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The d i s t u r b i n g  i n c r e a s e  i n  a c r e a g e  of  abandoned 
l a n d  i n  the Cent ra l  S t a t e s  has  heightened i n t e r 3 s t  i n  t h e  
r e g i o n ' s  few r e n n a n t s  o f  o l d - g r o w t h  hardwood f o r e s t .  
S t u d i e s  a r e  being nade t o  d e t e r n i n e  what k i n d s  of t r e e s  
o r i g i n a l l y  grew on d i f f e r e n t  kinds of s o i l ,  what was t h e  
o r i g i n a l  cha rac te r  of the s o i l ,  how uany t r e e s  grew on an  
a c r e ,  and hov~ l a r g e  the t r e e s  rmre a t  z a t u r i t y .  

FIany of the  r e p u t e d l y  o r i g i n a l  f o r e s t  r e n n a n t s  i n  
Ohio: I n d i a n a ,  and I l l i ~ l o i s  were v i s i t e d  by t h e  w r i t e r  
d u r i n g  the sumer of 1930. Figure 1 represen t s  a  t y p i c a l  
old-grovrth s tand ,  the  Cox Lloods i n  Orange County, Indiana .  
Such remnants  were s c a r c e  even then .  Out of 50 s t a n d s  
v i s i t e d ,  only 22 were found t o  have been l i t t l e  d i s t u r b e d  
by c u t t i n g ,  f i r e ,  o r  g r a z i n g .  Most of  t h e  22 had been 
preserved f o r  pure ly  s e n t i a e n t a l  reasons.  Re la t ive  inac-  
c e s s i b i l i t y  before the ~ d v e n t  of' hard r s a d s  had saved a  few 
o l d  vroods f r o a  e a r l y  des t ruc t ion .  These stood f o r  a l o n g  
t ime because they were r a r i t i e s ,  b u t  i n  r e c e n t  y e a r s  t h e y  
have been c u t  one by  one u n t i l  t oday  v e r y  few remain.  
The b e s t  t i n b e r  probably  was c u t  e a r l y  i a  t h e  pe r iod  of 
whi te  s e t t l e m e n t .  L a t e r ,  many woods o f  b e t t e r - t h a n -  
average q u a l i t y  were p re  served  through p r i d e  of owner- 
s h i p .  J u s t  how much b e t t e r  t h a n  average t h e s e  r e n n a n t s  
were could n o t  be determined.  They were t h e  o n l y  possi-  
b l e  source  of  a r e c o r d  t h a t  can  never  be complete.  

The 22 widely s c a t t e r e d  old-growth f o r e s t  remnants 
d i f f e r e d  g r e a t l y  i n  t r e e  s p e c i e s  composi t ion .  I n  most 
c a s e s  two o r  three sgec ies  predominated; accord ingly ,  t h e  
s t a n d s  \yere grouped on t h e  b a s i s  of the  two o r  t h r e e  most 
p r e v a l e n t  s p e c i e s .  I n  t a b l e  1 t h e  f o r e s t s  a r e  ranked 
w i t h  r e f e r e n c e  t o  n o i s t n e s s  of  s i t e ,  f r o q  whi te  p ine  on 
d r y  s i t e s  t o  elm - ash - maple on wet s i t e s .  The f o r e s t -  
a s s o c i a t i o n  names used i n  t h i s  paper can e a s i l y  be c o r r e -  
l a t e d  wi th  o f f i c i g l l p  recognized types. 



Basal a r e a ,  o r  t h e  s u n  o f  t h e  c r o s s - s e c t i o n a l  
c r c z s  a t  b r e ~ s t  h e i g h t  of  a l l  t r e e s  1 i n c h  and more i n  
d l ~ l e t e r  on a n  a c r e .  v a r i e d  b e t ~ r e e n  106 and 185  s q u a r e  
feet, a v e r a g i n g  1 3 3  s q u d e  f e e t .  A s i n g l e  t r e e  h m i n g  
c, diLr3eter of  1 3  f e e t  w o ~ l d  approxi~ lc i te ly  e q u a l  i n  b a s a l  
a r z h  a l l  t h e  t r e e s  on a n  a v e n g e  a c r e  o f  v i r g i n  hardvrood 
f o r e s t .  O f  t h e  ave rage  b a s a l  a r e a  pe r  a c r e ,  139  squa re  
f e e t , - o n l y  1 3  s q u a r e  f e e t  vras i n  t h e  u n d e r s t o r y  and 126 
squa re  f e e t  ( ? 1  ~ e r c e n t )  was i n  t r e e s  1 2  inches  and n o r e  
i n  d i a n e t e r .  

Basal a r e a  n i g h t  r e a s o n a b l y  b e  e x p e c t e d  t o  v a r y  
g r e ~ t l y  w i t h  s o i l  m o i s t ~ r e  and topography, b u t  t he  l a r g e s t  
b a s a l  a r e a  i s  n o t  a lways  found on a o i s t  s i t e s .  P e l l o ~ r ~  
p o p l a r  is  found a t  i t s  b e s t  i n  c o o l ,  n o i s t ,  s h e l t e r e d  
coves  where t h e  s s i l  i s  d e e p ,  w e l l  w a t e r e d ,  and w e l l  
d r a i n e d ;  on up lands  i t s  g r o ~ ? ~ t h  r a t e  i s  l e s s ,  i t s  he igh t .  
and f o r n  p o w e r ;  on d r y ,  exposed ~plands i t  e i t h e r  does  
n o t  occu r  a t  a l l  o r  ~ e r e l y  p e r s i s t s .  .i d r y  s i t e  t h a t  
ircv-ild n o t  s u p p o r t  a  s t a n d  o f  a s h ,  y e 1 0  o r  and 
vralnut i s  o f t e n  c,phble o f  s u p p o r t i n g  a  good growth of 
p i n e .  The s i t e s  occupied by the  white pine s t ands  r e 2 r e -  
s e n t e d  i n  t,ble 1 probably uould not  h ~ v e  raet tile r e q ~ i r e -  
n e n t s  of  y e l l o ~ ~  p o p l a r ,  b u t  thcy  s u ~ p o r t e d  an  average of 
185 s c u a r e  f e e t  b a s a l  zirea of t i n b e r  p e r  a c r e ,  compsred 
w i t h  139 s q u a r e  f e e t  p e r  a c r e  i n  t h e  n i x e d  mesophy t i c  
s t a n d s  c o n t a i n i n g  y e l l o w  p o p l ~ r .  

=-ees j e r  Acre  ----- 
A c a s u u l  g l a n c e  t h r o u g h  a n  old-grovr th  hardwood 

s t and  s s ~ l e t i n e s  g i v e s  t h e  impress ion of l a r g e  n ~ q t b e r s  of 
4- broos b u t  u s u a l l y  an a c t u a l  count  shows t h a t  t h e  ntmber 
c e r  a c r e  i s  s n a l l .  I n  t h e  s t a n d s  o f  t y p e s  o t h e r  t h a n  
bite p i n e  snd  oak -- c h e s t n u t ,  d o x i n a n t  and codon inan t  
t .rees evuragcd 55 p e r  a c r e .  The average ntmber of i n t e r  
21edi;te and ove r topped  t r e c s  p e r  a c r e  i n  t h e s e  s t a n d s ,  
inc1udi:ig a l l  t r e e s  o.? t h e  u n d e r s t o r y ,  Ibras 2 2 2 .  The 
pine and osk - ches tnu t  s i t e s  had zaore t r e e s  of' l a r g e  size 
r ~ r  acre than any o t h e r  of the  s i t e s  exzzr9ined. 

Largest T r e e s  - --- - --- 

C n l y  one t r e e  more than 4 f e e t  i n  d i a m e t e r  was 
found i n  thc: 22 o l d - g r o w t h  woods--a  & ? - i n c h  b u r  oak .  
B 44-inch b lhck  w a l n u t  found i n  Turkey 3un  S t a t e  F a r k ,  
Ind , and a  kg - ixch  y e l l o v ~  p o c l a r  foun2  n e a r  H a v e r h i l l  
S t a t i o n ,  Oh io ,  were  u n i q u e  f o r  t h e i r  s p e c i e s  i n  t h i s  



s tudy.  Although t t A s  gurvey  d i d  n o t  i n c l u d e  a r i v e r -  
bottom f o r e s t ,  i t  i s  known t h a t  sycamore t r e e s  8 f e e t  
i n  d i m e t e r ,  f a i r l y  comon on river-bottom lands 40 y e a r s  
ago,  a r e  r a r e  now. The n a x i n u n  d i a m e t e r s  f o r  t h e  22 
ind iv idua l  vmods averaged 43 inches.  The g r e a t e s t  h e i g h t  
measured,  t h a t  of an  A n e r i c a n  elm i n  P a u l d i n g  County, 
Ohio, w a s  160 f e e t .  Mean h e i g h t  of do2inant  s t and  aver -  
aged 97 f e e t .  

Snec ies  Recorded 

Tree s p e c i e s  t a l l i e d  i n  t h e  o v e r s t o r i e s  o f  t h e  22 
woods t o t a l e d  41. The g r e a t e s t  average number of s p e c i e s  
f o r  any f o r e s t  type was 19. Table 2 s m a r i z e s  t h e  d a t a  
on s p e c i e s  d i s t r i b u t i o n ,  by f o r e s t  t y p e ,  of t h e  b a s a l  
a r e a  of t h e  22 s t a n d s .  I n  n e a r l y  every case  tyro s p e c i e s  
nade up the  g r e a t e r  p a r t  o f  t h e  t o t a l  b a s a l  a r e a  of  t h e  
dominant s tand.  The preponderant p a r t  of the t o t a l  b a s a l  
a r e a  was of 11 hardrrood s p e c i e s :  whi te ,  black,  r e d ,  and 
bur  oaks ,  white  a s h ,  red and sugar  n a p l e s ,  beech, syca- 
more, yellovr poplar . ,  and b l a c k  wa lnu t .  l l h i t e  p ine  was 
s c a r c e .  Chestnut, having been k i l l e d  by b l i g h t ,  rena ined  
o n l y  a s  s c a t t e r e d  sprouts .  

Densi ty  of Stands 

The popular  p i c t u r e  of v i r g i n  hardwoods i s  one of 
c l o s e d  canopy ,  d e n s e  s t a n d s  o f  l a r g e  t r e e s ,  and deep 
sh6de. This i s  a  t r u e  p i c t u r e  of sorie v i r g i n  woods, b u t  
n o t  of a l l .  Sone of  t h e  v i r g h  har&wood s t a n d s  of t h i s  
r e g i o n  were dense,  some were spa r se .  Many d r y  r i d g e s  on 
t h e  w e s t e r n  a a r g i n s  o f  t h e  r e g i o n  s u p p o r t e d  o n l y  v e r y  
open s t ands  of  scrubby t i n b e r .  E a s t  of t h e  M i s s i s s i p p i ,  
excep t  f o r  p r a i r i e  openings, t h e  f o r e s t s  were more dense 
and conta ined  l a r g e r  t r e e s .  Board-foot v o l m e  pe r  a c r e  
v a r i e d  g r e a t l y .  The 20 hardxwod s t a n d s  examined i n  t h i s  
s tudy  p r o b a b l y  were above t h e  a v e r a g e  of t h e  o r i g i n a l  
hardrt~ood s tands  i n  volune. Their  average volune p e r  a c r e  
was 20,890 board  f e e t ,  w h e r e a s  t h e  a v e r a g e  f o r  the  2 
whi te  p i n e  s t a n d s  was 30,500 board f e e t .  These board- 
f o o t  v o l u e s  were c a l c u l a t e d  on t h e  b a s i s  of t r e e  d i a -  
m e t e r s  and  dominan t  h e i g h t s ,  by  u s e  of  volume t a b l e s  
from v a r i o u s  s o u r c e s  

S o i l s  

The arrangeaent of f o r e s t  a s soc ia t ions  i n  o r d e r  of  
n o i s t n e s s  of s i t e  i n  t a b l e  1 d i s c l o s e s  r e l a t i o n s  between 
f o r e s t  a s s o c i a t i o n  and s o i l .  For  i n s t a n c e ,  t h e  whi t e  
p ine  and oak - c h e s t n l ~ t  p l o t s  were on Lordstovm s o i l  and 



Table 1,--Some o b s e r ~ a t i 6 n s  and measurements - on timber and soil -- of 22 old- .*. 

f o r e s t  remnants ---- -- 

--- 
0 * : Average t z e e s  p e r  a c r e  : 
8 D 0 
8 a : In ter - .  : B : In ter . .  : : ~ o e s r ~ e  

F o r e s t  ; "omminant:mediatea *Dominmt:mediate: All :heil&t 
~ s s o c i a t i o & /  :Stands : ,d co- : and :and co- : and 

t r e e s  :a$? &om- 
@ * 

* "Om :dominmt: over- 
'dominant :Over-* :classas : trees : inern t 

0 '3 
I :topped : . :topped : : s tmd 

Munber Ntmbe~ Humber Number S q . f t .  -- - Feet 
e.' * ,A 

White p i n e  2 1 ~ 3  225 408 174 11 100 

Oak.-ches t n u t  

Oak-hi ckory 

Oak .  h i  C ~ O P Y -  

yellow poplar  

Mixed meso.. 
p h y t i c  

- - - - - --- - - - - pv 

1/ Assoc ia t ions  a r e  l i s t e d  i n  order  of inc reas ing  rnoistnesa of tho sites on - 
whi ch they  were found , 



i 
-.'-we-- - - -. ! I  

-.-- ---- 
Volwe  per :  e f 'i O I 

acre of : Largest t ree C . :Average 
%pees 12 : e (I soil ;&ypes Averweedepth of 

inches  acd: t4 . repreself ke3 - - depth of IA1 soil 

larger in : s p e c i e s  i ~ i a n e t e r  : b i g h t  ' litter :horizon 
d b h ,  : 0 ? 

Board f e e t  Inches Feet - Inches Inches 

30 , 500 Eastern 32 106 Dubuque s i l t  l o a n  0 4 1 0  
whi t e Lor&stom si l t  loan  
p i n e  

25, '300 Whf t e  
oak 

124 Muskxngum silt 1-am 
Lardstown silt Eoam 

22,900 Bur 49 82 Mefgs silt loan 
oak Dubuque silt loan 

Clarion silt  loam 

16,700 White 45 98 Avonburg silt loam 
oak Canfield sf l t  foam 

Avonburg s z i  t Porn 

19 , 7 0  Beech 37 '02 Crosby s i l t  loan 
Cincinnat i  s i l t  loan 
Griffin sandy loam 

24,500 Yellow 48 152 hskfrgum sandy loam 
~ 0 ~ 1 -  Bainbridge silt loan 

Orleans silt loam 
Ava silt loam 

21,100 Black 44 130 P l a i n f i e l d  sand 
aalnu t G e n e ~ e e  s i l t  loam 

Bra t ton  silt loam 

14, SO0 American 48 160 Fulton s i l t  foam - 2  
elm 

3.0 
Clyde s i l t y  clay loam 





r i d g e  phases of Muskinguu and Dubuque soils--811 d r y  s o i l  
t y p e s ,  r a p i d l y  d r a i n e d .  The elra - a s h  - n a p l e  t y p e ,  a t  
t h e  o the r  end of t h e  s c a l e ,  was on Ful ton  and Clyde s o i l s ,  
vrhich had  c o n p a r a t i v e l y  h i g h  r r a t e r  t a b l e s .  The mixed 
n e s o p h y t i c  t y p e  o c c u r r e d  o n  PLainf  i e l d ,  Genesee,  and 
B r a t t o n  s o i l s ;  of t h e s e  t h e  f i r s t  two a r e  deep ,  n o i s t  
o l d  lake-bed and s t ream-ter race  s o i l s ,  t h e  t h i r d  a  we l l -  
d ra ined  l i a e s t o n e  r e s i d u a l  uplsnd s o i l .  The oak - h i c k o r y  
and oak - beech f o r e s t  a s soc ia t ions  occurred on s o i l s  n o t  
q u i t e  so  r a p i d l y  drained end d r y  a s  the  L o r d s t o ~ ~ ~ n ,  i n t e r -  
mediate  i n  dra inage  and ox ida t ion .  Stands of the  beech- 
n a p l e  f o r e s t  tyge ,  with one except ion,  were on more s lowly  
d r a i n e d  s o i l s  l i k e  Crosby and G r i f f i n .  The s o i l - f o r e s t  
type  r e l a t i o n s  d e f i n e d  a r e  b r o a d ,  and t h e r e  v?as some 
over l app  i n g  . 

The f o r e s t  s o i l s  e x a n i n e d  were  n o t  a l l  m o i s t ,  
deep , black, and mellow; some were gray,  shallow, and d r y  . 
An i n c r e a s e  i n  depth  of t h e  darkened upper l a y e r  ( t h e  A1 
s o i l  h o r i z o n )  f r o n  d r y  t o  n o i s t  s i t e s  i s  d i s c l o s e d  by 
t a b l e  I. Dark c o l o r  and xe l lowness  of the  s u r f a c e  s o i l  
g e n e r a l l y  denote  f e r t i l i t y ;  i n  cons ide rab le  degree ,  t h e  
dep th  t.o which a  s o i l  i s  colored by organic d e b r i s  c l a s s i -  
f i e s  it f o r  f o r e s t  t y p e .  It does  n o t ,  hovrever, always 
i n d i c a t e  t h e  q u a n t i t y  o f  wood t h e  s o i l  w i l l  produce. 
Coaparison of base l  a r e a s  on the  d r y  and the  n o i s t  s i t e s  
c o n t r a d i c t s  any  a s s u m p t i o n  t h a t  s o i l s  r i c h  i n  o r g a n i c  
l i lat ter  are- always s u p e r i o r  i n  t h i s  r e s p e c t .  S o i l  under 
e l n ,  a s h ,  a a p l e , .  ye l low p o p l a r ,  o r  vralnut was i n  soae 
i n s t a n c e s  blackened and enr iched  by o rgan ic  m a t t e r  t o  a  
dep th  of 6 o r  8 i n c h e s ,  whereas t h a t  on soze d r y  s i t e s  
suppor t ing  p i n e  o r  d r y  oaks  was g r a y  a lmos t  t o  t h e  sur- 
f a c e ;  but n a t u r a l  a d a p t a t i o n  of t r e e  s p e c i e s  t o  vary ing  
degrees  of s i t e  d ryness  tended t o  nake y i e l d s  conparable .  

L i t t e r  i s  t h e  p r i ~ c i p c l  source  of o rgan ic  m a t t e r  
i n  t h e  s o i l ,  hence i t s  q u a n t i t y  i s  i n p o r t a n t .  L i t t e r  
depths  p r e s e n t e d  i n  t a b l e  1, t a k e n  i n  l a t e  s m e r ,  a r e  
averaged by f o r e s t  a s s o c i a t i o n .  Ten measurenents  were 
taken  on each  s m p l i n g  a r e a .  For i n s t a n c e ,  t h e  f i g u r e  
f o r  oak - hickory - yellovr pop la r  woods, C. 5 inch ,  i s  t h e  
average of  40 measurements  -  10 on each of  four plots .



I n f i l t r a t i o n  ----- 
E r o s i o n  was p r a c t i c a l l y  a b s e n t  f r o n  t h e  v i r g i n  

vroods. I n t e r l a c i n g  r o o t s  held the  s o i l ,  and l i t t e r  pro- 
t e c t e d  it f r o n  su r face  d i s tu rbance .  As a r e s a l t  of s o i l  
s u r f a c e  p r o t e c t i o n  51 porous s t r u c t u r e  developed,  u h i c h  
pe r i l i t t ed  r a c i d  hhsorpt ion of r a i n f a l l .  The v i r g i n  f o r -  
e s t  s o i l s  had very h igh ly  developed p o r o s i t y ,  and t h e r e -  
f o r e  g r e a t  capaci t j -  f o r  absorbing r a i n f a l l .  High growth 
r a t e s  were asde  p o s s i b l e  by l a r g e  q u a n t i t i e s  of s o i l  water. 
When f o r e s t s  were c l e a r e d  and  t h e  s o i l  c ~ l t i v t t e d ,  a 
l a r g e  p a r t  of  t h e  v i r g i n  s o i l  p o r o s i t y  was l o s t .  The 
s i t e s  becane d ry  because the  s u r f a c e  s o i l  no longer  was 
e a s i l y  p e n e t r i t e d  by r a i n f a l l .  The d i f f e r e n c e  i n  i n f i l -  
t r a t i o n  r s t e  i s  i l l u s t r a t e d  i n  f i g u r e  2. I n  an e x t e n s i v e  
s e r i e s  of  t e s t s  f o r e s t  s o i l  a t  1 - i n c h  d e p t h  absorbed 
water  about 50 t i z e s  a s  fsst  a s  ad jacen t  f i e l d  s o i l .  At 
3-inch d e p t h  t h e  r a t e  was 1 4  t i n e s  t h a t  of f i e l d  s o i l .  
Even 8 inches  beloxi t h e  sur face  t h e  r a t e  f o r  f o r e s t  s o i l  
was more than twice t h a t  f o r  f i e l d  s o i l .  These conpar i -  
sons e ~ p h a s i z e  the  szper ior  poros i ty  of old-growth f o r e s t  
s o i l ,  

Old-growth f o r e s t  s tands a re  exceedingly s c a r c e  i n  
t h e  c e n t r a l  htxdvrood r e g i o n .  K o s t  of  t h o s e  r e i l a in ing  
i n  t h e  region have been >reserved f o r  s e n t i q e n t a l  r e a s o n s .  
A s tudy of 22 old-grorrth s tands was; nade i n  1930 i n  Ohio, 
Ind iana ,  and I l l i n o i s .  

llhen the 22  s t ands  were grouped i n t o  e i g h t  f o r e s t  
a s s o c i z t i o n s  and ranged i n  order  of  i n c r e a s i n g  mois tness  
of t h e i r  s i t e s  f r o n  v ~ h i t e  pine t o  e l n  - a s h  - maple,  i t  
was found t h a t  basa l  a r e a  was g r e a t e s t  on the  two d r i e s t  
s i t e s  and t h a t  dep th  of ii1 s o i l  h o r i z o n  i n c r e a s e d  w i t h  
mois tness  of s i t e .  L i t t e r  d e s t k  was f a i r l y  uniforill f o r  
a l l  f o r e s t  t y 2 e s ;  a t  i t s  annua l  x i n i z u n ,  i n  August,  i t  
averaged l e s s  t h a n  0 . 5  i n c h .  The b a s a l  a r e a s  of t h e  
22 s t a n d s  averaged 139 square f e e t  pe r  a c r e ,  of which 91 
percent  was i n  the ovzrs tory .  On the  average,  i n  s t a n d s  
of types  o t h e r  than  whi te  pine and oak - c h e s t n u t  t h e r e  
were 55  t r e e s  p e r  a c r e  i n  t h e  o v e r s t o r ~ r  and 222 i n  t h e  
u n d e r s t o r y .  The l t r g e s t  t r e e  found  was 49 i n c h e s  i n  
diacieter ;  the t a l l e s t ,  160 f e e t  high.  A t  depths of 1, 3 ,  
tind 8 i n c h e s ,  r e s p e c t i v e l y ,  t h e  old-grovrth woods s o i l  
absorbed water 56, 14, a:ld 2 t i n e s  a s  fsist a s  conparable  
f i e l d  s o i l s .  
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