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' .  VEGETATION OF STEEP SLOPES IN THE SHRUB-STEPPE 

: REGION OF SOUTH-CENTRAL WASHINGTON 
. . 

Ronald H. Sauer and William H. Rickard 

I 

Abstract 

This paper presents data and conclusions concerning the 

vegetation and soils of steep natural slopes of arid regions. 

Cover by species and soil physical and chemical properties were 

taken 5-rom 10 cany.ons along the Columbia River north of Pasco, 
I 

Washington. Vegetative cover was significantly different and 

averaged 25% on the south-facing and 72% on the north-facing 

slopes. The mean number of species, but not Shannon's or 

Simpson's diversity indices, were significantly different. 

Four specie's were' restricted to the south slopes, 10 were 

restricted to the north slopes, and 23 were common to both. 

Poa sandbergii and Agropyron spicatum, native perennial 

grasses, dominated the north-facing slopes and Bromus tectorum, 

an alien annual grass, dominated the south-facing slopes. 

Soils.were shallower and rockier on the south-facing slopes. 

Even though vegetative cover and number of species were dif- 

,> . ferent, the similar number of dominant species (Shannon's and 
ir 

Simpson's indices) suggest community functions are nonetheless 

similar in these contrasting environments.. 

Key Words: vegetation, slopes; species diversity, 

dominance. 



INTRODUCTION 

Canopy cove r  and s p e c i e s  compos i t ion  of  und i s tu rbed  

v e g e t a t i o n  o f  t h e  shrub-s teppe  r e g i o n  o f  sou th -cen t r a l '  Wash- 

i ng ton  'have been d e s c r i b e d  by Daubenmire - ('1970). - .For t h e  most 

p a r t ,  Daubenmire's d e s c r i p t i o n s  are of v e g e t a t i o n  t y p e s  on 

l e v e l  t o  g e n t l y  s l o p i n g  l and .  Q u a n t i t a t i v e  d e s c r i p t i o n s  o f  

v e g e t a t i o n  o f  st-eep,  n a t u r a l  s . lopes .  i n  semi-ar id  -or: ar id . - . .areas  .- 

a r e  s c a r c e  i n  t h e  . pub l i shed  . : l ' i t e ra tur .e  ... ,:The purpose -of t h i s  ' : -- 

paper  is  t o  p r e s e n t  o u r  . a n a l y s e s  o f  data-yon p l a n t  - s p e c i e s  'com- --a 

p o s i t i o n  and canopy cover  o f  s t e e p  n o r t h  and . sou th  s l o p e s .  

D i f f e r e n c e s  i n  v e g e t a t i o n  on s t e e p  s l o p e s  w i t h  c o n t r a s t -  

i n g  exposure  have l o n g  been r ecogn ized  and r e l a t e d  t o  d i f f e r -  

ences  i n  mic roc l ima te ,  e s p e c i a l l y  t h e  mo i s tu re  and h e a t  regimes 

of t h e  s o i l  l a y e r s  i n  c l o s e . c o n t a c t  w i t h  t h e  . p l a n t s .  Few 

s p e c i e s  seem t o t a l l y  r e s t r i c t e d  t o  a p a r t i c u l a r  s l o p e  a s p e c t  

bu t  appear  t o  r e s p o n d . t o  m i c r o c l i m a t i c  d i f f e r e n c e s  w i t h  s h i f t s  

i n  d e n s i t y  ' (Cantlon 1953) .  Microc l imate  i s  i n  t u r n  i n f l u e n c e d  

by v e g e t a t i o n  cover  (Ayyad and Dix 1 9 6 4 ) .  S t e e p  sou th  s l o p e s  

were found t o  h a v e . h i g h e r  s o i l  and a i r  t empera tu re s  t h a n  n o r t h  

s l o p e s  (Rickard e t  a1. 1971, .R icka rd  e t  .al.  1973) , w h i l e  ..the 

number o f  s p e c i e s ,  canopy cove r ,  and p roduc t ion  were less on 

s t e e p  s o u t h  s l o p e s  t h a n  s i m i l a r  n o r t h  s l o p e s  (Rickard 1975) .  

Slope d i f f e r e n c e s  i n  s o l a r  r a d i a t i o n  caused changes  i n  p r imary  

p roduc t ion ,  p r o t e i n  c o n t e n t ,  and roo t - shoo t  r a t i o s  i n  chea t -  

g r a s s  (Bromus -- t'ectorum) (.Hinds 19751 , 



The s t u d y  s?te was l o c a t e d  on t h e  e a s t e r n  s i d e  of t h e  

Columbia R ive r ,  F r a n k l i n  County, Washington, approximately  

t h r e e  m i l e s  n o r t h  o f  t h e  C i t y  o f  Pasco.  B l u f f s  r i s i n g . o n e  

t o  two hundred f e e t  d r o p  p r e c i p i t o u s l y  i n t o  t h e  Columbia 

River .  Deep, p a r a l l e l  canyons have been eroded i n t o  t h e  f a c e  , 

of  t h e  b l u f f .  The canyons run  g e n e r a l l y  e a s t  and west  s o  t h a t  1 ~ 
t h e  s i d e s  of  t h e  canyons a r e  a t  t h e  same a n g l e s  (30-40°) and I 

prov ide  c o n t r a s t i n g ' n o r t h -  and s o u t h - f a c i n g  exposures .  The 

b l u f f  c o n s i s t s  of  c o n s o l i d a t e d  a l l uv ium a r r anged  i n  s t r a t a  of 

g r a v e l s ,  pebb le s ,  and cobb le s  w i t h  a sands tone  ma t r ix .  

The r e g i o n a l  . c l ima te  i s  c h a r a c t e r . i z e d  by low p r e c i p i t a t i o n ,  

ave rag ing  s l i g h t l y  less t h a n  seven i n c h e s  a n n u a l l y ,  n e a r l y  a l l  

of  which f a l l s  i n  t h e  c o o l  p a r t  of  t h e  y e a r .  Summers a r e  h o t  

and d r y  and w i n t e r s  c o l d  t o  c o o l  and w e t .  

METHODS 

Ten canyons l a r g e  enough t o  a v o i d  l o c a l  r i d g e  and v a l l e y  

e f f e c t s  were randomly s e l e c t e d  (F ig .  1) .  I n  each  c.anyon, two 

3 x 4 m p l o t s  were set o u t  midway between r i d g e  and v a l l e y ,  

one on t h e  n o r t h  and one on t h e  s o u t h  s l o p e .  S o i l  samples 

w e r e  t aken  j u s t  o u t s i d e  t h e  lower l e f t - h a n d  c o r n e r  of  each 

p l o t .  S o i l  dep th  measurements and v e g e t a t i v e  cover  es t ima ' tes  

were taken  a t  1 / 2  m i n t e r v a l s  a l o n g  t h e  l e n g t h  o f  t h e  two s i d e s  

( 3  m )  and bottom ( 4  m )  o f  each  p l o t .  Thus, a  t o t a l  o f  23 cover  t 

e s t i m a t e s  and s o i l  d e p t h  measurements w a s  made p e r  s l o p e .  S o i l  
! 



dep th  was e s t i m a t e d  by pushing a  me ta l  rod  v e r t i c a l l y  i n t o  t h e  

s a i l  u n t i l  it met a  s o l i d  r e s i s t a n c e ,  u s u a l l y  a  rock.  These 

dep th  measurements a r e  t h u s  b i a s e d  e s t i m a t e s ;  bedrock i s  pro- 

bab ly  deeper  t h a n  t h e s e  v a l u e s .  V e g e t a t i v e  cover  w a s  e s t i m a t e d  

u s i n g  t h e  Daubenmire (1959) method i n  which a  20 x  50 cm frame 

i s  p l aced  i n  t h e  ground,  s h o r t  edge a g a i n s t  a  meter  t a p e ,  and 

t h e  p e r c e n t  cover  o f  each  s p e c i e s  p r e s e n t  i s  p l aced  i n t o  one o f  

t h e  fo l lowing  s i x  cove r  c l a s s e s :  0  t o  5 % ,  5 t o  25%, 25 t o  So%, 

50 t o  75%, 75 t o  95%, 95 t o  100%. The midpoint  o f  t h e  observed 

in te rva .1  was used as t h e  p e r c e n t  c o v e r . f o r  t h a t  s p e c i e s .  The 

average  p e r c e n t  cove r ,  by s p e c i e s , .  f o r  t h e  2 3  p l o t s  was c a l -  

c u l a t e d  and used t o  r e p r e s e n t  t h e  s l o p e  i n  subsequent  c a l c u l a -  

t i o n s .  

The p e r c e n t  cover  on each  s l o p e  was conve r t ed  t o  propor-  

t i o n a l  cover  by d i v i d i n g  each v a l u e  by t h e  t o t a l .  The propor-  

t i o n a l  cover  was used t o  c a l c u l a t e  d i v e r s i t y  i n d i c e s  acco rd ing  

t o  H i l l  (1973) .  The g e n e r a l  e q u a t i o n  used ( H i l l  1973) was 

where N, i s  a  d i v e r s i t y  index ,  p l  . . . pn a r e  t h e  p r o p o r t i o n a l  

abundances o r  cove r s  f o r  t h e  n  s p e c i e s ,  and a i s  t h e  parameter  

which determined t h e  d i v e r s i t y  i ndex  c a l c u l a t e d :  

a = 0 Number o f  s p e c i e s  

a = 1 exp ( H )  ( H  i s  Shannon's  e n t r o p y )  

a  = 2 r e c i p r o c a l  o f  Simpson 's  modif ied index  



For a  = 1, 

= exp (-zpi l n ( p i )  = exp H 1 ( H i l l  1973) 

where i p r o g r e s s e s  from 1 t o  n. 

The Wilcoxon Signed Rank T e s t  w a s  used t o  tes t  f o r  d i f -  

f e r e n c e s  i n  p e r c e n t  cover  f o r  each  s p e c i e s ,  t o t a l  c o v e r ,  and 

t h e  d i v e r s i t y  i n d i c e s ,  because  it assumes o n l y  t h a t  t h e  samples 

come from t h e  same b u t  unknown d i s t r i b u t i o n  (Woolf 1 9 6 3 ) .  

The s o i l  samples were ana lyzed  f o r  p e r c e n t  g r a v e l  ( l a r g e r  

t han  2 m m ) ;  p e r c e n t  sand ,  s i l t ,  and c l a y ;  p e r c e n t  o r g a n i c  

m a t t e r ;  e l e c t r i c a l  ' conduct ivi ty . ; .  and pH. The p e r c e n t  rock is. ' 

s e p a r a t e  from t h e  p e r c e n t  sand ,  s i l t ,  and c l a y  (which add t o  

1 0 0 % ) .  The 1 0  v a l u e s  from each  a s p e c t  were averaged  t o  charac-  

t e r i z e  t h e  chemical  and p h y s i c a l  s o i l  p r o p e r t i e s .  

RESULTS 

Thi r ty -seven  s p e c i e s  were recorded  from twenty s l o p e s  

(Table  1) .  Of t h e s e ,  23 were common t o  bo th  s l o p e s ,  4 were 

found on ly  on t h e ' s o u t h  s l o p e s ,  and 1 0  were found on ly  on t h e  

n o r t h  s l o p e s .  Bromus t ec to rum,  Descu ra in i a  p i n n a t a ,  ~ l e c t r i t i s  

macrocera,  Agropyron sp ica tum,  Draba ve rna ,  and Poa s a n d b e r g i i  

were found on a t  l e a s t  9  n o r t h  s l o p e s ,  and B. - t e c to rum and 

Cryptantha c i r cumsc i s sa  were found on a t  l e a s t  9  s o u t h  s l o p e s .  

Only - B. t ec torum was found on a l l  s l o p e s  examined. There  was 

s i g n i f i c a n t l y  more A. - sp ica tum,  P.  s a n d b e r y i i ,  - D .  v e r n a ,  

Holosteum umbellatum, and - P.  macrocera on t h e  n o r t h  s l o p e s  



and s i g n i f i c a n t l y  more - B. t ec torum,  Fes tuca  s p . ,  and G i l i a  

l ep tomer ia  o n ' t h e  s o u t h  s l o p e s .  The s o u t h  s l o p e s  had much 
-.._ 

. I. . "  
less cover ( 2 5 % )  t h a n  t h e  n o r t h  s l o p e s  (72%)  , due t&::.annual. w. 

g r a s s e s  (S: 1 4 % ,  N :  8%), g r a s s e s  (S: . 7%,  N:  48%)., 
. . . . 

and annual  £orbs  (S : 3%,  N: 1 0 % )  . Shrubs and p e r e n n i a l  f o r b s  

had s i m i l a r  cove r  p e r c e n t a g e s  on t h e  two s l o p e  a s p e c t s .  

Dominance, as i n d i c a t e d  by canopy c o v e r ,  w a s  r e s t r i c t e d  

t o  two s p e c i e s .  On t h e  s o u t h  s l o p e s ,  two s p e c i e s ,  B. t ec torum 

and S a l v i a  d o r i i ,  p rov ided  most o f - t h e  cove r .  On t h e  n o r t h  

s l o p e s ,  A. - spicatum, - P. sandbergi- i  , and 3.- - t e c to rum-  provided = 

most o f  t h e  cover .  Most speci-es-.were -widely. s e p a r a t e d  and 

occur red  on few s l o p e s  (low F v a l u e  i n  Table  I.),  hence,  t h e i r  

low perc-entage c o v e r ' v a l u e s .  The low F va lue  a l s o  dec reased  i 

s i g n i f i c a n c e , , . d i f f e r e n c e  by t h e  Wilcoxon Signed Rank T e s t ,  

which needs more t h a n  5 d i s s i m i l a r  , da t a  p a i r s .  

The d i v e r s i t y  i n d i d e s  c a l c u l a t e d  from t h e s e  d a t a  a r e  

shown i n  Tab le  2 .  The s o u t h  s l o p e s  ranged i n  p e r c e n t  cover  

from 4.7 t o  58,  whereas ,  t h e  n o r t h " s 1 o p e s  ranged from 43 t o  

98 p e r c e n t  cove r  and t h e  means w e r e  d i f f e r e n t  a t  t h e  1% l e v e l .  

I n  Table  2, N o  i s  t h e  number o f  s p e c i e s  found i n  t h e  t r a n s e c t .  

On t h e  s o u t h  N o  ranged from 6 t o  1 3  and on t h e  n o r t h  s l o p e  from 

9 t o  21. The means f o r  N o  w , e r e  d i f f e r e n t  a t  . p  < .05. The 

va lue  N 1  cor responds  t o  exp '(H'), where H i s  Shannon's  en t ropy  

and ranged from 1 .6  t o  6.2 on t h e  s o u t h  s l o p e s  and 3.7 t o  8 .5  

on t h e  n o r t h  s l o p e s .  The means f o r  N1 f o r  t h e  two s l o p e  a s p e c t s  

were n o t  d i f f e r e n t .  The v a l u e  N2 co r re sponds  t o  t h e  r e c i p r o c a l  



of  Simpson's modi f ied  index  ( H i l l  1973) and ranged from 1 . 3  t o  

4.7 f o r  t h e  s o u t h  s l o p e s  and 2 . 4  t o  6 . 1  f o r  t h e  n o r t h  s l o p e s .  

The means of  N 2  w e r e  n o t  d i f f e r e n t .  

S o i l  

A s  expec t ed ,  t h e  s l o p e s  sh0we.d d i f f e r e n c e s  i n  s o i l  pro- 

p e r t i e s  (Table  3 ) .  Average s o i l  dep th  ( p e n e t r a b i l i t y )  on ' 

t h e  north-facing-slopes.(32.9 cm) was 3 . 8  t i m e s  g r e a t e r  than  

on t h e  sou th - f ac ing  s l o p e s  (8.6 c m )  and d i f f e r e n t  a t  t h e  5% 

l e v e l .  

South-facing s l o p e s  were s i g n i f i c a n t l y  s t o n i e r  and a l s o  

had more . sand  and less s i l t  and c l a y  (Table  39 .; .Organic  mat- 

ter  c o n t e n t  was s l i g h t l y  h i g h e r  on t h e  n o r t h - f a c i n g  s l o p e  

. and t h e  pH was s l i g h t l y  lower.  There  w a s  l i t t l e  ' s o l u b l e  s a l t  

i n  t h e  s u r f a c e  and e l e c t r i c a l  c o n d u c t i v i t y  v a l u e s  were s i m i l a r  

when compared between s l o p e s .  

DISCUSSION 

T o t a l  v e g e t a t i v e  cove r  and t h e  number o f  s p e c i e s  were 

d i f f e r e n t .  The d i v e r s i t y  i n d i c e s ,  N 1  and N 2 ,  w e r e  n o t  d i f -  

f e r e n t .  i 

D i v e r s i t y  i s  a  measure o f  how many s p e c i e s  are p r e s e n t  

a s  examinat ion proceeds  down t o  a  c e r t a i n  l e v e l  of r a r i t y  

( H i l l  1973) .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  on t h e  s o u t h  

s l o p e s ,  B. - t e c to rum,  w a s  t h e  dominant s p e c i e s  because  it a lone  

used most o f  t h e  community r e s o u r c e s ,  whereas on t h e  n o r t h  



s l o p e s ,  dominance w a s  s h a r e d  by - B.  t ec torum,  P .  - s a n d b e r g i i ,  

and A. - spicatum,  y e t  t h e  d i v e r s i t y  i n d i c e s  N 1  and N 2  were n o t  

d i f f e r e n t .  T h i s  may mean t h a t  t h e  one abundant s p e c i e s  on 

. t h e  s l o p e ,  - B. t e c to rum,  is  e q u i v a l e n t  i n  community f u n c t i o n  

t o  t h e  . t h r e e  co-dominant s p e c i e s  on t h e  n o r t h  s l o p e s .  With 

more c o n s i d e r a t i o n  o f  r a r e  s p e c i e s  a s  g iven  i n  t h e  N 1  d i v e r -  

s i t y  v a l u e s ,  t h e  n o r t h  s l o p e s  have s l i g h t l y  more (S: 4 . 4 ,  N:  

5.3.) s p e c i e s  though t h e  d i f f e r e n c e  i s  n o t  s t a t i s t i c a l l y  d i f -  

f e r e n t .  O v e r a l l ,  dominance, as  i n d i c a t e d  by N 1  and N 2 ,  a p p e a r s  

t h e  same. W e  c an  p o s t u l a t e  t h a t  s e v e r a l  f a c t o r s  cou ld  account  

f o r  t h e  c o n t r a s t  i n  c o v e r  and number'of s p e c i e s  and s i m i l a r i t y  

i n  numbers of non- ra re  s p e c i e s .  

One f a c t o r  may be  r e l a t e d  t o  t h e  s e a s o n a l  p r o g r e s s i o n  of  

microcl imate .  The r e g i o n  i s  c h a r a c t e r i z e d  by h o t ,  d r y  summers 

and coo l  t o  c o l d  w e t  w i n t e r s .  Because few r a i n s  occur  d u r i n g  

t h e  l a t e  s p r i n g  and summer, s o i l  wate r  r e s e r v e s  a r e  accumulat-  

i n g  du r ing  t h e  p r e v i o u s  w i n t e r  (Rickard 1967) .  The deepe r  

t h e  s o i l ,  t h e  more w a t e r  a v a i l a b l e  d u r i n g  t h e  s p r i n g  and summer 

when t empera tu re s  are adequa te  f o r  r a p i d  growth. The s o u t h  

s l o p e s  warm f a s t e r  i n  s p r i n g  s o  p l a n t  growth beg ins  e a r l i e r .  

However, t h e  growing season  on t h e  sou th  s l o p e s  i s  a l s o  

s h o r t e r  because t h e  t h i n  s o i l  s t o r e s  l i t t l e  wa te r .  The d i f -  

f e r ence ,  t h e n ,  between t h e  s l o p e  a s p e c t s  i s  t h e  l e n g t h  of  

growing season ,  n o t  p re sence  o r  absence o f  growing season .  

Perhaps t h o s e  s p e c i e s  found o n l y  on t h e  n o r t h  s l o p e s  r e q u i r e  

a l onge r  growing p e r i o d  t o  mature.  F u r t h e r  s p e c u l a t i n g ,  fewer 

s p e c i e s  can adap t  t o  t h e  more s t r e s s f u l  environment o f  t h e  

sou th  s l o p e s ,  hence t h e  d i f f e r e n c e  i n  number of  s p e c i e s .  



Another f a c t o r  i s  t h e  much lower rock c o n t e n t  of t h e  

s o i l  from t h e  n o r t h  s l o p e ,  which s u g g e s t s  t h i s  s o i l  i s  n o t  

t o t a l l y  d e r i v e d  from t h e  a l l u v i a l  p a r e n t  m a t e r i a l  b u t  i s  of  

a e o l i a n  o r i g i n .  F u r t h e r  s p e c u l a t i n g ,  t h e  dense r  n o r t h  s l o p e  

v e g e t a t i o n  cover  would s low t h e  wind s o  t h a t  f i n e - t e x t u r e d  

s o i l  m a t e r i a l  would be  d e p o s i t e d  o n t o  t h e  n o r t h  s l o p e s .  I n  

e s sence ,  t h i s  i s  a  p o s i t i v e  feedback system; a  more mesic  
. - 

environment l e a d s  t o  more v e g e t a t i o n ,  l e a d s  t o  more s o i l ,  l e a d s  

t o  a  more mesic environment and a  dense r  v e g e t a t i o n ,  and s o  on. 

S t eep  s l o p e s  ar.e c.ommon-land.. forms.._throughout t h e  semi- 

a r i d  and a r i d  Western Uni ted S t a t e s .  S t e e p  sou th  s l o p e s  a r e  

o f t e n  n e a r l y  devoid of  s eed  p l a n t s .  The p a u c i t y  of  p l a n t  

l i f e  i s  u s u a l l y  a t t r i b u t e d  t o  a  l a c k  of r o o t i n g  s u b s t r a t e . o r  

extreme s t o n i n e s s  and : rap id  runof f  of  p r e c i p i t a t i o n  w i t h  l i t t l e  

o p p o r t u n i t y  f o r  t h e  wa te r  t o  be s t o r e d  i n  t h e  s u b s t r a t e  t o r  

f u t u r e  r o o t  w i t h d r a w a l . '  South-.facing s l o p e s  a l s o  p rov ide  a  

more s t r e s s f u l  mic roc l ima te  because' t h e  more i n t e n s e  s o l a r  

r a d i a t i o n  l e a d s  t o  h i g h e r  s o i l  t empera tu re s  and e v a p o r a t i o n  

r a t e s .  

P r e s e n t l y ,  most o f ,  t h e  v e g e t a t i v e  cover  on s o u t h  s l o p e s  

i s  provided by t h e  a l i e n  annua l  g r a s s ,  B .  t e c to rum,  which - 

sugges t s  t h e s e  n e a r l y  b a r r e n  s o u t h  s l o p e s  were a lmost  devoid  

of v e g e t a t i v e  cover  b e f o r e  t h e  i m p o r t a t i o n  o f  B. t e c to rum,  - 

The d a t a  g a t h e r e d  i n  t h i s  i n v e s t i g a t i o n  show t h a t  s t e e p n e s s  

per  se is  n o t  t h e  c a u s e  o f  s l o p e  ba r r enness .  The s o i l  and 

v e g e t a t i v e  cover  d a t a  s u g g e s t  t h a t  t h e  i n t e r a c t i o n s  between 



vegeta t ion  and microcl imate l ead  t o  a  more favorab le  environ-  

ment wi th  more p l a n t  cover  on t h e  nor th  s lopes  . f avor ing  t h e  

. . d e p o s i t i o n  of f ine - t ex tu red  s o i l  m a t i r i a l  t o  f u r t h e r  i n c r e a s e  

t h e  th ickness  of s o i l .  

I t  is  q u i t e  p o s s i b l e  t h a t  s t e e p  s lopes  o v e r l i e . v a l u a b l e  

mineral  d e p o s i t s  t h a t  may be mined i n  t h e  f u t u r e .  Res to ra t ion  

of s t e e p  s l o p e s  i n  a r i d  r eg ions  w i l l  r e q u i r e  an assessment  of 

t h e  o r i g i n a l  v e g e t a t i v e  cond i t ions .  . It  may..be necessary  and 

prudent t o  accep t  a  n e a r l y  ba r ren  s t e e p  s lope  a s  r e h a b i l i t a t e d .  

This  i s  e s p e c i a l l y  important i f  t h e  l e g a l  land r e s t o r a t i o n  

c r i t e r i a  i n s i s t  upon a  r e t u r n  t o  o r i g i n a l  contour .  
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TABLE 1. Mean canopy cover (X) , standard errors (SE), and fraction of 
slopes on which the species was found (F). Wilcoxon Signed Rank 

Test used to determine differences at p < ..05 ( * )  and p < .O1 ' ( * * I .  
Means and standard errors are descriptive only and were not used 

in..tests for significant differences. 

South Facing North Facing 
- - 

Species F SE X X SE F 

Grasses 

Perennial 

**Agropyron spicatum 

Poa cusickii 

**Poa sandbergii 

Total perennial grasses* 

Annual 

*Bromus tectorum t 

*Festuca sp. 

Total annual grass 

Total Grasses* 

Forbs 

Perennial 

Achillea millifolium 0.1 0.01 0.01 0.'65 0.41 0.3 

Astragalus purshii 

Balsamorhiza careyana 

Calochortus macrocarpus 

Crepis atrabarba 

Delphinium sp. 

Fritellaria pudica --. 

Lomatium grayii 

Lomatium macrocarpum 

Phlox longifolia 

Total perennial forbs 

Annual 
I 
8 

I ~msinckia lycopsoides 0.6 0.16 0.24 0.12 0.10 0.3 

*Cryptantha circumscissa 0.9 0.23 0.90 0.11 0.07 0.4 

I 
Descurainia pinnata 0.8 0.18 0.48 0.65 0.21 1.0 

I 

'talien species 



TABLE 1 (Continued) 

South Facinq North Facing 
- - -- - 

Species F SE X X SE F 
> 

Forbs (Cont.) 

Annual (Cont. ) 

**Draba vernat 

Epilobium paniculatum 

*Gilia.. leptomeria 

Layia glandulosa 

Latuca serriola,~..~ ..- . :.. -.- 
. - , :\. .: . 

Mentzelia albicaulks 

Microsteris gracilis . --- 
Montia sp. 

Phacelia sp. 

**~lectritis macrocera 

~is~mbrium altissimumt 

Total annual £orbs* 

Total Forbs* 

Shrubs 

Artemisia tridentata 

Chrysothamnus nauseosus 

Eriogonum niveum 

Eriogonum 

Grayia spinosa 

Lithospermum glabra 

Salvia dorrii 

Total Shrubs 

TOTAL COVER ALL SPECIES* 5.02 24.91 72.03 6.09 



TABLE 2 .  P e r c e n t  cover a n d  d i v e r s i t y  i n d i c e s  (see t e x t  f o r  e x p l a n a t i o n  of N o ,  N 1  and N 2 ) .  

W i l c o x o n  S i g n e d  Rank  T e s t  u s e d  t o  d e t e r m i n e  d i f f e r e n c e s  a t  p < . 0 5  ( * )  a n d  p'  < . O 1  ( * * )  . 
M e a n s  a n d  s t a n d a r d  errors are de sc r i p t i ve  o n l y  a n d  w e r e  noi& u s e d  i n  tests fo r  s i g n i f i c a n t  

d i f f e r e n c e s .  

S l o p e  Number S t a n d a r d  
1 2  3  4  5 6  7  . 8  9  1 0  Mean E r r o r  

___________________------------------- S o u t h  F a c i n g  Slopes------------------------------------- 

P e r c e n t  
C o v e r * *  9 . 1  4 . 7  5 8 . 0  2 9 . 0  2 1 . 0  2 9 . 0  3 7 . 0  8 . 4  2 6 . 0  2 6 . 0  2 4 . 9  5 . 0  

N O *  9 . 0  6 . 0  6 . 0  1 1 . 0  1 3 . 0  1 2 . 0  1 0 . 0  1 1 . 0 . 1 3 . 0  9 . 0  1 0 . 0  0  .:8 

N 1  5 . 3  3 . 7  1 . 6  4 . 2  6 . 1  5 . 7  4 . 1  6 . 2  3 . 0  . 4 . 1  4 . 4  0,. 5  

--+----------------------------------- N o r t h  F a c i n g  Slopes------------------------------------- 

P e r c e n t  
C o v e r * *  6 4 . 0  6 4 . 0  8 8 . 0  6 9 . 0  9 8 . 0  9 8 . 0  7 9 . 0  7 2 . 0  4 5 . 0  4 3 . 0  7 2 . 0  ' 6 . 1  

NO* 1 2 . 0  1 3 . 0  1 6 . 0  1 6 . 0  1 2 . 0  2 1 . 0  9 . 0  1 4 . 0  1 2 . 0  1 1 . 0  . 1 3 . 6  1.1 



TABLE 3. S o i l ' p r o p e r t i e s  o f  s t e e p  n o r t h  and  s o u t h  s l o p e s .  S i g -  

n i f i c a n t  d i f f e r e n c e s  b a s e d  o n  t - t es t  p  < . 0 5  ( * )  a n d  p  < . O 1  .: 

S o i l  P r o p e r t i e s  

S o u t h  F a c i n g  
S t a n d a r d  

N o r t h  F a c i n g  
S t a n d a r d  

E r r o r  Mean Mean E r r o r  
-. . 

"Soi.1 d e p t h  ( v e r t i c a l )  c m  1 . 0  8 .6  32 .9  7  :O 

**Rock % 5.6 53 .3  1 4 . 5  5 .0  

Sand % 2.2  64.4 . 57.2 7 . 7  

S i l t -  % . 2 .5  30.8 3 9 . 0 . '  3 .2  

C l a y  % . 

O r g a n i c  m a t t e r  % 

PH 0 . 1  7 . 7  7 .5  0 . 1  

C o n d u c t i v i t y  mmohk/cm 0 .06  0.34 0.36 0 .03  



F I G .  1. Photographs of:two canyons to..show. c o n t r a s t i n g  

vegeta t ion .  Top,two a r e  south-facing s lopes  and bottom two 

a r e  north-facing s lopes .  Each v e r t i c a l  p a i r  i s  from t h e  

same canyon. 






