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* FOREWORD 
i i 1 .  . 

I  l i j ~  .-. 

I /  / I  
j 1  1~ This paper i s  a progress repor t  of f o r e s t  research i n  the Anthra- 
I 

I i I '  c i t e  Region by personnel of the S t a t i o n P s  branch a t  Kingston, Pa. It i s  

I / I 1  the  f i f t h  i n  a s e r i e s  of seven repor ts  deal ing with the  p r inc ipa l  f o r e s t  

i j 1 1  types i n  the  Anthracite Region, The repor ts  completed are :  

I 

I I I 
t. The Northern Hardwood Forests of the  Anthracite Region. S t a t i on  

Paper No. 1, issued i n  March 1947, 
I 

1 1 1  2. The Red Oak -White Oak Forests of the  Anthracite Region. S t a t i on  
I j l  ; I  

1 1  Paper No, 2, i ssued i n  May 1947. 

I 1 i~ ' 3. The Scrub Oak Forests  of the Anthracite Region. S ta t ion  Paper No. 4 ,  
I I I ,  I i ssued i n  June 1947. 

I 1 4. The ASpen - Gray Birch Forests  of t h e  Anthracite Region. S t a t i on  
1 1 '  , , 

I / .  Paper No. 7, i ssued i n  August 1947, 

1 : , I , '  The o ther  reports,which w i l l  be issued t h i s  year, deal  with t he  
I 1 white pine - hemlock fo r e s t s  and the  chestnut oak fo res t s .  

' :  I 
) j  
1 I j 1 . i  white pine - oak type, and recommendations f o r  improving such fo r e s t s .  

This repor t  presents  data on the condit ion of t h e  f o r e s t s  i n  t h e  

1 1  

I I '  The recommendations a r e  only t en ta t ive ;  but they should serve a s  a use- 
. '  ; I l l  , f u l  guide u n t i l  more precise  and ref ined i n f o r m  t i o n  i s  avai lable .  

i I The authors thank the  many landowners on whose property the  sample 
i ! ,  p lo t s  were es tabl ished;  the  personnel of t he  Indus t r i a l  Fores t ry  Division - ! 
i i of the Wyoming Valley Chamber of Commerce, f o r  t h e i r  advice and a s s i s t -  

1 1 1  ance; and the many o ther  individuals  who have shown a des i re  t o  help 
solve t he  f o r e s t  problems of the Anthracite Region. 
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T H E  W H I T E  P I N E  -- O A K  F O R E S T S  

O F  T H E  A N T H R A C I T E  R E G I O N  

Their Present Condition and Possible Treatment 

By C .  F. Burnham 
M. J. Ferree 
F. E. Cunningham 

INTRODUCTION 

The whit? pine - oak fo r e s t s  i n  the Ant r a c i t e  Region occupy 
approximately one-fif th of t h e  fores ted area.$ They occur ch ie f ly  i n  
t h e  c e n t r a l  and southern counties of the region and a r e  cha rac t e r i s t i c  
of t h e  f a i r l y -  f e r t i l e  ag r i cu l t u r a l  sect ions  i n  t he  m l l i n g  foo th i l l s .  
Sixty-nine percent a r e  located i n  these  farming areas ,  amthe.r  23 per- 
c e n t  a r e  i n  l e s s  access ible  fo r e s t s ,  and only 8 percent a r e  i n  the  
v i c i n i t y  of the  coal  f i e l d s ,  

The f i r s t  people t o  s e t s l e  t h i s  region (under t he  Connecticut 
Char ter  and t h e  W i l l i a m  Penn &ant ea r ly  i n  the  seventeenth century) 
must have found some magnificent f o r e s t s .  Timber played an impo&ant 
p a r t  i n  the fort imes of these ea r ly  s e t t l e r s .  The f i r s t  timber cut ,  of 

- course ,  was use3 t o  bui ld  cabins, stockades, f o r t s ,  and other  buildings,  
Timber could not be shipped out because t he r e  w a s  no t ranspor ta t ion;  and 
when land was c leared f o r  crops some of t h e  timber was cut  and bujrned 
where i t  f e l l .  I n  the  middle of t he  eighteenth century, however, t he  
r a f t i n g  of shipn~ast  timbers became a  p rof i t ab le  en te rpr i se  along both t h e  
Susquehanna and Delaware Rivers. The t a l l ,  s traight:white pine from the  
watersheds of these  two r i v e r s  was i n  g rea t  demand by t h e  coas ta l  ship- , 
yards .  

Extensive logging did not s t a r t  u n t i l  t h e  nineteenth century. 
Since then t he  cu t t i ng  has been so heavy and t h e  subsequent f i r e s  so 
extensive  and severe t h a t  t he  white pine - nak f o r e s t s  today a r e  i n  very 
pcor  condition. 

T -  
These f o r e s t s  still contain a  f a i r  amount of white pine, but 

probably a  much lower proportion t h  n  w a s  i n  t he  o r i g i n a l  'stands. The 
a r e a  occupied by saw-timber s t a n d s 3  i s  very s m a l l  ( t ab l e  1 )  i n  con t ras t  
t o  t h e  huge a rea  t h a t  bears l e s s  than 5 cords per  acre.  The problem 

Ineson, F. A . ,  Ferree,  M. J,, and Robinson, D. F. The Anthra- 
c i t e  Fores t  Region--a probl-em area.  Northeast. Fores t  Expt. Sta. 1946. 
( In  process of pu'3lication by U ,  S. Dept. ~ ~ r , )  

See appendix f o r  defTnitions. 



of ge t t i ng  t h i s  l a rge  acreage back i n t o  production i s  a tremendous one. 
It i s  not beyond solut ion,  but it w i l l  take  a long time. Methods of 
speeding up the  process a r e  being studied. 

The following pages describe the present condit ion of these  white 
pine  - oak stands, and suggest several  ways of cu t t i ng  t ha t ,  i f  followed, 
would cons t i t u t e  the  f i r s t  s t eps  i n  bringing back some of t h e  f i n e  timber 
t h a t  these f a d s t s  once contained. 

s Table 1.--Acreage and volume d i s t r i bu t i on  of the  white pine - oak 

f o r e s t  type, bv stand-size c lasses  u 
. . : Saw : Pole ' : unmerchantable3 I All 

Item 
: timber : timber : (seedl ing sapling) and a : Stan& 

3 
Acres 
Percent 

-- 

Sawlog material :  
M bd. f t , . . . . . , , . . . . .  100,900 81,700 197,600 380,200 
Percent,.  ............. 26,5 2105 52.,0 100,O 
Bd, f t ,  pe r  acre.. , . ,  4,387 853 368 580 

Other material :  
Tons ................. 611,700 1,314,500 . 3,410,800 5,337,000 
Percent.. .,..,....... 11,5 24.6 63.9 100.0 
Tons per  acre , , , . , . , .  26.6 13.7 6.4 8.1 

A l l  mater ia l :  
M CU. f t . . .  .......... 37,280 62,720 159,610 259,610 
Percent...,,,........ 14.4 2h01 6105 100,O 
CU, f t .  peracre . . . .  1,621-0 654.7 2979 5 396 0 2 

u-' Ineson, Fa A , ,  Ferree, M. J.,  and Robinson, D. F. The Anthra- 
c i t e  Region--a problem area.  Data a r e  fo r  the e n t i r e  15-county area;  so 
percentages and volume-per-acre f igures  should not be confused with t h e  p lo t  
f igures  t h a t  follow, 

ttUmerchantable" a s  used i n  t h i s  t a b l e  includes saw-timber and 
pole-timber t r a c t s  l e s s  than 1 0  ac res  i n  size.  The term "seedling and 
sapling" used elsewhere i n  t h i s  repor t  does not include these  t r a c t s .  



PRESENT COhDIlT ON 

I 
Temporary sample p lo t s  were measured i n  order t o  determine age, 

growth r a t e ,  morta l i ty ,  c u l l  f ac to rs ,  s tand composition, and possible 
s i l v i c u l t u r a l  treatments. These p l o t s  were d i s t r i bu t ed  equally among 
saw-timber, pole-timber, and seedling-and-sapling stands on s i t e  I and 
s i t e  11. (The white pine - oak type has l i t t l e  acreage on s i t e  111.) 

Analysis of these  measurements disclosed tkt the  white pine - 
oak f o r e s t s  a r e  s '  l a r  on both s i t e s  ( t ab le  2) .  On s i t e  I there  i s  
more white pine. P I *  cubic-foot volumes white pine i s  t h e  leading 
species ,  followed i n  importance by white oak, red oak, and red maple. 
On si te  I1 white oak i s  most important, followed by white pine, red oak, 
hickory, and red maple. A l a rge  number of o ther  species--white ash, 
ironwood, aspen, chestnut oak, and black birch--are found on both s i t e s  
a s  minor associa tes .  

I 
Stocking and reproduction seem t o  be ample on both s i t e s .  White 

pine,  whi te  oak, red oak, and red maple stems a r e  t he  most numerous; and 
i n  t h e  younger stands there  i s  a higher proportion of red maple. S i t e  I 
s tands  have more stems under 4.5 f e e t  high. 

The proportion of sprout-origin stems and poorly formed t r e e s  i s  
not so g r ea t  a s  i n  red oak - white oak type, but  i t  i s  high enough t o  
requ i re  c u t t i n g  methods t h a t  w i l l  lower t h i s  percentage--particularly on 
s i t e  11. Red maple produces the  g r ea t e s t  number of poorly formed s t % m s  
on s i t e  I, then white oak and red oak. On s i t e  I1 white oak leads  i n  
t h i s  respec t ,  followed by red maple and red oak. The commercial species 
t h a t  t end  t o  produce sprouts a r e  red maple, chestnut oak, red oak, agpen, 
and whi te  oak on s i t e  I; and.white oak, red maple, and red oak on s i t e  11. 

The seedling-and-sapling stands appear b be more vigorous than 
e i t h e r  of t he  o ther  stand-size c lasses .  This i s  due t o  wider spacing and 
r e l a t i v e  freedom f r o m  crown competition between t r e e s  over 3.5 inches 

I C u l l  volume on both s i t e s  i s  r e l a t i v e l y  law except i n  the  s i t e  I 
saw-timber stands. Since these stands a r e  90 years old,  a higher volume 
of c u l l  i s  to be expected. 

Mor ta l i ty  i n  t r e e s  over 3.6 inches d .b ,h ,  i s  a minor f a + ~ r .  Over I. 

90 percen t  of t h e  stems t h a t  d i e  na tu r a l l y  a r e  i n  t h e  1-. t o  3-;inch d. b. h, 
c l a s s .  A b u t  one-quarter of these a r e  noncommercial species.  Most of t he  I- t h e r s  a r e  red maple, white oak, red oak, and x h i t e  pine,  i n  t h a t  order. 

Board-foot volumes of the  con i fe r s  were computed down t o  and 
including the 9-inch d.b.h. c lass ;  and the  harctwoods were computed down 
LO t he  11-inch c l a s s .  This explains the reversed re la t ionsh ip  ( t ab le  2) 
3etween cubic-foot and board-foot volumes i n  t he  younger stands,  



Table 2.--Swmary of conditions on typ ica l  lvhite pine - oak stands 

Seedling and 
: Saw timber : Pole timber : sapl ing 

Average ,Condition 

: S i t e  I : S i t e  I1 : S i t e  I-: S i t e  I1 : S i t e  I : S i t e  I1 

@&iie oer acre  ........ Cubic feet . .  3529 2002 798 1164 321 264 

E 
Tons.. 90.5 55.6 27.7 32.3 8.9 7.3 

qoard fee t . .  14,173 5907 1090 64 -- 
.................. .lverrpe am Years.. 90 7 5 40 54 2 5 30 

797 

Trees per acre  
Pole s i ze  (3.6" d.b.h.) ............ and l a r p r . .  .Number.. 206 200 285 315 240 202 

Seedline grid sapling 
(0.1-3.5" d.b. h.  ). ...... .Number.. 1048 1036 '1158 1303 4365 4508 

w 
duction. ................ Degree.. Ample Fair  Ample Fa i r  Ample Ample 

R+5f high) 

Qua l i ty  .................... Percent 
of t o t a l  cu.-ft. volume 
i n  poorly formed t r e e s  

, 
O r i d r .  ..................... Percent 

of t o t a l  cu.-ft. volume 
i n  sprout-origin t rees .  

V&m-or-+. ................. .Percent 
i n  vieor  c lass  1.. 3.9 12.0 10.3 15.3 42.0 32.-9 

vigor  c lass  2.. 22.6 19.1 21.1 23.4 29.6 32.6 
vigor  c l a s s  3.. 32.9 43.1 42.3 15.3 23.9 27.5 
vigor  c l a s s  4 .  . 40.6 25.8 26.3 16.0 4.5 7.0 

....................... C& Percent 
of t o t a l  cu.-ft. volume .. 13.8 4.6 3 .1  5.3 P . 8  1.9 
o f t o t a 1 b d . - f t .  vclume.. 15.3 3.5 0.6 8.6 -- -- 

Annual m o r t ~ l i t v  ........ Cubic f e e t  
pe r  acre  .. 1.4 1.4 3.2 1.8 0.4 0.0 

Percent 
o f t o t a l p r o w t h . .  2.0 3.1 6.5 3.7 1.3 -- 

... Annual arowthd. ...... .Cubic f e e t  62 46 L5 41 26 22 
. per acre Tons. .  1.7 1.3 1.3 1.1 0.7 0.6 ... Board f e e t  350 185 70 60 - -- 

Imcwith.... ............... Percent ... of annual cu.-It. increase  3.9 2.7 14.1 5.1 63.1 40.9 ... of annual bd.-ft.. increase 22.6 24.2 74.2 57.8 100.0 - 
Fcr def ini t ions  see appendiu. 
Mor td i ty  deducterl. 



Growth r a t e s  a r e  low, comparable t o  those of the  red oak - white 
oak type. Since the amount of growth depends mostly on the  volume of 
growing stock ( u n t i l  t h e  stand reaches maturi ty)  it i s  natural  f o r  the  
high-volume p lo t s  t o  show the  g rea tes t  annual growth ' ( t ab l e  3). 

Table 3.--Growth i n  na tura l  white pine - oak stands 

a 

Growing Annual growth 
per ac re  stock . 

per : S i t e  :. S i t e  
a c r e  1 : I1 

. . 
Cubic -- cubic cubic 
f e e t  - f e e t  - f e e t  

Converting fac to  

I Growing : Annual growth Growing Annual growth 
stock 1 per  acre  , stock per  acre  

per : S i t e  : S i t e  acre  
per : S i t e  : S i t e  

: 1 : I I  / /  acre  I : I 1  

Tons T0n.s Tons Board Board Board 
f e e t  feet 

I . 
36 cubic f e e t  =. 1 ton. T-  

1 



Figure  1.--Saw timber on s i t e  I. 
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~ MEASURES NEEDED TO IMPROVE PRODUCTIVITY 

The white pine - oak fo r e s t s ,  which a r e  being ser iously  depleted 
by extremely l-reavy cukting, grazing, and f i r e ,  could become one of the  
most productive f o r e s t  types i n  the  Anthracite 'Region. This mixture of 
valuable  conifers  and hardwoods has fea tures  t h a t  make fo r e s t  management 
p r a c t i c a l .  Sa l i en t  among these a r e  i t s  high y i e l d  capacity and i t s  , 

na tu ra l  res is tance t o  damage fmm insec t s ,  d isease ,  and strong winds. !d 
There i s  no need f o r  planting,  because na tura l  reproduction w i l l  

be obtained through t h e  s i l v i c u l t u r a l  p rac t ices  suggested below. However, 
two general  f a c to r s  must be observed i n  managing t h i s  f o r e s t  type: grazing 
by c a t t l e  should be prohibited because browsing and trampling prevents a 
good s tand of reproduction; and because white pine i s  highly vulnerable to 
f i r e ,  p ro tec t ion  from f i r e  i s  pa r t i cu l a r l y  important. 

The chief  s i l v i c u l t u r a l  problem i s  t o  inc rease  t he  ever-dwindling 
propor t ion of white pine. I n  pas t  cu t t i ng  operations,  l i t t l e  consider- 
a t i a n  was given t o  regenerating t h i s  species.  Consequently it gave way t o  
hardwoods because *it could not sprout, endure in tense  shade, o r  reproduce 
from seed on th ick  beds of l i t t e r .  

The next b ig  problem i s  t o  increase  the  volume and improve the 
q u a l i t y  of growing stock. The solution:. improved cu t t i ng  methods. These 
should be designed t o  remove l e s  volume than  i s  added by growth; t o  build 
up the  white pine  component (10 ) j l ;  and t o  remove t r e e s  of poor form, low 
qua l i t y ,  and low vigor  while hoiding t h e  better-formed, high-quality, and 
mare vigorous t r e e s  u n t i l  they a r e  mature. 

S i t e  qua l i t y  must be considered i n  drawing up s i l v i c u l t u r a l  plans 
f o r  t h e  white pine - oak type. There a r e  g rea t  d i f ferences  i n  growth 
r a t e s  ( t a b l e  3) and species composition between s i t e  I and s i t e  I1 stands. 
On s i t e  I the proportion of white pine stems decreases a s  t h e  stand ge t s  
older;  but on s i t e  I1 the  reverse i s  t rue .  The following tabula t ion 
shows t h i s :  h 

I Proportian of white pine stems over 3,6 inches d.b.h. 

S i t e  I S i t e  I1 
(Percent) @zzXJ- 

Saw-timber stands 1904  18,7 T. 

Pole-timber stands 2q04 12.7 i 

4500 1199 Seedling-and-sapling stands 

This agrees  wi th  FrothinghamDs findings (5) ,  which show tht white pine  
p r e f e r s  deep, well-drained moist s o i l s  but cannot compete with hardwoods 
f o r  them, 

g' Society  of American Fores ters ,  Report of t h e  C o k t t e e  on 
Fores t  P r ac t i c e ,  Allegheny Section. 1946. (Mimeographed, 2 pp, ). 

- 2/ Figures i n  parentheses r e f e r  t o  L i t e r a tu r e  Cited, p. 19, 



Table 4.-7Comparison of four methods of removing low-quality t r e e s  from 

white pine - oak saw-timber stands,  s i t e  I 

(9,000 board f e e t  of low-;quality mater ia l  present)  

1 
-i : Clear .: Heavy : Moderate : Light 

Year : Item : cut  : cu t  : c u t  : cut 

Board Board Board Board 
f e e t  - f e e t  - f e e t  - f e e t  

Present volume 15,000 15,000 15; 000 15;OOO 
' 1946 Reinoval 15,000 9 , OOO-PP~~~ 4. ooo-:* 2 - loo-:' 

Residual 0 6,000 11,000 12,900 

Fxpected volume -- - - - - . 15;OOO 
1951 Removal - - -- .. -- 2; lo@* 

Residual -- -- -- 12,900 

Expected volume 
1956 @emoval. 

Residual 

'Expected vcllume 
1961 Removal 

Residual - 

Expected volume -- -- -- 15  i 000 
1966 Removal . -- -- -- 2,100-'.' 

Residual -- -- -- 12,900 

Ekpected volume 
1971 Removal 

Resiclual 

Ekpected volume -- -- -- -- 
1976  emo oval -- -- -- -- 

Residual -- -- -- -- 

'Expected volume 1,000 -- 11; 500 11; 500 
1981 Removal -- -- lo i  5 0 m  10; ~oo*++ 

Residual -- -- 1,000 1,000 

Total volume 
removed 15,000 %'7,500 28,000 28,500 

Yield f o r  a 10-year period only. 
Improvement cu t  

Y* Seed cut  
-"-"->C ,, ,, ,, Final c u t .  
%y:-;:-;; Improvement and seed cut 



It is  important that proper cu t t i ng  plans be followed on merchant- 
able  areas . .  The shelterwood system, a p a r t i a l  cu t t i ng  t ha t  allows seed- 
l i n g s  t o  become established under a l i g h t  overstory of l a rge  t r ee s ,  i s  
recommended f o r  this fo r e s t  type (g). This method i s  most sui table  
because: 

1. The .present stands a r e  even-aged. 

2. The major species w i l l  endure only a moderate amount of shade. 

3. White pine  reproduction w i l l  be es tabl ished because an overstory w i l l  
check t h e  growth of competing hardwoods, which grow much f a s t e r  a t  
t h e  s t a r t  than "pine (2) (1). 

4. Seedling r a the r  than sprout reproduction of hardwoods w i l l  be 
favored, 

5 .  Conifer windfal l  and i n sec t  damage w i l l  be minjmized. 

Before any system of harvest cu t t i ng  i s  used, the  stands should be 
improved by cu t t i ng  a s  many low-quality and defect ive  t r e e s  a s  possible.  
These preliminary improvement cuts  a r e  as important a s  the reproduction 
cu t s ,  

'G 

I n  applying the improvement cut t ings  t o  the white pine - oak 
. sample p lo t s ,  t h e  saw-timber stands were marked f o r  the  removal of 9,000 

board f e e t  (51 tons)  per  acre  of low-quality t r e e s  on s i t e  I ( tab les  6 
and 7) ,' and 3,000 board f e e t  (25 tons) per  a c r e  on S i t e  I1 ( t ab l e s  8 and 

- 9 Most of these  t r e e s  marked f o r  cu t t i ng  were poorly forhed o r  defect- 
i v e  white oak, red maple, yellow and black birch,  hickory, and white ash; 
and t o  a l e s s e r  extent ,  white pine, elm, and ironwood, A l l  of t h i s  materi- 
a l  could be so ld  a s  mine timbers, 

% 

Four d i f f e r en t  i n t e n s i t i e s  of cu t t ing  were studied:  clear-cutt ing,  
a heavy cut ,  a moderate cut, and a l i g h t  cu t ,  Tables 4 and 5 ind ica te .  
what may be expected from these various i n t e n s i t i e s  of improvement cut- 
t i n g .  Growth r a t e s  f o r  natural  stands ( t ab l e  3 )  were used i n  computing 
t h e  volumes. Work done by Hough and Taylor (9 i n  northwestern Penn- 
sylvania and by Moore (lo) i n  New Jersey ind ica te  that gmdFh r a t e s  w i l l  
i nc rease  when stands a r e  . pa r t i a l l y  cut .  I n  view of t h i s ,  the  growth 
r a t e s  were increased 10 percerrt on s i t e  I and 8 percent on ' s i t e  I1 i n  
es t imat ing  t h e  res idua l  stands, The amount of annual growth i s  low i n  
t h e  very young stands ( t ab l e  2).  Older stands growing na tura l ly  have a 
per iod of f a s t  growth before they culminate a t  11,000 and 9,000 board 
f e e t  pe r  ac re  on s i t e s  I and I1 respectively.  This period of rapid 
growth, which i s  due t o  t h e  white pine i n  t he  stands,  i s  confirmed by 
t h e  f indings  of Kittredge and Chittenden (1). I n  computing growth r a t e s  
f o r  par t i a l ly -cu t  managed stands it i s  assumed t h a t  t h i s  culmination 
po in t  w i l l  be 15,000 and 12,000 board f e e t  pe r  acre  on s i t e s  I and 11, 



Table 5.--Comparison of four  methods of removing low-quality t r e e s  from 

, white pine - oak saw-timber stands,  s i t e  16 

(3,000 board f e e t  of low-quality mater ia l  present)  

: Clear Heavy : Noderate : Light 
=Year : Item cut  cut  : cu t  - . cu t  

1 
I 

Board Board Board Board 
f e e t  f e e t  f e e t  f e e t  

Present volume 
Removal 
,Residual 

Expected volume . 
Removal 
Residual 

Expected volume 
1956 Removal 

' ~e s idual  

. Expected volume 
1961 Removal 

%es i  dual 

Expected volume 
1966 Removal 

Residual 

Expected volume 
1971 Removal 

Residual 

Expected volume 
1976 Removal 

Residual 

Expected voIume 
, Removal 
Residual 

Expected vo'lume 
1986 RemovLl 

Residual 

Expected volume 
1991 Removal 

Residual 

Total volume 
removed 7,000 ?b/16,200 16,400 16,500 

Yield fo r  a 10-year period only. 
Improvemnt cut .  

- Seed .cut. 
%+He Fina l  cut ,  

- 10  - 



Clear cutting.--The present p rac t ice  of cu t t i ng  a l l  t r e e s  down t o  
2 inches d.b.h. should be discontinued. It y i e ld s  considerably l e s s  
volume over a given number of years ( t ab l e s  4 and 5) and a gr2ater  pro- 
por t ion  of low-quality mater ia l  than any of t h e  par t i a l -cu t t ing  method s 
(9) .  Growing conditions f o r  future  stands a r e  g r ea t l y  hampered, because: 

1. Sprout reproduction i s  encouraged, and white pine w i l l  completely 
disappear from the  stands. 

2. The f i r e  hazard i s  increased because of the  l a rge  amounts of slash 
l e f t  a f t e r  logging. 

3, The s i t e  i s  exposed so t h a t  s o i l  erosion and s o i l  drying-out i s  
severe. 

. 4  The propor t i o n  of .  in to le ran t ,  non-commercial species such a s  iron- 
wood, f i r e  cherry, aspen, and gray bi rch w i l l  increase.  

5, It favors a t t acks  of gypsy moth and other  des t ruc t ive  i n sec t  pes ts .  ii/ 

6- Dense b r i a r ,  grass,  or fe rns  may grow so t h i ck ly  t h a t  they w i l l  
r e t a r d  the establishment of good t r e e  species  f o r  many years. This 
i s  pa r t i cu l a r l y  t r u e  when very old stands a r e  clear-cut and stump 
sprout ing does not occur. 

The heavy cut.--This w i l l  reinove a l l  the low-quality t r ee s  i n  
one c u t  on the s i t e  I stand ( t ab l e  4). Although it i s  designed p r a a -  
r i l y  a s  an improvement cut ,  it w i l l  serve a l s o  a s  a seed cut (2). 
The logging should break up the  l i t t e r  on the  f o r e s t  f l oo r  and prepare 
a mineral seedbed t h a t  i s  usually necessary f o r  the establishment or 
white pine seedlings.?/ Since t h i s  stand i s  a l ready w t u r e ,  the removal 
bf 9,000 board f e e t  of low-quality t r e e s  should be made when the  white 
pines  and oaks have a good seed year; t h i s  can be determined by observ- 
i n g  t h e  number of cones and acorns on the seed t r e e s .  I n  the  seed cut ,  
l a rge ,  well-spaced, seed-bearing t r e e s  of high q u a l i t y  should be l e f t  

% 

t o  ensure reproduction. These a l s o  p ro tec t  the  seedlings while they 
a r e  g e t t i n g  s t a r t ed .  Ten years l a t e r  t he  f i n a l  cu t  should be made. This 
dl1 take  the  seed t r e e s ,  Cleanings t o  remove i n f e r i o r ,  competing young 
growth should follo-i .  The f i r s t  one should be made 3 t o  8 years a f t e r  
the  f i n a l  cut .  One o r  two subsequent cleanings, i f  needed, should be 
wde a t  5-year i n t e r v a l s  t he r ea f t e r  (9. During t h e  f i n a l  cleaning, 
small  white pine crop t r e e s  should be pruned, removing not mop  than one- 
t h i r d  of t h e  l i v i n g   crown.^ t . 

g' Bess, Henry A , ,  Spurr, Stephen H., and L i t t l e f i e l d ,  E. 
Forest  S i t e  Conditions and the Gypsy Moth. 1945. (Unpublished manu- 

- - 

s c r i p t .  Harvard Forest .)  
2 / '  Baker, W. M, c o m e i t s  on timber stand improvement i n  the  

Cent ra l  S t a t e s ,  Centra l  S t a t e s  Expt, Sta.  Note 30. 1936. 
Helmer, A,  E. How heavy should white pine be pruned? North, 

Rocky M t .  Range and Expt. Sta .  Reso Note 41, 1946, 



Figure 2.--Saw timber on site 11. 



Since t h e  s i t e  I1 average stand ( t a b l e  5)  has not reached maturity, 
t h e  improvement cu t  w i l l  not  serve a s  the  seed cut .  Instead,  a l l  of t he  
low-quality mater ia l  (3,000 board f e e t  per a c r e )  w i l l  be removed i n  one 
operation and t h e  stand w i l l  be a l l w e d  t o  grow. I n  35 years it should 
a t t a i n  t he  m l u r i t y  volume of 12,000 board f e e t  per acre .  Then t he  seed 
cut  should be mde ,  followed by the  f i n a l  cut  1 0  years l a t e r .  Cleanings 
should be mde  when necessary i n  order to con t ro l  the  hardwood species. 

The heavy cu t  method i s  recommended f o r  l e s s  access ible  fo res t  
a r ea s  where large  volumes a r e  necessary to  meet high logging costs .  

The moderate cut.--This method removes t he  low-quality t r e e s  i n  
two operations. These f i r s t  two improvement cu t s  w i l l  help prepare t he  
f o r e s t  f l o o r  fo r  regeneration, and w i l l  re lease  t r e e  crowns so that they 
may bear heavy crops of seed. It i s  a l s o  l i k e l y  t h a t  a considerable 
amount of reproduction w i l l  become established a f t e r  each cut. The 
f i r s t  c u t s  w i l l  remove 4,000 board f ee t  per ac re  and 1,500 board f e e t  per  
a c r e  of t h e  low-quality mater ia l  on s i t e s  1 and TI respectively.  Ten 
years  l a t e r  on s i t e  'I and 1 5  years l a t e r  on s i t e  I1 the second improve- 
ment c u t s  should be made, removing 6,000 and 1,700 board f e e t  per  acre  
on these  s i t e s .  Then i n  1 5  years on s i t e  I and 20 years on s i t e  13:, 
when.the maturity volumes hdve been reached, t h e  seed cu t s  should be 
made, followed by t h e  f i n a l  cu t s  a s  outl ined fo r  t he  heavy-cut method. 
Gleanings w i l l  be necessaqy. This type of cu t t ing  i s  recommended f o r  
e i t h e r  farm fo re s t s  or  extensive fo r e s t s  wherever logging c&s do not 
demand a la rge  volume. 

P 
The l i p h t  cut,-This method i s  designed t o  remove the  low-quality 

t r e e s  i n  a s e r i e s  of l i g h t  cu t s  m d e  a t  5-year i n t e rva l s .  It i s  recom- 
mended f o r  farm woodlot owners who can f i r d  time t o  do t h e i r  own woods 
work during months when farm work i s  slack,  I n  the average s i t e  I '  sfand 
f i v e  cu t s ,  each remoqing 2,100 board f e e t  pe r  acre ,  should be made. These 
should be followed by t he  seed and f i n a l  cuts  ( t ab l e  4) .  I n  the average 
s i t e  I1 stand seven very l i g h t  cu t s  a r e  required to' remove the  low-quality 
t r e e s  and t o  bui ld  t h e  amount of growing stock up t o  maturi ty ( t ab le  5 ) -  
The seed and f i n a l  cu t s  should be made when the  s tand has reached a vol- - 7 

ume of 12,000 board f e e t  pe r  acre. These l i g h t  operations may not r e s u l t  
i n  t h e  establishment of much white pine reproduction, since t he  species i s  
r a the r  i n to l e r an t  of shade. The f i n a l  seed cut  w i l l  be r e l i ed  upon f o r  
most of t he  regeneration, 

The l igh t -cu t t ing  method requires  more s k i l l f u l  treatme* than any 
of t he  o ther  methods, but it has several  advantages, 'It o f f e m  more f re -  
quent cash re turns;  a woodlot owner can be f a i r l y  sure of a cbntinued 
annual re tu rn  i f  he-properly d i s t r i bu t e s  h i s  cutt ing'over the  e n t i r e  

/ t r a c t .  I n  addi t ion,  it y i e ld s  h i e h e r q u a l i t y  lumber a 2 

9 /  Lake S t a t e s  Forest Experiment Sta t ion.  Light cu t t ings  i n  - d 

hardwoods show high qua l i t y  increase.  Lake S t a t e s  Forest  l hp t .  Sta.  
Tech. Note 166. 1940. 



Any  one of the above methods of cut t ing can be used t o  remove the  
low-quality t rees  from a stand and t o  prepare it fo r  the reproduction cut  
i n  the sheltemood system. The quant i t ies  shown i n  tab les  4 and 5 apply 
only t o  the typical  stands found i n  t h i s  study, but the same procedure 
can be applied t o  any f a i r l y  well  stocked stand. Selection of the  method 
t o  use on any given area should be based on careful appraisal  of economic 
and s i l v i c u l t y a l  factors.  Tables 4 and 5 show tha t  about 1,000 board 
fee t  per acre. w i l l  be l e f t  a f t e r  each f i n a l  cut. After 30 o r  kO years  
t h i s  volume-*ll have increased t o  a paint where the second ro ta t ion  
can be s tar ted.  Tn the meantime stand-improvement cut t ings should be 
used t o  eliminate undesirable species where they pe r s t s t .  The second ro- 
t a t ion  should produce higher qual i ty  t r ees  and consequently higher finan- 
c i a l  returns. Cutting plans should be kept f lex ib le  so t h a t  a l l  cu t t ing  
and timber use can be constantly checked with market conditions and 

\ 
demands, 



Figure  3.--Pole t imber  on s i t e  I .  

- 

Figure  4 --Pole t imbe r  on s i t e  11. 



FOU-TIMBER STANDS 

The sample p l o t s  i n  pole-timber stands ( t ab l e s  10-13) -.:ere - r r k e d  
f o r  the'removal of de fomdand  defect ive  t r e e s .  The cu t  z7ne t o  49 cubic 
f e e t  (1.25 tons)  per  ac re  on s i t e  I, and 126 cubic f e e t  (3.5 tons )  on 
s i t e  T I .  Most of t he  t r e e s  were hold-overs from the  l a s t  logging--b%g, 
slow-grming r5d maples, white pines,  and red and white oaks. Such t r e e s  
must come out o t he  space can be h k e n  by young, fast-graving, high- 
q u a l i t y  stemsf&/ I n  some stands they may contain too much r o t  t o  s e l l ,  
o r  m y  be i n  such pos i t ion  t h a t  f e l l i n g  them n i l 1  damage many young t r e e s .  
Then they  should be gi rdled (1). 

The average stand is  not dense ( t ab l e s  10-13), but  l ight  th in-  
nings should be made each t h e  an improvement cu t t ing  i s  made. The white 

\ 
pine poles se lected f o r  t h e  f i n a l  crop should be pruned, but a t  l e a s t  two- 
t h i r d s  of t he  crown should be l e f t .  Thinning of young whi te  pine w i l l  
s t imulate  i t s  growth (g) .  White pine  i n  t he  intermediate o r  suppressed- 
crown c l a s se s  should not be re leased f u l l y  i n  one operation, because wind 
breakage o r  sun scald  may r e s u l t  (8) .  

101 Condit, G. R. ,  ;iuberr:'-n, M. A . ,  ?IcGuire, J. R. Collect, t h e  
A 

'3ount.r on your wolf t r e e s .  Northeast. Forest Expt. Sta.  Tech. !Tote 45. 
1941. 



Figure 5.--Seedlings and saplings on s i t e  I. 

Figure 6.--Seedlings 2nd saplings on s i t e  11. 
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SEEDLINGAITD-SAPLING STARDS 

More than ha l f  the  stems l e s s  than 3.6 inches d.b.h. i n  t h e  
average seedling-and-sapling stand on s i t e  I ( t ab l e s  14 and 15)  a r e  
weeds--shadbush, sassafras ,  blue beech, ironwood, thornapple, and witch 
hazel. There a r e  fewer of these weeds on s i t e  I1 ( t a b l e s  16  and 17) .  
Of t h e  c o m r c i a l  species,  sprouts and poorly formed t r e e s  make up a 
quar te r  of  the cubic volume. 

The only way t o  improve these  stands i s  t o  ge t  r i d  of the weed 
species  and the poor-quality t r e e s .  The -lest  time t o  do t h i s  i s  while 
t he  stands a r e  below pole sf ze (ll), This cleaning-up can be most 
e f f ec t i ve  i f  done i n  summer, because har&~~ood stumps sprout t h e  l e a s t  

w a f t e r  summer cu t t ings  (2).  

On t h e  heavy s o i l s  of s i t e  I, such cleanings n i l 1  be needed i f  
white pine i s  t o  grow. Otherwise hardwood sprouts w i l l  crowd them out  
(5). It may take several  cleanings--probably a t  5-year i n t e r v a l s  (4)-- 
t o  br ing through t he  stand wanted, Cline (2) says one t o  th ree  clean- 
ings a r e  needed, requ i r ing  12 t o  30 man-hours per  acre.  The t h i r d  
cleaning probably w i l l  produce enough fue l  wood or  mine lagging t o  pay 
the  costs .  

b 

On the l i g h t e r  s o i l s  of s i t e  I1 t he  pines have a b e t t e r  chance 
t o  survive the  competition from hardwoods. Fe -~~e r  cleanings w i l l  be 
needed, Although these  cleanings usual ly  .yield no immediate r e tu rn ,  
they  do improve t he  stand composition; and growth i s  put on high- 
qua l i t y  t r e e s ,  so t h a t  increased dividends $ t i l l  be rea l ized  from l a t e r  
cuts .  
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A P P E N D I X  

DEFfMITIONS OF TERMS 

The terms used i n  t h i s  repor t  a r e  defined below, 

Fores t  S i t e s  

S i t e  I.--This s i t e  i s  characterized by moist, well-drained, f a i r l y  
deep s o i l s  frequently of a l l u v i a l  o r ig in ,  It usual ly  i s  fo-nnd i n  pro- 
t e c t e d  coves o r  along streams o r  bottom-lands t h a t  a r e  moist and well- 
dra ined throughout the  year. On northern exposures it usually extends 
hi.gher up t he  slope than on southern exposures because of more s o i l  
moisture. Club moss, hydrangea, maidenhair fern,  t r i l l i u m ,  sphagnum 
moss, and fern-leaf moss a r e  f a i r l y  good indicators .  Yellow poplar, 
b lack cherry, yellow and black bi rch a r e  of ten p ~ e s e n t .  

I n  mature stands t he  d d n a n t  and co-dominant hardwoods w i l l  pro- 
duce 3 o r  more 16-foot logs  per  t r e e .  Conifer dominants and GO-dom- 
i n a n t s  dl1 produce 39 o r  more 16-foot logs ,  

S i t e  11.--Site I1 areas a r e  characterized by s o i l s  intermediate 
i n  moisture, depth, drainage, and f e r t i l i t y .  They dry out only $or 
s h o r t  periods during the  year. Usually they a r e  slope types located - between t he  ridges and t h e  coves o r  bottom-lands. Poorly drained bottom- 
l ands  may be of s i t e  I1 qual i ty ,  Ordinari ly the  s i t e  reaches near ly  t o  
t h e  ridge tops. It reaches higher on slopes with northern exposures 
than  on slopes ~ 5 t h  southern exposures. T ra i l i ng  arbutus, ground pine, 
a s t e r ,  goldenrod, braeken fern,  and sheep l a u r e l  usually ind ica te  S i t e  11. 
Chestnut oak, black oak, and hickory a r e  of ten present. 

I n  mature stands t h e  dominant and co-dominant hardwoods w i l l  make % 

2-2& 16-foot logs  per  t r e e ,  The con i fe r s  w i l l  y i e ld  2s-3 16-foot logs ,  

S i t e  111.--This s i t e  i s  characterized by shallow, r a the r  dry, 
s tony  o r  compact s o i l s  cha rac t e r i s t i c  of ridges. It Pri l l  produce hard- 
wood t r e e s  having l e s s  than 2 16-foot logs  per  t r e e  a t  maturity. On 
gouthern exposures i t  may extend down a slope f o r  some distance,  because 
of lack of s o i l  moisture, Dense t h i cke t s  of mountain l au%l  o r  an 
abundance of l i chens  of ten ind ica te  s i t e  111. 

Forest  Stand-size Classes 

Saw-timber stands.--Stands having a minimum volume of 2,000 board 
f e e t  p e r  ac re  a r e  classed a s  saw-timber stands. Saw-timber volume i s  
measured i n  con i fe r s  i n  the  9-inch d.b.h, c l a s s  and over, and i n  hard- 
.woods i n  t h e  11-inch d,b,h, c l a s s  and over. 



Pole-timber stands.--These a r e  stands having a minimum volume of 
5 standard cords per ac re  i n  the  &inch d.b.h. c l a s s  and over, and l e s s  
than 2,000 board f e e t  of saw-timber, 

Seedling-and-sapling stands.--These a r e  young-growth stands t h a t  
have l e s s  than 5, standard cords of wood per acre  i n  t r e e s  i n  the  4-inch 
d.b.h.. c l a s s  and over. 

& 

Tree Vigor Class i f i ca t ion  

I n  t h i s  study t r e e  vigor i s  an  expression of t h e  present r e l a t i v e  
growth r a t e  of a t r e e  a s  conditioned by density, s i z e ,  and pos i t ion  of t h e  
crown plus the  general hea l th  of the  t r e e  a s  determined from i t s  age and 

,the presence o r  absence of diseases o r  mechanical i n j u r i e s ,  Four v igor  
c lasses  a r e  recognized. 

Vigor c l a s s  1.--Trees i n  t h i s  c l a s s  have la rge  dense crowns. 
Usually they a r e  dominant or co-dominant w i t h  a t  l e a s t  one-half of t h e i r  
crowns exposed. They a r e  f ree  from diseases or mechanical breakage tend- 
i n g  t o  reduce the crown surface.  (small mechanical i n j u r i e s  on t r e e  
trunks do not a f f e c t  t h e  vigor c l a s s i f i c a t i on . )  They a re  f r e e  from o l d  
age sta.gnation a s  evidenced by dead, limbs i n  the crown, and-have a general  
healthy &nd t h r i f t y  appearance. 

Vipor c l a s s  2.--Trees i n  t h i s  c l a s s  have a fa i r -s ized crown with 
moderate densi ty  o r  a l a rge  crown of l i g h t  density. They a r e  usually co- 
dominant with l e s s  than one-half the  crown exposed, but with more than t h e  
t i p  i n  t he  open i n  well-stocked uncut stands. They a r e  f r ee  from disea,ses 
o r  mechanical breakage tending t o  re-luce the  croivn surface .  and a r e  f r e e  
from old-age stagnation. They may be t r e e s  t h a t  a r e  dropped from v igor  
c l a s s  1 because of in ju ry ,  disease,  o r  old age. 

. Vipor c l a s s  3. --Trees i n  this c l a s s  have small dense crowns x i t h  
only t h e  t i p s  exposed and a re  f ree  from diseases and mechanical i n j u r i e s  
tending t o  reduce cronn surface .  They have not reached old-age stagnation.  
They may be t r e e s  t h a t  a r e  dmpped from vigor c lasses  1 or 2 because of  
in jury,  disease,  or  o ld  age. , 

Vigor c l a s s  &.--Trees i n  t h i s  c l a s s  are growing.under obvious 
handicaps, such a s  severe suppression, in ju ry .  d isease ,  o r  o ld  age, 

Tree Origin 

Seedling.--Any t r e e  t h a t  a t  present s h m s  no union with a stump 
o r  o ther  t r e e  and can be s i l v i c u l t u r a l l y  t r ea t ed  a s  a s ingle  t r ee .  

Sprout.--Any t r e e  t h a t  i s  joined t o  a stump, other  t r e e ,  o r  clump 
of t r e e s .  



Tree Form I 

Good form,--Any t r e e  t h a t  a t  p re sen t  has  a  c l e a r ,  s t r a i g h t  bo le  
and i s  a p o t e n t i a l  saw-timber t r e e .  

Poor form.--Any t r e e  t h a t  a t  p re sen t  i s  s o  deformed t h a t  i t s  
p o t e n t i a l  use would not  exceed t h a t  of mine prop*s. 

Other  Terms 

Ingrowth.--Volume o f  small-s ized t r e e s  t h a t  have grown i n t o  
t h e  merchantable  c l a s s e s  du r ing  t h e  p a s t  1 0  years .  

Mor t a l i t y .  --Number and/or  volume of t r e e s  t h a t  have been l o s t  
t h rough  n a t u r a l  causes  such a s  i n s e c t s ,  w i n d f a l l ,  d i s e a s e ,  or  suppress ion  
d u r i n y  t h e  p a s t  1 0  yea r s .  



Table 6.--Site I. aaw timber: Number of t r ee s  per acre. by species and diameter 

D.b.h. : White : Hem- : Red : White : Hick- : R e d  : Beech i Yellon : Gray : 'Yhite : Misc.giTotal : Per- 
(inches): pine : loqk : oak : oak :.om : meple: . birch : birch : ash : : cent  

1 40 - 53 159 16 211 -- 5 -- 24 211 -- -- 719 68.6 

2 8 5 8 88 -- 68 -- 15 45 237 22.6 
3 21 5 21 -- 8 -- 24 -- -- -- 13 92 e.8 

Total 69 110 61 271 16  300 - 28 -- 24 269 iota 100.0 
Percent 6.6 - 3 0 . 9  5.8 25.8 1.5 28.7 -- 2.7 -- 2.3 25.7 100.0 -- 

Total 39.9 12.8 10.5 60.4 3.0 45.3 1.7 5.8 4.2 4 . 5 ' 1 8 . 4  206.5 100.0 

Percent 19.4 6.2 5.1 29.3 1.4 21.9 0.8 9.8 2.0 2.2 8.9 100.0 -- 

1 /  Inclu4es nonccmmercial species fblue beech, f i re  ~ h e r ~ .  shadbush. i r o n w d .  chestnut) t o t a l i nq  
240 stems under 4 inches- d.b. h. and 12.4 stems over 4 inches d.b.h. ; and conmsl.~ial species (pitch pine, 
chestnut oak, blqck birch, bassnood, yellow poplar, black cherry. aspen) t o t a l i ng  29 s t e m  under 4 inches 
d.b.h. 2ncl6.0 stcjms over 4 inches d.b.h. 



Table ?.--Site I saw timber: Volume per acre.  by species and diameter 

1/ and by t r e e  form- 

: Poor : Ctod : Totd : Poor : h o d  : Item Total : form : form : : form : form : 
- 

Cubic 'C* Per- Bosrd m Board Per- 
f e e t  feet feet cent - f e e t  feet feet cent 

Species: 
White pine 15.9 1199.5 1215.4 37.3 42 6132 6174 43.7 
Hemlock 1.9 67.6 69.5 2.1 -- 245 245 1.7 
' Red oak .6 523.5 524.1 16.1 -- 2601 2601 18.3 

White oak 311.8 776.3 1088.1 33.4 lo00 3381 4381 30.8 
Hickory 10.6 22.6 33.2 1.0 38 49 8'7 .6 
Red maole 105.9 59.4 165.3 5.1 39 156 195 1.4 
Beech .2 3.4 3.6 .1 -- - -- -- 
Yellow birch 29.8 .2 30.0 .9 56 -- 5 6 - 4  
Gray birch 9.1 -- 9.1 .3 -- -- -- -- 
ldhite ash 2/ 

1.7 83.5 85.2 2.6 - 434 434 3 -1 
Miscellaneous 9.3 26.4 35.7 1.1 -- - - - 

Total  496.8 2762.4 3259.2 100.0 1175 12998 14173 100.0 

D.b.h.: 
(Inches) 

4 
5 
6 
7 
8 
9 

1 0  

Total 496.8 2762.4 3259.2 100.0 1175 12998 14473 100.0 
Percent 15.2 84.8 100.0 - 8.3 91.7 1C8.0 -- 

1/ Burnham, C. F., Ferrec, M. J. and Cunningham, F. E. S i t e  c l ass  volume tab les  f o r  mtrchant- 
a b l e  tgber i n  t h e  Anthracite Region of Pennsylvania. Northeast. Forest Expt. Sta .  Forest Management 
Paper 3. 1946. 

2/ Includes n o n c ~ e r c i a l  species (blue beech, f i r e  cherry, shadbush, and ironwood) and 
commercial species  i itch pine, chestnut oak, black birch, basswood, yellow poplar, black cherry, 

* and aspen). 



Table 8.--S+ecles and diameter 

--- -- - - 

D.b.h. : 'dhite : Hem- : Red : White :Chestnut: Hick-: Sugar : Red : White : ; Illsc.&/ ; : Per- 
(~nches ) :  pine . : lock : oak : oak : oak : ory : maple : maple L ash : : cent 

Total 57 -- 53 22 -- 28 W 291 42 30 473 1036 100.0 
Percent 5.5 . - 5.1 2.1 -- 2.7 3.9 28.1 4.0 2.9 45.7 100.0 -- 

Total 
Percent 

Includes noncomnercial species (shadbush, dogwood, witch hazel, black gum, gray birch, butternut, 
iromood) to ta l ing  433 stems under 4.0 inches.d.b.h. and 28.9 stems w a r  4 inches d.b.h.; and commercial specids 
(virginia pine, black birch, black cherry) to ta l ing  40 stems, under 4 inches d.b.h. and 3.9 stems over 4 inches 
d.b.h. 



Table 9.-Site II.saw timber: Volume p r  acre. by species and diameter, 

and by tree f o d  

Item '- : Poor : Good I Total : Poor : Good : 
: fom : form : : form : form : 

Total 

Species: 
W t e  pine 
Hemlock 
Virginia pine 
Red oak 
White oak 
Chestnut oak 
Hickory 
Sugar maple 
Red maple 
Black birch 
White ash 
Black cherry 
Butternut 
Elm 
Ironwood 
Noncomnercial 2/ 

Total 

C u b i c  Cubic Cubic Per-, Board Board B 3  P* 
- feet  - - feet  - feet  cent feet  - feet  feet  - - cent - 

-- 617.5 617.5 30.9 . -- 2925 2925 43.2 
3.3 29.4 32.7 1.7 -- 10R 108 1.6 

11.6 5.0 16.6 - .8 60 .9 
76.0 274.2 .350.2 17.5 45 90 1.082 l5 u 7 2  17.3 

237.6 501.9 739.5 37.0 502 1676 2178 32.2 
16.5 .3 16.8 .8 -- -- -- -- 
20.6 27.9 48.5 2.4 19 31 50 0.9 
4.1 3.2 7.3 .4 -- -- -- -- 

31.8 7.3 39.1 2.0 -- 13 13 .2 
4.8 7.3 .3 -- - -- -- 

2'5 16.1 35.9 52.0 2.6 63 31 94 1.5 
6.4 -- 6.4 .3 -- -- -- -- 
3.9 - 3.9 .2 -- -- -- -- 

28.2 6.9 35.1 1.7 122 26 148 2.2 
26.3 - 26.3 1.3 -- -- -- -- 

2.5 -- 2.5 .I - -- -- -- 
507.2 1494.5 2001.7 100.0 84l 5907 6748 100.0 

Total 
Percent 

1/ Burnham, C. P., Perree, M. J. ,  and Cunningham, F. E. Si t e  class volume tadles fo r  merchant- 
able timber i n  the Anthracite Reglon of Pennsylvania. Northeast. Forest b p t .  Sta.  orest st Pbmg&ment 
Paper 3. 1946. 

2/ Includes shadbush, dogwood, nltch hazel, black ~\rm, gray birch. - 



Table 10.--Site I. pole timber: Number of t r e e s  per acre. by species and diameter 

D.b.h. : White : Hem- : Pitch : Red : White: Chestnut : Hick- : Red : Black : msc.g i : Per- 
( ~ n c h e s )  : pine : lock : pine : oak : oak -: oak @ : ory : maple : birch : : cent 

: I :  

Total  156 10 -- 57 92 10 6 159 1 8  650 1158 100.0 
Percent 13.5 0.9 - 4.9 7.9 0.9 0.5 13.7 1.5 56.2 100.0 -- 

Total 83.6 2.4 2.3 34.8 54.2 4.7 61.6 12.8 14.9 285.1 100.0 
Percent 29.4 0.8 0.8 12.2 19.0 13*' 4-8 1.6 21.7 4.5 5.2 100.0 , -- 

1/ Includes noncommercial species (shadbush, witch hazel, black qm, ironwood, butternut)  t o t a l i n g  
533 stems under 4 inches d.b.h. and 8.1 stems over 4 inches d.5.h. ; and commercial species (sugar maple, 
beech, yellow birch, white ash,  ye l los  poplar, black cherry, aspen) t o t a l i n a  .?7 stems under 4 inches d.b. h. 
and 6.8 stems over 4 inches d.b.h. 



Table 11.-Site 1,poletimber: Volume per acre. by species and diruneter, 

and by t r e e  f o 1 /  

Item : Poor : Caod : Total : Poor : Good : 
: form : form : : form : form : 

Total 

Cubic Cubic Cubic Per- Board B j 3 o  Boerd Per- 
feet  feet feet - - f e e t  - f e e t  - feet - cent 

Species: 
White pine 
Hemlock 
P i tch  pine 
Red oak 
White oak 
Chestnut oak 
Hickory 
Red maple 
Beech 
Black birch 
White ash 
Yellow poplar 
Black cherm 
Aspen 
Butternut 
Ironmod 
Noncommercial 2/ 

Total 230.0 768.1 998.1 100.0 284 806 1090 100.0 

D. b.h. : 
(Inches) 

4 
5 
6 
7 
8 

9 
10 

Total 230.0 768.1 998.1 100.0 284 806 1090 100.0 
.Percent 23.0 77.0 100.0 -- 26.1 73.9 100.Q -- .% 

I/ Burnham, C. F., ~ e r r e e , ' N .  J., and Cunningham, F. E. S i t e  c lass  volume tables f o r  merchant- 
able  t h b e r  i n  the  Anthracite Region of Perasylvania. Northeast. Forest Bcpt. Sta. Forest Management 
Paper 3. 1946. 

SMdbush, witch hazel, black gum. 



Table 12.--Site 11, pole timber: Number of t r ees  per acre. by species and diameter 

D.b.h. : White : Fed : lfilhite : Black :Scarlet : Hick- : Red : Yhite : Bass- 
( ~ n c h e s )  : pine : 0a.k : 0g.k : oak : oak : ory : m p l e  : ' Aspen i nisc. l '  : wood : 

Total 80 147 , 
-- - - 27 249 -- 13 7 716 1303 100.0 

64 6.1 11.3 4.9 -- -- 2.1 19.2 - - 1.0 0.5 54.9 100.0 -- Percent 

Total 0 1  39.3 127.6 4.2 4.8 18.6 39.1 7.1 5.7 3.6 25.1 315.2 100.0 
Percent 12.7 12.5 40.6 1.3 1- 5 5.9 12.4 2.2 1.8 1.1 8.0 100.0 -- 

1/ Includes noncomercia.l species (dop~ood, crataegus; shadbush, blue beech, witch hazel, sassaf,ras, 
ironwood) to ta l ing  6Q3 stems under 4 incJes d.b.h. ahd 9.1 stems over 4 inches d.b.h.; and commercial species 
(hemlock, chestnut oak, sugar maple, pitch pine, beech, black birch, black cherry) to ta l ing  113 stems under 4 
inches d.b.h. and 16.0 stems over 4 inches d.b.h. 



Table 13.--Site 11. pole timber: Volume per acre. by soecies and diameter, 

1/ and by t r e e  fom- 

- -  - -- 

Item. 
: Poor : h o d  : 

Total : Poor : Good : 
: fo rm:  form: : fonn : fonn : Total 

Cubic Cubic Cubic P s  - -- Board Board Board per- 
f e e t  fee t  feet & - - fee t  - fee t  - f e e t  - cent - 

Species : 
White pine 
Hemlock 
P i tch  pine 
Red oak 
White oak 
Chestnut oak 
Black oak 
Scar le t  oak 
Hickory 
Sugar Wle 
Red maple 
Beech 
Black birch 
Tdhite ash 
Basswood 
Black cherry 
Aspen 
Ironwood 
Sas'safras 

Total 

D.b,h. : 
(Inches) 

4 
5 
6 
7 
8 
9 . 10 

Total 525.8 637.8 1163.6 100.0 290 657 947 100.0 
Percent 45.2 54.8 100.0 -- 30.6 69.4 100.0 - 

 urnh ham, C. F., Ferree, M. J., and Cunningham, F. E. S i t e  c lass  volume tab les  for merchant- 
able timber i n  the Anthracite Region of Pennsylvania. Northeast Forest Expt. Sta. Forest kmgement 
P a p a r 3 .  1946. 



Table 14.--Site I. seedling and s a p l i n ~ :  Puinber of t r e e s  per acre ,  by species and diameter 

. . 
f 

D.b.h. : White I Red j White; Scar le t  I Red Slack Yellow : Black : Aspen : nisc.g : T~~~ : Per- 
(Inches) : pine : oak : oak : oak : m p l e  : birch : poplar : c h e r ~ :  i : cent  

Total 182 280 0 0  4 744 32 14 282 26 2391 4365 100.0 
Percent 4.2 6.4 9.4 0.1 17.0 0.7 0.3 6.5 0.6 54.8 100.0 -- 

Tot  a1 108 60 12 8 10 4 6 - - 22 10 240 100.0 
Percent 45.0 25.0 5.0 3.3 4.2 1.7 2.5 -- 9.1 4.2 100.0 - - 

1/ Includes noncommercial species (black gum, 'crataegus . ppi tch hazel, shadbush, blue beech, dopwood, 
f i r e  chgrry, ironwood, sassafras ,  chestnut) totaling. 2194 stems under 4 inches d.b.h and 8 stems over 4 inches 
d.b.h.; and commercial species (hemlock, p i tch  pine., chestnut oak, hickory, beech, yellow birch,  gray birch,  
white ash) t o t a l i n g  197 stems under 4 inches d.b.h. and 2 stems over 4 inches d.b h.  



I 

- Table 15.--Site I-, seedling and sapling: Volume per acre ,  by species and 

diameter, and by t r e e  form L/ 

Poor Item Good : Total  Poor . Good : 
form . form : : form form : Tot a1 

Cubic Cubic Cubic Per- !307rd Board 9oard Per-- 
f e e t  - f e e t  fee t  - - -  cent f e e t  f e e t  f e e t  c m t  

Species : 
'{bite pine 7.4 152.0 159.4 49.8 -"- 64 ~4 100.0 
Re? oak 36.5 37.3 74.4 , 23.3 - - -- -- - - 
White oak 3.6 14.0 17.6 5.5 -- -- - - -- 
Chestnut oak 1 0 0  - - 1.0 .3 -- - - -- --- 
Sc9r l e t  oak 1 - 0  5.8 6.8 2.1 -- -- -- -- 
Red maple 14.4 3.0 17.4 5.4 -- -- -- -- 
B l a c k b i r c h  -- 2.0 2.0 .6 -- -- - - -- 
Yellow p o p l ~ r  -- 10.4 10.4 3.2 -- -- -- - - 
Aspen 2.0 26.6 28.6 8.9 - - -- -- - - 
I ron.~ood 2.0 1 .3  3.0 -9  -- -- -- - - 

Tota l  68.0 252.6 320.6 100.C -- 64 64 100.0 

- 

D.b.h, 
( Inches)  

4 23.0 44.0 67.0 20.9 -- -- -- -- F 

5 12.2 64.4 76.6 23.9 -- -- -- -- 
-6 23.8 73.8 37.6 30.4 -- -- -- -- 
7 9 0 49.4 58.4 18.2 -- -- -- 8 -- 
8 -- -- - - -- - - -- - - -- 
9 -- 21.0 21.0 6.6 -- 64 64 100.0 

To ta l  68.0 252.6 320.6 100.0 -- 64 64 100.0 
Per2ent 21.2 78.3 105.0 -- - - 100.0 100.0 -- 

% 

Burnham, C.  F . ,  Ferree, M. J. 2nd Cunningham, F E .  S i t e  c l a s s  
volume t ~ b l e s  f o r  merchantable timber i n  the Anthrccite Repion of Penn-' 
sylvania . Northeast. Forest Expt . Sta .  Forest Ms m.gement Paper 3.  1546. 
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Table 16,--Site 11, seedling and sapling: Number of t r e e s  per acre,  by species and diameter 

D.b.h. : White : Hem- : Red : White : Chestnut : Hick- : Red : Yellow : Gray : i Wisc:&/ j Total : Per- 
( ~ n c h e s ) :  p i n e : l o c k :  oak : oak : oak : ory : m a p l e :  b i r c h : b i r c h :  : cent . . 

Total 158 14 246 648 114 68 894 122 2 58 4 1982 4508 100.0 
Percent 3.5 0.3 5.5 14.4 2.5 1.5 19.8 2.7 5.7 0.1 44.0 lOr).O - - 

-- 30 96 Total 24 4 -- 3 8 -- -- 6 4 202 100.0 -- Percent 11.9 14.8 47.5 2.0 -- 18.8 -- -- 3.0  2.0 100.0 ..- 

1/ Includes noncommercial species (dogmood, shadbush, witch hazel, c r a t a e ~ s ,  blue beech, irom~ood, chestnut, 
sassafrzs)  t o t a l i n g  1806 sterns under 4 inches d. b. h. ; and comercia l  species (scar le t  oak, sugar maple, beech, black 
birch, vhi.te ash, basswood, black cherry) to ta l ing  176 sterns under 4 inches d.b.h. and 4 stems over 4 inches d.b.h. 



Table 17.--Site 11, seedling and sapling: Volume per ac re ,  by species,  

1/' diameter, and by t r e e  form 

Item : Poor form Good form : Total  

Cubic Per- Cubic Per- Cubic Per- 
f e e t  cent  f e e t  cent  f e e t  cent 

Species : 
White pine 
Red oak 
White oak 
Chestnut oak 
Sca r l e t  oak 
Red maple 
Aspen 

Total  

D.b.h.: 
(Inches) 

4 
5 
6 .  

Total  78.5 29.7 185.4 70.3 263.9 ' l00 .0  

Burnham, C .  F., Ferree,  M. J. and Cunningham, F. E. S i t e  c l a s s  
volume t ab l e s  f o r  merchantable timber i n  the Anthracite Region of ' Pem- ' 

sglvania .  Northeast. Forest  Expt. Sta.  Forest  Management Paper 3. 1946, - 


