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T H E  

The study was begun on a seconc 
northern hardwood stand i n  Experimental 
i n  New Hampshire. I t s  purpose was t o  measure the  effeczs o 
a thinning, and t o  determine the  productive capacity of suc 
stands. S i l v i cu l t u r a l  fac to rs  bearing on contiinuous even 
aged management were a l so  considered. 

The stand i s  on a north-facing slope ~t 1,000 
f ee t  elevation.  The area  i s  nearly l eve l .  IL 1s moist and 
well drained except f o r  a small : .long a brook. The 
s i t e  appears good fo r  hardwoods denced by moisture, 
depth of s o i l ,  and a good groulu ~;uv.er of Viburnum and 
Canadian yew. 

The area was apparently clear-cut f o r  ruelwooa and 
then used a s  pasture. When abandoned, it reverted t o  second 
growth hardwoods t yp i ca l  of t he  region. I n  1936, t h e  s tan  
was 60 years old. Aspen, paper birch,  red maple, and tvhit 
ash were t he  main species. Yellow birch,  su 
beech were present, but i n  much smaller quanti  
d i t ion ,  there  were a few sca t te red  beech holdo. 

Table 1.-Basal area before thinnina. by species 

A good pa r t  of t he  red maple was of sprout or igin  
Clumps had from two t o ' s i x  stems. This species tended t 
grow i n  nearly pure patches 4 acre  o r  more i n  extent. Th 
aspen was overmature and dying. Most of the  yellow b i rc  
had dropped below the  general crown leve l ,  and was going t 
pieces--yellowing leaves, dead branches, and water sprouts 
Otherwise the  stand appeared healthy and vigorous. It va 
well stocked, with a good proportion of va specie 
( t ab le  1). 
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Beech 4.07 3.3 
Yellow birch 10.65 8.7 
Sugar maple 10.76 8.8 
Red maple 39.47 32.2 
Paper birch 16.32 13.4 
White ash 24.62 20.2 
Aspen 14-51 ll. 9 
Other 1.85 1.5 

Total 122.25 100.0 
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This paradox can be explained by t he  growth hab i t s  o 
the  species t h a t  comprise t he  stand. The more intoleran.  
species (aspen, paper birch,  white ash, yellow birch,  an1 
red maple) a r e  espec ia l ly  su i ted  fo r  re fores t ing  open areas  
Once established,  they e i t he r  remain dominant o r  drop out 
The very t o l e r an t  species (beech and sugar maple) grow slow 
l y  when the  stand i s  es tabl ished,  but they can maintai. 
themselves under i n to l e r an t  dominants. They mas even com 
i n  a f t e r  t h e  regeneration period. 

These to le ran t  t r e e s  give t h e  stand ssrucLu 
J-shape. But t he  d i s t r i bu t i on  of intermediate : 
species i s  t yp i ca l  of even-aged stands. 

2nd i n t  ,ole ran 

T h i s  stand s t ruc ture  has an important bearing on t h  
form of management chosen. It lends i t s e l f  na tura l ly  t 
uneven-aged management by t he  se lec t ion  system. The man 
small stems a r e  the  growing stock from which successive har 
ves t  cu t s  w i l l  come. They w i l l ,  i n  turn,  be replaced b, 
other small t r e e s  growing i n t o  the  stand. The t o l e r an t  spe 
c ies  w i l l  predominate i n  the  future  stand. 

yed mar 
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On the  other hand, any form of even-a! 
t h a t  employs only one harvest  cu t  per generaL~ur1 v v r r l  L ~ W  

benef i t  from these  many small t r ees .  They w i l l  contr ibut  
l i t t l e  o r  nothing t o  merchantable growth during t h e  ro ta  
t ion ,  and when t he  harvest cut  i s  made thoin -9 ten t ia l  valu  
w i l l  be sac r i f i ced .  The t o l e r an t s  may b .nancia 
l o s s  or  l e f t  t o  i n t e r f e r e  with regenerat lore i n  
t o l e r an t  species--which even-aged managemenT, usually i 
aimed t o  favor. 

T H E  T H I N N I N G  O P E R A T I  

I n  t h i s  study, 44 contiguous *-acre p lo t s  were e s b a u -  
l i shed  i n  t he  stand descr. -ked i 
1936 and thinned t ha t  w i n  : re l e f  
uncut f o r  comparison. 
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The thinning removed. 20 t ercent  of t he  basa 
area from each p lo t .  A l l  t h e  hc b wolf t r e e s  and t h  
aspen were removed. A l l  o ther  t r e e s  tha t  wouid not l i v  
u n t i l  t he  next cut  ( i n  7-10 were cut .  This include 
most of t h e  yellow birch. Defective and poorly-formed t r e e  
of a l l  species were removed so f a r  a s  poss ible  without oDen 
ing  the  stand too much. I n  some cases the  smc 
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i s t i c s  and pos i t ion  i n  t h e  s tand s t r u c t u r e  (fig. 2 and 
t a b l e  2).  

White ash  and red maple 1 2  inches and l a r g e r  made the  
bes t  diameter grov~th. Growth dropped off toward t h e  smaller  
s i zes .  The l a r g e r  t r e e s  of t h e  two species  grew a t  about 
the  same r a t e ,  but  among t h e  smaller  t r e e s  ash  growth was 
slower, 

Table 2.--Annual diameter growth. by species. 1941-51 

Average 
diameter Average 

Species breast high annual 

i n  1941 

Red maple 
White ash 
Paper birch 
Yellow birch 
Beech 
Sugar ma.ple 

Average 8-07 0.132 

Y E L L O W  BIRCH AND PAPER BIRCH 

Figure 2 . - - A n n u a l  d i a m e t e r  growth  of t h e  t h i n n e d  s t a n d .  
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Accretion on the  i n i t i a l  t r e e s  was 24.02 square 
f ee t .  Red maple accounted f o r  60 percent of 
t h i s ,  sugar maple f o r  20 percent. 

Ingrowth produced 7.90 square f e e t  of new basal  
area. T h i s  was almost one-third of the  s tand ' s  
production. More than two-thirds of the  in-  
growth was beech and sugar maple. 

Sugar maple and beech basal  areas  a re  increas ing a t  a 
f a s t e r  r a t e  than red maple, white ash, and paper birch.  The 
i n to l e r an t  species a r e  producing half  the  basal-area growth, 
but beech and sugar maple a r e  doing almost a s  well.  Mortal- 
i t y  i s  heavy i n  t h e  i n to l e r an t s ,  l i g h t  i n  t he  to le ran t s .  
Ingrowth of beech and sugar maple i s  strong and has added 
almost 40 percent t o  t he  basal  area of these  species since 
t he  beginning of the  period. 

Growth Of Saw1 og-Size 'Trees 

The usable volume of t he  stand i s  concentrated i n  
t r e e s  11 inches d.b.h. and l a rge r .  I n  1951 these l a rge r  
t r e e s  accounted fo r  more than half the  basal  area  (10 years 
e a r l i e r  it was only 42 percent) .  

Although sav~log t r e e s  accounted f o r  three-fourths of 
the  t o t a l  production, more than two-thirds of it was in-  
growth from the  poletimber c lass .  Actually only 32 percent 
of the  t o t a l  accret ion was l a i d  on t r e e s  11 inches d.b.h. 
and la rger .  

Sawtimber mor ta l i ty  was i n  $roportion t o  i t s  volume 
i n  t h e  stand. Almost half of t h i s  loss  was white ash; none 
of t he  beech, sugar maple, o r  yellow birch died. 

A t  75 years the  sawtimber stand i s  s t i l l  mainly red 
maple, paper birch, and white ash. There i s  l i t t l e  beech o r  
sugar maple. 

Evaluation Of The Thinning 

The average annual diameter growth i s  about 0.045 
inch grea te r  on t he  thinned area  ( f ig .  3).  This i s  roughly 
50 percent more than t he  check-plot average. The increase  
i s  due t o  (1) removal of poor, slow-growing, and dying 
t r e e s ;  and (2) addi t ional  growing space made f o r  t he  resid- 
ua l  t r e e s ,  



F i g u r e  3 .  --Annual d i a m e t e r  growth  o f  b o t h  t h i n n e d  and 
u n t h i n n e d  s t a n d s ,  a l l  s p e c i e s .  

We do not have enough data t o  appraise t he  r e l a t i ve  
importance of these causes. General observation of the  
stand before thinning indicated t h a t  it was vigorous and had 
f a i r l y  good crown d i f fe ren t ia t ion .  Therefore, increased 
growing space probably stimulated the  growth of t he  smaller 
t rees .  Removal of slow-growing t r ee s  was most important i n  
increas ing the  growth r a t e  of the  l a rge  dominant t rees .  

Nearly a l l  the  aspen died on the check p lo t s ,  and 
bi rch i s  dropping out of both stands. A l l  species grew more 
slowly on the  check p lo t s  except white ash (which was the  
same). 

Accretion was 11 percent g rea te r  on t he  th innedplots ,  
and it was l a i d  on fewer and b e t t e r  t r ees .  This represented 
an annual r a t e  of 3.0 percent f o r  the  thinned p lo t s ,  and 
only 1.7 percent f o r  the  check plots .  On the  thinned stand, 
morta l i ty  was one-third (one-half i f  aspen i s  excluded), in-  
growth twice, and production four times t h a t  on t h e  check 
stand. Average annual production was 3.3  percent f o r  the  
t r ea t ed  stand and 0.5 percent f o r  t he  checkplots ( t ab le  4). 

The e f f ec t  of t h e  s?ngle thinning on y ie lds  i s  clear-  
l y  seen by comparing mean annual increment and current  an- 
nual inqrement of t h e  two stands ( t ab le  5).  For the  check 



Table 4.--Basal-area month of  thinned and unthinned stands, 

i n  square f e e t  pe r  ac re  19W-51 

I Thinned Unthinned I 
/ LII species  / 111 species I *I1 I except aspen 

1951 inventory 105.81 132.77 129.92 
1941 inventory 79.81 125.95 117.82 
Production 26.00 6.82 12.10 
Ingrowth 7.90 3.90 3.90 
Net growth 18.10 2.92 8.20 
Mortal i ty  5.92 18.50 12.72 
Accretion 21.02 21.42 20.92 

Table 5.--Basal-area increment of thinned and unthinned stands, 

by periods 

I I 1 .  Thinned I Unthinned I 
Mean Current Mean Current 

annual annual annual annual 
increment increment increment increment 

Y e a r s  Square f e e t  per  ac re  per year  

1936 60 2.04 -- 2.09 -- 
65 

19W 70 
2.05 -- 1.94 -- 

1946 2.09 2.60 1.85 0.68 
1951 75 2.13 -- '1.76 -- - 

stand the mean annual increment i s  f a l l i n g  each year and the 
current annual increment was well  below it i n  1946. The 
t rea ted  stand shows a continued increase i n  mean annual in- 
crement, and current annual increment i s  s t i l l  above it. 
Yield i s  dropping on the check stand, but on the  t reated 
stand it i s  s t i l l  r is ing.  

I n  br ie f ,  t he  thinning benefited the stand by: 

Turning much mortali ty i n t o  yield.  

a Increasing accretion a l i t t l e  and putt ing it on 
be t t e r  t rees .  

Increasing current and mekn annual increment. 

a Increasing ingrowth--which may  o r  may not be a 
benefit  depending on the aims of management. 



Thinning hastened the  conversion of t he  stand t o  a 
climax type. The s t ruc ture  i s  now more near ly  J-shaped than 
it was before treatment. I n  t h e  15 years s ince  cut t ing,  t h e  
proportion of beech and sugar maple has increased more i n  
the  t r ea t ed  stand than i n  the  check stand,  Before cu t t ing  
t he  thinned stand, 12 percent of t he  basal  area was i n  t o l -  
ergnt species; now they make up 23 percent. On t h e  check 
p lo t s  t he  increase was from 20 percent t o  25 percent f o r  t he  
same period. 

C O N C l L U S  I O N S  

I n  t h i s  study of a second-growth stand of northern 
hardwoods, two points re la ted  t o  t h e  management of such 
stands have been developed. 

F i r s t ,  a t  60 years of age and without management, 
t h i s  subclimax stand was changing t o  t he  c l k  type with an 
uneven-aged s t ructure .  

Second, a s ingle  improvement thinning ra i sed  the  
growth and y i e ld  of the  stand but a l so  hastened the  change 
t o  a climax stand. 

Both points  emphasize t h a t  management of i n to l e r an t  
but des i rable  species i s  d i f f i cu l3 .  Under even-aged manage- 
ment, t he  development of a to le ran t  understory contributes 
l i t t l e  t o  the  y i e ld  of t h e  stand. Furthermore, it in t e r f e r e s  
with regeneration of i n to l e r an t  species f o r  the  next rota-  
t ion.  The d i f f e r en t  ages of maturi ty among the  i n to l e r an t  
species may c a l l  f o r  separate ro ta t ion  ages f o r  each. Under 
uneven-aged management only a small p a r t  of the  stand would 
be in to le ran t  species. 

On a good s i t e ,  uneven-aged management i s  na tura l  and 
easy, On the  other hand, i f  the  g rea tes t  amounts of paper 
birch, white ash, and yellow birch a r e  required, some form 
of even-agedmanagementmustbe practiced.  I f  the decision 
i s  made ear ly  i n  the  l i f e  of t he  stand, intermediate cu t s  o r  
thinnings can shape the  stand t o  meet the goal. 

I n  even-aged management, the  canopy should be opened 
very l i t t l e ,  by making l i g h t  thinnings from below. I n  t h i s  
way weak and dying t r e e s  can be salvaged, average stand di-  
ameter can be raised,  and s a t i s f ac to ry  growth can be main- 
tained. Dominant t r e e s  of poor qua l i ty  o r  low value (such 
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as  aspen) can be cu t  ea r ly  t o  keep crown openings small. By 
maintaining a reasonably closed canopy, t he  stand can be 
kept i n  t he  best  condit ion f o r  the  harvest  or  reproduction 
cut .  

Heavier cut t ings  can be used t o  convert t o  an a l l -  
aged stand, and they can be made through a l l  the  crown 
classes.  The J-shaped s t ruc ture  w i l l  be strengthened, and 
stand composition w i l l  improve. A s  the  i n to l e r an t  species 
mature and a r e  cut ,  to le ran t  species w i l l  replace them. A 
smooth t r a n s i t i o n  from even- t o  uneven-aged stands--and 
uninterrupted yields--will r esu l t .  

Whatever t he  choice, thinnings should be frequent, 
and they should be s t a r t e d  a s  ea r ly  a s  p rac t ica l .  Thinnings 
should be s t a r t ed  a t  40 years of age (o r  e a r l i e r )  and re- 
peated every 10 years (or  of tener) .  

- 

Agriculture - Forest, Service - Upper Darby, W. 
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