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SUMMARY 


One o f  t h e  more e n d u r i n g  f e a t u r e s  o f  
o u r  l a n d s c a p e  i s  f o r e s t .  By l a n d  o r  by 
a i r  t h e  c o n c l u s i o n  i s  t h e  same: t h e  f o r -  
e s t  is  everywhere .  But it wasn ' t  a lways  
s o .  The h i s t o r y  o f  t h e  C o n n e c t i c u t  f o r -  
e s t  i s  s i m p l y  summarized: e l i m i n a t i o n ,  
e x p l o i t a t i o n ,  r e c o v e r y .  

The s u b j e c t  o f  t h i s  B u l l e t i n  is  t h e  
r e c o v e r i n g  f o r e s t .  The n a t u r a l  changes  
o c c u r r i n g  i n  50 y e a r s  on 10 a c r e s  o f  sam-
p l e  r e p r e s e n t i n g  n e a r l y  200 a c r e s  on f o u r  
hardwood f o r e s t s  i n  c e n t r ~ l  C o n n e c t i c u t  
a r e  t a b u l a t e d  f o r  1927,  1937, 1957, 1967,  
and 1977. S i m i l a r  t a b u l a t i o n s  a r e  made 
f o r  a sample  o f  1 . 6  a c r e s  burned i n  1932. 
The s o u r c e  o f  t h e  t a b u l a t i o n s  a r e  t h e  
r e c o r d s  o f  n e a r l y  35,000 s t ems  p r e s e n t  
d u r i n g  a l l  o r  p a r t  o f  t h e  50 y e a r s .  

I n  1927, 37 s p e c i e s  were t a l l i e d ;  50 
y e a r s  l a t e r  34 were s t i l l  p r e s e n t .  A l t -
hough numbers d e c l i n e d  from 1500 s t ems  
p e r  a c r e  i n  1927 t o  less t h a n  800 i n  
1977, d i v e r s i t y  d e c r e a s e d  o n l y  s l i g h t l y .  
Basa l  a r e a  i n c r e a s e d  from 70 f t 2  p e r  
a c r e  i n  1927 t o  99 i n  1977. The s t e a d y  
i n c r e a s e  was i n t e r r u p t e d  by a 7 p e r c e n t  
l o s s  d u r i n g  1957-67, a decade  w i t h  
d rough t  and d e f o l i a t i o n .  D e s p i t e  d e f o l i -  
a t i o n ,  d u r i n g  t h e  s u c c e e d i n g  decade  t h e  
i n c r e a s e  resumed and b a s a l  a r e a  r e t u r n e d  
t o  i ts fo rmer  l e v e l .  S u r p r i s i n g l y ,  
i n c r e a s e  i n  b a s a l  a r e a  d u r i n g  50 y e a r s  
was g r e a t e s t  on t h e  d r y  s i t e s  where mor- 
t a l i t y  was low. 

About 63 p e r c e n t  o f  a l l  s t ems  were 
s i n g l e ,  presumably grown from s e e d l i n g s ;  
t h e  remainder  were s p r o u t s .  D e s p i t e  50 
y e a r s  o f  m o r t a l i t y  and ingrowth  t h e  per-  
c e n t a g e  o f  s p r o u t s  i n  t h e  e n t i r e  s t a n d  
remained n e a r l y  c o n s t a n t .  I n  t h e  canopy, 
however,  s i n g l e  stems p e r s i s t e d  more t h a n  
s p r o u t s. 

I n  1932 f i r e  swept  a c r o s s  p a r t  o f  one 
t r a c t ,  k i l l i n g  a l l  minor s p e c i e s  and 
s a p l i n g s  o f  ma jor  s p e c i e s  b u t  l e a v i n g  t h e  
l a r g e r  s t ems  i n t a c t .  A f t e r  25 y e a r s  t h e  
burned t r a c t  had t h e  numerous s t e m s  t y p i -  
c a l  of a young f o r e s t  b u t  t h e  b a s a l  a r e a  

o f  a more mature  f o r e s t .  By 1977 t h e  
burned f o r e s t  was recovered  w i t h  b a s a l  
a r e a  and number o f  s t ems  s l i g h t l y  more 
and w i t h  l i t t l e  change i n  compos i t ion  
compared t o  t h e  unburned p o r t i o n .  F i r e  
i n t e r r u p t e d  t h e  n a t u r a l  change and s e t  it 
back a b o u t  t h r e e  decades .  

By d i v i d i n g  t h e  sample i n t o  f o r t i e t h -  
a c r e  p l o t s  and n o t i n g  changes  d u r i n g  each  
p e r i o d  o f  o b s e r v a t i o n  s e t s  o f  t r a n s i t i o n  
p r o b a b i l i t i e s  were e s t i m a t e d  d e s c r i b i n g  
s p e c i e s  predominant i n  number o r  b a s a l  
a r e a  o r  t h e  changes  among d i v e r s i t y  o r  
t o l e r a n c e .  For  example,  o f  t h e  p l o t s  
where maple was most numerous i n  1927, 82 
p e r c e n t  remained i n  1937, 7 p e r c e n t  
became dominated by o a k ,  4 by b i r c h ,  none 
by o t h e r  major  s p e c i e s  and on 7 p e r c e n t  
minor s p e c i e s  became most numerous. 
S i m i l a r l y ,  o f  p l o t s  d e s i g n a t e d  maple i n  
1967,  67 p e r c e n t  remained maple and 0 ,  
21,  4 and 8 p e r c e n t  became d e s i g n a t e d  
o a k ,  b i r c h ,  o t h e r  major  and minor spe-  
c i e s .  D e s p i t e  t h e  p a s s a g e  o f  40 y e a r s  
t h e  t r a n s i t i o n s  remained similar. S t e a d y  
s t a t e s  e x t r a p o l a t e d  from t h e s e  t r a n s i -
t i o n s  d i f f e r  s l i g h t l y  i n  d e t a i l  b u t  dep- 
i c t  a f u t u r e  f o r e s t  r i c h  i n  maple ,  b i r c h  
and minor s p e c i e s  b u t  poor  i n  oak and 
o t h e r  major  s p e c i e s .  When b a s a l  a r e a  was 
used a s  t h e  c r i t e r i o n  f o r  c l a s s i f i c a t i o n  
t h e  same t r e n d s  were obse rved ;  a f o r e s t  
becoming r i c h e r  i n  maple and b i r c h ,  poor  
i n  minor s p e c i e s  and reduced i n  oak b u t  
n o t  t o  t h e  obscur ' i ty  p r e d i c t e d  by t r a n s i -  
t i o n s  f o r  number o f  stems. When t o l e r -  
ance  t o  shade  r a t h e r  t h a n  s p e c i e s  g roups  
was examined a s u r p r i s i n g  number o f  p l o t s  
were dominated by modera te ly  t o l e r a n t  
s p e c i e s :  During 50 y e a r s  t h e  p r o p o r t i o n  
o f  t h e  f o r e s t  dominated by t o l e r a n t  o r  
v e r y  t o l e r a n t  grew. The f o r e s t  p r e d i c t e d  
a t  s t e a d y  s t a t e ,  however,  was n o t  
markedly d i f f e r e n t  from i ts  p r e s e n t  
s t a t e :  60 p e r c e n t  occup ied  by modera te ly  
t o l e r a n t ,  18 p e r c e n t  each  f o r  t o l e r a n t  
and v e r y  t o l e r a n t  and l e s s  t h a n  2 p e r c e n t  
f o r  i n t o l e r a n t .  

F r o n t  Cover: A c e n t r a l  C o n n e c t i c u t  f i e l d  and woodland a s  i t  
looked  i n  1920.  How t h i s  unmanaged a r e a  had changed 
a f t e r  f o u r  d e c a d e s  i s  shown on t h e  back c o v e r .  
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For  a b o u t  a h a l f  c e n t u r y ,  w h i l e  we 
a t e  food from e l s e w h e r e  and burned f u e l  
from e l s e w h e r e ,  o u r  Connec t i cu t  l a n d  h a s  
been r e v e r t i n g  t o  f o r e s t .  Thousands o f  
o u r  t h r e e  m i l l i o n  a c r e s  a r e  s t i l l  farmed 
f o r  food ,  and we have b u i l t  upon o r  paved 
over  thousands  more. N e v e r t h e l e s s ,  a f t e r  
t h r e e  c e n t u r i e s  o f  c u t t i n g ,  g r a z i n g  and 
plowing and d e c a d e s  o f  f i r e  and b l i g h t ,  
much o f  o u r  l a n d  h a s  been q u i e t l y  growing 
a  new f o r e s t .  Now, seemingly  sudden ly ,  
t h e  mass o f  wood s l o w l y  accumulated i n  
o u r  new f o r e s t  m u l t i p l i e d  by a new demand 
ror nearby f u e l  and lumber i n t e r e s t s  u s .  

How d i d  t h i s  newly v a l u a b l e  f o r e s t  
3row whi le  most o f  u s  were t h i n k i n g  o f  
rhe C h a r l e s t o n ,  Depress ion  and World War 
TI and then  t h e  Cold War, V i e t  Nam and 
i n f l a t i o n ?  What is  t h e  f o r e s t  now made 
o f ?  And how may i t  change? 

Now t h a t  t h e  f o r e s t  is  v a l u a b l e  it i s  
t o o  l a t e  t o  obse rve  how it  grew. For tu -
n a t e l y ,  however, 52 y e a r s  ago  f i v e  men 
from t h i s  S t a t i o n  s e t  o u t  t o  C e n t r a l  Con- 
n e c t i c u t  t o  s t u d y  what was t h e n  s c a r c e l y  
a f o r e s t  (Hicock e t  a l . ,  1931) .  The f o u r  
t r a c t s  they  examined i n c l u d e d  l a n d  t h a t  
had never  been t i l l e d  and l a n d  t h a t  had.  
The f r o n t  cover  shows a  t r a c t  t h a t  t h e y  
saw. They examined t r a n s e c t s  o f  l a n d  a 
rod wide. Although we would now s a y  t h e  
t r a n s e c t s  a r e  5  mete r s  wide,  we would 
s t i l l  s a y  t h e  t r a n s e c t s  go up h i l l  and 
lown, th rough  muck among po i son  sumac, 
3ver deep s o i l  among red  maple,  and t h e n  
3nto  s t o n y  land among b l a c k  b i r c h .  
L a t e r ,  f i r e  swept o v e r  p a r t  o f  one o f  t h e  

t r a c t s .  S t i l l  l a t e r  i n s e c t s  d e f o l i a t e d  
p a r t s  o f  t h e  t r a c t s .  Thus t h e  l a n d  t h e y  
encompassed r e p r e s e n t s  much o t h e r  l a n d  i n  
t h e  N o r t h e a s t e r n  Uni ted  S t a t e s .  

Not much escaped  t h e s e  f i v e  p i o n e e r s .  
They i d e n t i f i e d  , measured and mapped 
e v e r y  s tem l a r g e r  t h a n  a h a l f  i n c h .  A 
decade l a t e r ,  i n  1937, t h e y  r e p e a t e d  
t h e i r  examina t ion ,  i n  1957 and 1967 o t h e r  
men from t h e  S t a t i o n  r e p e a t e d  t h e  exami- 
n a t i o n ,  and now a f t e r  a  h a l f  c e n t u r y  and 
o b s e r v a t i o n s  i n  1977, we can  r e p o r t  how 
o u r  newly v a l u a b l e  f o r e s t  grew. 

We c a n ,  o f  c o u r s e ,  r e p o r t  what t h e s e  
r e p r e s e n t a t i v e  Connec t i cu t  f o r e s t s  a r e  
made o f ,  t h e  s p e c i e s ,  t h e i r  numbers and 
s i z e .  These c h a r a c t e r i s t i c s ,  which one 
can  c a l l  e c o l o g i c a l ,  a r e  r e p o r t e d  h e r e .  
The c h a r a c t e r i s t i c s  o f  t h e  f o r e s t  t h a t  
p e r t a i n  t o  t i m b e r  w i l l  be  r e p o r t e d  l a t e r  
i n  a n o t h e r  B u l l e t i n .  

F i n a l l y ,  from t h e  t r a n s i t i o n s  o f  t h e  
p a s t  h a l f  c e n t u r y ,  we can  p r e d i c t  how 
t h e s e  r e p r e s e n t a t i v e  f o r . e s t s  w i l l  change 
i n  t h e  y e a r s  t o  come. 

As t h e  d e c a d a l  s u r v e y s  were made t h e y  
were r e p o r t e d :  t h e  1927 s u r v e y  by Hicock 
e t  a l .  (19311, t h e  1937 .and 1957 s u r v e y s  
by C o l l i n s  (1962)  and Olson ( i 9 6 5 ) ,  and 
t h e  1967 s u r v e y  by S tephens  and Waggoner 
(1970) .  For  t h e  convenience  o f  t h e  
r e a d e r  of o u r  p r e s e n t  B u l l e t i n  and 
because  some of t h e  e a r l i e r  r e p o r t s  a r e  
o u t  o f  p r i n t ,  we s h a l l  r e p e a t  much d a t a  
from t h e  e a r l i e r  s u r v e y s  and add t h e  1977 
o b s e r v a t i o n s .  
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DESCRIPTIONS OF THE TRACTS, WEATHER AND PESTS 

We know t h a t  o u r  seemingly  new f o r e s t  
i s  o f  two t y p e s :  i )  c o n t i n u o u s l y  f o r e s t e d  
and i i )  r i s e n  d u r i n g  t h e  l a s t  150 y e a r s .  
Of t h e  f i r s t ,  most  was c u t  o r  ravaged by 
f i r e ,  b u t  it was n e v e r  c o m p l e t e l y  c l e a r e d  
f o r  a g r i c u l t u r a l  p u r s u i t s .  Some o f  t h i s  
f o r e s t  is  l i k e l y  l i t t l e  d i f f e r e n t  i n  gen- 
e r a l  appearance  and compos i t ion  today  
t h a n  when t h e  c o l o n i s t s  f i r s t  l anded  on 
o u r  rocky s o i l .  We c a n  s e e  t h i s  f o r e s t  
on o u r  g a u n t  r i d g e s ,  t o o  s t e e p  and s t o n y  
t o  plow, t o o  rocky t o  s u p p o r t  c a t t l e  o r  
s h e e p .  N o n e t h e l e s s  r e p e a t e d  c u t t i n g ,  
f i r e ,  and t h e  sudden l o s s  o f  c h e s t n u t  
have a l t e r e d  t h e  compos i t ion  o f  t h i s  
r emain ing  o r i g i n a l  f o r e s t .  

The f o r e s t  r i s e n  d u r i n g  t h e  l a s t  150 
y e a r s  h a s  grown on l a n d  once p a s t u r e d  o r  
plowed. Here t h e  changes  a r e  s p e c t a c u -
l a r ,  c l e a r l y  v i s i b l e ,  and q u i c k l y  accom- 
p l i s h e d  d u r i n g  a man's l i f e  span .  The 
unmown meadow and f a l l o w  f i e l d  a r e  
q u i c k l y  invaded by s m a l l - s t a t u r e d  s h r u b s  
and s h o r t - l i v e d  p i o n e e r s  such  a s  sumac 
and s w e e t f e r n ,  r e d c e d a r  and b i r c h .  The 
i d l e  fu r row is  h o s t  t o  t h e  l i g h t - s e e d e d  
b i r c h  and a s p e n ,  w h i l e  b i r d s  s c a t t e r  t h e  
h e a v i e r  s e e d  o f  r e d c e d a r  and shrubby dog- 
woods. Of ten  q u i c k  t o  f o l l o w  a r e  c h e r r y  
and s a s s a f r a s ,  and sometimes p i n e .  
S p a r s e l y  a t  f i r s t ,  and t h e n  more and 
more, t h e s e  p i o n e e r s  rise up from unmown 
meadow and f o r g o t t e n  f i e l d .  A s  15 o r  20 
y e a r s  q u i c k l y  p a s s ,  t h e  sh rub-do t t ed  
f i e l d s  a r e  t r a n s f o r m e d  t o  a t a n g l e d  
t h i c k e t  t h a t  b l o c k s  t h e  v i s t a  o f  r o l l i n g  
f i e l d s  and s t o n e  w a l l s .  F o r e s t ,  o f  a 
s o r t ,  now c l a i m s  t h e  l a n d .  

Soon t h e  more m a j e s t i c ,  long-term 
i n v a d e r s  a p p e a r .  Oak and h i c k o r y ,  maple 
and a s h  emerge from t h e  t h i c k e t  t o  c l a i m  
t h e  o l d  f i e l d .  The lowly p i o n e e r s  f a l t e r  
and dwind le ,  u n a b l e  t o  remain i n  t h e  r a c e  
f o r  t h e  s u n .  The f o r e s t  now assumes more 
o f  its permanent c h a r a c t e r ,  and t h e  i n s i -  
d i o u s  s t r u g g l e  o f  s i z e  and numbers, 
u n n o t i c e d  by a l l  b u t  t h e  most p e r s i s t e n t  
o b s e r v e r ,  r e p l a c e s  t h e  d r a m a t i c  change 
from f i e l d  t o  f o r e s t .  Our B u l l e t i n  
d e s c r i b e s  t h i s  i n s i d i o u s  n a t u r a l  s t r u g g l e  
i n  f o u r  mixed hardwood f o r e s t s  o f  c e n t r a l  

C o n n e c t i c u t .  
T h i s  s t u d y  began i n  1926 on a n  

80-acre  t r a c t  c a l l e d  Turkey H i l l  i n  t h e  
Cockaponset t  S t a t e  F o r e s t  i n  s o u t h  cen- 
t r a l  C o n n e c t i c u t .  I n  1927 s t u d y  began o f  
t h e  50-acre  Cox t r a c t ,  t h e  40-acre Reeves 
t r a c t ,  and t h e  40-acre Cabin t r a c t ,  a l l  
i n  t h e  Mountain Block o f  t h e  Meshomasic 
S t a t e  F o r e s t  i n  c e n t r a l  C o n n e c t i c u t .  
These were s e l e c t e d  a s  r e p r e s e n t a t i v e s  o f  
f o r e s t s  and s i t e s  i n  t h e  mixed hardwood 
r e g i o n  t h a t  c o v e r s  most o f  C o n n e c t i c u t  
and l a r g e  a r e a s  o f  New York, New J e r s e y  
and Pennsy lvan ia .  

A l l  t r a c t s  a r e  n e a r  t h e  w e s t e r n  end 
o f  t h e  ~ a s t e k n  Highlands  o f  C o n n e c t i c u t ,  
a r e g i o n  o f  metamorphic r o c k s  and g l a c i -  
a t e d  s o i l s .  The topography is  g e n t l y  
r o l l i n g  t o  rugged w i t h  c o n s i d e r a b l e  rock  
o u t c r o p .  E l e v a t i o n  r a n g e s  from 400 t o  
800 f e e t .  Of t h e  f o u r  t r a c t s ,  Turkey 
H i l l  i s  most exposed t o  s t r o n g  s o u t h e a s t -  
e r l y  g a l e s  such  a s  t h o s e  t h a t  o c c u r r e d  
d u r i n g  t h e  1938 h u r r i c a n e .  

The f o r e s t  c o v e r  was t h e  mixed hard-  
wood t y p e  t y p i c a l  o f  much o f  t h e  wood- 
l a n d s  i n  C o n n e c t i c u t ,  w i t h  37 s p e c i e s  
r e p r e s e n t e d  on t h e  t r a n s e c t s .  I n  1927 
t h e  t r e e s  v a r i e d  from 25  t o  40 y e a r s  i n  
a g e  w i t h  o c c a s i o n a l  o l d e r  t r e e s .  To a 
f o r e s t e r ' s  e y e  p o r t i o n s  o f  t h e  f o r e s t  on 
Cox seemed t h e  most newly r i s e n  and t h a t  
on Cabin t h e  o l d e s t .  The f o r e s t  on Tur-
key H i l l  seemed younger t h a n  t h a t  on 
Reeves. Observa t ion  and i n q u i r y  r e v e a l e d  
t h a t  p o r t i o n s  o f  each t r a c t  had been 
c l e a r e d  i n  t h e  p a s t ,  b u t  t h e  e x a c t  boun- 
d a r i e s  o f  c l e a r i n g s  cou ld  n o t  be  a s c e r -
t a i n e d .  Thus b o t h  t h e  f o r e s t  t h a t  h a s  
n e v e r  been t i l l e d  and t h e  f o r e s t  t h a t  h a s  
a r i s e n  on o l d  f i e l d s  a r e  r e p r e s e n t e d  i n  
t h e  t r a c t s  b u t  cou ld  n o t  b e  c l e a r l y  sepa-  
r a t e d .  Ches tnu t  was p r e s e n t  on a l l  
t r a c t s  a s  evidenced by c o n t i n u e d  s p r o u t -  
i n g .  S i n c e  t h e  s t u d y  was s t a r t e d  i n  1926 
and 1927, d i s t u r b a n c e  by man h a s  been 
s l i g h t ,  and t h e  d i s t u r b e d  a r e a s  have been 
e l i m i n a t e d  from t h i s  s t u d y ;  a burned a r e a  
on Turkey H i l l  is a n a l y z e d  i n  a  s e p a r a t e  
Chap te r .  

The normal p r e c i p i t a t i o n  is  44 i n c h e s  
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p e r  y e a r  a t  H a r t f o r d ' s  B r a i n e r d  F i e l d ,  
which i s  a b o u t  10 m i l e s  n o r t h  o f  t h r e e  o f  
t h e  p l o t s .  I n  t h e  f i r s t  decade o f  t h e  
c e n s u s  o f  t h e  t r a c t s ,  t h e  a n n u a l  p r e c i p i -  

l t i o n  was 3 . 6  i n c h e s  less t h a n  normal .  
1 t h e  s c o r e  o f  y e a r s  between 1937 and 
357, it was 1 .0  i n c h e s  above normal.  

Drought o c c u r r e d  d u r i n g  1958-67, and p re -  
c i p i t a t i o n  was 6 .9  i n c h e s  below normal.  
During 1968-77 it was 2 .2  i n c h e s  above 
normal. Thus a  decade  o f  d r y ,  a doub le  
decade o f  normal ,  a decade o f  v e r y  d r y ,  
and a decade  o f  m o i s t  wea the r  o c c u r r e d  i n  
t h e  h a l f  c e n t u r y .  

I n  t h e  midd le  y e a r s  o f  t h e  decade  
1957-67 gypsy moth (Lvmantr ia  d i s ~ a r  L . ) ,  
cankerworm ( P a l e a c r i t a  v e r n a t a  Peck. )  and 
o t h e r  d e f o l i a t o r s  f l o u r i s h e d  and a t t a c k e d  
t h e  l e a f  c a n o p i e s  o f  a l l  f o u r  t rac ts .  
D e f o l i a t o r s  v a r i e d  w i t h  t r a c t  and y e a r ,  
but  more i m p o r t a n t  t o  t h e  f o r e s t  was t h e  
degree  o f  d e f o l i a t i o n .  A e r i a l  r econna i -  
sance  i n d i c a t e d  p a r t i a l  d e f o l i a t i o n  on 
Cabin, Cox and Reeves d u r i n g  1961, 1962 
and 1963 and on Turkey H i l l  i n  1964. I n  
1962 on Cabin,  Cox and Reeves removal o f  
t h e  l e a f  canopy was e s t i m a t e d  t o  be  
g r e a t e r  t h a n  50 p e r c e n t .  I n  1963 Cabin 
and Cox were l e s s  t h a n  50 p e r c e n t  d e f o l i -  
a t e d ,  w h i l e  p o r t i o n s  o f  Reeves may have 
been more t h a n  50 p e r c e n t  d e f o l i z t e d .  I n  
1964 removal o f  t h e  canopy on Turkey H i l l  
was e s t i m a t e d  t o  be  between 25 and 75 
p e r c e n t .  

The middle  y e a r s  o f  t h e  decade 
1967-77 were a l s o  a t i m e  o f  d e f o l i a t i o n  
by t h e  gypsy moth and t h e  elm spanworm 
(Ennomos s u b s i n n a r i u s  Hbn .) . I n  197 1  Cox 
was d e f o l i a t e d  more t h a n  75 p e r c e n t .  
Canopy removed on Cabin and Reeves was 
e s t i m a t e d  between 25 and 50 p e r c e n t ,  
w h i l e  on Turkey H i l l  d e f o l i a t i o n  was o n l y  
10 t o  25 p e r c e n t .  No f u r t h e r  d e f o l i a t i o n  
was recorded f o r  t h e  decade .  

The maps o f  d e f o l i a t i o n  a r e  i n  t h e  
f i l e s  o f  t h e  S t a t e  En tomolog i s t ,  New 
Haven. 

The s i g n i f i c a n t  d i s e a s e s  i n  t h e  f o r -  
e s t s  were c h e s t n u t  b l i g h t  and Dutch elm 
d i s e a s e .  By 1927 b l i g h t  had k i l l e d  t h e  
l a r g e  c h e s t n u t s ,  and d u r i n g  t h e  n e x t  50 
y e a r s  i t  k e p t  on k i l l i n g  c h e s t n u t  s p r o u t s  
t h a t  grew from o l d  r o o t s .  Dutch elm 
d i s e a s e  reached t h e  p l o t s  d u r i n g  

METHODS 

A l l  t r a c t s  were l a i d  o u t  as  r e c t a n -
g l e s  w i t h  t h e  l o n g  a x i s  e a s t - w e s t .  The 
d imens ions  were:  Turkey H i l l ,  20 x  40 
c h a i n s ;  Cox, 14 x  36 c h a i n s ;  Reeves,  
10 x  40 c h a i n s ;  and Cabin ,  20 x  20 
c h a i n s .  A c h a i n  i s  66 f e e t  o r  20 m e t e r s  
and a n  a c r e  is 10 s q u a r e  c h a i n s .  Tran-
s e c t  l i n e s  were nor th - sou th  a t  5-chain 
i n t e r v a l s  on Turkey H i l l  and a t  4-chain 
i n t e r v a l s  on t h e  o t h e r  t r a c t s .  Charac-
t e r i s t i c s  o f  s i t e  s u c h  as s o i l  t y p e ,  s o i l  
d e p t h ,  s o i l  d r a i n a g e  o r  m o i s t u r e ,  s t o n i -
n e s s ,  humus t y p e ,  s l o p e ,  and a s p e c t  were 
de te rmined  and mapped a l o n g  t h e  t r a n s e c t  
l i n e s .  long a s t r i p  0 .25-chain  wide 
c e n t e r e d  on t h e  t r a n s e c t  l i n e s ,  each  t r e e  
0 . 6  i n c h  d . b . h .  o r  g r e a t e r  was p l o t t e d  on 
a map, i d e n t i f i e d ,  and d e s c r i b e d .  D.b.h. 
is d i a m e t e r  b r e a s t  h i g h  o r  4 .5  f e e t  above 
t h e  ground.  

I n i t i a l l y ,  d e s c r i p t i o n  i n c l u d e d  
d . b . h . ,  crown c l a s s  (on a l l  t r a c t s  e x c e p t  
Turkey H i l l ) ,  and whether  o r  n o t  t h e  t r e e  
was a  member o f  a s p r o u t  g roup .  Witchha-
z e l  was n o t  r ecorded  on Turkey H i l l  i n  
1926, b u t  i t  was beg inn ing  i n  1937. 
Crown c l a s s  i s  d e f i n e d  i n  F o r e s t  Termi- 
nology (Soc.  Amer. F o r e s t e r s ,  1950) .  

I n  1937 t h e  same i n f o r m a t i o n  was 
recorded  f o r  s t ems  t a l l i e d  i n  1927. 
Deaths  and new t r e e s  ( i n g r o w t h )  0 . 6  i n c h  
d . b . h .  o r  l a r g e r  were n o t e d .  Crown 
c l a s s  was recorded  on Turkey H i l l  i n  
1937. 

I n  1957 t h e  same i n f o r m a t i o n  was 
a g a i n  r e c o r d e d ,  b u t  t h e  minimum d . b . h .  
was d e c r e a s e d  t o  0 .5  i n c h .  I n  a d d i t i o n ,  
t h e  h e i g h t  o f  a l l  dominant t r e e s  and 
e v e r y  t e n t h  t r e e  o t h e r  t h a n  dominants  was 
measured w i t h  a n  Abney l e v e l .  T r e e s  f o r  
which h e i g h t  was measured and any compan- 
i o n  s p r o u t  were a l s o  examined f o r  
d e f e c t s .  The d e f e c t s  were i n  form and 
symmetry and t h o s e  caused by i n j u r y  t o  
t h e  stem o r  crown and do n o t  i n c l u d e  
i n t e r n a l  d e f e c t s  s u c h  a s  h e a r t r o t .  

I n  1967 a l l  t r e e s  l a r g e r  t h a n  0 . 5  
i n c h  d . b . h .  were measured a t  d . b . h .  Also  
t h e y  were c l a s s i f i e d  f o r  crown c l a s s ,  and 
new s p r o u t  numbers were a s s i g n e d  where 



6  Connec t i cu t  Experiment S t a t i o n  B u l l e t i n  783 

d e a t h  had c a r r i e d  one away o r  a new one 
had appeared .  

I n  1967 some t r e e s  t h a t  had r e c e n t l y  
d i e d  and were s t i l l  s t a n d i n g  were 
i n c l u d e d  i n  t h e  p o p u l a t i o n s  c o u n t e d .  I n  
t h e  t a b l e s  t h a t  we now p u b l i s h  t h e s e  a r e  
coun ted  a s  dead i n  1967, t h e i r  d e a t h s  a r e  
coun ted  i n  1957-67, and t h e s e  p o p u l a t i o n s  
o f  1967 i n  o u r  p r e s e n t  t a b l e s  a r e  
s l i g h t l y  changed from e a r l i e r  ones  
(S tephens  and Waggoner, 1970) .  

I n  1977,  t h e  t r a c t s  were examined a s  
i n  1967. 

I n  1932 a  r e s u r v e y  o f  t h e  Turkey H i l l  
t r a c t  was made f o l l o w i n g  a f i r e  t h a t  
burned o v e r  a p p r o x i m a t e l y  40 p e r c e n t  o f  
t h e  a r e a .  I n  a d d i t i o n  t o  t h e  same i n f o r -  
mat ion g a t h e r e d  i n  1926, t h e  e x t e n t  o f  
t h e  f i r e  on t h e  t r a n s e c t  l i n e s ,  d e a t h s ,  
new r e c r u i t s ,  and crown c l a s s  were 
r e c o r d e d .  T r e e s  a l i v e  i n  1926 b u t  dead 
i n  1932 were a r b i t r a r i l y  a s s i g n e d  t o  t h e  
l o w e s t  crown c l a s s .  The i n f o r m a t i o n  from 
t h e  burned p a r t  o f  Turkey H i l l  a p p e a r s  i n  
a s e p a r a t e  Chap te r  i n  t h i s  B u l l e t i n .  

The v i g i l a n c e  o f  t h e  S t a t e  F o r e s t e r s  
h a s  p r o t e c t e d  t h e  s i t e s  from o t h e r  d i s -  
t u r b a n c e  remarkably  w e l l .  E i g h t y - f i v e  
p e r c e n t  o f  t h e  o r i g i n a l  13.75 a c r e s  
encompassed i n  t h e  t r a n s e c t s  was und i s -
t u r b e d  a h a l f - c e n t u r y  l a t e r .  The a r e a s  
d i s t u r b e d  a t  any t i m e  were o m i t t e d  from 
o u r  a n a l y s i s ,  which u s e s  t h e  a r e a s  shown 
i n  T a b l e  1 .  S i n c e  n e a r l y  35,000 s t ems  
were obse rved  d u r i n g  t h e  h a l f  c e n t u r y ,  
t h e i r  r e c o r d s  were a n a l y z e d  by machine.  

Tab le  1 .  Sample a rea  ( a c r e s )  o f  mois ture  
c lasses ,  undisturbed s i t e s  on ly .  

Med ium 
Muck Mois t  Moist  Dry  A l l  

Turkey H i l l  0.16 0.57 1.57 0.09 2.40 
Cox 0 0.51 2.05 0.60 3.16 
Reeves 0 0.32 1.38 0.70 2.40 
Cab ih 0 0.33 1.82 0 2.15 
A I  I 0.16 1.74 6.83 1 - 3 9  10.12 

Burned 0 0.20 1.09 0.30 1.59 
w 

The n a t u r e  o f  t h e  f o r e s t  and its 
changes  c a n  b e  e x p r e s s e d  i n  s e v e r a l  ways: 
t h e  appearance  and d i s a p p e a r a n c e  o f  spe-  
c i e s ,  t h e  r ' i se  and f a l l  i n  p o p u l a t i o n ,  

and t h e  change i n  s i z e  and dominance. 
S p r o u t s ,  d e f e c t s  and t h e  e f f e c t s  o f  f i r e ,  
d rough t  and d e f o l i a t i o n  can  be  obse rved .  
The s t a t i s t i c a l  methods t h a t  we used t o  
make a l l  t h i s  comprehens ib le  a r e  
d e s c r i b e d  i n  t h e  s e p a r a t e  C h a p t e r s .  

SITE CHARACTERISTICS 

The f o u r  t r a c t s  r e p r e s e n t  f o r e s t s  o f  
t h e  r e g i o n  and compr i se  a mosaic o f  pre-  
v i o u s  l a n d  u s e .  The b o u n d a r i e s  o f  d i f -  
f e r e n t  u s e  and ,  h e n c e ,  a g e s  o f  t h e  f o r e s t  
cou ld  n o t  b e  p r e c i s e l y  de te rmined  (Hicock 
e t  a l . ,  1931) .  The p r e s e n c e  o f  c e r t a i n  
i n d i c a t o r  s p e c i e s ,  however, t e l l s  u s  t h a t  
a t r a c t ,  o r  some p o r t i o n ,  r e c e n t l y  
r e v e r t e d  t o  f o r e s t  from open f i e l d .  
T h e i r  absence  g e n e r a l l y  i n d i c a t e s  t h a t  
f o r e s t  h a s  covered t h e  l a n d  a t  l e a s t  sev-
e r a l  decades .  The p r e s e n c e  i n  1927 o f  
r e d c e d a r ,  g r a y  b i r c h  and b luebeech ,  a l l  
p i o n e e r s ,  i n d i c a t e d  t h a t  t h e  f o r e s t  on 
Cox is t h e  younges t .  Because Cabin had 
few p i o n e e r s ,  it was l i k e l y  f o r e s t e d  f o r  
a l o n g  t ime .  Turkey H i l l ,  burned and 
unburned,  and Reeves had fewer  p i o n e e r s  
t h a n  Cox, b u t  t h e i r  p r e s e n c e  s u g g e s t s  
t h a t  p o r t i o n s  o f  t h e s e  t r a c t s  had 
r e c e n t l y  r e v e r t e d  from open f i e l d .  

Although s o i l  t y p e ,  d e p t h  o f  s o i l ,  
i n t e r n a l  s o i l  d r a i n a g e ,  s t o n i n e s s ,  humus 
t y p e ,  and a s p e c t s  were de te rmined  a l o n g  
t h e  t r a n s e c t s  (Hicock e t  a l . ,  19311, o n l y  
i n t e r n a l  s o i l  d r a i n a g e  i s  used h e r e  i n  
r e l a t i n g  t r e e  o r  s t a n d  c h a r a c t e r i s t i c s  t o  
s i t e  because  p a s t  s t u d i e s  i n d i c a t e d  i t  t o  
be t h e  most i m p o r t a n t  one .  

S o i l  d r a i n a g e  c l a s s e s  were c l a s s i f i e d  
a c c o r d i n g  t o  t h e  S o i l  Survey Manual (Ano-
nymous, 1951).  I n  a d d i t i o n  t o  t h e  seven 
c l a s s e s  g i v e n  ' i n  t h e  Manual, one  was 

'added f o r  t h e  muck s i t e  on Turkey H i l l .  
Because t h e  a r e a  sampled i n  some d r a i n a g e  
c l a s s e s  was s m a l l ,  t h e  c l a s s e s  0-7 were 

combined i n t o  f o u r  m o i s t u r e  c l a s s e s  a s  
f o l l o w s :  (A) muck, 7 ;  (B) m o i s t  s i t  
which i n c l u d e d  0 ,  t h e  v e r y  poor  
d r a i n e d ,  and 1 ,  t h e  p o o r l y  d r a i n e d ;  ( 
medium m o i s t  s i t e s  which i n c l u d e d  2 ,  t r ~ e  
i m p e r f e c t l y  o r  somewhat p o o r l y  d r a i n e d  
( o n l y  .d6 a c r e ) ,  3 ,  t h e  modera te ly  w e l l  
d r a i n e d ,  and 4 ,  t h e  w e l l  d r a i n e d ;  and (Dl 
d r y  s i t e s  which i n c l u d e d  5 ,  t h e  somewhat 
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1927 1937 1957 1967 1977 
Year 

Fig.  1 .  The number o f  major species stems per acre 
on moist (0).medium ( 0 )and dry (0)s i t e s .  

e x c e s s i v e l y  d r a i n e d ,  and 6 ,  t h e  exces-
s i v e l y  d r a i n e d  s o i l s .  The a r e a  i n  e a c h  
combined m o i s t u r e  c l a s s  is  shown i n  
Table 1. 

The abundance o f  p i o n e e r  s p e c i e s  on 
c e r t a i n  m o i s t u r e  c l a s s e s  l e a d s  u s  t o  con- 
c lude ,  f o r  example, t h a t  much o f  t h e  
moist and medium m o i s t  s i t e  on Cox r e p r e -  
s e n t s  new f o r e s t .  S i m i l a r l y ,  t h e  medium 
moist  s i t e  on Turkey H i l l  and t h e  d r y  on 
Reeves a l s o  c o n t a i n  r e l a t i v e l y  young f o r -  
e s t .  

NUMBER OF STEMS 

From 1927 t o  1967 t h e  number o f  stems 
d e c l i n e d  s t e a d i l y  and t h e n  i n c r e a s e d  from 
1967 t o  1977. For "number o f  s t emsu  we 
s h a l l  w r i t e  "numbersn. On s i t e s  o f  a l l  
m o i s t u r e s  t h e  numbers o f  major  s p e c i e s  
d e c l i n e d  from about  a thousand p e r  a c r e  
t o  abou t  500 ( F i g .  1 ) .  The numbers o f  
minor s p e c i e s  d e c l i n e d  from abou t  500 t o  
l e s s  than  200 on mois t  and medium s i t e s ,  
whereas on t h e  d r y  s i t e s  t h e i r  numbers 
were always low, f a l l i n g  from a b o u t  250 
i n  1927 t o  l e s s  t h a n  100 i n  1967, and 
s u g g e s t i n g  t h a t  t h e  d r y  s i t e s  had small 
a b i l i t y  t o  suppor t  an  u n d e r s t o r y  o f  minor 

Year 
Fig.  2. The number o f  minor species stems per acre 
on moist (0).medium ( 0 ) and dry (0)s i t e s .  

s p e c i e s  ( F i g .  2 ) .  
Fol lowing t h e  d e f o l i a t i o n  d u r i n g  t h e  

1960 's  and 19701s ,  t h e  numbers o f  b o t h  
major  and minor s p e c i e s  i n c r e a s e d ,  show-
i n g  t h e  advan tage  t o  new s tems  o f  b o t h  
t h e  temporary  removal o f  t h e  o v e r s t o r y  by 
i n s e c t s  and t h e  permanent removal o f  
l a r g e  t r e e s  by d e a t h  ( F i g .  1 and 2 ) .  

Comparing t h e  f o u r  t r a c t s  i n  
F i g .  3 and 4 ,  one  s e e s  a t  once  t h e  many 
s t ems  i n  1927, p a r t i c u l a r l y  o f  t h e  minor 
s p e c i e s ,  on t h e  youngest  t r a c t ,  Cox; by 
1957 t h i s  l a r g e  number f e l l  t o  n e a r l y  t h e  
l e v e l  on t h e  o t h e r  t h r e e  t r a c t s .  On t h e  
t r a c t  t h a t  had probably  been g r a z e d  
s h o r t l y  b e f o r e  1927, Turkey H i l l ,  t h e  
numbers i n  1927 were low, and u n l i k e  t h e  
o t h e r  t r a c t s ,  Turkey H i l l  d i d  n o t  e x p e r i -
ence  a n  i n c r e a s e  i n  numbers from 1967 t o  
1977. Over a l l  t h e  t r a c t s ,  m o i s t u r e  o f  
s o i l  had no a v e r a g e  e f f e c t  because  s t ems  
o f  major  s p e c i e s  were t h e  most numerous 
on m o i s t  i n  t h e  Cox t r a c t ,  on medium 
m o i s t  i n  Turkey H i l l ,  and on d r y  i n  
Reeves. These a r e  t h e  same t r a c t s  and 
s i t es  b e l i e v e d  t o  have r e c e n t l y  r e v e r t e d  
t o  f o r e s t .  

Now, what were t h e  s p e c i e s  o f  t h e  
s tems? Over a l l  t r a c t s  and m o i s t u r e  
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I I I I I 

1927 1937 1957 1967 1977 
Year 

Fig .  3. The number o f  major species stems per acre 
on Cox ( 1 1 ,  Turkey H i l l  ( 2 ) ,  Reeves (31,  and Cabin 
( 4 )  t r a c t s .  The numerals ind icate  t h e  r e l a t i v e  age 
o f  t h e  forests,  with Cox ( 1 )  being t h e  youngest. 

c l a s s e s  i n  a s i n g l e  y e a r ,  t h e  answer is 
f a i r l y  e a s y .  S i n c e  we have  a l r e a d y  d e a l t  
w i t h  t o t a l  numbers and a r e  now concerned 
w i t h  d i s t r i b u t i o n  o f  t h o s e  numbers among 
s p e c i e s ,  we s h a l l  d e a l  w i t h  p e r c e n t a g e s  
(Tab le  2 ) .  I n  1927 r e d  maple c o n t r i b u t e d  
f u l l y  a q u a r t e r ,  b l a c k  p l u s  ye l low b i r c h  
a f i f t h ,  and r e d  p l u s  w h i t e  oak a n o t h e r  
f i f t h  o f  t h e  s t e m s .  No o t h e r  s p e c i e s  
c o n t r i b u t e d  a t e n t h .  By 1977, r e d  maple 
had i n c r e a s e d  t o  a t h i r d ,  t h e  two b i r c h e s  
t o  a t h i r d  and r e d  and w h i t e  oak had 
d e c l i n e d  t o  a t w e n t i e t h .  Only beech had 
come from i n s i g n i f i c a n c e  t o  approach  a 
t e n t h  ( i t  was 7 p e r c e n t ) .  T h i s  compari- 
son  o f  s p e c i e s  o v e r  a l l  m o i s t u r e  c l a s s e s  
is comprehens ib le .  

When we compare t h e  s p e c i e s  from s i t e  
t o  s i t e  o r  t r a c t  t o  t r a c t  and from t i m e  
t o  time, t h e  37 s p e c i e s ,  however, a r e  
b e w i l d e r i n g .  A s  a g u i d e  t o  t h e  i n t e r e s t -  
i n g  i n t e r a c t i o n s  o f  p l a c e  w i t h  s p e c i e s  we 

I Y Z ~1937 1957 1967 1977 
Year 

Fig .  4.  The number o f  minor species stems per acre 
on Cox ( 1 ) .  Turkey H i l l  ( 2 ) .  Reeves ( 3 ) ,  and Cabin 
( 4 )  t r a c t s .  

c a l c u l a t e d  t h e  d e v i a t i o n  o f  a p e r c e n t a g e  
i n  a t i m e  and p l a c e  from t h e  p e r c e n t a g e  
expec ted  i f  p l a c e  had no e f f e c t .  A 
h y p o t h e t i c a l  example i l l u s t r a t e s .  On two 
sites a t  two t i m e s  100 t r e e s  a r e  d i s t r i -  
bu ted  among Red, White and O t h e r  s p e c i e s  
a s  f o l l o w s :  

S i t e  A S i t e  B 
Time 1 Time 2 Time 1 Time ; 

Red 20 40 
2 0 60 

White 40 20 
60 2 0 

O t h e r  40 4 0 
2 0 20 

A t  t i m e  1 t h e  a v e r a g e ,  o r  e x p e c t e d ,  v a l u e  
o v e r  s i t e s  A and B i s  f o r  Red, 30,  and 
f o r  White,  30. A t  time 2 t h e  e x p e c t a t i o n  



~ ~ ~ ~ ~ ~ ~ i 

Table 2. Number of  stems o f  major and minor species (percent o f  t o t a l  major o r  minor), a i l  t r ac t s .  The l e t t e r  1 ind ica tes  0.1 t o  0.9 
percent and 9 i nd ica tes  t h e  species i s  present bu t  less than 0.1 percent. Sum over a l l  molsture classes includes t rees  on muck. 

Major Spec les  Mol s t  Mediun Molst  Dry A l  i 
1927 1937 1957 1967 1977 1927 1937 1957 1967 1977 1927 1937 1957 1967 1977 1927 1937 1957 1967 1977 

Suga- maple 8 1 1 1 5 1 6 1 2  3 4 6 7 6 1 1 2 2 2 4 5 7 8 6 
Red map1 e 29 29 26 27 20 24 25 28 32 33 25 24 30 37 39 25 26 28 33 32 
Red oak 8 8 8 5 3 1 0 1 0 9 6 4 8 8 8 6 4 9 9 9 6 4 
Black oak 1 i i I I 3 3 3 2 1 8 9 7 5 3 3 4 3 2 2 
Scar le t  oak 1 1 i i 1 2 2 2 2 1 4 4 4 3 2 2 2 2 2 1 
White oak 4 3 2 1 i 1 3 1 1  5 2 1 1 6 1 7  9 3 2 1 2 1 0  5 2 1 
Chestnut oak 2 3 2 1 1 3 4 5 2 2 2 2 2 2 2 3 3 4 2 1 
Yellow b i r c h  17 20 22 24 29 8 9 12 13 18 i i 1 1 2 8 9 12 13 17 
Black b i r c h  5 5 7 9 12 12 14 15 19 19 14 16 22 27 30 12 13 14 18 20 
Paper b i r c h  O O O O O i i i i Q O O O O O i i i i Q 
B i t t e r n u t  h lckory  i i O O i i i i Q Q O O O O O i i i Q Q 
Mockernut h lckory  i i i i i 1 1 1 1 i 2 2 2 1 1 1 1 1 i I 

Pignut hlckory 1 1 1 i i 4 3 2 1 1 8 8 4 2 1 4 3 2 1 i 
Shagbark h ickory  i i 1 1 i 1 1 1 i i i i i i 1 i i 1 i i 
Beech i 1 3 5 6 1 2 3 5 7 2 3 5 7 9 1 2 3 5 7 
T u l i p  1 1 1 1 4 1 1 1 1 2 i i i i i 1 1 1 1 2 
White ash 7 6 6 5 3 7 6 4 3 1 2 2 1 1 0 6 5 4 3 1 
Black ash i i i i i Q Q O O O O O O i O l i i i i 
Basswood i 1 i o o i i ~ 1 i Q Q 
Elm 2 2 2 1 i i i Q Q Q Q O O O O i i i i i 
Big tooth  aspen 4 3 0 0 0 i i i Q O 2 i O O O l 1 i Q 0 
Quaking aspen Q Q 0 0 0 0 0 0 0 0 0 0 0 0 0 Q Q 0 0 0 
Pepper idge 2 2 2 3 6 1 i i i i i i i i i i i i 1 1 
Locust 0 0 0 0 0 0 0 0 0 0 i Q i i i Q Q Q Q Q 
But ternut  i Q O O O i i O O Q i i O O O i i O O Q 
Black cherry 3 i i O O i i O O Q i i O O O l i Q o Q 
Sassafras 1 i 2 2 2 1 i 1 2 4 2 1 1 3 4 1 i 1 2 4 
White p ine O Q O O O Q Q i O Q O O O O O Q Q i O i 
Hemlock Q Q i i i Q Q Q Q Q o o o o i Q Q i i i 
Redcedar O O O O O i Q Q O O i O O O O i Q Q O O 
Stems/acre 919 692 502 411 546 1100 766 513 439 590 1179 866 532 482 652 1067 759 512 440 587 

Minor Species 

Chestnut 
Dogwood 
Shadbush 
Hophornbeam 
Gray b i r c h  
Witchhazel l 
Bl  uebeech 
Stems/acre 

Witchhazel was not  counted on Turkey Hi l l i n  1927. 
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becomes 40 f o r  b o t h  Red and White.  
The i n t e r e s t i n g  i n t e r a c t i o n s  o f  s i t e  

w i t h  s p e c i e s  a t  t i m e  1  a r e  t h e  d e v i a t i o n s  
from t h e  mean o r  e x p e c t a t i o n  f o r  t h e  spe-  
c i e s  and t ime :  Red was 10 poor and White 
was 10 r i c h  on S i t e  A .  One cou ld  s a y  t h e  
d e v i a t i o n  o r  impoverishment i n  Red was 
1 / 3  o f  t h e  expec ted  30 o r  1/10 o f  t h e  
t o t a l  p o p u l a t i o n  o f  t r e e s  on t h e  s i t e  a t  
t h a t  t i m e .  The f i r s t  i s  a s p e c i e s '  p o i n t  
o f  v iew,  t h e  second i s  t h e  f o r e s t ' s  p o i n t  
o f  view, and we took  t h e  f o r e s t ' s  view. 
A t  t i m e  2  t h e  e f f e c t s  o r  i n t e r a c t i o n s  
were g r e a t e r :  Red had become 20 o r  1 /5  
poor and White had become 1 /5  r i c h  on 
s i t e  A .  So much f o r  i n t e r a c t i o n s  o f  s i t e  
w i t h  s p e c i e s  a t  a t i m e .  

The i n t e r e s t i n g  i n t e r a c t i o n s  o f  t i m e  
w i t h  s p e c i e s  a t  a s i t e  can  a l s o  be s e e n  
a s  d e v i a t i o n s  from t h e  mean f o r  t h e  spe-  
c i e s  and s i t e .  For two t i m e s ,  however, 
it is  more s t r a i g h t f o r w a r d  t o  compare t h e  
changes ,  s p e c i e s  by s p e c i e s  and s i t e  by 
s i t e .  I n  t h e  h y p o t h e t i c a l  example above,  
t h e  o u t s t a n d i n g  o r  d i f f e r e n t i a l  i n c r e a s e s  
a r e  White on s i t e  A and Red on s i t e  B. 
Now some r e a l  r e s u l t s .  

On t h e  m o i s t  s i t e s  i n  1927 t h e  f o r e s t  
was r e l a t i v e l y  r i c h  i n  ye l low b i r c h  and 
s u g a r  maple and poor  i n  b l a c k  b i r c h  and 
w h i t e  oak ;  and i n  50 y e a r s  it became even 
r i c h e r  i n  ye l low b i r c h  and s u g a r  maple,  
and poor  i n  b l a c k  b i r c h ,  and s u r p r i s -
i n g l y ,  i n  r e d  maple.  Remember, r i c h  and 
poor  a r e  r e l a t i v e  t o  t h e  p e r c e n t a g e s  o f  
t h e  s p e c i e s  a t  a g i v e n  t i m e  o v e r  a l l  
s i t e s .  

On t h e  medium m o i s t  s i tes i n  1927 t h e  
f o r e s t  was a v e r a g e  and remained s o .  

On t h e  d r y  si tes i n  1927 t h e  f o r e s t  
was r e l a t i v e l y  r i c h  i n  w h i t e  and b l a c k  
oak and poor  i n  ye l low b i r c h .  I n  1977 it 
was r i c h  i n  b l a c k  b i r c h  and r e d  maple and 
poor  i n  s u g a r  maple and -- st i l l  and 
e s p e c i a l l y  -- poor  i n  ye l low b i r c h .  

The o u t s t a n d i n g  d i f f e r e n t i a l  changes  
among m o i s t u r e  c l a s s e s  d u r i n g  t h e  h a l f  
c e n t u r y  were:  

Red maple l o s t  on m o i s t  and g a i n e d  on 
o t h e r  s i t e s .  

White oak l o s t ,  e s p e c i a l l y  on d r y  
s i t e s .  

Yellow b i r c h  g a i n e d ,  e s p e c i a l l y  on 
mois t  and medium, w h i l e  b l a c k  b i r c h  

g a i n e d ,  e s p e c i a l l y  on d r y  s i t e s .  
P ignu t  h i c k o r y  l o s t ,  e s p e c i a l l y  on 

d r y  s i t e s .  
White a s h  l o s t  on medium m o i s t  s i t e s .  
Pepper idge g a i n e d  on m o i s t  s i t e s ,  and 

b i g t o o t h  aspen  l o s t .  
Among t h e  minor s p e c i e s ,  c h e s t n u t ,  

f l o w e r i n g  dogwood and w i t c h h a z e l  a l l  
i n c r e a s e d  i n  numbers and p r o p o r t i o n ,  
w h i l e  b luebeech and hophornbeam d e c l i n e d .  

Among t h e  t r a c t s ,  s p e c i e s  d i f f e r e d .  
D e v i a t i o n s  were examined f o r  s i x  s p e c i e s  
i n  1927 and 1977: r e d  and s u g a r  maple,  
r ed  and c h e s t n u t  o a k ,  ye l low and b l a c k  
b i r c h .  There  were no  p e c u l i a r i t i e s  o f  
t h e  changes  i n  s p e c i e s  o v e r  t h e  h a l f  cen-
t u r y  t h a t  were c o n s i s t e n t l y  r e l a t e d  t o  
t h e  a g e  o f  t h e  f o r e s t s  on t h e  t r a c t s .  

Muck w a s  p r e s e n t  o n l y  on t h e  Turkey 
H i l l  t r a c t ,  and t h e  s p e c i e s  found t h e r e  
a r e  shown i n  Tab le  3.  Yellow and b l a c k  
b i r c h  i n c r e a s e d  on muck a s  on t h e  o t h e r  
t h r e e  m o i s t u r e  c l a s s e s ,  b u t  beech was n o t  
p r e s e n t  on muck. The number o f  r ed  
maples  and w h i t e  a s h  i n c r e a s e d  u n t i l  1957 
and t h e n  d e c l i n e d ,  b u t  t h e i r  p r o p o r t i o n s  
merely  f l u c t u a t e d  o v e r  t h e  y e a r s .  Black 
a s h  i n c r e a s e d  u n t i l  1967 and then  
d e c l i n e d .  The b i g  l o s e r  was American 
elm, which was removed by d i s e a s e .  Pep-
p e r i d g e  d i s a p p e a r e d  from muck a l t h o u g h  i t  
i n c r e a s e d  on m o i s t  s i t e s .  Turning t o  
minor s p e c i e s ,  one  s e e s  t h a t  on muck 
w i t c h h a z e l  i n c r e a s e d ,  w h i l e  shadbush 
d i s a p p e a r e d ,  and bluebeech dec reased  
markedly d u r i n g  t h e  f i f t y  y e a r s .  

DIVERSITY 

I n  a d d i t i o n  t o  t h e  s h e e r  change i n  
numbers o f  s t ems  and a few a n e c d o t e s  
abou t  i n t e r e s t i n g  s p e c i e s ,  t h e  r e a d e r  
w i l l  want t o  know how b i g  t h e  s tems a r e  
and how d i v e r s e  is t h e  c o l l e c t i o n  o f  spe- 
c i e s .  We w i l l  pos tpone  stem s i z e  t o  
l a t e r  s e c t i o n s  and d i s c u s s  s p e c i e s  d i v e r -  
s i t y  h e r e .  

D i v e r s i t y  i n  any f o r e s t  i s  u s u a l l y  
assumed t o  be  a v i r t u e .  C e r t a i n l y  t h e  
p l e a s u r e  o f  wa lk ing  t h r o u g h  t h e  woods 
i n c r e a s e s  w i t h  t h e  number o f  k i n d s  o f  
p l a n t s  t h a t  t h e  wa lker  d i s c o v e r s .  The 
p l e a s u r e  from a f o r e s t  l andscape  
i n c r e a s e s  i f  l e a v e s  o f  d i f f e r e n t  t i n t s  
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Table 3. On muck, the  number o f  stems o f  major 
and minor species (percent o f  t o t a l  major or 
minor) .  The l e t t e r  L indicates 0.1 t o  0.9 
percent and 9 indicates t h e  species i s  pre- 
sent but less than 0.1 percent.  

Major Spec i es 1927 1937 1957 1967 1977 

Sugar maple 

Red maple 

Red oak 

Yellow b i r c h  

Black b i r c h  

White ash 

Black ash 

American elm 

Pepper idge 

Stemdacre 


Minor Species 

Shadbush ~3 25 8 1 1  0 
Witchhaze l l 0 25 50 56 83 
Bl uebeech 75 50 42 33 17 
Stems/acre 25 25 74 55 37 

Witchhazel was not counted on Turkey H i  l l 

in 1927. 


expand a t  d i f f e r e n t  t i m e s ,  i f  v a r i o u s  
f lowers  appear  i n  v a r i o u s  s e a s o n s ,  and i f  
a spectrum of autumn c o l o r s  is s e e n  --
a l l  because o f  t h e  d i v e r s i t y  o f  t h e  spe-  
c i e s .  F i n a l l y ,  d i v e r s i t y  i s  assumed t o  
be a s o r t  o f  i n s u r a n c e  because  a s i n g l e  
pes t  w i l l  n o t  l i k e l y  a t t a c k  d i v e r s e  spe-  
c i e s .  

S ince  d i v e r s i t y  h a s  s e v e r a l  f a c e t s ,  
however, measur ing it is n o t  s i m p l e  
( P i e l o u ,  1966).  I n  a f i n i t e  f o r e s t ,  s u c h  
a s  t h e  t r a n s e c t s  t h r o u g h  t h e  Connec t i cu t  
f o r e s t s ,  t h e  d i v e r s i t y  d e c r e a s e s  whenever 
an i n d i v i d u a l  i s  l o s t ,  a s p e c i e s  is  l o s t  
o r  i n d i v i d u a l s  become c o n c e n t r a t e d  i n  
fewer s p e c i e s .  T h i s  compos i t e  c h a r a c t e r ,  
d i v e r s i t y ,  can be measured a s  

-1 l o g 2  N !  b i t s ,  

N N 1 !  N2!. . .Ns! 


N is t h e  t o t a l  number o f  i n d i v i d u a l s  on 
t h e  t r a c t  and N1, N2 ..., N s  a r e  t h e  num- 
b e r s  i n  t h e  f i r s t ,  second,  ..., and l a s t  
o f  s s p e c i e s .  

The behav io r  o f  t h i s  index  w i t h  
changes i n  t h e  f a c t o r s  (numbers,  s p e c i e s ,  
and d i s t r i b u t i o n )  h a s  been d e s c r i b e d  

f u l l y  by P i e l o u .  Here we s h a l l  go  
d i r e c t l y  t o  t h e  changes  o v e r  t h e  d e c a d e s  
i n  t h e  f a c t o r s  and summarize by examining 
t h e  change i n  t h e  index  o f  d i v e r s i t y .  

C e r t a i n l y  t h e  number o f  s t e m s  h a s  
d e c r e a s e d ,  T a b l e  2. When t h e  number o f  
s t ems  is  l a r g e ,  however, a s  i t  i s  i n  o u r  
t r a c t s  even i n  1967, b o t h  o u r  common 
s e n s e  and P i e l o u 1 s  mathemat ics  s a y  
d e c l i n i n g  numbers w i l l  have  l i t t l e  e f f e c t  
upon d i v e r s i t y .  

The number o f  s p e c i e s  counted on t h e  
t r a c t s  h a s  remained f a i r l y  c o n s t a n t .  The 
t a b l e  f o r  1927 shows 37 s p e c i e s ,  and t h e  
t a b l e  f o r  1977 s t i l l  shows 34 s p e c i e s .  
Only b i g t o o t h  and quaking aspen  and red-  
c e d a r  d i s a p p e a r e d ,  and t h e s e  t h r e e  spe-  
c i e s  had c o n t r i b u t e d  few s t e m s  i n  1927. 

S i n c e  t h e r e  a r e  no g r e a t  changes  i n  
t h e  r e l a t i v e  c o n t r i b u t i o n s  o f  t h e  s p e c i e s  
a s  s e e n  i n  t h e  p e r c e n t a g e s  o f  Tab le  2 ,  
and s i n c e  t h e  p o p u l a t i o n  h a s  n o t  d e c l i n e d  
t o  a  s p a r s e  o n e ,  one  e x p e c t s  t h a t  t h e  
index  o f  d i v e r s i t y  w i l l  n o t  have changed 
g r e a t l y .  I n  f a c t ,  it was 4.16 i n  1927, 
4.05 i n  1937, 4.00 i n  1957, 3.76 i n  1967 
and 3.59 i n  1977. The d i v e r s i t y  was much 
l e s s  on muck and showed no t r e n d .  It was 
s l i g h t l y  g r e a t e r  on medium m o i s t  t h a n  on 
m o i s t  o r  d r y ,  b u t  t h e  s low d e c r e a s e  was 
e v i d e n t  on a l l  t h e s e  t h r e e  m o i s t u r e  
c l a s s e s .  

One might have expec ted  t h a t  d i v e r -  
s i t y  would have i n c r e a s e d  w i t h  t h e  deve l -  
opment o f  t h e  f o r e s t  toward m a t u r i t y ,  b u t  
t h i s  d i d  n o t  happen.  N e v e r t h e l e s s ,  t h e  
i n h a b i t a n t  o f  t h e  suburban f o r e s t  may be  
r e a s s u r e d  t h a t  h e  c a n  s e e  n e a r l y  a s  much 
d i v e r s i t y  i n  t r e e s  when h e  h i k e s  t h r o u g h  
t h e  woods a s  h i s  f a t h e r  saw when h e  
looked  f o r  a l o s t  cow. 

BASAL AREA 

Both s t o c k i n g  and m a t u r i t y  o f  a s t a n d  
a r e  r e v e a l e d ,  b u t  n o t  by t h e  number o f  
s t ems  o r  d i v e r s i t y  o f  s p e c i e s ,  b u t  by t h e  
c r o s s - s e c t i o n a l  a r e a  o f  t h e  s t ems  p e r  
a c r e .  The c r o s s - s e c t i o n  is measured a t  
b r e a s t  h e i g h t  and c a l l e d  " b a s a l  a r e a . "  

The b a s a l  a r e a  o f  major  s p e c i e s ,  a s  
a n  a v e r a g e  o v e r  a l l  t r a c t s  and s i t e s ,  
i n c r e a s e d  from 63  f t 2  p e r  a c r e  i n  
1927 t o  97 f t 2  i n  1957 ( F i g .  5 ) .  



Connect icut  Experiment S t a t i o n  B u l l e t i n  783 

1927 1937 1957 1967 1977 1927. 1937 1957 1967 1977 
Year Year 

F i g  5. The basal area o f  major species F i g  6. The basal area o f  minor species 
( fti/acre) on moi s t  ( l) , medium ( 0 ) and dry  ( f t 2 /ac re )  o n m o i s t  ( e ) ,  medium ( 0 )  a n d d r y  
(0)s i t es .  (0)s i t es .  
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F ig .  7. The basal area ( f t 2 / a c r e )  o f  major Fig.  8. The basal area ( f t 2 / a c r e )  o f  minor 
species on Cox (11, Turkey H i l l  (2 ) .  Reeves (31, and species on Cox ( 1  ) ,  Turkey H i l l  ( 2 ) .  Reeves (3) ,  and 
Cabin ( 4 )  t r a c t s .  Cabin ( 4 )  t r a c t s .  
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Then b a s a l  a r e a  d e c r e a s e d  t o  90 i n  1967 
and recovered  t o  97 i n  1977. Although 
b a s a l  a r e a  was a lways  g r e a t e s t  on t h e  
mois t  and l e a s t  on t h e  d r y  s i t e s ,  t h e  
d e c r e a s e  from 1957 t o  1967 was s h a r p e s t  
on t h e  medium m o i s t  s i t e s .  

The b a s a l  a r e a  o f  s t ems  o f  minor spe-  
c i e s  d e c r e a s e d  r e g u l a r l y  on a l l  m o i s t u r e  
s i t e s  u n t i l  1967 ( F i g .  6 ) .  Although t h e  
number o f  s t ems  o f  minor s p e c i e s  
i n c r e a s e d  s h a r p l y  from 1967 t o  1977 
( F i g .  2 ) ,  t h e  new s tems  were t o o  s m a l l  t o  
produce a n  e q u a l l y  marked i n c r e a s e  i n  
b a s a l  a r e a  ( F i g .  6 ) .  

On a l l  t r a c t s  t h e  b a s a l  a r e a  
i n c r e a s e d  r e g u l a r l y  u n t i l  1957 w i t h  t h e  
g r e a t e s t  i n c r e a s e  i n  Cabin ,  t h e  o l d e s t  
t r a c t  ( F i g .  7 ) .  From 1957 t o  1967 t h e  
i n c r e a s e  i n  b a s a l  a r e a  c o n t i n u e d  on t h e  
Turkey H i l l  t rac t ,  b u t  b a s a l  a r e a  
decreased on t h e  o t h e r  t r a c t s ,  e s p e c i a l l y  
Cabin. Then, from 1967 t o  1977 t h e  b a s a l  
a r e a  on Turkey H i l l  s c a r c e l y  changed,  
while on t h e  o t h e r  t h r e e  t r a c t s  t h e  
i n c r e a s e  i n  a r e a  resumed. The b a s a l  a r e a  
of  minor s p e c i e s  d e c r e a s e d  s t e a d i l y  on 
a l l  t r a c t s  d u r i n g  1927-67 ( F i g .  8 ) .  Dur-
i n g  1967-77 it c o n t i n u e d  t o  d e c r e a s e  on 
Turkey H i l l ,  b u t  i n c r e a s e d  s l i g h t l y  on 
t h e  o t h e r  t r a c t s  i n  r e s p o n s e  t o  i n c r e a s e d  
numbers. 

Turning t o  t h e  d i f f e r e n c e s  among spe-  
c i e s ,  one f i n d s  t h a t  d e s p i t e  t h e  cons id -  
e r a b l e  changes i n  numbers o f  s t e m s ,  t h e  
propor t ion o f  t h e  b a s a l  a r e a  c o n t r i b u t e d  
by s p e c i e s  was s u r p r i s i n g l y  s t e a d y  
(Table 4 ) .  An i n c r e a s e  i n  t h e  b a s a l  a r e a  
of red  and b l a c k  oak compensated f o r  a  
dec rease  i n  c h e s t n u t  and w h i t e  o a k s ,  
keeping t h e  t o t a l  c o n t r i b u t i o n  o f  o a k s  a t  
about 40 pe rcen t  o f  t h e  b a s a l  a r e a ,  w h i l e  

1 t h e i r  c o n t r i b u t i o n  t o  t h e  number o f  s t ems  

was d e c l i n i n g  s h a r p l y .  On t h e  o t h e r  
hand, whi le  b i r c h  and maple were i n c r e a s -

I ing  t h e i r  c o n t r i b u t i o n  t o  t h e  number o f  

s tems,  t h e i r  p r o p o r t i o n  o f  t h e  b a s a l  a r e a  
s c a r c e l y  changed d u r i n g  t h e  h a l f  cen tu l*y. 
Tu l ip  p o p l a r ,  which c o n t r i b u t e d  a sm:3 1 1  

p ropor t ion  of t h e  s t e m s ,  s t e a d :ily
inc reased  i ts p r o p o r t i o n  o f  t h e  b a s a l. 
a r e a  and now c o n t r i b u t e s  6  p e r c e n t .  A l t -
hough i t s  c o n t r i b u t i o n  is s m a l l ,  beech 
s t e a d i l y  inc reased  i ts b a s a l  a r e a .  I n  
c o n t r a s t ,  whi te  a s h  c o n t r i b u t e d  l e s s  each  

decade .  A f t e r  a h a l f  c e n t u r y  t h e r e  is 
s c a r c e l y  any c o n t r i b u t i o n  t o  b a s a l  a r e a  
by p i o n e e r  s p e c i e s .  The minor s p e c i e s  
c o n t r i b u t e  l e s s  t h a n  2 p e r c e n t  o f  t h e  
b a s a l  a r e a .  Only c h e s t n u t  i n c r e a s e d  its 
p r o p o r t i o n  o f  t h e  b a s a l  a r e a ,  and t h a t  
p r o p o r t i o n  i s  s t i l l  small. 

The e f f e c t  o f  t h e  s i t e  upon b a s a l  
a r e a  o f  s p e c i e s  was e x p l o r e d  a s  we had 
exp lo red  t h e  e f f e c t  o f  s i t e  on t h e  popu- 
l a t i o n  o f  s p e c i e s .  That  is, we c a l c u -
l a t e d  t h e  d e v i a t i o n s  o f  t h e  p e r c e n t a g e  o f  
s p e c i e s  from t h e  mean p e r c e n t a g e  o f  b a s a l  
a r e a  c o n t r i b u t e d  by each  s p e c i e s  f o r  each  
m o i s t u r e  c l a s s  and y e a r .  

On t h e  mois t  s i t e s  i n  1927 t h e  f o r e s t  
was r e l a t i v e l y  r i c h  i n  t h e  b a s a l  a r e a  o f  
r e d  maple and ye l low b i r c h  and poor i n  
f i v e  oak s p e c i e s .  A h a l f  c e n t u r y  l a t e r  
much t h e  same d e s c r i p t i o n  a p p l i e d .  

On t h e  medium m o i s t  s i t e s  i n  1927 t h e  
f o r e s t  was r i c h  i n  r e d  oak and poor i n  
r e d  maple ,  and i n  1977 it remained t h e  
same. 

On t h e  d r y  s i t e s  t h e  h a l f  c e n t u r y  
began w i t h  t h e  f o r e s t  r i c h  i n  w h i t e  and 
b l a c k  oak and poor i n  r e d  maple and y e l -  
low b i r c h .  It ended r i c h  i n  b l a c k  a.nd 
s c a r l e t  oak and b l a c k  b i r c h  and poor i n  
r e d  maple ,  y e l l o w  b i r c h ,  and t u l i p .  

I n  t h e  p r o p o r t i o n  o f  b a s a l  a r e a  t h e  
o u t s t a n d i n g  d i f f e r e n t i a l  changes  among 
m o i s t u r e  c l a s s e s  d u r i n g  t h e  h a l f  c e n t u r y  
were: 

Blacl :ained on medium m o i s t  and 
d r y  s i t e ;  w h i t e  oak l o s t .  

Ches '~ r~uL oak l o s t  on medium m o i s t  
s i t e s .  

Black b i r c h  ga ined  on d r y  s i t e s .  
T u l i p  ga ined  on m o i s t  and medium 

mois t  sites. 

DISTRIBUTION OF DIAMETER 

To a n a l y z e  t h e  changing d i a m e t e r  o f  
s t ems  i n  t h e  f o r e s t  we c l a s s i f i e d  t h e i r  
d ia m e t e r ,  b r e a s t  h i g h ,  i n t o  f o u r  c l a s s e s :  
smla11 s a p l i n g ,  0 . 5  t o  1 .5  i n c h e s ;  l a r g e  
s a.piing, 1.6 t o  5.5 i n c h e s ;  p o l e ,  5 . 6  t o  
..a 


I 1.5 i n c h e s ;  sawt imber ,  l a r g e r  t h a n  11.5  
i n c h e s .  

The d i s t r i b u t i o n  o f  d i a m e t e r s  o f  
major  s p e c i e s  is d e p i c t e d  i n  F i g .  9 .  The 
s c a l e  o f  F i g .  9 is l o g a r i t h m i c  s o  t h a t  



Table 4. Basal area o f  major and minor species (percent o f  t o t a l ) ,  a l l  t r a c t s .  The l e t t e r  1 ind ica tes  0.1 t o  0.9 percent and Q ind ica tes  
t he  species i s  present but  less than 0.1 percent. Sum over a l l  moisture c lasses includes t r e e s  on muck. 

Major Spec ies Moist Medium Moist  Dr y 
1927 1937 1957 1967 1977 1927 1937 1957 1967 1977 1927 1937 1957 1967 1977 

Sugar maple 5 5 5 6 7 1 1 2 2 2 1 i i i i 
Red maple 24 24 20 22 22 11 10 10 12 14 11 10 7 8 10 
Red oak 7 10 17 17 16 14 17 23 25 24 9 12 17 20 20 
Black oak 2 2 2 2 3 4 6 8 8 9 1 2 1 6 2 1 2 0 1 8  
Sca r l e t  oak 2 3 3 2 2 5 6 7 7 6 8 1 0 1 2 1 2 1 2 
White oak 2 2 2 1 1 10 10 8 5 4 16 17 14 7 7 
Chestnut oak 3 5 6 3 1 8 9 9 4 3 4 3 4 3 3 
Yellow b i r c h  15 16 16 17 16 7 7 6 6 7 1 I i i i 
Black b i r c h  11 8 10 12 14 13 13 13 15 16 16 16 16 20 23 
Paper b i r c h  O O O O O i t i i i O O 0 0 0 
B i t t e r n u t  h ickory  I i O O Q Q Q Q Q Q O O 0 0 0 
Mockernut h ickory  i Q Q Q Q il 1 i i 1 1 1 i i 
Pignut h ickory  i i i Q Q 2 2 2 2 i 5 4 3 2 i 
Shegbark h ickory  i i 1 1 1 1 1 i i i i i i i i 
Beech i i i 1 2 i i i 1 2 i i 1 2 3 
Tu l i p  2 3 4 6 7 3 4 4 6 7 1 i i i 1 
White ash 5 5 5 5 5 4 4 3 3 2 2 2 1 i 0 
Black ash i i O O O Q Q O O O O O O Q O 
Basswood i i i O O i I i i i O O 0 0 0 
American elm 2 2 2 i Q Q Q Q Q Q Q O O O O 
Big tooth  aspen 5 4 0 0 0 2 2 i Q 0 3 1 0 0 0 
Quaking aspen Q Q O O C O O O O O O O O O O 
Pepper idge i i i i i i i i i i Q Q 0 0 0 
Black locust O O O O O O O O O O Q Q i i i 
But ternut  i Q O O O i i O O Q i i 0 0 0 
Black cherry i i Q O O i Q O O Q i Q 0 0 0 
Sassafras i i I i Q i i i i i i i i i I 

White pine O Q O O O i i Q Q Q O O 0 0 0 
Hemlock Q Q Q i i Q Q Q Q i O O 0 0 0 
Redcedar O O O O O i Q Q O O i O O O O 
Square feet/acre 76 90 102 99 102 64 84 99 90 98 47 68 85 81 90 

Minor Species 

Chestnut 
D c g wood 
Shadbush 
Hophornbeam 
Gray b i r c h  
Witchhazel l 
B l uebeech 
Squzre f ee t /ac~  

A l l  species 85 97 107 101 104 70 90 102 F2 100 51 71 86 82 91 

Witchhazel not  measured on Turkey Hi l l i n  1927. 
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t h e  few b u t  i m p o r t a n t  sawt imber  s t ems  and 
p o l e s  a r e  n o t  overshadowed by t h e  numer- 
o u s  s a p l i n g s .  

Year 

Fig. 9. Dlameters o f  major species. On a logar-
ithmic scale, t h e  number o f  stems/acre with d i m e t e r  
greater than 0 .5 ,  1.5, 5.5 and 11.5 inches. 

The s t r o n g e s t  impress ion  ga ined  from 
F ig .  9 is t h e  s low and s t e a d y  i n c r e a s e  i n  
sawtimber s t ems  -- even d u r i n g  t h e  d e f o l -  
i a t i o n  of 1957-77. The i n t e r m e d i a t e  
c l a s s  of p o l e s  h a s  f a i l e d  t o  i n c r e a s e  i n  
number. A s  expec ted  t h e  number of 
s a p l i n g s  d e c r e a s e d  s t e a d i l y  -- u n t i l  
small  t r e e s  grew d u r i n g  t h e  d e f o l i a t i o n  
of t h e  l a s t  two decades .  

Minor s p e c i e s ,  o f  c o u r s e ,  remained 
mostly s a p l i n g s  (Tab le  5 ) .  While t h e .  
number of  s m a l l  s a p l i n g s  f e l l  t o  l e s s  
than h a l f  du?ing 1927-67, t h e  number o f  
b i g  s a p l i n g s  f e l l  t o  l e s s  t h a n  a q u a r t e r .  
Thus i n s t e a d  o f  r e c r u i t i n g  from t h e  smal-
l e r  c l a s s  and i n c r e a s i n g ,  t h e  b i g g e r  
c l a s s  of  s a p l i n g s  was s h r i n k i n g .  And 
when new stems appeared f o l l o w i n g  t h e  
d e f o l i a t i o n  o f  1957-67, t h e  i n c r e a s e  o f  
smal l  s a p l i n g s  was a  q u a r t e r ,  b u t  o f  b i g  
s a p l i n g s ,  only  a  t e n t h .  Apparen t ly ,  l o s s  
of gray b i r c h ,  hophornbeam and b luebeech ,  
a l l  capable  o f  becoming l a r g e  s a p l i n g s  o r  
smal l  p o l e s ,  and t h e  r e l a t i v e  i n c r e a s e  i n  
wi tchhaze l ,  dogwood and t h e  s h o r t - l i v e d  
c h e s t n u t  brought about  t h i s  s h i f t  from 
l a r g e  t o  smal l  s a p l i n g s .  E v i d e n t l y  t h e  
minor s p e c i e s  a r e  doomed t o  remain minor .  

For major s p e c i e s  t h e  p a t t e r n  o f  
change was s i m i l a r  on a l l  m o i s t u r e s .  The 
p ropor t ion  of  s m a l l  s a p l i n g s  d e c l i n e d  
d u r i n g  1927-57 but i n c r e a s e d  t h e r e a f t e r .  

Large  s a p l i n g s  d e c l i n e d  s t e a d i l y  d u r i n g  
50 y e a r s .  P o l e s  i n c r e a s e d  u n t i l  1957 b u t  
t h e n  d e c l i n e d ,  e s p e c i a l l y  on medium m o i s t  
and d r y  s i t e s .  The p r o p o r t i o n  o f  sawtim- 
b e r  t r e e s  i n c r e a s e d  g r a d u a l l y  u n t i l  1967 
and t h e n  d e c l i n e d  s l i g h t l y .  However, t h e  
d e c r e a s e  is due t o  an  i n c r e a s e d  number o f  
t r e e s  r a t h e r  t h a n  l o s s  o f  sawt imber  
( F i g .  9 ) .  The d e c r e a s e  o f  l a r g e  s a p l i n g s  
and p o l e s  was n o t  caused s o l e l y  by growth 
t o  l a r g e r  c l a s s e s .  We conc lude  t h a t  mor-
t a l i t y  h a s  been g r e a t e s t  i n  t h e s e  two 
c l a s s e s  (Table  5 ) .  

Among t h e  t r a c t s  t h e  p a t t e r n  o f  
change among d i a m e t e r  c l a s s e s  o f  major  
s p e c i e s  was s i m i l a r  t o  t h e  a v e r a g e  o v e r  
a l l  t r a c t s .  Except on Turkey H i l l ,  t h e  
p r o p o r t i o n  o f  p o l e s  i n c r e a s e d  u n t i l  1957 
and t h e n  d e c l i n e d .  During 1937-77 t h e  
p r o p o r t i o n  o f  l a r g e  s a p l i n g s  d e c l i n e d  
w h i l e  t h e  p r o p o r t i o n  o f  s m a l l  s a p l i n g s  
i n c r e a s e d  on a l l  t r a c t s  e x c e p t  Turkey 
H i l l .  

I n  t h e  a v e r a g e  o v e r  a l l  s p e c i e s ,  
m o i s t u r e s  and t r a c t s  l e s s  t h a n  1  p e r c e n t  
o f  t h e  s t ems  were sawtimber i n  1927; by 
1977 t h e r e  were 7 p e r c e n t .  Oaks ga ined  
r a p i d l y  i n  sawtimber ;  i n  1977 n e a r l y  
t w o - t h i r d s  o f  r e d ,  b l a c k  and s c a r l e t  oak 
and a  q u a r t e r  of  w h i t e  and c h e s t n u t  oak 
were sawtimber .  About a t e n t h  o f  h icko-  
r i e s  and w h i t e  a s h  were sawtimber .  A l t -
hough n o t  numerous, a t h i r d  o f  t h e  t u l i p  
was sawtimber  i n  1977. I n  c o n t r a s t ,  t h e  
maples  and b i r c h e s  changed l i t t l e ;  a l t -
hough t h e y  a r e  becoming n u m e r i c a l l y  
i m p o r t a n t  i n  t h e  f o r e s t  (Tab le  2 ) ,  fewer  
t h a n  5  p e r c e n t  became sawtimber  by 1977. 

MORTALITY 

S i n c e  t h e  changes  i n  t h e s e  f o r e s t s  
a r e  " n a t u r a l "  and s i n c e  t h e  t r a c t s  were 
covered by a canopy o f  f i f t e e n  hundred 
s m a l l  t r e e s  p e r  a c r e  i n  1927, t h e  growth 
o f  some t r e e s  meant o t h e r s  n a t u r a l l y  f e l l  
behind and d i e d  i n  t h e  shade .  Also ,  
i n s e c t s  and d i s e a s e s  took  a t o l l .  

The n e t  change i n  t h e  number o f  s t ems  
is shown i n  F i g u r e s  1 and 2 .  The n e t  
d i f f e r e n c e  between decades  is t h e  newly 
a p p e a r i n g  minus t h o s e  dy ing .  The n e t  
d o e s  n o t  show how t h e  change was c a u s e d .  
For  i f  t h e  number dy ing  is n e a r  t h e  



Table 5. Diameter c l ass  d i s t i b u t i o n  (percent o f  t o t a l  f o r  the  year), a l l  t r a c t s  and moistures. (Small saplings, 0.5-1.5 Inches; large 
saplings, 1.6-5:5 inches; poles, 5.6-11.5 inches; sawtimber, greater than 11.5 inches.) The l e t t e r  I ind ica tes  0.1 t o  0.9 percent. 

Species 
1927 1

Smal l Sap l ing 
937 1957 1967 1977 1927 

Large Sap l ing 
1937 1957 1967 1977 1927 1937 

Po le  
1957 1967 1977 1927 

Saw Timber 
1937 1957 1967 1977 

Sugar map1 e 
Red map le 
Red oak 
Black 6 scar l e t  oak 
White 6 chestnut oak 
Yellow b i r c h  
Black b i r c h  
Hickories 
Beech 
Tu l i p  
White ash 
A l  I major 

A1 I minor 71 62 76 82 84 28 37 24 18 16 1 I 1 i I 0 0 0 0 0 
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Table 6 .  M o r t z l i t y  ( p e r c e n t ) ,  a l l  t r a c t s .  Sum over  a l l  m o i s t u r e  c !asses  inc ludes  t r e e s  on muck. 

Major  Spec ies Moi s t  Medium M o i s t  
1927 1937 1957 1967 1927 1937 1957 1967 1927 

Dry
1937 1957 1967 1927 

Al I 
1937 1957 1967 

t o  t o  t o  t o  t o  t o  t o  t o  t o  t o  t o  t o  t o  t o  t o  t o  
1937 1957 1967 1977 1937 1957 1967 1977 1937 1957 1967 1977 1937 1957 1967 1977 

Sugrr maple 
Red map l  e  
Red oak 
B lock  oak 
S c a r l e t  oak 
White oak 
Chestnut oak 
Yel low b i r c h  
B lack  b i r c h  
Paper b i r c h  
B i t t e r n u t  h i c k o r y  
Mockernut h i c k o r y  
Pignut  h i c k o r y  
Shegbark h i c k o r y  
Beech 
Tu l  i p  
White ash 
Black ash 
Basswood 
Elm 
B i g t o o t h  aspen 
Quaking aspen 
Pepper idge 
Locust 
B u t t e r n u t  
Black cher ry  
Sassafras 
White p i n e  
Hemlock 
Redcedar 
A l l  major 

Minor Spec ies 

Chestnut 
Dog wood 
Shadbush 
Hophornbeam 
Gray b i r c h  
Witchhazell 
B I  uebeech 
Al I  minor 

Witchhazel no t  counted on Turkey H i  l  l  i n  1927. 

number appear ing,  t h e  n e t  change w i l l  be The m o r t a l i t y  o f  minor s p e c i e s  was a 
smal l ,  and t h e  t u r n o v e r  w i t h i n  t h e  popu- h a l f  t o  a t h i r d  p e r  decade ,  somewhat 
l a t i o n  w i l l  be over looked .  Thus we exa- g r e a t e r  t h a n  i n  t h e  major  s p e c i e s .  The 
mined m o r t a l i t y .  m o r t a l i t y  o f  t h e  minor s p e c i e s  was somew-

Table 6 shows t h e  m o r t a l i t y  o f  each  h a t  g r e a t e r  on t h e  d r y  s i t e s  t h a n  on o t h -
per iod a s  a pe rcen t  o f  t r e e s  a l i v e  a t  t h e  e r s .  
beginning of a p e r i o d .  Because t h e  sec- The a r e a  o f  muck was s l i g h t  and t h e  
ond i n t e r v a l ,  1937-57, spanned two m o r t a l i t y  must b e  c a l c u l a t e d  w i t h  a sam-
decades,  t h e  m o r t a l i t y  p e r  decade is p l e  o f  o n l y  a b o u t  f i f t y  t r e e s .  About a 
roughly h a l f  t h e  t a b u l a r  v a l u e .  q u a r t e r  o f  t h e s e  d i e d  each decade ,  much 

During t h e  ha l f -cen tu ry ,  t h e  m o r t a l -  a s  on t h e  o t h e r  s i t e s .  
i t y  of major s p e c i e s  p e r  decade d e c r e a s e d  No t r a c t  was a v e r a g e  i n  m o r t a l i t y .  
s l i g h t l y ,  f a l l i n g  from abou t  a t h i r d  t o  a Cox, w i t h  most s t ems  p e r  a c r e  i n  1927, 
f i f t h .  The s l i g h t  d e c r e a s e  from t h e  had above a v e r a g e  m o r t a l i t y ,  e s p e c i a l l y  
f i r s t  t o  t h e  l a s t  decade o c c u r r e d  on a l l  o f  minor s p e c i e s ,  d u r i n g  50 y e a r s .  Con-
mois ture  c l a s s e s .  v e r s e l y ,  Turkey H i l l ,  w i t h  f e w e s t  s t ems  
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i n  1927 had t h e  l e a s t  m o r t a l i t y  d u r i n g  
f i v e  d e c a d e s .  Reeves and Cabin ,  
i n t e r m e d i a t e  i n  s tem numbers i n  1927, 
were i n t e r m e d i a t e  i n  m o r t a l i t y  d u r i n g  
1927-77. M o r t a l i t y  o f  ma jor  s p e c i e s  was 
s l i g h t l y  above a v e r a g e  on Reeves and 
below on Cabin;  mor ta . l i ty  o f  minor spe-  
c i e s  was below a v e r a g e  on b o t h .  

Among t h e  s p e c i e s ,  m o r t a l i t y  d i f -
f e r e d .  The s p e c i e s  t h a t  have i n c r e a s e d  
g r e a t l y ,  ye l low and b l a c k  b i r c h  and r e d  
maple ,  had l e s s  t h a n  a v e r a g e  m o r t a l i t y .  
The h i g h e r  m o r t a l i t y  o f  t h e  o a k s  i s  
c l e a r .  White o z k ,  e s p e c i a l l y ,  s u f f e r e d  
above a v e r a g e  m o r t a l i t y  s i n c e  1927. Mor-
t a l i t y  o f  o t h e r  oaks  exceeded t h e  a v e r a g e  
o n l y  s i n c e  1957. M o r t a l i t y  o f  b i t t e r n u t  
and p i g n u t  h i c k o r y  was h i g h ,  w h i l e  t h a t  
o f  mockernut and shagbark  h i c k o r y  was 
above a v e r a g e  a f t e r  1957. M o r t a l i t y  o f  
w h i t e  a s h  was above a v e r a g e  and a c c e l e r -  
a t e d  a f t e r  1927. Beech, t u l i p  and 
hemlock s l o w l y  made t h e i r  way i n t o  t h e  
f o r e s t ,  and t h e i r  m o r t a l i t y  was low. The 
h i g h  m o r t a l i t y  o f  t h e  p i o n e e r i n g  a s p e n ,  
b l a c k  c h e r r y ,  s a s s a f r a s ,  w h i t e  p i n e  and 
r e d c e d a r  i s  e v i d e n t .  

The minor s p e c i e s  o f  b luebeech  had a  
h i g h  m o r t a l i t y  t h a t  d e c r e a s e d  i ts  r o l e  i n  
t h e  u n d e r s t o r y .  Gray b i r c h  was e l i m i -
n a t e d  by h i g h  m o r t a l i t y ,  w h i l e  f l o w e r i n g  
dogwood and w i t c h h a z e l ,  w i t h  lower  mor-
t a l i t i e s ,  g a i n e d .  

Dutch elm d i s e a s e  and c h e s t n u t  b l i g h t  
a f f e c t e d  t h e  p l o t s .  Ches tnu t  b l i g h t  was 
p r e s e n t  i n  t h e  t r a c t s  i n  1927 and m o r t a l -  
i t y  removed 40 t o  90 p e r c e n t  o f  t h e  s t ems  
each  decade .  Dutch elm d i s e a s e ,  on t h e  
o t h e r  hand,  a r r i v e d  i n  Connec t i cu t  a f t e r  
1927, and t h u s  one s e e s  i n  T a b l e  6  a 
s t e a d y  i n c r e a s e  i n  m o r t a l i t y  o f  elm. 

Our a n a l y s i s  o f  m o r t a l i t y  shows o n l y  
t h a t  t r e e s  d i e d .  We d o  n o t  know whether  
t h e y  were l i t t l e  o r  l a r g e .  We must a w a i t  
o u r  a n a l y s i s  o f  growth.  F i r s t ,  however, 
we s h a l l  examine t h e  newcomers, c a l l e d  
ingrowth .  

INGROWTH 

Our p u r s u i t  of t h e  c a u s e s  of change 
c a u s e s  u s  to look n e x t  a t  ingrowth 

because here may l i e  t h e  f u t u r e  of o u r  
f o r e s t s .  T a b l e  7  shows t h e  ingrowth 

d u r i n g  t h e  h a l f  c e n t u r y .  Remembering 
t h a t  t h e  t a b u l a r  v a l u e  f o r  t h e  doub le  
decade 1937-57 is rough ly  t w i c e  t h e  
ingrowth p e r  decade ,  one  s e e s  t h a t  t h e  
ingrowth o f  major  s p e c i e s  r o s e  decade  by 
decade from abou t  50 t o  200 s t ems  p e r  
a c r e  p e r  decade .  T h i s  p a t t e r n  o f  
i n c r e a s e  p r e v a i l e d  o v e r  a l l  t h r e e  mois; 
t u r e  c l a s s e s  shown i n  Tab le  7  (On t h e  
s m a l l  a r e a  o f  muck, t h e  g r e a t e s t  ingrowth 
was i n  t h e  second d e c a d e ) .  

The change i n  ingrowth w i t h  t i m e  d i f -  
f e r e d  among t r a c t s .  Whereas f o r  f o u r  
d e c a d e s  on a l l  t r a c t s  ingrowth was 50 t o  
100 s t ems  p e r  a c r e ,  d u r i n g  t h e  f i n a l  
decade i t  i n c r e a s e d  t o  o v e r  200 on t h r e e  
t r a c t s  w h i l e  r emain ing  s t e a d i l y  l e s s  t h a n  
100 on Turkey H i l l .  When we come t o  ana-
l y z e  t h e  m o r t a l i t y  o f  b a s a l  a r e a  o f  s tems 
o f  major  s p e c i e s ,  we s h a l l  s e e  t h a t  t h e  
inc rea - se  i n  ingrowth d u r i n g  1967-77 f o l -
lowed m o r t a l i t y  o f  b a s a l  a r e a  d u r i n g  t h e  
p r e c e d i n g  decade.  Thus t h e  ingrowth dur-  
i n g  1967-77 v a r i e d  among t h e  t r a c t s  a s  
d i d  t h e  m o r t a l i t y  o f  b a s a l  a r e a  and pre-  
sumably o f  o v e r s t o r y  i n  t h e  p reced ing  
decade  ( F i g .  1 0 ) .  Openings i n  t h e  canopy 
encouraged ingrowth .  

2

1957- 67 Mortality, ft /acre 

~ i g .l o .  The ingrowth of  major (numbered) and minor 
( x i  species on four t r a c t s  d;ring 1967-77 as a func-
t i o n  of  t h e  m o r t a l i t y  o f  basal area during the 
preceding decade. Turkey Hi I I (1  ), Cox ( 2 ) ,  Reeves 

( 3 ) .  cabin ( 4 ) .  
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Tab le  7. lngrowth (stems/acre) ,  a l l  t r a c t s .  The l e t t e r  i i n d i c a t e s  ingrowth occurred b u t  was less  than 1 
stem/acre. Sum over a l l  m o i s t u r e  c lasses  inc ludes  t r e e s  on muck. 

Major Spec ies Mo is t  Medium Mois t  Dr Y A l  I 
1927 1937 1957 1967 1927 1937 1957 1967 1927 1937 1957 1967 1927 1937 1957 1967 
t o  t o  t o  t o  t o  t o  t o  t o  t o  t o  t o  t o  t o  t o  t o  t o  

1937 1957 1967 1977 1937 1957 1967 1977 1937 1957 1967 1977 1937 1957 1967 1977 

Suger n 
Red mar 
Red oak 
B lack  oak 
S c a r l e t  oak 
White oak 
Chestnut oak 
Yel low b i r c h  
Black b i r c h  
Paper b i r c h  
B i t t e r n u t  h i c k o r  
Mockernut h i c k o r y  
Pignut  h i c k o r y  
Shagbark h i c k o r y  
Beech 
T u l i p  
White ash 
Pepper idge 
Sassafras 
Al I major 

MI nor Spec Ies 

Chestnut 

Dog wood 

Shadbush 

Hophornbeam 

Gray b i r c h  

Witchhazel 

B l  uebeech 

Al I mlnor 


I 


I 


A 

24 5 6 3 11 
24 10 25 13 42 

1 3 i 2 4 3 
0 0 0 0 1 i 
O O O O i i 
0 3 0 i 5 3 
4 i 0 2 3 7 

21 16 93 6 27 
10 7 36 7 18 

O O O i i 
0 0 2 0 0 

" 0 0 2 i i 
i O O l 1 2 
0 i i 0 0 0 
1 1 5  3 1 3  2 9 
i i i 1 7 0 i 
2 9 2 2 2 4 
1 1 3 19 i i 
0 7 4 9 1 4 

58 120 51 230 50 129 

3 6 0 4 0 5 3 1 2 3 6 
26 73 11 61 49 99 13 43 26 68 
i i 5 4 0 2 5 3 1 1 
0 1 6 1 i 2 2 i i 1 
O i O l O O i i 0 i 

14 57 i 3 1 8 7 20 12 56 
20 48 14 32 29 84 7 18 18 50 

O O O O O O i i 0 0 
O O O O O O O O O i 
i i O O O O i i i i 
i i 6 i i 0 2 1 i i 
O O O i O O O i i 0 
8 19 5 12 6 24 2 10 7 l e  
i 3 0 0 0 i I i i 5 
! 1 3 1 0 0 2 5 i 1 
i 2 0 0 - 0 0 i I 1 5 
7 19 i 2 1 1  14 i 4 7 16 

82 240 63 130 101 246 53 130 79 236 

42 2 43 30 SO i 36 23 42 
23 1 3 1 4 6 12 G 17 
i 1 i i 0 2 1 i I 

2 4 6 i 1 2 5 I 1 
O l O O i i i 0 I 

48 4 8 8 19 34 51 23 45 
4 3 9 i 2 6 2 3 3 5 

119 16 69 41 106 51 127 57 112 

grown t o  a  h a l f - i n c h ,  b u t  o n l y  two were 
r e d  o a k .  Over a l l  t r a c t s  and s i t e s  o n l y  
one r e d  oak p e r  a c r e  grew t o  a h a l f - i n c h  
w h i l e  t h e  t o t a l  f o r  a l l  oaks  was e i g h t .  
Apparen t ly ,  most o f  t h e  1967 r e d  oak s e e -
d l i n g s  s c a r c e l y  grew o r  t h e y  d i s a p p e a r e d .  
Many new r e d  oak s e e d l i n g s  appeared  i n  
1977,  b u t  t h e  f a t e  o f  t h e  1967 c r o p  g i v e s  
u s  l i t t l e  hope f o r  t h e  s u c c e s s  o f  t h e  
1977 c r o p .  

GROWTH 

I n  F i g .  5 ,  we saw t h a t  t h e  b a s a l  a r e a  
o f  major  s p e c i e s  i n c r e a s e d  u n t i l  1957, 
d e c r e a s e d  s l i g h t l y  f o r  a decade  and t h e n  
i n c r e a s e d  a g a i n  t o  t h e  l e v e l  o f  1957. 
T h i s ,  however, i s  n e t  change and t h e  
c a u s e s  a r e  h i d d e n .  To l e a r n  t h e  c a u s e s  
we can  c o n s i d e r  b a s a l  a r e a  a s  a  bank 
a c c o u n t .  From t h e  b a l a n c e  on hand,  t h e  
i n i t i a l  b a s a l  a r e a ,  we deduc t  wi thdra -  
w a l s .  That  i s ,  m o r t a l i t y .  The remainder  

1 Witchhazel n o t  counted on Turkey Hi  l l i n  1927 

The ingrowth o f  minor s p e c i e s  was 
about 50 p e r  a c r e  p e r  decade ,  i n c r e a s i n g  
t o  about 100 i n  t h e  l a s t  decade.  The 
p a t t e r n  was s i m i l a r  on a l l  m o i s t u r e  
c l a s s e s .  Although t h e  d i f f e r e n c e s  o f  
ingrowth among t h e  t r a c t s  were l e s s  d r a -  
matic f o r  minor s p e c i e s  t h a n  f o r  ma jor ,  
the  ingrowth o f  t h e  minor s p e c i e s  on Tur-
key H i l l  and Cox i n  t h e  l a s t  decade was 
l e s s  than on t h e  o t h e r  two t r a c t s .  

In  1967 we noted t h a t  a s u b s t a n t i a l  
crop of  red oak s e e d l i n g s  had a p p e a r e d ,  
e s p e c i a l l y  on Cabin, b u t  t h e y  were s t i l l  
smal ler  than a  h a l f - i n c h  d i a m e t e r  and 
hence d i d  no t  appear  a s  ingrowth.  A t  
t h a t  t ime we wondered what t h e  f a t e  of 
these  s e e d l i n g s  would b e ,  s a y i n g  t h e s e  
seed l ings  might p lay  an i m p o r t a n t  r o l e  i n  
maintaining t h e  predominance o f  oak i n  
these  f o r e s t s  
s t a g n a t e  and 
l i shed  l a r g e r  
Cabin n e a r l y  

-- o r  t h e y  might merely  
d i e  i n  t h e  shade  o f  e s t a b -  

c o m p e t i t o r s .  I n  1977 on 
24 oak s tems p e r  a c r e  had 
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a c c r u e s  i n t e r e s t  c a l l e d  "growthw.  To 
t h i s  w e  add t h e  d e p o s i t s ,  ingrowth.  I f  
w e  conse rve  o u r  c a p i t a l  and accumula te  
t h e  i n t e r e s t ,  o u r  b a l a n c e  w i l l  i n c r e a s e  
r e g a r d l e s s  o f  whether  w e  d e p o s i t  
ingrowth .  I f  however, we squander  o u r  
c a p i t a l  on m o r t a l i t y  and d e p o s i t  l i t t l e ,  
t h e n  s u r e l y  o u r  b a l a n c e  w i l l  d e c l i n e .  

From m o r t a l i t y  (Tab le  6 )  we know t h a t  
t r e e s  have d i e d ,  and a t  t i m e s  many, b u t  
we do n o t  know whe ther  t h e y  were s m a l l  o r  
l a r g e .  We a l r e a d y  know t h a t  ingrowth was 
l e s s  t h a n  100 s t ems  p e r  a c r e  p e r  decade  
u n t i l  t h e  las t  decade .  We know n o t h i n g  
o f  t h e  i n t e r e s t  on t h e  b a l a n c e ,  growth.  
Now, i n  T a b l e  8 ,  we a n a l y z e  t h e  accoun t  
i n  d e t a i l .  

On a l l  m o i s t u r e  c l a s s e s  t h e  growth 
(GRO) o f  major  s p e c i e s  i n  t h e  f i r s t  
decade  was abou t  27 f t 2  p e r  a c r e  and 
s i n c e  h a s  been a b o u t  16 (Tab le  8 ) .  
Ingrowth (INGRO) was l e s s  t h a n  1 p e r  
decade  u n t i l  t h e  l a s t  decade  when i t  
approached 3. M o r t a l i t y  (MORT) sub-
t r a c t e d  a b o u t  10 p e r  decade  e x c e p t  i n  t h e  
f o u r t h  decade  when i t  s u b t r a c t e d  abou t  
20.  The n e t  g a i n  c o n s e q u e n t l y  was a b o u t  
20 f t 2  p e r  a c r e  i n  t h e  f i r s t  decade 
and 7 p e r  decade  a f t e r w a r d s  e x c e p t  a l o s s  
o f  7 d u r i n g  t h e  f o u r t h  decade .  

A s u r p r i s e  i s  t u r n e d  up by t h e  ana ly -  
sis o f  t h e  components o f  growth.  During 
t h e  h a l f  c e n t u r y ,  b a s a l  a r e a  i n c r e a s e d  
most on t h e  d r y  s i t e s .  The c a u s e  of t h e  
g r e a t e r  i n c r e a s e  i n  b a s a l  a r e a  was n o t  
f a s t e r  growth o f  s t ems  p r e s e n t  f o r  t h a t  
was g r e a t e r  on m o i s t  and medium m o i s t  
t h a n  on d r y  s i t e s .  N e i t h e r  was t h e  c a u s e  
g r e a t e r  ingrowth f o r  it was always  s m a l l .  
R a t h e r ,  t h e  advan tage  o f  t h e  d r y  s i t e s  
was a lways  hav ing  l e s s  m o r t a l i t y  t h a n  
o t h e r  s i t e s .  

The m o r t a l i t y  o f  minor s p e c i e s  
exceeded growth and ingrowth ,  making t h e  
n e t  a l o s s  i n  e v e r y  decade  b u t  t h e  f i f t h .  

Our d i s c u s s i o n  o f  growth h a s  s o  f a r  
b lended a l l  s p e c i e s  t o g e t h e r .  There  
were ,  however, d i f f e r e n c e s  among s p e c i e s ,  
and examples a r e  shown i n  T a b l e  8 .  

Red maple,  one  o f  t h e  t h r e e  s p e c i e s  
c o n t r i b u t i n g  more t h a n  10 f t 2  p e r  
a c r e  t o  t h e  b a s a l  a r e a ,  i n c r e a s e d  1 t o  2 
f t2 i n  most d e c a d e s .  The growth on 
e x i s t i n g  s t ems  was p a r t i c u l a r l y  g r e a t  on 

t h e  m o i s t  s i t e ,  b u t  t h i s  was c o u n t e r e d  by 
heavy m o r t a l i t y .  Red o a k ,  which c o n t r i -  
b u t e s  t h e  most b a s a l  a r e a  o f  any s p e c i e s ,  
i n c r e a s e d  r a p i d l y  i n  b a s a l  a r e a  f o r  t h r e e  
d e c a d e s ,  b u t  h a s  s c a r c e l y  changed f o r  t h e  
l a s t  two. It s u f f e r e d  g r e a t  m o r t a l i t y  on 
m o i s t  and medium m o i s t  sites. White oak 
was a p a r t i c u l a r l y  heavy l o s e r  w i t h  slow 
growth a n d ' g r e a t  m o r t a l i t y  c a u s i n g  n e t  
l o s s e s  i n  b a s a l  a r e a  f o r  f o r t y  y e a r s .  
Black b i r c h  s t ems  added l e s s  t o  t h e i r  
b a s a l  a r e a  t h a n  d i d  t h e  r e d  o a k s ,  b u t  few 
d i e d  and t h e  b a s a l  a r e a  o f  b i r c h  n e a r l y  
doubled a f t e r  1927. 

S e v e r a l  s p e c i e s  t h a t  do  n o t  c o n t r i -
b u t e  much t o  b a s a l  a r e a  a r e  n e v e r t h e l e s s  
i n t e r e s t i n g .  The b a s a l  a r e a  o f  t u l i p  
i n c r e a s e d  because  o f  i t s  low m o r t a l i t y .  
The same i s - t r u e  o f  beech.  The ingrowth 
o f  c h e s t n u t  was t w i c e  t h e  growth on 
e x i s t i n g  s t ems  b u t  h i g h  m o r t a l i t y  kept  
t h e  n e t  i n c r e a s e  i n  b a s a l  a r e a  l e s s  than 
0 .2  f t 2  p e r  decade .  

COMPOSITION OF THE CANOPY 

The l a n d s c a p e ,  t h e  view o f  t h e  f o r e s t  
from a f a r ,  is  t h e  canopy o f  dominant and 
codominant t r e e s .  T h i s  canopy is a l s o  
impor tan t  t o  t h e  working o f  t h e  f o r e s t  a s  
it i s  t o  o u r  e y e s .  These t a l l  t r e e s  
a b s o r b  t h e  l i o n ' s  s h a r e  o f  t h e  l i f e - g i v -  
i n g  l i g h t ,  p a s s i n g  o n l y  f l e c k s  and d i f -  
f u s e  l i g h t  down t o  t h e  s a p l i n g s  beneath ,  
and o n l y  a f t e r  d e a t h  l e t t i n g  c a n d i d a t e s  
emerge i n t o  t h e  s u n .  Although t h e  canopy 
i s  whol ly  t h e  f o r e s t  s e e n  from a f a r ,  i t  
i s  o n l y  a s i x t h  t o  a t e n t h  o f  t h e  t r e e s  
on t h e  t r a c t s ,  and t h e  number i n  t h e  
canopy, t h e  dominant and codominant 
t r e e s ,  d e c r e a s e d  s t e a d i l y  on a l l  mois tu re  
c l a s s e s  (Tab le  9 ) .  

Only i n  young s t a n d s  w i t h  s h o r t  t r e e s  
c a n  minor s p e c i e s  p l a y  a r o l e  i n  t h e  
canopy. Hence, i n  1927 minor s p e c i e s  
p rov ided  abou t  a s i x t h  o f  t h e  i n d i v i d u a l s  
i n  t h e  canopy, b u t  t h e y  were almost  
a b s e n t  t h e r e a f t e r .  

From t h e  beg inn ing  i n  1927 t h e  oaks 
were t h e  most numerous genus  i n  t h e  
canopy (Tab le  9 ) .  They f u r n i s h e d  about 
45 p e r c e n t  o f  t h e  canopy i n  b o t h  1967 and 
1977. By 1977, t h e  c o n t r i b u t i o n  of 
maples and b i r c h e s  t o g e t h e r  had r i s e n  t o  



Table 8. Growth o f  basal area ( f t 2 /ac re ) ,  s l  l t r a c t s .  GRO i s  basal area increase on t rees  present throughout t h e  period; 
INGRO i s  basal area o f  t r ees  appearing f o r  the  f i r s t  t ime dur ing the  period; MORT i s  t he  basal area o f  t r ees  dying dur ing the 
per iod (dirmeter a t  the  beginning o f  the  period); NET i s  net  change i n  basal area, NET = GRO + INGRO - MORT. The l e t t e r  Q 
i nd ica tes  less than 0.1 but more than zero. Sum over a l l  moisture c lasses includes t rees  on muck. 

Species Moist Medium Moist DrY A l  I 
Decade GRO INGRO MORT NET GRO INGRO MORT NET GRO INGRO MORT NET GRO INGRO MORT NET 

Red maple 1 4.8 0.1 2.3 2.6 2.4 0.1 1.0 1.5 2.0 0.1 1.2 1.0 2.8 0.1 1.2 1.7 
263 6.4 0.1 8.4 -1.9 2.7 0.4 2.6 0.5 1.0 0.2 - 2 . 2  -0.9 3.2 0.4 3.9 -0.3 

4 3.7 0.2 2.7 1.1 2.2 0.2 0.8 1.5 1.4 0.2 0.8 0.8 2.5 0.2 1.2 1.5 
5 3.8 0.4 4.0 0.2 3.0 0.7 1.2 2.5 2.3 0.4 0.8 1.9 3.1 0.6 1.7 2.1 

Red oak 1 4.6 
283 9.3 
4 3.0 
5 2.6 

Whiteoak 1 0.7 
263 0.6 
4 0.2 
5 0.2 

Black b i r c h  1 2.1 
263 3.5 
4 2.0 

2.0 

Al I minor 1 1.7 
2&3 1.O 

4 0.4 
5 0.4 
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e q u a l  t h a t  o f  o a k s ,  and w h i t e  a s h  and 
t u l i p  c o n t r i b u t e d  a t e n t h .  

Although t h e  same names l e d  t h e  l ist  
o f  c o n t r i b u t o r s  t o  t h e  canopy th roughout  
t h e  h a l f  c e n t u r y ,  some changes  were s i g -
n i f i c a n t .  Maples i n c r e a s e d  t h e i r  l a r g e  
c o n t r i b u t i o n s  on m o i s t  and medium m o i s t  
and q u i c k l y  and n e a r l y  d i s a p p e a r e d  from 
d r y  s i t e s .  The c o n t r i b u t i o n  of w h i t e  and 
c h e s t n u t  oak on medium m o i s t  s i t e s  f e l l  
t o  h a l f  a f t e r  t h e  d e f o l i a t i o n  o f  1957-67, 
and b l a c k  b i r c h  ga ined  on t h e  medium 
mois t  and l o s t  on t h e  d r y  s i t e s .  T u l i p  
s t e a d i l y  i n c r e a s e d  i t s  s m a l l  c o n t r i b u t i o n  
on-  a l l  s i t e s .  

The p r e c e d i n g  pa ragraphs  t e l l  what 
happened t o  t h e  number o f  s t ems  c o n t r i -  
buted t o  t h e  f o r e s t  canopy by each  spe-  
c i e s .  A l l  s t e m s ,  however,  do n o t  c o n t r i -
b u t e  e q u a l l y  t o  t h e  canopy; t h e i r  crowns 
d i f f e r  i n  s i z e .  I f  a n  ad jus tment  i s  made 
f o r  s i z e  o f  crown t h e n  i t  is p o s s i b l e  t o  
e s t i m a t e  what p r o p o r t i o n  o f  t h e  canopy is 
made o f  l e a v e s  from each  s p e c i e s .  

We d i d  n o t  measure t h e  crown span  o f  
each  t r e e ,  b u t  it is r e a s o n a b l e  t o  assume 
t h a t  crown d i a m e t e r  w i l l  i n c r e a s e  a s  stem 
d i a m e t e r .  S i n c e  b a s a l  a r e a  o f  t h e  s tem 
approx imates  crown a r e a  o f  t h e  t r e e ,  
b a s a l  a r e a  o f  dominant and codominant 
t r e e s  c a n  be  used t o  e s t i m a t e  t h e i r  pro- 
p o r t i o n a l  c o n t r i b u t i o n  t o  t h e  canopy. I n  
what f o l l o w s  when we speak  o f  p r o p o r t i o n  
of  t h e  canopy we r e f e r  t o  i ts  e s t i m a t e  
from b a s a l  a r e a .  

Over a l l  t r a c t s  and s i t e s  a l t h o u g h  
o n l y  10 t o  17 p e r c e n t  o f  a l l  s t ems  p a r t i -  
c i p a t e d  i n  t h e  canopy t h e y  r e p r e s e n t e d  48 
t o  79 p e r c e n t  o f  t o t a l  b a s a l  a r e a .  A s  
e x p e c t e d ,  minor s p e c i e s ,  because  o f  t h e i r  
g e n e r a l l y  s m a l l  s t . a t u r e  o r  s h o r t  l i f e  
s p a n ,  c o n t r i b u t e d  l i t t l e  t o  t h e  canopy. 
I n  1927 minor s p e c i e s ,  mos t ly  g r a y  b i r c h ,  
comprised o n l y  5 p e r c e n t  o f  t h e  a r e a  of 
t h e  canopy d e s p i t e  t h e i r  16 p e r c e n t  con-
t r i b u t i o n  i n  numbers (Tab le  9 ) .  There-
a f t e r  t h e i r  c o n t r i b u t i o n  was n e g l i g i b l e  
and by 1977 minor s p e c i e s  ceased  t o  con- 
t r i b u t e  t o  t h e  canopy. 

Among t h e  major  s p e c i e s  maples  and 
b i r c h e s  d i f f e r e d  l i t t l e  i n  t h e i r  c o n t r i -  
b u t i o n  d u r i n g  1927-77. Maples comprised 
10 p e r c e n t  o f  t h e  canopy i n  1927 and 11 
i n . 1 9 7 7 ;  b i r c h e s  began w i t h  18 p e r c e n t  

and ended w i t h  17. Oaks, on t h e  o t h e r  
hand,  comprised 48 p e r c e n t  o f  t h e  canopy 
i n  1927, r o s e  t o  64 p e r c e n t  by 1957 and 
t h e n  d u r i n g  t h e  f i n a l  20 y e a r s  d e c l i n e d  
t o  a b o u t  57 p e r c e n t .  Among t h e  oaks 
t h e r e  was g r e a t  d i f f e r e n c e  i n  change.  
For  50 y e a r s ,  b o t h  r e d  and b l a c k  oak con-
t i n u e d  t o  i n c r e a s e  t h e i r  p r o p o r t i o n  i n  
t h e  canopy. S c a r l e t  and c h e s t n u t  oak 
i n c r e a s e d  u n t i l  1957 and d e c l i n e d  t h e r e -  
a f t e r .  White oak c o n t r i b u t e d  l e s s  t o  t h e  
canopy each  decade .  H i c k o r i e s  and whi te  
a s h  d e c r e a s e d  w h i l e  t u l i p  doubled i t s  
p r o p o r t i o n  i n  t h e  canopy, r i s i n g  from 4 
p e r c e n t  i n  1927 t o  8 i n  1977. 

I f  we examine t h e  e f f e c t  o f  mois tu re  
we f i n d  t h a t  minor s p e c i e s  ceased  t o  par-  
t i c i p a t e  i n  t h e  canopy a f t e r  1937 on d ry  
and a f t e r  1957 on medium mois t  s i t e s .  

On t h e  m o i s t  s i t e s  maple,  oak and 
b i r c h  g e n e r a l l y  i n c r e a s e d  p a r t i c i p a t i o n  
i n  t h e  canopy a t  t h e  expense  o f  o t h e r  
s p e c i e s .  The c o n t r i b u t i o n  o f  oak t o  t h e  
canopy i n  1977 was 50 p e r c e n t  g r e a t e r  
t h a n  i n  1927 d e s p i t e  a c o n t i n u i n g  d e c l i n e  
a f t e r  1957. 

On t h e  medium mois t  s i t e s  maple f l u c -  
t u a t e d ,  s t a r t i n g  and end ing  t h e  f i v e  
d e c a d e s  w i t h  n e a r l y  9 p e r c e n t  o f  t h e  
canopy. Oak i n c r e a s e d  g r a d u a l l y  from 53 
t o  61 p e r c e n t  d u r i n g  50 y e a r s .  Birch 
f l u c t u a t e d  s l i g h t l y ,  beg inn ing  a t  17 and 
end ing  a t  16 p e r c e n t .  

The most d r a m a t i c  changes  o c c u r r e d  on 
t h e  d r y  s i t e s .  Maple d e c r e a s e d  from 6 
p e r c e n t  i n  1927 t o  s l i g h t l y  more t h a n  1 
p e r c e n t  i n  1977. B i r c h  d e c r e a s e d  from 20 
t o  9 p e r c e n t .  Oak, on t h e  o t h e r  hand, 
r o s e  from 56 p e r c e n t  i n  1927 t o  86 per- 
c e n t  i n  1977, a much g r e a t e r  i n c r e a s e  
t h a n  t h e  a v e r a g e  o v e r  a l l  t r a c t s  and 
s i t e s .  

The s i t u a t i o n  f o r  o u r  l i f e t i m e s  is  
c l e a r .  Repor t ing  on 1927-57 Olson (1965) 
w r o t e ,  "On a l l  m o i s t u r e  c l a s s e s  o f  a l l  
t r a c t s ...t h e  canopy became i n c r e a s i n g l y  
dominated by oaks . "  A decade  l a t e r ,  see -
i n g  t h e  d e c l i n e  o f  oak a f t e r  t h e  drought  
and d e f o l i a t i o n  o f  1957-67, we saw a s i g -
n a l  o f  t h e  end o f  t h e  growing ascendency 
o f  oak (S tephens  and Waggoner 1970) .  
Now, a f t e r  a n o t h e r  decade ,  it is  c l e a r  
t h a t  t h e  o a k s  w i l l  n o t  become more domi-
n a n t  -- b u t  n e i t h e r  w i l l  t h e y  soon l o s e  



Table 9. Number o f  dominant and codominant stems i n  the  canopy (percent o f  t o t a l ) ,  a l l  t r a c t s .  The l e t t e r  I ind lca tes  0.1 t o  0.9 percent 
and Q i nd ica tes  less than 0.1 but  more than zero. Sum over a l l  moisture c lasses includes t r e e s  on muck. 

Majcr Spec ies Moist Medium Moist  Dry Al I 
1927 1937 1957 1967 1977 1927 1937 1957 1967 1977 1927 1937 1957 1967 1977 1927 1937 1957 1967 1977 

Sug'k map1 e 
Red map le 
Red oak 
Black 6 s c a r l e t  oak 
White 6 chestnut oak 
Yellow b i r c h  
Black b i r c h  
H ickor ies  
Beech 
T u l i p  
White ash 
Other major 
A l l  major. 

stems/acre 

Mi nor Spec ies 

Gray b i r c h  16 3 i 0 0 1 0  5 0 0 0 1 1  4 0 0 0 1 1  4 Q 0 0 
Other minor i i i i O i i i O O i O O O O i i i i 0 
A l l  minor, 

s t e n d a c r e  41 5 2 i 0 2 6 8 i 0 0 2 7 4 0 0 0 2 8 7 i i 0 



Table 10. Single stems (percent o f  t o t a l ) ,  a l l  t r a c t s .  Sum over a l l  moisture classes includes t rees  on muck. 

Major Specle Moist Medium Moist DrY Al I 
327 1937 1957 1967 1977 1927 1937 1957 1967 1977 1927 1937 1957 1967 1977 1927 1937 1957 

Sugar maple 58 62 78 80 82 64 
Red maple 37 39 38 47 48 50 
Red oak 69 61 42 67 62 72 
Black oak 71 82 100 100 100 83 
Scar l e t  oak 75 73 75 75 75 68 
White oak 78 85 83 100 100 80 
Chestnut oak 70 59 73 100 100 66 
Yellow b i r c h  42 43 41 50 45 41 
Black b i r c h  60 58 75 82 86 63 
Paper b i r ch  43 
B i t t e r n u t  hickory 100 100 100 100 
Mockernut h ickory  71 100 100 100 100 93 
Pignut hickory 100 100 100 100 100 92 
Shagbark hickory 71 73 70 86 100 66 
Beech 67 67 61 62 62 47 
Tu l i p  
White ash 
Black ash 

61 
67 
50 

65 
68 
33 

67 
57 

100 

75 
67 

100 

84 
82 

100 

60 
67 

100 

I-'. 
0 
C 
r+ 

Basswood 17 17 0 15 
Elm 85 78 87 100 100 83 
Bigtooth asp-,, 100 100 91 
Quaking aspen 100 100 
Pepperidge 91 88 85 77 93 93 
Locust 
Butternut 100 100 56 
Black cherry 69 44 100 90 
Sassafras, 89 75 60 71 89 93 
White pine 100 100 
Hemlock 100 100 100 100 100 100 
Redcedar 100 
A l l  major 56 55 56 62 65 65 

Mi nor Spec ies 

Chestnut 
Dogwood 
Shadbush 
Hophornbeam 
Gray b i r c h  
Witchhazel l 
B l  uebeech 
A l l  minor 

Total  49 47 48 55 56 55 

Witchhazel not counted on Turkey Hi l l i n  1927. 
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t h e i r  g r e a t  r o l e .  

SPROUTS 

I n  t h e  f o r e s t ,  t r e e s  may grow a s  s i n -
g l e  s t ems  o r  a s  clumps o f  s p r o u t s .  
Clumps o f  s p r o u t s  a r i s e  a f t e r  i n j u r y  t o  
t h e  o r i g i n a l  s tem.  To d e t e r m i n e  whether  
t h e  s i n g l e  s t ems  presumably grown from 
s e e d l i n g s  a r e  i n t r i n s i c a l l y  s u p e r i o r  t o  
s p r o u t s ,  we c l a s s i f i e d  t h e  t r e e s  a s  s i n -
g l e  s t ems  o r  s p r o u t s .  

A l l  t r e e s  t h a t  were members, s u r v i -
vors  o r  r e c r u i t s  o f  a s p r o u t  clump were 
c l a s s i f i e d  a s  s p r o u t s .  The remainder  
were c l a s s i f i e d  a s  s i n g l e  s t ems  because  
t h e y  had n e v e r  v i s i b l y  been members o f  a  
s p r o u t  clump d u r i n g  50 y e a r s .  Some o f  
t h e s e  l a t t e r  t r e e s  may have o r i g i n a t e d  a s  
s p r o u t s .  Also ,  a few t r e e s ,  o r i g i n a l l y  
s i n g l e  s t e m s ,  l a t e r  became a member o f  a  
s p r o u t  clump. The p e r c e n t a g e  o f  s i n g l e  
s tems is  shown i n  T a b l e  10.  

Over a l l  t r a c t s  and m o i s t u r e s  t h e  
p r o p o r t i o n  o f  major  s p e c i e s  t h a t  were 
s i n g l e  s t ems  v a r i e d  l i t t l e  from two-
t h i r d s  d u r i n g  50 y e a r s .  S i n g l e  s t ems  o f  
minor s p e c i e s ,  however, i n c r e a s e d  from 35 
pe rcen t  i n  1927 t o  46 p e r c e n t  i n  1967 and 
then d e c l i n e d  t o  33 p e r c e n t  i n  1977. 

Among t h e  m o i s t u r e  c l a s s e s  t h e  pro- 
p o r t i o n  o f  s i n g l e  s t ems  i n  major  s p e c i e s  
i n c r e a s e d  from 56 p e r c e n t  t o  65 p e r c e n t  
i n  50 y e a r s  on m o i s t  s i t e s  b u t  remained 
n e a r l y  s t e a d y  a t  64 p e r c e n t  on medium 
moist  and 63 on d r y  s i t e s .  Among t h e  
minor s p e c i e s  t h e  i n c r e a s e  i n  s i n g l e  
stems was g r e a t e s t  on d r y  s i t e s  and l e a s t  
on mois t .  On n e a r l y  a l l  m o i s t u r e s  t h e  
p ropor t ion  o f  s i n g l e  s t ems  was d i f f e r e n t  
from t r a c t  t o  t r a c t .  

It is s t r i k i n g  t h a t  d u r i n g  a  h a l v i n g  
of  t h e  number o f  s t e m s  o f  major  and minor 
s p e c i e s  t h e  p r o p o r t i o n  o f  s p r o u t s  
remained s c a r c e l y  changed.  

How do i n d i v i d u a l  s p e c i e s  o r  s p e c i e s  
groups  compare? Red maple and ye l low 
b i r c h  had l e s s  t h a n  h a l f  o f  t h e i r  s t ems  
a s  s i n g l e  s t ems .  I n  b o t h ,  t h e  p r o p o r t i o n  
of  s i n g l e  s t ems  i n c r e a s e d  s l i g h t l y  d u r i n g  
1927-67 and t h e n  d e c r e a s e d .  Oaks, b l a c k  
b i r c h  and t h e  h i c k o r i e s  had t w o - t h i r d s  o r  
more o f  s i n g l e  s t e m s ,  and t h e  p r o p o r t i o n  
i n c r e a s e d  g r a d u a l l y  d u r i n g  1927-77. For  

o a k s  and h i c k o r i e s  t h i s  i n c r e a s e  i n  pro- 
p o r t i o n  o f  s i n g l e  s t ems  a s  t h e  number o f  
s t ems  d e c r e a s e d  ( T a b l e  2 )  c l e a r l y  i n d i -  
c a t e s  t h e  enhanced s u r v i v a l  o f  s i n g l e  
s t e m s .  

I f  s i n g l e  s t ems  a r e  b e t t e r  s u i t e d  f o r  
s u r v i v a l  where do t h e y  o c c u r  i n  t h e  s t a n d  
s t r u c t u r e ?  We l e a r n e d  t h a t  t h e  propor-  
t i o n  o f  major  s p e c i e s  s t ems  c o n t r i b u t i n g  
t o  t h e  canopy ranged from 14 t o  23  pe r -  
c e n t  d u r i n g  1927-77 (Tab le  9 ) .  However, 
we have n o t  t o l d  whether  t h e s e  s t ems  a r e  
s p r o u t  o r  s i n g l e .  F i g .  11 shows t h e  d i s -  
p o s i t i o n  o f  s p r o u t s  and s i n g l e  s t ems  i n  
t h e  canopy and below i t .  We s e e  immedi-
a t e l y  t h a t  i n  t h e  canopy s i n g l e  s t ems  
outnumber s p r o u t s  n e a r l y  two t o  one f o r  
a l l  s i t e s  and y e a r s .  Although b o t h  
d e c r e a s e d  d u r i n g  50 y e a r s ,  s i n g l e  s t ems  
d e c r e a s e d  o n l y  t o  h a l f  whereas  s p r o u t s  
d e c r e a s e d  t o  a q u a r t e r  o f  t h e i r  s t a r t i n g  
number. The p r o p o r t i o n  o f  s p r o u t s  i n  t h e  
u n d e r s t o r y  remained r e l a t i v e l y  c o n s t a n t ,  
a b o u t  30 p e r c e n t .  Although s i n g l e  s t ems  
and s p r o u t s  d e c r e a s e d  i n  t h e  u n d e r s t o r y ,  
t h e  d e c r e a s e  o f  s i n g l e  s t ems  r e l a t i v e  t o  
s p r o u t s  was g r e a t e r  on medium m o i s t  and 
d r y  s i t e s  b u t  n o t  on m o i s t .  We conc lude  
t h e n  t h a t  t h e  s u r v i v a l  advan tage  o f  s i n -  
g l e  s t ems  o v e r  s p r o u t s  l i e s  among t h o s e  
s t ems  i n  t h e  canopy. 

The h e i g h t  o f  dominant t r e e s  a t  a 
g i v e n  a g e  i s  c a l l e d  t h e  s i t e  index  and 
i n d i c a t e s  t h e  q u a l i t y  o f  s i t e  f o r  f o r e s t  
growth.  I n  1957 when t h e  s t a n d s  were 55 
t o  70 y e a r s  o l d ,  t h e  a v e r a g e  h e i g h t  o f  
t h e  t a l l e r  t r e e s  was 68 f e e t  on t h e  m o i s t  
and medium m o i s t  s i t e s  t h a t  comprised 
most o f  t h e  sample a r e a .  T h i s  was 
s l i g h t l y  b e t t e r  t h a n  medium q u a l i t y  s i t e s  
i n  Pennsy lvan ia  (McIntyre ,  1933) ,  i n d i -
c a t i n g  t h e  t h e  c e n t r a l  C o n n e c t i c u t  s i t e s  
were medium o r  s l i g h t l y  b e t t e r  i n  qua l -  
i t y .  

I n  1967, however, no i n c r e a s e  i n  t h e  
h e i g h t s  c o u l d  be  d e t e c t e d  i n  a sample o f  
t r e e s  on Reeves and measurement was aban-
doned. E v i d e n t l y  t h e  advancing a g e  o f  
t h e  t r e e s ,  d r o u g h t  and d e f o l i a t o r s  had 
a l l i e d  t o  s low t h e  growth i n  h e i g h t  t o  a n  
i n d e t e c t a b l e  change i n  a  decade.  
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Moist MediumMoist Drv All 

Year 
Fig .  1 1 .  D i s t r i b u t i o n  of  s ing le  stems 0and sprouts of  major species in t h e  canopy ( p e r c e n t ) ,  a l  l 
t r a c t s .  Upper: dominant and codominant t rees  i n  t h e  canopy; lower: intermediate and overtopped stems 
beneath the  canopy. A l l  moisture classes includes t r e e s  on muck. 

I n  
t r e e s  
r e p o r t e

1977 t h e  merchan tab le  h e i g h t  
was measured.  These w i l l  
d  i n  a  l a t e r  B u l l e t i n .  

o f  
be 

FIRE 

A l l  r e s u l t s  p r e s e n t e d  s o  f a r  were 
from p o r t i o n s  o f  t h e  t r a c t s  u n d i s t u r b e d  
e x c e p t  by h u r r i c a n e  and d e f o l i a t i o n .  On 
Turkey H i l l ,  however, t h e r e  is  a p o r t i o n  
o r i g i n a l l y  surveyed a s  p a r t  o f  t h e  t r a c t  
b u t  d i s t u r b e d  by f i r e  i n  1932. The 
burned p o r t i o n  c o n t a i n s  1.6 a c r e s  o f  
t r a n s e c t .  Thus by t h e  chance o f  t h e  f i r e  
i n  1932 we a r e  a b l e  t o  s e e  f i r s t  t h e  
e f f e c t  o f  t h e  w i l d f i r e s  t h a t  ravaged s o  
much o f  o u r  woodland and t h e n  45 y e a r s  o f  
r e c o v e r y .  

I n  1927 t h e  p a r t  o f  t h e  f o r e s t  t h a t  
would burn f i v e  y e a r s  l a t e r  and t h e  p a r t  
t h a t  would e s c a p e  were s i m i l a r .  Although 
t h e r e  was a g r e a t e r  p r o p o r t i o n  o f  d r y  
s i t e s  on t h e  p a r t  t h a t  would burn t h a n  on 
t h e  o t h e r  p a r t ,  medium m o i s t  s i t e s  com- 
p r i s e d  abou t  70 p e r c e n t  o f  bo th  
(Table  1 ) .  Both p a r t s  were simi:arly 
popula ted  w i t h  s t ems  o f  s i m i l a r  d i a m c t e r  
(Tab le  11 and F i g .  12) .  Maples and oaks  
comprised abou t  t h e  same p r o p o r t i o n s  on 
b o t h .  Compared t o  t h e  remainder ,  how-
e v e r ,  t h e  p o r t i o n  d e s t i n e d  t o  burn sup- 
p o r t e d  l e s s  r e d  maple and ye l low b i r c h  

and more h i c k o r i e s .  About 85 p e r c e n t  o f  
t h e  s tems were s a p l i n g s  on bo th  p o r t i o n s  
and 13 p e r c e n t  were p o l e s .  The b a s a l  
a r e a  o f  s tems was s l i g h t l y  more on t h e  
p o r t i o n  d e s t i n e d  t o  burn t h a n  on t h e  
o t h e r .  

Year 

F lg .  12. The Turkey H i l l  forest  t h a t  was unburned 
(U )  and burned (B) in 1932. On a logari thmic scale, 
the  numbers o f  stems/acre with dianeter greater  than 
0.5, 1.5, 5 . 5  and 11.5 Inches. At t h e  top o f  the  
graph are shown basal areas o f  stems i n  f t2 /acre .  

I n  1932 f i r e  swept o v e r  f . 6  a c r e s  and 
o b s e r v a t i o n s  were promptly t a k e n .  The 
remainder  o f  t h e  t r a c t  was examined i n  
1937. 
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The f i r e  e l i m i n a t e d  n e a r l y  a l l  s t ems  
o f  minor  s p e c i e s  and more t h a n  t h r e e  
q u a r t e r s  o f  t h e  s t ems  o f  ma jor ,  r e d u c i n g  
t h e  p o p u l a t i o n  d r a s t i c a l l y  ( F i g .  1 2 ) .  
Although n e v e r  abundan t ,  r e d c e d a r ,  a s p e n ,  
basswood, b u t t e r n u t ,  c h e r r y  and s a s s a f r a s  
were e l i m i n a t e d .  Oak d e c l i n e d  by a 
f o u r t h ,  h i c k o r i e s  d e c l i n e d ,  and maples  
and b i r c h e s  i n c r e a s e d  t h e i r  p r o p o r t i o n s  
by r e l a t i v e l y  g r e a t e r  s u r v i v a l .  

Although 96 p e r c e n t  o f  s m a l l  and 82 
p e r c e n t  o f  l a r g e  s a p l i n g s  succumbed, h a l f  
t h e  p o l e s  and a l l  sawt imber  s u r v i v e d .  
Consequent ly  t h e  b a s a l  a r e a  d e c r e a s e d  by 
o n l y  a b o u t  a t h i r d .  

I n  t h e  unburned p o r t i o n ,  a s  we have 
seen  e a r l i e r ,  t h e  change was much s l o w e r .  
The number o f  s t ems  d e c l i n e d  by o n l y  a 
s i x t h  and b a s a l  a r e a  i n c r e a s e d  a f i f t h  i n  
a decade .  The r e l a t i v e  c o n t r i b u t i o n s  o f  
t h e  s p e c i e s  were s t a b l e .  

During t h e  f o l l o w i n g  q u a r t e r  c e n t u r y ,  
1932-57, t h e  number o f  s t ems  i n  t h e  
burned f o r e s t  n e a r l y  doub led ,  and t h e  
b a s a l  a r e a  approached t h a t  i n  t h e  
unburned f o r e s t .  Compared t o  t h e  
unburned p o r t i o n ,  ingrowth on t h e  burned 
was r e l a t i v e l y  s c a r c e  i n  maple and ye l low 
b i r c h  and r i c h  i n  o a k ,  b l a c k  b i r c h ,  h i c k -  
o ry ,  and t u l i p .  Thus f i r e  decimated t h e  
p o p u l a t i o n ,  b u t  t h e  d i s t r i b u t i o n  o f  spe-  
c i e s  changed remarkably  l i t t l e  a s ,  f o r  
example, maples  s u r v i v e d  b u t  few grew i n .  

The abundant  ingrowth a f t e r  t h e  f i r e  
complete ly  changed t h e  d i a m e t e r  d i s t r i b u -  
t i o n  ( F i g .  1 2 ) .  I n  1957 a b o u t  96 p e r c e n t  
o f  a l l  s t ems  were s a p l i n g s .  Only P few 
p o l e s  grew t o  sawtimber .  Much o f  t h e  
recovered b a s a l  a r e a  was i n  t h e  many 
smal l  s t e m s .  Thus i n  1957 t h e  burned 
f o r e s t  had t h e  p o p u l a t i o n ,  d i a m e t e r s  and 
b a s a l  a r e a  o f  a young s t a n d ,  r e sembl ing
Cox o r  Reeves i n  1927 ( F i g .  3 and 7 ) .  

By compar ison,  1937-57 i n  t h e  
unburned f o r e s t  was a p e r i o d  o f  s low 
change. The p o p u l a t i o n  d e c r e a s e d  o n l y  a 
f o u r t e e n t h  w h i l e  b a s a l  a r e a  i n c r e a s e d  
on ly  a tent .h .  

During t h e  f i n a l  s c o r e  o f  y e a r s ,  
1957-77, t h e  number o f  s t ems  i n  t h e  
burned f o r e s t  h a l v e d .  M o r t a l i t y  exceeded 
ingrowth s e v e r a l  f o l d .  The n e t  e f f e c t  
was a n  i n c r e a s e  i n  t h e  p r o p o r t i o n  o f  r e d  
maple and s t e a d y  o r  d e c l i n i n g  p r o p o r t i o n s  

o f  o t h e r  s p e c i e s .  During t h e  s c o r e  o f  
y e a r s ,  b a s a l  a r e a  and t h e  number o f  p o l e  
and sawtimber  t r e e s  grew, w h i l e  s a p l i n g s  
d e c l i n e d .  

The l a r g e  and e n d u r i n g  e f f e c t s  o f  t h e  
f i r e  upon major  s p e c i e s  were few. 
S e a r c h i n g  t h e  h a l f  c e n t u r y  o f  changes ,  
1927-77, f o r  d i f f e r e n c e s  between t h e  
unburned and burned f o r e s t  one  f i n d s  lit-
t l e  t o  remark.  Sugar  maple i n  t h e  
unburned caugh t  up t o  t h a t  i n  t h e  burned: 
and i n  t h e  burned,  oak d e c l i n e d  l e s s ,  
b l a c k  b i r c h  ga ined  more, and h i c k o r y  l o s t  
more t h a n  i n  t h e  unburned.  Although a 
l e g a c y  o f  l a r g e  s a p l i n g s  was l e f t  45 
y e a r s  a f t e r  t h e  f i r e ,  t h e y  w i l l  l i k e l y  
d i s a p p e a r  i n  d e c a d e s  t o  come. B a s a l  a r e a  
i n  t h e  burned doubled a f t e r  t h e  f i r e  and ,  
a s  i n  t h e  unburned,  i n c r e a s e d  a t h i r d  i n  
t h e  c e n t u r y ,  d e s p i t e  t h e  f i r e .  

So f a r  we have n o t  mentioned t h e  
e f f e c t  o f  t h e  f i r e  on minor s p e c i e s .  I n  
1927 minor s p e c i e s  c o n t r i b u t e d  abou t  a 
t h i r d  and a q u a r t e r  o f  t h e  s t ems  on t h e  
p o r t i o n s  t h a t  would l a t e r  be unburned and 
burned.  Dogwood and bluebeech predomi- 
n a t e d .  (Wi tchhaze l  was uncounted i n  
1927.) Minor s p e c i e s  c o n t r i b u t e d  l e s s  
t h a n  a t e n t h  o f  t h e  b a s a l  a r e a  on b o t h  
p o r t  i o n s .  

The f i r e  o f  1932 n e a r l y  e l i m i n a t e d  
minor s p e c i e s ,  l e a v i n g  o n l y  a s i n g l e  
w i t c h h a z e l  i n  t h e  e n t i r e  1 .6  a c r e s .  By 
1957, however, t h e i r  number i n c r e a s e d  t o  
f u l l y  two and a h a l f  t i m e s  t h e i r  number 
b e f o r e  t h e  f i r e  w i t h  f l o w e r i n g  dogwood 
and w i t c h h a z e l  p redomina t ing .  During 
1957-77 t h e  number o f  s t ems  and t h e i r  
b a s a l  a r e a  d e c l i n e d  t o  l e v e l s  remarkably  
c l o s e  t o  l e v e l s  i n  t h e  unburned p o r t i o n  
i n  1977. 

The f r a c t i o n  o f  t h e  s t ems  t h a t  was 
s p r o u t s  was l i t t l e  a f f e c t e d  by t h e  f i r e .  
On t h e  unburned p a r t  o f  Turkey H i l l ,  t h e  
f r a c t i o n  t h a t  was s p r o u t s  i n c r e a s e d  
s lowly  and s t e a d i l y  from 38 t o  46 p e r c e n t  
d u r i n g  t h e  h a l f  c e n t u r y .  On t h e  burned 
p a r t ,  t h e  f r a c t i o n  happened t o  be  h a l f  
b e f o r e  t h e  f i r e ,  f e l l  t o  44 p e r c e n t  a f t e r  
t h e  f i r e ,  and t h e n  r o s e  t o  55 p e r c e n t .  
I n  1927 i n  t h e  canopy o f  b o t h  p a r t s ,  
abou t  t w o - t h i r d s  o f  t h e  t r e e s  were s i n g l e  
s t e m s .  I n  1977, however, t h e  p e r c e n t a g e  
o f  s i n g l e  s t ems  i n  t h e  canopy was o n l y  60 
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Table 1 1 .  Comparison o f  burned and unburned Turkey H i l l  forest .  The l e t t e r  I indicates 0.1 t o  0.9 percent. 

Spec ies Number (percent major species) lngrowth (percent major species) Basal area (percent a l l  species) 
Burned 

1927 1957 


Sugar maple 10 9 
Red maple 10 14 
Red oak 8 9 
Black oak 3 3 
Scar l e t  oak 3 4 
White oak 8 7 
Chestnut oak 9 1 
Yellow b i r c h  7 4 
Black b i r c h  10 18 
Hickories 1 3 
Beech 2 2 
Tul ip  1 4 
White ash 8 2 
Major species, 

sterns/acre 961 1974 
A l l  

f t5
pecies, 
/acre 

Unburned Burned Unburned Burned Unburned 
1977 1927 1957 1977 1932-57 1967-77 1937-57 1967-77 1927 1957 1977 1927 1957 1977 


14 6 14 19 8 
24 17 21 29 I4 
7 1 2  9 4 10 
4 2 2 2 3 
2 2 2 1 4 
3 6 5 2 6 

2 8 6 6 3 1 2 
6 16 16 14 4 
17 9 10 1 1  I8 

8 5 5 4 2 8 
2 3 3 5 2 
3 1 1 1 4 
1 7 4 2 2 

885 1075 855 656 1230 


9 19 17 8 6 8 2 2 4 
4 5 28 36 5 5 7 19 14 16 

1 6 2 6 1 1  12 5 1 1  9 
0 i 1 6 5 6 3 6 8 
1 2 i 3 3 3 3 3 2 
0 5 0 9 12 1 1  6 8 7 
6 9 2 10 13 10 7 6 4 
13 1 1  14 8 6 6 16 16 14 
12 4 8 17 19 19 15 14 17 
6 3 2 7 4 3 4 4 2 
0 3 4 i i i i i i 
0 i i 2 6 9 3 4 7 
0 4 i 5 2 1 3 3 3 

4 2 283 77 

78 84 1 92 97 

changes  i n  compos i t ion  may come i n  
unburned r a t h e r  t h a n  burned f o r e s t s .  
Unl ike  t h e  d i s t u r b a n c e  o f  f i r e ,  t h e  
e v e n t s  t r e a t e d  n e x t  a r e  n o t  growing 
r a r e r .  

DROUGHT AND DEFOLIATION 

The p e r i o d  1957-67 was a decade of 
drought  and d e f o l i a t i o n .  Although t h e  
e v e n t s  were confounded, l e t  u s  s e e  i f  
t h e i r  e f f e c t s  can  b e  s e p a r a t e d .  Turkey 
H i l l  was p a r t i a l l y  d e f o l i a t e d  i n  1964, 
1971 and 1972. Cox, Cabin and Reeves 
t r a c t s  were p a r t i a l l y  d e f o l i a t e d  i n  1961, 
1962, 1963, 1971, and 1972. D e f o l i e t i o n  
was s e v e r e  on Reeves i n  1963 and on Cox 
i n  1971. T h e r e f o r e ,  we can  c l a s s i f y  t h e  
recorded  h i s t o r y  o f  t h e  t r a c t s  i n  t h e  
f o u r  i n t e r v a l s :  1927-37, a t ime  o f  moder- 
a t e  drought  w i t h o u t  d e f o l i a t i o n ;  1937-57, 
a mois t  middle  i n t e r v a l  spann ing  two 
decades  wi thou t  d e f o l i a t i o n ;  1957-67, a 
decade o f  s e v e r e  d rought  w i t h  l i g h t  
d e f o l i a t i o n  on Turkey H i l l ,  moderate 
d e f o l i a t i o n  on Cox and Cabin,  and heavy 
d e f o l i a t i o n  on Reeves; 1967-77, a moist  
decade w i t h  moderate d e f o l i a t i o n .  

The e f f e c t  o f  d rought  and d e f o l i a t i o n  
might be  a s s e s s e d  by m o r t a l i t y ,  ingrowth 
o r  growth o f  t h e  p e r s i s t e n t  t r e e s .  A t  
f i r s t  g l a n c e  m o r t a l i t y  seems t h e  proper  
measure because  f a v o r a b l e  c o n d i t i o n s  
should d e c r e a s e  and u n f a v o r a b l e  condi-
t i o n s  should i n c r e a s e  m o r t a l i t y .  Becaus 

i n  t h e  burned ,  w h i l e  i t  was 80 i n  t h e  
unburned f o r e s t .  Thus a f t e r  45 y e a r s  t h e  
o n l y  e f f e c t  o f  f i r e  was a s m a l l  i n c r e a s e  
i n  t h e  p e r c e n t a g e  o f  s p r o u t s  i n  t h e  
canopy. 

The f i r e  o f  1932 a r r e s t e d  t h e  deve l -  
opment o f  t h e  f o r e s t  and t u r n e d  t ime  back 
f u l l y  t h r e e  decades .  Yet t h e  phoenix o f  
t h e  new f o r e s t  r o s e  from t h e  a s h e s  i n  
f o u r  d e c a d e s ,  l i t t l e  changed. The t r e e -  
l e s s  s t a t e  o f  o l d  f i e l d  o r  c l e a r c u t  f o r -  
e s t  was n o t  caused by t h e  f i r e  because  
l a r g e  t r e e s  s u r v i v e d .  Twenty-five y e a r s  
a f t e r  t h e  f i r e ,  t h e  f o r e s t  was a m i x t u r e  
o f  young and o l d  f o r e s t .  The many s t e m s ,  
l a r g e l y  s a p l i n g s ,  sugges ted  a young f o r -  
e s t ,  b u t  t h e  l a r g e  b a s a l  a r e a  sugges ted  
an o l d e r  one .  Then, d u r i n g  a n o t h e r  20 
y e a r s ,  t h e  burned f o r e s t  began t o  behave 
w i t h  m a t u r i t y :  m o r t a l i t y  was s lowly  erod- 
i n g  numbers, and t h e  b a s a l  a r e a  was 
s l o w l y  i n c r e a s i n g  a s  i n  t h e  p o r t i o n  o f  
Turkey H i l l  t h a t  was unburned.  

The f i r e  s c a r c e l y  changed t h e  d i s t r i -  
b u t i o n  among major  s p e c i e s .  I n  a n  ana ly -  
sis o f  v a r i a n c e  we found no s i g n i f i c a n t  
e f f e c t  o f  f i r e  on t h e  change from 1927 t o  
1977 i n  t h e  compos i t ion  o f  t h e  major  spe- 
c i e s  i n  t h e  f o r e s t .  However, t h i s  need 
n o t  s u r p r i s e  u s .  I f  w i l d f i r e  p r e v a i l e d  
i n  t h e  p a s t ,  and it l i k e l y  d i d ,  t h e n  
s e l e c t i o n  o f  s p e c i e s  r e s i s t a n t  o r  adap ted  
t o  f i r e  h a s  l i k e l y  l o n g  s i n c e  o c c u r r e d .  
Indeed ,  w i t h  i n c r e a s e d  f i r e  p r o t e c t i o n  
and prolonged absence  o f  f i r e ,  t h e  



29 N a t u r a l  T r a n s i t i o n s  i n  Mixed Hardwood F o r e s t s  

I 

I 

I 

I 

m o r t a l i t y  (Tab le  6 )  changed a s  t h e  f o r e s t  
a g e d ,  however,  i t  is l i k e l y  a  poor  i n d i -  
c a t o r .  S i n c e  ingrowth was s m a l l  and gen- 
e r a l l y  u n a f f e c t e d  by s i t e  and decade 
( T a b l e  7 ) ,  i t ,  t o o ,  is u s e l e s s  by i t s e l f .  
The growth o r  a c c r e t i o n  o f  t h e  b a s a l  a r e a  
o f  s t ems  l i v i n g  th roughout  a n  i n t e r v a l  
s h o u l d ,  on t h e  o t h e r  hand,  r e v e a l  t h e  
e f f e c t  o f  c o n d i t i o n s  d u r i n g  t h a t  i n t e r -  
v a l .  

Accord ing ly ,  t h e  growth o f  t r e e s  p re -  
s e n t  t h r o u g h o u t  a n  i n t e r v a l  i s  p r e s e n t e d  
i n  T a b l e  12.  The growth i s  t h e  i n c r e a s e  
i n  b a s a l  a r e a  a s  a p e r c e n t a g e  o f  t h o s e  
same t r e e s  a t  t h e  beg inn ing  o f  t h e  i n t e r -  
v a l .  S i n c e  t h e  second p e r i o d ,  1937-57, 
is t w i c e  a s  l o n g  a s  t h e  o t h e r s ,  we have 
a d j u s t e d  t h e  p e r c e n t a g e s  f o r  d e c a d e s  2 
and 3  i n  t h e  t a b l e .  I f  t h e  i n i t i a l  a r e a  
grows a t  g  p e r  p e r i o d ,  t h e  growth i n  two 
p e r i o d s  is I + ) I , and g is 
t a b u l a t e d  i n  T a b l e  12.  

growth 'lowedas the for-
e s t s  aged ,  t h e  growth of major  s p e c i e s  
d e c r e a s i n g  from 43 p e r c e n t  i n  t h e  f i r s t  
decade t o  19 p e r c e n t  i n  t h e  second and 
t h i r d  and t o  i 6  and 19 p e r c e n t  i n  t h e  
f o u r t h  and f i f t h .  

I f  t h e  e f f e c t  o f  d rough t  i s  a p p r a i s e d  
by growth on l i g h t l y  d e f o l i a t e d  Turkey 
H i l l ,  it was s l i g h t .  Growth was a s  r a p i d  
i n  d r y  1957-67 as i n  m o i s t  1937-57 and 
1967-77. The growth o f  t h r e e  s p e c i e s  on 
f o u r  t r a c t s  i n c r e a s e d  -- b u t  i n s i g n i f i-
c a n t  l y  -- d e s p i t e  t h e  d r o u g h t  o f  decade  
4 .  

How c a n  we a p p r a i s e  t h e  e f f e c t  o f  
d e f o l i a t i o n ?  During 1957-67 t h e  sum o f  
a l l  major  s p e c i e s  grew l e s s  on d e f o l i a t e d  
Reeves,  Cabin and Cox t h a n  on l i g h t l y  
d e f o l i a t e d  Turkey H i l l  ( F i g .  1 3 ) .  I t  
should  be  n o t e d ,  o f  c o u r s e ,  t h a t  growth 
on t h e  d e f o l i a t e d  t r a c t s  s p r a n g  back i n  
t h e  f o l l o w i n g  decade ,  1967-77, exceed ing  
t h e  growth on Turkey H i l l  a l t h o u g h  Cox 
was t h e  most s e v e r e l y  d e f o l i a t e d  i n  
1967-77. Growth d u r i n g  1967-77 was unre-  
l a t e d  t o  t h e  d e f o l i a t i o n  r e c e i v e d .  

S i n c e  s p e c i e s  may be more o r  l e s s  
d e l e c t a b l e  t o  d e f o l i a t o r s ,  an  i n k l i n g  o f  
t h e  impact  o f  d e f o l i a t i o n  c a n  be  s o u g h t  
i n  a compar ison o f  s p e c i e s .  White and 
red o a k s  a r e  f a v o r i t e  f o o d s ,  r e d  maple 
and b l a c k  b i r c h  a r e  i n t e r m e d i a t e ,  and 

4 5 4 5 
Decade Decade 

Fig .  13. Growth o f  major ( l e f t )  and minor ( r i g h t )  
species i n  decades 4 and 5 r e l a t i v e  t o  growth per 
decade during decades 2 and 3 .  During decade 4 t r e e s  
were defol ia ted  more on Cabin ( 3 )  and Reeves ( 4 )  
whi le on Turkey H i l l  ( 1 )  and Cox ( 2 )  d e f o l i a t i o n  was ,,,,. 

t u l i p  i s  n o t  e a t e n ,  and t h e  s p e c i e s  a r e  
l i s t e d  from w h i t e  oak t o  t u l i p  i n  
Tab le  12. C l e a r l y  t u l i p  p o p l a r  grew w e l l  
i n  d e f o l i a t e d  Reeves d u r i n g  d e f o l i a t i o n ,  
decade  4 .  So,  t o o ,  d i d  r e d  maple and 
b l a c k  b i r c h .  The f a v o r i t e  f o o d ,  w h i t e  
o a k ,  d i d ,  however, s u f f e r  markedly more 
on Reeves t h a n  on Turkey H i l l  d u r i n g  
1957-67. 

A more thorough  a n a l y s i s  was made by 
r e l a t i n g  t h e  growths  o f  d e c a d e s  2  th rough  
5 t o  r a i n ,  s u s c e p t i b i l i t y  o f  a s p e c i e s  t o  
d e f o l i a t i o n  and d e f o l i a t i o n  o f  a t r a c t .  
The d e v i a t i o n  o f  r a i n f a l l  from normal was 
one independen t  v a r i a b l e .  Another was a  
s u s c e p t i b i l i t y  o f  0 f o r  t u l i p ,  1 f o r  
b l a c k  b i r c h ,  2  f o r  r e d  maple and 3 f o r  
r e d  o a k .  Another was t h e  d e f o l i a t i o n  o f  
a t ract  p e r  decade  w i t h  a n  added u n i t  f o r  
t h e  s e v e r i t y  o f  d e f o l i a t i o n  o f  Reeves i n  
1963 and Cox i n  197 1  . The dependent  va r -
i a b l e  was t h e  d e v i a t i o n  o f  t h e  growth 
p e r c e n t a g e  i n  a decade from t h e  mean f o r  
t h a t  s p e c i e s  o v e r  a l l  t r a c t s  and decades .  

F o r t u n a t e l y  f o r  common s e n s e  r a i n  had 
a p o s i t i v e  and t h e  p r o d u c t  o f  s u s c e p t i -  
b i l i t y  and d e f o l i a t i o n  had a n e g a t i v e  
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Tab le  12. Growth o f  basal  a r e a  on r e s i d u a l  t r e e s  (percent  o f  i n i t i a l  
basal  a r e a ) ,  a l l  mo is ture  c lasses .  Percentage f o r  decade 2 and 3 i s  
ad jus ted  t o  a s i n g l e  decade. 

-I nc reas ing  defoliation- 
Turkey 

Species Decade Burn Hi l  l  

W h i t e o a k  1 10 28 
283 4 1 2 2 

4 19 16 
5 10 11 

Red oak 1 14 82 
283 33 38 

4 36 2 1 
5 19 13 

Red m a ~ l  e 1 7 20 

Black  b i r c h  1 11 26 
283 17 16 

4 23 15 
5 17 15 

T u l i p  1 24 63 
283 3 3 32 

4 4 0 30 
5 5 5 4 1 

A l l  minor 1 1 19 
283 4 9 

4 13 12 
5 17 17 

e f f e c t  on growth -- b u t  t h e y  were i n s i g -
n i f i c a n t  e f f e c t s .  

F i n a l l y ,  we examined t h e  e f f e c t  o f  
d rough t  and d e f o l i a t i o n  on t h e  m o r t a l i t y  
o f  w h i t e  o a k ,  which a n e c d o t e s  have 
r e l a t e d  t o  d e f o l i a t i o n .  We examined 
d e c a d e s  1  t h r o u g h  5  and used t h e  r a i n  and 
d e f o l i a t i o n  v a r i a b l e s  d e s c r i b e d  above.  
Again,  t h e  outcome was s e n s i b l e ,  r a i n  
d e c r e a s i n g  and d e f o l i a t i o n  i n c r e a s i n g  
m o r t a l i t y  o f  w h i t e  o a k .  Although t h e  
e f f e c t  o f  r a i n  was s i g n i f i c a n t ,  add ing  
d e f o l i a t i o n  d i d  n o t  s i g n i f i c a n t l y  improve 
t h e  e x p l a n a t i o n  o f  t h e  d e a t h  o f  w h i t e  
oak.  

The c o n c l u s i o n  had t o  b e ,  t h e r e f o r e ,  
t h a t  d e f o l i a t i o n  had a much l e s s  d r a m a t i c  
e f f e c t  on growth d u r i n g  a n  e n t i r e  decade  
t h a n  one guessed  from t h e  s t a r k  b a r e n e s s  

Al I  bu t  
Cox Cabin Reeves burn 

39 4 6 4 9 40 
10 12 14 13 
4 3 7 7 
6 18 14 10 

70 64 60 67 
30 30 28 30 
17 14 17 17 
16 16 15 15 

34 30 27 2E 

56 50 . 36 39 
2 1 2 1 14 17 
24 19 15 18 
35 24 18 2 2 

101 50 34 56 
4 1 2 1 13 26 
27 2 4 23 26 
36 29 36 3 5 

20 12 11 18 
4 3 6 5 
8 17 18 12 

32 26 4 4 26 

o f  b ranches  i n  a June when d e f o l i a t o r s  
were a t  work. T h i s  long- term e f f e c t  con-
trasts s t a r k l y  w i t h  t h e  h i g h  m o r t a l i t y  of  
oak obse rved  one t o  t h r e e  y e a r s  a f t e r  
r e p e a t e d  d e f o l i a t i o n  (Dunbar and Stephens  
1975) .  

Minor s p e c i e s ,  growing i n  t h e  shade  
o f  major  s p e c i e s  on u n d e f o l i a t e d  Turkey 
H i l l ,  a c t u a l l y  grew a b o u t  a s  much d u r i n g  
d r y  1957-67 a s  d u r i n g  t h e  m o i s t e r  preced- 
i n g  and f o l l o w i n g  d e c a d e s  (Tab le  12) .  
Thus d rough t  c e r t a i n l y  was no disadvan-  
t a g e  t o  t h e  u n d e r s t o r y  ( F i g .  1 3 ) .  

D e f o l i a t i o n  a c t u a l l y  seems advanta-
geous  t o  t h e  u n d e r s t o r y .  E a r l i e r  i n  a  
Connec t i cu t  wood t h e  u n d e r s t o r y  was 
observed t o  b e n e f i t  from t h e  d e f o l i a t i o n  
o f  t h e  s h a d i n g  o v e r s t o r y  ( C o l l i n s ,  1961).  
Now, i n  T a b l e  12,  we s e e  t h a t  t h e  growth 
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of  minor s p e c i e s  on Cabin and Reeves 
su rged  up d u r i n g  d e f o l i a t i o n ,  decade  4 ,  
and r o s e  f u r t h e r  d u r i n g  t h e  f o l l o w i n g  
decade.  On t h e  t r a c t s  where d e f o l i a t i o n  
was l e s s ,  t h e  growth r o s e  a f t e r  decade  2  
and 3 ,  b u t  t h e  s u r g e  d u r i n g  decade  4  was 
l e s s .  

The g e n e r a l  c o n c l u s i o n  is  t h a t  t h e  
e f f e c t s  o f  d rough t  and d e f o l i a t i o n  a r e  
remarkably small d u r i n g  a  decade .  There  
was no  d e t e c t a b l e  e f f e c t  o f  d rough t  on 
t h e  u n d e f o l i a t e d  t r a c t .  D e f o l i a t i o n  
dec reased  t h e  growth o f  major  and 
i n c r e a s e d  t h e  growth o f  minor s p e c i e s  --
but  f a r  l e s s  t h a n  one would f e a r  d u r i n g  
t h e  o u t b r e a k  o f  t h e  i n s e c t s .  Next we 
s h a l l  s e e  t h a t  t h e  d rough t  and d e f o l i a -  
t i o n  o f  decade  4 and t h e  d e f o l i a t i o n  o f  
decade 5 l i t t l e  a f f e c t e d  t h e  p r o b a b i l i t y  
of  change.  

PROBABILITY OF CHANGE 

I n  t h e  I n t r o d u c t i o n  we promised t o  
use  t h e  s u r v e y s  t o  a n t i c i p a t e  t h e  f u t u r e .  
Now we s h a l l  t r y .  

F i r s t ,  whaC d o  we mean by " a n t i c i -  
p a t e v ?  Cons ide r  t h e  example o f  a t r a c t  
t h a t  is now predominan t ly  covered  by Red 
t r e e s .  We d o  n o t  e x p e c t  t o  s a y  whether  
t h e  t r a c t  w i l l  s u r e l y  be covered  by White 
t r e e s  a decade hence o r  s u r e l y  by Red 
ones.  R a t h e r ,  we s h a l l  a t t e m p t  t o  s a y  
what t h e  p r o b a b i l i t y  i s  t h a t  t h e  t r a c t  
w i l l  be covered by a  p redominan t ly  Red o r  
White f o r e s t .  T h i s  e s t i m a t i o n  o f  proba- 
b i l i t i e s  is a n t i c i p a t i n g  t h e  f u t u r e .  

T r a n s i t i o n  P r o b a b i l i t i e s  
The p r o b a b i l i t i e s  o f  t r a n s i t i o n  c a n  

be i l l u s t r a t e d  by t h e  s i m p l e  example o f  a 
t r a c t  t h a t  h a s  e i t h e r  a  Red o r  White f o r -  
e s t  upon i t .  Suppose t h a t  200 t r a c t s  
have been c l a s s i f i e d  a t  t h e  beg inn ing  2nd 
end of  a decade .  A t  t h e  b e g i n n i n g ,  100 
a r e  Red and 100 a r e  White.  A t  t h e  e n d ,  
90 of  t h e  Red and 80 o f  t h e  White remain 
unchanged, w h i l e  t h e  remainder  have 
become f o r e s t s  o f  t h e  o t h e r  s o r t .  The 
f r e q u e n c i e s  can  be  w r i t t e n  t h u s :  

Beginning 
End Red White 
Red 90 20 
White 10 80 

The t r a n s i t i o n  p r o b a b i l i t i e s  a r e  t h e n  
s imply : 

Beginning 
End Red White 
Red 0.90 0 .20  
White 0.10 0.80 

That  i s ,  i f  a t r a c t  is  covered  by a f o r -
e s t  t h a t  i s  p r i m a r i l y  Red, t h e r e  a r e  9  
chances  o u t - o f  10 t h a t  i t  w i l l  s t i l l  b e  
covered  by Red a decade  l a t e r .  I f  t h e s e  
p r o b a b i l i t i e s  c o u l d  be  e s t i m a t e d ,  t h e n  we 
would s a y  t h a t  t h e  f u t u r e  o f  t h e  t r a c t ,  
s o  f a r  a s  t h e  predominant t r e e  i s  con-
c e r n e d ,  was a n t i c i p a t e d .  

F o r e s e e i n g  t h e  f u t u r e  would be d i f f i -  
c u l t  i f  t h e  p r o b a b i l i t i e s  changed w i t h  
t i m e .  I f ,  on t h e  o t h e r  hand,  t h e  proba- 
b i l i t i e s  were c o n s t a n t ,  e s t i m a t i n g  them 
would be  v e r y  s i m p l e .  One would o n l y  
have t o  o b s e r v e  them o v e r  a s u i t a b l e  
i n t e r v a l ,  such  a s  a  decade ,  and t h e n  g o  
on e x t r a p o l a t i n g  them i n t o  t h e  f u t u r e .  

For  example,  t h e  t r a n s i t i o n  p r o b a b i l -  
i t i e s  among oak and maple on t h e  t r a c t s  
w i l l  be  c a l c u l a t e d  f o r  t h e  1927-37 and 
1967-77 decades .  I f  t h e y  a r e  s i m i l a r  
d e s p i t e  t h e  g r e a t  l a p s e  o f  t i m e  and 
change i n  p o p u l a t i o n ,  t h e  p r o b a b i l i t i e s  
w i l l  be proposed as a n  a n t i c i p a t i o n  o f  
t h e  f u t u r e .  On t h e  o t h e r  hand,  i f  t h e  
t r a n s i t i o n s  a r e  d i f f e r e n t  from decade  t o  
decade  t h e y  p r o v i d e  a  summary o f  t h e  r e s -
ponse o f  t h e  f o r e s t  t o  a g e  and wea the r  
b u t  t h e y  a r e  poor g u i d e s  t o  t h e  f u t u r e .  

Before  t h i s  i n v e s t i g a t i o n  i s  under-
t a k e n ,  t h e  p r o p e r t i e s  o f  t h e  c o n s t a n t  
t r a n s i t i o n  p r o b a b i l i t i e s  shou ld  be  iden-  
t i f i e d .  I f  t h e y  do n o t  depend upon how 
t h e  f o r e s t  g o t  t o  t h e  s t a t e  i t  i s  i n  b u t  
o n l y  upon what s t a t e  i t  is  i n ,  we a r e  
d e a l i n g  w i t h  a  Markov c h a i n .  If t h e  
p r o b a b i l i t i e s  do n o t  change a s  t h e  
d e c a d e s  p a s s ,  t h e  c h a i n  i s  s t a t i o n a r y  and 

IS convenienlt math a 1  p r o p e r t i e  
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( F e l l e r ,  1950) .  
One conven ien t  p r o p e r t y  a l l o w s  t h e  

p r o b a b i l i t y  o f  a change o v e r ,  s a y ,  two 
decades  t o  be  d e r i v e d  from t h e  p r o b a b i l -
i t y  o f  a change o v e r  one decade.  To do 
t h i s ,  t h e  m a t r i x  o f  p r o b a b i l i t i e s  f o r  one 
decade is s imply  m u l t i p l i e d  by i t s e l f  
a c c o r d i n g  t o  t h e  r u l e s  o f  m a t r i x  a l g e b r a .  

T h i s  o p e r a t i o n  c a n  be  s e e n  e a s i l y  i n  
t h e  s i m p l e  example o f  t h e  Red o r  White 
f o r e s t .  The p r o b a b i l i t y  o f  a Red f o r e s t  
remaining c o n t i n u a l l y  Red f o r  two decades  
is 0.90 x 0.90 o r  0 .81.  But i f  we 
observed  t h e  f o r e s t  o n l y  a t  t h e  beg inn ing  
and end o f  t h e  two decades ,  t h e  f o r e s t  
would a l s o  seem t o  remain Red when, i n  
f a c t ,  t h e  Red became White i n  t h e  f i r s t  
and r e t u r n e d  t o  Red i n  t h e  second decade.  
The p r o b a b i l i t y  o f  t h i s  l a t t e r  c o u r s e  i s  
0.10 x 0 . 2 0 o r  0 .02 .  T h e r e f o r e ,  t h e  
p r o b a b i l i t y  o f  a Red f o r e s t  s t a n d i n g  on a 
t r a c t  a t  t h e  beg inn ing  and end o f  two 
decades  i s  0 .81  + 0.02 o r  0.83.  I f  t h e  
m u l t i p l i c a t i o n  is con t inued  f o r  a l l  rows 
and columns o f  t h e  m a t r i x ,  t h e n  a new 
m a t r i x  o f  p r o b a b i l i t i e s  is o b t a i n e d ,  and 
it i s  f o r  t h e  t r a n s i t i o n s  o v e r  two 
decades .  

The m a t r i x  f o r  two decades  can s e r v e  
two purposes .  F i r s t ,  it is a n  e s t i m a t i o n  
o f  t h e  change o v e r  20 y e a r s  t h a t  can be  
d e r i v e d  from o b s e r v a t i o n s  o v e r  t e n  y e a r s .  
Second, i t  can  be  used i n  t e s t i n g  whether  
t h e  changes  o v e r  t h e  s i n g l e  decade o f  
1927-37 a r e  comparable t o  t h o s e  o v e r  t h e  
double  decade o f  1937-57. 

Another u s e f u l  c h a r a c t e r i s t i c  o f  a 
Markov c h a i n  w i t h  c o n s t a n t  t r a . n s i t i o n  
p r o b a b i l i t i e s  i s  s e e n  i n  e s t i m a t i n g  t h e  
changing s t a t e s  and even t h e  e q u i l i b r i u m  
o r  s t e a d y  s t a t e .  The e s t i m a t e  o f  t h e  
number of  Red p l o t s  a f t e r  one p e r i o d  is  
( 0 . 9  t i m e s  100) p l u s  ( 0 . 2  times 100) o r  
110. A f t e r  t h e  p r o c e s s  is r e p e a t e d  a 
second t i m e ,  t h e  number o f  Red p l o t s  
becomes 117. 

The s t e a d y  s t a t e  is  a l s o  e a s i l y  c a l -
c u l a t e d .  A f t e r  t h e  t r a n s i t i o n s  have gone 
on f o r  a l o n g  t i m e ,  i n d i v i d u a l  t r e e s  w i l l  
s t i l l  be dy ing  and growing i n t o  o u r  ken ,  
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d e s c r i b e d  w i t h  t h e  Red and White s p e c i e s .  
The r e a d e r  h a s  j u s t  s e e n  t h a t  t h e  propor-
t i o n  o f  Red p l o t s  a t  t h e  end o f  a p e r i o d  
is 0.9 t i m e s  t h e  p r o p o r t i o n  o f  Red p l u s  
0 . 2  t i m e s  t h e  p r o p o r t i o n  o f  White a t  t h e  
beg inn ing  o f  t h e  p e r i o d .  I n  a l g e b r a i c  
t e r m s ,  

r = 0 . 9 r  + 0 . 2 ~  
The second r u l e  s a y s  t h a t  t h e  sum o f  t h e  
Red and White p r o p o r t i o n s  is  1 .0 .  I n  
a l g e b r a i c  terms, 

r + W  1.0  
The s o l u t i o n  o f  t h e s e  e q u a t i o n s :  a t  equ i -
l i b r i u m  t h e  p r o p o r t i o n s  w i l l  be  two-
t h i r d s  Red and o n e - t h i r d  White.  

The e s t i m a t e d  f u t u r e  s t a t e s  and,  
e s p e c i a l l y ,  t h e  s t e a d y  s t a t e ,  l i k e  a l l  
e x t r a p o l a t i o n s ,  pu t  shor t - t e rm conclu-
s i o n s  t o  a - s e v e r e  t e s t ,  r e v e a l i n g  some 
r i d i c u l o u s  o n e s .  I f ,  however, t h e  e x t r a -
p o l a t i o n  makes common s e n s e ,  it is an 
adequa te  a n t i c i p a t i o n  o f  t h e  f u t u r e .  
F u r t h e r ,  t h e  s t e a d y  s t a t e  is  a summary o f  
t h e  e n t i r e  m a t r i x  o f  p r o b a b i l i t i e s ,  t e l -
l i n g  where t h e y  a r e  head ing .  

F o r e s t s  have been ana lyzed  b e f o r e  i n  
terms o f  p r o b a b i l i t i e s .  For  example, 
Usher (1966) h a s  s e t  down t h e  r e c r u i t i n g  
o f  s t ems  i n t o  t h e  s m a l l e s t  c l a s s  and 
t h e i r  t r a n s i t i o n  t o  l a r g e r  c l a s s e s  a s  a 
m a t r i x  of  p r o b a b i l i t i e s .  Our c o n t r i b u -
t i o n  i s  i n  u s i n g  p r o b a b i l i t i e s  i n  two 
o t h e r  ways. F i r s t ,  t o  a n a l y z e  changes  i n  
k ind  a s  w e l l  a s  s i z e  o f  t r e e s .  Second, 
t o  s e e  whether  t h e  t r a n s i t i o n  p r o b a b i l i -
t i e s  a r e  c o n s t a n t  from decade t o  decade,  
making a s t a t i o n a r y  Markov c h a i n  and easy  
c a l c u l a t i o n .  

With t h i s  i n t r o d u c t i o n  t o  t r a n s i t i o n  
p r o b a b i l i t i e s ,  which a r e  d e l i n e a t e d  by 
Ashby ( 1956) and thoroughly  d i s c u s s e d  by 
F e l l e r  ( 1 9 5 0 ) ,  t h e  a c t u a l  f r e q u e n c i e s  of  
change i n  t h e  Connec t icu t  f o r e s t s  a r e  now 
examined. F i r s t ,  t h e  changes  i n  t h e  pre-
dominant s p e c i e s ,  much a s  t h e  s imple  f o r -
egoing example o f  t h e  Red and White c l a s -
s i f i c a t i o n ,  a r e  examined. Then t h e  
changes  i n  d i v e r s i t y ,  i n  stem numbers 
and i n  b a s a l  a r e a  a r e  i n v e s t i g a t e d .  

Each c h a i n  o r  66-foot l e n g t h  o f  t r a n  
s e c t  th rough  t h e  f o r e s t  was cons idered  a s  
a p l o t  o f  ground where t h e  change o v e r  a 
decade cou ld  be  examined. It is a sample 
o f  t h e  f o r e s t  s e e n  th rough  a  window, an 
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t h e  v iewer  wonders how it w i l l  change i n  
10 ,  20,  40 o r  50 y e a r s .  S i n c e  t h e  t r a n -  
s e c t s  a r e  a  rod o r  16.5 f e e t  wide ,  t h e  
p l o t s  a r e  1/40 a c r e .  Excluding a l l  
t r a c t s  whol ly  burned i n  1932 o r  o t h e r w i s e  
d i s t u r b e d ,  a s s i g n i n g  t h e  c h a i n s  t o  t h e  
predominant m o i s t u r e  c l a s s  o f  t h e  c h a i n ,  
and o m i t t i n g  t h o s e  on muck, m o i s t  and d r y  
s i t e s ,  a  sample  o f  250 f a i r l y  un i fo rm,  
medium m o i s t  p l o t s  i s  l e f t  f o r  a n a l y s i s .  

The n e x t  t a s k  i s  c l a s s i f y i n g  t h e  
t r e e s  upon t h e  t r a c t s  i n t o  a  few g r o u p s .  
Only a  few c l a s s e s  c a n  be  made l e s t  t h e  
sample i n  some c l a s s e s  be  t o o  s m a l l .  

b Also,  t h e  c l a s s e s  must b e  e a s i l y  g rasped  
by t h e  r e a d e r  i f  t h e y  a r e  t o  convey any 
i n f o r m a t i o n .  F i n a l l y ,  good f o r t u n e  must 
a t t e n d  t h i s  p r o c e s s ,  s i n c e  t h e  c o n s t a n c y  
o f  t h e  p r o b a b i l i t i e s  depends  upon t h e  
s k i l l  o f  c l a s s i f i c a t i o n .  

Predominant S p e c i e s  
The f i r s t  c l a s s i f i c a t i o n  o f  t h e  

t r a c t s  a c c o r d i n g  t o  predominant s p e c i e s  
was merely  a s k i n g  which group o f  s p e c i e s  
c o n t a i n e d  t h e  most s t e m s  on each  o f  t h e  
f o r t i e t h - a c r e  p l o t s .  It may be s a i d  t h a t  
t h e  most numerous c l a s s  "dominates."  
F ive  s p e c i e s  c l a s s e s  were s e t  up: maple,  
oak,  b i r c h ,  o t h e r  major  s p e c i e s ,  and 
minor s p e c i e s .  Thus i f  more s t ems  on a  
p l o t  were i n  t h e  maple c l a s s  t h a n  i n  any 
o t h e r  s i n g l e  c l a s s ,  t h e  p o p u l a t i o n  on 
t h a t  p l o t  was c l a s s i f i e d  "maple." 

The t r a n s i t i o n s  from 1927 t o  1937 a r e  
t a b u l a t e d  i n  T a b l e  13.  The c l a s s e s  con- 
t a i n e d  r e a s o n a b l y  l a r g e  numbers a t  t h e  
beginning o f  t h e  decade ,  r a n g i n g  from 28 
p l o t s  i n  t h e  " o t h e r  major  s p e c i e s v  t o  68 
i n  t h e  "minor s p e c i e s "  c l a s s .  The t r a n -  
s i t i o n s  would be  more f r e q u e n t  w i t h  smal- 
l e r ,  r a r e r  w i t h  l a r g e r  p l o t s ,  b u t  we 
s h a l l  s t i c k  t o  t h e  f o r t i e t h - a c r e  p l o t s .  

The c l e a r e s t  phenomenon was t h e  pe r -  
s i s t e n c e  of t h e  c l a s s e s ,  which is  s e e n  i n  
t h e  l a r g e  p e r c e n t a g e s  a l o n g  t h e  d i a g o n a l  
from upper  l e f t  t o  lower  r i g h t .  i%ore 
than  80 p e r c e n t  o f  t h e  p l o t s  t h a t  were 
maple o r  b i r c h  i n  1927 r e t a i n e d  t h e  same 
c l a s s  i n  1937. T h e r e f o r e ,  a s u r p r i s i n g l y  
a c c u r a t e  a n t i c i p a t i o n  was, "Whatever p r e -  
dominates  a t  t h e  beg inn ing  o f  t h e  decade  
w i l l  s t i l l  predominate  a t  t h e  end." 

Being t r a n s i t i o n  p r o b a b i l i t i e s ,  t h e  

numbers o f  T a b l e  13 n o t  o n l y  t e l l  how 
f r e q u e n t l y  f o r e s t  s t a y e d  a s  i t  was b u t  
a l s o  what e l s e  it became. For  example,  
t h e  m a t r i x  shows t h a t  one  oaken p l o t  i n  
seven  became maple and t h a t  t h e  f o u r t h  o f  
t h e  minor s p e c i e s  p l o t s  t h a t  changed were 
d i s t r i b u t e d  t o  a l l  o t h e r  c l a s s e s .  But we  
want t o  know how c o n s t a n t  t h e s e  t r a n s i -  
t i o n  p r o b a b i l i t i e s  were b e f o r e  a p p l y i n g  
them t o  t h e  f u t u r e ,  and we t u r n  t o  t h e  
1967-77 t r a n s i t i o n s ,  which a r e  t a b u l a t e d  
i n  t h e  lower  p a r t  o f  Tab le  13.  

Table 13. Ten-year t r a n s i t i o n s  i n  c l a s s e s  o f  
spec ies  accord ing  t o  number o f  stems per  
p l o t .  "Other" means t h e  most numerous a r e  
major  spec ies  o t h e r  t h a n  maple, oak and 
b i r c h . - P r o b a b i l i t i e s  as percentages. Med-
ium m o i s t  s i t e s .  

Observed Maple Oak B i r c h  Other Minor 
1937 1 
M ~ DIe 82 1 5  1 3  4 9 
Oak 7 70 0 4 4 
B i r c h  4 9 84 7 6 
Other 0 0 3 71 4 
Mi nor  7 6 0 14 77 

Observed 1967 
1977 1 
Maple 67 12 17 7 1 3  
Oek 0 25 2 0 1 
B i r c h  21 38 6 3 14 11 
Other 4 0 2 50 2 
Mi nor  8 25 16 29 73 

A t  t h e  beg inn ing  o f  t h e  l a s t  decade  
t h e  sample s i z e s  ranged from 14 i n  o t h e r  
major  and 8 i n  o a k  t o  103 i n  t h e  maple 
c l a s s .  Thus t h e  p r o b a b i l i t i e s  f o r  oak 
and o t h e r  major  s p e c i e s  must be  t a k e n  
w i t h  a g r a i n  o f  s a l t .  Leaving minor 
f l u c t u a t i o n s  a s i d e  f o r  t h e  p r e s e n t ,  one  
h a s  t o  marvel  a t  how s i m i l a r  t h e  t r a n s i -  
t i o n s  a r e  f o r  t h e  f i r s t  and l a s t  decade  
o f  t h e  s u r v e y .  A f t e r  a l l ,  a g r e a t  t i m e  
h a s  p a s s e d .  The f i r s t  decade  began when 
Lindy f l e w  t h e  A t l a n t i c ,  Coo l idge  was 
P r e s i d e n t ,  and peop le  t r a v e l e d  o v e r  d u s t y  
r o a d s  i n  Model T 1 s .  And t h e  las t  decade  
ended w i t h  a s t r o n a u t s  on t h e  moon, Jimmy 
C a r t e r  i n  t h e  White House, and g a s o l i n e  
s h o r t a g e s .  

The i n t e r e s t i n g  d i f f e r e n c e  i n  proba- 
b i l i t i e s  between t h e  f i rst  and l as t  
decade  o f  t h e  h a l f  c e n t u r y  i s  f o r  oak.  
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Oak, which had y i e l d e d  t o  something e l s e  
f r e q u e n t l y  d u r i n g  t h e  d r o u g h t  and d e f o l i -  
a t i o n  o f  1957-67,O c o n t i n u e d  t o  y i e l d  
p l o t s  d u r i n g  t h e  f o l l o w i n g  decade o f  
1967-77. 

More d e t a i l e d  a n a l y s i s  o f  t h e  change 
i n  t r a n s i t i o n  o f  oak i s  p o s s i b l e  i n  
T a b l e  1 4 ,  which shows t h e  t r a n s i t i o n s  
from oak i n  each  p e r i o d .  S i n c e  t h e  prob- 
a b i l i t i e s  must b e  p r e s e n t e d  f o r  20-year 
t r a n s i t i o n s  f o r  1937-57, a l l  p r o b a b i l i -
t i e s  a r e  p r e s e n t e d  as 20-year p e r i o d s  by 
m u l t i p l y i n g  each  m a t r i x  o f  d e c a d a l  obse r -  
v a t i o n s  by i t s e l f .  The d e c l i n i n g  p e r s i s -  
t e n c e  o f  oak a s  t h e  most numerous is 
c l e a r .  Light-seeded b i r c h  and t h e  lowly 
minor s p e c i e s  became t h e  i n c r e a s i n g l y  
f r e q u e n t ,  and f i n a l l y  most f r e q u e n t ,  suc-
c e s s o r  t o  oak. 

Table 1 4 .  Trans i t ion  of oaken p l o t s  t o  f i v e  
clesses presented for twenty-year periods 
by matr ix  m u l t i p l i c a t i o n  of  decadal obser-
vat ions.  P r o b a b i l i t i e s  as percentages. 
Medium moist s i t e s .  

Period Maple Oak Birch Other Minor 

On m o i s t  s i t e s  o n l y  maple and minor 
s p e c i e s  were most numerous on many o f  t h e  
56 p l o t s .  The o n l y  c o n s i s t e n t  d i f f e r e n c e  
was s l i g h t l y  more p e r s i s t e n c e  o f  minor 
s p e c i e s  on medium m o i s t  t h a n  on mois t  
s i t e s .  

On d r y  s i t e s  o n l y  oak was most numer-
ous  on many o f  t h e  46 p l o t s .  The p e r s i s -  
t e n c e  o f  oak was a lways  g r e a t e r  on d r y  
t h a n  on medium m o i s t  s i t e s ,  and a f t e r  
1937 t r a n s i t i o n s  from oak t o  maple were 
a lways more numerous on d r y  t h a n  on med- 
ium m o i s t  s i t e s .  

On t h e  42 medium m o i s t  s i t e s  t h a t  
were burned i n  1932 t h e  t r a n s i t i o n s  o f  
1927-32 were l a r g e l y  t o  maple and oak.  
During t h e  n e x t  25 y e a r s  minor s p e c i e s  
became most numerous on many p l o t s .  Dur-
i n g  t h e  f i n a l  two d e c a d e s ,  minor s p e c i e s  
con t inued  most numerous on more t h a n  a 
t h i r d  o f  t h e  p l o t s ,  w h i l e  maple became 

most numerous on a  q u a r t e r .  
The numerous p l o t s  on unburned medium' 

m o i s t  s i t e s  a r e  now examined i n  a n o t h e r  
f a s h i o n :  What s t e a d y  s t a t e  a r e  t h e y  tend-  
i n g  toward? On t h e  l e f t  o f  F i g .  14 a r e  
shown t h e  p e r c e n t a g e s  o f  t h e  250 p l o t s  
where each c l a s s  was most numerous i n  
each y e a r  o f  o b s e r v a t i o n .  Minor s p e c i e s  
h e l d  sway on a  q u a r t e r  t o  a  t h i r d  o f  t h e  
p l o t s .  B i rch  i n c r e a s e d  its domain t o  a  
f i f t h  by 1977 and maple t o  36 p e r c e n t .  
Meanwhile, oak had f a l l e n  from a  q u a r t e r  
t o  l e s s  t h a n  a  f i f t i e t h  o f  t h e  p l o t s .  

Year 

Fig .  1 4 .  L e f t :  t h e  change i n  the kinds of  t r e e s  
most numerous on f o r t  ieth-acre p l o t s .  Med I urn moist 
s i tes .  The heights o f  t h e  blocks represent the  per- 
centage o f  p l o t s  having a c lass  most numerous. Row 
Ma represents maple; Oa, oak; B i ,  b i rch;  Ot,  other 
major species; Mi ,  minor species. Right:  the  steady 
s ta tes  extrapolated f r m  the  four i n t e r v a l s  o f  obser- 
vat  Ion. 

The s t e a d y  s t a t e s  a r e  shown on t h e  
r i g h t  o f  F i g .  14.  Because t h e  t r a n s i t i o n  
p r o b a b i l i t i e s  v a r i e d  d u r i n g  t h e  h a l f  cen-
t u r y ,  t h e  s t e a d y  s t a t e s  e x t r a p o l a t e d  from 
each p e r i o d  d i f f e r .  N e v e r t h e l e s s ,  t h e  
r e s u l t s  o f  a l l  p e r i o d s  p r e d i c t  t h e  same 
g e n e r a l  c h a r a c t e r  o f  t h e  f u t u r e  f o r e s t :  
few p l o t s  w i t h  oak most numerous and many 
p l o t s  w i t h  maple,  b i r c h  o r  minor s p e c i e s  
most numerous. C l e a r l y  t h e  d e c r e a s e  i n  
oak and p e r s i s t e n c e  o f  minor s p e c i e s  were 
n o t  caused by t h e  d rought  and d e f o l i a t i o n  
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of  1957-67 a l o n e ;  t h e  t r e n d  was underway 
from t h e  b e g i n n i n g .  

B a s a l  a r e a ,  i n s t e a d  o f  p o p u l a t i o n ,  is 
n e x t  used t o  c l a s s i f y  t h e  f o r t i e t h - a c r e  
p l o t s .  P r e v i o u s l y  a p l o t  o f  many wi tch-  
h a z e l  s t e m s  and a l a r g e  oak would have 
been c l a s s i f i e d  a s  "minor s p e c i e s n ,  b u t  
now it  would be  c l a s s i f i e d  a s  "oakn i n  
c a l c u l a t i n g  t h e  t r a n s i t i o n  p r o b a b i l i t i e s  
of  Tab le  15 .  

Table 15. Ten-year t r a n s i t i o n s  i n  c lasses o f  
species according t o  basal area. "Other" 
means greates t  basal area o f  major species 
o ther  than maple, oak and b i r ch .  Probabi l -
i t i e s  as percentages. Medium moist  s i t es .  

1927 
Observed 
1937 1 

Maple Oak B i r ch  Other Minor 

Map le 76 1 0 0 4 
Oak 6 96 11 10 23 
B i r ch  18 2 87 8 , 0 
Other 0 1 2 79 5 
Mi nor 0 0 0 3 68 

Observed 1967 
1977 1 
Maple 80 3 4 12 0 
Oak 3 90 4 6 0 
B i r c h  11 4 89 13 25 
Other 6 2 3 69 2  5  
Mi nor 0 1 0 0 50 

The s t r i k i n g  e f f e c t  o f  chang ing  from 
a c r i t e r i o n  o f  -stem numbers t o  one o f  
b a s a l  a r e a  i s ,  o f  c o u r s e ,  t h e  l e s s e r  per-  
s i s t e n c e  o f  t h e  minor s p e c i e s  c l a s s  and 
t h e  g r e a t e r  p e r s i s t e n c e  o f  major  s p e c i e s  
c l a s s e s ,  e s p e c i a l l y  oak ( F i g .  1 5 ) .  The 
r e a d e r  h a s  a l r e a d y  s e e n  t h e  d e c l i n e  o f  
t h e  b a s a l  a r e a  o f  minor s p e c i e s  and t h e  
i n c r e a s e  o f  t h e  b a s a l  a r e a  o f  major  spe -  
c i e s ,  and T a b l e  15 is no s u r p r i s e  t o  him. 

Where f i r e  passed  i n  1932 oak ' a n d  
b i r c h  had t h e  g r e a t e s t  b a s a l  a r e a  on 
f u l l y  t h r e e - q u a r t e r s  o f  t h e  p l o t s  i n  b o t h  
1927 and 1967. The p e r s i s t e n c e  o f  t h e  
few maple c l a s s i f i c a t i o n s  and t h e  changes  
i n  o t h e r  c l a s s i f i c a t i o n s ,  however, i n d i -
c a t e s  t h a t  t h e  burned t r a c t s  w i l l  f o l l o w  
t h e  same t r e n d  i n  t h e  f u t u r e  a s  t h e  
unburned.  

The change i n  t h e  t r a n s i t i o n  proba- 
b i l i t i e s  on unburned p l o t s  from 1927-37 
t o  1967-77 w i t h  t h e  c r i t e r i o n  o f  b a s a l  

- Year Observation Interval 

Fig.  15. L e f t :  t he  change i n  t he  k inds o f  t r ees  
w i th  most b a s a l a r e a  on fo r t i e th -ac re  p lo t s .  Medium 
moist s i t es .  The heights o f  t he  blocks represent the  
percentage o f  p l o t s  having a  c lass  w i t h  most basal 
area. Row Ma represents maple; Oa, oak; B i ,  b i rch ;  
Ot, other major species; Mi, minor species. Right:  
the steady s ta tes  extrapolated f ran  the four i n te r -
val s  o f  observation. 

a r e a  i s  s m a l l e r  t h a n  w i t h  t h e  c r i t e r i o n  
o f  p o p u l a t i o n .  N e v e r t h e l e s s ,  oak per-  
s i s t e d  l e s s  i n  1967-77 t h a n  i n  1927-37. 
The consequences  c a n  be  s e e n  i n  t h e  
s t e a d y  s t a t e s  e x t r a p o l a t e d  from a d e c l i n -
i n g  r o l e  f o r  o a k ,  a d e c l i n e  f o r e s e e n  by 
Olson (1965) from o t h e r  e v i d e n c e ;  h e  
w r o t e  t h a t  t h e - l a c k  o f  oak r e c r u i t s  
" i n d i c a t e ( d )  a . . .  t r e n d  toward g r e a t e r  
d i v e r s i t y  o f  s p e c i e s  i n  t h e  canopy a s  
opposed t o  t h e  (1927-57) t r e n d  toward 
i n c r e a s e d  oak."  The i n i t i a l  predominance 
o f  o a k ,  a p r o l i f i c  s p r o u t e r ,  was l i k e l y  a 
h e r i t a g e  o f  b o t h  f i r e  and r e p e a t e d  c l e a r -  
c u t t i n g  f o r  fuelwood and c h a r c o a l  produc- 
t i o n ,  which o c c u r r e d  o v e r  much o f  Connec- 
t i c u t  f o r  more t h a n  100 y e a r s  and t h e  
d r a m a t i c  l o s s  o f  c h e s t n u t  from t h e  canopy 
a f t e r  1907. The t r e n d  away from oak t h a t  
h a s  l o n g  been i n d i c a t e d  by b o t h  t h e  l a c k  
o f  r e c r u i t s  and t h e  c l a s s i f i c a t i o n  f o r  
s p e c i e s  a c c o r d i n g  t o  s tem number, and 
s i n c e  1957 t h e  t r e n d  i n  c l a s s i f i c a t i o n  
a c c o r d i n g  t o  b a s a l  a r e a ,  h a s  c o n t i n u e d  
a f t e r  d rough t  and d e f o l i a t i o n  have 
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passed .  There  w i l l  l i k e l y  be a r a c e  o f  
t h e  e s t a b l i s h e d  maple and b i r c h ;  oak s e e -
d l i n g s  t h a t  appeared on t h e  p l o t s  f a i l e d  
t o  e n t e r  t h e  r a c e .  

To le rance  
The c l a s s i f i c a t i o n  o f  t h e  p l o t s  

a c c o r d i n g  t o  maple,  oak and s o  f o r t h  
t e l l s  much t o  t h e  viewer  o f  t h e  l a n d s -  
c a p e ,  b u t  t h e  r o l e  of a k ind o f  t r e e  i n  
s u c c e s s i o n  might  more l o g i c a l l y  be 
a p p r a i s e d  i n  t e r m s  o f  i t s  t o l e r a n c e  o f  
s h a d e ,  and we t u r n  t o  t h a t  now. 

Braun (1950)  h a s  s u c c i n c t l y  r e l a t e d  
t o l e r a n c e  and s u c c e s s i o n :  

"Observa t ions  w i l l  r e v e a l  t h a t  
young i n d i v i d u a l s  o f  c e r t a i n  spe-
c i e s  o f  t r e e s  a r e  commonly s e e n  
o n l y  i n  t h e  open w h i l e  o t h e r s  a r e  
s e e n  w i t h i n  t h e  shade o f  t h e  f o r -  
e s t s ,  t h a t  some a r e  i n t o l e r a n t ,  
o t h e r s  t o l e r a n t .  [To le rance  is  t h e  
a b i l i t y  t o  deve lop  and grow i n  t h e  
shade o f ,  and i n  c o m p e t i t i o n  w i t h ,  
o t h e r  t r e e s . ]  E c o l o g i c a l l y ,  t o l e r -
a n c e  i s  o f  g r e a t  importance f o r  
d i f f e r e n c e s  i n  r e l a t i v e  t o l e r a n c e  
o f  s p e c i e s  in p ~ r tde te rmine  t h e  
p r o g r e s s  o f  s u c c e s s i o n .  P i o n e e r s  
a r e  g e n e r a l l y  i n t o l e r a n t  s p e c i e s ,  
and o f t e n  a r e  i n c a p a b l e  o f  growing 
i n  t h e i r  own s h a d e . .  . . Some l e s s  
i n t o l e r a n t  s p e c i e s  w i l l  grow 
benea th  them, and i n  t i m e  w i l l  
r e p l a c e  t h e  e a r l i e r  growth.  More 
and more t o l e r a n t  t r e e s  appear  w i t h  
t h e  p r o g r e s s  o f  s u c c e s s i o n  u n t i l  
f i n a l l y ,  i n  c l imax  communities,  t h e  
canopy s p e c i e s  a r e  ones  which can 
s u c c e s s f u l l y  reproduce  and m a i n t a i n  
... t h e  c o m m u n i t y . ~  

Braun g o e s  on t o  s a y  t h a t ,  o f  c o u r s e ,  t h e  
t o l e r a n c e  o f  a s p e c i e s  may v a r y  from 
r e g i o n  t o  r e g i o n .  N e v e r t h e l e s s ,  t h e  
t r a n s i t i o n  from i n t o l e r a n t  t o  t o l e r a n t  is 
g e n e r a l l y  expec ted  as s u c c e s s i o n  pro-
c e e d s .  

The t r a n s i t i o n  among t h e  f o l l o w i n g  
f o u r  c l a s s e s  on t h e  p l o t s  have been exa-
mined: v e r y  i n t o l e r a n t  and i n t o l e r a n t  
(one c l a s s ,  I T ) ,  moderate ly  t o l e r a n t  
(MT), t o l e r a n t  ( T ) ,  and v e r y  t o l e r a n t  
(VT). The c l a s s i f i c a t i o n  o f  each s p e c i e s  
is shown i n  Tab le  16 and was t a k e n  from 

Baker (1950) o r  Fowel l s  (1965) .  Each o f  
t h e  250 p l o t s  employed b e f o r e  was c l a s s i -
f i e d  i n t o  whichever t o l e r a n c e  c a t e g o r y  
had t h e  most s t ems .  

The t r e n d  i n  t h e  t o l e r a n c e  o f  t h e  
s p e c i e s  is s e e n  i n  t h e  t r a n s i t i o n  proba- 
b i l i t i e s  (Table  1 7 ) .  A f e a t u r e  o f  t h e  
p r o b a b i l i t i e s  is  n e a r e r  cons tancy  o f  t h e  
t r a n s i t i o n  p r o b a b i l i t i e s  f o r  t o l e r a n c e ,  
Tab le  17,  t h a n  f o r  s p e c i e s ,  T a b l e s  13 and 
15.  That  is ,  it  is  r e a s o n a b l e  t o  a s k  i f  
t h e  t r a n s i t i o n s  i n  t o l e r a n c e  o v e r  t h e  
f u l l  h a l f  c e n t u r y  cou ld  have been a n t i c i -  
pa ted  by m u l t i p l y i n g  t h e  1927-37 m a t r i x  
by i t s e l f .  The numbers o f  p l o t s  i n  each 
c l a s s  i n  1977 and t h e  number p r e d i c t e d  
were : 

I n t o l e r a n t  & 
Very Moderately 

T o l e r a n t  T o l e r a n t  T o l e r a n t  

Observed 40 43 167 

P r e d i c t e d  29 42 179 

The i n t o l e r a n t  and moderate ly  t o l e r a n t  
were pooled because  t h e  p r e d i c t e d  number 
o f  i n t o l e r a n t  was l e s s  t h a n  one.  A Chi-
s q u a r e  t e s t  d i d  n o t  show a s i g n i f i c a n t  
d i f f e r e n c e  between p r e d i c t e d  and 
observed ,  ev idence  t h a t  s u c c e s s i o n  among 
t o l e r a n c e  c l a s s e s  behaves l i k e  a s imple  
Markov c h a i n  wi th  c o n s t a n t  p r o b a b i l i t i e s .  
S i n c e  t h e  f o r e s t  was a t h i c k e t  i n  1927-37 
and s i n c e  i t  s u f f e r e d  from drought  and 
d e f o l i a t i o n  d u r i n g  1957-67, t h e  cons tancy  
o f  t h e  p r o b a b i l i t i e s  is remarkable .  

A second f e a - t u r e  o f  t h e  t r a n s i t i o n s  
o f  Tab le  17 is  l a r g e  p r o b a b i l i t i e s  f o r  
change t o  moderate ly  t o l e r a n t  from t h e  
o t h e r  t h r e e  c l a s s e s .  ( I n  1967 t h e r e  were 
few i n t o l e r a n t  p l o t s ,  and hence,  t h e  
p r o b a b i l i t i e s  f o r  t h a t  column i n  1967 i n  
Tab le  17 a r e  n o t  r e l i a b l e . )  Hence t h e  
s t e a d y  s t a t e  i s  p r e d i c t e d  t o  have abou t  
two- th i rds  moderate ly  t o l e r a n t  p l o t s  
( F i g .  1 6 ) .  I n  t h e  p l o t s  on mois t  o r  d r y  
s i t e s  a s i m i l a r  p r o c e s s  l e d  t o  many mod- 
e r a t e l y  t o l e r a n t  o r  t o l e r a n t  p l o t s  i n  t h e  
s t e a d y  s t a t e .  Although some p l o t s  w i l l  
be dominated by b o t h  t o l e r a n t  and very  
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Table 16. Tolerance t o  shade (Baker 1950, Fowells 1965). VI ind ica tes  very in to-
lerant.  

I n to le ran t  ( I T )  Moderately Tolerant (MT) Tolerant ( T I  Very Tolerant (VT) 

Redcedar ( V I )  
B i t t e r n u t  Hickory 
Mockernut Hickory 
Pignut Hickory 
Scar l e t  Oak 
Paper B i r c h  
T u l i p  
B ig tooth  Aspen ( V I )  
Quaking Aspen (VI  ) 
Pepperidge 
Locust 
But ternut  
Black Cherry 
Sassafras 
Gray B l r c h  ( V I )  

White Pine 
Shagbark Hickory 
Red Oak 
Black Oak 
Whlte Oak 
Chestnut Oak 
Yel low B i r c h  
Black B i r ch  
White Ash 
Black Ash 
Elm 
Chestnut 
Witchhazel 

Red Maple Hemloc k  
Basswood Sugar Map le 
Shadbush 	 Beech 

Dog wood 
B l uebeech 
Hophornbeam 

Table 17. Ten-year t r a n s i t i o n s  i n  to le rance classes 
according t o  number o f  stems. The species i n  
each c l a s s  are  l i s t e d  i n  Table 16. P r o b a b i l i t i e s  
as percentages. Medium moist  s i t es .  

1927 
Observe e ry  Tolerant Moderately I n to le ran t  
1937 1 
Very 82 0 2 24 

Tolerant 0 79 6 6 

Moderately 18 2 1 92 47 

I n to le ran t  0 0 0 23 


Observed 1967 

1977 1 

Very 78 0 6 0 

Tolerant 8 66 9 0 

Moderately 14 32 83 100 

I n to le ran t  0 2 2 0 


t o l e r a n t  c l a s s e s ,  no e v i d e n c e  h a s  been 
found o f  a l a r g e  t r e n d  on t o  t h e  ve ry  
t o l e r a n t  c l a s s .  

Thus b o t h  phenomena mentioned by 
Braun (1950)  a r e  v i s i b l e  i n  t h e  Connect i -  
c u t  f o r e s t s .  F i r s t ,  t h e  s u c c e s s i o n  away 
from i n t o l e r a n t  i s  c l e a r .  But t h e  super -  
f i c i a l  e x p e c t a t i o n  t h a t  s u c c e s s i o n  would 
go on t o  v e r y  t o l e r a n t  h a s  been con-
founded by t h e  r e g i o n a l  bounds o f  spe-
c i e s .  The v e r y  t o l e r a n t  hemlock, s u g a r  
maple, and beech have  s o  far  been u n a b l e  
t o  p r e v a i l  i n  C e n t r a l  C o n n e c t i c u t .  The 
long l i f e  o f  many modera te ly  t o l e r a n t  
s p e c i e s  undoubtedly  c o n t r i b u t e s  t o  t h e  
p e r s i s t e n c e  o f  t h a t  c l a s s .  Hence t h e  
f o u r  f o r e s t s  needed t o  l o s e  o n l y  a few 

100 Observation Steady state 

' '27 '37 '57 '67 '77 
Year Interval 

Fig.  16. The change i n  the  to lerance classes wi th  
most stems on fo r t i e th -ac re  p lo t s .  Medium moist  
s i t es .  L e f t :  The heights o f  the  blocks represent t he  
percentage o f  t he  p l o t s  having a c l ass  w i th  most 
stems. Row IT represents i n to le ran t ;  MT, moderately 
t o l e ran t ;  T, t o l e r a n t ;  VT, very t o l e r a n t .  R ight :  t he  
steady s ta te  extrapolated from the  1967-77 observa- 
t i ons .  

i n t o l e r a n t  t r e e s  t o  r e a c h  e s s e n t i a l  equ i -  
l i b r i u m ,  midway i n  t h e  c l a s s e s  o f  s h a d e  
t o l e r a n c e .  

The speed o f  s u c c e s s i o n  can  be  
l e a r n e d  by s i m u l a t i n g  s u c c e s s i o n  w i t h  t h e  
p r o b a b i l i t i e s  o f  T a b l e  17. T h i s  is r e a -
s o n a b l e  because  t h e y  have proven similar 
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from decade  t o  decade ,  and we s h a l l  u s e  
t h e  p r e c i s e  v a l u e s  f o r  1927-37. 

F i g .  17 shows t h e  s i m u l a t e d  succes -
s i o n  f o l l o w i n g  an i n v a s i o n  and complete  
dominat ion o f  an  o l d  f i e l d  by p i o n e e r i n g  
i n t o l e r a n t  s p e c i e s .  The f i rs t  column, 
t h e  i n i t i a l  s t a t e ,  is whol ly  p l o t s  domi- 
n a t e d  by i n t o l e r a n t .  The i n t o l e r a n t  g r a y  
b i r c h  d i e d  i n  t h e  r e a l  f i e l d  n e a r  Cabin 
i n  1920 ( f r o n t  c o v e r ) .  On t h e  h i l l s i d e  
i n  f r o n t  o f  t h e  c a b i n  is land  dominated 
by g r a y  b i r c h  a s  i n  t h e  i n i t i a l  s t a t e  o f  
o u r  s i m u l a t e d  s u c c e s s i o n ,  l e f t  column o f  
F i g .  17.  

Decade 

F i g .  17. Simulated succession o f  tolerance classes 
upon an o l d  f i e l d .  L e f t :  t h e  heights o f  the  blocks 
represent t h e  proport ion o f  for t ie th -acre  p l o t s  domi- 
nated by t h e  stem population o f  a tolerance c lass .  
In the i n i t i a l  s ta te ,  0 ,  represented by the  leftmost 
column a l l  p l o t s  i n  t h e  o l d  f i e l d  are dominated by 
t h e  i n t o l e r a n t  ( I T )  c lass .  The columns t o  the  r i g h t  
show t h e  appearance o f  dominance by moderately t o l e r -  
ant (MT) ,  t o l e r a n t  ( T )  and very t o l e r a n t  (VT)  species 
a f t e r  1 , 2, 4 and 8 decades as cal  cu l ated f ran the 
1927-37 t r a n s i t i o n  p r o b a b i l i t i e s ,  medium moist s i t e s .  
Right:  the  r ightmost column shows t h e  anticipated 
steady s t a t e .  

A t  t h e  end of t h e  first decade ,  which 
is d e p i c t e d  by t h e  second column, t h e  
p i o n e e r i n g  i n t o l e r a n t  s p e c i e s  have l o s t  
t h r e e - q u a r t e r s  o f  t h e i r  t e r r i t o r y  and 
r u l e  o v e r  o n l y  a  q u a r t e r  o f  t h e i r  former  
kingdom. The modera te ly  t o l e r a n t  a l r e a d y  
dominate n e a r l y  h a l f  t h e  f i e l d .  The 

t o l e r a n t  and very  t o l e r a n t  have a l r e a d y  
appeared.  By t h e  end o f  t h e  f o u r t h  
decade t h e  moderate ly  t o l e r a n t  dominate 
two- th i rds  and t h e  p i o n e e r i n g  i n t o l e r a n t  
have p r a c t i c a l l y  d i s a p p e a r e d .  Only small 
changes  o c c u r  t h e r e a f t e r  u n t i l  t h e  f i e l d  
h a s  reached t h e  s t e a d y  s t a t e  d e p i c t e d  by 
t h e  column a t  t h e  r i g h t  o f  F i g .  17. 

The r e a d e r  may doubt  t h e  r a p i d i t y  o f  
t h i s  s y n t h e t i c  s u c c e s s i o n ,  e s p e c i a l l y  
when conf ron ted  by Bard ' s  (1952)  w e l l -
known e s t i m a t e  t h a t  100 y e a r s  would be 
r e q u i r e d  f o r  oaks  and h i c k o r i e s  t o  domi- 
n a t e  s u c c e s s i o n  i n  t h e  New J e r s e y  Pied- 
mont. However, Bard was c o n s i d e r i n g  t h e  
t ime  r e q u i r e d  t o  change from g r a s s y  f i e l d  
t o  hardwood f o r e s t .  I n  o u r  example we 
assumed t h e  t r a c t  occupied by i n t o l e r a n t  
t r e e s .  F u r t h e r ,  B a r d ' s  t r a c t  con ta ined  
no g r a y  b i r c h  b u t  was dominated by redce-  
d a r .  Lu tz  (1928) s a i d ,  

" . . . t h e  h i g h e r  t h e  p e r c e n t a g e  of  
g r a y  b i r c h  i n  t h e  redcedar-gray 
b i r c h  a s s o c i a t i o n ,  t h e  f a s t e r  t h e  
s u c c e s s i o n  w i l l  move. Gray b i r c h  
s t a n d s  u s u a l l y  d e t e r i o r a t e  between 
t h i r t y  t o  s i x t y  y e a r s  o l d .  On b e t -  
t e r  s i t e s  r e d c e d a r  i s  u s u a l l y  
over-topped and d i e s  when i t  is  
s i x t y  t o  e i g h t y  y e a r s  o l d . "  

I n  1927 o u r  t r a c t s  c o n t a i n e d  many g r a y  
b i r c h  b u t  few r e d c e d a r  (Tab le  21,  and t h e  
t r a n s i t i o n  p r o b a b i l i t i e s  were d e r i v e d  
from p l o t s  w i t h  t r e e s ,  n o t  g r a s s y  f i e l d s .  
Hence, t h e  r e l a t i v e l y  s h o r t  t ime  r e q u i r e d  
f o r  i n t o l e r a n t  hardwoods t o  d i s a p p e a r  
seems reasonable: 

Because t h e  s i m u l a t e d  s u c c e s s i o n  
a p p e a r s  t o  p r o g r e s s  r e a s o n a b l y  one might 
a s k  how long  would be r e q u i r e d  f o r  o u r  
r e a l  f o r e s t  t o  a t t a i n  t h e i r  p r e d i c t e d  
s t e a d y  s t a t e .  I n  t h e o r y  a t t a i n m e n t  o f  
s t e a d y  s t a t e  may r e q u i r e  i n f i n i t e  t ime .  
S i n c e ,  however, c l a s s i f i c a t i o n  o f  o u r  
f o r e s t  p l o t s  is n o t  a p r e c i s e  endeavor ,  
an  approximat ion may s u i t  o u r  purposes .  
Accordingly ,  t h e  t r a n s p o s e  o f  t h e  m a t r i x  
o f  observed t r a n s i t i o n  p r o b a b i l i t i e s  was 
p r e m u l t i p l i e d  by t h e  v e c t o r  c o n t a i n i n g  
t h e  number o f  p l o t s  i n  each c l a s s .  The 
r e s u l t a n t  v e c t o r ,  c o n t a i n i n g  t h e  r e d i s -  
t r i b u t i o n  o f  p l o t s  a f t e r  one i n t e r v a l  o f  
t r a n s i t i o n ,  was compared w i t h  t h e  e s t i -  
mated d i s t r i b u t i o n  a t  s t e a d y  s t a t e .  The 
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m u l t i p l i c a t i o n  was r e p e a t e d  u n t i l  a l l  
c l a s s e s  were w i t h i n  a s p e c i f i e d  percen-  
t a g e  o f  t h e  p r e d i c t e d  s t e a d y  s t a t e .  When 
t h e  s t e a d y  s t a t e  was approximated t h e  
t i m e  r e q u i r e d  was e s t i m a t e d  by t h e  pro- 
d u c t  o f  t h e  number o f  m u l t i p l i c a t i o n s  
n e c e s s a r y  and t h e  i n t e r v a l  o f  t r a n s i t i o n .  

For  example,  when t h e  250 medium 
mois t  p l o t s  were c l a s s i f i e d  i n t o  s p e c i e s  
g roups  a c c o r d i n g  t o  number o f  s t ems  we 
s e e  t h e  p r e d i c t e d  s t e a d y  s t a t e s  
F i g .  1 4 .  From t h e  1927-37 t r a n s i t i o n s  
we p r e d i c t e d  39 p e r c e n t  maple,  13 oak ,  25 
b i r c h ,  6 o t h e r  ma jor  and 18 p e r c e n t  minor 
s p e c i e s .  The t i m e  r e q u i r e d  t o  come 
w i t h i n  1 p e r c e n t  o f  each  o f  t h e s e  v a l u e s  
was 170 y e a r s .  E x t r a p o l a t i n g  from t h e  
1967-77 t r a n s i t i o n s  we e s t i m a t e  70 y e a r s  
t o  approx imate  t h e  s t e a d y  s t a t e .  Both 
v a l u e s  from o b s e r v a t i o n s  40 y e a r s  a p a r t  
appear  r e a l i s t i c .  They i n d i c a t e  a t t a i n -  
m k i t  o f  t h e  s t e a d y  s t a t k  o r  c l imax  w i t h i n  
an a t t a i n a b l e  l i f e  span  f o r  t h e  t r e e s  and 
f o r e s t .  Thus o u r  c o n f i d e n c e  i n  t h e  t r a n -  
s i t i o n s  is i n c r e a s e d .  

Turn ing  t o  o t h e r  c r i t e r i a  s u c h  a s  
b a s a l  a r e a  o r  t o l e r a n c e  t o  shade  we a g a i n  
a t t a i n  r e a s o n a b l e  e s t i m a t e s  b u t  o n l y  w i t h  
some r e l a x a t i o n  o f  o u r  s t r i n g e n t  r e q u i r e -  
ment f o r  approx imat ion .  For example,  
when b a s a l  a r e a  is t h e  b a s i s  f o r  c l a s ~ i -  
f i c a t i o n  i n t o  s p e c i e s  g r o u p s  we a t t a i n  
approx imat ion  o f  s t e a d y  s t a t e  by t h e  
1927-37 t r a n s i t i o n s  a t  200 y e a r s  and by 
t h e  1967-77 a t  190 y e a r s  when t h e  approx- 
ima t ion  was r e l a x e d  t o  5 p e r c e n t .  When 
we b a s e  o u r  c l a s s i f i c a t i o n  on shade  
t o l e r a n c e  a c c o r d i n g  t o  number o f  s t ems  we 
e s t i m a t e  a v e r y  l o n g  t i m e  t o  approx imate  
w i t h i n  2 p e r c e n t  t h e  s t e a d y  s t a t e  pred- 
i c t e d  by t h e  1927-37 t r a n s i t i o n s  b u t  o n l y  
50 y e a r s  when employing t h e  t r a n s i t i o n s  
of  1967-77. 

S i n c e  much t h e  same-course  o f  succes -
s i o n  i s  a n t i c i p a t e d  from t h e  t r a n s i t i o n  
p r o b a b i l i t i e s  o f  a l l  d e c a d e s  i t  seems 
r e l i a b l e .  Some a n e c d o t e s ,  a l t h o u g h  l e s s  
sound t h a n  t h e  t r a n s i t i o n  p r o b a b i l i t i e s  
themse lves ,  h e l p  p e r s u a d e  one o f  t h e  
r e a l i s m  o f  t h e  s i m u l a t e d  s u c c e s s i o n .  I n  
1927 crowds o f  g r a y  b i r c h  grew on t h e  Cox 
t r a c t ,  and 40 y e a r s  l a t e r  few remnants  
could be  f o u r A  ?n 1927 ' -+ - l ? ran t  spe -
c i e s  were prc ~ n ton iium m o i s t  

p l o t s .  I n  1937, t h i s  class r e t a i n e d  con-
t r o l  o f  f o u r ;  i n  1957,  two; i n  1967, 
t h r e e ;  i n  1977, o n l y  f o u r .  F i n a l l y  t h e  
pho tographs  on t h e  f r o n t  and r e a r  c o v e r s  
show t h a t  t h e  p i o n e e r i n g ,  i n t o l e r a n t  g r a y  
b i r c h  had been e l i m i n a t e d  l o n g  b e f o r e  by 
i t s  more t o l e r a n t  c o m p e t i t o r s .  And t h e  
l a r g e  t r e e  i n  t h e  fo reground  is a r e d  
maple,  which b e l o n g s  t o  t h e  t o l e r a n t  
c l a s s  t h a t  t h e  s y n t h e t i c  s u c c e s s i o n  o f  
F i g .  17 makes prominent  i n  t h e  s t e a d y  
s t a t e  f o r e s t .  

D i v e r s i t v  
The viewer  who l i k e s  v a r i e t y  i n  h i s  

l a n d s c a p e  a s  w e l l  a s  a man who wants  
i n s u r a n c e  a g a i n s t  f o r e s t  d e s t r u c t i o n  by a 
s i n g l e  p e s t  is i n t e r e s t e d  i n  o t h e r  
changes  i n  the  q u a l i t y  o f  t h e  f o r e s t ,  and 

able 18. Ten-year t r a n s i t i o n s  in 
d i v e r s i t y  per p l o t .  The d i v e r s i t y  
classes are:  Low, less than 1.80; 
0,  1.80 t o  2.09; C, 2.10 
High. greater  than 2.40. 
b i l i t i e s  as percentages. 
moist s i t e s .  

1927 
Observed Low 0 
1937 1 
Low 79 47 
I3 18 4 '  
1 3 

High 0 

C 

t o  2.40; 
Proba-
Medium 

High 

10 6 
.< 

Observed , ," , 
1977 1 
Low 77 3 5 0 oa 
0 17 46 53 50a 
C 6 19 4 I Oa-

High 0 0 6 
-. 

a Sample of 2.  

t h e  f o r e g o i n g  c l a s s e s  w i l l  n o t  s e r v e .  
R a t h e r ,  t h e  viewer  z5nd t h e  i n s u  r e r  wa.r 
t o  a n t i c i p a t e  whet1? e r  t h e  f o r est w i l  

- A:----become more o r  l e s s  (j i v e r s e .  Thy u ~ v e r  
s i t y  index  ( P i e l o u ,  1966) ,  which was 
i n t r o d u c e d  e a r l i e r  i n  t h i s  B u l l e t i n ,  is a 
c r i t e r i o n  t h a t  . i n d i c a t e s  a n  i n c r e a s i n g  
number o f  s t ems  and s p e c i e s  and a b r o a d e r  
d i s t r i b u t i o n  o f  s t ems  among s p e c i e s .  It 
was, t h e r e f o r e ,  c a l c u l a t e d  f o r  t h e  250 
c h a i n  l e n g t h s  o f  t r a n s e c t ,  and t h e  t r a n -  
s i t i o n  p r o b a b i l i t i e s  a r e  t a b u l a t e d  i n  
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Tab le  18.  
The p r o b a b i l i t i e s  a r e  much t h e  same 

f o r  t h e  f i rst  and l a s t  decades :  a t r a n s i -
t i o n  t o  lower  d i v e r s i t y .  T h i s  was a l s o  
e v i d e n t  i n  t h e  d r y  decade  o f  1957-67. 
S i n c e  t h e  number o f  s t ems  p e r  f o r t i e t h -  
a c r e  p l o t  d e c r e a s e d ,  i t  is  n o t  s u r p r i s i n g  
t h a t  d i v e r s i t y  h a s  a l s o  d e c r e a s e d .  Thus 
a l t h o u g h  t h e  d i v e r s i t y  o f  t h e  f o r e s t  on 
t h e  e n t i r e  10.12 a c r e s  o f  t r a n s e c t  
s c a r c e l y  changed a s  no ted  i n  a n  e a r l i e r  
s e c t i o n ,  t h e  d i v e r s i t y  o f  t r e e s  on t h e  
f o r t i e t h - a c r e  p l o t s  s u r e l y  d e c l i n e d ,  and 
t h e  t r e n d  i s  f o r  a f u r t h e r  d e c r e a s e  t o  a 
s t e a d y  s t a t e  o f  h a l f  t o  two- th i rds  o f  t h e  
p l o t s  i n  t h e  l o w e s t  c l a s s  o f  1.80 t o  2.09 
and few i n  t h e  more d i v e r s e  c l a s s e s .  

FUTURE 

A f t e r  a h a l f  c e n t u r y  o f  o b s e r v a t i o n ,  
what can  be  e x t r a p o l a t e d  t o  t h e  f u t u r e ?  

The f o r e s t  r e p r e s e n t e d  by o u r  t r a c t s  
is mature .  Tha t  is, t h e  s t ems  o f  major  
s p e c i e s  have  now s t a b i l i z e d  a t  abou t  500 
p e r  a c r e ,  i n c r e a s i n g  some when a p e s t  
makes open ings  and l i k e l y  d e c r e a s i n g  
a g a i n .  The b a s a l  a r e a  o f  t h e  s t ems  h a s  
a l s o  s t a b i l i z e d  a t  a b o u t  100 f t 2  p e r  
a c r e .  Dry s i t e s  have a l a r g e r  p o p u l a t i o n  
and a s m a l l e r  b a s a l  a r e a ,  b u t  t h e  d i f f e r -  
e n c e s  a r e  s m a l l  and seem d e s t i n e d  t o  
remain s u r p r i s i n g l y  s m a l l .  

F i r e  removes s a p l i n g s  and t h u s  
encourages  ingrowth ,  b u t  a f t e r  a few 
d e c a d e s  its e f f e c t  is s l i g h t .  Defo l i a -
t i o n  and d rough t  have s c a r c e l y  d e t e c t a b l e  
e f f e c t s  a f t e r  a decade  o r  two. 

With t h e  p i o n e e r  s p e c i e s  l o n g  dead 
and t h e  minor s p e c i e s  r emain ing  minor ,  
t h e  f u t u r e  f o r e s t  seems c e r t a i n  t o  be 

' 	 dominated by a few major  s p e c i e s .  The 
d i v e r s i t y  o f  t h e  e n t i r e  f o r e s t  w i l l  
l i k e l y  c o n t i n u e  g r e a t ,  b u t  t h e  d i v e r s i t y  
o f  s m a l l  t r a c t s  w i l l  s u r e l y  be l e s s .  The 
s t e a d y  s t a t e s  p r e d i c t e d  from t r a n s i t i o n  
p r o b a b i l i t i e s  have p o p u l a t i o n s  dominated 
by maple ,  b i r c h  and minor s p e c i e s ,  b u t  
t h e  b a s a l  a r e a  seems d e s t i n e d  t o  be  domi- 
n a t e d  by maple ,  b i r c h  and oak.  New 
maples  and b i r c h e s  a p p e a r  b u t  o n l y  s l o w l y  
grow l a r g e  enough t o  c o n t r i b u t e  much 
b a s a l  a r e a  and t h e  l a r g e  o a k s  a r e  o n l y  
s l o w l y  removed by d e a t h .  
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COMMON A N D  SCIENTIFIC NAMES OF PLANTS 

MENTIONED I N  THIS BULLETIN 


Ash, w h i t e  -- F r a x i n u s  amer icana  
b l a c k  -- F. n i n r a  

Aspen, b i g t o o t h  -- Powulus n r a n d i d e n t s t a  
quak ing  -- 1. t r e m u l o i d e s  

Basswood -- T i l i a  amer icana  
Beech -- Fa u s-+prandifoliaB i r c h ,  b l a c k  -- B e t u l a  l e n t a  

y e l l o w  -- B. a l l e w h a n i e n s i s  
p a p e r  -- B. p a w v r i f e r a  
g r a y  -- B. p o w u l i f o l i a  

~ l u e b e e c h l-- Carwinus c a r o l i n i a n a  
B u t t e r n u t  -- J u n l a n s  c i n e r e a  
Cher ry ,  b l a c k  -- Prunus  s e r o t i n a  
C h e s t n u t ,  American -- Cas tanea  d e n t a t a  
Dogwood, f l o w e r i n g  -- Cornus f l o r i d a  
E l m ,  American -- Ulmus amer icana  
Hemlock -- Tsuaa c a n a d e n s i s  
Hickory ,  b i t t e r n u t  -- Carva c o r d i f o r m i s  

s h a g b a r k  -- C. o v a t a  

Loca l  name d i f f e r i n g  from L i t t l e  (1953)  
and Dayton,  1942) .  

Hickory ,  mockernut  -- C. t omentosa  
p i g n u t  -- C. a l a b r a  

Hophornbeam -- O s t r v a  v i r n i n i a n a  
L o c u s t ,  b l a c k  -- Robin ia  wseudoacacia  
Maple, s u g a r  -- Acer saccharum 

r e d  -- A. rubrum 
Oak, w h i t e  -- Q u e r c u s  a l b a  

c h e s t n u t  -- Q. p r i n u s  
r e d  -- 4, r u b r a  
s c a r l e t  -- Q. c o c c i n e a  
b l a c k  -- Q. v e l u t i n a  

Pepper idge  -- Nvssa s v l v a t i c a  
P i n e ,  w h i t e  -- P i n u s  s t r o b u s  
~ e d c e d a r  -- J u n i ~ e r u s  v i r n i n i a n a  
S a s s a f r a s  - - - S a s s a f r a s  a lb idum 
shadbush '  -- Amelanchier  a r b o r e a  
~ u l i ~ l-- L i r i o d e n d r o n  t u l i w i f e r a  
Wi tchhaze l  -- Hamamelis v i r ~ i n i a n ~  

o r  S t a n d a r d i z e d  P l a n t  Names (Ke l sey  
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