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The N o r ~ h e r n  Hardwoods 
in N e w  England 

ORTHERN HARDWOOD f o r e s t s  occupy about 9 mi l l i on  
acres  of land in  New England. In recent years,  these 
hardwood fo re s t s  have made increasing contr ibut ions 

t o  t he  economy of t h i s  reg ion .  The i r  f u t u r e  management 
should be even more rewarding. 

This guide has been prepared fo r  use i n  managing the 
old-growth and second-growth n o r t h e r n  hardwoods of New 
England. It is intended t o  he lp  char t  the course of manage- 
ment for  the i n i t i a l  c u t t i n g  cycles  on previously unmanaged 
fores t s .  The suggestions presented sumnarize the r e s u l t s  of 
25 years  of research on the  B a r t l e t t  Experimental Fo re s t ,  
Jh r t l e t t ,  New Hampshire, and elsewhere i n  the region. 



Table 1.--Some characteristics of northern hardwood species in New ~n~land' 

Species Tolerance Response 
Growth Management 

objective Risk Reproduction rate 

Sugar Very Responds well to Moderate 18-24" Healthy tree. May be deformed Pole trees sprout vigorous- 
maple tolerant thinning or release. to fast d.b.h. by maple borer. ly. Seeds every 3-7 years. 

American Very Responds well to Moderate 14-20" Poor risk because of Nectria. Abundant root suckering. 
beech tolerant thinning or release. d.b.h. Subject to frost and sunscald Seeds every 2-3 years. 

damage. 

Yellow Intermediate Fair response to Slow 18-24" Sensitive to high soil tem- Poles sprout. Seeds every 
birch early tbinnings. d.b.h. perature and sudden exposure. 1-2 years. 

Dieback and post-logging 
decadence. 

Paper Intolerant Responds to early Fast 60-70 Sensitive to sudden opening Seeds most years. Moderate 
birch thinning. years and high soil temperature. stump sprouting. 

Dieback and post-logging 
decadence. 

m i t e  Intolerant Responds to early Moderate 14-18" d.b.h. Healthy tree. Seeds every 3-5 years. 

ash thinning. to fast 70-80 years 

Red Intermediate No need to thin. Moderate 14-20" Sprouts often butt-rotted. Sprouts vigorously. Seed8 
maple to fast d.h.h. Subject to black heart. almost every year. 

Aspen Intolerant No need to thin. Fast 40-50 Rots easily. Large-tooth aspen Abundant root suckering. 
years is the better species. Seeds 4-5 years. 

Red very Responds to thin- Slow to 12-18" Bhallow rooted. Seeds 3-8 years. 

spruce tolerant nlng or release. moderate d.b.h. 

Eastern Very Responds very well Moderate 16-22" Larger trees subject to Seede 2-3 years. 

hemlock -tolerant to release. to fast d.b.h. ring shake. 

'1n preparing this list, it was assumed that the trees are found under favorable growing conditions, such as site and stocking, 
for the species. 



Some Characteristics of 

the Northern Hardwoods 

SPECIES 

K EY SPECIES i n  the northern hardwood fo re s t  are  yellow 
birch (Betula a L leghaniensis), beech (Fagus grandi- 

fol ia), and sugar maple (Acer saccharurn). These three species  
may occur together a s  a  nearly pure fo re s t  type, or  they may 
be a s soc i a t ed  wi th  hemlock (Tsuga canadens is), red spruce 
(Picea rubens), paper b i r ch  (Betula papyrifera) white ash 
(Fraxinus americana), red maple (Acer rubrum), or  aspen 
(Popu lus trernuloides and P. grandidentata). Younger stands 
t h a t  have fol lowed f i r e  o r  c l e a r - c u t t i n g ,  o r  t h a t  have 
seeded i n  abandoned pastures  , of ten  conta in  l a rge  propor- 
t ions  of paper b i rch ,  ash,  red maple, and aspen a s  a  cover 

type 

In  the  management of these f o r e s t s ,  the  cha rac t e r -  
i s t i c s  of the principal  species (those t ha t  a f f ec t  t h e i r  r e -  
sponse t o  c u l t u r a l  t reatments)  should be considered ( t ab l e  
1 ) .  

SITES 

In New England, northern hardwood s i t e s  occur up t o  
e leva t ions  of about 2,000 f e e t ,  on land t h a t  is r o l l i n g  t o  
mountainous. The r i v e r  v a l l e y s  below the  hardwoods a r e  
usually occupied by white pine types i n  the southern par t  of 
the region and by spruce and f i r  types f a r t h e r  nor th .  In  
the mountains, spruce types grow above the hardwoods. 

On hardwood s i t e s ,  the  land is  usual ly s tony.  Most 
s o i l s  a r e  podzols or brown pcdzolics derived from glac ia ted  
grani tes  and sch i s t s .  A few s o i l s  have developed wholly or 
i n  par t  from limestone and have b e t t e r  s t ruc tu re  and greater  
f e r t i l i t y  than the podzols. The most productive but l e a s t  
common s o i l s  a r e  deep ,  w e l l  d r a ined  t o  moderately w e l l  
d r a i n e d ,  and of  medium t e x t u r e .  



OLD GROWTH 

The typ i ca l  old-growth nor thern  hardwood f o r e s t  of 
today has a h i s to ry  of some c u t t i n g  about the  turn  of the  
century ( f i g .  1). The f i r s t  c u t t i n g  usually took a l l  of the 
softwood sawtimber. La ter ,  the b e t t e r  hardwoods were cu t .  
The larger  t rees  t ha t  remain a r e  often overmature and of low 
value i n  terns of species or qua.lity. The smaller sawtimber 
t r e e s  were present  bu t  unmerchantable dur ing  those e a r l i e r  
operat ions;  sapl ings and ~ o l e s  came in  l a t e r .  Since then, 
the s tands  may have been untouched. 

I n  these old-growth fo re s t s ,  cu l l - - in  completely use- 
l e s s  t r e e s  and p o r t i o n s  of merchantable t r e e s - - u s u a l l y  
amounts t o  a t h i r d  of the  gross volume. Growth cmmonly is 
slow, and the t rees  vary considerably i n  qual i ty .  'Ihe stands 
a re  most of ten uneven-aged, usual ly with gaps i n  some diarn- 
e t e r  c l a s s e s  and excesses i n  o the r s .  Trees range i n  s i z e  
from sap l ings  t o  more than 30 inches d.b.h. Seedlings of 
to le ran t  species ,  such as  sugar maple and beech, are  abundant. 

SECOND GROWTH 

Second-growth f o r e s t s  a r e  more o r  l e s s  even-aged. 
Where areas have been t r u l y  c lear -cu t  f o r  charcoal o r  fue l -  
wood, o r  burned over, t he re  is a narrow range of ages and 
diameters. Other a reas  have only been heavily high-graded. 
While t he  propor t ion  of even-aged t r e e s  is high i n  these  
s t a n d s ,  t h e r e  is a s c a t t e r i n g  of  l a r g e  o ld  c u l l  o r  wolf 
t r e e s .  

Old-Growth Forest 

T H E  old-grmvth fo re s t  usual ly w i l l  be managed under an 
uneven-aged s i l v i c u l t u r a l  system, but  some s tands  

within the fo re s t  may be t rea ted  d i f fe ren t ly .  Timber markers 
w i l l  keep i n  mind no t  only t h e  s tock ing ,  s t r u c t u r e ,  and 
growth goals  ou t l ined  i n  a l a t e r  s ec t ion  but  a l s o  cu r r en t  
r e a l i t i e s  such a s  cos ts  and s e l l i n g  prices. The recomnenda- 
t ions  t h a t  follow a re  s imi l a r  t o  those proposed e a r l i e r  by 







Jensen (3). In  appl ica t ion ,  the f o r e s t e r  may want t o  a l t e r  
these recommendations i n  l i ne  with h i s  own experience, the  
wishes of the property owner, and loca l  growingand marketing 
conditions. 

SILVICULTURAL SYSTEMS 

Se l e c  t ion 
System Cut t ing  

S ince  p a s t  c u t t i n g  opera t ions  have downgraded the  
growing s t o c k ,  most s t ands  t h a t  a r e  t o  become p a r t  of a 
balancecc, uneven-aged fo re s t  need a thorough renovating when 
management is s t a r t ed .  Nearly always, there is s o  mch poor 
growing stock tha t  the f i r s t  cu t  should be moderately heavy, 
tak ing  25 t o  40 percent  of t h e  gross  volume i n  t r e e s  5.0 
inches d.b.h. and la rger .  Removal of more than 40 percent 
of the gross volume is not  usual ly advisable,  a s  the  shock 
might cause  some t r e e s ,  such  a s  ye l low b i r c h ,  t o  d i e .  
Others, a s  well  a s  yellow b i r ch ,  would tend t o  fea ther  out 
and lose value. 

The f i r s t  c u t  o r  cu t s  a r e  pr imar i ly  fo r   res salvage 
and improvement. And because most of the  t r e e s  f a l l  i n t o  
one or more groups of undesirable growing stock,  i n  a sense, 
they "mark themselves". These groups a re :  

Trees t ha t  may d i e  before the next cut .  

Trees of l o w  qua l i ty  and vigor. 

Less des i rab le  species. 

Multiple stems. 

Merchantable paper b i r c h  and aspen ,  p a r t i c u l a r l y  a t  
maturi ty.  

The s i l v i c u l t u r a l  requirement is tha t  the  f i r s t  cu t  
should, as  s t a t e d ,  be mdera t e ly  heavy ( f i g .  2 ) .  I f  the d i s -  
t r i b u t i o n  of diameters is d i s t o r t e d ,  e i t h e r  by c u t t i n g  or  
o ther  f a c t o r s ,  i t  w i l l  take longer t o  reach the  goal of a 
balanced s t ruc ture .  I n  general,  any c u t t i n g  under the se lec-  
t i o n  system has the  combined objec t ives  of th inning ,  pre- 
sa lvage ,  and harves t  c u t t i n g .  This  is e s p e c i a l l y  t rue  of 
f i r s t  cu ts  i n  previously unmanaged fores t s .  This combination 
of ob jec t ives  i n  one cu t  gives f l e x i b i l i t y  i n  marking, but  
requi res  much s i l v i c u l t u r a l  s k i l l .  



S t r i c t  appl ica t ion  of the t r e e  s e l ec t ion  sys tem w i l l  
perpetuate or increase the proportions of the very to le ran t  
species --sugar maple, beech, hemlock, and red spruce. 

A primary objective i n  any system of moderate cu t t i ng  
is improvement of the res idua l  s tand.  Thus, the removal of 
c u l l  t r e e s  and wolf t r e e s  from growing stock is important. 
The va lue  of  a  moderate c u t  cannot  m a t e r i a l i z e  w i thou t  
d i sposa l  of t h i s  i n f e r i o r  growing s tock .  This can be r e -  
moved in  s e v e r a l  ways. Sa l e s  c o n t r a c t s  may include pro- 
visions f o r  f e l l i n g  ce r t a in  c u l l  t r ee s  and ac tua l  or  poten- 
t i a l  wolf t r ee s .  O r ,  these t rees  may be g i rd led  or t rea ted  
with s i l v i c i d e s  a f t e r  the cu t t i ng  is done. 

The se l ec t ion  system is bes t  for  those stands where: 

Most t r e e s  t o  be removed occur s i n g l y  r a t h e r  than i n  
groups . 
There a r e  ample markets fo r  the  very t o l e r a n t  spec i e s .  

0 The t r e e s  reserved f o r  fu tu re  growth cover a  wide range 
of s i z e s  and show promise of maintaining or increas ing  
t h e i r  value.  

Patch 
Cutting 

Patch c u t t i n g s  a r e  c l e a r - c u t t i n g s  of small  a r e a s ,  
usually less  than 2/3 acre. Those t r ee s  within a  patch tha t  
a r e  not  harvested a r e  g i rd l ed  or  poisoned, inc luding  sap-  
l ings down t o  2 inches.  

In  many old-growth s t ands ,  t r e e s  t h a t  would be s e -  
lected fo r  c u t t i n g  occur i n  clumps or groups These could 
be the nuc l e i i  of patches. To decide i f  they should be en- 
larged t o  patch s i ze ,  weigh the present and future values of 
the addi t iona l  t r ee s  t ha t  would be cu t  against  the need fo r  
reproduction of the l e s s  t o l e r an t  species--yellow and paper 
birch.  

A t  the B a r t l e t t  Experimental Forest ,  yellow birch has 
reproduced very wel l  on patches up t o  1/3 acre .  Regenera- 
t i on  of paper b i rch  has been promising on patches of 1/3 t o  
2/3 acre .  In  lay ing  out patches,  we t r y  t o  avoid leaving 
yellow b i rch  exposed t o  the south and west (north and e a s t  
s i de  of patch)  because i t  is very s e n s i t i v e  t o  sudden tem- 
perature changes. 



Clear  
Cut ting 

In old-growth f o r e s t ,  some a r e a s  may no t  con ta in  
enough valuable or  po t en t i a l l y  valuable s t e m  t o  hold over 
fo r  another cut .  These areas should be clear-cut ,  including 
complete removal of s ap l ings  and c u l l  t r e e s  ( f i g .  3 ) .  Re- 
generat ion a f t e r  such c u t t i n g  usua l ly  is good, comprising 
both advance reproduction and new seedl ings  and sprouts .  
Paper birch,  yelluw birch,  and aspen typica l ly  appear in  the 
new regeneration in  grea te r  proportion than in  the previous 
stand. 

01 both patch and clear-cut t ings,  there a r e  small un- 
merchantable t r e e s  a s  well a s  large c u l l  t r ee s  t ha t  should 
be removed. A s  i n  the  s e l e c t i o n  system, these  could be 
f e l l ed  during logging. O r ,  they could be girdled or t rea ted  
with s i l v i c ides  soon a f t e r .  

I n  the t yp i ca l  o ld-growth . fores t ,  t he re  is of ten  a  
need for  a l l  three methods of cut t ing--select ion,  patch, and 
c l e a r - c u t t i n g .  For a  given a r e a  w i th in  t he  f o r e s t ,  t h e  
choice depends upon the condition of the s tanding  t r e e s  and 



the need for  regeneration of ce r t a in  species. The se lec t ion  
system w i l l  f ind the most general use, with occasional patch 
cut t ings where the t r ee s  t o  be removed occur i n  groups. The 
need for  c lear -cu t t ing  is l ea s t  frequent. 

STOCKING, STRUCTURE, AND GROWTH 

Regardless of product ob jec t ives ,  hardwood f o r e s t s  
w i l l  always produce much material su i tab le  only for  pulpwood 
and other bulk products. When the old-growth fo re s t  is put 
under management, the  f i r s t  c u t s  u s u a l l y  w i l l  be low i n  
value because of c u l l  and poor c p a l i t y .  Even l a t e r ,  when 
the fo re s t  is on sustained y ie ld  under some uneven-aged s i l-  
v i cu l tu ra l  system, there w i l l  be periodic harvests of small- 
e r  t r ee s .  And upper sec t ions  of sawlog t r e e s  w i l l  continue 
t o  be lower i n  q u a l i t y  than b u t t s .  Therefore,  one cannot 

Table 2.--Estimated r e s idua l  s t r u c t u r e  and wowth ~ o a l s  per acre1 

f o r  uneven-axed nor thern  hardwoods mana~ed f o r  

b i ~ h - v a l u e d  products 

basal  area3 

Cu.ft .  Bd.ft. 

' ~ b i s  -desired s tocking and s t r u c t u r e  a f t e r  each cut  r ep re sen t s  t he  average 
ac re .  It i s  not expected t h a t  each ac re  w i l l  ever conform r i g i d l y  t o  these  goals.  

2 ~ r o d u c t i o n  is the  net  change i n  volume. I t  16 the  growth of a l l  t r e e s  of 
measurable s i z e  present  a f t e r  c u t t i n g ,  minus mor t a l i t y ,  p lu s  ingrowth. 

3 ~ s  rough conversion f a c t o r s  f o r  pale  t imber,  r e  use 5  square f e e t  of basal  
a r ea  f o r  a  rough cord and 20 cubic f e e t  f o r  a  square foo t .  For sawtimber, we use 
4 square f e e t  of basal  a r ea  per  cord ,  25 cubic f e e t  per square  foo t  of basal  a r ea .  
and 120 board-feet per square foo t .  



NUMBER OF TREES PER ACRE BASAL A'REA PER 
ACRE (SQUARE F E E T )  

Figure 4.--Suggested s tand  and stocking 
f o r  unevenraged no r the rn  hardwoods 
a f t e r  each c u t t i n g ,  f o r  high-value 
products .  

manage only for  high-value material  such as veneer and saw 
logs. Management goa l s  must be c o n s i s t e n t  w i th  (1) the  
c h a r a c t e r i s t i c s  of t he  s p e c i e s ,  ( 2 )  . the  s i t e s  upon which 
they grow, and ( 3 )  t h e  systems of s i l v i c u l t u r e  f o r  which 
they a r e  s u i t e d .  

High- Va lue 
Products 

Hardwoods on average - to-bet ter  s i t e s  t h a t  a r e  reason- 
a b l y  a c c e s s i b l e  can  be managed p r imar i l y  f o r  high-value 
products.  In uneven-aged f o r e s t s ,  t h e  l a r g e s t  y i e l d s  of 
high-value products  a r e  a s soc i a t ed  with r e l a t i v e l y  l a r g e  
volumes per acre.  This is s o  because a  large proportion of 
the growing stock is in large t r ee s  (5). This i n  turn means 
fewer t rees  t o  the acre ( tab le  2) .  



Table 3.--Estimated residual structure and growth goals per acre1 

for uneven-aged northern hardwoods mana~ed for bulk products 

Diameter 
Stand and stocking Estimated annual 

class & production, 
Estimated allowable 

basal area2 
cut in 10 years 

group Trees 

Number Sq.ft. Sq.ft. Cu.ft. Bd.ft. 

6 50 10 0.29 58 - - 
8 30 11 .32 64 -- 
10 20 10 .32 64 -- 
12 12 9 .28 70 336 
14 8 8 .24 60 288 
16 6 7 .20 50 240 
18 4 5 .15 38 180 

Total 130 60 1.80 404 1,044 

6-10 100 31 0.93 186 -- 
12-14 20 17 .52 130 624 
16-18 10 12 .35 88 420 

Total 130 60 1.80 404 1,044 

 his desired stocking and structure after each cut represents the average 
acre. It is not expected that each acre rill ever conform rigidly to these goals. 

2~ee table 2, footnotes 2 and 3. 

To manage for  these products, we  recommend a stocking 
of about 80square f ee t  of basal  area per acre  a f t e r  cu t t ing ,  
in  t rees  from5.0to 25.0 inches d.b.h. ( tab le  2 and f i g .  4). 
This  corresponds t a  about 1 ,900  cubic f e e t  per  ac re ,  t o  a 
f l e x i b l e  4-inch top  diameter .  

In tab le  2, w e  have used three diameter groups, based 
upon 2-inch d.b.h. c lasses.  I f  other diameter groupings a r e  
des i red ,  the required numbers of t r ee s  can be read from the  
table.  Regardless of ex i s t i ng  stocking, the grea tes t  poten- 
t i a l  lies in the large sawtimber group. Only a few t r ee s  i n  
the middle group w i l l  mke  Factory Grade 1 logs (8). ' 

Growth est imates,  drawn from experience a t  B a r t l e t t ,  
i n d i c a t e  t h e  volumes and s i z e s  of t r e e s  expected t o  be 
ava i lab le  for  subsequent cu t s  under s imi l a r  conditions. In 

'This refers to U.S. Forest Service hardwood log grades for standard lum- 
ber. In general, No. 1 logs will yield from 64 to S O  percent No. 1 common and 
better lumber; No. 2 logs, 40 to 64 percent; No. 3 logs, 13 to 36 percent. The 
variation is due chiefly to differences in species and log diameters. 



a d d i t i o n  t o  growth, t he  a l l owab le  c u t  depends upon the  
l e n g t h  o f  t h e  c u t t i n g  c y c l e .  

We recommend c u t t i n g  cyc l e s  of 10 t o  20 years  f o r  
most conditions. Present stocking, a c c e s s i b i l i t y ,  markets, 
and volume a l l  inf luence the length of cu t t i ng  cycle.  With 
cycles longer than 20 years,  however, there is l e s s  control  
over growth r a t e ,  mor ta l i ty ,  c u l l ,  and reproduction. 

We do not mean t h a t  every acre must have the desired 
s tocking and s t r u c t u r e .  These goals may not be approached 
f o r  several  cu t t i ng  cycles. But when most acres i n  the for-  
e s t  come c lose  t o  t h i s  s tocking  and s t r u c t u r e ,  i t  w i l l  be 
possible  t o  have s t a b l e ,  sus ta ined  c u t s .  And most of the 
allowable sawtimber c u t  w i l l  come from l a rge r  t r e e s .  

Of course, spec ies  is a t  l e a s t  as  important a s  t r ee  
s i z e  i n  determining product values.  Within the l i m i t s  of 
the  des i red  s tocking  and s t r u c t u r e ,  the f o r e s t e r  can mold 
the species composition over several  cu ts  by h is  cu t t i ng  and 
cu l tu ra l  pract ices .  In the uneven-aged fo re s t s ,  we want t o  
maintain or increase t h e  proportions of ye l l av  birch,  sugar 
maple, red spruce,  and hemlock. 

1 FOR BULK PRODUCTS 

BASAL AREA PER 
ACRE (SQUARE FEET)  

Figure 5. --Suggested stand and stocking for uneven- 
aged northern hardwoods after each cutting, for 
bulk products. 
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Bulk 
Products 

0-1 poorer s i t e s  , hardwoods should be managed primar i - 
l y  f o r  bulk products ;  bu t  even on the  b e t t e r  s i t e s  S ~ E  

owners may prefer t o  manage for  such products. Poorer s i t e s  
a r e  general ly d r i e r  or c lose  t o  the upper l i m i t s  fo r  hard- 
wood timber on mountain slopes. There a re  no d e f i n i t  ive hard- 
wood-site-productivity data  for  t h i s  region. S t i l l ,  we can 
assume t h a t  on poorer s i t e s  the mature hardwoods average 
l e s s  than 30 f ee t  i n  merchantable height t o  a  4-inch top. 

For bu lk  products  we recommend a s t o c k i n g  of  60 
square f ee t  of basa l  a rea  a f t e r  cu t t i ng  i n  t r ee s  5.0 inches 
t o  18.0 inches d.b.h. ( tab le  3 and f ig .  5).  With t h i s  stand 
s t ruc ture  and leve l  of stocking, much growth w i l l  be i n  pole- 
timber, and most products c u t  w i l l  be small .  I n  genera l ,  
c u t t i n g  cycles  w i l l  be 20 years  longer. 

Second-Growth Farest 

S ECOND GROWTH f o r e s t s  have a  smal le r  range of s i z e  
c l a s s e s  than o ld  growth. But q u a l i t y  may vary a s  

widely. Some s tands  may be f i l l e d  with aspen and red maple 
s p r o u t s ;  o the r s  w i l l  con t a in  a  high propor t ion  of paper 
b i r ch  and white  a sh .  Among the  second-growth hardwoods, 
white  a sh  and paper b i r c h  a r e  most d e s i r e d ,  wi th  yel low 
b i rch  and sugar maple next i n  rank. 

Second-growth f o r e s t s  w i l l  usual ly be handled by an 
even-aged s i l v i c u l t u r a  1 system. Since the t r e e s  a r e  young 
and small ,  and mature r e l a t i v e l y  e a r l y ,  s i l v i c u l t u r a l  sys-  
t e m  must be concerned wi th  reproduction a f t e r  cu t t i ng .  

SILVICULTURAL SYSTEMS 

Clear 
Cutting 

Based upon observations a t  B a r t l e t t  (10) and elsewhere 
i n  New England, t h e  p r a c t i c e  of c l e a r - c u t t i n g  ex t ens ive  



areas  of second growth may no t  provide s a t i s f a c t o r y  repro-  
duc t ion .  Of ten ,  such  c u t t i n g  is fol lowed by r a spbe r ry ,  
blackberry,  and pin cher ry .  When t h a t  happens, it may be 
many years before merchantable t r e e  spec ies  take over. A t  
l e a s t ,  t h i s  appears t rue  now where s tands under 60 years of 
age have been c lear -cu t  on areas la rger  than 1 acre .  

Though these  observat ions a r e  not  backed up by ex-  
perimentation, t he re  is l i t t l e  doubt about the  r e s u l t s  of 
successive c l ea r  -cut t ings of young, even-aged stands i n  New 
York and Pennsylvania. They have led t o  stand de ter iora t ion :  
less  des i rab le  spec ies ,  more sprout  growth, smaller  y ie lds ,  
and a general lowering of s tand qual i ty .  

Clear -cu t t ing  of s t r i p s  not more than 2 chains wide 
or  i n  patches of l e s s  than 1 acre  i n  area rmay be successful  
i n  obtaining reproduction of des i rab le  species  ( f ig .  6). 

I n s t e a d  of a s i n g l e  c l e a r - c u t t i n g  i n  t h e  young 
second-growth f o r e s t ,  there may be one or more inter im cu t s  
before ro t a t i on  age is reached (9). These operations would 
be a combination of improvement and ha rves t  c u t s .  This  i s  
s o  because of the  e a r l y  s i l v i c a l  and economic maturi ty of 
aspen, paper b i r c h ,  and white ash.  



Aspen t ends  t o  break up a t  age 50. Paper b i r c h  may 
be r i p e  a t  60 y e a r s ,  A f t e r  70 y e a r s ,  i t  w i l l  begin t o  de -  
t e r i o r a t e ,  and the  r a t i o  of d e s i r a b l e  sapwood w i l l  decrease.  
Probably a s h  w i l l  have accilmulated i t s  maximum of va luab le  
sapwood a t  80 years .  Thus, depending upon the  age and com- 
pos i t ion  of the s t ands ,  any in te r im c u t s  w i l l  include a  ha r -  
v e s t  of one or more of t h e s e  s h o r t - l i v e d  s p e c i e s .  A t  the  
same t i m e ,  f o r  improvement c u t t i n g ,  t h e  f o r e s t e r  may mark 
red maple s p r o u t  clumps and beech and sugar  maple stems of 
low v igor  or  q u a l i t y .  

As a  r e s u l t  of t h i s  type of opera t ion ,  s t a n d  d e n s i t y  
is reduced,  t h e  crown canopy is broken ,  and r e p r o d u c t i o n  
develops .  Then, when the  s t a n d  reaches  80 years  or  o l d e r ,  
the overs to ry  can  be removed by a  s e r i e s  of c l e a r - c u t s .  As 
i n  the  old-growth f o r e s t ,  t h e  composition of t h e  r e s u l t i n g  
s t a n d  w i l l  be i n f l u e n c e d  by t h a t  of t h e  o v e r s t o r y  a t  t h e  
time of t h e  f i n a l  c l e a r - c u t ,  t h e  advance growth, and t h e  
s i z e s  of t h e  openings  (4 ) .  

Selection 
System Cutting 

The f o r e s t e r  has an a l t e r n a t i v e  t o  the even-aged sys -  
tem of s i l v i c u l t u r e  represented by c l e a r - c u t t i n g  and s h e l t e r -  
wood c u t t i n g :  i f  w i l l i n g  t o  move toward the  c l a s s i c  climax 
type of bi rch-beech-maple ,  he may c u t  under  the  s e l e c t i o n  
system. A f t e r  s e v e r a l  s e l e c t i o n  c u t s  i n  second-growth f o r -  
es ts ,  the  proport ion of more t o l e r a n t  hardwoods should have 
inc reased  (9). With cont inued c u t t i n g  under the  s e l e c t i o n  
system, s t r u c t u r e  w i l l  change from even-aged t o  uneven-aged. 

I n  d e c i d i n g  upon a sys tem of s i l v i c u l t u r e  f o r  t h e  
second-growth hardwood f o r e s t ,  t h e  d e s i r e d  composi t ion of 
the  r e g e n e r a t i o n  is t h e  prime c o n s i d e r a t i o n .  The v a r i o u s  
types  of c l e a r - c u t t i n g - - b l o c k s ,  s t r i p s ,  p a t c h e s ,  s h e l t e r -  
wood--will  f avor  t h e  less t o l e r a n t  a s h  and b i r c h e s .  The 
s e l e c t i o n  system favors sugar maple, beech, and hemlock. 

TENDING THE STANDS 

I n  add i t ion  t o  manipulation of merchantable c u t s ,  the  
f o r e s t e r  has a  number of s i l v i c u l t u r a l  t o o l s  f o r  improving 
young even-aged f o r e s t s .  These t o o l s  or  treatments - -ch ie f ly  
c leanings  and thinnings--are  used t o  increase  timber q u a l i t y  



and v a l u e  y i e l d  d u r i n g  t h e  r o t a t i o n .  I n  some c a s e s ,  t h e  
r e s u l t s  a r e  i n d i r e c t .  Often they do not show f o r  many years ,  
thus making the t reatments  d i f f i c u l t  t o  eva lua te .  

Cleaning is an operat ion i n  which undesirable  members 
of juven i le  or s a p l i n g  s t ands  a r e  removed (7).  These include 
t r e e s  of  unmerchantable  o r  low-value s p e c i e s ,  f o r k e d  o r  
crooked t r e e s ,  and stump s p r o u t s  i n  t h e  main crown canopy. 
We have no experimental  d a t a  on t h e  n e t  b e n e f i t s  of c lean ing  
young hardwood s t a n d s .  It seems obvious t h a t ,  i n  t h e  long 
run ,  c! ..aning should apprec iab ly  i n c r e a s e  s t a n d  value-  -but  
we d o n ' t .  know how much. A t  p r e s e n t ,  we recommend c l e a n i n g  
t o  t h o s e  who a r e  w i l l i n g  t o  i n v e s t  i n  b r i n g i n g  through t o  
pole s i z e  maximum numbers of sap l ings  of des i red  spec ies  and 
form. 

Clean ings  shou ld  be begun when the  t r e e s  a r e  head 
high--no more than 1.0 years of ape--and should be continued 
u n t i l  t h e  t r e e s  reach  po le  s i z e .  C lean ings  s h o u l d  be s o  
l i g h t  t h a t  it is d i f f i c u l t  t o  s e e  t h a t  t h e  s t a n d  has  been 
touched, and should be r e s t r i c t e d  t o  the  main crown canopy. 
Sap l ing  s t ands  always should be dense enough t o  ensure s e l f -  
pruning of lower l imbs, s t r a i g h t n e s s  of bo le ,  and a  minimum 
of snow and i c e  damage. C lean ings  shou ld  he r e p e a t e d  a s  
o f t e n  a s  needed t o  main ta in  a  h e a l t h y ,  v igorous  s t a n d  of 
des  i r a h e  s tems.  

Removal of s a p l i n g  aspen and p i n  c h e r r y  may no t  be 
n e c e s s a r y .  The f o l i a g e  of a spen  and p i n  c h e r r y  is l i g h t  
enough n o t  t o  unduly h i n d e r  t h e  growth o f  o t h e r  s p e c i e s .  
Pin cherry  d i e s  out of the s t and  a t  an e a r l y  age. And t h e r e  
may be markets f o r  the l a r g e r  aspen, which would then be the  
f i r s t  crop. 

Most young, even-aged n o r t h e r n  hardwood s t a n d s  can  
b e n e f i t  from j u d i c i o u s  t h i n n i n g .  While t h e r e  a r e  s e v e r a l  
methods of th inn ing ,  crown o r  c rop- t ree  th innings  seem b e s t  
fo r  these  s t ands  ( 2 ) .  In  general ,  the  time t o  s t a r t  th inning 
is a s  soon a s  c rop  t r e e s  can be recognized. Stands  of i n -  
t o l e r a n t  s p e c i e s ,  such  a s  paper b i r c h ,  shou ld  he th inned  
e a r l i e r  than those of t o l e r a n t  spec ies .  Before age 40, paper 
b i r c h  and whi te  ash  may respond t o  th inn ing ,  b u t  according 



t o  our d a t a  they  do  n o t  respond a f t e r  age 60. Sugar maple 
and the  o ther  t o l e r a n t  s p e c i e s ,  however, w i l l  respond even 
a f t e r  age 60. 

I n  a c rop- t ree  thinning,  only t r e e s  t h a t  a r e  i n t e r -  
fe r ing  with the  c r m n  development of c rop  t r e e s  a r e  removed. 
S t i l l ,  t y p i c a l  s t ands  contain  poor growing s tock i n  t h e  main 
crown canopy t h a t  may not be i n  the  way of the  c rop  t r e e s .  
They may be c u t  i f 2 :  

Growth w i l l  be s h i f t e d  t o  b e t t e r  t r e e s ,  o r  

They may no t  l i v e  t o  the  next th inning,  or 

'Ihe s tand w i l l  no t  be opened excess ive ly ,  or 

'Ihe reduct ion i n  s tand  d e n s i t y  w i l l  f a c i l i t a t e  regenera- 
t i o n  l a t e r .  

Although p r e c i s e  s t a n d - d e n s i t y  g u i d e l i n e s  a r e  n o t  
a v a i l a b l e ,  t h i n n i n g s  s h o u l d  be heavy enough t o  e n s u r e  a 
s teady increase i n  the volume and value growth of the  b e t t e r  
t r e e s  i n  the s tand .  Indicat ions  a r e  t h a t  it is b e s t  t o  t h i n  
l i g h t l y  and o f t e n ;  i n t e r v a l s  of 10 t o  15 years  i n  nor thern  
hardwoods should g i v e  t h e  f o r e s t e r  reasonable  c o n t r o l  over 
t h e  s t a n d ' s  development.  Excessive opening of the  crown 
canopy may r e s u l t  i n  a " f e a t h e r i n g  out"  of t h e  t r e e s ,  wi th  
a poss ib le  lass of value.  Yellow b i r c h  is e s p e c i a l l y  s e n s i -  
t i v e  t o  excessive crown openings. 

Should t h e  th inn ing  pay f o r  i t s e l f ?  Since the  t r e e s  
removed w i l l  be s m a l l  o r  rough, t h e i r  v a l u e  w i l l  be low. 
A more c r i t i c a l  q u e s t i o n  is :  " W i l l  t he  i n c r e a s e  i n  va lue  

y ie ld  dur ing t h e  r o t a t i o n ,  a s  compared t o  an unthinned s tand ,  
be more than enough t o  pay for  the  thinnings ?" This  mst be 
answered on the  land i t s e l f ;  bu t  i f  the  work is well-t imed 
and well-done the  answer should  be "yes". 

Red maple ' sp rou t  clumps a r e  o f t e n  a problem. At  
B a r t l e t t ,  we have t r i e d  c u t t i n g  one o r  two s p r o u t s  from a 
clump. But growth d i d  not increase on t h e  remaining sprou ts ,  
and h e a r t  r o t  spread t o  some of them. Now, w e  advise  c u t -  
t i n g  the  e n t i r e  clump. S i l v i c i d e s  can be used t o  prevent r e -  
sp rou t ing .  Large hold-overs can be removed with  t h e  t h i n -  

'~rorn l e c t u r e  n o t e s  of Hans Leibundgut, professor  o f  s i l v i c u l t u r e  a t  t h e  
Swiss Federal I n s t i t u t e  O F  Technology, Zurich, Switzerland. 



nings  o r  they can be g i r d l e d  o r  poisoned i n  a s e p a r a t e  
opera t ion .  

Thinnings .recommended here a r e  not  t o  be confused 
wi th  the  i n t e r i m  c u t s  i n  second-growth s t a n d s  mentioned 
e a r l i e r .  Here, w e  a r e  deal ing with a planned s e r i e s  of cuts  
aimed a t  increasing the  t o t a l  volume and value y ie ld  of the 
stand during the ro t a t i on  (2).  

ROTATION AND STOCKING 

Product ob jec t ives  f o r  t he  second-growth no r the rn  
hardwood fo re s t  may be qu i t e  f l ex ib l e .  They a re  a function 
of species composition, growing stock leve l ,  length of ro ta -  
t ion ,  and owner preference. 

High-Va lue 
Products 

Even-aged , second-growth fores t s  , especial ly those on 
good s i t e s ,  can y ie ld  high-value products. Where the species 
a re  mostly yellow b i rch ,  beech, and sugar maple, high-value 
y i e ld s  w i l l  be assoc ia ted  with long ro t a t i ons  (100 t o  120 
y e a r s )  and a h igh  l e v e l  of s t o c k i n g  a f t e r  t h i n n i n g  (80  
square f e e t  of basal  a r e a ) ,  with fewer t r ee s  t o  the acre  a s  
r o t a t i o n  age approaches ( 6 ) .  Stands t h a t  conta in  a h igh  
proportion of the  l e s s  t o l e r an t  species--aspen, red maple, 
paper b i r c h ,  and white  ash--can be managed on an 80-year  
r o t a t i o n  a t  about  70 square  f e e t  of b a s a l  a r e a  per  a c r e  
a f t e r  each thinning.  Most of the  white ash  would be held 
for  the  f i n a l  cu t .  

To r ea l i ze  maxirmun values from second-growth s tands ,  
there would have t o  be a s e r i e s  of thinnings and improvement 
treatments before the harvest  c u t s .  In  some s tands ,  these 
thinnings would inc lude  a ha rves t  c u t  of paper b i r c h  and 
white ash,  which o f t en  make f u r n i t u r e  squares  and handle 
s tock .  

We have yet  t o  ca r ry  a s tand a t  the B a r t l e t t  through 
a ro t a t i on  with a high-value product ob jec t ive .  However, 
t h i s  has been done s o  of ten  and s o  successfu l ly  with beech 

~ and oak in  Denmark, France, Germany, and o ther  coun t r i e s ,  
t h a t  it should be poss ib le  i n  New England. 



Bulk 
Products 

The object ive here is maximum volume y ie lds  of such 
products a s  pulpwood, chemical wood, and fuelwood. Thinning 
would serve only t o  harvest t rees  t h a t  would otherwise d i e ,  
or t o  maintain mast of the volume i n  t r ee s  of a t  l e a s t  mini- 
mum merchantable s i ze .  Since bulk products c m o n l y  a r e  law 
in  value, investments i n  cu l tu ra l  pract ices  must be kept low. 
In  general,  poorer s i t e s  and l e s s  accessible  a reas  would be 
managed for  bulk products. For these s i t e s  and t h i s  product 
o b j e c t i v e ,  we recommend a s t o c k i n g  of 60 square f e e t  of 
b a s a l  a r e a  per  a c r e  wi th  a 60-year r o t a t i o n .  

General Remarks 

I N general,  previous l y  unmanaged northern hardwood fo re s t s  
in New England can be divided in to  two types: old growth 

and second-growth. Each c a l l s  fo r  d i f f e r en t  treatment. 

As old-growth is put under management, it w i l l  proba- 
bly be converted t o  a balanced, uneven-aged fores t .  Flexible 
methods a r e  suggested fo r  convert ing the old-growth f o r e s t  
t o  t h i s  managed s t a t e  and holding it there.  The suggested 
mximum diameters a r e  not meant t o  be taken a s  the l a s t  word. 
Should a s tand  con ta in  l a r g e r ,  high-value t r e e s  t h a t  a r e  
t h r i f t y ,  it would be unwise t o  l iqu ida te  a l l  of them a t  once. 
Other s tands may no t  have any t r e e s  l a rge r  than 20 inches. 
It would take many years t o  r a i s e  t h e i r  maximum diameter 4 
inches. I n  balanced, uneven-aged f o r e s t s ,  a change i n  the 
upper-diameter l i m i t  of only 2 inches has a profound e f f e c t  
upon the t o t a l  volume and, perhaps, upon the qua l i t y  of t he  
t r e e s .  

A s  second-growth is put under management, i t  w i l l  
usual ly become an even-aged fo re s t .  But, the concept of a 
r o t a t i o n  i n  northern hardwoods is not hard and f a s t .  For 
the  f i r s t  $0 or 60 years ,  t he re  w i l l  be a narrow range of 
ages and diameter c lasses .  S k i l l f u l  management w i l l  include 
thinnings , and harvest ing of early-maturing species .  Thus, 
wi th  increas ing  age,  the  composition w i l l  include more of 



the  t o l e r a n t  spec ies  with a g rea t e r  range of s i z e s .  And, 
there w i l l  be advance reproduction of the  t o l e r an t  species .  
For long rotat ions t h i s  means t h a t  as  liquidation-age nears,  
the f o r e s t  w i l l  look l e s s  even-aged. The f o r e s t e r  working 
with sho r t  ro ta t ions  probably w i l l  not run i n t o  t h i s  s i t u a -  
t ion .  

We have assumed t h a t  the  genera l  precepts  of good 
f o r e s t  management w i l l  be followed. This means adequate 
p ro t ec t ion ,  recognizing mult iple-use values,  and d iv id ing  
the f o r e s t  i n t o  compartments o r  chances wi th  permanent 
boundaries ; it is important t ha t  the boundaries be permanent. 
Product objectives, stocking and s t ruc tu re  goals,  and grawth 
volume measurements w i l l  a l l  be on a compartment b a s i s .  
This applies  a l s o  t o  records, without which there can be no 
purposeful fo re s t  mnagement . 

Now, in  managing the compartments t o  conform t o  ob- 
j e c t i v e s ,  the  f o r e s t e r  may t r e a t  s eve ra l  d i f f e r e n t  s tands  
w i t h i n  the compartment. I n  o ther  words, concepts such a s  
s t a n d s ,  patches,  openings, and s t r i p s  a r e  r e l a t e d  t o  t h e  
s i l v i c u l  t u r a l  too ls  t h a t  t he  f o r e s t e r  uses i n  managing t h e  
compartment and the  fo re s t .  For small ownerships, t he  com- 
p a r t m n t  and the  f o r e s t  may be one. But the guiding prin-  
c ip l e s  a r e  the same. 

The suggestions made here a r e  for  general fores t  con- 
d i t ions .  Smaller areas (such a s  woodlots) t ha t  a r e  more ac- 
c e s s i b l e  and c l o s e r  t o  good markets,  may be managed more 
i n t e n s i v e l y  than l a r g e r ,  more remote f o r e s t s .  This  means 
s h o r t e r  c u t t i n g  c y c l e s ,  more growing s t o c k  per  a c r e ,  and 
more t imber-stand-improvement a c t i v i t i e s .  
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