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A Key Factor 

BASIC PRINCIPLE t h a t  should be recognized a t  t h e  s t a r t  A o f  any forward-looking forest-mana gement p l an  i s  t h a t  
t h e  i n t e n s i t y  o r  l e v e l  of management t h a t  can be p r o f i t a b l y  
app l i ed  t o  a  g iven  t r a c t  w i l l  b e  c o n t r o l l e d  l a r g e l y  by fou r  
f a c t o r s :  markets ,  l a b o r  supply, a c c e s s i b i l i t y ,  and s i t e .  The 
more f avo rab le  t h e s e  f a c t o r s  a r e ,  t h e  h ighe r  t h e  i n t e n s i t y  
of management t h a t  w i l l  be economically f e a s i b l e .  

The e s s e n t i a l  element of  s i t e  i s  i t s  r e l a t i o n  t o  
growth. " J u s t  a s  growth i s  t h e  key f a c t o r  i n  f o r e s t  manage- 
ment, s i t e  i s  t h e  key f a c t o r  i n  de te rmining  what t h e  gro~vth 
w i l l  be," says Spur r  (1952, p. 300). I n  o t h e r  words, w i t h i n  .? 

t h e  l i m i t a t i o n s  of markets ,  l a b o r ,  and a c c e s s i b i l i t y ,  t h e  
p o t e n t i a l  p r o d u c t i v i t y  o f  t h e  s i t e  should d i c t a t e  t h e  l e v e l  
of f o r e s t  management t h a t  i s  p r a c t i c a l .  

Very l i t t l e  i s  known about  s i t e  i n  t h e  sp ruce - f i r -  
hardwoods reg ion  of t h e  Northeast .  k c e p t  f o r  t h e  s c a t t e r e d  
even-aged s t ands ,  no q u a n t i t a t i v e  measure of s i t e  q u a l i t y  
h a s  been developed. The  l a c k  of ?L system f o r  measuring s i t e  
q u a l i t y  has  been due t o  a considew.ble  e x t e n t  t o  t h e  corn- 
p l e x i t y o f  s t a n d s t r u c t u r e .  Mixed, uneven-agedstands of 
t o l e r a n t  s p e c i e s  predominate. 

Fu r the r  than  that, very l i t t l e  i s  known abaut  r a t e s  
of growth o r  probable  y i e l d s ,  e i t h e r  wi th  o r  w i thou t  manzge- 
merit. The informat ion  t h a t  ha.s been a v a i l a b l e  i s  e i t h e r  of 
a  v e r y  g e n e r a l  na tu re  o r  of r a t h e r  r e s t r i c t e d .  a p p l i c s b i l -  
i t y  . 

I n  t h e  f i r s t  ca tegory  a r e  t h e  y i e l d  t a b l e s  prepared 
by Westveld (1953) f o r  cu tover  s t a n d s .  He r ecogn iwd  two 
s i t e  c l a s s e s  f o r  spruce  and f i r :  primary and secondary s o f t -  
wood s i t e s .  The d e l i n e a t i o n  was e s s e n t i a l l y  on t h e  b a s i s  of 
s t and  composition and i n  terms of t h e  combined per-acre 
y i e l d  of both spec i e s  r a t h e r  t han  s i t e  index  o r  s i t e  q u a l i t y  
f o r  e i t h e r  spec i e s .  I n  t h e  second category a r e  t h e  s t u d i e s  



by Murphy (1917) and Meyer (1929),  who used a  s e r i e s  of 
even-aged s t ands  occu r r ing  p r i n c i p a l l y  on abandoned f i e l d s  
o r  pas tu re s .  

U n t i l  records  of  product ion  o r  y i e l d s  do become 
a v a i l a b l e ,  however, i t  i s  evident  tk,at  s i t e  ~ u a l i t y  nus t  be 
es t imated  from a t t r i b u t e s  t h a t  can be measured o r c l a s s i f i e d ,  
Aside from q u a l i t a t i v e  c r i t e r i a  such a s  s i t e  i n d i c a t o r s  and 
d e s c r i p t i v e  c l a s s e s ,  t h e  most promising bases  f o r  s i t e  index 
a r e  t hose  us ing  he igh t  growth: he ight  a t  a s p e c i f i e d  age, 
he ight  a t  maturi ty ,  o r  he ight  a t  a  given d.b.h.  

T h e  ob . jec t ive  of  t h e  present  s tudy  was t o  develop and 
t e s t  a workable,  r e l i a b l e  technique f o r  measuring and c las -  
s i f y i n g  s i t e  q u a l i t y  cf  red spruce i n  mature,  mixed, uneven- 
aged s tands .  

Early Philosophy 

ONE OF THE EARLIEST and most s i g n i f i c i n t  recorded d i s -  
cuss ions  of  s i t e  i n  t h i s  c0untr.y was a  symposium a t  t he  

annual  meeting of  t h e  Socie ty  of American F o r e s t e r s  i n  1913. 
The ~ r o b l e m  under cons ide ra t ion  was t h a t  of  f o r e s t  land 
c l a s s i f i c a t i o n .  I t  i s  of particular i n t e r e s t  t h a t  t he  
thoughts  and reasoning  of  t h e  group--which inc luded  men l i k e  
Dana, Greeley, Munger, Pearson,  and Zon--were i n  many cases  
very s i m i l a r  t o  ours  today. The ma jo r i t y  op in ion  was t h a t  
cause and e f f e c t  must be kept s e p a r a t e  i n  s i t e  determina- 
t i o n s .  S i t e  e v a l u a t i o n  i n  terms of c a u s a l  fac tors - -phys ica l  
f e a t u r e s  of s o i l  and physiography a.nd clirnate--was t o  be 
p r e f e r r e d  t o  e v a l u a t i o n  based wholly upon e f f e c t .  P l an t  i n -  
d i c a t o r s  were cons idered  a s  l o g i c a l  c r i t e r i a  of s i t e  q u a l i t y .  
But a  numerical i ndex  of  s i t e  was recognized a s  an  e s s e n t i a l  
t o o l .  And it was agreed t h a t  t h e  u l t i m a t e  end i n  f o r e s t  
land c l a s s i f i c a t i o n  i s  de te rmina t ion  of  p o t e n t i a l  producing 
capac i ty .  

The b a s i c  i d e a  of  he ight  growth a s  a.n index  o f  s i t e  
was a  car ry-over  from European exper ience .  Roth (1916) 



L 
pointed out t h a t  t h e  German Association of Experhen$ Sta- 
t ions  adopted t o t a l  height a t  100 years  a s  a standard. Vol- 
ume growth had been found subject t o  appreciable var ia t ions  
due t o  stand treatment and density. Roth quotes Schwappach 
t h a t  height i s  the  fac tor  l e a s t  influenced by treatment, and 
t ha t  except f o r  a few abnormal cases, height i s  t h e  best  
indicator  of s i t e  i n  stands a t  or beyond middle age. 

I n  t h i s  country t h e  use of height a t  a given age had 
already been strongly recomended fo r  s i t e  index by Graves 
(1906). I n  t he  f i r s t  comprehensive t r e a t i s e  on fo res t  men- 
surat ion t o  be published here, he s a id  t h a t  under ordinary 
circumstances height growth of t r e e s  i s  an excel lent  index 
of the  qua l i ty  of a given s i t e ,  "It has been proved by 
repeated experiment, I' he sa id ,  t ha t  c l a s s i f i c a t i on  of p lo t s  
by t h i s  method and by t o t a l  y ie ld  give p r ac t i c a l l y  t h e  same 
resu l t .  

The idea  was not, accepted unquestioningly  on, 1913; 
Bates, 1918); and there  was considerable sentiment i n  favor 
of a universal  s i t e  system ( ~ o t h ,  1916; Watson, 1917; 
Frothingham, 1921a, 1921b; S t e r r e t t ,  1921). Yet a s  y i e ld  
tables  were developed for  d i f ferent  species,  height gradu- 
a l l y  became recognized a s  suf f ic ien t ly  s ens i t i ve  t o  varia-.+ 
t ions  i n  s o i l  and climate, easy t o  measure, and c lose ly  and 
posi t ively  corre la ted with volume growth (Matthews , 193 5 ,  
p. 21; Bruce and Schumacher, 1935, p. 308). The system has 
been used by many invest igators  fo r  a va r i e ty  of species: .  
Forbes and Bruce (1930) f o r  southern pines, Meyer (1934) and 
Bornibrook (1939) f o r  western yellow pine, Schnur (1937) f o r  
oaks, McArdle and Meyer (1930) fo r  Douglas-fir, and Gevor- 
kiantz and Olsen (1950) f o r  balsam f i r .  Thus, height a t  a 

ven age has been established a s  a more o r  l e s s  standard 
e index f o r  even-aged stands. And almost without exept- 
n it has been l imi ted t o  even-caged stands of pure, o r  
r l y  Pure, single-species composition. 

I n  i r r e g u l a r  stands that  have a mixture of species  
s e  Proportions vary widely, and t h a t  have an uneven-aged 
nd s t ruc ture ,  with d i f fe ren t  species a t t a i n i n g  frmatTurity" 

ea t l y  d i f f e r i ng  t o t a l  ages, height i n  r e l a t i o n  2 t o  age 
not r e f l e c t  s i t e  qual i ty .  As Bruce and Schumacher point  
(l-935, P. 335-336), ItAny t r e e  reaching maturi ty w i l l  

3ve Passed through a succession of a l t e rna t ions  between 
apid and slow growth.It Red spruce i s  a good example of 
his; a s  Murphy (1917) says, "The height growth of spruce 
ears no d e f i n i t e  re la t ion  t o  i ts age. 



Alternative Method 

s ~ N C E  THE conventional height-over-age appra? ch t o  site 
index was not  f ea s ib l e  fo r  red spruce, a number of a l -  

t e rna t ive  techniques were considered. Eventually a l l  were 
discarded i n  favor of what proved t o  be a very simple, yet  
apparently va l i d  and reasonably workable concept : t o t a l  
height of dominant t r e e s  i n  r e l a t i o n  t o  diameter a t  breast  

Before present ing a discussion of t h i s  method, it 
might be wel l  t o  review b r i e f l y  the  o the r  p o s s i b i l i t i e s  and 

, explain why they were not acceptable.. 

I n d i c a t o r s  

The theory of s i t e  types, general ly  a t t r i b u t e d  t o  
Cajander and f i r s t  developed i n  North America by I lvessalo  
(1929), holds t h a t  c e r t a in  key p lan t s  i n  t h e  vegetation com- 
plex r e f l e c t  s i t e  qua l i ty .  T h i s  system has found favor z 

4 
pr inc ipa l ly  i n  Canada, where s tudies  have been ca r r ied  out I 

by ~ o l m a n ~ ( l 9 2 9 ) ~  Sisam (1938), Linteau (1940), Ray (1941), 
Heimburger (1941) and others.  The best  work i n  t h i s  country 
has been i n  t h e  Northeast by Heimburger (1934) and Westveld 

f. 
-> 

Chief among the  objections t o  t h i s  approach i s  t h e  t 

doubt t h a t  s t i l l  remains i n  t h e  minds of some au tho r i t i e s  as 
t o  t h e  e f f e c t  of cu t t i ng  and o ther  disturbances on p lan t  1 

occurrences. Furthermore, considerable s k i l l  i s  required 
fo r  consis tent  i den t i f i c a t i on  of s i t e  types,  especia l ly  
s ince  abundance and l o c a l  d i s t r i b u t i o n  of c e r t a in  species 
a r e  o f ten  as  important a s  t h e i r  presence. In te rpre ta t ions  
of p lant  occurrence pa t te rns  must depend upon knov~ledge of 
s o i l  and geological  conditions which t h e  average f o r e s t e r  
does not have. Even among experts, i n t e rp re t a t i on  of p lan t  
ind ica tors  i s  subject ive  t o  a considerz.ble extent;  and i n  - 
t h e  many marginal cases encountered i n  t h e  f i e l d  there  a r e  
chances f o r  d i f ferences  of opinion. Final ly ,  no proved- 
m2thod has been developed fo r  est imating y i e ld  from the  oc- 
currence of c e r t a i n  key plants.  



D e s c r i p t i v e  
S i t e  C l a s s e s  

On t h e  b a s i s  o f  p r e s  now l e d g e  

I 
s i l v i c s ,  growth h a b i t s ,  and s i t e  r e q u i r e m e n t s ,  i t  wobld be  - . E  b n  

. . 
p o s s i b l e  t o  draw up s e v e r 2 1  s i t e  c l a s s e s  t h a t  make use  o f  . - 

. ;!I 
topograph ic  p o s i t i o n ,  s l o p e ,  a s p e c t ,  d r a i n a g e ,  e t c .  T h i s  : : 1  
has a c t u a l l y  been done by Conahue (1940)  f o r  s p r u c e  i n  t h e  I .  

~ d i r o n d a c k s ,  and  by S p u r r  f o r  New Ehgland w h i t e  p i n e  (1952,  . . 

p. 305). But t h i s  approach i s  v e r y  g e n e r a l ,  and i t  may be . . 
somewhat s u b j e c t i v e ,  depending t o  a  g r e a t  e x t e n t  gpon t h e  

I 
judgment and e x p e r i e n c e  o f  t h e  f i e ldman .  

1 , 

G r o w t h  

A n d  Y i e l d  

The r e a l  c r i t e r i o n  o f  s i t e  q u a l i t y  i s ,  o f  c o u r s e ,  t h e  
y i e l d s  t h a t  can  be o b t a i n e d .  For r e d  s p r u c e  t h e r e  vras v e r y  
l i t t l e  r e l i a b l e  l o n g - t i r e  y i e l d  i n f o r m a t i o n  a v a i l a b l e  i n  
s u f f i c i e n t  d e t a i l  t o  be usab1.e. I n  t h i s  c a s e  y i e l d  d a t a  
p r e s e n t  a s p e c i a l  problem because  r e d  s p r u c e  n e a r l y  a lways 
occurs  i n  v a r y i n g  m i x t u r e s  w i t h  s e v e r a l  o t h e r  s p e c i e s .  Thus 
t o t a l  y i e l d  o f  a l l  s p e c i e s .  o r  even o f  s p r u c e  and f i r  com- 
b ined ,  would be d o u b t f u l l  i c x  t i v e  

I r e d  s p r u c e .  I f  y i e l d  o f  t h i s  s p e c i e s  i s  t o  be used,  a l low- 
ance w i l l  hzve t o  be made f o r  t h e  zmount o f  s p r u c e  on t h e  

I* ground i n  t h e  f i r s t  p l a c e ,  

Di ame t e r 
G r o w t h  

A considerable m , c ~ i n t  of' i n f o r m a t i ~ n  was r v a i l z b l o  on 
d i a m e t e r  g r . ~ w t h  cf r e d  : p r ~ l c e  r e l a t e d  t o  crown c h a r , ~ c t e r i s -  
t i c s .  It seemed n o s s i b l e  t h a t  f o r  a s e r i e s  o f  dominan t - t ree  
c l a s s e s  based on  crown f e a t u r e s ,  a  grcxc o f  ~ r o w t h  c l a s s e s  
might be s e t  UF t h a t  n:ould 
i s  p r o b a t l e  t h s t  ~ r o v : t h  would have t o  be r e s t r i c t e d  t o  t h e  
l a s t  20 y e a r s  ss i  
changes i n  crorhrn f e a t u r e s - - p ? r t i c u i ? r l : r  crown c l a s s - - o v e r  a  
l o n g e r  p e r i o d .  The theor;- rrould be  t h a t ,  : r i th  crovln charac -  
t e r i s t i c s  k e p t  c o n s t a n t ,  v a r i a t i o n s  i n  d i a m e t e r  pro7r.th would 
be p r i n c i p a l l y  m a n i f e s t a t i o n s  of  s i t e  d i f f e r e n c e s .  

I ! The t h e o r y  i s  g iven  some s u p p o r t  by r e a s o n  o f  t h e  
f a c t  t h a t  on what proved t o  be good s i t e s  i n  t h i s  s t u d y  
dominant t r e e s  a t t ~ i n e d  l a r g e r  d i a m e t e r s  t h a n  on poor  s i t e s .  

4 e 4 L! 

-1 

r 



1 I 
This  method w a s  n o t  t r i e d  ou t  because of t h e  unknown effect 
of s t a n d  d e n s i t y ,  and because of t h e  l a r g e  number of tree 
c l a s s e s  needed t o  make it s u f f i c i e n t l y  s e n s i t i v e .  However, 

1 1  

~ i t  .may have some mer i t .  

J 

I M a i n - S t a n d  
I *g e  

Duerr  and Gevorkiant z (1938) found t h a t  apparent ly 
a l l -aged  hardwood s t ands  i n  t h e  Lake S t a t e s  were actually 
composed of t h r e e  age groups. The t r e e s  i n  what t h e y  c a l l e d  
t h e  "main s tand"  made up 84 pe rcen t  o f  t h e  t o t a l  b a s a l  area, 
and ranged i n  age  from 166 t o  182 yea r s .  The main s t and  was 
t hen  cons idered  t o  be even-aged, and t h e  height-over-age 
approach worked very  we l l .  The sp ruce - f i r  f o r e s t s  of  t he  
Nor theas t ,  however, do no t  have t h i s  s t r u c t u r e  but  a r e  much 
more i r r e g u l a r  and a r e  e s s e n t i a l l y  al l -aged.  

H e i g h t  O v e r  A g e  
A t  B r e a s t  H e i g h t  

It has  sometimes been sugges ted  t h s t  much of t h e  var- 
i a t i o n  i n  height-age r e l a t i o n s h i p s  f o r  t o l e r a n t  s p e c i e s  l i k e  
red  spruce  would be reduced i f  zge  a t  b r e a s t  h e i g h t  r a t h e r  
t h a n  t o t a l  age  were used. Th i s  mould e l i m i n a t e  t h e  per iod  
of  very  slow juveni le"  growth t h a t  occurs  a lmost  i n v a r i a b l y  
under severe  suppression.  If t h i s  e a r l y  s t a g e ,  up t o  4.5 
f e e t  i n  he igh t ,  embraced most. o f  t h e  suppressed  pe r iod  i n  
t h e  l i f e  o f  t h e  t r e e ,  t h e n  p o s s i b l y  he igh t  a t t a i n e d  when a 
t r e e  reached a s p e c i f i e d  l lbreast-highv age  might c o n s t i t u t e  
a s a t i s f a c t o r y  s i t e  index. 

While t h i s  approach was t r i e d  wi th  some success  by 
Mount and Gove (1952) f o r  r e d  sp ruce  i n  a n  a r e a  n e a r  Bangor, 
Maine, it seemed d e s i r a b l e  t o  check t h e  growth p a t t e r n  over  
a wider  geographica l  range. Accordingly growth-ring r eco rds  
f o r  more t h a n  300 red  sp ruce  were examined t o  determine t h e  
e x t e n t  and frequency of pe r iods  o f  suppressed growth l a t e r  
i n  t h e  l i f e  of  t h e  t r e e .  These were r i n g  counts  and r a d i a l  
increment measurements made d u r i n g  t h e  previous  10  y e a r s  
from a l l  over  t h e  reg ion  b.y t h e  Penobscot Research Center.  

It w a s  found t h a t  t h e  i n i t i a l  pe r iod  o f  suppres s ion  
and slow growth l a s t e d  beyond 1 i n c h  d.b.h. f o r  92 p e r c e n t  
of t h e  t r e e s ,  and beyond 2 inches  f o r  77 percent .  I n  most 
ca ses  (89 pe rcen t )  t h e  t r e e s  went through one t o  six addi- 





I H e i g h t  In R e l a t i o n  

T o  D. b. h. 

I f  he ight  a t  ma tu r i t y  i s  zn  a c c u r a t e  gage of  s i te  
iltml.ity, and i f  t h e  curve1 of he ight  over  d.b.h.  i s  w e l l  de- 
s c r i b e d  by t h e  formula proposed by Meyer i 1940 ) ,  t h e n  it is 
l a g i c a l  t h a t  he ight  a t  a  s t anda rd  d.b.h. should a l s o  be  a 
use fu l  index o f  s i t e  q u a l i t y .  Thus i f  t r e e s  on a  given s i t e  
n a t u r e  a t  about t h e  same d.b.h.  and h e i ~ h t ,  immature domi- 
nant  t r e e s  should a ~ p r o a c h  t h c s e  limits a long  a  s i m i l a r  pat-  
t e r n ,  and a  s i n g l e  curve should a c c u r a t e l y  d e s c r i b e  he ight  

I ove r  d.b.h. f o r  a  p a r t i c u l a r  s i t e .  This  assumes a  f a i r l y  
s t a b l e  t r e e  form t h a t  improves somewhat wi th  s i t e  q u a l i t y .  
This  i n  t u r n  i s  dependent on reasonably uniform s t and  densi-  
t y .  Thus s i t e  q u a l i t y  might be eva lua ted  by de termining  t h e  
t o t a l  he ight  and d.b.h.  of t h e  average dominant t r e e  and 
comparing t h i s  average wi th  a s e r i e s  of curves of  he ight  
over  d.b.h.  by s i t e  index  c l a s s e s .  

The func t ion  proposed by Meyer, Y = 4.5  + h (1-e-ax), 
sunoor ts  t h e  foregoing  argument. For a  p a r t i c u l a r  s t and ,  a_ 
and h  would be f ixed  and Y f o r  a  mature X_ would be h e i g h t  a t  - 
m: t u r i t y .  Nov! i f  a_ were cons t an t  f o r  red  spruce on a l l  s i t e  
q z a l i t i e s ,  i t  i s  ev ident  t h a t  v a r i a t i o n s  i n  h  would r e f l e c t  
v a r i a t i o n s  i n  he ight  a t  ma tu r i t y  and t h a t  e a c k  s p e c i f i c  v a l -  
ue of h w o u l d  have a  corresponding va lue  of Y, t o t a l  he igh t ,  

It should be noted i n  pas s ing  t h a t  t h i s  argument i s  
1 i m p l i c i t  i n  t h e  comnon pr? .c t ice  of p repa r ing  l o c a l  volume 

t a b l e s  based only on d.b.h.  One of t h e  major reasons f o r  
ob ta in ing  height-diameter curves i n  d i f f e r e n t  sta.nds i s  t h a t  
s i t e  d i f f e r e n c e s  s t r o n g l y  a f f e c t  height-diameter  r e l a t i o n -  
sh ips  (Chapman and Demeri t t ,  1932, p. 89) .  

Bruce and Schumacher p o i n t  ou t  t h a t  f o r  t h e  conven- 
t i o n a l  s i t e  index  of he igh t  o v e r  age  t h e r e  should be no 
i n t e r c o r r e l a t i o n  of age and s i t e  q u a l i t y .  I f  d.b. h. i s  sub- 
s t i t u t e d  f o r  age,  it would seem d e s i r a b l e  t h a t  d.  b. h. and 
s i t e  q u a l i t y  be independent.  Other  t h i n g s  be ing  equa l ,  diam- 
e t e r  growth and d.b.h. of mature' t r e e s  t e n d  t o  be g r e a t e r  on 

f o r e  p u b l i c a t i o n  o f  t h e  Ker-Smith a r ' t i c l e .  However, a  p a r a b o l a  h a s  t h e  t h e o r e t -  
i c a l  o b j e c t i o n  t h a t ,  a s  d. b. h.  i s  i n c r e a s e d ,  h e i g h t  i n c r e a s e s  w i t h o u t  l i m i t - -  
which  is  n o t  t h e  way t r e e s  grow. Furthermore ,  t h e i r  t r e a t m e n t  o f  maximum h e i g h t  
seems t o o  s u b j e c t i v e .  

8 



good s i t e s  t h a n  on poor  s i t e s .  But u s e  o f  t o t a l  h e i g h t  of  
t r e e s  o f  a f i x e d  d .  b.h. i s  e x p e c t e d  t o  s a t i s f y  t h i s  r e q u i r e -  
ment i f  t r e e s  of t h e  same d .b .h .  do i n  f a c t  show p o s i t i v e  
c o r r e l a t i o n  between t o t a l  h e i g h t  and s i t e  q u a l i t y .  

Procedure Used 

T H I S  STUDY was based  upon d a t a  o b t a i n e d  from 910 domi- 
n a n t  r e d  s p r u c e  t r e e s .  They were s e l e c t e d  i n  32 s t a n d s  

w e l l  d i s t r i b u t e d  o v e r  t h e  n o r t h e r n  t x o - t h i r d s  o f  Maine. 
P a r t i c u l a r  e f f o r t  was made t o  i n c l u d e  ? s  wide  a  range of 
s i t e s  as p o s s i b l e .  

Height  growth i s  s e n s i t i v e  t o  s i t e  q u a l i t y .  Diameter  
growth i s  l e s s  s o ;  it proceeds  a t  a  r ~ t e  i n f l u e n c e d  l a r g e l y  
by c o n d i t i o n  and p o s i t i m  of t h e  crown and by s t a n d  d e n s i t y .  
I n  o r d e r  t o  reduce t~ a mininun t h e  i n f l u e n c e  upon h e i g h t -  
d iameter  r e l a t i o n s  of f a c t o r s  o t h e r  t h a n  s i t e ,  c e r t a i n  re -  
quirements f o r  b o t h  t h e  s t u d y  a r e a s  and t h e  sample t r e e s  
themselves were  d e f i n e d  a t  t h e  s t a r t  of  t h e  t e s t .  

No s t a n d  was s e l e c t e d  i n  v:hich t h e r e  had been zny  
c u t t i n g ,  as n e a r l y  as c o u l d  be de te rmined ,  w i t h i n  t h e  l a s t  
25 y e a r s .  T h i s  e l i m i n a t e d  most p ~ s s i b i l i t y  o f  r e c e n t  s t iml l -  
l a t i o n  o f  d i a m e t e r  growth due t o  r e l e a s e .  

S t a n d s  t h a t  were o b v i o u s l y  over-  o r  under-s tocked 
avoided.  Th is  reduced t h e  e f f e c t  of s t a n d  d e n s i t y  upon 

diameter  growth,  and i t  a l s o  e l i m i n a t e d  any p o s s i b l e  e f f e c t  
h e i g h t  growth. 

No d i s c r i m i n a t i g n  was made f o r  o r  ~ g s i n s t  any f o r e s t  
It mas expec ted  t h a t  a wide r a n g e  i n  compos i t ion  would 

be encountered because t h e  stud,: c a l l e d  f o r  sampl ing  2 -:~ide 
range of s i t e s .  

The p r i n c i p a l  r equ i rement  -.vith r e s p e c t  t o  s t a n d  
Structure was t h a t  i t  cor , ta in  a t  l e a s t  25 red  s p r u c e  o v e r  10 





f l o r i s t i c  type  was a l s o  recorded. The l o c a t i o n  of each 
t r a c t  was marked on a map and t h e  d i r e c t i o n s  f o r  reaching it 
were recorded. 

Results 

THE OBJECTIVE of t h i s  s tudy was t o  develop a means of 
es t imat ing  s i t e  q u a l i t y  i n  numerical terms fram t h e  

measurement of a r e l a t i v e l y  smal l  sample of t r e e s .  The 
method would have t o  be simple and easy t o  use, and would 
have t o  accura te ly  r e f l e c t  v a r i a t i o n s  from one p lace  t o  an- 
o t h e r  i n  t h e  capaci ty  t o  grow wood, s p e c i f i c a l l y  wood of red  
spruce. 

D e v e l o p i n g  A Gage 
Of S i t e  I n d e x  

b 

Meyer s (1940) proposed mathematical express ion f o r  
he igh t  curves, c i t e d  i n  a preceding sec t ion ,  gave a s t a r t i n g  
point .  An equation of t h i s  form was f i t t e d  t o  t h e  t r e e -  
measurement da ta  described a.bove, using averages by d.b.h. 
c l a s ses .  The method of l e a s t  squares was used with averages . of he ight  by d.b.h. c l a s s e s ,  pooling a l l  t h e  data.  Should 

d.b.h. be c o r r e l a t e d  wi th  s i t e  q u a l i t y ,  t h i s  pooling could 
lead t o  overest imation of the  s lope  o f  t h e  curve. 

It was then argued t h a t  i f  s i t e  a f f e c t e d  t h e  r e l a -  
t ionsh ip  of height  t o  diameter,  t h e  genera l  shape of t h e  

L curve would be unchanged, but  t h e  e n t i r e  curve would be 
ra i sed  o r  lowered accordingly,  r e t a i n i n g  a f ixed point :  
d=b.h. = 0 ,  height  = 4.5. Thus a s  s i t e  q u a l i t y  increased o r  
decreased, a family of curves could be obtained, having a 
f i x e d p o i n t  incommon. T h e s e c u r v e s w o u l d p a s s t h r o u g h a  

3 ~ h i s  would be t;ue with a constant  whi le  h might vary with s i t e .  (31 the  
Other hand, a  constant  h and var iab le  a r e s u l t s  i n  s i g n i f i c a n t  changes i n  the 

of  the curve.  
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Table 1.--Heiht of dominant red spruce i n  the Northeast, i n  fee t .  by diameter and s i t e  index 
L 

D.b.h. S i t e  index 

42.4 44.1 45.7 47.4 49.1 50.7 52.4 54.1 55.7 57.4 59.1 60.7 62.4 64.1 

44.6 46.3 48.1 49.9 51.6 53.4 55.2 56.9 58.7 60.4 62.2 64.0 65.7 67.5 

46.6 48.4 50.3 52.1 54.0 55.8 57.7 59.5 61.4 63.2 65.1 66.9 68.8 70.6 

48.4 50.3 52.2 54.2 56.1 58.0 60.0 61.9 63.8 65.7 67.7 69.6 71.5 73.5 
50.0 52.0 54.0 56.0 58.0 60.0 62.0 64.0 66.0 68.0 70.0 72.0 74.0 76.0 
51.6 53.6 55.7 57.8 59.8 61.9 64.0 66.0 68.1 70.2 72.2 74.3 76.4 78.4 
52.9 55.0 57.1 59.2 61.4 63.5 65.6 67.7 69.9 72.0 74.1 76.2 78.4 80.5 
54.1 56.3 58.5 60.6 62.8 65.0 67.2 69.4 71.6 73.7 75.9 78.1 80.3 82.5 

55.2 57.5 59.7 61.9 64.1 66.4 68.6 70.8 73.1 75.3 77.5 79.8 82.0 84.2 
56.2 58.5 60.8 63.0 65.3 67.6 69.9 72.1 74.4 76.1 79.0 81.2 83.5 85.8 
57.2 59.5 61.9 64.2 66.5 68.8 71.1 73.4 75.8 78.1 80.4 82.7 85.0 87.3 
58.1 60.5 62.8 65.2 67.5 69.9 72.2 74.6 77.0 79.3 81.7 84.0 86.4 88.7 
58.8 61.2 63.6 66.0 68.4 70.8 73.2 75.6 77.9 80.3 82.7 85.1 87.5 89.9 
59.5 61.9 64.4 66.8 69.2 71.6 74.0 76.5 78.9 81.3 83.7 86.1 88.5 91.0 
60.2 62.7 65.1 67.6 70.0 72.5 74.9 77.3 79.8 82.2 84.7 87.1 89.6 92.0 
60.8 63.2 65.7 68.2 70.7 73.1 75.6 78.1 80.6 83.0 85.5 88.0 90.4 92.9 



s e r i e s  of values of t o t a l  height of t r e e s  a t  any specified 
d.b.h., which would then ident i fy  the  suggested site-index 
values. A diameter of U+ inches.aas selected as  the  stand- 
ard d.b. h. a t  which site-index values would be read. 

The general equation i s  

i n  which Y_ i s  t o t a l  height i n  f ee t ;  X i s  d.b.h. i n  inches; h 
and a re  parameters determined from the data;  and e i s  the  
b a s e o f  natural logar i thms.  I n t h e  f i t t e d e q u a t i o n  h =  
80.316 and a = 0.094. The family of curves i s  obtained, as- 
suming t ha t :  (1) the curve of t o t a l  height over d.b.h. fo r  
dominant red spruce has a constant a_ of 0.094; and (2) vari- 
a t ions  i n  s i t e  qua l i ty  a f f ec t  only the h of the general 
equation. 

A se r i e s  of values for  k were calculated from 

i n  which Y - was taken as  50, 52, 54, . . . and 76 fee t  succes- 
sively.  I n  t h i s  expression& i s  14 inches,thus 

For each value of L t h e r e  i s  a se r ies  of heights over diam- 
e t e r  f o r  the corresponding s i t e  index. The resu l t ing  average 
heights, by d.b. h. and s i t e  index, appear i n  t a b l e  1. The 
data i n  t h i s  t a b l e  a r e  a l so  shown a s  f igure  1, which looks 
l i k e  the  conventional site-index curves except tha t  the  
abscissa i s  d.b.h. ra ther  than age. 

S i t e  I n d e x  
Of A S t a n d  

To determine s i t e  index of a stand, i t  i s  necessary 
t o  measure a sample of dominant red spruce t r ee s  and deduce 
a s i t e  index from the data. The eas ies t  procedure i s  t o  
obtain averages of height and diameter and read the s i t e  
index from the  curves of f igure  1. This procedure i s  accept- 
able  i f  no systematic errors a r e  introduced. It i s  evident, 
however, t h a t  i f  the or ig ina l  formula accurately describes 
the  re la t ionship of height t o  diameter, averages a r e  cer ta in  
t o  resu l t  i n  bias :  the  relationship i s  curvi l inear  and there 



PROPOSED SlT E INDEX FOR RED SPRUCE 
MANY - AGED STANDS 

MAINE, 1955 

FIGURE I.--Curves f o r  determining s i t e  index 
o f  a  s tand.  Averages o f  h e i g h t  and diameter 
are  obta ined  from a sample o f  dominant spruce 
t r e e s .  These are  p l o t t e d  on the  graph and the  

s i t e  index  i s  read o f f  the  curve .  



i s  no change i n  t h e  . d i r e c t i o n  of cu rva tu re .  Var i a t ion  among 
t r e e s  of t h e  same s t and  i s  bound t o  e x i s t ,  and it may be  
g r e a t  enough t o  obscure t h i s  b i a s .  

Thus t h e  a c c u r a t e  procedure i s  t o  e s t ima te  t h e  s i t e  
i ndex  f o r  each t r e e ,  using i t s  measurements and reading  t h e  
va lue  from t h e  curves of f i g u r e  1, a s  descr ibed  above. These 
i n d i v i d u a l  t r e e  e s t ima te s  a r e  t h e n  averaged t o  o b t a i n  a 
s i t e - index  f i g u r e  f o r  t h e  s tand .  

I f  s t i l l  g r e a t e r  accuracy i s  impor tan t ,  s u p e r i o r  re-  
sults can be obta ined  by us ing  t h e  foregoing  formula re-  
a r ranged  t o  

h = Y - 4.5 
l - e  -0.09Wcl 

Then s i t e  i ndex  i s  

4.5 + h ~ l  - e (-0*094) (14) J = 4.5 + h(0.732) 

o r  

Y, - L.5 
4.5 + (0.732) 

( 1  - e -0.09WCl) 

where X 1  and Y 1  a r e  corresponding measurements o r  averages 
of d.b.h. and t o t a l  he igh t .  Table 2 has been p r e p r e d  t o  
make t h i s  de te rmina t ion  e a s i e r .  This  t a b l e  shows va lues  of 
(1 - e-0-09@) by t e n t h  inches  of  d.b.h. from 10.0 t o  25.9. 

Now t o  e s t ima te  s i t e  i ndex  f o r  any s t and :  

1- S u b t r a c t  4.5 from t h e  measured t o t a l  he ight  o f  each t r e e .  
2. Read (1 - e-ax) from t a b l e  2 f o r  t h e  measured d. b.h., X. 
3 -  Divide t h e  d i f f e r e n c e  ob ta ined  i n  s t e p  1 by t h e  va lue  

f o r  (1 - e - d )  of s t e p  2. 
4. Mul t ip ly  t h i s  quo t i en t  by (1 - e-14a) = 0.732. 
5 9  Add 4.5 t o  t h i s  product t o  o b t a i n  t h e  es t imated  s i t e  

index. 

This procedure  i s  i l l u s t r a t e d  i n  t a b l e  3, us ing  both 
ind iv idua l  t r e e  d a t a  and p l o t  averages.  The r e s u l t  of aver-  
aging s i t e  index ,  63.48, i s  compared w i t h  t h e  s i t e  index  o f  
the tree o f  average  he ight  and d. b.  h., 63.07. The a s s o c i a t e d  

e r r o r  of  the mean i s  0.786 f o o t .  Thus i t  i s  ev ident  
that f o r  t h i s  s t and  t h e  b i a s  mentioned e a r l i e r  i s  t r i v i a l  i n  
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OI Table 2.--Values of (l-e-aX) where a = 0.094. for  diameters (X) of 10.0 t o  25.9 

D.b.h. Tenths of inches of diameter 
(inches) 

0 1 2 3 4 5 6 7 8 9 

10 0.609 0.613 0.617 0.620 0.624 0.627 0.631 0.634 0.638 0.641 
11 .64A .648 ,651 .654 .658 .661 .664 .667 .670 -673 
12 .676 .679 .682 .685 .688 .691 .694 .697 .700 -703 
13 .705 .708 .711 * 7 U  ,716' .719 .722 .724 -727 -729 
14 -732 .734 .737 .739 .742 .744 746 .749 -751 .754 
15 .756 .758 .760 .763 ,765 .767 -769 .771 .774 .776 
16 .778 .7N .782 .784 .786 ,788 .790 .792 .794 -796 
17 .798 .800 .801 .@33 .m5 ,807 .809 . E l l  .812 .El4 
18 .816 .El8 .819 .821 .823 ,824 ,826 .828 .829 .831 
19 .832 ,834 -835 .837 .839 .840 ,842 .843 .845 .846 
20 .847 .849 .850 .852 .853 -854 .856 ,857 .858 .EM, 
21 .861 .862 -864 .865 .866 .867 .869 ,870 .871 .872 
22 -874 .875 ,876 .877 .878 .879 .880 .882 .883 .884 
23 .885 .886 .887 .888 .889 ,890 .891 .892 .893 ,894 
24 .895 .896 . 897 .898 .899 .900 .901 .902 .903 ,904 

25 -905 .906 .906 .9W .YO8 . W9 ,910 .911 .912 .912 



Table 3.--Estimation of s i t e  index 

Estimated 
Tree D.b.h. Height l-e-aX Y-4.5 Y-4.5 

(XI (Y 
s i t e  

NO. l-e-aX=hi hi  ( ~ - e - ' ~ ~ )  index 

- -  

USING INDIVIDUAL TREE DATA 

1 12.9 66 0.703 61.5 87-48 64.02 68.5 
2 12.2 55 .682 50.5 74.05 54.20 58.7 
3 10.0 57 .609 52.5 86.21 63.11 67.6 
4 11.5 5 6 ,661 51.5 77.91 57-03 61.5+ 
5 13.0 5 5 .705 50.5 71-63 52.43 56.9 
6 13.3 60 -714 55.5 77.73 56.90 6l.4 
7 15.9 69 a776 64.5 83-12 60.84 65.3 
8 15.1 65 .758 60.5 79.82 58.43 62.9 
9 13 .O 60 .705 55.5 78.72 57.62 62.1 

10  12.2 57 .682 52.5 76.98 56.35 60.8 
11 12.1 62 .679 57.5 84-68 61.99 66.5 
12 12.1 63 .679 58.5 86-16 63-07 67.6 
13 13.4 63 ,716 58.5 81.70 59.80 64.3 
11 12.7 62 .697 57.5 82.50 bo.39 64.9 
15 12.1 56 .679 51.5 75.85 55.52 60.0 
16  10.8 61 .638 56.5 88.56 64.83 69.3 
17 13.7 62 -724 57.5 79.42 58.14 62.6 
18 13.2 61 .711 56.5 79.47 58-17 62-7 
19 13.6 61 .722 56.5 78.25 57.28 61.8 
20 14.5 70 .7W, 65.5 88.04 64.k4 68.9 
21 11.3 53 .654 48.5 74.16 54.29 58.8 

Sum 268.6 1274 -- -- . -- - 1333.1 
Sum of  squares 3473.60 -- -- - -- - 84886.01 

Arith. mean -- 60.67 -- - -- -- 63.18 
Average square 165.4095 -- -- -- - -- - 

ALTERNATIVE METHOD BASED ON AVERAGE TREE 

Mean d.b.h. (2) = d m  = 12.86 

Thus, i f  a = 0.094, 1 - e-aX = 1 - e 
-0.094 (12.86) = 0.702 

Then f - 4.5 = 60.67 - 4.5 = 56.17 

and (I - 4.5) / ( 1  - e-=) becomes 56.17/0.702 = M.009 

I 
- 

the s i t e  index is: 4.5 + (Y - 4-51 ( l  - 
1 -.e- . 

a t  1 - e-& = 0.732 means s i t e  index i s  4.5 + 80.009 (0.732) o r  4.5 + 58.57 .= 63.07 I 
CALCULATION OF SAWLING ERROR FROM INDIVIDUAL TREE DATA 



com_~arison w i t h  t h e  v a r i a t i o n  among dominant t r e e s  of  t he  
same s tand .  

, 

A similar comparison was made f o r  f i v e  o t h e r  s tands,  
wi th  e s s e n t i a l l y t h e  same r e s u l t s .  I n  no c a s e  d i d  t h e  d i f -  
fe rence  between t h e  two methods exceed 0.80 foo t .  The rec- 
omnended procedure, t h e r e f o r e ,  i s  t o  compute t h e  average 
he igh t  and t h e  square  roo t  o f  t h e  average  squs re  o f  d.b.h, 
gf a l l  t r e e s  i n  t h e  s tand .  These averages  a r e  t hen  used in 
t h e  f i v e  s t e p s  ske tched  above t o  e s t ima te  s i t e  i ndex  f o r  t h e  

The S a m p l i n g  
E r r o r  

I n  f i t t i n g  t h e  equat ion,  t h e  s q a a r e  of t h e  s tandard  
e r r o r  o f  e s t i m a t e  was der ived  a s  30.087 ... by poo l ing  the  
v a r i a n c e  w i t h i n  d i a n e t e r  c l a s s e s  w i th  t h a t  a r i s i n g  from de- 
v i a t i o n s  o f  t h e  c l a s s  means from t h e  f i t t e d  equat ion.  The 

Table t.--Canputed standard errors1 of t he  mean. i n  f e e t  of h e i ~ h t ,  

i n  r e l a t i on  t o  mean diameter and sample s i z e  

- 

.z x2 

s tandard  e r r o r  of e s t ima te  i s  t h e  square  r o o t  of  t h i s  pooled 
va r i ance  o r  5.485. . . f e e t .  This  a p p l i e s  t o  s i n g l e  t r e e s  i n  
t h e  v i c i n i t y  of t h e  mean. However, t h e  s i t e  i ndex  o f  a  s tand 
should be  based on  t h e  measurement o f  a  number o f  t r e e s .  

A 

D.b.h. Number of observations 

(inches ) 
1 4 9 16  25 36 49 

10 5.49 2.76 1.85 1.40 1.14 0.96 0.84 
ll 5.49 2.75 1.84 1.39 1.12 0.94 0.82 
12  5.49 2.75 1.83 1.38 1.11 0.93 0.80 
13  5.49 2.74 1.83 1.37 1.10 0.92 0.79 
14  5.49 2.74 1.83 1.37 1.10 0.91 0.78 
15 5.49 2.74 1.83 1.37 1.10 0.92 0.79 
16 5.49 2.75 1.84 1.38 1.11 0.93 0.80 
17 5.49 2.76 1.85 1.40 1.13 0.95 0.83 
18 5.50 2.76 1.86 1.41 1.15 0.98 0.86 
19 5.50 2.77 1.88 1.43 1.18 1.01 0.89 
20 5.51 2.78 1.90 1.46 1.20 1.04 0.93 
21 5.52 2.80 1.92 1.49 1.24 1.09 0.98 
22 5.53 2.82 1.95 1.53 1.2B 1.13 1.03 
23 5.54 2.83 1.98 1.56 1.33 1.18 1.09 
24 5.55 2.86 2.01 1.60 1.38 1.24 1.14 
25 5.56 2.88 2.03 1.65 1.43 1.29 1.20 



Therefore w e  a r e  more concerned with t h e  standard e r rors  of 
es t imate  f o r  means a t  various avera.ge diameters, and based 
on varying numbers of observations. Table 4 was prepared t o  
f i l l  t h i s  need. 

Study of t h i s  t ab l e  reveals t h a t  a sampling e r ro r  of 
the mean of about 1 foot with a confidence l e v e l  of about 2 
i n  3 r e s u l t s  from a sample of 30 t r e e s  f o r  the  usual  range 
of d.b.h. of dominant red spruce. The sampling e r ro r s  of 
t a b l e  4 were calcula ted by using a l l  t he  912 t r e e s  t h a t  were 
measured f o r  t h i s  study, s t r a t i f i e d  only by d.b.h. c lasses  
and adjusted f o r  t he  average cor re la t ion  of d.b.h. and 
height. 

I n  s e l ec t i ng  stands,  a broad range i n  s i t e  qua l i t y  
was de l i be r a t e ly  sought. Thus it i s  l i k e l y  t h a t  the re  w i l l  
be l e s s  va r i a t i on  among t r e e s  of a s i ng l e  stand than f o r  t he  
32 s tands  a s  a whole. This was the  case i n  t he  stand used 
i n  t a b l e  3. Here t h e  standard deviation was estimated a s  
3.6 and t h e  standard e r ro r  of the  mean was 0.786 with 21 
observations. Thus where an accuracy of abaut 1 foot i s  
sought, with P = 2/3, a sample of 20 t o  30 t r e e s  from a 
stand should suf f ice .  

Appraisal 

AMETHOD of gaging s i t e  qua l i ty  fo r  red spruce has been 
developed. Cer ta in  assumptions were made and then math- 

ematical operations were used t o  develop t h e  measure. Before. 
it can be recommended f o r  general use, however, it must be 
examined and appraised i n  t h e  l i g h t  of ava i lab le  t e s t s  o r  
other c r i t e r i a  . 

T e s t s  
Of A S i t e  In d e x  

Review of the  l i t , e r a tu r e  has f a i l ed  t o  reveal  any 
t e s t s  o r  standards fo r  a measure of s i t e  qual i ty .  A s  pointed 



out e a r l i e r ,  t h e  i n t e r e s t  i n  measuring s i t e  qua l i t y  arises 
from t h e  need t o  c l a s s i f y  fo res t  lands on t h e  bas i s  of pro- 
ductive capacity.  To adequately answer t h i s  need it i s  evi- 
dent t h a t  i f  o ther  fac tors  a r e  equal, s i t e  index should be 
strongly cor re la ted  with increment. A s t rong  cor re la t ion  
w i l l  ex i s t  when var ia t ions  i n  one f a c t o r  ( s i t e  index) ape 
associated with var ia t ions  i n  t h e  other  (increment), and 
when t h e  unexplained res idua l  differences from the  f i t t e d  
equation a r e  r e l a t i ve ly  small. This s i t u a t i o n  i s  more l i ke ly  
t o  occur when there  i s  a c l ea r  cause-and-effect re la t ionship ,  
and when e r rors  of measurement a r e  small. 

If t h e  same stand i s  measured repeatedly  over a peri-  
od of severa l  years,  and a t  each measurement t h e  calculated 
s i t e  index d i f f e r s  from those obtained e a r l i e r ,  it i s  evi- 
dent t h a t  our s i t e  index i s  subject  t o  an appreciable meas- 
urement error .  I n  such a s i t ua t i on  t h e  co r r e l a t i on  between 
s i t e  index and increment i s  bound t o  be weaker than if re- 
peated measurements r e s u l t  i n  the  same calcula ted index. 
Thus s t a b i l i t y  i s  an e s sen t i a l  a t t r i b u t e  of any system of 
measuring s i t e  qua l i ty .  

I f  a s e r i e s  of stands a r e  measured and s i t e  index i s  
determined f o r  each, differences i n  s i t e  index should corre- 
spond with di f ferences  i n  productive capacity. This ra i ses  

r. 
two questions: (1) I s  t o t a l  height of dominant red spruce lit. 
inches d.b.h. (o r  any other  specif ied diameter) consistent  
as  a measure of productive capacity? (2) Is the  formula 
used t o  ad jus t  t o  equivalent height a t  14 inches d.b.h. cor- 
rec t?  Data a r e  not now ava i lab le  t h a t  would answer those 
questions. The proposed method of measuring s i t e  qua l i ty  
must be considered a s  t en t a t i ve  u n t i l  adequate t e s t s  have 
provided conclusive answers. 

R e a s o n a b l e n e s s  

I n  t h e  absence of d i r ec t  t e s t s  of s t reng th  of corre- 
l a t i o n  between s i t e  index and increment, it then becomes 
necessary t o  consider the  proposed method and es tab l i sh  
whether it i s  reasonable and i n  agreement with common expe- 
rience. A rough t e s t  of  t h i s  technique may be made by corn- 
paring estimates of s i t e  index f o r  p a r t i c u l a r  stands with 
evidence given by descr ipt ive  information. Conclusions as 
t o  s i t e  qua l i ty  drawn from t h i s  evidence would be based on 
t he  knowledge and impressions of men who have studied t h e  
:!istribution and growth habi ts  of t he  species .  The 32 stands 



The t h r e e  most important  f o r e s t  t ypes  i n  which r e d  
sp ruce  occurs  a r e  t h e  spruce-hardwood s lopes ,  spruce f l a t s ,  
and spruce  swamps.4 These t h r e e  c l a s s e s  were f i rst  recog- 
n i z e d  and descr ibed  by Cary (1896). He mentioned t h a t  much 
of t h e  spruce  occurs  on what i s  r e a l l y  hardwood l and  where 
' I . . .  i t  i s  comnon knowledge among lumbermen, a r e  found t h e  
l a r g e s t  and f i n e s t  spruce t r e e s . "  The n e a r l y  pure softwood 
f o r e s t  t y p i c a l  of somewhat shal lower,  l e s s  wel l-drained 

Table 5 . -S i t e  index of red spruce re la ted  t o  

descriptive s i t e  classes 

(Each "X" represents one study area.)  

S i t e  index 
(height a t  
14 inches S i t e  I S i t e  I1 S i t e  I11 

d.b.h.) 

70 X -- -- 
69 - -- - 
68 -- - -- 
67 XX -- -- 
66 XX X -- 
65 x -- -- 
64 XXX XX -- 
63 -- xxx -- 
62 X XX -- 
61 - XX X 
60 -- X X  XX 
59 -- - - XX 
58 - X 
57 -- X X 
56 - -- -- 
5 5 -- -- X 
54 - -- X 

s o i l s  and o f t e n  g e n t l y  r o l l i n g  l l f l a t s n  r e p r e s e n t s  a n  i n t e r -  
mediate  s i t e  q u a l i t y  f o r  spruce. Flat, poorly-drained, moss- 
Covered s o i l s  c o n s t i t u t e .  poor s i t e s .  They support  s t ~ n d s  
Somewhat similar i n  composition t o  t hose  on in t e rmed ia t e  
s i t e s .  lfSpruce may s t and  t h i c k l y  i n  such land,"   car^ s a i d ,  
'!but t h e  growth of t h e  t r e e s  i s  slow, and t h e y  do not  reach 
t h e i r  maximum s i z e . "  

. 'The s o - c a l l e d  ispruce s lope '  type i s  not  considered here. I t  was o r i g i n a l l y  
Important i n  the  mountainous s e c t i o n s  o f  the s p r u c e - f i r  reg ion ,  but i t  has been 
w l d e l ~  c u t  over  and what remains i s  now l a r g e l y  r e s t r i c t e d  t o  mountain tops  and 

s l o p e s  i n a c c e s s i b l e  for  logg ing  and o f  value  p r i n c i p a l l y  for  watershed 
protec t ion .  

.- 



Subsequently a number of inves t iga tors  have confirmed 
and elaborated upon Caryts  observations about s i t e  qua l i t y  
of spruce, among them being Hosmer (19021, Woodward (1913), 
Murphy (1917), Westveld (1930), Helmburger (1934), and 
Donahue (1940). 

From t h e  descr ipt ive  data recorded a t  t he  time t h e  
stands were se lec ted  f o r  study, each area was c l a s s i f i e d  as 

represented a spruce-hardwood slope, a spruce f l a t ,  o r  a 
s i b e  I, 11, o r  I11 according t o  whether it was most nearly I > 
spruce swamp. The s i t e  index for  each stand, a s  determined 
i n  t h i s  study, was then p lo t ted  on a v e r t i c a l  sca le  under 
t h e  appropriate s i t e  c l a s s .  The r e su l t i ng  d i s t r i bu t i on  
( t ab l e  5 )  reveals a good corre la t ion between t he  quanti ta-  
t i v e  and qua l i t a t i ve  measures of s i t e  f o r  this species. t 

It i s  not t o  be expected t h a t  a simple s i t e  c l a s s i f i -  
ca t ion based only upon cover type and topographic posi t ion 
w i l l  invariably and cor rec t ly  express t r u e  s i t e  qual i ty .  
Too many o ther  important factors  a r e  omitted. Hence there  I 
i s  some overlapping of  s i t e  classes.  But t h e  t rend of s i t e -  
index values i s  evident, and it provides support f o r  t he  
proposed method on t he  grounds t h a t  the  r e s u l t s  a r e  reason- 
able. 

S i t e  I : Viburnum and Viburnum-Oxalis types I 

The r e su l t s  were a l so  confirmed by evidence from in-  
d ica tor  plants.  Some of the  si te-types described by 
Heimburger (1934, 1941) and Westveld (1951) were used t o  

S i t e  I1 : Cornus-Maianthemurn and Oxalis-Cornus types !, 

I 

S i t e  111 : Hylocomium and Cornus types. , 

ind ica te  good, medium, and poor s i t e s  f o r  red spruce, a s  # 

follows : ! 

A l l  but four  of t h e  stands, which could not be put i n  1 
any of t h e  above types, were grouped and p lo t ted  i n  the  same 1 
manner a s  described above. Results were s imilar ,  except t h a t  
t he r e  was a l i t t l e  more overlapping, and agreement was not 1 
so close. Average s i t e  index mas 66, 63, and 59 fo r  S i t e  I, i 
11, and I11 respectively.  I 
O t h e r  ! 1 
F a c t o r s  

I f  height-over-diameter i s  t o  be used t o  estimate 
s i t e  qual i ty ,  it must be recognized t h a t  other factors  may 



we need t o  know what o ther  factors  may be important and how 
t o  def ine  our stands so  a s  t o  minimize t h e  e f f e c t s  of these 
extraneous factors .  

Stand densi ty  i s  perhaps t he  most obvious of these  
o ther  factors .  Low density may st imulate growth i n  diameter 
and thus  impair t r e e  form, which tends t o  lower t o t a l  height 
i n  r e l a t i o n  t o  d.b.h. On t h e  other  hand, diameter growth i n  
se r ious ly  overstocked stands i s  of ten reduced and would have 
t h e  opposite e f f e c t  on the  height-d.b.h. re la t ionship .  The 
inf luence of densi ty  can be minimized by avoiding t h e  obvi- 
ous extremes of overstocking and understocking. 

The re lease  e f f ec t  afforded by cu t t i ng  would in f lu -  
ence both height and diameter growth, probably t o  an unequal 
and varying degree. Therefore it i s  necessary t o  se lec t  
t r e e s  t h a t  have been i n  a dominant pos i t ion  f o r  a long 
enough time t h a t  t h e  e f fec t  of s i t e  w i l l  have become domi- 
nant i n  t h e  height-diameter r a t i o .  A t  l e a s t  25 years should 
have elapsed since a dominant t r e e  appears t o  have been re- 
leased e i t h e r  by cu t t i ng  o r  morta l i ty  of l a rge  adjacent 
t r e e s .  This can be determined f a i r l y  conclusively by exam- 
i n ing  t he  surrounding area  fo r  o ld  stumps, dead t r ee s  o r  
stubs,  and by taking increment cores and checking r ing  
growth f o r  signs of re lease ,  

Among fac tors  most l i k e l y  t o  influence diameter 
growth alone a r e  t h e  len&h and apparent v igor  of t h e  crown. 
To reduce v a r i a b i l i t y  from t h i s  cause, only dominant t r e e s  
with a crown r a t i o  of 0.4 o r  be t t e r  should be used. Further- 
more, decadent, deformed t r ee s ,  those having damaged tops, 
and those  of very poor crown vigor must be avoided. 

This does not exhaust the  possible causes of varia- 
t ions i n  height-diameter re la t ions .  But i t  i s  believed t ha t  
those remaining elements t h a t  m y  exer t  some influence a r e  
mostly of  minor importance, a r e  only occasionally operative, 
Qr can be recognized and eliminated, Overmaturity of sample 
t rees ,  very l o c a l  s i t e  differences,  and d i f fe ren t ia  1 e f f ec t  
Of hardwood vs. softwood competition on t he  form of red 

a r e  some examples. However, t h e  fo res t  manager must 
be a l e r t  t o  t h e  poss ible  influence of these  and o ther  fac- 
tors. Should t h e  re la t ionship  of t o t a l  height t o  d.b.h. be 
affected,  it would be necessar,y t o  limit the  measurement of 
S i t e  qua l i t y  t o  s tands  t h a t  were not affectsd .  



A p p l i c a t i o n  T o  
O t h e r  S p e c i e s  

I n  t h e  sp ruce - f i r  r eg ion  red  and w h i t e  spruce ,  hem- 
lock,  and balsam f i r - - a l l  t o l e r a n t  spec ies - -a re  important  
components of t h e  commercial f o r e s t .  The s i t e  i.ndex t h a t  is 
proposed i s  f o r  r e d  spruce;  and t h e  q u e s t i o n  n a t u r a l l y  
a r i s e s  as t o  whether it might apply  t o  t h e  o t h e r  t o l e r a n t  
spec ies .  Numerical express ion  of  s i t e  q u a l i t y  f o r  t o l e r a n t  
spec i e s  i n  a l l -aged ,  mixed s t ands  has always p r e s e n t e d  a 
' d i f f i c u l t  mensura t iona l  problem. I f  t h e  system sugges ted  
he re  can  be  adapted  t o  o t h e r  spec ies ,  i n  t h i s  reg ion  and 
elsewhere, it may be of g r e a t  he lp  t o  f o r e s t  managers, ecol-  
o g i s t s ,  and s o i l s  men. 

It i s  u n l i k e l y  t h a t  t h e  index  i t s e l f  would a c c u r a t e l y  
desc r ibe  s i t e  q u a l i t y  o f  o t h e r  spec i e s .  D i f f e rences  i n  form 
and i n  response  t b  s i t e  v a r i a t i o n  a r e  almost  c e r t a i n  t o  mean 
d i f f e r e n t  curves  f o r  d i f f e r e n t  spec ies .  On t h e  o t h e r  hand, 
t h e  method employed should be a s  u s e f u l  f o r  one t o l e r a n t  
spec i e s  a s  another .  This presumes t h a t  t h e  shape o f  t h e  
curve d e s c r i b i n g  t h e  r e l a t i o n s h i p  of h e i g h t  t o  d i ~ m e t e r  of 
dominant t r e e s  i s  reasonably cons tan t  f o r  a g iven  s p e c i e s ,  
and t h a t  t o t a l  he igh t  f o r  a given d.b.h. i s  s e n s i t i v e  t o  
changes i n  s i t e  q u a l i t y .  

It seems l i k e l y  t h a t  t h e  more t o l e r a n t  and longe r  
l i v e d  hemlock would be more adap tab le  t o  t h i s  method t h a n  
t h e  s h o r t l i v e d  f i r  o r  t h e  l e s s  t o l e r a n t  whi te  spruce. The 
s u s c e p t i b i l i t y  o f  f i r  t o  decay should be t aken  i n t o  account  
when c l a s s i f y i n g  s i t e  f o r  t h i s  spec i e s .  White spruce ,  having 
a f a s t  growth r a t e  and be ing  l e s s  a b l e  t o  su rv ive  f o r  l o n g  
pe r iods  under suppress ion ,  might lend  i t s e l f  t o  t h e  conven- 
t i o n a l  height-age approach. Toleran t  hardwoods--beech and 
suga r  maple, and t o  a l e s s e r  e x t e n t  yel low birch--probably 
aou ld  have one advantage over  r ed  spruce i n  any s i t e  i n d e x  
system. They commonly have a much wider  range i n  he igh t .  
Where average extremes of  he ight  f o r  dominant red  sp ruce  
were found i n  t h i s  s tudy t o  be 55 and 75 f e e t ,  hardwoods 
commonly ranged from 5 5  t o  100 f e e t .  Accurate  he ight  meas- 
urement of hardwoods i s  much more d i f f i c u l t ,  however, be- 
cause o f  t h e  rounded o r  i r regular -shaped  tops .  
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