  f o r  e a c h  s p e c i e s  

) was a s s u m E d  t o  r e p r e s e n t  t h a t  s p e c i e s ’  maximum p o s s i b l e  g 
f o r  t h a t  t ime  o f  y e a r .  
b e g i n n i n g  a n d  e n d  of t h e  low- a n d  h i g h - e l e v a t i o n  g r o w i n g  s e a s o n s  
were p e r f o r m e d  o n  c l e a r  d a y s  f o r  e a c h  o f  t h e  a b o v e  s p e c i e s  t o  
a s c e r t a i n  s e a s o n a l  p a t t e r n s  o f  gm x .  
a s  f o r  d i u r n a l  m e a s u r e m e n t s .  B e a e e d  w i l l o w  g was m e a s u r e d  o n  
f o u r  d a y s  a t  L i t t l e  L a r a m i e  f o r  c o m p a r i s o n  w i ? R X o t h e r  low- 
e l e v a t i o n  w i l l o w s .  

y e l l o w  ( s e n e s c i n g )  l e a v e s  o f  c o t t o n w o o d  a n d  m o u n t a i n ,  s a n d b a r ,  
a n d  b e a k e d  w i l l o w s  a t  L i t t l e  L a r a m i e ,  a n d  o f  p l a n e l e a f  w i l l o w  a t  
L i b b y  F l a t s .  

(‘ma S A d d i t i o n a l  g s  m e a s u r e m e n t s  a t  t h e  

T h e  same p l a n t s  were u s e d  

I n  m i d - S e p t e m b e r ,  glnax was c o m p a r e d  b e t w e e n  g r e e n  l e a v e s  a n d  

S t o m a t a 1  r e s p o n s e s  t o  e n v i r o n m e n t a l  f a c t o r s  

a l p i n e  h e r b a c e o u s  s p e c i e s  h a s  i n d i c a t e d  t h a t  p o t e n t i a l l y  
i m p o r t a n t  f a c t o r s  i n f l u e n c i n g  g i n c l u d e  PPFD, T , 
i n t e r n a l  w a t e r  s t a t u s ,  T , a n d  
E h l e r i n g e r  a n d  M i l l e r  19’15, R e g e R r  e t  a l .  1 9 7 5 ,  S t o n e r  a n d  M i l l e r  
1 9 7 5 ,  D r e w  a n d  Bazzaz  1 9 7 9 ,  O b e r b a u e r  a n d  B i l l i n g s  1981,  P a l l a r d y  
a n d  K o z l o w s k i  1981, P e z e s h k i  a n d  H i n c k l e y  1 9 8 2 ,  K o r n e r  1 9 8 2 ,  
K o w a l i k  a n d  E c k e r s t e n  1 9 8 4 ,  M a g n u s s e n  1985, Young  e t  a l .  1985) .  
P r e d i c t i v e  r e l a t i o n s h i p s  b e t w e e n  t h e s e  f a c t o r s  a n d  g s  o r  g 
were s o u g h t  t o  i m p r o v e  o u r  a b i l i t y  t o  e s t i m a t e  E ,  

I n  a d d i t i o n  t o  t h e  e n v i r o n m e n t a l  m e a s u r e m e n t s  a l r e a d y  made i n  
c o n j u n c t i o n  w i t h  t h e  s a m p l i n g  f o r  d a i l y  a n d  s e a s o n a l  c h a n g e s  i n  

a n d  g d a t a  o n  PPFD a n d  s h o o t  x y l e m  p r e s s u r e  p o t e n t i a l  ()v 

d a i l y  g m e a s u r e m e n t s .  F o l l o w i n g  e a c h  s e t  o f  g m e a s u r e m e n t s  o n  
e a c h  s p e c i e s ,  t h e  s h o o t s  t o  w h i c h  t h e  s a m p l e  l e g v e s  were a t t a c h e d  
( c o t t o n w o o d ,  w i l l o w s )  o r  t h e  i n d i v i d u a l  s a m p l e  l e a v e s  ( m a r s h  
m a r i g o l d )  were e x c i s e d  a n d  p l a c e d  i n  p l a s t i c  b a g s  o v e r  i c e  i n  t h e  
d a r k .  Xy lem p r e s s u r e  p o t e n t i a l s  were m e a s u r e d  w i t h  a p r e s s u r e  
bomb (PMS I n s t r u m e n t s  m o d e l  1000) n o  l a t e r  t h a n  o n e  h o u r  a f t e r  
e x c i s i o n .  I t  was n o t  p o s s i b l e  t o  m e a s u r e  s e d g e  w i t h  t h e  
p r e s s u r e  bomb.  
s a m p l e  l e a v e s  was m e a s u r e d  o n  t h r e e  d a y s  a t  L i t t l e  L a r a m i e  a n d  o n  
o n e  d a y  a t  L i b b y  F l a t s  u s i n g  a q u a n t u m  s e n s o r  ( L i - C o r  m o d e l  

P r e v i o u s  w o r k  on  c o t t o n w o o d ,  w i l l o w s ,  m a r s h  m a r i g o l d ,  a n d  

LAVD, T1 , ( K u r a m o t o  a n d  h i s s  1 9 7 0 ,  S 

a n d  yfiff. E d ’  

a g S  m e a s u r e  m a x ’  o f  i n t e r n a l  water  s t a t u s )  were g a t h e r e d  d u r i n g  t h e  P ’  

S 

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

190s) . 
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Water T a b l e s  a n d  S t r e a m f l o w s  

Water t a b l e  d e p t h s  were m e a s u r e d  w e e k l y  i n  1985 a n d  1986 u s i n g  
PVC p i e z o m e t e r s  a t  e i g h t  l o c a t i o n s  o n  t h e  p e r i p h e r y  of t h e  w i l l o w  
t h i c k e t s  a t  L i t t l e  L a r a m i e ,  t e n  l o c a t i o n s  w i t h i n  t h e  r i p a r i a n  
z o n e  a t  H e c h t  C r e e k ,  f o u r  l o c a t i o n s  a d j a c e n t  t o  H e c h t  D i t c h ,  a n d  
t w e n t y  l o c a t i o n s  o n  t h e  b a s i n  f l o o r  a t  L i b b y  F l a t s .  A t  B e l l a m y  
C a n a l ,  t h e  s o i l  w a s  t o o  r o c k y  t o  d r i l l  h o l e s  t o  t h e  water t a b l e ,  
e v e n  w i t h  p o w e r  e q u i p m e n t .  

s t a g e  r e c o r d e r  d a t a  c o l l e c t e d  by  t h e  A l b a n y  C o u n t y  Water 
C o m m i s s i o n e r  ( J a m e s  P u g h ,  L a r a m i e ,  W Y ,  p e r s o n a l  c o m m u n i c a t i o n ) .  
T h e  g a u g i n g  s t a t i o n s  f r o m  w h i c h  t h e s e  d a t a  were d e r i v e d  were 
l o c a t e d  i n  t h e  m i d d l e  o f  t h e  L i t t l e  L a r a m i e  s i t e  a n d  a t  t h e  
u p s t r e a m  e n d  o f  t h e  B e l l a m y  C a n a l  s i t e .  

M i d d a y  s t r e a m f l o w  was m e a s u r e d  w e e k l y  a t  I I e c h t  C r e e k ,  H e c h t  
D i t c h ,  a n d  L i b b y  F l a t s  i n  1985 a n d  1986.  C r o s s - s e c t i o n a l  
v e l o c i t y  p r o f i l e s  were m e a s u r e d  a t  H e c h t  C r e e k  a n d  H e c h t  D i t c h  
u s i n g  a m e a s u r i n g  t a p e  a n d  a pygmy c u r r e n t  v e l o c i t y  meter 
( S c i e n t i f i c  I n s t r u m e n t s  Co.  m o d e l  S I W - 0 0 3 ) .  S t r e a m  v e l o c i t y  was 
o b s e r v e d  d i r e c t l y  a t  L i b b y  F l a t s  w i t h  a P a r s h a l l  f l u m e  i n s t a l l e d  
a t  t h e  o u t l e t  o f  t h e  b a s i n .  

D a i l y  s t r e a m f l o w s  i n  1985 a n d  1986 were c a l c u l a t e d  f r o m  water -  

T r a n s p i r a t i o n a l  Water Use 

Two c o m p u t e r  s i m u l a t i o n  m o d e l s  were e n v i s i o n e d ,  a " s i m p l e "  
m o d e l  b a s e d  o n  i n t e r p o l a t i o n  b e t w e e n  m e a s u r e d  E v a l u e s  a n d  a 

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

d c o m p l e x "  m o d e l  w h i c h  w o u l d  p r e d i c t  g f r o m  v a r i o u s  e n v i r o n m e n t a l  1 )  

S 

TWU a t  t h e  s t u d v  s i t e s :  s i m D l e  m o d e l  
T r a n s p i r a t i o n  r a t e s  were c a l c u l a t e d  f r o m  E q u a t i o n  1 ,  u s i n g  g 

S a n d  LAVD v a l u e s  o b s e r v e d  i n  t h e  f i e l d .  B o u n d a r y  l a y e r  c o n -  
d u c t a n c e s  were e s t i m a t e d  f o r  " t y p i c a l "  l e a v e s  o f  e a c h  s p e c i e s  a s  
f o l l o w s :  W i n d s p e e d  a t  m i d - c a n o p y  h e i g h t  i n  e a c h  p l a n t  c o m m u n i t y  
was e s t i m a t e d  f r o m  a b o v e - c a n o p y  w i n d s p e e d  v a l u e s  m e a s u r e d  by  t h e  
w e a t h e r  s t a t i o n s ,  u s i n g  r e l a t i o n s h i p s  b e t w e e n  w i n d s p e e d  a n d  LA1 
o r  w i n d s p e e d  a n d  h e i g h t  a b o v e  g r o u n d  d e v e l o p e d  f r o m  t h e  
m i c r o c l i m a t e  p r o f i l e  m e a s u r e m e n t s  a n d  d a t a  o n  s e a s o n a l  c h a n g e s  i n  
L A I .  We u s e d  m i d - c a n o p y  h e i g h t  v a l u e s  o f  3 2 . 8  f t  f o r  c o t t o n w o o d  
g r o v e s ,  9 . 8  f t  f o r  w i l l o w  t h i c k e t s ,  9 .8  i n c h e s  f o r  t h e  s e d g e -  
w i l l o w  c o m m u n i t y ,  5 .9  i n c h e s  f o r  t h e  s e d g e  c o m m u n i t y ,  a n d  2 . 0  
i n c h e s  f o r  t h e  m o i s t  meadow c o m m u n i t y .  Mean l e a f  d i a m e t e r s  o f  
e a c h  s p e c i e s  were d e t e r m i n e d  f r o m  t h e  b i w e e k l y  s h o o t  l e a f  area 
m e a s u r e m e n t s .  A r e l a t i o n s h i p  f r o m  C a m p b e l l  ( 1 9 7 7 )  was u s e d  t o  
c a l c u l a t e  g b :  

( 3 )  g b  = 1/(283(diameter/windspeed)-')) 

I n t e g r a t i o n  u n d e r  t h e  d i u r n a l  E c u r v e s  f o r  s u n l i t  a n d  s h a d e d  
l e a v e s  o f  e a c h  s p e c i e s  y i e l d e d  e s t i m a t e s  of  c u m u l a t i v e  d a i l y  

d ) .  We i n t e r p o l a t e d  b e t w e e n  m e a s u r e d  Ed values to water  u s e  ( E  

e s t i m a t e  E o f  s u n l i t  a n d  s h a d e d  l e a v e s  o f  e a c h  s p e c i e s  f o r  e a c h  d 
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d a y  i n  t h e  g r o w i n g  s e a s o n  o f  1 9 8 6 .  E q u a t i o n  2 was u s e d  t o  
c a l c u l a t e  d a i l y  TWU o f  t h e  r i p a r i a n  z o n e  a t  e a c h  s i t e  o n  e a c h  
d a y .  TWU v a l u e s  were t h e n  summed a c r o s s  a l l  d a y s  t o  e s t i m a t e  
s e a s o n a l  TWU . 
c a l c u l a t e d  a s  ( M o n t e i t h  1 9 7 3 ) :  

S u n l i t  LA1 o f  e a c h  s p e c i e s  i n  e a c h  c o m m u n i t y  (LA1 ( s u n ) )  was i , k  

w h e r e  LAIk  = LA1 o f  c o m m u n i t y  k, L A I .  k - - LA1 o f  s p e c i e s  i i n  
c o m m u n i t y  j ,  a n d  K = a n  " e x t i n c t i o n " ' 6 o e f f i c i e n t .  T h i s  e q u a t i o n  
a s s u m e s  a r a n d o m  d i s t r i b u t i o n  o f  f o l i a g e  w i t h  r e s p e c t  t o  l e a f  
i n c l i n a t i o n  a n d  a z i m u t h .  LAIi  k ( s h a d e )  was s i m p l y  LAIi  m i n u s  
L A I .  k ( s u n ) .  We u s e d  v a l u e s  of  K f r o m  t h e  l i t e r a t u r e :  0 . 2 7  f o r  
c o t t b n w o o d  c a n o p i e s  ( v a l u e  f o r  a s p e n  c a n o p i e s ,  R a u n e r  1 9 7 6 ) ,  0 .50  
f o r  w i l l o w  c a n o p i e s  ( v a l u e  f o r  S a l i x  v i m i n a l i s  t h i c k e t s ,  C a n n e l l  
e t  a l .  1 9 8 6 ) ,  a n d  0.35 f o r  t h e  s e d g e  a n d  m o i s t  meadow c o m m u n i t i e s  
( v a l u e  f o r  a l p i n e  s e d g e  m e a d o w s ,  K o r n e r  1 9 8 2 )  . T h e  s e d g e - w i l l o w  
c o m m u n i t y  was a s s u m e d  t o  h a v e  a K v a l u e  i n t e r m e d i a t e  t o  w i l l o w  
t h i c k e t s  a n d  t h e  s e d g e  c o m m u n i t y .  

i n  LA1 were u s e d  t o  c o n s t r u c t  s e a s o n a l  c u r v e s  of  LA1 f o r  e a c h  
s p e c i e s  i n  e a c h  c o m m u n i t y :  

T h e  f i e l d  d a t a  o n  maximum s e a s o n a l  L A I ' s  a n d  s e a s o n a l  c h a n g e s  

w h e r e  LAIi  d a n d  SLA. 
i o n  a g i v e n  d a y ,  LAf '  = maximum s e a s o n a l  l e a f  a r e a  of 
c o m m u n i t y  k ,  a n d  SLAi,max = maximum s e a s o n a l  s h o o t  l e a f  a r e a  o f  
s p e c i e s  i. 

O n c e  l e a f  s e n e s c e n c e  s t a r t e d  i n  a u t u m n ,  s u n l i t  a n d  s h a d e d  
L A I ' s  o f  c o t t o n w o o d  a n d  a l l  t h e  w i l l o w  s p e c i e s  were b r o k e n  down 
i n t o  s e p a r a t e  f r a c t i o n s  r e p r e s e n t i n g  l e a f  a rea  w h i c h  was s t i l l  
g r e e n  a n d  l e a f  a r e a  w h i c h  was y e l l o w  ( s e n e s c i n g ) ,  b a s e d  o n  t h e  
f i e l d  s a m p l i n g  f o r  l e a f  s e n e s c e n c e .  T h e  g r e e n  f r a c t i o n  of  LA1 
f o r  e a c h  s p e c i e s  was a s s u m e d  t o  t r a n s p i r e  a t  t h e  " n o r m a l "  
o b s e r v e d  r a t e s ,  w h i l e  t h e  y e l l o w  f r a c t i o n  o f  LA1 was a s s u m e d  t o  
t r a n s p i r e  a t  a l o w e r  r a t e  e q u a l  t o  t h e  r a t i o  o f  y e l l o w  t o  g r e e n  

g m a f f  c o r r e c t i o n  f a c t o r  was a p p l i e d  t o  a l l  c o v e r  v a l u e s  (C, )  a t  
L i b b y  F l a t s  t o  a c c o u n t  f o r  t h e  g r a d u a l  i n c r e a s e  i n  c o v e r  o f  e a c h  
p l a n t  c o m m u n i t y  a s  t h e  s n o w b a n k  f i l l i n g  t h e  b a s i n  m e l t e d  b a c k .  
T h i s  was s i m p l y  a s c a l a r  r a n g i n g  f r o m  z e r o  ( e n t i r e  c o m m u n i t y  
s n o w - c o v e r e d )  t o  o n e  ( e n t i r e  c o m m u n i t y  s n o w - f r e e ) .  

We a s s u m e d ,  o n  t h e  b a s i s  o f  t h e  c o m p a r a t i v e  g m e a s u r e m e n t s  i n  
1985 a n d  1986,  t h a t  G e y e r  w i l l o w ,  b e a k e d  w i l l o w ,  w h i p l a s h  w i l l o w ,  
a n d  m o u n t a i n  a l d e r  h a d  i d e n t i c a l  E t o  m o u n t a i n  w i l l o w  a t  L i t t l e  
L a r a m i e ,  a n d  t h a t  s h o r t f r u i t e d  w i d o w  a n d  m o u n t a i n  w i l l o w  h a d  
i d e n t i c a l  E t o  p l a n e l e a f  w i l l o w  a n d  o t h e r  b r o a d l e a v e d  h e r b s  h a d  
i d e n t i c a l  Ed t o  m a r s h  m a r i g o l d  a t  L i b b y  F l a t s .  We f u r t h e r  
a s s u m e d  tha!! m o u n t a i n  w i l l o w  a n d  s a n d b a r  w i l l o w  a t  H e c h t  C r e e k  
a n d  H e c h t  D i t c h  h a d  i d e n t i c a l  E t o  t h e i r  v a l u e s  a t  L i t t l e  
L a r a m i e .  B e c a u s e  t h e s e  s i t e s  were a t  s i m i l a r  e l e v a t i o n s  (+30 f t )  
a n d  w i t h i n  5 mi l e s  o f  e a c h  o t h e r ,  a n d  t h u s  e x p e r i e n c e d  s i m i l a r  

= LA1 a n d  mean  s h o o t  l e a f  a r e a  o f  s p e c i e s  

k , m a x  

m e a s u r e d  i n  S e p t e m b e r .  

S 

d 
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w e a t h e r  c o n d i t i o n s ,  t h i s  s e e m e d  a r e a s o n a b l e  a s s u m p t i o n .  
T h e  s e a s o n a l  E v a l u e s  u s e d  i n  t h i s  m o d e l  were m e a s u r e d  o n  

c l e a r  o r  m o s t l y - d e a r  d a y s ,  w i t h  mean  d a y t i m e  v a l u e s  o f  PPFD a n d  
T a b o v e  t h e  s e a s o n a l  a v e r a g e  a n d  mean  d a y t i m e  v a l u e s  o f  R H  b e l o w  
t8e s e a s o n a l  a v e r a g e .  
c o n s i d e r a b l e  c l o u d i n e s s  ( l o w  PPFD) a n d / o r  u n s e a s o n a b l y  l o w  T a n d  a h i g h  RW. S i n c e  PPFD, T a ,  a n d  Rh a l l  i n f l u e n c e  LAVD ( E q .  l ) ,  t h e  
Ed v a l u e s  o n  t h e  s a m p l i n g  d a y s  were n o t  r e p r e s e n t a t i v e  o f  a l l  
d a y s  d u r i n g  t h e  g r o w i n g  s e a s o n .  
a n d  s o m e  d a y s  p r o b a b l y  h a d  g r e a t e r  E d .  

z e r o .  T h i s  a s s u m p t i o n  i s  s u p p o r t e d  by t h e  r e s u l t s  o f  L a r s s o n  
( 1 9 8 1 ) ,  who f o u n d  t h a t  E o f  w i l l o w  was r e d u c e d  95% a f t e r  l e a v e s  
were s p r a y e d  w i t h  wa te r .  S i n c e  dew o c c u r r e d  o n  a l l  s a m p l i n g  d a y s  
a t  L i b b y  F l a t s ,  t h e  i n f l u e n c e  of  dew was a s s u m e d  t o  h a v e  b e e n  
a c c o u n t e d  f o r  i n  t h e  m e a s u r e d  E v a l u e s  t h e r e .  A t  L i t t l e  d L a r a m i e ,  h o w e v e r ,  d e w s  d i d  n o t  o c c u r  o n  t h e  s a m p l i n g  d a y s ,  
a l t h o u g h  t h e y  d i d  o c c u r  e a r l i e r  a n d  l a t e r  i n  t h e  g r o w i n g  s e a s o n .  

S t o m a t a 1  c o n d u c t a n c e s  o f  woody  p l a n t s  a r e  known t o  b e  r e d u c e d  
o n  d a y s  f o l l o w i n g  n i g h t s  w i t h  l o w  a i r  t e m p e r a t u r e s .  F o r  e x a m p l e ,  

Many d a y s  were c h a r a c t e r i z e d  by 

Most d a y s  p r o b a b l y  h a d  l e s s e r  Ed 

When r a i n  o c c u r r e d ,  l e a v e s  were wet a n d  E was p r o b a b l y  n e a r  

n i g h t t i m e  T o f  39°F d e c r e a s e d  g o f  p l a i n s  c o t t o n w o o d  ( P o p u l u s  
d e l t o i d e s )  8 y  t w o - t h i r d s  i n  mid-Eummer ( D r e w  a n d  Bazzaz  1 9 7 9 )  . 
N i g h t t i m e  Ta l e s s  t h a n  43°F r e d u c e d  g o f  c o n i f e r s  g r o w i n g  i n  t h e  
M e d i c i n e  Bow M o u n t a i n s ,  w i t h  c o m p l e t e s i n h i b i t i o n  ( g s  = 0 )  
o c c u r r i n g  f o l l o w i n g  n i g h t t i m e  T o f  27 OF i n  e a r l y  summer  o r  15'F 
i n  e a r l y  f a l l  ( S m i t h  1 9 8 5 ,  D e l u g i a  1 9 8 7 ) .  

T h i s  d i s c u s s i o n  i n d i c a t e s  t h a t  t h e  i n f l u e n c e  o f  s e v e r a l  
f a c t o r s  - c l o u d y  o r  c o o l  w e a t h e r ,  r a i n ,  d e w ,  a n d  f r e e z i n g  o r  
n e a r - f r e e z i n g  T - n e e d e d  t o  b e  a c c o u n t e d  f o r  by t h e  m o d e l .  
T h e r e  was n o  r e t s o n a b l e  way t o  h a n d l e  t h e  L A V D  p r o b l e m ,  b u t  t h e  
o t h e r  f a c t o r s  were d e a l t  w i t h  i n  s i m p l e  f a s h i o n .  U s i n g  t h e  
h o u r l y  m e t e o r o l o g i c a l  d a t a  c o l l e c t e d  by t h e  w e a t h e r  s t a t i o n s ,  w e  
c a l c u l a t e d ,  f o r  b o t h  C e n t e n n i a l  V a l l e y  a n d  L i b b y  F l a t s ,  mean  T 
d u r i n g  t h e  d a y l i g h t  h o u r s  o n  e a c h  d a y  o f  t h e  g r o w i n g  s e a s o n  o f a  
1 9 8 6 .  was l e s s  t h a n  43'F o n  a n y  g i v e n  d a y ,  a l l  Ed 
v a l u e s  were m u l t ?  l i e d  by a c o n s t a n t  w h i c h  r a n g e d  f r o m  z e r o  a t  
15'F t o  o n e  a t  43  F o r  a b o v e .  We a l s o  c a l c u l a t e d  t h e  n u m b e r  o f  
d a y l i g h t  h o u r s  w i t h  m e a s u r a b l e  p r e c i p i t a t i o n  d u r i n g  e a c h  d a y .  
F o r  C e n t e n n i a l  V a l l e y ,  a l l  h o u r s  w i t h  R H  = l o o % ,  i . e . ,  dew 
f o r m i n g ,  were i n c l u d e d  as  i f  r a i n  were o c c u r r i n g .  A l l  E v a l u e s  
were m u l t i p l i e d  by a c o n s t a n t  w h i c h  v a r i e d  f r o m  z e r o  ( r a i n  a l l  
d a y )  t o  o n e  ( n o  r a i n  a l l  d a y ) ,  b a s e d  o n  t h e  f r a c t i o n  o f  d a y l i g h t  
h o u r s  w i t h  r a i n .  

We f e e l  t h a t  t h e  TWU v a l u e s  c a l c u l a t e d  by  t h i s  m o d e l  were 
m o d e r a t e l y  o v e r e s t i m a t e d  b e c a u s e  t h e  m o d e l  d i d  n o t  a c c o u n t  f o r  
d a y s  w h e n  l o w  T 

I f  m e a n  T 

8 

d 

l o w  PPFD, a n d / o r  h i g h  R H  r e d u c e d  E d .  a '  

TWU a t  t h e  s t u d y  s i t e s :  c o m p l e x  m o d e l  

w e a t h e r  was n o t  w e l l - a c c o u n t e d  f o r  by  t h e  s i m p l e  m o d e l .  
F u r t h e r m o r e ,  T a n d  R H  were m e a s u r e d  a n d  g v a l u e s  c a l c u l a t e d  
o n l y  f o r  m i d - c a n o p y  l e a v e s  d u r i n g  t h e  f i e l a  s a m p l i n g  a n d  t h e  

A s  d i s c u s s e d  a b o v e ,  t h e  i n f l u e n c e  o f  d a y - t o - d a y  v a r i a t i o n  i n  

a 
- 

Ed v a l u e s  were u s e d  by t h e  s i m p l e  m o d e l .  L e a v e s  a t  t h e  t o p  o f  t h e  c a n o p y  were e x p o s e d  t o  g r e a t e r  w i n d s p e e d s  a n d  l e s s e r  
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R H ,  a n d  t h u s  p r o b a b l y  t r a n s p i r e d  a t  g r e a t e r  r a t e s .  L e a v e s  n e a r  
t h e  b a s e  o f  t h e  c a n o p y  were e x p o s e d  t o  l e s s e r  w i n d s p e e d s  a n d  
h i g h e r  R H ,  a n d  t h u s  p r o b a b l y  t r a n s p i r e d  a t  l e s s e r  r a t e s .  
I n t e g r a t e d  w h o l e - c a n o p y  Ed r a t e s  may t h e r e f o r e  h a v e  b e e n  s o m e w h a t  
d i f f e r e n t  f r o m  t h o s e  c a l c u l a t e d  f o r  m i d - c a n o p y  l e a v e s .  

To p r o v i d e  m o r e  r e a l i s t i c  e s t i m a t e s  o f  TWU, a m o r e  c o m p l e x  
c a n o p y  l a y e r  m o d e l  was e n v i s i o n e d  w h i c h  w o u l d  e s t i m a t e  h o u r l y  
c h a n g e s  i n  E t h r o u g h o u t  t h e  g r o w i n g  s e a s o n  f r o m  h o u r l y  
m e t e o r o l o g i c a l  d a t a ,  a s  m e a s u r e d  by t h e  w e a t h e r  s t a t i o n s ,  a n d  

g b ,  LAVD, a n d  E a t  c a l c u l a t e  t h e  c o n c o m i t a n t  r e s p o n s e s  o f  g 
e a c h  h e i g h t  l e v e l  i n  t h e  c a n o p i e s  o f  t h e  v a r i o u s  r i p a r i a n  p l a n t  
c o m m u n i t i e s .  H o w e v e r ,  f o r  r e a s o n s  d i s c u s s e d  u n d e r  R e s u l t s ,  
c o n s t r u c t i o n  o f  a m o d e l  o f  t h i s  t y p e  was j u d g e d  n o t  t o  b e  
f e a s i b l e .  

S' 

TWU i n  t h e  L i t t l e  L a r a m i e  d r a i n a g e  
A e r i a l  i n f r a r e d  p h o t o g r a p h s  ( 1 : 2 4 0 0 0 )  t a k e n  by t h e  S o i l  

C o n s e r v a t i o n  S e r v i c e  i n  1982 were a n a l y z e d  t o  e s t i m a t e  t h e  t o t a l  
c o v e r  o f  v a r i o u s  r i p a r i a n  p l a n t  c o m m u n t i e s  i n  t h e  e n t i r e  L i t t l e  
L a r a m i e  R i v e r  d r a i n a g e .  C o t t o n w o o d  g r o v e s  were d i s t i n g u i s h e d  
f r o m  w i l l o w  t h i c k e t s  by d i f f e r e n c e s  i n  c a n o p y  h e i g h t  when v i e w e d  
u n d e r  a s t e r e o s c o p e .  T h e  d i f f e r e n t  a l p i n e  p l a n t  c o m m u n i t i e s  were 
n o t  d i s t i n g u i s h a b l e  i n  t h e  p h o t o g r a p h s ,  s o  o n l y  t o t a l  c o v e r  o f  
a l p i n e  s o u r c e  b a s i n s  was m e a s u r e d .  T h e  n a r r o w ,  p o o r l y - d e v e l o p e d  
r i p a r i a n  z o n e s  a t  i n t e r m e d i a t e  e l e v a t i o n s  were n o t  m e a s u r e d .  

T h e  o u t l i n e  o f  e a c h  c o t t o n w o o d  g r o v e ,  w i l l o w  t h i c k e t ,  o r  
a l p i n e  s o u r c e  b a s i n  was t r a c e d  a n d  t h e  a r e a s  o f  e a c h  t r a c i n g  
m e a s u r e d  w i t h  a d i g i t i z i n g  t a b l e t  ( N u m o n i c s  C o r p .  m o d e l  2 4 0 0 ) .  
Areas were s u m m a r i z e d  s e p a r a t e l y  f o r  c o t t o n w o o d s  a n d  w i l l o w s ,  f o r  
l o w - e l e v a t i o n  n a t u r a l  s t reams a n d  i r r i g a t i o n  d i t c h e s ,  a n d  f o r  
a l p i n e  s o u r c e  b a s i n s .  

Water u s e  v a l u e s  were e s t i m a t e d  f o r  t h e  e n t i r e  d r a i n a g e  by 
m u l t i p l y i n g  e a c h  p l a n t  c o m m u n i t y ' s  t o t a l  g r o w i n g  s e a s o n  TWU by 
i t s  t o t a l  a r e a  w i t h i n  t h e  d r a i n a g e .  TWU v a l u e s  f o r  t h e  
c o t t o n w o o d  g r o v e s  a t  L i t t l e  L a r a m i e  a n d  t h e  c o t t o n w o o d s  l i n i n g  
B e l l a m y  C a n a l  were a p p l i e d ,  r e s p e c t i v e l y ,  t o  c o t t o n w o o d  g r o v e s  
a l o n g  n a t u r a l  s t reams a n d  c o t t o n w o o d s  g r o w i n g  a l o n g  i r r i g a t i o n  
d i t c h e s .  TWU v a l u e s  f o r  t h e  c o t t o n w o o d s  l i n i n g  B e l l a m y  C a n a l  
were a p p l i e d  t o  a l l  c o t t o n w o o d s  a l o n g  i r r i g a t i o n  d i t c h e s .  TWU 
v a l u e s  f o r  t h e  w i l l o w  t h i c k e t s  a t  L i t t l e  L a r a m i e  a n d  t h e  w i l l o w s  
l i n i n g  H e c h t  D i t c h  were a p p l i e d ,  r e s p e c t i v e l y ,  t o  w i l l o w s  g r o w i n g  
a l o n g  n a t u r a l  s t r eams  a n d  a l o n g  i r r i g a t i o n  d i t c h e s .  

B e c a u s e  i n d i v i d u a l  p l a n t  c o m m u n i t i e s  c o u l d  n o t  b e  d i s c e r n e d  o n  
a e r i a l  p h o t o s ,  t h e  r e l a t i v e  p r o p o r t i o n  o f  t o t a l  r i p a r i a n  z o n e  
c o v e r  a t  L i b b y  F l a t s  o c c u p i e d  by e a c h  p l a n t  c o m m u n i t y  a n d ,  h e n c e ,  
t h e  TWU f o r  t h e  e n t i r e  L i b b y  F l a t s  r i p a r i a n  z o n e ,  was a s s u m e d  t o  
h o l d  t r u e  f o r  a l l  a l p i n e  s o u r c e  b a s i n s  i n  t h e  M e d i c i n e  Bow 
M o u n t a i n s .  

To a s s e s s  t h e  r e l a t i v e  i m p o r t a n c e  o f  TWU t o  t h e  water  b u d g e t  
o f  t h e  e n t i r e  d r a i n a g e ,  w e  e s t i m a t e d  d r a i n a g e - w i d e  s t r e a m f l o w  a n d  
r a i n f a l l .  T h e r e  were t o o  f e w  s t ream g a u g i n g  s t a t i o n s  i n  t h e  
L i t t l e  L a r a m i e  d r a i n a g e  t o  c a l c u l a t e  t o t a l  d r a i n a g e  s t r e a m f l o w .  
H o w e v e r ,  t h e  f l o w  o f  t h e  L i t t l e  Laramie a t  t h e  g a u g i n g  s t a t i o n  a t  
t h e  L i t t l e  L a r a m i e  s i t e  was p r o b a b l y  a r e a s o n a b l e  a p p r o x i m a t i o n  
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b e c a u s e  a l l  o f  t h e  r i v e r ' s  t r i b u t a r i e s  b u t  o n e  c o a l e s c e d  a b o v e  
t h i s  s i t e .  T h e  f l o w  a d d e d  by t h a t  d o w n s t r e a m  t r i b u t a r y  ( M i l l  
C r e e k )  m a y  h a v e  b e e n  r o u g h l y  b a l a n c e d  by t h e  f l o w  r e m o v e d  by 
s e v e r a l  u p s t r e a m  i r r i g a t i o n  d i t c h e s .  

o f  t h e  d r a i n a g e  a r e a  f r o m  t h e  f o o t  o f  t h e  M e d i c i n e  Bow M o u n t a i n s  
t o  t h e  j u n c t i o n  of  t h e  L i t t l e  L a r a m i e  w i t h  t h e  B i g  Laramie 
r e c e i v e d  t h e  same r a i n f a l l  a s  t h a t  o b s e r v e d  d u r i n g  t h e  1986 
g r o w i n g  s e a s o n  a t  L i t t l e  Laramie a n d  2 )  a l l  o f  t h e  d r a i n a g e  a r e a  
i n  t h e  m o u n t a i n s  r e c e i v e d  t h e  same r a i n f a l l  a s  t h a t  o b s e r v e d  
d u r i n g  t h e  1986 g r o w i n g  s e a s o n  a t  L i b b y  F l a t s .  An a r e a - w e i g h t e d  
mean r a i n f a l l  was c a l c u l a t e d  f o r  t h e  e n t i r e  d r a i n a g e .  

D r a i n a g e - w i d e  r a i n f a l l  was e s t i m a t e d  by a s s u m i n g  t h a t  1 )  a l l  
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RESULTS 

L e a f  Areas 

L e a f  a r e a  i n d i c e s  
C o t t o n w o o d  g r o v e s  a t  L i t t l e  L a r a m i e  h a d  g r e a t e r  LA1 t h a n  t h e  

w i l l o w  t h i c k e t s  ( T a b l e  l ) ,  d u e  t o  b o t h  t o  g r e a t e r  c a n o p y  h e ' g h t  
(15  t o  80 $t  v s .  6 t o  18 f t )  a n d  l a r g e r  l e a v e s  (15  t o  2 5  i n  V S .  

6 t o  13 i n  a t  f u l l  e x p a n s i o n )  c o m p a r e d  t o  w i l l o w s .  C o t t o n w o o d s  
d i d  n o t  f o r m  a c o n t i n u o u s  c a n o p y  a t  B e l l a m y  C a n a l ,  a s  was t h e  
c a s e  f o r  t h e  g r o v e s  a t  L i t t l e  L a r a m i e ,  a n d  h e n c e  h a d  l o w e r  LA1 a t  
t h e  C a n a l .  M o u n t a i n  w i l l o w  a n d  s a n d b a r  w i l l o w  were c o d o m i n a n t  i n  
t e rms  o f  LA1 a t  L i t t l e  L a r a m i e .  

A t  H e c h t  C r e e k ,  s i m i l a r  n u m b e r s  o f  c l u m p s  c o n s i s t e d  o f  G e y e r  
a n d  m o u n t a i n  w i l l o w ,  b u t  t h e  l e s s e r  h e i g h t  a n d  s u b s t a n t i a l l y  
s m a l l e r  l e a v e s  o f  G e y e r  w i l l o w  r e s u l t e d  i n  i t s  h a v i n g  much l o w e r  
LA1 t h a n  m o u n t a i n  w i l l o w  ( T a b l e  1 ) .  T h e  much h i g h e r  t o t a l  LA1 a t  
H e c h t  C r e e k  c o m p a r e d  t o  L i t t l e  L a r a m i e  was l a r g e l y  a s a m p l i n g  
a r t i f a c t .  A t  L i t t l e  L a r a m i e ,  we m a p p e d  t h e  o u t e r  b o u n d a r i e s  o f  
t h e  w i l l o w  t h i c k e t s .  W i t h i n  t h e  t h i c k e t s ,  t h e r e  were many sma l l  
o p e n i n g s  a n d  a r e a s  w i t h  l o w  stem d e n s i t y .  A t  H e c h t  C r e e k ,  we 
m a p p e d  t h e  o u t l i n e s  of  i n d i v i d u a l  w i l l o w  c l u m p s ,  w i t h i n  w h i c h  
stem d e n s i t y  was v e r y  h i g h .  

E x c e p t  f o r  a f e w  m o u n t a i n  w i l l o w  s h r u b s ,  t h e  H e c h t  D i t c h  
r i p a r i a n  z o n e  c o n s i s t e d  e x c l u s i v e l y  o f  s a n d b a r  w i l l o w  ( T a b l e  1 ) .  
A l t h o u g h  m o s t  o f  t h e  w i l l o w  c l u m p s  were o f  s h o r t e r  s t a t u r e  t h a n  
t h o s e  a t  L i t t l e  L a r a m i e ,  a much g r e a t e r  s tem d e n s i t y  r e s u l t e d  i n  
a h i g h e r  LA1 t h a n  a t  L i t t l e  L a r a m i e .  

P l a n e l e a f  w i l l o w  was t h e  d o m i n a n t  w i l l o w  i n  t h e  w i d e s p r e a d  
s e d g e - w i l l o w  c o m m u n i t y  a t  L i b b y  F l a t s ,  b u t  m o u n t a i n  w i l l o w  h a d  
h i g h e r  LA1 i n  t h e  s m a l l  a r e a s  o c c u p i e d  by  t h e  w i l l o w  c o m m u n i t y  
( T a b l e  1 ) .  T a l l  s e d g e  h a d  s i m i l a r  LA1 t o  p l a n e l e a f  w i l l o w  i n  t h e  
s e d g e - w i l l o w  c o m m u n i t y ,  b u t  c o m p l e t e l y  d o m i n a t e d  t h e  s e d g e  
c o m m u n i t y .  LA1 o f  t h e  m o i s t  meadow C o m m u n i t y  c o n s i s t e d  p r i m a r i l y  
o f  s h o r t  s e d g e ,  b u t  w i t h  a s u b s t a n t i a l  c o m p o n e n t  o f  m a r s h  
m a r i g o l d  a n d  o t h e r  b r o a d l e a v e d  h e r b s .  

3 

S e a s o n a l  c h a n e e s  i n  l e a f  a r e a  
F i g u r e  2 s h o w s  s e a s o n a l  c h a n g e s  i n  r e l a t i v e  s h o o t  l e a f  a r e a  

(SLA)  f o r  e a c h  m a j o r  r i p a r i a n  s p e c i e s  i n  1986.  Q u a l i t a t i v e  
p a t t e r n s  o f  SLA were s i m i l a r  i n  1985, w i t h  t h e  e x c e p t i o n  t h a t  t h e  
g r o w i n g  s e a s o n  was c o m p r e s s e d  a t  L i b b y  F l a t s  b e c a u s e  of  l a t e r  
s n o w m e l t  t h a n  i n  1986 ( T a b l e  2 ) .  

c o m m e n c e d  i n  e a r l y  May i n  b o t h  1985 a n d  1986 ,  f o l l o w e d  t w o  w e e k s  
l a t e r  by  b u d b r e a k  o f  s a n d b a r  w i l l o w  ( F i g .  2 ) .  S h o o t  g r o w t h  o f  
t h e s e  s p e c i e s  c o n t i n u e d  u n t i l  l a t e  J u l y ,  l e a f  s e n e s c e n c e  b e g a n  i n  
e a r l y  S e p t e m b e r ,  a n d  l e a f  a b s c i s s i o n  b e g a n  i n  m i d - S e p t e m b e r .  
H a r d  f r o s t  (Ta  l e s s  t h a n  23'F) c o i n c i d e d  w i t h  a n  a b r u p t  d e c r e a s e  
i n  g t o  z e r o  o r  n e a r - z e r o  , i n d i c a t i n g  s e a s o n a l  s t o m a t a 1  c l o s u r e ,  
a t  b o t h  h i g h  a n d  l o w  e l e v a t i o n  i n  1985 a n d  1986.  H a r d  f r o s t  
a r r i v e d  s o o n e r  i n  1985 t h a n  i n  1986 ( S e p t e m b e r  2 3  v s .  O c t o b e r  
11) ;  t h u s ,  t h e  l o w - e l e v a t i o n  g r o w i n g  s e a s o n ,  d e s p i t e  s i m i l a r  
b u d b r e a k  d a t e s ,  was s h o r t e r  i n  1985 t h a n  i n  1986 ( T a b l e  2 ) .  

B u d r e a k  o f  c o t t o n w o o d  a n d  m o u n t a i n  w i l l o w  a t  L i t t l e  L a r a m i e  

S 
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B u d b r e a k  o f  t h e  a l p i n e  s p e c i e s  o c c u r r e d  s h o r t l y  a f t e r  s n o w m e l t  
e x p o s e d  t h e  p l a n t s .  S h o o t  g r o w t h  was r a p i d  u n t i l  e a r l y  A u g u s t  
a n d  l e a f  s e n e s c e n c e  a n d  a b s c i s s i o n  commenced o n l y  a f e w  w e e k s  
l a t e r ,  a t  t h e  e n d  o f  A u g u s t  ( F i g .  2 ) .  S n o w m e l t  o c c u r r e d  s o  l a t e  
i n  t h e  s n o w b a n k  c o m m u n i t y  t h a t  t h e  g r o w i n g  s e a s o n  was l e s s  t h a n  
60 d a y s .  H a r d  f r o s t ,  c a u s i n g  s t o m a t a 1  c l o s u r e ,  o c c u r r e d  i n  l a t e  
S e p t e m b e r  i n  b o t h  1985 a n d  1 9 8 6  a t  L i b b y  F l a t s .  H o w e v e r ,  t h e  
g r o w i n g  s e a s o n  was s h o r t e r  i n  1 9 8 6  t h a n  i n  1 9 5 5  ( T a b l e  2 )  b e c a u s e  
m o r e  s n o w  a c c u m u l a t e d  i n  t h e  b a s i n  i n  1 9 8 6 ,  d e l a y i n g  t h e  
a p p e a r a n c e  o f  t h e  f i r s t  b a r e  g r o u n d  u n t i l  l a t e  J u n e .  

M i c r o c l i m a t e  

A b o v e - c a n o p y  a n d  s o i l  m i c r o c l i m a t e  
A summary  o f  c l i m a t i c  d i f f e r e n c e s  b e t w e e n  C e n t e n n i a l  V a l l e y  

( B e l l a m y  Canal  i n  1 9 8 5 ,  L i t t l e  L a r a m i e  i n  1986)  a n d  L i b b y  F l a t s  
i s  s h o w n  i n  T a b l e  2 .  I t  i s  r e a d i l y  a p p a r e n t  t h a t  t h e  a l p i n e  s i t e  
h a d  a s h o r t e r  g r o w i n g  s e a s o n  w i t h  l o w e r  T a ,  a s h o r t e r  f r o s t - f r e e  
p e r i o d ,  a n d  h i g h e r  R H  t p a n  d i d  C e n t e n n i a l  V a l l e y .  R a i n f a l l  
a v e r a g e d  0 . 0 6  i n c h e s  d- 
V a l l e y ,  c o m p a r e d  t o  0 .07  a n d  0 .08 i n c h e s  d- r e s p e c t i v e l y ,  i n  
1985 a n d  1986 a t  L i b b y  F l a t s .  T h e s e  r e s u l t s  s u g g e s t e d  t h a t ,  a l l  
o t h e r  f a c t o r s  b e i n g  e q u a l ,  s e a s o n a l  TWU o f  t h e  a l p i n e  r i p a r i a n  
v e g e t a t i o n  w o u l d  b e  l o w e r  t h a n  t h a t  o f  l o w - e l e v a t i o n  r i p a r i a n  
v e g e t a t i o n .  

a r e  s h o w n  i n  F i g u r e  3 .  S o i l  T a n d  Y p a t t e r n s  a t  H e c h t  C r e e k  
a n d  H e c h t  D i t c h  a r e  n o t  shown  g e c a u s e  t h e y  were s i m i l a r  t o  t h e  
p a t t e r n s  a t  L i t t l e  L a r a m i e .  P a t t e r n s  o f  T a ,  Ts, a n d  
( n o t  s h o w n )  were s i m i l a r  t o  1986 p a t t e r n s .  

v a r i a b l e s  were l e s s  a t  L i b b y  F T a t s  t h a n  a t  L i t t l e  Laramie.  S o i l  
t e m p e r a t u r e  a t  a l l  d e p t h s  a t  L i t t l e  L a r a m i e  i n c r e a s e d  f r o m  e a r l y  
May i n t o  A u g u s t ,  t h e n  d e c l i n e d .  A t  L i b b y  F l a t s ,  c h a n g e s  i n  T a t  
2 0  cm ( 7 . 9  i n )  d e p t h  l a g g e d  b e h i g d  c h a n g e s  i n  T a t  3 c m  ( 2 . 0 S i n )  
d e p t h ,  a n d  Ts v a l u e s  were 2 t o  5 C ( 4  t o  10 F )  Yess t h a n  a t  
L i t t l e  Laramie.  S o i l  water p o t e n t i a l  r e m a i n e d  a b o v e  -0 .5  MPa (-5 
b a r s )  o n  t h e  u p p e r  t e r r a c e  a t  L i t t l e  L a r a m i e  u n t i l  m i d - J u n e ,  
d e c r e a s e d  t o  minimum v a l u e s  i n  m i d - A u g u s t ,  t h e n  i n c r e a s e d  a g a i n .  
P r e c i p i t a t i o n  o c c u r r e d  f r e q u e n t l y  a t  b o t h  s i t e s ,  w i t h  l a r g e  
b e t w e e n - e v e n t  v a r i a t i o n  i n  a m o u n t s .  

i n  b o t h  1985 a n d  l q 8 6  i n  C e n t e n n i a l  

D e t a i l e d  s e a s o n a l  p a t t e r n s  o f  m e t e o r o l o g i c a l  v a r i a b l e s  i n  1 9 8 6  

s 

i n  1985 

Maximum a n d  minimum d a i l y  T a n d  d a y - t o - d a y  v a r i a t i o n  i n  t h e s e  

W i t h i n - c a n o p y  m i c r o c l i m a t e  

L i t t l e  L a r a m i e  was l i n e a r l y  r e l a t e d  t o  a b o v e - c a n o p y  ( w e a t h e r  
s t a t i o n ,  29 f t )  w i n d s p e e d ,  a l w a y s  b e i n g  60 t o  65 p e r c e n t  l e s s .  
W i t h i n  t h e  w i l l o w  t h i c k e t  c a n o p y ,  w i n d s p e e d  was r e l a t e d  t o  LA1 a s  
f o l l o w s :  

W i n d s p e e d  a t  t h e  t o p  ( 7 . 3  f t )  o f  t h e  w i l l o w  t h i c k e t  c a n o p y  a t  

w h e r e  u h  = w i n d s p e e d  a t  h e i g h t  h ,  ur  = w i n d s p e e d  a t  t h e  t o p  o f  
t h e  c a n o p y ,  K = a n  e x t i n c t i o n  c o e f f i c i e n t ,  a n d  LAIk 

= LA1 o f  t h e  
w i l l o w  t h i c k e t .  T h e  v a l u e  o f  K was - 2 . 0 ,  a s  d e t e r m i n e d  by 
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l o g a r i t h m i c  r e g r e s s i o n  ( r 2  = 0 .96) .  
I n  c o n t r a s t  t o  w i n d s p e e d ,  T s h o w e d  l i t t l e  v a r i a t i o n  w i t h  

h e i g h t .  R e l a t i v e  h u m i d i t y  m e a s u r e d  a t  m i d - c a n o p y  was l i n e a r l y  
r e l a t e d  t o  a b o v e - c a n o p y  R H ,  b e i n g  g r e a t e r  t h a n  a b o v e - c a n o p y  R H  
w h e n  h u m i d i t y  was l o w  ( d a y t i m e )  a n d  l e s s  t h a n  a b o v e - c a n o p y  RII 
w h e n  h u m i d i t y  was h i g h  ( n i g h t t i m e )  . 
c o m m u n i t i e s  were b e t t e r  p r e d i c t e d  f r o m  h e i g h t  a b o v e  t h e  g r o u n d  
t h a n  f r o m  L A I :  

a 

A t  L i b b y  F l a t s ,  w i n d s p e e d s  i n  t h e  s e d g e  a n d  m o i s t  meadow 

( 7 )  U h  = e x p ( - K  h )  U r  

( K  = - 2 . 2 ,  r 2  = 0 . 8 7 ) .  
a n e m o m e t e r s  p r e v e n t e d  c o l l e c t i o n  o f  w i n d s p e e d  p r o f i l e  d a t a  i n  t h e  
s e d g e - w i l l o w  c o m m u n i t y .  

R H  a n d  Ta d e c r e a s e d  w i t h  h e i g h t  a b o v e  g r o u n d  i n  e a c h  p l a n t  
c o m m u n i t y .  RII i n  t h e  m i d d l e  o f  t h e  d a y  was a s  much a s  30 p e r c e n t  
h i g h e r  n e a r  t h e  g r o u n d  ( 0 . 1  f t )  t h a n  a t  t h e o t o p  o f  t h e  w e a t h e r  
s t a t i o n  t o w e r  ( 9  f t ) .  i n c r e a s e d  3 t o  1 0 o F  n e a r  t h e  g r o u n d  i n  
t h e  m o i s t  meadow c o m m u n i f y ,  b u t  o n l y  1 t o  4 F n e a r  t h e  g r o u n d  i n  
t h e  s e d g e - w i l l o w  a n d  s e d g e  c o m m u n i t i e s .  T h e  w i n d s p e e d ,  T a ,  a n d  
R H  p r o f i l e s  f o l l o  e d  E q u a t i o n  7 w i t h  v a r y i n g  d e g r e e s  o f  
p r e d i c t a b i l i t y  ( r  = 0 . 2 7  t o  0 . 8 5 ) .  

P r o b l e m s  w i t h  t h e  m i n i a t u r e  c u p  

T 

Y 

S t o m a t a 1  C o n d u c t a n c e s  

D i u r n a l  p a t t e r n s  o f  

Ta’1986 a t  L i t t l e  ea ramie  a n d  L i b b y  F l a t s .  
c a l c u l a t e d  f o l l o w i n g  t h e  p r o c e d u r e s  d e s c r i b e d  f o r  t h e  s i m p l e  
m o d e l  o f  TWU, w i t h  g b  c a l c u l a t e d  f r o m  E q u a t i o n  3. P a t t e r n s  f o r  
s h o r t  s e d g e  a r e  n o t  s h o w n  b e c a u s e  t h e y  were s i m i l a r  t o  t h o s e  o f  
t a l l  s e d g e .  F o r  s i m p l i c i t y ,  we h a v e  n o t  s h o w n  p a t t e r n s  f o r  o t h e r  
d a y s ,  b u t  t h e  f o l l o w i n g  d i s c u s s i o n  c o m p a r e s  d i f f e r e n t  d a y s  a s  
w e l l  a s  d i f f e r e n t  s p e c i e s  a n d  e l e v a t i o n s .  

On a l l  s a m p l e d  d a y s  a t  L i t t l e  L a r a m i e ,  T , T1, a n d  LAVD o f  
c o t t o n w o o d ,  m o u n t a i n  w i l l o w ,  a n d  s a n d b a r  w i y l o w  r e a c h e d  maximum 
v a l u e s  b e t w e e n  1 2 0 0  a n d  1600 h r  ( F i g .  4 ) .  Q u a l i t a t i v e  p a t t e r n s  
o f  d i u r n a l  g a t  L i t t l e  L a r a m i e  d i d  n o t  d i f f e r  much among s p e c i e s  
o r  w i t h  t i m e  i n  t h e  g r o w i n g  s e a s o n .  T h e  m o s t  c o m m o n l y  o b s e r v e d  
p a t t e r n  was f o r  g t o  i n c r e a s e  s t e a d i l y  t h r o u g h o u t  t h e  d a y  t o  a 
maximum v a l u e  b e t c e e n  1600 a n d  1800 h r ,  b u t  on  a f e w  o c c a s i o n s  
s t o m a t a  p a r t i a l l y  c l o s e d  i n  t h e  a f t e r n o o n ,  t h e n  r e o p e n e d  ( e . g . ,  
m o u n t a i n  w i l l o w  o n  A u g u s t  6 ;  F i g .  6 ) .  T r a n s p i r a t i o n ,  f o r  m o s t  
s p e c i e s  o n  mos t  d a y s ,  was u s u a l l y  m a x i m a l  i n  l a t e  a f t e r n o o n ,  w h e n  

was a l s o  m a x i m a l ,  b u t  s o m e t i m e s  LAVD’S a t  m i d d a y  were l a r g e  
:Rough t h a t  E was m a x i m a l  a t  m i d d a y ,  p r i o r  t o  maximum g . 
F o l l o w i n g  r a p i d  m o r n i n g  d e c l i n e s ,  min imum v a l u e s  were a t t a i n e d  
a t  1 2 0 0  h r .  S u b s e q u e n t  i n c r e a s e s  i n  )v o c c g r r e d  e i t h e r  
i m m e d i a t e l y  o r  a f t e r  a 2 t o  4 h r  d e l a y !  

m a r i g o l d ,  a n d  t a l l  s e d g e  s h o w e d  b r o a d  max ima  b e t w e e n  1000 a n d  
1600 h r  ( F i g .  5 ) .  E a r l y  m o r n i n g  d e w f a l l  o r  n o i s t u r e  l e f t  o n  

s ’  Tly  F i g u r e s  4 a n d  5 s k i  d i u r n a l  p a t t e r n s  o f  s u n l i t  l e a f  g 
LAVD, E ,  a n d  f o r  o n e  r e p r e s e n t a t i v e ,  m i d s u m m e r  c l e a r  d a y  

T r a n s p i r a t i o n  was 

S 

S 

A t  L i b b y  F l a t s ,  T a ,  T1, a n d  LAVD o f  p l a n e l e a f  w i l l o w ,  m a r s h  
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l e a v e s  f r o m  r a i n  t h e  p r e v i o u s  e v e n i n g  p r e v e n t e d  m e a s u r e m e n t  o f  gs  
u n t i l  b e t w e e n  0 7 3 0  a n d  0 9 4 5  h r  o n  a l l  s a m p l i n g  d a y s .  On A u g u s t  
23 a n d  S e p t e m b e r  2 ,  e v e n i n g  t h u n d e r s t o r m s  t e r m i n a t e d  g 
m e a s u r e m e n t s  a t  1 8 4 5  a n d  1 5 4 5  h r ,  r e s p e c t i v e l y .  C o n d u s t a n c e  o f  
p l a n e l e a f  w i l l o w  r o s e  s t e a d i l y  t h r o u g h o u t  e a c h  d a y ,  r e a c h i n g  p e a k  
v a l u e s  a t  1600 t o  1800 h r .  T h i s  same p a t t e r n  o c c u r r e d  o n  t h r e e  
o u t  o f  f i v e  d a y s  f o r  m a r s h  m a r i g o l d  a n d  o n  a l l  d a y s  f o r  b o t h  
f o r m s  o f  s e d g e .  On t w o  d a y s ,  
l a t e  a f t e r n o o n  f o l l o w i n g  m a x i m a  a t  1 4 0 0  h r .  T r a n s p i r a t i o n  
i n c r e a s e d  i n  p a r a l l e l  w i t h  g f o r  a l l  a l p i n e  s p e c i e s  u n t i l  1400 
o r  1600 h r ,  t h e n  d e c l i n e d  asSLAVD d r o p p e d ,  e v e n  w h e n  g r e m a i n e d  
c o n s t a n t  o r  c o n t i n u e d  t o  i n c r e a s e .  D a i l y  'y p a t t e r n s  were 
s i m i l a r  t o  t h e  l o w - e l e v a t i o n  s p e c i e s .  H o w e v e r ,  o n  b o t h  A u g u s t  5 
a n d  2 3 ,  t h e  m o r n i n g  d e c l i n e  was d e l a y e d  u n t i l  e v a p o r a t i o n  o f  
dew f r o m  l e a f  s u r f a c e g  was c o m p l e t e d .  

a n d  E t h a n  s u n l i t  l e a v e s  o f  t h e  same s p e c i e s  o n  t h e  same & a t e .  
B e t w e e n - l e a f  v a r i a t i o n  i n  t h e s e  p a r a m e t e r s  was u s u a l l y  l e s s  f o r  
s h a d e d  t h a n  f o r  s u n l i t  l e a v e s .  

of  m a r s h  m a r i g o l d  d e c l i n e d  i n  g S  

S 

S h a d e d  l e a v e s  a l w a y s  h a d  l o w e r  gs ( F i g .  6 )  a n d  l o w e r  T , LAVD, 

S e a s o n a l  c h a n g e s  i n  

mm s , ( 0 . 2  i n  s 
v a p s  - o f  gma* l  f o k o t t o n w o o d  i n c r e a s e d  r a p i d l y  f r o m  a b o  t 5 

) s h o r t l y  a f t e r  b u d b r e a k  t o  n e a r  1 7  mm s-' ( 0 . 7  
--I i n  s ) by t h e  b e g i n n i n g  - p f  J u n e ,  t h e n  m o r e  y r a d u a l l y  t o  a b r o a d  

maximum o f  2 8  t o  30 m m  s (1.1 t o  1 . 2  i n  s- ) f r o m  l a t e  J u n e  t o  
e a r l y  A u g u s t  ( F i g .  7 ) .  
r e m a i n d e r  o f  t h e  g r o w i n g  s e a s o n .  V a l u e s  o f  g f o r  m o u n t a i n  
w i l l o w  a n d  s a n d b a r  w i l l o w  f o l l o w e d  s i m i l a r  p a v f g r n s  t o  
c o t t o n w o o d .  

w i t h  maximum g , b u t  maximum E o f  c o t t o n w o o d  a n d  s a n d b a r  
( F i g .  7 ) .  Ed e a r l y  a n d  w i l l o w  o c c u r r e 8 a f a t e r  t h a n  maximum g 

l a t e  i n  t h e  g r o w i n g  s e a s o n  was s i m i l a r  among  t h e  l o w - e l e v a t i o n  
s p e c i e s ,  b u t  i n  t h e  m i d d l e  o f  t h e  g r o w i n g  s e a s o n  c o t t o n w o o d  h a d  
c o n s i d e r a b l y  g r e a t e r  Ed t h a n  t h e  w i l l o w  s p e c i e s .  
u s e d  o n l y  s l i g h t l y  m o r e  wa te r  t h a n  m o u n t a i n  w i l l o w ,  d e s p i t e  i t s  
s u b s t a n t i a l l y  g r e a t e r  g m a x .  T h e  r e a s o n  f o r  t h i s  was t h a t ,  on a l l  
d a y s ,  T v a l u e s  a n d ,  h e n c e ,  LAVD's ,  were l o w e r  f o r  s a n d b a r  w i l l o w  
t h a n  f o r  m o u n t a i n  w i l l o w  ( F i g .  5 ) .  

Maximum ( 0 6 0 0  h r )  was s i m i l a r  among c o t t o n w o o d ,  m o u n t a i n  
w i l l o w ,  a n d  s a n d b a r  w i i f l o w  e a r l y  a n d  l a t e  i n  t h e  g r o w i n g  s e a s o n ,  
b u t  from m i d - A u g u s t  u n t i l  e a r l y  O c t o b e r ,  maximum y/  was l o w e r  i n  
c o t t o n w o o d  t h a n  i n  t h e  two  w i l l o w  s p e c i e s  ( F i g .  8)! Minimum 
( e a r l y  t o  m i d - a f t e r n o o n )  o f  t h e  w i l l o w s  was 0 . 4  t o  0 . 9  MPa ( 4  
t o  9 b a r s )  l e s s  t h a n  maximem jF 
F o r  c o t t o n w o o d ,  h o w e v e r ,  t h e  d y f f e r e n c e  b e t w e e n  maximum a n d  
min imum y b e c a m e  i n c r e a s i n g l y  l a r g e r  a f t e r  l a t e  May a n d  i n  
A u g u s t  b o ? h  v a l u e s  were s u b s t a n t i a l l y  l e s s  t h a n  t h o s e  m e a s u r e d  
f o r  t h e  w i l l o w  s p e c i e s .  

L i b b y  F l a t s  i n c r e a s e d  t o  m a x i m a  v a l u e  i n  A u g u s t ,  f o l l o w e d  by  

A s t e a d y  d e c l i n e  i n  gmax  o c c u r r e d  f o r  t h e  

Maximum v a l u e s  o f  E f o r  m o u n t a i n  w i l l o w  c o i n c i d e d  i n  t ime d 
d 

ma x 

S a n d b a r  w i l l o w  

1 

t h o u g h o u t  t h e  g r o w i n g  s e a s o n .  

F o l l o w i n g  b u d b r e a k ,  gmax o f  p l a n e l e a f  w i l l o w  a n d  t a l l  s e d g e  a t  

g r a d u a l  d e c l i n e s  ( F i g .  7 ) .  M a r s h  m a r i g o l d  g p e a k e d  i n  e a r l y  max then  Ed o f  a l l  t h r e e  s p e c i e s  r e a c h e d  
m a x i m a  s l i g h t l y  e a r l i e r  i n  t h e  g r o w i n g  s e a s o n  t h a n  maximum g . ma x 
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Maximum y o f  p l a n e l e a f  w i l l o w  f l u c t u a t e d  b e t w e e n  - 0 , 3  a n d  - 1 . 2  
MPa ( - 3  aRd - 1 2  b a r s ) ,  
a b o v e  -0 .3  MPa ( - 3  b a r s ) ,  t h r o u g h o u t  t h e  g r o w i n g  s e a s o n ,  Minimum 

! r o w i n g  s e a s o n  . 
a n d  Ed v a l u e s  t h r o u g h o u t  e l e v a t i o n  s p e c i e s  h a d  much l o w e r  gm 

t h e  g r o w i n g  s e a s o n  t h a n  a n y  o f  t h e  T o w - e l e v a t i o n  s p e c i e s  ( F i g .  
7 ) .  
f o r  b y  d i f f e r e n c e s  i n  g m a x ,  f o r  t w o  r e a s o n s .  F i r s t ,  T was l o w e r  
a n d  R H  h i g h e r  d u r i n g  c l e a r  summer  d a y s  a t  L i b b y  F l a t s  g o m p a r e d  t o  
L i t t l e  L a r a m i e  ( T a b l e  2 ,  F i g .  2 ) ,  l e a d i n g  t o  l o w e r  L A V D ' s  a n d ,  
t h u s ,  l e s s e r  e v a p o r a t i v e  d e m a n d  a t  a g i v e n  g ( F i g s ,  4 a n d  5 ) .  
S e c o n d ,  o n  a l l  d a y s  h e a v y  d e w f a l l  a t  L i b b y  F T a t s  d e l a y e d  t h e  
o n s e t  o f  E u n t i l  b e t w e e n  0730 a n d  0930 h r .  

w i l l o w s  w e  s t u d i e d  ? g r e a t e r  t h a n  2 5  mm s 
s u b s t a n t i a l l y  h i g h e r  t h a n  t h o s e  p r e v i o u s l y  o b s e r v e d  f o r  l o w -  
e l e v a t i o  c o t t o n w o o d ?  - a n d  w i l l o w s  o u t s i d e  o f  Wyoming ( l e s s  t h a n  
10 mm s ( 0 . 4  i n  s ) ;  S m a l l  1 9 7 2 ,  S t o n e r  a n d  M i l l e r  1 9 7 5 ,  
A n d e r s o n  1 9 8 2 ,  P e z e s h k i  a n d  H i n c k l e y  1 9 8 2 ) .  T h i s  r e s u l t  m a y  b e  
a t t r i b u t e d  i n  p a r t  t o  t h e  i n c r e a s e  i n  t h e  d i f f u s i o n  c o e f f i c i e n t  
f o r  water  v a p o r  i n  a i r  ( D w )  w i t h  i n c r e a s i n g  e l e v a t i o n  ( S m i t h  a n d  
G e l l e r  1 9 7 9 ) .  O b e r b a u e r  a n d  B i l l i n g s  (1981)  f o u n d  2 5  p e r c e n t  
l o w e r  g i n  a l p i n e  w i l l o w  s p e c i e s  g r o w i n g  i n  t h e  M e d i c i n e  Bow 
M o u n t a i n s  c o m p a r e d  t o  t h e  g 
Young  e t  a l .  ( 1 9 8 5 ) ,  w o r k i n g  i n  t h e  M e d i c i n e  Bow M o u n t a i n s ,  f o u n d  
t h a t  m e a n ,  m i d s u m m e r  g f o r  t w o  l o w - e l e v a t i o n  ( 7 , 4 0 0  f t )  w i l l o w  
s p e c i e s  was 49 p e r c e n t  Tess t h a n  f o r  t h r e e  h i g h - e l e v a t i o n  ( 9 , 4 0 0  
f t )  w i l l o w  s p e c i e s ,  t h e  o p p o s i t e  s i t u a t i o n  t o  w h a t  we o b s e r v e d .  
B e c a u s e  o f  l e s s e r  g maximum s e a s o n a l  E o f  Young  e t  a l . ' s  
(1985)  l o w - e l e v a t i o n  w i l l o w s  was o n l y  o n e - t h i r d  a s  l a r g e  a s  t h a t  
o f  o u r  l o w - e l e v a t i o n  w i l l o w s .  

v a l u e s  o b s e r v e d  f o r  a l l  s p e c i e s  i n  o u r  s t u d y  were a t  
t h e  u p p e r  e n d  o f  t h e  r a n g e  f o r  woody  p l a n t s  ( K o r n e r  e t  a l .  1 9 7 9 ) .  
I n  f a c t ,  gmax  v a l u e s  a t  l o w  e l e v a t i o n  a p p r o a c h e d  t h e o r e t i c a l  
l im i t s  f o r  w i d e - o p e n  s t o m a t a ,  A t  s u c h  l a r g e  v a l u e s ,  gs a n d  g 
were s i m i l a r  i n  m a g n i t u d e  a n d  t h e  i n f l u e n c e  o f  g b  o n  E was 
s u b s t a n t i a l  ( E q .  1 ) .  D u r i n g  m o r n i n g s ,  w h e n  g a n d  w i n d s p e e d s  
were l o w ,  

b u t  maximum y o f  m a r s h  m a r i g o l d  r e m a i n e d  
P 

y/ o f  b o t h  s p e c i e s  was s i m i l a r ,  d e c l i n i n g  s t e a d i l y  o v e r  t h e  

E x c e p t  f o r  g o f  m a r s h  m a r i g o l d  i n  e a r l y  s u m m e r ,  t h e  h i g h -  
max 

T h e s e  d i f f e r e n c e s  i n  Ed were l a r g e r  t h a n  c o u l d  b e  a c c o u n t e d  

f o r  t h e  l o w - e l e v a t i  n c o t t o n w o o  a n d  -P T h e  v a l u e s  o f  g m  
( 1 . 0  i n  s - ' ) )  were 

-9  

w e  o b s e r v e d  f o r  p l a n e l e a f  w i l l o w .  max 
max 

m x  

m a x '  

T h e  gmax 

b 

p r o b a b l y  was t h e  l i m i t i n g  c o n d u c t a n c e  d e t e r m i n i n g  E.  'b 

S t o m a t a 1  r e s p o n s e s  t o  e n v i r o n m e n t a l  f a c t o r s  

o f  e a c h  s p e c i e s  were r e s p o n d i n g  t o  some s e t  of e n v i r o n m e n t a l  
f a c t o r s .  I n  a n  a t t e m p t  t o  e l u c i d a t e  t h e s e  p a t t e r n s ,  w e  p l o t t e d  
t h e  mean  g v a l u e s  o f  e a c h  s p e c i e s  f o r  a l l  f i v e  d a y s  o f  d i u r n a l  
m e a s u r e n e n ? s  a n d  o v e r  s p e c i f i e d  i n t e r v a l s  o f  c o n c u r r e n t l y  
m e a s u r e d  PPFD,  , T1, a n d  L A V D  ( F i g s .  8 t o  1 0 ) .  P l o t s  f o r  t h e  
f o u r  w o o d y  p h r e a e o p h y t e s  ( c o t t o n w o o d  p l u s  m o u n t a i n ,  s a n d b a r ,  a n d  
p l a n e l e a f  w i l l o w )  a n d  f o r  t h e  h e r b a c e o u s  a l p i n e  s p e c i e s  ( m a r s h  
m a r i g o l d ,  t a l l  s e d g e )  were g r o u p e d  t o g e t h e r  t o  f a c i l i t a t e  
c o m p a r i s o n s  b e t w e e n  s i m i l a r  g r o w t h  f o r m s .  P a t t e r n s  f o r  s h o r t  
s e d g e  ( n o t  s h o w n )  were s i m i l a r  t o  t h o s e  o f  t a l l  s e d g e .  

I t  was e v i d e n t  f r o m  t h e  d a i l y  p a t t e r n s  o f  g s  t h a t  t h e  s t o m a t a  

B e t w e e n - s h o o t  a n d  b e t w e e n - p l a n t  v a r i a t i o n  o n  a n y  g i v e n  d a y  a n d  
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h o u r  was s u b s t a n t i a l ,  a s  i n d i c a t e d  by  t h e  l a r g e  s t a n d a r d  
d e v i a t i o n s  i n  F i g u r e s  4 t o  6 ,  e x p l a i n i n g  why t h e  c o n f i d e n c e  
i n t e r v a l s  i n  F i g u r e s  8 t o  10 were g e n e r a l l y  l a r g e .  T h i s  n a t u r a l  
v a r i a t i o n  may h a v e  o b s c u r e d  r e l a t i o n s h i p s  b e t w e e n  g a n d  v a r i o u s  
e n v i r o n m e n t a l  f a c t o r  s .  

a t  PPFD o f  300 p m o l  m s ( 2 8  p m o l  f t  s ) ( F i g .  8 ) .  T h e  
d a t a  f o r  t h e  t h r e e  a l p i n e  s p e c i e s  s u g  e s t  t h a t  s t o m a t a - y e r e l f u l l y  
o p e n  a t  PPFD g r e a t e r  t h a n  100 p m o l  m s (11 pmol f t  s ). 
PPFD v a l u e s  l e s s  t h a n  100 were n o t  o b s e r v e d  i n  t h e  f i e l d  a t  L i b b y  
F l a t s  b e c a u s e  t h e y  o c c u r r e d  o n l y  when  l e a v e s  were wet i n  t h e  
e a r l y  m o r n i n g  a n d  g c o u l d  n o t  b e  m e a s u r e d .  

we?e n o t  c o r r e l a t e d  w i t h  y f o r  a n y  s p e c i e s  
( F i g s .  8 t o  10): 
LAVD a n d  g s  f o r  a n y  o f  t h e  l o w - e l e v a t i o n  s p e c i e s  ( F i g .  9 ) .  
H o w e v e r ,  T1 v a l u e s  l e s s  t h a n  1 4  C ( 4 5 ' 9 )  wyre a l w a y s  a s s  c i a  e d  
w i t h  PPFD v a l u e s  l e s s  t h a n  300 p m o l  m- s ( 2 8  u m o l  f t  s ) ,  
i . e . ,  g l i g h t - l i m i t e d ,  s o  t h e s e  T1 v a l u e s  a n d  t h e  a s s o c i a t e d  
LAVD v a ? u e s  were e x c l u d e d  f r o m  F i g u r e  9 .  F o r  p l a n e l e a f  w i l l o w  
a n d  m a r s h  m a r i g o l d ,  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n s  e x i s t e d  
b e t w e e n  T1 a n d  g a n d  LAVD a n d  g s  ( F i g .  1 0 ) .  B e c a u s e  T a n d  LAVD 
were a l s o  p o s i t i v e l y  c o r r e l a t e d ,  we d o  n o t  know i f  t h i s  r e s p o n s e  
was t o  T I ,  t o  LAVD, o r  t o  b o t h .  

S e a s o n a l  g m a x  o f  e a c h  o f  t h e  l o w - e l e v a t i o n  s p e c i e s  was 
s i g n i f i c a n t l y  a n d  p o s i t i v e l y  c o r r e l a t e d  w i t h  T a t  2 5  cm ( 9 . 8  i n )  
d e p t h  a n d  y / ,  a t  60 cm ( 2 3 . 6  i n  d e p t h ,  a n d  g 
w i l l o w  was s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  T m$t 10 cm ( 7 . 9  i n )  

m x  m a r s h  m a r i g o l d  a n d  s e d g e ,  o r  b e t w e e n  g 
d a i l y  maximum T d a i l y  minimum T , a n Z a b i l y  r a i n f a l l .  We d o  
n o t  know i f  t h e  s i g n i f i c a n t  c o r r e a a t i o n s  r e f l e c t e d  d i r e c t  c a u s e  

was d e t e r m i n e d  by  a n d  e f f e c t  r e l a t i o n s h i p s .  M o s t  l i k e l y ,  
t h e  i n t e r a c t i o n  o f  s e v e r a l  e n v i r o n m e n t a l  F a c t o r s ,  w i t h  t h e  
r e l a t i v e  i m p o r t a n c e  o f  e a c h  f a c t o r  c h a n g i n g  o v e r  t h e  c o u r s e  o f  
t h e  g r o w i n g  s e a s o n  ( c f .  S m i t h  1985) .  

- 
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S t o m a t a  o f  e a c h  o f - 5 h e - i o w - e l e v a t i o n  e c ' e s  were f u l l y  o p e n  - Y P  -i 
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C h a n g e s  i n  g 
T h e r e  was n o  r e l a t i o n s h i p ' b e t w e e n  T1 a n d  g S o r  

0 
- -9 -1. 

S 1 

o f  p l a n e l e a f  S 

d e p t h .  H o w e v e r ,  t h e r e  was n o  c o r r e l a t i o n  g e t w e e n  T a n d  g o f  
o f  a n y  s p g c i e s  a n 8  

a '  

g a x  

S t r e a m f l o w s  a n d  Water T a b l e  D e D t h s  

S t r e a m f l o w s  
Q u a l i t a t i v e  s t r e a n i f l o w  p a t t e r n s  a t  e a c h  s i t e  were s i m i l a r  

b e t w e e n  1985 a n d  1986,  b u t  s t r e a m f l o w  v o l u m e s  o f  t h e  n a t u r a l  
s treams were h i g h e r  t h r o u g h o u t  t h e  g r o w i n g  s e a s o n  i n  1986 t h a n  i n  
1985 ( F i g .  11) b e c a u s e  o f  a d e e p e r  s p r i n g  s n o w p a c k  a n d  g r e a t e r  
p r e c i p i t a t i o n  i n  t h e  m o u n t a i n s  i n  1986 ( T a b l e  2 ) .  I n  t h e  ca se  o f  
t h e  i r r i g a t i o n  d i t c h e s ,  s t r e a m f l o w s  d i d  n o t  i n c r e a s e  i n  1986 
c o m p a r e d  t o  1985 b e c a u s e  t h e y  were a r t i f i c i a l l y  r e g u l a t e d .  
H o w e v e r ,  i r r i g a t o r s  e x t e n d e d  t h e  s e a s o n  o f  f l o w  i n  b o t h  d i t c h e s  
i n  1986. 

Water t a b l e  d e p t h s  

L a r a m i e ,  H e c h t  C r e e k ,  H e c h t  D i t c h ,  a n d  L i b b y  F l a t s ,  t h e  water 
t a b l e  d r o p p e d  o v e r  t h e  c o u r s e  of  t h e  g r o w i n g  s e a s o n ,  f a l l i n g  
s u c c e s s i v e l y  b e l o w  t h e  b o t t o m s  o f  m o r e  a n d  m o r e  p i e z o m e t e r s .  

Water t a b l e  d e p t h s  p r o v e d  d i f f i c u l t  t o  q u a n t i f y .  A t  L i t t l e  
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T h u s ,  t h e  s a m p l e  s i z e  d e c l i n e d  o v e r  t ime a n d  t h e  m e a n  d e p t h s  i n  
l a t e  summer  were u n d e r e s t i m a t e d .  I n  a d d i t i o n ,  t h e r e  was g r e a t  
v a r i a b i l i t y  among  i n d i v i d u a l  p i e z o m e t e r s .  T h e s e  d i f f e r e n c e s  were 
r e l a t e d  b o t h  t o  m i c r o t o p o g r a p h y ,  cog., v a r y i n g  r i v e r  t e r r a c e  
h e i g h t s  a t  L i t t l e  L a r a m i e ,  a n d  t o  d i s t a n c e  f r o m  t h e  s t ream 
c h a n n e l ,  i . e . ,  d e p t h s  were g r e a t e r  a t  f u r t h e r  d i s t a n c e s .  B e c a u s e  . 
o f  t h e s e  p r o b l e m s ,  w e  were u n a b l e  t o  c o r r e l a t e  TWU's o r  
s t r e a m f l o w s  w i t h  wa te r  t a b l e  d e p t h s .  

G e n e r a l  p a t t e r n s  o f  water  t a b l e  d e p t h s  a t  L i t t l e  L a r a m i e  a n d  
L i b b y  F l a t s  a r e  s h o w n  i n  F i g u r e  13. F l o o d i n g  a t  L i t t l e  L a r a m i e  
c o v e r e d  m o s t  o f  t h e  r i v e r  t e r r a c e s  s t a r t i n g  t h e  t h i r d  w e e k  o f  
May;  t h i s  e x p l a i n s  why t h e  mean  d e p t h s  were n e g a t i v e .  F l o o d i n g  
c o n t i n u e d  f o r  o n e  m o n t h ,  t h e n  t h e  water  t a b l e  d r o p p e d . s l o w l y .  
L a t e  S e p t e m b e r  r a i n s  d e c r e a s e d  d e p t h  s o m e w h a t  . Mean water t a b l e  
d e p t h  a t  L i b b y  F l a t s  w h e n  t h e  f i r s t  b a r e  g r o u n d  a p p e a r e d  i n  l a t e  
J u n e  was 3 c m  ( 1 . 2  i n )  a n d  s o m e  a r e a s  were s t i l l  u n d e r  s t a n d i n g  
water  p r o d u c e d  by s n o w m e l t .  T h e  water  t a b l e  t h e n  d r o p p e d  
g r a d u a l l y  t h r o u g h o u t  t h e  s u m m e r .  

T r a n s D i r a t i o n a l  Water Use 

S i m D l e  v s .  c o m ~ l e x  m o d e l s  
We d e c i d e d  t h a t  i t  was n o t  f e a s i b l e  t o  c o n s t r u c t  t h e  c o m p l e x  

m o d e l  t o  p r e d i c t  TWU. O u r  r e a s o n s  f o r  t h i s  were t w o f o l d .  F i r s t ,  
t h e  o b s e r v e d  r e l a t i o n s h i p s  b e t w e e n  g a n d  e n v i r o n m e n t a l  f a c t o r s  
i n  t h e  f i e l d  were w e a k  o r  a b s e n t .  F o r  e x a m p l e ,  t h e r e  was n o  
a p p a r e n t  r e l a t i o n s h i p  b e t w e e n  g a n d  e i t h e r  T , L A V D ,  o r  f o r  

r e l a t i o n s h i p s  b e t w e e n  g a n d  PPFD i n d i c a t e d ,  a t  b e s t ,  t h a t  
s t o m a t a  were f u l l y  o p e n s a t  v e r y  l o w  l i g h t  l e v e l s  ( F i g .  8 ) .  
R e a s o n s  f o r  t h i s  l a c k  o f  r e l a t i o n s h i p s  may h a v e  i n c l u d e d  t h e  f a c t  
t h a t  a l i m i t e d  n u m b e r  o f  g s  m e a s u r e m e n t s  were m a d e  o n  e a c h  
s p e c i e s  (maximum s a m p l e  n u m b e r  l e s s  t h a n  200)  a n d  t h a t  t h e r e  was 
a l o t  o f  b e t w e e n - l e a f  v a r i a t i o n  ( i . e . ,  t h e  l a r g e  s t a n d a r d  
d e v i a t i o n s  i n  F i g s .  5 t o  7 ) .  S i n c e  s e v e r a l  e n v i r o n m e n t a l  f a c t o r s  
m i g h t  h a v e  b e e n  i n f l u e n c i n g  g s i m u l t a n e o u s l y ,  l a r g e r  s a m p l e  
s i z e s ,  s p a t i a l l y  a n d  t e m p o r a l f y ,  may h a v e  b e e n  n e e d e d  t o  r e d u c e  

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

S e c o n d ,  t h e  s i g n i f i c a n t  r o l e  of  g i n  d e t e r m i n i n g  E ,  a s  
d i s c u s s e d  a b o v e ,  r e n d e r e d  c a l c u l a t i o n s  o f  E c r i t i c a l l y  d e p e n d e n t  
o n  a p r e c i s e  k n o w l e d g e  o f  w i n d s p e e d  a n d  m e a n  l e a f  d i a m e t e r  a t  
e a c h  h e i g h t  l e v e l  i n  t h e  p l a n t  c a n o p i e s .  We h a d  o n l y  a 
m o d e r a t e l y  g o o d  a b i l i t y  t o  p r e d i c t  w i n d s p e e d  a t  a g i v e n  h e i g h t ,  
p a r t i c u l a r l y  i n  t h e  a l p i n e  p l a n t  c o m m u n i t i e s .  N o r  d i d  w e  m e a s u r e  
l e a f  d i a m e t e r s  s e p a r a t e l y  f o r  d i f f e r e n t  p l a n t  c a n o p y  l e v e l s .  

T h e  f o l l o w i n g  r e s u l t s  a n d  d i s c u s s i o n  a r e  b a s e d  o n  TWU e s t i -  
mates  d e r i v e d  f r o m  t h e  s i m p l e  m o d e l  w h i c h  i n t e r p o l a t e d  b e t w e e n  
m e a s u r e d  E v a l u e s .  T h e  q u a l i t a t i v e  r e s u l t s  a r e  u n l i k e l y  t o  h a v e  
b e e n  a l t e r e d  i f  w e  h a d  g e n e r a t e d  more a c c u r a t e  TWU e s t i m a t e s  f r o m  
a c a n o p y  l a y e r  m o d e l .  H o w e v e r ,  a s  p r e v i o u s l y  d i s c u s s e d ,  t h e  
s i m p l e  m o d e l  p r o b a b l y  o v e r e s t i m a t e d  TWU s o m e w h a t .  T h u s ,  t h e  
T W U / s t r e a m f l o w  r a t i o s  p r e s e n t e d  b e l o w  a r e  p r o b a b l y  a l s o  s l i g h t l y  
o v e r e s t i m a t e d  . 

S 

a n y  s p e c i e s  a t  L i t t l e  Laramie ( p i g s .  8 a n d  105 a n d  t h e  P 

gS 

b 
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TWU a t  t h e  s t u d y  s i t e s  

i n  terms o f  c u m u l a t i v e  c l e a r - d a y  t r a n s p i r a t i o n  ( E d )  o v e r  t h e  
g r o w i n g  s e a s o n .  P e r  u n i t  l e a f  a r e a ,  c o t t o n w o o d  was t h e  g r e a t e s t  
c o n s u m e r  o f  w a t e r ,  m o u n t a i n  w i l l o w  u s e d  l e s s ,  a n d  s a n d b a r  w i l l o w  
u s e d  t h e  l e a s t .  T h e  a l p i n e  s p e c i e s  u s e d  s u b s t a n t i a l l y  l e s s  water  
t h a n  t h e  l o w - e l e v a t i o n  s p e c i e s ,  w i t h  m a r s h  m a r i g o l d  h a v i n g  t h e  

E was v e r y  s i m i l a r  among  p l a n e l e a f  w i l l o w ,  t a l l  d '  g r e a t e s t  E 
s e d g e ,  a n d  s h o r t  s e d g e .  

f o r  t h e  d i f f e r e n t  s p e c i e s ,  p l a n t  c o m u n i t i e s ,  a n d  r i p a r i a n  z o n e s ,  
a n d  c o m p a r e s  t h e s e  v a l u e s  t o  s t r e a m f l o w s .  A l l  v a l u e s  were 
s t a n d a r d i z e d  t o  t o t a l  r i p a r i a n  z o n e  a r e a  ( a l l  p l a n t  c o m m u n i t i e s  
p l u s  s t r eam c h a n n e l )  a t  e a c h  s i t e .  Woody p h r e a t o p h y t e s  ( c o t t o n -  
w o o d ,  w i l l o w s )  were t h e  m a j o r  water  c o n s u m e r s  i n  t h e  l o w -  
e l e v a t i o n  r i p a r i a n  z o n e s ,  w h e r e a s  b o t h  woody  p h r e a t o p h y t e s  ( d w a r f  
w i l l o w s )  a n d  n o n - w o o d y  v e g e t a t i o n  ( b r o a d l e a v e d  h e r b s ,  s e d g e s )  
were ma jo r  wa te r  c o n s u m e r s  i n  t h e  a l p i n e  r i p a r i a n  z o n e .  T h i s  
r e s u l t  i s  i n  a g r e e m e n t  w i t h  t h e  p r e d i c t i o n  o f  H y p o t h e s i s  ( 1 )  ( s e e  
O b j e c t i v e s  s e c t i o n ) .  

F o r  t h e  e n t i r e  g r o w i n g  s e a s o n ,  i t  i s  a p p a r e n t  t h a t  r i p a r i a n  
TWU was n e g l i g i b l e  i n  c o m p a r i s o n  t o  s t r e a m f l o w s  a t  L i t t l e  
L a r a m i e ,  B e l l a m y  C a n a l ,  a n d  H e c h t  C r e e k  ( T a b l e  3 ) .  A t  H e c h t  
D i t c h  a n d  L i b b y  F l a t s ,  T W U / s t r e a m f l o w  r a t i o s  were l a r g e r ,  t w o  a n d  
f o u r  p e r c e n t ,  r e s p e c t i v e l y .  T h e  s m a l l e r  t h e  s t r e a m f l o w ,  t h e  
l a r g e r  t h e  T W U / s t r e a m f l o w  r a t i o .  T h e  r e a s o n  f o r  t h i s  was t h a t  
s m a l l e r  s t reams h a d  a h i g h e r  r a t i o  o f  t o t a l  l e a f  a r e a  t o  
s t r e a m f l o w  t h a n  d i d  l a r g e r  s t reams ( T a b l e  4 ) .  T h e  o r d e r  o f  
c u m u l a t i v e  s t r e a m f l o w  v o l u m e s  among  s i t e s  was e x a c t l y  t h e  r e v e r s e  
o f  t h e  o r d e r  o f  T W U / s t r e a m f l o w  r a t i o s .  T h u s ,  H y p o t h e s i s  ( 2 )  was 
c o r r e c t :  sma l l e r  s t r e a m s  h a d  l a r g e r  T W U / s t r e a m f l o w  r a t i o s  t h a n  
l a r g e r  s t r eams .  

l e s s  t h a n  o n e  p e r c e n t  f o r  t h e  l a r g e r  s t reams,  L i t t l e  L a r a m i e  
R i v e r  a n d  B e l l a m y  C a n a l ,  b u t  c o u l d  r e a c h  s u b s t a n t i a l  v a l u e s  f o r  
t h e  sma l l e r  s t r e a m s .  Maximum r a t i o s  o c c u r r e d  a t  a l l  s i t e s  i n  
A u g u s t ,  e x c l u d i n g  H e c h t  D i t c h ,  w h i c h  was s h u t  o f f  by t h e  r a n c h e r  
i n  m i d - J u l y  a n d  t h e r e f o r e  h a d  n o  l a t e - s u m m e r  f l o w .  T h e  r e a s o n s  
f o r  t h i s  were 1 )  L A I ' s  were a t  t h e i r  s e a s o n a l  max ima  i n  t h e  
r i p a r i a n  p l a n t  c o m m u n i t i e s  ( F i g .  2 ) ,  2 ) . g m a t F i g  v a l u e s  were a t  o r  
n e a r  t h e i r  s e a s o n a l  max ima  f o r  a l l  s p e c i e s  . 7 ) ,  a n d  3 )  
s t r e a m f l o w s  were much l o w e r  t h a n  i n  l a t e  s p r i n g  a n d  e a r l y  summer  
( F i g .  11) .  T h u s ,  H y p o t h e s i s  ( 3 )  was s h o w n  t o  b e  c o r r e c t :  
r i p a r i a n  TWU was l a r g e s t  c o m p a r e d  t o  s t r e a m f l o w s  i n  l a t e  summer .  

i s  b e s t  c o n s i d e r e d  i n  t h e  c o n t e x t  o f  t o t a l  water  a v a i l a b i l i t y .  
R a i n f a l l  p r o v i d e d  a n  a d d i t i o n a l  i n p u t  o f  water t o  a l l  s i t e s  
d u r i n g  t h e  1986 g r o w i n g  s e a s o n :  10 .5  i n c h e s  a t  t h e  l o w - e l e v a t i o n  
s i t e s  a n d  7 . 6  i n c h e s  a t  t h e  a l p i n e  s i t e  ( T a b l e  2 ) .  R a i n f a l l  
a l o n e  c o u l d  h a v e  a c c o u n t e d  f o r  56 ,  2 9 ,  2 2 ,  30,  a n d  1 4 1  p e r c e n t  o f  
TWU a t  L i t t l e  L a r a m i e ,  H e c h t  C r e e k ,  B e l l a m y  C a n a l ,  H e c h t  D i t c h ,  
a n d  L i b b y  F l a t s ,  r e s p e c t i v e l y .  

T h e  n a t u r a l  s t ream s i t e s  h a d  l o c a l  wa te r  t a b l e s  s u p p l y i n g  

F i g u r e  1 4  c o m p a r e s  t h e  m a j o r  low-  a n d  h i g h - e l e v a t i o n  s p e c i e s  

T a b l e  3 s h o w s  t h e  v a l u e s  o f  TWU c a l c u l a t e d  by t h e  s i m p l e  m o d e l  

E x a m i n i n g  m o n t h l y  TWU/f low r a t i o s  ( T a b l e  3 ) ,  t h e s e  were a l w a y s  

T h e  s i g n i f i c a n c e  o f  t h e  T W U / s t r e a m f l o w  r a t i o s  a t  l o c a l  s i t e s  
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wa te r  t o  t h e  r o o t s  o f  t h e  p h r e a t o p h y t i c  c o t t o n w o o d s  a n d  w i l l o w s .  
F o r  L i t t l e  L a r a m i e ,  a s s u m i n g  t h e  water  t a b l e  w a s  3 . 2 8  f t  d e e p ,  
b e d r o c k  o c c u r r e d  a t  9 . 8 4  f t ,  a n d  s o i l  p o r e s  o c c u p i e d  10 p e r c e n t  
o f  t h e  s o i l  v o l u m e  ( a  r e a s o n a b l e  v a l u e  f o r  a l l u v i a l  s o i l s  i n  t h e  
L i t t l e  L a r a m i e  d r a i n a g e ;  B o r e l l i  a n d  B u r m a n  1 9 8 2 ) ,  6 5 . 6  i n c h e s  o f  
wa te r  were s t o r e d  i n  t h e  water  t a b l e .  T h e  same c a l c u l a t i o n  f o r  
H e c h t  C r e e k ,  a s s u m i n g  b e d r o c k  a t  6 .56 f t  d e p t h ,  m e a n t  33.9 i n c h e s  
o f  wa te r  t a b l e  s t o r a g e ,  w h i l e  a t  L i b b y  F l a t s ,  a s s u m i n g  wa te r  
t a b l e  d e p t h  a t  1 . 6 4  f t  a n d  b e d r o c k  d e p t h  a t  6 .56  f t ,  t h e  water  
t a b l e  m a y  h a v e  s t o r e d  30.6 i n c h e s .  Water t a b l e  s t o r a g e  a l o n e  
c o u l d  h a v e  a c c o u n t e d  f o r  2 5 0 ,  9 4 ,  a n d  5 7 5  p e r c e n t  o f  TWU a t  
L i t t l e  L a r a m i e ,  H e c h t  C r e e k ,  a n d  L i b b y  F l a t s ,  r e s p e c t i v e l y .  

T h e  TWU v a l u e s  w e  m e a s u r e d  i n  t h e  l o w - e l e v a t i o n  r i p a r i a n  
z o n e s ,  18.6 t o  4 6 . 7  i n c h e s ,  l a y  w i t h i n  t h e  r a n g e  o f  TWU v a l u e s  
m e a s u r e d  f o r  d e s e r t  p h r e a t o p h y t e s  g r o w i n g  i n  l y s i m e t e r s ,  2 t o  9 6  
i n c h e s .  T h i s  m a y  seem s u r p r i s i n g  i n  l i g h t  o f  t h e  f a c t  t h a t  t h e  
g r o w i n g  s e a s o n  i s  s h o r t e r  a n d  t h e  c l i m a t e  c o o l e r  a n d  l e s s  d r y  i n  
s o u t h e a s t  Wyoming t h a n  i n  d e s e r t s .  T h e  major  r e a s o n  f o r  t h e  
s i  i l a r  TWU's i s  t h e  much l a r g e r  g s  v a l u e s  ( g r e a t e r  t h a n  2 5  m m  
s ) f o r  Wyoming p h I i e a t o p h y t e s  - c o m p a r e d  t o  d e s e r t  p h r e a t o p h y t e s  
( l e s s  t h a n  10 mm s ; A n d e r s o n  1 9 8 2 ,  N i l s e n  e t  a l .  1 9 8 4 ) .  T h e  
i n c r e a s e d  D v a l u e  a t  t h e  h i g h  e l e v a t i o n s  o f  t h e  Wyoming s i t e s  
was a l s o  a z o n t r i b u t i n g  f a c t o r .  

-T 

TWU i n  t h e  L i t t l e  L a r a m i e  d r a i n a g e  
F o r  t h e  e n t i r e  L i t t l e  L a r a m i e  R i v e r  d r a i n a g e ,  r i p a r i a n  z o n e  

TWU d u r i n g  t h e  g r o w i n g  s e a s o n  of  1 9 8 6  was e s t i m a t e d  t o  t o t a l  o n l y  
0 . 1 3 2 1  i n c h e s ,  w h e n  TWU was e x p r e s s e d  f o r  t h e  s u r f a c e  a r e a  o f  t h e  
e n t i r e  b a s i n  ( 2 2 9 , 1 1 6  a c r e s ) .  N i n e t y - s i x  p e r c e n t  o f  t h i s  TWU was 
c o n t r i b u t e d  by  l o w - e l e v a t i o n  r i p a r i a n  z o n e s  b e c a u s e  t h e y  h a d  
h i g h e r  water  u s e  r a t e s  p e r  u n i t  g r o u n d  a r e a  ( T a b l e  3 )  a n d  c o v e r e d  
a much l a r g e r  a r e a  ( 1 6 , 1 9 9  v s .  5 , 7 7 5  a c r e s )  t h a n  d i d  h i g h -  
e l e v a t i o n  r i p a r i a n  z o n e s  ( T a b l e  5 ) .  D e s p i t e  l o w e r  water  u s e  
r a t e s  p e r  u n i t  g r o u n d  a r e a  ( T a b l e  3 ) ,  l o w - e l e v a t i o n ,  n a t u r a l  
s t ream r i p a r i a n  z o n e s  c o n t r i b u t e d  62 p e r c e n t  o f  t o t a l  d r a i n a g e  
TWU c o m p a r e d  t o  3 4  p e r c e n t  f o r  i r r i g a t i o n  d i t c h  r i p a r i a n  z o n e s  
b e c a u s e  t h e y  c o v e r e d  a much l a r g e r  a r e a  (13 ,389  v s .  2 , 8 1 0  a c r e s ;  
T a b l e  5 ) .  

g r o w i n g  s e a s o n  o f  1986 was 4 . 1 7  i n c h e s  f o r  t h e  e n t i r e  d r a i n a g e  
( T a b l e  5 ) .  R i p a r i a n  TWU was 3 . 2  p e r c e n t  o f  t h i s  v a l u e .  
I n c l u s i o n  o f  g r o w i n g  s e a s o n  r a i n f a l l  ( 1 0 . 5 4  i n c h e s  i n  1 9 8 6 )  
y i e l d e d  a T W U / ( s t r e a m f l o w  + r a i n f a l l )  r a t i o  o f  0 .9  p e r c e n t .  When 
w i n t e r t i m e  ( O c t o b e r  t o  May)  s t r e a m f l o w  a n d  t h e  water  s t o r e d  i n  
n a t u r a l  l a k e s ,  r e s e r v o i r s ,  a n d  water  t a b l e s  a r e  c o n s i d e r e d ,  i t  i s  
o b v i o u s  t h a t  TWU was a n  i n s i g n i f i c a n t  f r a c t i o n  o f  t h e  t o t a l  water  
b u d g e t  f o r  t h e  L i t t l e  L a r a m i e  R i v e r  d r a i n a g e  i n  1986. T h e  l a r g e  
d i f f e r e n c e  b e t w e e n  r a i n f a l l  i n p u t s  a n d  s t r e a m f l o w  o u t p u t s  i n  t h i s  
d r a i n a g e  s u g g e s t e d  t h a t  water l o s s e s  t o  e v a p o r a t i o n ,  b a n k  
s t o r a g e ,  a n d  s u b a l p i n e  f o r e s t  t r a n s p i r a t i o n  a r e  much l a r g e r  i n  
m a g n i t u d e  t h a n  were l o s s e s  t o  r i p a r i a n  z o n e  t r a n s p i r a t i o n .  

I t  i s  o f  i n t e r e s t  t o  c o m p a r e  r i p a r i a n  TWU i n  t h i s  s t u d y  t o  
r i p a r i a n  TWU c a l c u l a t e d  by V a n R l a v a r e n  e t  a l .  ( 1 9 7 5 ) .  T h e y  
e s t i m a t e d  a v a l u e  o f  9 , 7 3 4  a c r e - f t  of  r i p a r i a n  ET f o r  t h e  B i g  

C u m u l a t i v e  s t r e a m f l o w  o f  t h e  L i t t l e  L a r a m i e  R i v e r  d u r i n g  t h e  

I 
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L a r a m i e  R i v e r ,  e x c l u s i v e  o f  a n y  t r i b u t a r i e s  ( L a r r y  P o c h o p ,  
U n i v e r s i t y  o f  Wyoming ,  p e r s o n a l  c o m m u n i c a t i o n ) ,  b e i n g  l o s t  f r o m  a 
t o t a l  c o t t o n w o o d / w i l l o w  r i p a r i a n  a r e a  o f  3 , 4 3 2  a c r e s .  F o r  
c o m p a r i s o n ,  w e  e s t i m a t e d  r i p a r i a n  t r a n s p i r a t i o n  f o r  n a t u r a l  
s t reams i n  t h e  L i t t l e  L a r a m i e  d r a i n a g e  ( 1 , 3 3 9  a c r e s )  o f  1 ,558  
a c r e - f t  ( T a b l e  5 ) .  I f  w e  a s s u m e  t h a t  e v a p o r a t i o n  was 2 0  p e r c e n t  
o f  ET ( a  g e n e r o u s  e s t i m a t e )  a n d  a p p l y  V a n K l a v a r e n  e t  a l e ' s  p e r  
a c r e  t r a n s p i r a t i o n  v a l u e s  t o  t h e  a c r e a g e  o f  n a t u r a l  s t ream 
p h r e a t o p h y t e s  i n  t h e  L i t t l e  L a r a m i e  d r a i n a g e ,  w e  a r r i v e  a t  a 
v a l u e  o f  3 ,038  a c r e - f t .  I t  a p p e a r s  t h a t  V a n K l a v a r e n  e t  a l . ' s  
v a l u e  i s  a s u b s t a n t i a l  o v e r e s t i m a t e .  G i v e n  t h e  f a c t  t h a t  t h e y  
u s e d  B l a n e y - C r i d d l e  c o e f f i c i e n t s  d e r i v e d  f r o m  p h r e a t o p h y t i c  
v e g e t a t i o n  g r o w i n g  i n  t h e  much d r i e r  a n d  h o t t e r  c l i m a t e  o f  
A r i z o n a  ( R a n t z  1 9 6 8 ) ,  t h i s  d i s p a r i t y  i s  n o t  s u r p r i s i n g .  

A d d i t i o n a l  c o n s i d e r a t i o n s  
A l t h o u g h  r a i n f a l l  d i f f e r e d  l i t t l e  b e t w e e n  1985 a n d  1986 ( T a b l e  

Z ) ,  n a t u r a l  s t r eam f l o w s  were c o n s i d e r a b l y  l e s s  i n  1985 b e c a u s e  
o f  a much s h a l l o w e r  s n o w p a c k  i n  t h e  m o u n t a i n s .  Mean T was v e r y  
s i m i l a r  b e t w e e n  y e a r s ,  b u t  mean  VPD's  were h i g h e r  i n  1985 t h a n  i n  
1986,  a t  b o t h  l o w  a n d  h i g h  e l e v a t i o n  ( T a b l e  2 ) .  G r o w i n g  s e a s o n  
l e n g t h  was a l i t t l e  l o n g e r  i n  1986 t h a n  i n  1985 a t  l o w  e l e v a t i o n ,  
b u t  was l e s s  i n  1986 a t  h i g h  e l e v a t i o n .  T h u s ,  s e a s o n a l  TWU was 
p r o b a b l y  s i m i l a r  b e t w e e n  y e a r s  a t  l o w  e l e v a t i o n  ( g r e a t e r  VPD 
o f f s e t  by  s h o r t e r  g r o w i n g  s e a s o n  i n  1 9 8 5 ) ,  b u t  g r e a t e r  a t  h i g h  
e l e v a t i o n  i n  1985 ( b o t h  g r e a t e r  VPD a n d  l o n g e r  g r o w i n g  s e a s o n ) .  
I n  s u m m a r y ,  t h e  s e a s o n a l  T W U / s t r e a m f l o w  r a t i o s  were p r o b a b l y  
s o m e w h a t  h i g h e r  a t  low e l e v a t i o n ,  w h e r e a s  t h e y  were p r o b a b l y  
s u b s t a n t i a l l y  h i g h e r  a t  h i g h  e l e v a t i o n ,  i n  1985 c o m p a r e d  t o  1986. 
T h i s  c o n c l u s i o n  a s s u m e s  t h a t  s e a s o n a l  p a t t e r n s  a n d  a b s o l u t e  
v a l u e s  o f  Ed f o r  e a c h  s p e c i e s  were s i m i l a r  i n  b o t h  y e a r s .  

We d i d  n o t  m e a s u r e  b e t w e e n - s i t e  v a r i a b i l i t y  i n  s p e c i e s  
c o m p o s i t i o n  a n d  L A I ' s  f o r  t h e  v a r i o u s  s t u d y  s i t e s ,  p r e f e r r i n g  t o  
m e a s u r e  t h e s e  p a r a m e t e r s  a t  s i t e s  w h i c h  we f e l t  were 
r e p r e s e n t a t i v e .  T h u s ,  T W U / s t r e a m f l o w  r a t i o s  a l o n g  d i f f e r e n t  
s t ream s t r e t c h e s  m i g h t  h a v e  b e e n  l o w e r  o r  h i g h e r  t h a n  t h o s e  
l i s t e d  i n  T a b l e  3 ,  d e p e n d i n g  o n  v a r i a t i o n s  i n  t o t a l  l e a f  a r e a ,  
r i p a r i a n  z o n e  c o v e r ,  a n d  s t r e a m f l o w s  w i t h i n  e a c h  s t r e t c h .  

T h e  u l t i m a t e  t e r m i n i  o f  t h e  L i t t l e  L a r a m i e  d r a i n a g e  a r e  
r e p r e s e n t e d  by o v e r l a n d  f l o w  f r o m  m e l t i n g  s n o w b a n k s  a t  h i g h  
e l e v a t i o n  a n d  o v e r l a n d  f l o w  d u r i n g  f l o o d  i r r i g a t i o n  o f  p a s t u r e s  
a t  l o w  e l e v a t i o n .  S t r e a m f l o w s  a r e  v e r y  d i f f i c u l t  t o  m e a s u r e  i n  
t h e s e  s i t u a t i o n s ,  s o  w e  c h o s e  t o  f o c u s  o n  d e f i n a b l e  s t ream 
c h a n n e l s .  F i e l d  o b s e r v a t i o n s  s u g g e s t  t h a t  T W U / s t r e a m f  low r a t i o s  
i n  o v e r l a n d  f l o w  s i t u a t i o n s  a r e  p r o b a b l y  l o w .  F o r  e x a m p l e ,  a t  
h i g h  e l e v a t i o n  o v e r l a n d  f l o w  o c c u r s  o n l y  f o r  a s h o r t  d i s t a n c e  
d o w n h i l l  f r o m  m e l t i n g  s n o w b a n k s .  S i n c e  t h e  g r o u n d  t h e r e  h a s  o n l y  
b e e n  f r e e  of  s n o w  f o r  a f e w  d a y s ,  t h e r e  i s  v e r y  l i t t l e  l e a f  a r e a .  
S i m i l a r l y ,  f l o o d  i r r i g a t i o n  o c c u r s  p r i m a r i l y  i n  May a n d  J u n e ,  
b e f o r e  l e a f  a r e a s  o f  i r r i g a t e d  p a s t u r e s  a r e  w e l l  d e v e l o p e d .  
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CONCLU SIONS 

Summary  o f  r e s e a r c h  f i n d i n g s  

T o t a l  r i p a r i a n  z o n e  t r a n s p i r a t i o n a l  water  use (TWU) d u r i n g  t h e  
g r o w i n g  s e a s n  o f  1986 was e s t i m a t e d  f o r  f i v e  r e p r e s e n t a t i v e  
s t ream s t r e t c h e s  i n  t h e  L i t t l e  L a r a m i e  R i v e r  d r a i n a g e  i n  
s o u t h e a s t  Wyoming.  T h e s e  s i t e s  r e p r e s e n t e d  l a r g e  a n d  smal l  
n a t u r a l  s t reams a n d  l a r g e  a n d  s m a l l  i r r i g a t i o n  d i t c h e s  a t  l o w  
e l e v a t i o n ,  a n d  a l p i n e  s o u r c e  b a s i n s  a t  h i g h  e l e v a t i o n .  

Woody p h r e a t o p h y t e s  ( c o t t o n w o o d s  a n d  w i l l o w s )  were t h e  m a j o r  
wa te r  c o n s u m e r s  i n  l o w - e l e v a t i o n  r i p a r i a n  z o n e s .  Dwar f  w i l l o w s  
a n d  a l p i n e  h e r b a c e o u s  v e g e t a t i o n  were t h e  ma jo r  water c o n s u m e r s  
i n  h i g h - e l e v a t i o n  r i p a r i a n  z o n e s .  Among l o w - e l e v a t i o n  s p e c i e s ,  
n a r r o w l e a f  c o t t o n  o o d  c o n s u m e d  t h e  most  water p e r  u n i t  o f  l e a f  
a r e a  (195 l b s  f t  ) a n d  s a n d b a r  w i l l o w  c o n s u m e d  t h e  l e a s t  (103 
l b s  f t -  ) .  Among h i g h - e l e v a t i o n  s p e c i e s ,  m a r s h  y a r i g o l d  c o n s u m e d  
t h e  m o s t  water  p e r  u n i t  o f  l e a f  a r e a  ( 4 0  l b s  ft- ) ,  w i l e  w i l l o w s  
a n d  s e d g e s  c o n s u m e d  s i m i l a r  a m o u n t s  (30  t o  33 l b s  f t  ). 

When w a t e r  u s e  p e r  u n i t  l e a f  a r e a  o f  e a c h  s p e c i e s  was m u l t i -  
p l i e d  by e a c h  s p e c i e s '  l e a f  a r e a  i n d e x  a n d  by  t h e  t o t a l  c o v e r  o f  
t h e  r i p a r i a n  p l a n t  c o m m u n i t y  w i t h i n  w h i c h  e a c h  s p e c i e s  o c c u r r e d ,  
i t  was f o u n d  t h a t  w i l l o w s  were t h e  m a j o r  water  c o n s u m e r s  a t  t h e  
l a r g e  a n d  s m a l l  n a t u r a l  s t ream s i t e s  ( 1 4  a n d  36 i n c h e s ,  
r e s p e c t i v e l y )  a n d  t h e  s m a l l  i r r i g a t i o n  d i t c h  s i t e  ( 3 5  i n c h e s ) ,  
w h i l e  c o t t o n w o o d  was t h e  m a j o r  wa te r  c o n s u m e r  a t  t h e  l a r g e  
i r r i g a t i o n  d i t c h  s i t e  ( 4 5  i n c h e s ) .  I n  t h e  a l p i n e  s o u r c e  b a s i n ,  
d w a r f  w i l l o w s  a n d  s e d g e s  u s e d  s i m i l a r  a m o u n t s  o f  water  ( 2  
i n c h e s ) ,  w h i l e  m a r s h  m a r i g o l d  a n d  o t h e r  b r o a d l e a v e d  h e r b s  u s e d  
a b o u t  o n e - f o u r t h  a s  much water .  

T h e  r a t i o  o f  s e a s o n a l  TWU t o  s e a s o n a l  s t r e a m f l o w  i n c r e a s e d  
f r o m  0 . 0 4  t o  3 .96 p e r c e n t  a s  s t r e a m f l o w  d e c r e a s e d  f r o m  8 4 , 3 2 0  t o  
20 a c r e - f t  b e c a u s e  t h e  r a t i o  o f  t r a n s p i r i n g  l e a f  a r e a  t o  
s t r e a m f l o w  i n c r e a s e d .  T W U / s t r e a m f l o w  r a t i o s  i n c r e a s e d  f r o m  l e s s  
t h a n  0 .1  p e r c e n t  i n  l a t e  s p r i n g  t o  maximum v a l u e s  i n  m i d s u m m e r  
w h e n  l o w  s t r e a m f l o w s ,  s e a s o n a l  maximum l e a f  a r e a s ,  a n d  s e a s o n a l  
maximum d a i l y  water  u s e  c o i n c i d e d .  Midsummer  r a t i o s  were l e s s  
t h a n  o n e  p e r c e n t  a l o n g  t h e  l a r g e  a n d  s m a l l  n a t u r a l  s t reams a n d  
t h e  l a r g e  i r r i g a t i o n  d i t c h ,  b u t  g r e a t e r  t h a n  t e n  p e r c e n t  a l o n g  
t h e  sma l l  i r r i g a t i o n  d i t c h  a n d  i n  t h e  a l p i n e  s o u r c e  b a s i n .  A f t e r  
m i d s u m m e r ,  r a t i o s  d e c r e a s e d  a s  l e a f  a r e a s  a n d  d a i l y  water  use 
d i m i n i s h e d  . 

F o r  t h e  e n t i r e  L i t t l e  L a r a m i e  R i v e r  d r a i n a g e ,  TWU by r i p a r i a n  
z o n e s  was 3 . 2  p e r c e n t  o f  s t r e a m f l o w  d u r i n g  t h e  g r o w i n g  s e a s o n  of  
1986 .  S i n c e  l a r g e  a m o u n t s  o f  water  were a d d e d  t o  t h e  d r a i n a g e  a s  
r a i n  o r  were s t o r e d  i n  r e s e r v o i r s  a n d  water  t a b l e s ,  t h e  r a t i o  o f  
TWU t o  t o t a l  water  f l u x  t h r o u g h  t h e  d r a i n a g e  was p r o b a b l y  l e s s  
t h a n  o n e  p e r c e n t .  

-Y 

-9 

R e c o m m e n d a t i o n s  

A l o n g  l o w - e l e v a t i o n  n a t u r a l  s t r e a m s ,  r i p a r i a n  v e g e t a t i o n  
s t a b i l i z e s  s t r e a m b a n k s  a n d ,  by t r a p p i n g  s e d i m e n t s  w i t h  i t s  r o o t s ,  
b u i l d s  p e r m e a b l e  s o i l  masses w i t h i n  w h i c h  l o c a l  water t a b l e s  
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d e v e l o p .  S i m p l e  c a l c u l a t i o n s  s u g g e s t  t h a t  t h e s e  water  t a b l e s  
c o n t a i n  s u f f i c i e n t  water  t o  s u p p l y  o n e  o r  m o r e  y e a r s  o f  r i p a r i a n  
z o n e  t r a n s p i r a t i o n .  T h u s ,  t h e  a m o u n t  o f  water  c o n s u m e d  by 
r i p a r i a n  v e g e t a t i o n  a l o n g  n a t u r a l  streams n a y  b e  more t h a n  
b a l a n c e d  by t h e  e x t r a  water  s t o r e d  i n  l o c a l  water  t a b l e s .  I f  
t h i s  h y p o t h e s i s  i s  c o r r e c t ,  t h e n  t h e  c u r r e n t  t r e n d  i n  Wyoming 
t o w a r d s  r i p a r i a n  z o n e  r e h a b i l i t a t i o n  seems h i g h l y  d e s i r a b l e ,  
s i n c e  t h i s  v e g e t a t i o n  m a y  i n c u r  n o  n e t  water  l o s s  w h i l e  r e d u c i n g  
e r o s i o n ,  p r o v i d i n g  w i l d l i f e  h a b i t a t ,  a n d  i m p r o v i n g  s c e n e r y .  
C o m p a r i s o n s  b e t w e e n  r i p a r i a n  TWU a n d  water  t a b l e  water  s t o r a g e  
a l o n g  d i f f e r e n t  s t ream t y p e s  i n  Wyoming w o u l d  b e  a f r u i t f u l  a r e n a  
f o r  f u t u r e  r e s e a r c h .  

n e g l i g i b l e  c o m p a r e d  t o  s t r e a m f l o w s ,  s o  t h e  c o l o n i z a t i o n  o f  man- 
m a d e  c a n a l s  by c o t t o n w o o d s  seems d e s i r a b l e  b e c a u s e  of  a e s t h e t i c  
a n d  w i l d l i f e  c o n s i d e r a t i o n s .  A l o n g  smal l  i r r i g a t i o n  d i t c h e s ,  
T W U / s t r e a m f l o w  r a t i o s  c a n  b e  l a r g e  i n  m i d - s u m m e r ,  i . e . ,  n e a r  t h e  
e n d  o f  t h e  i r r i g a t i o n  s e a s o n ,  b u t  r e m a i n  low d u r i n g  t h e  m a j o r  
p o r t i o n  of  t h e  i r r i g a t i o n  s e a s o n  i n  May a n d  J u n e .  T h e  water 
a v a i l a b l e  f o r  i r r i g a t i o n  m i g h t  b e  i n c r e a s e d  s o m e w h a t  by 
s u b s t i t u t i n g  s a n d b a r  w i l l o w  f o r  m o u n t a i n  w i l l o w ,  s i n c e  s a n d b a r  
w i l l o w  u s e s  13 p e r c e n t  l e s s  water  p e r  u n i t  of l e a f  a r e a  ( F i g .  
13 ) .  

of a n y  s t ream t y p e .  H o w e v e r ,  t h e  t o t a l  a m o u n t  of  wa te r  u s e d  by 
a l p i n e  r i p a r i a n  v e g e t a t i o n  i s  much l e s s  t h a n  t h a t  c o n s u m e d  by 
l o w - e l e v a t i o n  r i p a r i a n  v e g e t a t i o n  b e c a u s e  c o o l e r  a i r  
t e m p e r a t u r e s ,  h i g h e r  r e l a t i v e  h u m i d i t i e s ,  a n d  s h o r t e r  g r o w i n g  
s e a s o n s  g r e a t l y  r e d u c e  d a i l y  wa te r  u s e ,  a n d  b e c a u s e  t h e r e  i s  l e s s  
r i p a r i a n  z o n e  c o v e r  a t  h i g h  c o m p a r e d  t o  l o w  e l e v a t i o n .  
N e v e r t h e l e s s ,  a l p i n e  r i p a r i a n  water  u s e  i s  q u a n t i t a t i v e l y  
i m p o r t a n t  e n o u g h  t h a t  i t  n e e d s  t o  b e  c o n s i d e r e d  i n  m o d e l s  w h i c h  
p r e d i c t  wa te r  d e l i v e r y  t o  t h e  l o w l a n d s  b a s e d  o n  r a i n f a l l  a n d  
s n o w m e l t  i n  t h e  a l p i n e  z o n e .  

E s t i m a t i o n  o f  r i p a r i a n  TWU f o r  o t h e r  l o c a l  r i p a r i a n  z o n e s  i n  
s o u t h e a s t  Wyoming w i l l  r e q u i r e  m e a s u r e m e n t  o f :  1 )  l e a f  a r e a  i n d e x  
of c o t t o n w o o d  g r o v e s  a n d  w i l l o w  t h i c k e t s ,  2 )  t h e  r e l a t i v e  
p r o p o r t i o n  o f  w i l l o w  t h i c k e t  l e a f  a r e a  i n d e x  c o n s i s t i n g  of  
m o u n t a i n / G e y e r  w i l l o w  v s .  s a n d b a r  w i l l o w ,  a n d  3 )  t h e  t o t a l  a r e a  
of c o t t o n w o o d  g r o v e s  a n d  w i l l o w  t h i c k e t s .  TWU c a n  t h e n  b e  
c o m p u t e d  f r o m  t h e  T W  p e r  u n i t  l e a f  a rea  v a l u e s  i n  F i g u r e  13,  
u s i n g  E q u a t i o n  2 .  I n d i v i d u a l  c a n o p y  l a y e r s  n e e d  n o t  b e  
c o n s i d e r e d  s e p a r a t e l y  u n l e s s  d i r e c t  f i e l d  m e a s u r e m e n t  o f  
t r a n s p i r a t i o n  r a t e s  i s  p l a n n e d .  

Wyoming ,  t h e  a m o u n t  of  water  c o n s u m e d  by  r i p a r i a n  v e g e t a t i o n  c a n  
b e  c a l c u l a t e d  f r o m  t h e  d a t a  i n  T a b l e  5 by m u l t i p l y i n g  t h e  
s e a s o n a l  water  u s e  f o r  e a c h  major  r i p a r i a n  v e g e t a t i o n  t y p e  p e r  
u n i t  g r o u n d  a r e a  by  t h e  t o t a l  a r e a  of e a c h  v e g e t a t i o n  t y p e ,  
e s t i m a t e d  o n  t h e  g r o u n d  o r  f r o m  a e r i a l  p h o t o g r a p h s .  S i n c e  t h e  
a r e a  of c o t t o n w o o d s  a l o n g  b o t h  n a t u r a l  s t reams a n d  i r r i g a t i o n  
d i t c h e s  i s  g e n e r a l l y  much l e s s  t h a n  t h e  c o v e r  of w i l l o w s ,  t h e  
mean  TWU v a l u e s  a n d  a r e a s  f o r  t h e s e  two v e g e t a t i o n  t y p e s  c o u l d  b e  
c o m b i n e d  w i t h o u t  much l o s s  i n  a c c u r a c y .  H o w e v e r ,  r i p a r i a n  

A l o n g  l a r g e  i r r i g a t i o n  d i t c h e s ,  r i p a r i a n  water  u s e  i s  

I n  a l p i n e  s o u r c e  b a s i n s ,  T W U / s t r e a m f l o w  r a t i o s  a r e  t h e  h i g h e s t  

F o r  c a l c u l a t i o n  o f  b a s i n - w i d e  water b u d g e t s  i n  s o u t h e a s t  
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v e g e t a t i o n  a l o n g  i r r i g a t i o n  d i t c h e s  u s e s  more water  p e r  u n i t  
g r o u n d  a r e a  t h a n  d o e s  r i p a r i a n  v e g e t a t i o n  a l o n g  n a t u r a l  s t reams.  
T h e r e f o r e ,  t h e s e  t w o  t y p e s  o f  s t ream c h a n n e l s  n e e d  t o  b e  
c o n s i d e r e d  s e p a r a t e l y .  F o r  m o s t  r i v e r  s y s t e m s ,  t h e  a r e a  o f  
a l p i n e  r i p a r i a n  z o n e s  i s  much l e s s  t h a n  t h a t  o f  l o w - e l e v a t i o n  
r i p a r i a n  z o n e s  a n d  c o n s u m e s  much l ess  wa te r  p e r  u n i t  g r o u n d  a r e a .  
T h u s ,  a l p i n e  r i p a r i a n  TWU c a n  p r o b a b l y  b e  n e g l e c t e d  i n  m o s t  water  
b u d g e t  c a l c u l a t i o n s .  

A c o n s i d e r a b l e  p o r t i o n  o f  W y o m i n g ' s  r i p a r i a n  h a b i t a t  l i e s  
b e l o w  6 , 0 0 0  f t  e l e v a t i o n ,  w h e r e  a d i f f e r e n t  c o t t o n w o o d  s p e c i e s ,  
p l a i n s  c o t t o n w o o d  ( P o p u l u s  d e l t o i d e s ) ,  r e p l a c e s  n a r r o w l e a f  
c o t t o n w o o d ,  a n d  w h e r e  some  o f  t h e  w i l l o w  s p e c i e s  a r e  d i f f e r e n t  
f r o m  t h o s e  i n  t h e  L i t t l e  L a r a m i e  d r a i n a g e .  O u r  TWU d a t a  s h o u l d  
n o t  b e  a p p l i e d  d i r e c t l y  t o  t h e s e  s p e c i e s  b e c a u s e  t h e i r  
e n v i r o n m e n t  d i f f e r s  i n  a t  l e a s t  t h r e e  w a y s :  1 )  T h e  g r o w i n g  
s e a s o n  i s  l o n g e r ,  i m p l y i n g  g r e a t e r  TWU. 2 )  T h e  c l i m a t e  i s  h o t t e r  
a n d  d r i e r .  T h i s  s u g g e s t s  g r e a t e r  t r a n s p i r a t i o n  r a t e s  a n d ,  h e n c e ,  
g r e a t e r  TWU. H o w e v e r  , s u f f i c i e n t  i n t e r n a l  water  s t r e s s  may 
d e v e l o p  i n  l a t e  summer  t o  i n d u c e  s t o r n a t a l  c l o s u r e  a n d  t h u s  r e d u c e  
TIJU. 3 )  'Water d i f f u s e s  s l o w e r  t h r o u g h  a i r  a s  e l e v a t i o n  
d e c r e a s e s ,  r e d u c i n g  TWU a t  t h e  same s to rna ta l  a p e r t u r e  c o m p a r e d  t o  
h i g h e r  e l e v a t i o n s .  F i e l d  m e a s u r e m e n t s  o f  maximum d a i l y  s t o r n a t a l  
c o n d u c t a n c e ,  p a r t i c u l a r l y  i n  l a t e  s u m m e r ,  w i l l  b e  n e c e s s a r y  i f  
r i p a r i a n  TWU i s  t o  b e  e s t i m a t e d  f o r  t h e s e  l o w e r  e l e v a t i o n  
r i p a r i a n  z o n e s .  
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T a b l e  1. R i p a r i a n  p l a n t  c o m m u n i t y  c o v e r  a n d  l e a f  a r e a  i n d i c e s  o f  t h e  
m a j o r  s p e c i e s  a t  e a c h  s t u d y  s i t e .  

S i t e  P l a n t  Community 
( a r e a  i n  a c r e s )  ( a r e a  i n  a c r e s )  

L e a f  Area 
S p e c i e s  I n d e x  

L i t t l e  Laramie R .  c o t t o n w o o d  g r o v e s  c o t t o n w o o d  4 . 3 2  
( 1 9 . 7 8 )  ( 0 . 9 5 )  

w i l l o w  t h i c k e t s  m o u n t a i n  w i l l o w  0 . 7 0  
(15.51) s a n d b a r  w i l l o w  0.50 

w h i p l a s h  w i l l o w  0 . 0 4  
b e a k e d  w i l l o w  0.01 

B e l l a m y  C a n a l  
( 1 . 7 6 )  
H e c h t  C r e e k  
( 0 . 6 2 )  

H e c h t  D i t c h  
( 0 . 4 0 )  

L i b b y  F l a t s  
( 1 . 6 4 )  

c o t t o n w o o d  g r o v e s  
(1.58) 
w i l l o w  c l u m p s  
( 0 . 3 4 )  

w i l l o w  t h i c k e t s  
( 0 . 2 3 )  

w i l l o w  
(0 .03 )  

s e d g e - w ill o w 
(0 .33 )  

s e d g e  
( 0 . 0 9 )  
m o i s t  meadow 
( 0 . 2 6 )  

s n o w b a n k  
(0 .13 )  

c o t t o n w o o d  2 . 2 4  
m o u n t a i n  w i l l o w  0.10 
m o u n t a i n  w i l l o w  4 . 8 1  
Geyer w i l l o w  0 . 7 7  
m o u n t a i n  a l d e r  0.08 
b e a k e d  w i l l o w  0 .06  
s a n d b a r  w i l l o w  2 . 5 1  
m o u n t a i n  w i l l o w  0 . 9 4  
b e a k e d  w i l l o w  0 .01  
p l a n e l e a f  w i l l o w  0 . 5 7  
s h o r t f r u i t e d  w i l l o w  0 .02  
m o u n t a i n  t r i l l o w  1 . 1 9  
p l a n e l e a f  w i l l o w  0.93 
m o u n t a i n  w i l l o w  0 . 0 8  
t a l l  s e d g e  0 . 9 8  
s h o r t  s e d g e  0 .07  

o t h e r  h e r b s  0 . 2 0  
t a l l  s e d g e  2 . 8 6  
m a r s h  m a r i g o l d  0 . 0 4  
s h o r t  s e d g e  1 . 3 6  
m a r s h  m a r i g o l d  0 . 0 9  
o t h e r  h e r b s  0 . 4 9  
m a r s h  m a r i g o l d  0 . 1 4  
s h o r t  s e d g e  0.05 

m a r s h  m a r i g o l d  0.10 



-39- 

T a b l e  2 .  C o m p a r i s o n  of  g r o w i n g  s e a s o n  c l i m a t e s  a t  t h e  low- 
e l e v a t i o n  s i t e s  i n  C e n t e n n i a l  V a l l e y  a n d  t h e  a l p i n e  s i t e  o n  L i b b y  
F l a t s .  

C 1  ima t i c  
V a r i a b l e  

C e n t e n n i a l  L i b b y  
Year V a l l e y  F l a t s  

--------------------_L_____C_____L______------------------------ 

g r o w i n g  s e a s o n  l e n g t h  1985 1 4 6  d a y s  1 0 4  d a y s  

f r o s t - f r e e  s e a s o n  1985 100 d a y s  4 5 + 2 4  d a y s '  

mean  a i r  t e m p e r a t u r e  1985 55 . 9'F 45.3'F 

1986 1 6 2  9 2  

1986 109 64 

1986 5 4 . 0  4 6 . 0  

1986 58.0 7 2 . 3  

1986 7 . 6  9 . 2  
1985 9 . 2  i n c h e s  7 . 4  i n c h e s  
1986 10.5 7 . 6  

mean  r e l a t i v e  h u m i d i t y  1985 5 2 . 6  X ' 6 8 . 7  Zl 

mean  w i n d s p e e d  1985 10.1 mph 9 . 6  m p h  

c u m u l a t i v e  r a i n f a l l  2 

l T h r e e  c o n s e c u t i v e  d a y s  w i t h  f r o s t  o c c u r r e d  i n  m i d - A u g u s t .  
2 F o r  t h e  g r o w i n g  s e a s o n .  



2 m o u n t a i n  w i l l o w  
s a n d b a r  w i l  low 
n a r r o w  l e  a f c o t  t o n  wood 
T o t a l  0.6 

m o u n t a i n  w i l l o w '  
Geyer w i l l o w  
T o t a l  1.6 

n a r r o w l e a f  c o t t o n w o o d  
m o u n t a i n  willow 
T o t a l  1.9 

s a n d b a r  w i l l o w  
m o u n t a i n  w i l l o v  
T o t a l  0 . 5  

p l a n e l e a f  w i l l o w  
t a l l  s e d g e  
m a r s h  m a r i g o l d  
s h o r t  s e d g e  
T o t a l  0 . 0  

3.0 6.2 7.0 

7.1 10.7 12.5 

8 . 5  15.6 16.2 

3.9 12.1 13.9 

<0.1 2.0 3.0 

2.0 <0.1 

3.9 <0.1 

4.4 <0.1 

4.1 <0.1 

0.3 0.0  

8.6 
5 .9  
4.1 

18.6 

30.0 
5 . 9  

35.9 

4 5 . 2  
1.5 

46.7 

24 .4  
10.3 
34.7 

2 .1  
1.2 
1.1 
0.9 
5.3 

L i t t l e  L a r a m i e  R i v e r  ( l a r g e  n a t u r a l  s tream) 

8.9 30.0 8 . 0  2.1 1.1 0.4 4 7 . 5  
H e c h t  C r e e k  ( s m a l l  n a t u r a l  s t r e a m )  

5 . 3  3.3 1.9 0 . 7  0.6 0.3 12.0 
B e l l a m y  C a n a l  ( l a r g e  i r r i g a t i o n  d i t c h )  

13.2 13.6 12.8 3.0 0.0 0 . 0  42.6 
H e c h t  D i t c h  ( s m a l l  i r r i g a t i o n  d i t c h )  

0.7 1.0 ~ 0 . 1  0.0 0.0 0.0 3.6 
L i b b y  F l a t s  ( a l p i n e  source b a s i n )  

0 . 0  < O . l  <0.1 0.02 <.01 <.01 0.2 

.01 .Ol .08 . 3 3  -17 

.03 .21 .56 1.87 - 7 4  

0 .01 .06 .12 .54 

0 0 .07 .38 33.6 

0 .07 2.53 16.5 6.88 

.01 .04 

.02 .30 

0 . l l  

0 1.97 

! 
0 3.96 

' E q u a l s  z e r o  v h e n  s t r t a m f l o w  zero. 
: I n c l u d e s  a s m a l l  c o m p o n e n t  of b e a k e d  a n d  v h i p l a s h  v i l l o w .  

I n c l u d e s  a sma l l  c o m p o n e n t  of o t h e r  b r o a d l e a v e d  h e r b s .  
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Table  4 .  T o t a l  r i p a r i a n  l e a f  a r e a ,  cumula t ive  g r o w i n g  season  
s t r eamf low,  and l e a f  a r e a / f l o w  r a t i o s  a t  each s t u d y  s i t e  i n  1986. 
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T a b l e  5 .  T r a n s p i r a t i o n a l  water  u s e  (TWU) by  r i p a r i a n  v e g e t a t i o n  
i n  t h e  L i t t l e  L a r a m i e  R i v e r  d r a i n a g e  d u r i n g  t h e  g r o w i n g  s e a s o n  of  
1 9 8 6 .  

____________________----------------------------------------- 
v a l l e y  n a t u r a l  s treams 1339 81.6 1558 

c o t t o n w o o d  g r o v e s  81 1 . 4  27 
w i l l o w  t h i c k e t s  1 2 5 8  80 . 2 1531 

v a l l e y  i r r i g a t i o n  d i t c h e s  2 8 1  45 .0  8 6 0  
c o t t o n w o o d  g r o v e s  47 9 .5  1 8 2  
w i l l o w  t h i c k e t s  2 34 35.5 . 6 6 8  

a l p i n e  s o u r c e  b a s i n s  57 7 5 .5  1 0 5  
t o t a l  d r a i n a g e  2197 1 3 2 . 1  3513 
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F i g u r e .  1. C o n c e p t u a l  m o d e l  f o r  t h e  c a l c u l a t i o n  of  t r a n s p i r a -  
t i o n a l  water  u s e  by  r i p a r i a n  v e g e t a t i o n .  

F i g u r e .  2 .  R e l a t i v e  s h o o t  l e a f  a r e a s  a t  low ( C e n t e n n i a l  V a l l e y )  
a n d  h i g h  e l e v a t i o n  ( L i b b y  F l a t s )  d u r i n g  t h e  g r o w i n g  s e a s o n  o f  
1 9 8 6 .  

F i g u r e .  3 .  S e a s o n a l  v a r i a t i o n  i n  m i c r o c l i m a t e  a t  L i t t l e  L a r a m i e  
R i v e r  a n d  L i b b y  F l a t s :  maximum a n d  minimum d a i l y  a i r  t e n p e r a t u r e  
( T a ) ;  mean  d a i l y  s o i l  t e m p e r a t u r e  (T  ) o n  two ( u p p e r  a n d  l o w e r )  
r i v e r  t e r r a c e s  ( L i t t l e  L a r a m i e )  a n d  i n  t h e  s e d g e - w i l l o w  ( s w ) ,  
m o i s t  meadow (mm),  a n d  s e d g e  c o m m u n i t i e s  ( L i b b y  F l a t s ) ;  mean  s o i l  
wa te r  p o t e n t i a l  ( v  ) o n  t h e  u p p e r  t e r r a c e  ( L i t t l e  L a r a m i e ) ;  a n d  
d a i l y  r a i n f a l l .  

S 

S 

F i g u r e .  4 .  Midsummer  ( J u l y  2 7 ,  1 9 8 6 )  v a l u e s  o f  a i r  (T,) a n d  l e a f  
(T1) t e m p e r a t u r e ;  
c o n d u c t a n c e  t o  water  v a p o r  ( g s ) ;  t r a n s p i r a t i o n  ( E ) ;  a n d  s h o o t  
x y l e m  p r e s s u r e  p o t e n t i a l  (I/‘ ) f o r  t h r e e  r i p a r i a n  s p e c i e s  a t  

P L i t t l e  L a r a m i e  R i v e r .  Mean v a l u e s  a r e  s h o w n  f o r  T m e a n s  o n e  
s t a n d a r d  d e v i a t i o n  f o r  T1, LAVD, g s ,  E, a n d  . T v a l u e s  a r e  
s l i g h t l y  o f f s e t  f o r  c l a r i t y .  

l e a f - t o - a i r  v a p o r  d e f i c i t  (LAVD); l e a f  

a ’  
P 1 

F i g u r e .  5 .  M i d s u m m e r  ( A u g u s t  5 ,  1986)  v a l u e s  of  T , T l ,  LAVD, 
Mean 

v a l u e s  a r e  sRown f o r  T , m e a n s  5 o n e  s t a n d a r d  d e v i a t i o n  f o r  T , 
LAVD, g s ,  E ,  a n d  YJ . 
F i g u r e .  6 .  D a i l y  p a t t e r n s  o f  s t o m a t a 1  c o n d u c t a n c e  t o  water v a p o r  
( g s )  f o r  f u l l y  s u n l i t  a n d  f u l l y  s h a d e d  l e a v e s  o f  t h r e e  r i p a r i a n  
s p e c i e s  ( A  - c o t t o n w o o d ,  B - m o u n t a i n  w i l l o w ,  C - s a n d b a r  w i l l o w )  
a t  L i t t l e  L a r a m i e  R i v e r  o n  A u g u s t  6 ,  1986.  V a l u e s  a r e  m e a n s  2 
o n e  s t a n d a r d  d e v i a t i o n .  S h a d e d  l e a f  v a l u e s  a r e  o f f s e t  s l i g h t l y  
f o r  c l a r i t y  . 
F i g u r e .  7 .  S e a s o n a l  v a r i a t i o n  i n  1 9 8 6  of  p h y s i o l o g i c a l  
p a r a m e t e r s  ( m e a n s  o f  f i v e  l e a v e s )  of r i p a r i a n  s p e c i e s  a t  L i t t l e  
L a r a m i e  R i v e r  a n d  L i b b y  F l a t s :  maximum d a i l y  l e a f  c o n d u c t a n c e  

(gm x ( E  7 ;  a n d  maximum a n d  minimum d a i l y  s h o o t  x y l e m  p r e s s u r e  
p o e e n t i a l  ( y  1. 

E ,  a n d  p f o r  t h r e e  r i p a r i a n  s p e c i e s  a t  L i b b y  F l a t s .  
g S ’  

I, v a l u e s  a r e  o f f s e t  s l i g h t l y  f o r  c l a r i k y .  
P 

A 

) ;  t o t a l  d a i l y  t r a n s p i r a t i o n  p e r  u n i t  p r o j e c t e d  l e a f  a r e a  

P 
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F i g u r e .  8.  S t o m a t a l  c o n d u c t a n c e  t o  water  v a p o r  ( g  ) i n  r e l a t i o n  
t o  p h o t o s y n t h e t i c  p h o t o n  f l u x  d e n s i t y  ( P P F D )  a n d  s E o o t  x y l e m  
p r e s s u r e  p o t e n t i a l  ( y  ) f o r  t h e  f o u r  p h r e a t o p h y t i c  s p e c i e s .  
V a l u e s  a r e  m e a n s  + 9 5 % P c o n f i d e n c e  i n t e r v a l s  f o r  a l l  g G 2 v a l  es  
l y i n g  w i t h i n  s p e c i f i e d  i n t e r v a l s  o f  PPFD (150 u m o l  m 
( 0 .15  M P a ) .  I n  t h e  v a l u e s  a s s o c i a t e d  w i t h  PPFD 
l e s s  t h a n  300 u m o l  m W h e r e  t h e  s y m b o l  ( 0 )  

8 s  was a p p e a r s  w i t h o u t  c o n f i d e n c e  i n t e r v a l s ,  o n l y  o n e  v a l u e  o f  
o b s e r v e d  w i t h i n  t h e  PPFD o r  i n t e r v a l .  

s- ’ )  o r  v p  

P 
F i g u r e .  9 .  S t o m a t a l  c o n d u c t a n c e  t o  water  v a p o r  ( g  ) i n  r e l a t i o n  
t o  l e a f  t e m p e r a t u r e  (T1) a n d  l e a f - t o - a i r  v a p o r  d e f f c i t  (LAVD) f o r  
t h e  f o u r  p h r e a t o p h y t i c  s p e c i e s .  V a l u e s  a r e  m e a n s  +95.% c o n f i d e n c e  
i n t e r  a l s  f o r  a l l  g v a l u e s  l y i n g  w i t h i n  s p e c i f i e d  i n t e r v a l s  o f  
T1 ( 2  C )  a n d  LAVD ( 8 . 3  k P B ) .  V a l u e s  o f  g a s s o c i a t e d  w i t h  PPFD 
l e s s  t h a n  300 u m o l  m- s a r e  e x c l u d e d .  W h e r e  t h e  s y m b o l  ( m )  
a p p e a r s  w i t h o u t  c o n f i d e n c e  i n t e r v a l s ,  o n l y  o n e  v a l u e  o f  g was 
o b s e r v e d  w i t h i n  t h e  T1 o r  LAVD i n t e r v a l .  

S - 
El 

S 

F i g u r e .  10.  S t o m a t a l  c o n d u c t a n c e  t o  wa te r  v a p o r  ( g  ) i n  r e l a t i o n  
t o  PPFD,  )u 

l y i n g  w i t h i n  s p e c i f i e d  i n t e r v a l s  o f  PPFD (150 u m o l  m s 2  s- ) o r  

a t e d  w i t h  PPFD l e s s  t h a n  300 8 m o l  m s a r e  e x c l u d e d .  W h e r e  
t h e  s y m b o l  ( e )  a p p e a r s  w i t h o u t  c o n f i d e n c e  i n t e r v a l s ,  o n l y  o n e  
v a l u e  o f  g was o b s e r v e d  w i t h i n  t h e  g i v e n  i n t e r v a l .  P a t t e r n s  f o r  
s h o r t  s e d g g  ( n o t  s h o w n )  were s i m i l a r  t o  t h o s e  f o r  t a l l  s e d g e .  

S 
T1, a n d  LAVD f o r  t w o  a l p i n e  r i p a r i a n  s p e c i e s .  

V a l u e s  a r e  P ’  m e a n s  295% c o n f i d e n c e  i n t e r v a l s  f o r  a l l  g v a l y e s  

(0 .15  M P a ) .  I n  t h e  ca se  o f  ‘y Tl9-9nd-+AVD, gs v a l u e s  a s s o c i -  P 

F i g u r e  11. S e a s o n a l  p a t t e r n s  o f  s t r e a m f l o w  a t  e a c h  s t u d y  s i t e  i n  
1985 a n d  1986 .  

F i g u r e  1 2 .  S e a s o n a l  p a t t e r n s  o f  water  t a b l e  d e p t h s  a t  L i t t l e  
L a r a m i e  R i v e r  a n d  L i b b y  F l a t s .  S o l i d  l i n e s  c o n n e c t  t h e  mean  
d e p t h s ;  b a r s  s h o w  t h e  r a n g e  i n  d e p t h .  

F i g u r e  13. T o t a l  water  u s e  p e r  u n i t  o f  l e a f  a r e a  (TWU) d u r i n g  
t h e  g r o w i n g  s e a s o n  o f  1986 f o r  s u n l i t  l e a v e s  of e a c h  major  
r i p a r i a n  s p e c i e s .  
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F i g u r e  2 
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F i g u r e  6 
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