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A s  F a c t o r s  I n  M a n a g i n g  T i m b e r  

I n  T h e  A n t h r a c i t e  R e g i o n  

by Miles J. Ferree 

i t b m r l  y Silviculturist 
Northeastern Forest Merirnent Stat ion 

Timberland owners i n  t h e  Anthracite Region of Pennsylvania 
frequently ask: ' f ia t  t r e e  species grow bes t  i n  t h e  region? How la rge  
should they be grown? Hopi should we t r e a t  them t o  g e t  t h e  most out  of 
them? 

There i s  no f i n a l ,  complete answer t o  these  quest ions.  But the  
data  i n  t h i s  repor t  may be useful  a s  a guide i n  handling the  21 main 
s p e c i e s u  t h a t  grow i n  the  Anthracite Region. 

These .data were gathered i n  a recent  survey of t h e  condit ion of 
t h e  f o r e s t s  i n  the  Anthracite  Region, during which over 11,000 t r e e s  on 
163 sample p l o t s  were s tudied.  Future records of a c t u a l  performance 
w i l l  serve t o  r e f i n e  these  f i r s t  est imates.  

This information w i l l  serve the  needs of  f o r e s t  research workers 
who a r e  i n t e r e s t e d  i n  in tens ive  s tud ies  of f o r e s t  growth and y ie lds .  
For the  timberland owner and the  p r a c t i c a l  f o r e s t e r ,  t h e  f indings  have 
been condensed i n t o  averages t h a t  they can r e a d i l y  use t o  f i n d  the  
answers t o  quest ions l i k e  these:  Should a t r e e  be .cut  now? Is  it worth 
while t o  wai t  1 5  years before c u t t i n g  i n  the  hope of g e t t i n g  a g r e a t e r  
volume of lumber? O r  w i l l  t h e  t r e e  be f u l l  of r o t  by then? Which 
species should be favored? 

I n  developing t h i s  information about t h e  timber t r e e s  of t h e  

' 3 conifers--eastern hemlock, eas te rn  white pine,  p i t c h  pine-- 
and 1 8  hardwoods: red maple, sugar maple, white ash, basswood, American 
beech, t rembling aspen, black cherry, yellow bi rch ,  black birch,  white 
oak, chestnut  oak, eas te rn  red oak, northern red  oak, s c a r l e t  oak, black 
oak, yellow poplar, pignut hickory, and mockernut hickory. 



Anthracite Region, three  of the  most important s i l v i c u l t u r a l  f a c t o r s  i n  I) 
managing f o ~ e s t s  were considered: growth, c u l l ,  and morta l i ty .  These 

* 
f a c t o r s  a r e  espec ia l ly  important-when the  s e l e c t i v e  method of timber 
harves t ing i s  t o  be used. Their r e l a t i o n  t o  t r e e  development a s  it 
v a r i e s  with species,  s i t e  qua l i ty ,  and stand s i z e  must be thoroughly 
understood before forest-management p rac t i ces  can be prescribed. 

GROWTH 

DImTER GROWTH 

No two species show exact ly  t h e  same groxth p a t t e r n s  ( t a b l e s  5 
and 6) .  The most i n t o l e r a n t  trees--yellow poplar ,  black cherry,  and 
red oak--have t h e  highest  growth r a t e s ,  but they reach t h e i r  peaks a t  
an e a r l y  age. 

Average diameter growth increases  a s  t r e e  diameter increases ,  up 
t 0 . a  culminating point;  then t h e  t rend reverses.  These peaks of 
average growth ind ica te  t h e  s i z e s  a t  which t r e e  v igor  s t a r t s  t o  diminish . 
with age. Average volume growth, however, continues t o  r i s e  f o r  a 
shor t  time a f t e r  diameter growth begins t o  slow down. 

The points  where growth culminates vary considerably among 
species,  depending upon t h e  ind iv idua l  c h a r a c t e r i s t i c s  t h a t  control  
longevity. Red oak, f o r  example, grows rapidly  i n  t h e  younger s tages ,  
but culminates a t  an e a r l y  age. White oak, on t h e  o ther  hand, shows 
no culmination point  wi th in  the  limits of our data.  This confirms the  
f indings  of ~ t e r r e t t  .d 

The growth of an individual  t r e e  i s  influenced d i r e c t l y  by t h e  
stand-size c l a s s  of the  f o r e s t  i n  which it grons. When t r e e s  a r e  
crowded together they must compete with each other ,  and growth i s  
slowed. This e f f e c t  can be seen read i ly  by comparing t r e e s  of the  same 
s i z e  i n  the  d i f f e r e n t  stand-size c lasses .  For example, a 5-inch t r e e  
i n  a seedling-and-sapling stand w i l l  grow f a s t e r  than a F i n c h  t r e e  i n  a .  
pole-timber stand; and both w i l l  grow f a s t e r  than a 5-inch t r e e  i n  a 
saw-timber stand.2/ I n  young f o r e s t s ,  stems having diameters 4, 5, o r  

2/ S t e r r e t t ,  We D. The oaks of eas te rn  United S ta tes :  t h e i r  
d i s t r i b u t i o n  and commercial importance. 1921. (unpublished ms.  , 86 pp. 
Northeast. Forest  ESipt. S ta . ,  Anthracite Area Branch, Kingston, Pa.) 

2/ The standards used a r e  a s  follows: A saw-timber stand has a 
minimum of 2,000 board f e e t  per  acre ,  of con i fe r s  9 inches d.b.h. and 
l a r g e r ,  and of hardwoods 11 inches d.b.h. and l a rge r .  A pole-timber 
stand has a minimum of 5 cords per  acre ,  of t r e e s  4 inches d.b.h. and 
l a r g e r ,  but l e s s  than 2,000 board f e e t  i n  saw-timber s ized t r ees .  A 
seedling-and-sapling s tand has l e s s  than 5 cords p e r  a c r e  of t r e e s  
4 inches d.b.h. and l a rge r .  * I ,  



6 inches have dominant 
pos i t ions ,  wi th  ample 
room f o r  developing 
t h e i r  crowns, I n  o lde r  
s tands  t r e e s  of t h i s  
s i z e  become crowded; 
o f t en  they a r e  over- 
topped and suppressed. 
I n  f igure  1 t h e  annual 
r i n g  p a t t e r n s  show how 
t h e  stand s i z e  a f f e c t s  
growth . 

The s i t e  a l s o  has 
a d i r e c t  e f f e c t  on t r e e  
growth. I n  general,  
diameter growth of a l l  
species i s  higher on 
s i t e  I than on s i t e  11, 
and the  culmination 
points  a r e  i n  higher 
diameters. 

S i t e  I condit ions 
a r e  found i n  moist,  we l l  
drained coves o r  on low- 
e r  s lopes;  here dominant 
and co-dominant hard- 
woods produce 3 o r  more 
&foot logs  (con i fe r s  
3& o r  more) i n  mature 
s tands ,  S i t e  I1 
condit ions a r e  found on 
slopes between r idges  
and coves, o r  i n  poorly 
drained bottom-lands, 
where dominant and 
co-dominant hardwoods 
produce 2 t o  2$ 16-foot 
logs  (con i fe r s  2h t o  3) 
i n  mature stands,  

Figure 1. --Annual r ings  
i n  these  c ross  sec t ions  
from th ree  t r e e s  show 
how s tand s i z e  a f f e c t s  
growth. 

In - t imber stand 

4 
hes 
3. h. 

In s a w - t i m b e r  stand 



VOLUME GROWTH 

Volume growth ( t a b l e s  7 and 8) was computed from diameter growth 
r a t e s  ( t a b l e s  5 and 6). These were converted t o  cubic-foot volume 
increment by applying appropriate volume tables .  

~ a t u r a i . 1 ~  these  da ta  r e f l e c t  the  t rends  shown by diameter growth. 
The ch ie f  d i f ference  i s  the  diameter a t  which growth f o r  t h e  various 
species  culminates.. The g r e a t e s t  r a t e  of diameter growth f o r  near ly  
a l l  species  was found i n  t r e e s  l e s s  than 24 inches i n  diameter. . When 
expressed i n  terms of cubic-foot volume, these  peaks a r e  n a t u r a l l y  some- 
what higher, a s  l a r g e  t r e e s  require  l e s s  diameter growth 'to produce an 
equal amount of cubic volume. Because of t h e  immense importance of 
q u a l i t y  increment, species of high value--black cherry,  white ash, white 
pine, sugar maple, and yellow 'poplar--can be p r o f i t a b l y  held f o r  1 0  t o '  
20 years  beyond volume growth culmination, unless they show evidence of 
decay, 

TREE VIGOR AND GROWTH 

How can the  f h s t e s t  growing t r e e s  be i d e n t i f i e d ?  The s i z e  and 
dens i ty  of t h e  functioning crown i s  so c l o s e l y  corre la ted  wi th  growth 
t h a t  it can be used a s  a c r i t e r i o n  i n  c l a s s i f y i n g  t r e e s  i n t o  broad 
vigor  c lasses .  

The vigor  c a s s i f i c a t i o n s  used here a r e  s imi la r  t o  those  used by Y Hough and ~ a ~ l o r 5  f o r  Allegheny northern hardwoods. Four v igor  
c l a s s e s  a r e  recognized: 

1. Trees usually dominant o r  co-dominant, having l a r g e  dense 
crowns usual ly  hal f  exposed, and a healthy and t h r i f t y  
appearance; no s t a g  heads. o r  dead Limbs, no s ign  of d b e a s e .  

2. Trees o f t en  co-dominant, having l e s s  dense crowns, l e s s  
than hal f  exposed; f r e e  from disease  o r  mechanical break- 
age; no old-age stagnation. 

3. Trees having small dense crowns, t i p s  barely exposed. 
Generally poorer than c l a s s  2. 

Burnham, C .  F., Ferree, M. J., and Cunningham, F. E. S i t e  
c l a s s  volume t a b l e s  for merchantable timber i n  t h e  Anthracite  Region of 
Pennsylvapia. Northeast . ,Forest  Q t .  Sta.  ForestManagementPaper3.  
1 6  pp. ( ~ r o c e s s e d )  . 1946. 

5/ Hough, A .  F a ,  and Taylor, R. F. Response of Allegheny 
northern hardwoods to p a r t i a l  cut t ing .  Jour . Fores t ry  44: 30-38. 1946. 



\ 

4. Trees under obvious handicaps such a s  severe suppression; 
may be injured, diseased, o r  stagnated. . \  

X I) 

A t r e e ' s  growth ra te  depends primarily on i t s  vigor ( table  9). 
A s  vigor decreases there i s  a constant and s ignif icant  drop i n  growth 
rate.  , 

# 

Within the four vigor classes,  the growth r a t e  var ies  with 
species and s i t e  quality. To show how vigor a f fec t s  growth, species 
tha t  have.similar growth rates  i n  each vigor c lass  have been grouped 
together (table 9). These groupings a re  d i f fe ren t  fo r  each fores t  
s i t e .  For example, vigor 1 yellow poplar heads the l i s t  f o r  growth on 
s i t e  I; but on s i t e  I1 black cherry does best, and yellow-poplar comes 
third.  

6/ CULL- - 

For most s ecies  the proportion of c u l l  increases with t r e e  s ize  
(tables 10 and 11 7 . T h i s  relationship, however, i s  not s t r i c t l y  one 
between diameter and cul l .  Since large t r e e s  a re  usually older and 
have been subjected t o  a greater number of f i r e s  and other in jur ies ,  age 
a lso  has a bea.ring on the amount of cu l l .  

Aspen, white ash, and black cherry a r e  exceptions t o  the general 
trend. I n  the lower diameter c lasses  these species show a decrease i n  \ 

c @ l  percentages a s  t r e e  s ize  increases. 1n the  higher diameters the 
reverse occurs and they assume trends similar t o  those of the other  , 
species. The mortali ty ra tes  ( tables  12 and U) explain this behavior. 
The smallest sized t r ees  of these species, because of t h e i r  inkoleranee 
t o  shade, show high ra tes  of natural  dying. Evidently the t r ees  that I 

succumb a r e  defective. The few surviving ones a t t a i n  dominant posi- 
t ions i n  the  stands and show l i t t l e  decay u n t i l  natural  crowding again 
occurs when the  stems become older. From this point on there i s  a 

. normal increase i n  c u l l  percentages with increase i n  size. t 

The proportions of defect vary considerably by groups of species. 
These differences may be due t o  differenoes i n  suscept ib i l i ty  t o  'decay, 

' 

?/Cull was estimated according t o  methods outlined by Spaulding, 
Hepting, and Westveld ( ~ e v i s e d  suggestTons for  estimating c u l l  i n  north- 
ern hardwoods; Northeast. Forest Expt. Sta. Tech. Note 14, 3 pp., 1934) 
and by W. M. Z i l l g i t t  (A  quick method of estimating c u l l  i n  northern 
hardwood stands; Lake States  Forest Expt. Sta. Tech, Note 225, 1 p. ,  
19M). ' \  



. o r  by c e r t a i n  species1  having experienced s i m i l a r  mechanicdl i n j u r i e s  o r  1, 
damage from f o r e s t  f i r e s .  Black and yellow birch.  American. beech, red * 
maple, and trembling aspen a r e  very suscept ib le  t o  decay, and contain 
high proportions of defect ive  volume, regardless of where they occur. 

I 

Trees of the  same s i z e  have a higher percentage of defect ive  
mate r i a l  i n  saw-timber s tands  than i n  younger s t ands ,  l a r g e l y  because of  

L 
( g r e a t e r  age and decreased vigor. 

I n  general,  t r e e s  on s i t e  I1 show a higher percehtage of de fec t  
than those on s i t e  I. Again t h e  d i f ference  i s  a t t r i b u t e d  t o  t h e  e f f e c t  
of age. On t h e  b e t t e r  s i t e s  t r e e s  grow f a s t e r ;  therefore  individuals  ' 

of t h e  same s i z e  a r e  younger on t h e  good s i t e  than those on t h e  poorer 
s i t e s .  The di f ference  i s  more pronounced f o r  some species than f o r  
others.  , * 

I Mortal i ty r a t e s  a r e  high f o r  small t r e e s ;  they d r o c a s  the  stems 
increase  i n  s i z e  ( t a b l e s  12 and 13).  This t rend holds true--to the  

' limits of t h e  co l l ec ted  data--for a l l  species  except aspen. T h i s  
species shows an increase  i n  mor ta l i ty  a f t e r  reaching the  9- a ~ d  6-inch 
s i z e s  on s i t e s  I and 11 respectively.  A t  these s i z e s  the  r a t e s  of 
n a t u r a l  dying increase ,  s ince  aspen i s  a r e l a t i v e l y  short- l ived species. 
It f a l l s  v ic t im t o  competition and t o  a t t a c k s  by diseases  and i n s e c t s  a t  
an e a r l y  age, Simi lar  reverse t rends  i n  t h e  mor ta l i ty  r a t e s  hold t r u e  s 

- f o r  a l l  species,  but a s  most of them a r e  longer-lived the  tu rn ing  point  
i s  a t  diameters wel l  above t h e  12-inch d.b.h, c l ass .  

Death r a t e s  vary g r e a t l y  by species. Trees t h a t  a r e  ab le  t o  
survive i n  dense shade, such a s  beech, sugar'maple, and hemlock, show 
t h e  lowest mort@ity ra tes .  

0 

Mortal-ity r a t e s  f o r  a given species may vary considerably by 
f o r e s t  s i t e  and stand-size c lasses ,  The influence of both these  fac- 
t o r s  i s  r e l a t e d  t o  the  a b i l i t y  of d i f f e r e n t  t r e e  species t o  endure 
shade. The i n t o l e r a n t  species--yellow poplar, black cherry,  and '? 

aspen--experience l e s s  mor ta l i ty  when growing on s i t e  I1 than on s i t e  I. I 

For t h e  shade-tolerant t r e e s  the  reverse i s  t r u e ,  This behavior 
r e f l e c t s  the  severe competition the  i n t o i e r a n t  species  encounter on t h e  
b e t t e r  s i t e s  with densely stocked stands, and the  hardships they undergo 
i n  t h e i r  s t ruggle  f o r  establishment. For example, t h e  e f f e c t  of hard- 
wood competition on white pine establishment i s  i l l u s t r a t e d  by t h e  high. 
mor ta l i ty  of white pine i n  t h e  s i t e  I seedling-and-sapli~g stand. The 
i n t o l e r a n t  species show an  increase  i n  mor ta l i ty  r a t e s  a s  stands pro- 
gress  from t h e  seedling-and-sapling stage t o  t h e  saw-timber stage. 
Tolerant  species, being l e s s  s e n s i t i v e  t o  competition, show an opposite 
t rend.  

* 
\ 



a PRACTICAL APPLICATION 

The fores t  research worker who i s  interested i n  intensive studies 
of forest  growth and yields  w i l l  find tabular data on growth, cu l l ,  and 
mortali ty a t  the end of t h i s  report. 

For timberland 
owners and prac t ica l  
foresters  the s i p  Table 1.--When a v e r a p  t r e e  growth 
n i f ican t  findings of 
the study have been reaches i t s  peakl/ 
boiled down i n t o  t 

averages tha t  they 
can apply t o  
prac t ica l  problems * of fores t  management 
and harvest cutting. 
These average 
figures w i l l  not 
necessarily give 
accurate resu l t s  for  
individual t rees ,  
but fo r  groups of 
t r ees  they should be 
reasonably close t o  
the t rue values. 

For each 
species, these 
average figures 
provide a guide 
a s  t o  when- t r e e  
growth reaches i t s  
peak ( tab le  1) .  
They a l so  t e l l  the 
diameter a t  which 
c u l l  generally 
exceeds 10 percent 

Species 

Inches Inches 

Eastern white pine 24 + 22 
Eastern hemlock 24 + l-4 
Red oak 18 18 
White oak 24 + 24 + 
Sugar maple 24 18 
Red maple 16 16  
Hickory 18 12 
American beech 16 16  
Yellow birch 14 (&'I 
Black birch 16 14 
Yellow poplar 18 -- 
White ash 18 + 18 + 
Black cherry 16 14 + 
Basswood 22 18  + 
Trembling aspen 10 8 
Black oak -- 16 
Chestnut oak -- 20 

L i 

of the  cubic-foot Although some species show no decline 
volume ( tab le  2). i n  volume growth ( tables  7 and 8),  develop- 

ment of c u l l  indicates  these diameters t o  
These can be approximately correct. 

be useful i n  Poor r i sk  on s i t e  11. 
answering another 
important question : 
A t  what s ize  should 
t r ees  of a cer ta in  
species be cut? ( tab le  3 ) .  These s izes  a re  the s izes  t h a t  w i l l  y ie ld  I * the best cash return. It w i l l  pay t o  l e t  t r ee s  grow t o  these sizes. 

Deb. h. a t  which average 
10-year growth i n  cubic 
f ee t  s t a r t s  t o  decline 

S i t e  I S i t e  I1 



Table 2.--Size a t  which c u l l  exceeds But i f  they a r e  not 
harvested when they 

10 percent of volume a t t a i n  these s izes ,  
disease and in ju ry  
and other  c u l l  
f ac to rs  w i l l  begin 
t o  reduce t h e i r  
value seriously,  It 
i s  l i k e  harvesting 
a f r u i t  crop such as 
apples : you wait 
u n t i l  they a r e  ripe 
before you harvest 
them, but i f  you 
wait too long they 
w i l l  begin t o  go 
bad. 

D 

Species 

The r e l a t i ve  
stumpage values of 
the  species, based 
on recent pr ices ,  
a r e  a guide not only 
f o r  harvesting 
timber f o r  sa le ,  but 
a l s o  f o r  deciding 
which t r e e s  w i l l  be 
the  r e a l  cash crop 
of the future  and 
should be favored 
over the others i n  
the  management of 
the  woodland. 

I n  general,  species t h a t  a r e  highly susceptible t o  c u l l  o r  
culminate i n  growth r a t e  a t  an ea r ly  age should be harvested while they 
a r e  qu i t e  small. I f  they have no specia l  market value, they should be 
discriminated against  i n  favor of species of higher value. This 
emphasizes the  importance of improvement cut t ings  t h a t  would not only 
salvage much decaying timber, but would a l s o  serve a s  thinnings t o  
increase growth r a t e s  on the  remaining t rees .  The morta l i ty  data 
( t ab l e s  12 and 13) may be helpful  i n  determining which species suf fe r  
greates t  losses  from competition and require release f o r  best  survival. 
Young white pine, f o r  example, must be .kept f r ee  from hardwood compet- 
i t i o n  f o r  bes t  growth. 

Inches Inches 

Eastern white pine 21  18 
Eastern hemlock 21 14 
Red oak 19 18 
White oak 19  19 
Sugar maple 18 14 
Red maple 9 9 .  
Hickory 19 13 
American beech 9 9 
Yellow birch 16  --. 

Black birch 9 5 
Yellow poplar 21 -- 
White ash 19 18 
Black cherry 21 20 
Basswood 19 10 
Trembling aspen 14  12 
Black oak -- 

-- 19 
Chest nut oak 12 

D.b,h. at  which c u l l  
exceeds 10  percent of 
t o t a l  cubic-foot volume 

A l l  des i rable  species t ha t  a r e  qu i te  r e s i s t an t  t o  decay and a r e  
not removed i n  a thinning operation should be held a t  l e a s t  u n t i l  they 
reach the  peak of t h e i r  growing capacit ies.  Financially it pays. For 

S i t e  I S i t e  I1 



example, red oak 
i s  a t  present Table 3.--When t r e e s  should be cu t  

The above comparison does not make allowance f o r  the  increase i n  
stumpage pr ice  t h a t  accompanies increase i n  s i z e  of most stems. For 

. hardwoods under 16  inches it i s  estimated t h a t  over half  of t h e i r  t o t a l  
lumber y i e ld  i s  i n  No. 2 o r  No. 3 Common boards. Larger t r ee s  y i e ld  
a greater  proportion of high-grade lumber. 

being cu t  f o r  
sawlogs when it 
reaches about 12 
inches d.b.h., o r  
approximately 65 
years old i n  an  
unmanaged stand 
on s i t e  I. 
Such a t r e e  
contains a vol- 
ume of 70 board 
f e e t  (1/4-inch 
in te rna t iona l  
scale).  A t  an * assumed stumpage 
value of $10 per  
thousand board 
f ee t ,  it i s  
worth 70 cents. 
A t  95 years, the 
age a t  which it . 
should be cut,' 
the t r e e  w i l l  be 
20.5 in-ches i n  
diameter and 
w i l l  contain 
385 board f e e t  
of lumber worth - 
$3.85. Thus, 
by holding 
12-inch red oak * t r e e s  f o r  30 years t h e i r  value can be increased more than five-fold. 

Species 

Inches Inches 

Eas t e rnwhi t ep ine  High 26 22 
Eastern hedock Low 22 14 
Red oak Moderate 20 18 
White oak High 24 20 
Sugar maple High 22 1 8  
Red maple Low 14 12 
Hickory Moderate 20 14 
American beech Low 14 12 
Yellow birch High 18 -- 
Black birch Moderate 14 12 
Yellow poplar High 24 -- 
White ash High 22 18  
Black cherry Very high . 20 18 
Basswood High 22 16 
Trembling aspen Low 12 10 
Black oak Moderate -- 18 
Chestnut oak Moderate -- 16 

Relative 

value 

# 

Approximate d. b. h. 
a t  which t r e e s  
should be cut  t o  
get  best  re turns  

S i t e  I S i t e  I1 



of years  required t o  grow each species t o  i t s  matur i ty  s i z e  i n  
unmanaged stands ( t a b l e  4 ) .  I n  t h i s  ca lcu la t ion  5 t o  10 years  were 

* 
added t o  allow f o r  the  time required t o  reach b reas t  height.  Vigor- 

Table 4. --How management a f f e c t s  growth 

Eastern white pine 135 110 130 115 
Eastern hemlock 120 100 80 70 
Red oak 95 85 115 100 
White oak 145 110 155 125 
Sugar maple 125 105 135 105 
Red maple 90 70 95 
Hickory 

65 
125 115 150 120 - 

American beech 110 85 105 80 
Yellow bi rch  115 100 -- -- 
Black b i rch  85 75 80 -- 65 
Yellow poplar  95 90 - 
White ash  130 105 130 100 
Black cherry 100 90 115 85 
Basswood 120 110 115 75 
Trembling aspen 60 55 60 -- - 55 
Black oak 1x5 100 
Chestnut oak -- -- 110 85 

Species 

c l a s s  growth r a t e s  made i t  poss ib le  t o  approximate the  length  of time 
required t o  grow it t o  maturi ty under management. It was assumed t h a t  
t r e e s  t r e a t e d  properly could be kept growing a t  a vigor  2 ra te .  

* 
Years t o  grow t o  c u t t i n g  s i z e  

S i t e  I 

I n  un- 
managed 
s tands  

S i t e  I1 

I n  
managed 
stands 

I n  un- 
managed 
s tands  

I n  
managed 
s tands  



TABULAR DATA 

Detailed data developed i n  t h i s  study of gr&vth, cu l l ,  and 
mortali ty a re  presented i n  the tables  t h a t  follow. These data a r e  f o r  
both s i t e  I and s i t e  I1 conditions. They include the following: 

Ten-year diameter growth of t r ees  i n  natural  stands. 

Volume increment f o r  the l a s t  10 years, i n  cubic feet .  

Average 10-year diameter growth rates.  

Cull factors  f o r  t rees  growing i n  natural  stands. 

Ten-year mortality. 

The average maturity s izes  and ages presented i n  tab le  14 a re  a * composite of the data already presented i n  tables  1, 2, 3, and 4. 



Table 5.--Ten-year diameter mowth o f - t r e e s  i n  natural stands, s i t e  I 

(In inches, measured a t  breast height) 

I N  SAW-TIMBER STANDS 

Diamet e 
of treefj ::&: Eastern Red White Sugar American Yellow / / pine I hemlock 1 oak I oak 1 maple I i ~ ? ~  I I beech 1 birch 

Black Yellow White Black Tremb- Bass- 
birch I poplar 1 ash 1 cherry 1 1 wood 1 

I N  SEEDLING-AND-SAPLING STANDS 

4 1 9 1.8 1.8 1.3 1.2 1.3 1.7 1.2 1.9 2.0 1.9 1.3 1.8 1.8 1.3 
6 2.5 2.0 2.5 1.8 1.4 1.5 2.0 1.3 1.9 2.1 2.2 1.6 2.1 1.8 1.7 
8 3.1 2.1 3.1 2.0 1.6 1.6 2.2 1.4 2.0 2.2 2.5 2.0 2.3 1.8 2.0 

Measured a t  breast height (43 feet  above the ground), outside bark. 
2/ Insufficient data. 

I 
I N  POLE-TIMBER STANDS 



. Table 6.-Ten-year diameter mowth of t rees  i n  natural stands, s i t e  I1 

I N  POLE-TIMBER STANDS 

(In inches, measured a t  breast height) 

I N  SAW-TIrnER STANDS 

I N  SEEDLINGAND-SAPLING STANDS 1 

Diameter 
of treeu 
(inches) 

4 1.9 1.8 1.4 1.3 1.2 1.1 1.0 1.2 (2/) 1.1 1.2 1:2 1.0 1.3 1.5 1.1 
6 2.5 1.9 1.6 1.5 1.4 1.7 1.2 1.4 (2/) 1.2 1.4 1.2 1.2 1.4 1.6 1.3 
8 3.0 2.0 1.8 1.6 1.6 2.3 1.4 1.7 (21) 1.4 1.5 1.2 1.4 1.6 1.8 1.5 

i 

L/ Measured a t  breast height (4b fee t  above the  ground), outside bark= 
&' Insufficient  data. 
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I Table 7.--Volume increment for  the l a s t  10 years, i n  cubic f e e t ,  s i t e  I 

SAW-TIMBER STANDS 

I POLETIMBER STAKDS I 

0.b. 
(inches) 

4 2. 5 1.4 1.6 1.3 1.2 1.4 2.0 1.1 2.2 2.4 2.6 1.1 2.0 2.2 1.3 
6 5.7 3.2 5.5 3.5 3.0 2.9 3.9 2.0 3.8 4.3 5.4 3.3 4.8 4.1 4.0 
8 10.9 6.0 9.3 6.0 5.3 3.9 6.7 3.7 5.4 6.0 9.5 6.6 6.9 5.2 6.5 

Insuff ic ient  data. 
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Table 9.--Average 10-year diameter prowth rate& 

(Measured a t  breast  height, outside bark) 

SITE I 

Growth r a t e ,  i n  vigor class-- 
Species group 

I I1 I11 I V  

Inches Inches Inches Inches ---- 
Yellow poplar 3.5 2, 4 1. 5 0.9 

Black cherry 
White ash 1 

I Eastern white pine 
Red oak } 3.1 2.1 1.3 0.7 1 

I American elm 
Black oak J I 
Eastern hemlock 
Trembling aspen 
Bas mood 
Scar le t  oak 
'tJhite oak 2.7 
Sugar maple 
Red maple 
Pi tch pine 

Black birch 
American beech 
Yellow birch 2.4 1.6 1.0 (3.5 
Chestnut oak 
Hickory 

SITE I1 

I Black cherry 
Basswood 

Yellow poplar 
Eastern hemlock 
Eastern white pine 
American elm 
Trembling aspen 2.5 
White ash 
Sugar maple 
Red oak 
Red maple 

Black birch 
White oak 
American beech 
Black oak 
Pi tch pine 
Yellow birch 
Chestnut oak 

I Scar le t  oak 
Hickory 

These f igures  may be regarded a s  f a i r l y  
accurate f o r  l a rge  groups of t rees ,  but not f o r  an 
individual t r e e  . 
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Table 11.-Cull factors for  trees mowinn i n  natural stands, s i t e  I1 - 

(Percent of to t a l  cubic-foot volume, t o  a 4-inch top) 

SAW-TIMBER STANDS 
b 

D.b.h. 
(inches) 

P 
00 

I 

4 30 7 3 1 3 10 (2/) 1 1 1 -- -- 
6 

- 
32 8 3 1 4 4 -- 2 2 3 -- -- -- 

8 35 9 4 1 5 4 -- 4 3 5 -- -- -- 

U Insufficient data. 2/ Negligible. 

POLE-TIMBER STANDS 

SEEDLINEAND-SAPLING STANDS 

C 

4 (1/) 9 (U) 12 9 (U) 6 
6 (U) 

4 4 
14 (U) 

5 
9 

7 6 
7 

4 
(I/) 13 

8 (&/I 16 
5 

10 
5 

(1/) 
5 

8 
7 6 

1 6  
5 & /  17 

10 (1/) 19 11 (1/) 6 6 
5 5 

10 
7 

8 
7 5 

(L/) 22 
12 22 13 (u) 12 10 8 6 

8 7 
8 

5 
(1/) 27 (U) ' 

14 (v) 26 (U) 13 10 8 
8 

1 5  
6 

(Is/) 33 
16 

14 
(U) 30 18 (u) 9 8 

17 16 12 10 
7 (U) 39 

18 (u) 34 22 (1/) 
10 9 8 

(&/I 45 20 20 
20 (U) 1 5  12 12 10 

(I/) 39 27 
10 

& /  52 25 2 6 18 16 / 14 
22 ( 1  60 . (U) 44 34 (U) 31 3 1 21 20 16 

11 12 

(U) (L/) 
13 14 

24 & /  70 50 46 40 37 25 2 7 19 16 18 

Yellor 
birch ' 

1 

Black 
birch 

E.hemlock 

Scarlet. 
oak 

- 

American 
beech 

hickory 

Red 
maple 

black cherry 

Trembling 
aspen Basmood Chestnut 

oak 

Sugar maple 
red oak 

and 
Black 
oak 

White 
ash 

E. white pine 
pitch pine 

and 

White oak 
and 



Table 12.--Ten-year morta l i ty ,  s i t e  I 

(Percent of t o t a l  number of t r ees )  
- 

SKd-TIMBW STANDS 

(inches ) 

I 

9' 
1 

\ 

- 
I / _  

'i' 

bfrch 

$ /  % 

.-. 
** " 

' \  
t 

1 i r - . -  1 c -  .- 

. - 
- -< . - - I  . . d 

k .  . % - 
>,"'--.:.I B 4 + -  - & -. + ., 

1 3 5 ,  (u) <5/> 73 62 3 5 18  11 12 12 9 
2 28 < g )  ( U )  47 40 26 14 9 9 9 7 
3 ( U )  (&/I 31 2 5 19 10 7 7 6 5 
4 1 8  23 (L/) (u) 19  1 5  14 6 6 5 5 3 
5 1 5  (u) (h/) 11 8 10 3 5 4 4 2 
6 12  <r/> <&/I 6 3 7 2 4 3 3 0.5 
7 12 . (U) ( U )  2 0.5 5 1 3 - 2 2 -- 
8 Q/) ( U )  0.5 -- 3 0.5 2 1 1 -- 
9 6 (u) (&/I -- -- 1 -- 1 1 0.5 -- 

10  4 (L/) (&/I -- -- - '0.5 -- 0.5 0.5 a -- -- 
11 2 ( U )  ( U )  -- -- -- -- -- -- -- -- 
12 0.5 (&/I ( U )  -- -- -- -- -- -- -- -- 

POLE-TIPIBER STANDS 

1 68 7 5 40 37 42 28 17 28 2 5 10  11 
' 2 51 60 28 22 29 19 12 20 19 8 7 

3 37 47 - 19  1 3  1 8  11 8 12 1 4  6 4 
4 26 35 12 7 11 6 . 5 - 7  10  4 2 
5 18  24 6 3 6 3 3 3 7 5 0.5 
6 12 1 5  3 0.5 3 1 1 0.5 5 2 -- 
7 , 7  , 9 1 -- 0.5 0.5 0.5 -- 3 1 -- 
8 4 5 1 -- -- -- -- - - 1 0.5 -- 
9 -- -- -- -- -- -- -- 2 5 0.5 0.5 

1 0  0.5 8 -- -- -- -- -- -- -- -- -- 

SEEDLINGAND-SAPLING STANDS 

1 7 5 48 5 5 7 1 6  20 I 4  30 2 7 60 14 
2 55 37 20 3 7 7 8 8 11 15 6 
3 38 28 5 0.5 0.5 0.5 4 0.5 2 5 1 
4 26 22 1 -- -- -- 0.5 -- 0.5 1 0.5 
5 1 7  17 0.5 -- -- -- -- -- -- 0.5 -- 
6 9 12 -- 

- -- -- -- -- -- -- -- 
/ 

-- 
A 

7 3 8 -- -- -- J -- -- -- -- -- -- 
8 0.5 5 -- -- -- -- -- -- -- -- -- 

1. I 

Ineufficient data. ' 
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Table 13. -- en-year mor t a l i t y ,  s i t e  I1 

(Percent  of  t o t a l  number of t r e e s )  

SAW-TIMBER STANDS 

D.b.h. 
( inches) 

POLE-TIMBER STANDS 

1 75 70 72 60 54 18 40 36 22 28  35 30 13 
2 45 48 55 46 3 7 12 27 2 5 13 22 23 21  9 
3 2 8 34 42 34 25 8 17  1 6  6 17  14  14 6 
4 15  22 31 2 5 17  5 10  10  2 11 8 8 4 
5 9 13 22 1 8  1 0  3 5 5 1 8 3 5 2 1 

6 4 7 1 6  15  5 1 2 3 0.5 6 0.5 4 1 
7 1 3 11 17  3 0.5 1 1 -- 4 -- -- -- 3 0.5 
8 0.5 1 6 20 1 0.5 0.5 2 -- 2 -- 
9 - - 0.5 2 24 0.5 -- -- -- -- 1 - - 1 -- 

10 - - -- 0.5 30 -- -- -- -- -- 0.5 -- 0.5 -- 

SEEDLING-AND-SAPLING STANDS 

1 48 65 8 5 40 66 15  35 2 5 1 6  34 20 32 15  
2 2 5 27 60 30 25 9 1 5  12  9 16 7 10 6 
3 13 1 0  44 21  6 4 5 5 4 7 1 2 3 
4 6 5 30 1 5  1 1 0.5 2 0.5 3 0.5 0.5 1 
5 2 1 20 1 0  0.5 0.5 -- 1 -- 1 -- -- 

-- -- -- -- 0.5 
6 0.5 0.5 11 8 0.5 0.5 -- -- -- 
7 -- -- -- -- -- 

5 r  
-- -- -- -- -- -- 

8 -- -- 1 9 -- -- -- - - -- -- -- -- -- 

/ 

yellow 
and 

black cher ry  

, 
I I 

I 

J .  

I n s u f f i c i e n t  data. 
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Table 14.--Averape matur i ty  s i zes  and apesv 

SITE I 
r 

Belativ'e Approximated.b.h. Years t o  grow D.b.h. a t  which ayerage D.b.h. a t  which c u l l  t o  cu t t ing  s i z e  
Species a t  which t r e e s  10-year growth i n  cubic exceeds 10 percent of stumpage 

should be cut to 
. 

f ee t  s tBr t s  t o  decline t o m  cubic-foot volume + value 
get  best re turns  I n  I n  

unmanaged managed 
stands stands 

Eastern white pine 
Eastern hemlock 
Red oak 
White oak 
Sugar maple 
Red maple 
Hickory 
American beech 
Yellow birch 
Black birch 
Yelluw poplar 
White ash 
Black cherry 
-Bas mood 
Trembling aspen 

Inches A Inches 

21 
21 
19 
19 
1 8  
9 

19  
9 

16 
9 

21 
19  
21 
19  
14 

High 
Lon 

Moderate 
High 
High 
bow 

Moderate 
Low 

High 
Moderate 

High 
High 

Very high 
High 

Low 

' Inches 

26 
22 
20 
24 
22 
14 
20 
14 
18  
14  
24 
22 
20 
22 
12 

SITE I1 

Eastern white pine 
Eastern hemlock 
Red oak 
White oak 
Sugar maple 
Red maple 
Hickory 
American bee 
Yellow birch 
Black birch 

2' 
Whit'e ash 
Black cherry 
B a s m o d  
Trembling aspen 
Black oak 
Chestnut oak 

High 
Low 

Moderate 
High 
Hiah 
Low 

Moderate 
Low -- 

Moderate 
High 

Very high 
High 

Low 
Moderate' 
Moderate 




