
Montana Chrysothamnus
by Gail Lynn Winkler

A thesis submitted in partial fulfillment of the requirements for the degree of Master of Science in
Range Science
Montana State University
© Copyright by Gail Lynn Winkler (1987)

Abstract:
During the summers of 1985 and 1986, a study was conducted to determine what Chrysothamnus taxa
occur in Montana and to record their respective distributions. Taxa found included C. linifolius. C.
nauseosus ssp. nauseosus, C. n. ssp. albicaulis. C. n. ssp. graveolens. C. n. ssp. consimilis. C.
viscidiflorus ssp. lanceolatus. C. v. ssp. viscidiflorus var. stenophyllus. C. v. ssp. viscidiflorus var.
viscidiflorus, and the previously uncharacterized, C. parryi ssp. glandulosus. The morphology, habitat,
and relationships of these taxa were discussed and their distributions described.

In 1985, a previously uncharacterized taxon of C. parryi was located in southwestern Montana. C. p.
ssp. glandulosus derived its name from conspicuous stalked glands. Two varieties of this taxon were
observed at 2 of 7 study sites. The typical form is named C. ssp. glandulosus var. glandulosus. The
other variety is covered with tomentum, which obscures the stalked glands and is named C. ssp.
glandulosus var. tomentosus.

Additional populations were located during the summer of 1986 and sites were sampled to characterize
the taxon’s habitat. All 7 sites sampled were found to have near-neutral, sandy loam to loam soils, and
supported Artemisia tridentata/grassland communities. Aspects, slopes, elevations, and annual
precipitation amounts varied among sites. An adjacent paired plot, lacking the taxon, was sampled at
each site in an attempt to ascertain what factor(s) account for this taxon’s occurrence. Disturbance and
soil type were the only factors found that likely influence the occurrence and distribution of C. p. ssp.
glandulosus. Evidence indicated this taxon is severely browsed yearly, which may be a factor limiting
the expansion of this taxon.
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ABSTRACT

D uring  th e  summers o f  1985 and 1986, a  s tu d y  was c o n d u c t e d  t o  
d e te r m in e  what Chrysotham nus t a x a  o c c u r  i n  Montana and  t o  r e c o r d  t h e i r  
r e s p e c t i v e  d i s t r i b u t i o n s .  Taxa fo u n d  in c lu d e d  C^ l i n i f o l i u s . Cjl 
n a u s e o s u s  s s p .  n a u s e o s u s , Cjl Hjl s s p .  a l b i c a u l i s . C^ ru_ s s p .  g r a v e o l e n s . 
Cjl ru s s p .  c o n s i m i l i s . C. v i s c i d i f l o r u s  s s p .  I a n c e o l a t u s . Cjl Vi  s s p .  
v i s c i d i f l o r u s  v a r .  s t e n o p h y l l u s . Ci  Vi  s s p .  v i s c i d i f l o r u s  v a r .  
v i s c i d i f l o r u s , a n d  t h e  p r e v i o u s l y  u n c h a r a c t e r i z e d , Ci  p a r r y i  s s p .  
g l a n d u l o s u s . The m orpho logy , h a b i t a t ,  and  r e l a t i o n s h i p s  o f  t h e s e  t a x a  
w ere d i s c u s s e d  and  t h e i r  d i s t r i b u t i o n s  d e s c r i b e d .

I n  1985 , a  p r e v i o u s l y  u n c h a r a c t e r i z e d  t a x o n  o f  Ci  p a r r y i  was l o c a t e d  
i n  s o u th w e s t e r n  M ontana. Ci  Ei  s s p .  g l a n d u lo s u s  d e r i v e d  i t s  name from 
c o n s p ic u o u s  s t a l k e d  g l a n d s .  Two v a r i e t i e s  o f  t h i s  t a x o n  were o b s e rv e d  
a t  2 o f  7 s t u d y  s i t e s .  The t y p i c a l  fo rm  i s  named Ci  ^  s s p .  
g l a n d u l o s u s  v a r .  g l a n d u l o s u s . The o t h e r  v a r i e t y  i s  c ove red  w i th  
tomentum, which o b s c u r e s  t h e . s t a l k e d  g l a n d s  and  i s  named Ci  s s p .  
g l a n d u l o s u s  v a r .  t o m e n to s u s .

A d d i t io n a l  p o p u l a t i o n s  w ere  l o c a t e d  d u r in g  t h e  summer o f  1986 and 
s i t e s  w ere  sam pled t o  c h a r a c t e r i z e  t h e  t a x o n ’ s  h a b i t a t .  A ll  7 s i t e s  
sam pled w ere  found  t o  have  n e a r - n e u t r a l ,  sandy loam t o  loam  s o i l s ,  and 
s u p p o r t e d  A r t e m is i a  t r i d e n t a t a / g r a s s l a n d  c o m m u n it ie s .  A s p e c t s ,  s l o p e s ,  
e l e v a t i o n s ,  and a n n u a l  p r e c i p i t a t i o n  am oun ts  v a r i e d  among s i t e s .  An 
a d j a c e n t  p a i r e d  p l o t ,  l a c k i n g  th e  t a x o n ,  was sampled a t  e ach  s i t e  i n  a n  
a t t e m p t  t o  a s c e r t a i n  w h a t  f a c t o r ( s )  a c c o u n t  f o r  t h i s  t a x o n ’ s 
o c c u r r e n c e .  D i s tu r b a n c e  and  s o i l  ty p e  w ere  th e  o n ly  f a c t o r s  found t h a t  
l i k e l y  i n f l u e n c e  t h e  o c c u r r e n c e  a n d  d i s t r i b u t i o n  o f  Ci  ^ i  s s p .  
g l a n d u l o s u s . E v idence  i n d i c a t e d  t h i s  t a x o n  i s  s e v e r e l y  browsed y e a r l y ,  
which may be a  f a c t o r  l i m i t i n g  t h e  e x p a n s io n  o f  t h i s  t a x o n .

I
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INTRODUCTION

The genus  Chrysofchamnus ( r a b b i t b r u s h )  i s  w id e ly  d i s t r i b u t e d  a c r o s s  

t h e  w e s t e r n  U n i te d  S t a t e s ,  from t h e  G re a t  P l a i n s  t o  t h e  P a c i f i c  C o a s t .  

I t  i s  endem ic  t o  N orth  America and  o c c u p ie s  a  v a r i e t y  o f  h a b i t a t s  from  

se a  l e v e l  t o  3300 m (1 0 ,9 0 0  f t )  (M cArthur e t  a l .  1 9 7 9 ) .  T h is  g r e a t  

g e o g r a p h ic a l  d i s t r i b u t i o n  i s  r e f l e c t e d  i n  numerous d i v e r s e  t a x a .

H a l l  and C lem en ts  (1923) o r g a n iz e d  Chrysotham nus i n t o  4 S e c t i o n s ,  12 

s p e c i e s ,  and  40 s u b s p e c i e s .  S in c e  th e n  L. C. A nderson  h a s  c o n t r i b u t e d  

c o n s i d e r a b l e  k n o w le d g e  o f  C hryso tham nus and  r e c e n t l y  r e c o g n iz e d  5 

S e c t i o n s ,  16 s p e c i e s ,  and  41 s u b s p e c i e s  (A nderson  1 9 8 6 a ) .

U n t i l  t h e  p r e s e n t  t h e  e c o l o g i c a l  im p o r ta n c e  o f  taxonom ic  d i v e r s i t y  

w i t h i n  C h ry s o th a m n u s  i n  Montana h a s  gone e s s e n t i a l l y  u n r e c o g n iz e d .  

G e n e r a l ly ,  n a t u r a l  r e s o u r c e  m anagers  have  r e c o g n iz e d  o n ly  2 t a x a ,  C. 

v i s c i d i f l o r u s  and  C^ n a u s e o s u s .

As a f o r a g e  s o u r c e , u s e f u l n e s s  i s  n o t  th o r o u g h ly  documented i n  

M o n ta n a .  T r a d i t i o n a l l y  C h r y s o th a m n u s  t a x a  h a v e  b e e n  c o n s id e r e d  

u n d e s i r a b l e  p l a n t s ,  t h o u g h t  t o  be r e l a t i v e l y  u n p a l a t a b l e  and  o c c u p a n t s  

o f  l a n d s  t h a t  c o u ld  o t h e r w i s e  s u p p o r t  more d e s i r a b l e  f o r a g e .  However, 

a  Montana s tu d y  ( E u s ta c e  1971) and  a  v a r i e t y  o f  r e p o r t s  from  e ls e w h e re  

(Cook and  H a r r i s  1950 , Cook e t  a l .  1954 , Sampson an d  J e s p e r s o n  1963 , 

K u fe ld  e t  a l .  1973, M cArthur e t  a l .  1974, Hanks e t  a l .  1975 , M cArthur 

e t  a l . 1979) r e f u t e  t h i s  p o p u la r  c o n c e p t .

C o n s id e r a b le  knowledge o f  Chrysotham nus taxonom y, management, and 

u s e s  h a s  b e e n  g a i n e d  r e c e n t l y  i n  o t h e r  w e s t e r n  s t a t e s . T h i s
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i n f o r m a t io n  s u g g e s t s  t h a t  some Chrysotham nus t a x a  have many u s e s  (Weber 

e t  a l .  1 9 8 5 ) .

The l a c k  o f  i n f o r m a t i o n  r e g a r d i n g  t h e  d i v e r s i t y  and v a lu e  o f  

Chrysotham nus i n  Montana and  t h e  knowledge g a in e d  on t h e  im p o r ta n c e  o f  

C h r y s o th a m n u s  i n  t h e  w es t  i n s p i r e d  t h e  o r i g i n a l  o b j e c t i v e  o f  t h i s  

s t u d y .  T h i s  was t o  d e te rm in e  t h e  t a x a  o f  Chrysotham nus i n  Montana and  

t h e i r  r e s p e c t i v e  d i s t r i b u t i o n s .  D ur ing  th e  c o u rs e  o f  f i e l d  w ork , a  

p r e v i o u s l y  u n d e s c r ib e d  t a x o n  was l o c a t e d .  T h u s , a second  o b j e c t i v e  

becam e  t o  c h a r a c t e r i z e  t h i s  t a x o n ,  now known a s  (X p a r r y i  s s p .  

g l a n d u l o s u s .
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LITERATURE REVIEW

Phylogeny and C la s s i f ic a t io n  o f Chrvsothamnus

The genus  Chrysotham nus i s  a  member o f  one o f  t h e  l a r g e s t  and  most 

advanced  o f  t h e  f l o w e r i n g  p l a n t  f a m i l i e s ,  t h e  A s t e r a c e a e  (= C o m p o s i ta e ) . 

C h r y s o t h a m n u s , named f o r  i t s  r e l a t i o n s h i p  t o  Chrysocoma and i t s  

b r i l l i a n t  g o ld e n - y e l lo w  f lo w e r ,  was e s t a b l i s h e d  by N u t t a l l  i n  1840. (X 

p u m i l u s  i s  t h e  t y p e  s p e c i e s  ( H a l l  and C lem en ts  1 9 2 3 ) .  H a l l  and 

C lem ents  (1923) d e s c r i b e d  t h e  h i s t o r y  o f  t h e  g e n e r i c  d e s i g n a t i o n .

C h ryso tham nus . m eaning "goldenwood" o r  " g o ld e n b u s h " , b e lo n g s  t o  t h e  

A s t e r e a e , t h e  A s te r  t r i b e .  T h is  t r i b e  was most l i k e l y  d e r iv e d  from  a 

H e l i a n t h o id  o r  p r o t o - H e l i a n t h o i d  a n c e s t o r  ( C r o n q u i s t  1 9 5 5 ) .  The 

H e l i a n t h o id  c h a r a c t e r s  c o n s id e r e d  t o  be r e l a t i v e l y  p r i m i t i v e ,  p r e s e n t  

i n  some A s t e r e a e , i n c l u d e  shrubby  o r  s u f f r u t e s c e n t  h a b i t ,  l a r g e  h e a d s ,  

y e l l o w  c o r o l l a s , a n d  a  p a l e a c e o u s  p a p p u s  ( C r o n q u i s t  1 9 5 5 ).. 

Chrysotham nus i s  r e l a t e d  t o  S e c t i o n  ( S e c . )  Macronema o r  E r ic a m e r ia  o f  

H a p lo p a p p u s  a n d  m ore  d i s t a n t l y  t o  S o l id a g o  (A nderson  1 9 6 4 ) .  The 

numerous s p e c i e s  and  s u b s p e c i e s  o f  t h e  genus  Chrysotham nus a r e  g rouped  

i n t o  s e v e r a l  s e c t i o n s  (T a b le  I ) .

A nderson  and  F i s h e r  (1970) d e v e lo p e d  a  s p e c i a l i z a t i o n  in d e x  ( 0 - 1 0 ) ,  

b a sed  on f l o r a l  an a to m y , t o  d e l i n e a t e  s p e c i a l i z a t i o n  o f  t h e  v a r i o u s  

t a x a  i n  C h r y s o t h a m n u s . Taxa i n  t h e  S e c .  N auseos i  a r e  t h e  l e a s t  

s p e c i a l i z e d .  C^ p a r r y I  (G ray) Greene s u b s p e c i e s  r a n g e  from 1 .2  t o  8 .3  

and  Cl n a u s e o s u s  ( P a l l a s )  B r i t t ,  s u b s p e c i e s  from 2 .3  t o  6 . 7 .  Cl p a r r y i  

s s p .  p a r r y i  was d e te rm in e d  t o  be t h e  most p r i m i t i v e  t a x o n  i n  t h e  g e n u s .
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C ro n q u is t  ( 1 9 5 5 ) ,  r e v ie w in g  phy logeny  i n  Compos i t a e ,  s u g g e s t e d  t h a t  a 

f e a t u r e  such  a s  few h e a d s ,  each  w i th  many f lo w e r s ,  i s  p r i m i t i v e .  T h is  

c h a r a c t e r  i s  e x p r e s s e d  by C^ p a r r v i . S u b s p e c ie s  o f  C^ p a r r v i  and a  few 

s u b s p e c i e s  o f  Ĉ _ n a u s e o s u s  c o n s i s t e n t l y  have more o v a r i a n  v a s c u l a r  

b u n d le s  t h a n  o t h e r  Chrysotham nus t a x a  (A nderson  1 9 7 0 ) ,  i n d i c a t i n g  l e s s  

s p e c i a l i z a t i o n  t h a n  o t h e r  Chrysotham nus t a x a  (A nderson  1 9 7 0 ) .

T a b le  I .  S e c t i o n s ,  s p e c i e s ,  and  num bers o f  s u b s p e c i e s  o f  
Chry so th a m n i i a .

S e c t i o n  S p e c ie s Number o f  s u b s p e c i e s

Chrysotham nus C^ a l b i d u s  ( J o n e s  ex  G ray) G reene.
C. h u m i l i s  G reene .
C. I i n i f o l i u s  G reene .
C. s p a t h u l a t u s  L . C. A nderson .
C. g r e e n e i  (Gray) G reene.
C. v i s c i d i f l o r u s  (Hook.)  N u t t .  5

Gramini C^ g ram in eu s  H a l l .
C. e rem o b iu s  L .C . A nderson .

N auseos i

P u l c h e l l i

P u n c t a t i

C. p a r r v i  (G ray) G reene . 12
C. n a u s e o s u s  ( P a l l a s )  B r i t t .  22

C. v a s e y i  (G ray) G reene.
Cjl m o le s tu s  (B lak e )  L .C . A nderson .
C. d e p r e s s u s  N u t t .
C. p u l c h e l l u s  (G ray) G reene . 2

Cj. p a n i c u l a t u s  (Gray) H a l l .
t e r e t i f o l i u s  (Dur. & H i l g . )  H a l l  & Clem.

a A nderson 1986a

K a ry o ty p e s  and  b r e e d i n g  s t r u c t u r e  f u r t h e r  i n d i c a t e  t h a t  Cjl p a r r y i  i s  

one o f  t h e  most p r i m i t i v e  s p e c i e s  o f  t h e  genus  (A nderson  1 9 6 6 ) .  C2.

s s p .  p a r r y i  h a s  t h e  l o n g e s t  chromosomes i n  t h e  g e n u s ,  t h e  g r e a t e s t  

hom ogene ity  i n  chromosome l e n g t h ,  and h a s  chromosomes w i th  e s s e n t i a l l y
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median c e n t ro m e re s  (A nderson  1969) .  A c c o rd in g  t o  Huziwara (1962) t h e s e  

a r e  p r i m i t i v e  c h a r a c t e r s .

H a l l  & C l e m e n t s  ( 1 9 2 3 )  t h e o r i z e d  t h a t  m o s t  Ci  v i s c i d i f l o r u s  

s u b s p e c i e s  an d  o t h e r  t a x a  i n  S e c . T y p ic i  (renamed S e c .  C hryso tham nus ; 

A n d e r s o n  1 9 8 6 a )  w e re  t h e  l e a s t  e v o l u t i o n a r i l y  a d v a n c e d .  Anderson 

(1966) p r e s e n t l y  p r o p o s e s  t h a t  t h i s  S e c t io n  c o n t a i n s  t h e  m ost ad v an ced  

t a x a .  I n  t h e  Ci  v i s c i d i f l o r u s  ( H o o k . )  N u t t ,  c o m p le x  ( S e c .  

C h ryso tham nus) ,  s p e c i a l i z a t i o n  i n c r e a s e s  from Ci  Vi  s s p .  v i s c i d i f l o r u s  

t o  Ci  Vi  s s p .  I a n c e o l a t u s  ( N u t t . )  H a l l  & Clem, t o  Ci  Vi  s s p .  p u b e ru lu s  

(D. C. E a t . )  H a l l  & Clem. (A nderson  1 9 8 6 b ) .  Ci  Vi  s s p .  p u b e ru lu s  was 

p ro b a b ly  d e r i v e d  p h y l o g e n e t i c a l l y  from Ci  Vi  s s p .  I a n c e o l a t u s  (A nderson  

1 9 8 6 b ) .  C. p a n i c u l a t u s  (Gray) H a l l ,  w i th  i t s  s p e c i a l i z e d  k a ry o ty p e  and  

na rrow  e c o l o g i c a l  r e q u i r e m e n t s ,  i s  c o n s id e r e d  t o  be t h e  most advanced  

s p e c i e s  i n  t h e  C h r y s o th a m n i i .

M orphology

A l l  t h e  t a x a  o f  Chrysotham nus a r e  s h ru b s  o r  s u f f r u t e s c e n t  s h r u b s .  

T here  a r e  s e v e r a l  t r u n k s ,  coming from a  s i n g l e  b a s e , w hich a r e  c o v e re d  

w i th  l o o s e ,  f i b r o u s ,  brown b a rk  w hich p e e l s  o f f  i n  s t r i p s .  The l e a v e s  

a r e  a lw a y s  a l t e r n a t e l y  a r r a n g e d  and  t h e  m a rg in s  a r e  e n t i r e .  The l e a f  

b l a d e s  a r e  t y p i c a l l y  f l a t ; how ever ,  t e r e t e  l e a v e s  o c c u r  i n  I s p e c i e s ,  

Ci  t e r e t i f o l i u s  (D ur. & H i l g . )  H a l l  & Clem. The number o f  v e i n s  

depends  l a r g e l y  upon t h e  w id th  o f  l e a f  ( H a l l  and C lem en ts  1 9 2 3 ) .

F l o r a l  h e a d s  o f  C h ry so th a m n u s  a r e  a r r a n g e d  i n  ra c e m e s ,  s p i k e s ,  

p a n i c l e s ,  and  cymes. T h is  l a t e r :  t y p e  i s  t h e  most common i n  th e  gen u s
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o v e r a l l .  The racem ose ty p e  i s  c h a r a c t e r i s t i c  o f  Cl p a r r y i . I n v o lu c r e  

c h a r a c t e r i s t i c s ,  su ch  a s  w h e th e r  t h e  p h y l l a r i e s  a r e  k e e l e d ,  p h y l l a r y  

a r r a n g e m e n t ,  and p h y l l a r y  t i p  s h a p e s ,  can  be h e l p f u l  i n  i d e n t i f y i n g  

t a x a .

The h e a d s  o f  Chrysotham nus a r e  t y p i c a l l y  d i s c o i d .  Ray f lo w e r s  a r e  

p r e s e n t  i n  o n ly  2 p o p u l a t i o n s  ( s o u t h e r n  and  n o r t h e r n  r a n g e s )  o f  (X 

s p a t h u l a t u s  L . C. A nderson . The shape  o f  t h e  c o r o l l a  i s  n o t  d i a g n o s t i c  

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

c h a r a c t e r s  ( H a l l  and  C lem ents  1923) .  The number o f  f lo w e r s  p e r  head 

i s  a lm o s t  c o n s t a n t l y  5 e x c e p t  i n  Cl p a r r y i  and (X p y ra m id a tu s  R obinson  

and  Greenman, w hich have  a  g r e a t e r  num ber. D i f f e r e n t  e n v i ro n m e n ts  an d  

s e a s o n a l  v a r i a t i o n s  r e s u l t  i n  v a r i a b i l i t y  o f  f l o r a l  f e a t u r e s  o f  Cl 

v i s c i d i f l o r u s  s u b s p e c i e s  (A nderson  1 9 6 4 ) .  Samples t a k e n  e a r l y  in  t h e  

s e a s o n  f r e q u e n t l y  a v e ra g e  more f lo w e r s '  p e r  head  th a n  sam p les  o b t a in e d  

from  same p l a n t  l a t e r  i n  t h e  s e a s o n .

The pappus i s  n e a r l y  u n ifo rm  i n  a l l  Chrysotham nus t a x a  (H a l l  and 

C lem ents  1923)•  The pappus  i s  im p o r ta n t  f o r  ac h en e  o r i e n t a t i o n ,  wind 

d i s p e r s a l ,  and p o s s i b l y  m o is tu re  a c c u m u la t io n  (S te v e n s  e t  a l .  1 9 8 6 ) .  

The r a t i o  betw een l e n g t h  o f  s t y l e  a p p e n d ag e  and  s t ig m a  t i c  p o r t i o n  i s  

n o t  c o n s t a n t  i n  an y  I s p e c i e s  o r  p e rh a p s  even  i n  an y  I s u b s p e c i e s .  The 

o v e r a l l  r a t i o  i s  h i g h e r  f o r  some s p e c i e s  th a n  f o r  o t h e r s .

Stamens a re  d ia g n o s tic  only in  (X a lb id u s  (Jones ex Gray) Greene, in  

which they a re  ob tuse  and s h o r te r  than in  o th e r ta x a . In  o th e rs , th e  

t i p s  a re  a cu te  (H all and Clements 1923) .

The achene i s  o f  2 form s, e i th e r :  I) o b scu re ly  5-an g led  or t e r e t e ,  5 

nerved , and u su a lly  covered w ith dense pubescence; o r  2) n e a r ly  t e r e te
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o r  s l i g h t l y  f l a t t e n e d , 10 s t r i a t e ,  and  e s s e n t i a l l y  g l a b r o u s  (H a l l  and 

C lem ents  1 9 2 3 ) .  The fo rm e r  i s  t h e  common t y p e ;  t h e  l a t t e r  ty p e  i s  

found  i n  v a s e y i  (G ray) G reene, and  CL g ram in eu s  H a l l .

P u b e s c e n c e  c a n  be a  u s e f u l  d i a g n o s t i c  c h a r a c t e r i s t i c .  CL 

n a u s e o s u s ,  t h e  most complex and  wide r a n g in g  s p e c i e s  i n  t h e  g e n u s ,  

shows much i n t r a s p e c i f i c  v a r i a t i o n  w i th  r e s p e c t  t o  t h i s  f e a t u r e  (Hanks 

e t  a l .  1 9 7 5 ) .  I n  CL n a u s e o s u s . 2 g r o u p s ,  t h e  g ra y  and  t h e  g r e e n ,  a r e  

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

an d  th e  ty p e  o f  v e s t i t u r e .  T h is  c h a r a c t e r  can  v a ry  a n d  sh o u ld  be used  

i n  c o m b in a t io n  w i th  t h e  c o l o r  o f  tomentum on t h e  s tem . The v e s t i t u r e  

on t h e  i n v o l u c r e s  i n  t h e  g ra y  g roup  i s  o n ly  a n  e x p r e s s i o n  o f  t h e  

g e n e r a l  ten d e n c y  tow ard  a  g r e a t e r  amount o f  p u b escen ce  i n  t h e  w hole  

p l a n t  th a n  t h a t  w hich o c c u r s  i n  t h e  g r e e n  g roup  (H a l l  and  C lem ents 

1 923 ) .
)

Anatomy

A nderson (1970) p r o v id e s  a  th o ro u g h  a c c o u n t  o f  t h e  v a s c u l a r  a n d  

d e v e l o p m e n t a l  a n a to m y  o f  C h r y s o th a m n u s  a n d  o f  t h e  h i s t o l o g y  o f  

Chrysotham nus p h y l l a r i e s  an d  f l o w e r s .  Taxa i n  t h e  S e c .  N auseos i  a r e  

c h a r a c t e r i z e d  by p r e s e n c e  o f  s e c r e t o r y  c a n a l s  a n d  u s u a l l y  have 

t r i c h o m e s  on th e  c o r o l l a  t u b e .  Those t a x a  i n  S e c s .  Chrysotham nus an d  

P u c h e l l i  l a c k  s e c r e t o r y  c a n a l s  and  o n ly  a  few ta x a  have  t r i c h o m e s  on 

th e  c o r o l l a  t u b e s .  I n  S e c .  P u n c t a t i , g l a n d u l a r  h a i r s  a r e  common bu t 

s h o r t e r  and  more c l a v a t e  th a n  t h e  g l a n d u l a r  h a i r s  o f  S e c .  N auseos i  

(A nderson  1 9 70 ) .
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The v e n a t i o n  i n  Chryaotham nus f l o w e r s  i s  r e l a t i v e l y  ad v an ced  f o r  t h e  

Com positae  (A nderson  1 9 7 0 ) .  D isk  f l o w e r s  t y p i c a l l y  have 5 v e i n s  i n  t h e  

c o r o l l a , 2 i n  t h e  s t y l e , a n d  I i n  e a c h  s t a m e n .  The p a p p u s  i n  

Chrysotham nus d o e s  n o t  c o n t a i n  v a s c u l a t u r e .  V a s c u la r  t r a c e  p a t t e r n s  

i n  t h e  b r a c t s  v a r y  a t  t h e  s p e c i e s  and  s u b s p e c i e s  l e v e l s .  C^ l i n i f o l j u s  

G re e n e , Cjl n a u s e o s u s  s s p .  a l b i c a u l i s  ( N u t t . )  H a l l  & Clem, and Cj u  ru_ 

s s p . g r a v e o l e n s  ( N u t t . )  P i p e r  have  a 3 t r a c e / b r a c t  p a t t e r n .  C u  

v i s c i d i f l o r u s  s s p .  v i s c i d i f l o r u s . C. v .  s s p .  I a n c e o l a t u s . and C u  Vll 

s s p .  p u b e r u l u s  have  3 t r a c e s  i n  t h e  o u t e r  b r a c t s  and  I i n  t h e  i n n e r  

b r a c t s .  I n  most t a x a  o f  Cl p a r r y i  3 v a s c u l a r  t r a c e s  e n t e r  each  b r a c t , 

b u t ,  i n  Cl  Pl  s s p .  p a r r y i . Cl  ^l  s s p .  n e v a d e n s i s  (G ray) H a l l  & C le m . , 

and Cl  El  s s p .  a s p e r  ( G re e n e ) H a l l  & C le m . , t h e  l a r g e r  ( o u t e r )  b r a c t s  

f r e q u e n t l y  have 5 t r a c e s / b r a c t .  In  Cl  p a r r y i  t h e s e  l a t e r a l  t r a c e s  

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

Embryology

W ith in  a  h e a d , f l o r a l  m a t u r a t i o n  i s  s y n c h ro n iz e d  (A nderson  1 9 7 1 ) .  

F l o w e r s  d e v e l o p  a  c r o p e t a l l y  on  t h e  r e c e p t a c l e  b u t  o f t e n  

m ic r o s p o r o g e n e s i s  and  m e g a s p o ro g e n e s is  o c c u r  s im u l ta n e o u s l y  r e g a r d l e s s  

o f  d i f f e r e n c e s  i n  i n d i v i d u a l  f lo w e r  s i z e .  The l e a s t  sy nch ronous  

s p e c i e s  i s  Cl  l i n i f o l i u s , i n  w hich o l d e r  f lo w e r s  o f t e n  have m a tu re  

embryo s a c s  w h i l e  t h e  y o u n g e s t  f lo w e r  i s  s t i l l  u n d e rg o in g  m e io s i s  i n  

t h e  o v u l e . E m b ry o  s a c  d e v e lo p m e n t  i s  t h e  P o ly g o n u m - t y p e  i n  

C h r y s o th a m n u s  ( A n d e r s o n  198 3 )  a n d  embryo sac  s i z e  v a r i e s  w id e ly .
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T y p i c a l ly  m atu re  s a c s  a r e  lo n g  an d  na rro w  (A nderson  1 9 7 1 ) .  P o ly p lo id y  

h a s  no s i g n i f i c a n t  b e a r i n g  on embryo sac  s i z e .

Embryogeny i s  t h e  A s te ra d  ty p e  (A nderson  1 971 ) .  Endosperm f o rm a t io n  

i s  n u c l e a r  a t  f i r s t  t h e n  w a l l  f o r m a t io n  p r o g r e s s e s  t o  form  a  c e l l u l a r  

endosperm . M e io s is  r e s u l t s  i n  4 c e l l u l a r  m e g a sp o re s .  The c h a l a z a l  

m eg asp o res  u s u a l l y  p roduce  t h e  embryo s a c .  Chrysotham nus o v u le s  a r e  

a n a t r o p o u s ,  u n i t e g m i c ,  a n d  t e n u i n u c e l l a r .  T he  a n t h e r s  i n  

Chrysotham nus a r e  t e t r a s p o r a n g i a t e .  In  most s p e c i e s  o f  C h ryso tham nus . 

f l o r a l  p r im o rd ia  d i f f e r e n t i a t e  th ro u g h  sequence  o f  c o r o l l a ,  s ta m e n s ,  

p a p p u s ,  and p i s t i l .

Chromosome R e l a t i o n s h i p s

The b a s i c  chromosome number o f  Chrysotham nus i s  n = 9 .  T h is  i s  t h e  

modal number i n  t h e  t r i b e  a t  b o th  t h e  s p e c i f i c  a n d  g e n e r i c  l e v e l  

( S o l b r i g  e t  a l .  1 9 6 4 ) .  C h r y s o th a m n u s  p o l y p l o i d s  a r e  m o s t l y  

a u t o p o l y p l o i d s  ( A n d e r s o n  1 9 8 6 b ) .  P o ly p lo id y  i s  r e s t r i c t e d  t o  C. 

v i s c i d i f l o r u s , w i th  2x and  4x found  i n  (Ll s s p .  I a n c e o l a t u s  and  Cjl y \  

s s p .  p u b e r u lu s  and  2x ,  3x ,  4 x ,  5x ,  and 6x o c c u r r i n g  i n  C^ Vjl s s p .  

v i s c i d i f l o r u s  ( A n d e r s o n  1 9 8 6 b ) .  CLl v i s c i d i f l o r u s  p o l y p l o i d s  a r e  

a d a p te d  t o  w arm er, u s u a l l y  d r i e r  s i t e s  th a n  d i p l o i d s .  A u to p o ly p lo id s  

comm only h a v e  t h i c k e r  l e a v e s ,  l a r g e r  f l o w e r s ,  l a r g e r  f r u i t s  and  

g e n e r a l l y  f lo w e r  a n d  f r u i t  l a t e r  t h a n  d i p l o i d s  ( S t e b b i n s  1 9 4 7 ) .  

A v a i l a b i l i t y  o f  u n e x p l o i t e d  e n v i r o n m e n t a l  r e s o u r c e s  i s  t h e  c h i e f  

e x t e r n a l  f a c t o r  f a v o r i n g  th e  e s t a b l i s h m e n t  o f  p o l y p l o i d y  ( S t e b b i n s  

1 9 5 0 ) .  The f re q u e n c y  o f  p o l y p lo i d  s p e c i e s  o f  a n g io s p e rm s  a p p e a r s  t o
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i n c r e a s e  from s o u th  t o  n o r th  and  from  low t o  h ig h  a l t i t u d e s  (G ra n t

1 9 7 1 ) .

R e p ro d u c t iv e  H a b i t s

P r e d o m in a n t ly ,  Chrysotham nus i s  s e l f - f e r t i l i z i n g ,  b u t  on o c c a s io n  

t h e  s p e c i e s  c r o s s b r e e d  (A nderson  1980b ) .  Autogamy ( f lo w e r  p o l l i n a t e d  

w i th  own p o l l e n )  f r e q u e n t l y  o c c u r s  i n  e v e ry  s p e c i e s  o f  Chrysotham nus 

(A nderson  1 9 80b ) .  C h rom atog raph ic  work by M cArthur e t  a l . ( 1 9 7 8 a )  

s u g g e s t s  a  p r e d o m i n a n c e  o f  s e l f - p o l l i n a t i o n  i n  (X v i s c i d i f l o r u s . 

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

e n v i r o n m e n t s  w h ic h  C h r y s o th a m n u s  t a x a  t y p i c a l l y  i n h a b i t  (Anderson 

1 973 ) .  S e l f - f e r t i l i z a t i o n  e n c o u ra g e s  t h e  c o n t in u e d  g e n e t i c  s e p a r a t i o n  

o f  sympat r i e  s u b s p e c i e s  and  t h e  f o r m a t io n  o f  numerous l o c a l  b i o t y p e s  i n  

a  s u b s p e c i e s  ( S t e b b i n s  1 9 5 7 ) .  The s u c c e s s  o f  C h ry so th a m n u s  a t  

p ro d u c in g  new fo rm s  and  i n v a d in g  new e n v i ro n m e n ts  i s  a t t r i b u t e d  t o  t h e  

a b i l i t y  t o  o c c a s i o n a l l y  o u t c r o s s  (A nderson  1 9 6 6 ) .  G e n e r a l ly  w i t h in  a 

g r o u p , p r i m i t i v e  t a x a  a r e  o f t e n  o u t b r e e d e r s  w h e re as  s p e c i a l i z e d  t a x a  

a r e  i n b r e e d e r s  ( S t e b b i n s  1 9 5 7 ) .

A chene  f o r m a t i o n  i n  C h r y s o th a m n u s  r e s u l t s  f ro m  f e r t i l i z a t i o n .  

Apom ixis i s  n o t  known t o  o c c u r  i n  Chrysotham nus t a x a  (A nderson  1 9 7 1 ) .  

H y b r i d i z a t i o n  i n  Chrysotham nus o c c u r s  i n f r e q u e n t l y  (A nderson  1970) .  

A l l  known h y b r id s  i n  t h e  genus have  in v o lv e d  Ci  n a u s e o s u s  (Anderson 

1 9 8 0 c ) .  Ci  b o l a n d e r i ,  a n  u n c e r t a i n  t a x o n ,  h a s  been  r e d e f i n e d  a s  a n  

i n t e r g e n e r i c  h y b r i d  b e tw e e n  H a p lo p a p p u s  macronema and  C. n .  s s p .  

a l b i c a u l i s  (A nderson  and  R eveal 19 6 6 ) .  A d d i t io n a l  t y p e s  o f  h y b r id s  a r e
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known. F o r  ex am p le ,  i n t e r s p e c i f i c  h y b r id s  have been r e p o r t e d  (A nderson  

1966 , A n d e r s o n  1 9 8 3 ,  A nderson  1984) an d  h y b r id s  from Ash Meadows, 

Nevada r e p r e s e n t  t h e  f i r s t  n a t u r a l l y  o c c u r r i n g  i n t e r s e c t i o n a l  h y b r id s  

found i n  t h e  genus  (A nderson  1 9 7 3 ) .  The known h y b r id s  s t u d i e d  w ere  

found a t  t h e  g e o g r a p h ic a l  o r  e c o l o g i c a l  edge o f  one o r  b o th  o f  t h e  

p a r e n t s '  r a n g e s  (A nderson  1 9 7 3 ) .  I n t e r g r a d a t i o n  o c c u r s  be tw een  some o f  

t h e  s u b s p e c i e s  o f  v i s c i d i f l o r u s  and  some s u b s p e c i e s  o f  Cjl n a u s e o s u s . 

Cjl Vi  s s p .  I a n c e o l a t u s  i n t e r g r a d e s  e x t e n s i v e l y  w i t h  Cjl y \ s s p .  

v i s c i d i f l o r u s  ( L e t t e r  f ro m  L . C. A nderson  5 / 2 0 / 8 6 ) .  Ci  ru s s p .  

n a u s e o s u s  se em in g ly  i n t e r g r a d e s  o n ly  w i th  Ci  ru s s p .  a l b i c a u l i s . Ci  Iii  

s s p .  a l b i c a u l i s  i n t e r g r a d e s  o c c a s i o n a l l y  w i th  Ci  m  s s p .  c o n s i m i l i s  

( G re e n e ) H a l l  & C le m . , Ci  Qi  s s p .  n a u s e o s u s . and p a r t i c u l a r l y  Ci  Qi  

s s p .  h o l o l e u c u s  ( G r a y )  H a l l  & C lem , w h e re  t h e i r  r a n g e s  o v e r l a p  

(A nderson  1 9 8 6 c ) . L i t t l e  o r  no i n t e g r a t i o n  o c c u r s  be tw een  Ci  n .  s s p .  

n a u s e o s u s  and  Ci  Qi  s s p .  g r a v e o l e n s  even  th o u g h  th e y  a r e  sympat r i e  o v e r  

a b o u t  h a l f  t h e i r  r e s p e c t i v e  r a n g e s  (A nderson  1986c ) .

D i s t r i b u t i o n  and  S i t e  C h a r a c t e r i s t i c s

C h r y s o th a m n u s  o c c u r s  on  o p e n  p l a i n s ,  v a l l e y s ,  f o o t h i l l s ,  and 

m o u n ta in s  from B r i t i s h  Columbia and S a sk a tc h e w a n ,  s o u th  t o  w es t  Texas 

and  B a ja  C a l i f o r n i a .  I t  r a n g e s  from sea  l e v e l  t o  3 ,3 0 0  m (1 0 ,9 0 0  f t )  

i n  e l e v a t i o n  (H a l l  and  C lem en ts  1923, McArthur e t ' a l .  1974 , McArthur 

and  Welch 1986) .  Chrysotham nus i s  most a b u n d a n t  i n  t h e  I n te r m o u n ta in  

Region (M cArthur e t  a l . 1 9 7 9 a ) .  Most Chrysotham nus t a x a  have g r e a t  

e c o l o g i c a l  a m p l i t u d e ;  th e y  e x p r e s s  t h e  a b i l i t y  t o  i n h a b i t  a w ide  r a n g e
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o f  e d a p h ic  c o n d i t i o n s ,  l a t i t u d e s ,  and  e l e v a t i o n s  (A nderson  1 9 8 1 ) .

T h e  m any  s u b s p e c i e s  a n d  e c o t y p e s  o f  (% n a u s e o s u s  ( r u b b e r  

r a b b i t b r u s h )  i n h a b i t  a  w ide  v a r i e t y  o f  s o i l s  and  s i t e s .  S o i l s  i n c l u d e  

heavy c l a y s  an d  a l k a l i  s o i l s  i n  s a l t y  lo w la n d s  (Hanks e t  a l . 1975) and  

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

(Hanks e t  a l .  1975, McArthur e t  a l .  1978b, McArthur e t  a l .  1 9 7 9 a ) .  

E l e v a t i o n s  r a n g e  from 150 t o  2750 m (500 -9000  f t )  i n  A^ t r i d e n t a t a ,  

P in u s  e d u l i s  -  J u n ip e r u s  s p p . , and P in u s  p o n d e ro sa  z o n e s  (McArthur e t  

a l .  1 9 7 8 b ) . Some t y p e s  o f  (X n a u s e o s u s  a r e  th o u g h t  t o  be su b c l im a x  i n  

fche t r i d e n t a t a  c l im a x .  O f te n  th e y  r e s u l t  i f  Ai  t r i d e n t a t a  i s  

d i s t u r b e d  by f i r e ,  t r a m p l i n g ,  o r  w ashout (H a l l  and  Goodspeed 1 9 19 ) .  C.

—  s s P* g t b i c a u l i s ,  Ci  Hi  s s p .  h o l o l e u c u s . Ci  Iii  s s p .  n a u s e o s u s . C. n .  

s s p .  c o n s i m i l i s ,  and  Ci  ru s s p .  g r a v e o l e n s  a r e  more w id e s p re a d  th a n  t h e  

o t h e r  s u b s p e c i e s  o f  C. n a u s e o s u s  (Weber e t  a l .  1 9 8 5 ) .

—  !Il s s p .  a l b i c a u l i s  ( w h i te  r u b b e r  r a b b i t b r u s h ) ,  a  f o o t h i l l  t y p e ,  

o c c u r s  a t  e l e v a t i o n s  be tw een  610 and 2135 m (2000-7000  f t )  (McArthur e t  

a l .  1974, A nderson  1986c) from  B r i t i s h  Columbia and  M ontana , s o u th  t o  

New M exico, C o lo ra d o ,  U tah , Nevada, and e a s t e r n  C a l i f o r n i a  (McArthur e t  

a l .  1 9 7 9 a ) .  In  U tah , Ci  Qi  s s p .  a l b i c a u l i s  i s  found  i n  D i s t i c h l i s  

s t r i c t a , Ai  t r i d e n t a t a , P i n u s  e d u l i s  -  J u n ip e r u s  s p p . , and P jn u s  

p o n d e r o s a  c o m m u n i t i e s ,  1310 t o  2290 m (4300-7500  f t )  i n  e l e v a t i o n  

(Welsh 1 9 8 3 ) .

Ci  Qi  s s p .  g r a v e o l e n s ,  ( g re e n  r u b b e r  r a b b i t b r u s h )  o c c u r r i n g  i n  t h e  

e a s t e r n  h a l f  o f  t h e  s p e c i e s  r a n g e , i s  found  i n  f o o t h i l l s  and  v a l l e y s ,  

915 t o  1830 m (3000-6000  f t )  from N orth  Dakota t o  Idaho  (McArthur e t  

a l .  1 9 7 9 a ) . I t  i s  a  component o f  t h e  w e s t e r n  f o o t h i l l s  o f  t h e  B lack
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H i l l s  P ine  F o r e s t  p l a n t  a s s o c i a t i o n ,  d e f in e d  by K u c h le r  ( 1 9 6 4 ) .  T h is

p l a n t  a s s o c i a t i o n  o c c u r s  i n  t h e  B la c k  H i l l s  o f  Sou th  Dakota and  

Wyoming.

I n  U t a h ,  s s P- c o n s i m i l i s  ( t h r e a d l e a f  r u b b e r  r a b b i t b r u s h )

i n h a b i t s  s a l i n e  meadows, r i p a r i a n  z o n e s ,  and t e r r a c e s  i n  D i s t i c h l i s  

s t r i c t a  -  S p o r o b o l u s  a i r o i d e s . A t r i p l e x  c o n f e r t i f o l i a . A r te m is ia  

t r i d e n t a t a ,  C e rc o c a rp u s  -  Q u e rc u s . P in u s  e d u l i s  -  J u n i p e r  s p p . , and 

P in u 3  p o n d e r o s a  com m un it ies  from 1280 t o  3000 m ( 4200-9800  f t )  i n  

e l e v a t i o n  (Welsh 1983)» In  N evada, i t  o c c u r s  on s i t e s  r e c e i v i n g  a s  

l i t t l e  a s  250 mm (10  i n )  p r e c i p i t a t i o n  a n n u a l l y  ( R o s e n t r e t e r  1 9 8 6 ) .

v i s c i d i f l o r u s  ( lo w  r a b b i t b r u s h )  i s  o n e  o f  t h e  most w id e ly  

d i s t r i b u t e d  s h ru b s  on r a n g e l a n d s  t h r o u g h o u t  w e s t e r n  N o r th  A m erica . C. 

v i s c i d i f l o r u s  h a s  g r e a t  e c o l o g i c a l  a m p l i tu d e  (A nderson  1986b ) ,  b u t  i s  

n o t  v e ry  s a l t  t o l e r a n t  (McArthur e t a l .  1 9 7 8 a ) .  I t  o c c u p ie s  o p e n ,  d ry  

p l a i n s  an d  m o u n ta in s  on poo r  s o i l s  from  B r i t i s h  C olum bia , M o n ta n a ,  

N orth  D a k o ta ,  s o u th  t o  New Mexico an d  e a s t e r n  C a l i f o r n i a  (H a l l  and 

C lem en ts  1923)•  v i s c i d i f l o r u s  grows a t  e l e v a t i o n s  o f  790 t o  3350 m 

(2 6 0 0 -1 1 ,0 0 0  f t )  (McArthur e t  a l . 1 9 7 8 a ) .  O th e r  common names o f  C. 

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

r a b b i t s a g e , s t i c k y - l e a v e d  r a b b i t b r u s h ,  D oug las  r a b b i t b r u s h ,  and  s t i c k y -  

f lo w e re d  I r i s h m a n .

The s u b s p e c i e s  o f  Cl v i s c i d i f l o r u s  a r e  s p l i t  i n t o  2 m o rp h o lo g ic a l  

t y p e s ,  g l a b r o u s  and  p u b e s c e n t .  Cl Vl  s s p .  I a n c e o l a t u s  (m oun ta in  low 

r a b b i t b r u s h ) ,  a  p u b e s c e n t  t y p e ,  r a n g e s  b e tw e e n  s o u t h e r n  B r i t i s h  

C o l u m b i a  a n d  n o r t h e r n  New M e x ic o  ( A n d e r s o n  1 9 8 6 b ) .  I n  t h e  

I n t e r m o u n t a i n  Reg ion  i t  o c c u r s  a t  mid an d  h ig h  e l e v a t i o n s ,  f rom  1525 t o
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3200 m (5 0 0 0 -1 0 ,5 0 0  f t )  (McArthur e t  a l . 1 9 7 8 a ) .  In  U ta h ,  s s p .

I a n c e o l a t u s  i n h a b i t s  A r te m is ia  t r l d e n t a t a . P in u s  p o n d e r o s a . Pop u lu s  

t r e m u l o i d e s ,  P seudot s u s a  m e n z e s i i . P in u s  c o n t o r t a ,  P ic e a  -  A b ie s , and 

a l p i n e ,  meadow com m un it ie s  (Welsh 1 9 8 3 ) .  A no ther  p u b e s c e n t  t y p e ,  C. v .  

s s p .  p u b e r u l u s  ( h a i r y  low r a b b i t b r u s h )  o c c u r s  be tw een  Montana and  

C o l o r a d o , e a s t  t o  C a l i f o r n i a  , a n d  i n  B r i t i s h  C o lu m b ia  a t  low  

e l e v a t i o n s .  I t  i s  a b u n d a n t  on d ry  h i l l s  and  i n  d ry  s t r e a m  ways o f  

w e s t e r n  Nevada (H a l l  and C lem en ts  1923)♦

A g l a b r o u s  t y p e ,  C^ Vi  s s p .  v i s c i d i f l o r u s  ( s t i c k y l e a f  low  

r a b b i t b r u s h )  i s  I o f  t h e  m ost w id e s p re a d  t a x a  i n  t h e  genus  (A nderson  

1986b) and  i s  t h e  most common s u b s p e c i e s  o f  Ci  v i s c i d i f l o r u s . Ci  Vi  

s s p .  v i s c i d i f l o r u s  o c c u r s  i n  n o r t h e r n  W ash in g to n ,  w e s t e r n  M ontana, 

n o r t h w e s t e r n  Nevada, s o u th e r n  C a l i f o r n i a  and n o r t h e r n  A r iz o n a .  I t  

grows a t  low and h ig h  e l e v a t i o n s ,  244 t o  3965 m (8 0 0 -1 3 ,0 0 0  f t )  on a  

v a r i e t y  o f  s o i l  t e x t u r e s  an d  pHs (McArthur e t  a l .  1 9 7 8 a ,  A n d e r s o n  

1 9 8 1 ) .  Ci  v .  s s p .  v i s c i d i f l o r u s  i s  p r e s e n t  i n  A t r i p l e x  c o n f e r t i f o l i a . 

A r t e m i s i a  t r l d e n t a t a , P i n u s  e d u l i s  -  J u n ip e r u s  s p p . , C e r c o c a rp u s -  

Q u e r c u s , A b i e s  c o n c o l o r . P i n u s  p o n d e r o s a . and Pop u lu s  t r e m u l o i d e s  

com m unities  be tw een  1460-2900 m (4800-9500  f t )  (W elsh 1 9 8 3 ) .

C. I i n i f o l i u s  ( s p r e a d in g  r a b b i t b r u s h )  i s  a  t a l l ,  r o b u s t  sh rub  up t o  

2 . 4  m i n  h e i g h t .  Ci  ̂ l i n i f o l i u s  w as  o r i g i n a l l y  d e s c r i b e d  a s  a 

s u b s p e c i e s  o f  Ci  v i s c i d i f l o r u s  by H a l l  and C lem en ts  ( 1 9 2 3 ) .  A nderson 

(1964) h a s  s in c e  e s t a b l i s h e d  i t  a s  a  s p e c i e s .  C h ro m ato g rap h ic  d a ta  

c o l l e c t e d  by McArthur e t  a l .  (1978a)  s u p p o r t  t h e  s p e c i e s  s t a t u s  o f  Ci  

l i n i f o l i u s . I t  o c c u r s  i n  Wyoming, C o lo ra d o ,  M bntana , New M exico, U tah , 

a n d  N e v a d a .  I n  U ta h  i t  i s .  f o u n d  on  s t r e a m  banks  an d  t e r r a c e s ,
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i r r i g a t i o n  c a n a l s ,  s e e p s  a n d  s p r i n g s  i n  r i p a r i a n  c o m m u n i t i e s  a t  

e l e v a t i o n s  r a n g i n g  from  1130 t o  2535 m (3700-8300  f t )  (Welsh 1 9 8 3 ) .  

A nderson  (1964) r e p o r t s  t h a t  CL l i n i f o l i u s  o f t e n  o c c u r s  i n  sandy s o i l s .

CL. g r e e n e i  ( G r a y )  G r e e n e  ( g r e e n  r a b b i t b r u s h )  r e s e m b l e s  Cjl 

v i s c i d i f l o r u s  s s p .  s t e n o p h y l l u s  G ray  ( c o n s i d e r e d  (X v*_ s s p .  

v i s c i d i f l o r u s  v a r .  s t e n o p h y l l u s ; A n d e r s o n  1980a)  ( n a r r o w l e a f  low 

r a b b i t b r u s h )  (M cArthur e t  a l .  1 9 7 9 a ) .  I t  o c c u r s  on p l a i n s ,  v a l l e y s ,  

an d  f o o t h i l l s  i n  C o lo ra d o ,  New M exico, Nevada, and  U ta h  ( H a l l  a n d  

C l e m e n t s  1 9 2 3 )  • Cjl v a s e y i i  ( Vasey r a b b i t b r u s h )  g row s on p l a i n s ,  

h i l l s i d e s ,  m o u n ta in s ,  and  v a l l e y s  a t  e l e v a t i o n s  o f  1700 t o  2600 m 

(5570-8525  f t )  i n  U ta h ,  Wyoming, C o lo ra d o ,  New M exico, and  A r i z o n a  

(M cArthur e t  a l .  1 9 7 9 a ) .

C. p a r r y i  ( P a r r y  r a b b i t b r u s h ) , a  m o u n ta in  and  f o o t h i l l  t y p e ,  i s  

found  from  Wyoming t o  w e s t e r n  Nevada, w est  t o  C a l i f o r n i a  and  s o u th  t o  

New Mexico an d  A rizona  (McArthur e t  a l .  1 9 7 9 a ) .  C^ a l b i d u s  ( a l k a l i  

r a b b i t b r u s h )  i s  t h e  o n ly  t a x o n  w i th  w h i t e  f l o w e r s .  I t  i s  a  h a lo p h y te  

and  s u c c e s s f u l l y  in v a d e s  a l k a l i n e  a r e a s .  I t  i s  most commonly found on 

t h e  w e s t  s i d e  o f  t h e  G re a t  S a l t  Lake D e s e r t ,  t h ro u g h  Nevada t o  e a s t  

c e n t r a l  C a l i f o r n i a  (McArthur e t  a l .  19 7 9 a ) . <L d e p r e s s u s  N u t t ,  (d w a rf  

r a b b i t b r u s h )  grows on d ry  p l a i n s ,  h i l l s ,  an d  ro ck y  m o u n ta in  s l o p e s  f rom  

1000 t o  2100 m (3300-6900  f t )  i n  w e s t e r n  C o lo ra d o ,  New M exico, U tah , 

Nevada, and  s o u t h e a s t e r n  C a l i f o r n i a  ( H a l l  and  C lem ents  1 9 2 3 ) .
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L i f e  H i s to r y

C hrysotham nus i s  a  r e l a t i v e l y  s h o r t  l i v e d  s h ru b  (Young and  Evans 

1974 b , Daubenm ire 1 9 7 5 ) .  I t  r e p r o d u c e s  p r i m a r i l y  by s e e d .  I n i t i a l  

e s t a b l i s h m e n t  o f  (X n a u s e o s u s  by se ed  i s  f a i r  t o  good . S te v e n s  e t  a l .  

( 1 9 8 6 )  r e p o r t e d  a  s t a r t l i n g  i n c r e a s e  o f  (X m  s s p .  a l b i c a u l i s  by 

n a t u r a l  s p r e a d  from  10 t o  622 p l a n t s  i n  9 y e a r s .  In  a  s tu d y  e x am in in g  

t h e  e f f e c t  o f  t h e  p a p p u s  on  g e r m i n a t i o n  a n d  s u r v i v a l , s e e d l i n g  

e s t a b l i s h m e n t  was more s u c c e s s f u l  w i th  u n c le a n e d  se ed  p l a n t e d  u p r i g h t  

an d  h a l f  b u r i e d  t h a n  o t h e r  p o s i t i o n s  a n d  d e p th s  (S te v e n s  e t  a l .  1 9 8 6 ) .  

C. n .  s s p .  a l b i c a u l i s  s e e d l i n g  s u c c e s s  was augm ented  by se ed  p lac e m e n t  

and  p o s i t i o n i n g .  In  t h e  f i e l d  t h e  pappus a c t s  a s  a  p a r a c h u t e ,  t h e r e b y  

h e l p i n g  t o  p o s i t i o n  th e  seed  ( s c a r  down) and  a c t s  a s  a n  a n c h o r .

Once Chrysotham nus i s  e s t a b l i s h e d ,  g row th  i s  r a p i d  i f  c o n d i t i o n s  a r e  

f a v o r a b l e  (McArthur e t  a l .  1 9 7 4 ) .  When t r a n s p l a n t e d ,  Chrysotham nus 

grows v i g o r o u s l y  due t o  b a s a l  s p r o u t i n g  (H a l l  a n d  C l e m e n t s  1 9 2 3 ) .  

S e e d l i n g s  a s  young a s  3 months have  been  found  t o  r e s p r o u t  f o l l o w in g  

e x tre m e  d ro u g h t  (McKell and  C h i l c o t e  1 9 5 7 ) .  S c h l a t t e r e r  and  T i s d a l e  

(1969) s u g g e s te d  t h a t  (X nauseosus .  c o n t a i n s  few e r  i n h i b i t o r y  s u b s ta n c e s  

and  l e a c h a t e s  t h a n  o t h e r  common a r i d  zone s p e c i e s .  They s u g g e s te d  t h a t  

g e r m i n a t i o n  a n d  i n c r e a s e d  g r o w t h  o f  E ly m u s  e l y m o i d e s  a n d  

P s e u d o ro e g n e r ia  s p i c a t a  (n o m e n c la tu re  a c c o r d in g  t o  B a rkw orth  and Dewey 

1 98 5 )  u n d e r  t h e  i n f l u e n c e  o f  Chrysotham nus m ig h t  be due t o  g row th  

s t i m u l a t o r y  s u b s t a n c e s  i n  C hryso tham nus .

F lo w e r in g  t im e  i n  Chrysotham nus v a r i e s  w i th  ta x o n  an d  h a b i t a t .  (X_ 

n a u s e o s u s  b loom s a  few t o  s e v e r a l  weeks l a t e r  t h a n  C. v i s c i d i f l o r u s



17

when t h e y  o c c u r  t o g e t h e r  (Winward and  A nderson  1986) .  C l  h u m i l i s  

G reene i s  t h e  e a r l i e s t  b loom ing  s p e c i e s  o f  th e  genus  (A nderson  1 9 8 6 a ) .  

P l a n t s  a t  h ig h  e l e v a t i o n s  bloom e a r l i e r  th a n  t h o s e  a t  low e l e v a t i o n s  

(McArthur e t  a l .  1 9 7 9 a ) .

Some Chrysotham nus t a x a  o f t e n  c o lo n i z e  d i s t u r b e d  p l a n t  com m un it ies  

(McArthur e t  a l .  1978b, McArthur and Welch 1 9 8 6 ) .  Chrvsotham nus t a x a  

e x p r e s s  t h e  f o l l o w i n g  c h a r a c t e r i s t i c s  t h a t  B a k e r  ( 1 9 6 5 )  l i s t s  a s  

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

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

c o n d i t i o n s ,  s e e d s  e q u ip p e d  f o r  lo n g  an d  s h o r t  d i s t a n c e  d i s p e r s a l , 

p h e n o ty p ic  p l a s t i c i t y  t o  c l i m a t i c  and  e d a p h i c  v a r i a t i o n ,  v i g o r o u s  

v e g e t a t i v e  r e p r o d u c t i o n ,  a n d  r a p i d  s e e d l i n g  e s t a b l i s h m e n t .  S e l f -  

f e r t i l i z a t i o n  i s  a  mechanism i n s u r i n g  c o n t in u e d  f e r t i l i t y  i n  p l a n t s  

i n h a b i t i n g  e n v i ro n m e n ts  o f  p e r i o d i c  d r o u g h t  ( S t e b b in s  1 9 5 7 ) .  Lowest 

s e r a i  s p e c i e s  p ro d u ce  many, v e ry  sm a l l  s e e d s  a n d  h a v e  d i s p e r s a l  

m e c h a n is m s  w h ic h  shower s u r r o u n d in g  a r e a s  w i th  them (Young e t  a l .

1 9 7 2 ) .  Young a n d  E v a n s  ( 1 9 7 4 a )  e s t i m a t e d  t h a t  i f  C^ V l  s s p .  

v i s c i d i f l o r u s  c a n o p ie s  were shaped  i n  a  p e r f e c t  h e m is p h e re  t h e  a v e ra g e  

p l a n t  would p ro d u ce  3 0 ,0 0 0  a c h e n e s  (6 a c h en e s /c m 2 o f  canopy s u r f a c e  

w i th  a  mean sh ru b  canopy h e i g h t  and  d i a m e te r  o f  55 cm). The pappus i s  

i m p o r t a n t  f o r  w in d  d i s p e r s a l  ( S te v e n s  e t  a l .  1 9 8 6 ) .  Ci  V l  s s p .  

v i s c i d i f l o r u s  p l a n t s  f a i l e d  t o  f lo w e r  a t  a  s i t e  t h a t  e x p e r ie n c e d  a  

s e v e r e  d r o u g h t  (Young a n d  E v a n s  1 9 7 4 a ) . T h is  i s  a n  example o f  

p h e n o ty p ic  p l a s t i c i t y  i n  C hryso tham nus . Chrysotham nus s e e d  e s t a b l i s h e s  

r a p i d l y ;  w i th  co o l  n i g h t s  and  warm d a y s  i t  can g e rm in a te  w i t h i n  2 d a y s
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(Weber e t  a l .  1 9 85 ) .  Once e s t a b l i s h e d ,  g row th  i s  r a p i d  i f  c o n d i t i o n s  

a r e  f a v o r a b l e  (McArthur e t  a l .  1 9 7 4 ) .

P l a n t  c o m p e t i t io n  i s  v e ry  im p o r ta n t  i n  c o n t r o l l i n g  t h e  g row th  and  

r e p r o d u c t i o n  o f  C h r y s o th a m n u s  on t h e  open r a n g e . McKell ( 1 9 5 6 ) ,  

m e a su r in g  t h e  e f f e c t s  o f  c o m p e t i t i o n  on Chrysotham nus g ro w th ,  found 

f lo w e r  p r o d u c t i o n  and  stem  grow th  t o  be s i g n i f i c a n t l y  r e d u c e d  by  

c o m p e t i t i o n .  C h r y s o t h a m n u s , when c o n t r o l l e d ,  r e i n v a d e s  s lo w ly ,  

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

( F r i s c h k n e c h t  e t  a l .  1953)•  S t i l l ,  t h e  v i a b i l i t y  o f  s e e d s  from  p l a n t s  

w i th  and  w i th o u t  c o m p e t i t io n  i s  t h e  same (McKell and  C h i l c o t e  1 9 5 7 ) .

Chrysotham nus r e s p r o u t s  i n  r e s p o n s e  t o  t o p k i l l .  Young and  Evans 

(1974b) found t h a t  Ci  v i s c i d i f l o r u s  dom ina ted  a n  A r t e m is i a  t r i d e n t a t a  

community a f t e r  f i r e  by r e s p r o u t i n g  and  by s e e d l i n g  e s t a b l i s h m e n t .  

They  found  t h a t  f i r e  enhanced  a c h en e  p r o d u c t i o n .  Ci  v i s c i d i f l o r u s  

dom ina ted  th e  s i t e  and  p e r i o d i c a l l y  r e e s t a b l i s h e d  i t s e l f  f o r  15 y e a r s  

a t  t h i s  s i t e .

Chrysotham nus h a s  a  C3 p h o t o s y n t h e t i c  pa thw ay . In  Ci  n a u se o su s  t h e  

r a t e  o f  p h o t o s y n t h e s i s  i s  h ig h  f o r  a  woody C3 p l a n t .  I t  does  n o t  

become l i g h t - s a t u r a t e d  a t  f u l l  su n .  Weber e t  a l . (1985) s u g g e s t  t h a t  

t h i s  m igh t  be due t o  to m e n to s e  v e s t i t u r e  on th e  l e a f  s u r f a c e  s h a d in g  

t h e  c h l o r o p l a s t s . They c i t e  o t h e r  a u t h o r s  s u g g e s t i n g  t h a t  pubescence  

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

t e m p e r a t u r e s .
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Uses an d  Management O p p o r t u n i t i e s

The ta x a  o f  Chrysotham nus t e n d  t o  form r e s i n s  an d  o i l s .  T h is  i s  

a s s o c i a t e d  w i th  t h e  x e r o p h y t i c  h a b i t a t  o f  t h e  p l a n t s  (H a l l  and  C lem en ts  

1 9 2 3 )  . (X n a u s e o s u s  i s  r i c h  i n  t h e  se c o n d a ry  m e t a b o l i t e ,  ru b b e r  

(M cArthur and  Welch 1 9 8 6 ) .  H a l l  & Goodspeed (1919) c o n c lu d e d  t h a t  i f  

e x t r a c t a b l e  o v e r  150 ,000  t o n s  o f  r u b b e r  w ere  a v a i l a b l e  i n  n a t i v e  s t a n d s  

o f  C h r y s o t h a m n u s . The r u b b e r  i n  Chrysotham nus i s  p r e s e n t  i n  t h e  

i n d i v i d u a l  c e l l s ;  i t  i s  n o t  a  l a t e x  r u b b e r .  The p e r c e n t  i n  each  p l a n t  

i s  t o o  s m a l l  t o  w a r r a n t  h a r v e s t  ( H a l l  and Goodspeed 1 9 1 9 ) ,  b u t  no 

g e n e t i c  s e l e c t i o n s  have been  made ( O s t l e r  e t  a l . 1986) .  O s t l e r  e t  a l .  

(1986) n o te d  t h a t  p o t e n t i a l  f o r  r u b b e r  p r o d u c t i o n  by (% n a u se o su s  i s  

enhanced  b e c a u s e  o f  t h e  f o l l o w i n g  c h a r a c t e r i s t i c s :  I )  i t  i s  w i d e l y  

d i s t r i b u t e d  th ro u g h o u t  w e s t e r n  N orth  America w here w i n t e r  t e m p e r a t u r e s  

a r e  o f t e n  be low  -2 0  F; t h u s  i t s  p o t e n t i a l  r a n g e  e x c e e d s  t h a t  o f  any  

o t h e r  known r u b b e r - p r o d u c in g  p l a n t ;  2) i t  grows on m a r g in a l  l a n d  and  

a l k a l i n e  s o i l s ;  and  3) i t s  a b i l i t y  t o  r e s p r o u t  makes i t  r e s i s t a n t  t o  

mowing an d  h a r v e s t i n g .

Many Chrysotham nus t a x a  have  been  n o te d  a s  u s e f u l  s o i l  s t a b i l i z e r s .  

C. I i n i f o l i u s  i s  v a l u a b l e  f o r  s t a b i l i z i n g  d i s t u r b e d  s o i l  due t o  a 

s t r o n g  u n d e rg ro u n d  s p r e a d i n g  c h a r a c t e r i s t i c  (McArthur e t  a l .  1 9 7 4 ) .  C. 

n a u s e o s u s  i s  u s e f u l  f o r  e r o s i o n  c o n t r o l  b e c au se  o f  i t s  deep r o o t s ,  

heavy l i t t e r ,  a b i l i t y  t o  e s t a b l i s h  on s e v e r e  s i t e s  (M cArthur e t  a l .  

1 9 7 8 b ) , e a s y  e s t a b l i s h m e n t ,  an d  r a p i d  s p r e a d  (McArthur e t  a l . 1974).

There  i s  some c o n t r o v e r s y  o v e r  t h e  v a lu e  o f  Chrysotham nus t a x a  a s  a  

f o r a g e  r e s o u r c e .  A c c o r d i n g  t o  M cK ell  a n d  C h i l c o t e  ( 1 9 5 7 ) ,  C^
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v l s c i d i f l o r u s  a n d  n a u s e o s u s  a r e  r e l a t i v e l y  u n p a l a t a b l e  s h r u b s .  

S e v e r a l  s i t u a t i o n s  h a v e  b e e n  r e p o r t e d  w h e r e  C h r y s o th a m n u s  h a s  

c o n t r i b u t e d  t o  b o th  l i v e s t o c k  and  w i l d l i f e  d i e t s .  Cook and  H a r r i s  

(1950) r e p o r t e d  t h a t  C^ s t e n o p h y l l u s  (C^ s s p .  v i s c i d i f l o r u s  v a r .  

s te n o p h y I l u s  A nderson  1980a) c o n t r i b u t e d  11.31% and 8.2% by w e ig h t  of.  

d i e t  o f  sheep  on w i n t e r  r an g e  i n  Utah d u r in g  1946-47 and  1947-48 , 

r e s p e c t i v e l y .  S e v e rso n  (1966) e s t i m a t e d  t h a t  Chrysotham nus com prised  

30% o f  t h e  p rongho rn  d i e t  i n  t h e  Red D e s e r t  o f  Wyoming. L each  (1956) 

found t h a t  G re a t  B a s in  d e e r  u t i l i z e d  Chrysotham nus t a x a  d u r in g  s e v e r e  

w i n t e r s  i n  C a l i f o r n i a .  Yoakum (1986) s u g g e s t s  Chrysotham nus s h o u ld  be 

managed a s  a  needed component on p ro n g h o rn  r a n g e l a n d s  s i n c e  i t  i s  a 

h i g h l y  p r e f e r r e d  f o r a g e  s p e c i e s  f o r  p ro n g h o rn  and  p r o v id e s  needed  

c o v e r .  I n  M ontana , C h ryso tham nus . a lo n g  w i th  A r te m is ia  and  J u n i p e r , 

was found  t o  co m p r ise  60% o f  mule d e e r  d i e t s  i n  G a r f i e l d  and  Rosebud 

c o u n t i e s ,  MT (E u s ta c e  1 9 7 1 ) .

The use  o f  Chrysotham nus t a x a  may be p a r t i a l l y  d e te rm in e d  by ty p e  

and  abundance  o f  a s s o c i a t e d  f o r a g e . In  a  s tu d y  on t h e  n u t r i t i v e  v a lu e  

o f  w i n t e r  r an g e  p l a n t s  i n  t h e  G re a t  B a s in  (Cook e t  a l .  1 9 5 4 ) ,  u se  o f  Ci  

s t e n o p h y l l u s  c o m p r i s e d  8% o f  t h e  d i e t  on s a g e b ru s h  r a n g e , 6% on 

s a l t b u s h  r a n g e ,  and  2% on g r a s s  r a n g e .  Chrysotham nus s p e c i e s  a r e  used  

on d e p le t e d  game r a n g e s  (McArthur e t  a l .  1974) and  i n  t h e  f a l l  and  

w i n t e r  when more d e s i r a b l e  f o r a g e s  a r e  u n a v a i l a b l e  (McArthur e t  a l .  

1978b, L each  1956) .

McArthur e t  a l .  (1974) s u g g e s t  t h a t  t h e  f o ra g e  v a lu e  o f  Ci  n a u se o su s  

v a r i e s  w i th  s u b s p e c i e s ,  e c o ty p e ,  an d  s e a s o n  o f  t h e  y e a r .  T h i s  i s  

l i k e l y  t r u e  o f  a l l  t h e  Chrysotham hus t a x a .  In  Ci  n a u s e o s u s  t h e  g ray
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g ro u p  s u b s p e c i e s  g e n e r a l l y  a r e  more p a l a t a b l e  t o  game an d  l i v e s t o c k  

t h a n  t h o s e  s u b s p e c i e s  i n  t h e  g r e e n  g r o u p . In  U ta h ,  Cjl ru s s p .  

c o n s i m i l i s  an d  n ^  s s p .  g r a v e o l e n s  ( g re e n  g roup  s u b s p e c i e s )  a r e  l e s s  

p a l a t a b l e  t o  game and  l i v e s t o c k  t h a n  g ra y  g roup  t a x a ,  Cjl ru s s p .  

a l b i c a u l i s  a n d  ru  s s p .  s a l i c i f o l i u s  R y d b e rg  (m o u n ta in  r u b b e r  

r a b b i t b r u s h )  (McArthur e t  a l .  1 974 ) .  D i t t b e r n e r  a n d  O l s o n  ( 1 9 8 3 )  

r e p o r t  p a l a t a b i l i t y  r a t i n g s  o f  Chrysotham nus t a x a  i n  s e v e r a l  w e s t e r n  

s t a t e s  by s u b s p e c i e s .  F o r  exam ple ,  i n  Montana s e v e r a l  s u b s p e c i e s  o f  C. 

n a u s e o s u s  a r e  r a t e d  good i n  p a l a t a b i l i t y  f o r  w h i t e - t a i l  d e e r  a s  i s  C2. 

v i s c i d i f l o r u s  f o r  mule d e e r .

Sampson an d  J e s p e r s o n  (1963) n o te d  t h a t  t h e  c ru d e  p r o t e i n  o f  C2̂  

n a u s e o s u s  was 9% d u r i n g  dorm ant m onths and  11.8% i n  s p r i n g  a f t e r  new 

l e a v e s  a r e  fo rm ed .  In  a n  a n a l y s i s  o f  C2̂  s t e n o p h y l l u s . c a r o t e n e  was 

found  t o  be r e l a t i v e l y  h ig h  (2 .1  m g / l b ) ,  b u t  p h o sp h o ru s  and  p r o t e i n  

r e l a t i v e l y  low ( d i g e s t i b l e  p r o t e i n  v a lu e  = 4% O c to b e r  31 and 2.2% 

December 11) (Cook e t  a l . 1 9 5 4 ) .

F r i s c h k n e c h t  (1 9 6 3 )  d e t e r m i n e d  t h e  e f f e c t s  o f  Cjl n a u se o su s  on 

Agropyron  c r i s t a t u r n  p r o d u c t i o n  and  found  h e rb a g e  y i e l d  o f  s e e d h e a d s ,  

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

Chrysotham nus had h o t  been  rem oved. Chrysotham nus seemed t o  enhance  

t h e  g r o w th  o f  A2. c r i s t a t u m  by p r o v i d i n g  s h a d e ,  hence  d e c r e a s in g  

e v a p o r a t i o n ,  and  by n o t  com peting  f o r  w a t e r .  C o m p e t i t io n  f o r  w a te r  was 

m in im ized  b e c a u se  A2. c r i s t a t u m  and Cjl n a u se o su s  do n o t  a c t i v e l y  grow a t  

t h e  same t im e s  and  s e c o n d a ry  l a t e r a l s  o f  Cl n a u s e o s u s  se em in g ly  o f f e r  

l i t t l e  c o m p e t i t i o n  t o  g r a s s .  Thus Cl n a u se o su s  can  i n c r e a s e  t h e  v a lu e
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Al C f i s t a tu m  ran g e  f o r  f a l l  g r a z i n g  by a l l o w i n g  u n d e r s t o r y  p l a n t s  t o  

rem a in  s u c c u l e n t .

Chrysotham nus t a x a  have  s e v e r a l  o t h e r  p o s s i b l e  u s e s .  Weber e t  a l .  

(1985) s u g g e s t  t h a t  n a u s e o s u s  h a s  many c u r r e n t  and  p o t e n t i a l  u s e s  

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

h y d ro ca rb o n  c r o p ,  an d  p o t e n t i a l  s o u rc e  o f  n a t u r a l  i n s e c t i c i d e s  a n d  

f u n g i c i d e s .  When Chrysotham nus i s  i n c l u d e d  i n  a  h e rb a c e o u s  s e e d i n g ,  i t  

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

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

enhance  snow e n t r a p m e n t , im prove t h e  a e s t h e t i c s  o f  t h e  s e e d in g ,  and 

r e d u c e  t h e  c h a n c e s  o f  d e s t r u c t i v e  i n s e c t  i n f e s t a t i o n s  (S te v e n s  1986) .  

O f t e n  t h e  l a n d s c a p e s  d o m in a t e d  by C h r y s o th a m n u s  s p p .  h a v e  been 

d i s t u r b e d .  Chrysotham nus can  be u s e f u l  a s  h a b i t a t  i n d i c a t o r  (D ayton  

1 9 3 1 ) .  F lo w e rs  and  i n n e r  b a rk  o f  Chrysotham nus make y e l lo w  and g r e e n  

dye (K earney and  P e e b le s  i n  McArthur e t  a l .  1 9 7 9 a ) ,  an d  B o o th  ( i n  

M cArthur e t  a l .  1979 a ) recommended C hrysotham nus f o r  l a t e  s e a s o n  h o n e y .

C o n t ro l  o f  Chrysotham nus i s  d i f f i c u l t  b e c au se  o f  i t s  r e s p r o u t i n g  

h a b i t  a n d  g r e a t  r e p r o d u c t i v e  c a p a c i t y  ( McKelI  and  C h i l c o t e  1 9 5 7 ) .  

R o b e r t s o n  a n d  C o rd s  ( 1 9 5 7 )  fo u n d  2 ,4 - D  s u p e r i o r  t o  2 , 4 , 5 - T  i n  

c o n t r o l l i n g  C h ryso tham nus . Evans an d  Young (1973) g o t  97% c o n t r o l  o f  

C^ v i s c i d i f l o r u s  w i th  2 .4  k g /h a  2 ,4 -D  + 0 .6  k g /h a  p i c lo r a m .  P a u ls e n  

and  M i l l e r  (1968) d e te rm in e d  Tordon 22-K a t  2 . 4  k g /h a  l a t e r  i n  t h e  

g row ing  s e a s o n  was most e f f e c t i v e  i n  e r a d i c a t i n g  C^ p a r r y i  compared 

w i th  2 ,4 -D  an d  low a p p l i c a t i o n s  o f  Tordon .  C^ n a u s e o s u s  was n o t  

c o n t r o l l e d  a t  any  r a t e  be tw een  1 .2 8  t o  1 .6 8  k g / h a  o f  T e b u t h i u r o n  

(M arion  e t  a l .  1 9 8 6 ) .  The optimum t im e  t o  a p p ly  2 ,4 -D  t o  Chrysotham nus
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i s  when th e  c u r r e n t  a n n u a l  s h o o t s  a r e  7 »6 cm lo n g  (Evans and Young

1 9 7 3 ) .  Bange im provem ent p r a c t i c e s  may g i v e  Chrysotham nus t a x a  a n  

a d v a n ta g e  b e c a u s e  i t s  g row th  an d  seed  p r o d u c t io n  a r e  e n h an ced  when 

co m p e tin g  v e g e t a t i o n  i s  rem oved„
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STUDY AREAS AND METHODS 

G e n e ra l  Survey  Methods

Chrysotham nus sp e c im en s  w ere  c o l l e c t e d  th r o u g h o u t  Montana d u r in g  t h e  

summers o f  1985 and 1986 t o  i n v e n t o r y  Montana t a x a  an d  t o  d e te rm in e  

t h e i r  d i s t r i b u t i o n s . A ll  c o l l e c t e d  sp e c im en s  were d e te rm in e d  t o  t h e  

s u b s p e c i e s  l e v e l  u s in g  A n d e r s o n 's  (1986a)  d i a g n o s t i c  k e y .  Specim ens 

a n n o ta t e d  by L. C. A nderson , o b t a i n e d  on l o a n  f ro m  t h e  f o l l o w i n g  

h e r b a r i a ;  U n i v e r s i t y  o f  M ontana, M is so u la  (MONTU); U n i v e r s i t y  o f  Id a h o ,  

Moscow ( ID ) ;  W ash ing ton  S t a t e  U n i v e r s i t y ,  Pullm an (WS); an d  U n i v e r s i t y  

o f  W yoming, L a r a m ie  (RM) (H o lm g re n  a n d  K euken  1 9 7 4 ) ,  a i d e d  i n  

v e r i f i c a t i o n .

Each p l a n t  c o l l e c t i o n  s i t e  was n o te d  on a  Montana highway map and  

g e n e r a l  h a b i t a t  i n f o r m a t io n  was r e c o r d e d . S o i l  t e x t u r e  was d e te rm in e d  

by t h e  hand e s t i m a t i o n  method (USDA 1 9 7 5 ) .  S o i l  d e p th  was a s s i g n e d  t o  

I o f  3 c a t e g o r i e s ;  v e ry  s h a l lo w  (0 -2  i n ) ,  s h a l lo w  (2 -6  i n ) ,  and  norm al 

(6+ i n ) .  A compass was employed t o  d e te r m in e  a s p e c t  a n d  p e r c e n t  s lo p e  

was e s t i m a t e d .  Brow sing on Chrysotham nus p l a n t s  was n o te d  a s  l i g h t  

(<15?> l e a d e r s  b r o w s e d ) , m o d era te  ( 15-40% l e a d e r s  b r o w s e d ) ,  o r  heavy  

(40+% l e a d e r s  b r o w s e d )  . D o m in a n t  a s s o c i a t e s  a n d  d i s t u r b a n c e  

i n d i c a t o r s ,  i f  p r e s e n t ,  were n o t e d .

I n  a d d i t i o n ,  h e rb a r iu m  spec im ens  p r e v i o u s l y  c o l l e c t e d  i n  M ontana , 

from  Montana S t a t e  U n i v e r s i t y  (MONT) a n d  th e  U n i v e r s i t y  o f  M ontana, 

w ere  v e r i f i e d  t o  s u b s p e c i e s .  Any a v a i l a b l e  h a b i t a t  i n f o r m a t io n  was 

n o te d  an d  l o c a t i o n s  w ere  r e c o r d e d  s e p a r a t e l y  on d i s t r i b u t i o n  maps.
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Unknown Taxon S tu d y  Area an d  Methods

D uring  1985, a p r e v i o u s l y  u n c h a r a c t e r i z e d  ta x o n  o f  p a r r y i  was 

d i s c o v e r e d  i n  s o u th w e s t e r n  M ontana. T h u s ,  i n  t h e  summer o f  1986 

a d d i t i o n a l  l o c a l i t i e s  o f  t h e  new ta x o n  w ere  s o u g h t .  Once l i k e l y  s i t e  

c h a r a c t e r i s t i c s  were known, s i m i l a r  a r e a s  were s u rv e y e d  f o r  th e  new 

t a x o n .

At 2 l o c a l i t i e s ,  J e r r y  Creek and  Q u a r tz  H i l l  ( d e s c r i p t i o n  o f  t h e s e  

s i t e s  l o c a t e d  i n  t h e  R e s u l t s  and  D i s c u s s io n  s e c t i o n ,  T a b le s  5 , 6 ) ,  t h e  

u n d e s c r ib e d  t a x o n  a p p p e a re d  t o  have  2 f o rm s , I w i th  tomentum on t h e  

l e a v e s  and I w i th o u t  tom entum . P l a n t s  w i th  m a tu re  f l o w e r s  o f  e a c h  form 

w ere  c o l l e c t e d  a t  t h e s e  s i t e s .  Leaves  and  h e a d s  from  t h e s e  p r e s s e d  

p l a n t s  w ere soaked  i n  50% e t h y l  a l c o h o l  t o  r e s t o r e  them t o  o r i g i n a l  

s i z e  (A nderson  1 9 6 4 ) .  V e g e ta t iv e  an d  f l o r a l  m easu rem en ts  w ere  t a k e n  

f o r  c o m p a ra t iv e  and  d e s c r i p t i v e  i n f o r m a t i o n .  F o l lo w in g  Anderson (1964) 

10 m atu re  h e a d s  ( o c c a s i o n a l l y  few er  due t o  t h e  l a c k  o f  m a tu re  h e a d s )  

from each  sam ple  w ere  m easured  f o r  i n v o l u c r e  f e a t u r e s  and  I f lo w e r  from  

each  head  was m easured  f o r  f l o r a l  f e a t u r e s .  S e v e n te e n  p l a n t s  (10 o f  

tomentum form and 7 o f  form  w i th o u t  tomentum) w ere  m easu red  from t h e  

J e r r y  Creek s i t e  an d  20 (10 o f  each  form ) w ere m easured  from t h e  Q u a r tz  

H i l l  s i t e .  A l l  t o g e t h e r  298  h e a d s  a n d  f l o w e r s  w e re  m e a s u r e d .  

M easurem ents w ere  made on 10 l e a v e s  from  each  p l a n t .

F low er  b u d s ,  a t  t h e  s t a g e  o f  a n t h e r s - e n l a r g e d ,: b u t  n o t  y e l lo w ,  w ere 

c o l l e c t e d ,  p r e s e r v e d  i n  a c e t i c  a c i d  an d  l a t e r  t r a n s f e r r e d  t o  50% e t h y l  

a l c o h o l  f o r  m e i o t i c  chromosome c o u n t s .  Chromosome c o u n t s  w ere  made by
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D r. E. D. M cArthur a t  t h e  U n i ted  S t a t e s  F o r e s t  S e r v i c e  Shrub S c ie n c e  

L a b o r a to ry  i n  P ro v o ,  U tah.

Seven s i t e s  w i th  t h e  new ta x o n  w ere  s t u d i e d  t o  d e s c r i b e  h a b i t a t  

f e a t u r e s .  A l l  7 l o c a t i o n s  were s i l t y  r a n g e  s i t e s  (R oss  and H u n te r  

19 7 6 )  b u t  t h e y  r e c e i v e d  v a r i n g  a m o u n t s  o f  a n n u a l  p r e c i p i t a t i o n .  

P r e c i p i t a t i o n  a m o u n t s  r a n g e d  f ro m  356 t o  588  mm ( 1 4 - 2 3 .  i n )  a n d  

e l e v a t i o n s  r a n g e d  from 1708 t o  2227 m (5600-7300  f t ) .  A ll  s i t e s  

s u p p o r t e d  A r t e m i s i a  t r i d e n t a t a  -  g r a s s  c o m m u n it ie s .  S lo p e s  were 

v a r i a b l e  a n d  a l l  a s p e c t s  e x c e p t  n o r th  w ere e n c o u n te r e d .  For more 

com ple te  d e s c r i p t i o n s  o f  t h e s e  s i t e s  see  t h e  R e s u l t s  an d  D i s c u s s io n  

s e c t i o n  (T a b le  5 , 6 ) .

The f o l l o w i n g  p r o c e d u r e  was. employed a t  e a ch  s i t e  t o  d e te rm in e  t h e  

a r e a  o f  th e  sa m p lin g  p l o t s .  F i r s t ,  t h e  r e g io n  c o n t a i n i n g  t h e  h i g h e s t  

d e n s i t y  o f  Cl p a r r y i  was o c u l a r l y  e s t i m a t e d  and  t h e  a r e a  was m ea su red .  

Then, w i t h i n  t h i s  a r e a ,  t h e  " c l o s e s t  n e ig h b o r "  i n t e r - p l a n t  d i s t a n c e s  

w ere  m easu red  from a  sample o f  10 random ly  chosen  p l a n t s .  Twice th e  

mean " c l o s e s t  n e ig h b o r "  d i s t a n c e  was ad d ed  t o  e a c h  s i d e  o f  t h e  o c u l a r l y  

e s t i m a t e d  a r e a ,  t h e r e b y  e s t a b l i s h i n g  a  p l o t  w h ic h  i n c l u d e d  some 

o u t l y i n g  p l a n t s .

The f o l l o w i n g  m easu rem en ts  w ere  t a k e n  o f  t h e  Cl  p a r r y i  p l a n t s ;  I )  

d e n s i t y ;  2) crown c o v e ra g e ;  3) a v e ra g e  p l a n t  h e i g h t  ( c m ) ;  a n d  4) 

a v e r a g e  l e a d e r  l e n g t h  (cm ) .  To s i m p l i f y  c o u n t s ,  p l o t s  w ere  d iv id e d  

i n t o  s u b p l o t s .  In  e a c h  s u b p lo t  a l l  Cl  p a r r y i  p l a n t s  w ere  c o u n te d .  

T h is  i n c l u d e d  o n l y  i n d i v i d u a l s  w i th  a l l  b a s a l  s tem s w i t h i n  t h e  p l o t .  

F o r  t h e  r e m a in in g  m ea su rem e n ts ,  a p r o p o r t i o n  o f  p l a n t s  w ere  sampled so 

t h a t  300 l e a d e r s  w ere  m easu red  p e r  p l o t .  The number o f  p l a n t s  needed
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t o  i n s u r e  t h i s  number o f  l e a d e r s  was d e te rm in e d  by e s t i m a t i n g  t h e  

a v e r a g e  number o f  l e a d e r s  p e r  p l a n t  a t  e a ch  p l o t .  T h is  was n e c e s s a r y  

b e c a u se  t h e  number o f  l e a d e r s  p e r  p l a n t  v a r i e d  betw een p l o t s  and  w i t h i n  

p l o t s .  The number o f  p l a n t s  m easu red  p e r  s u b p lo t  was d e te rm in e d  by 

e s t i m a t i n g  th e  p r o p o r t i o n  o f  t h e  t o t a l  co u n t  p r e s e n t  i n  e ach  s u b p l o t .  

The f i r s t  p l a n t  m easu red  was a r b i t r a r i l y  c h o sen  an d  f o l l o w i n g  p l a n t s  

w ere  m easu red  a t  random i n t e r v a l s  by c h o o s in g  a  number be tw een  I and  10 

f o r  each  s u b p l o t .  Use was n o te d  on e a c h  p l a n t  m ea su re d .  Ten p e r c e n t  

(b u t  n o t  <15) o f  t h e  l e a d e r s  were c o u n te d  p e r  i n d i v i d u a l .  The p e r c e n t  

canopy c o v e ra g e  o f  p a r r y i  was d e te rm in e d  by m e a su r in g  t h e  s h o r t e s t  

an d  t h e  l o n g e s t  d im e n s io n s  o f  e ach  p l a n t .

To d e te rm in e  w hat e n v i ro n m e n ta l  f a c t o r s  m ig h t  f a v o r  t h e  new t a x o n ,  

a n  a d j a c e n t  p a i r e d  p l o t  w i t h o u t  t h e  t a x o n  p r e s e n t  w as c h o s e n  by  

m a tc h in g  s l o p e ,  a s p e c t ,  and  v e g e t a t i o n  a s  c l o s e l y  a s  p o s s i b l e  t o  t h e  

p l o t  c o n t a i n i n g  p a r r y i . T h is  p l o t ,  a s  i n  t h e  CL p a r r y i  p l o t ,  was 

d iv id e d  i n t o  s u b p l o t s .  A l i n e  t r a n s e c t  was p la c e d  i n  e a c h  s u b p lo t  i n  

b o th  t h e  p a i r e d  p l o t s .  To m easu re  b a s a l  c o v e ra g e  o f  g r a s s e s  and  f o r b s ,  

by s p e c i e s ,  a  2 x  5 dm r e c t a n g u l a r  q u a d r a t  was p la c e d  e v e ry  o t h e r  m e te r  

a lo n g  a  t a p e  s t r e t c h e d  t h e  l e n g t h  o f  t h e  s u b p l o t .  The to p  l e f t  c o r n e r  

o f  t h e  q u a d r a t  was p la c e d  on t h e  m e te r  m ark . By t h e  u se  o f  a plumb 

b o b ,  c a n o p y  c o v e r  o f  s h ru b s  o t h e r  t h a n  Cl p a r r y i  was m easured  by 

r e c o r d i n g  th e  d i s t a n c e  e ach  p l a n t  spanned  a lo n g  th e  t a p e .  Only l i v e  

crown was r e c o r d e d  a s  c o v e ra g e .

D e n s i t y  o f  s h ru b s  o t h e r  th a n  Cl p a r r y i  was m easu red  by c o u n t in g  

i n d i v i d u a l s  o f  e a ch  s p e c i e s  w i t h i n  I m o f  e a c h  l i n e  t r a n s e c t .
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S o i l  sa m p le s  w ere t a k e n  i n  e a c h  q u a r t e r  o f  t h e  p a i r e d  p l o t s .  I n  t h e  

t a x o n  p l o t ,  sam p les  w ere t a k e n  c l o s e  t o  a  Cl p a r r v i  p l a n t .  Three  

d e p th s :  0 t o  5 cm (0 -2  i n ) ,  5 t o  15 cm (2 -6  i n ) ,  and  15 t o  3 0 .5  cm ( 6 -  

12 i n )  were s e p a r a t e d  an d  s t o r e d  i n  b a g s .  T e x tu re  a n a l y s i s  ( Bouyoucous

1 9 3 6 ) ,  e l e c t r i c a l  c o n d u c t i v i t y  (USDA 1 9 5 4 ) ,  and  pH (USDA 1954) were 

a n a ly z e d .

A d d i t i o n a l  i n f o r m a t i o n  w a s  r e c o r d e d  a t  e a c h  s i t e  s u c h  a s  

d i s t u r b a n c e ,  a s s o c i a t e d  s p e c i e s ,  a s p e c t ,  and  s l o p e .  E l e v a t i o n s  and  

a n n u a l  p r e c i p i t a t i o n s  a t  e ach  s tu d y  s i t e  w ere  e s t i m a t e d  from Montana

c l i m a t o l o g i c a l  r e c o r d s  ( N a t io n a l  O c e a n ic  an d  A tm osphe r ic  A d m i n i s t r a t i o n  

1 9 84 ) .
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RESULTS AND DISCUSSION

D u r in g  t h e  sum m ers  o f  1985 a n d  1 9 8 6 ,  8 p r e v i o u s l y  d e s c r i b e d  

C h r y s o t h a m n u s  t a x a  w e r e  f o u n d  t o  o c c u r  i n  M o n tan a  ( T a b l e  2 ) .  

A d d i t i o n a l l y ,  i n  A u g u s t ,  1985 a  p r e v i o u s l y  u n c h a r a c t e r i z e d  s u b s p e c i f i c  

t a x o n  o f  C hryso tham nus  p a r r y i  was l o c a t e d  i n  s o u th w e s t e r n  M ontana. 

U n t i l  now, 12 s u b s p e c i e s  o f  C^ p a r r y i  had been d e s c r i b e d  (A nderson  

1 9 8 6 a ) . None o f  t h i s  s u b s p e c i e s  have  been  n o te d  t o  o c c u r  i n  M ontana. 

C onsp icuous  s t a l k e d  g l a n d s  d i f f e r e n t i a t e  t h e  new ta x o n  from  o t h e r  Ct  

P^-1T y i  ^axa  w i th  t h e  e x c e p t io n  o f  Ct  s s p .  a s p e r  ( G re e n e ) H a l l  & 

C lem .,  known o n ly  from C a l i f o r n i a  an d  Nevada. Based on t h e s e  s t a l k e d  

g l a n d s  i t  i s  p ro p o se d  t h a t  t h i s  new ta x o n  be known a s  C. p a r r y i  s s p .  

g l a n d u lo s u s  W in k le r  and  Wambolt .  Two v a r i e t i e s  a r e  p ro p o s e d ,  C.

s s P- g l a n d u l o s u s  v a r .  g l a n d u l o s u s  a n d  Ct  s s p .  g l a n d u lo s u s  v a r .  

to m e n to s u s .

T a b le  2 .  O c c u r re n c e  o f  Chrysotham nus t a x a  i n  M ontana.

L o c a te d  d u r in g  R ep o r ted  i n  t h e  l i t e r a t u r e  
t h i s  s tu d y

A nderson  1986a . Ct  v i s c i d i f l o r u s  
s s p .  I i n i f o l i u s  by H a l l  and 
C lem en ts  1923.

x A nderson  1986a, H a l l  and C lem en ts
1923.

x A nderson 1986a.

x A nderson  19 8 6 a , H a l l  and  C lem en ts
1923.

C. I i n i f o l j u s

Ct  n a u s e o s u s

s s p .  a l b i c a u l i s

s s p .  c o n s i m i l i s  

s s p .  g r a v e o l e n s
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Table 2 .  continued .

Taxon L o c a te d  d u r in g
t h i s  s tu d y

R ep o r te d  i n  t h e  l i t e r a t u r e

C. n a u s e o sus

s s p .  na use  o su s  x A nderson  1986a. (X s s p .
t y p i c u s  by H a l l  and  C lem ents  
1923.

s s p .  s p e c i o s u s  

C. p a r r y i

s s p .  g l a n d u l o s u s  x

C. v i s c i d i f l o r u s

H a l l  and C lem en ts  1923. In c lu d e d  
i n  C. n .  s s p .  a l b i c a u l i s  i n  
A nderson 1986a. , .

s s p .  I a n c e o l a t u s  x A nderson  19 8 6 a , H a l l  and  C lem en ts  
1923.

s s p .  p u b e ru lu s H a l l  and C lem en ts  1923.

s s p .  p u m i l i s H a l l  and C lem en ts  1923. P a r t  o f  
C. v .  s s p .  v i s c i d i f l o r u s  bv 
A nderson  1986a.

s s p .  s t e n o p h y l l u s H a l l  and  C lem en ts  1923. V a r ie ty  
o f  C. n .  s s p .  v i s c i d i f l o r u s  bv 
A nderson  1980b.

s s p .  v i s c i d i f l o r u s  x

v a r .  s t e n o p h y l l u s  x

A nderson  1986a. L abe led  Ci  
s s p .  t y p i c u s  by H a l l  and C lem en ts  
1923.

v a r .  v i s c i d i f l o r u s  x A nderson  1980b.
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PhylOKeny and c l a s s i f i c a t io n  o f  Chryaothamnus parrvi

sap. Klandulosus

The r e p r o d u c t i v e  s t r a t e g y  o f  f a c u l t a t i v e  s e l f - f e r t i l i z a t i o n  w i th  t h e  

c a p a c i t y  t o  o c c a s i o n a l l y  o u t c r o s s ,  a s  o c c u r s  i n  C h rvso tham nus . o f t e n  

p rom o tes  t h e  deve lopm en t o f  new v a r i e t i e s .  These v a r i e t i e s  i n c lu d e  new 

e c o t y p e s ,  s u b s p e c i e s ,  a n d  s p e c i e s .  H o w e v er ,  t h i s  t r a i t  i s  n o t  

c o n d u c iv e  t o  e v o l u t i o n  o f  new g e n e ra  an d  f a m i l i e s  ( S t e b b i n s  1957) .  A 

s p e c i e s  i s  a  p o p u l a t i o n  e n t i t y  m a in ta in e d  by t h e  i n a b i l i t y  o r  g r e a t  

r e s t r i c t i o n  o f  gene  exchange  by p h y s i o l o g i c a l  o r  g e n e t i c  i s o l a t i o n  

b a r r i e r s  ( S t e b b i n s  1 9 5 0 ) .  S ev en ty  t o  80 )  o f  t h e  s p e c i e s  o f  h i g h e r  

p l a n t s  c o n fo r m  w e l l  t o  t h i s  b i o l o g i c a l  s p e c i e s  d e f i n i t i o n  a n d  

c o n s e q u e n t l y  show m o rp h o lo g ic a l  d i s c o n t i n u i t y  b a se d  on r e p r o d u c t i v e  

i s o l a t i o n  ( S t e b b i n s  1 965 ) .  No r e p r o d u c t i v e  t e s t s  w ere pe rfo rm ed  t o  

d e te rm in e  i f  Ci  s s p .  g l a n d u lo s u s  i s  r e p r o d u c t i v e l y  i s o l a t e d  from 

o t h e r  Ci  p a r r y i  t a x a .

S u b s p e c i e s  a r e  s e r i e s  o f  p o p u l a t i o n s  r e s e m b l in g  e ach  o t h e r  i n  

c e r t a i n  m o r p h o l o g i c a l  a n d  p h y s i o l o g i c a l  c h a r a c t e r i s t i c s ,  e a c h  

i n h a b i t i n g  a  g e o g ra p h ic  s u b d i v i s i o n  o f  t h e  s p e c i e s  r a n g e  o r  a  s e r i e s  o f  

s i m i l a r  h a b i t a t s .  They a r e  d i f f e r e n t  i n  s e v e r a l  c h a r a c t e r i s t i c s  from  

t y p i c a l  members o f  o t h e r  s u b s p e c i e s ,  y e t  a r e  c o n n e c te d  w i th  I o r  more 

o f  them by a  s e r i e s  o f  i n t e r g r a d i n g  f o r m s  ( S t e b b i n s  1 9 5 0 ) .  Two 

s u b s p e c i e s  can  c o e x i s t  o v e r  t h e  same a r e a ,  b u t  a r e  l i k e l y  t o  be a t  

l e a s t  p a r t l y  i s o l a t e d  from e ach  o t h e r  by h a b i t a t  p r e f e r e n c e s  ( S t e b b i n s  

1 9 5 0 ) .  M u l l e r  ( 1 9 4 0 )  s t a t e s  t h a t  s u b s p e c i e s  e s t a b l i s h m e n t  i s  

e v o l u t i o n a r i l y  s i g n i f i c a n t  i n  t h a t  i t  p rom o tes  a l l o p a t r i c  s p e c i a t i o n .
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He s u g g e s t s  t h a t  t h e  s e g r e g a t i o n  o f  a  p r e v i o u s l y  i n t e r b r e e d i n g  

p o p u l a t i o n  sy s tem  i n t o  2 o r  more r e p r o d u c t i v e l y  i s o l a t e d  p o p u l a t i o n s  

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

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

E c o ty p e s ,  a n  e c o l o g i c a l  and a d a p t a t i o n a l  c o n c e p t ,  a r e  d i s t i n g u i s h e d  

p r i m a r i l y  by t h e i r  r e a c t i o n  t o  t h e  e n v iro n m en t  and  may p o s s e s s  d e f i n e d  

m o rp h o lo g ic a l  d i f f e r e n c e s  ( S t e b b i n s  1 9 5 0 ) .  C. s s p .  g l a n d u lo s u s  i s  

m o r p h o lo g ic a l ly  and  a p p a r e n t l y  g e o g r a p h i c a l l y  s e p a r a t e d  f ro m  o t h e r  

s u b s p e c i e s  an d  t h u s  i s  p ro p o sed  a s  a  s u b s p e c i e s  r a t h e r  t h a n  a n  e c o ty p e .

A nderson  (1978) i n f e r r e d  t h a t  Ci  Pi  s s p .  m o n ta n u s , a  l o c a l  endem ic , 

i s  r e l a t e d  t o  Ci  jx  s s p .  p a r r y i  b e c a u se  o f  i t s  m an y -f lo w ere d  h e a d s .  I f  

t h i s  i s  s o ,  th e n  Ci . Pi  s s p .  g l a n d u l o s u s  i s  l i k e l y  d e r i v e d  from t h e  same 

l i n e a g e , s i n c e  i t  l i k e w i s e  h a s  many f lo w e r s  p e r  h e a d . These ta x a  a r e  

s i m i l a r  m o r p h o l o g i c a l l y ,  y e t  d i f f e r  p r i m a r i l y  i n  t h a t  Ci  Pi  s s p .  

S-L&ndulo su s  h a s  s t a l k e d  g la n d s  and  a  g r e a t e r  number o f  f l o w e r s  p e r  head 

t h a n  Ci  Pi  s s p .  m ontanus (T a b le  3 ) ; The ty p e  l o c a t i o n  o f  Ci  Pi  s s p .  

m o n ta n u s  i s  C l a r k  C o . ,  I d a h o  on e xposed  rocky  s l o p e s  o f  t h e  Red 

C ong lom era te  P e a k s ,  l o c a t e d  i n  t h e  I r v i n g  Creek  d r a i n a g e ,  28 a i r  m i l e s  

n o r th w e s t  o f  D u b o is ,  Id ah o  (A nderson  1 9 78 ) .  T h is  l i e s  c lo s e  t o  th e  

s o u th w e s t  b o r d e r  o f  Montana w here a  few p o p u l a t i o n s  o f  Ci  Pi  s s p .  

g l a n d u l o s u s  a r e  known t o  o c c u r .

I t  i s  s p e c u l a t e d  t h a t  Ci  Pi  s s p .  g l a n d u lo s u s  v a r .  to m e n to su s  a r o s e  

from Ci  Pi  s s p .  g l a n d u l o s u s  v a r .  g l a n d u l o s u s . Ci  Pi  s s p .  g l a n d u lo s u s  

v a r * g l a n d u l o s u s  h a s  a w id e r  r a n g e , o c c u r s  more f r e q u e n t l y , and o c c u r s  

in d e p e n d e n t ly  "of Ci  Pi  s s p .  g l a n d u l o s u s  v a r .  to m e n to s u s . Ci  Pi  s s p .  

g l a n d u lo u s  v a r .  to m e n to su s  was found  a t  o n ly  2 o f  t h e  7 sa m p l in g  s i t e s



T a b le  3 . Com parison o f  Chry so tham nus  p a r r y !  s s p .  g l a n d u lo s u s  w i th  3 m o rp h o lo g ic a l ly  s i m i l a r  C.
y i  vflxo. • """

Taxon Leaf
. l e n g t h

(cm)

L eaf
w idth
(mm)

L eaf
s u r f a c e

L eaf
shape

Tip
shape

F l ower
l e n g t h

(mid)

Flower
lo b e

le n g th
(mm)

I n f l o r e s c e n c e
arrangem ent

No.
f lo w e r s

per
head

Cl Ll s s p .  
g la n d u lo s u s - 1-5 1-4  . s t a lk e d

g la n d s
l i n e a r -
l i n e a r
o b la n c -
e o l a t e

a c u te 6 -9 O•8—1.6 ' cyme 10-14

C. Ll s s p .  
a s p e r

2 - 5 b - -[-Sh s h o r t  
. s t a lk e d  

g la n d s b

o b la n c -
e o l a t e a

up t o  
Sa

sh o r t
racemeb

5 - 1 Obc

C. p. s s p .  
montanus

2 - 3 . 5ad 1-2 d v i s c i d -
u lo u s

I i n e a r d 9 - 10ad 1 . 4 - 1 .7 d fe w -h e a d e d , 
Cymosed

5-1 Id

C. p. s s p .  
im ulus

1-1 .5 ab 2 - 3 b gray
w ith
dense
tcmentumb

s p a tu -
I a t e -
l i n e a r
s p a t u -
I a t e bi

O btuseb 9 - 10b 1 - 1 .5 b r e d u c e d . 
racemeb

11-15°

^Anderson 1986a. 
bHall and Clements 1923. 
‘'McArthur et a l . 1979a. 
“Anderson 1978.
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Morphology o f  Chrysotham nus p a r r y j  s s d .  g l a n d u l o s u s

Chrysotham nus p a r r y i  s s p .  g l a n d u l o s u s  i s  a  low s h r u b ,  1-3 dm t a l l ,  

much b ran c h e d  from a  woody c a u d ex .  T h is  t a x o n ,  l i k e  o t h e r  Ci  p a r r y i  

t a x a  ( P a u ls e n  and  M i l l e r  1968, M cArthur e t  a l .  1 9 7 9 b ) ,  s p r e a d s  by  

u n d e rg ro u n d  s h o o t s .  The s tem s  a r e  l e a f y  and  c o v e re d  w i th  l o o s e  w h i te  

t omentum. C h a r a c t e r i s t i c a l l y ,  Ci  p a r r y i  t a x a  have  f e l t - l i k e  w h i te  t o

g r e e n  t omentum w hich i s  n o t  a s  dense  o r  r e s i n o u s  a s  t h a t  on s tem s o f  C. 

n a u s e o s u s  (McArthur e t  a l .  19793-) • Stems o f  Ci  p a r r y i  s s p .  g l a n d u lo s u s  

a r e  m o s t ly  e r e c t ,  a l t h o u g h  some a r e  found  s p r e a d i n g  on th e  g ro u n d .  

B ra n c h in g  o c c u r s  o n ly  i n  t h e  i n f l o r e s c e n c e .  The l e a v e s  a r e  a l t e r n a t e ,  

s e s s i l e ,  na rrow  t o  b r o a d ly  I i n e a r - o b l a n c e o l a t e , w i th  a c u t e  t i p s .  The 

l e a v e s  m easu re  ( I )  2 t o  4 (5 )  cm lo n g  and  1 .5  t o  4 mm w id e .  They have 

I p rom inen t  n e r v e ,  y e t  o c c a s i o n a l l y  t h e r e  a r e  2 o r  4 a d d i t i o n a l  n e r v e s .  

H a l l  a n d  C l e m e n t s  (1 9 2 3 )  n o t e  t h a t  n e rv e  number i s  v a r i a b l e  and  

d e p e n d en t  on l e a f  w id th .  The l e a v e s  a r e  ro u g h e n e d , w i t h  n u m e ro u s
I

s t a l k e d  r e s i n  g l a n d s .  The m a rg in s  a r e  e n t i r e  an d  t h e  u p p e r  l e a v e s  

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

The f lo w e r  h e a d s  o f  Ci  p a r r y i  s s p .  g l a n d u lo s u s  a r e  a r r a n g e d  i n  l e a f y  

t e r m i n a l  cymes ( F ig .  I ) ,  d i f f e r i n g  from  o t h e r  Ci  p a r r y i  i n f l o r e s c e n c e s ,  

which a r e  t y p i c a l l y  racem es ( H a l l  and C lem en ts  1 9 2 3 ) .  The i n v o l u c r e s  

o f  Ci  p a r r y i  s s p .  g l a n d u lo s u s  a v e r a g e  1 .1 3  cm h ig h ;  b r a c t  number r a n g e s  

from (9 )  12 t o  16 . These i n v o l u c r a l  b r a c t s  a r e  somewhat r a n k e d ,  n o t  

k e e l e d ,  have  n a r ro w ly  a c u m in a te  t i p s  and  a r e  I n e r v e d ,  o c c a s i o n a l l y
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w i t h  2 a d d i t i o n a l  n e r v e s .  T here  a r e  (9 )  10 t o  14 (16 )  f l o w e r s / h e a d . 

The d i s k  f l o w e r s ,  t u b u l a r  s h a p e d ,  a r e  (6) 7 t o  8 (9 )  mm lo n g ;  l o b e s  a r e  

I t o  1 .3  mm l o n g .  The s t y l e  b ra n c h  r a n g e s  from  2 t o  3 .5  mm. The 

s t i g m a t i c  l i n e s  a r e  u s u a l l y  s h o r t e r  t h a n  t h e  s t y l e  a p p e n d a g e s  (35 t o  

57%). The pappus  l e n g t h  i s  7 t o  8 mm. The a c h e n e  i s  2 t o  5 mm l o n g .

The chromosome number i s  2 n = l8 .  T h is  i s  t h e  modal number th ro u g h o u t
*

t h e  genus  ( S o l b r i g  e t  a l .  1 9 6 9 ) .  (% p a r r y i  s s p .  g l a n d u lo s u s  blooms

from J u l y  t o  A u g u s t .  Cl p a r r y i  s s p .  g l a n d u lo s u s  v a r .  g l a n d u lo s u s  h a s  

l e a v e s  an d  i n v o l u c r a l  b r a c t s  t h a t  have  no o r  l i t t l e  t o m e n t o s i t y  w h e re as  

Cl  p a r r y i  s s p .  g l a n d u l o s u s  v a r .  to m e n to su s  h a s  l e a v e s  and  i n v o l u c r a l  

b r a c t s  c o v e re d  w i th  dense  tomentum w hich  makes t h e  s t a l k e d  g l a n d s  

i n c o n s p ic u o u s  ( F ig .  I ) .

The R e l a t i o n s h i p  o f  Chrysotham nus p a r r y i  s s p .  g l a n d u l o s u s  t o  o t h e r  

Chrysotham nus Taxa

C. p .  s s p .  g l a n d u lo s u s  i s  m o r p h o lo g ic a l ly  c lo s e  t o  3 o t h e r  C^ p a r r y i  

t a x a :  Cl s s p .  im u lu s  H a l l  & C le m .,  Ol s s p .  a s p e r . and  Cl  p^_ s s p .  

m o n t a n u s  L . C. A n d e r s o n .  I n t r a s p e c i f  i c a I l y , o n l y  Cl  s s p .

g l a n d u l o s u s  a n d  C^ s s p .  a s p e r  have  c o n s p ic u o u s  s t a l k e d  g l a n d s .  

T y p i c a l l y ,  Cl ^ l  s s p .  g l a n d u l o s u s . Cl  ^ l  s s p .  im u l u s . and  Cl  ^ l  s s p .  

m ontanus have  more t h a n  7 f lo w e r s  p e r  head  and a r e  I t o  2 dm t a l l .  

L e a f  l e n g t h ,  l e a f  w i d t h ,  f l o w e r  n u m b er  p e r  h e a d ,  a n d  o t h e r  

m o rp h o lo g ic a l  c h a r a c t e r i s t i c s  d i s t i n g u i s h  Cl  s s p .  g l a n d u l o s u s  (T ab le  

3 ) .  Cl  ELl  s s p .  a s p e r  o c c u r s  on s l o p e s  b o r d e r i n g  t h e  d e s e r t  o f  e a s t e r n  

C a l i f o r n i a  and w e s t e r n  Nevada from 2100 t o  2600 m (6885 -8525  f t )  in
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F i g u r e  I .  I l l u s t r a t i o n s  o f  Chrysotham nus p a r r y !  s s p .  g l a n d u l o s u s .
A. H a b i t  x 2 / 3 .  B. I n v o l u c r a l  b r a c t  o f  Ci  s s p .  
g l a n d u lo s u s  v a r .  g l a n d u l o s u s . showing s t a l k e d  g la n d s  
x 4 .  C. I n v o l u c r a l  b r a c t  o f  Ci  s s p .  g l a n d u l o s u s  
v a r .  to m e n to s u s . showing t omentum x 4 .
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e l e v a t i o n  ( H a l l  and  C lem en ts  1923);  (% ^  s s p .  im u lu s  i s  found  o n ly  i n  

t h e  San B e r n a rd in o  M oun ta ins  o f  s o u th e r n  C a l i f o r n i a  ( H a l l  an d  C lem ents  

1 9 2 3 ) ;  a n d  C_̂  s s p .  m on tan u s  h a s  been  l o c a t e d  o n ly  in  t h e  Red 

C onglom erate  p e a k s  a t  th e  Montana — Idaho  b o r d e r  (A nderson  19 7 8 ) .

As a  s p e c i e s  Cl p a r r y i  i s  most c l o s e l y  r e l a t e d  t o  Cl  n a u s e o s u s . 

H a l l  an d  C lem ents  (1923) s t a t e  t h a t  t h e r e  can be no d o u b t  a s  t o  t h e  

common o r i g i n  o f  t h e s e  2 s p e c i e s .  They s h a r e  c h a r a c t e r i s t i c s  such  a s  

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

b r a n c h e s .

I n  t h e  p a s t ,  n a t u r a l  r e s o u r c e  m anagers  have  r e c o g n iz e d  o n ly  2  

Chrysotham nus t a x a  i n  M ontana, Cl  n a u s e o s u s  and  Cl  v i s c i d i f l o r u s  (Booth 

a n d  W r i g h t  1 96 6 )  . R e c e n t l y  D orn  (1984) c i t e d  a  t h i r d  t a x o n ,  Cl  

l i n i f o l i u s . T a b l e  4 i l l u s t r a t e s  so m e  o f  t h e  m o r p h o l o g i c a l  

c h a r a c t e r i s t i c s  d i f f e r e n t i a t i n g  Cl ^ l s s p .  g l a n d u lo s u s  from  o t h e r  t a x a  

i n  t h e  S t a t e .

Morphology o f  o t h e r  Chrysotham nus Taxa i n  Montana 

Chrysotham nus n a u s e o s u s

M o rp h o lo g ic a l ly  Cl  n a u s e o s u s  s u b s p e c i e s  f a l l  i n t o  2 g r o u p s ,  g ray  and 

g r e e n ,  b a sed  on stem  c o l o r  and  p r e s e n c e  o r  a b s e n c e  o f  h a i r s  on t h e  

i n v o l u c r e  (A nderson  1986c ) .  The g ra y  g roup  t y p i c a l l y  h a s  g ray  s tem s  

and  p u b e sce n c e  t o  t omentum on t h e  i n v o l u c r e s  and  i n c l u d e s  Montana t a x a  

Cl  Iil  s s p .  n a u s e o s u s  an d  (X m  s s p .  a l b i c a u l i s . The p u b e sce n c e  on t h e



Table  4 .  D i a g n o s t i c  c h a r a c t e r i s t i c s  o f  Montana Chryso tham nus.a

Stems Tomentose

Phyllaries a tten u a te , ra ther membranous

Inflorescence racemose 
5-20 flowers/head

Chrvsothaanus parrv l

P hyllaries obtuse to  acu te , chartaceous

Inflorescence mostly cycose 
Usually 5 flowers/heed

Chrvsothamnus nauseosus

Stems Kot Tomentose 
glabrous to  puberulent

Leaves o ften  tw isted , lin ea r to  oblong 
lanceo late  

S aa lle r p lant

Chrysothamnus v lsc id iflo ru s

Leaves never tw isted, 
lanceolate 

Soboliferous 
Thll plant > 7  dm

Chrvsothamnus lin ifo l iu s

Leaves with 
stalked 
glands

ssp.
Elandulosus

Leaves without stalked 
glands

Leaves overtop 
inflorescence

fo liage  with 
tomentun

van.
tomentosus

Involucres pubescent to  
tomentose (rarely  nearly 
nearly glabrous)

Stems whitish

5-7 flow ers/ 8-20 flowers Corolla 6 - Corolla (8) Leaves 1-3 Leaves I m
head. /head. 8.5 mm long. 9-10 mm long. mm wide, wide or le s s ,
Corolla p i e Leaves 2-3-5 Involucre Involucre 1-5 nerved. I nerved.
yellow, 8-10 cm long. 7-9-5 mm 9-11 m  long. Involucre Involucre
™ long. Shrub 1-2 long. Shrub 4-15 6.7-9«5 QQ 7-8 nm long.
Leaves 1-3 dm t o l l . Shrub 2-7 dm t o l l . long. Corolla 7 -
mm wide. dm t a l l . Corolla 7-9 9.5 mm long.

mm long. Corolla lobes
Corolla lobes 1-2.5 nm long
.6-1.5 nn Often bright
long. green stem.
Often to l l ,
robust.

ssp. ssp. ssp. ssp. ssp. ssp.
salmonensis montonus nauseosus a lb ic au lls Kraveolens consim ilis

fo liage
without
t omentum

var.
Klandulosus

Involucres glabrous 

Stems greenish

Upper stems hairy

Leaves > 2 ma 
wide, hairy  to 
glabrous

ssp.
Ianceolatus

Upper stems glabrous

Leaves 1-10 nm wide, 
c i l ia te  margins 
otherwise glabrous

ssp.
v lsc id iflo ru s

Leaves > I .5 on 
wide; up to  I m 
to l l

var.
v lsc id iflo ru s

Leaves 1-1.5 mm 
wide; mostly 
< 3 dm to l l

var.
stenophvllus

a Includes two Barryi taxa from Idaho. These taxa were not found in  Montana but might occur.

UU
OD
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i n v o l u c r e  i s  a n  e x p r e s s i o n  o f  t h e  te n d e n c y  tow ard  a b u n d a n t  p u b e sce n c e  

i n  t h e  w hole  p l a n t  (H a l l  and  C lem en ts  1 9 2 3 ) .

The sp e c im en s  o f  n ^  s s p .  n a u s e o s u s  c o l l e c t e d  d u r in g  t h i s  s tu d y  

r a n g e d  i n  h e i g h t  f rom  1 .6 -1 0  dm. The f o l l o w i n g  c o l l e c t i o n s  i l l u s t r a t e  

t h e  i n t r a s u b s p e c i f i c  v a r i a t i o n  i n  s tem  c o l o r  o f  t h i s  t a x o n :  8 / I 6A b , 

8 / l 6 / 5 e ,  and  8 / 2 7 / A a  had b r i g h t  g r e e n  s te m s ;  8 / 2 7 / 9b had  a  d a rk  g r e e n  

s tem ; an d  8 /2 6 /2 b  had a  c o t to n y  w h i te  s tem . Specim ens o f  n ^  s s p .  

a l b i c a u l i s  c o l l e c t e d  ran g e d  i n  h e i g h t  from 2 .5 - 1 1  dm. Stem c o l o r  

c h a r a c t e r i s t i c s  o f  t h i s  t a x o n  v a r i e d  c o n s i d e r a b l y .  C o l l e c t i o n s  8 / 2 9 / l a ,  

8 / 2 9 / Ib , 8 / 3 1/ 3 b , 8 /3 1 / 3 c , and  8 / 3 1/3 d  had b r i g h t  g r e e n  s te m s ,  how ever ,  

c o l l e c t i o n  8 /3 1 /2 c  had w h i te  s te m s .  T y p i c a l l y  s tem  p u b e sce n c e  i n  C. n .  

s a p .  a l b i c a u l i s  r a n g e s  from l i g h t  g r e e n  t o  w h i te  v a r y i n g  w i th  e c o ty p e  

(Hanks e t  a l . 1 9 7 5 ) .

The g r e e n  g r o u p , composed o f  C^ ru s s p .  c o n s i m i l i s  and  CL n ^  s s p .  

g r a v e o l e n s , h a s  g r e e n  s tem s and  g l a b r o u s  i n v o l u c r e s .  The. h e i g h t  o f  

c o l l e c t e d  sp e c im e n s  o f  Cr  n ^  s s p .  g r a v e o l e n s  ra n g e d  from  3 .1  t o  12 dm. 

Most sp e c im en s  o f  t h i s  t a x o n  w ere  f a i r l y  t y p i c a l ,  y e t ,  some p l a n t s  had  

n a r ro w e r  l e a v e s .  Specim ens o f  Cr  m  s s p .  c o n s i m i l i s  ra n g e d  from 2 .4  t o  

7 dm i n  h e i g h t .

V a r i a t i o n  i n  t h e  above  t a x a I may be e x p la in e d  by i n t e r g r a d a t i o n  t h a t  

o c c u r s  b e tw e e n  p a r a p a t r i e  and  s y m p a t r i c  s u b s p e c i e s  o f  Cr  n a u s e o s u s  

( F i g .  2 ) .  I n  a r e a s  w here  2 A c iu r in a  s p e c i e s  ( f r u i t  f l y )  c o n c u r  and  Cr  

n a u s e o s u s  s u b s p e c i e s  a r e  s y m p a t r i c ,  I f l y  s p e c i e s  (A c iu r i rm  b i g e l o v i a e ) 

in d u c e s  c o t t o n  g a l l s  on t h e  g r e e n  g roup  o f  Cr  n a u s e o s u s  w h e re a s  a n o t h e r  

f l y  s p e c i e s  (Ar  t r i x a )  in d u c e s  c a l l u s  g a l l s  on t h e  w h i te  g ro u p .  G a l l s
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i n  a r e a s  o f  sym patry  can  a i d  i n  i d e n t i f i c a t i o n  o f  s u b s p e c i e s  o f  C. 

n a u s e o s u s  (McArthur e t  a l . 1979 b , Weber e t  a l . 19 8 5 ) .

C. n .  s s p .  g r a v e o le n sC. n .  s s p .  a l b i c a u l i s

- 3  Ci  s s p .  c o n s i m i l i s

% Sympat r i e ;  m o d era te  g e n ic  exchange
-----------^  S y m p a t r ic ; exchange  unknown
— /  j —> A l l o p a t r i c

F ig u r e  2 .  R e l a t i o n s h i p s  among Montana Chrysotham nus n a u s e o s u s  
s u b s p e c i e s .  Adapted f o r  Montana from A nderson  1986c .

Chrysotham nus v i s c i d i f l o r u s

I n t r a s p e c i f i c  v a r i a n t s  o f  Ci  v i s c i d i f l o r u s , s e p a r a t e d  from Ci  

n a u s e o s u s  p r i m a r i l y  by t h e  l a c k  o f  to m en to se  v e s t i t u r e  on t h e  s te m s ,  

a r e  d i f f i c u l t  t o  c l a s s i f y  due  t o  t h e  l a c k  o f  s u f f i c i e n t  f l o r a l  

d i s t i n c t i o n s  (A nderson  19 8 0 a ) .  The f l o r a l  f e a t u r e s  v a ry  w i th  d i f f e r e n t  

e n v i ro n m e n ts  (A nderson  19 6 4 ) .  The amount and ty p e  o f  v e s t i t u r e  on 

l e a v e s  and  s te m s ,  i f  p r e s e n t ,  a i d s  i n  d e te r m in in g  Ci  v i s c i d i f l o r u s  

s u b s p e c i e s  i n  M ontana . A cco rd in g  t o  a d i a g n o s t i c  key by A n d e r s o n  

( 1 9 8 6 a ) ,  Ci  Vi  s s p .  I a n c e o l a t u s  h a s  h i s p i d  h a i r  on t h e  s tem s  n e a r  t h e  

i n f l o r e s c e n c e  and t h e  l e a v e s  a r e  h i r s u t e  t o  g l a b r o u s .  Ci  Vi  s s p .

I a n c e o l a t u s  c o l l e c t i o n s  ran g ed  i n  h e i g h t  from I .4 t o  3 dm. A ll



c o l l e c t i o n s  made d u r in g  t h i s  s tu d y  had f l a t  l e a v e s  w hich a g r e e s  w i th  

M cArthur e t  a l .  ( 1 9 7 8 a ) ,  who r e p o r t e d  t h a t  Cl Vl s s p .  I a n c e o l a t u s  h a s  

l e a v e s  2.5-6mm w id e ,  1 .5-4cm lo n g ,  and  f l a t .  H ow ever ,  c o l l e c t i o n  

8 / 2 0 / Ib had t w i s t i n g  l e a v e s .  A lso ,  s e v e r a l  narrow  le a v e d  sp ec im en s  o f  

Cl V l  s s p .  I a n c e o l a t u s  w ere  fo u n d .  The l e a v e s  o f  c o l l e c t i o n s  8 / l 6 / 2 a ,  

8 /2 0 /2 C ,  8 / 2 0 /3 d ,  a n d .8 / 3 1 / 5 a  a l l  m easured  l e s s  t h a n  1 .7  mm. These a r e  

ex am p les  o f  p h e n o ty p ic  v a r i a t i o n ,  w hich  may r e f l e c t  d i f f e r e n t  e c o ty p e s  

and  e n v i r o n m e n ts .

The s tem s  o f  Cl  Vl s s p .  v i s c i d i f l o r u s  u s u a l l y  a r e  g l a b r o u s ,  

a l t h o u g h ,  M cArthur e t  a l . ( 1 9 7 8 a ) n o t e s  t h e  s t e m s  a r e  s o m e t im e s  

s p a r s e l y  p u b e r u l e n t .  The l e a v e s  o f t e n  have  c i l i a t e  m a r g in s ,  o th e r w is e  

th e y  a r e  g l a b r o u s  and  r a n g e  i n  w id th  from  I t o  10 mm. No Montana 

sp e c im en s  o f  Cl Vl s s p .  v i s c i d i f l o r u s  w ere  found w i th  l e a v e s  w id e r  th a n  

3 -5  mm.

A nderson  (1980a)  d e s c r i b e s  2 v a r i e t i e s  o f  Cl  Vl s s p .  v i s c i d i f l o r u s : 

Cl  V l  s s p .  v i s c i d i f l o r u s  v a r .  v i s c i d i f l o r u s  a n d  Cl  V l  s s p .  

v i s c i d i f l o r u s  v a r .  s t e n o p h y l l u s . which a r e  d i s t i n g u i s h e d  by l e a f  w id th  

and  p l a n t  h e i g h t .  The p r i n c i p a l  c h a r a c t e r i s t i c  u sed  t o  d i s t i n g u i s h  

betw een  t h e s e  2 v a r i e t i e s  i n  th e  c o l l e c t i o n s  made f o r  t h i s  s tu d y  was 

l e a f  w id th .  Cl  Vl  s s p .  v i s c i d i f l o r u s  v a r .  v i s c i d i f l o r u s  h a s  l e a v e s  

g r e a t e r  th a n  1 .5  mm and Cl , Vl  s s p .  v i s c i d i f l o r u s  v a r .  s t e n o p h y l l u s  h a s  

l e a v e s  I t o  1 .5  mm w i d e .  R e p o r t e d  p l a n t  h e i g h t s  f o r  Cl  Vl  s s p .  

v i s c i d i f l o r u s  v a r .  v i s c i d i f l o r u s  r an g e  up t o  I m w h i l e  Cl  y V  s s p .  

v i s c i d i f l o r u s  v a r .  s t e n o p h y l l u s  i s  u s u a l l y  l e s s  t h a n  3 dm (A nderson  

1 9 8 0 a ) .  C o l l e c t e d  s p e c i m e n s  o f  Cl  Vl  s s p .  v i s c i d i f l o r u s  v a r .
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v i s c i d i f l o r u s  ra n g e d  i n  h e i g h t  from 1 .5  t o  5 .5  dm. A l l  spec im ens  o f  

C. Vjl s s p .  v i s c i d i f l o r u s  v a r .  s t e n o p h y l l u s  w ere  l e s s  t h a n  3 dm w i th  t h e  

e x c e p t io n  o f  8 / 1 6 / Ib ( 6 .6  dm) and  8 / 2 4 / Ia  ( 5 .6  dm).

A lth o u g h ,  Vjl s s p .  v i s c i d i f l o r u s  i s  r e p o r t e d  t o  have  g l a b r o u s  

s te m s ,  Vl s s p .  v i s c i d i f l o r u s  v a r .  v i s c i d i f l o r u s  sp e c im en s  8 / l 6 / 2 b  

and  8 /1 7 /4 d  had some h a i r  on t h e  s te m s .  C o l l e c t i o n s  o f  Cl  Vl  s s p .  

v i s c i d i f l o r u s  v a r .  s t e n o p h y l l u s  ( 8 / l 6 / 4 d  and  Bannack 8 /V 11 /85 )  had some 

h i s p i d  h a i r s  on  t h e  s te m s .  These sp ec im en s  may e x p r e s s  v e s t i t u r e  due 

t o  i n t e r g r a d a t i o n  b e tw e e n  Cjl v v  s s p .  I a n c e o l a t u s  and  Cl V l  s s p .  

v i s c i d i f l o r u s  ( L e t t e r  from L. C. A nderson  5 / 2 0 / 8 6 ) ,  w hich a r e  sympat r i e  

o v e r  p a r t  o f  t h e i r  r a n g e s  i n  Montana ( F i g s .  9 , 1 0 ) .

Chrysotham nus l i n i f o l i u s

C. I i n i f o l i u s  h a s  b r o a d ,  sm ooth , d a rk  g r e e n  l e a v e s  (Winward and  

A nderson  19 8 6 ) .  Some spec im ens  o f  Cl  l i n i f o l  i u s  grow 3 .6 6  m t a l l  i n  

s o u th e r n  U tah  (Winward an d  A nderson  1 986 ) .  The few sp ec im en s  c o l l e c t e d  

i n  Montana a v e ra g e d  1 .83  m t a l l .  Cl  l i n i f o l i u s  s p r e a d s  by l a t e r a l  

r o o t s  t h a t  form  a d v e n t i o u s  s h o o t s  (M cArthur e t  a l .  1 9 7 9 a ) .  I t  i s  t h i s  

c h a r a c t e r i s t i c  t h a t  g i v e s  Cl  l i n i f o l i u s  i t s  l a r g e  round  fo rm .

The o n l y  known p o p u l a t i o n s  o f  Cl  ^ l  s s p .  g l a n d u l o s u s  o c c u r  i n  

s o u th w e s t e r n  Montana ( F ig .  3) • T a b le  2 l i s t s  t h e  o t h e r  Chrysotham nus 

t a x a  o c c u r r i n g  i n  M o n ta n a ; F i g u r e s  4 - 1 1 show t h e i r  r e s p e c t i v e

D i s t r i b u t i o n  o f  Montana Chrysotham nus



'------------ 1

^ s a m p l i n g  s i t e s  ' 
o f  Ci  2 .̂ s s p .  I  
c l a n d u l o s u s

•  s a m p l in g  s i t e s  <
c o n t a i n i n g  Bi  
s s p .  c l a n d u l o s u s  
v a r .  to m en to s u s  
and v a r .  c l a n d u l o s u s

a  l o c a t i o n s  where
C. p . s s p .  c l a n d u l o s u s
was o b s e r v e d .

Figure  3• Locations of Chrysothamnus p a r ry i  ssp . c landulosus  found in  Montana.



* s tu d y  
c o l l e c t i o n s

Figure 4 .  Location o f  c o l l e c t i o n s  o f  Ci  l i n i f o l i u s .
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. Location o f  c o l l e c t i o n s  and herbarium specimens o f  (L_ ru ssp . a l b i c a u l i s .Figure 5



F i g u r e  6 .  L o c a t i o n  o f  c o l l e c t i o n s  and herbarium s p e c i m e n s  o f  Ci  n^ s s p .  c o n s i m i l i s .
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a Montana State  
U niversity  
herbarium 
specimens

JfU nivers ity  o f
Montana herbarium
specimens

-Cr-a

Figure 7 .  Location o f  c o l l e c t i o n s  and herbarium specimens o f  Ci  n^ ssp . g ra v e o le n s .
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c o lle c t io n s

a Montana State  
U niversity  
herbarium 
specimens

JfU niversity of 
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OO

Figure 8 .  Location o f  c o l l e c t i o n s  and herbarium specimens o f  n^ ssp . nauseosus.
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Location o f  c o l l e c t i o n s  and herbarium specimens o f  Cl Vl ssp . I a n c e o la tu s .Figure 9 .
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c o lle c t io n s

a Montana State  
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specimens
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Figure 10. Location o f  c o l l e c t i o n s  and herbarium specimens o f  v^ ssp . v i s c i d i f l o r u s .



•  s t u d y  
c o l l e c t i o n s

a  Montana S t a t e
U nivers ity
herbarium
specimens

Figure 11. Location o f  c o l l e c t i o n s  o f  Vl s sp .  v i s c i d i f lo r u s  var. s te n o p h y l lu s .



•  study
c o l l e c t i o n s

vr v

Figure 12. Location o f  c o l l e c t i o n s  o f  Ci  Vi  s sp .  v i s c i d i f l o r u s  var. v i s c i d i f l o r u s .
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d i s t r i b u t i o n s .  H erbarium  sp e c im en s  w i th  i n s u f f i c i e n t  i n f o r m a t io n  on 

l o c a t i o n  have  been  n o te d  a t  t h e  c o u n ty  s e a t .

£ l S i ’ s s P • n a u s e o su s  i s  t h e  most w id e s p re a d  t a x o n  i n  Montana ( F ig .  

8 ) •  l i n i f o l i u s  i s  l i m i t e d  t o  a  s m a l l  a r e a  i n  t h e  s o u th  c e n t r a l  p a r t  

o f  t h e  S t a t e  (F ig  4 ) .  A lthough  H a l l  and  C lem en ts  (1923) l i s t e d  Ci  Vi  

s s p .  p u b e r u lu s  a s  o c c u r r i n g  i n  Montana (T a b le  5 ) ,  no spec im ens  o f  Ci  y \  

s s p .  p u b e r u lu s  w ere  fo u n d . A c c o rd in g  t o  a  map o f  d i s t r i b u t i o n  by 

A nderson ( 1 9 8 6 a ) , Ci  Vi  s s p .  p u b e r u lu s  d o e s  n o t  o c c u r  a s  f a r  n o r th  a s  

M ontana. A nderson  (1980b) i l l u s t r a t e d  t h a t  t h e  d i s t r i b u t i o n  o f  Ci  Vi  

s s P- v i s c i d i f l o r u s  v a r .  s t e n o p h y l l u s  d id  n o t  e x te n d  i n t o  M ontana. 

H o w e v er ,  Ci  Vi  s s p .  v i s c i d i f l o r u s  v a r .  s t e n o p h y l l u s  was found  an d  

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

v i s c i d i f l o r u s .

The m a j o r i t y  o f  Chrysotham nus t a x a  a r e  s y m p a t r i c  o v e r  a l l  o r  p a r t  

o f  t h e i r  r an g e  i n  M ontana , p a r t i c u l a r l y  i n  t h e  w e s t e r n  h a l f  ( F i g s .  3 -  

1 1 ) .  Ci  Iii  s s p .  g r a v e o l e n s  a p p e a r s  s y m p a t r i c  w i th  o n ly  Ci  Qi  s s p .  

nau s e o su s  an d  Ci  l i n i f o l i u s  ( F ig .  4 , 7 , 8 ) .  A d d i t i o n a l l y ,  Ci  l i n i f o l i u s  

i s  s y m p a t r i c  o v e r  p a r t  o f  t h e  r an g e  o f  Ci  Qi  s s p .  n a u s e o s u s  ( F ig .  4 , 8 ) .

H a b i t a t  o f  Montana Chrysotham nus

Chrysotham nus p a r r y i  s s p .  g l a n d u lo s u s

C h a r a c t e r i s t i c a l l y  Ci  Qi  s s p .  g l a n d u l o s u s  w as  found  i n  s m a l l  

p o p u l a t i o n s .  The 7 s i t e s  sam pled a v e r a g i n g  85 m2 i n  s i z e  (T a b le  5 ) .  

S i t e s  w ere g r a s s y  o p e n in g s  among A r t e m is i a  t r i d e n t a t a  -  g r a s s l a n d  ty p e



T a b le  5 .  Legal d e s c r i p t i o n s  and  r a n g e  S i t e s a f o r  7 C hryso tham nus p a r r y !  s s p .  g l a n d u lo s u s  and 
sam ple p l o t  s i z e .

S i t e County Legal
d e s c r i p t i o n

Range s i t e P lo t  s i z e  
(m)

B ureau  o f  Land 
Management

B eaverhead NW 1 /4 ,  S e c . I , 
T1S, RIIW

s i l t y  r an g e  s i t e  15-19" P. Z. 4 .0 x 1 0 .5

Coal Creek Madison NE 1 /4 ,  S e c .2 9 ,  
. Tl IS ,  R3W

s i l t y  r a n g e  s i t e  20 -24"  P. Z. 5 .8 x 6 .8

C e n te n n ia l  V a l le y B eaverhead SW 1 / 4 ,  S ec .  5 ,  
T13S, R4W

s i l t y  range  s i t e  10-14" P . Z. 5 .0 x 8 .5

H elen  L a rso n B eaverhead SW 1 / 4 ,  S e c .6 
T6S, R14W

s i l t y  range  s i t e  15-19" P . Z. 6«i0x10

J e r r y  Creek S i lv e rb o w NW 1 / 4 ,  S e c .30 
TIN, RIOW

s i l t y  range  s i t e  15-19" P . Z. 
b o r d e r i n g  on s u b a lp i n e  f i r ,
Dou g l a s - f i r  c l im a x  f o r e s t s  on 
deep  s o i l s  w i th  c r y i c  tem p er­
a t u r e  r e g im e s  and  p a l e  brown d r  
l i g h t  b row n ish  g ra y  s u r f a c e s  on 
m o d e ra te ly  s t e e p  t o  v e ry  s t e e p  
s l o p e s  20 -45"  P. Z.

4 .0 x 1 3 .7



Table 5 .  continued

County L ega l
d e s c r i p t i o n

Range s i t eS i t e

Q u a r tz  H i l l  B eaverhead NE 1 /4 ,  S e c . 8 
T1S, RIOW

NW 1 /4 ,  S e c . I 
H S ,  RIlW

P l o t  s i z e  
(m)

s i l t y  r a n g e  s i t e  15-19"  P. Z. 8 .0x10
b o r d e r i n g  on s u b a lp in e  f i r ,
D oug las - f i r  c l im a x  f o r e s t s  on 
deep  s o i l s  w i th  c r y i c  te m p e r ­
a t u r e  r e g im e s  and  p a le  brown o r  
l i g h t  b row nish  g ray  s u r f a c e s  on 
m o d e ra te ly  s t e e p  t o  v e ry  s t e e p  
s l o p e s  20 -45"  P . Z.

s i l t y  r an g e  s i t e  15 -19"  P. Z. 8 .0 x 1 6 .4R i v e r s i d e B eaverhead



T a b le  6 . H a b i t a t  d e s c r i p t i o n  f o r  7 C hrvsotham nus p a r r y i  s s p .  K la n d u lo s u s  sa m p lin g  s i t e s

S i t e E l e v a t i o n  Annual S o i l  S o i l  A spect S lope  Type o f
(m) P p t  T e x tu re  Depth (%) d i s t u r b a n c e 3

R i v e r s i d e  
t a x o n  p l o t

p a i r e d  p l o t

1708 406
sa n d y -
Ioam
sa n d y -
Ioam

s h a l lo w

s h a l lo w

e a s t 6-10 r , f , d s

Q u a r tz  H i l l  
tax o n  p l o t  
p a i r e d  p l o t

1739 419
loam
sa n d y -
Ioam

norm al
normal

l e v e l 0-2 r

J e r r y  Creek 
tax o n  p l o t  
p a i r e d  p l o t

1769 432
loam
loam

norm al
normal

l e v e l 0-2 r

C e n te n n ia l  
V a l le y  

tax o n  p l o t

p a i r e d  p l o t

1830 ■ 356
sa n d y -
Ioam
sa n d y -
Ioam

norm al

norm al

l e v e l 0-2 r



Table 6 .  continued

S i t e E l e v a t i o n  Annual S o i l  S o i l  A spect
W  P p t  T e x tu re  Depth

S lo p e  Type o f  
( % )  d i s t u r b a n c e 3

B ureau  o f  Land 
Management 1983 406

ta x o n  p l o t  

. p a i r e d  p l o t

sa n d y -
Icam
Ioam -

sandy -loam

Coal Creek 
ta x o n  p l o t

p a i r e d  p l o t

2135 588
sa n d y -
Ioam
Ioam -

san d y -lo am

H elen  L a rso n  
ta x o n  p l o t

p a i r e d  p l o t

2227

£

s andy -
loam
sandy-
Ioam

norm al

norm al

s o u th ­
w est

3 -5 g

normal

normal

w es t 10-20 wr

s h a l lo w

s h a l lo w

west 3 -5 g
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c o m m u n it ie s .  E l e v a t io n s '  a t  t h e  7 s i t e s  ran g e d  from  1788 t o  2227 m 

( 5862-7300  f t )  an d  a n n u a l  p r e c i p i t a t i o n  v a r i e d  from 356 t o  588 mm (1 4 -  

23 i n )  (T a b le  6 ) .  S lo p e s  r a n g e d  from  0-20% an d  a s p e c t s  v a r i e d  (T a b le  

6 ) .

S o i l  pH a v e ra g e d  be tw een  7 and  8 , i n c r e a s i n g  s l i g h t l y  w i th  d e p th  

(T a b le  7 ) .  T here  was no d i f f e r e n c e  i n  pH be tw een  t h e  t a x o n  p l o t s  an d  

t h e  p a i r e d  p l o t s .  E l e c t r i c a l  c o n d u c t i v i t i e s  w ere  a l l  v e ry  low , 

i n d i c a t i n g  low c o n te n t  o f  s o lu b l e  s a l t s .  T here  was no r e a l  d i f f e r e n c e  

i n  s o l u b l e  s a l t  c o n te n t  be tw een  t h e  ta x o n  an d  p a i r e d  p l o t s  (T a b le  8 ) .  

A ll  s i t e s  w ere  loamy t o  sandy loam  i n  t e x t u r e  th r o u g h o u t  t h e i r  p r o f i l e  

w i th  2 e x c e p t i o n s  (T a b le  6 ) .  At 2 s i t e s ,  J e r r y  Creek and  B ureau  o f  

Land lfenagem ent, t e x t u r e s  were s i l t  loam a t  t h e  6 -1 2 "  d e p th s  on t h e  

t a x o n  p l o t s .  S o i l  c h a r a c t e r i s t i c s  m easu red  p ro v id e d  l i t t l e  i n s i g h t  a s  

t o  what e d a p h ic  f a c t o r ( s )  m igh t be d e te r m in in g  o c c u r r e n c e  o f  Ci  s s p .  

g l a n d u l o s u s .

T a b le  7 .  pH means ( r a n g e s )  o f  s o i l s  from 7 C hrysotham nus 
p a r r y i  s s p .  g l a n d u lo s u s  c o l l e c t i o n  s i t e s .

S o i l  Depth C. p .  s s p .  g l a n d u l o s u s  p l o t p a i r e d  p l o t

0 -  2 i n 7 .1 3  ( 6.01  -  8 .1 7 ) 7 .2 8  ( 6 .0 6  -  8 .3 4 )

2 -  6 i n 7 .5 3  ( 6 .22  -  8 .8 7 )  ; 7 .7 3  ( 6 .3 0  -  8 . 78 )

6. -  12 i n 7 -8 2  ( 6 .3 9  -  8 .8 7 )  ; 7 .8 3  ( 6 .3 9  -  9 .2 0 )
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T a b le  8 . S o i l  e l e c t r i c a l  c o n d u c t i v i t y  (mmhos) 
Chrysothm nus p a r r y !  s s p .  g l a n d u lo s u s

means ( r a n g e )  from  7 
c o l l e c t i o n  s i t e s .

S o i l  Depth C. p .  s s p .  g l a n d u l o s u s  p l o t p a i r e d  p l o t

0 -2  i n
. . .

0 .7 2  ( 0 .2  -  1 .7 ) 0 .51 ( 0 .3  -  1 . 1)

2 -  6 i n 0 .31  ( 0.1  -  0 .7 ) 0 .3 0  ( 0.1  -  0 .5 )

6 -  12 i n 0 .3 4  ( 0.1  -  0 .7 ) 0 .3 0  (0 .1  -  0 .5 )

Com m unities w i th  Cr  s s p .  g l a n d u l o s u s  a v e ra g e d  13% g r a s s  b a s a l  

c o v e r a g e , 9% sh ru b  canopy c o v e ra g e ,  and  17% b a re  g r o u n d . The m ost 

common a s s o c i a t e d  woody s p e c i e s  i n c l u d e d  A r t e m i s i a  f r i g i d a . A. 

t r i d e n t a t a . Ar  t r i p a r t i t a . Cr  ̂ n a u s e o s u s . and  C. v i s c i d i f l o r u s . A ll  7 

c o l l e c t i o n  s i t e s  w ere s i l t y  r a n g e  s i t e s  l o c a t e d  i n  t h e  f o o t h i l l s  a n d  

m o u n ta in s  g e o g r a p h ic a l  a r e a ,  b u t  had v a r y i n g  am oun ts  o f  p r e c i p i t a t i o n  

(T a b le  5 ) .  As w i th  s o i l  p a r a m e t e r s ,  p l a n t  p a r a m e te r s  o f  g r a s s  b a s a l  

c o v e ra g e ,  s h ru b  canopy c o v e ra g e  an d  b a r e  g round  a l s o  f a i l e d  t o  e x p l a i n  

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

D i s t u r b a n c e  h a d  o c c u r r e d  a t  a l l  7 s i t e s  on  t h e  Cr  s s p .  

g l a n d u l o s u s  p l o t s  an d  t h e  a s s o c i a t e d  p a i r e d  p l o t s  (T a b le  6 ) .  A ll  s i t e s  

e x c e p t  f o r  t h e  Coal Creek s i t e  w ere  found  c l o s e  t o  a  r o a d .  Four o f  

t h e s e  s i t e s ,  Q u a r t z  H i l l ,  J e r r y  C r e e k ,  C e n t e n n i a l  V a l l e y ,  a n d  

R i v e r s i d e ,  a p p e a re d  d i s t u r b e d  a s  a  r e s u l t  o f  m ec h a n ic a l  m eans, p o s s i b l y  

p a r k in g  l o t s  f o r  heavy  e q u ip m e n t .  The 2 o t h e r  r o a d  s i t e  l o c a t i o n s ,  

H elen  L a rso n  Ranch and B ureau  o f  Land Management, w ere  h e a v i l y  used  by 

c a t t l e .  The r e m a in in g  l o c a t i o n ,  Coal C reek , was a  b low ou t s i t e  n e a r  

t h e  summit o f  a  r i d g e .
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A c o l o n i z e r  i s  any  t a x o n  h a v in g  a n  a b i l i t y  t o  e s t a b l i s h  an d  s p r e a d  

a s  a  r e s u l t  o f  human o r  n a t u r a l  d i s t u r b a n c e  (S t e b b i n s  1 9 6 5 ) .  T h is  

a p p e a r s  t o  be a  s t r a t e g y  o f  Cl jx  s s p .  g l a n d u l o s u s . D is tu r b a n c e  i s  a  

f a c t o r  i n v o l v e d  i n  i t s  o c c u r r e n c e  a n d  d i s t r i b u t i o n . O t h e r  

C h r y s o th a m n u s  t a x a  a r e  r e c o g n i z e d  c o l o n i z e r s  o f  d i s t u r b e d  p l a n t  

com m un it ie s  (McArthur e t  a l .  1978b , McArthur and  Welch 19 8 6 ) .  Known 

m e m b e r s  o f  t h e  C h r y s o t h a m n u s  g e n u s  e x p r e s s  t h e  f o l l o w i n g  

c h a r a c t e r i s t i c s  t h a t  B ak e r  (1965) l i s t s  a s  c o n t r i b u t i n g  t o  th e  s u c c e s s  

o f  c o l o n i z i n g  s p e c i e s :  f a c u l t a t i v e  s e l f  c o m p a t i b i l i t y ;  h ig h  se ed  

p r o d u c t io n  i n  f a v o r a b l e  e n v i r o n m e n ta l  c o n d i t i o n s ;  s e e d s  e q u ip p ed  f o r  

lo n g  an d  s h o r t  d i s t a n c e  d i s p e r s a l ;  p h e n o ty p ic  p l a s t i c i t y  t o  c l i m a t i c  

and  e d a p h ic  v a r i a t i o n ;  v i g o r o u s  v e g e t a t i v e  r e p r o d u c t i o n ; a n d  r a p i d  

s e e d l i n g  e s t a b l i s h m e n t .  The r a t e  o f  s e e d l i n g  e s t a b l i s h m e n t  an d  s e e d  

p r o d u c t i o n  s t r a t e g i e s  o f  Cl  s s p .  g l a n d u lo s u s  a r e  n o t  y e t  known, 

how ever , t h i s  t a x o n  d o e s  e x p r e s s  t h e  o t h e r  c h a r a c t e r i s t i c s .

An e x p l a n a t i o n  f o r  t h e  o c c u r r e n c e  o f  Cl ^l  s s p .  g l a n d u l o s u s  i n  sm a l l  

i s o l a t e d  p o p u l a t i o n s ,  b u t  i t s  a b s e n c e  on s i m i l a r  a d j a c e n t  s i t e s ,  m ig h t  

be t h a t  i t  h a s  s t r o n g  c o l o n i z i n g  a b i l i t y ,  b u t  i s  s e n s i t i v e  t o  e x tr e m e  

g r a z i n g .  Cl  ^ l  s s p .  g l a n d u lo s u s  a p p e a r s  t o  r e q u i r e  medium t o  l i g h t e r  

t e x t u r e d , n e a r - n e u t r a l  s o i l s ,  t h a t  a r e  low i n  s o l u b l e  s a l t s  (T a b le s  6-  

8 ) .  P e rh a p s  i t  i s  a b l e  t o  e x p l o i t  t h e s e  s i t e s  when th e y  a r e  opened  up 

by d i s t u r b a n c e s  such  a s  co m p ac tio n  an d  v e g e t a t i o n  rem ova l  due t o  heavy  

m ach inery  t r a f f i c , h e a v y  g r a z i n g  a n d  b r o w s i n g  w i t h  a c c o m p a n y in g  

t r a m p l i n g ,  o r  by s o i l  l a y e r  rem oval by w ind . Once i t  i s  e s t a b l i s h e d ,  

i t  s p r e a d s  v i g o r o u s l y  by u n d e rg ro u n d  r o o t s .  E v id e n ce  was a p p a r e n t  a t  

each  s tu d y  s i t e  t h a t  t h e  t a x o n  i s  brow sed  h e a v i l y  ( n e a r  100% o f  c u r r e n t
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y e a r s  g ro w th )  e a c h  y e a r  (T a b le  9 ) •  T h is  may e x p l a i n  why t h i s  t a x o n  h a s  

n o t  been  p r e v i o u s l y  r e c o g n i z e d .  S e v e re  b ro w s in g  o f  t h i s  t a x o n  m ig h t  be 

l i m i t i n g  f u r t h e r  e x p a n s i o n  a n d / o r  e l i m i n a t i n g  i t  f ro m  a d j a c e n t  

d i s t u r b e d  s i t e s .

I t  i s  p o s s i b l e  t h a t  t h e  s i t e  p a r a m e te r s  m easu red  o r  p e rh a p s  t h e  

sa m p lin g  t e c h n i q u e s  employed d id  n o t  i s o l a t e  t h e  f a c t o r  o r  c o m b in a t io n  

o f  f a c t o r s  d e te r m in in g  t h e  l o c a t i o n  o f  t h i s  t a x o n .  S in ce  i t  i s  a 

s u c c e s s f u l  c o l o n i z e r  i t  may l a c k  t h e  a b i l i t y  t o  com pete  w i th  h i g h e r  

s u c c e s s i o n a l  s p e c i e s .  The sa m p lin g  employed d id  n o t  d e t e c t  a d v a n ce d  

s u c c e s s i o n a l  deve lopm en t on t h e  a s s o c i a t e d  p a i r e d  p l o t s  compared t o  t h e  

new ta x o n  p l o t s .

T a b le  9 . P e r c e n t  o f  Chrysotham nus p a r r y i  s s p .  g l a n d u l o s u s  p l a n t s  
brow sed a t  7 sa m p lin g  s i t e s .

s i t e

I a 2b 3° 4d 5e 6 f 76

P l a n t s  browsed 100 100 97 100 91 80 98
( i n c l u d e s  p a s t
a n d  t h i s  s e a s o n )

P l a n t s  browsed by 40 ■ ■■ 3 86 5 ■ we 7
raid-summer, 1986

a B ureau  o f  Land Management 
^Coal Creek 
° C e n te n n ia l  V a l le y  
^H elen  L a rso n  Ranch 
e J e r r y  Creek 
f Q u a r tz  H i l l  
^ R iv e r s id e
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Chrysotham nus n a u s e o s u s

I n  Montana n a u s e o s u s  s u b s p e c i e s  w ere  found  w id e ly  d i s t r i b u t e d  

( F i g s .  5 -8 )  on a  v a r i e t y  o f  h a b i t a t s .  The ty p e  spec im en  o f  Ci  n ^  s s p .  

n a u s e o s u s  i s  i n  Montana on t h e  banks  o f  t h e  M is s o u r i  R iv e r  ( H a l l  and  

C lem en ts  1923 )•  Specim ens o f  Ci  Qi  s s p .  n a u s e o s u s  w ere  c o l l e c t e d  on 

s o i l s  r a n g i n g  from  c l a y  t o  sandy loam  on a  v a r i e t y  o f  s l o p e s  a n d  

a s p e c t s .  E s t im a te d  a n n u a l  p r e c i p i t a t i o n  on c o l l e c t i o n  s i t e s  ra n g e d  

from  280 t o  510 mm (11 -2 0  i n )  an d  e l e v a t i o n s  ran g e d  fro m  700 t o  2300 m 

(2300-7500  f t ) .  Ci  Qi  s s p .  n a u s e o s u s  was found  i n  A r t e m is i a  t r i d e n t a t a  

-  P s e u d o r o e g n e r i a  s p i c a t a  a n d  Ai  t r i d e n t a t a  -  B o u te lo u a  g r a c i l i s  

d o m i n a t e d  c o m m u n i t i e s ;  On o c c a s i o n  i t  was found  w i t h  D i s t i c h l i s  

s t r i c t a . I n  s o u t h e a s t e r n  M ontana, Ci  Qi  s s p .  n a u s e o s u s  was found  

a s s o c i a t e d  w i th  S c h iz a c h y r iu m  s c o pariurn and C a la m o v i l f a  l o n g i f o l i a . 

Specim ens w ere  o f t e n  c o l l e c t e d  i n  s e v e r e l y  o v e rg r a z e d  p a s t u r e s  a n d  

a l o n g  r o a d s i d e s .  I t  w as f o u n d  on  many r a n g e  s i t e s  i n  a l l  5 

g e o g r a p h ic a l  a r e a s  o f  Montana (T a b le  1 0 ) .

Ci  Qi  s s p .  g r a v e o l e n s  was found  on  s i t e s  w i th  a  v a r i e t y  o f  s l o p e s  

and  a s p e c t s ,  a t  e l e v a t i o n s  from  640 t o  1500 m (2100-5000  f t ) .  Annual 

p r e c i p i t a t i o n  on t h e s e  s i t e s  ra n g e d  from  280 t o  380 mm (1 1 -1 5  i n ) .  I t  

was o f t e n  a s s o c i a t e d  w i th  S a r c o b a tu s  v e r m i c u l a tu s  an d  A t r i o l e x  s p p . ,

and  i n  t h e  s o u t h e a s t e r n  p a r t  o f  t h e  S t a t e  w i th  A r t e m is i a  t r i d e n t a t a
■-

and B o u te lo u a  g r a c i l i s . A lthough  t h e  ran g e  o f  Ci  Qi  s s p .  n a u s e o s u s  

o v e r l a p s  t h a t  o f  Ci  Qi  s s p .  g r a v e o l e n s .  r a r e l y  was Ci  Qi  s s p .  n a u s e o s u s  

found  w i th  S a r c o b a tu s  v e r m i c u l a t u s . T h is  s u g g e s t s  t h a t  Ci  Qi  s s p .  

g r a v e o l e n s  i s  more s a l t  t o l e r a n t  t h a n  Ci  Qi  s s p .  n a u s e o s u s .



T a b le  10 . Range s i t e s 3 o f  C hrysotham nus t a x a  i n  M ontana .

G e o g ra p h ic a l  a r e a  an d  r a n g e  s i t e

. E a s t e r n  G l a c i a t e d  P l a i n s  r" ~ " ~

s i l t y - c l a y e y  ran g e  s i t e  complex 10-14" P . Z.

W e ste rn  G l a c i a t e d  P l a i n s

s i l t y  range  s i t e ,  10-14" P . Z. 

s i l t y - c l a y e y  ran g e  s i t e  com plex , 10 -14"  P . Z. 

c l a y e y  and s h a l lo w  c la y  range  s i t e  a s s o c i a t i o n ,  10-14" P .  Z. 

E a s t e r n  S e d im e n ta ry  P l a i n s  

. s i l t y  range  s i t e ,  10-14" P .  Z.

s i l t y - c l a y e y  ran g e  s i t e  com plex , 15-19"  P . Z.

c la y e y  and s h a l lo w  range  s i t e  a s s o c i a t i o n ,  10-14" P . Z.

r i v e r b r e a k s , 10-14"  P .  Z.

b a d la n d s ,  10-14"  P . Z.

O c c u r r in g  t a x a

C. n .  s s p .  
C. n .  ssp..

C. n .  s s p .  

C. h .  s s p .  

C. n .  s s p .

C. n .  s s p .  
C1. n j _  s s p .

C. n .  s s p .

C. n .  s s p .  
C. n .  s s p .

C. n .  s s p .  
C. n .  s s p .

C. n .  s s p .

g r a v e o l e n s
n a u s e o s u s

n a u se o su s

n a u s e o s u s

n a u se o su s

K ra v e o le n s
n a u seo su s

n a u seo su s

K ra v e b le n s
n a u seo su s

g r a v e o l e n s
n a u se o su s

g r a v e o l e n s



Table 10. continued

G e o g ra p h ic a l  a r e a  a n d  r a n g e  s i t e  O c c u r r in g  t a x a

W este rn  S e d im e n ta ry  P l a i n s

c la y e y  and s h a l lo w  c la y  ran g e  s i t e  a s s o c i a t i o n  10-14" P . Z.

c la y e y  and s h a l lo w  c la y  ran g e  s i t e  a s s o c i a t i o n  15-19" P . Z. 

dense  c l a y - c l a y e y - s a l i n e  u p lan d  r a n g e  s i t e  com plex , 5 -9 "  P . Z.

r i v e r  b r e a k s . 10-14"  P . Z.

C. n .  s s p .  g r a v e o l e n s  
C. n .  s s p .  n a u s e o s u s

C. n .  s s p .  n a u s e o s u s

C. I i n i f o l i u s
C. n .  s s p .  g r a v e o l e n s

Cl n ^  s s p .  g r a v e o l e n s

F o o t h i l l s  and  M oun ta ins

s i l t y  ran g e  s i t e  10-14" P . Z.

s i l t y  ran g e  s i t e  15-19" P . Z.

C. n .  s s p .
Cl IIl SSp.
Cl  Ul  ssp . 
Cl  Pl  ssp . 
Cl  Vl ssp .

a l b i c a u l i s  
c o n s i m i l i s  
n a u s e o s u s  
g l a n d u lo s u s  
l a n c e o l a t u s

Cl  Vl ssp . v is c ld if lo r u s  
var. stenophvllus 
var. v i s c id fI orus

Cl  Iil  ssp . a lb ic a u lis  
Cl  Ql  ssp . co n sim ilis  
Cl  Ql  ssp . nauseosus 
Cl  Ql . ssp . glandulosus 
Cl Vl  ssp . lan ceo latu s



Table 10. continued

G e o g ra p h ic a l  a r e a  a n d  r a n g e  s i t e  O c c u r r in g  t a x a

F o o t h i l l s  and  M oun ta ins

s i l t y  range  s i t e  15-19"  P . Z. C. y .  s s p .  v i s c i d i f l o r u s  
v a r .  s t e n o D hv llu s  
v a r .  v i s c i d f l o r u s

s i l t y  ran g e  s i t e  2 0 -2 4 "  P . Z. C. n_. s s p .  n a u s e os'us 
C. p .  s s p .  p a r r y i  
C_!_ y_. s s p .  v i s c i d i f l o r u s  

v a r .  s t e n o D h v llu s

' s i l t y - c l a y e y  ran g e  s i t e  com plex , 10-14"  P . Z. Gi. n_. s s p .  a l b i c a u l i s  cr,
C. n ,  s s p .  n a u seo su s  
C_!_ y ,  s s p .  v i s c i d i f l o r u s  

v a r .  s t e n o D hvllus-  
v a r .  v i s c i d i f l o r u s

s i l t y - c l a y e y  ran g e  s i t e  com plex , 15-19"  P . Z. C. n .  s s p .  a l b i c a u l i s  
Ci  n .  s s p .  g r a v e d ens  
C. n .  s s p .  n a u seo su s  
C. v ,  s s p .  v i s c i d i f l o r u s  

v a r .  v i s c i d i f l o r u s

l i m y - s h a l I ow -very  s h a l lo w  ra n g e  s i t e  10-14"  P. Z. Ci  n .  s s p .  a l b i c a u l i s
Ci  n .  s s p .  n a u seo su s  
Ci  v .  s s p .  I a n c e o la tU s  
Ci  v .  s s p .  v i s c i d i f l o r u s  

v a r .  s t e n o p h v l lu s



Table 10. con tinued .

G e o g ra p h ic a l  a r e a  an d  r a n g e  s i t e  

F o o t h i l l s  and  M oun ta ins
O c c u r r in g  ta x a

s u b a lp i n e  f i r ,  d o u g l a s - f i r . a n d  p o n d e ro sa  p in e  c l im a x  f o r e s t s  
on deep  s o i l s  w i th  c r y i c  o r  f r i g i d  t e m p e r a t u r e  r e g im e s  and  
g r a y i s h  brown, l i g h t  b row n ish  g r a y ,  o r  l i g h t  y e l l o w i s h  brown 
s u r f a c e s  on m o d e r a te ly  s t e e p  t o  v e ry  s t e e p  m o u n ta in  s lo p e s  
w es t  o f  th e  c o n t i n e n t i a l  d i v i d e  16-70" P. Z.

£i_ O i  s s p .  a l b i c a u l i s  
Ci  Qi  s s p .  c o n s i m i l i s
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The ty p e  l o c a l i t y  o f  m  s a p .  g r a v e o l e n s  i s  on  t h e  banks o f  t h e  

M is s o u r i  R iv e r  i n  denuded s o i l  ( H a l l  and C lem en ts  1 9 2 3 ) .  n ^  s s p .  

g r a v e o l e n s  was m ost o f t e n  found  on s i t e s  w i th  h i g h ly  e ro d e d  o r  p o o r ly  

d e v e lo p e d  s o i l s ,  c l a y  t o  sand  i n  t e x t u r e .  Exam ples o f  such s i t e s  

i n c l u d e  h i g h l y  e r o d i b l e  b a d l a n d  s o i l s ,  d r a i n a g e s ,  a n d  r e a d o u t s .  

However, i t  was a l s o  found  i n  d e e p e r  s o i l s  such  a s  c l a y  b r e a k s  o f  t h e  

M is s o u r i  r i v e r  and  re c e d e d  s h o r e  l i n e s  o f  F o r t  Peck l a k e .  Cr  Hr  s s p .  

g r a v e o l e n s  was found  on s e v e r a l  ran g e  s i t e s  i n  t h e  w e s t e r n  and  e a s t e r n  

s e d im e n ta ry  p l a i n s  and  l o c a l l y  in  t h e  s o u th w e s t e r n  e a s t e r n  g l a c i a t e d  

p l a i n s  (T a b le  1 0 ) .

C. n .  s s p .  a l b i c a u l i s  i s  a  f o o t h i l l  and m o u n ta in  ty p e  (Hanks e t  a l . 

1975» A n d e r s o n  19 8 6 c ) . H erbarium  sp ec im en s  an d  c o l l e c t i o n s  from 

Montana w ere  found  a t  s i t e s  r a n g i n g  from  732 t o  2440 m (2400-8000  f t )  

i n  e l e v a t i o n  an d  from 290 t o  71.0 mm (1 1 -2 8  i n )  a n n u a l  p r e c i p i t a t i o n .  

Most C hrysotham nus grow i n  b a s i c  s o i l s ,  b u t  Cr  I ir  s s p .  a l b i c a u l i s  may 

o c c u r  on a c i d  s o i l s  (Plummer 1 9 7 7 ) .  A l l  t h e  sp e c im en s  o f  Cr  Hr  s s p .  

a l b i c a u l i s  c o l l e c t e d  w ere  found  on  medium t o  l i g h t  t e x t u r e d  s o i l s  ( s i l t  

t o  s a n d ) . One h e rb a r iu m  specim en  n o te d  a  c o l l e c t i o n  s i t e  w i th  a  c l a y  

loam  s o i l .

C. n .  s s p .  a l b i c a u l i s  o c c u r r e d  i n  a s s o c i a t i o n  w i t h  such  ta x a  a s  

P s e u d o ro e g n e r ia  s p i c a t a , A. t r i d e n t a t a . F e s tu c a  i d a h o e n s i s . A r te m is ia  

o a n a , S t ip a  c o m a ta , and O r y z o p s is  h y m en o id e s . On more m e s ic  s i t e s  i t  

was c o l l e c t e d  w i t h  Rhus t r i l o b a t e , P u r s h ia  t r i d e n t a t a . and P ru n u s  

V i r g i n i a n a . Cr  Qr  s s p .  a l b i c a u l i s  was found  on s e v e r a l  r a n g e  s i t e s  b u t  

was l i m i t e d  t o  t h e  f o o t h i l l s  and  m o u n ta in s  g e o g r a p h i c a l  a r e a  (T a b le  

10) .



68

Few s p e c i m e n s  o f  Cjl Hjl s s p .  c o n s i m i l i s  w ere  c o l l e c t e d  and  no 

h e rb a r iu m  m ounts  o f  t h i s  t a x o n  w ere  l o c a t e d .  In  U tah , Ci  n .  s s p .  

c o n s i m i l i s  c h a r a c t e r i s t i c a l l y  grows .o n  d ry  lo w la n d s  w here  d r o u g h t  and  

a l k a l i  m ig h t  be r e s t r i c t i v e  t o  Ci  Iii  s s p .  a l b i c a u l i s  and  Ci  Iii  s s p .  

g r a v e o l e n s  (Hanks e t  a l .  1 9 7 5 ) .  O f te n  Ci  Iii  s s p .  c o n s i m i l i s  o c c u r s  i n  

a s s o c i a t i o n  w i th  S a r c o b a tu s  v e r m i c u l a t u s  on a l k a l i n e  f l a t s  (Weber e t  

a l .  1 9 8 5 ) .  However, t h i s  was n o t  t h e  c a se  i n  M ontana. Ci  Qi  s s p .  

c o n s i m i l i s  was most commonly found a s s o c i a t e d  w i th  A r t e m is i a  t r i d e n t a t a  

and  P s e u d o ro e g n e r ia  s p i c a t a .

Ci  Qi  s s p .  c o n s i m i l i s  s i t e s  ra n g e d  from 280 t o  420 mm (1 1 -1 6 .5  i n )  

a n n u a l  p r e c i p i t a t i o n  a n d  f ro m  1373  t o  1912  m (4 5 0 0 -6 2 7 0  f t )  i n  

e l e v a t i o n .  I t  was found  on s i l t  t o  loam  s o i l s  w i t h  v a r i a b l e  s lo p e s  and  

a s p e c t s .  A nderson (1981) r e p o r t e d  t h a t  s o i l s  o f  Ci  Qi  s s p .  c o n s i m i l i s  

had pHs  r a n g i n g  from  5 .6  t o  8 .6  an d  e l e c t r i c a l  c o n d u c t i v i t y  r a n g i n g  

from 0 .2  t o  250 mmhos/cm. (A nderson  1 9 8 1 ) .  Ci  Qi  s s p .  c o n s i m i l i s  was 

found  on a  few r a n g e  s i t e s  i n  t h e  f o o t h i l l s  and  m o u n ta in s  g e o g ra p h ic  

a r e a  (T a b le  1 0 ) .

Chrysotham nus v i s c i d i f l o r u s

Ci  v i s c i d i f l o r u s  i s  one o f  t h e  most w id e ly  d i s t r i b u t e d  s h ru b s  on 

r a n g e l a n d s  t h r o u g h o u t  N orth  America and  h a s  g r e a t  e c o l o g i c a l  a m p l i tu d e  

(A nderson  1986b ) . I n  w e s te r n  Montana i t  i n h a b i t s  a  w ide  r a n g e  o f  

h a b i t a t s .  H erbarium  m ounts an d  c o l l e c t i o n s  o f  Ci  Vi  s s p .  I a n c e o l a t u s  

from  Montana have  been  found  from  1190 t o  2380 m (3900-7800  f t )  i n  

e l e v a t i o n .  O f te n  t h i s  t y p e  was found  i n  h e a v i l y  g r a z e d  p a s t u r e s  w i th
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A r t e m i s i a  t r i d e n t a t a  -  Poa_ s p p .  , A r t e m i s i a  f r i g i d a  -  A r t e m i s i a  

f i l i f o l i a  -  P s e u d o ro e g n e r ia  s p i c a t a . and  K o e l e r i a  p y ra m id a ta  -  F e s tu o a  

i d a h o e n s i s  -  S t ip a  sp p .  P r e c i p i t a t i o n  on  t h e s e  s i t e s  ran g e d  from  300 

t o  510 mm (1 2 -2 0  i n ) .  C o l l e c t i o n s  d u r in g  t h i s  s tu d y  w ere made o n ly  on 

l i g h t  t e x t u r e d  s o i l s  r a n g i n g  from s i l t  t o  s a n d .  Mounted sp e c im en s  a c c .

# 14391 (MONTU) an d  a c c .  # 45706 (MONT) r e p o r t e d  c l a y  loam s o i l s .  T h i s  

t a x o n  was l i m i t e d  t o  a  few r a n g e  s i t e s  i n  t h e  f o o t h i l l s  and  m o u n ta in s  

g e o g r a p h i c a l  r e g i o n  (T a b le  1 0 ) .

Vl s s p . v l s c i d i f l o r u s  i s  one o f  t h e  most w id e s p re a d  t a x a  i n  t h e  

genus  (A nderson  1 9 8 6 b ) .  I t  i s  r e p o r t e d  t o  be w e l l  s u i t e d  on m o is t  t o  

a r i d  d i s t u r b e d  s i t e s  (A nderson  1 9 8 6 b ) , d ry  p l a i n s  an d  h i l l s i d e s  among 

r o c k s  ( H a l l  a n d  C l e m e n t s  1 9 2 3 )  , a n d  from low t o  h ig h  e l e v a t i o n s  

(McArthur e t  a l .  1 9 7 8 a ) . A nderson (1986b) r e p o r t s  t h e  few s o i l s  o f  Cl 

v .  s s p .  v i s c i d i f l o r u s  t e s t e d  ran g e d  i n  pH from 6 t o  8 .4  (A nderson  

1 9 8 6 b ) .  H erbarium  spec im ens  o f  Cl  Vl s s p .  v i s c i d i f l o r u s  from Montana 

were keyed  o n ly  t o  t h e  s u b s p e c i e s  l e v e l .  Most s p e c im e n s  t h a t  had  s o i l  

i n f o r m a t i o n  r e p o r t e d  s i l t y  t o  s a n d y  t e x t u r e d  s o i l s  w i t h  a  few  

e x c e p t i o n s ,  a c c .  # 20053 (MONT), a c c .  # 44715 (MONT) ( n o te d  a s  h a v in g  

b r o a d e r  l e a v e s  l i k e  Cl  Vl s s p .  v i s c i d i f l o r u s  v a r .  v i s c i d i f l o r u s ) . a c c .

# 45107 (MONT), and  a c c .  # 44726 (MONT), w hich  w ere  n o te d  t o  be found  

on c la y e y  s o i l s .

C o l l e c t e d  sp e c im en s  o f  Cl Vl s s p .  v i s c i d i f l o r u s  from  Montana w ere  

f u r t h e r  k e y e d  t o  t h e  v a r i e t y .  Cl  Vl s s p .  v i s c i d i f l o r u s  v a r .  

v i s c i d i f l o r u s  was c o l l e c t e d  on s i t e s  w i th  s i l t  t o  sandy  loam s o i l s  w i th  

a  v a r i e t y  o f  s l o p e s  and  a s p e c t s .  P r e c i p i t a t i o n  ra n g e d  on t h e s e  s i t e s  

from  330 t o  460 mm (1 3 -1 8  i n )  an d  e l e v a t i o n  ran g e d  f r o m . 1403 t o  2104 m
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(4600-6900  f t ) .  Cl Vl s s p .  v l s c i d i f l o r u s  v a r .  v i s c i d i f l o r u s  was found  

a s s o c i a t e d  w i th  Rosa s p p . , A r te m is ia  t r i d e n t a t a . Poa s p p . , and Levmus 

c i n e r e u s ♦ I t  was found  t o  o c c u r  i n  f o o t h i l l  and m o u n ta in s  g e o g r a p h ic a l  

a r e a  (T a b le  1 0 ) .  Cl  Vl s s p .  v i s c i d i f l o r u s  v a r .  s t e n o p h y l l u s  sp ec im en s  

were c o l l e c t e d  on v a r i a b l e  s l o p e s  an d  a s p e c t s  o f  l i g h t  t e x t u r e d  s o i l s .  

T h i s  t a x o n  w a s  f o u n d  o c c u r r i n g  w i t h  A r t e m i s i a  t r i d e n t a t a -  

P s e u d o r o e g n e r i a  s p i c a t a . S t i p a  c o m a t a , and Pascopyrum  s m i t h i i  a t  

e l e v a t i o n s  from  1220 t o  2196 m (4000-7200  f t )  an d  p r e c i p i t a t i o n  z o n e s  

from 310 t o  510 mm (1 3 -2 0  i n )  y e a r l y .  I t  was l o c a t e d  on  s e v e r a l  r an g e  

s i t e s  i n  t h e  f o o t h i l l s  an d  m o u n ta in s  g e o g r a p h ic a l  r e g i o n  (T a b le  1 0 ) .

Chrysotham nus l i n i f o l i u s

I n  M ontana, sp e c im en s  o f  Cl  l i n i f o l i u s  w ere c o l l e c t e d  a t  o n ly  I 

l o c a t i o n .  T h is  l o c a t i o n  was d i s t u r b e d  an d  l i e s  i n  a  p a r t  o f  Carbon 

County i n h a b i t e d  by s a l t  d e s e r t  sh ru b  s p e c i e s .  T h is  t a x o n  i s  known i n  

o t h e r  s t a t e s  a s  g row ing  i n  a l k a l i n e  and  sandy s o i l s .  I t  a p p e a r s  t o  

f a v o r  s i m i l a r  s i t e s  i n  M ontana. I t  was found  i n  o n ly  I range  s i t e  i n  

t h e  w e s t e r n  s e d im e n ta ry  p l a i n s  (T a b le  1 0 ) .

O v e r la p p in g  t a x a

S e v e ra l  Chrysotham nus t a x a  i n  Montana a p p e a r  t o  have  o v e r l a p p in g  

h a b i t a t  r e q u i r e m e n t s  (T a b le  1 1 ) .  And, a s  e v id e n c e d  a b o v e ,  s e v e r a l  

e x p r e s s  t h e  a b i l i t y  t o  i n h a b i t  and  a d a p t  t o  a  v a r i e t y  o f  c o n d i t i o n s .  

T h i s  a b i l i t y  e n a b l e s  t h e s e  t a x a  t o  d i s p e r s e  t o  new s i t e s  w hen
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c o m p e t i t io n  from h i g h e r  s u c c e s s i o n s !  s p e c i e s  o c c u r s .  I t  r e i n f o r c e s  t h e  

n o t i o n  t h a t  t h e  e c o l o g i c a l  r o l e  o f  s e v e r a l  Chrysotham nus t a x a  i s  one o f  

c o l o n i z a t i o n .

T a b le  11 . Range s i t e s 3 a t  w hich m u l t i p l e  Chrysotham nus t a x a  w ere 
c o l l e c t e d .

G e o g ra p h ic a l  a r e a  a n d  r a n g e  s i t e

F o o t h i l l s  an d  M oun ta in s
s i l t y  r an g e  s i t e  10-14" P . Z.

s i l t y  r an g e  s i t e  15-19"  P . Z.

s i l t y  r an g e  s i t e  20 -2 4 "  P . Z.

s i l t y - c l a y e y  ran g e  s i t e  complex 
10-14" P . Z.

Taxa c o l l e c t e d  a t  same 
s i t e

C. n .  s s p .  n a u s e osus  
C. v .  s s p .  I a n c e o l a t u s

Cl Ul  s s p .  a l b i c a u l i s  
C. n .  s s p .  n a u se o su s  
C. v .  s s p .  v i s c i d i f l o r u s  

v a r .  s t e n o p h v l lu s

C. n .  s s p .  
C. n .  s s p .

C. n .  s s p .  
C. Vl s s p .

Cl n^ ssp . 
Cl Pl s sp . 
Cjl Vl s sp .

a l b i c a u l i s
n a u se o su s

n a u se o su s
l a n c e o l a t u s

a l b i c a u l i s
n a u se o su s
l a n c e o l a t u s

C. n. ssp . a lb ic a u lis  
Cl Hl ssp . nauseosus 
Cl Vl ssp . v is c id if lo r u s  

var. v is c id if lo r u s

Cl  Vl ssp . v is c id if lo r u s  
var. stenophvllus  
var. v is c id if lo r u s

Cl Pl  s s p .  a l b i c a u l i s  
C. v .  s s p .  v i s c i d i f l o r u s  

v a r .  s t e n o p h v l l u s

Gl  Ii l  s s p .  n a u s e o s u s  
Cl  V l  s s p .  l a n c e o l a t u s
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T a b le  11. c o n t in u e d

G e o g ra p h ic a l  a r e a  an d  r a n g e  s i t e Taxa c o l l e c t e d  a t  same 
s i t e

s i l t y - c l a y e y  ran g e  s i t e  complex 
10-14" P . Z.

C. n .  s s p .  n a u se o su s  
Ci . v .  s s p .  v i s c i d i f l o r u s  

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

s i l t y - c l a y e y  r a n g e  s i t e  complex 
15-19 P. Z.

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

C. n .  s s p .  n a u se o su s  
Ci  v_. s s p .  v i s c i d i f l o r u s

C. n .  s s p .  n a u seo su s  
C. v ,  s s p .  v i s c i d i f l o r u s  

v a r .  v i s c i d i f l o r u s

Ci  h .  s s p .  a l b i c a u l i s  
C. n .  s s p .  n a u se o su s

s u b a lp i n e  f i r ,  d o u g l a s - f i r  c l im a x Ci  n .  s s p .  n a u seo su s

f o r e s t s  on deep  s o i l s  w i th  c r y i c  
t e m p e r a t u r e  r e g im e s  a n d  p a le  brown 
o r  I i g h  b ro w n ish  g ra y  s u r f a c e s  on 
m o d e r a te ly  s t e e p  t o  v e r y  s t e e p  
m o u n ta in  s l o p e s  20 -4 5 "  P . Z.

Ci  v .  s s p .  I a n c e o l a t u s

s u b a lp i n e  f i r ,  d o u g l a s - f i r ,  pon d e ro sa  
p in e  c l im a x  f o r e s t s  on deep  s o i l s  w i th  
c r y i c  o r  f r i g i d  t e m p e r a t u r e  r e g im e s  on 
an d  g r a y i s h  brown, l i g h t  b row n ish  g r a y ,  
o r  l i g h t  y e l l o w i s h  brown s u r f a c e s  on 
m o d e r a te ly  s t e e p  t o  v e ry  s t e e p  m o u n ta in  
s l o p e s  w e s t  o f  th e  c o n t i n e n t i a l  d i v i d e  
16-70" P . Z.

Ci  n .  s s p .  a l b i c a u l i s  
C. n .  s s p .  c o n s i m i l i s

E a s t e r n  G l a c i a t e d  P l a i n s
s i l t y - c l a y e y  ran g e  s i t e  complex 10-14"
P. Z.

Ci  n .  s s p .  g r a v e d e n s  
C. n .  s s p .  n a u seo su s
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T a b le  11. c o n t in u e d

G e o g ra p h ic a l  a r e a  an d  r a n g e  s i t e  Taxa c o l l e c t e d  a t  same
s i t e

W este rn  S e d im e n ta ry  P l a i n s
c la y e y  and s h a l lo w  c la y  ran g e  s i t e  Ci  n ^  s s p .  g r a v e o le n s
a s s o c i a t i o n  10-14" P . Z. Ci  Iii  s s p .  n a u se o su s

r i v e r  b r e a k s  10-14" P . Z. Ci  Iii  s sp . graveo len s  
Ci  Hi  s sp . nauseosus

Brow sing  o f  Montana Chrysotham nus Taxa

Ci  Ei  s s p .  g l a n d u l o s u s  a p p e a r s  t o  be p a l a t a b l e  t o  w i l d l i f e  and  

l i v e s t o c k .  P a s t  e v id e n c e  o f  b ro w s in g  i n d i c a t e s  t h a t  t h e  c u r r e n t  y e a r ' s  

g row th  i s  g e n e r a l l y  browsed t o  t h e  g round  a n n u a l l y  (T a b le  9 ) .  On 2 

s i t e s ,  which w ere  a c t i v e l y  s to c k e d  w i th  c a t t l e  a t  t h e  t im e  o f  s a m p l in g ,  

86% and 40% u s e  had been  re a c h e d  by midsummer . (T a b le  9 ) .  Ci  Ri  s s p .  

g l a n d u lo s u s  o c c u r s  so i n f r e q u e n t l y  and  i n  such  s m a l l  q u a n t i t i e s  t h a t  i t  

i s  u n l i k e l y  t o  be a  m ajo r  component o f  w i l d l i f e  d i e t s  i n  s o u th w e s t e r n  

Montana.

Ci  Hi  s s p .  n a u s e o s u s  and  Ci  Qi  s s p .  g r a v e o l e n s  w ere  t h e  o t h e r  2 

t y p e s  o f  Chrysotham nus t a x a  o b s e rv e d  t o  be browsed s i g n i f i c a n t l y  i n  

M ontana. O f te n  p l a n t s  o f  Ci  Qi  s s p .  n a u s e o s u s  w ere  s e v e r e l y  g r a z e d . 

P l a n t s  o f  Ci  Qi  s s p .  n a u s e o s u s  c o l l e c t e d  a t  s i t e  8 / 2 6 / 2  were browsed t o  

dw arf  fo rm s .  One c o l l e c t i o n  ( 8 / 2 6 / 2 a ) was hedged so s e v e r e ly  t h a t  

l i t t l e  o f  t h e  b a se  r e m a in e d ,  m aking i t  a p p e a r  de fo rm ed .

The use  o f  Ci  Qi  s s p .  n a u s e o s u s  a g r e e s  w i th  t h e  o b s e r v a t i o n s  o f  

McArthur e t  a l .  (1979b) t h a t  t h e  g ra y  g r o u p , c o n t a i n i n g  Ci  Qi  s s p .
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na u s e o s u s ,  i s  more p a l a t a b l e  t h a n  t h e  g r e e n  g r o u p .  However, n ^  s s p .  

g r a v e d e n s  ( b e lo n g in g  t o  t h e  g r e e n  g ro u p )  was fou n d  t o  be browsed o f t e n  

a l s o ,  o c c a s i o n a l l y  q u i t e  h e a v i l y  ( s i t e  8 / 2 7 / 2 ) .  C u r r e n t  use  o f  t h i s  

t a x o n  was o b s e rv e d  i n  May o f  1986 on  th e  banks  o f  t h e  M is s o u r i  r i v e r .

B row sing  was most o f t e n  o b s e rv e d  i n  t h e  e a s t e r n  h a l f  o f  I to n ta n a . 

T h is  i s  t h e  e x t e n t  o f  t h e  r a n g e  o f  n ^  s s p .  g r a v e o l e n s  ( F ig .  7 ) ,  y e t ,  

—  —  s s P- n a u s e o su s  e x te n d s  o v e r  t o  t h e  w e s t e r n  h a l f  o f  I tontana ( F ig .  

8 ) .  N o t a b l e  u s e  on p l a n t s  o f  n ^  s s p .  c o n s i m i l i s  a n d  C. 

v i s c i d i f l o r u s  was o b s e rv e d  i n  a r e a s  n o r t h  o f  Y e l lo w s to n e  N a t io n a l  Phrk  

n e a r  G a r d in e r ,  MT.

P rongho rn  a n d  mule d e e r  a r e  l i k e l y  consum ers  o f  Chrvsotham nus t a x a  i n  

M ontana. In  Rosebud an d  G a r f i e l d  c o u n t i e s ,  M ontana, Chrvsothamnn= was 

found  t o  be a n  i m p o r ta n t  w i n t e r  browse o f  mule d e e r .  A lo n g  w i t h  

A r te m is ia  s p e c i e s  an d  J u n ip e r u s  s p e c i e s ,  i t  made up g r e a t e r  th a n  60? o f  

t h e  d i e t  a t  b o th  s i t e s  (E u s ta c e  1 9 7 1 ) .  I n  Rosebud c o u n ty  Chrvsotham nns 

a c c o u n te d  f o r  3 6 .8 ?  o f  t h e  w i n t e r  d i e t ,  t h e  l a r g e s t  s i n g l e  com ponent.

H a l l  and  C lem en ts  (1923) s u g g e s t e d  t h e  p a l a t a b l i t y  o f  C h r y s o t h a m n n =  

t a x a  i s  d e p e n d en t  on th e  s p e c i e s  i n  w hich th e y  a r e  a s s o c i a t e d .  P e rh a p s  

t h i s  i s  t h e  c a se  i n  M ontana. L i t t l e  l i t e r a t u r e  was found  r e g a r d in g  

Chrysotham nus t a x a  c o n t r i b u t i o n s  t o  w i l d l i f e  i n  M ontana.

A d d i t i o n a l  Uses f o r  Chrysotham nus Taxa i n  Montana

T here  a r e  s e v e r a l  a d d i t i o n a l  c o n t r i b u t i o n s  Chrysotham nus t a x a  make 

t o  M ontana . Chrysotham nus t a x a  w ere  o f t e n  found  on s i t e s  i n  Montana 

w i t h  s o i l s  t h a t  w ere  s e v e r e l y  e ro d e d .  S e v e ra l  t a x a  c o u ld  be v e ry
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u s e f u l  i n  r e c l a i m i n g  mine s p o i l s ,  r o a d s i d e s ,  an d  o t h e r  d i s t u r b e d  s o i l s  

i n  t h e i r  r e s p e c t i v e  r a n g e s .  Plummer (1977) r a t e d  a l l  Chrysotham nus 

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

e s t a b l i s h m e n t ,  s p r e a d ,  g row th  r a t e ,  s o i l  s t a b i l i z a t i o n ,  and  a d a p t a t i o n  

t o  d i s t u r b a n c e .  McArthur (1983) recommended s e v e r a l  Chrysotham nus t a x a  

f o r  s t a b i l i z i n g  d i s t u r b e d  s o i l s  i n  t h e  I n te r m o u n ta in  A re a .  Some o f  

t h e s e  t a x a  o c c u r  i n  Montana and  m ig h t  be s i m i l a r l y  em ployed . C^ n ^  

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

p o o r l y  d r a i n e d  o r  h e a v y  t e x t u r e d .  Cr  l i n i f o l i u s  c a n  s t a b i l i z e  

i n t e r m i t t e n t  d r a in a g e  c a n a l s .  I t  i s  v a l u a b l e  f o r  s t a b i l i z i n g  d i s t u r b e d  

s o i l  due t o  a  s t r o n g  u n d e rg ro u n d  s p r e a d i n g  c h a r a c t e r i s t i c  (McArthur e t  

a l .  1974) • Cr  Ur  s s p .  a l b i c a u l i s  and  Cr  v i s c i d i f l o r u s  w i l l  p r o v id e  

s i m i l a r  s t a b i l i z a t i o n  on w e l l  d r a i n e d ,  d r y ,  r o c k y  s o i l s  ( M c A r th u r  

1 9 8 3 ) .

Chrysotham nus t a x a  i n  Montana f lo w e r  l a t e  i n  t h e  summer g e n e r a l l y  

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

Chrysotham nus t a x a , p a r t i c u l a r l y  Cr  n a u s e o s u s  s u b s p e c i e s ,  can  be used  

i n  l a n d s c a p i n g  t o  ad d  c o l o r  t o  p a r k s ,  y a r d s ,  and  r o a d s i d e s .  Cr  Qr  s s p .  

a l b i c a u l i s , w i t h  y e l l o w ,  v e r y  showy f l o w e r s ,  i s  s u i t a b l e  a s  a n  

o rn a m e n ta l  (M cArthur e t  a l .  1 9 7 9 a ) .

In  a d d i t i o n  t o  p r o v id i n g  b ro w se ,  Chrysotham nus p r o v i d e s  c o v e r  f o r  

p ro n g h o rn .  Yoakum (1986) s u g g e s t s  t h a t  Chrysotham nus s h o u ld  be managed 

a s  a  needed  component on p ro n g h o rn  r a n g e l a n d s .

L a y c o c k  a n d  S hoop  (1 9 8 2 )  r e p o r t e d  t h a t  Cr  l i n i f o l i u s  and  -Cr  

n a u s e o s u s  make e x c e l l e n t  l i v i n g  snow f e n c e s  i n  n o r t h e a s t e r n  C o lo rad o .  

S i m i l a r l y  Chrysotham nus t a x a  c o u ld  be employed a s  n a t u r a l  snow fe n c e  i n
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Montana e s p e c i a l l y  Cjl iu  s s p .  g r a v e o l e n s . I t  h a s  a  w ide  ran g e  i n  t h e  

e a s t e r n  h a l f  o f  t h e  S t a t e  a n d  i t  g row s t o  12 dm.

■ • v . ; ;  , Y: :  ̂ - . '
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SUMMARY

D uring  th e  summers 1985 and  1986, 8 p r e v i o u s l y  d e s c r i b e d  t a x a  and  I 

u n c h a r a c t e r i z e d  t a x o n  o f  Chrysotham nus w ere  l o c a t e d  i n  M ontana. T h is  

new t a x o n ,  Chrysotham nus p a r r y i  s s p .  g l a n d u lo s u s  i s  d i f f e r e n t i a t e d  from  

o t h e r  C\ p a r r y i  t a x a ,  w i th  t h e  e x c e p t io n  o f  s s p .  a s p e r . by 

c o n s p i c u o u s  s t a l k e d  g l a n d s .  I t  d i f f e r s  from C^ jx  s s p .  a s p e r  by 

i n f l o r e s c e n c e  a r r a n g e m e n t ,  number o f  f lo w e r s  p e r  h e a d ,  an d  l o c a t i o n .  

The i n f l o r e s c e n c e  o f  Ci  jk s s p .  g l a n d u l o s u s  i s  a r r a n g e d  i n  a  cyme w h i l e  

Ci  Ei  s s p .  a s p e r  h a s  a n  i n f l o r e s c e n c e  a r r a n g e d  i n  a  rac e m e . Ci  ^ i  s s p .  

g l a n d u l o s u s  h a s  10 t o  14 f l o w e r s  p e r  h e a d .  Ci  ^ i  s s p .  a s p e r  h a s  5  t o .  

10 f l o w e r s  p e r  h e a d .  Ci  ^ i  s s p .  a s p e r  i s  l o c a t e d  i n  Nevada and  

C a l i f o r n i a .  Ci  Ei  s s p .  g l a n d u lo s u s  i s  s i m i l a r  t o  Ci  Ei  s s p .  im u lu s  and  

Ci  Ez. s s p .  m o n t a n u s , b u t  d i f f e r s  by c h a r a c t e r i s t i c s  such  a s  l e a f  

l e n g t h ,  l e a f  w id th ,  and  t h e  number o f  f l o w e r s  p e r  h e a d .

Ci  Ez. s s P- g l a n d u l o s u s  e x p r e s s e s  2 v a r i e t i e s .  Ci  Ez. s s p .  

g l a n d u lo s u s  v a r .  to m e n to su s  i s  c o v e re d  w i th  tomentum w hich  o b s c u re s  t h e  

s t a l k e d  g l a n d s .  The t y p i c a l  f o r m ,  Ci  s s p .  g l a n d u l o s u s  s s p .  

g l a n d u l o s u s  l a c k s  tomentum.

Four  s u b s p e c i e s  o f  Ci  n a u s e o s u s  w ere  found  t o  o c c u r  i n  M ontana . 

Two, Ci  Oi  s s p .  n a u s e o s u s  an d  Ci  Qi  s s p .  a l b i c a u l i s . f a l l  i n t o  t h e  g ra y  

g ro u p ,  w hich  t y p i c a l l y  have g ra y  s te m s  and  p u b e sce n c e  t o  tomentum on 

t h e  i n v o l u c r e s .  V a r i a n t s  i n  s tem  c o l o r ,  r a n g in g  from  b r i g h t  g r e e n  t o  

c o t to n y  w h i t e ,  were found  i n  b o th  t a x a .  Ci  Qi  s s p .  c o n s i m i l i s  an d  Ci  

Oi  s s p .  g r a v e o l e n s  b e lo n g  t o  t h e  g r e e n  g ro u p ,  which have g r e e n  s tem s 

and  g l a b r o u s  i n v o l u c r e s .



T hree  t a x a  o f  Ci  v i s o i d i f l o r u s  w ere  f o u n d . Two s u b s p e c i e s ,  yv  

s s p .  I a n c e o l a t u s  an d  Ci  Vi  s s p .  v i s o i d i f l o r u s . a r e  d i f f e r e n t i a t e d  by 

th e  p r e s e n c e  an d  ty p e  o f  v e s t i t u r e  on t h e  s tem s  and  l e a v e s .  Two 

v a r i e t i e s  o f  Ci  Vi  s s p .  v i s o i d i f l o r u s  o c c u r  i n  M ontana. These w ere  

d i f f e r e n t i a t e d  p r i m a r i l y  by l e a f  w id th .  Ci  Vi  s s p .  v i s o i d i f l o r u s  v a r .  

v i s o i d i f l o r u s  h a s  l e a v e s  g r e a t e r  t h a n  I .5 mm wide an d  t h e  l e a v e s  o f  Ci

V' s s p .  v i s o i d i f l o r u s  v a r .  s t e n o p h y l l u s  r a n g e  be tw een  I and  1 .5  mm
' ■

w id e .  Many v a r i a n t s  w ere  found  o f  t h e s e  3 t a x a .  T h i s  v a r i a t i o n  m ig h t  

be e x p l a i n e d  by i n t e r g r a d a t i o n ,  w h ic h  f r e q u e n t l y  h a p p e n s  i n  Ci  

v i s o i d i f l o r u s  t a x a .

A lso  Ci  l i n i f o l i u s , o r i g i n a l l y  d e s c r i b e d  by H a l l  and  C lem en ts  a s  a  

s u b s p e c i e s  o f  Ci  v i s o i d i f l o r u s . o c c u r s  i n  M o n ta n a .  L ik e  Ci  

v i s o i d i f l o r u s . i t  l a c k s  t omentum c h a r a c t e r i s t i c  o f  Ci  n a u s e o s u s . I t  

d i f f e r s  from  Ci  v i s o i d i f l o r u s  t a x a  by i t s  t a l l n e s s  an d  by i t s  a b i l i t y  

t o  s p re a d  by l a t e r a l  r o o t s .

Ci  Ejl s s p .  g l a n d u l o s u s  w as  c h a r a c t e r i s t i c a l l y  found i n  sm a l l  

p o p u l a t i o n s  i n  g r a s s y  o p e n in g s  among A r t e m is i a  t r i d e n t a t a  -  g r a s s l a n d  

ty p e  c o m m u n it ie s .  The s i t e s  sam pled t o  c h a r a c t e r i z e  t h i s  t a x o n *  s 

h a b i t a t  r a n g e d  i n  e l e v a t i o n  from 1788 t o  2227 m (5862-7300  f t )  an d  

a n n u a l  p r e c i p i t a t i o n  v a r i e d  from  356 t o  588 mm (14 -2 3  i n ) .  S lo p e s  an d  

a s p e c t s  w ere  v a r i a b l e .  A l l  s i t e s  had loam  t o  sandy loam t e x t u r e d  s o i l s  

w i th  pH v a l u e s  betw een  7 and  8 .  The com m un it ies  a v e ra g e d  13% c o v e ra g e ,  

9% s h ru b  canopy c o v e ra g e ,  and 17% b a r e  g ro u n d .  A l l  7 s i t e s  sam pled 

w e re  s i l t y  r a n g e  s i t e s  l o c a t e d  i n  th e .  f o o t h i l l s  a n d  m o u n t a i n s  

g e o g ra p h ic  a r e a ,  b u t  had v a r y i n g  am o u n ts  o f  p r e c i p i t a t i o n .  D is tu r b a n c e  

had o c c u r r e d  on a l l  s i t e s .

78
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A d ja c e n t  p l o t s  w i th o u t  t h e  Cjl s s p .  g l a n d u l o s u s  w ere  sampled t o  

d e te r m in e  w hat f a c t o r ( s )  w ere  r e s p o n s i b l e  f o r  t h i s  t a x o n ' s  o c c u r r e n c e .  

A l th o u g h  d i s t u r b a n c e  had a l s o  o c c u r r e d  on t h e  a d j a c e n t  p l o t s ,  t h i s  

f a c t o r ,  a lo n g  w i th  s o i l  t y p e ,  seemed t o  i n f l u e n c e  o c c u r r e n c e  a n d  

d i s t r i b u t i o n  o f  Ci  s s p .  g l a n d u l o s u s . I t  seems a b l e  t o  c o lo n i z e  n e a r  

n e u t r a l ,  loam  t o  sandy loam s o i l s ,  low i n  s o lu b l e  s a l t s ,  how ever, i t  

was a b s e n t  on a d j a c e n t  s i t e s  w i th  s i m i l a r  c h a r a c t e r i s t i c s .  S e n s i t i v i t y  

t o  e x tre m e  g r a z i n g  may e x p l a i n  a b s e n c e  o f  (X s s p .  g l a n d u lo s u s  on 

a d j a c e n t  s i t e s  a n d  th e  sm a ll  s i z e  o f  p o p u l a t i o n s  i n  w hich  i t  o c c u r s .  

P a s t  e v id e n c e  o f  b ro w s in g  i n d i c a t e s  t h a t  t h e  c u r r e n t  y e a r ' s  g row th  o f  

C. p .  s s p .  g l a n d u l o s u s  i s  g e n e r a l l y  browsed t o  t h e  g ro u n d .  Use was 

found t o  be 40 and 86? by mid-summer on 2 s i t e s  t h a t  w ere  a c t i v e l y  

s to c k e d  a t  t h e  t im e  o f  s a m p l in g .

Chrysotham nus t a x a  w ere  d i s t r i b u t e d  th r o u g h o u t  t h e  S t a t e .  C^ 

s s p .  g l a n d u l o s u s  was found  o n ly  i n  s o u th w e s t e r n  M ontana. C^ n ^  s s p .  

n a u s e o s u s , t h e  most w id e s p re a d  t a x o n ,  was found o v e r  t h e  e n t i r e  S t a t e .  

C. n .  s s p .  a l b i c a u l i s  was l i m i t e d  t o  t h e  w e s t e r n  h a l f  o f  J tontana and  C^ 

n ^  s s p .  g r a v e o l e n s  was d i s t r i b u t e d  i n  t h e  e a s t e r n  h a l f .  Cjl Hjl s s p .  

c o n s i m i l i s  o c c u r r e d  o n ly  i n  t h e  s o u th e r n  p o r t i o n s  o f  t h e  S t a t e .  Cl Vl  

s s p .  I a n c e o l a t u s  ran g e d  i n  t h e  lo w e r  h a l f  o f  c e n t r a l  t o  s o u th w e s te rn  

J to n ta n a . Cl  V l  s s p .  v i s c i d i f l o r u s  s h a re d  t h e  same r a n g e  a s  Cl  V l  s s p .  

I a n c e o l a t u s  b u t  e x te n d e d  i n t o  n o r th w e s t e r n  J to n tan a . Cl  l i n i f o l i u s  was 

found  o n ly  i n  Carbon County l o c a t e d  i n  t h e .  l o w e r  h a l f  o f  c e n t r a l  

J to n ta n a .

C. n a u s e o s u s  s u b s p e c i e s  w e r e  d i s t r i b u t e d  on  a  w ide  v a r i e t y  o f  

h a b i t a t s .  Cl  Hl  s s p .  n a u s e o s u s  was c o l l e c t e d  on c l a y  t o  sandy loam
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s o i l s .  C o l l e c t i o n  s i t e s  v a r i e d  i n  a n n u a l  p r e c i p i t a t i o n  am ounts  from  

280 t o  510 mm (11 -2 0  i n )  w i th  e l e v a t i o n s  r a n g in g  from  700 to  2300 m 

(2300-7500  f t ) .  As w i th  Ci  ru s s p .  n a u s e o s u s , Ci  m  s s p .  g r a v e d e n s  

was o f t e n  found  on d i s t u r b e d  s i t e s .  I t  was commonly a s s o c i a t e d  w i t h  

S a r c o b a tu s  v e r m i c u l a t u s  and  A t r i p l e x  s p p .

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

d i s t u r b a n c e  was e v i d e n t .  C o l l e c t i o n s  o f  Ci  Vi  s s p .  I a n c e o l a t u s  w ere  

made on s o i l s  r a n g in g  from  s i l t  t o  s a n d .  The 2 v a r i e t i e s  o f  Ci  V i  s s p .  

y i s c i d i f l o r u s  w ere  a l s o  c o l l e c t e d  p r i m a r i l y  on l i g h t  t e x t u r e d  s o i l s .

—  was found  i n  com m un it ies  dom ina ted  by s a l t  d e s e r t  sh ru b  

s p e c i e s .

C h r y s o th a m n u s  t a x a  seem t o  be im p o r ta n t  l o c a l l y  t o  w i l d l i f e  i n  

M o n ta n a . Ci . ^ i  s s p .  g l a n d u l o s u s  a p p e a r s  t o  be p a l a t a b l e ,  b u t  

c o n t r i b u t e s  l i t t l e  t o  w i l d l i f e  d i e t s  b e c a u s e  i t  o c c u r s  i n  such  sm a l l  

q u a n t i t i e s .  However, Chrysotham nus t a x a  such  a s  Ci  Pi  s s p .  n a u s e o s u s  

and  Ci  ru s s p .  g r a v e d e n s ,  a r e  more a b u n d a n t  and  w id e ly  d i s t r i b u t e d .  

These t a x a  w ere  found  s e v e r e l y  g ra z e d  i n  s e v e r a l  l o c a t i o n s  and  a p p e a r  

t o  c o n t r i b u t e  t o  w i l d l i f e  d i e t s ,  p a r t i c u l a r l y  i n  e a s t e r n  M ontana .

Chirysothamnus t a x a  make a d d i t i o n a l  c o n t r i b u t i o n s  t o  M ontana. They 

r e a d i l y  e s t a b l i s h  on d i s t u r b e d  an d  d e p l e t e d  a r e a s  m aking  them u s e f u l  

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

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

a l b i c a u l i s . I n  a d d i t i o n ,  Chrysotham nus t a x a  p ro v id e  needed  c o v e r  f o r  

w i l d l i f e  and  can be used  f o r  l i v e  snow f e n c e s .
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T a b le  12 . Summary o f  v e g e t a t i o n  p a r a m e te r s  m easu red  a t  7 p a r r v i  s s p .  g l a n d u lo s u s  sa m p l in g  s i t e s .

R i v e r s i d e J e r r y Creek Q u a r tz  H i l l H e len  L a rso n  
Ranch

ta x o n  
. p l o t

p a i r e d
p l o t

tax o n
p l o t

p a i r e d
p l o t

ta x o n
p l o t

p a i r e d
p l o t

tax o n
p l o t

p a i r e d
p l o t

$  t o t a l  
g r a s s  c o v e r 8 .5 9 .0 13 .2 2 1 .2 10 .5 8.1 16 .3 9 .7
% sh ru b  canopy 
c o v e r  

t o t a l 6 .0 4 4 .3 9 .8 9 9 .6 5 .2 2 4 .7 6 .1 9 5.1

C. p a r r v i 3 .5 4 8 .2 9 2 .6 2 2 .5 9

o t h e r  Chrysotham nus 
t a x a . 1 .0 3 .5 — —--- —  —  —  — 2 .2 3 .7

' A r t e m is i a  ta x a 1 .5 0 .5 1 .6 1 .5 1 .5 0 .5 2 .9 1 .4

C. p a r r v i  s s p .
g l a n d u l o s u s
d e n s i ty /m ^ 0 .9 8 3 .2 8 3 .2 6 1 .58

% Bare  ground 5 .4 2 .2 7 .5 1 .8 3 .7 5 .7 3 .2 11 .2



Table 12. continued

Coal Creek BLM C e n te n n ia l

tax o n p a i r e d tax o n p a i r e d taxon p a i r e d

% t o t a l

p l o t p l o t p l o t p l o t p l o t p l o t

g r a s s  c o v e r 12 .5 11 .0 11 .3 14 .0 11.7 7 .2

% sh ru b  canopy- 
c o v e r  

t o t a l 16 .94 5 .8 10 .46 9.1 7 .3 18.2

C. p a r r v i 11 .64 7 .7 6 2 .6

o t h e r  Chrysotham nus 
t a x a  . - 1.1 1 .5 0 .9 0 .5 1.1

A r t e m is i a  t a x a 4 .2 0 .2 1 .8 5 .9 3 .6 18.1

C. p a r r v i  s s d .
g l a n d u l o s u s
de 'n s ity /m ^ 3-04 6 .0 5 1 .11

% Bare  g round 3 3 .4 3 8 .7 36 .3 2 2 .8 30 .7 34 .3



Table 13 H a b i t a t  n o t e s  and  l o c a t i o n s  o f  sp e c im en s  o f  Chrysotham nus and  s i t e s  n o te d  i n  t h e  R e s u l t s  
and  D is c u s s io n  s e c t i o n .

Taxon and specimen S o il textu re Aspect Slope
%

Dominant a sso c ia ted  
plan ts

Grazing 
a t s i t e

Location d escr ip tio n

C. nauseosus 
ssp . nauseosus 
8 /l6 /4 b s i l t y east . 10-20 Pseudoreeneria sp icata  

Artem isia arbuscula
yes 38.1 m iles from Alder on 

Ruby River R eservoir  
road, Hbdison County

8 / l 6 / 5e s i l t y ,
gravel

0 - 2 Artemisia tr id en ta ta  i 
A. fr ie id a
Pseudoreeneria sp icata

moderate 34.1 m iles from Alder on 
Ruby River R eservoir  
road, hfedison County

8 /2 7 /9b loam 0 - 2 Artemisia tr id en ta ta  
Bouteloua g r a c i l i s

yes West side o f highway 19, 
7.45 m iles south of 
junction  191 north, 
Fergus County

8/26/2b . clayey west 6 - 1 0 Pseudoresneria sp icata  
G rindelia. souarrosa

• yes South side o f 200s, 15.6 
m iles southeast o f 
C irc le , Dawson County

ssp . a lb ic a u l is  
8 / 29 / 1a and Ib ■ loam east 3-5 Artem isia tr id en ta ta heavy West side o f 89 , 9 .15  

m iles north o f  ju nction

8/31/3b  and 3c . loam . south 3-5 Elymus canadensis moderate
Poa spp.
Stipa comata

East side of Bear Trap 
Recreation road, 2 .1  
m iles south of 84, 
G allatin  County 
12 E ast, Meagher County



Table 13. continued

Taxon and specimen S o il tex tu re  Aspect Slope Dominant a sso c ia te d  Grazing L ocation d escr ip tio n
% p la n ts  a t  s i t e

8 /31 /2C

■8/26/2a

C. v is c id if lo r u s  
ssp . Ian ceo la tu s  
8 / l6 /2 a

• 8 /2 0 / Ib

8 /2 0 /2 a

ssp . Ian ceo la tu s  
8 /2 0 /3 d

loam 0 - 2 Pseudoregneria sp ica ta heavy North sid e  o f .84 , 7 . 5 5  
m iles  where 86 meets the  
Madison River on the  
e a st  sid e  o f  84, Pkdison 
County

clayey west 6 - 1 0 Pseudoregneria sp ica ta  
G rindelia  squarrosa

yes South sid e  of 200s, 15.6  
m iles  southeast o f  
C ir c le , Dawson County

south 6 - 1 0 Artem isia tr id en ta ta yes 1 .6  m iles ea st o f 
V irgin ia  City 
southwest o f 287 , Pkdison 
County

west 0 - 2 Artem isia tr id en ta ta  
Juniperus seopulorum

heavy I .05 m iles north of 
H elm ville on 141, Powell 
County

south 6 - 1 0 K oeleria  c r i s t a ta , moderate 
Festuca id ah oen sis  
Stipa spp.

P r ie s t 's  Pass road 6.4  
m iles northwest o f 1 2 ,
8 . 3  m iles west o f H elena, 
Lewis and Clark County

south 6 - 1 0 K oeleria  c r is t a ta moderate
Festuca id ah oen sis  
Stipa spp.

P r ie s t ' s  Pass road 6 . 2  
m iles northwest o f 1 2 , 
Helena, Lewis and Cla>k 
County

VO
LO



Table 13. continued

Taxon and specimen S o il tex tu re  Aspect Slope Dominant a sso c ia te d  Grazing Location d escr ip tio n
% p la n ts  a t  s i t e

ssp . Ian ceo la tu s  
8 /3 1/5a sandy-

Ioam
west 20+ Pseudorenneria sp ica ta  

A rtem isia cana 
K oeleria  c r i s t a ta 
Poa spp.

yes West sid e  of 287 , 4.1  
m iles south of Morris, 
Madison County

C. v. ssp . 
v is c id if lo r u s  
var. sten on h vllu s  
8 / l6A d s i l t y  . east '10+20 Pseudorenneria sp icata  

Artem isia arbuscula
yes 38.1 m iles west from 

Alder on Ruby River 
R eservoir road, Madison 
County

8/2it/1a sandy-
Ioam

north 20+ Pseudorenneria sp ica ta  
A rtem isia cana 
A rtem isia fr in id a  
A rtem isia tr id en ta ta

no On 1 -9 0 , 0 .6  m iles west 
o f Springdale e x i t ,  Park 
County

C. v . ssp . 
v is c id if lo r u s  
var. v i s c id if lo r u s  
8 /l6 /2 b south­

west
6-10 Artem isia tr id en ta ta  

Juniperus son.
yes 1.6 m iles ea st o f 

V irginia City southwest 
o f  28?, Ifedison County

var. v i s c id if lo r u s  
SZITZ1Id s i l t y 0-2 Artem isia tr id en ta ta heavy ■ 4 ,6  m iles e a st  o f Twin

Bridges -  Melrose road , 
Madison County
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