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ABSTRACT

CHEMICAL, CYTOLOGICAL AND GENETIC CONSIDERATIONS 

OE THE POSSIBLE HYBRID ORIGIN OE 

ASTER BLAKEI (PORTER) HOUSE

L. M ic h a e l  H i l l

I t  was t h e  p u rp o se  o f  t h i s  i n v e s t i g a t i o n  t o  c o n s i d e r  

t h e  p o s s i b l e  h y b r i d  o r i g i n  o f  A s t e r  B l a k e i  from A. a c u m in a tu s  

Michx. and  A. n e m o r a l i s  A i t .  by  u t i l i z i n g  c y t o l o g i c a l ,  g e n e t i c  

and c h e m ic a l  t e c h n i q u e s .

The c y t o l o g i c a l  t e c h n i q u e s  i n v o l v e d  a s t u d y  o f  t h e  

m i t o t i c  and  m e i o t i c  chromosomes o f  a l l  t h r e e  t a x a  by  t h e  smear 

method.  The s t u d y  r e v e a l e d  t h e  chromosome number o f  A. acum i­

n a t u s  , A. n e m o r a l i s  and A. B l a k e i  t o  be 2N = 18. A. B l a k e i  

formed b i v a l e n t s  i n  P ro p h a se  I .  The E^ h y b r i d s  o f  t h e  c r o s s  

A. n e m o r a l i s  x A. a c u m in a tu s  d e m o n s t r a t e d  r e g u l a r  m e i o s i s  most  

o f  th e  t i m e .  V i a b i l i t y  o f  p o l l e n  was r e v e a l e d  b y  s t a i n i n g  i n  

a n i l i n e  b l u e  i n  l a c t o p h e n o l .  A. B l a k e i  c o l l e c t e d  f rom one 

n a t u r a l  s o u r c e  r e v e a l e d  79% s t a i n a b l e  p o l l e n  w h i l e  A. B l a k e i  

c o l l e c t e d  from a se co n d  n a t u r a l  so u r c e  s c o r e d  97% s t a i n a b l e  

p o l l e n .  The E-̂  h y b r i d s  h a d  89-90% s t a i n a b l e  p o l l e n .  O v e r a l l ,  

t h e  c y t o l o g i c a l  e v id e n c e  i n d i c a t e d  t h a t  A. B l a k e i  was f e r t i l e ,  

b u t  n o t  a s  f e r t i l e  a s  A. n e m o r a l i s  o r  A. a c u m i n a t u s .

Chemica l  s t u d i e s  were  c o n d u c te d  u s i n g  t h i n - l a y e r  

ch ro m a to g ra p h y  o f  u n i d e n t i f i e d  p h e n o l i c  compounds. These com­

pounds were  u se d  a s  m a rk e r s  i n  d e t e c t i n g  h y b r i d i z a t i o n  i n

ix



n a t u r e .  The r e s u l t s  d e m o n s t r a t e d  t h a t  A. B l a k e i  was i n t e r ­

m e d i a t e  b e tw een  A. a c u m in a tu s  and A. n e m o r a l i s .

The g e n e t i c  t e c h n i q u e s  i n v o l v e d  c r o s s e s  be tw een  t h e  

p u t a t i v e  p a r e n t s ,  A. n e m o r a l i s  and A. a c u m i n a t u s . The r e s u l t ­

i n g  h y b r i d s  were t h e n  b a c k c r o s s e d  t o  t h e i r  p a r e n t s .  C r o s s e s  

were  a l s o  made w i t h i n  t h e  F^ p o p u l a t i o n .  O th e r  c r o s s e s  were  

made b e tw een  A. B l a k e i  c o l l e c t e d  f rom a n a t u r a l  so u r c e  and 

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

a c u m in a tu s  and A. n e m o r a l i s  i s  a t t a i n a b l e  and  i s  i n d i s t i n g u i s h ­

a b l e  f rom _A. B l a k e i . C r o s s e s  b e tw ee n  th e  p a r e n t a l  t a x a  and A. 

B l a k e i  r e s u l t e d  i n  some p ro g e n y  which  were s i m i l a r  t o  A.

B l a k e i . T h i s  s u g g e s t e d  t h a t  t h e  r a n g e  o f  v a r i a t i o n  o f  A.

B l a k e i  m ig h t  c o n t a i n  b o t h  b a c k c r o s s  and h y b r i d  t y p e s .  A. 

B l a k e i ,  A. a c u m in a tu s  and A. n e m o r a l i s  a re  a l l  i n t e r f e r t i l e .

The F^ h y b r i d s  o f  A. a c u m in a tu s  and A. n e m o r a l i s  a r e  a l s o  

i n t e r f e r t i l e .

The e v id e n c e  s u g g e s t s  t h a t  A. B l a k e i  i s  a n a t u r a l  

h y b r i d  o f  A. a c u m in a tu s  and A. n e m o r a l i s . I n t r o g r e s s i o n  was 

d e m o n s t r a t e d  u n d e r  g re e n h o u se  c o n d i t i o n s  and ± 1  one n a t u r a l  

p o p u l a t i o n .

x



CHAPTER I

INTRODUCTION

The genus  A s t e r  i s  l a r g e  and. p o ly m o r p h i c .  I t  i s  w i d e l y  

r e c o g n i z e d  to  be a genus  i n  w h ich  some s p e c i e s  b o u n d a r i e s  a r e  

b l u r r e d  and  v a r i a b l e  (A nd e rson ,  1929: S h i n n e r s ,  194-1: R o se n d a h l  

and C r o n q u i s t ,  194-9). The p o ly m o rp h ic  n a t u r e  o f  many s p e c i e s  

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

d i z a t i o n  ( S o l b r i g ,  1 9 6 7 ) .  O th e r  s p e c i e s  e x h i b i t  c o n s i d e r a b l e  

p h e n o t y p i c  p l a s t i c i t y  (Van F a a s e n ,  1971)*

E e r n a ld  (1950)  s u b m i t s  t h a t  most  o f  t h e  v a r i a b i l i t y  

i n  t h e  gen u s  i s  c a u s e d  by  h y b r i d i z a t i o n .  I t  i s  most  p r e v a l e n t  

i n  t h e  S e c t i o n  EUASTER Gray ,  and  t h i s  i s  where  e x p e r i m e n t a l  

s t u d i e s  have  b een  f o c u s e d  (Wetmore and D e l i s l e ,  1959; A v e rs ,  

1953a;  U t t a l ,  1 9 6 2 ) .  However,  t h e  work o f  Avers  on t h e  H e t e r o -  

p h y l l i  s e r i e s  d e m o n s t r a t e d  t h a t  s p e c i e s  am algam at ion  was n o t  

e x t e n s i v e .  She c i t e d  many b a r r i e r s  which would  p r o h i b i t  ex­

t e n s i v e  h y b r i d i z a t i o n  ( A v e r s ,  19531*) and  c o n c lu d e d  t h a t  most  

o f  t h e  v a r i a t i o n  was c a u s e d  by  i n t r o g r e s s i v e  h y b r i d i z a t i o n  i n  

l o c a l  p o p u l a t i o n s .

R e c e n t  s t u d i e s  have  r e v e a l e d  t h a t  i n t e r g e n e r i c  and 

i n t e r s p e c i f i c  h y b r i d i z a t i o n  m ig h t  be o c c u r r i n g  i n  t h e  S e c t i o n  

ORTHOMERIS T. and  G. H y b r id s  b e tw ee n  an unknown s p e c i e s  o f  

S o l id a g o  and  A s t e r  p t a r m i c o i d e s  (N ees )  T. and G. have b e e n  

r e p o r t e d  b y  Yeo ( 1 9 7 1 ) .  P ik e  (1970)  a c c u m u la t e d  m o r p h o l o g i c a l  

and g e o g r a p h i c a l  e v id e n c e  which  i n d i c a t e d  t h a t  A s t e r  B l a k e i  

( P o r t e r )  House was an i n t e r m e d i a t e  o f  A. a c u m in a tu s  Michx.

1
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and A. n e m o r a l i s  A i t .  T h is  e v id e n c e  a l s o  s u g g e s t e d  t h a t  i n t r o -  

g r e s s i o n  m ig h t  be o c c u r r i n g  i n  t h e  d i r e c t i o n  o f  A. n e m o r a l i s .

He d e t e r m i n e d  t h a t  t h e s e  t a x a  c a n n o t  be i d e n t i f i e d  u n l e s s  

h y b r i d i t y  i s  c o n s i d e r e d .

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

o r i g i n  o f  A. B l a k e i  u t i l i z i n g  c h e m i c a l ,  g e n e t i c  and  c y t o l o g i c a l  

t e c h n i q u e s .  The c h e m ic a l  e v id e n c e  i s  b a s e d  on t h i n - l a y e r  

c h ro m a to g ra p h y  o f  u n i d e n t i f i e d  p h e n o l i c  compounds. T h is  

t e c h n i q u e  h a s  been  u s e f u l  i n  h y b r i d i z a t i o n  s t u d i e s  i n  o t h e r  

g e n e r a  ( A l s t o n  and T u r n e r ,  1962; G a r t e r  and  Brehm, 1969;

W alk e r ,  1969; B e l z e r  and Owenby, 1971)* Abrahamson and S o l b r i g  

( 1 9 7 0 ) have  s u g g e s t e d  t h a t  p h e n o l i c s  m igh t  n o t  be u s e f u l  i n  

c o n s i d e r i n g  t h e  taxonomy o f  t h e  H e t e r o p h y l l i  s e r i e s  o f  A s t e r . 

The g e n e t i c  e v id e n c e  i s  b a s e d  on a c h e m ic a l  and  m o r p h o l o g i c a l  

a n a l y s i s  o f  an p o p u l a t i o n  p r o d u c e d  by c r o s s i n g  A. n e m o r a l i s  

w i t h  A. a c u m i n a t u s . The c y t o l o g i c a l  e v id e n c e  i s  b a s e d  on 

o b s e r v a t i o n s  o f  m i t o t i c  and  m e i o t i c  chromosomes o f  a l l  t h r e e  

t a x a  and t h e  F^ p o p u l a t i o n .
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CHAPTER I I  

REVIEW OE THE LITERATURE

The E v o l u t i o n a r y  S i g n i f i c a n c e  o f  
H y b r i d i z a t i o n  i n  P l a n t s

H y b r i d i z a t i o n  i s  d e f i n e d  b y  S t e b b i n s  (1969)  a s  t h e  c r o s ­

s i n g  be tw ee n  i n d i v i d u a l s  b e l o n g i n g  t o  p o p u l a t i o n s  which have 

d i f f e r e n t  a d a p t i v e  norms.  T h i s  d e f i n i t i o n  i s  n o t  l i m i t e d  to  

h y b r i d i z a t i o n  b e tw ee n  s p e c i e s ,  b u t  a l s o  i n c l u d e s  h y b r i d i z a t i o n  

be tw een  s u b - s p e c i e s ,  v a r i e t i e s  and e c o t y p e s .  I n  e s s e n c e ,  hy­

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

1971.

P r i n c i p l e s  o f  H y b r i d i z a t i o n . The o f f s p r i n g  o f  a 

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

i n t e r m e d i a t e s  o f  t h e i r  p a r e n t s  ( S o l b r i g ,  1 9 7 0 ) .  The E£ p ro geny  

w i l l  show a wide r a n g e  o f  m o r p h o l o g i c a l  and p h y s i o l o g i c a l  

v a r i a b i l i t y .  C la u s e n  and H i e s e y  (1958)  d e m o n s t r a t e d  t h a t  th e  

P 2  o f  a c r o s s  be tw ee n  f o o t h i l l  and  s u b a l p i n e  e c o t y p e s  o f  

P o t e n t i l l a  g l a n d u l o s a  showed e x t r e m e l y  v a r i a b l e  r a n g e s  o f  

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

i n  a l t i t u d e .  No two p l a n t s  b eh av e d  o r  lo o k e d  a l i k e .  T h is  

v a r i a t i o n  i s  due t o  r e c o m b i n a t i o n .  The a r r a y  o f  v a r i a t i o n  

i n  an ? 2  p o p u l a t i o n  i s  i n h i b i t e d  b y  t h e  d e g re e  of: l i n k a g e  

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

(A nd e rson ,  199-9). O ther  m ethods  o f  r e g u l a t i n g  r e c o m b i n a t i o n  

a r e  d i s c u s s e d  b y  G ra n t  ( 1 9 5 8 ) .

The o f f s p r i n g  o f  an i n t e r s p e c i f i c  c r o s s  a r e  u s u a l l y  

sem i-  t o  c o m p l e t e l y  s t e r i l e  b e c a u s e  o f  i r r e g u l a r i t i e s  a t
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m e i o s i s .  E x c e p t i o n s  e x i s t  i n  t h a t  some g e n e r a  have f e r t i l e ,  

c y t o l o g i c a l l y  no rm al  h y b r i d s  b e tw een  r e c o g n i z e d  s p e c i e s  (Sax ,  

1935;  S t e b b i n s ,  1 9 4 5 ) .  These e x c e p t i o n s  make t h e  a p p l i c a t i o n  

o f  a s t r i c t  g e n e t i c  c r i t e r i a  o f  s p e c i e s  d i f f e r e n t i a t i o n  impos­

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

c a t i o n s .

H y b r i d i z a t i o n  and  I n t r o g r e s s i o n . A p a r t i a l l y  f e r t i l e  

h y b r i d  w i l l  c r o s s  w i t h  i t s  p a r e n t s ,  o t h e r  h y b r i d s ,  o r  unde rg o  

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

com binan t  p ro g e n y  i s  c a l l e d  a h y b r i d  swarm ( G r a n t ,  1 9 7 1 ) .

These  a r e  new g e n o ty p e s  which c a n  be a c t e d  on by  n a t u r a l  s e l e c ­

t i o n  ( S t e b b i n s ,  1 9 5 9 ) .  R e p e a te d  b a c k c r o s s i n g  can e v e n t u a l l y  

r e s u l t  i n  t h e  phenomenon known as  i n t r o g r e s s i v e  h y b r i d i z a t i o n .  

Anderson  (1949)  f i r s t  u s e d  t h i s  te rm  and d e f i n e d  i t  a s  gene 

f lo w  be tw een  s p e c i e s  a s  a co n seq u e n ce  o f  s u c c e s s f u l  h y b r i d i z a ­

t i o n .  I n t r o g r e s s i o n  can be an a i d  i n  s p e c i a t i o n .  T h is  i s  

shown by exam ples  i n  Zea ( S t e b b i n s ,  1971) and H e l i a n t h u s  

( S o l b r i g ,  1970)* The methods o f  d e t e c t i n g  i n t r o g r e s s i o n  a t  

t h e  m o r p h o l o g i c a l  l e v e l  a r e  d i s c u s s e d  b y  Anderson ( 1 9 4 9 ) ,  and  

t h e  a p p l i c a t i o n  o f  t h e s e  t e c h n i q u e s  have  r e c e n t l y  b e en  demon­

s t r a t e d  by Shah ,  e t  a l  (1970)  i n  Saccharum . Examples o f  

i n t r o g r e s s i o n  i n  a n im a l s  a r e  d i s c u s s e d  b y  Mayr ( 1 9 6 3 ) .

H y b r id s  and  H a b i t a t s . H y b r id s  may e n c o u n t e r  d i f f i c u l t y  

i n  com pe t ing  w i th  t h e i r  p a r e n t s  i n  t h e  p a r e n t a l  h a b i t a t .  Hy­

b r i d s  w i l l  a d j u s t  t o  i n t e r m e d i a t e  o r  " h y b r id "  h a b i t a t s  u s u a l l y  

made a v a i l a b l e  by  t h e  d i s t u r b a n c e  o f  man (A nde rson ,  1 9 4 6 ) .

T hu s ,  t h e  f o r m a t i o n  o f  h y b r i d ,  b a c k c r o s s  and  r e c o m b in a n t  p ro g e n y
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w i t h i n  h y b r i d  o r  r e c o m b i n a t i o n a l  h a b i t a t s  w i l l  i n s u r e  t h e  

t e m p o r a r y  s u r v i v a l  o f  t h e  new g e n o t y p e s .  R e ce n t  exam ples  of  

t h e  i n v a s i o n  o f  d i s t u r b e d  h a b i t a t s  by  h y b r i d s  and i n t r o g r e s -  

s a n t s  a r e  found  i n  F l a v a r i a  (Long and R h a m s t in e ,  1 9 6 8 ) ,  Solanum 

(U g e n t ,  1970) and- S e n e c io  (Chapman and J o n e s ,  1971)*

H y b r i d i z a t i o n  and  S p e c i a t i o n . O th e r  t h a n  t h e  phenome­

non o f  i n t r o g r e s s i o n ,  h y b r i d i z a t i o n  can l e a d  to  s p e c i a t i o n  i n  

a d d i t i o n a l  ways.  One o f  t h e  b e s t  known m ethods  i s  a l l o p o l y ­

p l o i d y .  An a l l o p o l y p l o i d  i s  t h e  r e s u l t  o f  chromosome d o u b l i n g  

i n  a s p e c i e s  h y b r i d  ( S t e b b i n s ,  194-7)* The new a l l o p l o i d  i s  

f e r t i l e  due t o  th e  p r e s e n c e  o f  homologous chromosomes.  Be­

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

r e s u l t s .  Examples  a r e  d i s c u s s e d  by  G ra n t  (1971)  an d  S o l b r i g  

( 1 9 7 0 ) .

S p e c i a t i o n  b y  t r a n s g r e s s i v e  s e g r e g a t i o n  may o c c u r .  

H y b r id  p r o g e n y  p ro d u ce  c h a r a c t e r i s t i c s  which e x c e e d  t h e  l i m i t s  

o f  v a r i a t i o n  fo u n d  i n  e i t h e r  o f  t h e  p a r e n t a l  t y p e s .  S e g r e g a ­

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

i s o l a t i o n  i s  c e r t a i n  t o  o c c u r  i n  any  p r o g e n y  d e r i v e d  from a 

f e r t i l e  i n t e r s p e c i f i c  h y b r i d  ( S t e b b i n s ,  1959)* T r a n s g r e s s i v e  

s e g r e g a t i o n  h a s  been  c o n s i d e r e d  t o  be i m p o r t a n t  i n  t h e  e v o lu ­

t i o n  o f  t h e  gen u s  Ganna (Khoshoo and  M u k h e r jee ,  1970)*

Some h y b r i d s  com pensa te  f o r  s t e r i l i t y  by  r e p r o d u c i n g  

v e g e t a t i v e l y  o r  a p o m i c t i c a l l y .  Such com plexes  a r e  morpho­

l o g i c a l l y  u n i f o r m ,  occupy  a d e f i n i t e  g e o g r a p h i c a l  a r e a ,  and  

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

They a r e  t e rm e d  m i c r o s p e c i e s  by  G ra n t  (1971)*  Examples  a r e
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d i s c u s s e d  "by G ra n t  and  G ra n t  (1971)  i n  O p u n t i a  and by S t e b b i n s

(1959)  i n  E ly m u s .

A f i n a l  example o f  s p e c i a t i o n  by h y b r i d i z a t i o n  i s  t h e  

phenomenon known a s  r e c o m b i n a t i o n a l  s p e c i a t i o n .  T h is  can 

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

a  chromosomal s t e r i l i t y  b a r r i e r  composed o f  two o r  more 

s e p a r a b l e  s e g m e n ta l  r e a r r a n g e m e n t s .  The h y b r i d  can g i v e  r i s e  

t o  one or  more new homozygous r e c o m b i n a t i o n  t y p e s  f o r  t h e  

s e g m e n ta l  r e a r r a n g e m e n t s .  These  new t y p e s  w i l l  be  f e r t i l e  

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

Examples  a r e  d i s c u s s e d  by G ran t  (1971)*

O th e r  t h a n  s p e c i a t i o n ,  t h e r e  a r e  o t h e r  c o n se q u e n c e s  

o f  h y b r i d i z a t i o n .  H y b r i d i z a t i o n  can  c a u se  a p e r f e c t i o n  o f  

i s o l a t i n g  mechanisms (Mayr,  19 7 0 ) ,  o r  i t  can  c a u se  an i n c r e a s e  

i n  g e n e t i c  v a r i a b i l i t y  ( S t e b b i n s ,  1 9 6 9 ) .  Knobloch  (1972)  a d ­

v o c a t e s  t h a t  b i o l o g i s t s  s h o u l d  t h i n k  more p o s i t i v e l y  a b o u t  

h y b r i d i z a t i o n  a s  a m a jo r  f o r c e  i n  p r o d u c i n g  v a r i a t i o n .  He 

c i t e s  20 ,6 8 2  exam ples  o f  i n t e r s p e c i f i c  and 2 ,9 9 3  exam ples  o f  

i n t e r g e n e r i c  h y b r i d s  i n  t h e  p l a n t  kingdom. 2 ,2 4 2  of  t h e s e  

l a t t e r  h y b r i d s  o c c u r  i n  t h e  C o m p os i tae .

I t  would  seem t h e n ,  t h a t  h y b r i d i z a t i o n  i s  a p o s i t i v e  

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

o c c u r r e n c e .  I t  must  o c c u r  a t  t i m e s  when new h a b i t a t s  a r e  made 

a v a i l a b l e  a l l o w i n g  t h e  m a in te n a n c e  o f  h y b r i d ,  b a c k c r o s s  and  

r e c o m b in a n t  t y p e s .  N a t u r a l  s e l e c t i o n  w i l l  d e t e r m i n e  t h e  

s u c c e s s  o f  t h e  new g e n o t y p e s .
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Chromosome E v o l u t i o n  i n  A s t e r

Chromosome numbers  i n  A s t e r . The genus  A s t e r  c o n t a i n s  

2 00-250  s p e c i e s  (Van F a a s e n ,  1971) -  Chromosome numbers  have  

b een  r e p o r t e d  f o r  125 s p e c i e s ,  s u b - s p e c i e s  and v a r i e t i e s .  Num­

b e r s  f o r  N or th  and Sou th  Am erican  (New World), a s t e r s  have  b een  

r e p o r t e d  by  Wetmore and D e l i s l e  (1 9 5 9 ) ;  C la u s e n ,  e t  a l  (194-0); 

A vers  (1955a ,  1 9 5 7 ) ;  Huziwara  (194-1, 1958) 1 9 6 2 a ) ,  D a r l i n g t o n  

and Wylie  ( 1 9 5 6 ) ;  Raven,  e t  a l  ( i 9 6 0 ) ;  Van F a a sen  (1 9 6 5 ) ,  

S o l b r i g ,  e t  a l  (1964-, 1969) ;  N e lson  ( 1 9 6 6 ) ;  J o n e s  ( 1 9 6 8 ) ,  H i l l  

and  R oge rs  (1 9 7 0 ) )  Kovanda (1 9 72 )  and S t r o t h e r  ( 1 9 7 2 ) .  The 

num bers  a r e  summarized  i n  F i g .  1.

Numbers f o r  J a p a n e s e ,  C h in e s e ,  S i b e r i a n  and European  

(Old  W orld)  a s t e r s  have  b e en  r e p o r t e d  by  T a h a ra  and Shimotomai 

( 1 9 2 6 ) ;  Morinaga  and  Fukushima ( 1 9 5 1 ) ;  Shimotomai and Huziwara  

(194-1); Huziwara  (1955)  1 9 5 7 a ) 1957b, 1962b, 1 9 6 5 ) ;  D a r l i n g t o n  

and Wylie  (1956)  and  Hsu ( 1 9 6 7 ) .  The numbers  a r e  summarized 

i n  F i g .  2 .

The more f r e q u e n t  numbers  i n  Old World  a s t e r s  a r e  

2N = 18 ,  56 and 54-. T h is  s u g g e s t s  t h a t  t h e  b a s i c  number of  

t h i s  gen us  i s  X = 9 i n  Old World a s t e r s .  P o l y p l o i d i z a t i o n  t h e n  

r e s u l t e d  i n  t h e  numbers  2N = 5 6 ,  54- and  72 .  The more f r e q u e n t  

numbers  f o r  New World a s t e r s  a r e  2N = 18 and 5 6 ,  w i t h  lo w er  

f r e q u e n c i e s  o f  2N = 10 ,  16 ,  2 6 ,  52 ,  4-0, 4-6, 4 8 ,  50,  54 ,  64 and  

7 2 .  The New World a s t e r s  t h u s  have  much v a r i a t i o n  i n  chromo­

some number .  Many w o r k e r s  (H uz iw ara ,  1958; Raven ,  e t  a l ,  I 9 6 0 ;  

S o l b r i g ,  e t  a l ,  1964,  1969) i n t e r p r e t  t h i s  v a r i a t i o n  t o  be due 

t o  a r e d u c t i o n  o f  t h e  b a s i c  number o f  X = 9 t o  s e c o n d a r y  b a s e
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R i g .  1 .  F r e q u e n c y  o f  s o m a t i c  chromosome num bers  i n  New World  a s t e r s .
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numbers  o f  X = 4 and 5* S u b seq u e n t  p o l y p l o i d i z a t i o n  can  t h u s  

g i v e  r i s e  t o  2N = 18 ,  36 and  72 from X = 9» 2N = 10,  20 and 4-0 

f rom  X = 5> and  2N = 16,  32 a n d  64- f rom X = 4-. T h is  r e d u c t i o n  

i n  b a s e  number i s  a t t r i b u t e d  t o  a n e u p l o i d y  (H u z iw ara ,  1939)  o r  

t o  m ass iv e  chromosomal r e a r r a n g e m e n t s  c a u s e d  b y  c a t a s t r o p h i c  

e v o l u t i o n  ( S o l b r i g ,  1967) .

These  d a t a  t h u s  s u g g e s t  th e  p r i m i t i v e  b a s e  number o f  

Old and New World t a x a  to  be  X = 9 5 w i t h  s e c o n d a r y  b a se  numbers  

o f  X = 4- and  3 i n  t h e  New W orld  group  o n l y .  Some w o rk e r s  d i s ­

a g r e e  w i th  t h i s  i n t e r p r e t a t i o n  ( T u r n e r ,  e_t a l ,  1961a ,  1961b,  

T u r n e r ,  1 9 7 0 ) .  T h is  group a f f i r m s  t h a t  th e  b a s i c  numbers  f o r  

t h e  genus were X = 4- and 5 w h ich  gave r i s e  to  t h e  numbers  X =

8 ,  9 and 10 b y  a l l o p o l y p l o i d y .  S u b seq u e n t  p o l y p l o i d i z a t i o n s  

r e s u l t e d  i n  t h e  p r e s e n t  n u m b ers .  To s u p p o r t  t h e i r  t h e o r y ,

T u r n e r  and h i s  c o -w o r k e r s  n o t e  t h a t  i f  r e d u c t i o n  from X = 9 

o c c u r r e d ,  t h e n  s p e c i e s  w i t h  X = 6 and 7 sh o u ld  be  p r e s e n t .

A s t e r s  w i th  X = 6 o r  7 a r e  n o t  p r e s e n t  t o d a y .  Raven ,  e t  a l

( i 9 6 0 )  s u g g e s t  t h a t  s p e c i e s  w i t h  X = 6 o r  7 were s e l e c t e d  

a g a i n s t .  T u r n e r ,  _et_ a l  ( 1 9 6 1 a )  r e p l i e d  by  n o t i n g  s p e c i e s  w i t h  

X = 5 t  8 and  9 were v e r y  c l o s e l y  r e l a t e d  m o r p h o l o g i c a l l y .

Thus t h o s e  a n c e s t r a l  t a x a  w i t h  X = 6 and  7 were a l s o  r e l a t e d  

m o r p h o l o g i c a l l y .  They w ondered  why s p e c i e s  w i th  X = 6 o r  7 

w ou ld  be s e l e c t e d  a g a i n s t  w h i l e  t h o s e  w i t h  X = 5 and  8 would  

n o t .

On t h e  o t h e r  hand ,  S o l b r i g ,  et_ _al (1964-) c i t e  t h e  

p r e p o n d e r a n c e  o f  s p e c i e s  w i t h  X = 9 among s h r u b b e r y  and p e r e n ­

n i a l  p l a n t s  c o v e r i n g  th e  many h a b i t a t s  a v a i l a b l e  t o  t h e s e  

s p e c i e s .  They f u r t h e r  n o t e  t h a t  s p e c i e s  w i th  chromosome numbers
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o f  X = 4 o r  5 d i d  n o t  have  m o r p h o l o g i c a l  c h a r a c t e r s  which c o r ­

r e l a t e d  w i th  t h e  p r i m i t i v e  c h a r a c t e r s  o f  t h e  Com posi tae  p r o ­

p o s e d  by  C r o n q u i s t  (1955)*

S in c e  chromosome numbers  f o r  o n l y  h a l f  o f  t h e  genus  

have  b e en  r e p o r t e d ,  more d a t a  a r e  n e ed e d  t o  r e s o l v e  th e  p r o b le m .  

As i t  s t a n d s  now, t h e  p r i m i t i v e  b a s i c  number o f  t h e  genus i s  

open t o  q u e s t i o n .  I t  i s  e i t h e r  X = 9* o r  X = 4 a n d  5»

P o l y p l o i d y  i n  A s t e r  o b v i o u s l y  o c c u r s .  Most o f  th e  

d e t e r m i n a t i o n s  have  b e e n  made b y  H u z iw ara .  He summarizes  

(H uz iw ara ,  1967) t h a t  m ost  o f  t h e  p o l y p l o i d s  a r e  c o n s i d e r e d  t o  

be  a l l o p o l y p l o i d s  c o n s i s t i n g  o f  two genomic complements  o f  

chromosomes r a t h e r  t h a n  o f  f o u r  o r  s i x .  He d o e s  n o t  c i t e  

e v i d e n c e .  S t u d i e s  b y  Avers  (1 9 53 a)  and  C la u s e n ,  _et a l  (1940)  

on some p o l y p l o i d  New World a s t e r s  have r e v e a l e d  t h a t  m e i o s i s  

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

c o n f i g u r a t i o n s .  T h is  f o r m a t i o n  s u g g e s t s  t h a t  t h e s e  a r e  a l l o ­

p o l y p l o i d s .  However,  t h e  t r u e  n a t u r e  o f  most  o f  t h e  p o l y p l o i d s  

i n  t h i s  genus a w a i t s  f u r t h e r  e x p e r i m e n t a l  v e r i f i c a t i o n .

A n e u p lo id y  h a s  b e en  documented  i n  o n ly  one s p e c i e s  b y  

Huz iwara  (1957^)  and M atsuda  (1966 ,  1967a ,  1 9 67 b ) .  The s p e c i e s  

i s  A. a g e r a t o i d e s  T u r c z . ,  which  i s  m o r p h o l o g i c a l l y  v a r i a b l e .

These w o r k e r s  a t t r i b u t e  t h i s  v a r i a t i o n  t o  a n e u p l o i d y .

Chromosome M orpho logy . K a r y o ty p ic  s t u d i e s  have b e e n  

c a r r i e d  o u t  e x c l u s i v e l y  b y  Huziwara  on some Old World (H uz iw ara ,  

1957a ,  1957b, 1962a ,  1962b,  1965) and New World a s t e r s  (H u z iw ara ,  

1958 ,  1965)* The d a t a  r e p o r t e d  i n  t h e s e  p a p e r s  summarized i n
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T ab le  1 ,  i n c l u d e  a v e ra g e  chromosome l e n g t h s  a s  w e l l  a s  th e  

t o t a l  form  p e r c e n t  (TN%)

T ab le  1 . A verage chromosome l e n g t h s
and  t o t a l  fo rm  p e r c e n t  (TF%) 
o f  O ld and New W orld a s t e r s .

M edian
O r ig in L en g th s

(M ic ro n s )
TN%

O ld World 5 -5 4 2 .0

New World 3 -1 3 3 -0

T o ta l  form p e r c e n t  h a s  b e en  d e f i n e d  by  H uziw ara  (1 9 5 9 )  a s  th e  

r a t i o  i n  p e r c e n t  o f  th e  t o t a l  sum o f  th e  s h o r t  arm l e n g t h s  to  

th e  t o t a l  sum o f  chromosome l e n g t h s .  The TF% i s  a m easu re  

o f  symmetry o f  th e  chromosome com plem ents o f  any s p e c i e s  o f  

i n t e r e s t .

The summary i n  T ab le  1 shows t h a t  t h e  Old W orld  s p e c i e s  

have  com plem ents which a r e  more sy m m e tr ic a l  and l a r g e r  th a n  

New World s p e c i e s .  T hus , New W orld  s p e c i e s  have e v o lv e d  f u r ­

t h e r  s in c e  asym m etry  g o e s  hand i n  hand  w i th  e v o l u t i o n a r y  

advancem ent ( S t e b b i n s ,  1950; Swanson, 1957)* T h e r e f o r e ,  New 

W orld  a s t e r s  a r e  somewhat rem oved from Old World a s t e r s  

p h y l o g e n e t i c a l l y .  A r e a s o n  f o r  t h i s  h a s  b e e n  s u g g e s te d  by 

S t e b b in s  i n  a l e t t e r  t o  H uziw ara  (1 9 5 8 ) .  He s u g g e s te d  t h a t  

more d i v e r s e  h a b i t a t s  a r e  p r e s e n t  i n  th e  New W orld w hich  

w ould  f a v o r  p r o g r e s s i v e  e v o l u t i o n .  Such h a b i t a t  d i v e r s i t y  

m ig h t  a l s o  be one o f  t h e  r e a s o n s  f o r  th e  v a r i a t i o n  i n  

chromosome num bers p r e v a l e n t  i n  t h e  New W orld g roup .
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In  c o n c l u s i o n ,  t h e  genus A s te r  p o s s e s s e s  chromosome 

num bers which c e n t e r  a ro u n d  X = 9 o r  m u l t i p l e s  t h e r e o f .  T h is  

i s  n o t  th e  c a s e  i n  New W orld a s t e r s ,  w hich a p p e a r  t o  p o s s e s s  

num bers b a s e d  on X = 4 and 5) a s  w e l l  a s  X = 9 .  The d e t e r ­

m in a t io n  o f  th e  p r i m i t i v e  b a s e  number o f  th e  genus h a s  n o t  

b e e n  r e s o l v e d .  Argum ents f o r  and  a g a i n s t  s u g g e s te d  p r i m i t i v e  

b a se  num bers a r e  r e v ie w e d ,  and i t  a p p e a r s  t h a t  more d a t a  a r e  

n e e d e d  t o  r e s o l v e  th e  q u e s t i o n .  P o ly p lo id y  o c c u r s  i n  Old 

and  New World a s t e r s ,  m ost o f  w h ich  i s  b e l i e v e d  to  be a l l o ­

p o l y p l o i d y .  E x p e r im e n ta l  e v id e n c e  i s  n e ed e d  to  v e r i f y  t h i s  

s u g g e s t i o n .  A n eu p lo id y  h a s  been  docum ented  i n  o n ly  one ta x o n  

o f  Old W orld o r i g i n .  K a ry o ty p ic  s t u d i e s  have  r e v e a l e d  t h a t  

New World a s t e r s  have  e v o lv e d  f a r t h e r  th a n  O ld  W orld a s t e r s .  

The g enus  i s  a s  com plex a t  t h e  c y t o l o g i c a l  l e v e l  a s  i t  i s  a t  

t h e  m o rp h o lo g ic a l  l e v e l .

F h e n o l i c s  and H y b r i d i z a t i o n

P h e n o l i c s  and T h e i r  Use i n  B io c h e m ic a l  S y s t e m a t i c s . 

P h e n o l i c s  a r e  s e c o n d a ry  compounds which a r e  o f  sm a l l  m o le c u la r  

w e ig h t .  They do n o t  s e rv e  a s  an e n e rg y  s o u rc e  b u t  a r e  a p a r t  

o f  th e  b i o lo g y  o f  th e  o rg a n ism  a s  i t  a d a p t s  t o  th e  e n v i r o n ­

ment ( A ls to n  and T u rn e r ,  1 9 6 6 ) .  L ev in  (1 9 7 1 )  d i s c u s s e s  t h e i r  

f u n c t i o n s  w hich  i n v o lv e s  two m ain a r e a s .  They can s e rv e  a s  

i n s e c t  a t t r a c t a n t s  b y  d e te r m in in g  f lo w e r  c o l o r ,  o r  in  p r o t e c t ­

i n g  p l a n t s  from  d i s e a s e s .  T h is  l a t t e r  f u n c t i o n  h a s  r e c e n t l y  

b e en  q u e s t io n e d  b y  C h a l l i c e  and Westwood ( 1 9 7 2 ) .  P h e n o l i c s  

may a l s o  be in v o lv e d  i n  grow th  r e g u l a t i o n  ( G a l s to n ,  1 9 6 9 ) .
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A ls to n  (1967) c l a s s i f i e s  p h e n o l i c s  a s  e i t h e r  s im p le  

o r  compound. Sim ple p h e n o l i c s  a r e  c l o s e l y  l i n k e d  to  t h e  

amino a c i d  p h e n y la l a n in e  th ro u g h  th e  s h ik k im ic  a c i d  pa thw ay  

( A ls to n  and T u rn e r ,  1 9 6 6 ) .  The enzyme which m e d ia te s  t h i s  

l i n k a g e  i s  p h e n y la la n i n e  d e a m in a se .  However, t h i s  r o l e  has 

b e e n  q u e s t io n e d  b y  Swain and  W il l ia m s  (1 9 7 0 ) .  Compound 

p h e n o l i c s ,  commonly known a s  t h e  f l a v o n o i d s ,  a r e  fo rm ed from  

s im p le  p h e n o l i c s  b y  a c e t o a c e t y l  c o n d e n s a t io n  (H a rb o rn e , 1 9 6 5 ) .  

I n  u l t r a v i o l e t  l i g h t ,  s im p le  p h e n o l i c s  f l u o r e s c e  w h i t i s h  b lu e  

t o  b l u e ,  and  th e  f l a v o n o i d s  f l u o r e s c e  y e l lo w  to  d a rk  y e l lo w  

( A l s t o n ,  1 9 6 7 ) .

G e n e ra l  t e c h n iq u e s  f o r  th e  p r e l i m i n a r y  s e p a r a t i o n  o f  

p h e n o l i c s  a r e  d i s c u s s e d  i n  r e v ie w s  e d i t e d  b y  Geissm an (1962) 

and  H arborne  (1 9 6 4 ) .  Data and  t e c h n iq u e s  on t h e  r e a c t i o n  o f  

p h e n o l i c s  w i th  v a r i o u s  s p r a y  r e a g e n t s  a r e  a v a i l a b l e  (S m ith ,  

I9 6 0 ;  B lo c k ,  e t  a l ,  1 9 5 8 ) .  N u c le a r  m a g n e tic  r e s o n a n c e  (Mabry, 

1969) and u l t r a v i o l e t  s p e c t r a l  d a ta  ( J u r d ,  1962) a r e  a l s o  

a v a i l a b l e .  F u r t h e r  d a ta  o f  t h i s  ty p e  have r e c e n t l y  b e e n  sum­

m a r iz e d  by  Mabry, _et a l ,  (1970)*

P h e n o l i c s  e x h i b i t  s t r u c t u r a l  v a r i a b i l i t y ,  w ide d i s t r i ­

b u t i o n  th r o u g h o u t  t h e  p l a n t  k ingdom , s t a b i l i t y  i n  o r d i n a r y  

h a n d l i n g  and  e x t r a c t i o n  and e a s e  o f  i d e n t i f i c a t i o n  (H a rb o rn e ,  

1 9 6 7 ) .  The s t a b i l i t y  o f  p h e n o l i c s  can  be m a in ta in e d  i n  oven -  

d r i e d  m a t e r i a l  (L o re n z  and S c h u l z - S c h a e f f e r , 1964) and i n  

h e rb a r iu m  sp ec im en s  (Widen and  B r i t t e n ,  1971)* I f  d r i e d  

m a t e r i a l  i s  u s e d ,  B a te -S m ith  and  H arb o rn e  (1 9 7 1 )  s u g g e s t  t h a t  

h e rb a r iu m  sp ec im en s  be c h ec k ed  w i th  f r e s h  t i s s u e  w henever 

p o s s i b l e .
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T here  i s  some c o n t r o v e r s y  among some a u t h o r s  on th e  

r e l i a b i l i t y  o f  p h e n o l i c s  i n  taxonom ic  s t u d i e s .  Some w o rk e rs  

f e e l  t h a t  p h e n o l i c s  a r e  o v e r l y  s u b j e c t  t o  e n v i ro n m e n ta l  i n f l u ­

en ce  and t h a t  d a t a  s h o u ld  be i n t e r p r e t e d  w i th  c a u t i o n  ( B a l l ,  

e t  a l ,  1 9 6 7 ) .  V a r i a t i o n  can  e x i s t  be tw een  d e v e lo p m e n ta l  

s t a g e s  (S ch w arze ,  1959; A sker  and P r o s t ,  1970) and  b e tw een  

m onths o f  th e  y e a r  (Yap and E e i c h a r d t ,  1964; T a y l o r ,  1971) 

a s  w e l l  a s  be tw een  p o p u l a t i o n s  w i t h i n  a s p e c i e s  (B ru n e s b e rg ,  

1965; C raw fo rd , 1 9 7 0 ) .  O th e r  p a p e r s  ( B u z z a t i - T r a v e r s o , 1953; 

K i r k ,  _et a l ,  1954) i n d i c a t e  p h e n o l i c s  a r e  n o t  s u b j e c t  t o  

e n v i r o n m e n ta l  i n f l u e n c e s  such  a s  d i e t ,  age o f  t i s s u e ,  e t c .  

C o n t r o l l e d  e x p e r im e n ts  by  McClure and A ls to n  (1 9 6 4 )  on th e  

duckweed S p h i r o d e la  o l i g o r r h i z a  showed no v a r i a t i o n  o f  phe­

n o l i c s  due t o  e n v iro n m e n t .  A d i f f e r e n t  s e t  o f  c o n t r o l l e d  

e x p e r im e n ts  w i th  t h e  same s p e c i e s  by  B a l l ,  e t  al_ (1967) were 

i n  a g re e m e n t .  But s i m i l a r  e x p e r im e n t s  on a c l o s e l y  r e l a t e d  

s p e c i e s  o f  duckweed d id  r e v e a l  d i f f e r e n c e s .  I n  a r e c e n t  

s tu d y  b y  P a r k s ,  _et a l  (1 9 7 2 ) ,  th e  e x p e r im e n ts  o f  B a l l  and  h i s  

c o -w o rk e rs  were r e p e a t e d ,  w i th  d i f f e r e n t  r e s u l t s .  P a r k s  and  

h i s  c o l l a b o r a t o r s  w orked w i th  f o u r t e e n  i n b r e d  s t o c k s  o f  c o t t o n  

from  f o u r  s p e c i e s .  These were grown i n  f i v e  d i f f e r e n t  l o c a l ­

i t i e s  r a n g i n g  from  th e  Mojave D e s e r t  to  S a l e i g h ,  N orth  C a r o l i n a .  

U nder t h e s e  f i v e  e n v iro n m e n ts ,  t h e  p e t a l  p h e n o ls  showed no 

v a r i a t i o n .  However, t h e  l e a v e s  were v a r i a b l e  i n  t h e i r  p h e n o l i c  

p r o f i l e .

T h is  k in d  o f  v a r i a t i o n  i s  d e p e n d e n t  upon many f a c t o r s .  

However, A l s to n  (1967) p o i n t s  o u t  t h a t  i t  i s  im p o s s ib l e  to  

c a r r y  o u t  a s i g n i f i c a n t  c h e m ic a l  s tu d y  w i t h o u t  c o n s i d e r i n g  th e
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n a t u r e  and e x t e n t  o f  v a r i a t i o n .  N e i th e r  do es  th e  f a c t  t h a t  

such  v a r i a t i o n  e x i s t s  d im in i s h  t h e  im p o r ta n c e  o f  t h e  c h e m ic a l  

d a t a .  He f u r t h e r  a s s e r t s  t h a t  th e  m a jo r  c h a l l e n g e  i n  b i o ­

c h e m ic a l  s y s t e m a t i c s  i s  t o  l e a r n  t o  t a k e  a d v a n ta g e  o f  v a r i a ­

t i o n  r a t h e r  th a n  b e in g  o v e r l y  c o n c e rn e d  a b o u t  th e  e x i s t e n c e  

o f  such  v a r i a t i o n .

W ith r e s p e c t  to  h y b r i d i z a t i o n  s t u d i e s ,  A ls to n  (1965) 

comments t h a t  t h e  p r e s e n c e  o f  a c h e m ic a l  m ark e r  i n d i c a t e s  th e  

p r e s e n c e  o f  a s p e c i f i c  m ark e r  gene i n  th e  p o p u l a t i o n .  I n  

l o c a l  p o p u l a t i o n s ,  h y b r i d i z a t i o n  s t u d i e s  can  be p e r fo rm e d  

u s i n g  p h e n o l i c s  a s  m a rk e rs  s i n c e  one i s  n o t  c o n c e rn e d  w i th  

v a r i a t i o n  p e r  se  ( B a l l ,  e t  a l ,  1 9 6 7 ) .  L ev in  (1 9 7 1 )  p o i n t s  

o u t  t h a t  th e  e x t e n t  t o  which p h e n o l i c s  may c o n t r i b u t e  t o  t h e  

s o l u t i o n  o f  e v o l u t i o n a r y  p ro b le m s  d ep en d s  upon t h e i r  b i o l o g i c a l  

v a lu e  t o  th e  p l a n t .  The g r e a t e r  t h e i r  v a l u e ,  th e  more r e l i ­

a b le  w i l l  be t h e i r  p r e s e n c e  i n  a p o p u l a t i o n .  The a rg u m e n ts  

a g a i n s t  th e  u se  o f  p h e n o l i c s  i n  taxonom ic  work m a in ly  r e f e r  

t o  t h e i r  u se  i n  show ing  r e l a t i o n s h i p s  and  a f f i n i t i e s .  They 

do n o t  c r i t i c i z e  t h e  u se  o f  p h e n o l i c s  a s  m a rk e rs  i n  h y b r i d i z a ­

t i o n  s t u d i e s  ( B a l l ,  e t  a l ,  1967; Runem arck, 1 9 6 8 ) .

P h e n o l i c s  i n  t h e  D e te c t io n  o f  H y b r i d i z a t i o n . The 

f i r s t  p a p e r  w hich  d e a l t  w i th  th e  c h e m ic a l  d e t e c t i o n  o f  hy ­

b r i d i z a t i o n  i n  n a t u r e  was p u b l i s h e d  by  T u rn e r  and A ls to n  (1 9 5 9 ) .  

T h e i r  work w i th  n a t u r a l  h y b r i d s  o f  B a p t i s i a  l a e v i c a u l i s  x  B. 

v i r i d i s  showed t h e  h y b r i d s  t o  c o n t a i n  a summation o f  th e  

s p e c i e s - s p e c i f i c  compounds p r e s e n t  i n  b o th  p a r e n t s .  Some 

h y b r i d s  c o n ta in e d  a new compound w hich  t h e y  th o u g h t  m ig h t 

r e p r e s e n t  a  " h y b r id "  compound.
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T hese  same w o rk e rs  a p p l i e d  ch ro m a to g ra p h y  i n  th e  

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

l a e v i c a u l i s , B. l e u c a n t a  and B. v i r i d i s  (A ls to n  and T u r n e r ,  

1 9 6 2 ) .  T h e i r  m o r p h o lo g ic a l  a n a l y s i s  s u g g e s te d  t h a t  B. v i r i d i s  

was a c t i n g  a s  a b r i d g e  b e tw ee n  th e  o t h e r  two s p e c i e s .  The 

c h e m ic a l  e v id e n c e  c o u n te r e d  t h a t  no m ix in g  o f  B. l a e v i c a u l i s  

and B. l e u c a n t a  genomes was o c c u r r i n g .  Thus t h e  d a ta  s u g g e s te d  

t h a t  th e  m a j o r i t y  o f  a l l  h y b r i d s  were F-  ̂ h y b r i d s  o f  B. l a e v i ­

c a u l i s  x  B. v i r i d i s  and o f  B. l e u c a n t a  x B. v i r i d i s . The 

a u th o r s  f e l t  t h a t  th e  c h e m ic a l  e v id e n c e  was to o  s t r o n g  t o  

d i s c o u n t .  A g a in ,  th e  h y b r i d  c h e m ic a l  p r o f i l e  was a summation 

o f  th e  p a r e n t a l  c h e m ic a l  p r o f i l e s .  T h is  u l t i m a t e l y  h a s  become 

a p r i n c i p l e  o f  such  s t u d i e s :  The p h e n o l i c  compounds p r e s e n t

i n  n a t u r a l  h y b r i d s  r e p r e s e n t  th e  sum m ation o f  th e  s p e c i e s -  

s p e c i f i c  p h e n o l i c  compounds fo u n d  i n  t h e  p a r e n t a l  t a x a .

T h is  p r i n c i p l e  h a s  b e en  em ployed tim e  and  tim e  a g a in  

w i th  p o s i t i v e  r e s u l t s .  Sm ith  and L e v in  (1963) u s e d  p h e n o l i c  

m a rk e rs  t o  c o n f i rm  r e t i c u l a t e  e v o l u t i o n  i n  A splen ium  b y  e s t a b ­

l i s h i n g  t h e  s im u l ta n e o u s  p r e s e n c e  o f  t h r e e  genomes in  a s i n g l e  

s p e c i e s .  L ev in  (19 66 )  was a b le  t o  d e m o n s tr a te  h y b r i d i z a t i o n  

i n  P h lo x  u s i n g  c h e m ic a l  d a t a  t h a t  w ere  more c l e a r  c u t  t h a n  

m o rp h o lo g ic a l  a n a l y s i s  a l o n e .  P o s i t i v e  c o n f i r m a t io n  o f  

n a t u r a l  h y b r i d i z a t i o n  h a s  b e e n  o b t a i n e d  i n  such  g e n e ra  a s  

S a x i f r a g a  (Ja w o rsk a  and Nybom, 1 9 6 7 ) ,  D ic e n t r a  ( F a h s e l t  and  

Owenby, 1968) Tragopogon ( B e lz e r  and  Owenby, 1971) and P ru n u s  

(O lden  and Nybom, 1 9 6 8 ) ,  t o  name a few . Even i n t e r g e n e r i c  

h y b r i d i z a t i o n  be tw een  L y c h n is  and S i l e n e  h a s  b e e n  c o n f i rm e d  

by  p h e n o l i c  s t u d i e s  (C rang  and  Dean, 1971)*
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Of c o u r s e ,  n o t  a l l  r e s u l t s  have  b een  p o s i t i v e .  C lau sen  

(1963 )  c o u ld  d i s t i n g u i s h  be tw een  two b i r c h  s p e c i e s  c h e m ic a l ly ,  

b u t  c o u ld  n o t  c h e m ic a l ly  i d e n t i f y  known m o r p h o lo g ic a l  h y b r i d s .  

G arber  and  S trom onaes  (1964) found  s i m i l a r  r e s u l t s  i n  C o l l i n s i a . 

P a r e n t s  were d i s t i n g u i s h a b l e  on th e  b a s i s  o f  c h e m is t r y ,  b u t  

ch ro m a to g ra p h y  o f  h y b r i d s  d i d  n o t  i n d i c a t e  p a r e n t a g e .  These 

n e g a t i v e  r e s u l t s  a r e  i n f r e q u e n t .

P h e n o l ic s  have  b e en  v a lu a b le  in  c o n f i r m in g  a l l o p o l y ­

p l o i d  o r i g i n s .  S t e b b i n s ,  et_ a l  (1 9 6 3 )  d e m o n s tr a te d  t h a t  th e  

t e t r a p l o i d  s p e c i e s  V io la  Q uerce to rum  p o s s e s s e d  p h e n o l i c s  t h a t  

were a summation o f  th o s e  p r e s e n t  i n  V. p u r p u r e a  s u b s p .  p u r ­

p u re a  and V. a u re a  su b s p .  m o h a v e n s is . T h is  e v id e n c e  combined 

w i th  m o r p h o lo g ic a l ,  g e o g r a p h i c a l ,  and  e c o l o g i c a l  d a ta  l e d  t o  

th e  c o n c lu s io n  t h a t  th e  fo rm e r  t a x o n  was of a l l o p l o i d  o r i g i n .  

S i m i l a r  r e s u l t s  w ere  fo u n d  i n  Avena ( R a jh a th y ,  et, al., 1971))  

b u t  w ere  n o t  a s  c l e a r  c u t  a s  in  th e  fo rm e r  c a s e .

Chem ical d a t a  a r e  more m e a n in g fu l  when th e  s t r u c t u r e  

and i d e n t i t y  o f  p h e n o l i c s  a r e  known. Por i n s t a n c e ,  a r t i f a c t s  

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

T h is  c o u ld  m u l t i p l y  th e  num ber o f  p re s u m p t iv e  d i f f e r e n c e s  on 

a f a l s e  b a s i s  ( A l s t o n ,  1 9 6 3 ) .  I f  i d e n t i t y  i s  known, su ch  a 

p ro b lem  would n o t  o c c u r .  P a h s e l t  and  Owenby (1968) d e m o n s t r a te d  

t h a t  e i t h e r  h y d ro ly z e d  o r  u n h y d r o ly z e d  p h e n o ls  w i l l  show p o s i ­

t i v e  r e s u l t s  i n  d e t e c t i n g  h y b r i d i z a t i o n  i n  D i c e n t r a . S im i la r  

r e s u l t s  have  b een  p o s i t i v e  i n  d e t e c t i n g  h y b r i d i z a t i o n  i n  

Coprosma ( T a y lo r ,  1 9 6 4 ) .  A l s to n  (1 965 )  s t a t e s  t h a t  i t  a l s o  

h e lp s  t o  know enzyme s p e c i f i c i t y  and  g e n e t i c  r e g u l a t i o n  o f  

p h e n o l i c s  which w ould  a l lo w  th e  p o s t u l a t i o n  o f  th e  e v o l u t i o n
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o f  t h e s e  c h e m ic a ls  i n  a t a x o n .  Bohm and G le n n ie  (1 9 7 1 )  r e ­

c e n t l y  c o r r e l a t e d  th e  s t r u c t u r e  o f  p h e n o l i c s  w i th  p h y lo g e n y .

A p r i m i t i v e  c h e m ic a l ,  o r  s im p le  p h e n o l i c ,  was u s u a l l y  found  

i n  a m o r p h o lo g ic a l ly  p r i m i t i v e  g e n u s .  Advanced c h e m ic a l s ,  

such a s  f l a v o n o i d s ,  w ere  fo u n d  i n  more adv an ced  g e n e r a .

The f o r m a t io n  o f  a h y b r i d  compound a c t u a l l y  r e p r e ­

s e n t s  a compound te rm e d  a s  n o v e l ,  o r  n o n p a r e n t a l  ( A l s to n ,

1 9 6 7 ) .  Exam ples a r e  docum ented  b y  A l s t o n ,  e t  a l  (1965)*  Such 

..n ove l compounds were s u s p e c t e d  by  T u rn e r  and A ls to n  (195 9 )  i n  

B a p t i s i a  h y b r i d s .  Levy and  L ev in  (197 1 )  d e te rm in e d  i n  P h lox  

a l l o t e t r a p l o i d s  t h a t  n o v e l  compounds were l e s s  com plex  th a n  

t h e i r  p a r e n t a l  d e r i v a t i v e s .  Novel compounds w ere  t h u s  s u g g e s te d  

to  be p r e c u r s o r s  o f  p a r e n t a l  compounds. They p ro p o s e d  t h a t  

h y b r i d i t y  and s u b s e q u e n t  p o l y p l o i d y  may have r e p r e s s e d  o r  

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

f o r  t h e  p r o d u c t i o n  o f  g l y c o s i d a t i n g  enzym es. Such enzymes 

f u n c t i o n  i n  th e  a d d i t i o n  o f  s u g a r  m o le c u le s  t o  t h e  p h e n o l i c  

backbone (H a rb o rn e ,  1 9 6 5 ) .  They im p l i e d  t h a t  p h e n o l i c  g ly c o -  

s i d a t i o n  o c c u rs  i n  a s te p w is e  f a s h i o n .  Most s t e p s  w ere  u n d e r  

s i n g l e  gene  c o n t r o l .  Such a p r o p o s a l  a w a i t s  v e r i f i c a t i o n  in  

o t h e r  g e n e r a .

P h e n o l i c s  i n  P o p u l a t i o n  A n a l y s i s . As m e n t io n e d  e a r l i e r  

i n  t h i s  r e v ie w ,  n a t u r a l  h y b r i d i z a t i o n  can r e s u l t  i n  th e  fo rm a­

t i o n  o f  h y b r id  swarms which c o n s i s t  o f  p a r e n t a l ,  h y b r i d ,  

b a c k c r o s s  and  r e c o m b in a n t  p ro g e n y  ( G r a n t ,  1971)* Some p l a n t  

b i o s y s t e m a t i s t s  a r e  i n t e r e s t e d  i n  t h e s e  swarm s. W ith in  t h e s e  

p o p u l a t i o n s ,  g e n o ty p e s  may a r i s e  w hich  a re  a d a p t i v e l y  s u p e r i o r
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i f  a new h a b i t a t  em e rg es .  Knowledge o f  p o p u l a t i o n  s t r u c t u r e  

i n  a h y b r i d  swarm may a l lo w  f o r  p r e d i c t i o n s  c o n c e rn in g  th e  

e v o l u t i o n a r y  f u t u r e  o f  t h e  p o p u l a t i o n .

A n a ly s i s  o f  h y b r i d  swarms have  a l r e a d y  been  m en tio n ed  

i n  t h i s  r e v ie w  w i th  r e f e r e n c e  t o  th e  work o f  A ls to n  and 

T u rn e r  (1 9 6 2 ) .  Four-w ay h y b r i d i z a t i o n  w i t h i n  B a p t i s i a  h a s  

been  a n a ly z e d  by  t h e s e  w o rk e r s  (A ls to n  and T u r n e r ,  1 9 6 3 ) .

The s i x  p o s s i b l e  h y b r i d s  from  f o u r  s p e c i e s  were a l l  c h ro m a to -  

g r a p h i c a l l y  d i s t i n g u i s h a b l e .  A l l  h y b r i d s  r e p r e s e n t e d  a 

summation o f  p a r e n t a l  c h e m ic a l  p r o f i l e s .  I n t r o g r e s s a n t s  

( b a c k c r o s s e s )  were i d e n t i f i e d  a s  r e p r e s e n t i n g  a summation o f  

a few h y b r i d  and m o s t ly  p a r e n t a l  compounds. I n  t h i s  m anner, 

t h e s e  w o rk e rs  were a b le  t o  d e m o n s t r a te  th e  e x t e n t  o f  i n t r o g r e s -  

s i o n .  They n o te d  t h a t  c h e m ic a l  i n t r o g r e s s a n t s  o c c u r r e d  p e r i ­

p h e r a l l y  t o  a r e a s  o f  h y b r i d i z a t i o n .

I n  a su b s e q u e n t  a n a l y s i s  o f  two B a p t i s i a  s p e c i e s  

(McHale and A l s to n ,  1 9 6 4 ) ,  i t  was n o te d  t h a t  b a c k c ro s s  t y p e s  

were v e r y  d i f f i c u l t  to  d i s t i n g u i s h  from  s e l f e d  h y b r i d s .  I t  

was p ro p o s e d  t h a t  a p l a n t  h a v in g  e s s e n t i a l l y  a complement o f  

th e  c h e m ic a l  m a rk e r s  o f  s p e c i e s  A and  o n ly  a few c h e m ic a l  

m a rk e rs  o f  s p e c i e s  B m ig h t r e a s o n a b l y  be ju d g e d  as  b a c k c ro s s  

ty p e s  t o  A. C oup led  w ith  th e  m o r p h o lo g ic a l  d a t a ,  t h e  c h e m ic a l  

d a ta  w ere  u s e d  to  g roup  a g iv e n  p o p u l a t i o n  i n t o  p a r e n t a l ,  

h y b r i d  and  b a c k c r o s s  sp e c im e n s .  N e i t h e r  m o rp h o lo g ic a l  o r  

c h ro m a to g ra p h ic  e v id e n c e  was r e g a r d e d  a s  i n f a l l i b l e  i n  th e  

i n t e r p r e t a t i o n  o f  t h e  g e n e t i c  o r i g i n  o f  a p a r t i c u l a r  sp ec im en . 

I t  was c o n c lu d e d  t h a t  th e  p l a n t s  d id  n o t  f a l l  i n t o  d i s c r e t e  

c a t e g o r i e s .  The o v e r a l l  s t r u c t u r e  o f  th e  p o p u l a t i o n  was
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p o r t r a y e d  a s  v e r y  com plex . C oupled  w i th  m orpho logy , chroma­

to g r a p h y  more c l e a r l y  d e f i n e d  p o p u l a t i o n  s t r u c t u r e .  P r i n c i p l e s  

n e c e s s a r y  t o  d e f in e  how s p e c i f i c  c h ro m a to g ra p h y  c o u ld  he 

a w a i te d  th e  r e s u l t s  o f  c h ro m a to g ra p h ic  s t u d i e s  o f  s y n t h e t i c  

h y b r i d s .  No r e s u l t s  have s i n c e  been  r e p o r t e d .

A r e c e n t  s tu d y  by C raw ford  (1972) a d d r e s s e s  i t s e l f  t o  

a c h e m ic a l  and  m o r p h o lo g ic a l  s tu d y  o f  p a r e n t s ,  F^ h y b r i d s ,  

f i r s t  g e n e r a t i o n  b a c k c r o s s e s  and h y b r i d s  s y n t h e s i z e d  i n  th e  

g re e n h o u s e .  The o r i g i n a l  c r o s s  was be tw een  two v a r i e t i e s  o f  

C o re o p s is  m u tic a  DC. F^ h y b r i d s  were v a r i a b l e  i n  l e a f  morpho­

lo g y  b u t  u n i fo rm  c h e m ic a l ly .  T h is  s u p p o r t s  th e  h y p o t h e s i s  

t h a t  f l a v o n o i d s  a r e  more u s e f u l  t h a n  m orphology  i n  d e te r m in ­

i n g  w h e th e r  p a r t i c u l a r  p l a n t s  a re  F^ h y b r i d s .  One new s p o t

o c c u r r e d  i n  th e  F^ t h a t  was s u s p e c t e d  t o  be a  " h y b r id "  com­

p o und . But a co m p ariso n  o f  n a t u r a l  and s y n t h e t i c  h y b r i d s  

d i d  n o t  h e l p  i n  s p e c i f y i n g  w hich  o f  th e  n a t u r a l  h y b r i d s  were 

F -^ 's .  M o r p h o lo g ic a l  a n a l y s i s  o f  b a c k c r o s s  p ro g e n y  showed many 

t o  be s t i l l  i n d i s t i n g u i s h a b l e  from  th e  r e c u r r e n t  p a r e n t .  How­

e v e r ,  a l l  c o n ta in e d  a t  l e a s t  one compound from  th e  n o n - r e c u r r e n t  

p a r e n t .  C om parisons o f  n a t u r a l  and s y n t h e t i c  b a c k c r o s s e s  

showed i t  was e a s i e r  t o  d e f i n e  th e  o r i g i n  o f  n a t u r a l  b a c k ­

c r o s s e s  on th e  b a s i s  o f  f l a v o n o i d  c h e m is t r y .  F2 ' s  were 

v a r i a b l e  b o th  c h e m ic a l ly  and  m o r p h o lo g ic a l ly .

P rob lem s o f  i d e n t i f i c a t i o n  s i m i l a r  to  t h o s e  o f  McHale 

and  A ls to n  (1964-) have  b een  e n c o u n te r e d  b y  L ev in  i n  s tu d y in g  

n a t u r a l  p o p u l a t i o n s  o f  L i a t r i s  (L e v in ,  1967a) and  P h lo x  (1 9 6 7 b ) ,  

and  by B a e te c k e  and  A ls to n  (196 8 )  i n  B a p t i s i a . Such p ro b lem s

a p p a r e n t l y  have  n o t  b e en  e n c o u n te r e d  by  C a r t e r  and Brehm (1 9 6 9 )
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i n  I r i s  o r  b y  H anover and  W ilk in so n  (1970) i n  P i c e a . A l l  o f  

t h e s e  w o rk e rs  have n o te d  t h e  p r e s e n c e  o f  p h e n o l i c  compounds 

c h a r a c t e r i s t i c  o f  th e  n o n - r e c u r r e n t  p a r e n t  i n  a r e a s  p e r i p h e r a l  

to  h y b r i d i z a t i o n  b e tw een  h y b r i d s  an d  th e  r e c u r r e n t  p a r e n t .

These i n d i v i d u a l s  w ere  d e f i n e d  a s  i n t r o g r e s s a n t  p ro g e n y  o f  

unknown g e n e r a t i o n s .

I n  c o n c l u s i o n ,  p h e n o l i c s  u s e d  a s  c h e m ic a l  m a rk e rs  i n  

h y b r i d i z a t i o n  s t u d i e s  have  b een  v a lu a b le  i n  d e m o n s t r a t i n g  

th e  s im u l ta n e o u s  p r e s e n c e  o f  p a r e n t a l  genomes i n  a h y b r i d .  

I n h e r i t a n c e  of p a r e n t a l  compounds i s  a d d i t i v e  i n  h y b r i d s .  In  

some i n s t a n c e s ,  p h e n o l i c s  have  b e e n  u s e f u l  i n  d e te r m in in g  popu­

l a t i o n  s t r u c t u r e .  A c o m p ar iso n  o f  th e  c h e m is t r y ,  m orpho logy  

and g e n e t i c s  o f  n a t u r a l  and  s y n t h e t i c  h y b r i d  swarms w ould  be 

th e  b e s t  a p p ro a c h .  C hem ical e v id e n c e  s h o u ld  n o t  be  c o n s id e r e d  

a lo n e  b u t  sh o u ld  a lw ay s  be i n c l u d e d  w i th  th e  known morpho­

l o g i c a l  , c y t o l o g i c a l ,  g e n e t i c  and e c o l o g i c a l  e v id e n c e .
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CHAPTER I I I  

MATERIALS AND METHODS

H o r t i c u l t u r e . N in e te e n  sp ec im en s  o f  A. n e m o r a l i s , 

t e n  spec im ens  o f  _A. B la k e i  and tw e lv e  spec im ens  o f  A. acum i-  

n a t u s  were rem oved from  p o p u l a t i o n s  i n  New Ham pshire and 

M aine . These sp ec im en s  w ere  p o t t e d  i n  J i f f y  Mix, w hich  i s  a 

com m erc ia l  m ix tu r e  o f  p e a t  and v e r m i c u l i t e .  The p o t s  were 

k e p t  i n  a warm p r o p a g a t io n  ho use  w hich  was m a in ta in e d  a t  an 

a v e ra g e  o f  24-°C. day and n i g h t .  When c o ld  t r e a tm e n t  was 

n e c e s s a r y ,  th e  p l a n t s  w ere  moved t o  a room m a in ta in e d  a t  an 

a v e ra g e  o f  10°C. day and n i g h t .  The c o ld  t r e a tm e n t  l a s t e d  

from  th e  l a t t e r  p a r t  o f  November t o  m id - J a n u a ry  o f  e ac h  y e a r .  

Som etim es t e m p e r a tu r e s  i n  b o th  h o u s e s  w ould  f l u c t u a t e  above 

th e  a v e r a g e s  on warm d a y s .  No a r t i f i c i a l  l i g h t i n g  was u s e d .  

Voucher sp ec im en s  o f  th e  p l a n t s  r e f e r r e d  to  above a r e  r e c o r d e d  

i n  th e  Appendix from  # 2 9 3 -3 7 8 .  They have been  d e p o s i t e d  i n  

th e  H erbar ium  o f  t h e  U n i v e r s i t y  o f  New H am psh ire . The Appendix  

a l s o  c o n t a i n s  t h e  h i s t o r y  o f  t h e  p ro g e n y  from  th e  g e n e t i c  s tu d y  

and i n c l u d e s  r e c o r d s  on a s t e r s  c o l l e c t e d  from  th e  n a t u r a l  

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

Seeds w ere  s t o r e d  a t  room te m p e r a tu r e  u n t i l  t h e y  were 

s u b j e c t e d  t o  a s i x  t o  s e v e n  week c o ld  t r e a tm e n t  a t  8°C . Dur­

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

c o n t a i n i n g  m o is t  f i l t e r  p a p e r .  A f t e r  t h i s  c o ld  p e r i o d ,  s e e d s  

w ere  p l a c e d  i n t o  s m a l l  p o t s  c o n t a i n i n g  J i f f y  Mix and  c o v e re d  

w i th  a t h i n  l a y e r  o f  g ro u n d  sphagnum. The p o t s  were k e p t  i n  

th e  warm p r o p a g a t io n  h o u se  e n c lo s e d  i n  p l a s t i c  b a g s .  The
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p l a s t i c  b a g s  w ere  rem oved a p p ro x im a te ly  t e n  day s  a f t e r  s e e d  

g e r m in a t io n .

Taxonomy and  C o l l e c t i o n . Specim ens were c o l l e c t e d  from  

t h r e e  main a r e a s .  The f i r s t  c o l l e c t i o n  o f  t w e n t y - f i v e  s p e c i ­

mens came from  t h e  s o u th e r n  sh o re  o f  Lake O ss ip ee  i n  New 

H a m p sh ire .  A seco nd  c o l l e c t i o n  o f  s i x t e e n  p l a n t s  came from  

th e  s o u th e r n  sh o re  o f  Lake W innisquam i n  New H am p sh ire .  A 

f i n a l  c o l l e c t i o n  o f  f i f t y - f o u r  p l a n t s  came from  G re a t  Wass 

I s l a n d  i n  W ash ing ton  C ounty , M aine . T h is  l a t t e r  c o l l e c t i o n  

c o n s i s t e d  o f  a t o t a l  o f  f o u r t e e n  specim ens o f  A. n e m o r a l i s  and 

A. a c u m in a tu s  i n  d i s c r e t e  c o l o n i e s  and f o r t y  sp e c im en s  o f  A. 

n e m o r a l i s , A. B la k e i  and  A. a c u m in a tu s  c o l l e c t e d  a t  Ponds P o i n t  

on th e  e a s t e r n  t i p  o f  th e  i s l a n d  f a c i n g  th e  G ulf o f  M aine.

A. a c u m in a tu s  was c o l l e c t e d  i n  c o l o n i e s  from  a wooded a r e a  o f  

h ig h  e l e v a t i o n .  A. n e m o r a l i s  was c o l l e c t e d  i n  c o l o n i e s  from  

a s m a l l  bog l o c a t e d  i n  th e  c e n t e r  o f  th e  i s l a n d .  These a s t e r s  

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

i s t i c  ( P e r n a l d ,  1 9 5 0 ) .  The a s t e r s  grew i n  w e l l - d e f i n e d  c lo n e s  

a t  Lake O ss ip ee  and Lake W innisquam . One ram e t was sam pled  

from  each  c lo n e  a t  t h e s e  l o c a t i o n s .  The c lo n e s  w ere  n o t  w e l l  

d e f i n e d  a t  G re a t  Wass I s l a n d .  Sam pling  a t  t h i s  l o c a t i o n  was 

c a r r i e d  o u t  w i th  an eye f o r  m o rp h o lo g ic a l  d i v e r s i t y  th r o u g h o u t  

th e  a r e a  o f  th e  p o p u l a t i o n .

These sp e c im en s  a s  w e l l  a s  th o s e  c u l t i v a t e d  i n  t h e  

g re e n h o u se  w ere  s c o r e d  u s in g  t h e  h y b r id  in d e x  d e s ig n e d  by  

P ik e  (1 9 7 0 ) .  The t e c h n iq u e  i s  b a s e d  on th e  o r i g i n a l  su g g e s ­

t i o n  o f  A nderson  (1 9 5 6 ) .  Ten s e p a r a t e  c h a r a c t e r s  were fo u n d  

b y  D r. P ik e  t o  d i f f e r  be tw een  t h e  two p u t a t i v e  p a r e n t a l  s p e c i e s
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(T a b le  2 ) .  An example w i l l  i l l u s t r a t e  how th e  in d e x  was u s e d .

An a r b i t r a r y  s c o re  v a lu e  o f  0 was a s s i g n e d  t o  th e  ex trem e 

c o n d i t i o n  o f  f lo w e r  c o l o r  found  i n  A. n e m o r a l i s . A s c o re  

v a lu e  o f  2 was a s s i g n e d  to  t h e  c o n t r a s t i n g  c o n d i t i o n  o f  f lo w e r  

c o l o r  i n  A. a c u m in a tu s . A s c o re  v a lu e  o f  1 was a s s ig n e d  to  

th e  i n t e r m e d i a t e  c o n d i t i o n  o f  f lo w e r  c o l o r  i n  A. B l a k e i .

S co re  v a lu e s  were s i m i l a r l y  a s s i g n e d  f o r  th e  o t h e r  c h a r a c t e r s  

l i s t e d  i n  T a b le  2 .  Some c h a r a c t e r s  e x h i b i t e d  more th a n  3 

r a n g e s  o f  v a r i a t i o n .  For i n s t a n c e ,  l e a f  number e x h i b i t e d  7 

r a n g e s  o f  v a r i a t i o n ,  and s c o r e  v a l u e s  were a s s i g n e d  from  0 i n  

A. n e m o r a l i s  t o  6 i n  A. a c u m in a tu s  w i th  i n t e r m e d i a t e  v a lu e s  

a s s i g n e d  to  A. B l a k e i . Each c h a r a c t e r  was th e n  exam ined and 

t h e  a p p r o p r i a t e  s c o r e  was a s s i g n e d .  The t o t a l  o f  th e  s c o r e s  

d e te rm in e d  f o r  t h e  t e n  c h a r a c t e r s  was th e  in d e x  v a lu e  f o r  each  

p l a n t .  These w ere  t h e n  p l o t t e d  on a  h i s to g r a m  to  d e m o n s tr a te  

th e  f r e q u e n c y  o f  p a r e n t a l  and h y b r i d  sp e c im e n s .

C y to lo g y . F o r  r o o t - t i p  s t u d i e s ,  0.002M 8 - o x y q u in o l in e  

was u s e d  a s  a p r e - t r e a t m e n t  f o r  6 0 -80  m in u te s  a t  room te m p e ra ­

t u r e .  The r o o t  t i p s  were t h e n  s t a i n e d  and  sq u a sh e d  i n  

a c e t o o r c e i n  a c c o r d in g  t o  th e  m ethod  o f H uziw ara  (1957a)*  Cover 

s l i p s  were sm eared  w i th  M ayers a lb u m in  and  d r i e d  o v e r  a f lam e  

to  p e r m i t  a d h e r in g  o f  th e  p r e p a r a t i o n  t o  t h e  c o v e r s l i p .  P e r ­

m anent m ounts w ere  made a c c o r d in g  t o  th e  t e c h n iq u e  o f  M cC lin tock  

(1 9 2 9 )  w i th  th e  f o l lo w in g  m o d i f i c a t i o n s :  t h e  s l i d e  and c o v e r ­

s l i p  w ere  s e p a r a t e d  i n  10% a c e t i c  a c i d  u s i n g  th e  m ethod o f  

C e l e r a i e r  (1 9 5 6 ) ;  th e  c o v e r s l i p  was th e n  p a s s e d  th ro u g h  c h a n g e s  

o f  1 : 1 ,  1 : 3 ,  and 1 :9  a c e t i c  a l c o h o l ,  two ch an g e s  o f  95% e t h y l  

a l c o h o l  and  th e  s l i d e  and  c o v e r s l i p  were re c o m b in e d  i n  d ia p h a n e .
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T ab le  2 .  M o rp h o lo g ic a l  c h a r a c t e r s  em ployed i n  th e  h y b r id  
in d e x  and t h e i r  s p e c i f i c s  i n  each  ta x o n  (Prom 
P i k e ,  1 9 7 0 ) .

M o rp h o lo g ic a l
C h a r a c te r

M o rp h o lo g ic a l  C h a r a c t e r i z a t i o n  

A. n e m o r a l i s  A. B la k e i  A. a c u m in a tu s

# o f  l e a v e s

r a t i o  o f  l e a f
m easu rem en ts
( l e n g t h / w i d t h )

d i s t a n c e  (mm.) 
b e tw ee n  m edian  
i n t e r n o d e s

l e a f  m arg in

l e a f  m arg in

l e a f  m arg in

#  b r a c t s  p e r  
p e d u n c le

#  h e a d s  p e r  
i n f l u o r e s c e n c e

l i g u l e  c o lo r

z e b ra  h a i r s

35-100

1 0 - 7

1-8

r e v o l u t e  

s c a b r o u s  

e n t i r e

4 o r  above

s o l i t a r y

b l u e - v i o l e t

none

20 -3 4

6 . 9 - 3 . 3

9 -2 3

m edian

m edian

t i p  g la n d  
o r  sm a l l  
s e r r a t e

2 -3

m edian

s p a r s e

0 -1 9  

3 .3 2 - 0

2 4 -3 0  o r  more

v e r y  f l a t

h a i r y

s t r o n g l y
s e r r a t e

1-0

m u l t i p l e

w h i te

a b u n d an t



27

For m e i o t i c  s t u d i e s ,  f lo w e r  b u d s  were f i x e d  i n  1 :3  

a c e t i c  a l c o h o l  a t  8°C . F lo w e rs  were d i s s e c t e d  i n  a  sm a ll  

v i a l  c o n t a i n i n g  70% a l c o h o l .  Each f lo w e r  s u i t a b l e  f o r  a n a l y s i s  

was p l a c e d  on a s l i d e  i n  a d ro p  o f  a c e to c a rm in e  s t a i n .  The 

a c e to c a rm in e  was p r e p a r e d  a c c o r d in g  to  t h e  s u g g e s t i o n  o f  Sax  

(1 9 5 1 ) .  P erm anen t s l i d e s  were made a c c o r d in g  t o  t h e  p ro c e d u re  

d e s c r i b e d  p r e v i o u s l y .  F lo w ers  w ere  s t o r e d  i n  70% e t h y l  a l c o ­

h o l  a t  8°C.

Chromosomes w ere  o b s e rv e d  u n d e r  o i l  a t  1125x . P h o to ­

g ra p h s  were t a k e n  w i th  a Kodak cam era s e t  on a S p e n c e r  (A .O .)

m ic ro sc o p e  w i th  th e  p r e p a r a t i o n  u n d e r  o i l  a t  1455x.

C h e m is t ry . F re s h  b a s a l  l e a v e s  o f  each specim en  t o  be

s t u d i e d  w ere rem oved and s h re d d e d  by h and  i n t o  a j a r  c o n t a i n ­

in g  10 m l. o f  1% IN HC1 i n  m e th y l  a l c o h o l .  T h is  e x t r a c t i o n  

p ro c e d u re  was s u g g e s te d  by T u rn e r  and Mabry (1 9 6 4 ) .  The 

sam ple  j a r s  were s t o r e d  i n  th e  d a r k  a t  room te m p e r a tu r e  f o r  

f o r t y - e i g h t  h o u r s .  The e x t r a c t  was t h e n  p o u re d  o f f  and co n ­

c e n t r a t e d  t o  a p p r o x im a te ly  one m i l l i l i t e r  u n d e r  warm a i r  from  

a h an d  d r i e r .  The sa m p le s  were s t o r e d  i n  a sm a ll  v i a l  a t  8°C.

Both p a p e r  and t h i n - l a y e r  c h ro m a to g rap h y  was a t t e m p te d .  

By c o m p a r iso n ,  i t  was fo u n d  t h a t  p a p e r  ch ro m a to g ra p h y  gave 

p o o r  r e s o l u t i o n .  S p o ts  were h a r d  to  d e f i n e  and to o  c lo s e  t o  

e ac h  o t h e r .  P a p e r  c h ro m a to g ra p h y  r e q u i r e d  a v e ry  l a r g e  amount 

o f  th e  e x t r a c t  i n  o r d e r  to  g iv e  r e s u l t s .  T h i n - l a y e r  chrom a­

to g r a p h y  r e q u i r e d  o n ly  a s m a l l  amount o f  e x t r a c t  and r e s o l u t i o n  

was e x c e l l e n t .

Sam ples were s p o t t e d  on t h i n - l a y e r  s h e e t s  o f  c e l l u l o s e  

w i t h  a l a y e r  t h i c k n e s s  o f  0 .1 0  mm. 10 m i c r o l i t e r s  o f  th e
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sam ple were s p o t t e d  on th e  l e f t  h and  c o r n e r  o f  a c e l l u l o s e  

p l a t e .  Warm a i r  a p p l i e d  t o  t h e  a r e a  m in im ized  th e  s p r e a d in g  

o f  th e  s p o t .

Each p l a t e  was th e n  p l a c e d  i n t o  a d e v e lo p in g  t a n k  

c o n t a i n i n g  th e  f i r s t  s o l v e n t  sy s te m : n - b u t y l  a l c o h o l ,  g l a c i a l

a c e t i c  a c i d  and  w a te r  ( 6 : 1 : 2 ) .  D evelopm ent to o k  6 -8  h o u r s .

Each p l a t e  was th e n  d r i e d  o v e r n i g h t  and  th e  f o l lo w in g  m orn in g  

p l a c e d  i n t o  th e  se co n d  s o l v e n t  sy s te m : 10% a c e t i c  a c i d  con­

t a i n i n g  .1  gram o f  sodium  a c e t a t e  p e r  100 m l. o f  a c i d .  

Developm ent i n  t h i s  sy s tem  to o k  2 -2 1/£ h o u r s .

A f t e r  d r y i n g ,  th e  f i n i s h e d  p l a t e  was v iew ed  u n d e r  

v i s i b l e  and u l t r a v i o l e t  l i g h t .  C o lo r s  o f  each  s p o t  u n d e r  b o th  

c o n d i t i o n s  were r e c o r d e d .  These c o l o r s  were a g a in  r e c o r d e d  

a f t e r  e x p o su re  t o  ammonia v a p o r  i n  a fume hoo d . The p l a t e s  

were s u b s e q u e n t ly  t r e a t e d  w i th  s p r a y  r e a g e n t s  recommended f o r  

u s e  by B lo c k ,  e t  a l  (1 9 5 8 ) .  The s p r a y s  w ere :  1% a l c o h o l i c

f e r r i c  c h l o r i d e ;  1% aqueous b a s i c  l e a d  a c e t a t e ;  1% aqueou s  

l e a d  a c e t a t e ;  1% aq u eo u s  sodium  c a r b o n a t e ;  1% a l c o h o l i c  a l u ­

minum c h l o r i d e ;  B e n e d ic t s  r e a g e n t  and d i a z o t i z e d  s u l f a n i l i c  

a c i d .  The l a t t e r  r e a g e n t  was p r e p a r e d  and  a d m i n i s t e r e d  a c c o r d ­

i n g  to  th e  s p e c i f i c a t i o n s  o f  Sm ith  ( I 9 6 0 ) .  The p u rp o s e  o f  th e  

s p r a y  r e a g e n t s  was t o  d i s t i n g u i s h  be tw een  s p o t s  and  to  d e t e r ­

mine w h e th e r  o r  n o t  th e  s p o t s  w ere  p h e n o l i c s .  I t  was d i s c o v e r e d  

t h a t  1% aqueous l e a d  a c e t a t e  gave good d i s t i n c t i v e  c o l o r s  

u n d e r  long-w ave  u l t r a v i o l e t  l i g h t .  Each s p o t  was l a b e l e d  w i th  

a number f o r  i d e n t i f i c a t i o n  on th e  b a s i s  o f  t h e i r  s p e c i f i c  

c o l o r s ,  c o l o r  r e a c t i o n s ,  and  l o c a t i o n  on th e  p l a t e .  The l o c a ­

t i o n  was d e te r m in e d  b y  th e  E f v a l u e ,  d e f i n e d  a s  t h e  d i s t a n c e
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th e  s p o t  moves from  th e  p o i n t  o f  o r i g i n  d i v id e d  b y  th e  d i s ­

t a n c e  t r a v e l e d  by  th e  s o l v e n t  f r o n t  from  t h e  p o i n t  o f  o r i g i n  

(S m ith ,  I 9 6 0 ) .  The r e l a t i v e  l o c a t i o n s  o f  t h e s e  s p o t s  t o  each  

o t h e r  were a l s o  u s e d  a s  a c r i t e r i o n  o f  i d e n t i f i c a t i o n .  No 

a t t e m p t s  were made to  i d e n t i f y  th e  c h e m ic a l  s t r u c t u r e  o f  

t h e s e  compounds.

P o l l e n  s t a i n a b i l i t y . P o l l e n  g r a i n s  from f lo w e r s  o f  

th e  a s t e r s  c u l t i v a t e d  in  th e  g re e n h o u se  were s t a i n e d  in  a n i l i n e  

b lu e  i n  l a c t o p h e n o l .  The s t a i n  was p r e p a r e d  a c c o rd in g  t o  th e  

s c h e d u le  o f  S a s s  (1959)*  The f i r s t  200 g r a i n s  w ere  s c o re d  

f o r  s t a i n a b i l i t y  u n d e r  lOx m a g n i f i c a t i o n .  The g r a i n s  t h a t  

s t a i n e d  d a rk  b lu e  were s c o re d  a s  b e in g  f e r t i l e .  The g r a i n s  

which d i d  n o t  s t a i n  were s c o r e d  a s  i n f e r t i l e .

G e n e t i c s . I n t e r s p e c i f i c  c r o s s e s  be tw een  spec im ens  

o f  A. a c u m in a tu s  and A. n e m o r a l i s  w ere  c o n d u c te d  i n  th e  f a l l  

o f  1970 and s p r i n g  o f  1971* P r u i t s  from th e s e  c r o s s e s  w ere  

th e n  t e s t e d  f o r  f e r t i l i t y .  The f r u i t  o f  t h e s e  a s t e r s  i s  an 

a c h e n e , d e f in e d  a s  a s m a l l ,  d r y ,  o n e - c e l l e d ,  o n e -s e e d e d  i n d e -  

h i s c e n t  f r u i t  ( H a r r in g to n  and B u r r e l l ,  1957)-  Plump a c h e n e s  

were d e te rm in e d  to  be f e r t i l e  b e c a u s e  a g e r m in a t io n  t e s t  was 

p o s i t i v e .  F l a t  a c h e n e s  were d e te rm in e d  t o  be i n f e r t i l e  s in c e  

a g e rm in a t io n  t e s t  p ro v e d  n e g a t i v e .

B a c k c ro s s e s  w ere  c o n d u c te d  b e tw een  t h e  F-  ̂ h y b r i d s  o f 

th e  1 9 7 0  p ro g e n y  and t h e i r  p a r e n t s  i n  th e  s p r i n g  o f  1 9 7 1 * 

C ro s s e s  were a l s o  c o n d u c te d  be tw een  a v a i l a b l e  spec im ens  o f  A. 

B l a k e i , A. a c u m in a tu s  and A. n e m o r a l i s  b ro u g h t  i n t o  th e  g r e e n ­

ho use  from  v a r i o u s  p a r t s  o f  New H am pshire  and M aine.



30

S ib - m a t in g s  b e tw een  th e  F-^'s o f  th e  1970 p ro g e n y  were a l s o  

c o n d u c te d .  C ro s s e s  were p e r fo rm e d  i n  an i n s e c t  f r e e  warm 

p r o p a g a t io n  house  by  r u b b in g  th e  h e ad s  o f  two p l a n t s  t o g e t h e r .  

C ro s s e s  were made when m ost o f  th e  f l o w e r s  i n  th e  h e a d s  were 

open and sh e d d in g  p o l l e n .
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CHAPTER IV 

RESULTS AND DISCUSSION

C h e m is try  and  M orpho logy . The f i r s t  c h e m ic a l  s u rv e y  

c o n d u c te d  on t h e s e  a s t e r s  was b a s e d  on a c o l l e c t i o n  o f  tw e n ty -  

t h r e e  sp e c im e n s .  T h is  s u rv e y  in c l u d e d  tw e lv e  spec im ens  o f  A. 

n e m o r a l i s , e i g h t  sp ec im en s  o f  A. a c u m in a tu s  and t h r e e  s p e c i -  

ment o f  A. B l a k e i . These p l a n t s  were i n  t h r e e  s t a g e s  o f  

d e v e lo p m e n t:  e i g h t  sp ec im en s  w ere  i n  a s t a t e  o f  v e g e t a t i v e

g row th  b e fo r e  any  b u d s  had  fo rm ed , s i x  sp ec im en s  h a d  unopened  

f lo w e r  bu d s  and n i n e  sp ec im en s  w ere  f l o w e r i n g .  A lth oug h  th e  

c h ro m a to g ra p h s  were n o t  s p r a y e d  w ith  any  p h e n o l - d e t e c t i n g  

r e a g e n t s ,  t h e  r e s u l t a n t  s p o t s  w ere  p r o b a b ly  p h e n o l i c s  b e c a u se  

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

o f  p h e n o l i c s  a c c o r d in g  t o  t h e  d e s c r i p t i o n  o f  A ls to n  (1 9 6 7 ) .

The r e s u l t s  o f  t h i s  s u rv e y  a r e  g iv e n  i n  T ab le  3 w i th  r e s p e c t  

t o  t h e  mean number o f  f l u o r e s c e n t  s p o t s .  These means i n d i c a t e d  

t h a t  t h e r e  were d i f f e r e n c e s  i n  th e  number o f  p h e n o l i c  s p o t s  

a t  d i f f e r e n t  s t a g e s  o f  d e v e lo p m e n t .  An a n a l y s i s  o f  v a r i a n c e  

(T a b le  4 )  d e m o n s t r a te d  t h a t  t h e s e  d i f f e r e n c e s  were s i g n i f i c a n t .  

I t  was d e c id e d  t h a t  an y  co m p a r iso n  o f  t h e s e  t a x a  a t  t h e  c h em ic a l  

l e v e l  s h o u ld  be made a t  a s t a n d a r d  s t a g e  o f  d e v e lo p m e n t .  A l l  

f u r t h e r  c o m p a r iso n s  were made when t h e  p l a n t s  were f l o w e r in g  

b e c a u s e  th e  co m p le te  h y b r i d  in d e x  o f  P ik e  (1970) c o u ld  t h e n  

be u s e d  i n  r e l a t i n g  m orpho logy  w i th  c h e m is t r y .



T ab le  3- Mean number o f  f l u o r e s c e n t  
s p o t s  p ro d u c e d  i n  t h r e e  
d e v e lo p m e n ta l  s t a g e s  o f  a 
g re e n h o u se  p o p u l a t i o n  of 
A s te r  a c u m in a tu s , A. B la k e i  
and A. n e m o r a l i s .

S tag e  o f  Mean Number o f
Developm ent F l u o r e s c e n t  S p o ts

B efo re
Buds 1 1 .5

Unopened
Buds 18 .3

Opened
F lo w e rs I 6 . 7

T ab le  4 .  A n a ly s i s  o f  v a r i a n c e  o f  th e  
number o f  f l u o r e s c e n t  s p o t s  
o v e r  t h r e e  d e v e lo p m e n ta l  s t a g e s  
i n  a g re e n h o u se  p o p u l a t i o n  o f  
A s te r  a c u m in a tu s , A. n e m o r a l i s  
and  A. B l a k e i .

Source  DF MS F

T re a tm e n t  2 9 8 .1 5 9  4 .8 4 3 *
E r r o r  20 20 .2 67
T o ta l  22

* S i g n i f i c a n t  a t  .05  l e v e l
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The m o rp h o lo g ic a l  a n a ly s e s  o f  sp ec im en s  c o l l e c t e d  from 

Lake W innisquam, Lake O ss ip e e  and  G re a t  Wass I s l a n d  a r e  sum­

m a r iz e d  in  F ig u r e  3» A l l  o f  t h e s e  spec im ens  were f lo w e r in g  

when c o l l e c t e d .  P l a n t s  which s c o r e d  0 - 4  were d e s i g n a t e d  A. 

n e m o r a l i s ,  8 -1 9  were A. B la k e i  and  25 -31  w ere A. a c u m in a tu s  

( P i k e ,  1 9 7 0 ) .  The p o p u l a t i o n  a t  Lake W innisquam was e s s e n t i ­

a l l y  a v a r i a b l e  p o p u l a t i o n  o f  A. B la k e i  ( P i g .  3&)» Tb® 

p o p u l a t i o n  a t  Lake O ss ip ee  in d e x e d  a s  e i t h e r  A. n e m o r a l i s  o r  

A. B la k e i  ( F i g .  3 b ) .  The p o p u l a t i o n  a t  G re a t  Wass I s l a n d  

c o n s i s t e d  o f  th e  p a r e n t a l  t a x a  i n  d i s c r e t e  c o l o n i e s  ( F i g .  3 c ) ,  

and  a l l  t h r e e  t a x a  t o g e t h e r  i n  a l o c a l  p o p u l a t i o n  a t  Ponds 

P o i n t  ( F ig .  3 d ) .  F i g .  3e sum m arizes  th e  d a t a  i n  F ig .  5c and 

3d .

C hrom atographs o f  t h e s e  sp ec im en s  y i e l d e d  num erous 

s p o t s  which w ere  i d e n t i f i e d  a s  p h e n o l i c  compounds by  th e  

f o l lo w in g  c r i t e r i a :  th e  e x t r a c t i o n  and s e p a r a t i o n  s o l v e n t s

w ere  s p e c i f i c a l l y  s e l e c t e d  t o  remove and i s o l a t e  p h e n o l i c s  

on a ch ro m a to g rap h  ( S i e k e l ,  1 9 6 2 );  th e  u se  o f  d i a z o t i z e d  

s u l f a n i l i c  a c i d  a s  a t e s t  f o r  t h e  p r e s e n c e  o f  p h e n o l i c s  gave 

p o s i t i v e  r e s u l t s  on some o f  t h e s e  s p o t s ;  t h e  c o l o r s  u n d e r  

u l t r a v i o l e t  l i g h t  b e f o r e  and a f t e r  e x p o su re  t o  ammonia v a p o r  

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

s u g g e s te d  by A ls to n  (1 967 )  f o r  p h e n o l i c s ;  a n d  th e  c o l o r  r e a c ­

t i o n s  o f  t h e s e  s p o t s  w i th  v a r i o u s  s p r a y  r e a g e n t s  a s  s u g g e s te d  

by  B lo ck , e t  a l  (1958) y i e l d e d  p o s i t i v e  r e s u l t s  i n  d e t e c t i n g  

th e  p r e s e n c e  o f  p h e n o l i c s  on a c h ro m a to g ra p h .  A t o t a l  o f  

t w e n t y - e i g h t  s p o t s  were ch osen  a s  d i a g n o s t i c  o f  th e s e  a s t e r s .  

These were s e l e c t e d  b e c a u s e  o f  t h e i r  h ig h  f r e q u e n c y  o f
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o c c u r re n c e  o r b e c a u s e  o f  t h e i r  d i a g n o s t i c  v a lu e  i n  i d e n t i f y ­

in g  th e  p a r e n t a l  t a x a .  The d a t a  on th e s e  s p o t s  a re  sum m arized 

i n  T a b le s  5 and 6 .

The r e s u l t s  o f  th e  c h e m ic a l  a n a l y s i s  o f  t h e s e  p o p u la ­

t i o n s  i n d i c a t e d  t h a t  t h e  p a r e n t a l  t a x a  c o u ld  be i d e n t i f i e d  on 

a c h e m ic a l  b a s i s  a lo n e .  T h is  was v e r i f i e d  by  th e  e v id e n c e  on 

G re a t  Wass I s l a n d .  A. n e m o r a l i s  p o s s e s s e d  f o u r  compounds w hich  

were s p e c i e s - s p e c i f i c .  These a r e  compounds #  1 , 2 ,  5 and A o f  

th e  c h e m ic a l  p r o f i l e  o f  A. n e m o r a l i s  g iv e n  i n  F i g .  A. A. 

a c u m in a tu s  p o s s e s s e d  t h r e e  compounds which were s p e c i e s - s p e c i f i c .  

These compounds num bered  2 6 , 27 and 28 i n  t h e  c h e m ic a l  p r o f i l e  

o f  t h i s  ta x o n  p i c t u r e d  in  F ig .  5* A h i s to g r a m  o f  t h e  f r e q u e n c y  

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

c o l o n i e s  i s  d e m o n s t r a te d  i n  F ig u r e  6 . Tw enty-one compounds 

were common to  b o th  p a r e n t s .  The r e m a in in g  seven  p h e n o l i c s  

c l e a r l y  s e p a r a t e  th e  p a r e n t a l  s p e c i e s .  —■

A s i m i l a r  a n a l y s i s  o f  t h e  Ponds P o i n t  p o p u l a t i o n  on 

G re a t  Wass I s l a n d  r e v e a l s  t h a t  t h e  p a r e n t a l  t a x a  m a in t a in  a 

s i m i l a r  c h e m ic a l  i n t e g r i t y  ( F i g .  7 a t c ) .  A. B la k e i  c o n ta in e d  

a sum m ation o f  compounds s p e c i f i c  t o  b o th  p a r e n t s  b u t  d i d  n o t  

c o n ta in  any new s p e c i e s - s p e c i f i c  compounds i t s e l f  ( F i g .  7 k ) .

T h is  o b s e r v a t i o n  i s  i n  ag reem en t w i th  th e  g e n e r a l i z a t i o n s  o f  

s e v e r a l  a u th o r s  d i s c u s s e d  e a r l i e r  i n  th e  l i t e r a t u r e  r e v ie w .

The p h e n o l i c  compounds p r e s e n t  i n  n a t u r a l  h y b r i d s  r e p r e s e n t  

th e  summation o f  s p e c i e s - s p e c i f i c  p h e n o l i c  compounds fo und  in  

th e  p a r e n t a l  t a x a .  The m o rp h o lo g ic a l  ( F ig .  3&) and c h e m ic a l  

( F ig .  7 k )  e v id e n c e  t h e r e f o r e  s u g g e s t s  t h a t  A. B la k e i  a t  Ponds 

P o in t  o r i g i n a t e d  a s  a h y b r i d  o f A. n e m o r a l i s  and A. a c u m in a tu s .
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T ab le  5* Rf v a l u e s ,  c o l o r s  and c o l o r  r e a c t i o n  w i th  1% 
l e a d  a c e t a t e  o f  t h e  compounds d i a g n o s t i c  o f  
A s te r  n e m o r a l i s , A. a c u m in a tu s  and  A. B l a k e i .

# Rf v a lu e s Colors"'' Pb a c e t a t e
BA^HOAc5 UV UV-HH,5

VSB4 VSB-NHz VSB 5
UV

1 .4 5 .4 6 BrAb Br LY IY IY BrAb
2 .5 8 .1 0 BlAb BlAb IY IY BlAb
3 .2 8 .23 BlAb BlAb — IY IY BlAb
4 .4 4 .1 7 BrAb BrAb LY DY IY DBrAb
5 • 71 .1 9 Wb YGr — Y IY YGr
6 • 55 .23 Wb Wb — — — Wb
7 .6 6 .07 Db Db — — - bB l
8 • 71 .3 4 WY YGr — — IY YG
9 • 43 .3 7 P P — - P

10 .4 2 .4 1 BrAb BrAb LY DY Y DBrAb
11 • 72 .6 7 YGr Y — _ — —
12 .59 .6 1 Yb Yb - LY Y b
13 .5 2 .5 5 YGr Y - — — —
14 .4 0 .4 9 Wb Wb — — — —
15 • 59 .7 3 YGr Y — LY Y b
16 .4 4 .5 8 b b — — — b
17 .48 • 66 Y Y — — — Y
18 • 47 .7 4 Y Y — — — Y
19 .41 .6 6 Y Y — — — Y
20 • 32 .6 2 Wb Y — — — WY
21 .2 7 .63 Wb Y — — — WY
22 .7 2 .6 5 Wb Y — — — WY
23 .3 3 • 78 Y Y — - — WY
24 .2 8 • 79 Y Y — — — WY
25 .7 3 • 53 YGr Y — — — WY
26 .5 1 .2 0 BrAb BrAb LY LY — —

27 .5 4 .4 7 BrAb BrAb LY DY LY Y
28 .6 3 .2 8 BrAb BrAb LY DY IY RBrAb

Key: Ab = a b s o r b i n g .  A l l  o t h e r  s p o t s  a r e  f l u o r e s c i n g .
B1 = b l a c k ,  b = b l u e ,  Br = b row n, D = d a rk ,
Gr = g r e e n ,  I  = i v o r y ,  L = l i g h t ,  P = p in k ,
R = r e d d i s h ,  W = w h i t i s h ,  Y = y e l lo w

2
n - b u t y l  a l c o h o l ,  g l a c i a l  a c e t i c  a c i d ,  w a te r  ( 6 : 1 : 2 ) .  

3l0% a c e t i c  a c i d  c o n t a i n i n g  .1  gm. sodium a c e t a t e .

4VSB = v i s i b l e

\
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T ab le  6 .  C o lo r  r e a c t i o n s  w i th  v a r i o u s  s p r a y  r e a g e n t s  
o f  t h e  compounds d i a g n o s t i c  o f  A s te r  nemor­
a l i s  , A. a c u m in a tu s , an d  A. B l a k e i .

SuA2 FeC lz Na2CO, 
... 5

B e n e d ic t A1C1
3

B Fb Ac^
VSB^ UV VSB UV VSB UV VSBi UV

1 Y BrAb IY Y IY BrAb
2 _ — IY LBrAb LY LBrAb — Y IY BrAb
3 — — IY LBrAb LY LBrAb — Y IY BrAb
4 YBr Gr Y BrAb LY BrAb LY Y IY Br
5 YBr LB1 LY YGr LY DBrAb — Wb IY DBrAb
6 — — — Wb — Wb — b — Wb
7 — — — YBr — Db — b — bBl
8 YBr LB1 IY YGr LY Br Wb IY Br
9 — — — P — P — P — P

10 YBr Gr Y DBrAb LY BrAb Y Y LY DBrAb
11 _ — — Wb — Wb — Wb — Wb
12 YBr BB1 Y WY LY Br — Wb IY DBr
13 — — — Wb — Wb — Wb — Wb
14 — — WY — — — Wb — Wb
15 YBr LB1 — WY IY IB r — Wb — Wb
16 — — — b — b — b — b
17 — — — WY — — — Wb — Y
18 — — WY — — — Wb — Y
19 — — — wy — — — Wb — Y
20 — — — m — — — Wb — Y
21 — — — WY — — — Wb — YGr
22 — — WY — — — Wb — YGr
23 <— — — WY — — Wb — YGr
24 — — WY — -* — Wb — YGr
25 — — WY — — — Wb — YGr
26 YBr — LI Y Y BrYAb IY Y IY OY
27 YBr Gr Y Y LY Y LY BrY LY Y
28 YBr Gr Y BrAb LY BrAb LY Y IY BrAb

Key: Ab = a b s o r b i n g .  A l l  o t h e r  s p o t s  a r e  f l u o r e s c i n g .
B1 = b l a c k ,  b -  b l u e ,  Br = brow n, D = d a r k ,  Gr = g r e e n ,
I  = i v o r y ,  L = l i g h t ,  0 = o ra n g e ,  P = p i n k ,  R = r e d ­
d i s h ,  W = w h i t i s h ,  Y = y e l lo w .

2
SuA = d i a z o t i z e d  s u l f a n i l i c  a c i d .

^B Pb Ac = 1% b a s i c  l e a d  a c e t a t e .

^VSB = v i s i b l e .
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F ig .  5* C hem ica l p h e n o l i c  p r o f i l e  o f  A s t e r  
a c u m in a tu s . S o lv e n t  System  1: n -
b u t y l  a l c o h o l ,  g l a c i a l  a c e t i c  a c i d ,  
w a te r  ( 6 : 1 : 2 ) .  S o lv e n t  System 2: 
10% a c e t i c  a c i d  c o n t a i n i n g  0 .1  gm. 
sodium  a c e t a t e  p e r  100 m l.



F req u en cy  o f  o c c u r re n c e  o f  p h e n o l i c s  c h a r a c ­
t e r i s t i c  o f  ( a )  A s te r  n e m o r a l i s  and  (h )  A. 
a c u m in a tu s  i n  d i s c r e t e  c o l o n i e s  on G re a t  V ass 
I s l a n d .
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( a )
P i g .  7* F re q u en c y  o f  o c c u r re n c e  o f  p h e n o l i c s  c h a r a c ­

t e r i s t i c  o f  ( a )  A s te r  n e m o r a l i s ,  (b )  A. B la k e i  
and ( c )  A. a c u m in a tu s  a t  Ponds P o i n t ,  G re a t  
Wass I s l a n d .
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I t  i s  c l e a r l y  a c h e m ic a l  and m o rp h o lo g ic a l  i n t e r m e d i a t e  o f  

t h e  p a r e n t a l  t a x a .

The p r e s e n c e  o f  p a r e n t a l  compounds i n  a h y b r id  s h o u ld  

r e p r e s e n t  th e  p r e s e n c e  o f  p a r e n t a l  genomes i n  t h e  h y b r i d  

( A l s t o n ,  1 9 6 7 ) .  A s i m i l a r  a n a l y s i s  o f  p a r e n t a l  a s t e r s  and 

t h e i r  F^ h y b r i d  s y n t h e s i z e d  i n  t h e  g re e n h o u se  i s  sum m arized  

i n  F i g .  8 .  H e re ,  t h e  h y b r id s  c o n ta in e d  a sum m ation o f  th e  

p h e n o l i c s  s p e c i f i c  t o  b o th  p a r e n t s .  However, some o f  th e  

p h e n o l i c s  d e t e c t e d  i n  th e  g re e n h o u se  a s t e r s  w ere  lo w er  i n  

f r e q u e n c y  when com pared w i th  t h e  f r e q u e n c y  o f  o c c u r r e n c e  o f  

compounds in  a s t e r s  from  Ponds P o i n t  ( F i g .  7 ) .  T h is  i s  n o t i c e ­

a b le  i n  th e  F-  ̂ h y b r i d s  i n  th e  g re e n h o u se  ( F ig .  8 b ) .  Compounds 

1 ,  2 and 3 a r e  v e ry  low i n  f r e q u e n c y  when com pared w i th  A.

B la k e i  a t  Ponds P o in t  ( F ig .  7 L ) .  T h is  m ig h t have  b e en  c a u s e d

b y  a q u a l i t a t i v e  r e d u c t i o n  i n  p h e n o l i c s  c a u s e d  by  th e  ab sen c e  
%

o f  p a th o g e n s  and  o t h e r  p r e d a t o r s  i n  t h e  homogeneous e n v i r o n ­

m ent o f  th e  g re e n h o u s e .  L ev in  (1971) c i t e s  num erous exam ples  

o f  t h e  i n c r e a s e  i n  q u a n t i t y  and  q u a l i t y  o f  p h e n o l i c s  i n  r e ­

sp o n se  to  p r e d a t o r s  and  p a th o g e n s .  When t h e s e  o rg an ism s  a t t a c k  

p l a n t s  on a s e a s o n a l  b a s i s ,  a q u a n t i t a t i v e  and q u a l i t a t i v e  

d e c r e a s e  i n  p h e n o l i c s  i s  n o t i c e d  when th e  p r e d a t o r s  o r  p a th o ­

g e n s  a re  a b s e n t .  A ls o ,  a c e r t a i n  e n v i ro n m e n ta l  p a r a m e te r  

such  a s  l i g h t  o r  t e m p e r a tu r e  m ig h t  be p r e s e n t  ( o r  a b s e n t )  i n  

t h e  g re e n h o u se  t h a t  w ould  a f f e c t  th e  s y n t h e s i s  o f  some o f  th e  

p h e n o l i c s .

The r e s u l t s  o f  th e  c h e m ic a l  a n a l y s i s  o f  F^ and  p a r e n t a l  

t a x a  i n  th e  g re e n h o u se  i n d i c a t e  t h a t  th e  a p p e a ra n c e  o f  compounds 

# 4 ,  26 , 27 , and 28 h a s  a g e n e t i c  b a s i s .  T h is  i s  i n f e r r e d  from
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F i g .  8 .  F re q u en c y  o f  o c c u r r e n c e  o f  p h e n o l i c s  c h a r a c t e r ­

i s t i c  o f  g re e n h o u se  spec im en s  o f  ( a )  A s te r  
n e m o r a l i s  ( c )  A. a c u m in a tu s  and (b )  t h e i r  F-, 
h y b r i d .
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t h e  h ig h  f r e q u e n c y  o f  o c c u r r e n c e  o f  t h e s e  p h e n o l i c s  i n  th e  F-̂  

h y b r i d s  ( F i g .  8 b ) .  Most o f  th e  F^ h y b r i d s  came from A. n e m o r a l i s  

fem a le  p a r e n t s ,  an d  a l l  c o n ta in e d  one or a n o th e r  p a r e n t a l  

p h e n o l ,  e s p e c i a l l y  from  A. a c u m in a tu s . A c h e m ic a l  a n a l y s i s  

o f  th e s e  F-^ 's u n d e r  n a t u r a l  c o n d i t i o n s  m igh t show h i g h e r  f r e ­

q u e n c ie s  o f  p a r e n t a l  p h e n o l i c s  # 1 , 2 and  3-

A co m p a r iso n  o f  t h e  p h e n o l i c s  p r e s e n t  i n  A. B la k e i  a t  

Ponds P o i n t ,  Lake W innisquam and  Lake O ssip pee  was u n d e r t a k e n .  

T hese  r e s u l t s  a re  sum m arized i n  F ig .  9 and d e m o n s t r a te  th e  

e s s e n t i a l l y  h y b r id  n a t u r e  o f  th e  l a t t e r  two Lake p o p u l a t i o n s  

( F i g .  9 a , b ) .  V a r i a t i o n  e x i s t s  b e tw ee n  th e s e  two p o p u l a t i o n s  

a t  th e  c h e m ic a l  l e v e l .  Compound #1 was a b s e n t  from b o th  Lake 

p o p u l a t i o n s .  Compound #4 was a b s e n t  from  th e  Lake Winnisquam 

p o p u l a t i o n .  There were a l s o  d i f f e r e n c e s  i n  t h e  freq uenc ies  o f  

A. a c u m in a tu s  s p o t s  (#26 , 27 and 28 i n  F ig .  9 )  and A. n e m o r a l i s  

s p o t s  (# 1 ,  2 ,  3 and  4  i n  F i g .  9 )  be tw een  th e  t h r e e  p o p u l a t i o n s .

I n  s p i t e  o f  t h i s  v a r i a t i o n ,  b o th  th e  m o r p h o lo g ic a l  ( F i g .  3 a ,  

b ,  and d )  and c h e m ic a l  ( F ig .  9) e v id e n c e  s u g g e s t  t h a t  th e s e  

p o p u l a t i o n s  a re  e s s e n t i a l l y  h y b r i d s  a t  Lake W innisquam and 

Lake O s s ip e e .

T here  was e v id e n c e  f o r  i n t r o g r e s s i o n  a t  Lake O s s ip e e .

A r e l a t i o n s h i p  be tw een  c h e m ic a l  and m o rp h o lo g ic a l  d a t a  was 

c o n s t r u c t e d  a c c o rd in g  t o  a  m ethod d e v i s e d  b y  L ev in  (1 9 6 7 a ) .

T h is  r e l a t i o n s h i p  i s  g iv e n  i n  T ab le  7* High f r e q u e n c i e s  o f  

A. a c u m in a tu s  compounds #26  and 28 w ere  fo u n d  i n  p l a n t s  which 

in d e x e d  a s  A. n e m o r a l i s . Specim ens i d e n t i f i e d  a s  A. B la k e i  

c o n ta in e d  o n ly  A. a c u m in a tu s  p h e n o l s .  T h is  s u g g e s t s  t h a t  

i n t r o g r e s s i o n  i n t o  A. n e m o r a l i s  h a s  been  o c c u r r i n g  a t  Lake
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P i g .  9 .  F req u en cy  o f  o c c u r r e n c e  o f  p h e n o l i c s  c h a r a c ­
t e r i s t i c  o f  A s te r  B la k e i  a t  ( a )  Lake Winnisquam 
(b )  Lake O ss ip e e  and ( c j  G re a t  Wass I s l a n d .
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T ab le  7* F req u en cy  o f  o c c u r r e n c e  o f  compounds d i a g n o s t i c  
o f  A s te r  n e m o r a l i s  and  A. a c u m in a tu s  i n  r e l a t i o n  
t o  m orphology  i n  t h e  p o p u l a t i o n  a t  Lake O s s ip e e ,  
New H am psh ire .

In d e x
#

Compound Number
2 3 26 27 28

1 50 100 100
2 33 33 100 100
3 67 67 100
4 50 100
8 75 25 75
9 100 100 100

11 100 50 100
12 100 100 100
13 100 100 100
14 100 100 100
15 100 100 100
17 100

O s s ip e e .  A p i c t o r i a l i z e d  s c a t t e r  d iag ra m  was c o n s t r u c t e d  a c ­

c o r d in g  t o  th e  m ethods o f  A nderson  (1 9 4 9 ) .  The d iag ram  was 

d e te rm in e d  from th e  d a t a  on s e r r a t e  v s .  e n t i r e  l e a f  m a rg in s ,  

r e v o l u t e  v s .  f l a t  l e a f  m a rg in s ,  z e b ra  h a i r s ,  f l o w e r  c o lo r  and  

l e a f  number ( F ig .  1 0 ) .  Z ebra  h a i r s  and  s e r r a t e  l e a f  m a r g in s ,  

w hich  a re  c h a r a c t e r s  o f  A. a c u m in a tu s ,  were p r e s e n t  i n  many 

p l a n t s  in d e x e d  a s  A. n e m o r a l i s . T h is  p r o v id e s  m o rp h o lo g ic a l  

e v id e n c e  f o r  th e  i n t r o g r e s s i o n  o f  A. a c u m in a tu s  i n t o  A. nem­

o r a l i s  a t  Lake O s s ip e e .

A. a c u m in a tu s  was n o t  p r e s e n t  i n  th e  p o p u l a t i o n  a t  

Lake O s s ip e e .  The h a b i t a t  i s  a  d i s t u r b e d  one, w h ich  i s  l o c a t e d  

i n  an a r e a  o f  la n d  d e v e lo p m e n t .  There a re  woody h a b i t a t s  w hich 

c o u ld  have  s u p p o r te d  A. a c u m in a tu s , b u t  new r o a d s  have c u t  o f f  

d r a i n a g e .  Many o f  t h e s e  a r e a s  a re  t h u s  to o  m o is t  and  swampy
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t o  s u s t a i n  A. a c u m in a tu s * I t  i s  s u g g e s te d  t h a t  th e  d i s t u r b ­

ance rem oved t h i s  t a x o n ,  l e a v in g  A. B la k e i  t o  c r o s s  w i th  A. 

n e m o r a l i s . The r e s u l t  i s  th e  v a r i a b l e  p o p u l a t i o n  fo u n d  t h e r e  

t o d a y .  T here  was no c h e m ic a l  o r  m o rp h o lo g ic a l  e v id e n c e  f o r  

i n t r o g r e s s i o n  i n  th e  p o p u l a t i o n s  a t  Lake W innisquam o r  G re a t  

Wass I s l a n d .  The h e rb a r iu m  spec im en s  w hich  gave th e  r e s u l t s  

d i s c u s s e d  i n  t h i s  s e c t i o n  a r e  num bered 1 -136  i n  th e  A ppend ix .

C y to lo g y . The chromosome num bers o f  t h e s e  t a x a  were 

d e te rm in e d  to  be  2N = 18 . T h is  was b a s e d  on c o u n ts  o f  m i t o t i c  

and  m e i o t i c  chromosomes i n  a s t e r s  from  f i v e  g e o g ra p h ic  l o c a ­

t i o n s .  A t o t a l  o f  f o r t y - t h r e e  sp e c im en s  gave good c o u n t s .  

These a r e  l i s t e d  th r o u g h o u t  th e  A ppend ix . The chromosome 

num bers o f  A. B la k e i  and A. n e m o r a l i s  w ere  new and w ere  r e ­

p o r t e d  i n  th e  l i t e r a t u r e  ( H i l l  and  R o g e rs ,  1 9 7 0 ) .  The number 

f o r  A. a c u m in a tu s  was i n  a g re em e n t w i th  t h e  number r e p o r t e d  

f o r  t h i s  ta x o n  by N e lson  (1 9 6 6 ) .  These sp e c im en s  w ere  n o t  

k a ry o ty p e d .  A r e p r e s e n t a t i v e  p l a t e  o f th e  m i t o t i c  chromosomes 

o f  A. n e m o r a l i s  i s  shown i n  F i g .  1 1 . A p l a t e  o f  t h e  m e io t i c  

chromosomes o f  A. B la k e i  shows n in e  b i v a l e n t s  ( F ig .  1 2 ) .

The b e h a v io r  o f  t h e  m e i o t i c  chromosomes of a l l  t h r e e  

t a x a  w ere  com pared . Both p a r e n t a l  t a x a  fo rm ed  n in e  b i v a l e n t s  

a t  m e i o s i s .  No i r r e g u l a r i t i e s  w ere  o b s e rv e d .  P a i r i n g  i n  A. 

B la k e i  was r e g u l a r  a l th o u g h  lo o s e  a s s o c i a t i o n s  were o c c a s io n ­

a l l y  n o t e d  ( F i g .  1 2 ) .  Some b r i d g e s  and l a g g i n g  o c c u r r e d  i n  

Anaphase I  ( F i g .  1 3 ) .  239 p l a t e s  o f  m e i o t i c  s t a g e s  w ere  ob­

s e r v e d .  93% showed n in e  b i v a l e n t s ,  and  t h e  r e m a in in g  few 

showed i r r e g u l a r i t i e s  r e f e r r e d  t o  a b o v e .  S i m i l a r  o b s e r v a t i o n s



F ig .  11 . M i t o t i c  chromosomes o f  A s te r  n e m o r a l i s ,  M etaphase

F ig .  12 . M e io t i c  chromosomes o f A s t e r  B l a k e i , M etaphase  I .
Loose a s s o c i a t i o n s  a r e  i n d i c a t e d  by  th e  a r ro w .



F i g .  13. M e io t i c  chromosomes o f  A s te r  B l a k e i , Anaphase I .

w ere  n o te d  i n  th e  F^ h y b r i d  p o p u l a t i o n .  O th e r  s u s p e c t e d  

s p e c i e s  h y b r i d s  i n  th e  g en us  e x h i b i t  t h e  same m e i o t i c  b e h a v io r  

(A v e rs ,  1953a; Wetmore and  D e l i s l e ,  19 39 )•

P o l l e n  s t a i n a b i l i t y  was d e te rm in e d  f o r  a l l  t h r e e  t a x a .

The r e s u l t s  a r e  g iv e n  i n  T ab le  8 .  A l l  o f  th e  h y b r i d s  s t u d i e d  

w ere  th e  F^ h y b r i d s  i n  t h e  g re e n h o u s e .  The mean s t a i n a b i l i t y  

was 96% f o r  n in e  sp ec im en s  o f  A. n e m o r a l i s , 97% f o r  f en s p e c i ­

mens o f  A. a c u m in a tu s  and 90% f o r  f o r t y - o n e  spec im en s  o f  t h e i r  

F^ h y b r i d .  The s t a i n a b i l i t y  f o r  t h e s e  h y b r i d s  was r e p e a t e d  a 

y e a r  l a t e r  and  89% s t a i n a b i l i t y  r e s u l t e d .  P o l l e n  s t a i n a b i l i t y  

was th u s  lo w e r  i n  th e  F ^ ' s  th a n  i n  t h e i r  p a r e n t s .  An a n a l y s i s  

o f  v a r i a n c e  showed t h a t  t h e  low er  p e r c e n ta g e  o f  p o l l e n  s t a i n ­

a b i l i t y  i n  th e  F ^ ' s  was s i g n i f i c a n t  (T a b le  9 ) -  F iv e  sp ec im en s  

o f  A. B la k e i  from Lake O s s ip e e  e x h i b i t e d  a mean pollen s t a i n a b i l i t y



T ab le  8 .  P o l l e n  s t a i n a b i l i t y  (%) o f  A s t e r
n e m o r a l i s , A. a c u m in a tu s  and  t h e i r  
F^ h y b r i d .

A. n e m o r a l i s  F-^Hybrid A. a c u m in a tu s

89 67 91 91 97
96 7? 76 87 98
96 99 87 90 91
98 85 94 97 99
99 78 98 99 97
98 89 99 99 95
90 85 87 99 97
97 85 99 98 98
98 92 99 97 100

86 86 95 97
81 100 89
77 94 91
95 95 78
98 88

T ab le  9 .  A n a ly s i s  o f  v a r i a n c e  o f  p o l l e n
s t a i n a b i l i t y  (%) i n  A s te r  n e m o r a l i s ,
A. a c u m in a tu s  and  t h e i r  F-. h y b r i d .

Source dF MS

T re a tm e n t  2
E r r o r  57
T o ta l  59

264.554-
50 .7 55

5 .2 1 4

* S i g n i f i c a n t  a t  .05  l e v e l
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o f  79%, w h i le  f i v e  sp e c im en s  o f  A. B la k e i  from  G ould  Pond i n  

M i l to n ,  New H am p sh ire ,  s c o r e d  a  mean s t a i n a b i l i t y  o f  97%* I t  

s h o u ld  be em p h asized  t h a t  p o l l e n  s t a i n a b i l i t y  r e f l e c t s  o n ly  

th e  p r e s e n c e  o f  n u c l e a r  m a t e r i a l  i n  p o l l e n  g r a i n s .  I t  i s  a 

r e l a t i v e  m easure  o f  v i a b i l i t y .  The r e p r e s e n t a t i v e  sp ec im en s  

w hich gave t h e s e  d a t a  a r e  #96 -1 36  f o r  th e  h y b r i d ,  # 2 9 3 - 5 1 2  

f o r  A. B la k e i  c o l l e c t e d  from  Lake O ss ip e e  and Gould Pond, 

#313-321  f o r  A. n e m o r a l i s  and #351-560  f o r  A. a c u m in a tu s .

The o b s e r v a t i o n s  o f  th e  b e h a v i o r  o f  m e io t i c  chromo­

somes i n  th e  h y b r id  and  n a t u r a l  spec im ens o f  A. B la k e i  

c o u p le d  w i th  th e  d a ta  on p o l l e n  s t a i n a b i l i t y  s u g g e s t s  t h a t  A. 

B la k e i  i s  f e r t i l e ,  b u t  n o t  a s  f e r t i l e  a s  A. n e m o r a l i s  and A. 

a c u m in a tu s .  T h is  i s  in  a g re em e n t w i th  t h e  o b s e r v a t i o n s  o f  

Wetmore and  D e l i s l e  (1 9 3 9 )  and A vers  (1953a)*  The h y b r id s  

th e y  s t u d i e d  were f e r t i l e .  The r e a s o n s  f o r  f e r t i l i t y  i n  

h y b r id s  o f  A s te r  o r  any  o t h e r  t a x o n  a r e  a lw ays h a r d  t o  d e t e r ­

m ine . G ran t  (1971) s u g g e s t s  t h a t  th e  f o r m a t io n  o f  p a r t l y  t o  

c o m p le te ly  f e r t i l e  h y b r i d s  i n  n a t u r e  i s  b e c a u s e  t h e  p a r e n t a l  

s p e c i e s  have  n o t  y e t  e v o lv e d  r e p r o d u c t i v e  b a r r i e r s .  Such 

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

These a s t e r s  m ig h t  r e p r e s e n t  an  exam ple o f  p l a n t  p o p u l a t i o n s  

which w ould  be  m o r p h o lo g ic a l ly  d i f f e r e n t i a t e d  enough to  be 

ta x o n o m ic a l ly  i d e n t i f i e d  a s  d i f f e r e n t  s p e c i e s ,  y e t  t h e y  would 

be g e n e t i c a l l y  s i m i l a r  w i th  no i s o l a t i n g  m echanism s e x i s t i n g  

be tw een  them .

G e n e t i c s . C ro s s e s  made b e tw ee n  A. n e m o r a l i s  and A. 

a c u m in a tu s  i n  th e  f a l l  o f  1 9 7 0  r e s u l t e d  i n  s e e d  s e t  t h a t  was 

h i g h e r  when A. n e m o r a l i s  was th e  fem a le  p a r e n t  (T a b le  1 0 ) .
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T h is  was r e p e a t e d  i n  th e  s p r i n g  o f  1971 u s i n g  p a r e n t s  from a 

w id e r  g e o g ra p h ic  s o u r c e .  The r e a s o n  f o r  t h i s  r e s u l t  p ro b a b ly

T ab le  10 . Seed s e t  o f  t h e  c r o s s  A s te r  n e m o r a l i s  
x  A. a c u m in a tu s  d u r in g  two f lo w e r in g  
s e a s o n s .

Season Female T o ta l  F low ers Good Seed
P a r e n t Examined Seed S e t  (%)

f a l l , A. n e m o r a l i s 1180 205 1 7 .4
1970 A. a c u m in a tu s 1191 30 2 .1

s p r i n g , A. n e m o r a l i s 2426 3 0 2 1 2 .5
1971 A. a c u m in a tu s 2297 26 1 .1

r e s t s  i n  th e  p r e s e n c e  o f  a  m a t e r n a l  b a r r i e r  t o  p o l l i n a t i o n  and  

f e r t i l i z a t i o n  i n  A. a c u m in a tu s .

The F-^ 's  p ro d u c e d  from th e  f a l l  1970 c r o s s  w ere  c u l t i ­

v a t e d  i n  May, 1971» and  c o l l e c t e d  i n  May a n d  June o f  1972.

R e s u l t s  o f  a  m o r p h o lo g ic a l  a n a l y s i s  a c c o r d in g  to  t h e  t e c h n iq u e s  

o f  P ik e  (1970) a r e  r e p r e s e n t e d  i n  P i g .  1 4 a .  Most o f  th e s e  

sp ec im en s  were i n t e r m e d i a t e  b e tw ee n  t h e i r  p a r e n t s ,  a n d  f e l l  

w i t h i n  th e  r a n g e  a s s i g n e d  to  A s t e r  B la k e i  b y  P ik e  (1 9 7 0 ) .  

R e p r e s e n t a t i v e  sp e c im en s  o f  A. B la k e i  c o l l e c t e d  from  Lake 

O s s ip e e  and  F^ h y b r i d s  from  t h e  c r o s s  A. n e m o r a l i s  x  A. 

a c u m in a tu s  a r e  d e m o n s t r a te d  t o g e t h e r  in  F i g .  15 and  1 6 . The 

m o r p h o lo g ic a l  s i m i l a r i t i e s  a re  q u i t e  o b v io u s .  Many o f  th e  F̂  ̂

h y b r i d s  r e s e m b le d  some o f  th e  sp ec im en s  o f  A. B la k e i  c o l l e c t e d  

from  Gould Pond, Lake W innisquam and  G re a t  Wass I s l a n d .  I t  

was n o t i c e d  t h a t  some m o r p h o lo g ic a l  c h a r a c t e r s  were more v a r i ­

a b le  th a n  o t h e r s .  A C o e f f i c i e n t  o f  V a r i a t i o n  (CV) was c a l c u l a t e d
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F i g .  14-. M o rp h o lo g ic a l  h y b r id  in d e x  o f  t h e  ( a )  F-, h y b r id s  
and (b )  p ro g e n y  from  t h e  c r o s s e s  o f  A s te r  B la k e i  
w i th  A. n e m o r a l i s  and  A. a c u m in a tu s . Specim ens 
w i th  in d e x  num bers o f  6 - 1 5  r e s u l t e d  from c r o s s e s  
be tw een  A. B la k e i  and A. n e m o r a l i s ; sp ec im en s  . 
w i th  in d e x  num bers 1 6 -2 4  r e s u l t e d  from c r o s s e s  
b e tw een  A. B la k e i  and  A. a c u m in a tu s .



F ig .  15 . A s te r  B la k e i  c o l l e c t e d  from  Lake O ss ip e e  and an
F ' h y b r i d  o f  th e  c r o s s  A. n e m o r a l i s  x  A. a c u m in a tu s .
Tne F-, h y b r i d  i s  shown on th e  l e f t .  The t a g  number
r e p r e s e n t s  th e  i d e n t i f i c a t i o n  o f  th e  F-  ̂ h y b r id  i n  
th e  A ppendix .
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F ig .  16 . A s te r  B la k e i  c o l l e c t e d  from  Lake O ss ip e e  and  an
F, h y b r i d  o f  th e  c r o s s  A. n e m o r a l i s  x  A. a c u m in a tu s .
Tne F-, h y b r id  i s  shown on th e  l e f t .  TEe t a g  number
r e p r e s e n t s  th e  i d e n t i f i c a t i o n  o f  t h e  F-. h y b r i d  i n  
th e  A ppend ix .
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f o r  each  c h a r a c t e r .  T h is  c a l c u l a t i o n  u t i l i z e d  th e  fo rm u la  

s u g g e s te d  by  S oko l and  R e h l f  ( 1 9 6 9 ) .  The r e s u l t s  o f  t h i s  

a n a l y s i s  a r e  i n  T ab le  11. Each s t a t i s t i c  was d e te rm in e d  from

T ab le  11. C o e f f i c i e n t  o f  v a r i a t i o n  (CV) i n  
p e r c e n t  o f  t h e  t e n  m o rp h o lo g ic a l  
c h a r a c t e r s  o f  an Ti p o p u la t io n  o f  
A s t e r  n e m o r a l i s  x  i .  a c u m in a tu s .

M o rp h o lo g ic a l  C h a r a c te r s 1 y 2 CV

L eaf  number 0 .9 9 9 5 .8 2 1 1 7 . 2

R a t io  o f  l e a f  s i z e 0 .6 5 2 3 .0 1 8 2 1 .6

I n t e r n o d e  l e n g th 0 .4 3 8 1 .2 5 6 34 .9

R e v o lu te n e s s  o f  l e a f  m a rg in s 0 .4 8 9 2 .8 6 3 1 7 . 1

S cab ro u s  l e a f  m a rg in s 0 .4 3 2 2 .1 3 1 2 0 .3

S e r r a t e  l e a f  m a rg in s 0 .2 0 3 2 .9 7 0 6 .8

B r a c t s  s u b te n d in g  p e d u n c le 0 .7 4 7 1 .9 9 4 3 7 .4

Number o f  h e a d s 0 .4 4 4 1 .2 6 8 3 5 .0

L ig u le  c o l o r 0 .2 0 4 1 .9 8 2 1 0 .3

Z ebra  h a i r s 0 .4 6 1 2 .3 0 4 2 0 .0

1
S ta n d a r d  D e v ia t io n

2
Mean

in d e x  num bers f o r  168 h y b r i d  sp ec im en s  (# 9 6 -1 3 6  and # 1 6 6 -  

292 in  th e  A p p e n d ix ) .  The m ost v a r i a b l e  c h a r a c t e r s  were b r a c t  

num ber, number o f  h e a d s ,  and  in t e r n o d e  l e n g t h .  I t  was assum ed 

t h a t  each  v a r i a t e  b e in g  com pared was c o n t in u o u s .  L ig u le  c o l o r  

may be c o n t in u o u s ,  b u t  g e n e t i c  t e s t s  would be n e e d e d  to  con­

f i r m  t h i s .  D is c o n t in u o u s  v a r i a t e s  c a n n o t  be com pared w i th
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c o n t in u o u s  v a r i a t e s  (Sim pson and Roe, 1959)* In  a l l ,  th e  F^ 

h y b r i d s  were m o r p h o lo g ic a l ly  u n i fo rm  f o r  some c h a r a c t e r s  and  

v a r i a b l e  f o r  o t h e r s .

A l i m i t e d  number o f  c r o s s e s  be tw een  A. B la k e i  and t h e  

p a r e n t a l  t a x a  r e s u l t e d  i n  se ed  s e t  (T a b le  1 2 ) .  A. B la k e i  i n

T ab le  12. Seed  s e t  o f  c r o s s e s  b e tw een  th e  p a r e n t a l  
t a x a  and A s t e r  B l a k e i , F a l l  1970

Female T o ta l  F lo w e rs  
P a r e n t s  Examined

Good
Seed

Seed 
S e t  (%)

A. a c u m in a tu s  x 162 59 2 4 .0
A. B la k e i 1 0 7 36 33 -6

A. n e m o r a l i s  x 134 44 3 2 . 8

A. B la k e i 1 1 1 2 0 1 8 .0

t h i s  c a se  was from n a t u r e  and o f  unknown g e n e r a t i o n .  Tw enty- 

n in e  sp ec im ens  t h a t  w ere  p r e s e r v e d  from t h i s  p o p u l a t i o n  e x h i b i t  

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

t a x a  b u t  i n s i d e  th e  l i m i t s  o f  A. B la k e i  ( F i g .  1 4 b ) .  The s p e c i ­

mens which gave t h e s e  r e s u l t s  a r e  #137-165  i n  th e  A ppend ix .

T h is  i s  a d m i t t e d ly  a s m a l l  s a m p le ,  b u t  i t  a p p e a r s  t h a t  t h e  r a n g e  

o f  v a r i a t i o n  f o r  A. B la k e i  s u g g e s te d  by P ik e  (1970) m igh t con ­

t a i n  b o th  b a c k c ro s s  and  h y b r id  t y p e s .  The ra n g e  o f  A. B l a k e i , 

w hich  r u n s  from in d e x  num bers o f  8 - 1 9 > w ould  i n c l u d e  b a c k c r o s s  

t y p e s  from  A. n e m o r a l i s  ru n n in g  from  8 -1 0  and F-^' s from  1 1 -2 0 .  

B a c k c ro s s e s  t o  A. a c u m in a tu s  f e l l  b e tw een  th e  r a n g e s  o f  t h i s  

p a r e n t  and th e  h y b r i d .

B a c k c ro s s e s  be tw een  t h e  p a r e n t s  and  t h e i r  F-  ̂ h y b r id  

r e s u l t e d  i n  good s e e d  s e t .  T hese have b e e n  p l a n t e d  and s e e d s
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have g e rm in a te d .  The d a t a  on t h e s e  c r o s s e s  a r e  g iv e n  i n  T ab le  

13 . I t  was e v i d e n t  t h a t  m a te r n a l  b a r r i e r s  i n  A. a c u m in a tu s

T ab le  13* Seed s e t  and  se e d  g e r m in a t io n  from 
th e  c r o s s  b e tw een  th e  p a r e n t a l  t a x a  
and t h e i r  F-  ̂ h y b r i d ,  S p r in g  1971*

Female T o ta l  F lo w e rs  Good # Seed %
P a r e n t s  Examined Seed Germ. Se t(% ) Germ.

A. a c u m in a tu s  x 1267 345 158 27 46
F1 H y b rid 1213 476 3 1 0 39 65

A. n e m o r a l i s  x 1594 428 217 27 51
F H y b rid 1306 225 111 17 49

t h a t  e x i s t e d  f o r  A. n e m o r a l i s  p o l l e n  d id  n o t  e x i s t  f o r  p o l l e n  

from th e  F-^. The r e l a t i v e l y  a d e q u a te  p e r c e n t a g e s  o f  g e rm in a ­

t i o n  f o r  a l l  o f  t h e s e  c r o s s e s  do n o t  i n d i c a t e  any  g e n e t i c  

c r o s s i n g  b a r r i e r .

The c r o s s e s  made w i t h i n  t h e  h y b r i d  p o p u l a t i o n  a l s o  r e  

s u i t e d  i n  good s e e d  s e t .  These w ere  s i b - m a t i n g s  and i n t r a ­

s p e c i f i c  c r o s s e s .  The d a t a  on s e e d  s e t  and s e e d  g e rm in a t io n  

a r e  p r e s e n t e d  i n  T ab le  14-. The h y b r i d s  s e t  v i a b l e  s e e d ,  

a l th o u g h  g e rm in a t io n  te n d e d  t o  be lo w e r  i n  s e e d  from s i b  

c r o s s e s .

T able  14 . Seed s e t  and  s e e d  g e r m in a t io n  from th e  
c r o s s e s  made w i t h i n  th e  F-, p o p u la t io n ,  
S p r in g ,  1971* 1

Type o f  T o ta l  F lo w e rs  Good #  Seed %
C ro ss  Examined Seed  Germ. Set(% ) Germ.

I n t r a s p .
S ib .

784
863

303 124 41
357 79 39

41
22
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The r e s u l t s  on s e e d  s e t  and se e d  g e rm in a t io n  i n d i c a t e s  

t h a t  a l l  t h r e e  t a x a  can i n t e r c r o s s .  There i s  a p a r t i a l  b a r ­

r i e r  t o  h y b r i d i z a t i o n  when A. a c u m in a tu s  i s  t h e  fem a le  p a r e n t ,  

b u t  t h i s  b a r r i e r  b r e a k s  down a s  b a c k c r o s s i n g  p r o c e e d s .  P ik e  

(1970) h a s  n o te d  t h a t  some h y b r i d  swarms o f  t h e s e  a s t e r s  show 

a m o r p h o lo g ic a l  skew to w a rd  A. n e m o r a l i s . The d a ta  p r e s e n t e d  

i n  T ab le  10 show c r o s s i n g  be tw een  A. a c u m in a tu s  and A. 

n e m o r a l i s  t e n d s  to  f a v o r  A. n e m o r a l i s  a s  th e  fem ale  p a r e n t .

I f  t h i s  o c c u r r e d  i n  n a t u r e ,  t h e r e  w i l l  be more s e e d s  o f  th e  

F-̂  p ro d u c e d  on th e  A. n e m o r a l i s  p a r e n t  and b a c k c r o s s e s  w i l l  

t h e r e f o r e  be more num erous in  th e  w e t t e r  h a b i t a t  o f  A. 

n e m o r a l i s . The w e t t e r  h a b i t a t s  w i l l  t e n d  to  s e l e c t  th e  A. 

n e m o r a l i s  b a c k c r o s s e s  i n  p r e f e r e n c e  to  A. a c u m in a tu s  b a c k ­

c r o s s e s .

R e p ro d u c t iv e  B io lo g y . The i n f l u o r e s c e n c e ,  o r  h e a d ,  

o f  t h e s e  a s t e r s  were composed o f two ty p e s  o f  f l o w e r s .  The 

o u t e r  m a rg in s  o f  th e  h e a d s  c o n ta in e d  p i s t i l l a t e  r a y  f l o w e r s  

w hich h a d  a s t r a p - s h a p e d  c o r o l l a  on one s i d e .  The c e n t r a l  

main body  o f  th e  h e a d  c o n ta in e d  p e r f e c t  d i s c  f l o w e r s  w i t h  a 

t u b u l a r  c o r o l l a .  I n  th e  d i s c  f l o w e r s ,  s tam en s  w ere  f u s e d  by  

t h e i r  a n t h e r s  t o  fo rm  a c y l i n d e r  a ro u n d  th e  s t y l e .  The s t ig m a  

em erged from  w i t h i n  th e  c y l i n d e r  b e f o r e  th e  a n t h e r s  shed  p o l ­

l e n .  The s t ig m a  was t h u s  r e a d y  t o  r e c e i v e  p o l l e n  from  o t h e r  

s o u r c e s  b e f o r e  p o l l e n  became a v a i l a b l e  from  th e  same f l o w e r .  

The t im e  be tw een  s t ig m a  em ergence and a n t h e r  d e h is c e n c e  was 

n o t  d e te r m in e d .  A l l  t h r e e  a s t e r s  m a in ta in e d  a s t o l o n i f e r o u s  

h a b i t  and  were p e r e n n i a l s .  Seed n e v e r  s e t  i n  h e a d s  t h a t  

were u n d i s t u r b e d .  Seed d id  n o t  s e t  i n  any  h e a d s  o f  a s t e r s
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from n a t u r a l  s o u r c e s  when s e l f i n g  was a t t e m p t e d .  T h is  i n f e r r e d  

t h a t  t h e  spec im ens  o f  A. n e m o r a l i s , A. a c u m in a tu s  and A. B la k e i  

c o l l e c t e d  from n a t u r e  and u t i l i z e d  i n  t h i s  s tu d y  were s e l f - i n -  

c o m p a ta b le .  T h is  was i n  a g re em e n t w i th  th e  r e s u l t s  o f  A vers  

( 1 9 5 3 a ) ,  Wetmore and  D e l i s l e  (1939) and  U t t a l  (1962) on a s t e r s  

o f  th e  S e c t io n  EUASTER G ray.
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CHAPTER V 

CONCLUSIONS

A. B la k e i  i s  a m o rp h o lo g ic a l  and c h e m ic a l  i n t e r m e d i a t e  

o f  A. a c u m in a tu s  and A. n e m o r a l i s . The c h e m ic a l  and  g e n e t i c  

e v id e n c e  c o u p le d  w i th  th e  m o rp h o lo g ic a l  d a t a  s u p p o r t s  th e  

t h e s i s  o f  P ik e  (1970) t h a t  A. B la k e i  i s  o f  h y b r id  o r i g i n .  

C ro s s e s  b e tw een  A. n e m o r a l i s  and A. a c u m in a tu s  have y i e l d e d  

h y b r i d s  which f e l l  w i t h i n  th e  r a n g e  o f  A. B la k e i  m o rp h o lo g ic ­

a l l y  and c h e m ic a l ly .  T h is  i s  f u r t h e r  e v id e n c e  f o r  t h e  h y b r id  

o r i g i n  o f  t h i s  t a x o n .  Gene exchange  from A. n e m o r a l i s  to  A. 

a c u m in a tu s  and v i c e  v e r s a  h a s  b e e n  d e m o n s tr a te d  i n  th e  g re e n  

h o u s e .  T h is  e v id e n c e  s u g g e s t s  t h a t  t h e s e  o rg a n ism s  have th e  

c a p a b i l i t y  to  u nd ergo  i n t r o g r e s s i o n .  T here  i s  m o r p h o lo g ic a l  

and c h e m ic a l  e v id e n c e  f o r  i n t r o g r e s s i o n  from  A. a c u m in a tu s  

i n t o  A. n e m o r a l i s  i n  a t  l e a s t  one l o c a t i o n  i n  n a t u r e  (Lake 

O s s i p e e ) .

The r a n g e  o f  m o r p h o lo g ic a l  v a r i a t i o n  a s s i g n e d  to  A. 

B la k e i  by  P ik e  (1970) m igh t c o n t a i n  b o th  h y b r i d  and b a c k c ro s s  

sp e c im e n s .  A c h em ic a l  and m o rp h o lo g ic a l  s t u d y  o f  t h e  b a c k -  

c r o s s  p ro g en y  now b e in g  c u l t i v a t e d  m ig h t c l a r i f y  th e  e x a c t  

n a t u r e  o f  A. B la k e i  a s  e i t h e r  a h y b r i d  o r  s t a b i l i z e d  i n t r o -  

g r e s s a n t .

A. B la k e i  i s  a f e r t i l e  h y b r i d  w hich  can  b a c k c r o s s  w i th  

A. a c u m in a tu s  and  A. n e m o r a l i s . I t  can a l s o  i n t e r c r o s s  

w i th  i t s e l f  and p ro d u ce  r e c o m b in a n t  p ro g e n y .  The f i t n e s s  

and  v i g o r  o f  t h e  b a c k c r o s s  and  re c o m b in a n t  p ro g e n y  rem a in  

t o  be d e te r m in e d .  The b e h a v io r  o f  th e  m e i o t i c  chromosomes
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° f  A. B la k e i  a p p e a r s  t o  be r e l a t i v e l y  n o rm a l .  The chromosome 

number f o r  A. B l a k e i , A. n e m o r a l i s  and A. a c u m in a tu s  i s  2N = 

18 . I s o l a t i o n  be tw een  A. n e m o r a l i s  and A. a c u m in a tu s  m ig h t  

o c c u r  b y  h y b r id  b reak dow n , s e l e c t i o n  a g a i n s t  b a c k c r o s s  and 

re c o m b in a n t  p ro g e n y ,  o r  b y  p h y s i c a l  h a b i t a t  s e p a r a t i o n .  P os­

s i b l y ,  many o f  t h e s e  p ro g e n y  w ould  be s e l e c t e d  a g a i n s t  u n l e s s  

h y b r id  o r  r e c o m b in a t io n a l  h a b i t a t s  were a v a i l a b l e  f o r  them to  

i n v a d e .

I t  i s  s u g g e s te d  t h a t  A. n e m o r a l i s  and  A. a c u m in a tu s  

a re  s e m i - s p e c i e s  i n  th e  s e n se  o f  G ran t  ( 1 9 7 1 ) .  They rem a in  

a s  good b i o l o g i c a l  s p e c i e s  when a l l o p a t r i c ,  b u t  c r o s s  when 

th e  o p p o r t u n i t y  i s  p r e s e n t e d  i n  sy m p a try .
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APPENDIX

The f o l lo w in g  t a b l e  c o n t a i n s  a r e c o r d  o f  th e  h e rb a r iu m  

sp ec im en s  w hich  s e r v e s  a s  a v o u c h e r  f o r  th e  work done i n  t h i s  

s t u d y .  E x p la n a t io n s  o f  a b b r e v i a t i o n s  a r e  l i s t e d  a t  th e  en d  

o f  th e  t a b l e  on page  83* These spec im en s  have b e e n  d e p o s i t e d  

i n  th e  H erb ar ium  of t h e  U n i v e r s i t y  o f  New H am psh ire .

# Name
Chromo­

some
Number

F .P . M.P. Source Date

1 A.B.
2 II
3 II
4 II
5 II

6 II
7 M

8 I I

9 II
10 I t

11 IT

12 ff

13 IT

14 II

15 11

16 II
17 A.B.
18 A.N.
19 A.B.
20 It
21 rt
22 t i

23 n

24 M

25 A.N.
26 A.B.
27 IT

28 A.N.
29 tr
30 A.B.
31 IT
32 A.N.
33 A.B.
34 II

N.A. N.A. Lake
W innisquam

9 /7 0

Lake
O ss ip ee

9 /7 0
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Appendix (Cont.)

Name
Chromo­

some
Number

P .P . M.P. Source Date

35 A.B. N.A. N.A. Lake 9 /7 0
36 II II 11 O ssipee II
37 A.N. ft II tl 11 ft
38 If Tf tt tr it ri
39 Tl It It it ii TT
40 TT II 11 it ti It
41 It 11 rr 11 Tt II
42 A.A. It rr Ponds 8 /7 1
43 A.N. II ii P o i n t , tl
44 A.N. 11 it G re a t ri
4 5 A.B. It ii Wass tr
46 II TT ri I s l a n d it
47 A.N. TT tl If ft tt
48 A.B. II ti IT 11 ii

4 9
It N = 9 II ii 11 11 ii

50 It 11 IT It IT ii

51 II II 11 II IT Tl
52 A.A. II It It II tr
53 A.B. It 11 II II it
54 A. A. II tl Tl 11 ii
55 A.B. N = 9 TT ri If T! it
56 If II Tl If If IT
57 Tt II If IT It It
58 A.A. II It tl If tl
59 A.B. ri IT II IT T1

60 A.A. Tl IT tt II it
61 A.B. tl II TT II If
62 A.A. II 11 Tl II It
63 A.N. 11 tl II Tl tt
64 A. A. II Tl It Tl 11

65 II II II ft tt ff
66 A.N. 11 It II It Tl
67 A.B. tl If II If ft
68 A.N. II IT II IT If
69 A. A. 11 11 tt II It
7 0 A.B. It 11 TT II IT
71 ri It It 11 II It
72 it 11 tt It tt 11

73 A.N. II Tl It Tl tl
74 A.B. II It II Tf tt
75 IT 11 It II If tt
76 A.N. ft If II It tr
77 A.B. Tl IT It IT 11

78 A.N. If It ft It It



#

79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
1 0 7

108
109
110
111
112
1 1 3

114
115
116
1 1 7

118
119
120
121
122
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Name
Chromo­

some
Number

P .P . M.P. Source Date

A.N. 
A.B. 
A.A.

t l

A.N.II
M
II

A.A.II
A.N.II

II
A.A.

It
A.N.II
F
H^h.II

It
II
II
M
It
IT
11
II
TT
rr
i i

rr
tr
ft
tt
it
rr
rr
rr
rr
rr
i t

n
i i

N.A. N.A. ir n
II Tt ir ri
It 11 Woods11 11 If II
11 ir BogM ir II
11 ir II
M TI 11

N = 9 11 rr Woods1! rr rr ti
11 ir BogII rr 11
II ri M
II rr WoodsII i i 11 II
II rt BogII i i It

#327 #358 SeedIt rr IT
tr ii M

#325 #359 IT

N = 9 If II ir
N = 9 Tl II IT
N = 9 #321 #360 ti

11 II tr
N = 9 ir II ir
N = 9 ir It it
N = 9 ir II tl
N = 9 rr II ii

n It it

O''II£5 rr II ii

#315 #558 it
#328 #358 ii

8 /7 1

N = 9 
N = 9

#325
I t

#359tr

6 /7 2



#

123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165

77

Appendix (Cont.)

Name
Chromo­

some
Number

F .P . M.F. S ource  Date

f$b

Back-
c r o s s

N = 9 
N = 9 
N = 9

N = 9 
N = 9

N = 9

#325II

#329
#317II

II
#318II

#358
#325

#295
#301
#325
#351II
#297
#351

#351
#297
#325II
#351
#325
#295
#297
#325
#351II
#295
#351

#359tf

#360
If
If
I f

II
II

#315
#295

Seed 6 /7 2

#297 #351

#325
#351
#295
#301II
#351
#301

#325 #295

#301
#323
#29511
#301
#295
#325
#351
#295
#301

If

#325
#301

6 /7 1
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Appendix (Cont.)

Chromo-
# Name some

Number
F .P . M.P. S ou rce Dal

166
H^b.II

# 3 2 7 #358 Seed 6 / f
167 ri II It ir
168 tt tl tt it
169 Tl M II Tl Tt
1 7 0

Tf 11 II ri Tl
1 7 1

rr 11 11 11 It
1 7 2

tr #325 #359 rt II
173 11 IT It 11 II
1?4 11 rr ir 11 M

175 11 it 11 11 II
176 11

# 3 2 1 #360 it II
177 ir ri Tl it II
178 ir ri rt ir If
179 Tl 11 11 ir ir
180 Tl it 11 Tl 11

181 ri 11 11 It it
182 ri it it Tl Tl
183 it 11 11 II Tl
184 ti TT ir M rt
185 11 rr it II rt
186 ti tt it II 11

187 ir rr ti 11 ti
188 ir 11 ri tr 11

189 Tt 11 rt IT 11

1 9 0
tl tt 11 ir IT

191 II M ti vt If
192 tl II 11 Tl tr
193 tl It 11 rt ir
194 II TT 11 ri tt

195 II tt Tt it Tt
196 11 rr Tl 11 ri
197 11 rt tr 11 tt

198 If 11 11 Tl 11

199 ir #315 #358 tt 11

200 ir 11 II rr 11

201 Tl it II rr IT

202 Tl 11 II it rr

203 ri 11 II it it

204 11 it If it it

205 M #328 tl 11 ft

206 11 It IT tt ri

2 0 7
ti Tr Tt 11 ri

208 11 rt rr TT ri



#

209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
2 3 0

231
232
235
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252

W 
hqj
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Chromo-
Name some F .P .  M.P. Source  Date

Number

b>.
#J2 8  #358 Seed 6 /7 2

#3 25 #359



#

253
254
255
256
257
258
259
260
261
262
265
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
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Chromo-
Name some P .P .  M.P. S ource  Date

Number

#325 #359 Seed 6 /7 2
yb-. rt 11 IT tf
1! #317 #36011 Tl ii ii rt
11 If i i  i i  ti
II It Tt ft II
It IT ir ti n
ri 11 ii rt rt
ri II It Tl IT
n II ii n  it
Tl II IT Tl 11

n #318 M  It II
IT II 11 IT II
IT tl II 11 11

IT Tl II 11 II
II Tl 11 11 II
II It tl 11 11

II IT tr rt rr
II It TT ft TT
II II M .  Tl 11

If II tt ft ft
II II 11 11 II
Tl II It 11 II
It tr 11 11 II
It Tl 11 11 II
11 11 ii ii rt
II 11 ii ii ti
II 11 it tt rt
II 11 IT ft 11

II 11 !T TT 11

tl II 11 TT 11

II II II II It
tl #359 #317
Tl ft it H  11

Tl #358 #315
IT Tl II 1? tl
11 11 Tl II Tl
ft tf It It It
II
11 #325

It
#359

it rr it
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Chromo-
#  Name some F .P .  M.P. Source  Date

Number

293 A.B. N.A. N.A. Lake 8 /6 9
294 tl 11 tl O ss ip ee It
295 It tt II ft If tl
296 II It It Tt It 11
297 tl N = 9 tt II tl IT rt
298 TT II It tt It ti
299 II N = 9

tl II Tt IT ri
3 0 0

II II II Tt IT ft
3 0 1

II ts
j II vO It tt Tt It ti

3 0 2
tl tl It 11 n

303 II 2N = 18 It tt Gould 7 /7 0
304 tl tl Tl Pond, m

305 II 2N = 18 tl II M il ro n 11

306 tt tl It II II ii
307 tt 2N = 18 Tt II II tl tt
308 tt Tt tl tl tl it
309 II 2N = 18 Tt tl IT II it
3 1 0

II Tt tt 11 11 it
311 tt 2N = 18 Tt rt II II tt
312 11 Tl ri II II it
313 A.N. 2N = 18 Tt tt Bay o f 9 /6 9
314 tt rt rt Fundy IT
3 1 5

tl Tf tt 11 It IT
316 tl TT tl tl tt 11
3 1 7

II Tt tl tl tt It
318 II Tt ri M tl IT
3 1 9

tl TT ti tl tt 11
3 2 0

M Tt Tl 11 rt It
3 2 1

II 2N = 18 IT Tl ti ri It
3 2 2

II IT Tl ti ti IT
3 2 3

It N = 9
tl Tl it ti It

324 It If Tl 11 ri It
323 It N = 9

11 Tl 11 Tl II
326 tl Tt Tl 11 11 IT
327 rt N = 9

11 Tt 11 rt IT
328 ri IT 11 it it It
329 rt 11 tl 11 ri tl
330 rt tl Tl 11 ri It
331 ri 2N = 18 IT Tl Gould 11
332 n IT tl Pond 11
333 ri IT 11 11 tl It
334 n

ri PN = IP.
IT
It

It
tl

11 Tl 
II Tt

11
II
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# Name
Chromo­

some
Number

P .P . M.P. Source Date

336 A.N. N.A. N.A. Gould 7/70
337 II Tl rt Pond tl

338 11 Tl tt 11 II 11
339 11 TT it If II It
340 II Tt tt II II It
341 11 2N = 18 tl ri It 11 IT
342 ir rt M II 11 tr
343 11 ro 11 i-1 0

0 Tl tt It II IT
344 it Tl II II II ir
343 ir IT It II II 11

346 it 11 Tl II II IT
347 it 2N = 18 Tt rt II 11 IT
348 IT TT n II 11 IT
349 It Tl Tl It II IT
350 IT TT tl 11 11 II
351 A.A. TT 11 Lubec 8 /6 9
352 IT Tl 11 Maine 11
353 IT cr>11 Tl ri 11 tl IT
354 It Tl ri It tt II
355 IT *2N = 18 Tl ri 11 tl 11
356 IT Tl ri 11 rt 11
357 IT TT ti M ti 11
358 It Tl ri M II IT
359 IT tr ri 11 tl tl
360 ir TT tt 11 ri ir
361 IT tl ri Gould 7 /7 0
362 IT tl rt Pond 11

363 11 11 ri 11 rt 11

364 ir 11 Tl 11 ri 11

365 ir 11 Tl It Tl 11

366 ir 11 ri 11 ri 11

367 IT CO 
1—1IISC\J tl tt 11 rt m

368 tr tl Tl 11 ri 11

369 it TT Tl it rt 11

370 tr 11 ri 11 ri IT

371 ir Tl rt 11 rt 11
372 ir Tl rt 11 tt 11
373 ir 11 ri 11 rt IT

374 ir Tl rt 11 rt 11
375 ir N = 9 11 ri it rt IT

376 ir TT Tl it rt ir

377 ir Tl ri 11 tt 11

378 IT ri Tt 11 it 11



E x p la n a t io n  o f  A b b r e v ia t io n s

A.A. = A s te r  a c u m in a tu s  M ichx.

A.B. = A s te r  B la k e i  ( P o r t e r )  House 

A.N. = A s te r  n e m o r a l i s  A i t .

P .P .  = Eemale p a r e n t  

M.P. = Male P a r e n t  

N.A. = Not a p p l i c a b l e
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