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ABSTRACT

EARLY PLANT SUCCESSION ON CLEARCUT AND 
BURNED JACK PINE SITES IN 

NORTHERN LOWER MICHIGAN

By

Marc  D a v i d  Abrams

E a r l y  p l a n t  s u c c e s s i o n  was c h a r a c t e r i z e d  on  

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

M i c h i g a n .  B u r n i n g  r e s u l t e d  i n  t h e  e s t a b l i s h m e n t  o f  

n um erou s  s p e c i e s  n o t  f o u n d  on  u n b u r n e d  a r e a s .  The 

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

i n  a  l a r g e  d r o p  i n  s p e c i e s  r i c h n e s s  b e t w e e n  o ne  and  

two y e a r s  a f t e r  f i r e .  U n bu rn ed  c l e a r c u t  s i t e s  w e r e  

r a p i d l y  c o n v e r t e d  t o  C a r e x  meadows w i t h  v e r y  low  s p e c i e s  

d i v e r s i t y .  B u rn e d  s i t e s  showed m u l t i p l e  s u c c e s s i o n a l  

p a t t e r n s  w h i c h  i n c l u d e d  d o m i n a t i o n  by  s h r u b  and  e a r l y  

s u c c e s s i o n a l  h a rd w o o d s ,  c o n v e r s i o n  t o  C a r e x  meadows,  

and  t h e  e s t a b l i s h m e n t  o f  j a c k  p i n e .  The d o m i n a t i o n  

o f  C a r e x  p e n s y l v a n i c a  on  t h e s e  s i t e s  i n d i c a t e s  t h a t  

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

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

s u p p r e s s i n g  o r  e x c l u d i n g  o t h e r  s p e c i e s .

P e r m a n e n t  p l o t s  w e r e  e s t a b l i s h e d  on a 3 - y e a r -  

o l d  j a c k  p i n e  c l e a r c u t  p r i o r  t o  b u r n i n g  f ro m  w h i c h  

v e g e t a t i o n a l  c h a n g e s  o v e r  t h r e e  g r o w in g  s e a s o n s  w e re  

r e c o r d e d  and  f i r e  i n t e n s i t y  was e v a l u a t e d .  B u rn e d



Marc D avid  Abrams

b l o c k s , c o m p a red  t o  u n b u r n e d  b l o c k s , showed g r e a t e r  

c o v e r  o f  g r a s s  a nd  t r e e  and  s h r u b  s p e c i e s ,  l o w e r  

c o v e r  o f  C a r e x , a n d  a  g r e a t e r  num ber  o f  p e r e n n i a l  h e r b  

s p e c i e s .  F i r e  i n t e n s i t y  on  t h e  b u r n e d  b l o c k s  v a r i e d .  

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

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

o f  b l u e b e r r y  c o m pared  t o  C a r e x , a n d  l o w e r  f r e q u e n c y  

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

F e r t i l i z a t i o n  e x p e r i m e n t s  on m a t u r e  a n d  c l e a r c u t  

j a c k  p i n e  s i t e s  showed t h a t  b i o m a s s  o f  u n d e r s t o r y  v e g e ­

t a t i o n  i n c r e a s e d  a f t e r  f e r t i l i z a t i o n ,  and  t h a t  C . 

p e n s y l v a n i c a  c o n s i s t e n t l y  showed a n  ab o v e  a v e r a g e  

r e s p o n s e .

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

f ro m  d i f f e r e n t  a g e d  j a c k  p i n e  s i t e s  i n d i c a t e d  t h a t  

t h e  d o m in a n c e  o f  G e ran iu m  b i c k n e l l i i  r e s t r i c t e d  t o

1 - y e a r - o l d  b u r n s  was due  t o  t h e  h e a t - s t i m u l a t e d  g e r m i ­

n a t i o n  o f  b u r i e d  s e e d .

C o m p a r i s o n s  made b y  t h e  i n d e x  o f  s i m i l a r i t y  (S) 

showed t h a t  s u c c e s s i o n  on  e a c h  s i t e  i s  h i g h l y  u n i q u e .  

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

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

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

r e l a t i o n s h i p s  i n  t h e s e  c o m m u n i t i e s .
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CHAPTER I

INTRODUCTION

J a c k  p i n e  ( F i n u s  b a n k s i a n a  Lam b.)  i s  a  d o m in a n t  

f o r e s t  t y p e  i n  t h e  L ake  S t a t e s  a n d  h a s  b e e n  t h e  f o c u s  

o f  many s i l v i c u l t u r a l  a n d  e c o l o g i c a l  s t u d i e s .  J a c k  

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

j u v e n i l e  g r o w t h ,  d e s i r a b l e  wood p r o p e r t i e s  f o r  p u l p  

an d  p a p e r ,  i t s  a b i l i t y  t o  g row  on  h a r s h  s i t e s ,  a n d  

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

t h e  e n d a n g e r e d  K i r t l a n d ' s  w a r b l e r  ( D e n d r o i c a  k i r t -  

l a n d i i ) . J a c k  p i n e  i s  a  s e r o t i n o u s  s p e c i e s  t h a t  h a s  

b e e n  m a i n t a i n e d  i n  t h e  Lake S t a t e s  by  p e r i o d i c  f i r e  

( H e i n s e l m a n  1 9 7 3 ) .  I n  f a c t ,  t h e  p r e s e n t  a r e a  o f  j a c k  

p i n e  i n  t h e  L ake  S t a t e s  i s  somewhat  i n f l a t e d  due  t o  

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

e a r l y  p i n e  l o g g i n g  ( B e n z i e  1 9 7 7 ) .

J a c k  p i n e  i s  known a s  a  " f i r e  s p e c i e s " ,  and  t r a ­

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

f o r  i t s  r e g e n e r a t i o n .  How ever ,  v i r t u a l l y  e v e r y  known 

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

r e g e n e r a t i o n  h a s  b e e n  t r i e d  i n  m a n a g in g  t h i s  s p e c i e s  

( E y r e  a n d  L e B a r r o n  1 9 4 4 ) .  I t  i s  now a p p a r e n t  t h a t  

no o n e  m e t h o d  w i l l  p r o d u c e  s a t i s f a c t o r y  r e s u l t s  on  a

1
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c o n s i s t e n t  b a s i s .

I n  n o r t h e r n  l o w e r  M i c h i g a n ,  l a r g e  a r e a s  o f  j a c k  

p i n e  a r e  c u t  and  b u r n e d  e a c h  y e a r .  On t h e s e  a r e a s ,  

i n i t i a l  f a i l u r e  o f  j a c k  p i n e  r e g e n e r a t i o n  f o l l o w i n g  

t r e a t m e n t  i s  m ore  t h e  r u l e  t h a n  t h e  e x c e p t i o n .  T h e r e ­

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

c u l t u r e  o f  t h i s  s p e c i e s .  A f t e r  a  r e v i e w  o f  t h e  l i t e r a ­

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

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

t i o n ,  a nd  r e s p o n s e s  o f  s e e d l i n g s  t o  v a r i o u s  e n v i r o n ­

m e n t a l  f a c t o r s  ( E y r e  and  L e B a r r o n  1 9 44 ,  B e a u f a i t  1 9 6 2 ) .  

L i m i t e d  d e t a i l e d  w o r k ,  h o w e v e r ,  h a s  b e e n  c o n d u c t e d  

on p l a n t  s u c c e s s i o n  on  j a c k  p i n e  s i t e s  f o l l o w i n g  l o g g i n g  

a n d / o r  b u r n i n g  i n  t h e  Lake  S t a t e s  ( A h l g r e n  1960 ,  Vogl  

1 97 0 ,  K r e f t i n g  a n d  A h l g r e n  1 9 7 4 ) ,  I n  M i c h i g a n ,  s t u d i e s  

o f  t h i s  t y p e  a r e ,  t o  my k n o w l e d g e ,  n o n e x i s t e n t .

The o b j e c t i v e  o f  my r e s e a r c h  was t o  c h a r a c t e r i z e  

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

b u r n i n g  o n  j a c k  p i n e  s i t e s  i n  n o r t h e r n  l o w e r  M i c h i g a n .  

F i e l d  d a t a  w e r e  c o l l e c t e d  i n  Roscommon, O s c o d a ,  Craw ­

f o r d ,  a n d  Ogemaw c o u n t i e s  d u r i n g  t h e  summers o f  1 9 7 9 ,  

1 98 0 ,  and  1981 f ro m  u n b u r n e d  c l e a r c u t  s i t e s  a n d  b u r n e d  

s i t e s  c o m p r i s i n g  a  s u c c e s s i o n a l  s e r i e s  f ro m  0 t o  6 

y e a r s .  Community d a t a  w e r e  a l s o  c o l l e c t e d  f ro m  i n t e r ­

m e d i a t e - a g e  and  m a t u r e  j a c k  p i n e  s t a n d s  w h i c h  w e r e  

c o n s i d e r e d  r e p r e s e n t a t i v e  o f  t h e  p r e d i s t u r b a n c e
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c o n d i t i o n  o f  many o f  t h e  s i t e s .  I n  a d d i t i o n  a  t h r e e -  

y e a r  i n v e s t i g a t i o n  was u n d e r t a k e n ,  u s i n g  p e r m a n e n t  

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

b l o c k s  i n  a  j a c k  p i n e  c l e a r c u t .  When c e r t a i n  t r e n d s  

became a p p a r e n t  d u r i n g  e a r l y  s u c c e s s i o n  ( e . g .  l a r g e  

i n c r e a s e s  i n  C a r e x  d o m in a n ce  a n d  t h e  f i r s t - y e a r  

d o m in a n ce  o f  G e ran iu m  b i c k n e l l i i  B r i t t ,  on b u r n e d  

s i t e s ) , X becam e i n t e r e s t e d  i n  t h e  m e c h a n i sm s  i n v o l v e d .  

T h e r e f o r e ,  s t u d i e s  o f  t h e  r e s p o n s e  o f  u n d e r s t o r y  v e g e ­

t a t i o n  t o  f e r t i l i z a t i o n  i n  a  m a t u r e  j a c k  p i n e  s t a n d  

a n d  an  a d j a c e n t  c l e a r c u t ,  a n d  t h e  r o l e  o f  h e a t  i n  t h e  

g e r m i n a t i o n  o f  b u r i e d  s e e d  f ro m  j a c k  p i n e  s t a n d s  a l o n g  

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



CHAPTER I I

DESCRIPTION OF STUDY AREA AND SITES

G e n e r a l  D e s c r i p t i o n  o f  S t u d y  A r e a  

S u r f a c e  F o r m a t i o n s ,  S o i l ,  a n d  C l i m a t e

The r e s e a r c h  s i t e s  w e r e  l o c a t e d  i n  Roscommon, 

C r a w f o r d ,  O s c o d a ,  a n d  Ogemaw c o u n t i e s  i n  t h e  n o r t h e a s t  

l o w e r  p e n i n s u l a  o f  M i c h i g a n  ( F i g .  2 . 1 ) ,  The e l e v a t i o n  

o f  t h e s e  c o u n t i e s  g e n e r a l l y  l i e s  b e t w e e n  275 a n d  365 m 

a b o v e  s e a  l e v e l .  T he  t o p o g r a p h y  o f  t h i s  a r e a  i s  a  d i r ­

e c t  r e s u l t  o f  t h e  W i s c o n s i n  g l a c i a t i o n ;  t h e  f i n a l  g l a c i a ­

t i o n  t o o k  p l a c e  f ro m  14800 B .P .  t o  9500  B . P . ,  l e a v i n g  

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

t i o n  i n  s u r f a c e  r e l i e f  ( V e a t c h  eit al^. 1924)  .

M i c h i g a n  shows h i g h  e d a p h i c  d i v e r s i t y ,  w i t h  o v e r  

350 s o i l  s e r i e s  mapped (Sommers 1 9 7 7 ) .  H ow ever ,  t h e  

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

R u b i c o n ,  K a l k a s k a ,  a n d  G r a y l i n g  s e r i e s  o f  t h e  H a p l o r t h o d  

a n d  U dipsam m ent  g r e a t  g r o u p s .  I n  p a r t i c u l a r ,  t h e  G r a y l i n g  

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

s t u d y  w e r e  l o c a t e d  on  t h i s  s o i l  s e r i e s .  H ow ever ,  

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

G r a y c a lm ,  w i t h  t h e  G r a y l i n g  s e r i e s  on  t h e  s t u d y  

s i t e s  was p o s s i b l e ;  t h e  e x t e n t  o f  t h i s  i n t e r g r a d i n g

4
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F i g .  2 . 1 .  Map o f  M i c h i g a n
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i s  unknown b e c a u s e  no f o r m a l  s o i l  a n a l y s e s  w e r e  c o n ­

d u c t e d .

The G r a y l i n g  s a n d  s e r i e s  ( a  m i x e d ,  f r i g i d ,  T y p ic  

U d ipsam m ent)  i s  c h a r a c t e r i z e d  b y  i t s  l o o s e  c o n s i s t e n c e ,  

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

t h r o u g h o u t ,  a n d  p e r v i o u s n e s s  a nd  n o n r e t e n t i v e n e s s  t o  

m o i s t u r e .  A v e r a g e  m o i s t u r e  c o n t e n t  d u r i n g  t h e  g r o w in g  

s e a s o n  i s  v e r y  low t o  a  d e p t h  o f  1 m o r  m ore  a n d  f e r ­

t i l i t y  i s  c o r r e s p o n d i n g l y  lo w .  R e a c t i o n  v a r i e s  f rom  

medium t o  s t r o n g l y  a c i d  t o  a  d e p t h  o f  1 m o r  more  

( V e a t c h  e_t a l .  1 92 4 ,  A p p e n d i x  D) .

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

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

num ber  o f  c l o u d y  d a y s ,  low e v a p o r a t i o n ,  and  m o d e r a t e l y  

h i g h  h u m i d i t y  ( V e a t c h  e_t a l .  1924)  . The mean a n n u a l  

t e m p e r a t u r e  i s  g e n e r a l l y  6° t o  7°C ,  w i t h  mean m o n t h l y  

t e m p e r a t u r e s  r a n g i n g  f r o m  - 8 °  t o  19 °C. P r e c i p i t a t i o n  

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

mean a n n u a l  r a i n f a l l  a n d  s n o w f a l l  o f  77 a nd  180 cm, 

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

100 t o  120 d a y s ,  w i t h  t h e  l a s t  p r o b a b l e  f r o s t  i n  t h e  

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

i n  t h e  f a l l  i n  m id  S e p t e m b e r  (U .S .D .A .  1 9 7 1 ) .

I n  1 9 2 4 ,  V e a t c h  a n d  a s s o c i a t e s  w r o t e  t h e  f o l l o w i n g  

a c c o u n t  o f  t h e  f o r e s t  c o m m u n i t i e s  i n  Roscommon c o u n t y  

( n e a r l y  i d e n t i c a l  a c c o u n t s  w e r e  w r i t t e n  f o r  O s c o d a ,
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Ogemaw, and  C r a w f o r d  c o u n t i e s ) .

The w h o le  l a n d  a r e a  a t  t h e  t i m e  o f  
o c c u p a t i o n  by  w h i t e  men was  a d e n s e  f o r e s t  
e x c e p t  f o r  a  s m a l l  a c r e a g e  o f  b o g  o r  m a r s h  
a n d  p o s s i b l y  some o p e n  l a n d  i n  t h e  d r i e r  
s a n d  p l a i n s .  The lu m b e r  i n d u s t r y  s t a r t e d  
a b o u t  1870 and  a t  t h e  p r e s e n t  t i m e  t h e  
o r i g i n a l  f o r e s t  h a s  b e e n  c u t ,  e x c e p t  i n  
a  few s m a l l  s c a t t e r e d  a r e a s  a n d  wood l o t s  
an d  i n  a  few p l a c e s  i n  swamps. S e v e r a l  
t y p e s  o f  f o r e s t  o r  t r e e  a s s o c i a t i o n s  w e r e  
r e p r e s e n t e d :  (1) The h a rd w o o d  f o r e s t s  i n
w h i c h  h a r d  m a p le  o r  s u g a r  m a p le  (Ace* 
6azc.haA.am)  a n d  b e e c h  w e r e  t h e  d o m in a n t  
s p e c i e s  a n d  e lm ,  a s h ,  b a s s w o o d ,  y e l l o w  
b i r c h ,  a n d  h e m lo c k  w e r e  s u b o r d i n a t e  
s p e c i e s ;  (2)  t h e  m ix e d  h a rd w o o d  and  
c o n i f e r o u s  f o r e s t ,  i n  w h i c h  common h a r d ­
woods w e r e  i n t i m a t e l y  a s s o c i a t e d  w i t h  
w h i t e  p i n e ,  h e m l o c k ,  a n d  some Norway p i n e  
( r e d  p i n e ) ; (3)  t h e  p i n e  f o r e s t s  i n  w h i c h  

w h i t e  p i n e ,  Norway p i n e ,  o r  Norway and  
j a c k  p i n e  p r e d o m i n a n t e d ;  and  (4 )  t h e  swamp 
f o r e s t s  i n  w h i c h  t h e  d o m in a n t  s p e c i e s  w e re  
a r b o r  v i t a e ,  b l a c k  s p r u c e ,  w h i t e  s p r u c e  
( P Z z z a  z a n a d z n s Z A )  , b a l s a m  f i r  ( A b Z z 6  
b a Z 6 a m z a ) , a n d  t a m a r a c k .  Much o f  t h e  
f o r e s t  l a n d  i s  a t  p r e s e n t  e i t h e r  d e s o l a t e  
s tum p l a n d  c o v e r e d  w i t h  a  d e n s e  g r o w t h  o f  
b r u s h ,  b r i e r s ,  and  g r a s s  o r  g rown up t o  
s c r u b b y  a s p e n ,  o a k s ,  a n d  r e d  m a p l e ,  w i t h  
v e r y  l i t t l e  n a t u r a l  s e c o n d  g r o w t h  o f  t h e  
o r i g i n a l  d o m in a n t  s p e c i e s .  The  f o r e s t  
r e m a i n s  i n t a c t  i n  some p a r t s  o f  t h e  
sw am ps , b u t  t h i s  l a n d  a l s o  h a s  b e e n  p a r t l y  
l o g g e d  and  d e s o l a t e d  b y  f i r e s .  Some o f  
t h e  d r y  s a n d y  p l a i n s  l a n d  i s  c h a r a c t e r i z e d  
b y  a s c a t t e r e d  g r o w t h  o f  j a c k  p i n e ,  low 
b l u e b e r r i e s  ( m a i n l y  s p e c i e s  o f  V a c c i n i u m ) , 
t h e  s w e e t  f e r n  ( C o m p t o  n Za  a 6 p Z z n Z & o Z Z a )  , 
a n d  b r a c k e n ,  t o g e t h e r  w i t h  v a r i o u s  g r a s s e s ,  
t h e  m o s t  common o f  w h i c h  a r e  b l u e g r a s s  
(P o a  zompA.e.66 a)  , w i l d  o a t  g r a s s  o r  b u f f a l o  
g r a s s  ( V a n Z k o n Z a  s p . )  , a nd  b e a r d  g r a s s  
(And A. op o g on  6 z o p a A . Z u 6 )  . I n  t h e  more  o p e n  
swamps o r  b o g s  t h e r e  i s  a  d e n s e  c o v e r  o f  
h e a t h  s h r u b s ,  s u c h  a s  b l u e b e r r i e s ,  C a s s a n d r a ,  
a n d  L a b r a d o r  t e a  { L z d u m  g A. o z nZ a n d j . z u m)  , w i t h  
some s c a t t e r e d  b l a c k  s p r u c e  and  t a m a r a c k .
I n  p l a c e s  t h e  o p e n  m a r s h  i s  c o v e r e d  w i t h
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v a r i o u s  s e d g e s  a n d  b l u e j o i n t  ( C a t a m a -  
g a o 6 t ^ 6  canade.n6.L6)  . I t  i s  e s t i m a t e d  
t h a t  a b o u t  10 p e r  c e n t  o f  t h e  c u t - o v e r  
f o r e s t  l a n d  h a s  b e e n  c l e a r e d  f o r  f a r m i n g  
p u r p o s e s .

A t  p r e s e n t ,  t h e  s t a t u s  o f  t h e  f o r e s t  c o m m u n i t i e s  o f  

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

no  way i m p l i e s ,  h o w e v e r ,  a  r e t u r n  t o  t h e  o r i g i n a l  

d e n s e  h a rdw ood  and  c o n i f e r o u s  f o r e s t s .  Today  t h e s e  

c o u n t i e s  a r e  a  p a t c h w o r k  o f  s m a l l  w o o d l o t s , somewhat  

m ore  e x t e n s i v e  s e c o n d -  a nd  t h i r d - g r o w t h  ha rdw ood  and  

c o n i f e r o u s  f o r e s t s ,  f a r m l a n d ,  b r a c k e n - g r a s s l a n d s , 

an d  swamp f o r e s t s .  J a c k  p i n e  r e p r e s e n t s  a n  e x t e n ­

s i v e  f o r e s t  t y p e  i n  t h e s e  c o u n t i e s , c o v e r i n g  a p p r o x i ­

m a t e l y  20% o f  t h e  c o m m e r c i a l  f o r e s t  l a n d  a r e a .  The 

p r e s e n t  d i s t r i b u t i o n  o f  j a c k  p i n e ,  a  t y p i c a l  p o s t ­

f i r e  p i o n e e r  s p e c i e s ,  m a i n l y  r e f l e c t s  i t s  p r o l i f e r a t i o n  

f o l l o w i n g  e a r l y  p i n e  l o g g i n g  a nd  s u b s e q u e n t  w i l d f i r e s  

( B e n z i e  1977) . O t h e r  i m p o r t a n t  f o r e s t  t y p e s  and  a s s o ­

c i a t i o n s  i n  t h e s e  c o u n t i e s  a r e  o a k - h i c k o r y ,  n o r t h e r n  

w h i t e  c e d a r ,  m a p l e - b e e c h - b a s s w o o d ,  a n d  a s p e n .

D e s c r i p t i o n  o f  S i t e s  I n c l u d e d  
f o r  S t u d y

A t o t a l  o f  25 j a c k  p i n e  s i t e s  w e r e  u s e d  f o r  

d e t a i l e d  s t u d y :  8 u n b u r n e d  c l e a r c u t s , 10 summer-

b u r n e d  a r e a s ,  two 3 5 - y e a r - o l d  s t a n d s ,  and  4 m a t u r e  

( 5 5 - y e a r s  o r  g r e a t e r )  s t a n d s  ( T a b l e  2 . 1 ) .  The 10 

b u r n e d  a r e a s  i n c l u d e d  3 p r e s c r i b e d  b u r n s  t h r o u g h
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s t a n d i n g  3 5 - y e a r - o l d  j a c k  p i n e ,  4 p r e s c r i b e d  b u r n s  

t h r o u g h  c l e a r c u t  j a c k  p i n e ,  2 w i l d f i r e s  t h r o u g h  m a t u r e  

j a c k  p i n e ,  and  1 w i l d f i r e  t h r o u g h  c l e a r c u t  m a t u r e  j a c k  

p i n e .  A l s o  i n c l u d e d  was one  s i t e  u s e d  f o r  a  c o n t r o l l e d  

b u r n  f ro m  w h i c h  e a r l y  s u c c e s s i o n  on b u r n e d  and  u n b u r n e d  

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

s e a s o n s .  A l l  u n b u r n e d  c l e a r c u t s  w e r e  p r e v i o u s l y  m a t u r e  

j a c k  p i n e  g r e a t e r  t h a n  50 y e a r s  o l d .

A l l  s i t e s  u s e d  f o r  s t u d y  w e r e  l o c a t e d  on  t h e  

G r a y l i n g  s a n d  s e r i e s ,  w i t h  a s  l i t t l e  v a r i a t i o n  i n  

t o p o g r a p h y  a nd  o t h e r  e n v i r o n m e n t a l  f a c t o r s  a s  p o s s i b l e .  

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

m anagem en t  and  n a t u r a l  d i s t u r b a n c e  h i s t o r y  o f  e a c h  

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

a d j a c e n t  v e g e t a t i o n  w i l l  a l s o  b e  i n c l u d e d .

The s t u d y  s i t e s  a r e  p r e s e n t l y  b e i n g  m anaged  by  

t h e  M i c h i g a n  D e p a r t m e n t  o f  N a t u r a l  R e s o u r c e s  (DNR), 

and  w e r e  a c q u i r e d  i n  t h e  1 9 3 0 ' s  o r  t h e r e a f t e r ;  no s i t e  

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

T h e r e f o r e ,  s t a n d  o r i g i n  i n f o r m a t i o n  i s  n o t  a v a i l a b l e  

f o r  s i t e s  50 y e a r s  o r  o l d e r .  H ow ever ,  no w i d e s c a l e  

p l a n t i n g s  w e r e  c o n d u c t e d  p r i o r  t o  1 9 3 0 ,  an d  f r e q u e n t  

w i l d f i r e s  w e r e  common i n  t h i s  r e g i o n .  T h e r e f o r e ,  m o s t  

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

o f  t h i s  a r e a  o f  M i c h ig a n  a r e  o f  p o s t f i r e  o r i g i n ;  t h i s  

w i l l  b e  a ssum ed  u n l e s s  o t h e r w i s e  n o t e d .
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S t a n d  age  o f  b u r n e d  s t a n d i n g  t i m b e r  was d e t e r ­

m in e d  by  b o r i n g  a t  l e a s t  10 t r e e s  i n  an  a d j a c e n t  

s t a n d  t h a t  a p p e a r e d  r e p r e s e n t a t i v e  o f  t h e  t r e a t e d  

a r e a  b e f o r e  b u r n i n g .  O v e r s t o r y  b a s a l  a r e a  i n  m a t u r e  

a n d  3 5 - y e a r - o l d  j a c k  p i n e  s t a n d s  was m e a s u r e d  u s i n g  

a 1 0 - f a c t o r  p r i s m  a t  10 rand o m  l o c a t i o n s .  Z e r o - y e a r  

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

a n d  s p r i n g  b e f o r e  summer s a m p l i n g ;  1 - y e a r - o l d  b u r n s  

a r e  d e f i n e d  a s  a r e a s  b u r n e d  t h e  summer b e f o r e  sam­

p l i n g ;  no a r e a s  w e r e  s u r v e y e d  t h e  same g r o w i n g  s e a s o n  

t h e y  w e r e  b u r n e d .

U n b u rn e d  c l e a r c u t s *

S i t e  1A. T h i s  a r e a  i s  n o r t h  o f  a  t r a i l  r o a d  

a n d  a d j a c e n t  ( w e s t )  t o  r o u t e  F - 9 7 .  I t  was c l e a r c u t  

d u r i n g  t h e  s p r i n g  o f  19 7 9 ,  a t  w h i c h  t im e  t h e  d o m in a n t  

j a c k  p i n e  was 55 t o  6 0 - y e a r s - o l d .  W id e ly  s c a t t e r e d  

r e d  p i n e  ( F i n u s  r e s i n o s a ) w e r e  l e f t  s t a n d i n g .  T h i s  

a r e a  was  s u r v e y e d  a s  a  0 - y e a r  c l e a r c u t  on  7 / 1 7 / 7 9  

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

D u r i n g  t h e  1980 and  1981 f i e l d  s e a s o n s  t h i s  a r e a  was 

r e s u r v e y e d  a s  a  1 - y e a r - o l d  and  2 - y e a r - o l d  b u r n  ( s i t e  

7 C 8 0 - 8 1 ) . No o t h e r  d i s t u r b a n c e  i n f o r m a t i o n  i s  known

*The num ber  7 9 ,  8 0 ,  and  81 f o l l o w i n g  t h e  a l p h a -  
n u m e r i c a l  s i t e  d e s i g n a t i o n  r e f e r s  t o  t h e  1 97 9 ,  1980 ,  
a n d / o r  1981 g r o w i n g  s e a s o n s  when t h e  s i t e s  w e r e  s u r ­
v e y e d ,  f o r  s i t e s  s u r v e y e d  i n  more  t h a n  one g r o w i n g  
s e a s o n .
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f o r  t h i s  s i t e .

S i t e  1B8Q -81 . T h i s  a r e a  s u r v e y e d  was p a r t  o f  

a  l a r g e r  c l e a r c u t  l o c a t e d  a t  t h e  s o u t h e a s t  j u n c t i o n  

o f  4 - M i l e  Road a n d  S t a l e y  L ake  Road.  The 5 7 - y e a r -  

o l d  j a c k  p i n e  on  t h i s  s i t e  was c l e a r c u t  d u r i n g  t h e  

w i n t e r  a n d  s p r i n g  o f  1 9 8 0 ,  and  t h e  s i t e  was s u r v e y e d  

i n  1980 a n d  1981 a s  a  0 - y e a r - o l d  and  1 - y e a r - o l d  c l e a r -  

c u t .  S c a t t e r e d  i n t e r m e d i a t e  s i z e d  o a k  ( n o r t h e r n  

r e d  g r o u p ,  Q u e r c u s  s p p . )  a nd  b l a c k  c h e r r y  ( P r u n u s  

s e r o t i n a ) w e r e  p r e s e n t .  No o t h e r  p r e v i o u s  d i s t u r ­

b a n c e  t o  t h i s  s t a n d  i s  known.

S i t e  2 . I n  1961 and  1974 t h i s  a r e a  was s e l e c ­

t i v e l y  c u t  f o r  j a c k  p i n e  l o g s  e x c e e d i n g  20 cm d . b . h .

I n  1978 t h e  55 t o  6 0 - y e a r - o l d  j a c k  p i n e  was c l e a r c u t  

a nd  t h e  s i t e  was s u r v e y e d  i n  1979 a s  a  1 - y e a r - o l d  

c l e a r c u t .  S u b s e q u e n t  t o  t h a t  s u r v e y ,  t h e  s i t e  was 

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

3 -  t o  5 - m - t a l l  j a c k  p i n e  a n d  m a t u r e  r e d  p i n e  w e r e  

l e f t  s t a n d i n g  a f t e r  h a r v e s t i n g .  T h i s  s i t e  was g e n t l y  

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

o f  t h e  o t h e r  s i t e s .

S i t e  3A. The s o u t h e r n  b o r d e r  o f  t h i s  a r e a  l i e s  

n o r t h  o f  4 - M i l e  Road .  The s i t e  was c l e a r c u t  i n  1978 ,  

and  s u r v e y e d  i n  1980 a s  a  2 - y e a r - o l d  c l e a r c u t .  The  

ag e  o f  t h e  d o m i n a n t s  r a n g e d  f ro m  48 t o  57 a t  t h e  t im e  

o f  c l e a r c u t t i n g . S c a t t e r e d  i n t e r m e d i a t e - s i z e d  o a k s
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and  b l a c k  c h e r r y ,  a l o n g  w i t h  s u p p r e s s e d  3 -  t o  5-m 

j a c k  p i n e  w e r e  p r e s e n t .

S i t e  3 B 7 9 - 8 0 - 8 1 . T h i s  a r e a  l i e s  d i r e c t l y  w e s t  

o f  M u s k r a t  Lake  R oad .  The 50 t o  5 5 - y e a r - o l d  j a c k  p i n e  

on t h i s  s i t e  w e r e  c l e a r c u t  i n  1 97 7 ,  t h e  s i t e  was s u r ­

v e y e d  i n  1 97 9 ,  1 9 8 0 ,  a nd  1981 a s  a  2 - ,  3 - ,  and  4 - y e a r -  

o l d  c l e a r c u t .  I n  1961 a n d  19 6 4 ,  t h e  s i t e  was s e l e c ­

t i v e l y  l o g g e d  f o r  j a c k ^ p i n e  l o g s .  An o v e rg r o w n  t r a i l  

r o a d  r a n  t h r o u g h  t h e  c e n t e r  o f  t h e  s i t e .  A % ha  c l o n e  

o f  7 t o  10 m t a l ' l  a s p e n  ( P o p u l u s  t r e m u l o i d e s ) was a l s o  

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

S i t e  4 A 7 9 -8 Q -8 1 . T h i s  a r e a  i s  fo u n d  d i r e c t l y  

e a s t  o f  R i c h a r d s o n  Road .  I n  1957 t h e r e  was s e l e c t i v e  

c u t t i n g  f o r  j a c k  p i n e  p u l p  l o g s ,  and  i n  1976 t h e  a r e a  

was  c l e a r c u t .  A t  t h e  t i m e  o f  h a r v e s t i n g ,  t h e  a g e  o f  

t h e  d o m i n a n t s  r a n g e d  f ro m  54 t o  7 2 y e a r s .  I n  1979 ,  

1 9 8 0 ,  a n d  1981  t h i s  a r e a  was s u r v e y e d  a s  a 3 - ,  4 - ,  

an d  5 - y e a r - o l d  c l e a r c u t .  S c a t t e r e d  s a p l i n g  s i z e d  j a c k  

and  r e d  p i n e  a n d  a few m a t u r e  r e d  p i n e  w e r e  f o u n d .  

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

t i c  o f  a  t i l l  p l a i n .

S i t e  5 A 7 9 - 8 0 - 8 1 . T h i s  a r e a  l i e s  d i r e c t l y  n o r t h  

o f  A i r p o r t  R o ad ,  a n d  i s  p a r t  o f  a  l a r g e r  r e s e a r c h  

a r e a  d i r e c t e d  b y  t h e  U. S. F o r e s t  S e r v i c e .  T h i s  a r e a  

was c l e a r c u t  i n  1 97 5 ,  w i t h  no p r e v i o u s  d i s t u r b a n c e  

t o  t h e  s t a n d  r e p o r t e d .  The d o m i n a n t s  r a n g e d  f ro m  57
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t o  66 y e a r s  a t  t h e  t i m e  o f  c u t t i n g .  The a r e a  was 

s u r v e y e d  i n  1 9 7 9 ,  1 9 8 0 ,  a nd  1981 a s  a 4 - ,  5 - ,  and  

6 - y e a r - o l d  c l e a r c u t .  R e g u l a r l y  s p a c e d  d e n s e  o a k  and  

c h e r r y  s p r o u t s  w e r e  f o u n d  t h r o u g h o u t .

S i t e  6 . T h i s  a r e a  l i e s  d i r e c t l y  s o u t h  o f  Emery 

Road.  No o t h e r  d i s t u r b a n c e  t o  t h e  s t a n d  was r e p o r t e d  

p r i o r  t o  c l e a r c u t t i n g  i n  1 97 4 .  D om in an t  j a c k  p i n e  

r a n g e d  f r o m  57 t o  63 y e a r s  a t  t h e  t im e  o f  h a r v e s t .  

D ense  o a k  a n d  c h e r r y  s p r o u t s  w e r e  f o u n d  t h r o u g h o u t  

t h e  a r e a ,  a nd  t h i c k  s t a n d s  o f  20 m t a l l  j a c k  p i n e  

s u r r o u n d e d  t h i s  s i t e  on t h e  e a s t ,  w e s t ,  a n d  s o u t h  

b o r d e r s .

B u rn e d  a r e a s

S i t e  7 A 8 0 - 8 1 . T h i s  l i e s  d i r e c t l y  w e s t  o f  c o u n t y  

r o a d  13 ,  a nd  i s  p a r t  o f  a  l a r g e  r e s e a r c h  a r e a  d i r e c t e d  

by  t h e  M i c h i g a n  DNR. A l a r g e  w i l d f i r e  s w e p t  t h r o u g h  

t h i s  e n t i r e  r e s e a r c h  a r e a  i n  1946 .  Some o a k ,  r e d  

p i n e ,  a nd  j a c k  p i n e  s u r v i v e d  t h e  f i r e ;  t h o s e  i n d i v i ­

d u a l s  o f  f i n a n c i a l  m a t u r i t y  w e r e  l o g g e d  i n  1975 and  

1976.  What r e m a i n e d  was a  v a r i a b l e  age  a nd  d e n s i t y  

j a c k  p i n e  s t a n d ,  r e p r e s e n t i n g  p o s t f i r e  r e g e n e r a t i o n  

and  e m e r g e n t s  t h a t  s u r v i v e d  t h e  1946 f i r e  a n d  s u b -
s

s e q u e n t  l o g g i n g .  The e m e r g e n t s  r a n g e d  f ro m  4 0 -  t o  

4 5 - y e a r s - o l d  and  i n t e r m e d i a t e s  f ro m  2 2 -  t o  3 5 - y e a r s -  

o l d .  How ever ,  t h e r e  a l s o  w e re  p r e s e n t  a  s u b s t a n t i a l  

number  o f  j a c k  p i n e  i n  t h e  0 - 5  y e a r ,  5 -1 0  y e a r ,  and
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1 0-2 0  y e a r  a ge  c l a s s e s .

On 7 / 1 2 / 7  9 t h e  s i t e  was p r e s c r i b e  b u r n e d  w i t h  

r e s i d u a l  t r e e s  l e f t  s t a n d i n g .  The f i r e  was s e v e r e  

e n o u g h  t o  k i l l  n e a r l y  a l l  t h e  p i n e s  and  a b o v e - g r o u n d  

p a r t s  o f  t h e  h a rd w o o d s .  The h a rd w o o d s  h a v e  s u b s e ­

q u e n t l y  s p r o u t e d  f rom  t h e  b a s e  o r  p r o d u c e d  r o o t  

s u c k e r s .  P a t c h y  and  s c a t t e r e d  i n t e r m e d i a t e - s i z e d  s n a g s  

a r e  d i s t r i b u t e d  t h r o u g h o u t  t h e  s i t e .  The a r e a  was 

s u r v e y e d  i n  1980 a n d  1981 a s  a  1 - y e a r  a n d  2 - y e a r - o l d  

b u r n .  B u rn e d  s i t e s  7 B 7 9 -8 0 -8 1  a nd  9A 7 9 -8 0 -8 1  and  

3 5 - y e a r - o l d  j a c k  p i n e  s t a n d s  12A and  12B a r e  p a r t  o f  

t h i s  same r e s e a r c h  a r e a .

S i t e  7 B 7 9 - 8 0 - 8 1 . T h i s  s i t e  was p r e s c r i b e  

b u r n e d  on 8 / 8 / 7 8 .  See  s i t e  7A80-81 f o r  s t a n d  h i s t o r y .

A u n i q u e  a s p e c t  o f  t h i s  s i t e  i s  a  2 h a  h e a t h  bog  i n  

t h e  n o r t h e a s t  p o r t i o n .  The s i t e  g e n t l y  s l o p e s  t o w a r d s  

t h e  b o g ,  b u t  i s  l e v e l  on t h e  u p l a n d  a r e a s .  O n ly  t h e  

l e v e l  u p l a n d  a r e a s  away f ro m  t h e  b o g  w e r e  s u r v e y e d .  

P a t c h y  a n d  s c a t t e r e d  i n t e r m e d i a t e - s i z e d  s n a g s  w e re  

fo u n d  t h r o u g h o u t .  The s i t e  was s u r v e y e d  i n  197 9,

1 9 80 ,  and  1981 a s  a  1 - y e a r ,  2 - y e a r ,  a n d  3 - y e a r - o l d  

p r e s c r i b e d  b u r n .

S i t e  9 A 7 9 - 8 0 - 8 1 . T h i s  a r e a  was p r e s c r i b e  b u r n e d  

on  8 / 1 7 / 7 6 .  See  s i t e  7A80-81 f o r  s t a n d  h i s t o r y .  T h i s  

s i t e  i s  somewhat  u n i q u e  due  t o  t h e  l a r g e  num ber  o f  

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

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

b u r n e d  s i t e .  S u r v e y s  t o o k  p l a c e  i n  1 9 7 9 ,  1 98 0 ,  and  

1981 a s  a 3 - ,  A - , and  5 - y e a r - o l d  p r e s c r i b e d  b u r n ,  

r e s p e c t i v e l y .

S i t e  7C 8081 . T h i s  s i t e  was s u r v e y e d  a s  a  0-  

y e a r  c l e a r c u t  i n  1979 and  a  1 - y e a r  a nd  2 - y e a r - o l d  

p r e s c r i b e d  b u r n  i n  1980 and  1 981 .  See  u n b u r n e d  s i t e  

1A f o r  s i t e  h i s t o r y .

S i t e  7 D 7 9 - 8 0 - 8 1 . T h i s  a r e a  i s  l o c a t e d  d i r e c t l y  

s o u t h  o f  P e n n  R o a d ,  a n d  o r i g i n a t e d  a s  a  j a c k  p i n e  

p l a n t a t i o n  (800 t r e e s / a c r e ) , e s t a b l i s h e d  i n  1930.

The a r e a  was c l e a r c u t  f ro m  t h e  s p r i n g  o f  1976 t o  

s p r i n g  1978 .  H ow ever ,  n e a r l y  a l l  h a r v e s t i n g  was  done  

i n  197 7,  a n d  t h i s  i s  u s e d  a s  t h e  r e f e r e n c e  d a t e .

On 9 / 2 6 / 7 8 ,  t h e  a r e a  was  p r e s c r i b e d  b u r n e d  a s  a 1- 

y e a r - o l d  c l e a r c u t .  S u r v e y s  w e r e  made i n  1 9 79 ,  1980 ,  

a n d  1981 a s  a  1 - y e a r ,  2 - y e a r ,  and  3 - y e a r - o l d  p r e ­

s c r i b e d  b u r n .  The r e c o r d e d  s tump age  a t  t h e  t i m e  o f  

c l e a r c u t t i n g  r a n g e d  f rom  31 t o  A9 y e a r s ,  w i t h  m o s t  

a g e s  f a l l i n g  b e t w e e n  A0 a nd  A7 y e a r s .  T h i s  a r e a  i s  

s u r r o u n d e d  by  d e n s e  s t a n d s  o f  m ix e d  r e d  and  j a c k  p i n e  

a n d  a l a r g e  c l e a r c u t  t o  t h e  n o r t h  a n d  w e s t .  The 

m ix e d  r e d  and  j a c k  p i n e  s t a n d s  h a d  a  much s p a r s e r  

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

b l u e b e r r y  ( V a c c in i u m  s p p . )  was c o n s p i c u o u s l y  r e d u c e d .
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S i t e  8 A 7 9 - 8 0 - 8 1 . T h i s  a r e a  was  b u r n e d  b y  w i l d ­

f i r e  on  7 / 2 / 7 7 ,  a n d  i s  l o c a t e d  d i r e c t l y  e a s t  a n d  w e s t  

o f  R o l l  R oad .  The f o r e s t  a t  t h e  t i m e  o f  b u r n i n g  was 

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

i n g  f r o m  40 t o  52 y e a r s - o l d .  M ost  o f  t h e  i n d i v i d u a l s  

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

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

f o r e s t  f l o o r  c o m p a re d  t o  o t h e r  b u r n e d  a r e a s .  The 

t o p o g r a p h y  i s  g e n t l y  r o l l i n g  s l o p e s  w i t h  l a r g e r  f l a t  

a r e a s .  S u r v e y s  w e r e  c o n d u c t e d  i n  1 9 7 9 ,  19 8 0 ,  a nd  

1981 a s  a  2 - y e a r ,  3 - y e a r ,  a n d  4 - y e a r - o l d  b u r n ,  r e s ­

p e c t i v e l y .

S i t e  9 B 7 9 - 8 Q - 8 1 . T h i s  a r e a ,  b u r n e d  b y  w i l d f i r e  

on  8 / 2 3 / 7 6 ,  i s  l o c a t e d  d i r e c t l y  n o r t h  o f  4 - M i l e  Road .  

The a g e  o f  t h e  d o m i n a n t s  a t  t h e  t i m e  o f  b u r n i n g  was 

h i g h l y  v a r i a b l e ,  r a n g i n g  f ro m  48 t o  66 y e a r s .  The 

a r e a  was a p p a r e n t l y  w e l l - s t o c k e d ,  a s  i n d i c a t e d  b y  t h e  

r e m a i n i n g  c h a r r e d  s n a g s  and  s t u m p s ,  a n d  t h e  h i g h  

d e n s i t y  o f  t h e  a d j a c e n t  j a c k  p i n e  s t a n d s .  The 

t o p o g r a p h y  was g e n t l y  r o l l i n g  t h r o u g h o u t .  T h i s  a r e a  

was s u r v e y e d  i n  19 7 9 ,  19 80 ,  a n d  1981 a s  a  3 - y e a r ,  4 -  

y e a r , a n d  5 - y e a r - o l d  b u r n .

S i t e  1 0 A 7 9 - 8 0 - 8 1 . T h i s  a r e a  i s  l o c a t e d  s o u t h  

o f  t h e  r a i l r o a d  t r a c k s  r u n n i n g  a d j a c e n t  t o  5 - M i l e  

Road .  The s i t e  was c l e a r c u t  i n  t h e  w i n t e r  a n d  s p r i n g  

o f  1973 and  p r e s c r i b e  b u r n e d  a s  a 2 - y e a r  c l e a r c u t  on
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1 0 / 7 / 7 5 .  At t h e  t i m e  o f  c l e a r c u t t i n g  t h e  ag e  o f  

t h e  d o m i n a n t s  r a n g e d  f rom  42 t o  63 y e a r s .  The a r e a  

i s  s u r r o u n d e d  on  t h r e e  b o r d e r s  b y  w e l l - s t o c k e d  m a t u r e  

j a c k  p i n e .  Hardwoods w e re  a p p a r e n t l y  an  i m p o r t a n t  

co m p o nen t  o f  t h e  p r e - e x i s t i n g  v e g e t a t i o n ,  a s  i n d i c a t e d  

by  t h e i r  c u r r e n t  p r e s e n c e  a s  d e n s e  s p r o u t s  an d  s c a t t e r e d  

s u r v i v i n g  a d u l t s .  The a r e a  was s u r v e y e d  i n  19 7 9 ,  1980 ,  

a n d  1981 a s  a  4 - y e a r ,  5 - y e a r ,  and  6 - y e a r - o l d  b u r n ,  

r e s p e c t i v e l y .

S i t e  1 0 B 7 9 -8 Q -8 1 . T h i s  a r e a  i s  l o c a t e d  d i r e c t l y  

e a s t  o f  F a i r v i e w  Road .  I t  w a s  c l e a r c u t  i n  1974 and  

b u r n e d  a s  a  1 - y e a r - o l d  c l e a r c u t  on  8 / 1 5 / 7 5 .  P r e v i o u s  

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

j a c k  p i n e  ( e x c e e d i n g  20 cm d . b . h . )  i n  1 9 41 ,  1948 ,

1 95 0 ,  1 95 6 ,  1 9 58 ,  a n d  1 965 .  The age  o f  t h e  d o m i n a n t s  

a t  t h e  t i m e  o f  c l e a r c u t t i n g  r a n g e d  f ro m  44 t o  54 y e a r s .  

T h i s  a r e a  was s u r r o u n d e d  by  w e l l - s t o c k e d  m a t u r e  j a c k  

p i n e  w i t h  a  can o py  h e i g h t  o f  15 t o  20 m. L a r g e  a r e a s  

o f  d e n s e  ha rd w o o d  s p r o u t s  ( m a i n l y  a s p e n  s u c k e r s )  up 

t o  4 . 5  m t a l l  d o m i n a t e d  t h e  s i t e .  I t  was s u r v e y e d  

i n  1 97 9 ,  1 9 8 0 ,  a n d  1981 a s  a  4 - y e a r ,  5 - y e a r ,  a n d  6 -  

y e a r - o l d  b u r n .

S i t e  1 1 . T h i s  a r e a  i s  t o  t h e  s o u t h w e s t  o f  a  

t r a i l  r o a d  t h a t  r u n s  s o u t h e a s t  o f  Emery R oad .  I t  was 

c l e a r c u t  i n  t h e  w i n t e r  a n d  s p r i n g  o f  1972 and  1973 

an d  on  7 / 2 1 / 7 3  b u r n e d  by  w i l d f i r e .  The ag e  o f  t h e
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d o m i n a n t s  a t  t h e  t i m e  o f  c u t t i n g  r a n g e d  f ro m  51 t o  

60 y e a r s .  Oak was a n  i m p o r t a n t  c o m po n en t  o f  t h e  p r e ­

e x i s t i n g  v e g e t a t i o n ,  a s  e x h i b i t e d  by  n u m e ro u s  d e n s e  

s p r o u t s  t h r o u g h o u t  t h e  a r e a .  M a tu r e  w e l l - s t o c k e d  

j a c k  p i n e  b o r d e r  t h e  s i t e .  The a r e a  was s u r v e y e d  

i n  1979 a s  a  6 - y e a r  b u r n .

E x p e r i m e n t a l  b u r n  s i t e . Roscommon C o u n t y ,

T24N, R2W, s e c  8 ,  S% o f  SE%. T h i s  7 . 2  h a  a r e a  i s  

l o c a t e d  d i r e c t l y  w e s t  o f  A i r p o r t  R o a d .  C l e a r c u t t i n g  

o f  t h i s  s i t e  s t a r t e d  i n  1976 a n d  c o n t i n u e d  t h r o u g h  

t h e  f a l l  a n d  w i n t e r  o f  1 9 77 .  M ost  o f  t h e  h a r v e s t i n g  

t o o k  p l a c e  i n  1 9 76 ,  a nd  t h i s  i s  u s e d  a s  t h e  r e f e r e n c e  

d a t e .  When c l e a r c u t ,  t h e  age  o f  t h e  d o m i n a n t s  r a n g e d  

f ro m  55 t o  65 y e a r s .  T h i s  a r e a ,  u s e d  t o  s t u d y  e a r l y  

p l a n t  s u c c e s s i o n  on b u r n e d  a n d  u n b u r n e d  c l e a r c u t  

b l o c k s ,  was m o n i t o r e d  d u r i n g  t h e  19 7 9 ,  1 9 8 0 ,  a n d  1981 

g r o w i n g  s e a s o n s  ( s e e  C h a p t e r  5 f o r  d e t a i l s  o f  t h e  

s t u d y ) .

I n t e r m e d i a t e - a g e  
_j a c k  p i n e  s t a n d s

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

1946 w i l d f i r e  i n  Ogemaw C o u n ty .  T h r e e  s t u d y  s i t e s  

d i s c u s s e d  a b o v e  (7 A 8 0 -8 1 ,  7 B 7 9 - 8 0 - 8 1 ,  and  9A79-80-  

81)  a l s o  o r i g i n a t e d  f ro m  t h e  same f i r e .  A l t h o u g h  

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

7A80-81 a p p l i e s  t o  t h e s e  s t a n d s ,  t h e y  w e re  n o t
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p r e s c r i b e  b u r n e d .

S i t e  12A. T h i s  a r e a  o f  3 5 - y e a r - o l d  j a c k  p i n e  

was s u r v e y e d  i n  1981 .  The j a c k  p i n e  d i s t r i b u t i o n  

was e x t r e m e l y  v a r i a b l e ,  r a n g i n g  f r o m  i m p e n e t r a b l e  

p a t c h e s  t o  i n t e r m e d i a t e - s i z e d  o p e n i n g s  d e v o i d  o f  t r e e s .  

The mean b a s a l  a r e a  o f  6 . 0  m2/ h a ,  w i t h  a  s t a n d a r d  d e v i a ­

t i o n  ( S . D . )  o f  7 . 4 6  m2 ( r a n g i n g  f ro m  0 t o  2 7 . 6  s q .  m ) , 

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

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

t h e  f o r e s t  f l o o r .  The o p e n  a r e a s  a p p e a r e d  h o t  and  

d r y  a n d  t h e  s h a d e d  a r e a s  c o o l  and  m o i s t .  The open  

a r e a s  w e r e  d o m i n a t e d  b y  l o w - g r o w i n g  g r a s s e s ,  s e d g e s ,  

and  f o r b s , a n d  t h e  s h a d e d  u n d e r s t o r y  was  d o m i n a t e d  

by  s m a l l  t r e e s  a nd  s h r u b s .  A lo n g  w i t h  t h e  p a t c h y  

d i s t r i b u t i o n  o f  j a c k  p i n e ,  t h e  c a n o p y  h e i g h t  was 

e x t r e m e l y  v a r i a b l e .  T h i s  r e f l e c t e d  t h e  w id e  r a n g e  

o f  a ge  c l a s s e s  r e p r e s e n t e d  h e r e .

S i t e  12B . T h i s  a r e a  was a l s o  s u r v e y e d  i n  1981 .

The s t a n d  s t r u c t u r e  was  s i m i l a r  t o  t h a t  o f  s i t e  12;  

h o w e v e r ,  mean b a s a l  a r e a  was som ewhat  h i g h e r  ( 9 . 7  m2/  

h a ) ,  w i t h  somewhat  l e s s  v a r i a b i l i t y  (S .D .  = 6 . 2  m2 , 

r a n g i n g  f rom  0 t o  1 6 . 1  s q . m ) .

M a tu r e  j a c k  p i n e  s t a n d s

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

w e re  55 y e a r s  o r  o l d e r  an d  a p p e a r e d  f r e e  f ro m  r e c e n t  

d i s t u r b a n c e .  T h e s e  m a t u r e  s t a n d s  w e re  w e l l - s t o c k e d
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w i t h  e v e n l y  d i s t r i b u t e d  d o m i n a n t s .  The c a n o p y  was 

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

b lowdown, was a  common f e a t u r e .  The h e i g h t  o f  t h e  

d o m i n a n t s  on  a l l  s i t e s  r a n g e d  f ro m  15 t o  20 m.  I n t e r ­

m e d i a t e  a nd  s a p l i n g - s i z e d  i n d i v i d u a l s  w e r e  g e n e r a l l y  

p r e s e n t .

S i t e  13A. T h i s  a r e a  i s  d i r e c t l y  s o u t h  o f  t h e  

e x p e r i m e n t a l  b u r n  a r e a  o f f  o f  A i r p o r t  Road .  The 

mean b a s a l  a r e a  was 1 7 . 0  m2/ h a  (S .D .  = 4 . 4 ) .  The 

s t a n d  a g e  was  c o n s i d e r e d  68 y e a r s ;  d o m i n a n t s  r a n g e d  

f ro m  55 t o  68 y e a r s .

S i t e  13B. T h i s  a r e a  i s  s i t u a t e d  d i r e c t l y  n o r t h  

o f  A i r p o r t  Road a n d  i s  l o c a t e d  1 . 6  km s o u t h  o f  s i t e  13A 

The  mean b a s a l  a r e a  was 1 5 . 6  m2/ h a  ( S .D .  = 3 . 9 ) .  The 

d o m i n a n t s  r a n g e d  i n  a g e  f ro m  55 t o  68 y e a r s ;  a s  on 

s i t e  13A t h e  s t a n d  age  was c o n s i d e r e d  68 y e a r s .  Most 

p r o b a b l y  t h i s  s i t e  and  s i t e  13A o r i g i n a t e d  f ro m  f i r e ,  

b a s e d  on t h e i r  c l o s e  p r o x i m i t y ,  age  o f  d o m i n a n t s ,  a n d  

s t a n d  s t r u c t u r e .

S i t e  13C, T h i s  a r e a  i s  l o c a t e d  d i r e c t l y  s o u t h  

o f  c o u n t y  r o a d  26 .  The mean b a s a l  a r e a  was 2 2 . 1  m2/ h a  

(S .D .  = 3 . 9  s q .  m ) . The a g e  o f  t h e  d o m i n a n t s  r a n g e d  

f ro m  47 t o  55 y e a r s ,  s t a n d  a g e  was c o n s i d e r e d  55 y e a r s .  

The s i t e  was s e l e c t i v e l y  l o g g e d  ( d i a m e t e r  c u t s  g r e a t e r  

t h a n  20 cm d . b . h .  a s  w e l l  a s  s a l v a g e  c u t s )  i n  1 9 4 6 ,  

1 94 9 ,  1 9 56 ,  a n d  1961 .  T w en ty  y e a r s  l a p s e d  b e t w e e n
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t h e  l a s t  c u t t i n g  a nd  t h e  p r e s e n t  s u r v e y  o f  t h e  s i t e .  

T h i s  a p p a r e n t l y  v i g o r o u s ,  h e a l t h y  s t a n d  i n  no  way 

a p p e a r e d  d i s t u r b e d  o r  d e g r a d e d  f ro m  l o g g i n g .

S i t e  13D. T h i s  s t a n d ,  d i r e c t l y  e a s t  o f  S t a l e y  

Lake  R o ad ,  was l e f t  f ro m  a l a r g e  a r e a  t h a t  was c l e a r -  

c u t  i n  1980 ( s e e  s i t e  1 B 8 0 - 8 1 ) . The mean b a s a l  a r e a  

was 1 9 . 8  m2/ h a  ( S .D .  = A . 3 ) .  The a ge  o f  t h e  d o m in a n t s  

r a n g e d  f rom  h i  t o  57 y e a r s ;  t h e  s t a n d  was c o n s i d e r e d  

t o  b e  5 7 - y e a r s - o l d .



CHAPTER I I I

EARLY REVEGETATION OF BURNED AND 
UNBURNED JACK PINE CLEARCUTS IN 

NORTHERN LOWER MICHIGAN

INTRODUCTION 

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

a nd  i t s  u s e  a s  a  m an ag em en t  t o o l  i n  t h e  Lake  S t a t e s  

i s  w e l l  d o c u m e n te d  (E y re  a n d  L e B a r r o n  1 9 4 4 ,  C a y f o r d  

1 9 7 0 ,  V o g l  1 9 70 ,  H e i n s e l m a n  1 9 7 3 ,  A h l g r e n  1 9 7 4 ) .  A 

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

e c o l o g y  a n d  m anagem en t  o f  j a c k  p i n e  (P i n u s  b a n k s i a n a  

L a m b . ) .  J a c k  p i n e  i s  a  t y p i c a l  p o s t f i r e  p i o n e e r  

s p e c i e s  w hose  p r e s e n t  d i s t r i b u t i o n  i s  d i r e c t l y  r e l a ­

t e d  t o  w i l d f i r e s  f o l l o w i n g  e a r l y  p i n e  l o g g i n g  ( B e n z i e  

1 9 7 7 ) .  T h r o u g h o u t  m o s t  o f  i t s  r a n g e ,  j a c k  p i n e  p r o d u c e s  

s e r o t i n o u s  c o n e s  a nd  r e q u i r e s  a  m i n e r a l  s e e d b e d  f o r  

op t im um  g e r m i n a t i o n .  T h e r e f o r e ,  m o s t  a t t e m p t s  t o  

manage t h i s  s p e c i e s  h a v e  u t i l i z e d  p r e s c r i b e d  b u r n i n g .

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

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

o f  s e e d l i n g s  t o  v a r i o u s  e n v i r o n m e n t a l  f a c t o r s  (E y re  

a nd  L e B a r r o n  1 9 4 4 ,  B e a u f a i t  1 9 6 2 ) .  L i m i t e d  d e t a i l e d  

w o r k ,  h o w e v e r ,  h a s  b e e n  c o n d u c t e d  on p l a n t  s u c c e s s i o n  

o n  j a c k  p i n e  s i t e s  f o l l o w i n g  l o g g i n g  a n d / o r  b u r n i n g

23
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i n  t h e  L ake  S t a t e s  ( A h l g r e n  19 6 0 ,  V og l  1 9 7 0 ,  K r e f t i n g  

a n d  A h l g r e n  1 9 7 4 ,  Ohmann a n d  G r i g a l  197 9 ) .  Thus a  

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

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

M i c h i g a n  w h e r e  j a c k  p i n e  i s  a  p r e d o m i n a n t  co m ponen t  

o f  t h e  t r e e  v e g e t a t i o n  on  s a n d y  s o i l s .  The m a in  o b j e c ­

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

b e t w e e n  b u r n e d  v e r s u s  u n b u r n e d  j a c k  p i n e  c l e a r c u t s  

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

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

b u r n e d  and  u n b u r n e d  s e q u e n c e s  w i l l  b e  p r e s e n t e d  i n  

C h a p t e r  4.

METHODS

U n b urned  c l e a r c u t  s i t e s  1A, 1 B 8 0 -8 1 ,  2 ,  3A, 

3 B 7 9 - 8 0 - 8 1 ,  4 A 7 9 - 8 0 - 8 1 , 5 A 7 9 -8 0 -8 1  a nd  6 ,  and  b u r n e d  

c l e a r c u t  s i t e s  7 C 7 9 - 8 0 - 8 1 ,  7 D 7 9 - 8 0 - 8 1 ,  1 0 A 7 9 - 8 0 - 8 1 ,  

a n d  10B79 - 8 0 - 8 1  w e r e  u s e d  f o r  c o m p a r i s o n  i n  t h i s  c h a p t e r  

( s e e  C h a p t e r  2 f o r  s i t e  d e s c r i p t i o n s ) .  On e a c h  s i t e  

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

h e r b s ,  s h r u b s ,  a nd  t r e e s  w e re  c h a r a c t e r i z e d  b y  f r e q u e n c y  

a n d  c o v e r  m e a s u r e m e n t s .  F r e q u e n c y  was  d e t e r m i n e d  u s i n g  

a i m 2 c i r c u l a r  p l o t  r a n d o m i z e d  a l o n g  t r a n s e c t s .  T r a n ­

s e c t s  w e r e  o r i e n t e d  t o  b e s t  i n c l u d e  t h e  e n t i r e  a r e a  

t o  b e  s u r v e y e d .  C ov e r  d e t e r m i n a t i o n s  w e r e  made b y  

summing t h e  d i s t a n c e  i n t e r s e c t e d  by e a c h  s p e c i e s  a l o n g
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r a n d o m l y  p l a c e d  20 m t r a n s e c t s .  T h i r t y  f r e q u e n c y  p l o t s  

and  3 c o v e r  t r a n s e c t s  (60 m t o t a l )  w e r e  u s e d  t o  c h a r a c ­

t e r i z e  e a c h  s i t e .  D e v i a t i o n  f ro m  t h i s  m e th o d  o c c u r r e d  

on s i t e  1A w h ere ,  due  t o  t i m e  c o n s t r a i n t s , o n l y  20 f r e ­

q u e n c y  p l o t s  a nd  AO m c o v e r  w e r e  i n c l u d e d .  On a l l  

s i t e s  a  10% o r  l e s s  i n c r e a s e  i n  t h e  num ber  o f  s p e c i e s  

r e s u l t e d  f r o m  t h e  f i n a l  10% i n c r e a s e  i n  sa m p le  a r e a  

(G a in  1 9 3 8 ) .  N o m e n c l a t u r e  f o l l o w s  Voss  (1972)  f o r  

gymnosperms a nd  m o n o c o t s  a nd  F e r n a l d  (1 9 5 0 )  f o r  a l l  

o t h e r  t a x a .

RESULTS

The d a t a  p r e s e n t e d  a r e  f ro m  s i t e s  s a m p le d  a n n u a l l y  

o n c e ,  t w i c e ,  o r  t h r e e  t i m e s  d u r i n g  t h e  1 9 7 9 ,  1 9 8 0 ,  and 

1981 g r o w in g  s e a s o n s  ( T a b l e  3 . 1  a n d  3 . 2 ) .  The age  

o f  t h e s e  s i t e s  make up a  s e q u e n c e  r a n g i n g  f rom  0 - y e a r  

( c l e a r c u t  t h e  w i n t e r  and  s p r i n g  p r e v i o u s  t o  summer 

s a m p l i n g )  t o  6 - y e a r  c l e a r c u t s  ( T a b l e  3 . 1 )  and  1 - y e a r  

( b u r n e d  t h e  summer p r e v i o u s  t o  s a m p l i n g )  t o  6 - y e a r  

b u r n s  ( T a b l e  3 . 2 ) .  C a u t i o n  i s  a d v i s e d  i n  i n f e r r i n g  

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

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

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

t h e  d i s t u r b a n c e  on e a c h  s i t e  v a r i e d .  T h e r e f o r e  e a c h  

s i t e  i s  u n i q u e  i n  many a s p e c t s ,  m a k in g  d i r e c t  c o m p a r i ­

s o n s  d i f f i c u l t .  N o n e t h e l e s s ,  I  do f e e l  t h a t  c e r t a i n



TABLE 3.1
RELATIVE COVER ( C ) , RELATIVE FREQUENCY ( F ) , AND SPECIES RICHNESS (R) 

FOR VEGETATIONAL GROUPS ON UNBURNED CLEARCUTS

Years
S ite 3 Since T otal T ota l

Number Treatment Area Annuals & B iennials Grasses & Sedges Perennial Herbs Trees & Shrubs_______ R______ Cover
ha C F R C F R C F R C F R per 60 m

1A 0 16 .7 1 32.5 26.1 6 15.0 31.2 9 52.5 42.0 10 26 36.0
IB 80 0 16 .49 - 2 12.9 20.4 7 29.9 33.3 9 56.7 46.3 13 31 61.5

1B81 1 16 .5 1 27.2 22.5 5 34.3 26.7 8 38.5 50.4 9 23 61.5
2 1 24 - - - 24.7 27.6 5 7.1 23.2 12 68.2 49.2 7 24 27.6

3A 2 16 49.6 43.8 9 21.6 21.6 9 29.1 34.6 9 27 50.7
3B79 2 16 - 1 .9 1 36.5 24.8 5 13.6 32.2 10 49.6 41.1 9 25 37.1

3B83 3 16 . _ 53.1 32.0 7 4.3 26.0 7 42.5 42.0 8 22 46.9
4A79 3 32 .1 - 1 83.4 52.7 7 5 .1 16.4 6 11.4 30.9 6 20 37.7

3B81 4 16 1.5 1 45.7 30.4 6 1 .6 23.9 6 52.7 44.2 9 22 64.4
4A80 4 32 - - - 68.8 50.0 6 .3 10.3 5 30.9 39.5 8 19 64.5
5A79 4 k - - - 77.2 35.7 2 2 .2 14.3 1 20.7 50.0 7 10 41.7

4A81 5 32 _ . 81.8 51.6 6 .1 9.5 5 18.0 39.0 7 18 58.9
5A80 5 k - - - 67.3 37.1 5 2 .9 19.3 4 29.8 43.5 5 14 44.7
6 5 16 - - - 77.3 45.6 3 .2 2 .9 3 22.5 51.5 10 16 30.1

5A81 6 k - - - 65.6 35.0 4 5.7 18.0 4 28.7 47.0 7 15 46.8

^ i t e  ninbers s ta r tin g  w ith the same conbination o f mirber and le t t e r  represent the sane s i t e  surveyed twice; the 
nurbers 79, 80, and 81 in d icate  the year surveyed <1979, 1980, and 1981), for s i t e s  surveyed in  more than one growing season.



TABLE 3.2
RELATIVE COVER ( C ) , RELATIVE FREQUENCY ( F ) , AND SPECIES RICHNESS <R)

FOR VEGETATIONAL GROUPS ON BURNED CLEARCUTS
Years

S ite 3 Since Total Total
Nunber Treatment Area Annuals & Biennials Grasses & Sedges Perennial Herbs Trees £ Shrifcs_______ R______ Cover

ha C F R C F R C F R C F R per 60 n

7C80 1 16 18.3 7 .1 4 35.8 32.0 9 2.8 26.1 15 43.1 34.8 7 35 26.9
7D79 1 24 .1 2 .8 3 73.5 44.6 9 8 .5 24.3 12 17.8 28.1 10 34 30.6

7C81 2 16 . __ 45.7 38.4 8 1.1 13.2 10 53.2 48.3 7 25 52.6
7D80 2 24 - - - 71.6 56.3 9 12.4 21.1 8 15.8 22.5 8 25 48.5

7D81 3 24 - - - 66.7 52.5 8 14.3 25.1 8 19.1 22.7 8 24 48.7

10A79 4 26 _ 1 .6 1 71.8 35.7 13 15.2 39.3 13 13.0 23.3 9 36 58.2
10B79 4 23 .2 3 .9 1 53.5 40.0 14 22.9 23.3 10 23.4 32.8 14 39 45.4

10A80 5 26 .1 1.7 2 57.3 38.2 11 18.5 32.9 16 24.1 27.2 7 36 75.7
10B80 5 23 .8 5.4 3 57.3 37.3 10 8.0 23.5 8 33.8 33.9 14 35 61.6

10A81 6 26 .2 .6 2 66.4 39.3 8 8 .9 34.9 14 24.5 25.2 8 32 74.4
10B81 6 23 .8 2 .3 1 50.3 38.3 9 12.2 21.4 10 36.7 38.0 14 34 74.8

^ e e  Table 3 .1 .
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c o n s i s t e n t  d i f f e r e n c e s  i n  b u r n e d  v e r s u s  u n b u r n e d  

c l e a r c u t s  c a n  b e  d i s c e r n e d  f ro m  t h i s  s t u d y ,

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

v e r s i t y ,  t o t a l  s p e c i e s  r i c h n e s s  ( c o m b in e d  t o t a l  

number  o f  s p e c i e s  r e c o r d e d  i n  f r e q u e n c y  a n d  c o v e r

m e a s u r e m e n t s ) ,  a v e r a g e  r i c h n e s s  p e r  p l o t ,  a nd  S hannon  
2

I n d e x  , o f  s i t e s  a v e r a g e d  w i t h i n  y e a r s  f o r  a  6 - y e a r  

p r o g r e s s i o n  i s  shown i n  F i g u r e  3 . 1 .  S p e c i e s  w e r e  

g r o u p e d  i n t o  a n n u a l s  and  b i e n n i a l s ,  g r a s s e s  and  s e d g e s ,  

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

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

a r e a  by  v e g e t a t i o n a l  g ro u p  i s  shown i n  T a b l e s  3 . 1  and  

3 . 2  f o r  u n b u r n e d  a nd  b u r n e d  c l e a r c u t s ,  r e s p e c t i v e l y .  

R e l a t i v e  c o v e r  and  r e l a t i v e  f r e q u e n c y  d a t a  f o r  e a c h  

s p e c i e s  s u r v e y e d  on  u n b u r n e d  c l e a r c u t  and  b u r n e d  c l e a r -  

c u t  s i t e s  d u r i n g  1 9 7 9 ,  1 9 8 0 ,  a n d  1981 a r e  shown i n  

A p p e n d i c e s  A a nd  B.

S p e c i e s  r i c h n e s s ,  a  d i v e r s i t y  i n d e x  i n  w h i c h  

r a r e  and  d o m in a n t  s p e c i e s  c o n t r i b u t e  e q u a l l y ,  was h i g h e r  

on  b u r n e d  c l e a r c u t s  c o m p a red  t o  u n b u r n e d  c l e a r c u t s  

f o r  e a c h  y e a r  e x c e p t  y e a r  2. A v e r a g e  f r e q u e n c y  p e r  

p l o t  a nd  S h a n n o n  I n d e x ,  w h i c h  r e f l e c t  number  o f  s p e c i e s  

a n d  e q u i t a b i l i t y , i n i t i a l l y  w e r e  h i g h e r  f o r  t h e  u n b u r n e d  

c l e a r c u t s .  L a t e r  i n  t h e  s e q u e n c e  ( y e a r s  4, 5 ,  and  6 ) ,

^ S h an no n  I n d e x  o f  D i v e r s i t y  (H) = I  P i  l o g  P i ,  
w h e r e  P i  = r e l a t i v e  c o v e r  (Odum 1 9 7 1 ) .
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F i g .  3 . 1  A) S p e c i e s  r i c h n e s s ,  B) a v e r a g e  r i c h n e s s  
p e r  1 in2 p l o t ,  and C) S h annon  i n d e x  o f  d i v e r s i t y  v e r s u s  
y e a r s  a f t e r  t r e a t m e n t  on b u r n e d  and u n b u r u e d  s i t e s .  
V e r t i c a l  b a r s  e q u a l  one  s t a n d a r d  d e v i a t i o n  (SD).  Only  
one  o b s e r v a t i o n  a t  y e a r  3 b u r n e d  and  y e a r  6 u n b u r n e d .
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h o w e v e r , v a l u e s  o f  t h i s  i n d i c e  w e re  much h i g h e r  on 

t h e  b u r n e d  a r e a s ,  c om pared  t o  u n b u r n e d  a r e a s .  A l t h o u g h  

t h e  a v e r a g e  f r e q u e n c y  p e r  p l o t  a nd  t h e  S h a n n o n  I n d e x  

w e r e  l o w e r  on c e r t a i n  b u r n e d  s i t e s ,  c o m p a red  t o  u n b u r n e d  

s i t e s ,  t h e s e  s i t e s  h a d  a g r e a t e r  num ber  o f  s p e c i e s ,  

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

f e w e r ,  b u t  m o re  common, s p e c i e s  w e r e  c o n t r i b u t i n g  on 

t h e  u n b u r n e d  c l e a r c u t s .

As shown i n  T a b l e  3 . 3 ,  73 d i f f e r e n t  s p e c i e s  w e r e  

r e c o r d e d  o n  b u r n e d  c l e a r c u t s  c o m p a red  t o  49 on  u n b u r n e d  

c l e a r c u t s .  T w e n t y - e i g h t  s p e c i e s  w e r e  e x c l u s i v e  t o  

b u r n e d  a r e a s ,  w h e r e a s  o n l y  4 s p e c i e s  w e r e  e x c l u s i v e  

t o  u n b u r n e d  a r e a s .  T h r e e  o f  t h e  7 a n n u a l s  a nd  b i e n n i ­

a l s ,  12 o f  t h e  20 g r a s s e s  a nd  s e d g e s ,  18 o f  t h e  30 

p e r e n n i a l  h e r b s ,  a n d  16 o f  t h e  23 t r e e s  a nd  s h r u b s  

r e c o r d e d  on  a l l  s i t e s  w e r e  p r e s e n t  on  u n b u r n e d  c l e a r ­

c u t s .  I n  c o n t r a s t ,  b u r n e d  s i t e s  c o n t a i n e d  a l l  7 a n n u a l s  

a nd  b i e n n i a l s ,  a l l  19 g r a s s e s  a nd  s e d g e s ,  24 o f  t h e  

28 p e r e n n i a l  h e r b s ,  a n d  a l l  23 t r e e s  a nd  s h r u b s .

F i g u r e  3 . 2  shows t h a t  c o v e r  was much lo w e r  on 

b u r n e d  s i t e s ,  co m p a red  t o  u n b u r n e d  s i t e s ,  d u r i n g  y e a r  1 .  

By y e a r  2 ,  h o w e v e r , c o v e r  on  b u r n e d  c l e a r c u t s  was 

h i g h e r  t h a n  on  u n b u r n e d  c l e a r c u t s .  Over  t h e  t e m p o r a l  

s e q u e n c e ,  b u r n e d  a r e a s  showed a g e n e r a l  i n c r e a s e  i n  

c o v e r  t h r o u g h  y e a r  6 , w h e r e a s  c o v e r  v a l u e s  on  u n b u r n e d  

s i t e s  v a r i e d  l i t t l e .  H ow ever ,  n e a r l y  a l l  s i t e s  s u r v e y e d
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TABLE 3 . 3

PLANT SPECIES ENCOUNTERED ON BURNED AND 
UNBURNED CLEARCUT SITES IN 

NORTHERN LOWER MICHIGAN

S p e c i e s  E x c l u s i v e  t o  B u r n e d  A r e a s  
(28  s p e c i e s  t o t a l )

A n n u a l s  and  B i e n n i a l s  
(4 s p e c i e s )

C-ix.4j.um Ap.
C o x y d a t i A  A z m p z x v i x z n A  L. 
G z x a n i u m  b - i c . k n z t t i . - i  B r i t t .  
Ex.-igzx.on c a n a d z n A i A  L.

G r a s s e s  a nd  S e d g e s  
(7 s p e c i e s )

A g x o p y x o n  t x a c h y c a u t u m  L in k  
C a x z x  X u g o A p z x m a  Mack.
Fz & t u c a  i p .
Muh. tznbzx.g- ia.  mzx . i ca .na  L. 
P a n i c u m  x a n t h o p h y A u m  G ray  
Poa p x a t z n A i A  L.
S o xghaAtxum nutanA L.

P e r e n n i a l  H e rb s
(13 s p e c i e s )

A&tzx. Aag g i t i f i o t i u A  
Wederaeyer 

Co nvotvutuA ApithamazuA L. 
Hizxacium canadznAz  M ichx .

Hztianthzmum canadznAiA 
M ichx .

Lzckza minox  L.
P o t y g a t a  p o t y g a m a  W a l t .  
P o t y g o n u m  c i t i n o  d z  M ichx .  
P o t z n t i t t a  a x g u t a  P u r s h .  
P o t z n t i t t a  A i m p t z x  M ichx .  
P o t z n t i t t a  t x i d z n t a t a  A i t .  
Rumex a c z t o A z t t a  L.
Sencc-to t o m z n t o A u A  M ichx .
I( i o t a  a d u n c a  Sm.

T r e e s  a n d  S h r u b s  
(4 s p e c i e s )

A c z x  xu.bx.um L.
CzanotkuA ovatuA D e s f .  
GaytuAAacia baccata  

(Wang.)  C. Koch 
SympkoxicaxpoA atbuA L.

S p e c i e s  E x c l u s i v e  t o  U n bu rned  A r e a s  
(4 s p e c i e s )

P e r e n n i a l  H e rb s
A n t z n n a x i a  n z g t z c t a  G r e e n e  S p i x a n t k z A  g x a c i t i A
A A c t z p i a A  A y x i a c a  L. ( B i g e l . )  Beck

1f i o t a  p z d a t i f a i d a  G. Don.
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TABLE 3 .3  (C o n tin u ed )

S p e c i e s  Common t o  B o t h  B u r n e d  and  
U n bu rned  C l e a r  cu t ' s  
(45  s p e c i e s  t o t a l )

A n n u a l s  a n d  B i e n n i a l s  
(3 s p e c i e s )

AaabtA gZabAa  L.
La.ctu.ca canadcnAtA L.
McZampyAum Z t n c a A c  Lam.

G r a s s e s  an d  S e d g e s  
(12  s p e c i e s )

AgAOAttA hycmaZtA W a l t .
AndAopogon gcA.aA.dtt V itm a n
BAomuA k a Z m t t  G ray
CaA.CK p c n A y Z v a n t c a  Lam.
V a n t h o n t a  A p tc a t a  ( L . )  

Beauv .
VcachampAta  f iZcxuoAa  L.
V tc h a n th c Z Z u m  dcpau.-  

pcAatum  Muhl .
KocZcA ta  macAan tha  P e r s .
Pantcum coZumbtanum  

S c r i b n .
OAyzopAtA aApcAt^oZta  

M ichx .
OAyzopAtA pungcnA T o r r .
S c k t z a c h n c  puApuAaAccnA 

T o r r .

P e r e n n i a l  H e rb s
(14 s p e c i e s )

Apocynum andAOAacmt-  
fioZtum L.

Anemone quZnquc&oZta  L.
AaZca Zacv tA  L.
CampanuZa A o t u n d t -  

(Jo Z t a  L.
FAagaAta v t A g t n t a n a  

D u c h e s n e

Ga u Z th c A ta  pAocumbcnA  L. 
HtcAac tum  a uA a n t t a cu m  L. 
HtcAactum vcnoAum L. 
HcZtan thuA  o c c t d c n -  

t a Z t A  R id d .
L t a t A t A  n o v a c - a n g Z t a c  

L u n e l l  
Matantkcmum canadcnAtA  

D e s f .
PhyAaZtA v t A g t n t a n a  M i l l .  
P t c A t d t u m  a qu t Z t n u m  D e s f .  
S oZ td a g o  Ap.

T r e e s  a n d  S h r u b s  
(16 s p e c i e s ^

Amc Zan ch t cA  Ap.  
AAc toA taphyZoA  uva -  

uAAt  L.
C om pt on ta  p c A c g A t n a  L. 
CAatacguA Ap.
V t c A v t Z Z a  Z o n t c c A a  M i l l .  
E p tg c a  AcpcnA  L.
PtnuA ba n k A t a n a  Lamb. 
PopuZuA tAcmuZo tdcA  M ichx .  
PAuntiA pumtZa  L.
Pauhua AC Ao t t n a  E h r h .  
PAunuA v t A g t n t a n a  L. 
Qulcacua App.  ( r e d  o a k  

g r o u p )
RoAa bZanda  A i t .
Ru.ba-4 p c n A t Z v a n t c u A  P o i r .  
S a Z t x  gZaucophyZZo tdcA  

F e r n .
I/ a c c t n t u m  App.
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F i g .  3 .2 .  T o t a l  v e g e t a t i o n a l  c o v e r  (m) v e r s u s  y e a r s  a f t e r  t r e a t ­
ment  on b u r n e d  and un burned  s i t e s .  V e r t i c a l  b a r s  e q u a l  one SD. Only 
one o b s e r v a t i o n  a t  y e a r  3 b u r n e d  and y e a r  6 u n b u rn ed .
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d u r i n g  two o r  more  g r o w i n g  s e a s o n s  showed i n c r e a s e d  

c o v e r  f ro m  t h a t  o f  t h e  p r e v i o u s  y e a r .

T r e n d s  i n  r e l a t i v e  c o v e r  a n d  f r e q u e n c y  o f  a n n u a l s  

and  b i e n n i a l s  o v e r  t h e  t e m p o r a l  s e q u e n c e  a r e  shown 

i n  T a b l e s  3 . 1  a n d  3 . 2 .  On u n b u r n e d  s i t e s ,  s p e c i e s  

i n  t h i s  g r o u p  a r e  v i r t u a l l y  a b s e n t ,  e x c e p t  f o r  Melampy- 

rum l i n e a r e  Lam. (cow w h e a t )  w h i c h  i s  common i n  t h e  

u n d e r s t o r y  o f  m a t u r e  j a c k  p i n e  s t a n d s .  On b u r n e d  s i t e s  

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

b e t w e e n  t h e  two s i t e s  s u r v e y e d  a s  f i r s t  y e a r  b u r n s .

V ery  h i g h  l e v e l s  o f  c o v e r  (18 .3% ) o f  a n n u a l s  a n d  b i ­

e n n i a l s  w e r e  s e e n  on  s i t e  7C80, w h e r e a s  on  s i t e  7D79 

o n l y  0.1% c o v e r  f o r  t h i s  s p e c i e s  g ro u p  was r e c o r d e d  

( T a b l e  3 . 2 ) .  On s i t e  7 C 8 0 , G e ra n iu m  b i c k n e l l i i  B r i t t ,  

( g e r a n i u m )  an d  C o r y d a l i s  s e m p e r v i r e n s  L.  ( r o c k - h a r l e ­

q u i n )  d o m i n a t e d  t h i s  s p e c i e s  g r o u p .  H e a t  s t i m u l a t e d  

g e r m i n a t i o n  o f  t h e s e  s p e c i e s  i s  i n d i c a t e d  by  t h e i r  

d r a s t i c  r e d u c t i o n  f r o m  y e a r s  1 t o  2 f o l l o w i n g  f i r e  

on s i t e  7C 80-81  ( s e e  C h a p t e r  7 ) .

P e r e n n i a l  g r a s s e s  a n d  s e d g e s  w e r e  d o m in a n t  on  

b o t h  b u r n e d  a n d  u n b u r n e d  c l e a r c u t s  ( T a b l e s  3 . 1  and  

3 . 2 ) .  The r i c h n e s s  o f  t h i s  g r o u p ,  h o w e v e r ,  was  due  

t o  t h e  many s p e c i e s  o f  g r a s s e s .  B u rn e d  s i t e s  f ro m  

y e a r s  1 t o  6 show ed g r e a t e r  s p e c i e s  r i c h n e s s  o f  g r a s s e s  

t h a n  a n a l o g o u s  u n b u r n e d  s i t e s  ( F i g . - 3 . 3 A ) .  The b u r n e d  

c l e a r c u t s  r e t a i n e d  h i g h  l e v e l s  o f  r i c h n e s s  o f  g r a s s
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F i g .  3 . 3 .  A) Number o f  g r a s s  s p e c i e s  a n d  B) p e r ­
c e n t  c o v e r  o f  g r a s s e s  v e r s u s  y e a r s  a f t e r  t r e a t m e n t  on 
b u r n e d  and  u n b u r n e d  s i t e s .  V e r t i c a l  b a r s  e q u a l  one SD. 
O n ly  one o b s e r v a t i o n  a t  y e a r  3 b u r n e d  a n d  y e a r  6 u n ­
b u r n e d  .
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s p e c i e s  t h r o u g h o u t  t h e  t e m p o r a l  s e q u e n c e ,  w h e r e a s  

u n b u r n e d  c l e a r c u t s  showed a  d e c l i n e  i n  r i c h n e s s  i n  

t h e  l a t t e r  p a r t  o f  t h e  s e q u e n c e .  From y e a r s  2 t o  6 

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

o f  t h e  u n b u r n e d  s i t e s  o f  t h e  same a g e  ( F i g .  3 . 3 B ) .  

D o m in an t  g r a s s  s p e c i e s  o c c u p y i n g  t h e  b u r n e d  s i t e s  

i n c l u d e  O r y z o p s i s  a s p e r i f o l i a  M i c h x . , 0_^ p u n g e n s  T o r r . , 

a nd  S c h i z a c h n e  p u r p u r a s c e n s  T o r r .  I n  c o n t r a s t ,  t h e  

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

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

c u t s  i s  shown i n  F i g .  3 . A. O n ly  two s p e c i e s  o f  s e d g e ,  

C a r e x  p e n s y l v a n i c a  Lam. a n d  C^ r u g o s p e r m a  M a c k . , w e r e  

o b s e r v e d  on  t h e  s t u d y  s i t e s ,  w h i c h  w e r e  c h a r a c t e r i z e d  

a s  C a r e x  s p p .  a n d  g i v e n  a  r i c h n e s s  v a l u e  o f  1. S e d g e s  

c o m p r i s e d  t h e  m a j o r i t y  o f  t h e  c o v e r  o f  t h e  g r a s s  and 

s e d g e  s p e c i e s  g r o u p ,  a nd  o n l y  on b u r n e d  s i t e  10A79- 

8 0 - 8 1  ( y e a r s  4, 5 ,  and  6) and  u n b u m e d  s i t e  1B81 

( y e a r  1) d i d  t h e  r e l a t i v e  c o v e r  o f  g r a s s e s  e x c e e d  t h a t  

o f  s e d g e s .  On u n b u r n e d  c l e a r c u t s  C a r e x  c o v e r  i n i t i a l l y  

( y e a r s  0 a nd  1) was low .  By y e a r  2,  h o w e v e r ,  C a r e x  

c o v e r  d r a m a t i c a l l y  i n c r e a s e d  and  by  y e a r  5 C a r e x  

c o v e r e d  a n  a v e r a g e  70% o f  t h e  u n b u r n e d  s i t e s .  I n i ­

t i a l l y ,  C a r e x  r e l a t i v e  c o v e r  i n c r e a s e d  t o  a  g r e a t e r  

e x t e n t  on b u r n e d  c l e a r c u t s  c o m p a red  t o  u n b u r n e d  c l e a r ­

c u t s .  I n  c o n t r a s t  t o  t h e  u n b u r n e d  s i t e s ,  C a r e x  r e l a ­

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



ai
m

<
on

 
m 

o 
o 

m 
c/>

^  BURNED CLEARCUTS 
7ZA UNBURNED CLEARCUTS60

60

40

20

0

S0 2 3 61 4

YEARS AFTER TREATMENT

F i g .  3 . h.  P e r c e n t  c o v e r  o f  sed g e  v e r s u s  y e a r s  a f t e r  t r e a t m e n t  
on b u r n e d  and u n b u rn ed  s i t e s .  V e r t i c a l  b a r s  e q u a l  one SD. Only 
one o b s e r v a t i o n  a t  y e a r  3 b u r n e d  and y e a r  6 u n b u rn e d .
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b u r n e d  s e q u e n c e .  I n  f a c t ,  on t h e  b u r n e d  s i t e s ,  C a r e x  

show ed a  g e n e r a l  d e c r e a s e  i n  r e l a t i v e  c o v e r  b e t w e e n  

y e a r s  3 and  6'.

B r a c k e n  f e r n  ( P t e r i d i u m  a q u i l i n u m  D e s f . )  and  

w i n t e r g r e e n  ( G a u l t h e r i a  p ro c u m b e n s  L . ) ,  i n c l u d e d  as  

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

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

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

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

to  s p e c i e s  r i c h n e s s  on  a l l  s i t e s ,  e s p e c i a l l y  t h o s e  

w h i c h  h ad  b e e n  b u r n e d  ( T a b l e s  3 . 1  and  3 . 2 ) .  A s t e a d y  

d e c r e a s e  i n  t h e  num ber  o f  h e r b s  was s e e n  on  t h e  u n b u r n e d  

s e q u e n c e ,  w h e r e a s  b u r n e d  s i t e s  showed a n  i n i t i a l  d e c l i n e  

( y e a r s  1 t h r o u g h  3) b u t  l a t e r  e x h i b i t e d  h i g h  r i c h n e s s  

( y e a r s  4 t h r o u g h  6 ) .  Some f r e q u e n t l y  o c c u r r i n g  p e r ­

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

H i e r a c i u m  c a n a d e n s e  M ichx .  ( C a n a d i a n  h a w k w e e d ) , Rumex 

a c e t o s e l l a  L. ( s h e e p  s o r r e l ) , and  S e n e c i o  t o m e n t o s u s  

M ichx .  ( g r o u n d s e l ) .

The num ber  o f  s p e c i e s  o f  t r e e s  and  s h r u b s  d i f f e r e d  

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

same a g e  ( T a b l e s  3 . 1  and 3 . 2 ) .  Of t h e  f o u r  m a j o r  

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

c r e a s e  i n  s p e c i e s  r i c h n e s s  a f t e r  f i r e .  R e l a t i v e  c o v e r  

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

c l e a r c u t s  d u r i n g  y e a r s  1 t h r o u g h  4, b u t  s l i g h t l y  lo w e r
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d u r i n g  y e a r s  5 a n d  6. U n bu rn ed  c l e a r c u t s  showed a  

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

b u r n e d  s i t e s  showed a  d e c l i n e  f ro m  y e a r  2 t o  y e a r s  

3 a nd  4 ,  b u t  i n c r e a s e d  d u r i n g  y e a r s  5 a n d  6 .  The 

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

u n b u r n e d  s i t e s  i n c l u d e d  V a c c in iu m  s p p . ( b l u e b e r r y ) ,  

P o p u l u s  t r e m u l o i d e s  M ichx .  ( a s p e n ) , Q u e r c u s  s p p .

( o a k ) , P r u n u s  s e r o t i n a  E h r h .  ( b l a c k  c h e r r y ) , a n d  Rubus 

s p p .  ( d e w b e r r y ) ,

DISCUSSION

A m a j o r  e f f e c t  o f  f i r e  on  v e g e t a t i o n  i s  t h e  

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

i n g  b o t h  s i t e  f a c t o r s  and  c h a r a c t e r i s t i c s  o f  t h e  p r e ­

b u r n  v e g e t a t i o n  ( i n c l u d i n g  p r o p a g u l e s ) .  T h e s e  

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

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

a v a i l a b i l i t y  ( A h l g r e n  1 9 6 0 ,  S t .  J o h n  and  R u n d e l  1 9 7 6 ,  

W e l l s  1979)  , i n c r e a s e d  s o i l  t e m p e r a t u r e s  a nd  s o i l  

m o i s t u r e  ( A h l g r e n  and  A h l g r e n  1 9 60 ,  W e l l s  1 9 7 9 ) ,  s t i m u ­

l a t i o n  o f  s p r o u t i n g  o f  p r e e x i s t i n g  v e g e t a t i o n  and  

g e r m i n a t i o n  o f  b u r i e d  s e e d  (Sweeney 19 5 6 ,  M u l l e r  e t  

a l .  1968 ,  C h r i s t e n s e n  a nd  M u l l e r  1975 ,  T r e d i c i  1 9 7 7 ) ,  

v o l a t i l i z a t i o n  o f  a l l e l o p a t h i c  c h e m i c a l s  ( M u l l e r  e t  

a l .  19 6 8 ,  C h r i s t e n s e n  and  M u l l e r  1975)  and  i n c r e a s e d  

s o i l  m i c r o b i a l  a c t i v i t y  ( A h l g r e n  a n d  A h l g r e n  1 960 ,
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W e l l s  1 9 7 9 ) .

The i n c r e a s e  i n  s p e c i e s  r i c h n e s s  a n d  d o m in a n ce  

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

t h i s  s t u d y  i s  a  phenom enon  w h i c h  h a s  b e e n  d e s c r i b e d  

i n  a  v a r i e t y  o f  e c o s y s t e m s  ( L i t t l e  and  Moore 1 9 4 9 ,  

A h l g r e n  a n d  A h l g r e n  I 9 6 0 ,  D y r n e s s  1 9 7 3 ,  S h a f i  and  

Y a r r a n t o n  19 7 3 ,  C h r i s t e n s e n  a nd  M u l l e r  1 9 7 5 ,  P u r d i e  

a n d  S l a t y e r  1 9 7 6 ) .  T h i s  i n c r e a s e d  d i v e r s i t y  i s  u s u a l l y  

t e m p o r a r y ,  l a s t i n g  o n l y  a  few  y e a r s .  A s h i f t  i s  t y p i ­

c a l l y  s e e n  i n  p l a n t  c o m p o s i t i o n  a n d  d o m in a n c e  away 

f ro m  i n v a d i n g  s p e c i e s ,  w h i c h  e s t a b l i s h  t h e m s e l v e s  b y  

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

b e f o r e  t h e  f i r e  w h i c h  r e e s t a b l i s h  t h e m s e l v e s  l a r g e l y  

b y  v e g e t a t i v e  m ea n s .

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

r e p o r t e d  f ro m  t h e  Lake  S t a t e s ,  h o w e v e r ,  do n o t  a lw a y s  

f o l l o w  t h i s  p a t t e r n .  F o r  e x a m p l e ,  Ohmann a nd  G r i g a l  

(1 9 7 9 )  s t u d i e d  e a r l y  r e v e g e t a t i o n  o f  t h e  L i t t l e  S i o u x  

w i l d f i r e  i n  n o r t h e a s t e r n  M i n n e s o t a  b u t  d i d  n o t  f i n d  

a n  a b u n d a n c e  o f  d i s t u r b a n c e  s p e c i e s .  E x c e p t  f o r  t h e  

p r e s e n c e  o f  a  few " f i r e  f o l l o w e r s " ,  s u c h  a s  g e r a n i u m  

a n d  r o c k - h a r l e q u i n ,  s p e c i e s  c o m p o s i t i o n  b e f o r e  and  

a f t e r  f i r e  w e r e  n e a r l y  i d e n t i c a l .  V o g l  ( 1 9 7 0 ) ,  w o r k i n g  

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

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  b a r r e n  s p e c i e s  d i d  

n o t  show a  s i g n i f i c a n t  r e s p o n s e  t o  b u r n i n g .  C han ges
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i n  u n d e r s t o r y  b a l s a m  f i r  a n d  p a p e r  b i r c h  v e g e t a t i o n  

f o l l o w i n g  t i m b e r  h a r v e s t  i n  n o r t h e r n  M i n n e s o t a  w e re  

r e p o r t e d  by  O u t c a l t  a nd  W h i te  ( 1 9 8 1 ) .  T hey  showed 

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

l o g g e d  a n d  b u r n e d  s i t e s  c o m p a red  t o  u n b u r n e d  l o g g e d  

s i t e s ;  h o w e v e r ,  h i g h  d e n s i t i e s  o f  g e r a n i u m  a nd  r o c k -  

h a r l e q u i n  a f t e r  f i r e  w e r e  f o u n d .  A h l g r e n  (1 9 5 9 )  g r o u p e d  

v e g e t a t i o n a l  d a t a  f rom  11 s e r i e s  o f  p l o t s  i n  t h e  

n o r t h e r n  c o n i f e r o u s  f o r e s t s  o f  M i n n e s o t a  and  f o u n d  60 

s p e c i e s  e x c l u s i v e  t o  b u r n e d  a r e a s ,  4 s p e c i e s  e x c l u s i v e  

t o  u n b u r n e d  a r e a s ,  and  35 s p e c i e s  common t o  b o t h  a r e a s .  

T h e s e  d a t a  i n d i c a t e  t h a t  l a r g e  i n c r e a s e s  i n  s p e c i e s  

r i c h n e s s  f o l l o w  f i r e ,  K r e f t i n g  and  A h l g r e n  ( 1 9 7 4 ) ,  

h o w e v e r ,  r e p o r t e d  c h a n g e s  i n  s p e c i e s  c o m p o s i t i o n  f ro m  

t h i s  same s t u d y  a r e a ,  s p e c i f i c a l l y  by s i t e ,  and  showed 

t h a t  b u r n i n g  r e s u l t e d  i n  e i t h e r  no s i g n i f i c a n t  c h an g e  

o r  d e c r e a s e d  s p e c i e s  r i c h n e s s  c om p ared  t o  u n b u r n e d  

c o n t r o l s .

The a b o v e  s t u d i e s  r e p o r t  d a t a  f ro m  p r e s c r i b e d  

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

( A h l g r e n  1 96 0 ,  1 97 4 ,  Vogl  1 97 0 ,  Ohmann a n d  G r i g a l  1979) 

a n d  summer ( A h l g r e n  19 6 0 ,  1 97 4 ,  O u t c a l t  and  W h i te  1 9 8 1 ) ,  

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

s p e c i e s  d i v e r s i t y  a f t e r  f i r e  a s  s e e n  i n  t h i s  s t u d y .

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

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



42

t y p i c a l  t o  u n b u r n e d  a r e a s .  A t o t a l  o f  73 d i f f e r e n t  

s p e c i e s  w e r e  r e c o r d e d  o n  b u r n e d  s i t e s  c o m p a re d  t o  49 

o n  u n b u r n e d  s i t e s .  How ever ,  n e a r l y  a l l  b u r n e d  s i t e s  

i n  t h i s  s t u d y  showed g r e a t e r  s p e c i e s  r i c h n e s s  co m p a red  

t o  a n a l o g o u s  u n b u r n e d  s i t e s  ( F i g .  3 . 1 ) .  I n c r e a s e s  i n  

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

p e r e n n i a l  h e r b s  f o l l o w i n g  f i r e  w e r e  f o u n d .  The e s t a b ­

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

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

b y  w in d  a n d  a n i m a l  v e c t o r s .  S t u d i e s  h a v e  shown t h a t  

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

u b i q u i t o u s  i n  t h e  f l o o r  u n d e r  f o r e s t  s t a n d s  ( L i v i n g ­

s t o n  a n d  A l l e s s i o  1 96 8 ,  T r e d i c i  1 9 7 7 ,  A h l g r e n  1 9 7 9 a ) .

The l o n g e v i t y  o f  many f i r e - f o l l o w e r s  i s  s h o r t ;  

two y e a r s  a f t e r  f i r e  many a r e  gone  ( n o t e  d e c r e a s e d  

s p e c i e s  r i c h n e s s  i n  b u r n e d  s i t e s  b e t w e e n  y e a r s  1 and  2 ,  

T a b l e  3 . 2  an d  F i g .  3 . 1 ) .  I n  t h e  l a t t e r  y e a r s  a f t e r  f i r e ,  

s p e c i e s  t h a t  w e r e  p r o b a b l y  members  o f  t h e  p r e - e x i s t i n g  

v e g e t a t i o n  and w h i c h  e s t a b l i s h  an d  p e r p e t u a t e  t h e m s e l v e s  

m a i n l y  by v e g e t a t i v e  means d o m i n a t e .  F o u r ,  5 ,  a n d  6-  

y e a r - o l d  b u r n e d  s i t e s  ( s i t e s  1 0 A 7 9 -8 0 -8 1  and  1 0 B 7 9 -8 0 -8 1 )  

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

o f  f i r e - s t i m u l a t e d  g r a s s e s  and  h e r b s ,  w hose  p r e s e n c e  

a p p e a r s  t o  be  w a n i n g ,  an d  t r e e s  a n d  s h r u b s ,  w hose  

d o m in a n c e  a p p e a r s  t o  b e  i n c r e a s i n g  ( T a b l e  3 . 2 ) .

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

u n b u r n e d  c l e a r c u t s  i n  t h i s  s t u d y .  M a jo r  d i f f e r e n c e s  i n  

d o m in a n ce  an d  d i v e r s i t y  o f  a l l  s p e c i e s  g r o u p s  d u r i n g  

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

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

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

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

i z e d  on t h e s e  s i t e s .  On a l l  b u r n e d  a n d  u n b u r n e d  c l e a r c u t  

a r e a s  j a c k  p i n e  r e g e n e r a t i o n  i s  f a i l i n g  t o  become e s t a b ­

l i s h e d ,  a nd  t h e s e  s i t e s  a r e  d o m i n a t e d  b y  o t h e r  v e g e t a ­

t i o n .  The u n b u r n e d  c l e a r c u t s  a r e  b e i n g  c o n v e r t e d  t o  

e s s e n t i a l l y  C a r e x  "meadows" ( P l a t e  3 . 1 ) .  The o n l y  o t h e r  

v e g e t a t i o n  o f  any  c o n s e q u e n c e  a r e  o a k  a nd  c h e r r y  stump 

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

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

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

h a rd w o o d s  s u c h  a s  a s p e n ,  o a k ,  a n d  b l a c k  c h e r r y .  S h ru b  

s p e c i e s ,  s u c h  a s  b l u e b e r r y ,  w i l l o w ,  C e a n o t h u s , and  

A m e l a n c h i e r  a r e  a l s o  i m p o r t a n t  on  t h e s e  s i t e s  

( P l a t e  3 . 2 ) .  C a r e x  i s  a l s o  a d o m in a n t  member o f  t h e  

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

t h e s e  s i t e s  w i l l  be  c o n v e r t e d  t o  a  C a r e x  ’'m eadow ."  I n  

f a c t ,  t h e  d o m in a n c e  o f  C a r e x  i s  b e i n g  c h e c k e d  by  t r e e  

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

a s  O r y z o p s i s  a s p e r i f o l i a  and  S c h i z a c h n e  p u r p u r a s c e n s .

An i n c r e a s e  i n  s e d g e s  f o l l o w i n g  f i r e  h a s  b e e n
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P l a t e  3 . 1 .  C a r e x  meadow e s t a b l i s h e d  on a 
5 - y e a r - o l d  u n b u r n e d  c l e a r c u t  s i t e .

P l a t e  3 . 2 .  S h r u b s  and  e a r l y  s u c c e s s i o n a l  
h a rd w o od s  d o m i n a t i n g  a  5 - y e a r - o l d  p r e s c r i b e d  
b u r n  s i t e .
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p r e v i o u s l y  d o c u m e n te d  ( A h l g r e n  1 96 0 ,  V og l  19 7 0 ,  O u t ­

c a l t  a n d  W h i te  1 9 8 1 ) .  How ever ,  t h e  o v e r w h e l m in g  

d o m in a n c e  o f  C a r e x  o b s e r v e d  i n  t h i s  s t u d y  seem s t o  

b e  u n i q u e  t o  j a c k  p i n e  s i t e s  i n  n o r t h e r n  l o w e r  M i c h i ­

g a n .  A C a r e x  "meadow",  o n c e  e s t a b l i s h e d ,  a p p e a r s  

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

d u c t i o n  f o r  many y e a r s  ( N i e r i n g  and  Goodwin 1974 ,

N o b le  1 9 8 0 ) .  The d o m in a n c e  o f  C a r e x  o n  u n b u r n e d  

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

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

The  m o n o l a y e r e d  C a r e x  c a n o p y  on  u n b u r n e d  c l e a r c u t s  

was r e s p o n s i b l e  f o r  t h e  l a c k  o f  i n c r e a s e  i n  t o t a l  c o v e r  

o v e r  t h e  t e m p o r a l  s e q u e n c e .  By y e a r s  5 a nd  6 a f t e r  

t r e a t m e n t ,  b u r n e d  c l e a r c u t s  h ad  47% and  63% m ore  v e g e ­

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

T h e r e  a r e  s e v e r a l  p o s s i b l e  m e c h a n i sm s  t h a t  e x p l a i n  

t h e  d o m in a n c e  o f  C a r e x  p e n s y l v a n i c a . One p o s s i b i l i t y  

may b e  C a r e x ' s  a b i l i t y  t o  e x p l o i t  n u t r i e n t s  an d  s p a c e  

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

c u t t i n g  a n d / o r  b u r n i n g .  R e c e n t  s t u d i e s  i n v o l v i n g  

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

s p e c i e s ,  due  t o  t h e i r  l i f e - h i s t o r y  c h a r a c t e r i s t i c s ,  

c a n  m o n o p o l i z e  r e s o u r c e s  l i b e r a t e d  by  d i s t u r b a n c e  

a nd  s u p p r e s s  o r  e x c l u d e  o t h e r  s p e c i e s .  M a r k s ' s  w o rk  

(1 9 7 4 )  on  New H a m p s h i r e  c l e a r c u t s  h a s  shown p i n  

c h e r r y  ( P r u n u s  p e n s y l v a n i c a  L . )  t o  be  s u c h  an
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e x p l o i t a t i v e  s p e c i e s .  B a k e l a a r  and  Odum (1978)  

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

e s t a b l i s h e d  on  a b a n d o n e d  f i e l d s  i n  G e o r g i a  w e re  a b l e  

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

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

d i v e r s i t y .  A h l g r e n  (1960)  show ed t h a t  n u t r i e n t s  

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

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

o f  a  s t u d y  i n i t i a t e d  i n  May t o  t e s t  t h i s  h y p o t h e s i s  

a r e  d i s c u s s e d  i n  C h a p t e r  6 .  A s e c o n d  e x p l a n a t i o n  

f o r  t h e  d o m in a n ce  o f  C a r e x , a l t h o u g h  u n t e s t e d ,  i s  i t s  

p o s s i b l e  r e l e a s e  o f  a  c h e m i c a l  i n h i b i t o r  ( a l l e l o c h e m )  .

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

t i n g  s u c c e s s i o n a l  p a t h w a y s  f o l l o w e d  on  b u r n e d  a nd  u n ­

b u r n e d  j a c k  p i n e  c l e a r c u t s .  H ow ever ,  f r o m  t h e  f o r m a l  

c h a r a c t e r i z a t i o n  o f  e a r l y  r e v e g e t a t i o n  o f  t h e s e  s i t e s  

an d  my own p e r s o n a l  o b s e r v a t i o n s ,  t h e  f o l l o w i n g  

p o i n t s  a r e  p r o b a b l y  i m p o r t a n t  i n  a n s w e r i n g  t h i s  q u e s ­

t i o n .  Canopy r e m o v a l  w i t h o u t  s u b s e q u e n t  b u r n i n g  r e s u l t s  

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

p e n s y l v a n i c a . Canopy r e m o v a l  f o l l o w e d  by  f i r e  a l s o  

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

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

an d  t h e  r a p i d  s p r e a d  o f  many s p e c i e s  t h a t  w e r e  p r o b a b l y  

m em bers  o f  t h e  p r e e x i s t i n g  v e g e t a t i o n .  T h e s e  d r a m a t i c  

e f f e c t s  o f  f i r e  on s p e c i e s  c o m p o s i t i o n  and  s p e c i e s
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r e l a t i v e  d o m in a n c e  a l t e r e d  t h e  c o m p e t i t i v e  a b i l i t i e s  

o f  C a r e x .  F o l l o w i n g  f i r e  t h e r e  was t h e  e s t a b l i s h m e n t  

an d  c o n t i n u e d  d e v e l o p m e n t  o f  a  m u l t i l a y e r e d  c a n o p y  

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

t r e e s .  The s h a d e  p r o v i d e d  by  t h e  c a n o p y  a p p e a r e d  t o  

c h e c k  t h e  f u r t h e r  s p r e a d  o f  C a r e x . F u r t h e r  p r o o f  t h a t  

t h e  c o m p e t i t i v e n e s s  o f  C a r e x  i s  l o w e r e d  i n  s h a d e d  

s i t u a t i o n s  i s  i t s  h i g h  f r e q u e n c y  b u t  v e r y  low r e l a t i v e  

c o v e r  u n d e r  a  m a t u r e  j a c k  p i n e  c a n o p y .  A l s o ,  a  c o n ­

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

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

s h a d e  o f  t h e  s l a s h  p i l e s , w h i l e  C a r e x  d o m i n a t e d  t h e  

l a r g e r  o p e n  a r e a s .



CHAPTER IV

MULTIPLE PATHWAYS IN EARLY SUCCESSIONAL 
DEVELOPMENT FOLLOWING DISTURBANCE 

TO JACK PINE STANDS IN NORTHERN 
LOWER MICHIGAN

I n t r o d u c t i o n  

Of a l l  t h e  a n t h r o p o g e n i c  a n d  n a t u r a l  d i s t u r ­

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

S e c o n d a r y  p l a n t  s u c c e s s i o n  h a s  b e e n  a  m a j o r  them e 

i n  t h e  f i r e  e c o l o g y  l i t e r a t u r e ,  and  nu m ero u s  t e r m s  

an d  m o d e l s  h a v e  b e e n  p r o p o s e d  t o  d e s c r i b e  i t .  Godwin 

(1 9 2 9 )  u s e d  " d e f l e c t e d  s u c c e s s i o n "  t o  d e s c r i b e  

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

a n d  c u t t i n g ,  w h i c h  d i f f e r e d  f ro m  t h e  " n o r m a l  s u c c e s ­

s i o n "  i n  t h e  a b s e n c e  o f  d i s t u r b a n c e .  E g l e r  (1 95 4 )  

h y p o t h e s i z e d  a n  " i n i t i a l  f l o r i s t i c  c o m p o s i t i o n "  (IFC) 

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

b e e n  s i m i l a r l y  u s e d  t o  d e s c r i b e  com m uni ty  d e v e l o p m e n t  

f o l l o w i n g  f i r e  ( P u r d i e  a n d  S l a t y e r  1976) . A c c o r d i n g  

t o  E g l e r ,  a  f i e l d  r e c e i v e s  many d i f f e r e n t  p r o p a g u l e s  

up t o  t h e  t i m e  o f  a b a n d o n m e n t ; a f t e r  ab an d o n m en t  

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

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

r e c o g n i z e d  t h a t  s e v e r a l  e q u i l i b r i a  may e x i s t  on a  

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

com m uni ty  w e re  k i l l e d  a t  some i n t e r m e d i a t e  s t a g e .  

R i c h a r d s  (1 9 5 5 )  t e r m e d  d i f f e r e n t  s e c o n d a r y  s u c c e s s i o n s  

" p r o g r e s s i v e "  i f ,  f o l l o w i n g  c l e a r i n g ,  a  y o u n g  s e c o n d a r y  

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

a  f o r e s t  l i k e  t h e  o r i g i n a l ,  o r  " r e g r e s s i v e "  i f  a  s a ­

v a n n a  d e v e l o p s  w i t h  few o r  no t r e e s .  L o u ck s  (1970)  

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

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

and  m a i n t a i n s  a  p e r i o d i c  wave o f  p e a k  d i v e r s i t y .

C o n n e l l  and  S l a t y e r  (1 9 7 7 )  o u t l i n e d  t h e  " i n h i b i t i o n  

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

p r o c e s s  w h e re  e a r l i e r  c o l o n i s t s  s e c u r e  s p a c e  a n d / o r  

o t h e r  r e s o u r c e s  and  i n h i b i t  t h e  i n v a s i o n  o f  s u b s e q u e n t  

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

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

m ec h an ism  i n v o l v e d  i n  a r r e s t e d  o r  r e g r e s s i v e  s u c c e s s i o n .

I n  t h e  Lake S t a t e s ,  l i m i t e d  d e t a i l e d  w o r k  h a s  

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

s i o n  f o l l o w i n g  f i r e  ( A h l g r e n  1 9 60 ,  Vogl  1 9 7 0 ,  K r e f t i n g  

and  A h l g r e n  1 97 4 ,  Ohmann a n d  G r i g a l  1 9 79 ,  O u t c a l t  and  

W h i t e  1 9 8 1 ,  S c h e i n e r  a n d  T e e r i  1981)  a nd  l o g g i n g  

( O u t c a l t  a nd  W h i te  1 9 8 1 ) .  How ever ,  s i m i l a r  s t u d i e s  

on  j a c k  p i n e  s i t e s  i n  M i c h ig a n  h a v e  n o t  b e e n  p u b l i s h e d .

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

c o m p o s i t i o n  and  s p e c i e s  d o m in a n ce  a r e  made b e tw e e n
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d i s t u r b e d  s i t e s  ( c l e a r c u t  a n d / o r  b u r n e d )  a n d  u n d i s t u r b e d  

j a c k  p i n e  s t a n d s .  C o n c l u s i o n s  a r e  d raw n  c o n c e r n i n g  t h e  

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

j a c k  p i n e  c o m m u n i t i e s  a n d  s u b s e q u e n t  e a r l y  s u c c e s s i o n a l  

t r e n d s .  C o m p a r i s o n s  among s i t e s  show t h a t  m u l t i p l e  

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

M e th od s

On e a c h  s i t e ,  a l l  v a s c u l a r  p l a n t s  w e r e  c h a r a c t e r ­

i z e d  b y  f r e q u e n c y  a n d  c o v e r  m e a s u r e m e n t s  a s  d e s c r i b e d  

i n  C h a p t e r  3. I n  t h e  m a t u r e  a nd  3 5 - y e a r - o l d  j a c k  p i n e  

s t a n d s ,  o n l y  t h e  u n d e r s t o r y  v e g e t a t i o n  ( p l a n t s  £  1 . 5  m 

t a l l )  w e r e  c h a r a c t e r i z e d .

R e s u l t s

U n b urn ed  C l e a r c u t  S i t e s  
V e r s u s  M a tu r e  J a c k  F i n e  
S t a n d s

A l l  u n b u r n e d  c l e a r c u t  s i t e s  i n c l u d e d  f o r  s t u d y  w e r e  

f o r m e r l y  m a t u r e  j a c k  p i n e .  The f o u r  m a t u r e  j a c k  p i n e  

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

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

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

some e x t e n t  i n  p r e d i s t u r b a n c e  s p e c i e s  c o m p o s i t i o n  and  

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

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

t u r b a n c e .  How ever ,  c e r t a i n  o v e r a l l  s u c c e s s i o n a l  t r e n d s
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c a n  b e  d i s c e r n e d .

R e l a t i v e  c o v e r  a nd  r e l a t i v e  f r e q u e n c y  d a t a  f o r  

e a c h  s p e c i e s  on  u n b u r n e d  a n d  b u r n e d  c l e a r c u t  s i t e s , a s  

w e l l  a s  b u r n e d  3 5 - y e a r - o l d  j a c k  p i n e  s i t e s ,  i n t e r m e d i ­

a t e  - a g e  and  m a t u r e  j a c k  p i n e  s t a n d s  a r e  shown i n  

A p p e n d i c e s  A, B, a n d  C, r e s p e c t i v e l y .

C l e a r c u t  s i t e s  i n i t i a l l y  h a d  i n c r e a s e d  t o t a l  

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

s t a n d s .  H ow ever ,  s p e c i e s  r i c h n e s s  g e n e r a l l y  d e c r e a s e d  

on c l e a r c u t  s i t e s  o v e r  t h e  s i x  y e a r  s e q u e n c e ,  r e s u l t i n g  

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

n e s s  t h a n  m a t u r e  j a c k  p i n e  u n d e r s t o r i e s  ( F i g .  4 . 1  and  

T a b l e  4 . 1 ) .  S i m i l a r  t r e n d s  i n  a v e r a g e  r i c h n e s s  p e r  p l o t  

a n d  t h e  S h a n n o n  i n d e x  w e r e  f o u n d .

As shown i n  T a b l e  4 . 2 ,  51 d i f f e r e n t  s p e c i e s  w e r e  

r e c o r d e d  on c l e a r c u t  s i t e s  c o m p a re d  t o  41 s p e c i e s  on 

m a t u r e  j a c k  p i n e  s i t e s .  I n c r e a s e s  i n  g r a s s  and  p e r e n n i a l  

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

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

i n i t i a l  r i s e  i n  s p e c i e s  r i c h n e s s  on r e c e n t  c l e a r c u t  

s i t e s  ( F i g .  4 . 1  a n d  T a b l e  4 . 1 ) .

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

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

f o r e s t e d  s t a n d s  ( F i g .  4 . 2 ) .  How ever ,  when s i t e s  a r e  

e x a m in e d  i n d i v i d u a l l y ,  c l e a r c u t t i n g  d i d ,  i n  f a c t ,  c a u s e  

c h a n g e s  i n  t h e  t o t a l  p l a n t  c o v e r  and  c o v e r  o f  i n d i v i d u a l
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F i g .  4 . 1 .  A) S p e c i e s  r i c h n e s s  ( t o t a l  num b er  o f  
s p e c i e s ) ,  B) a v e r a g e  r i c h n e s s  p e r  p l o t ,  and  C) S h a n n o n  
i n d e x  o f  d i v e r s i t y ,  o f  s i t e s  a v e r a g e d  w i t h i n  y e a r s ,  
f o r  m a t u r e  j a c k  p i n e  s t a n d s  a n d  u n b u r n e d  c l e a r c u t  
j a c k  p i n e  s i t e s  c o m p r i s i n g  a  6 - y e a r  s e q u e n c e  f o l l o w i n g  
l o g g i n g .  V e r t i c a l  b a r s  e q u a l  o n e  s t a n d a r d  d e v i a t i o n  
(SD) .



TABLE 4 .1

RELATIVE COVER ( C ) , RELATIVE FREQUENCY ( F ) ,  AND SPECIES RICHNESS (R)
FOR VEGETATIONAL GROUPS ON MATURE JACK PINE STANDS 

AND UNBURNED CLEARCUTS

Years Total
S ite  a Since Total Cover

Nirber Treatment Area Annuals & B iennials Grasses & Sedges Perennial Herbs Trees & Shrubs R
ha C “ p R C ' P R C F R C "F R

13A >55 12 2.1 11.6 1 3.5 25.6 3 .3 11.6 5 94.1 51.3 9 18 30.7
13B >55 4 1.2 14.9 1 15.7 28.4 6 8 .5 14.9 7 75.0 41 .9 7 21 32-1
13C >55 8 .8 9.8 1 13.7 17.5 4 28.8 25.8 7 56.7 46.9 11 23 42.7
13D ^55 3 .6 7.4 1 9.7 18.4 4 41.2 30.5 8 48.4 43.7 14 27 71.6

1A 0 16 .7 1 32.5 26.1 6 15.0 31.2 9 52.5 42.0 10 26 30.0
1B80 0 16 .49 - 2 12.9 20.4 7 29.9 33.3 9 56.7 46 .3 13 31 61.5

LB81 1 16 _ .5 1 27.2 22.5 5 34.3 26.7 8 38.5 50.4 9 23 61.5
2 1 24 - - - 24.7 27.6 5 7.1 23.2 12 68.2 49.2 7 24 27.6

3A 2 16 _ 49.6 43.8 9 21.6 21.6 9 29.1 34.6 9 27 50.7
3B79 2 16 - 1 .9 1 36.5 24.8 5 13.6 32.2 10 49.6 41.1 9 25 37.1

3B80 3 16 . 53.1 32.0 7 4 .3 26.0 7 42.5 42.0 8 22 46.9
4A79 3 32 .1 - 1 83.4 52.7 7 5.1 16.4 6 11.4 30 .9 6 20 37.7

3B81 4 16 1.5 1 45.7 30.4 6 1.6 23.9 6 52.7 44.2 9 22 64.4
4A80 4 32 - - - 68.8 50.0 6 .3 10.3 5 30.9 39.5 8 19 60.5
5A79 4 4 - - - 77.2 35.7 2 2 .2 14.3 1 20.7 50.0 7 10 41.7

4AB1 5 32 81.8 51.6 6 .1 9.5 5 18.0 39.0 7 18 58.9
5A80 5 4 - - - 67.3 37.1 5 2.9 19.3 4 29.8 43.5 5 14 44.7
6 5 16 - - - 77.3 45.6 3 .2 2 .9 3 22.5 51.5 10 16 30.1

5A81 6 4 - - - 65.6 35.0 4 5.7 18.0 4 28.7 47.0 7 15 46.8

aS ite  numbers s ta r tin g  w ith  the same combination o f number and le t te r  represent the sane s i t e  surveyed twice; the 
nutber 79, 80, and 81 in d icate the year surveyed (1979, 1980, and 1981), for s i t e s  surveyed in  more than one growing season.
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TABLE 4.2
PLANT SPECIES ENCOUNTERED ON UNBURNED CLEARCUT 

SITES AND MATURE JACK PINE (>55 YEARS) 
STANDS IN NORTHERN LOWER MICHIGAN

S p e c i e s  E x c l u s i v e  t o  U n b urn ed  C l e a r c u t  S i t e s  
(18  s p e c i e ' s  t o t a l )

A n n u a l s  and  B i e n n i a l s  
(2 s p e c i e s )

A4.abZA gZabn.a  L.
L a c Z u a a  canad&nAZA L.

G r a s s e s  a n d  S e d g e s  
(5  s p e c i e s )

Ag4.oAZZA hye.maZZA W a l t .  
V&AchampAZa ^ Z zx u o Aa  L. 
0Zc.kanZhzZZam de.pat ipz4.a~  

turn Muhl.
04.yzopAZA aApe.4.Z&oZZa 

M ichx .
Paa-cccm co£umb^.anam 

S c h r i b n .

P e r e n n i a l  H e rb s  
(7 s p e c i e s )

AnZe.nna4.Za m g Z z c Z a  
G re en e  

AAC.Ze.pZa6 A ya .Z aca  L.

HZz4.acZum a a a a n Z Z ac a m  L. 
LZaZflZa n o v a e -  angZZae.

L u n e l l  
PhyAaZZA vZ4.gZnZa.na M i l l  
SpZ4.anZh&A g4.ac.ZZZA 

( B i g e l . )  Beck 
VZoZa p e d a Z Z ^ Z d a  g . Don.

T r e e s  a n d  S h r u b s  
(4 s p e c i e s )

VZef ivZZZa ZonZee4 . a  M i l l .  
P4.unuA v Z a g Z n Z a n a  L.
RoAa b Z a n d a  A i t .
SaZZx  g Z a u e o p h y Z Z o Z d z A  

F e r n .

S p e c i e s  E x c l u s i v e  t o  M a tu r e  J a c k  P i n e  S t a n d s  
(8 s p e c i e s  t o t a l )

G r a s s e s  and  S e d g e s  
(1  s p e c i e s )

Mu.hZe.nbe.4.gZa me.x.Zc.ana L.

P e r e n n i a l  H e rb s  
(3 s p e c i e s )

ChZmaphZZa ambeZZaZa  
( L . )  N u t t  

PoZenZZZZa Zn.Zde.nZaZa A i t .  
VZoZa a d u n c a  Sm.

T r e e s  and  S h r u b s  
(4 s p e c i e s )

Aceh. A.U.b4.um L. 
Ce.anoZhuA ovaZuA  D e s f .  
PZnuA AZh.o bu.A L.
RubuA hZApZduA L.
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TABLE 4.2 (Continued)

S p e c i e s  Common t o  B o t h  U n b u rn e d  C l e a r c u t s  
an d  M a t u r e  J a c k  P i n e  S t a n d s  

(3 3  s p e c i e s  t o t a l )

A n n u a l s  a n d  B i e n n i a l s  
(1  s p e c i e s )

iAeZamptjAum ZZ n e a i t e  Lara.

G r a s s e s  and  S e d g e s  
(7 s p e c i e s )

A nd Ao po g o  n geAaAdZZ  V i tm a n  
Baomu6 kaZmZ-i  G ray  
CaJiex. p e n 6  y Z v a n Z c a  Lam. 
V anZh onZ a  6 p Z c a Z a  

( L . )  B eauv .
K0 e.Z2.AZa macAanZha  P e r s .  
0 A y z o p 6 Z 6  pu.nge.n6 T o r r .  
Sc.hZza.chne  p u A p u A a 6 c e n 6  

T o r r .

P e r e n n i a l  H e rb s
(11 s p e c i e s )

Ap o c y n um  a n d A 0 6 aemZ&oZZum L. 
Anemone  q uZ nq ue f i o Z Za  L.
A6 t e A  Z a e v Z 6  L.
CampanuZa AoZundZ&oZZa  L. 
pAagaAZa v Z n g Z n Z a n a  

D u c h e s n e  
GauZZheAZa pAo cumben6  L. 
HeZZanZhu6 o c c Z d e n Z a Z Z 6  

R i d d .
HZeAacZum venoAum  L. 
MaZanZhemum c a n a d e n 6 e  D e s f .  
PZeAZdZum aquZZZnum D e s f .  
S o Z Z d a g o  s p p .

T r e e s  and  S h r u b s  
(14  s p e c i e s )

AmeZan ch ZeA  s p .  
A A c Z o6 Z a p hy Z o 6  u,va-uA6Z  L. 
CompZonZa p e A e g A Z n a  L. 
CAaZaegu6  s p .
B p Z g e a  A e p e n 6  L.
PZnu6 b a n k 6 Z a n a  Lamb. 
PopuZu6 ZAemuZoZde6  M ichx .  
PAunu6 pumZZa.  L.
PAunu6 6 e A o Z Z n a  E h rh .
QueAcu6  s p p .  ( r e d  oak )  
Ru.ba4 p e n 6 Z Z v a n Z c u 6  P o i r .  
VaccZnZum angu6ZZ^oZZum  

A i t .
VaccZnZum myAZZZZoZde6  

Michx.
\ /accZnZum vacZ ZZ a n6  T o r r .
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F i g .  A. 2. T o t a l  v e g e t a t i o n a l  c o v a r  (m), o f  s i t e s  a v e r a g e d  w i t h i n  

y e a r s ,  f o r  m a t u r e  j a c k  p i n e  s t a n d s  and un b u rn ed  c l e a r c u t  j a c k  p i n e  
s i t e s  c o m p r i s i n g  a 6 - y e a r  se q u e n c e  f o l l o w i n g  l o g g i n g .  V e r t i c a l  b a r s  
e q u a l  one SD.
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s p e c i e s  ( T a b l e  4 . 1 ) .  F o r  e x a m p le ,  on  s i t e  1B80 ( 0 - y e a r  

c l e a r c u t )  a  l a r g e  d r o p  i n  c o v e r  i s  s e e n  when com pared  

t o  s i t e  13D ( a n  a d j a c e n t  m a t u r e  j a c k  p i n e  s t a n d )  due  t o  

d e c r e a s e d  b r a c k e n  f e r n  c o v e r .  A l a r g e  d r o p  i n  b l u e b e r r y  

was a l s o  s e e n  on s i t e  1B 80 , b u t  t h i s  was o f f s e t  b y  an  

i n c r e a s e  i n  A m e l a n c h i e r  s p .  ( s e r v i c e b e r r y ) . M a tu r e  j a c k  

p i n e  s i t e  13B l i e s  a d j a c e n t  t o  s i t e  5A79 ( 4 - y e a r - o l d  

c l e a r c u t ) . I n c r e a s e d  c o v e r  o n  s i t e  5A79 was due  t o  t h e  

e x t r a o r d i n a r y  i n c r e a s e s  i n  C a r e x  c o v e r ,  w h i c h  more  t h a n  

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

g e n e r a l ,  c o v e r  i n c r e a s e d  f rom  one  y e a r  t o  t h e  n e x t ,  

b a s e d  on d a t a  f ro m  s i t e s  s u r v e y e d  o v e r  more  t h a n  one  

g r o w i n g  s e a s o n .

C o v e r  o f  a n n u a l s  a nd  b i e n n i a l s  was n e g l i g i b l e  i n  

t h e  m a t u r e  f o r e s t s  a n d  a l l  c l e a r c u t  s i t e s  ( F i g .  4 . 3 ) .  

H o w ev e r ,  cow w h e a t  (Melampyrurn l i n e a r e  Lam.)  was  q u i t e  

f r e q u e n t  on  m a t u r e  j a c k  p i n e  s i t e s  ( T a b l e  4 . 1 ) .  The 

g r a s s  and  s e d g e  s p e c i e s  g ro u p  showed e x t r a o r d i n a r y  i n ­

c r e a s e s  i n  d o m in a n c e  a f t e r  c l e a r c u t t i n g .  T h i s  g ro u p  

d o m i n a t e d  b y  C a r e x  p e n s y l v a n i c a  L a m . , r e p r e s e n t e d  10% 

o f  t h e  c o v e r  i n  t h e  m a t u r e  j a c k  p i n e  u n d e r s t o r y  a nd  75% 

o f  t h e  c o v e r  b y  t h e  f i f t h  y e a r  a f t e r  c l e a r c u t t i n g .  P e r ­

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

c l e a r c u t t i n g ,  b u t  was d r a s t i c a l l y  r e d u c e d  a s  t h e  d om i­

n a n c e  o f  C a r e x  i n c r e a s e d .  T r e e  and  s h r u b  s p e c i e s  ( e . g .  

b l u e b e r r y )  d o m i n a t e d  m a t u r e  j a c k  p i n e  s t a n d s ,  b u t  showed
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F i g .  A .3. R e l a t i v e  c o v e r  f o r  e a c h  s p e c i e s  g r o u p ,  o f  s i t e s  
a v e r a g e d  w i t h i n  y e a r s ,  f o r  m a tu r e  j a c k  p i n e  s t a n d s  and  u n bu rn ed  
c l e a r c u t  s i t e s  c o m p r i s i n g  a  6 - y e a r  s e q u e n c e  f o l l o w i n g  l o g g i n g .



59

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

B u rn e d  C l e a r c u t s  
V e r s u s  M a tu r e  
J a c k  P i n e  S t a n d s

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

p i n e  o r i g i n .  The f o u r  m a t u r e  j a c k  p i n e  s t a n d s  s u r ­

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

o f  t h e  p r e d i s t u r b e d  c o n d i t i o n .

D u r i n g  t h e  f i r s t  y e a r  f o l l o w i n g  b u r n i n g ,  c l e a r - 

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

n e s s  c o m p ared  t o  m a t u r e  j a c k  p i n e  s t a n d s  ( F i g .  4 . 4 ) ,  

b u t  s p e c i e s  r i c h n e s s  on  t h e s e  s i t e s  (7C 80-81  and 

7 D 7 9 -8 0 -8 1 )  d r o p p e d  d r a s t i c a l l y  2 a n d  3 y e a r s  a f t e r  

b u r n i n g .  H ig h  l e v e l s  o f  s p e c i e s  r i c h n e s s ,  s i m i l a r  

t o  t h a t  a t  y e a r  o n e ,  w e r e  a l s o  s e e n  on  s i t e s  1QA79- 

8 0 - 8 1  and  10B79 - 8 0 - 8 1 ,  4 ,  5 ,  and  6 y e a r s  a f t e r  b u r n i n g  

( T a b l e  4 . 3 ) .  D i f f e r e n t  t r e n d s  d e v e l o p e d  i n  t h e  a v e r a g e  

r i c h n e s s  p e r  p l o t  and  S h a n n o n  i n d e x .  O n e - y e a r - o l d  

b u r n e d  s i t e s  and  m a t u r e  j a c k  p i n e  s i t e s  w e r e  s i m i l a r  

i n  a v e r a g e  r i c h n e s s ,  b u t  show ed c o n s i d e r a b l e  v a r i a t i o n  

i n  t h i s  i n d e x .  A g r a d u a l  d r o p  i n  a v e r a g e  r i c h n e s s  

p e r  p l o t  o c c u r r e d  d u r i n g  y e a r s  2 and  3. On s i t e s  10A 

an d  10B t h e  h i g h e s t  l e v e l s  o f  t h i s  i n d e x  w e r e  s e e n  

d u r i n g  y e a r s  4 ,  5 and  6 .  A l l  b u r n e d  c l e a r c u t s ,  

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

Sh annon  i n d e x  c o m p ared  t o  m a t u r e  j a c k  p i n e  s i t e s .

T r e n d s  i n  t h i s  i n d e x  d i d  n o t  show a n y  p a t t e r n ,  b u t
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F i g .  A . 4.  A) S p e c i e s  r i c h n e s s  ( t o t a l  number  
o f  s p e c i e s ) ,  B) a v e r a g e  r i c h n e s s  p e r  p l o t ,  and  C) 
S h annon  i n d e x  o f  d i v e r s i t y ,  o f  s i t e s  a v e r a g e d  w i t h i n  
y e a r s ,  f o r  m a t u r e  j a c k  p i n e  s t a n d s  and b u r n e d  c l e a r c u t  
s i t e s  c o m p r i s i n g  a 6 - y e a r  s e q u e n c e  f o l l o w i n g  b u r n i n g .  
V e r t i c a l  b a r s  e q u a l  one SD.



TABLE 4.3
RELATIVE COVER (C ) , RELATIVE FREQUENCY ( F ) ,  AND SPECIES RICHNESS <R) 

FOR VEGETATIONAL GROUPS ON MATURE JACK PINE STANDS 
AND BURNED CLEARCUTS

S ite
Nunber

Years
Since

Treatment Area Annuals & B ienn ia ls Grasses & Sedges Perennial Herbs Trees & Shrubs
Total

R

Total 
Cover 

per 60 m
ha C F R C F R C F R C F R

134 >55 12 2 .1 11.6 1 3 .5 25.6 3 .3 11.6 5 94.1 51.3 9 18 30.7
13B >55 4 1 .2 14.9 1 15.7 28.4 6 8 .5 14.9 7 75.0 41 .9 7 21 32.1
I X ">55 8 .8 9.8 1 13.7 17.5 4 28.8 25.8 7 56.7 46 .9 11 23 42.7
13D >55 3 .6 7.4 1 9.7 18.4 4 41.2 30.5 6 48.4 43.7 14 27 71.6

7C80 1 16 18.3 7.1 4 35.8 32.0 9 2.8 26.1 15 43.1 3 4 .B 7 35 26.9
7D79 1 24 .1 2.8 3 73.5 44.6 9 8 .5 24.3 12 17.8 28.1 10 34 30.6

7C81 2 16 _ 45.7 38.4 8 1.1 13.2 10 53.2 48.3 7 25 52.6
7D80 2 24 - - - 71.6 56.3 9 12.4 21.1 8 15.8 22.5 8 25 48.5

7D81 3 24 - • - 66.7 52.5 8 14.3 25.1 8 19.1 22.7 8 24 48.7

1QA79 4 26 . 1.6 1 71.8 35.7 13 15.2 39.3 13 13.0 23.3 9 36 58.2
10B79 4 23 .2 3 .9 1 53.5 40.0 14 22.9 23.3 10 23.4 32.8 14 39 45.4

10A80 5 26 .1 1.7 2 57.3 38.2 11 18.5 32.9 16 24.1 27.2 7 36 75.7
10B80 5 23 .8 5.4 3 57.3 37.3 10 8 .0 23.5 a 33.8 33 .9 14 35 61.6

10A81 6 26 .2 .6 2 66.4 39.3 8 8 .9 34.9 14 24.5 25.2 8 32 74.4
10B81 6 23 .8 2 .3 1 50.3 38.3 9 12.2 21.4 10 36.7 38.0 14 34 74.8

^ e e  Table 4 .1 .
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h i g h e s t  l e v e l s  w e r e  a t t a i n e d  6 y e a r s  a f t e r  b u r n i n g .

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

v a r i e t y  o f  s p e c i e s  n o t  p r e s e n t  i n  m a t u r e  j a c k  p i n e  

s t a n d s  ( T a b l e  4 . 4 ) .  S e v e n t y - s i x  d i f f e r e n t  s p e c i e s  

w e r e  r e c o r d e d  on  b u r n e d  c l e a r c u t  s i t e s  c o m p a red  t o  

41 s p e c i e s  on  m a t u r e  j a c k  p i n e  s i t e s .  T h i r t y - n i n e  

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

a s  o n l y  4 s p e c i e s  w e r e  e x c l u s i v e  t o  m a t u r e  j a c k  p i n e  

s i t e s .

One y e a r  a f t e r  f i r e ,  b u r n e d  c l e a r c u t  s i t e s  had  

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

j a c k  p i n e  s i t e s  ( F i g .  4 . 5 ) .  H ow ever ,  l a r g e  i n c r e a s e s  

i n  c o v e r  o c c u r r e d  by  y e a r  2 ,  w i t h  f u r t h e r  i n c r e a s e s  

d u r i n g  y e a r s  5 and  6. G e n e r a l l y ,  c o v e r  i n c r e a s e d  f ro m  

one  y e a r  t o  t h e  n e x t  on  s i t e s  s u r v e y e d  o v e r  more  t h a n  

one  g r o w i n g  s e a s o n .  D i f f e r e n t  s p e c i e s  c o n t r i b u t e d  

t o  t h e s e  i n c r e a s e s  i n  c o v e r .  F o r  e x a m p l e ,  on s i t e  

7 C 8 0 -8 1 ,  C a r e x , V a c c i n i u m , P r u n u s  p u m i l a  L. ( s a n d  

c h e r r y ) ,  an d  O r y z o p s i s  p u n g e n s  T o r r .  w e r e  i m p o r t a n t ;  

w h e r e a s  on  s i t e  7 D 7 9 - 8 0 - 8 1 ,  F t e r i d i u m  a q u i l i n u m  L. 

( b r a c k e n  f e r n )  a n d  D i c h a n t h e l i u m  d e p a u p e r a t u r n  Muhl.  

c o n t r i b u t e d  m o s t  t o  t h e  c o v e r .  On s i t e  1 0 A 7 9 -8 0 -8 1  

l a r g e  i n c r e a s e s  w e r e  n o t e d  i n  C a r e x , V a c c i n i u m , 

F t e r i d i u m  a q u i l i n u m , S c h i z a c h n e  p u r p u r a s c e n s  T o r r . , 

and  P r u n u s  s e r o t i n a  E h r h .  ( b l a c k  c h e r r y ) , w h i l e  on 

s i t e  1 0 B 7 9 -8 0 -8 1  i n c r e a s e d  c o v e r  was due t o  C a r e x ,
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TABLE 4 . 4

PLANT SPECIES ENCOUNTERED ON BURNED 
CLEARCUT SITES AND MATURE JACK PINE 

<> 55 YEARS) STANDS IN NORTHERN 
LOWER MICHIGAN

S p e c i e s  E x c l u s i v e  t o  B urned  C l e a r c u t  S i t e s  
("39™ species t o t a l )

A n n u a ls  and B i e n n i a l s  
(7  s p e c i e s )

AA.ab-t.4 gZa b n a  L.
CtA.4 -turn s p .
C o n y d a Z Z i  i e m p e n v Z n e n i  L. 

canadctii-i- i  L.
Ge-tantum 

B r i t t .
Lac-tuea caiiadeaA-iA L. 
L-i-t/ioape/imum a n v e m e .  L.

G r a s s e s  and S e d g e s  
(1 2  s p e c i e s )

Agnopt jno n  t n a c h y c a u Z u m  
L in k

Agn.oit .LA hijo.ma.ZLi W ale .  
B.tumui kaZmLL  Gray  
Peac/ iampA-ia i l t x u o i a  L.  
D i c h a n t h Q t L u m  d e p a u p & n a - 

turn Muhl.
F e i i a c a  s p .
Koe.Ze.nLa m a e n a n t h a  P e r s .  
O m j z o p i i i  a i p c n Z f i o H a  

M ich x .
Paiiicum co£ambAa>:um 

S c r i b n .
Pan-tcum xani / iupbi / iura  

Gray 
Poa p na. te .n iLi  L. 
Sci'ig/tai-tftum t iu ta n i  L.

P e r e n n i a l  H erbs
( 1 2 s p e c i e s )

A i t e n  i a g L t t l i o Z i a i  
Wederaeyer 

C o n u o Z v u Z u i  i p i t t i a m a e u i  L. 
HcC iait*(temum caiiarfen4e  

M ich x .
U te nac L am  auxaiU xacum  L. 
Hte^iactum ca iiade iiA t M ich x .  
L e c h e a  m i n o n  L.
L Z a t n i i  n o v a e - a n g Z L a e  

L u n e l l  
Po Zt jgaZa pot t j g a m a  W a lt .  
P o l y g o n u m  c i Z Z n o d e  M ich x .  
P h t j i a Z i i  v i n g i n L a n a  M i l l .  
Rumex a c e t o i t t Z a  L.
S e a e c x o  t o m e n t o i u i  M ichx .

T r e e s  and S h ru b s  
(B s p e c i e s )

O L e .n v L t ta  Z o t U c e n a  M i l l .  
G atylu44acxa b a c e a i a  

(W ang.) C. Koch 
P o t e n t l Z Z a  a n g u t a  P u r sh .  
P'iunu4 v i n g i n L a n a  L.
Ro,ia bZ a n d a  A i t .  
Si/mp/io/iica^po4 adbuA L.

S p e c i e s  E x c l u s i v e  co  M ature J a c k  P in e  S t a n d s  
(A s p e c i e s )

G r a s s e s  and S e d g e s  T r e e s  and S h ru b s
(1  s p e c i e s )  (2  s p e c i e s )

An d n a p o g o n  i e o p a n i u i  M ich x . PitmA j-t/iebuA L.
R u b u A  b i i p x d u i  L.

P e r e n n i a l  Herbs  
(1  s p e c i e s )

CliLmaptiLZa umbeZZata  
( L . )  N u t t . )
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TABLE A. A (C o n t in u e d )

S p e c i e s  Common t o  B o th  B urned  C l e a r c u t s  
and M ature J a c k  P in e  S t a n d i  

(3 7  s p e c i e s  t o t a l )

A n n u a ls  and B i e n n i a l s  
( 1  s p e c i e s )

Mefampi/Aum l i n e a t ie. Lam.

G r a s s e s  and S e d g e s  
(7  s p e c i e s )

AudAopogon geAaAd-i-i 
V itm an  

BAomuA kaZmZZ  Gray  
CaAtx p e m y Z o a t i Z c a  Lam. 
V a n t h o n i a  i p i c a t a  

( L . ) B eau v .  
MuhZznbe.ft.QZa m e x i c a n a  L. 
O t i y z o p i i i  pungcnA T o r r .  
S ch E zacfin e  puApuAaAceui 

T o r r .

P e r e n n i a l  H erbs  
(1 3  s p e c i e s )

Anemone gu -tu gu e&oZia  L.
Apoci/num artdAOAaem-i- 

f ioZium  L.
AaEca Z a e v i i  L.
Campanula / l o t u n d i & o Z i a  L.
FAagaA-ia u iA g -in ia n a  

D u ch esn e
Gauf-t/icAia pAocumbcnl L.
He.ZZauZ.hui o c c . Z d e n t a . Z i i  

R i d d .
Hie .f iac ium  ueiiojum L.
M ai a n th em u m  c a n a d e m e  

D e s f .
P o t c n t Z Z Z a  t t i i d c n t a t a  

A i t .
Pte.tiidiu.rn aquZZZnum  D e s f .
S o f- id ago  s p .
VZoZa a d u n c a  Sm.

T r e e s  and S h ru b s  
("l5""ap"ecies)_"

Acca AubAum L.
AmcEanc/ti ca s p .
A t i c t o i t a p h y Z o i  uva-uAA-i L, 
Ceano-t/iuA cua-tuA D e s f .  
C om pto nZa  p c n e g / i i n a  L. 
C t i a t a e g u i  s p .
EpEgea AcpcnA L.
PEnuA ban fe iia t ia  Lamb.
P o p u l u i  t t i e m u Z o Z d e i  M ichx .  
Pauuua pumiEa L.
Pauhua 4£Ao-ti.na Ehrh.
Qucacua s p p .  ( r e d  oak)
RubuA pou-tEoaH-icuA P o i r .  
V a c c i n i u m  a n g u i t i & o Z i u m  A i t .  
yaec.in-t.um m y r t t Z Z Z o i d a  M ich x .  
V a c c i n i u m  v a c Z Z Z a m  T o r r .



100

80

0 60 V E R
40

20

0

F i g .  A .5. T o t a l  v e g e t a t i o n a l  c o v e r  (m ) , o f  s i t e s  a v e r a g e d  
w i t h i n  y e a r s ,  f o r  m a t u r e  j a c k  p i n e  s t a n d s  and b u r n e d  c l e a r c u t  
s i t e s  c o m p r i s i n g  a 6 - y e a r  s e q u e n c e  f o l l o w i n g  b u r n i n g .  V e r t i c a l  
b a r s  e q u a l  one SD.
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V a c c i n i u m , and F o p u l u s  t r e m u l o i d e s  M ichx .  ( t r e m b l i n g  

a s p e n ) .

W h ereas  c o v e r  o f  a n n u a l s  and  b i e n n i a l s  was 

n e g l i g i b l e  u n d e r  m a t u r e  j a c k  p i n e ,  a  s h a r p  i n c r e a s e  

i n  c o v e r  o f  t h i s  g ro u p  o c c u r r e d  one  y e a r  a f t e r  f i r e  

( F i g .  4 . 6 ) .  The p r e s e n c e  o f  a n n u a l s  a nd  b i e n n i a l s ,  

h o w e v e r ,  was d i f f e r e n t  on  t h e  two s i t e s  (7C80 and  

7D79) i n  t h i s  a g e  c l a s s .  The  c o v e r  o f  t h e s e  s p e c i e s ,  

m a i n l y  G e ran iu m  b i c k n e l l i i  B r i t t ,  a n d  C o r y d a l i s  s e m p e r -  

v i r e n s  L. ( r o c k - h a r l e q u i n ) , was e x c e p t i o n a l l y  h i g h  

(18 .3% ) on s i t e  7 C 8 0 , w h e r e a s  i t  was n e g l i g i b l e  ( .1%) 

on  s i t e  7D79. S p e c i e s  i n  t h i s  g ro u p  w e r e  e i t h e r  a b s e n t  

o r  r e d u c e d  t o  s c a t t e r e d  i n d i v i d u a l s  on t h e  2 -  t o  6 -  

y e a r  o l d  b u r n e d  c l e a r c u t s .  D r a m a t i c  i n c r e a s e s  i n  

g r a s s e s  an d  s e d g e s  w e r e  s e e n  on  t h e  b u r n e d  c l e a r c u t s .  

F o r  e x a m p l e ,  on  3 - y e a r - o l d  s i t e s ,  t h i s  s p e c i e s  g r o u p  

r e p r e s e n t e d  an  a v e r a g e  66% o f  t h e  t o t a l  v e g e t a t i o n a l  

c o v e r .  The g r a s s  and  s e d g e  s p e c i e s  g ro u p  was n o t  e n ­

t i r e l y  d o m i n a t e d  b y  C a r e x , a s  s e e n  on t h e  u n b u r n e d  

c l e a r c u t  s i t e s .  T h i s  was e s p e c i a l l y  t r u e  on  t h e  o l d e r  

b u r n e d  s i t e s  ( 1 0 A 7 9 -8 0 -8 1  a n d  1 0 B 7 9 - 8 0 - 8 1 ) , w h e re  

g r a s s e s  ( e . g .  Q r y z o p s i s  a s p e r i f o l i a  M ichx .  a n d  

S c h i z a c h n e  p u r p u r a s c e n s ) r e p r e s e n t e d  38% t o  51% o f  

t h e  s p e c i e s  g ro u p  c o v e r .  I n  c o n t r a s t ,  g r a s s e s  r e p r e ­

s e n t e d  o n l y  1% t o  5% c o v e r  o f  t h e  g r a s s  a n d  s e d g e  

s p e c i e s  g r o u p  on  u n b u r n e d  c l e a r c u t s .
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F i g .  4 . 6 .  R e l a t i v e  c o v e r  f o r  e a c h  s p e c i e s  g r o u p ,  o f  s i t e s  
a v e r a g e d  w i t h i n  y e a r s , f o r  m a t u r e  j a c k  p i n e  s t a n d s  and b u r n e d  
c l e a r c u t  j a c k  p i n e  s i t e s  c o m p r i s i n g  a  6 - y a a r  s e q u e n c e  f o l l o w i n g  
b u r n i n g .
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A s h a r p  d e c l i n e  i n  c o v e r  o f  p e r e n n i a l  h e r b s ,  

m a i n l y  due  t o  d e c r e a s e d  c o v e r  o f  b r a c k e n  f e r n ,  was 

s e e n  when  c o m p a r in g  m a t u r e  j a c k  p i n e  s i t e s  t o  1 - y e a r -  

o l d  b u r n e d  c l e a r c u t s  ( F i g .  4 . 6 ) .  The  s u b s e q u e n t  i n ­

c r e a s e  ( y e a r s  1 t o  4) and  d e c r e a s e  ( y e a r s  4 t o  6) i n  

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

b r a c k e n  f e r n  c o v e r .  O t h e r  p e r e n n i a l  h e r b  s p e c i e s ,  

a l t h o u g h  c o n t r i b u t i n g  s u b s t a n t i a l l y  t o  s i t e  r i c h n e s s ,  

c o n t r i b u t e d  l i t t l e  t o  t o t a l  c o v e r .  A v e r y  l a r g e  d ro p  

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

b e r r y ,  was  a l s o  n o t e d  i n  1 - y e a r - o l d  b u r n e d  c l e a r c u t s .  

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

y e a r  4 ,  b u t  s h a r p l y  i n c r e a s e d  a t  y e a r  5 due  t o  i n c r e a s e s  

i n  a s p e n ,  b l a c k  c h e r r y ,  b l u e b e r r y ,  a nd  d e w b e r r y  (Rubus 

p e n s i l v a n i c u s  P o i r . ) .

B u r n e d  V e r s u s  
U n b u rn e d  35 - Y e a r -  
O ld  J a c k  P i n e

A l l  b u r n e d  a n d  u n b u r n e d  a r e a s  w e r e  p a r t  o f  a  

l a r g e r  a r e a  consum ed  by  w i l d f i r e  i n  1946 .  The f o r e s t  

t h a t  s u b s e q u e n t l y  d e v e l o p e d  was l o g g e d  i n  1975 a n d  

1976 o f  f i n a n c i a l l y  m a t u r e  j a c k  p i n e ,  r e d  p i n e ,  a n d  

o a k .  T h i s  a r e a ,  d o m i n a t e d  by  i n t e r m e d i a t e - a g e d  j a c k  

p i n e  ( r e p r e s e n t i n g  p o s t f i r e  r e g e n e r a t i o n ) , was d i v i d e d  

i n t o  b l o c k s ;  some o f  t h e s e  b l o c k s  w e r e  p r e s c r i b e  

b u r n e d  and  o t h e r s  h a v e  r e m a i n e d  u n b u r n e d  ( s e e  C h a p t e r  2 ,  

s i t e  7A80-81 f o r  c o m p l e t e  d e t a i l s ) .  F i v e  b l o c k s ,
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3 b u r n e d  and  2 u n b u r n e d ,  h a v e  b e e n  s u r v e y e d  and  a r e  

u s e d  t o  c o n t r a s t  d i f f e r e n c e s  i n  u n b u r n e d  an d  b u r n e d  

s t a n d s ,  m a k in g  up a  p o s t f i r e  s e q u e n c e  o f  1 t o  5 y e a r s  

( T a b l e  4 . 3 ) .

B u r n e d  j a c k  p i n e  s t a n d s  w e r e  c o n s i d e r a b l y  r i c h e r  

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

( F i g .  4 . 7 ) ,  b u t  a  l a r g e  d r o p  i n  s p e c i e s  r i c h n e s s  

o c c u r r e d  b e t w e e n  y e a r s  1 a nd  2 ( s i t e s  7A80-81 and  

7 B 7 9 - 8 0 ) .  S i t e  7B d r o p p e d  f ro m  45 t o  30 s p e c i e s  b e t w e e n  

y e a r s  1 and  2 ,  a l t h o u g h  s i t e  7A r e m a i n e d  e s s e n t i a l l y  

u n c h a n g e d  ( T a b l e  4 . 5 ) .  A s t e a d y  i n c r e a s e  i n  s p e c i e s  

r i c h n e s s  o c c u r r e d  f ro m  y e a r s  2 t o  5 ,  m a i n l y  due  t o  

s i t e  9 A 7 9 -8 0 -8 1  ( 3 - ,  4 - ,  a nd  5 - y e a r  o l d  b u r n ) .  A d ro p  

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

1 a n d  2 ,  f o l l o w e d  by  i n c r e a s e d  l e v e l s  o f  t h i s  i n d e x  

d u r i n g  y e a r s  3 ,  4, and  5.  The S han n on  i n d e x  was h i g h e r  

t h e  f i r s t  y e a r  a f t e r  f i r e ,  b u t  l o w e r  d u r i n g  y e a r s  2 ,

3 ,  and  4 ,  f o l l o w e d  by a s h a r p  i n c r e a s e  a t  y e a r  5. S i x t y -  

s e v e n  s p e c i e s  w e r e  r e c o r d e d  on t h e  b u r n e d  s i t e s  com­

p a r e d  t o  43 s p e c i e s  on  t h e  u n b u r n e d  s t a n d s  ( T a b l e  4 . 6 ) .

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

b u r n i n g  ( F i g .  4 . 8 ) ,  b u t  t h e  o p e n i n g s  c r e a t e d  by  f i r e  

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

c r e a s e s  i n  c o v e r  d u r i n g  y e a r s  2 a n d  3. C o v e r  i n c r e a s e d  

y e a r l y  on e a c h  s i t e  s u r v e y e d  o v e r  more  t h a n  one  g row ­

i n g  s e a s o n .



TABLE 4.5
RELATIVE COVER ( C ) , RELATIVE FREQUENCY ( F ) , AND SPECIES RICHNESS (R) 

FOR VEGETATIONAL GROUPS ON UNBURNED 35-YEAR-OLD JACK PINE STANDS 
AND BURNED 35-YEAR-OLD JACK PINE STANDS

Years Total
S i te a Since Total Cover

ha C F R C F R C F R C F R

L2A 35 16 .1 .9 1 20.5 33.1 10 1.8 24.1 14 77.6 42.0 11 36 52.7
12B 35 24 - 2.6 1 26.1 36.5 9 3.5 21.9 11 70.4 39.1 8 29 51.4

7A80 1 19 14.2 13.3 4 30.5 34.4 10 2 .5 13.3 12 52.8 39.0 10 36 35.8
7B79 1 26 25.6 12.0 5 27.0 34.8 13 8 .1 18.0 13 38.7 34.8 14 45 28.7

7A81 2 19 .1 2.3 3 47.6 37.4 10 .9 12.4 11 51.4 47.8 10 34 49.8
7B80 2 26 - 1.1 2 60.8 44.0 10 12.9 14.7 10 26.3 40.1 8 30 43.7

7B81 3 26 .1 2.2 3 58.8 48.9 11 4 .8 12.4 10 36.2 36.5 9 33 60.9
9A79 3 31 .6 - 2 63.7 41.0 12 1 .2 14.9 12 34.4 44.2 12 38 54.9

9A80 4 31 - .5 1 62.7 40.7 11 1.2 18.0 13 36.0 40.7 11 36 56.7

9A81 5 31 .15 .51 3 49.2 37.2 10 3.6 20.4 13 47.1 41.8 13 39 65.6

o

aSee Table 4 .1
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F i g .  4 . 7 .  A) S p e c i e s  r i c h n e s s ,  B) a v e r a g e  r i c h n e s s  
p e r  p l o t ,  and  C) Shan no n  i n d e x  o f  d i v e r s i t y ,  o f  s i t e s  
a v e r a g e d  w i t h i n  y e a r s ,  f o r  u n b u r n e d  3 5 - y e a r - o l d  j a c k  
p i n e  s t a n d s  and  b u r n e d  3 5 - y e a r - o l d  j a c k  p i n e  s t a n d s  
c o m p r i s i n g  a  5 - y e a r  s e q u e n c e  f o l l o w i n g  b u r n i n g .
V e r t i c a l  b a r s  e q u a l  one  SD.
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TABLE 4 . 6

PLANT SPECIES ENCOUNTERED ON BURNED AND 
UNBURNED 3 5 -YEAR-OLD JACK PINE STANDS 

IN NORTHERN LOWER MICHIGAN

S p e c i e s  E x c l u s i v e  t o  B u r n e d  A r e a s  
(28  s p e c i e s  t o t a l )

A n n u a l s  and  B i e n n i a l s  
(7 s p e c i e s )

CZn.&Zum s p .
Con.ydaZZ& & zmp zn . v Zn . z n i  L. 
En.Zgzn.on c a n a d z n & Z i  L. 
Gzn.anZum b Z a k n z Z Z Z Z  

B r i t t .
KflZgZa Q4.n-Lc.GL L.
Lac.tac.ci  c a n a d z n i Z i  L. 
S-t£ene a n t 4 . f i n . h tn a  L.

G r a s s e s  a n d  S e d g e s  
(5 s p e c i e s )

Agn.opyn.on t n . aa hy c . aa Z am  
L i n k

Caf i z x  f iugo&pz f ima  Mack. 
Fe^-tuca s p .
Koe.Ze. f i ta m a a n . a n t k a  P e r s .  
S o n . g h a i t n . u m  n u t a n i  L.

P e r e n n i a l  H e rb s
(11 s p e c i e s )

Anemone. q u Z n q u z f i o Z Z a  L. 
Anemone n.Zpan.Za F e r n .

Ant e .nnaA.Za  ne .gZe .a ta  
G re en e

Camp a n u Za  n o t u n d Z f i o Z Z a  L. 
C o n v o Z v u Z u i  i p Z t h a m a z u i  

L.
E q u Z i z t u m  h y m a Z z  L. 
HZzn.acZum aun.antZac .um  L. 
Lec/iea  mZnon.  L. 
M a Z a n t h z m u m  c a n a d z m z  

D e s f .
P o Z y g o n u m  a Z Z Z n o d z  

M ichx .
VZoZa p z d a t Z & Z d a  G. Don.

T r e e s  a n d  S h r u b s  
(5 s p e c i e s )

C f i a t a z g u i  s p .
Ro-ia b Z a n d a  L.
S a Z Z x  g Z a u a o p h y Z Z o Z d z i  

F e r n .
Si/mp/io^t.Lca^po4 a Z b u i  L.

S p e c i e s  E x c l u s i v e  t o  U h b u rn e d  A r e a s  
(4 s p e c i e s )

P e r e n n i a l  H e rb s  
(4 s p e c i e s )

Cy p f i Zp z d Z u m  a a a u Z z  A i t .
G a u Z t h z f i Z a  ph.o a umbznA  L.
P o Z y g a Z a  p o Z y g a m a  W a l t .
S p Z n a n t h z i  g f i a c Z Z Z i  

( B i g e l . )  Beck
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TABLE 4 . 6  (C on t in u ed )

S p e c i e s  Common  t o  B o t h  B u rn e d  and  
U n b u r n e d 3 5 - Y e a r - O l d  J a c k  P i n e  

(39  s p e c i e s  t o t a l )

A n n u a l s  a n d  B i e n n i a l s  
(1  s p e c i e s )

Me.ZampyH.um Z Z n z a n z  Lam.

G r a s s e s  a n d  S e d g e s  
(12 s p e c i e s )

A n d n . o p o g o n  gzn.aH.dZZ 
V itm a n

A n d a o p o g a n  Ac.opan.Zu6 
M ichx .

Bn.omu6 k a t m Z Z  G ray
Can . zx  p z n A y Z v a n Z c a  Lam.
V a n Z h o n Z a  A p Z c a Z a  

( L . ) B e au v .
V z a  c h a m p A Z a  f i Z z x u o A a  L.
V Z c k a n Z h z Z Z u m  d z p a u p z n a -  

turn  Muhl.
M u h Z z n b z n . g Z a  me.xZc.ana L.
On.yzopAZA aApzn .Z&oZZa  

M ichx .
On.yzopAZA p u n g z n A  T o r r .
Pa n Z cu m c oZ u m bZ a n u m  

S c r i b n .
S c h . Z z a c . k n z  pun.pun.aAcznA  

T o r r .

P e r e n n i a l  H e rb s
(13  s p e c i e s )

A p o c y n u m  andn.o6ae.mZ-  
f ioZZum L.

AAZzn.  juncZ&on.mZA  Rydb.
Aa Z&h. Z a z v Z A  L.
Fn.agan.Za v Z n g Z n Z a n a  

D u c h e s n e
H z Z Z a n Z h z m u m  c a n a d z n A Z  

M ichx .
H z ZZ a n Z hu A  o c c Z d z n Z a Z Z A  

R id d .

HZzn.acZum v z n o A u m  L. 
L Z a t n Z A  n o v a z - a n g Z Z a z  

L u n e l l
P o Z z n Z Z Z Z a  Z n . Z d z n Z a Z a  A i t .  
PZ zn Z dZ u m a q uZ Z Zn u m  D e s f .  
S z n z c Z o  ZomznZoAUA  M ich x .  
S o Z Z d a g o  s p .
VZoZa  a d u n c a  Sm.

T r e e s  a n d  S h r u b s  
(13  s p e c i e s )

An.cZoAZaph.yZoA u v a -  uh.a Z L. 
Am z Z a n c h Z z n .  s p .
C z a n o Z h u A  o v a Zu A  D e s f .  
CompZonZa  pzn . zgn .Zna  L.
PZnuA b a n k A Z a n a  Lamb.
PnunuA pumZZa  L.
PnunuA a z n o Z Z n a  E h r h .
PnunuA v Z n g Z n Z a n a  L.
QuzncuA  s p p .  ( r e d  oak )
Rubui  p z n A Z Z v a n Z c u A  P o i r .  
V a cc Zn Zu m anguAZZ&oZZum  

A i t .
V a c c Z nZ u m  m y n Z Z Z Z o Zd z A  

M ichx .
1/accZnZum v a c Z Z Z a n A  T o r r .
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F i g .  4 . 8 .  T o t a l  v e g e t a t i o n a l  c o v e r  (m ) , o f  s i t e s  a v e r a g e d  
w i t h i n  y e a r s ,  f o r  u nb u rn ed  3 5 - y e a r - o l d  j a c k  p i n e  s t a n d s  and b u rn e d  
3 5 - y e a r - o l d  j a c k  p i n e  s t a n d s  c o m p r i s i n g  a 5 - y e a r  se q u e n c e  f o l l o w i n g  
b u r n i n g .  V e r t i c a l  b a r s  e q u a l  one SD.

^  35-YEAR JACK PINE
7ZA BURNED 35-YEAR JACK PINE
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A l a r g e  i n c r e a s e  i n  c o v e r  o f  a n n u a l s  a n d  b i ­

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

s i t e s  ( F i g .  4 . 9 ) .  T h i s  s p e c i e s  g r o u p ,  d o m i n a t e d  by  

g e r a n i u m  a n d  r o c k  h a r l e q u i n ,  a v e r a g e d  20% c o v e r  on 

t h e  1 - y e a r - o l d  b u m s ,  w i t h  a  maximum o f  25% on  s i t e  

7B79. A d r a s t i c  r e d u c t i o n  i n  t h e s e  s p e c i e s  was s e e n  

b y  y e a r  2 .  L a r g e  i n c r e a s e s  i n  g r a s s e s  and  s e d g e s  

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

7A80-81 a n d  7B 7 9 -8 0 ,  s u r v e y e d  a s  1 -  a nd  2 - y e a r - o l d  

b u r n s ) .  G r a s s e s  and  s e d g e s  r e p r e s e n t e d  a p p r o x i m a t e l y  

60% o f  t h e  v e g e t a t i o n a l  c o v e r  3 a n d  4 y e a r s  a f t e r  f i r e ,  

b u t  t h e i r  c o v e r  d r o p p e d  b e t w e e n  y e a r s  4 t o  5 ( s i t e  

9 A 8 0 - 8 1 ) . P e r e n n i a l  h e r b s  c o n t r i b u t e d  l i t t l e  t o  t h e  

t o t a l  v e g e t a t i o n a l  c o v e r  on t h e  s i t e s .  The  c o v e r  o f  

t r e e  an d  s h r u b  s p e c i e s ,  s u c h  a s  b l u e b e r r y ,  s a n d  c h e r r y ,  

a n d  s w e e t  f e r n  ( C o m p to n ia  p e r e g r i n a  L . )  was d r a s t i c a l l y  

r e d u c e d  t h r o u g h  y e a r  4 on t h e  b u r n  s i t e s .  By t h e  

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

c h e r r y ,  s a n d  c h e r r y ,  o a k ,  w i l l o w  ( S a l i x  g l a u c o p h y l -  

l o i d e s  F e r n . )  a n d  d e w b e r r y ,  h a d  o c c u r r e d .

G eran iu m  was a d o m in a n t  c o n t r i b u t o r  t o  t h e  c o v e r  

on  f i r s t  y e a r  b u r n s ,  b u t  was a b s e n t  o r  r e d u c e d  t o  

s c a t t e r e d  i n d i v i d u a l s  on t h e s e  s i t e s  t h e r e a f t e r .  To 

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

y e a r s  1 and  2 on  p a t c h e s  d o m i n a t e d  by  g e r a n i u m ,  3 p e r m a ­

n e n t  20 m c o v e r  t r a n s e c t s  w e r e  e s t a b l i s h e d  on s i t e
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F i g .  4 . 9 .  R e l a t i v e  c o v e r  f o r  e a c h  s p e c i e s  g r o u p ,  o f  s i t e s  
a v e r a g e d  w i t h i n  y e a r s ,  f o r  u nb u rn ed  and b u r n e d  3 5 - y e a r - o l d  j a c k  
p i n e  s t a n d s  c o m p r i s i n g  a 5 - y e a r  se q u e n c e  f o l l o w i n g  b u r n i n g .
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7A80. T a b l e  4 . 7  shows t h e  t o t a l  a n d  r e l a t i v e  c o v e r ,  

t o t a l l e d  f o r  60 m, d u r i n g  1980 ( 1 - y e a r - o l d  b u r n )  and 

1981 ( 2 - y e a r - o l d  b u r n ) .  I n  1 98 0 ,  a  t o t a l  o f  14 s p e c i e s  

c o m p r i s e d  t h e  5 0 . 6  m c o v e r  on  t h e  3 t r a n s e c t s  ( P l a t e  

4 . 1 ) .  G e ran iu m  r e p r e s e n t e d  74% o f  t h e  c o v e r ,  f o l l o w e d  

b y  b l u e b e r r y  (10% ),  s a n d  c h e r r y  (6% ),  and  C a r e x  (3%).

I n  1 9 8 1 ,  a l a r g e  d e c r e a s e  i n  v e g e t a t i o n  c o v e r  ( 3 3 . 8  m) 

o c c u r r e d  on  t h e s e  t r a n s e c t s ;  t h i s  was a c c o m p a n ie d  by 

a  l a r g e  i n c r e a s e  i n  s p e c i e s  r i c h n e s s  (24 s p e c i e s )

( P l a t e  4 . 2 ) .  G e ra n iu m  was r e d u c e d  t o  u n d e r  1% c o v e r ,  

w h e r e a s  s e d g e  a n d  b l u e b e r r y  i n c r e a s e d  t o  41% and  34% 

c o v e r ,  r e s p e c t i v e l y .  T h r e e  s p e c i e s ,  S y m p h o r i c a r p o s  

a l b u s  L. ( s n o w b e r r y ) , P r u n u s  v i r g i n i a n a  L. ( c h o k e  

c h e r r y ) , a n d  r o c k  h a r l e q u i n  w e r e  p r e s e n t  i n  1980 b u t  

w e r e  m i s s i n g  f ro m  t h e  1981 s u r v e y .  New s p e c i e s  p r e s e n t  

i n  1981 on t h e s e  t r a n s e c t s  i n c l u d e d  1 a n n u a l ,  5 g r a s s e s ,  

5 p e r e n n i a l  h e r b s ,  and  2 s h r u b s ,  b u t  n o n e  o f  t h e s e  

s p e c i e s  r e p r e s e n t e d  m ore  t h a n  2% o f  t h e  t o t a l  c o v e r .

A r e a s  B u r n e d  By 
W i l d f i r e s

The s i t e s  i n c l u d e d  f o r  t h i s  s t u d y  w e r e  2 a r e a s  

o f  s t a n d i n g  m a t u r e  j a c k  p i n e  a n d  1 c l e a r c u t  a r e a  

( 1 - y e a r - o l d  o f  m ix e d  j a c k  p i n e  and  o a k )  b u r n e d  by  w i l d ­

f i r e .  T h e s e  3 s i t e s  d i s p l a y e d  a  w i d e  r a n g e  i n  s p e c i e s  

c o m p o s i t i o n  a n d  d o m in a n ce  ( T a b l e  4 . 8 ) .  F o r  e x a m p le ,  

s i t e  8 A 7 9 -8 0 -8 1  showed t h e  h i g h e s t  s p e c i e s  r i c h n e s s



TABLE 4 . 7

COMPOSITE DATA FROM 1980 AND I 9 8 I  SURVEY 
OF 3 PERMANENT COVER TRANSECTS (60m) 

ESTABLISHED IN GERANIUM (GERANIUM 
BICKNELLII) PATCHES ON SITE 7A

S p e c i e s
S p e c i e s  p r e s e n t  i n
1980 and 19 8 1

Gcna n iu m  b i c k n c t t i i  
P^iunuA p u m i l a  „ 
Vacc - in ium  i pp .
Ca/tex 4 P P - ^
Ccaiio-Cliua ova-tu i  
A i t e n .  t a c v i i  
A m c t a n c h i c n .  i p .  
V i c . h a n t h e . i l u m  

dcpaupe .ua  turn 
L i t h o i p e n m u m  aa .ve .mc  
C i m i u m  i p .
C a m p a n u la  n o t u n d i  (Jo l i a

S p e c i e s  p r e s e n t  i n  1980  
b u t  a b s e n t  i n  1981

Sym phon. ican .poi  a t b u i  
Paunui v i n g i n i a n a  
C a n i j d a t i i  i c m p e n . v i n . c n i

S p e c i e s  p r e s e n t  i n
1981  o n l y

S t i t e t i o  t o m c n t o i u i  
Q n y z c r p i i i  p u n g c m  
K o c i c n i a  mac^a*ii/ia  
Comp^otua p e 'ieg -ttn a  
F 'laga 'i ia  v i n g i n i a n a .  
S o i i d a g o  i p .
A n d o i t a p h t j i o i  u v a - u m i  
An d n o p o g o n  gcn .an .d i i  
H i e n a c i u m  venoium  
L c c h c a  m in o n  
P an ic um  c a i u m b i a n u m  
V a n t h o n i a  i p i c a t a  
Mctampijnum t i n e a n c

T o t a l s

Cover
1980

T o t a l ( m )  R e l a t i v e ( Z )

C over
19 8 1

T o t a l ( m )  R e l a t i v e ( Z )

3 7 . 6
3 . 0  
5 . 3  
1 . 7

. 2

.1

. 2

. 3

. 2
1. 0

.6

. 3

.1

7 4 . 2
6 . 0  

1 0 . A
3 . 3  

. 4 

. 2 

. 4

. 7

. 4
1 . 9

. 2

1.2
. 6
. 2

. 2  
2 . 7  

1 1 . 2  
1 3 . 5  

. 2 

.1 

. 5

1 . 2
.1
. 5

. 6
8 . 2  

33.  9 
4 1 . 0  

. 7  

. 2  
1 . 6

3 . 7  
. 4 

1. 6

1 . 4
1.1

. 4

5 0 . 6 3 3 . 8

-  i n d i c a t e s  a c o v e r  v a l u e  ( t o t a l  or  r e l a t i v e )  l e s s  th a n  . 0 5 .  

" I n c lu d e s  V. a n g u s t l f o l i u m . V. m y r t i l l o i d e s . and V. v a c i l l a n s .

■^Includes C. p e n s v l v a n i c a  and C. r u g o s p e r m a .
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P l a t e  A . I .  C o v e r  t r a n s e c t  (20 m) t h r o u g h  a 
g e r a n i u m  p a t c h  on  1 - y e a r - o l d  p r e s c r i b e d  b u r n  s i t u .

P l a t e  4 . 2 .  Above c o v e r  t r a n s e c t  a t  y e a r  2 
a f t e r  f i r e ;  n o t e  d i s a p p e a r a n c e  o f  g e r a n i u m .



TABLE 4 . 8

RELATIVE COVER ( C ) t RELATIVE FREQUENCY ( F ) , AND SPECIES RICHNESS (R)
FOR VEGETATIONAL GROUPS ON AREAS BURNED BY WILDFIRE

Years Total
S i te 3 Since Total Cover

Nunber
ha C F R C F R C R R C F R

8A79 2 32 .1 1.8 4 44.0 39.9 14 2 .8 17.6 16 53.0 40.5 13 47 47.4

8A80 3 32 .1  2.2 2 39.4 33.2 12 6.6 23. L 15 54.2 41.5 11 40 52.8
« 7 9 3 30 - - 60.2 49.6 7 1 .1 3.5 5 38.5 47.6 6 18 42.9

8A81 4 32 .2 1.8 3 43.7 38.6 14 7 .6 19.8 15 48.5 39.9 12 44 61.7 ‘
9B80 4 30 - - 71.8 50.0 7 .7 9.9 8 27.1 40.1 6 21 54.7

9BS1 5 30 - - 62.7 42 .9 6 - 2.5 2 37.3 54.6 6 14 56.2

11 6 6 - - 91.8 59.2 6 .5 10.3 1 7.7 30.8 6 13 31.2

00o

^ e e  Table 4 .1 .
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o f  an y  b u r n e d  s i t e ,  i n c l u d i n g  p r e s c r i b e  b u r n e d  c l e a r - 

c u t s  a n d  3 5 - y e a r - o l d  s t a n d s ,  d u r i n g  y e a r s  2, 3 ,  and  

4. I n  c o n t r a s t ,  s i t e  9 B 7 9 -8 0 -8 1  and  s i t e  11 w e r e  t h e  

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

3 ,  4 ,  and 5 ,  a n d  y e a r  6 ,  r e s p e c t i v e l y .  I t  s e e m s ,  

t h e r e f o r e ,  t h a t  c o m p a r in g  t h e s e  s i t e s  a l o n g  a  t e m p o r a l  

s e q u e n c e ,  w i t h  d a t a  a v e r a g e d  w i t h i n  y e a r s ,  w o u ld  be 

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

S i t e  8 A 7 9 -8 0 -8 1  was u n i q u e  b e c a u s e  o f  t h e  h i g h  

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

t h e  f o r e s t  f l o o r .  A l s o ,  t h i s  s i t e  came c l o s e r  t o  

a p p r o a c h i n g  a d e q u a t e  s t o c k i n g  o f  j a c k  p i n e  r e g e n e r a t i o n  

t h a n  a ny  o t h e r  b u r n e d  o r  c l e a r c u t  s i t e  s u r v e y e d  i n  

t h i s  s t u d y .  I n  19 8 0 ,  j a c k  p i n e  r e g e n e r a t i o n  was fo u n d  

i n  13 o f  30 f r e q u e n c y  p l o t s .  The t o t a l  v e g e t a t i o n a l  

c o v e r  on  t h e  s i t e  i n c r e a s e d  f ro m  4 7 .4  m t o  6 1 . 7  m f rom  

y e a r s  1 t o  3; s p e c i e s  c o n t r i b u t i n g  t o  t h i s  i n c r e a s e  

i n c l u d e d  C a r e x , b l u e b e r r y ,  O r y z o p s i s  p u n g e n s , a n d  

b r a c k e n  f e r n .  As s e e n  on  o t h e r  b u r n e d  s i t e s  o f  s i m i l a r  

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

t r i b u t e d  l i t t l e  t o  t h e  v e g e t a t i o n  c o v e r .  H ow ever ,  

t h i s  s i t e  was e s p e c i a l l y  r i c h  i n  p e r e n n i a l  h e r b s .  F r e ­

q u e n t l y  o c c u r r i n g  s p e c i e s  i n  t h i s  g ro u p  w e re  b r a c k e n  

f e r n ,  A s t e r  l a e v i s  L. ( s m o o th  a s t e r ) , S e n e c i o  tom en-  

t o s u s  (w o o ly  r a g w o r t ) , a nd  Apocynum a n d r o s a e m i f o l i u m  L. 

( s p r e a d i n g  d o g b a n e ) . G r a s s e s  a n d  s e d g e s  c o m p r i s e d
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b e tw e e n  39% a nd  44% o f  t h e  c o v e r  on  t h i s  s i t e  d u r i n g  

t h e  3 g r o w in g  s e a s o n s .  D om inan t  g r a s s  s p e c i e s  on t h i s  

s i t e  w e r e  A n d ro p o g o n  s c o p a r i u s  M i c h x . , A. g e r a r d i i  V i t -  

m an ,  S o r g h a s t r u m  n u t a n s  L . , a n d  O r y z o p s i s  p u n g e n s . I n ­

t e r e s t i n g l y ,  C a r e x  c o v e r  on t h i s  s i t e  was among t h e  

l o w e s t  o f  any  b u r n e d  s i t e  o f  a n a l o g o u s  a g e .  T r e e s  and  

s h r u b s  r e p r e s e n t e d  48% t o  53% c o v e r  on t h i s  s i t e  d u r i n g  

t h e  1979 ,  1 9 80 ,  a n d  1981 g r o w i n g  s e a s o n s ;  t h e  d o m in a n t  

s p e c i e s  i n c l u d e d  b l u e b e r r y ,  s a n d  c h e r r y ,  a nd  s w e e t  f e r n .

On s i t e  9 B 79 -8 0 -8 1  a n d  s i t e  1 1 ,  C a r e x  p e n s y l v a n i c a  

r e p r e s e n t e d  f rom  60% t o  86% c o v e r ,  r e s p e c t i v e l y .  F o r  

a l l  p r a c t i c a l  p u r p o s e s  t h e s e  s i t e s  became C a r e x  "m ead­

o w s " ,  on  w h i c h  o t h e r  v e g e t a t i o n  was s u p p r e s s e d  o r  

e x c l u d e d .

S u c c e s s i o n a l  T r e n d s  on 
U nbu rn ed  C l e a r c u t  S i t e s  ,
B u rn e d  C l e a r  c u t  S i te~ iT  
a nd  B u rn e d  3 5 - Y e a r - O l d  
S i t e s

The i n d e x  o f  s i m i l a r i t y  i s  u s e d  h e r e  t o  t e s t  d i f ­

f e r e n c e s  i n  s p e c i e s  c o m p o s i t i o n  b e t w e e n  s i t e  p a i r s ,  

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

a s  d i f f e r e n t  s i t e s  w i t h i n  t h e  same a g e  c l a s s  a n d  b e t w e e n  

d i f f e r e n t  ag e  c l a s s e s .  The i n d e x  o f  s i m i l a r i t y  (S) i s  

c o m p u ted  a s  f o l l o w s :

2C 
A + B

w h e r e  A i s  t h e  number  o f  s p e c i e s  i n  s a m p le  A, B i s
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t h e  num ber  o f  s p e c i e s  i n  s a m p le  B, a n d  C i s  t h e  number  

o f  s p e c i e s  common t o  b o t h  s a m p le s  (Odum 1 9 7 1 ) .  The 

i n d e x  o f  s i m i l a r i t y  r a n g e s  f ro m  0 t o  1;  1 i n d i c a t e s  

i d e n t i c a l  s p e c i e s  c o m p o s i t i o n  oh t h e  s i t e s .

T a b l e  4 . 9  shows t h a t  t h e  d e g r e e  o f  s i m i l a r i t y  

among u n b u r n e d  c l e a r c u t  s i t e s  w i t h i n  a n  a g e - c l a s s  was 

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

c l a s s e s .  F o r  e x a m p l e ,  t h e  a v e r a g e  S v a l u e  among t h e  

2 - y e a r - o l d  s i t e s  i s  0 . 6 5 ,  w h e r e a s  t h e  a v e r a g e  S v a l u e  

f o r  2 - y e a r - o l d  s i t e s  c o m p a red  t o  3 - y e a r - o l d  s i t e s  i s  

0 . 7 0 .  E v en  m ore  s t r i k i n g  i s  t h a t  t h e  a v e r a g e  S v a l u e  

among 4 - y e a r - o l d  s i t e s  i s  0 . 5 6 ,  w h e r e a s  i t  i s  0 . 6 4  

f o r  4 -  and  5 - y e a r - o l d  s i t e  c o m p a r i s o n s  a nd  0 . 6 9  f o r  

4 -  a n d  6 - y e a r  o l d  c o m p a r i s o n s .  T h i s  p a t t e r n  a l s o  o c c u r s  

i n  t h e  3- a n d  5 - y e a r  s e q u e n c e .

When c o m p a r i s o n s  w e r e  made b e t w e e n  c o n s e c u t i v e  

y e a r s ,  i n t r a s i t e  (same s i t e )  s i m i l a r i t i e s  among u n b u r n e d  

c l e a r c u t  s i t e s  w e r e  much g r e a t e r  t h a n  i n t e r s i t e  

( d i f f e r e n t  s i t e s )  s i m i l a r i t i e s  ( T a b l e  4 . 9 ) .  F o r  e x a m p le ,  

s i t e  1B 80-81  was s u r v e y e d  a s  a  1 -  an d  2 - y e a r - o l d  u n ­

b u r n e d  c l e a r c u t  a n d  h ad  a n  S v a l u e  o f  0 . 7 4  when t h e  

d a t a  f ro m  two y e a r s  w e r e  c o m p a re d .  I n  c o n t r a s t ,  

d i f f e r e n t  s i t e s  c o m pared  w i t h i n  1 -  a n d  2 - y e a r  age  

c l a s s e s  h a d  a n  a v e r a g e  S v a l u e  o f  0 . 5 9 .  T h i s  r e l a ­

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

s i t e  c o m p a r i s o n s  b e t w e e n  c o n s e c u t i v e  y e a r s .  O v e r a l l ,



TABLE 4 . 9

YEAR-BY-YEAR COMPARISONS OF THE MEAN INDEX 
OF SIMILARITY (S) FOR UNBURNED CLEARCUT 
SITES COMPRISING A 6-YEAR SEQUENCE, AND 

THE MEAN INTERSITE (DIFFERENT SITES) AND 
MEAN INTRASITE (SAME SITE) INDEX OF 

SIMILARITY OF SITES COMPARED AT 
CONSECUTIVE YEARS

sar 0 1 2 3 4 5

0 .7 4

1 .6 2 .64

2 .67 . 63 .6 5

3 .60 .6 1 .7 0 . 62

4 .5 6 . 5 9 . 6 3 .6 2 . 56

5 . 5 3 .5 7 .60 . 61 . 64 . 59

6 . 53 .60 .58 .6 1 . 69 . 63

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

Y e a r  0 - 1
mean i n t e r s i t e  = .5 9
mean i n t r a s i t e  = .7 4

Y ear 1 - 2
mean i n t e r s i t e  = .6 3
mean i n t r a s i t e  = -

Y e a r 2 - 3
mean i n t e r s i t e  = . 71 
mean i n t r a s i t e  =* .6 8

Y e a r  3 - 4
mean
mean

i n t e r s i t e  = 
i n t r a s i t e  =

.56

.75

Y e a r 4 - 5
mean
mean

i n t e r s i t e  = 
i n t r a s i t e  =*

.6 1  

. 77

Y e a r 5 - 6
mean i n t e r s i t e  = .5 3
mean i n t r a s i t e  =* .8 3
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t h e  mean S v a l u e  f o r  a l l  i n t r a s i t e  a nd  i n t e r s i t e  c o m p a r i ­

s o n s  b e t w e e n  c o n s e c u t i v e  y e a r s  was 0 . 7 5  a n d  0 . 6 0 ,  

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

f r o m  d i f f e r e n t  s i t e s  o v e r  a  t e m p o r a l  s e q u e n c e  w i l l  show 

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

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

o v e r  t i m e  on  t h e  same s i t e .

T h e s e  d a t a  show t h a t  e a c h  s i t e ,  r e g a r d l e s s  o f  

i t s  d i s t u r b a n c e  a g e ,  h a s  a u n i q u e  s p e c i e s  c o m p o s i t i o n .

The S v a l u e  o f  t h e  same s i t e  c o m p a re d  a t  d i f f e r e n t  a g e s

was  g r e a t e r  t h a n  t h a t  o f  d i f f e r e n t  s i t e s  o f  t h e  same

d i s t u r b a n c e  a g e . To i l l u s t r a t e , t h e  mean i n t r a s i t e  S 

v a l u e  f o r  y e a r s  3 -4  i s  0 . 7 5 ,  w h e r e a s  t h e  w i t h i n - y e a r  

S v a l u e  f o r  y e a r  3 a n d  y e a r  4 was 0 . 6 2  a n d  0 . 5 6 ,  r e s p e c ­

t i v e l y .  T h i s  r e l a t i o n s h i p  e x i s t e d  on u n b u r n e d  c l e a r c u t  

s i t e s  f o r  e v e r y  y e a r  o f  t h e  s e q u e n c e .  I n  f a c t ,  t h e  

mean w i t h i n  y e a r  S v a l u e  f o r  t h e s e  s i t e s  was 0 . 6 3 ,

c o m p a red  t o  a  mean i n t r a s i t e  v a l u e  o f  0 . 7 5 .

B u rn e d  c l e a r c u t  s i t e s  o f  t h e  same a g e  w e re  g e n ­

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

s i t e s  o f  d i f f e r e n t  a g e s  ( T a b l e  4 . 1 0 ) .  T h i s  r e l a t i o n s h i p  

c a n  b e  s e e n  i n  y e a r s  1 ,  2 ,  4 ,  a n d  5 .  A l s o ,  i n t r a s i t e  

s i m i l a r i t y  was  c o n s i s t e n t l y  h i g h e r  t h a n  i n t e r s i t e  

s i m i l a r i t y  when s i t e  c o m p a r i s o n s  w e re  made b e t w e e n  

c o n s e c u t i v e  y e a r s .  The mean i n t r a s i t e  S v a l u e  ( 0 . 7 3 )  

f o r  b u r n e d  c l e a r c u t  s i t e s  was much h i g h e r  t h a n  t h e
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TABLE 4 . 1 0

YEAR-BY-YEAR COMPARISONS OF THE MEAN INDEX 
OF SIMILARITY (S)  FOR BURNED CLEARCUT SITES 
COMPRISING A 6-YEAR SEQUENCE, AND THE MEAN 

INTERSITE (DIFFERENT SITES) AND MEAN 
INTRASITE (SAME SITE) INDEX OF 

SIMILARITY, 'OF SITES COMPARED 
AT CONSECUTIVE YEARS

a r 1 2 3 4 5 6

1 .5 8

2 .5 8 .60

3 .6 0 .67 -

4 .5 4 .5 3 ,4 9 . 68

5 .5 1 .47 .47 .6 9 .54

6 .5 2 .55 .4 9 .67 . 65 . 65

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

Y e a r 1 - 2 Y e a r 4 - 5
mean i n t e r s i t e = .5 2 mean i n t e r s i t e  = . 62
mean i n t r a s i t e .6 4 mean i n t r a s i t e  = .76

Y ear 2 - 3 Y e a r 5 - 6
mean i n t e r s i t e .57 me an i n t e r s i t e  = . 55
mean i n t r a s i t e “ . 7 8 me an i n t r a s i t e  = .7 4

Y e a r 3 - 4
mean i n t e r s i t e = . 49
mean i n t r a s i t e = -
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mean w i t h i n  y e a r  S v a l u e  ( 0 . 6 0 ) .

A l t h o u g h  n o t  shown, i n d e x  o f  s i m i l a r i t y  r e l a ­

t i o n s h i p s  among b u r n e d  3 5 - y e a r - o l d  s i t e s  w e r e  s i m i l a r  

t o  t h a t  o f  b u r n e d  a n d  u n b u r n e d  c l e a r c u t s .

D i s c u s s i o n

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

f o r e s t  c o m m u n i t i e s  i n  t h e  Lake  S t a t e s  ( H e in s e l m a n  1973 ,  

Sw a in  1 9 7 3 ) .  E v en  b e f o r e  t h e  a p p e a r a n c e  o f  t h e  a b u n ­

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

1 9 7 0 ' s ,  p e r i o d i c  f i r e  was r e c o g n i z e d  as  a n o r m a l  e v e n t  

i n f l u e n c i n g  t h e  s t r u c t u r e  and  m a i n t e n a n c e  o f  Lake 

S t a t e s  f o r e s t  c o m m u n i t i e s  (C o op e r  1 9 1 3 ,  Graham 1941 ,  

M a i s s u r o w  1 9 41 ,  S t e a r n s  1 9 4 9 ) .  W h ereas  f i r e  h i s t o r y  

h a s  b e e n  w e l l  d o c u m e n te d  i n  a r e a s  s u c h  as  t h e  B o u n da ry  

W a t e r s  Canoe A r e a  i n  M i n n e s o t a ,  i t  i s  s c a r c e  i n  M i c h i g a n .  

S im a r d  and  B l a n k  ( 1 9 8 1 ) ,  i n  one  o f  t h e  few  s u c h  s t u d i e s ,  

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

Mack L ake  f i r e ,  w h i c h  o c c u r r e d  on May 5 ,  1980 ,  i n  O sco d a  

c o u n t y  M i c h i g a n ,  and  fo u n d  t h a t  f i r e  o c c u r r e d  on  a 

s p e c i f i c  s i t e  w i t h  an  a v e r a g e  i n t e r v a l  o f  23 y e a r s  

s i n c e  1830 .

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

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

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

d i d  n o t  g r e a t l y  a l t e r  t h e  s p e c i e s  c o m p o s i t i o n  o r
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r i c h n e s s  o f  t h e  s i t e  (D ix  1 96 0 ,  Vogl  1 9 7 0 ,  K r e f t i n g  

a n d  A h l g r e n  1974 ,  P u r d i e  1 9 7 7 ,  Ohmann an d  G r i g a l  1 9 7 9 ) .  

I n  c o n t r a s t ,  t h e r e  i s  a  d o c u m e n t a t i o n  t h a t  f i r e  

g r e a t l y  i n c r e a s e s  s p e c i e s  r i c h n e s s  ( i . e .  a l t e r s  

s p e c i e s  c o m p o s i t i o n )  o f  t h e  s i t e  ( G a s h w i l e r  1970 ,  

D y r n e s s  1 97 3 ,  P a r s o n s  1 9 7 6 ,  B e l l  a n d  Koch 1 9 8 0 ,  T r a b a u d  

a n d  L e p a r t  1 9 8 0 ,  Abrams a nd  Dickmann 1 9 8 2 ) .  The d a t a  

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

n um ber  o f  u n i q u e  s p e c i e s , w i t h  a  few e x c e p t i o n s , was 

g r e a t e r  on t h e  b u r n e d  s i t e s  t h a n  e i t h e r  u n b u r n e d  c l e a r ­

c u t s  o r  u n b u r n e d  j a c k  p i n e  s t a n d s .

D en s low  (1 9 8 0 )  s u g g e s t s  t h a t  p l a n t  c o m m u n i t i e s  

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

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

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

s h o u l d  d e c r e a s e  d u r i n g  s u c c e s s i o n .  D o c u m e n t a t i o n  

s u p p o r t i n g  t h i s  h y p o t h e s i s  d o e s  e x i s t  ( C h r i s t e n s e n  

a n d  K im ber  1 9 75 ,  P a r s o n s  1 9 7 6 ,  P u r d i e  a n d  S l a t y e r  

1 9 7 6 ,  T r a b a u d  a n d  L e p a r t  1 9 8 0 ) .  Much o f  t h e  l i t e r a t u r e  

s u p p o r t i n g  D e n s l o w ' s  i d e a s  a l s o  s u p p o r t  E g l e r 1s IFC 

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

com m uni ty  w e r e  p r e s e n t  d i r e c t l y  f o l l o w i n g  f i r e .

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

o f  s u c c e s s i o n  f o l l o w i n g  b u r n i n g  on  j a c k  p i n e  s i t e s  

u s e d  i n  t h i s  s t u d y .  The r a p i d  c o n v e r s i o n  and  d o m in a ­

t i o n  o f  a l l  b u t  p o s s i b l y  one  b u r n e d  s i t e  b y  v e g e t a t i o n
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o t h e r  t h a n  j a c k  p i n e  i s  t h e  m a in  d i f f i c u l t y .  H ow ever ,  

t h e  f o r m a t i o n  o f  C a r e x  meadows on  many o f  t h e  d i s t u r b e d  

s i t e s  c a n  be l a b e l l e d  a  " r e g r e s s i v e  s u c c e s s i o n " ,  i n  

t h e  t e r m i n o l o g y  o f  R i c h a r d s  ( 1 9 5 5 ) ;  b e c a u s e  o f  t h e  

a p p a r e n t  s t a b i l i t y  o f  t h e s e  m ea d o w s , t h e y  may be  

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

1 9 54 ,  C o n n e l l  a n d  S l a t y e r  1 9 7 7 ) .  E a r l y  s u c c e s s i o n a l  

t r e n d s  i n  s p e c i e s  r i c h n e s s  a n d  c o m p o s i t i o n  o n  many 

o f  t h e  s i t e s  a r e  c o n s i s t e n t  w i t h  D e n s l o w ' s  h y p o t h e s i s  

a n d  E g l e r ' s IFC m o d e l .  T h a t  b u r n e d  s i t e s  h ad  n e a r l y  

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

4 . 2 ,  4 . 4 ,  and  4 . 6 ) ,  s u p p o r t s  t h e  IFC m o d e l .  E v i d e n c e  

s u p p o r t i n g  D e n s l o w ' s  h y p o t h e s i s  i n c l u d e s  t h e  d e c r e a s i n g  

r i c h n e s s  t h a t  g e n e r a l l y  o c c u r s  i n  a  s e q u e n c e  g o i n g  

f ro m  r e c e n t l y  b u r n e d  a r e a s  t o  3 5 - y e a r - o l d  s t a n d s  t o  

m a t u r e  s t a n d s  ( T a b l e s  4 . 3  a n d  4 . 9 ) .  How ever ,  two a r e a s  

b u r n e d  by  w i l d f i r e s ,  w h i c h  w e r e  d o m i n a t e d  b y  C a r e x , 

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

m e d i a t e - a g e d  o r  m a t u r e  j a c k  p i n e  s t a n d s .  A l s o ,  t h e  

f a c t  t h a t  3 5 - y e a r - o l d  and  m a t u r e  j a c k  p i n e  s t a n d s  e a c h  

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

t h e  o t h e r  a g e  c l a s s  i s  i n c o n s i s t e n t  w i t h  t h e  IFC m o d e l .  

To s u p p o r t  t h i s  m o d e l ,  m a t u r e  s t a n d s  s h o u l d  h a v e  

e s s e n t i a l l y  no s p e c i e s  n o t  p r e s e n t  i n  a n  e a r l i e r  

s u c c e s s i o n a l  s t a g e .  H ow ever ,  t h i s  d i s c r e p e n c y  may 

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

u n c o v e r  e v e r y  s p e c i e s  on  t h e  s i t e .

The d o m i n a t i o n  o f  d i s t u r b e d  s i t e s  by  v e g e t a t i o n ,  

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

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

o f  p l a n t  c o m m u n i t i e s .  W i l l i a m s  et: a l .  (1969)  r e p o r t e d  

t h a t  L a n t a n a  t h i c k e t s  w h i c h  e f f e c t i v e l y  s u p p r e s s  n o r m a l  

s u c c e s s i o n  c a n  fo rm  f o l l o w i n g  c l e a r c u t t i n g  o f  r a i n  

f o r e s t s  i n  Q u e e n s l a n d .  A h l g r e n  (1 97 6 )  showed t h a t  

w i t h o u t  a d e q u a t e  s e e d  s o u r c e s ,  l o g g e d  r e d  a n d  w h i t e  

p i n e  s i t e s  i n  n o r t h e a s t e r n  M i n n e s o t a  w e r e  c o n v e r t e d  

t o  b r u s h l a n d .  R e c e n t l y ,  C a t t e l i n o  et: a l .  ( 1 9 7 9 )  r e c o g ­

n i z e d  t h a t  many d i s t u r b e d  c o m m u n i t i e s  do n o t  f o l l o w  

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

p l a n t  com m uni ty  t o  a  c e r t a i n  d o m in a n t  v e g e t a t i o n  

r e p r e s e n t s  one  p a th w a y  i n  a  m u l t i p l e  p a th w a y  s u c c e s i o n a l  

scheme t h a t  a p p a r e n t l y  e x i s t s  i n  f r e q u e n t l y  d i s t u r b e d  

c o m m u n i t i e s .  M o d e ls  h a v e  b e e n  d e v e l o p e d  b a s e d  on  i n t e r ­

f i r e  p e r i o d  ( C a t t e l i n o  et: a l .  1 9 7 9 ,  K e s s e l l  and  F i s c h e r  

1 9 8 1 ) ,  s c o r c h  h e i g h t  ( K e s s e l l  and  P o t t e r  1 9 8 0 ) ,  and  

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

(N o b le  a n d  S l a t y e r  1980) t o  p r e d i c t  s u c c e s s i o n a l  c h a n g e s  

i n  p l a n t  c o m m u n i t i e s  s u b j e c t  t o  r e c u r r e n t  d i s t u r b a n c e s .

The d a t a  p r e s e n t e d  i n  t h i s  s t u d y  s u p p o r t  t h e  

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

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



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

i s  t h a t  j a c k  p i n e  f a i l e d  t o  r e p r o d u c e  on  t h e s e  s i t e s  

w i t h  a n y  c o n s i s t e n c y  f o l l o w i n g  d i s t u r b a n c e .  U n b urned  

c l e a r c u t  s i t e s  v e r y  q u i c k l y  c o n v e r t e d  t o  C a r e x  

meadows ( s e e  P l a t e  3 . 1 ) .  T h i s  same p a th w a y  was 

f o l l o w e d  by  two a r e a s  b u r n e d  by  w i l d f i r e s  an d  two p r e -  

s c r i b e - b u r n e d  a r e a s .  O t h e r  b u r n e d  a r e a s ,  a p p a r e n t l y  

f o l l o w i n g  a  d i f f e r e n t  d e v e l o p m e n t a l  p a t h w a y ,  w e re  

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

woods s u c h  a s  a s p e n ,  o a k ,  c h e r r y ,  a n d  w i l l o w  ( s e e  

P l a t e  3 . 2 ) .  A n o t h e r  p a th w a y  was t h e  r e e s t a b l i s h m e n t  

o f  a  j a c k  p i n e  d o m i n a t e d  s i t e  ( P l a t e  4 . 3 ) .  C a r e x  

c o v e r  on t h i s  s i t e  was among t h e  l o w e s t  o f  a n y  o f  t h e  

d i s t u r b e d  s i t e s .  P a r t i a l  s h a d e ,  p r o v i d e d  by  t h e  h i g h  

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

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

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

p r o v e n  c o m p e t i t o r  i n  o p e n  s i t u a t i o n s .

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

p a th w a y s  f o l l o w e d  on b u r n e d  s i t e s  a r e  unknown. C e r ­

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

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

s o u r c e s ,  s o i l s  d i f f e r e n c e s ,  b u r n  i n t e n s i t y ,  a nd  d i s ­

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

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

i s  a v a i l a b l e .  B u t ,  e v e n  a l i t t l e  i n f o r m a t i o n  may
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P l a t e  4 . 3 .  V i g o r o u s  j a c k  p i n e  r e p r o d u c t i o n  on a  4 - y e a r -  
o l d  s i t e  b u r n e d  by w i l d f i r e .
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p r o v i d e  some v a l u a b l e  c l u e s  a b o u t  t h e  r e s p o n s e  o f  

a  comm unity  t o  d i s t u r b a n c e .  F o r  e x a m p le ,  c l e a r c u t  

a n d  b u r n e d  s i t e  10B h ad  s c a t t e r e d  a r e a s  o f  a s p e n  w i t h ­

i n  t h e  s i t e  b e f o r e  l o g g i n g  a nd  b u r n i n g .  I t  now 

a p p e a r s  t h a t  t h i s  s i t e  i s  b e i n g  c o n v e r t e d  t o  a s p e n -  

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

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

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

p r e s e n t  on  n e w ly  d i s t u r b e d  s i t e s .  T h e s e  r e l i c t  s p e c i e s  

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

i n  s h a p i n g  t h e  p o s t - d i s t u r b a n c e  com m uni ty .

I n  many i n s t a n c e s  s i t e s  o f  t h e  same d i s t u r b a n c e  

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

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

by  m u l t i p l e  s u c c e s s i o n a l  p a t h w a y s ,  b e c a u s e  s i t e s  f o l l o w ­

i n g  t h e  same p a th w a y  ( e . g .  C a r e x  meadows o r  d o m i n a t i o n  

by  e a r l y  s u c c e s s i o n a l  h a rd w o o d s )  w e r e  more  s i m i l a r  

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

w a y s .  H ow ever ,  e v e n  s i t e s  f o l l o w i n g  t h e  same s u c c e s ­

s i o n a l  p a th w a y  w e r e  h i g h l y  u n i q u e ;  a  s i t e  was c o n s i s ­

t e n t l y  more  s i m i l a r  t o  i t s e l f ,  e v e n  o v e r  a  t h r e e  y e a r  

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

a g e .  I t  was a l s o  n o t e d  t h a t  a  u n i q u e  s e t  o f  s p e c i e s  

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

T h e r e f o r e ,  t h e  i n d i v i d u a l i s t i c  ( G l e a s o n  1926)  n a t u r e  

o f  e a c h  s i t e ,  r a t h e r  t h a n  age  f o l l o w i n g  d i s t u r b a n c e ,
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becom es  t h e  d o m in a n t  a s p e c t  i n  d i s c e r n i n g  s u c c e s s i o n a l  

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

i s  c o n s i s t e n t  w i t h  B e l l  a n d  Koch ( 1 9 8 0 ) ,  who fo u n d  

t h a t  g e o g r a p h i c  a r e a  was m ore  i m p o r t a n t  t h a n  t i m e -  

s i n c e - l a s t - b u r n  i n  d e t e r m i n i n g  s i m i l a r i t y  o f  s i t e s  

i n  t h e  j a r r a h  f o r e s t s  o f  W e s t e r n  A u s t r a l i a .

The u n i q u e  com m uni ty  on e a c h  s i t e  makes  i t  v e r y  

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

s i t e s  a l o n g  t e m p o r a l  s e q u e n c e s .  F o r  e x a m p l e ,  s i t e  

7B81 ( b u r n e d  c l e a r c u t )  showed s t r o n g  i n d i c a t i o n s  o f  

b e i n g  c o n v e r t e d  t o  a  C a r e x  meadow; t h i s  s i t e  h ad  a  

s p e c i e s  r i c h n e s s  o f  24 a t  y e a r  3. S i t e s  10A a n d  10B 

( 4 - ,  5 - ,  a nd  6 - y e a r - o l d  p r e s c r i b e d  b u r n s )  w e r e  b e i n g  

c o n v e r t e d  t o  s h r u b  and  e a r l y  s u c c e s s i o n a l  h a rd w o o d s  

and  w e r e  r i c h e r  i n  s p e c i e s  (36 a nd  39 s p e c i e s ,  r e s p e c - ■ 

t i v e l y  a t  y e a r  4 ) .  T h e r e  i s  no  way s i t e  7B a t  age  4 

w i l l  r e s e m b l e  s i t e s  10A79 and  10B79. The d e v e l o p m e n t a l  

p r o c e s s e s  on t h e s e  s i t e s  a r e  t o o  v a r i e d .  A l s o ,  d a t a  

was c o l l e c t e d  f ro m  two s i t e s  c o m p r i s i n g  y e a r s  1 ,  2 ,  

a nd  3 and  two d i f f e r e n t  s i t e s  c o m p r i s i n g  y e a r s  4 ,  5 ,  

a nd  6 f o l l o w i n g  f i r e  t o  e s t a b l i s h  t h e  b u r n e d  c l e a r c u t  

s e q u e n c e .  T h i s  e x p l a i n s  t h e  a n o m a lo u s  i n c r e a s e  i n  

s p e c i e s  r i c h n e s s  a nd  a v e r a g e  r i c h n e s s  p e r  p l o t  t h a t  

o c c u r r e d  b e t w e e n  y e a r s  3 and  4 ( F i g .  4 . 4 ) .

I t  i s  g e n e r a l l y  t h o u g h t  t h a t  d i s t u r b a n c e  s e t s  

b a c k  com m uni ty  s u c c e s s i o n  t o  a n  e a r l i e r  d e v e l o p m e n t a l
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s t a g e  ( C le m e n t s  1 9 16 ,  M a r g a l e f  1 9 6 3 ,  Odum 1 9 7 1 ) .

J a c k  p i n e  i s  among t h e  m o s t  s h a d e  i n t o l e r a n t  Lake  

S t a t e s  s p e c i e s ,  a nd  h i s t o r i c a l l y  n e e d e d  p e r i o d i c  f i r e  

t o  p e r p e t u a t e  i t s e l f .  I n  t h e  a b s e n c e  o f  f i r e ,  j a c k  

p i n e  s t a n d s  w i l l  e v e n t u a l l y  be  r e p l a c e d  by  more  

t o l e r a n t  h a rd w o o d s  a n d  c o n i f e r s , w h i c h  a r e  i n  t u r n  

f o l l o w e d  by  l a t e r  s u c c e s s i o n a l  a s s o c i a t i o n s  (E y re  and  

L e B a r r o n  1 94 4 ,  H e i n s e l m a n  1 9 7 3 ) .  I n  t h i s  s t u d y ,  how­

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

m en t  o f  j a c k  p i n e  t o  e a r l y  s u c c e s s i o n a l  h a rd w o o d s .

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

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

s u c h  a s  a s p e n ,  c h e r r y ,  o a k ,  a nd  w i l l o w  s u r v i v e d  t h e  

f i r e  a nd  s p r e a d  v e g e t a t i v e l y  o r  becam e e s t a b l i s h e d  

a f t e r  t h e  f i r e  by  s e e d .

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

a r e a s  on  w h i c h  j a c k  p i n e  d i d  n o t  becom e a d e q u a t e l y  

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

X, t h e r e f o r e ,  c a n n o t  s a y  w h a t  t h e  u l t i m a t e  f a t e  o f  

t h e  c l e a r c u t  a n d / o r  b u r n e d  a r e a s  u s e d  i n  t h i s  s t u d y  

w i l l  b e .  J a c k  p i n e ,  a l t h o u g h  r a r e ,  was  p r e s e n t  on  

e v e r y  s i t e  u s e d  i n  t h i s  s t u d y .  I f  t h e s e  i n d i v i d u a l s  

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

f i n d  a d e q u a t e  " s a f e  s i t e s "  ( H a r p e r  1977)  f o r  g e r m i n a ­

t i o n ,  j a c k  p i n e ,  o v e r  a  l o n g  t i m e  p e r i o d ,  may a g a i n  

d o m i n a t e  t h e  s i t e .  T h e r e  i s  d o c u m e n t a t i o n  t h a t  j a c k



p i n e  c a n  become r e e s t a b l i s h e d  i n  a r e a s  i t  o n c e  d o m in a ­

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

t u r b a n c e  (Thomson 1 9 4 3 ,  V o g l  1 9 6 4 ,  M a r s h a l l  1 9 8 0 ) .

T h i s  s i t u a t i o n ,  i f  i n  f a c t  p o s s i b l e  on t h e s e  s i t e s ,  

a p p e a r s  m ore  l i k e l y  t o  o c c u r  on  t h e  s i t e s  c o v e r t e d  

t o  C a r e x  meadows.  T h e s e  s i t e s  a r e  n o t  d e v e l o p i n g  

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

f l o o r ,  e v e n  6 y e a r s  a f t e r  l o g g i n g  o r  b u r n i n g ,  i s  s t i l l  

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

u n l i k e l y  t h a t  j a c k  p i n e ,  b e c a u s e  o f  i t s  e x t r e m e l y  low 

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

o f  e a r l y  s u c c e s s i o n a l  h a r d w o o d s .  S u c c e s s i o n  on  t h e s e  

s i t e s  may be  a r r e s t e d  a t  a  s h r u b - e a r l y  h a rd w o o d  s t a g e ,  

o r  may p r o g r e s s  t o  l a t e r  s u c c e s s i o n a l  a s s o c i a t i o n s .  

H ow ever ,  l a t e r  a s s o c i a t i o n s  d e v e l o p i n g  on  t h e s e  s i t e s  

w i l l  be  l i m i t e d  by  t h e  e x t r e m e  e d a p h i c  c o n d i t i o n s  

im p o s e d  by  t h e  G r a y l i n g  s a n d  s e r i e s ,  w h i c h  r e p r e s e n t s  

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

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

c a p a b i l i t i e s .  A s u g a r  m a p l e -  b a s s w o o d  o r  s p r u c e - f i r  

a s s o c i a t i o n ,  s a i d  t o  e v e n t u a l l y  r e p l a c e  j a c k  p i n e  i n  

t h e  a b s e n c e  o f  f i r e  ( E y r e  a n d  L e B a r r o n  1 9 4 4 ) ,  seems 

u n l i k e l y  on  t h e s e  s i t e s ;  n o r t h e r n  r e d  o a k ,  r e d  m a p l e ,  

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

p o s s i b i l i t i e s .  A l s o ,  any  i n t e r m e d i a t e  o r  l o n g - r a n g e  

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

i n  n o r t h e r n  l o w e r  M i c h i g a n ,  and  a r e  t h e  f a c t o r s  t h a t  

u l t i m a t e l y  s h a p e  t h e  v e g e t a t i o n  i n  t h e  a r e a .



CHAPTER V

FLORXSTIC COMPOSITION BEFORE AND AFTER 
FIRE ON A JACK PINE CLEARCUT SITE 

IN NORTHERN LOWER MICHIGAN

I n t r o d u c t i o n  

T h e r e  e x i s t  t h r e e  b r o a d  s t r a t e g i e s  i n  d a t a  

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

a n d / o r  com p are  d i s t u r b e d  s i t e s  t o  o t h e r  s i t e s  t h a t  h a v e  

n o t  b e e n  r e c e n t l y  d i s t u r b e d .  One s t r a t e g y  i s  t o  s u r v e y  

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

t e m p o r a l  s e q u e n c e  r a n g i n g  f ro m  n e w ly  d i s t u r b e d  t o  

l o n g - s i n c e  d i s t u r b e d  (V og l  1 9 7 0 ,  Hanes  1 9 7 1 ,  S h a f i  and  

Y a r r a n t o n  1 9 7 3 ,  P a r s o n s  1 9 7 6 ,  B e l l  and  Koch 1 9 8 0 ) .  A 

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

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

s o o n  a f t e r  a  f i r e  and  t h e n  s u r v e y i n g  t h e s e  s i t e s ,  

u s u a l l y  a n n u a l l y ,  f o r  v a r y i n g  l e n g t h s  o f  t i m e  ( A h l g r e n  

1 9 6 0 ,  Lyon a n d  S t i c k n e y  1 9 7 6 ,  Ohmann a n d  G r i g a l  1979 ,  

T r a b a u d  and  L e p a r t  1 9 8 0 ) .  T h e s e  t y p e s  o f  s t u d i e s  

may i n c l u d e  d a t a  f ro m  a d j a c e n t  s t a n d s  t h a t  a r e  r e p r e ­

s e n t a t i v e  o f  t h e  p r e - d i s t u r b e d  c o n d i t i o n  ( A h l g r e n  1960 ,  

Ohmann a n d  G r i g a l  1 97 9 ,  U h l  et: a l .  1 9 8 1 ) .  A t h i r d  

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

t o  e s t a b l i s h  p e r m a n e n t  p l o t s  i n  a n  a r e a  p r i o r  t o

98
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b u r n i n g .  D a t a  i s  t h e n  c o l l e c t e d  f ro m  t h e  p r e - d i s t u r b e d  

com m uni ty  a n d  f ro m  t h e  d i s t u r b e d  com m uni ty  f o r  v a r y i n g  

l e n g t h s  o f  t im e  f o l l o w i n g  d i s t u r b a n c e .  T h i s  s t r a t e g y  

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

a g e d  s i t e s  i n  e s t a b l i s h i n g  s u c c e s s i o n a l  t r e n d s .  Few er  

a u t h o r s  h a v e  u t i l i z e d  t h e  l a t t e r  a p p r o a c h  ( G a s h w i l e r  

197 0 ,  D y r n e s s  1 97 3 ,  P u r d i e  a n d  S l a t y e r  1 9 7 6 ) .  To my 

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

u s e d  i n  f i r e  s u c c e s s i o n  s t u d i e s  i n  t h e  L ake  S t a t e s .

I n  1 9 7 9 ,  a c l e a r c u t  a r e a  on M i c h i g a n  D e p a r t m e n t  

o f  N a t u r a l  R e s o u r c e s  (DNR) l a n d  was d e s i g n a t e d  t o  

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

t h e  t h i r d  s t r a t e g y .  On t h i s  a r e a  i t  was  p o s s i b l e  

t o  1) m o n i t o r  b l o c k s  b e f o r e  an d  a f t e r  b u r n i n g ,  2) e v a l u ­

a t e  f i r e  i n t e n s i t y  t o  d e t e r m i n e  i t s  e f f e c t s  on v e g e ­

t a t i o n a l  c h a n g e s ,  3) c h a r a c t e r i z e  v e g e t a t i o n a l  d e v e l o p ­

m en t  on u n b u r n e d  c l e a r c u t  b l o c k s ,  and  4) c o m p are  b u r n e d  

an d  u n b u r n e d  c l e a r c u t  b l o c k s  w i t h  a n  a d j a c e n t  m a t u r e  

j a c k  p i n e  s t a n d .

M e thods

The e x p e r i m e n t a l  b u r n  a r e a  was  c l e a r c u t  i n  1976 

f ro m  m a t u r e  j a c k  p i n e  ( 6 5 - y e a r s - o l d ) , a n d  was  u n t r e a t e d  

t h e r e a f t e r .  See  C h a p t e r  2 f o r  a  m ore  d e t a i l e d  d e s c r i p ­

t i o n  o f  t h e  e x p e r i m e n t a l  b u r n  a r e a  and  m a t u r e  j a c k  p i n e  

s i t e  13A u s e d  i n  t h i s  s t u d y .
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I n  1979 t h e  e x p e r i m e n t a l  b u r n  s i t e  was d i v i d e d  

i n t o  6 b l o c k s  r a n g i n g  f ro m  1 . 0  t o  1 . 5  h a .  T h r e e  b l o c k s  

( 1 ,  3 ,  6) w e r e  r a n d o m l y  d e s i g n a t e d  t o  be  b u r n e d  and  

t h e  t h r e e  r e m a i n i n g  b l o c k s  ( 2 ,  k ,  5)  w e r e  t o  be  l e f t  

u n b u r n e d .  D u r i n g  J u l y  1 9 79 ,  15 p e r m a n e n t  1 m2 f r e ­

q u e n c y  p l o t s  a n d  2 p e r m a n e n t  20 m c o v e r  t r a n s e c t s  w e r e  

r a n d o m l y  l o c a t e d  i n  e a c h  b l o c k ;  a t  t h a t  t im e  t h e  v e g e ­

t a t i o n  was  r e c o r d e d .  On S e p t e m b e r  1 9 ,  19 7 9 ,  t h e  t h r e e  

d e s i g n a t e d  b l o c k s  w e r e  b u r n e d  b y  p e r s o n n e l  o f  t h e  M i c h i ­

g an  DNR. H ow ever ,  b l o c k  6 was n o t  c o m p l e t e l y  b u r n e d ;  

t h i s  r e s u l t e d  i n  o n l y  6 f r e q u e n c y  p l o t s  and  1 c o v e r  

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

o n l y  t h e s e  b u r n e d  p l o t s  f ro m  b l o c k  6 w e r e  i n c l u d e d  i n  

t h e  d a t a  a n a l y s e s . The b u r n e d  and  u n b u r n e d  b l o c k s  w e r e  

r e s u r v e y e d  d u r i n g  t h e  1980 and  1981 g r o w i n g  s e a s o n s .

B u rn  i n t e n s i t y  was e v a l u a t e d  u s i n g  a  m e th o d  m o d i ­

f i e d  f ro m  t h a t  d e s c r i b e d  b y  A h l g r e n  ( 1 9 6 0 ) .  D u r i n g  

J u l y  1 9 7 9 ,  a  s t e e l  d u f f  p i n  was p l a c e d  a t  a  r a n d o m l y  

c h o s e n  c a r d i n a l  d i r e c t i o n  a d j a c e n t  t o  10 r a n d o m l y  c h o s e n  

f r e q u e n c y  p l o t s  i n  b l o c k s  1 a n d  3. The p i n s  w e r e  l o c a t e d  

s u c h  t h a t  t h e i r  c o l l a r  was e x a c t l y  l e v e l  w i t h  t h e  to p  

o f  t h e  l i t t e r  l a y e r  ( u n a l t e r e d  o r  o n l y  s l i g h t l y  decom­

p o s e d  p l a n t  m a t e r i a l ) . The d ay  a f t e r  t h e  a r e a  was  

b u r n e d ,  t h e  d u f f  p i n s  w e r e  l o c a t e d  and  t h e  am ount  o f  

consum ed  o r g a n i c  m a t t e r  was m e a s u r e d .  A l s o  n o t e d  a t  

e a c h  d u f f  p i n  was w h e t h e r  1) t h e  l i t t e r  l a y e r  was s t i l l
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p r e s e n t  ( i . e .  low i n t e n s i t y  b u r n ) , 2) t h e  l i t t e r  

l a y e r  was  consum ed  b u t  p a r t  o f  t h e  d u f f  l a y e r  (m o d e r -  

a t e - t o  w e l l  d e co m p o se d  o r g a n i c  m a t t e r )  was s t i l l  

i n t a c t  ( i . e .  m o d e r a t e  i n t e n s i t y  b u r n ) ,  o r  3) a l l  o r ­

g a n i c  m a t t e r  was  c on sum ed ,  e x p o s i n g  m i n e r a l  s o i l  

( i . e .  h i g h  i n t e n s i t y  b u r n ) .

The u n d e r s t o r y  ( v a s c u l a r  v e g e t a t i o n  <_ 1 . 5  m) o f  

t h e  a d j a c e n t ,  m a t u r e ,  u n c u t  j a c k  p i n e  s i t e  was s u r v e y e d  

d u r i n g  t h e  summer o f  1981 u s i n g  30 f r e q u e n c y  p l o t s  a n d  

t h r e e  20 m c o v e r  t r a n s e c t s  a s  d e s c r i b e d  i n  C h a p t e r  3 .

R e s u l t s

T a b l e  5 . 1  shows t h e  r e l a t i v e  c o v e r  a n d  r e l a t i v e  

f r e q u e n c y  o f  e a c h  s p e c i e s ,  b y  s p e c i e s  g r o u p  ( a n n u a l s  

a n d  b i e n n i a l s ,  g r a s s e s  a n d  s e d g e s ,  p e r e n n i a l  h e r b s ,  

a n d  t r e e s  a n d  s h r u b s ) ,  s u r v e y e d  i n  1 9 79 ,  1 9 8 0 ,  and  

1981 ( 3 - ,  4 - ,  a nd  5 - y e a r - o l d  c l e a r c u t )  a s  a  c o m p o s i t e  

o f  t h e  3 u n b u r n e d  b l o c k s .  T r e n d s  i n  d i v e r s i t y  on  t h e  

u n b u r n e d  b l o c k s  show t h e  mean t o t a l  r i c h n e s s  i n c r e a s e d  

f ro m  1979 t o  1980 and  d e c r e a s e d  i n  1981 ( T a b l e  5 . 2 ) .

The i n c r e a s e d  r i c h n e s s  s e e n  i n  1980 was  m a i n l y  due  

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

i n g  D a n t h o n i a  s p i c a t a  ( L . ) B e a u v . , D i c h a n t h e l i u m  

d e p a u p e r a t u m  M u h l . , A n d ro p og o n  g e r a r d i i  V i tm a n ,  a n d  

O r y z o p s i s  p u n g e n s  T o r r .  ( T a b l e  5 . 1 ) .  The mean a v e r a g e  

r i c h n e s s  p e r  p l o t  on t h e  b l o c k s  d i d  n o t  c h a n g e ,  a n d
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TABLE 5.L
RELATIVE COVER AND RELATIVE FREQUENCY OF 
EACH SPECIES, BY SPECIES GROUP, SURVEYED 

IN 1 9 7 9 ,  1 9 8 0 ,  AND 1 9 8 1  ( 3 - ,  4 - ,  AND 5 -  
YEAR-OLD CLEARCUT, RESPECTIVELY), AS A 

COMPOSITE OF THE 3 UNBURNED BLOCKS

Y ear  o f  S u r v e y
1 9 7 9  1980  1981

S p e c i e s  C over(T T  F r e q (Z )  C o v er (T T  F r e g ( Z) C over(T T  F req (Z )

A n n u a ls  and B i e n n i a l s
Me,£ampy4um £ine.aA£ -  -  -  1 , 4  .7

G r a s s e s  and S e d g e s
C a ie x  pc.«4^£va*i£ca 6 5 . 3  3 0 . 0
A n d x a p o g a n  g c x a x d i i  , 1  , 5
Dau£(ioHia i p i z a t a  -  . 5
O x t j z o p i i i  p u n g z m  . 1  . 5
O x t j z o p i i i  a i p z x i & o l i a  -  1 .0
V i c h a n t h z l i u m  

d z p a u p z x a t u m

P e r e n n i a l  Herbs
Ptzx.-id4.tim a q u i l i n u m  3 . 3  1 0 . 6
G a u l t h z x i a  p /iocum bani , 3  4 .  A
P o t z n t i Z Z a  t x i d z n t a t a  -  1 .0
Apocynum a n d x o i a z m i -

iJo££um .1 1 .2
C a m pan ul a  x o t u n d i i o Z i a  -  . 5
A i t z x  Z a z v i i  .1

T r e e s  and S h ru b s
1/acc-i.n-tum 4 p p .   ̂ 2 2 . 7  2 8 . 3
Pdunua putni£d 1 . 8  8 . 8
Cotnpiotiia p z x z g x i n a  . 2  1 . 2
A x z  to i i a p i t t j l o i  u v a - u X i i  5 . 1  3 . 9
P£hu4 b a n k i i a n a  , 1  3 . 7
E p i g z a  X z p z m  -  1 . 0
Rubui h i i p i d u i  -  . 5
Que'tca-i 4pp . ( r e d  oak) 1 .0
PduMuJ i z x o t i n a  -  2 . A
A m z l a n c h i z x  i p .

7 0 . 3 2 9 .0 7 6 . 7 30.  A
- 1 . 3 - 1 . 1
. 1 2 . 7 - 1 . 5
. 2 . 5 . 2 3 . 6
- 1 . 1 . 1 1 . 1

. 3 1 . 3 . 1 2 . 0

. 3 6 . 2 - 5 . 7
- 3 . 6 - 3 . 0
- 1 . 1 - -

- 1 . 2 - -

. 1 - - -

2 3 . 8 2 8 .  A 1 8 . 3 2 9 . 2
1 . 3 10 .  9 . 9 1 2 . 0

.  1 1 . 2 - . 8
2.  A 3 . 9 2 . 0 3 . 0

. 2 2 . 7 . 5 2 . 8
- 1 . 1 - 1 . 1
- . 5 - 1 . 1
. 7 . 5 . 7 -

. 5 1 . 5 . 5 -
- - . 1 -

^ I n c l u d e s  V. a n g u s c i f o l i u m . V. m v r t i l l o l d e s . and V. v a c i l l a n s .
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TABLE 5 . 2

DIVERSITY TRENDS OVER THE 1 9 7 9 ,  1 9 80 ,  AND 1981 
GROWING SEASONS, EXPRESSED AS TOTAL SPECIES 

RICHNESS, RICHNESS OF EACH SPECIES GROUP, 
AVERAGE RICHNESS PER 1 m 2 PLOT, AND 

SHANNON INDEX, AVERAGED AMONG THE 
UNBURNED CLEARCUT BLOCKS

Y e a r  o f  S u r v e y

D i v e r s i t y  1979 1980

T o t a l  S p e c i e s  R i c h n e s s  1 2 . 4  1 4 . 7

R i c h n e s s  -  A n n u a l s  and
B i e n n i a l s  - .3

-  G r a s s e s  and
S e d g e s  2 . 7  4 . 7

-  P e r e n n i a l
H e r b s  3 . 7  3 . 0

-  T r e e s  and
S h r u b s  6 . 0  6 . 7

A v e r a g e  R i c h n e s s  p e r  
i P l o t  3 . 4  3 . 4

S h an n on  I n d e x  .9 5  .8 1

1981

1 2 .4

.7

4 .0  

1 . 7

6 . 0

3 . 4

.70
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a  s l i g h t  d e c l i n e  i n  t h e  S h a n n o n  I n d e x  was s e e n  o v e r  

t h e  1 9 7 9 ,  1 9 80 ,  and  1981 s u r v e y s .  H ow ever ,  a l l  c h a n g e s  

i n  t h e s e  d i v e r s i t y  i n d i c e s  o v e r  t h e  t h r e e  g r o w in g  

s e a s o n s  w e r e  n o n s i g n i f i c a n t .

S i g n i f i c a n t  i n c r e a s e s  (P < .0 1 )  i n  t o t a l  c o v e r  

o c c u r r e d  o v e r  t h e  t h r e e  g r o w i n g  s e a s o n s  ( F i g .  1) due 

t o  t h e  s p r e a d  o f  C a r e x  p e n s y l v a n i c a  Lam. on  a l l  u n b u r n e d  

b l o c k s  ( P l a t e  5 . 1 ) .  A n n u a l s  a n d  b i e n n i a l s  p r o d u c e d  

no c o v e r  w h i l e  t h e  r e l a t i v e  c o v e r  o f  p e r e n n i a l  h e r b s  

was n e g l i g i b l e  on  a l l  u n b u r n e d  b l o c k s .  R e l a t i v e  c o v e r  

o f  g r a s s e s  a n d  s e d g e s  i n c r e a s e d  s i g n i f i c a n t l y  (P <.01> 

w h e r e a s  t r e e s  a n d  s h r u b s  d e c l i n e d  s i g n i f i c a n t l y  (P c . O l )  

o v e r  t h e  t h r e e  y e a r s .

T a b l e  5 . 3  su m m a r iz e s  a d d i t i o n s  and  l o s s e s  o f  

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

d u r i n g  1 9 79 ,  1 98 0 ,  and  1 9 81 .  Sev en  s p e c i e s  d i s a p p e a r e d  

f ro m  p l o t s  b e t w e e n  t h e  1 9 7 9 -1 9 8 0  g r o w i n g  s e a s o n s .  - 

B r a c k e n  f e r n  was m o s t  f r e q u e n t l y  l o s t  f ro m  t h e  u n b u r n e d  

p l o t s .  A t o t a l  o f  9 s p e c i e s  w e r e  a d d e d  t o  u n b u r n e d  

p l o t s  b e t w e e n  1979 and  1 9 8 0 ,  P r u n u s  p u m i l a  L. ( s a n d  

c h e r r y )  and  D i c h a n t h e l i u m  d e p a u p e r a tu r n  b e i n g  t h e  m o s t  

common a d d i t i o n s .  From 1980 t o  1981 ,  10 s p e c i e s  w e r e  

l o s t  f ro m  t h e  p l o t s ,  w h e r e a s  9 s p e c i e s  w e r e  a d d e d .  

O r y z o p s i s  p u n g e n s  and  Melampyrum l i n e a r e  Lam. (cow- 

w h e a t )  w e r e  t h e  m o s t  common a d d i t i o n s  t o  t h e  p l o t s  i n  

1981 .
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F i g .  5 . 1 .  T o t a l  c o v e r  (m) and r e l a t i v e  c o v e r  (%) f o r  e a c h  

s p e c i e s  g r o u p ,  a s  a  c o m p o s i t e  o f  t h e  3 u n b u rn ed  b l o c k s ,  s u r v e y e d  
i n  1979, 1980,  and 1931.



P l a t e  5 . 1 .  C a r e x  p e n s y l v a n l c a  d o m i n a t i n g  u n b u r n e d  
b l o c k s  a t  y e a r  4 a f t e r  c l e a r c u t t i n g .
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TABLE 5.3.
ADDITIONS AND LOSSES OF SPECIES, AS A COMPOSITE 

OF THE 3 UNBURNED BLOCKS, SURVEYED IN 1 9 7 9 ,  
1 9 8 0 ,  AND 1 9 8 1 .  VALUES FOR LOSSES OF SPECIES 

ARE EXPRESSED AS A RATIO OF NUMBER OF PLOTS 
IN WHICH A SPECIES WAS LOST IN A SURVEY,

OVER THE NUMBER OF PLOTS IT WAS PRESENT 
IN THE PREVIOUS YEAR SURVEY

S p e c i e s  L o s t  B e tw e e n  
197 9 -1 9 8 0  S u rv d y

P t c i l d l u m  C L q u l t l n u m  
P/tunui p urn i t  a 
C a m p a n u la  l o - t u n d l ^ a l l a  
V a c c i n l u m  i p p ,  
O u j z o p i l i  a & p c i l $ o l i a  
PJtunui i c i o l l n a  
G a u t t t i c i - i a  p i o c u m b c n i

Number o f  P l o t s
_______L o s t _______

T o t a l  P r e s e n t

8 / 1 7
1 / 1 3
1/1
1 / 4 2
1 / 2
1 / 3
1 / 7

S p e c i e s  Added B etw een  
1 9 7 9 - 1 9 8 0  S u r v e y

QueAcui i p p .  ( r e d  oak)  
Paunui p u m ifa  
01  c h a n  t h e  H u m  

d c p a u p c i a t u m  
Vacc-infum i p p .  
P t e i i d i u m  a q u l t i n u m  
Oan-thonia.  ip - ica -ta  
A n d i a p o g o n  g c i a i d l l  
Mctampi j lum t l n c a i c  
Ap o c y n u m  a n d i o & a c m l -  

tf o l l u m

Number o

1
3

3
2
1
2
1
2

Number o f  P l o t s
 L o s t _______

T o t a l  P r e s e n t
S p e c i e s  L o s t  B e tw e e n  
1 9 8 0 - 1 9 8 1  S u r v e y

QueAcui i p p .  ( r e d  oak )  1 / 1
V a n t h o n i a  i p i c a t a  1 / 3
P o t c n t l l l a  t i l d & n t a t a  1 / 2
G a u l t h c i l a  p i o c u m b c n i  1 / 6
A i c t o i t a p h g l o i  u v a - u i & l  1 / 6
P^luHUi i c i o t i n a  1 / 2
A n d i o p o g o n  g e i a i d i i  1 / 2
Metamptj ium l i n c a i c  2 / 2
P t c i l d i u m  a q u i t i n u m  2 / 8
Apoct jnum a n d i o i a c m l -

f i o l i u m  1 / 2

S p e c i e s  Added B e tw e e n  
1 9 8 0 - 1 9 8 1  S u r v e y ______

And^LOpogoH g e i a i d i l  
O i i j z o p i i q  p u n g e n i  
C o m p t o n i a  p c i e g i l n a ,  
M c la m p y iu m  t i n z a i c  
Rubui k - L i p i d u i  
P t e i i d i u m  a q u l t l n u m  
G a u l t h & l i a  p /iocum beni  
p/iunui p u m l l a  
CaiCK p e m t j l v a n i c a

Number o

f  P l o t s

P l o t s
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T a b l e  5 . 4  shows t h e  r e l a t i v e  c o v e r  and  r e l a t i v e  

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

i n  1979 ( 3 - y e a r - o l d  c l e a r c u t ) , and  1980 and  1981 ( 1 -  

a nd  2 -  y e a r - o l d  p r e s c r i b e d  b u r n ,  r e s p e c t i v e l y ) , a s  a 

c o m p o s i t e  o f  t h e  3 b u r n e d  b l o c k s .  S u b s t a n t i a l  c h a n g e s  

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

i n d u c e d  b y  b u r n i n g .  O ver  t h e  t h r e e  g r o w i n g  s e a s o n s  

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

s i g n i f i c a n t l y  (P < .0 5 )  i n  r e l a t i v e  f r e q u e n c y ,  w i t h  

b r a c k e n  f e r n ,  w i n t e r g r e e n  ( G a u l t h e r i a  p ro c u m b e n s  L . ) , 

and  k i n n i c k  k i n i c k  ( A r c t o s t a p h y l o s  u v a - u r s i  L . )  show­

i n g  t h e  l a r g e s t  d e c r e a s e s  d u r i n g  t h i s  i n t e r v a l .  I n  

s p i t e  o f  t h e  l o w e r e d  f r e q u e n c y  o f  C a r e x  f o l l o w i n g  

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

c a n t l y  i n c r e a s e d  (P < .0 1 )  i n  r e l a t i v e  f r e q u e n c y  due 

t o  i n c r e a s e s  i n  D i c h a n t h e l i u m  d e p a u p e r a t u m , P a n ic u m  

co lu m b ian u m  S c r i b n . , and  O r y z o p s i s  p u n g e n s .

T h e r e  was a  n o n s i g n i f i c a n t  d e c r e a s e  i n  mean 

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

a f t e r  b u r n i n g ,  b u t  a  s i g n i f i c a n t  i n c r e a s e  (P < .05 )  

d u r i n g  y e a r  2 ( T a b l e  5 . 5 ) .  D e c r e a s e d  r i c h n e s s  b e t w e e n  

1979 a n d  1980 was m o s t l y  due t o  t h e  l o s s  o f  many 

t r e e  a n d  s h r u b  s p e c i e s  on  b l o c k s  3 a n d  5 ,  a n d  t h e  

l o s s  o f  3 p e r e n e n n i a l  h e r b  s p e c i e s  on  b l o c k  3.  The 

mean r i c h n e s s  p e r  p l o t  d e c r e a s e d  s l i g h t l y  a t  y e a r  1 

f o l l o w i n g  b u r n i n g ,  b u t  i n c r e a s e d  a t  y e a r  2. The
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TABLE 5.4
RELATIVE COVER AND RELATIVE FREQUENCY OF EACH SPECIES, 

BY SPECIES GROUP, SURVEYED IN 1979 (3-YEAR-OLD 
CLEARCUT), AND 1980  AND 1981  ( 1 -  AND 2-YEAR-OLD 

PRESCRIBED BURN, RESPECTIVELY), AS A COMPOSITE 
OF THE 3 BURNED BLOCKS

Y ear o f  S u r v e y

1979  1980  1981
S p e c i e s  C o v e r (Z )  F r e g (Z )  C over(T T  F r e g (Z )  C o v e r (7 T  F r e g (Z )

G r a s s e s  and S e d g e s
Crt'iet p en ay£vfut£ca 5 7 . 2 2 8 . 9
Ai tdf iopogon g t A a A d i i . 2 4 . 3
0 A i j z o p i  i i  a i p z A i & o t i a . 6 4 . 7
O A t j z o p i i i  p u n gen t  
V i c h a n t h e Z i u m  d z p a u -

. 1 1 . 4

pZAatum - . 6
P a n ic u m  co Zu m bi anum - -

O a n i h o n i a  i p i c a t a - -

P e r e n n i a l  H erbs
P t z A i d i u m  a q u i Z i n u m 2 . 3 8 . 8
A t t e A  Z a e v i i - 1 .4
S o Z i d a g o  i p . - -

G a u Z t h z A i a  p A o c u m b e n i .1 5 . 3
L i a Z A i i  n o v a z - a n g Z i a z  
A poc ynum  a n d A o i a z m i . -

- —

(5o ££um - -

Ai-fa* i a g i t Z Z ^ o t i u i - -

PoZijgaZa poZygama - -

die.Aac.Zum v z n o i u m  
CoA.ijipzA.mum h t j i i o p Z -

— . 6

(,o H u m - -

VZ o t a  a d u n c a - -

T r e e s  and S h ru b s
Vacc-cnium -ipp. 3 0 . 7 2 8 . 3
P-tunai p u m i t a 2 . 5 2 . 2
P^iuHui Aa'io^-itta 1 . 3 . 6
A A c t o i t a p h i j Z o i  u v a - u A i i .8 4 . 0
Qu e t c u i  Jpp.  (r e d  oak) 1 . 3 . 6
S a Z i z  g Z a u c o p U t f i Z o i d e i - -

C o m p t o n i a  p e A z g A i n a - -
Ru 6 ua peiiA ,t£v an icuA . 2 .6
Rufaui h i i p i d u i 2 . 6 2 . 7
Ep Zg z a  ^icpenA - 2 . 6
P o p u t u i  t A e m u t o i d z i - .6
Re la  bf <inda - -

Co'tyfa* <ime*.£cana - 1 .3
Cta£aegu<i i p . .2 -

2 1 . 8 1 7 . 9 2 3 . 7 1 9 . 6

2 . 2 .. 2 . 9
. 3 . 6 2 . 6 7 . 8

1 4 . 3 2 4 . 1 2 0 . 3 2 0 . 7
3 . 0 9 . 1 1 . 1 5 . 5

- - . 1 . 5

2 . 5  . 3  3.
. 6
. 6 

3 . 8  
. 6  .

1 . 6  . 2  . 5
. 1  1 . 5
. 3

.1
1 . 5

4 4 . 2 2 9 . 1 36 .  7 2 7 . 1
5 . 6 1 . 2 2 . 8 1 . 1

1 . 0 _ . 7
1 . 3 - 1 . 5 -

_ . 6 - . 5
- 1 . 5 . 1 . 7

9 . 6 3 . 2 1 0 . 1 3 . 6

—
-

~

. 1 -

m

Ln
 

Ln
 

Ln
 

U
i 

L
n
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TABLE 5 . 5

DIVERSITY TRENDS OVER THE 1 9 7 9 ,  1 9 8 0 ,  AND 1981 
GROWING SEASONS, EXPRESSED AS TOTAL SPECIES 

RICHNESS, RICHNESS OF EACH SPECIES GROUP, 
AVERAGE RICHNESS PER 1 m2 PLOT, AND 

SHANNON INDEX, AVERAGED AMONG THE 
BURNED CLEARCUT BLOCKS

Y e a r  o f  S u r v e y

D i v e r s i t y  1979 1980

T o t a l  S p e c i e s  R i c h n e s s  1 2 . 0  9 . 7

R i c h n e s s  -  A n n u a l s  and  
B i e n n i a l s

-  G r a s s e s  and
S e d g e s  3 . 3  3 . 7

-  P e r e n n i a l
H e rb s  2 . 7  2 . 7

-  T r e e s  and
S h r u b s  6 .0  3 . 3

A v e r a g e  R i c h n e s s  p e r
P l o t  3 . 4  3 . 1

1981 

13.  3

4 . 3

5 . 0

4 . 0  

3 . 6

Shannon  I n d e x 1.1 1 . 2 1 . 4



I l l

S h a n n o n  I n d e x  showed s l i g h t  i n c r e a s e s  d u r i n g  t h e  

t h r e e  g r o w i n g  s e a s o n s .  T h e s e  c h a n g e s ,  h o w e v e r ,  w e re  

n o t  s i g n i f i c a n t .

A s i g n i f i c a n t  d r o p  (P < . 0 5 )  i n  t o t a l  c o v e r  

o c c u r r e d  f o l l o w i n g  b u r n i n g  on  t h e  b l o c k s ;  h o w e v e r  by  

y e a r  2 ,  c o v e r  i n c r e a s e d  s i g n i f i c a n t l y  (P < .0  5) t o  

n e a r l y  t h e  p r e b u r n  l e v e l  ( F i g .  5 . 2 )  ( P l a t e s  5 . 2  a n d  

5 . 3 ) .  No c o v e r  o f  a n n u a l s  a n d  b i e n n i a l s  was  r e c o r d e d ,  

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

f o r  a l l  t h r e e  g r o w in g  s e a s o n s .  The d o m in a n ce  o f  

g r a s s e s  a n d  s e d g e s ,  a nd  t r e e s  and  s h r u b s  was d ra m a ­

t i c a l l y  a l t e r e d  b y  b u r n i n g  ( T a b l e  5 . 4 ) .  T r e e  an d  s h r u b  

s p e c i e s  ( m a i n l y  b l u e b e r r y  a n d  b r i s t l y  d e w b e r r y ,  Rubus 

h i s p i d u s  L . )  showed a s i g n i f i c a n t  i n c r e a s e  (P < .0 5 )  

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

an d  s e d g e s  ( m a i n l y  A n d ro p o g o n  g e r a r d i i , O r y z o p s i s  

a s p e r i f o l i a  M i c h x . , a n d  C a r e x  p e n s y l v a n i c a ) d e c r e a s e d  

s i g n i f i c a n t l y  (P < .0 1 )  d u r i n g  t h a t  i n t e r v a l .  D u r i n g  

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

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

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

s e d g e s ;  t h e s e  c h a n g e s ,  h o w e v e r ,  w e r e  n o n s i g n i f i c a n t .

A d d i t i o n s  and  l o s s e s  o f  s p e c i e s ,  a s  a  c o m p o s i t e  

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

s e a s o n s  i s  shown i n  T a b l e  5 . 6 .  A t o t a l  o f  17 s p e c i e s  

w e r e  l o s t  f ro m  p l o t s  d u r i n g  t h e  f i r s t  y e a r  a f t e r  f i r e .
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F i g .  5 . 2 .  T o t a l  c o v e r  (m) and r e l a t i v e  c o v e r  (%) f o r  
e a c h  s p e c i e s  g r o u p ,  as  a  c o m p o s i t e  o f  t h e  3 b u r n e d  b l o c k s ,  
s u r v e y e d  i n  1979,  19C0, and 1981.
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T a b l e  5 . 2 .  L a r g e  a r e a  b a r e d  o f  v e g e t a t i o n  
one  y e a r  a f t e r  f i r e .

T a b l e  5 . 3 .  O v e rv ie w  o f  b u r n e d  b l o c k s  a t  
y e a r  2 a f t e r  f i r e  s h o w in g  r a p i d  r e v e g e t a t i o n .
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TABLE 5.6
ADDITIONS AND LOSSES OF SPECIES, AS A COMPOSITE 

OF THE 3 BURNED BLOCKS, SURVEYED IN 1 9 7 9 ,  
1 9 8 0 ,  AND 1 9 8 1 .  VALUES FOR LOSSES OF SPECIES 

ARE EXPRESSED AS A RATIO OF NUMBER OF PLOTS 
IN WHICH A SPECIES WAS LOST IN A SURVEY,

OVER THE NUMBER OF PLOTS IT WAS PRESENT 
IN THE PREVIOUS YEAR SURVEY

S p e c i e s  L o se  B e tw een  
197 9 -1 9 8 0  S u r v e y

Number o f  P l o t s
______ L o s t_______

T o t a l  P r e s e n t

PAunui  p u m iZ a  1 / 3
PiCftidium a q u i t i n u m  8 / 1 1
Caftex pen4</£var t ica  1 3 / 3 6
Atidftopogon g z A a A d i i  6 / 6
O A y z o p i i i  a i p z A i & o t i a  3/A
1/accinium 4pp.  5 / 3 6
Aiie . to&taphyZoh u v a - u A i i  A /6
Rubu4 p £ n 4 i £ v a n i c u 4  1 / 1
E p i g z a  Acpe«4 A/A
G a u Z t h z x i a  p A o c u m b z m  2/A
0f tyzop4i4  p u n g z m  1 / 2
Hicft.ac-i.um ucitoium 1 / 1
A4tcft iacu i .4  1 / 2
Popufu4 t A z m u t o i d z i  1 / 1
Pftunui i z A . o t . i n a  1 /1
(JuCft CU4 4pp.  1 / 1

( r e d  oak  g ro u p )
CoA.yi.ui a m z A i c a n a  1 / 1

S p e c i e s  Added B etw een
1 9 7 9 - 1 9 8 0  S u r v e y

V i c k a n t h z t i u m  d z p a u -  
p z A a t u m  

P«nicum c o t umbianum 
S a Z i x  g Z a u c o p h y Z Z o i d z i  
L i a t A i i  n o v a z - a n g t i a z  
C a m p t o n i a  p z A z g A i n a  
S o Z i d a g o  i p ,
Caftex p z m y t v a n i c a  
A i t z x  i a g i t t i i o Z i u i  
P t Z A i d i u m  a q u i t i n u m  
Apoct jnum a n d A O i a z m i -  

i o i i u m

Number o f  P l o t s

23
1A

1
1
2
1
1
1
1

Number o f  P l o t s
S p e c i e s  L o s t  B e tw e e n  ______ L o s t   S p e c i e s  Added B e tw e e n

1 9 8 0 - 1 9 8 1  S u r v e y  T o t a l  P r e s e n t -  1 9 7 9 - 1 9 8 0  S u r v e y _____  Number o f  P l o t s

Pan icum c o Z u m b i a n um 6/1A  Apoctjnum a n d x o i a z m i -
O A y z o p i i i  p u n g z n i  1 / 1  l o Z i u m  1
A i t Z A  4 a g x t t i ^ o Z i u i  1 / 1  O x y z o p i i i  pungen4 8
V a z z i n i u m  4pp.  1 / 3 6  Caftcx p z m y t v a n i c a .  6
Apoctjnum a n d A o i a z m i -  P t z A i d i u m  a q u i t i n u m  3

f toZium  1 / 1  V a c c i n i u m  i p p .  A
G a u Z t h z A i a  p A o c u m b z m  2 / 2  V a n t h o n i a  i p i c a t a  1

A4icft i a g i t t i i o t i u i  1
Pauicum cofumbianum 1
Rubu4 Hi.4pi.du4 1
O A y z o p i i i  a 4 p c f t i | ( o £ i a  1
If i o t a  ad u n c a  1
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The s p e c i e s  m o s t  f r e q u e n t l y  l o s t  w e r e  b r a c k e n  f e r n ,  

C a r e x ,  A n d ro p o g o n  g e r a r d i i , O r y z o p s i s  a s p e r i f o l i a , 

b l u e b e r r y ,  and  k i n n i c k  k i n i c k .  On a  p e r c e n t a g e  b a s i s ,  

h o w e v e r ,  b l u e b e r r y  showed t h e  l o w e s t  l o s s e s  among t h e  

g r o u p .  T en  s p e c i e s  w e r e  a d d e d  t o  b u r n e d  p l o t s  d u r i n g  

t h i s  i n t e r v a l .  D i c h a n t h e l i u m  d e p a u p e r a t u m  a n d  P a n icu m  

c o lu m b ian u m  c o m p r i s e d  37 o f  t h e  46 i n s t a n c e s  o f  s p e c i e s  

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

f i r e  ( 1 9 8 1 ) ,  6 s p e c i e s  w e re  l o s t  f r o m  t h e  p l o t s ;  P . 

co lu m b ian u m  c o m p r i s e d  h a l f  o f  t h e s e  l o s s e s .  D u r i n g  

t h i s  p e r i o d  11 s p e c i e s  w e r e  a d d e d  t o  t h e  p l o t s ,  w i t h  

C a r e x , b r a c k e n  f e r n ,  b l u e b e r r y ,  a n d  O r y z o p s i s  a s p e r i - 

f o l i a  m o s t  o f t e n  a d d e d .

I n  1 98 1 ,  many d i f f e r e n c e s  b e t w e e n  u n b u r n e d  

b l o c k s  ( 5 - y e a r - o l d  c l e a r c u t )  a n d  b u r n e d  b l o c k s  (2 -  

y e a r - o l d  p r e s c r i b e d  b u r n )  w e r e  o b s e r v e d  ( T a b l e s  5 . 1  

a n d  5 . 4 ) .  C a r e x  c o v e r  on  t h e  u n b u r n e d  b l o c k s  (77%) 

was s i g n i f i c a n t l y  g r e a t e r  (P < .0 5 )  t h a n  t h a t  on  t h e  

b u r n e d  b l o c k s  (24%) , w h e r e a s  g r a s s  c o v e r  o n  t h e  b u r n e d  

b l o c k s  (23%) was s i g n i f i c a n t l y  g r e a t e r  (P < .0 5 )  t h a n  

t h a t  on  t h e  u n b u r n e d  b l o c k s  (1%).  A t o t a l  o f  10 

p e r e n n i a l  h e r b  s p e c i e s  w e r e  p r e s e n t  on t h e  b u r n e d  

b l o c k s , b u t  o n l y  2 w e re  r e c o r d e d  on t h e  u n b u r n e d  

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

more  c o v e r  (P < .0 5 )  on t h e  b u r n e d  b l o c k s  (51%) i n  1981 

t h a n  on  u n b u r n e d  b l o c k s  (23%).
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F i r e  i n t e n s i t y  on b l o c k  3 ,  w i t h  a  mean o r g a n i c  

r e d u c t i o n  o f  30 ± 1 2 . 5  mm was h i g h e r  t h a n  b l o c k  1 w h e r e  

o r g a n i c  m a t t e r  was r e d u c e d  20 ±  9 . 0  mm. B l o c k  3 h a d  

5 p l o t s  o f  h i g h  f i r e  i n t e n s i t y ,  co m p a red  t o  o n l y  3 

p l o t s  o f  h i g h  f i r e  i n t e n s i t y  on  b l o c k  1. P o s t f i r e  

s p e c i e s  d i v e r s i t y  was a p p a r e n t l y  a f f e c t e d  by  f i r e  i n t e n ­

s i t y .  The 10 p l o t s  i n  b l o c k  1 p r i o r  t o  b u r n i n g  had  

9 d i f f e r e n t  s p e c i e s  p r e s e n t ,  w i t h  a n  a v e r a g e  r i c h n e s s  

o f  3 . 2  s p e c i e s  p e r  1 m2 p l o t .  One y e a r  a f t e r  f i r e ,  

t o t a l  r i c h n e s s  on  t h e  p l o t s  was 11 s p e c i e s ,  w i t h  an  

a v e r a g e  r i c h n e s s  p e r  p l o t  o f  3 . 9 .  A l t h o u g h  b l o c k  3 

p r i o r  t o  b u r n i n g  h a d  s i m i l a r  d i v e r s i t y  t o  b l o c k  1 

(10 s p e c i e s  w i t h  a n  a v e r a g e  r i c h n e s s  o f  3 . 2  s p e c i e s  

p e r  p l o t ) , one  y e a r  a f t e r  f i r e  o n l y  6 s p e c i e s  o c c u r r e d  

on  t h e s e  p l o t s  w i t h  a n  a v e r a g e  r i c h n e s s  o f  2 . 2 .  Two 

y e a r s  a f t e r  b u r n i n g ,  b l o c k  1 r e m a i n e d  m ore  d i v e r s e  

( s p e c i e s  r i c h n e s s  o f  12 a nd  a v e r a g e  r i c h n e s s  p e r  p l o t  

o f  4 . 4 )  t h a n  b l o c k  3 ( s p e c i e s  r i c h n e s s  o f  8 and  a v e r a g e  

r i c h n e s s  p e r  p l o t  o f  2 . 9 ) .  P l a n t  c o v e r  on  b l o c k  3 was 

r e d u c e d  b y  77% o ne  y e a r  a f t e r  f i r e ,  w h e r e a s  p l a n t  c o v e r  

on  b l o c k  1 was r e d u c e d  by 50%, p r o v i d i n g  i n d i r e c t  e v i ­

d e n c e  t h a t  f i r e  i n t e n s i t y  on b l o c k  3 was  h i g h e r  t h a n  

b l o c k  1.

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

i n t e n s i t y .  F o r  e x a m p le ,  C a r e x  a nd  b l u e b e r r y  w e r e  

p r e s e n t  on  a l l  10 p l o t s  on w h i c h  f i r e  i n t e n s i t y  was
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e v a l u a t e d  i n  b l o c k s  1 a n d  3 p r i o r  t o  b u r n i n g .  One y e a r  

a f t e r  f i r e  C a r e x  was m i s s i n g  f ro m  6 o f  10 p l o t s  on  

b l o c k  3 (more s e v e r e l y  b u r n e d ) , w h e r e a s  b l u e b e r r y  was 

m i s s i n g  f ro m  o n l y  2 p l o t s .  I n  b l o c k  3 C a r e x  was l o s t  

f r o m  a l l  f i v e  p l o t s  o f  h i g h  f i r e  i n t e n s i t y .  I n  b l o c k  1 

( l e s s  s e v e r e l y  b u r n e d ) , C a r e x  was l o s t  f ro m  3 o f  10 

p l o t s  ( a l l  h i g h  i n t e n s i t y ) , w h e r e a s  b l u e b e r r y  was l o s t  

f ro m  o n l y  1 p l o t  ( h i g h  i n t e n s i t y ) . F i r e  i n t e n s i t y  a l s o  

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

become e s t a b l i s h e d  on a  b l o c k .  D. d e p a u p e r a t u m  became 

e s t a b l i s h e d  on  a l l  10 p l o t s  i n  b l o c k  1 o n e  y e a r  a f t e r  

f i r e ,  b u t  o n l y  6 p l o t s  i n  b l o c k  3 .  A l s o ,  P .  c o lu m bianu m  

becam e  e s t a b l i s h e d  on 6 p l o t s  i n  b l o c k  1 ,  o n e  y e a r  

a f t e r  f i r e ,  b u t  o n l y  2 p l o t s  i n  b l o c k  3. Y e a r  2 a f t e r  

f i r e ,  0 .  p u n g e n s  was p r e s e n t  i n  4 p l o t s  on b l o c k  1 and  

o n l y  1 p l o t  i n  b l o c k  3.

T a b l e  5 . 7  shows t h e  r e l a t i v e  c o v e r  a n d  r e l a t i v e  

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

m a t u r e  j a c k  p i n e  f o r e s t  ( s i t e  1 3 A ) , a d j a c e n t  t o  t h e  

e x p e r i m e n t a l  b u r n  s i t e .  The s u r v e y  r e c o r d e d  18 s p e c i e s ,  

w i t h  a n  a v e r a g e  r i c h n e s s  p e r  p l o t  o f  4 . 0 .  The  S h annon  

I n d e x  o f  d i v e r s i t y  was  e x t r e m e l y  low ( . 4 9 )  b e c a u s e  

b l u e b e r r y  r e p r e s e n t e d  o v e r  90% o f  t h e  v e g e t a t i v e  c o v e r .  

C a r e x  p e n s y l v a n i c a  o c c u r r e d  i n  25 o f  30 f r e q u e n c y  p l o t s ,  

b u t  r e p r e s e n t e d  o n l y  3% o f  t h e  t o t a l  p l a n t  c o v e r .

A l s o ,  e v e r y  s p e c i e s  s u r v e y e d  i n  t h e  m a t u r e  j a c k  p i n e
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TABLE 5 . 7

RELATIVE (REL) COVER AND RELATIVE FREQUENCY 
OF EACH SPECIES IN THE UNDERSTORY OF A 

MATURE JACK PINE STAND (SITE 1 3 A ) , 
ADJACENT TO THE EXPERIMENTAL BURN AREA

C o v er  F r e q u e n c y
S p e c i e s  ( R e l )  ( R e l )

A n n u a l s  a n d  B i e n n i a l s
MzZampynum IZnzaJ i e .  2 . 1  1 1 . 6

G r a s s e s  a n d  S e d g e s
An d a o p o g o n  g e n a n d Z Z  .2  3 . 3
Cat i z x  p z m y Z v a n Z z a  3 . 2  2 0 .7
O n y z o p A Z A  p u n g z n A  . 2  1 . 7

P e r e n n i a l  H e rb s
Ap o c y n u m  a n d n o i a z m Z f i o l Z u m  -  .8
Campanula .  n o l u n d Z ^ o l Z a  -  . 8
G a u Z Z h z n Z a  p a o c u m b z n A  . 3  8 . 3
H Z z n a z Z u m  v z n o i u m  -  .8
P Z z nZ d Zu m a q uZ Z Zn u m -  .8

T r e e s  and  S h r u b s
A m z l a n z h Z z n  4 p .  .3  .8
A n z Z o & Z a p k y l o A  u v a - u n A Z  1 . 0  9 . 9
C ompZonZa  pe.ae.gn.Zna 1 . 0  3 . 3
E p Z g e a  a z p z n A  -  .8
PZnuA b a n k A Z a n a  -  1 . 7
PaunuA p u m Z l a  .4  5 . 0
PnunuA A z n o Z Z n a  -  .8
Q u z n c u A  A p p .  ( r e d  oak)  .7  4 . 1
Va cc Z nZ u m  A p p .  9 0 . 7  2 4 . 8

■^Includes V. a n g u s t i f o l i u m , V. m y r t i l l o i d e s . 
a nd  V. v a c i l l a n s .
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u n d e r s t o r y  was p r e s e n t  on e i t h e r  t h e  a d j a c e n t  u n b u r n e d  

o r  b u r n e d  c l e a r c u t  b l o c k s .  B u t  t h e  u n b u r n e d  b l o c k s  h ad  

5 s p e c i e s  a n d  t h e  b u r n e d  b l o c k s  14 s p e c i e s  n o t  f o u n d  

i n  t h e  m a t u r e  j a c k  p i n e  s t a n d .

D i s c u s s i o n

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

L ake  S t a t e s  h a v e  n o t  c h a r a c t e r i z e d  t h e  p l a n t  com m uni ty  

o n  a s p e c i f i c  s i t e  b e f o r e  a n d  a f t e r  b u r n i n g .  H ow ever ,  

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

s y s t e m s  ( G a s h w i l e r  1 9 7 0 ,  D y r n e s s  1 973 ,  P u r d i e  a n d  S l a t -  

y e r  1 9 7 6 ) .  D y r n e s s , w o r k i n g  i n  o l d - g r o w t h  D o u g l a s -  

f i r  f o r e s t s  i n  t h e  C a s c a d e  M o u n t a i n s  o f  O r e g o n ,  r e p o r ­

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

co m p a red  t o  o l d - g r o w t h  f o r e s t s ,  b u t  b u r n i n g  r e s u l t e d  

i n  i n c r e a s e d  r i c h n e s s  t h r o u g h  y e a r  5 a f t e r  f i r e .  Woody 

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

f i r e ,  and  s p e c i e s  common i n  t h e  o l d - g r o w t h  f o r e s t s ,  

w h i c h  showed l o w e r e d  d o m in a n ce  i n i t i a l l y  a f t e r  f i r e ,  

r e g a i n e d  d o m in a n c e  by y e a r  5 a f t e r  f i r e .  G a s h w i l e r ,  

a l s o  w o r k i n g  i n  o l d - g r o w t h  D o u g l a s - f i r  s t a n d s  i n  t h e  

C a s c a d e  M o u n t a i n s  i n  O r e g o n ,  show ed t h a t  a  l a r g e  number  

o f  s p e c i e s  n o t  f o u n d  i n  t h e  o l d - g r o w t h  f o r e s t s  w e r e  

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

t h e  s i t e  t h r o u g h  y e a r  3 a f t e r  f i r e ;  t h e r e a f t e r ,  woody 

p l a n t  s p e c i e s  d o m i n a t e d .  From s t u d i e s  i n  w o o d la n d
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c o m m u n i t i e s  i n  s o u t h e a s t e r n  A u s t r a l i a ,  P u r d i e  and  

S l a t y e r  (1976)  r e p o r t e d  t h a t  a l l  s p e c i e s  p r e s e n t  i n i ­

t i a l l y  a f t e r  f i r e  w e r e  p r e s e n t  a s  l i v i n g  p l a n t s  o r  

b u r i e d  s e e d  p r i o r  t o  f i r e ,  a n d  t h a t  no  new s p e c i e s  

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

t i o n  o f  t h e  com m uni ty  c l o s e l y  r e s e m b l e d  t h e  i n i t i a l  

f l o r i s t i c  c o m p o s i t i o n  m o d e l  p r o p o s e d  by  E g l e r  ( 1 9 5 4 ) .

The p r e s e n t  s t u d y  showed t h a t :  1) c l e a r c u t t i n g

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

b y  b l u e b e r r y ,  r e s u l t e d  i n  t h e  f o r m a t i o n  o f  a C a r e x  

meadow by  y e a r  3 a f t e r  l o g g i n g ,  2) b e t w e e n  y e a r s  3 and  

5 a f t e r  c l e a r c u t t i n g ,  C a r e x  d o m in a n c e  i n c r e a s e d  f r o m  

65% t o  77% r e l a t i v e  c o v e r  on t h e  u n b u r n e d  b l o c k s ,  3) 

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

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

a n d  d o m in a n c e ,  f ro m  u n b u r n e d  b l o c k s ,  4) E g l e r ' s  i n i t i a l  

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

t h a t  e v e r y  s p e c i e s  i n  t h e  m a t u r e  j a c k  p i n e  u n d e r s t o r y ,  

p l u s  many u n i q u e  s p e c i e s ,  w e re  p r e s e n t  on t h e  u n b u r n e d  

a n d  b u r n e d  c l e a r c u t  b l o c k s ,  5) t h e  same f i r e  m ov in g  

t h r o u g h  two a d j a c e n t  b l o c k s  o f  t h e  same s o i l  t y p e  and 

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

r e s u l t e d  i n  v a r i a b l e  f i r e  i n t e n s i t i e s  w i t h i n  and  

b e t w e e n  t h e  b l o c k s ,  6) f i r e  i n t e n s i t y  a f f e c t s  t h e  

a d d i t i o n  a n d  l o s s  o f  s p e c i e s  and  s p e c i e s  d o m in an ce  on 

t h e  b l o c k s ,  a nd  7) h i g h e r  f i r e  i n t e n s i t y  r e s u l t e d  i n
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l o w e r  d i v e r s i t y  and  l o w e r  p l a n t  c o v e r .

V e g e t a t i o n a l  d e v e l o p m e n t  on  t h e  s t u d y  a r e a  t h e  

f i r s t  two y e a r s  a f t e r  f i r e  d i f f e r e d  f ro m  t h e  g e n e r a l  

p a t t e r n  d e s c r i b e d  on  o t h e r  r e c e n t l y  b u r n e d  j a c k  p i n e  

s i t e s  (Abrams a n d  D ickmann 1982 ;  C h a p t e r s  3 a n d  4 ) .

F o r  e x a m p l e ,  no  a n n u a l  o r  b i e n n i a l  s p e c i e s  w e r e  

p r e s e n t  a t  y e a r  o ne  a f t e r  f i r e .  A l s o ,  com p a red  t o  p r e ­

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

o f  C a r e x  p e n s y l v a n i c a  w e r e  r e d u c e d  on  t h e  b u r n e d  b l o c k s .  

T h e s e  f i n d i n g s  may be  r e l a t e d  t o  t h e  e x t r e m e  s e v e r i t y  

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

f ro m  23 t o  3 m t / h a  a n d  consum ed  a l l  f u e l s  6 . 4  cm o r  

l e s s  i n  d i a m e t e r  ( p e r s o n a l  c o m m u n i c a t i o n ,  Roy M i l n e s ,

DNR A r e a  F i r e  S u p e r v i s o r ) . No m e a s u r a b l e  p r e c i p i t a t i o n  

o c c u r r e d  f o r  28 d a y s  p r i o r  t o  t h e  b u r n ,  r e s u l t i n g  i n  

a n  e x t r e m e l y  h o t  f i r e .

R e s e a r c h  e v a l u a t i n g  t h e  e f f e c t s  o f  f i r e  i n t e n s i t y  

on  p o s t f i r e  p l a n t  s u c c e s s i o n  i s  s c a r c e  ( A h l g r e n  1 960 ,  

D y r n e s s  1 9 7 3 ,  C h r i s t e n s e n  a nd  Kim ber  1 9 7 5 ) .  A h l g r e n  

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

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

q u a l i t y ,  a n d  n u t r i e n t  c o n c e n t r a t i o n s  on t h e  s o i l  s u r f a c e .  

A l l  t h e s e  f a c t o r s  may a c t  i n  d e t e r m i n i n g  t h e  e s t a b l i s h ­

m e n t ,  p e r p e t u a t i o n ,  and  s u b s e q u e n t  d o m in a n c e  o f  s p e c i e s  

d u r i n g  e a r l y  p o s t f i r e  s u c c e s s i o n .  D y r n e s s  show ed t h a t  

s p e c i e s  r i c h n e s s  was g r e a t l y  r e d u c e d  on  s e v e r e l y  b u r n e d
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p l o t s  c o m p ared  t o  l i g h t l y  b u r n e d  p l o t s .  D y r n e s s  a l s o  

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

l a g g e d  b e h i n d  t h e  l i g h t l y  b u r n e d  p l o t s  f o r  5 y e a r s  a f t e r  

f i r e .  C h r i s t e n s e n  a nd  K im ber  r e p o r t e d  t h a t  h o t  f i r e s ,  

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

s p e c i e s ,  d e s t r o y e d  c o n s i d e r a b l e  a m o un ts  o f  s o i l - s t o r e d  

s e e d .  A l s o ,  s o i l  t e m p e r a t u r e  d u r i n g  a  f i r e  was f o u n d  

t o  v a r y  g r e a t l y  w i t h i n  t h e  s i t e ;  s o i l  t e m p e r a t u r e  

r e c o r d e d  a t  56 p o i n t s  a t  t h e  1 cm a n d  2 cm d e p t h  v a r i e d  

f ro m  < 66°C t o  > 399°C.  F l o y d  ( 1 9 6 6 ,  1 9 7 6 ) ,  w o r k i n g  

i n  New S o u t h  W a l e s ,  c o n c l u d e d  t h a t  f i r e  i n t e n s i t y  s i g ­

n i f i c a n t l y  a f f e c t e d  t h e  g e r m i n a t i o n  ( i . e .  e s t a b l i s h m e n t )  

o f  t y p i c a l  p o s t f i r e  s p e c i e s .

The d e p t h  o f  t h e  u n d e r g r o u n d  p e r e n n a t i n g  s y s t e m  

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

s u r v i v a b i l i t y  d u r i n g  f i r e  (M c lea n  1 9 68 ,  F l i n n  and  

Wein 1 9 7 7 ) .  The g r e a t e r  f i r e  r e s i s t a n c e  shown by b l u e ­

b e r r y  com p ared  t o  s e d g e  a n d  o t h e r  s h a l l o w  r o o t e d  s p e c i e s  

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

H o w ev e r ,  b r a c k e n  f e r n ,  known a s  a  d e e p - r o o t e d  s p e c i e s ,  

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

( l o s t  f rom  8 o f  11 p l o t s ) .

I n  t h e  p r e s e n t  s t u d y  f i r e  i n t e n s i t y  was h i g h l y  

v a r i a b l e ,  w i t h  two a d j a c e n t  b l o c k s  h a v i n g  m a r k e d l y  

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

e x p o s u r e .  I  f e e l  t h e  s e v e r i t y  o f  b u r n i n g  was
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r e s p o n s i b l e  f o r  v a r i a b i l i t y  i n  d i v e r s i t y ,  t o t a l  

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

s p e c i e s ,  a n d  t h e  num ber  o f  n e w ly  e s t a b l i s h e d  i n d i v i d u a l s  

on t h e  b u r n e d  b l o c k s .  O t h e r  s t u d i e s  h a v e  shown t h a t  

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

c o m m u n i t i e s  f o l l o w i n g  d i s t u r b a n c e .  On o t h e r  j a c k  p i n e  

s i t e s  i n  n o r t h e r n  l o w e r  M i c h i g a n ,  e a r l y  r e v e g e t a t i o n  

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

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

a n d  t h e  d o m in a n c e  o f  g r a s s e s  an d  s e d g e s  and  t r e e s  a n d  

s h r u b s  (Abrams a n d  D ickm ann  1 9 8 2 ;  C h a p t e r s  3 a n d  4 ) .  

M u l t i p l e  s u c c e s s i o n a l  p a th w a y s  a r e  a p p a r e n t  on t h e s e  

s i t e s  i n  a s  l i t t l e  a s  5 y e a r s  a f t e r  f i r e .

The c o n c l u d i n g  p o i n t s  t o  be  made f r o m  t h e  d a t a  

p r e s e n t e d  h e r e  i s  t h a t  e a c h  s i t e  a n d  e a c h  d i s t u r b a n c e  

e v e n t  i s  u n i q u e .  Even  when s i t e s  a r e  r i g o r o u s l y  

s e l e c t e d  f o r  h o m o g e n i e t y ,  d i f f e r e n c e s  w i l l  m o s t  c e r ­

t a i n l y  e x i s t  i n  p r e - d i s t u r b a n c e  s p e c i e s  c o m p o s i t i o n  

a nd  d o m in a n c e ,  e d a p h i c  f e a t u r e s ,  b u r i e d  s e e d - p o o l s , 

a n d  a d j a c e n t  s e e d  s o u r c e s .  N o t  o n l y  i s  i t  d i f f i c u l t  

t o  com pare  t h e  e f f e c t s  o f  d i f f e r e n t  d i s t u r b a n c e  e v e n t s , 

b u t  e a c h  e v e n t  ( i n  t h i s  c a s e  f i r e )  i s  h i g h l y  v a r i a b l e  

w i t h i n  a n  a r e a .



CHAPTER VI

RESPONSE OF UNDERSTORY VEGETATION 
TO FERTILIZATION ON MATURE AND 

CLEARCUT JACK PINE SITES IN 
NORTHERN LOWER MICHIGAN

I n t r o d u c t i o n  

I n  many f o r e s t e d  e c o s y s t e m s ,  d r a m a t i c  i n c r e a s e s  

i n  t h e  d o m in a n c e  o f  s e d g e s  (C a r e x  s p p . )  f o l l o w  d i s t u r ­

b a n c e s  s u c h  a s  f i r e  ( L i t t l e  and  Moore 1 9 4 9 ,  B u e l l  and  

C a n t I o n  1 9 5 3 ,  A h l g r e n  1 96 0 ,  V og l  1 9 7 0 ,  Wein a n d  

B l i s s  1 9 7 3 ) ,  a t o m i c  r a d i a t i o n  e x p o s u r e  (Woodwell  1 9 6 7 ) ,  

f e r t i l i z e r  a p p l i c a t i o n  (N o b le  e t  a l . 1979)  and  t r a n s ­

p l a n t i n g  f o r e s t  s o i l  t o  a  g r e e n h o u s e  ( Z a v i t k o v s k i

1976)  h a v e  b e e n  r e p o r t e d .  I n  o u r  own s t u d i e s  (Abrams 

a n d  Dickmann 1 9 8 2 ) ,  C a r e x  p e n s y l v a n i c a  Lam. o b t a i n e d  

r e l a t i v e  c o v e r  v a l u e s  o f  86% an d  71% on  r e c e n t  b u r n e d  

an d  u n b u r n e d  c l e a r c u t s , r e s p e c t i v e l y .  We h y p o t h e s i z e d  

t h a t  C a r e x , a c t i n g  as  a n  o p p o r t u n i s t i c  s p e c i e s ,  e x ­

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

a n d / o r  b u r n i n g ,  t h e r e b y  i n c r e a s i n g  i t s  d o m in a n c e  w h i l e  

r e d u c i n g  t h e  d o m in a n c e  o f  n e i g h b o r i n g  v e g e t a t i o n .

L a r g e  n u t r i e n t  r e s e r v e s  s t o r e d  i n  t h e  v e g e t a t i o n  

a r e  made a v a i l a b l e  f o l l o w i n g  c l e a r c u t t i n g  and  b u r n i n g  

( A h l g r e n  1 9 6 0 ,  Bormann e £  a l . 1 9 6 8 ,  Debano and  C o n ra d  

1 9 78 ,  L i k e n s  ej; a l . 1978) an d  r e s u l t  i n  p r o f o u n d
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c h a n g e s  i n  t h e  d o m in a n c e  and  d i v e r s i t y  o f  p o s t - d i s -  

t u r b a n c e  v e g e t a t i o n .  N u t r i e n t  e n r i c h m e n t  s t u d i e s  

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

( W i l l i s  1 9 6 3 ,  J e f f e r y  a n d  P i g o t t  1 9 7 3 ,  S t e p h e n s o n  

1 9 7 3 ,  Harcombe 1977 ,  B a k e l a a r  a n d  Odum 1 9 7 8 ) .  A g e n e r a l  

f i n d i n g  o f  t h e s e  a u t h o r s  i s  t h a t  "A few  o p p o r t u n i s t i c  

s p e c i e s ,  a l r e a d y  e s t a b l i s h e d  i n  t h e  c o m m u n i ty ,  e x p a n d  

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

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

Odum 1 9 7 8 ) .

T h i s  s t u d y  was e s t a b l i s h e d  on  j a c k  p i n e  s i t e s  

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

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

v e g e t a t i o n  on  c l e a r c u t  a n d  u n d i s t u r b e d  s i t e s .

M ethods  and  M a t e r i a l s

A 5 5 - y e a r - o l d  j a c k  p i n e  s t a n d  n e a r  G r a y l i n g ,  

M i c h i g a n  ( C r a w f o r d  C o u n ty )  was  c l e a r c u t  d u r i n g  t h e  

w i n t e r  a n d  s p r i n g  o f  1 9 7 9 - 8 0 .  The s o i l  t y p e  i s  a  G ra y ­

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

f r i g i d ,  t y p i c ,  u d ip s a m m e n t .  A 70 m e t e r - w i d e  b o r d e r  

o f  j a c k  p i n e  o f  s i m i l a r  a g e ,  q u a l i t y  a nd  s t o c k i n g  was 

l e f t  a l o n g  a n  a d j a c e n t  r o a d .

F o u r  b l o c k s  (10 m x  11 m) w e r e  e s t a b l i s h e d  i n  

b o t h  t h e  s t a n d i n g  j a c k  p i n e  a n d  t h e  a d j a c e n t  c l e a r c u t .  

E a c h  b l o c k  c o n t a i n e d  a n  u n f e r t i l i z e d  h a l f  ( c o n t r o l )
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a n d  a  f e r t i l i z e d  h a l f ,  s e p a r a t e d  by  a  1 - m e t e r  i s o l a ­

t i o n  s t r i p .  The b l o c k s  w e r e  e s t a b l i s h e d  b e f o r e  g r e e n -  

up d u r i n g  t h e  s p r i n g  o f  1 98 0 ,  a n d  w e r e  l o c a t e d  i n  

a r e a s  o f  s e e m i n g l y  hom ogeneous  v e g e t a t i o n .  The 

b l o c k s  w e r e  l a i d  o u t  n o n r a n d o m l y  t o  r e d u c e  v a r i a b i l i t y  

w i t h i n  t h e  b l o c k s ,  b u t  t h e  f e r t i l i z a t i o n  t r e a t m e n t  

w i t h i n  e a c h  b l o c k  was r a n d o m l y  a s s i g n e d .

The f e r t i l i z a t i o n  r a t e  was 1 0 0 - 6 0 - 6 0  k g / h a  

N-P-K p l u s  200 k g / h a  Ca a s  d o l o m i t i c  l i m e s t o n e .  Osmo- 

c o t e , a  s lo w  r e l e a s e  f o r m u l a t i o n ,  was  u s e d  f o r  6 0 - 6 0 -  

60 k g / h a  N-P-K.  The r e m a i n i n g  40 k g / h a  o f  N was ammoni­

um n i t r a t e  ( q u i c k  r e l e a s e ) . F e r t i l i z e r  was  d i s t r i b u t e d  

e v e n l y  b y  h a n d  on May 3,  1 98 0 .  R e s p o n s e  t o  f e r t i l i z a ­

t i o n  was d e t e r m i n e d  a t  t h r e e  t i m e s  d u r i n g  t h e  summer 

o f  1980 (weeks e n d i n g  J u n e  1 4 ,  J u l y  2 1 ,  a n d  A u g u s t  28) 

a nd  o n e  t i m e  i n  1981 (week  e n d i n g  J u l y  2 4 ) ,  b y  s a m p l i n g  

b i o m a s s  f r o m  e a c h  b l o c k  i n  t h e  s t a n d i n g  j a c k  p i n e  and  

c l e a r c u t  a r e a s .  A l l  v e g e t a t i o n  u n d e r  1 . 5  m t a l l  was 

c l i p p e d  a t  g ro u n d  l e v e l  i n  5 r a n d o m l y  l o c a t e d  ,2 5  m2 

q u a d r a t s  w i t h i n  e a c h  t r e a t m e n t .  The v e g e t a t i o n  was 

s o r t e d  by  s p e c i e s ,  c l e a n e d  a nd  s e p a r a t e d  i n t o  c u r r e n t -  

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

y e a r s  b i o m a s s ) . The s a m p le s  w e re  d r i e d  a t  8 0 °C f o r  

48 h o u r s  and  w e i g h e d .  D e t e r m i n a t i o n  o f  a n n u a l  and  

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

g r e e n  f o r b s .  T h e i r  b i o m a s s  was i n c l u d e d  i n  t h e
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r e s i d u a l  p o r t i o n  o f  t h e  t o t a l  s t a n d i n g  b i o m a s s .  T h ese  

s p e c i e s  u s u a l l y  r e p r e s e n t e d  l e s s  t h a n  10% o f  t h e  t o t a l  

b i o m a s s .

B io m ass  d a t a  w e r e  a l s o  c o l l e c t e d  f r o m  a  j a c k  p i n e  

a r e a  t h a t  h a d  b e e n  p r e s c r i b e  b u r n e d  i n  1978 a s  p a r t  

o f  t h i s  s t u d y .  T h i s  a r e a ,  a l s o  on G r a y l i n g  s a n d ,  i s  

l o c a t e d  i n  Ogemaw C o u n t y ,  31 k i l o m e t e r s  f r o m  t h e  above  

s t u d y  a r e a .  I n  1975 a nd  1976 t h e  m a t u r e  j a c k  a n d  r e d  

p i n e  was l o g g e d ,  b u t  s c a t t e r e d  im m a tu re  j a c k  p i n e  

( a b o u t  3 5 - y e a r s - o l d )  w e r e  l e f t  s t a n d i n g .  T w en ty  .25  m2 

b i o m a s s  s a m p l e s ,  r a n d o m i z e d  a l o n g  t r a n s e c t s ,  w e r e  t a k e n  

d u r i n g  t h e  same f o u r  t i m e  i n t e r v a l s ,  i n  1980 a n d  1 98 1 ,  

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

i n  1980 a l l  t w e n t y  b i o m a s s  s a m p l e s  w e re  g r o u p e d  t o g e t h e r .  

I n  1 9 8 1 ,  h o w e v e r ,  t h e  s a m p le s  w e r e  g r o u p e d ,  i n  o r d e r  

o f  c o l l e c t i o n ,  i n t o  4 g r o u p s  o f  5 so  t h a t  a  s t a n d a r d  

d e v i a t i o n  c o u l d  b e  c a l c u l a t e d  f ro m  t h e  d a t a .  O t h e r ­

w i s e ,  t h e  s a m p l i n g  a nd  h a n d l i n g  o f  t h e  v e g e t a t i o n  w e re  

c o n d u c t e d  a s  d e s c r i b e d  a b o v e .

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

d u c t e d  u s i n g  B a r t l e t t ' s  t e s t  f o r  h o m o g e n e i t y  o f  v a r i a n c e  

a nd  a n a l y s i s  o f  v a r i a n c e .

R e s u l t s

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

a r e a  and t h e  f e r t i l i z e d  a nd  c o n t r o l  p l o t s  i n  t h e  m a t u r e
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a nd  c l e a r c u t  j a c k  p i n e  a r e  shown i n  F i g .  6 . 1 .  No 

s i g n i f i c a n t  f e r t i l i z e r  e f f e c t  was d e t e c t e d  d u r i n g  

sa m p le  p e r i o d s  1 and  2 ,  b u t  t o t a l  l i v e  s h o o t  b i o m a s s  

i n  t h e  f e r t i l i z e d  p l o t s  was s i g n i f i c a n t l y  g r e a t e r  

(P < .0 5 )  t h a n  t h e  c o n t r o l s ,  i n  b o t h  t h e  c l e a r c u t  a n d  

m a t u r e  j a c k  p i n e ,  d u r i n g  s a m p le  p e r i o d s  3 a n d  A.

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

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

a nd  c l e a r c u t  j a c k  p i n e  d u r i n g  a l l  f o u r  s a m p le  p e r i o d s ;  

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

t i c a l l y .

I n  F i g u r e s  6 . 2 ,  6 . 3 ,  a n d  6 . A, t h e  t o t a l  l i v e  

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

( C a r e x  p e n s y l v a n i c a ) , b l u e b e r r y  ( V a c c i n iu m  s p p . )  , and  

b r a c k e n  f e r n  ( P t e r i d i u m  a q u i l i n u m  D e s f . )  i s  shown 

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

c l e a r c u t  j a c k  p i n e .  F i g .  6 .2 A  a n d  6 .2B show t h a t  s e d g e  

b i o m a s s  i s  g r e a t l y  s t i m u l a t e d  by  f e r t i l i z a t i o n ,  b u t  

t h i s  d i f f e r e n c e  was o n l y  s i g n i f i c a n t  (P < . 0 1 )  a t  s a m p le  

p e r i o d  A, i n  b o t h  m a t u r e  a nd  c l e a r c u t  j a c k  p i n e .  L iv e  

s h o o t  b i o m a s s  o f  b l u e b e r r y  ( F i g ,  6 .3A  a n d  6 .3 B )  was 

i n c r e a s e d  by  f e r t i l i z a t i o n  i n  m a t u r e  a n d  c l e a r c u t  j a c k  

p i n e ;  t h i s  d i f f e r e n c e  was s i g n i f i c a n t  (P < . 0 5 )  d u r i n g  

s a m p le  p e r i o d  A i n  m a t u r e  j a c k  p i n e  an d  p e r i o d  3 i n  

c l e a r c u t  j a c k  p i n e .  S i g n i f i c a n t l y  i n c r e a s e d  (P < .1 )  

b i o m a s s  o f  b r a c k e n  f e r n  was m e a s u r e d  on f e r t i l i z e d



400

350 _
m

CONTROL 
FERTILIZED 
PRESCRIBED BURN

5 
H 
0 
0 
T

6 
I 
0 
n
R
s
s
G
/„

300 _

250

200  _

150

100 _

50 _

0

cuc
‘a
u
.«
a
3

4—»

(U
£

1

3U
> _

_QJ
u

I
d

6 / 1 4 / 8 0
T

7 / 2 1 / 6 0
T

8/28/BO

T  I

T
7 / 2 4 / 8 1

BIOMASS SAMPLING DATE
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F i g .  6 . 2 .  T o t a l  l i v a  s h o o t  b i o m a s s  ( g / m 2) o f  
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c o n t r o l  p l o t s  i n  A) m a t u r e  j a c k  p i n e  a n d  B) c l e a r -  
c u t  j a c k  p i n e .  V e r t i c a l  b a r s  e q u a l  one  SD.
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b r a c k e n  f e r n  ( P t e r i d i u m  a q u i l i n u m ) f o r  t h e  f e r t i l i z e d  
and  c o n t r o l  p l o t s  i n  A) m a t u r e  j a c k  p i n e  and  B) c l e a r -  
c u t  j a c k  p i n e .  V e r t i c a l  b a r s  e q u a l  one  SD.
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p l o t s  i n  m a t u r e  j a c k  p i n e  d u r i n g  s a m p le  p e r i o d s  3 

an d  4 ,  w h e r e a s  no s i g n i f i c a n t  f e r t i l i z e r  e f f e c t  was 

fo u n d  i n  t h e  c l e a r c u t  a r e a  ( F i g .  6 .4A  a nd  6 . 4 B ) .

F e r t i l i z e r  r e s p o n s e ,  c a l c u l a t e d  a s  a  r a t i o  o f  

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

p l o t s ,  was c o m p u ted  f o r  s e d g e ,  b l u e b e r r y ,  a n d  b r a c k e n  

f e r n ,  a s  w e l l  a s  f o r  t o t a l  l i v e  s h o o t  b i o m a s s  ( F i g .

6 .5 A  a nd  6 . 5 B ) .  The b i o m a s s  r a t i o s  o f  t h e  t h r e e  

d o m i n a n t s  i n d i c a t e  t h e i r  t r e a t m e n t  r e s p o n s e  a nd  c a n  

be  c o m p a red  t o  t h e  t o t a l  l i v e  s h o o t  b i o m a s s  r a t i o ,  

w h i c h  i s  i n d i c a t i v e  o f  t h e  a v e r a g e  com m uni ty  r e s p o n s e  

t o  f e r t i l i z e r  t r e a t m e n t .  O n ly  s e d g e s  c o n s i s t e n t l y  

showed a n  a b o v e - a v e r a g e  r e s p o n s e  t o  f e r t i l i z a t i o n  i n  

m a t u r e  j a c k  p i n e  ( F i g .  6 . 5 A ) .  B io m a ss  r a t i o s  f o r  

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

f e r n  i n c r e a s e d  w i t h  t i m e .  T h i s  was m o s t  e v i d e n t  w i t h  

s e d g e s ,  w h i c h  a t  s a m p le  p e r i o d  1 h ad  a  f e r t i l i z e d  t o  

c o n t r o l  r a t i o  o f  1 . 7 ;  a t  s a m p le  p e r i o d  4 t h i s  r a t i o  

h a d  i n c r e a s e d  m a r k e d l y  t o  4 . 9 .

B iom ass  r a t i o s  f o r  c l e a r c u t  j a c k  p i n e  p l o t s  

a r e  shown i n  F i g .  6 .5 B .  S e d g e s  showed a n  a b o v e - a v e r a g e  

r e s p o n s e  t o  f e r t i l i z a t i o n  d u r i n g  a l l  f o u r  sa m p le  

p e r i o d s ,  b u t  t h i s  r e s p o n s e  was  m o s t  i m p r e s s i v e  d u r i n g  

p e r i o d s  3 an d  4 .  T r e n d s  i n  t h e  b i o m a s s  r a t i o s  w i t h  

t i m e  a s  s e e n  i n  t h e  m a t u r e  j a c k  p i n e  p l o t s  a r e  n o t  

a s  a p p a r e n t  i n  t h e  c l e a r c u t  p l o t s .
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B io m ass  d a t a  f r o m  t h e  p r e s c r i b e d  b u r n  a r e a  

a r e  p r e s e n t e d  i n  T a b l e  6 . 1 .  M o n o c o t s ,  p a r t i c u l a r l y  

t h e  s e d g e s  C. p e n s y l v a n i c a  an d  C. r u g o s p e r m a  M a c k . , 

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

o f  t h e  s i t e .  G r a s s e s  w e r e  a l s o  v e r y  p r o d u c t i v e ,  

t h e  d o m in a n t  s p e c i e s  i n c l u d i n g  D a n t h o n i a  s p i c a t a  

(L . )  B e a u v . , O r y z o p s i s  a s p e r i f o l i a  M ichx .  a n d  0 .  

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

a n d  S c h i z a c h n e  p u r p u r a s c e n s  T o r r .  T r e e s  a nd  s h r u b s  

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

on t h i s  b u r n ,  w i t h  V a c c i n iu m  s p p . , P r u n u s  p u m i l a  L . , 

a n d  C o m p to n ia  p e r e g r i n a - L. d o m i n a t i n g .  F o r b s , o t h e r  

t h a n  b r a c k e n  f e r n ,  c o n t r i b u t e d  l i t t l e  t o  t h e  t o t a l  

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

c o m p o s i t i o n .  F o r b  s p e c i e s  commonly f o u n d  t h r o u g h o u t  

t h e  b u r n  w e r e  A s t e r  l a e v i s  L . , H i e r a c i u m  a u r a n t i a c u m  

* S e n e c i o  t o m e n t o s u s  M i c h x . , a nd  C a m p an u la  r o t u n d i -  

f o l i a  L.

D i s c u s s i o n  

B o th  c l e a r c u t t i n g  a n d  b u r n i n g  i n d u c e  t h e  

r e l e a s e  o f  n u t r i e n t s  s t o r e d  i n  v e g e t a t i o n ,  a nd  s t i m u l a t e  

o t h e r  n u t r i e n t  c y c l i n g  p r o c e s s e s  w h i c h  " f e r t i l i z e "  

t h e  s i t e .  I n  t h e  f i r s t  g r o w in g  s e a s o n  f o l l o w i n g  

c l e a r c u t t i n g ,  L i k e n s  £t: a l .  (197 8 )  d e s c r i b e d  f o r e s t  

s o i l s  a s  b o t h  " i r r i g a t e d "  ( i n c r e a s e d  s o i l  m o i s t u r e )
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TABLE 6 . 1

BIOMASS DATA ( g / m 2) BY SPECIES GROUP 
FOR THE 1978 PRESCRIBED BURN

F o r b s

M o n o c o ts
G r a s s e s
S e d g e s

T r e e s  an d  
S h r u b s

A n n u a l
R e s i d u a l

T o t a l  L i v e  
B iom ass

Sam ple  D a te  

6 / 1 4 / 8 0  7 / 2 1 / 8 0  8 / 2 8 / 8 0

9 . 4  1 3 . 32 . 3

2 3 . 1  
7 7 . 6

4 5 . 6
9 .5

4 1 . 6
9 2 .5

101.8
2 8 . 5

1 4 8 . 6  2 4 5 . 3

4 2 . 6
1 3 4 . 1

1 2 3 .7
2 4 . 7

3 1 3 .7

7 / 2 4 / 8 1  

8 . 2  ± 2 . 2

8 8 . 3  ± 5 . 4
1 6 5 . 9  ± 2 8 . 2

8 6 . 4  ±  7 . 3
5 0 . 3  ± 5 . 2

3 4 8 .8  ± 1 0 . 6
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an d  " f e r t i l i z e d "  ( e l e v a t e d  c o n c e n t r a t i o n s  o f  d i s s o l v e d  

s u b s t a n c e s  i n  s o i l  s o l u t i o n ) . A h l g r e n  (19 60 )  a t t r i ­

b u t e s  t h e  r a p i d  r e g r o w t h  o f  v e g e t a t i o n  a n d  m ark e d  

l u s h n e s s  d u r i n g  t h e  f i r s t  few  p o s t - f i r e  g r o w in g  s e a s o n s  

t o  t h e  f e r t i l i z i n g  a c t i o n  o f  n u t r i e n t s  f rom  t h e  a s h .  

Bormann £ t  a l .  (1968)  h a v e  shown s t i m u l a t e d  n i t r i f i ­

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

t o  w a rm in g  o f  t h e  s o i l  and  r e m o v a l  o f  v e g e t a t i o n  

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

I n c r e a s e d  n u t r i e n t  a v a i l a b i l i t y  and  e l e v a t e d  l e v e l s  

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

r e p o r t e d  f o l l o w i n g  f i r e  ( J o r g e n s e n  a n d  W e l l s  1 97 1 ,  

C h r i s t e n s e n  19 7 3 ,  Debano a nd  C o n ra d  1 9 7 8 ) .

N u t r i e n t  e n r i c h m e n t  w i l l  i n c r e a s e  p r i m a r y  

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

F o s t e r  ( 1 9 7 7 ) ,  w o r k i n g  i n  j a c k  p i n e  s t a n d s  i n  n o r t h e r n  

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

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

a n e a r l y  t w o - f o l d  i n c r e a s e  i n  t o t a l  l i v e  s h o o t  b i o m a s s  

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

due  t o  f e r t i l i z a t i o n  i n  b o t h  m a t u r e  a n d  c l e a r c u t  j a c k  

p i n e  s t a n d s .  The d o m in a n t  s p e c i e s  i n  t h e s e  communi­

t i e s  ( s e d g e ,  b l u e b e r r y ,  and  b r a c k e n  f e r n )  c o n s i s t e n t l y  

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

z a t i o n .  Sedge  ^C .  p e n s y l v a n i c a ) , h o w e v e r ,  was t h e  

o n l y  s p e c i e s  t h a t  c o n s i s t e n t l y  showed a r e s p o n s e  above
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t h e  com m uni ty  a v e r a g e .

P r e f e r e n t i a l  u p t a k e  o f  f e r t i l i z e r s  by  c e r t a i n  

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

s p e c i e s  d o m in a n ce  i n  w i d e l y  v a r y i n g  c o m m u n i t i e s .  

W o rk in g  i n  a n  8 - y e a r - o l d  f i e l d  i n  G e o r g i a ,  B a k e l a a r  

an d  Odum (1 9 7 8 )  f o u n d  t h a t  f e r t i l i z a t i o n  i n c r e a s e d  

t h e  d o m in a n ce  o f  g o l d e n r o d  ( S o l i d a g o  s p . ) ,  b u t  r e d u c e d  

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

f o r e s t s  i n  C o s t a  R i c a ,  Harcombe (19 77 )  showed t h a t  

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

c o m p e t i t i v e  a b i l i t y  o f  a  s i n g l e  f o r b  s p e c i e s  ( P h y t o ­

l a c c a  r i v i n o i d e s ) . S t e p h e n s o n  ( 1 9 7 3 ) ,  w o r k i n g  i n  

o l d - f i e l d  c o m m u n i t i e s ,  o b s e r v e d  a  t r e n d  t o w a r d  o v e r ­

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

f e r t i l i z a t i o n .  On c l e a r c u t  n o r t h e r n  h a rd w o o d  f o r e s t s  

i n  New H a m p s h i r e ,  S t a f f o r d  and  F i l i p  (1 9 7 4 )  r e p o r t e d  

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

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

b i r c h  and  p a p e r  b i r c h .  S p e c h t  ej: a l .  (1977)  , w o r k i n g  

on s a n d - h e a t h v e g e t a t i o n  i n  A u s t r a l i a ,  showed t h a t  

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

a nd  t h e  n a t i v e  g r a s s ,  Themeda a u s t r a l i s , e x p a n d e d  

i n t o  v a c a t e d  g a p s .

S e d g e s  a r e  w e l l - a d a p t e d  t o  d i s t u r b a n c e s  s u c h  

a s  f i r e ,  r a d i a t i o n  e x p o s u r e  a nd  f e r t i l i z e r  a p p l i c a ­

t i o n .  Abrams and Dickmann (1982)  r e p o r t e d
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e x t r a o r d i n a r y  i n c r e a s e s  i n  s e d g e  3 t o  6 y e a r s  a f t e r  

c l e a r c u t t i n g  a n d / o r  b u r n i n g  i n  j a c k  p i n e  c o m m u n i t i e s .  

The low d i v e r s i t y  on  many s i t e s  was a  d i r e c t  r e s u l t  

o f  t h e  d o m i n a t i o n  o f  C a r e x  p e n s y I v a n i c a . D i s t u r b a n c e ,  

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

t h e  a c t i v e  g r o w t h  o f  t h e  l a r g e  " b a n k "  o f  d o r m a n t  

b u d s  a c c u m u l a t e d  by  C a r e x  (N o b le  et: a l .  1979)  .

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

s e e  t h e  e x p a n s i o n  o f  C a r e x , o r  a ny  o t h e r  com m uni ty  

m em ber ,  t o  t h e  p o i n t  w h e r e  i t  g r e a t l y  s u p p r e s s e d  o r  

e x c l u d e d  n e i g h b o r i n g  s p e c i e s .  I n  f a c t ,  no  s i g n i f i c a n t  

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

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

w as  shown was t h a t  t h e  b i o m a s s  o f  v e g e t a t i o n  i n  c l e a r -  

c u t s  a n d  u n d e r  m a t u r e  j a c k  p i n e  i n c r e a s e d  a f t e r  f e r ­

t i l i z a t i o n ,  and  t h a t  C. p e n s y I v a n i c a  c o n s i s t e n t l y  

show ed a n  abo ve  a v e r a g e  r e s p o n s e .  I t  i s  a p p a r e n t ,  

h o w e v e r ,  t h a t  t h e  e x p a n s i o n  o f  C a r e x  f o l l o w i n g  c l e a r -  

c u t t i n g  and  b u r n i n g  i n v o l v e s  many m ore  f a c t o r s  t h a n  

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

F o r  e x a m p l e ,  i n  t h i s  s t u d y  C a r e x  b i o m a s s  i n c r e a s e d  

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

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

c o n t r o l  p l o t s  u n d e r  m a t u r e  j a c k  p i n e .  C a r e x  b i o m a s s  

w as  a l s o  g r e a t l y  s t i m u l a t e d  on  t h e  b u r n e d  s i t e  

c o m p a red  t o  t h e  m a t u r e  j a c k  p i n e  s i t e  ( F i g .  6 . 2A and
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T a b l e  6 . 1 ) ,  a l t h o u g h  c o m p a r i s o n s  b e t w e e n  t h e s e  two 

s i t e s  m u s t  b e  made w i t h  c a u t i o n .  O t h e r  o v e r t  c h a n g e s  

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

n u t r i e n t  e n r i c h m e n t ,  i n c l u d e  t h e  i n c r e a s e d  s p a c e  

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

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

a t  t h e  r o o t i n g  z o n e .  Most  l i k e l y  a l l  t h e s e  f a c t o r s  

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

t u r b a n c e .



CHAPTER V II

APPARENT HEAT STIMULATION OF BURIED SEEDS 
OF GERANIUM BICKNELLII BRITT. ON 

JACK PINE SITES IN 
NORTHERN LOWER MICHIGAN

I n t r o d u c t i o n  

The g e r m i n a t i o n  o f  b u r i e d  s e e d s  i s  a n  i m p o r t a n t  

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

p l a n t  s u c c e s s i o n  i n  many e c o s y s t e m s  (Sw eeney  1 9 5 6 ,  

M a jo r  a n d  P y o t t  19 6 6 ,  A h l g r e n  1 9 7 9 a ,  H a l l  a n d  Sw aine  

1 9 8 0 ,  McGraw 1 9 8 0 ) .  The a p p e a r a n c e  o f  a  l a r g e  v a r i e t y  

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

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

o f  b u r i e d  s e e d  (Went e t  a l .  1 9 52 ,  Sweeney 1956 ,

F l o y d  1 9 6 6 ,  1 9 7 6 ,  C h r i s t e n s e n  a n d  M u l l e r  1975 ,

S h e a  a t  aJ.. 1 9 7 9 ) .  V a r i o u s  f a c t o r s  r e s u l t i n g  f ro m  

f i r e  h a v e  b e e n  i m p l i c a t e d  i n  t h i s  phenom enon .  Went 

e t  a). .  (1952)  r e p o r t e d  t h a t  r e m o v a l  o f  c o m p e t i t i o n  

was a  m a j o r  f a c t o r  i n  t h e  A b un d an t  g e r m i n a t i o n  o f  

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

M c P h e rso n  a n d  M u l l e r  (1969)  c o n c l u d e d  t h a t  h e a t  f r o m  

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

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

The a b u n d a n c e  o f  t h e  a n n u a l  S e n e c i o  s y l v a t i c u s  on  

o n e - y e a r - o l d  b u r n e d  D o u g l a s - f i r  ( P s e u d o t s u g a
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m e n z i e s i i ) c l e a r c u t s  and  i t s  d i s a p p e a r a n c e  t h e r e a f t e r  

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

t e d  w i t h  b u r n i n g  (West  a n d  C h i l c o t e  1 9 6 8 ) .  R u p t u r e  

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

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

a t t r i b u t e d  t o  f i r e  ( F l o y d  1 9 6 6 ,  Cushwa e t  a l .  1968 ,  

M a r t i n  e_t a l .  1 9 7 5 ,  P u r d i e  a n d  S l a t y e r  1 9 7 6 ,  McDonough

1 9 7 7 ) .

G e r m i n a t i o n  o f  many s p e c i e s  i s  r e s t r i c t e d  t o  

t h e  f i r s t  y e a r  a f t e r  f i r e  ( H o r t o n  a n d  K r a e b e l  1 95 5 ,  

Sweeney 1 9 5 6 ,  W est  and  C h i l c o t e  1 9 68 ,  P u r d i e  and  

S l a t y e r  1 9 7 6 ) .  On j a c k  p i n e  s i t e s  i n  n o r t h e r n  l o w e r  

M i c h i g a n ,  Abrams a nd  D ickmann (1982)  r e p o r t e d  t h a t  many 

s p e c i e s  on o n e - y e a r - o l d  b u r n s  w e r e  n o t  p r e s e n t  on t h e  

s i t e  t h e  f o l l o w i n g  y e a r .  The m o s t  s t r i k i n g  ex am p le  

was G e ran iu m  b i c k n e l l i i  B r i t t . , c l a s s i f i e d  a s  a n  a n n u a l  

o r  b i e n n i a l  by  F e r n a l d  ( 1 9 5 0 ) .  T h i s  s p e c i e s  r e p r e s e n t s  

a s  much a s  22% o f  t h e  v e g e t a t i o n a l  c o v e r  on f i r s t - y e a r  

b u r n s ,  b u t  b y  y e a r  two i t  was n o t  p r e s e n t  o r  was r e d u c e d  

t o  s c a t t e r e d  i n d i v i d u a l s .  I t  was h y p o t h e s i z e d ,  t h e r e ­

f o r e ,  t h a t  h e a t  f r o m  f i r e  was r e s p o n s i b l e  f o r  t h e  

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

To t e s t  t h i s  h y p o t h e s i s ,  two s e r i e s  o f  e x p e r i m e n t s  

w e r e  i n i t i a t e d  u s i n g  f r e s h l y - m a t u r e d  g e r a n i u m  s e e d s  

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

s i t e s .  The p r i m a r y  o b j e c t i v e  o f  t h e s e  e x p e r i m e n t s
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was t o  d e t e r m i n e  i f  h e a t  was i n v o l v e d  i n  t h e  g e r m i n a ­

t i o n  o f  g e r a n i u m  s e e d .  How ever ,  i t  was a l s o  p o s s i b l e  

t o  d i s c e r n  how w e l l  t h e  g e r m i n a n t s  f ro m  b u r i e d  s e e d  

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

E x p e r i m e n t s  W i t h  F r e s h l y - M a t u r e d  
G eran iu m  S e e a

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

p l a n t s  i n  m id  t o  l a t e  A u g u s t  1980 f ro m  s i t e s  7A80 and  

7B80 w e r e  u s e d  i n  t h i s  s e r i e s  o f  e x p e r i m e n t s .  G e ran iu m  

r e p r e s e n t e d  13% o f  t h e  p l a n t  c o v e r  on  t h e s e  o n e - y e a r -  

o l d  p r e s c r i b e d  b u r n s .  The s e e d s  f ro m  a l l  p l a n t s  w e r e  

m ix e d  t o g e t h e r ,  a i r  d r i e d ,  t h e n  r e f r i g e r a t e d  a t  1 -2 ° C .

A s e r i e s  o f  s m a l l - s c a l e  g e r m i n a t i o n  t e s t s  w e r e  

u n d e r t a k e n  b e t w e e n  M arch  a nd  May, 1981 t o  d e t e r m i n e  

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

A l l  t e s t s  w e r e  c o n d u c t e d  i n  p e t r i  d i s h e s  on  Whatman 

//I f i l t e r  p a p e r .  T h r e e  o r  f o u r  r e p l i c a t i o n s ,  c o n s i s t i n g  

o f  10 t o  20 s e e d s  e a c h ,  w e r e  u s e d  i n  e a c h  t r e a t m e n t .  

P e t r i  d i s h e s  w e re  p l a c e d  u n d e r  " c o o l  w h i t e "  f l o r e s c e n t  

l i g h t s  w i t h  a  14 h o u r  p h o t o p e r i o d  a n d  a l i g h t  i n t e n s i t y  

o f  a p p r o x i m a t e l y  20 m i c r o E i n s t e i n s  m"2 s e c - -̂; t e m p e r a ­

t u r e s  f l u c t u a t e d  b e t w e e n  18 and  2 2 °C. M o i s t  h e a t  was 

u s e d  i n  a l l  t r e a t m e n t s  by  p l a c i n g  s e e d  on  to p  o f  3 o r  

4 l a y e r s  o f  f i l t e r  p a p e r  s a t u r a t e d  w i t h  d i s t i l l e d  w a t e r  

d i r e c t l y  b e f o r e  h e a t i n g  i n  a  l a b o r a t o r y  d r y i n g  o v e n .  

S e e d s  w e r e  s c a r i f i e d  by n i c k i n g  t h e  r a d i c l e  e n d  o f
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t h e  s e e d  w i t h  a  r a z o r  b l a d e .  S t r a t i f i c a t i o n  ( s t r a t )  

t r e a t m e n t  c o n s i s t e d  o f  r e f r i g e r a t i n g  (1 -2 ° C )  s e e d s  on 

m o i s t  f i l t e r  p a p e r  f o r  an  8 w eek  p e r i o d  i n  d a r k n e s s .  

The a l t e r n a t e  w e t - d r y  t r e a t m e n t ,  l a s t i n g  3 w e e k s ,  

i n v o l v e d  k e e p i n g  s e e d s  m o i s t  f o r  5 d a y s ,  t h e n  w i t h ­

h o l d i n g  w a t e r  f o r  5 d a y s .  D u r i n g  t h e  t e s t s  s e e d s  i n  

a l l  t r e a t m e n t s ,  e x c e p t  t h e  w e t - d r y  r e g i m e ,  w e r e  k e p t  

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

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

t h e  s e e d  c o a t .

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

s c a r i f i e d  a n d  u n s c a r i f i e d  g e r a n i u m  s e e d :  no h e a t

( c o n t r o l ) ; 4 0°C -5  m in ;  7 0 °C -5  m in ;  8 0 °C -10  m in ;  60°C- 

60 m in ;  8 0 °C -6 0  m in ;  70 °C -1 0  ra in  + s t r a t ;  70 °C -2 0  m in  

+ s t r a t ;  7 0 °C -60  m in  + s t r a t ;  70°C -10  m in  + f r e e z e  

(1  week)  + a l t e r n a t e  w e t - d r y ;  7 0°C -30  m in  4- f r e e z e  

(1  week)  + a l t e r n a t e  w e t - d r y .

R e s u l t s

None o f  t h e  u n s c a r i f i e d  s e e d s  g e r m i n a t e d .  I n  

c o n t r a s t ,  80-100% o f  t h e  s c a r i f i e d  s e e d s  g e r m i n a t e d  

i n  a l l  t r e a t m e n t s .

E x p e r i m e n t s  w i t h  B u r i e d  S e e d

From t h e  a b o v e  r e s u l t s ,  i t  was a p p a r e n t  t h a t  i f  

h e a t  was i n v o l v e d  i n  g e r a n i u m  s e e d  g e r m i n a t i o n ,  s e e d s  

r e q u i r e  a  p e r i o d  o f  d o rm ancy  i n  t h e  s o i l  b e f o r e  h e a t
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e x p o s u r e .  T h e r e f o r e ,  s u r f a c e  s o i l  s a m p l e s  w e re  

c o l l e c t e d  f ro m  t h r e e  d i f f e r e n t - a g e d  j a c k  p i n e  s i t e s  

a l o n g  a  p o s t - f i r e  s u c c e s s i o n a l  s e q u e n c e .  The a r e a s  

u s e d  w e r e  s i t e  7B81 ( 3 - y e a r - o l d  p r e s c r i b e d  b u r n ) , 

s i t e  12A ( 3 5 - y e a r - o l d  j a c k  p i n e  s t a n d ) ,  a n d  s i t e  13C 

( 5 5 - y e a r - o l d  j a c k  p i n e  s t a n d ) .

On May 1 9 ,  1 9 8 1 ,  12 r a n d o m l y  l o c a t e d  s o i l  s a m p le s  

w e r e  c o l l e c t e d  f ro m  e a c h  s i t e .  The s a m p l e s  w e r e  

25 cm x  25 cm t o  a  d e p t h  o f  2 . 5  cm i n t o  m i n e r a l  s o i l .  

T h e r e f o r e ,  t h e  v o lum e  o f  e a c h  s a m p le  v a r i e d  w i t h  t h e  

d e p t h  o f  t h e  o v e r l y i n g  o r g a n i c  m a t e r i a l .  S a m p le s  w e r e  

b a g g e d  s e p a r a t e l y  an d  a i r - d r i e d  i n  t h e  l a b o r a t o r y  u n t i l  

May 30 ,  1981 .  A f t e r  r e m o v i n g  a l l  g r e e n  v e g e t a t i o n ,  

e a c h  s a m p le  was s i f t e d  t h r o u g h  60 mm mesh s c r e e n i n g  

t o  rem ov e  l a r g e r  t w i g s ,  r o o t s  an d  r o c k s .  From e a c h  

s a m p le  a  1352 cm3 s u b s a m p l e  was t a k e n .  F o u r  t r e a t m e n t s  

( u n h e a t e d  c o n t r o l ,  h e a t e d  70°C -30  m i n . , h e a t e d  90 °C- 

30 m i n . , a n d  h e a t e d  70 °C -3 0  m in  + s t r a t ) , r e p l i c a t e d  

3 t i m e s ,  w e r e  r a n d o m l y  a s s i g n e d  t o  s a m p le s  t a k e n  f ro m  

e a c h  s i t e .  H e a t e d  s a m p l e s  w e r e  p l a c e d  i n  m e t a l  t r a y s ,  

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

o v e n .  To r a i s e  t h e  s a m p l e s  t o  a n d  m a i n t a i n  them  a t  

70°C f o r  30 m in ,  t h e y  w e re  f i r s t  e x p o s e d  t o  150°C 

f o r  20 m in  ( p r e h e a t i n g ) , f o l l o w e d  by  h e a t i n g  a t  1 0 0 °C 

f o r  30 m in .  D u r i n g  t h e  p r e h e a t i n g ,  s a m p l e s  w e r e  p e r i ­

o d i c a l l y  s t i r r e d  a nd  m o i s t e n e d  t o  a l l o w  e v e n  h e a t i n g
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a n d  m o i s t e n i n g  t h r o u g h o u t -  No a d d i t i o n a l  s t i r r i n g  

o r  m o i s t e n i n g  was done  d u r i n g  t h e  f i n a l  h e a t i n g  p e r i o d .

A t h e r m o m e t e r  was i n s e r t e d  i n t o  t h e  c e n t e r  o f  e a c h  

s a m p le  t o  m o n i t o r  t e m p e r a t u r e  d u r i n g  h e a t i n g .  The 

h e a t i n g  r e g i m e  u s e d  t o  r a i s e  a n d  m a i n t a i n  s a m p le s  t o  

90 °C f o r  30 m in .  i n v o l v e d  p r e h e a t i n g  s a m p le s  a t  1 8 0 °C 

f o r  30 m in .  f o l l o w e d  b y  h e a t i n g  a t  1 2 0 °C f o r  30 m in .

The s a m p l e s  w e r e  s t i r r e d  a nd  m o i s t e n e d  d u r i n g  p r e h e a t ­

i n g ,  b u t  n o t  d u r i n g  t h e  f i n a l  h e a t i n g .  I n  b o t h  t h e  

70°C and  90°C h e a t i n g  r e g i m e s  t h e  s a m p le s  r e m a i n e d  m o i s t  

t h r o u g h  t h e  f i n a l  h e a t i n g  p e r i o d .

A l l  s a m p l e s  w e r e  p l a c e d  o v e r  a  3 . 5  cm l a y e r

o f  s t e r i l i z e d  s a n d  ( a u t o c l a v e d  - 121°C f o r  60 m i n . )

i n  26 cm x  52 cm x 6 . 5  cm p l a s t i c  f l a t s .  The  s a m p le s

w e r e  s p r e a d  e v e n l y  o v e r  t h e  s a n d  t o  fo rm  a  l a y e r  1 cm

d e e p .  The f l a t s  d e s i g n a t e d  f o r  s t r a t i f i c a t i o n  w e re

p l a c e d  i n  r e f r i g e r a t i o n  (1 -2 ° C )  f o r  8 w e e k s .  A l l  o t h e r

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

i n  a  c o m p l e t e l y  r a n d o m i z e d  d e s i g n .  The f l a t s  w e r e

e x p o s e d  t o  a  14 h o u r  p h o t o p e r i o d  w i t h  a n  a p p r o x i m a t e
- 2  - 1l i g h t  i n t e n s i t y  o f  36 m i c r o E i n s t e i n s  m s e c  a n d  t o  

t e m p e r a t u r e s  t h a t  f l u c t u a t e d  b e t w e e n  20 a n d  2 5 °C. Two 

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

t e c t  p o s s i b l e  c o n t a m i n a n t s  t o  t h e  e x p e r i m e n t .  The 

f l a t s  w e r e  s y s t e m a t i c a l l y  r o t a t e d  o n c e  a  w eek  t o  r e d u c e  

a ny  p o s s i b l e  p o s i t i o n  e f f e c t s .  G e r m i n a t i o n  c o u n t s
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w e r e  made e v e r y  two d a y s  f o r  t h e  f i r s t  m o n th  o f  t h e  

e x p e r i m e n t  and  o n c e  o r  t w i c e  a w eek  t h e r e a f t e r .

A f t e r  s t r a t i f i c a t i o n  was c o m p l e t e d ,  t h o s e  f l a t s  

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

f l a t s .  Sam p les  w e r e  k e p t  m o i s t  t h r o u g h o u t  t h e  e x p e r i ­

m en t  by  a d d i n g  t a p  w a t e r  e v e r y  1 t o  2 d a y s . D u r i n g  

s t r a t i f i c a t i o n ,  s a m p l e s  w e r e  w a t e r e d  e v e r y  7 t o  10 

d a y s .  G e r m i n a n t s  w e r e  r e c o r d e d  a s  t h e y  a p p e a r e d .  

I n d i v i d u a l s  n o t  r e a d i l y  i d e n t i f i a b l e  w e r e  r e m o v e d ,  

p o t t e d ,  a n d  grow n u n t i l  t h e y  c o u l d  be  i d e n t i f i e d .  The 

e x p e r i m e n t  was c o n c l u d e d  a f t e r  18 w e e k s .

At t h e  c o n c l u s i o n  o f  t h e  b u r i e d  s e e d  e x p e r i m e n t ,  

t h e  c o n t r o l  f l a t s  f ro m  t h e  3 - y e a r  and  3 5 - y e a r - o l d  

s i t e s  w e r e  h e a t e d  t o  7 0 °C -3 0  m in .  ( u s i n g  t h e  a b ov e  

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

f l a t s  w o u ld  g e r m i n a t e  when e x p o s e d  t o  h e a t .

R e s u l t s

No s e e d s  g e r m i n a t e d  i n  t h e  f l a t s  c o n t a i n i n g  o n l y  

s t e r i l i z e d  s a n d .  How ever ,  t h r e e  s e e d l i n g s  o f  O x a l i s  

s p .  came up i n  o t h e r  f l a t s  and  w e r e  c o n s i d e r e d  c o n ­

t a m i n a n t s ;  t h i s  s p e c i e s  h a s  n o t  b e e n  f o u n d  on any 

o f  t h e  j a c k  p i n e  s i t e s  s t u d i e d  i n  n o r t h e r n  l o w e r  M i c h i ­

g an .

Most  o f  t h e  g e r m i n a n t s  a p p e a r e d  d u r i n g  t h e  f i r s t  

2 w eeks  o f  t h e  e x p e r i m e n t  ( F i g .  7 . 1 ) .  A m o d e r a t e  

amount  o f  g e r m i n a t i o n  o c c u r r e d  f rom  w e ek s  3 t o  8 and
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F i g .  7 . 1 .  C u m u l a t i v e  and w e e k l y  number  
o f  g e r m i n a n t s  f r o m  t h e  c o n t r o l ,  70 °C -3 0  m in ,  
a nd  90°C-30 m in  t r e a t m e n t s  i n  t h e  3 - y e a r - o l d ,  
3 5 - y e a r - o l d ,  and  5 5 - y e a r - o l d  s i t e s  (com bined)  
d u r i n g  t h e  b u r i e d  s e e d  e x p e r i m e n t .
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v e r y  l i t t l e  t h e r e a f t e r ,  b u t  t h e r e  w e r e  d i f f e r e n c e s  

among s p e c i e s  ( F i g .  7 . 2 . ) .  G e ra n iu m  g e r m i n a t i o n  

p e a k e d  t h e  f i r s t  w e e k ,  a n d  by  t h e  f o u r t h  w eek  no  new 

g e r a n i u m  a p p e a r e d .  A s u b s t a n t i a l  n um ber  o f  g r a s s  

s e e d s  g e r m i n a t e d  d u r i n g  t h e  f i r s t  w eek ,  b u t  p e a k  

g e r m i n a t i o n  o c c u r r e d  d u r i n g  t h e  s e c o n d  w eek .  P e a k  

g e r m i n a t i o n  o f  hawkweed ( H i e r a c i u m  s p p . )  o c c u r r e d  

b e t w e e n  w eek s  f i v e  a n d  e i g h t .

When h e a t e d  t r e a t m e n t s  (7 0 ° C ,  90°C ,  a n d  70°C 

+ s t r a t )  a r e  c o m p ared  t o  t h e  u n h e a t e d  c o n t r o l s  a t  e a c h  

s i t e ,  some s t r i k i n g  d i f f e r e n c e s  i n  s p e c i e s  c o m p o s i t i o n  

a n d  num ber  o f  g e r m i n a n t s  a r e  e v i d e n t  ( T a b l e  7 . 1 ) .

M ost  i m p o r t a n t l y ,  g e r a n i u m  s e e d l i n g s  a p p e a r e d  o n l y  

i n  t h e  h e a t e d  t r e a t m e n t s  f r o m  t h e  3 -  a n d  3 5 - y e a r - s i t e s . 

The  d i f f e r e n c e  i n  t h e  num ber  o f  g e r a n i u m  g e r m i n a n t s  

i n  t h e  9 0 °C a n d  7 0 oC + s t r a t  t r e a t m e n t s  c o m p ared  t o  

t h e  u n h e a t e d  c o n t r o l s  w e r e  s i g n i f i c a n t  (P < .0 5 )  u s i n g  

W i l c o x o n ' s  n o n p a r a m e t r i c  two sa m p le  t e s t  ( S t e e l  and  

T o r r i e  1 9 6 0 ) .  No s e e d s  o f  g e r a n i u m  g e r m i n a t e d  i n  

s a m p le s  f r o m  t h e  5 5 - y e a r  s i t e .  O n ly  a  few  s e e d s  o f  

g r a s s e s  and  s e d g e s  g e r m i n a t e d  i n  t h e  h e a t e d  t r e a t m e n t s  

f ro m  a n y  s i t e .  I n  c o n t r a s t ,  58 an d  22 g r a s s  a n d  s e d g e  

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

t h e  3 5 - y e a r  a n d  5 5 - y e a r  s i t e s ,  r e s p e c t i v e l y .  The 

d i f f e r e n c e  i n  t h e  num ber  o f  g r a s s  and  s e d g e  g e r m i n a n t s
4

b e t w e e n  t h e  h e a t e d  a n d  c o n t r o l  t r e a t m e n t s  f ro m  a l l
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F i g .  7 . 2 .  Weekly t o t a l  num ber  o f  g e r m i n a n t s  
o f  g e r a n i u m ,  g r a s s e s  ( a l l  s p e c i e s  c o m b i n e d ) , and  
hawkweed ( H i e r a c i u m  s p p . )  f ro m  t h e  c o n t r o l ,  70 °C- 
30 m i n ,  and  9 0 °C-30 min  t r e a t m e n t s  i n  t h e  3 - y e a r -  
o l d ,  3 5 - y e a r - o l d ,  and  5 5 - y e a r - o l d  s i t e s  ( c o m b in e d )  
d u r i n g  t h e  b u r i e d  s e e d  e x p e r i m e n t .



TABLE 7.1
TOTAL NUMBER OF GERMINANTS FOR SPECIES APPEARING IN SOIL SAMPLES 

FROM THE 3-YEAR, 3 5 -YEAR-, AND 55-YEAR-OLD POST-FIRE SITES 
DURING THE BURIED SEED EXPERIMENT. TREATMENTS WERE AN 

UNHEATED CONTROL, 7 0 aC -30 MIN, 90°C -30  MIN, AND 
7 0 ° C - 3 0  MIN + STRATIFICATION

S p e c i e s

3 - y e a r

cone  70 °C 90 “C

3 5 - y e a r
70°C + 

s t r a t  c o n t  70°C 90 “C

5 5 - y e a r

70°C + 
s t r a t  c o n t  70°C 90°C

70°C + 
s t r a t

Annual  h e r b s  
Geia i t - i um ii -ccfcucCI ' t . t

P e r e n n i a l  h e r b s
Ante.nna.riia n e g l e c t a  
Fiaga 't . ta  v i.tg in-ta iia  
Hic^ac-tum 4pp. 1 
V i o l a  a dunc a

Woody p e r e n n i a l s
Ch-imap/i-tf a a n be . l la . ta  
G a u t t h c n i a  prioc.umbe.nl>

G r a s s e s  and s e d g e s

C t u e t  4 p p .
V a n t h o n i a  i p i c a t a  
V i c h a n t k e t i u m  depaupe>iatum  
Q n t j z o p i i i  pUJt£j£H4 
P a i u c u m  c a p i t l a r i c  
Poa p^a-t£H4t4 
U n i d e n t i f i e d  g r a s s e s

T rea tm ent  t o t a l s

32 23

2
23

4
7
3

17
2

10

21
3

10

2
1

17
1

15

21 37 24 65 11 56 22

H ieracium  a u r a n t i a c u m  and H. venosum
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s i t e s  was s i g n i f i c a n t  (P < .0 1 )  u s i n g  W i l c o x o n ' s  two 

s a m p le  t e s t .  The t o t a l  num ber  o f  g e r m i n a n t s  i n  t r e a t ­

m e n t s  f ro m  e a c h  s i t e  r a n g e d  f ro m  0 t o  6 5 ,  b u t  t h e  

d i f f e r e n c e s  w e r e  n o t  s i g n i f i c a n t .  H ow ever ,  t h e  m o s t  

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

t h e  s i t e s  d i f f e r e d .  F o r  e x a m p le ,  68% o f  t h e  g e r m i n a n t s  

on  t h e  3 - y e a r  s i t e  w e r e  g e r a n i u m ,  and  71% o f  t h o s e  on  

t h e  3 5 - y e a r  s i t e  w e r e  g r a s s e s .  Hawkweed, w i t h  36 g e r m i ­

n a n t s ,  was  t h e  d o m in a n t  s p e c i e s  on  t h e  5 5 - y e a r  s i t e .  

G r a s s  s p e c i e s  a n d  w i n t e r g r e e n  ( G a u l t h e r i a  p ro cu m b e n s  

L . ) a l s o  w e r e  i m p o r t a n t  members  o f  t h e  b u r i e d  s e e d  

p o o l  on  t h i s  s i t e .

Many i m p o r t a n t  members  o f  t h e  p l a n t  com m uni ty  

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

s e e d  ( A p p e n d ix  B . 2 . ) .  N o t e w o r t h y  i s  t h e  s c a r c i t y  o f  

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

u b i q u i t o u s  c o m p o n e n ts  o f  j a c k  p i n e  s i t e s  i n  n o r t h e r n  

l o w e r  M i c h i g a n .  A l s o ,  many s p e c i e s  t h a t  g e r m i n a t e d  

f r o m  b u r i e d  s e e d  w e r e  n o t  s u r v e y e d  on  t h e  r e s p e c t i v e  

s i t e s .  E xam p les  o f  t h i s  a r e  w i n t e r g r e e n  a n d  C h i m a p h i l a  

u m b e l l a t a  ( L . )  B a r t ,  (common p i p s i s s e w a )  f ro m  t h e  3-  

y e a r  s i t e ,  g e r a n i u m ,  A n t e n n a r i a  n e g l e c t a  G re e n e  ( f i e l d  

p u s s y t o e s ) , w i n t e r g r e e n ,  F a n ic u m  c a p i l l a r e  L . , and  

common p i p s i s s e w a  f ro m  t h e  3 5 - y e a r  s i t e ,  a n d  hawk- 

w e e d ,  V i o l a  a d u n c a  S m . , ( h o o k e d - s p u r  v i o l e t ) , D a n t h o n i a  

s p i c a t a  ( L . )  B e a u v . , D i c h a n t h e l i u m  d e p a u p e r a tu r n  M u h l . ,
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a nd  P .  c a p i l l a r e  f rom  t h e  5 5 - y e a r  s i t e .

When t h e  c o n t r o l  f l a t s  f r o m  t h e  3 - y e a r  and  35-  

y e a r - o l d  s i t e s  w e r e  h e a t e d ,  one  f l a t  f ro m  t h e  3 - y e a r  

s i t e  p r o d u c e d  7 g e r a n i u m  g e r m i n a n t s  and  two f l a t s  f ro m  

t h e  3 5 - y e a r  s i t e  p r o d u c e d  2 a n d  3 g e r a n i u m  g e r m i n a n t s .

D i s c u s s i o n

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

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

b e t w e e n  f i r e s  (Sw eeney  1 9 5 6 ,  C h r i s t e n s e n  a n d  M u l l e r  

1 9 7 5 b ) . H e a t  t r e a t m e n t  h a s  b e e n  shown t o  r e l e a s e  s e e d s  

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

d o rm ancy  ( S t o n e  and  J u h r e n  1 95 1 ,  Sweeney 1 95 6 ,  C h r i s t e n ­

s e n  and  M u l l e r  1 9 7 5 a ,  1 9 7 5 b ) .  C o n s i s t e n t  w i t h  g e r a n i u m  

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

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

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

a f t e r  h e a t  t r e a t m e n t  (M cP h e rson  a n d  M u l l e r  1 9 6 9 ,  

C h r i s t e n s e n  a n d  M u l l e r  1 9 7 5 a ) .  C h r i s t e n s e n  a n d  M u l l e r  

( 1 9 7 5 a )  s p e c u l a t e  t h a t  g e r m i n a t i o n  o f  t h e s e  s p e c i e s  

may be d e p e n d e n t  on  t h e  g r a d u a l  d e t e r i o r a t i o n  o f  s e e d  

t i s s u e  i m p o s i n g  m e c h a n i c a l  r e s t r i c t i o n  on  t h e  embryoj  

do rm ancy  o f  s e e d s  s t o r e d  i n  t h e  s o i l  f o r  l o n g  p e r i o d s  

may r e s u l t  f ro m  c h e m i c a l  i n h i b i t i o n  by  n e i g h b o r i n g  

v e g e t a t i o n .  R e s e a r c h e r s  s u g g e s t  f i r e  r e m o v e s  t h e  

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

c r e a s e d  g e r m i n a t i o n  o f  many s p e c i e s  ( M u l l e r  ej: a l .

1 9 6 8 ,  M c P h e rson  a n d  M u l l e r  1 96 9 ,  C h r i s t e n s e n  and  

M u l l e r  1975a* 1 9 7 5 b ) .  H ow ever ,  a b u n d a n t  g e r m i n a t i o n  

o f  many h a r d - s e e d e d  s p e c i e s  f o l l o w i n g  f i r e  h a s  b e e n  

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

h e a t  (Cushwa e £  a l .  1 9 6 8 ,  P u r d i e  a nd  S l a t y e r  1 9 7 6 ,  G i l l  

1 9 7 7 ) .

The a p p e a r a n c e  o f  G e ran iu m  b i c k n e l l i i  f o l l o w i n g  

f i r e  ( A h l g r e n  1 960 ,  Ohmann a n d  G r i g a l  1 9 7 9 ,  O u t c a l t  

a n d  W h i te  1 9 8 1 ,  Abrams and  D ickmann 1982)  a n d  o t h e r  

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

an d  r o a d  c o n s t r u c t i o n  ( A h l g r e n ,  p e r s o n a l  c o m m u n ic a t io n )  

h a s  b e e n  d o c u m e n te d  i n  t h e  Lake  S t a t e s .  On j a c k  p i n e  

s i t e s  i n  n o r t h e r n  Lower M i c h i g a n ,  p e a k  o c c u r r e n c e  o f  

g e r a n i u m  i s  r e s t r i c t e d  t o  t h e  f i r s t  y e a r  a f t e r  f i r e ;  

e i t h e r  no o r  v e r y  r a r e  i n d i v i d u a l s  o f  t h i s  s p e c i e s  

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

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

L ak e  S t a t e s  s i t e s  w h e r e  t h i s  s p e c i e s  g r o w s .  F o r  

e x a m p l e ,  A h l g r e n  ( 1 9 7 9 c )  r e p o r t e d  t h a t  G. b i c k n e l l i i  

o c c u r r e d  i n  90Z  o f  h i s  s a m p le  p l o t s  t h r e e  y e a r s  ( e q u i v a ­

l e n t  t o  2 y e a r s  u s i n g  my c r i t e r i a  o f  d i s t u r b a n c e  ag e )  

a f t e r  a n  o l d - g r o w t h  r e d  p i n e  s t a n d  i n  n o r t h e a s t e r n  

M i n n e s o t a  was b u r n e d .  K r e f t i n g  and  A h l g r e n  ( 1 9 7 4 ) ,  

a l s o  w o r k i n g  i n  n o r t h e a s t e r n  M i n n e s o t a ,  f o u n d  g e r a n i u m
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i n  27% o f  t h e  p l o t s  s u r v e y e d  on  a  5 - y e a r - o l d  b u r n  

( 4 - y e a r s  u s i n g  my c r i t e r i a ) .

A h l g r e n  ( 1 9 7 9 a ,  1 9 7 9 b ,  1979c)  e x t r a c t e d  b u r i e d  

s e e d s  i n  s o i l  s a m p le s  f ro m  many s i t e s  o f  d i f f e r e n t  

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

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

i n g l y ,  when A h l g r e n  ( 1 9 7 9 c )  m o n i t o r e d  s e e d l i n g  e m e rg e n c e  

f ro m  i n t a c t  s o i l  b l o c k s  c o l l e c t e d  f ro m  a  270 y e a r - o l d  

r e d  p i n e  s t a n d  b u r n e d  3 y e a r s  p r e v i o u s l y  an d  f ro m  a n  

a d j a c e n t  u n b u r n e d  a r e a ,  g e r a n i u m  a p p e a r e d  o n l y  f ro m  

t h e  b u r n e d  s o i l .  A h l g r e n  ( 1 9 7 9 a )  p l a n t e d  s o i l - e x t r a c t e d  

g e r a n i u m  s e e d  i n  s t e r i l e  g r e e n h o u s e  s o i l  a n d  o b t a i n e d  

30% g e r m i n a t i o n .

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

my e x p e r i m e n t s .  I n  A h l g r e n ' s  e x p e r i m e n t s ,  no h e a t  

t r e a t m e n t  was g i v e n  t o  t h e  s o i l  s a m p l e s  o r  s o i l  e x t r a c ­

t e d  s e e d ,  y e t  t h e  g e r a n i u m  s e e d  g e r m i n a t e d .  I n  my 

e x p e r i m e n t s  w i t h  b u r i e d  s e e d ,  g e r a n i u m  s e e d s  g e r m i n a t e d  

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

t h e r  s u b s t a n t i a t e d  when i n  3 o f  6 c o n t r o l  f l a t s  f ro m  

t h e  3 - y e a r  and  3 5 - y e a r  s i t e s ,  w h i c h  show ed no  g e r a n i u m  

g e r m i n a t i o n  f o r  18 w e e k s , g e r a n i u m  g e r m i n a t e d  a f t e r  

t h e  s o i l  was  h e a t e d .  A l s o ,  s e e d s  e x t r a c t e d  f r o m  b u l k  

s o i l  s a m p le s  f ro m  t h e  3 - y e a r  s i t e  when h e a t e d  t o  

90°C -30  m in .  showed 20% g e r m i n a t i o n  (37  s e e d s  t o t a l ) , 

w h e r e a s  u n h e a t e d  s e e d s  showed 0% g e r m i n a t i o n  (30  s e e d s
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t o t a l )  (Abrams a nd  D ick m an n ,  u n p u b l . ) .

G e ran iu m  i n  M i n n e s o t a ,  i n  t h e  f i e l d  a t  l e a s t ,  

d o e s  n o t  r e q u i r e  h e a t  f ro m  f i r e  f o r  g e r m i n a t i o n  ( A h l ­

g r e n ,  p e r s o n a l  c o m m u n i c a t i o n ) . The a p p a r e n t  h e a t  

r e q u i r e m e n t  f o r  g e r a n i u m  g e r m i n a t i o n  i n  n o r t h e r n  lo w e r  

M i c h i g a n  s u g g e s t s  t h a t  e c o t y p i c  d i f f e r e n c e s  e x i s t  f o r  

t h i s  s p e c i e s .



CHAPTER V I I I

SUMMARY AND CONCLUSION

1. B u r n i n g  p r o m o t e d  t h e  e s t a b l i s h m e n t  o f  a  l a r g e  

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

The l o n g e v i t y  o f  m o s t  o f  t h e s e  s p e c i e s  was  s h o r t  

( t e m p o r a r y  f i r e - f o l l o w e r s ) , r e s u l t i n g  i n  l a r g e  

d r o p s  i n  s p e c i e s  r i c h n e s s  b e t w e e n  one  a n d  two 

y e a r s  a f t e r  f i r e .

2. T h r o u g h  y e a r  s i x  a f t e r  f i r e ,  m o s t  b u r n e d  s i t e s  

r e m a i n e d  m ore  d i v e r s e  t h a n  u n b u r n e d  c l e a r c u t  

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

on b o t h  b u r n e d  a n d  u n b u r n e d  s i t e s  was d i r e c t l y  

a f f e c t e d  b y  t h e  d o m i n a t i o n  o f  t h e  s e d g e ,  C a r e x  

p e n s y l v a n i c a .

3. The p r o l i f e r a t i o n  o f  C. p e n s y l v a n i c a  (up t o  86% 

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

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

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

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

4. U n b u rn e d  c l e a r c u t  s i t e s  c o n s i s t e n t l y  c o n v e r t e d  

r a p i d l y  t o  C a r e x  meadows.  B u r n e d  s i t e s ,  h o w e v e r ,  

showed m u l t i p l e  s u c c e s s i o n a l  p a t t e r n s ,  i n c l u d i n g  

d o m i n a t i o n  by  s h r u b  and e a r l y  s u c c e s s i o n a l  h a rd w oo d
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s p e c i e s ,  c o n v e r s i o n  t o  C a r e x  meadows,  a nd  t h e  

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

C o m p a r i s o n s  made b y  t h e  i n d e x  o f  s i m i l a r i t y  (S) 

show ed t h a t  s u c c e s s i o n  on  e a c h  s i t e  i s  h i g h l y  

u n i q u e .  T h e r e f o r e ,  t h e  i n d i v i d u a l i s t i c  n a t u r e  o f  

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

becom es  t h e  d o m in a n t  a s p e c t  i n  d i s c e r n i n g  

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

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

p r i o r  t o  b u r n i n g  i n  a  j a c k  p i n e  c l e a r c u t  a r e a ,  

i t  was shown t h a t  t h e  i n t e n s i t y  o f  t h e  same f i r e  

g o i n g  t h r o u g h  two a d j a c e n t  b l o c k s  w i t h  s i m i l a r  

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

m a r k e d l y  d i f f e r e n t .  F i r e  i n t e n s i t y ,  m e a s u r e d  by  

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

a d d i t i o n  a nd  l o s s  o f  s p e c i e s ,  s p e c i e s  d o m in a n c e ,  

d i v e r s i t y ,  a n d  p l a n t  c o v e r  on t h e  b l o c k s .  

F e r t i l i z a t i o n  e x p e r i m e n t s  on  m a t u r e  a n d  c l e a r c u t  

j a c k  p i n e  s i t e s  showed t h a t  b i o m a s s  o f  u n d e r s t o r y  

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

p e n s y l v a n i c a  c o n s i s t e n t l y  showed a n  abo ve  a v e r a g e  

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

a s  an  o p p o r t u n i s t i c  s p e c i e s .

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

f ro m  d i f f e r e n t - a g e d  j a c k  p i n e  s i t e s  i n d i c a t e d  t h a t  

t h e  o v e r w h e l m in g  d o m in a n ce  o f  G e ra n iu m  b i k n e l l i i
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on  many o n e - y e a r - o l d  b u r n e d  s i t e s  was due  t o  t h e  

h e a t - s t i m u l a t e d  g e r m i n a t i o n  o f  b u r i e d  s e e d .



APPENDIX A

RELATIVE COVER AND RELATIVE FREQUENCY DATA 
FOR SPECIES SURVEYED ON UNBURNED 

CLEARCUT SITES



TABLE A 1
RELATIVE COVER AND RELATIVE FREQUENCY OF EACH SPECIESON SITE 1B80-81 SURVEYED AS A 0-YEAR AND 1-YEAR-OLDCLEARCUT.1

Ann ual s

S p e c i e s

and b i e n n i a l s  
c a n a d v  i: i T iL a c t uc n 

Mi't 'amp s j  i  uin N iu ean ;

G r a s s e s  and s e d g e s
Eu-rnui k a i m i i
Cnicx pc ii i i/i'i'iitu' cti
P.ui t / i e »] t ti ip  tea  f.i
P-i c/if.nT/tcf i  urn dcpn ape liilitm
P t i / c c p j . i i  a ipe  11 j e C La
Q \ i j z c p h i i  pu ng cui
Sc/i < m e / m e  p u i p a i n  i ecu 1

P e r e n n i a l  h erb s
A pec  tj uum a i id \u  la  cm< fje£Iurri
A i c l c p t a a  i t j f i iaca
A i  t  c i  i a e i ’-i j
F lag A l i a  v i i g i n i a u a
Ga ii l f /ic 1 <a pludumtie n i
Htc-iac ium a u ' i a n - t tncum
Ma iai: tficmum c Aiinde m e
P / j i / i j I I i  u i l g  i iU  ana
P-f e l  tdium aqui  C-inum
Sc I’ t dage ipp.
1/ ( I' f a a dune a

T r e e s  and s h r u b s  
Awefaiic/u c i  ip^
A t c f c  i tnp/nyfc i  la’f l - u i i t  
Cempfetii'a p e i e g i t n a  
C i n f a e g u i  ip .
Epigen  . l e p c m  
Pln nu l  pumciln 
Piu nu i  i c t i i f t u n
Pi iom i iu’I j u H iI nn 
Oii i / i cm i p p .  ( r e d  oak)
f l u  b  U i  P  l' <1 i t  I  V A II U ’ l l i

Re in b l amda
S a tr i * g i  n u c c p h ij t! t' c t d c 1 
I'ac c t il ( urn ipp .

1980
Cover F req

. 3
.  I

1981
Cover

.8
9 . 8  

. 1
1 . 9  

_ 2

. 9

.  1 

. 1 

. 1 
1.4
1.1

2 6 . 0

1 3 . 5  
. 4
. 3 

2 . 9  
2.2 
1.8 
2. 7  

.6
1. 3

3 1 .0

.6 
9 . 7  

. 5

.5
6 . 4
1.6
l . l

7 . 5

.5

5 . 4

4.  3 
. 5 

1 4 . 5  
. 5

5 . 9
1.1
2 . 7  

. 5
3 . 8
5 . 9  
2 . 7

. 5 
2 .1 
4. 3 

. 5 

. 5 
1 5 . 6

1 . 5  

16.  6

. 1 

. 1 
33.  7

3 . 6

.6 

. 1

.4
3 . 5
2.8

2.8

2 4 . 8

r l n d i c a t e s  a vaLue l e s s  chan . 0 5 .

Freq  

. 5

1 3 . 9

3]
4 !

4 . 

1.
2.
4 !

12.

6 . 9  
1 . 5
3 . 0  
3 . 4

. 5
7 . 9
5 . 0

7. 4 

1 4 . 8
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TABLE A 2

RELATIVE COVER AND RELATIVE FREQUENCY OF
EACH SPECIES ON SITE 2 SURVEYED AS A

1-YEAR-OLD CLEARCUT

S p e c i e s  C ov e r

G r a s s e s  and  s e d g e s
A n d n o p o g o n  g z n a n d Z Z  4 .  4
Canzx.  p z n A y Z v a n Z c a  1 9 .2
17 e . 6 c h a m p 6 l a  f i Z z x u o A a
O n y z o p A Z A a A p z n Z i o Z Z a  1 . 1
O n y z o p A Z A p u n g z n A

P e r e n n i a l  h e r b s
An z m o n z  q u n n q u z f i o Z Z a  .2
A n t z n n a n Z a  n z g Z z c t a
A A t z n  Z a z v Z A  .7
E p Z g z a  n z p z n A
Gau.Zthzn .Za  p n o c u m b z n A  6 . 2
H z Z Z a n t h u A  o c c Z d z n t a Z Z A
HZzn.acZu.rn v z n o A u m
L Z a t n Z A  n o v a z - a n g Z Z a z
MaZanthzmum canadznAZ
P t z n Z d Z u m  a q u Z Z Z nu m
S o Z Z d a g o  A p p .
S p Z n a n t h z A  g n ac Z Z Z A

T r e e s  a nd  s h r u b s
A n c t o A t a p h y Z o A  u v a - u n A Z  1 1 . 2
C o m p t o n Z a  pzn . zgn . Zna  2 .5
PZnuA b a n k A Z a n a  1 . 1
PnunuA p u m ZZ a  6 . 2
PnunuA A z n o t Z n a  .4
Q,uzncuA A p p .  ( r e d  o ak )
V a c c Z n Z u m  App.  4 6 . 8

1979

161

F r e q

9 .7
1 4 . 6

1 . 6

1 . 6

3 . 2  
.5  

5 . 4  
1 . 1  
6 . 0  
1 . 6  
1 . 6  

.5  
1 . 1  

. 5  
1 . 1  

.5

1 3 . 5
1 0 . 3

1 . 6
9 . 2

.5
1 4 . 1



TABLE A 3

RELATIVE COVER AND RELATIVE FREQUENCY OF 
EACH SPECIES ON SITE 3A SURVEYED AS A 

2 -YEAR-OLD CLEARCUT

1980
S p e c i e s  C o v e r  F r e q

G r a s s e s  a n d  s e d g e s
~AgnoAtZA k yz m a Z Z A  . 6
B-'iomtti kaZmZZ  ..6 4 . 9
C a n z x  p z n A y Z v a n Z c a  4 4 . 3  1 7 . 9
V a n t h o n Z a  A p Z c a t a  .4  4 . 9
V Z c h a n t k z Z Z u m  d z p a u p z n a t u m  2 . 5  6 . 2
Ko. zZ znZ a  m a c n a n t k a  . 1  . 6
O n y z op A ZA  a A p z n Z & o Z Z a  1 . 2
O n y z op A ZA  p u n g e n t  1 . 7  5 . 6
PanZcam coZu.mbZa.num 1 . 8

P e r e n n i a l  h e r b s
A p o c y n u m  a n d n o A a z mZ & o Z Z u m  . 1  1 . 2
A A t z n  Z a z v Z A  .5  2 . 5
C a mp a nu Z a  n o t u n d Z & o Z Z a  * 1 . 2
HZzn.acZu.rn a u n a n t Z a c u m  .6  1 . 8
H Z z n a cZ u m  v z n o A u m  1 . 8
L Z a t n Z A  n o v a e - a n g Z Z a z  .6
P t z n Z d Z u m  a q uZ Z Zn u m  1 9 . 6  1 0 . 5
So£^.dago 4pp .  . 6

T r e e s  a nd  s h r u b s
A m z Z a n c k Z z n .  A p .  1 . 3  3 . 1
A n c t o A t a p h y Z n . A  u v a ~ u n A Z  1 . 1  1 . 8
C o m p t o n Z a  pzn . zgn . Zna  1 . 7  4 . 9
C n a t a z g u *  A p .  . 2  .6
PZnuA b a n k A Z a n a  .6
PnunuA pumZZa  . 6  6 . 8
PnunuA A z n o t Z n a  1 . 6
Q u z n c u A  A p p . 2 . 5  1 .2
Rubiu p z n A Z Z v a n Z c u A  1 . 2
V a c c Z n Z u m  A p p .  2 0 . 6  1 5 . 4
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TABLE A 4
RELATIVE COVER AND RELATIVE FREQUENCY OF EACH SPECIESON SITE 3B79-80-81 SURVEYED AS A 2-YEAR-,3-YEAR-, AND 4-YEAR-OLD CLEARCUT

Spec  i e s

A n n u a ls  and b i e n n i a l s  
Me Campy  turn f t  iic a '1C

G r a s s e s  and s e d g e s  
AiiiMi'jJi'Qlih ■)c i a d < t 
Blii mu 4 Crifmtt 
Cate*  pcuiyf.'ra»it ca 
P a i i f / i e iu a  i p t c a f n  
On ic/ inmpj ta ■Jfexuoia 
P t c Ii a nf  (ic f i um d c p i i u p c i a t u m  
0 1 tj : u p 1 t i a i p e i  i ii o f < a 
P i y ^ L i p i  t i  punt j t '  i i i 
S ; Ii i ; a c  (me p u ' i p u ia i  c c u i

P e r e n n i a l  h e r b s  
ApLieyuum aiid-toia c m t £ et' tuin 
A l t e A  LrtCl ’ t i  
F i a t j a i t a  e t t g <» ta n a  
G a u i ! th c i ia  p.iocuiiibct: j  
ft te a a c tu m  auAanCtaeurn 
Hi'c iactum I'tiiL'ium 
L i a f t f  4 ii l* !■ a c - a i i  g f t a e 
P t e  l t d - t u r n  n t j u t C o u i m  
S c C t r f a y c  i p p .
V n ' C a  a d u n c a  
V t e £ a p e d a t t  l i t r fa

T r e e s  and s hr ub s  
Ami; Cane (i t e * i p .
Al  c f 0 i  t  apJ:</£ e l  u i M - u  t i  t 
CampCenta p c i e j - m i i i  P I C 1 V l f l .1 t .; U' V la 
Cp i g e a  i i 'p L'>:i 
P  (' . !(!  J  (iiT i, f; i  t i; a  
I’ 1 in; u i p a "  i i a f’lUllUi l l 1J I II Ulllil
(i ui.11 l a i j p p . ( r e d  oak)
R e  j  a  1 ' i a r . L i
Rn Hu i  p e n i l t  i a i i c  u i
P a c e  t i l  turn 1 p p .

1979  
Cover  Freq

1 . 9

5 . 7

2 8 . 8

1 . 5  
. 5

. 1
2 . 7  

. 1

9 . 7
. 3

.4

6 . 7

.  1
1 . 4
4 . 3

.  1
36.  9

3 . 8

1 5 . 3  
. 6

1 . 9

1. 3
1 . 9

.6
3 . 2

1 3 . 4

. 6
12.  7 

. 6

1.2
1 1 . 5

1 . 3  
5 . 7  

. 6 
1 . 9

. 6 
19.  1

1980  
C ove r  Freq

5 1 . 4

1 . 5  
. 3

2.0

2 . 3

. 1 

.1

. 3

1 . 3  

. 3

4 0 . 4

3. 3 
1 7 . 3  
2.0
1 . 3
1 . 3  
6.0

.7

9.  3

1 . 3  
. 7 

10.0
2 . 7

. 7

1 . 3  
3.  3 
6.0
1. 3

9.  3

. 7 

. 7 
1. 3 

1 9 . 3

1981  
Cover  Freq

1 . 4

. 2  2 . 9

4 4 . 8  2 1 . 7

.6

. 2 
1.0

.4

.4

.7

1.6
4 . 2

. 1 
4 5 . 8

1.

13.

3.

l'.

8.0
1 . 5

') r) 
2 1 ‘. 7

1 6 3
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TABLE A 5

RELATIVE COVER AND RELATIVE FREQUENCY OF EACH SPECIES
ON SITE 4A 79- 8Q -81 SURVEYED AS A 3 -YEAR-,

4 -YEAR-, AND 5 -YEAR-OLD CLEARCUT

1979 1900 1981
S p e c i e s Cover Freq Cover Freq Cover Freq

A n n u a l s  and b i e n n i a l s
A i a 6 i i tj i  a i  *t a .  1

G r a s s e s  and s e d g e s
B to mu 1 tiU’mti . 8 6 . 4
Caii!X pe m y  I’vniit ca 77 .  5 27 . 3 6 4 . 1 3 0 .  9 7 8 . 1 3 1 . 6
Pan f fii’ii < a J p i c a f a . 4 1 . 8 2 . 1 . 8 2 . 1
P m  r fm in p i < a f ' l i ' i u i ' U 3. 4 1 5 . 5 .7 6 . 4 . 5 8 . 4
V < c fin n t /ic t turn l icpaupc * a f  urn 1 . 1 1 . 1 1 . 1
O i y r e p l i i  a ip e  i-i  ̂«.■ t ta . 9 . 6 2 . 1 1 . 1 1 . 1
O t y r v p i i i  pa it 3 e >ii . 3 . 9 .7 7 . 4 .7 7 . 4

P e r e n n i a l  h e r b s
A j t  c 1 £ a cv  i i . 3 .1 1 . 1 3 . 2
Cnmp.tiiufa la t u h d-i jfc 1 i a . 9 2 . 1
H i i! 1 a c i u m it a a a ti 1 1 a c urn . 9
Hi i? in c turn vc it a 1 am . 3 * 1 . 1 .  1 1 . 0
I. yea pad turn a b ic a lu in 1 . 1
P f C l t d i u m  ntfu i f  ilium 4 . 5 14.  5 7 . 4 1 . 1
S e l t d a g e  i p p . . 2
Pi a fa  aduuca . 9 2 . 1

T r e e s  and s h r u b s
AniC f a DC ill C 1 i p . 2 . 1 1 . 1
A i c t a  jfapfiyl 'u i  u v a - u - . i i 1 . 1 1 . 8 . 2 1 . 1 .  1 2 . 1
Cernpteiun p e i C y l t i t a 3 . 6 1 . 1 2 . 1
P t u u i  b a n h i i t u m 2 . 7 1 . 0 4 . 3 1 . 9 3 . 2
P r p u f u i  f 1 emiHe t d e i 2 . 1 . 7 1 . 1
PltuiuJ i i i i e t i n i i . 9 .4 1 . 1
( • u c i e u i  i p p .  ( r e d  oak) . 9 1 . 1
Piii:c ituuin ipp . 10 .  3 2 0 . 0 3 1 . 6 2 7 . 6 1 5 . 4 2 8 . 4
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TA3LE A 6
RELATIVE COVER AND RELATIVE FREQUENCY OF EACH S P E C I E S  

OH S I T E  5 A 7 9 - 8 0 - S 1  SURVEYED AS A 4 - Y E A R - ,
5-YEAR

S p e c i e s

b r a s s e s  a n d  s ed R c- s
"6 a.  in a  J f; .1T in t i
C , v  i c x  C <• J y  t  v . a  i: t  u
P. a c *  l i cu i i a  i p t c c f . i
D t  C f  i u ’ I  i Ui n  d L’ p . l u p C  t  I t  17!
Oa ij zv  (J i  t i  p u i i t j i ' i r i

P e r e n n i a l  h e r b s  
A i f  0 t  i i J t i ' i T
G . i u i ' f / i e a i n  p H ’ c u i f i  c <;i  
P f  i* 1 c urn a q u i (J < i .  ufij 
Se i < Jii ge 
V t v i ' n  . adue i :  a

T r e e s  and s h r u b s  
Al C f i ' i  f d / a / i r / f i 1 i  u i n
Ame i iiiic/uc a J p . 
f p t y t i t  "CpL'tll
P o : « i  b a n f c  j  u a » i n  
P a u c u i  punni'a 
P a  ’j  n u  j  i  c  a c  1 1 » : n  
Qu cacus  i p p .  ( r e d  oak)
Vac c m i  um i p p .

, AND 6 -YEAR-OLD CLEAR 

1979
Cover  Freq Cover

.2 1.2
7 6 . 7  3 4 . 5  6 6 . 8

. 4

.6■*
2 . 2 14.  3 2 . 2 

" . 1

7 . 0 3 . 6 1 . 9
. 2 2 . 4 . 2

1 . 4 3 . 6 5. 4
. 2 5 . 9

1 . 2
1 . 2

. 1

1 2 . 0 32 . 1 2 2 . 3

I
Freq Co ver

1981
Freq

1 . 8 2 . 0
2 6 . 9 6 4 . 6 3 0 . 0

1 . 8
3 . 7 . 3 1 . 0
2 . 8 . 7 2 . 0

1 . 8 3 . 0
2 . 8 . 1 4 . 0

1 3 . 9 9 . 0 5 6
. 9

3 . 7 . 3

2 . 0

6 . 0
3 . 7 2 . 0

2 . 9
. 2 

3 . 2 2 . 0
8 . 3 5 . 0

. 8 2 . 0
2 5 . 0 24 . 3 28 .  0
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TABLE A 7

RELATIVE COVER AND RELATIVE FREQUENCY OF
EACH SPECIES ON SITE 6 SURVEYED AS A

5 -YEAR-OLD CLEARCUT

1979
S p e c i e s  C o v e r  F re q

G r a s s e s  a nd  s e d g e s
Casizx  pe . n6yZvanx . ca  6 6 . 0  2 6 .2
V z 6 c k a mp6Za faZcxu0 6 a  6 . 0  9 . 7
0 s i y z o p 6 Z 6  a 6pc s i Z ^oZ Za  5 . 3  9 , 7

P e r e n n i a l  h e r b s
Ga.uZthe.s iZa p s i o c u m b z n 6  1 . 9
Pte.siZd.Zum a qu Z Z Z nu m  .1
S o Z Z d a g o  6 p p .  1 . 0

T r e e s  a nd  s h r u b s
As i c t o 6 t a p h y Z o 6  uva~usi6Z  1 . 0
C o m p t o n Z a  pcs i zgs iZna  1 . 0
VZ&sivZZZa ZonZc,&sia 1 . 0
PZnu6 b a n k i Z a n a  1 . 5  4 . 8
PopuZuA t/L&muZoZde.6 1 . 9
PsiunuA pumZZa  . 3  2 . 9
PsiunuA i z s i o t Z n a  6 . 6  5 . 8
Ru.bu-4 p e m Z Z o a n Z c u i  1 . 5  8 . 7
S a Z Zx  g Za u c op h y ZZ o Z d e . 6  1 .0
VaccZnZum 6 p p .  1 2 . 6  2 3 .3
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APPENDIX B

RELATIVE COVER AND RELATIVE FREQUENCY DATA 
FOR SPECIES SURVEYED ON SITES BURNED BY 

PRESCRIPTION OR WILDFIRE



TABLE B 1
RELATIVE COVER AND RELATIVE FREQUENCY OF EACH SPECIES 
ON SITE 7 A 8 0 - 8 1  SURVEYED AS A 1-YEAR- AND 2-YEAR-OLD

PRESCRIBED BURN

S p e c i e s

A n n u a l s  and b i e n n i a l s  
C i m i u m  i p .
C o n t j d a l i i  i  empc>iu.t4e.H4 
E n i g e n o n  canadeii4-t.4 
Gc-tan-ium b i c k n e l l i i  
K n i g i a  o i n g i n i c a  
L a c t u i i a  c a n a d e m i i  
l i e la m py num  l i n e a n e

G r a s s e s  and s e d g e s  
Agfioptjxort  i-’tac./ti/cauilum 
AndJiopogon g e n a n d i i  
An dn op ogo  n i c o p a n i u i  
C anex  p e m y l v a n i c a  
D a n t h o n i a  i p i c a t a  
O e i c h a m p i i a  ^ l e x u o i a  
V i c . h a n t k e . l i u m  d e p a u p e n a t u m  
Koe.ten.ia. m a c n a n t h a  
t iu .h tenl ien.g ia m e x i c a n a  
O n y z o p & i i  p u n g & m  
P a n i c  am c a p i t l a n e  
SoJtg/ia4i<tam nu£an4

P e r e n n i a l  h e r b s  
Anem'one n i p a n i a  
A n t e n n a n i a  n e g l e e t a  
A i t e n .  j u n c i ^ o n m i i  
A i t e n  l a e v i i  
C a m pa nu la  n o t u n d i & o l i a  
P n a g a n i a  vi^igiH-cana  
H e X ia n th e m u m  c a n a d e m e  
Ui.en.adum  wetioium 
L i a t n i i  n o v a e - a n g l i a e  
Mtt-tan-tfidmum canaif  £H4 £ 
P t e n i d i u m  a q u i l i num 
Snnec.t .0 t o m e n t o i u i  
S o t i d a g o  4pp.
V i o l a  ad un ca  
V i o l a  p e d a t i & i d a

T r e e s  and s h r u b s  
Ame I ancV-i&Ji 4p .  
A n d o i t a p h y l o i  u o . a - u m i  
C e a n o t h u i  o v a t u i  
C o m p t a n i a  p c n e g n i n a  
C n a t a e g u i  i p .
PnunuA p u m i t a  
PnunuA ui n g i n i a n a  
P o i a  bt a n d a  
Rubui pen4i£uanicu4 
S{/mpbp-tica/ipo4 a £ b u i  
V a c c i n i u m  i p p .

1980
Cover

.1
1.2

1 3 . 0

1.1
.1

2 7 . 8

.6

. 5  

. 1 

. 2

. 3

. 1

. 2

.1

1 . 8

4. 6 
1 . 4  

. 1 

. 5

5 . 0

. 2 
4 0 . 9

Freq

. 5
4 . 1
2 . 1  
6 . 7

1981
C ov er Freq

3 . 6  
2 . 1

1 4 . 4
3 . 6

3 . 6  
. 5

1.0
3 . 6  
1 . 5

. 5

. 5

. 5
2 . 5  

. 5
1.0

1 . 5
1 . 5

1 . 0  
2 . 1  

. 5

5 . 6
2 . 1

. 5
5 . 1

1 0 . 3
1. 0

. 5

. 5
1. 0  

12.  3

. 1 

. 2  
44.  7 

. 3

. 2

. 1

2 .0

.1

.1

.1

. 4  

. 1

2 . 1
1 . 0

. 5

1 7 . 4
2 . 7

2 7 . 7

1.

.6
2 . 9  
1 . 2

1 7 . 0
3 . 5
1 . 2
2 . 9  
2 . 3

5 . 9

,6
.6

2 . 9
1 . 2
1 . 2
1 . 2
1 . 2

1 . 2

. 6
1 . 7

8 . 2  
1. 2  
1 . 2 
4.  1 

. 6 
1 2 . 9  

. 6 
1. 2

. 6 
1 7 . 5
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TABLE B 2
SPECIES COVER AND FREQUENCY DATA FROM SITE 7 B ( 1 - ,  2 - ,  AND 3-YEAR-OLD BURN), 

SITE 12A(35 -YEAR-OLD JACK PINE STAND), AND SITE 13C(55-YEAR-OLD JACK PINE STAND)
USED IN THE BURIED SEED EXPERIMENT

S p e c i e s

Annuals  and b i e n n i a l s  
CL* i i u m  i p .
C o n y d a l i i  i t m p in .v in e .n i  
E'lige-’ion c a n a d e i u i i  
Geranium t i c f e n e l l i i  
Knigia,  v i n g i n i c a  
Mcfampy’ium l i n z a n t  
S i l e n e  a n i i r r f i i n a

1 - y e a r  
Cover Free

2 . 8

22. l t
.5

1 . 4
1 . 4

8 . 8

.4

s i t e  7B
2 - y e a r

.6

.6

3 - y e a r  
Cover Freq

s i t e  12A s i t e  13C
3 5 - y e a r  

Cover Freq

. 9

5 5 - y e a r  
Cover Freq

. 8 9 . 8

G r a s s e s  and s e d g e s  
Agropyron irac / iycaulum  
Andropogou gtn .an .d i i  
Andnopogon i c o p a n i u i  
Bromui k a l m i i  
Ca nt x  i p p .
V a n t h o n i a  i p i c a t a  
V a c h a m p i i a  ^ t e x u o i a  
V i c h a n t h t l i u m  dep a u p en a tu m  
K o t l t n i a  mac na n th a  
O n y z o p i i i  a i p t n i & o l i a  
O n y z o p i i i  p u n g t m  
Panicum co lum bia nam  
U u h l t n b t n g i a  m t x i c a n a  
S c h i z a c k n t  pu^pu' ia iceni  
S o t g b a J i l u m  im-tani

P e r e n n i a l  h erb s  
Anemone (jtmtque(Solid 
A poctjnum and no i  atm i { o  H u m  
Ai t t n  j u n c i & o n m i i  
A i t t n  i a e o i j  
Campanula n o t u n d i & o l i a  
C y p n i p t d i u m  a c a u l e  
Equi ic tum liyemale

.7
1 . 1 .6 . 8 1 . 2 2 . 1 3 . 1

. 5 . 5 1 . 0 2 . 7
1 . 2 1 . 4 .4

1 7 . 2 1 4 . 5 3 9 . 8 1 7 . 0 4 1 . 7 1 6 . 1 6 . 1 1 2 . 4
.1 2 . 8 1 . 5 3 . 2 5 . 1 5 . 3

. 9 . 7 3 . 4 2 . 6
1 . 6 4 . 9 3 . 6 7 . 9 5 . 4 1 0 . 7 .9

1 . 8 .5 2 . 8 . 3 1 . 1
4 . 7 1 . 7 1 . 6 1 . 1 .1

3 . 7 3 . 5 5 . 1 6 . 8 2 . 5 6 . 4 2 . 7 4 . 4
. 6 3 . 2 1 . 1 .8 3 . 8 .4
. 9 1 . 1 . 5
.5 1 . 8 6 . 8 3 . 4 4 . 1 3 . 2

. 3

2 . 1
3 . 2

1. 1

.1

2 . 3
.5

. 3■k 1 . 6
. 5

.9

.4
2 . 6

1 3 .7
.5

1 5 . 5

.5
1.0

.7
1 . 5
2 . 6
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W *o ur î j 2  ' Mw o 31 V 3
o ■v V 3  O V  “3 V 3 2
3 fj 2 31 Ol 2 W U 13 3 3r V 3 3k 3 \ V r* CJ t* V

3 2 V  “V O
■v w 3 3  0  0 V o CL
5; C X d .C i.P ^ c /> o ^ to ^

10
•§
M

X!'

•O
c3
ino
<vM
H

■n*
3I
33
3  <7

» 3  
-1 CLV Q -0 3V 3 
3s*e 3•ST <J 
Q.’M -7 3-3  3V U -2 
■0 3 V 3 3 3
V  *M 3  U U 3 
p* E 5J 
-C <  CJ

"H*
Ck>^ >
cj d , 
Q. -O
3  o  

W 3 3 313 a 
V  3a  v
E 3 3 -e CJ CM

•7 3  3  ‘M
S *M <W V *y ‘M 3
C L * tf  £  J -
O 3  3  CJ 

3  Q. -i 
•a

3  n  -7 w o  3 3 
31 3  5  3 
M 5: 3  3  
CL’V ^

4J G - G - G .

tO
0

3  *tJ 
= OJ

: 3  u  : 'M s-*
31 Q.^ aM -»

o  
-7 3  
3  U “
3  CJ  ̂ 3 ex cv

169

Ro
iti

 
tfa

iid
a 

.2 
1.1

 
.2 

2.
3

R
ab

uj
 

/U
ip

id
u

i 
.3 

3.
1 

R
ub

ui
 

pe
ns

 
tf

i'
an

^c
ui

 
9.

0 
3.

 9 
2.

2 
3.

 A 
.9 

3.
8 

.2 
2.

7
S<i

£ix
 

g£a
uco

p/i
;/f

fo>
idc

J 
.7

V
ac

ci
im

im
 

ip
p.

 
18

.6
 

11
.7

 
21

.0
 

15
.8

 
23

.9
 

1A
.5

 
A8

.A 
11

.9
 

A7
.3

 
15

.5



TABLE B 3
RELATIVE COVER AND RELATIVE FREQUENCY OF EACH SPECIES, BY SPECIES GROUP, 

SURVEYED IN 1 9 7 9  (SITE lA ,  0-YEAR CLEARCUT),
AND I 9 6 0  AND 19 81  (SITE 7 C 8 0 - 8 1 ,

1-AND 2-YEAR PRESCRIBED BURN)

1979
Year  o f  S u r v e y  

1980
S p e c i e s  

A n n u a l s  and b i e n n i a l s  
iieTtampyaum t l n z a a z  
Ge.tian4.um caao l i n + a n u m  
C o a y d a t . i i  i z m p z a . v i a . z n i  
C4.t1i i .um i p .
L a d uca c a n a d e . n i i . i

G r a s s e s  and s e d g e s  
Cn>tex p z m t j l v a n i c a  
V a n i h o n i a  i p i c a i a  
O a t j z o p i i i  pua gena  
K o z l z a i a  mactian-tha  
Pa.n4.cum coluDib-catium 
S-iomua k a l m i i  
F e d u c a  i p ,
Poa p a a t z m i i  
S c h i z a c h n z  p u a p u a a i c z n i  
O a y z o p i i i  a i p z a i f i o l i a  
D z i c h a m p i i a  f a l z x u o i a

P e r e n n i a l  h e r b s  
Anemone  q u i n q u z & o l i a  
A i i z a  Z a z v i i  
S o l i d a g o  i p -  
V i o l a  ad un ca  
P t z a i d i u m  a q u i Z i n u m  
L i a t a i i  n o v a z - a n g l i a z  
M a i a n t h emun c a n a d z m z  
H z l i a n i h u i  o c z i d z n i a l i i  
Apocynum a n d a o i a z m i & o t i u  
C o n v o t v u l u i  i p i t h a m a z u i  
HiC'tac-ium a u a a n t i a c u m  
H i z a a c i u m  uenoium  
H i z a a c i u m  c a n a d z m z  
C a m pan ul a  a o l u n d i & o l i a  
P o l y g a l a  po£ygama  
F a a g a a i a  v i n g i n i a n a  
G a u l t h z a i a  p a o c u m b z m

T r e e s  and Sh rub s  
t /accin. ium i p p .  
A m z t a n c h i z a  i p .
P a u n u i  p u m i l a  
A a d o i t a p h y l o  i  u v a - u a i i  
C ompt onZa  p z a z g a i n a  
P a u n u i  v i a g i n i a n a  
Pauhua i z a o t i n a  
R e i a  faiandn 
Rubua p z m i t v a n i c u i  
P i n u i  b a n k i i a n a  
S y m p h o a i c a a p o i  a t b u i

1981
) o v e r ( 2 ) F r e q ( I ) C o v e r (%) Freq{ / [ ) C o v e r ( Z ) Freq

_ . 7 _ _ . 7
- - 1 3 . 5 3 . 8 - -

- -
4 . 8 2 . 2

. 5

. 5
- -

2 1 . 7 1 4 . 5 2 8 . 7 1 4 . 1 3 6 . 8 1 9 . 9
- - - 2 . 2 - 2 . 0
- - 1 . 8 5 . 4 8 . 1 1 1 . 9
- .7 2 . 2 3 . 8 - 1 . 3
- - - 1 . 6 . 2 -

5 . 0 2 . 2 . 2 2 . 7 - -
- - . 8 . 5 . 3 . 7
- - 2 . 1 1 . 1 - -

4 . 6 2 . 2 - . 5 - -
. 8 5.  1 - - - .7
.4 1 . 5 • .2 2 . 0

. 4 2 . 9 * 6 7 . 1 . 1 2.  7
1 . 2 3 , 6 1 . 2 4 . 4 . 2 2.Q

.2 2 . 9 - . 5 . 7 . 7
- - . 3 3 . 3 - -

7 . 1 7 . 2 ~ .5 - 1 . 3
- - . 4 1 . 6 - -

1 . 3 5 . 8 - . 5 - 2 . 0

A
- - 3 . 3 - -

1 * H
_ _ 1 . 1 _ ..

- 1 . 5 . 1 1 . 6
. 5

- 1 . 3

“
-

. 1

. 2 . 5 .  1 . 7

1 . 3 1 . 4 _
• J
. 5 _ .7

3 . 1 5 . 8 - - 1 . 3

2 9 . 6 1 3 . 8 3 3 . 1 1 5 . 2 4 0 . 2 1 9 . 9
1 3 . 8 8 . 0 3 . 5 4 . 9 2 . 2 6 . 0

4 . 2 8 . 0 4 . 2 7 . 1 6 . 9 11 .  9
1 . 2 5 . 1 - 1 . 1 1 . 8 6 . 0
3 . 5 2 . 9 2 . 1 4 . 4 1 . 7 3 . 3

- 1 . 4
*7

- - - -

_
■ /

1 . 4 _ _ . 5 .7
- . 7 - - - . 7
. 2 - - . 5 - -*
- - . 1 1 . 6 - -
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TABLE B 4
RELATIVE COVER AND RELATIVE FREQUENCY OF EACH SPECIES 

ON SITE 7D79 - 8 0 - 8 1  SURVEYED AS A 
1-YEAR-, 2-YEAR-, AND 3-YEAR-OLD 

PRESCRIBED BURN

L979 1980 1 9 8 1
S p e c i e s

A n n u a l s  and b i e n n i a l s  
G en a n iu m  c a n u t i n i a n u m  
L a c t u c a  canadenAxA 
Melampynum l i n e a n e

G r a s s e s  and s e d g e s  
A g n o p y n o n  t4.ac.nyca.uium 
AgAo-ttxA h y a m a l i i  
A n d n o p o g o n  g e n a n d i i  
Canex. p e m y t v a n i c a  
V a n t h o n i a  i p i c a t a  
V e i c h a m p i i a  fJtcxuoAa 
D i c h a n t h e l i u m  d z p a u p e n a t u m  
Koe. te .n ia  m a c n a n t h a  
O n y z o p i i i  pungenA 
Panxcum cotumbxanum 
Poa p n a t z m i i

P e r e n n i a l  h e r b s

Cover Freq C ov er Freq Cover Freq

. 6 . 6
. 6

. 3 1 . 7

. 6
. 3 1 . 1 1 . 4

4 . 6 7 . 9 2 . 7 4 . 2 . 3 3 . 3
6 6 . 5 1 9 . 8 5 0 . 0 2 0 . 4 5 0 . 7 2 3 . 8

. 8 7 . 9 3 . 4 5 . 6 4 . 0 3 . 3

. 3 . 6 .4 . 7

. 2 1 1 . 2 1 2 . 7 8 . 6 9 . 8
1 . 5 1 . 4 2 .  5

. 3 1 . 4 . 1 3.  3
. 3 6 . 2 2 . 1 8 . 4 2 . 5 6 . 6
.5 . 6 .4

Apocynum a n d n o i a z m i ^ o t i u m 1 . 1
A i t e n  Z a z v i i 1 . 0 3 . 4 . 7 3 . 5 .1 4.  9
C a m p a n u la  n o t u n d i ^ o t i a 1 . 7
F n a g a n i a  v i n g i n i a n a . 6 . 7
H i z n a c i u m  a u n a n t i a c u m 1 . 0 . 6
Hi e n a c i u m  cuHadenAt . 6
Hi& nac iam  veno-Sum . 6 4 . 5 3 .  3
He.lianthe.mu.rn c a n a d e n s e 2 . 5
He.£xantliuA o c c x d e n t a t x A 1 . 1 . 3
L e c h e a  m i n o n 4 . 2 1 . 6
L i a t n i i  ito v a e - a n g l i a z . 6
P h y i a t i i  v i n g i n i a n a 2 . 1
P t e n i d i u m  aqu i l i n u m 1 . 6 8 . 5 1 1 . 3 7 . 8 1 2 . 3 9 . 8
Rumex a c e t o i & l l a 3 . 6 . 6 . 3 2 . 1 1 . 6
S o l i d a g o  i p . . 6 1 . 7 . 1 . 2 1 . 6
V i o l a  adunca . 7

T r e e s  and s h r u b s
An.c.to Ataplt i/ to a uva-uAAx . 6 . 4
Comptonxa p e n e g n i n a 1 7 . 0 1 3 . 0 1 4 . 7 1 4 . 1 1 3 . 2 1 4 . 7
G a y t u a a c i a  b a c c a t a . 6
P i n u i  banfe ixana . 7 . 3
P n u n u i  p u m i l a 1.  7 . 7 . 5
PnunuA i e n o t i n a . 6 . 1 . 8
Pauijua vxA gtnta Ha . 6
Q.uencui  i p p .  ( r e d  oak) 3 . 4 . 6 1. 4 2 . 9 1 . 6
RoAa btat tda . 6 . 7  .
RubuA penAxtvatixcuA 1 . 3 2 . 8 2 . 8 2 . 5
V a c c i n i u m  i p p . 5 . 1 2 . 1 2 . 5
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TABLE B 5

RELATIVE COVER AND RELATIVE FREQUENCY OF EACH SPECIES 
ON SITE 8A79-80 -81  SURVEYED AS A 

2-YEAR-, 3-YEAR-, AND 4 -YEAR-OLD WILDFIRE

1979 1980 1981
S p e c i e s Cover F req Cover Freq Cover F req

A nnua l s  and b i e n n i a l s
C o i y d a l i i  icmpcav-r Aeni .4 . 5
Ea lgenon  c a n a d e n i l i .4 * 1 .7 .2 .4
ll tJ ioipeAmum a a u e n i e . 1 . 9 .4
PclampyAum l i ne a - t e . 9

G r a s s e s  and s edRcs
Agtupgaon caacAycaulum . 4 .5
Andaopogon g e a a a d t l 4 . 3 4 . 0 1 . 3 1 .3 1 .5 3 .1
Andaupogon i c o p a a l u i 4 . 0 3 . 1 .4 .9
Baumui h a l m l l . 7 1 . 8
Cuatu p e n i y l v a n l c a 2 9 . 3 12 .3 27 .4 11 .8 34. 4 1 3 .5
Pd n t f i o m a  i p t e a l a . 3 1 .7 1 .3 1 . 3
O c i c b a m p i l a  j l e n u u i a . 4 .4 1 .8
0 cc l t an the l i um  d epaupeaa lum 1 .1 3 .1 2 . 6 .5 2 . 2
F c i t u c a  i p . 1 . 5 .4 . 9 .7 . 9
K u e t e a l a  macaanl / t a 1 .7 4 . 9 1 .6 3 .5 .4 2 . 2
Muh l tnbeAg la  mex l cana . 9 2 . 2 1 . 4
O a g c o p i l i  pu ngen i 1 .  1 7 .0 6 .5 7 .0 5 .0 6 . 7
Pait lcum c i p f u m t u a i i u m . 2 . 4 . 1 . 9
Pad pAatc i i i  l i .4
Suaghai- taum nuldpt i .4 . 4 2 . 5 1.7 .4 .9

P e r e n n i a l  h e r b s  
Anemone a tp a ' i c a  
A i t l ennaa l a  n e g l e c t s  
Apocynum a n d a o i d e m l j o l l u m  
A i t c a  l a e v l a  
B t a A i l c a  i p .
Campanula \ o  tundi&o t i a  
Cui t uo fuu fu i  i p - t l hamaeu i  1 . 3  1 , ]  ,4 . 9
E qu l i c tu m  Ayemale 
F ' taga ' i la  v t s g l i t l a n a  
C a u t t f i c a l a  paocumbetiA 
H e l l a n l f m i  o c c i d t n t a t i i  
Mlc-taclum au.fi an-t in cun  
H leaae lum ucnoium 
H o u i t o n l a  l o n g l / o l l a  
L i a t n i i  n p v a c - a u g t l a e  
Matautfiemum c a n a d c n i e  
P / i y i a l l i  v i s g l n l a n a  
P o ty g a l a  pul i /gama 
P feAldlum aqul l l r t um 
S c n e c l e  tomei i ta iuA 
S o l i d a g o  i p p .  
y i i i d cn i l i S l c d  monaca l  
V m t a  adunca  
V io l a  p c d a t c l i d a

T r e e s  end sh r u b s  
Aipic t  i i n c l i  t c  i  i p .
A c e  To i  t r i p l y  f  ip l  l U M ' i n i i  
Ccauu lf t ui  o o a t u i  
Comptonia peacgAlna  
C a a l a e g u i  i p .
P ln u i  jJanfci lana 
PtunuA p um l l a  
Paunui  o l a g l u l a n a  
Queacui  i p p .  ( r e d  oak)
Roia  b l a n da  
Rubui  p e r i i l l i 1 a t i l c u i  
S a i l *  g l a u c o p f ig C to t d e i  
Sgmpl toAlcaapui  a l b u i  
1/acclnlum ipp .

.4
.4

. 8 3. 5 . 3 I .
. 6 4 . 8 . 1 4 , 8 . 6 5.
•
1fc .4 . 1

1 . 3 1 . 3 .4
* it

.4 . 9 . 2

. 3 .4 l \

. 2 .4 1 .3 .1 l".
.4
. 9 . 1 ,
.4

.4

. 9
3 .5 6 .0 2 .6 5 .4 2.

1 .4 .9 .1 2 .6 .3 1.
. 2 .4 1.

.4
.1 2 .2 2 .6

.4

.2 5 .7 1 .6 5 . 7 .7 2.

.3 .4 . 2 1 .8 1 .0 2.
. 9 1 .1 .8 .

1 3 . 6 4 . 8 3 . 9 10 .4 4.
. 9

. 2 3 .5 2 . 4 5 .7 1 .4 4.
9 . 8 10 .6 4 . 4 9 .6 4 . 8 9.

.4 2 . 6 1 .3
.4 .8 .9 2 . 0 ,
. 9

.2 . 9 1.

. 9 . 3 .4
2 8 .2 11 . 5 4 0 .6 11 .3 27 . 2 13!
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TABLE B 6

RELATIVE COVER AND RELATIVE FREQUENCY OF EACH SPECIES 
ON SITE 9 A 7 9 - 8 0 - 8 1  SURVEYED AS A 3- YEAR- ,
4- YEAR- , AND 5-YEAR-OLD PRESCRIBED BURN

1979  1980 1981
S p e c i e s Cover Freq Cover Freq Cover Freq

A n n u a l s  and b i e n n i a l s
CiaiLum i p . . 4
E n i g e n o n  car t adeni - i i . 3
K n i g i a  v i n g i n i c a . 1
Lac-tuca cai iadetti ' t . i . 5 . 2
Sie.ta.mpynum t i n e a n e . 5

G r a s s e s  and s e d g e s
Agaopi /aon t n a c h y c a u t u m ★ . 9
A n d n o p o g o n  g e / i a A .d t t 2 . 7 5 . 1 2 . 1 4 . 1 3 . 2 3 . 6
A n d n o p o g o n  i c o p a n i u i . 6 3 . 3 1 . 8
Bnomui  k a l m i i . 5 . 7 2 . 3 1 . 0 2 . 0
C anex  p e m y t v a n i c a 5 7 . 6 1 3 . 5 5 4 . 1 1 3 . 9 3 9 . 3 1 5 . 3
V a n t h o n i a  i p i c a t a . 9 1 . 8 1 . 8 1 . 4 3 . 1
Ve&champ&ia  rft e x u o i a 1 . 8 5 . 1 1 . 4 5 . 1 . 2 4 . 6
D i c h a n t h e t i a m  depaupe.f ia. tam . 2 1.  9 . 9 1 . 8 . 3 1 . 0
F a t u c a  i p . . 2
K o e t e n i a  m a c n a n t h a . 4 2 . 3 2 . 3 1 . 6
O n y z o p i i i  p u n g e m k 4 . 6 1 . 7 6 . 0 2 . 5 6.  6
P a n ic u m  co i u m b i a n u m . 1 . 9 . 5
S c h i z a c h n e  p u a p u a a i c e n i . 2 1 , 9 . 9 . 5

P e r e n n i a l  h e r b s
Anemcne q u i n q u e & o  t i a 1 . 5
Aht e n n a n i a  n e g l e c t a . 5
Kpocynum a n d n o i a e m i ^ o t i a m * . 9 1 . 5
A i t e n  j u n c i & o n m i i *
Ai t e n  l a e v i i . 6 5 . 6 . 7 6 . 5 1 . 4 8 . 2
Campant i ia  n o t a n d i l o l i a * . 5
C o n v o t v u l u i  i p i t k a t n a e u i . 9 . 5 1 . 5
P n a g a n i a  v i n g i n i a n a . 1 1 . 4 1 . 5
h e l i a n t h a i  o c c i d e n t a t i i . 2 . 5 . 5 . 5
H i e n a c i u m  a u n a n t i a c u m . 3 1 . 4 . 1 1 . 8
H i e n a c i u m  v c n o i u m . 2 2 . 3 . 1 1 . 5
L e c h e a  m i n o n . 5 1 . 0
Li a t n i i  ho vae-ang^Lae. . 1 . 9 1 . 0
M a ia n th e m u m  c a n a d c n i c . 5
P o t e n t i l l a  t n i d e n t a t a . 5
P t e n i d - cam aq u-ii-aium . 5 1 . 5 . 5
S c n e c i o  t o m e n t o  i u i . 9 . 9
S o l i d a g o  i p p . . 9 . 5 1 . 0
V i o l a  a dunc a * 1 . 9 1 . 8 . 2 1 . 5

T r e e s  and s h r u b s
AwicCancA-ta^i i p . . 9 3 . 3 . 6 5 . 1 . 2 4 . 1
A n c t o i t a p h y t e i  uva- uai . L . 2 1 . 9 . 4 2 . 3 . 6 1 . 5
C c a n o t h u i  o v a t u i 2 . 5 2 . 8 .5 1 . 8 1 . 9 1 . 5
C o m p t o n i a  p e n e g n i n a 2 . 6 6 . 5 . 8 6 . 0 1 . 3 5 . 1
P i n u i  banki -cana . 3 1.  7
Paunui  pumi £a 4 . 2 1 0 . 7 9 . 1 9 . 3 1 1 . 7 6 . 6
Paunui  i e n o t i n a . 5 . 5
Paunui  v i n g i n i a n a 1 . 9 . 5 3 . 1 . 5
Qucacui  i p p .  ( r e d  oak) . 5 1 . 6 . 5 . 4
Re i d  b l a n d a . 2 . 5
Rubui  pepi i i  £ van i c u i 3 . 5 3 . 3 1 . 4 2 . 3 7 . 2 4 . 6
S a l i x  g t a u c o p l u j i E o i d e i 3 . 6 . 5 1 . 8 1 . 0
S t j m p h o n i c a n p u  J a £ b u i 1 . 5
V a c c i n i u m  i p p . 1 6 . 7 12.  6 2 1 . 7 1 2 . 0 1 8 . 2 1 4 . 3
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TABLE B 7

RELATIVE COVER AND RELATIVE FREQUENCY OF EACH SPEC IE S
ON S I T E  9 B 7 9 - 8 0 - 8 1  SURVEYED AS A 3 - Y E A R - ,

4 - Y E A R - , AND 5-YEAR-OLD WILDFIRE

1979  I 9 6 0  1981
S p e c i e s Cover Freq Cover Freq Cover Freq

G r a s s e s  and s e d g e s
A nd Aapoga n ge.ftaA.d-ii 3 . 3 2 . 6 . 3 2 . 8 .7 3 . 3

p e r n y t v a n i c a 51 .  3 2 5 . 2 6 7 . 3 2 1 . 1 60 .  6 2 4 , 8
V a n t h o n i a  i p i c a t a . 4 2 . 6 . 3 . 7 . 8
V i c h a n t h e l i u m  d e p a u p e a a t u m 4 . 4 1 1 . 3 2 . 1 1 2 . 0 . 8 9 . 9
K o e t e A i a  m a c A a n t h a . 1 . 8 2 . 1
O A y z o p & i i  p u n g c n i . 7 3 . 5 1 . 8 8 . 4 . 7 2 . 5
Pan.ic.um co i u m b i a n u m 3 . 5 2 . 8 1 . 7

P e r e n n i a l  h e r b s
n e .g le .c ta . 9

Apocynum a n d A o i a e m i & o l i u m 1 . 4
A i t e A  l a e v i i . 1 . 9 . 2 2 . 1
C am p a n u la  A o t u n d i f o l i a it
H-te-’i ac i um v e no i am . 8
Ma ia n th em um  c a n a d e m e . 7
P o t e n t i l l a  t A i d e n t a t a . 9 . 2 3 . 5 1 . 6
S o l i d a g o  i p p . . 3
U n i d e n t i f i e d  d i c o t 1 . 1
1! i o t a  a d u n c a . 9 . 7
\ ) i o l a  p e d a t i f i d a 1 . 4

T r e e s  and s h r u b s
A m e l a n c k i e A  i p . 2 . 6  ' 1 . 3 2 . 8 1 . 4 4 . 1
A a c t o i t a p h t j l o i  u u a - u A i i 1 . 3 6 . 1 . 6 4 . 9 . 4 4 . 1
C v m p t o n i a  peACQAina . 7 1 . 4 . 1 1 . 7
P-inui banfei-taria 2 . 6 . 2 1 . 4 . 3 2 . 5
Paunui  p u m i l a 3 . 5 1 0 . 4 2 . 7 1 0 . 6 7 . 5 1 8 . 2
Que ac u i  i p p . ( r e d  oak) . 2 . 9
V a c c i n i u m  i p p . 3 3 . 5 2 4 . 4 2 2 . 2 1 9 . 0 2 7 . 6 2 4 . 0
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TABLE B 8

RELATIVE COVER AND RELATIVE' FREQUENCY OF EACH SPECIES 
ON SITE 1 0 A 7 9 - 8 0 - 8 L  SURVEYED AS A 4 - YEAR- ,

5- YEAR- , AND 6-YEAR-OLD PRESCRIBED BURN
1 9 7 9  1980 1981

S p e c i e s  Cove r
A n n u a l s  and b i e n n i a l s  
A a a b Z i  g t 1 a  6 / i n  
C Zt i iZ am Ap.
Lac.-Cana ca.nade.m-Li

G r a s s e s  and s e d g e s  
Ag/ top t/non  t a a c n y c a u Z u m  
A g a a i t Z i  k y e m a Z Z i  . 1
SA.omuA ka Z m L i  . 3
Ca-tex p & m t j Z v a n Z c a  17 .  A
V a n t h o n Z a  i p Z c a t a  9 . 6
V a c h a m p i Z a  f t t e x u o i a  
VZchanthe. lZu.rn d e p a u p e a a t u m  . 2  
F e i t u c a  i p .
M uh Z en b ea g Z a  m e x Z c a n a  . 2
Q a y z o p i Z i  a i p e a Z i o Z Z a  3 2 . 5
O n y z o p i Z i  p u n g e n A  
Pan-icum c<j£ambifl(ium 
PanZcum x a n t h o p h y i u m  . 5
Pea p n a t e m Z i  . 2
Sc/t-t z a c / me  p u a p u n a i c e m  1 0 . 8
S e - t g h a A - C A u m  i i u - t a n A

P e r e n n i a l  h e r b s
Anemone q u Z n q u e rio Z Z a
Apo cyitum a n d a o i a e m Z i o Z Z u m
A i t e a  Z a e v Z i  1 . 8
Ai^e^i i a g Z t t Z & o t Z u i  -
CampanuZa a o t u n d Z & o Z Z a  . 1
Couvo l uu l uA i p Z t h a m a e u i
EpZgc a  aepenA
F aa gaaZ a s fZagZnZana  1 . 0
G a u Z t h e a Z a  p / t o c u m b e m  . 1
H c Z Z a n t h u i  o c c Z d e n t a Z Z i  
HZea.acZu.rn oenOAum 
L Z a t a Z i  n o v a e - a n g t Z a e  
Ma-iaa-t/temum c a n a d e n i e  . 2
Poiygoi tam c Z Z Z n o d e  
P o t e n t Z Z Z a  A-cmp-tex 
Pte aZ dZu m  aquZZZnum  1 1 . 5
Rumex a c e £ o A e l £ a  
S e n e c Z o  {omi ' iUoAui  
S o Z Z d a g o  App.  . 2
VZoZa a d u n c a  . 3

T r e e s  and s h r u b s  
Ace* •'lub'ium
AmeZanchZen.  i p .  . 5
C a a t a e g u i  i p .
VZ e a v Z Z Z a  Z o n Z c e a a  
PZn ui  b a u k A - i a n o .
Popa^aA t a e m u Z o Z d e i  
P a u n u i  pumZZa
P a u n u i  i e a o t t n a .  1 - 9
Q u e . ' i c u A  A p p .  . 3

RubuA p e m Z Z v a n Z c u i  9 . 6
VaccZnZum  i p p .  . 6

Freq Cove r Freq

. 4

Cove r £ r e s

. 2
1 . 6

. 8

. 1 1 . 3  

. 9
. 5

. 6

9 . 6 2 1 . 8 1 0 . 9 30 .  9 13 .  7
4 . 0 3 . 0 5 . 3 . 5

. 8
2 . 8

. 4
1 . 3 1 . 6

.A
10.  B 2 5 . 5 1 0 . 5 2 5 . 6 1 4 . 7

. 8

. 8
. 5 2 . 2

. 9
. 2 1 . 1

.4 1 . 3 . 1 1 . 1

A. 4 6 . 0

. 2

4 . 0
. 9

.4
3 . 5

9 . 3

. 4

6 . 6 

2 . 2

6 . 4 . 2 3 . 5 . 6 4 . 9
1 . 0 1 . 8 . 4 2 . 2

1 . 6 ie 2.  6 . 1 1 . 6
2 . 8 .1

. 4
. 5 1 . 1

6 . 4
. 4

. 4

. 7 

*

5 . 3

. 4 

. 9

1 . 3
. 1

. 4

2 . 7
1 . 1
1 . 1

4 . 0 . 2 1 . 8 . 5 4 . 9
. 6

. 4
1 0 . 8

. 4

1 5 . 9 1 0 . 1  
. 4  
. 4

4 . 5 9 . 8

. 4 .4 . 1 1 . 1
5 . 2 . 2 . 9 . 1 1 . 1

. 4

.8

. 8

. 4

. 4

. 2
1 . 7 1 . 3

.4

. 1 

1.  9

1.  1

1 . 6
. 6

2 . 5

2 . 0 2 .  9 
. 8

1 . 3
1 . 3

1 0 . 3 2 . 2
. 6

9 . 6 1 1 . 0 1 2 . 7 .7 9 . 3
8 . 8 7 . 5 1 0 . 1 1 0 . 8 9 . 8



TABLE B 9
RELATIVE COVER AND RELATIVE FREQUENCY OF EACH SPECIES 

ON SITE 1 0 B 7 9 - 8 0 - 8 1  SURVEYED AS A 4- YEAR- ,
5 -YEAR-, , AND 6-■YEAR-OLD PRESCRIBED BURN

1 9 7 9 1980 1981
S p e c i e s Cover Freq Co v e r Freq Cover Freq

A n n u a l s  and b i e n n i a l s
E nZ ge non  canadcud-c i . 2 3 . 8 . 3 3 . 6 . 8 2 . 3
LacTuca.  canadenA-i.4 1 . 2
L i-t/icMpedmum a n v z m e . 5 . 6

G r a s s e s  and s e d g e s
Ag>icpyA0 rt tAacf t i / cauIum . 7
Ag^ioi Z Z i  h y em aZZ i 1 . 3
Bnomui  kaZmZZ . 3 . 6 1.  2
Ca ne x  p e m y Z v a n Z c a 4 3 . 5 1 9 . 4 4 4 . 9 1 8 . 1 3 8 . 8 1 7 . 4
V a n t h o n Z a  i p Z c a Z a . 1 1 . 3
Oei  c h a m p i Z a  f r Z e x u d i a .6 . 6
Oicha.nihe .ZZum d e p a u p e n a Z u m 1 . 3 5 . 8 2 . 5 4 . 2 . 9 2 . 9
K o e Z e n Z a  m ac n a n Z h a . 7 , 3 . 6 . 3 1 . 2
Mti/iicHbeAg.da mex.Zca.na . 6
Q n y z o p i Z i  p u n g e n i . 9 3 . 2 4 . 8 8 . 4 3 . 0 8 . 1
Q n y z o p i Z i  a i p e n Z & o Z Z a 4 . 1 1 . 8 4 . 8 4 . 1
Pan^cum co£umb.i<muffl 1 . 3 . 4 1 . 2 1 . 2
Paa p n a Z e m Z i 1 . 3 1 . 2
S c h Z z a c h n e  p u n p u n a i c e n i 7 . 7 3 . 2 .6 2 . 5 1 . 7
PanZcum x a n Z h o p h y i u m . 6 . 6

P e r e n n i a l  h e r b s
Apocytutm andnoiaemZ&oZZt im 1 . 3
A i Z e n  Za&vZi . 6 1 . 6 . 6 . 1 2 . 3
ConvoZvu.lu.& i p Z Z h a m a e a i . 7 . 9 1 . 7
Fn.agan.Za v Z n g Z n Z a n a . 3 1 . 2
GaaZZ kenZa  p n o c u m b e n i .6 . 1 1 . 2 . 1 2 . 3
HZ e n a c iu m  aun a n Z Z a cu m . 7 . 6
MaZanZhemum c a n a d e m e . 6 * 1 . 8 . 2 . 6
PoZenZZZZa an guZ a . 6 . 1 . 6
P o Z e n Z Z Z t a  Z n Z d e n Z a Z a . 6 . 6
PZenZdZum a q u Z Z Z n u m 2 2 . 4 14.  a 8 . 3 1 3 . 2 9 . 8 7 . 0
Senec- td -tc>man.toiai 2 . 4 . 9 1.  7
S o Z i d a g o  i p p . 1 . 3
VZoZa a d u n c a . 4 1 . 9 . 1 3 . 0 . 3 3.  5

T r e e s  and s h r u b s
Am eZa nchZe n  i p . 1 . 2
A n c Z o i Z a p h y Z m  a v a - u m Z . 2 . 6 . 6 . 6
Ceano-tfiu-i o v a t u i 1 . 3 . 7
CompZo nZa pen.egn.Zna . 4 3 . 2 1 . 5 2 . 4 4 . 7
C n a Z a e g u i  i p . . 2 . 7 . 2 1 . 2 1 . 7
VZ envZ Z Z a  Z a n Z c e n a . 6 1 . 2 2 . 5 1 . 7
PZn ui  b a n k i Z a n a . 4 . 6 . 6
PopuZua Z n e m u Z o Z d e i 1 4 . 9 3.  9 1 0 . 1 3 . 6 1 4 . 2 1.  7
Pfiunui  pumZZa . 7 2 . 6 2 . 3 3 . 6 1.  2 4 . 6
P n u n u i  i c n o Z Z n a . 1 . 6 2 . 8 . 6 2 . 2 1 . 7
QueAcui  i p p . .4 1 . 3 1 . 8 2 . 4 2 . 0
R j i a  bZanda . 2 . 7
Rabii i  p e m Z Z v a n Z c u i . 6 3 . 9 . 8 4 . 8 1 . 7
S a Z Z x  g Z a u c o p h y Z Z o Z d e t , . 6 . 2 2 . 4 1 . 7
S y m p h o n Z c a n p u & a £ 6 u i 1.  3 . 5 . 6 .4 1 . 7
VaccZnZum i p p . 5 . 2 1 1 . 6 1 2 . 1 1 2 . 1 12 .  1 14 .  5
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TABLE B 10

RELATIVE COVER AND RELATIVE FREQUENCY FOR
EACH SPECIES ON SITE 11 SURVEYED AS A

6-YEAR-OLD WILDFIRE

1979
S p e c i e s C o v e r F r e q

G r a s s e s  and  s e d g e s
Ca/iex pen-6y l v a n l c a 8 6 .0 2 8 . 2
V a n t h c n l a  6pj.ca.tcL 3 . 5 1 0 . 3
V c 6 c h a m p 6 l a  &lcxu .0 6 a 2 . 6
V t c k a n t k c l l u m  d c p a u p c ^ a t u m 2 . 0 1 4 . 1
0 / i y z o p 6 t 6  pungcn .6 .3 2 . 6
P a n l c u m  c o t a m b l a n u m 1 . 3

P e r e n n i a l  h e r b s
PZc/Llti[lu.m a q u l l l n u m .5 10. 3

T r e e s  a nd  s h r u b s
A n . c t o . 6 t a p k y Z o 6  a v a - u A . 6 l 1 . 3
C o m p t o n l a  p e / i e g / i l n a 2. 6
P t n u 6  b a n k 6 l a n a 2 . 8
Qucx.cu6 a l b a 1 . 3
Que-tc iu 6 p p .  ( r e d  oak ) 2 . 6
V a c c l n l u m  6 p p . 5 . 0 2 3 . 1

177



APPENDIX C

RELATIVE COVER AND RELATIVE FREQUENCY DATA 
FOR UNDERSTORY SPECIES SURVEYED ON 

INTERMEDIATE-AGE AND MATURE JACK PINE STANDS



TABLE C 1

RELATIVE COVER AND RELATIVE FREQUENCY FOR 
EACH SPECIES ON SITE 12 B SURVEYED 

AS AN INTERMEDIATE-AGE (35-YEAR-OLD)
JACK PINE STAND

1981
S p e c i e s  C o v e r  F re q

A n n u a l s  a n d  b i e n n i a l s
McZampyttum ZZncat te .  *  2 . 6

G r a s s e s  a n d  s e d g e s
A n d t t o p o g o n  g c t ta t td Z Z  .2  3 . 1
B4.omcu kaZmZZ  1 . 7  3 .7
Cax.e.x p c n A y Z v a n Z c a  1 7 . 5  1 5 . 1
V a n t h o n Z a  i p . i c a t a  . 5  1 . 6
V c A c k a m p A Z a  f iZ cx u o A a  4 . 7  6 . 8
V Z c k a n t h e Z Z u m  de.pau.pzfiatu.rn  1 .0
M uhZcnbe . t tgZa  m e .x tc .ana  . 3
OttyzopAZA pu.nge.nA .4  5 . 2
S c h Z z a c h n c  pu.tipu.fta6 ccnA  .4  .8

P e r e n n i a l  h e r b s
Apocyuum a n d t to A a c m Z ^o Z Z u m  . 5
A6 te . f i  Z a c v Z A  2 . 3  4 . 2
Ft t a g a t iZ a  v Z t t g Z n Z a n a  *  1 .0
Gau.Zthe.t iZa ptLacambe,n6 .5
H c Z Z a n th c m u m  c a n a d & n A c  1 .0
He.ZZanthu.6 o c c Z d c n t a Z Z A  .1  2 . 6
HZe.ttacZu.rn v cn o A u m  . 3  6 . 3
L Z a t f tZA  n o v a e - a n g Z Z a c  . 5  1 . 0
P o t & n t Z Z Z a  t a Z d c n t a t a  . 1  2 . 6
S o Z Z d a g o  i p .  .5
VZoZa a d u n c a  1 . 6

T r e e s  an d  s h r u b s
’KmcZancKZct t~ i^~ .  .5  3 . 1
A f i c t o A t a p h y Z o A  u v a - u t t A Z  1 . 9  3 . 1
C o m p t o n Z a  p e t i e g t t Z n a  5 . 3  7 . 8
PZnuA b a n k A Z a n a  . 8  1 . 6
PttunuA pum ZZ a  9 . 3  9 . 9
PftunuA A C f t o t Z n a  1 . 5
[lue.ticu.6 i p p .  ( r e d  oak )  . 2
Va ccZ n Z u m  i p p .  5 0 . 7  1 3 .5
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TABLE C 2

RELATIVE COVER AND RELATIVE FREQUENCY FOR 
EACH SPECIES ON SITE 13B SURVEYED 

AS A MATURE JACK PINE STAND

1981
F r e q  

14.  9

S p e c i e s  C o v e r
A n n u a l s  a nd  b i e n n i a l s
Me.ZampyA.um Z Z n z a / t z  1 .  2

G r a s s e s  a n d  s e d g e s
An d n .o p o g o n  g z n .a ^ d Z Z  2 . 2  5 .
An d n o p o g o n  ACOpanZuA  . 7
C a t i z x  p z n A y Z v a n Z c a  1 2 . 9  20.
M u k Z z n b z n .g Z a  mzx.Ze.ana  
0n .yzopAZA p u n g z n A

P e r e n n i a l  h e r b s  
Aa Z z a  Z a z v Z A  
G auZ £hzn .Z a  p n o c u m b z n A  
H z Z Z a n t k u A  o c z Z d z n t a Z Z A  
HZzn.azZum v z n o A u m  
P o t z n t Z Z Z a  t n . Z d z n t a t a  
Ptzn .ZdZum  aq u Z Z Z n u m  
S o Z Z dago .  A p .
VZoZa a d u n z a

T r e e s  a n d  s h r u b s
A m z Z a n z h Z z h .  A p . 1 . 0  2 . 0
An.z toA taphyZ Q .A  u \ /a -un .AZ  .6  6 . 8
C o m p t o n Z a  pzn .zgn .Z na  3 . 7  3 . 4
PZnuA b a n k A Z a n a  1 . 7  .7
PnunuA pumZZa  . 8  5 . 4
Q ug ac iu  A p p .  ( r e d  oak)  3 . 7  4 .0
Uae.cx.nlum 4pp .  6 3 . 4  1 9 . 6

.3

7 . 8
.1

2 .

9.

1 . 4
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TABLE C 3

RELATIVE COVER AND RELATIVE FREQUENCY FOR 
EACH SPECIES ON SITE I 3D SURVEYED AS A 

MATURE JACK PINE STAND

1981
S p e c i e s  C o v e r  F re q

A n n u a l s  a nd  b i e n n i a l s
MeZampyA.um ZZneaA.c . 6  7 . 4

G r a s s e s  a n d  s e d g e s
Caf i z x  p e n 6 y Z v a n X c a  8 . 6  1 5 . 3
V a n t h o n Z a  6 p Z c a t a  . 1
0 A .y zo p 6 Z 6  p u n g e n t  *  1 . 6
SciiA.za.chne, puA.puA.a6cen6  1 . 0  1 . 6

P e r e n n i a l  h e r b s
Ap o c y n u m  andA.o6aemZ&oZZum  . 2  1 . 1
A6teA .  Zae.vZ6  . 3  2 . 6
ChA.mapkA.ta u m b e Z Z a t a  .2
pA.agaAZa VA.KgA.nA.ana . 5
G a u Z t h e A Z a  pA.ocambe.n6  2 . 7  9 . 5
H e Z Z a n t h u 6  o c c Z d e n t a Z Z 6  .5
Ma Z a n t h e m a m  c a n a d e n 6 c  2 . 6
PteA.ZdZum aquA.ZA.nam 3 8 . 1  1 3 . 6
S o Z Z d a g o  6 p p .  * .5

T r e e s  and  s h r u b s
AmcZanchZcA. 6 p .  3 . 7
A/lc t o 6 t a p k y Z o 6 uva-uA.6Z  . 9  2 . 1
ComptonZa p&A.egAZna .5  4 . 2
CA.atae.gu6 6 p .  .8  1 . 1
Ep-tgea A.epen6 3 . 0  5 . 8
PZnu6 bank.6Zana  . 4
PZnu6 6 tAobu6  .5
PopuZu6 tA.emaZoZde6  .5
PA.unu6 pumZZa 1 . 9  5 . 3
Pauhu6 6CA.otZna . 9  2 . 1
Qu&a.cu6 6pp.  ( r e d  oak )  .6  .5
Rubu6 pen6ZZvanZcu6  2 . 1
VaccZnZum 6pp.  3 9 . 0  1 5 . 8
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National Cooperative Soi l  Survey 

for  the Grayling Series



National  Cooperative So i l  Survey for  the Grayling S e r i e s .

c rattling s e r i e s

The C ray l l t ig  a e r i e s  I s  a mixed, f r i g i d  Typic UdipsamBeot*. These s o i l s  e r e  send  th roughout*  
T y p ic a l l y ,  th ey  have b la c k  end g r e y i s h  brown A h o r i z o n s ,  d a rk  brown sod s t r o n g  brown B ho r izo n s*  
and L igh t  brown C h o r iz o n s .

T y p ic a l  Fed on i G ray l in g  send -  f o re s te d *  (C olors  e r e  f o r  n o l s i  s o i l  u n l e s s  o th e r w i s e  
s t a t e d , )

Al & A2— 0 t o  3 in c h e s ;  b l a c k  (H 2 /)  (A l ) ,  end g ra y i s h  brown (10YR 5 /2 )  s e n d ,  (A2); c o a te d  
and u n c o a te d  sand g r a i n s  n ixed  th roughou t  t b s  h o r i z o n ,  g iv in g  a  s a l t  and p e p p e r  ap p ea ran ce ;  
D o d s r s t s  o rg a n ic  m a t t e r  coot t a t  I n  upper p a r t ;  week a e d l i a  g r a n u la r  s t r u c t u r e ;  v e r y  f r i a b l e ;  
ve ry  s t r o n g l y  a c i d ;  a b ru p t  smooth boundary ,  (2 Co 4 inch** t h i c k )

B 2 i l r —<-3 co 9 In c h e s ;  d a r k  brown (7.5YR 4 /6 )  sa n d ;  weak c o a r se  g r a n u l a r  s t r u c t u r e ;  v e ry  
f r i a b l e ;  s t r o n g l y  a c i d ;  c l e a r  smooth boundary ,  (4 t o  B Inches  t h i c k )

B 22 ir— 9 to  15 Inches ;  s t r o n g  brown ( 7 , SYR 5 /6 )  send; v e ry  week c o a r se  g r a n u l a r  s t r u c t u r e ;
ve ry  f r i a b l e ;  o e d l m  a c i d ;  c l e a r  I r r e g u l a r  boundary .  (4 to  14 Inches  c h ic k )

B3— LS co 23 In ch es ;  brown (7.5TR S/4) sand ;  s i n g l e  g ra in e d ;  lo o s e ;  medium a c i d ;  g r a d u a l  
smooth boundary ,  (3  t o  10 l a c h e s  t h i c k )

C— 23 co 60 In c h e s ;  l i g h t  brown ( 7 . STR 6 /4 )  sand ;  s i n g l e  g r a in e d ;  l o o s e ;  medium acid*

Type L o c a t i o n : D e l ta  County, M ichigan; S i* ,  S i* ,  SEk, S I* ,  Sec. 34, T. 41 H . ,  H. 21 W.;
0 .2  a l l e  so u th  o f  U. S. 2 on 1-21 then  e a s t  100 f e e t .

Range In  C h a r a c t e r i s t i c s : T h ic k n ess  o f  th e  solum ranges  f ro a  about  15 to  30 I n c h e s ,  The
upper  e ig h t  Inches  o f  t h e  solum i s  sand o r  loaay  sand and th e  r e s t  o f  th e  solum l a  sand; 
medium sand la  dom inant.  The upper  p a r t  o f  t h e  s o i l  I s  very s t r o n g l y  a c id  o r  s t r o n g l y  a c id
and t h e  lower p a r t  I s  medium a c id  o r  s l i g h t l y  a c i d .  Kean annual  s o i l  t e m p e r a tu r e  Js  e s t im a te d
to  r a n g e  f ro a  about  3& t o  43° P. Some pedons have an 01 h o r iz o n ,  to  lH Inches  t h i c k .  I t  i s
dark  g r a y i s h  brown (10YR 4 /2 )  t o  b l a c k  (10YR 2/L) and i s  composed o f  oak l e a v e s  o r  Jack p in e
n e e d l e s ,  and some tw igs  and r o o t s  In v a r io u s  s t a g e s  o f  decom pos i t ion .  The Al and A2 h o r i z o n s
a r e  n o rm a l ly  In te rm ix ed  in  a s i n g l e  l a y e r ,  but  some p edan t  have a s e p a r a t e  A2 h o r i z o n .  In th e
l a t t e r  pedons th e  Al h o r iz o n  r a n g e s  from 1 to  3 In c h e s  in  t h i c k n e s s  and th e  A2 h o r iz o n  from I 
t o  3 Inches  In t h i c k n e s s ,  b u t  t h e  A2 h o r izon  i s  i n t e r m i t t e n t  w i th in  t h e  pedon* The Al h o r i z o n  
has hue of  7.5TR o r  IOTA, v a lu e  o f  2 th rough  4 and chroma of 1 o r  2. The A2 h o r iz o n  has hue of 
7.5VR o r  10YR, v a lu e  of  5 o r  6 ,  and chroma o f  2. The B 2 l l r  h o r iz o n  h a s  hue o f  5YR, 7.5YR o r  
1GTR, v a lu e  o f  4 o r  S, and chroma o f  4; t h e  B221r h o r iz o n  has s i m i l a r  hue but  v a lu e  rad g es  
from 4 th rough  6, and chroma from 6 th rough  B. The B3 hor izon  has hue of  SYR, 7.6YR or 10YR, 
v a lu e  of  5 o r  6, sod chroma o f  6 th rough  B. The C h o r izon  has hue o f  2.5YR, 6YR, 7.5YK o r  
10YR, v a lu e  o f  6 o r  7 ,  and chroma o f  2 th rough  4 .  Some pedons have c o a r s e  sand In th e  C 
h o r i z o n .  Dark m in e r a l s  a r e  more coneon In th e  n o r th w e s te rn  p a r t  o f  t h e  s o i l s  r a n g e .

CcQpetlog S e r i e s  and T h e i r  D i f f e r e n t i a e : These a r e  t h e  C l a i r e ,  F r i e n d s h i p ,  Henahga, Kymore,
Pla l& bo, S a r t e l l ,  Scfdca  and Shawano s e r i e s  io  th e  &aar family  and th e  C r c s w e l l ,  Deer P a rk ,  
Hiuood, O a k v i l l e ,  Omega, P l a i n f i e l d ,  Rubicon, V i l a s  and Windsor s o i l s .  C l a i r e  and Serden s o i l s  
a r e  l e s s  a c i d .  F r ie n d s h ip  s o i l s  have m o t t l e s  in  t h e  c o n t r o l  se c t io n *  Menahga s o i l s  ( se e  
Remarks).  Kymore s o i l s  have c o a r s e r  sands .  P la in b o  s o i l s  have bedrock  a t  d e p th s  of 20 to  40 
In c h e s .  S a r t e l l  and Shawano s o i l s  have f i n e r  sands .  C rosw ell ,  Rubicon, V i l a s  and Windsor 
s o i l s  have spod lc  h o r i z o n s .  Deer Park s o i l s  have a l b l c  h o r iz o n s  o v e r ly in g  d a r k e r  c o lo re d  B 
h o r iz o n s  and have l e s s  a c id  s o l a .  Hlwopd s o i l s  have dom inantly  f i n e  sand th ro u g h o u t  th e  
c o n t r o l  s e c t i o n .  O a k v i l l e ,  P l a i n f i e l d  and Windsor s o i l s  h^ve mean annua l  s o i l  t e m p e ra tu re  
g r e a t e r  than  47° F. Omega s o i l s  have loamy sand B horizons*

S e t c l n i t : G ra y l in g  s o i l s  a r e  on o u tv a s h  p l a t s *  and la k e  p l a i n s  o f  Wisconsin a p e .  S lope
g r a d i e n t s  ace dom inan t ly  l e s s  th a n  6 p e r c e n t  but  range  f r o a  0 to  about  15 p e rc e n t*  These s o i l s  
formed in sandy g l a c i o f l u v l a l  sediments* The c l im a te  i s  c o n t i n e n t a l .  Average annua l  p r e c i p i ­
t a t i o n  ranges  from 26 t o  33 i n c h e s ;  mean annual  t e m p era tu re  from about  61 to  65° F . ;  and mean 
5_c=!er t e m p e ra tu re  from 60 to  6fl° F.
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