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This paper i s  a progress report of forest  
r e s e a w  i n  the Anthracite Region by personnel of 
the Stat ion 's  branch a t  Kingston, Pa. It is  the  
l a s t  i n  a ser ies  of seven reports dealing with 
the principal fores t  types of the Anthracite 
Region, The previous reports are: 

1. The Northern Hardwood Forests of the Anthracite 
x Region. Stat ion Paper 1, issued i n  March 1947. 

2. The Red Oak - White 'oak Forests of the  Anthracite 
Region. Stat ion Paper 2, issued i n  May 1947. 

3. The Scrub Oak Forests of the Anthracite Region. 
, Stat ion Paper 4, issued i n  June 1947. 

4. The Aspen - Gray Birch Forests of the Anthracite 
Region. S ta t ion  Paper 7, issued i n  August 1947. 

5. The White Pine - Oak Forests of the Anthracite 
Region. Stat ion Paper 8, issued i n  August 1947. 

6. The Chestnut Oak Fores t s  of the Anthracite 
Redon. Stat ion Paper 9, issued September 1947. 

This paper presents data on the  condition of 
the fores ts  i n  the  white pine - hemlock type, and 
recommendations for  improving such forests.  The 
recomnendations a re  only tentat ive;  but they should 
serve a s  a useful guide u n t i l  more precise and 
refined information i s  available. 

The authors thank the  many landowners on whose 
property the sample plots  were established; the 
personnel of the  Indus t r ia l  Forestry Division of 
the Wyoming Valley Chamber of Commerce, for  t h e i r  
advice and assistance; and the many individuals who 
have shown a desire  t o  help solve the  forest  prob- 
lems of the Anthracite Region. 
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T H E  W H I T E  P I N E  -- H E M L O C K  F O R X 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. Farree 
F , E. Cunningham 

The white pine - hemlock forests  a re  found chief ly on well 
drained slopes and along the  sides of ravines, Though the area 
occupied by this type i s  l e s s  than 8 percent of the fores t  land i n  the 
region, it accounts f o r  a quarter of the saw-timber area and 29 percent 
of the  volume i n  saw-timber stands,l/ 

The or ig ina l  stands of white pine and hemlock were probably much 
more extensive than they a re  today, especially along the northern 
branches of the  Susquehanna and Delaware Rivers and t h e i r  t r ibutar ies .  
D r .  Ebenezer Elmer, who accompanied General Sullivant s troops from' 
Easton t o  Wyoming i n  June 1779, wrote i n  his journal: "In some places 
the timber i s  very t a l l  and thick, mostly white pine and hemlock with 
same birch, maple and locust  trees.  Many of the white pines a re  150 
foot  c l ea r  of any limbs1! (2) .1/ People t rave l ing  t h i s  same route 
today often comment on the large areas barren of any timber. 

Since the white pine - hemlock fores ts  thr ive along the  courses 
of the many streams t h a t  t raverse the region, par t icu lar ly  i n  the 
cen t ra l  portion, they were among the f i r s t  t o  f e e l  the b i t e  of the ax. 
The cu t t ing  of white pine f o r  shipmasts s tar ted i n  the l a s t  years of 
the  eighteenth century. These were raf ted down the  Susquehanna t o  the 
shipyayds on Chesapeake Bay, o r  down the Delaware t o  the shipyards near 
Philadelphia. I n  1796 t h i r t y  such r a f t s  passed Wilkes-Barre. I n  1804 
the  number increased t o  552, containing approximately 22 mill ion board 
fee t .  I n  1849, the  peak year fo r  r a f t s ,  2,243 passed Wilkey-Barrej 
they contained an estimated 100 mill ion board f ee t  (2). . 

For def in i t ions  see appendix, 
Numbers i n  parentheses re fer  t o  Li terature Cited, p. 15. 



type. bv stand-size classes L/ 
I 

: Saw : Pole 
: timber : timber : 

43,800 57,900 144,800 246,500 
Percent 17.8 23- 5 58.7 100.0 

Sawlog material o 
M bd. ft.*..r*r... 244,000 39,900 102,100 386,000 . Percent........... 63.2 10.3 26.5 100 , 0 
Bd. f t . p e r a c r e . .  5,571 689 705 1,566 

Other material: ........ Tons... ..,l,l65,000 844,900 884,500 2,894,400 
Percent........... 40.2 29.2 30.6 100.0 ... Tons' per acre.. 26.6 14.6 6.1 11.7 

A l l  material: ........ M cu. ft.. 81,040 U,160 50,960 173,160 ........... Percbnt 46,8 23.8 29.4 100.0 
Cu. f t .  per acre.. 1,850.2 710.9 352.1 702.5 

Ineson, F, A., Ferree, H. J., and Robinson, D. F, The 
Anthracite Forest Redon--a problem area, Mortheast. Forest Expt. 
Sta. 1946, ( In proaess of publication by U. S. Dept. Agr.  ) Data 
a r e  f o r  the en t i re  1!5-county area, and should not be confused with t h e  
p lo t  data tha t  follow. 

HUnmerchantablen as used i n  this tab le  includes saw-timber 
and pole-timber t r a c t s  l e s s  than 10 acres i n  size. The term #seedling 
and saplingtf does not include these t rac ts .  

Extensive s a d 1 1  and tannery operations did not get  under way 
u n t i l  the f i r s t  par t  of the nineteenth century. By 1860 s a d 1 l . s  
along the Lehigh River alone cut  over 30 million board f e e t  of lumber 
annually, most of it white pine, Along this same r iver ,  huge 
quant i t ies  of heniiock were eut  for  bark between 1850 and 1900 t o  supply 
numerous tanneries. One of the  la rges t  tanneries, erected a t  Goulds- 
boro i n  1856 by Zaddock P r a t t  and Jay Gould, had a capacity of 100 
cords of hemlock bark per hour and an annual output of 75,000 hides 
(12). 'i'he sad par t  about the cu t t ing  of these hemlock stands w a s  t h e  
f a c t  t h a t  only the bark was used. The r e s t  of the tree w a s  l e f t  i n  
the  woods. 

Virgin hemlock stumpage i n  Pennsylvania loas worth $1.00 per 
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thousand board f e e t  i n  1900 (u). Fif teen years  earLier the  same 
timber was worth only 50 cents per  thousand, and t h e  hardwoods--beech, 
b i rch,  and maple--were thrown i n  f ree  of cost .  The la rge  tanner ies  
used t he  bark from these hemlock t r e e s  and had t rouble  s e l l i n g  the  
peeled logs. Today hemlock i s  worth $12-15 on t he  stump and t he  
supply cannot poss ibly  meet the demand. 

A few stands of v i rg in  white pine and hemlock remain, but they 
a r e  e i t h e r  publ ic ly  owned o r  a r e  i n  the  hands of p r iva te  individuals 
o r  associa t ions  who plan t o  keep them i n  a v i rg in  s t a t e  as museum 
pieces.  Ricket ts  Glen S t a t e  Forest Park and t he  Bear Creek Associa- 
t i o n ' s  holdings adjacent t o  Bear Creek Village a r e  excel lent  examples 
of  what these o r ig ina l  nh i t e  pine - hemlock stands looked l i ke .  

This b r i e f  glance i n t o  t h e  past  serves as a con t ras t  t o  t h e  
present  condit ion o f t h i s  f o r e s t  type. While t he  type does contain 
some of t he  bes t  remaining saw timber i n  t he  Anthracite Region, it has 
shrunk i n  a rea  and i n  timber volume t o  a mere f r ac t i on  of what it was .  

I n  volume-per-acre y ie lds  the  white pine - hemlock fo r e s t s  a r e  
t h e  most productive fo r e s t s  i n  t he  Anthracite Region. However, 
because of i t s  present small acreage t h i s  type ranks four th  i n  t o t a l  
lumber production. Heavy cu t t i ng  and f i r e s  have been constant ly  
convert ing this coniferous mixture t o  hardwoods. This conversion has 
gradually reduced the  extent  of the  type u n t i l  now it i s  confined t o  

The white pine - hemlock mixture has high economic value*. White 
p ine  commands a t op  pr ice  on t h e  lumber market. The use of hemlock 
lumber i s  increas ing rapidly  and i t s  stumpage pr ice  i s  r i s i n g  con- 
s t an t l y ;  t h e  s a l e  of bark f o r  i t s  tannin content brings added revenue. 

I 

Moreover, t h e  associa ted hardwoods such a s  black cherry, re6 oak, bass- 
wood, and yellow poplar a r e  high-quality species t h a t  fe tch good prices,' 
Aes the t ica l ly  t h i s  f o r e s t  type i s  surpassed by no other  i n  t he  region, I 

I ts  loca t ion  a long mountain streams and lakes ,  p lus  the  shade afforded 
by i t s  dense fol iage,  makes i t  i d e a l  f o r  rec rea t iona l  purposes. 

F- 
1 

2/ Hough, A. F. The dying of hemlock and other  species on t h e  
Allegheny National Forest.  Allegheny Forest Ekpt. Sta .  Tech. Note 9. 
1939. (2 pp., mimeographed.) 

/ 
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Table 2.--Sumnarg of conditions on averape white pine - hemlock stand 

( s i t e  I) 

Average condition : Saw : Pole Seedling 
: timber timber and sapling 

. ... Volume per acre .Cubic feet.  4,261 1,676 143 
). 

- &. 
Tons. . 112 44. 4 

Board feet. .  18,443 1,504 -- 
............ Average a m  Years.. 90 40 20 

Trees per acre 
Pole s ize ( 3 . 6 ~  d.b.h.) 
and larger  .......... Number.. 

Seedling~sapling ... (0.6-3.5" r3.b.h.) Number.. 

Re~roduction .......... Degree.. 
(under 4.5' high) . 

Quality 
Cu.-ft. volume i n  poorly ....... formed t rees  Percent.. 
h 

Origin 
Cu.-ft. volume i n  sprout- 

. ....... origin t rees  Percent.. 

................ Vimr Percent 
i n  vigor class 1.. 

vigor c lass  2.. 
vigor c lass  3,. 
vigor c lass  4.. 

C u l l  ................. Percent - 
of t o t a l  cu.-ft. volume.. 
of t o t a l  bd.-ft. volume.. 

295 

88 

Verg 
poor 

8 

5 

7 
32 
46 
15 

4 
4 

Poor V ~ W  
good 

Annual mortality . . Cubic fee t  
per acre.. 1 2 - 
Percent 

of t o t a l  growth.. 1 2 - 
Annual growth ..... Cubic feet.. 100 80 20 

per acre Tons.. 2.6 2.1 0.5 
Board feet .  . 555 ,100 - 

............. Inmouth Percent 
of annual cu. -ft. increase. . 2 11 100 
of annual w.-ft. increase.. 15 67 - 

Includes t rees  down to 0.1 inch d.b.h. 



Temporary sample 
condition of the white 
t r ibuted  equally among 
stands. Since the whi 
the  plots  were limited 
factors ,  and stand coma 

These measuremen 
volume of 1 8 , W  board 
average f o r  the  timber of the region. Yet, these forests  prbduce only " i f  about one-half of what they could produce. The virgin t r a c t  a t  B 1 

Table 3. --Growth 

Growing Annual Gro-Iring Annual Growing : Annual 
stock : growth stock growth stock : growth 
Per : Per Per . Per . Per 
acre : acre acre ac re per acre . acre 

Cubic Cubic Tons Tons Board Board 
fee t  - - f ee t  - fee t  f ee t  a - 

200 24 5.3 0.6 1,000 80 
400 34 10.5 . 9 2,000 120 
600 43 15.8 1.1 3,000 160 1 

800 51 21.1 1.3 4,000 200 
1,000 5 9 26.3 1.6 5,000 237 

1,200 66 31.6 1.7 6,000 275 
1,400 72 36.8 1.9 7,000 313 
1,600 78 42.1, 2.1 8,000 3 51 
1,800 84 47.4 2.2 9,000 389 
2,000 89 52.6 2.3 10,000 427 

2,200 94 57.9 2.5 13_,000 464 
2,4m 99 63.2 2.6 12,000 497 
2,600 104 68.4 2.7 13,000 525 
2,800 108 73.7 2.8 14,000 7560 
3,000 110 78- 9 2 9 15,000 - 575 
3,200 110 84-2 2-9 16,000 580 
3,hW 109 890 5 2.9 17,000 580 
3,600 107 94.7 2.8 18,000 570 
3,800 105 100.0 2.8 19,000 540 
4,000 102 105.3 2-7 20,000 505 

PRESENT CONDITION 

p lo ts  were studied t o  determine ~ n e  presarib 
pine - hemlock forests.  These p lo ts  were dis- 
saw-timber, pole-timber, and seedling-and-sapling 
t e  pine - hemlock type i s  found mostly on s i t e  I, 
t o  s i t e  I. Age, growth rate ,  mortality, c u l l  
losition were measured. 

.ts show t h a t  the  average saw-timber stand has a 
f e e t  per acre. This i s  three times the o v e ~ a l l  

i n  natural white pine-hemlock stands, s i t e  I 

(Mortality deducted) 

- 5 -  
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Converting factor:  38 cubic feet  = 1 ton. 1 it 



Ricketts Glen, f o r  example, has volumes a s  high a s  40,000 board fee t  
per acre. 

The number of merchantable-sized t rees  per acre i s  generally 
satisfactory. However, the number of t rees  0.6 t o  3.5 inches d.b.h. 
i s  extremely low i n  the  older stands. Reproduction, too, i s  poor i n  
these stands. TFis i s  due t o  the closed canopy formed by the t r ees  as 
they reach saw-timber size. This reduces the amount of l i g h t  tha t  i s  
necessary f o r  t& successful establishment of reproduction. 

p e r  acre i n  wh5te pine seedl inf f -sapl in~  

f !I stands, s i t e  I, by species and' diameter c lass  

1 1  \ 

i . D.b.h.class( inches)  : 
Species Total 

I-! i 1 0.25 . 1 1 :  : 2 : 3 :  

Number Number Number Number Percent 
of - of of - of 

s h  stems stems stems stems - - -  
m i k e  pine 430 900 90 . 1,420 60.4 -- 
Unml n m L  -- -- -- 50 2.1 

Black birch 490 90 -- -- 580 24.7 
Gray birch 20 40 -- -- 60 2.6 
Aspen 60 140 -- -- 200 8.5 
Chestnut -- 10 -- -- 10 .4 
Witch hazel -- 10 -- -- 10 .4 

high The percentage of volume i n  t r ees  of poor form i s  not 
( tables  6-11). Since neither mhite pine nor hemlock sprouts, the 
percentage of t r ees  having sprout or igin i s  a l so  lox, and of course i s  
l imited t o  t he  hardwood species. 

.o r ta l i ty  of white pine i n  the  seedling-and- 
stems F tha sapling stage i s  highlye s ignif icant .  Ninety percent of the 

die a re  i n  the 0.25 t o  2.0 inch diameter classes,  and 60 percent ol 
these a re  white pine ( table  4). 

Growth ra tes  Within the  white pine - hemlock fo res t s  exceed 
those of any other type i n  the region. An annual increase of more 
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than TOO board f e e t  per acre may be expected i n  stands containing more 
than 12,000 board feet  per acre, The amount of annual increase, of 
eourse, depends upon the volume of growing stock. Table 3 shows the 
amount of annual growth tha t  may be expected f o r  stands of various 
volumes a f t e r  deducting fo r  mortality. 

MEASURES NEEDED TO IMPROVE PRODUCTIVITY 

One of the outstanding problems i s  t o  increase the proportion of 
white-pine i n  the second-growth stands. T h i s ,  t h e  most valuable 
species, has been cut  heavily i n  the past with l i t t l e  consideration fo r  
i t s  regeneration. Original stands were heavily stocked with white 
pine, but logging practices have created conditions tha t  favor the 
shade-tolerant hemlock, so t h a t  hemlock now almost completely dominates 
the  young stands (2) (6). The percentage of white pine i n  the  t o t a l  
mortal i ty  i s  higher i n  the younger stands than i n  the  older ones. The 
folluwing tabulation shows the d is t r ibut ion  of white pine mortali ty 
according t o  the  stand-size class:  

Mortality 
(percent) 

Saw-timber stands 5 
Pole-timber stands 8 
Seedling-and-sapling stands 60 

Moreover, t h i s  mortality of white pine i n  ~ e e d l i n g - a n d - s & ~ l i n ~  
stands i s  extremely high i n  the  lowest diameter c lasses  ( tab le  4). A l l  
these factors  tend t o  eliminate white pine from t h e  young age classes, 
and t o  favor the hemlock and hardwoods, I n  f ac t ,  t h i s  t rans i t ion  has 
progressed so far that the  present seedling-and-sapling stands contain 
very l i t t l e  white pine. 

Another s i lv i cu l tu ra l  problem i s  the need fo r  p a r t i a l  quttings 
t o  increase growth ra tes  and t o  promote good development of suppressed - 
t o l e ran t  species. This i s  indicated by the high proportion of law- 
vigor t r e e s  ( tab le  2). 

Protection from f i r e  and grazing i s  necessary f o r  successful 
timber production by t h i s  forest  type, Although the f i r e  hazard i s  
very low, complete f i r e  protection i s  required. Grazing should be 
prevented. Trampling of seedlings and ompac t i n g  of soi$ decreases 
the possible y ie lds ,  

The forms of management recommended i n  t h i s  report  can a lso  be 
used f o r  pure hemlock stands. Efforts  should be made t o  introduce 
i n t o  these stands more valuable species. These management methods 
mill be beneficial  t o  the propagation and ~liaintenance of wildl i fe;  The 
p a r t i a l  cu t t ings  w i l l  perpetuate a constant overstory of conifers, 
which afford excellent cover fo r  most anhal- species. 



; r 
4.1 c 1 ! SAW-TIMBER STANDS 

i 

i4'1 & 
i-F? species and maintain the stands i n  a t h r i f t y  condition; and it should 

stands (2). - This i s  a p a r t i a l  cu t t ing  tha t  allows seedlings t o  become 
established under a l i g h t  overstory of large trees.  This cu t t ing  
method i s  desirable because of the character is t ics  of these stands: 

1, Reproduction i s  not adequate, 

-! i -2. The stands a r e  even-aged. 

Any form of management applied t o  t h i s  fores t  type should have a 
threefold objective: it should assure establishment and development of 
white pine; it should increase the growth rates  of a l l  high-quality 

ekourage develqpment of high-quality hardwood associates. To accom- 
pl ish these t h e  shelterwood system of cut t ing i s  best f o r  saw-timber 

4. HemZpck and white pine reproduce be t te r  under l i g h t  cover than i n  
the open (6) (16). 

- 
Clear-cuttin<.--The present practice of cu t t ing  a l l  t rees  down t o  

2 inches d.b.h. should be discontinued. It i s  undesirable fo r  these 
reasons : 

- 8 -  
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3 .  White pine needs a mineral seedbed f o r  establishment and a f a i r  
amount of l i g h t  fo r  development (8) .  

5. Suppressed hemlock must be exposed gradually i n  order t o  minimize 
d a m ,  from sunscald and from excessive drying of s o i l  (14). 

6. Hemlock ' s  shallow-rooted and may windthrow i f  l e f t  i so la ted  on ~ e t  
areas. d 

7. Isolated hemlocks over 16 inches d.b.h. develop "shaken .d 
I 12: 4 Cutting methods of several degrees of in tens i ty  were considered 

( table  5). I n  estimating yields under the d i f fe rent  cu t t ing  methods, 
it was assumed tha t  the white pine - hemlock growth r a t e s  w i l l  corres- 
pond closely t o  those f o r  the white pine type, f o r  which Dana (4) found 1;; 1 an inc rease  of about12  percent a f t e r  release cutting. It was a l so  
assumed tha t  the culmination point of 16,000 board f ee t  per acre fo r  ! ..r ; 

I - natural stands ( table  3) w i l l  be raised t o  20,000 board fee t  under good 
1 1-1 i forest  manazement . 

Wood, 0. M. Mindfirmness of hemlock l e f t  a f t e r  logging, 
Allegheny Forest Expt. Sta.  Tech. Note 2. 2 pp.; i l l u s .  19kO. 

Bratton, Allen W. Hardwoods, the bigger the be t te r ;  hemlocks 
just  get bigger. Northeast, Forest Expt, Sta. Forest, Economics Note 2. 
3 pp., i l l u s .  1946. 



Figure 1. --Saw-timber stand, s i t e  I. 

1. It yie lds  l e s s  volume over a given number of years than any of the 
p a r t i a l  cu t t ing  methods, "P 

2. *It yields  a greater proportion of low-quality material  than any of 
t h e  p a r t i a l  cu t t ing  methods. 

, 
3. Conversion t o  hardxoods i s  encouraged. since the  conifers a r e  unable 

t o  sprout. 

4. The f i r e  hazard i s  increased because of large amounts of slash l e f t  
a f t e r  logging. % 

5. The s i t e  is-exposed t o  s o i l  erosion and drying-out, thus destroying 
t h e  watershed-protection qual i t ies  of the fores t  and adding t o  the 
ever increasing threat  of floods. 

6 .  It favors invasion of light-seeded, intolerant ,  noncommercial species 
such a s  ironwood, aspen, and gray birch. T - I 

I I 

I 
The heavy cut.--Since the average saw-timber stand is already a t  I 

s i l v i c u l t u r a l  maturity, a high volume can be removed immediately a s  a. I 

seed cut .  This i s  a cut t ing t h a t  removes everything but w e n  spaced 
seed-bearing t r e e s  of desirable species t o  ensure reproduction and t o  
afford protection t o  the area while the  seedlings are becoming estab- 
lished. About 12,000 board f ee t  per acre can be removed i n  t h i s  first 







(1 

out l ined previously. It w i l l  be necessary t o  conduct cleanings as with  
t h e  heavy cu t  method. 

Hawley (9)  found t h a t  systematio thinnings resul ted i n  t h e  estab- 
lishment of an abundance of white pine seedlings and small q u a n t i t i e s  o f  
hardwood and hemlock seedlings. I n  view of t h i s  it may be poss ib le  t o  
eliminate t h e  seed cu t  i n  stands where reproduction becomes adequately 
es tabl ished ,Tollowing t h e  f i r s t  two preparatory cuts.  

The l i g h t  cut.--This method i s  designed f o r  a reas  on which c u l l  
i s  excessive and improvement work i s  needed. Preparatory cu t s  a r e  used 
t o  condit ion the  s i t e  f o r  seedling establishment and development of seed- 
bearing t rees .  This method i s  espec ia l ly  su i t ab l e  f o r  farm woodlots 
where owners who can f ind  time t o  do t h e i r  own woods work during months 
when farm work i s  s lack can cap i t a l i z e  on t h e i r  own labor  and equipment 
t h a t  would otherwise be i d l e .  By care fu l ly  d i s t r i bu t i ng  t h e  annual c u t s  
over a t r a c t  an owner can sus ta in  year ly  employment and r ea l i z e  y i e l d s  
of high-quality sawlogs. Three l i g h t  cu t s  of 2,000, 3,000, and 3,000 
board f ee t  per  acre  respectively should be made a t  5-year i n t e r v a l s  
prepa,ratory t o  t h e  seed cut  and f i n a l  cu t  a s  previously outl ined.  It 
i s  not l i k e l y  t h a t  these  l i g h t  operations w i l l  promote t h e  establishment 
of white pine reproduction, s ince  t he  species i s  ra ther  i n to l e r an t  t o  
shade and the  openings created w i l l  be small. Therefore t he  seed c u t  . 
opill*e r e l i e d  upon e n t i r e l y  f o r  regeneration of white pine. 

Any one of t h e  above cu t t i ng  methods can be successfully used; 
the  method selected depends upon t he  desi res  of the  owner and on economic 
and s i l v i c u l t u r a l  factors .  The y ie lds  estimated ( t ab l e  5) apply on ly  
t o  the  average saw-timber stand a s  found i n  t h i s  study, but t he  same 
procedures can be applied t o  any stand, Growth r a t e s  ind ica te  t h a t  t h e  
1,000 board f e e t  per  acre  l e f t  a f t e r  t h e  f i n a l  cu t s  w i l l  have a t t a i n e d  
su f f i c i en t  volume i n  30 o r  40 years t o  allow i n i t i a l  cu t s  i n  t h e  second 
rota t ion.  These cu t s  must be ca re fu l ly  planned so t h a t  t he  amount 
removed w i l l  be l e s s  than t h e  per iodic  growth. This w i l l  allow t h e  
growing stock of high-quality t r e e s  t o  increase gradually u n t i l  t h e  cul-  
mination point  of about 20,000 board f e e t  per  acre  i s  reached, a t  which 
time t he  harvest c u t s  can be made. It i s  important t h a t  t h e  c u t t i n g  
plans be kept f l ex ib l e  so t h a t  a l l  cu t t i ng  and timber u t i l i z a t i o n  can be 
constantly corre la ted with m r k e t  condit ions and demands. 

POLE-TIMBER STANDS 

The average pole-timber stand was marked f o r  removal of 400 cubic 
f e e t  o r  10.5 tons per  acre  of mater ia l  i n  a thinning operation. De- 
formed o r  defect ive  red oak, white oak, red maple, and yellow b i rch  make 
up a small por t ion of it; but t he  bulk of it i s  i n  sound densely grown 
hemlock t h a t  should be removed t o  re lease  se lected crop t rees .  This  
work should be done a s  soon as poss ible  i n  order t o  speed up t he  growth 
r a t e  on t he  best -qual i ty  stems. P rac t i c a l l y  a l l  of t he  volume removed 
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be removed without lowering the growth rate ,  but removal of more than 50 
percent of the l i v e  crown i s  ap t  t o  cause death within a few years. 

SEEDLINGAND-SAPLING STANDS 

I n  the qGerage seedling-and-sapling stand white pine i s  gradually 
being crowded-dut by the  more to le rant  hemlock, This condition can be 
improved by cleaning the young stands t o  l ibera te  the intolerant  pines 
and allow them t o  get t h e i r  crowns above t h e i r  c o m ~ t i t o r s .  A t  l e a s t  
one treatment should be used, and i n  most stands one o r  more succeeding 
applications should be made a t  5-year intervals.  Cline (2) i n  a similar 
operation i n  the white pine - oak fores t  type found tha t  one t o  three 
cleanings were necessary, requiring 12-30 man-hours of labor per acre. 
Y t  i s  l i k e l y  tha t  the t h i r d  operation of t h i s  nature w i l l  produce enough 
small salable material, - e i the r  a s  fue l  wood or  mine lagging, t o  meet the  
costs. These cuttings, although they require expenditures with l i t t l e  
o r  no immediate return, w i l l  improve the stand composition and w i l l  
d i rec t  the growth t o  high-quality crop t r ees  so t h a t  increased dividends 
w i l l  be r'ealized ultimately. 
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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 Sa moist, wel l  dre.ined, 
f a i r l y  deep s o i l s  frequently of a l l u v i a l  or igin .  It usually i s  found 
i n  protected coves o r  along streams o r  bottom-lands that maintain moist, 
w e l l  drained conditions throughout t he  geer. On nor them exposures it 
o rd ina r i l y  extends higher up the  slope than on southern exposures 
because of more favorable s o i l  moisture. c lub moss, hydrangea, maiden- 
h a i r  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 
ind ica tors .  

I n  t he  northern counties vrhere northern hardwoods surround t he  
whi te  pine - hemlock type t he  p r inc ipa l  associa ted species a r e  black 
cherry ,  basswood, yellow birch,  northern red oak, and red maple. In 
t h e  southern counties where the  oak types p reva i l ,  red oak, white oak, 
yellow poplar, and red maple occur as t h e  chief  associa tes .  

a 
I n  t h e  mature stands t h e  d o d n ~ n t  and co-dorninant species w i l l  

produce 3 o r  more 16-foot logs  per  t r e e .  Conifer dominants and co- 
dominants w i l l  produce 3& o r  nore  ld-foot  logs.  . 

S i t e  11.--The white pine - hemlock type occurs t o  a l imi ted 
e x t e n t  on s i t e  11. S i t e  I1 areas  a r e  characterized by s o i l s  intermed- 
i a t e  i n  moisture, depth, d r a i n a p ,  and f e r t i l i t y .  They w i l l  dry out  
f o r  only shor t  periods during t h e  year. Usually they a r e  slope types , 
l oca t ed  betxeen the  r idges and t h e  coves o r  bottom-lands. Poorly 
drained bottom-lands mag be of  s i t e  I1 q w l i t y .  Ordinari ly t h e  s i t e  
reaches near ly  t o  the  r idge tops. It reaches higher on slopes with 
nor thern exposure than on slopes with southern exposure. Tra i l ing  
arbutus ,  ground pine, a s t e r ,  goldenrod, bracken fern ,  and sheep l a u r e l  
u sua l l y  i nd i ca t e  s i t e  11. 

T - 
I n  mature stands the  dominant and co-dominant har$*ood species 

will produce 2 t o  2$ 16-foot lees per  t r e e ,  ~ h i l e  t h e  conifers  ; v i l l  
yield 2: t o  3 16-foot logs.  

S i t e  111.--The white pine - hemlock type r a r e l y  occurs on s i t e  
111. This s i t e  i s  characterized by s h a l l o i ~ ~  r a t h e r  dry, stony o r  corn- 
pac t  s o i l s  cha rac t e r i s t i c  of r idges.  It w i l l  produce hardwood t r e e s  
having l e s s  than two 16-foot logs  a t  maturity. On southern exposures 
it may extend down t h e  slope f o r  a considerable dis tance,  because of 



unfavorable s o i l  moisture conditions. Dense mountain l a u r e l  ground 
cover o r  a preponderance of lichens often indicate s i t e  111 conditions. 

Forest Stand-size Classes 

Saw-timber stands.--Stands bearing a minimum volume of 2,000 
board f e e t  per' acre. Saw-timber volume i s  measured i n  conifers  i n  the  
+inch d.b.h;class and over, and i n  harditroods i n  the 11-inch d.b.h. 
c lass  and over. 

Pole-timber stands. --Stands bearing a minimum volume of 5 standar 
cords per acre i n  t r e e s  i n  the &inch d.b.h. c lass  and over, and l e s s  
than 2,000 board f e e t  of sag timber. 

v Seedl inpand-sapl in~ stands. --Young graivth areas of fores t  land 
tha t  have l e s s  than 5 standard cords of wood per acre i n  t r e e s  i n  the  
&inch d.b.h. c lass  and over. 

I n  t h i s  study t r e e  vigor i s  an expression of the present growth 
r a t e  of a t r ee  a s  conditioned by density, size, and posi t ion of the  
crown *us the general health of the t r e e  a s  determined from i t s  age and 
the presence o r  absence of diseases or mechanical in jur ies .  Four vigor 
classes a re  recognized. Trees i n  these classes meet the  following 
conditions : 

: g  ! e Vimr c lass  1.--These t r e e s  have large dense crowns. Usually 
they a re  dominant or co-dominant with a t  l e a s t  one-half of t h e i r  crowns 
exposed. They are f ree  from diseases or mechanica.1 breakage tending t o  
reduce the crown surface (but t  ro t  and small mechanical i n ju r i e s  on t r e e  
trunks do not a f fec t  t he  vigor classiffcat ion) .  Ther a re  f r e e  from 
old-age stagnation a s  evidenced by dead limbs i n  the cro~vn, and they 
have a general healthy and t h r i f t y  appearance. 

4 ; 
V i ~ o r  c lass  2.--These t r ees  have fair-sized cro~vns of moderate 

!j density or large crowns of l i g h t  density. Usually they a r e  co-dominant 

$1 6 with l e s s  than one-half the crown exposed, but w i t h  more than the t i p  i n  
*1 7 
'S f the open i n  well stocked uncut stands. They a r e  f ree  from diseases or  
1 1  mechanical breakage tendlng t o  reduce the crown surface, and are  f r e e  

from old-age stagnation. They may be t rees  tha t  a re  dropped from vigor 
c l a s s  1 because of injury, disease, or old age. 

Vigor c lass  3.--These t r ees  have small dense crowns with jus t  the 
ips  exposed and a re  f ree  from diseases and mechanical in.jurias tending 

t o  reduce crovin surface. They have not reached old-age stagnation. 
They may be t r ees  t h a t  a r e  dropped from vigor classes  1 o r  2 because of 
injury,  disease, o r  old age. 
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Table 7.-Saw timber. s i t e  I : volme per acre. by speciea. diameter, 

and tree form (l.) 

4.6 1,64l.8 1,646.4 38.7 - 8,743 8,743 47.4 

White oak 

791 1,012 5.5 

Black birch 

358.2 3,903.0 4,261.2 100.0 675 17,768 18,443 100.0 

44.5 267.7 312.2 7.4 

305.4 305.4 7.3 
125.3 125.3 2.9 
196.L 196.4 4.6 

20.6 101.7 122.3 2.9 l l 0  
23.9 217.1 2hl.O 5.7 130 1,179 1,309 7.1 

226.4 226.4 5.3 -- 1,289 1,289 7.0 
206.3 206.3 4.8 -- 1,166 1,166 6.3 

41.4 205.1 246.5 5.8 221 1,129 1,350 7.3 
T - 

255.8 255.8 6.0 
200.2 200.2 4.7 

I/ Noncanmercial species: ehadbush, dogwood, cnrbegus. 
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Table 8.--Pole timber. s i t e  I : number of t rees per acre, by species and diameter 

t ,  
- -- - - - - - - - - - - - - - 

Per- D.b.h. : White : Hem- : Pitch : White : Red : Black : Red : Yellow : Black : Gray : PLisc.~/ : Total ; cent oak oak : cherry : maple : birch birch : birch . (Inches) pine : lock :. pine 

I Total , 53 513 - 12 - -- 3 7 60 -- -- 24 699 100.0 

to Percent 7.6 73.4 -- 1.7 -- - 5.3 8.6 - -- 3.4 100.0 -- 
N 

Total 85.9 478.0 2.5 23.9 . 2 0 . 0  16.8 U-5 57.2 5.0 20.0 33.4 784.2 100.0 

Percent 11.0 61.0 0.3 3.0 2.6 2.1 5 3 7.3 0.6 2.6 4.2 100.0 
-- 

Includes noncommercial species (shadbush, c r a t a e p s )  total ing 12 stems under 4 inches d. b. h. and 24.2 
stems over 4 inches d. b. h., and commercial species (hickory, black oak, aspen) total ing 12 stems under 4 inches 
d.b. h, and 9.2 stems over 4 inches d.b.h. 





Total 1,360 2,120 40 40 30 3,010 200 90 70 6,960 100.0 
Percent 19.5 30.5 0.6 0.6 0.4 43 2 2.9 1.3 1.0 100.0 -- 

20 -- -- -- 40 -- 40 -- 200 57.5 
10 -- -- -- 50 42.5 

140 20 -- -- -- 50 -- 40 -- 
Total 

250 100.0 

Percent 56.0 -- -- 20.0 -- 16.0 -- 100.0 -- 
8.0 -- 

1/ Noncommercial species: witch hazel, shadbush, sassafras. - 




