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ABSTRACT

BIOMASS, NET PRIMARY PRODUCTION AND SUCCESSIONAL DYNAMICS OF A VIRGIN 
WHITE PINE ( PINUS STROBUS) STAND IN NORTHERN MICHIGAN

By

W iH ard  M. Rose

Eas te rn  whi te  p ine  ( Pinus s t ro b u s  L . ) ,  a v e rag in g  177 y e a r s  in age,  

dominates th e  f o r e s t  a t  Hartwick P ines  S t a t e  Pa rk ,  Michigan, with a basal  

a rea  of  48 .4  m2/ h a ,  66.7% o f  the  t o t a l .  I t s  mean d iam eter  and he igh t  

were 58 cm and 36 m, r e s p e c t i v e l y .

Biomass and ne t primary  produc t ion  were e s t im a te d  us ing  s tan d a rd  

n o n d e s t r u c t i v e  t e c h n i q u e s .  Tota l  t r e e  biomass f o r  th e  s tand  was 681 

m t/ha ,  us ing  a measured whi te  pine wood d e n s i t y  of 0 .29  g/cm2 , or 800 

mt/ha  us ing  a d e n s i t y  va lue  of 0.37 g/cm2 from th e  l i t e r a t u r e .  With 

few e x c e p t i o n s ,  H a r tw ick 's  t o t a l  biomass and basal  a rea  (72.6  m2/h a )  

a re  among th e  h ig h e s t  r e p o r t e d  in  t h e  l i t e r a t u r e  f o r  f o r e s t s  worldwide.  

To ta l  ne t  primary p roduc t ion  of  t r e e s ,  on th e  o th e r  hand, was a 

r e l a t i v e l y  low 7 .5  m t / h a / y r .

Diameter and h e ig h t  d i s t r i b u t i o n s  of  mature t r e e s  and s e e d l in g  

dynamics were i n v e s t i g a t e d  t o  de termine  t h e  s u ccess io n a l  s t a t u s  of  t h i s  

s tan d .  Diameter and h e ig h t  d i s t r i b u t i o n s  sugges t  t h a t  red maple,  sugar 

maple and beech a re  succeed ing  whi te  p in e .  The l a r g e  number o f  red maple 

s e e d l in g s  and th e  l a rg e  crowns of  sugar maple s e e d l in g s  may c o n t r i b u t e  t o  

th e  even tua l  success  by maples in dominating th e  s t a n d .  The l a r g e  crowns 

o f  sugar  maple s e e d l in g s  may a l s o  account f o r  t h e i r  g r e a t e r  r a t e  o f  shoot 

growth. White p ine  s e e d l i n g s  were as numerous as sugar maple but grew 

po o r ly .  A s tudy o f  d i f f e r e n t - a g e d  gaps in t h e  whi te  pine  canopy 

i n d i c a t e d  t h a t  on ly  maples su rv ived  pas t  t h e  s e e d l i n g  s t a g e ,  f i l l i n g  in
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canopy gaps a f t e r  app rox im a te ly  50 y e a r s .  A ssoc ia ted  with c l o s i n g  of 

canopy gaps was a dec rea se  in s e e d l i n g  average  age,  h e i g h t ,  basa l  

d ia m e te r ,  crown cover ,  shoot  growth and pe rcen tage  of s ee d l in g s  browsed 

by deer .  F u r th e r ,  i t  appears  t h a t  maple s ee d l in g s  do not do as well 

under a maple canopy as compared t o  a pine canopy or gap.

Seeding s u r v iv o r s h ip  was g r e a t e r  in th e  gaps than  under t h e  canopy 

and g r e a t e r  d u r ing  w in te r  than  summer. Sugar maple had th e  h ig h e s t  

o v e r a l l  annual s u rv iv a l  r a t e  (90.2%) and red maple had t h e  lowest 

(79.6%). Maple n a t a l i t y  was 1 .3 /m2/ y r  in  t h e  gap and 1.5/m2/ y r  under 

t h e  canopy. White p ine  and hemlock combined n a t a l i t y  was 11.25/m2/ y r ,  

but t h e r e  was 100% m o r t a l i t y ,  p o s s ib ly  due t o  mechanical  damage. In 

comparing s e e d l i n g  dynamics among t h r e e  s i t u a t i o n s  (w i th in  a canopy gap, 

under  t h e  f o r e s t  canopy, and in  an open a rea  where white  p ine  were 

r e g e n e r a t i n g ) ,  t h e  white  pine r e g e n e r a t i o n  s i t e  had the  lowest  humidity  

and h ig h e s t  a i r  t e m p e ra tu re  and s o l a r  i n s o l a t i o n .

Deer are  b e l i e v e d  to  r e t a r d  su ccess io n  by browsing a high percen tage  

of s e e d l i n g s .  R esu l t s  o f  a p a i r e d  p lo t  e x c lo s u re  s tudy rev ea led  no 

s i g n i f i c a n t  d i f f e r e n c e s  in  leng th  of  shoot growth between browsed and 

unbrowsed maples.  There was a s i g n i f i c a n t  in c r e a s e  in  h e igh t  and crown 

cover  of  unbrowsed maple s e e d l in g s  because shoot leng th  had not been 

reduced by browsing. These i n c r e a s e s  could  have r e s u l t e d  in in c r e a s e d  

co m p e t i t io n  which led  t o  decreased  s u rv iv a l  o f  whi te  pine in unbrowsed 

a r e a s .

I t  was concluded t h a t  a p o s s i b l e  s u cc e ss io n a l  s e r i e s  f o r  t h i s  a re a ,  

i f  u n in t e r u p t e d  by f i r e  o r  o th e r  d i s t u r b a n c e ,  would be: ja ck  p ine  f o r

th e  f i r s t  80 y e a r s ,  white  p ine  f o r  170 y e a r s ,  white p in e - n o r th e r n  

hardwoods f o r  200 y e a r s ,  hemlock-nor thern  hardwoods f o r  200 y e a r s  with
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maple dominated hardwoods fo l lo w in g  as a long te rm s t a b l e  community. I t  

i s  hypo thes ized  t h a t  biomass would in c r e a s e  t o  a maximum when whi te  pine 

dominated and then  d ec rea se  when hardwoods assumed dominance.  F i re  was 

t h e  most obvious d i s tu r b a n c e  f a c t o r  t h a t  helped  m a in ta in  white  p ine  as a 

dominant sp ec ie s  in  t h i s  a rea  p r i o r  t o  lumbering .
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INTRODUCTION

From 1840-1900 Michigan led  t h e  na t io n  in lumber p ro d u c t io n ,  whi te  

p ine  ( Pinus s t ro b u s  L . )  a ccoun t ing  f o r  th e  m a jo r i ty  of  t im ber  h a rv es ted .  

By th e  end o f  t h i s  e ra  i t  was e s t im a te d  t h a t  160 b i l l i o n  board f e e t  of 

p ine  had been cut (Maybee 1960),  with  as much as an a d d i t i o n a l  160 

b i l l i o n  board f e e t  l o s t  t o  f i r e  (Frothingham 1914).  P r i o r  t o  1840, t h e  

dominant f o r e s t  o f  t h e  upper p en insu la  and th e  no r th e rn  h a l f  of th e  lower 

pen in su la  of  Michigan c o n s i s t e d  o f  pure  and mixed s tands  o f  white  p ine ,  

red pine ( Pinus r e s i n o s a ) ,  j a c k  p ine  ( Pinus b a n k s ia n a ) , and hardwoods.

The sou thern  l i m i t  of whi te  p ine  lumbering extended a c ro ss  th e  s t a t e  from 

VanBuren County in t h e  w es t ,  n o r t h e a s t  t o  G r a t i o t  County and e a s t  to  

S t .  C la i r e  County (Wheeler 1898).

White p i n e ' s  abundance and u t i l i t y  was an im por tan t  f a c t o r  in the  

development of  Michigan. However, by 1914 v i r t u a l l y  a l l  l a r g e  t r e e s  had 

been e l im in a te d  and today only a few small v i r g i n  t r a c t s ,  those  t h a t  are  

r e l a t i v e l y  u n d is tu rb e d  and have m a in ta ined  a p r e s e t t l e m e n t  c h a r a c t e r ,  

remain.  The only s tand  in th e  lower p en insu la  l a r g e r  than  f i f t y  acres  i s  

lo c a t e d  a t  I n t e r lo c h e n  S t a t e  Park ( C o l l i n s  1958),  an open s tand  of whi te  

pine  mixed with  hardwoods ( K i t t r e d g e  and Ch i t tenden  1929).  Another,  

s m a l l e r ,  v i r g i n  s tand  where whi te  p ine  c l e a r l y  dominates i s  found a t  

Hartwick Pines  S t a t e  Park .

Hartwick Pines  i s  in Crawford County about 7 m iles  n o r th e a s t  of 

G ray l in g ,  Michigan. The a re a  in  and around Crawford County i s  a p ine

1
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ba r re n s  or  p l a i n s  dominated by jack  p in e .  This i s  t h e  c e n t e r  of t h e  

n o r th e rn  h ig h lands  o f  Mich igan 's  lower p en insu la  (Veatch e t  a l .  1927).  

High r o l l i n g  h i l l s  produced by g l a c i e r s  overlook the  v i r g i n  white  pine 

s tand  a t  Har twick , which occupies  a low sandy r id g e  and p a r t  of a f l a t  

sandy p l a i n .

Severa l  f a c t o r s ,  documented in t h e  l i t e r a t u r e ,  have been shown to  

i n f l u e n c e  t h e  presence  o f  whi te  p ine  and a s s o c i a t e d  t r e e  s p e c i e s .  The 

l i t t e r  l a y e r  a f f e c t s  white  p ine  germina t ion  and s u rv iv a l  (Frothingham 

1914, Ahlgren 1976).  Although they  can germinate  and grow in a l i t t e r  

l a y e r  or bare  mineral  s o i l  w ith  an adequate  m ois tu re  supply  (Maissurow 

1935),  q u i t e  o f t e n  t h e  l i t t e r  becomes too  dry f o r  s e e d l in g  s u rv iv a l  

(Smith 1940, Graham 1941).  White pine  a re  o f t e n  outcompeted by hardwoods 

on b e t t e r  s o i l s  and a re  u s u a l l y  r e l e g a t e d  t o  sandy s o i l s  (Frothingham 

1914).  For example,  many of Michigan 's  e a r l y  white  p ine  f o r e s t s ,  

i n c lu d in g  Hartwick P in e s ,  grew on mois t  sandy s o i l  (Harlow and H ar ra r  

1968).  G e n e ra l ly ,  sandy s o i l s  th roughout  t h e  s t a t e  suppor ted  mix tures  of 

whi te  p in e ,  red p in e ,  hemlock (Tsuga c a n a d e n s i s ) ,  balsam f i r  (Abies 

ba lsamea) and hardwoods.  On d r i e r  s i t e s ,  red p ine ,  j a c k  pine o r  oak 

(Quercus s p p . )  dominated.  F ine r  t e x t u r e d  s o i l s  g e n e r a l ly  led  t o  t h e  

development of hardwood s t a n d s .  O u ts ide  of  Michigan on b e t t e r  s o i l s ,  

hemlock, red spruce  ( P icea  r u b e n s ) ,  sugar  maple ( Acer saccharum) ,  beech 

(Fagus g r a n d i f o l i a ) , basswood (T i1ia  am er icana) , elm (Ulmus am er icana ) 

and y e l low  b i r c h  ( Betu la  l u t e a ) a s s o c i a t e  with whi te  p in e ,  while  red 

p in e ,  j a ck  p in e ,  p i t c h  pine  ( Pinus r i g i d a ) ,  oak and c h e s tn u t  ( Castanea 

d e n t a t a ) were a s s o c i a t e s  o f  whi te  p ine  on dry sandy s o i l .

I t  was e s t im a te d  t h a t  in M ich igan 's  Upper P e n in su la  a lo n e ,  p r i o r  t o  

lumbering,  t h e r e  were 1 .6  m i l l i o n  ac res  of  whi te  p ine  (Cunningham and
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White 1941).  By 1896-97 t h e  t o t a l  remain ing  whi te  pine acreage  in 

Michigan had been reduced t o  775,208,  w i th  13,000 in  Crawford County 

(Wheeler 1898).  When Hartwick P ines  Park was given t o  t h e  S t a t e  of 

Michigan in  1927, i t  c o n ta in ed  the  l a s t  known 85 ac res  o f  pure v i r g i n  

white  pine in  t h e  lower p e n in su l a .  Wackerman (1924) e s t i m a te d  the  board 

fo o tag e  o f  t h e  s tand  a t  2 ,589 ,000 ,  with white  p ine  compris ing  1 ,691,000 

board f e e t .

There a r e  s ev e ra l  e x p la n a t io n s  f o r  why Hartwick P ines  was not 

lumbered. Hansen 's  lumbering o p e r a t io n  i n  Gray l ing  o r i g i n a l l y  owned th e  

p r o p e r ty  in t h i s  area  and had cu t  t h e  b e s t  t im be r  t o  the  p re s e n t  v i r g i n  

f o r e s t  boundary.  C u t t in g  stopped because many o f  t h e  white  p ines  had a 

lower value  s a lm o n -p in k -c o lo r  wood, s i m i l a r  t o  t h e  old growth t im ber  in 

New Hampshire d e s c r ib e d  by Baldwin (1951) .  Concurrent with  t h i s  was t h e  

economic panic  of 1893 when lumber o rd e r s  dropped d r a m a t i c a l l y  (Maybee 

1960).  A f te r  r e c o v e r in g  from t h e  1893 p a n ic ,  lumber o p e r a t io n s  began t o  

f i r s t  cu t  th e  remain ing few l a r g e  v i r g i n  pine t r a c t s  and l a t e r  used t r e e s  

from th e  edge o f  Hartwick Pines  as a source  f o r  s p e c i a l  o r d e r s .  At t h i s  

t im e  t im ber  va lue  had gone up but a new t a x  assessment  made i t  more 

economical t o  s e l l  t h e  p r o p e r t y .  Karen B. Hartwick then  purchased  th e  

s t a n d  and gave i t  t o  th e  s t a t e  as a l i v i n g  memorial t o  he r  husband, a 

lumber baron .

A wind s torm in t h e  1940' s  reduced the  t r a c t  from 85 t o  49 a c r e s ,  

p o s s ib ly  a ided by a road through th e  f o r e s t  t h a t  hampered n a tu ra l  s o i l  

d r a in a g e ,  weakening r o o t s  and s o i l  s t r u c t u r e  and exposing th e  t r e e s  to  

t h e  f u l l  f o r c e  of t h e  wind. Human impact on Hartwick has in f lu e n c e d  th e  

f o r e s t  in a n o th e r  way. During t h e  t ime of  th e  C i v i l i a n  Conserva t ion  

Corps a d e c i s io n  was made t o  "c lean  up" th e  v i r g i n  f o r e s t  by removing
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some downed t r e e s  and small maples.  Even with  t h i s  i n f l u e n c e ,  Hartwick 

Pines remains one o f  th e  few examples of  a whi te  p ine  dominated v i r g i n  

f o r e s t .

The economic importance of white  pine  s t i m u l a t e d  re s e a rc h  and 

i n v e n t o r i e s  in  t h e  e a r l y  1 9 0 0 ' s .  At t h a t  t im e ,  r e s e a rc h  c e n te re d  on 

management and p roduc t ion  of  white  pine f o r  t im be r  products  

(Frothingham 1914, Cunningham and White 1941, Cline and Spur r  1942). 

Severa l  s t u d i e s  concerned whi te  p ine  ecology and s u cc e s s io n a l  s t a t u s  

(Grant 1934, K i t t r e d g e  1934, Morey 1936).  More r e c e n t l y  t h e  volume of  

l i t e r a t u r e ,  p a r t i c u l a r l y  e c o lo g ic a l  s t u d i e s  of  n a tu ra l  s t a n d s ,  has 

d e c l i n e d ,  p robab ly  due t o  a d e c rea se  in the  importance o f  t h e s e  s tands  

f o r  t im ber  p roduc t ion  and th e  l i m i t e d  p o t e n t i a l  o f  whi te  p ine  because 

o f  i n s e c t  and d i s e a s e  problems (Harlow and H a r ra r  1968).  Some of  t h e  

more re c en t  s t u d i e s  concern growth, ro o t  g r a f t i n g  (Bormann and Graham 

1959, Bormann 1965) and r e g e n e r a t i o n  a f t e r  f i r e  (Ahlgren 1976, B a r r e t t  

e t  a l .  1976).

But t h e r e  i s  a s u r p r i s i n g  lack of  in fo rm a t io n  about t h e  s t r u c t u r e  

and f u n c t i o n ,  s p e c i f i c i a l l y  t h e  s t a n d i n g  biomass and primary 

p r o d u c t i v i t y ,  o f  l a r g e  o ld  grov/th s t an d s  such as Hartwick. Biomass and 

p r o d u c t i v i t y  a re  o f t e n  d i f f i c u l t  t o  measure ,  and d e s t r u c t i v e  sampling 

i s  e i t h e r  p r o h i b i t e d ,  o r  p h y s i c a l l y  d i f f i c u l t  (Denison e t  a l .  1972).  

Also ,  emphasis in  p a s t  s t u d i e s  has been on econom ica l ly  im por tan t  

f o r e s t s ,  which in c lu d e  p l a n t a t i o n s  and f o r e s t s  composed of  younger and 

s m a l l e r  t r e e s .  Of t h e  291 biomass and p r o d u c t i v i t y  s t u d i e s  r e p o r t e d  by 

Art  and Marks (1971) ,  35 .4  p e rcen t  were of  p l a n t a t i o n s  with an average 

age o f  29 y e a r s  (S.D. = 2 6 . 7 ) .  The average  age o f  t h e  n a tu r a l  s tands  

was 45 .8  y e a r s  (S.D. = 3 4 .0 ) .
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T h e o r e t i c a l  a sp e c t s  o f  p r o d u c t i v i t y  have been d is cu s sed  in t h e  pas t  

and r e l a t e  t h e  need f o r  more re s e a rc h  concern ing  p roduc t ion  (Lindeman 

1942, Macfadyn 1948, Odum 1971).  Primary p r o d u c t i v i t y  of  a system can 

be used as an i n d i c a t o r  o f  fu n c t io n a l  c a p a c i t y .  Not only  i s  i t  an 

i n d i c a t i o n  of th e  n a tu ra l  en v i ronm en t ' s  a b i l i t y  t o  suppor t  l i f e ,  but 

i t  a l s o  leads  t o  a b e t t e r  u n de rs tand ing  o f  p o t e n t i a l  human impact.  

H e te r o t ro p h ic  organisms account  f o r  only 0.1% o f  the  l i v i n g  m a t t e r  in 

the  b io sp h e r e  (Rodin and B a z i l e v ic h  1968);  t h e r e f o r e ,  biomass and 

p r o d u c t i v i t y  s t u d i e s  o f  green p l a n t s  can lead  to  r a t i o n a l  use o r  non-use 

o f  most l i v i n g  m a t t e r .

The energy c r i s i s  has s t im u la t e d  i n t e r e s t  in use of biomass as an 

energy  s o u r c e .  The most impor tant  i s s u e  du r ing  an i n t e r n a t i o n a l  Man and 

t h e  B iosphere  workshop in 1979 on r a t i o n a l  f o r e s t  u t i l i z a t i o n  was t h e  use 

o f  f o r e s t s  as a source  o f  fue l  (Boyce 1979).  I t  was recommended t h a t  

each country  a s s e s s  f o r e s t  p r o d u c t i v i t y  and p o t e n t i a l  f o r  use as an 

energy  so u rc e .

The e a r l y  l i t e r a t u r e  d e a l i n g  with  th e  q u e s t io n  of  whether e a s t e r n  

whi te  p ine  i s  a p a r t  o f  t h e  climax f o r e s t  is  c o n t r a d i c t o r y .  Based on 

a v a i l a b l e  l i t e r a t u r e ,  D e tw i le r  (1933) pu t  f o r t h  a case  in suppor t  of 

wh i te  p ine  as a member o f  th e  cl imax f o r e s t ,  but Hawley (1933) q u es t io n ed  

t h i s  view and c i t e d  t h e  same l i t e r a t u r e  (Fernow 1899, Whit ford 1901,

S t a l l o r d  1929) t o  show t h a t  white  p ine  i s  not a c limax s p e c i e s .  Graham 

(1941) a t t e m p ted  t o  s e t t l e  t h e  i s s u e  by d e f i n i n g  a climax f o r e s t  as 

having  t h e  a b i l i t y  t o  reproduce  i t s e l f  g e n e r a t io n  a f t e r  g e n e r a t io n .  He 

concluded t h a t  white  p ine  does not q u a l i f y  because i t  lacks  a high 

degree  o f  shade t o l e r a n c e  and th e  a b i l i t y  t o  reproduce  in  a deep l i t t e r  

l a y e r .  O b je c t iv e  l i t e r a t u r e  review and f i e l d  o b s e r v a t io n  r e i n f o r c e  t h i s
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co n c lu s io n .  Even with t h i s  apparen t  c o n t ro v e rsy  r e s o lv e d ,  t h e r e  i s  a 

lack  o f  in fo rm at ion  on th e  dynamics of w h i te  p i n e ' s  su cc e ss io n a l  r o l e .

Climax and su cc e s s io n  have been major p o in t s  of s tudy and 

c o n t ro v e r s y  among e c o l o g i s t s .  Various methods have been used t o  i d e n t i f y  

a climax system (Cooper 1913, 1923, Weaver and Clements 1938, Braun 1950, 

W hi t taker  1953, 1974, Shimwell 1971).  As W hi t taker  (1974) has po in ted

out the  community p o p u la t io n  s t r u c t u r e  should  be cons ide red  in o rde r  to

unders tand  s u c c e s s io n ,  cl imax and t h e  way in which s p e c ie s  p e r p e tu a te  

them se lves .  In a d d i t i o n ,  the  su c c e s s io n a l  t r e n d s  p re sen ted  by Odum 

(1969) of  i n c r e a s i n g  biomass and s t a t u r e  should  be t e s t e d .

This r e s ea rc h  p r o j e c t  i n v e s t i g a t e d  primary p roduc t ion  and 

su c c e s s io n a l  s t a t u s  of  a v i r g i n  whi te  p ine  f o r e s t  a t  Hartwick Pines S t a t e  

Park .  The s p e c i f i c  o b j e c t i v e s  were:

1.  t o  d e s c r ib e  th e  s t r u c t u r e  and taxonomic composi t ion  of  the  woody

p o p u la t i o n s ;

2. t o  e s t i m a t e  t h e  biomass and net primary p roduc t ion  of  the  

p o p u la t io n s  o f  t r e e s  in  t h e  white  p ine  community,

3. t o  de termine  t h e  su c c e s s io n a l  dynamics o f  t h e  whi te  p ine

community by s tudy ing  f o r e s t  canopy gaps and by us ing  th e  age o f  t r e e s ,

s t r u c t u r a l  c o n s i d e r a t i o n s ,  and s e e d l in g  s u r v i v o r s h i p ;  and

4. t o  develop a su c c e s s io n a l  model f o r  t h i s  a rea  and r e l a t e  i t  t o

changes  in biomass.



METHODS AND MATERIALS

Community.Description

The exper imental  a rea  was marked o f f  by s tak es  every 20 m forming a 

220 m x 160 m sample g r i d .  Sampling was avoided near  t r a i l s  and th e  

o u t e r  margin of whi te  p in e .  Twenty randomly s e l e c t e d  c i r c u l a r  p l o t s ,  

each 200 square  meters  in a r e a ,  were used to  d e sc r ib e  woody p l a n t s  1.5 

mete rs  or  more in h e ig h t .  Measurements inc luded d iam eter  a t  b r e a s t  

h e ig h t  (DBH, 1 .5  m), t o t a l  h e i g h t ,  he igh t  to  the  bottom of  the  crown, and 

N-S and E-W crown d iam e te r .  Importance values  were c a l c u l a t e d  f o r  a l l  

t r e e  s p e c i e s  (Mueller-Dombois and E l lenbe rg  1974).  Crown he ig h t  and 

crown d iam e te r  were used t o  e s t i m a te  p h o to s y n th e t i c  a rea  f o r  c o r r e l a t i o n  

with t r e e  growth. I d e n t i c a l  measurements were taken  of  a l l  t r e e s  a long 

an East-West  t r a n s e c t  (7 .6  x 60 m) which was l o c a t ed  t o  in c lude  a gap in 

t h e  f o r e s t  canopy produced by a f a l l e n  t r e e .

Increment co res  of randomly s e l e c t e d  t r e e s  were taken  in 1978 from 

24 whi te  p i n e ,  10 hemlock, and 6 each of  red p in e ,  sugar  maple,  red maple 

(Acer rubrum) and beech, and processed  fo l low ing  th e  methods of  Stokes 

and Smiley (1968) .  These co res  were used to  de termine  t r e e  ages ,  from 

which a l i n e a r  r e g r e s s io n  r e l a t i o n s h i p  was e s t a b l i s h e d  between d iameter  

and age.  Because t h e  increment b o re r  d id  not reach th e  c e n t e r  of  the  

l a r g e s t  t r e e s ,  e s t i m a te s  of  th e  number of  unsampled y e a r s  were made by 

d iv id in g  th e  remaining d i s t a n c e  by th e  average  annual increment of th e  

f i v e  y e a r s  sampled n e a r e s t  th e  c e n t e r .  Two cores  were a l s o  taken  from

7
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each of two t r e e s  t h a t  were f i r e  s c a r r e d  t o  de termine  t h e  da te  of the  

most r e c e n t  f i r e .

To e s t a b l i s h  t h e  e x t e n t  t o  which Hartwick P ines  resembles t h e  v i r g i n  

p ine  f o r e s t  t h a t  once covered p a r t s  of  n o r th e rn  Michigan, a comparison of 

t r e e  d e n s i t y  (number of t r e e s  per u n i t  a rea)  and mean stump diameter  

(60 cm above th e  ground) was made with a p ine  stump f i e l d  two miles  nor th  

o f  Hartwick P in e s .  F i f t e e n  randomly s e l e c t e d  c i r c u l a r  p l o t s ,  each 200 

m2, were used t o  o b ta in  stump d iam eter  measurements and d e n s i t y .  A 

r e g r e s s io n  equa t ion  was developed between stump d iam e te r  and DBH f o r  

l i v i n g  t r e e s  a t  Hartwick P ines  f o r  a p p l i c a t i o n  t o  t h e  stump f i e l d .  

Procedures  d e sc r ib e d  by Parde (1968) were used t o  e s t i m a te  t r e e  volumes 

from stump measurements.

The v i r g i n  white  p ine  a rea  t h a t  was d e s t ro y ed  by a storm in the  

1940 's  was a l s o  d e sc r ib e d  from f i f t e e n  randomly s e l e c t e d  100 m2 

c i r c u l a r  p l o t s .  Impor tance va lues  were c a l c u l a t e d  from measurements o f  

t r e e s  g r e a t e r  than  1 .5  m t a l l .  This in fo rm at ion  was used to  determine 

changes in t h e  f o r e s t  as a r e s u l t  of t h e  storm.

Biomass and P r o d u c t i v i t y

D e s t r u c t i v e  sampl ing of v e g e ta t io n  was p r o h i b i t e d  by th e  Michigan 

Department o f  Natura l  Resources .  Methods p r e s e n te d  he re  were developed 

with  t h i s  c o n s t r a i n t  in mind.

Stem. A l lo m e t r i c  t e ch n iq u es  were used t o  develop an equa t ion  to  

c a l c u l a t e  whi te  p ine  stem volume (Newbould 1967).  The eq u a t io n  was 

o b ta in e d  by us ing  a c c u r a t e l y  e s t im a te d  volumes of  f a l l e n  t r e e s ,  

c a l c u l a t e d  from d iam e te rs  t h a t  were measured every  meter f o r  t h e  f u l l  

l eng th  of th e  f a l l e n  t r e e s  (Table  2 ) .  Total  stem wood volume was 

e s t im a te d  from t h e  DBH minus bark t h i c k n e s s  us ing  t h i s  e q u a t i o n .  Bark
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t h i c k n e s s  was c a l c u l a t e d  us ing a r e g r e s s io n  equa t ion  developed f o r  t h i s  

s tand  (Table  2 ) .  Bark volume i s  t h e  d i f f e r e n c e  between stem volume 

in c lu d in g  bark and wood volume c a l c u l a t e d  us ing  DBH without  bark ;  t o  

account f o r  bark t a p e r  and r i d g e s ,  t h i s  va lue  was m u l t i p l i e d  by 0 . 5 ,  a 

c o n s e r v a t iv e  f i g u r e  t h a t  probably led  t o  s l i g h t  u n d e re s t im a te s  in bark 

volume. Seventy p e rc en t  o f  t h e  c ro s s  s e c t i o n a l  a rea  between th e  wood and 

t h e  p e r im e te r  e s t a b l i s h e d  by t h e  t i p  of each bark r id g e  was a c t u a l l y  bark .  

Wood d e n s i t y  and bark d e n s i t y  were dete rmined from sample cores  and used 

f o r  c o n v e r t in g  volumes t o  dry we igh ts .

Stem p r o d u c t i v i t y  was e s t im a te d  in p a r t  by fo l low ing  methods o u t l i n e d  

by Newbould (1967) and W hi t taker  and Marks (1975) .  Average p roduc t ion  of 

whi te  p ine  stem wood was c a l c u l a t e d  in t h e  fo l lo w in g  manner us ing  th e  

equa t ion  developed in  t h i s  s tudy r e l a t i n g  DBH and volume. Using cores  

t a k en  in  1978 from t r e e s  o f  a l l  s i z e  c l a s s e s ,  average annual r a d i a l  i n c r e 

ment f o r  t h e  f i v e  y e a r s  p reced ing  t h e  s tudy  was de te rm ined .  Annual volume 

increment was c a l c u l a t e d  by f i n d i n g  th e  d i f f e r e n c e  between t h e  volume 

p r e d i c t e d  from t h e  most r e c e n t  DBH and th e  volume p r e d i c t e d  from t h e  DBH 

a f t e r  s u b t r a c t i n g  t h e  average  r a d i a l  increment .  The average  volume i n c r e 

ment was con v e r ted  t o  dry  weight u s ing  wood d e n s i t y ,  a l low ing  an e s t i m a t e  

t o  be made of  average  annual stem wood p ro d u c t io n .  Once t h e  annual growth 

increment had been determined f o r  a l l  s i z e  c l a s s e s ,  a r e g r e s s io n  e q u a t io n  

was e s t a b l i s h e d  r e l a t i n g  volume and biomass increment t o  DBH.

Stem biomass and p roduc t ion  of  th e  o t h e r  f i v e  s p ec ie s  in  th e  s tan d  

were e s t im a te d  us ing  eq u a t io n s  from Newbould (1967) .  An approxim ation  of 

volume was o b ta in e d  us ing  t h e  equa t ion  f o r  a p a ra b o lo id  o f  r o t a t i o n s :

Vp . h S l

where r  i s  t h e  r a d iu s  a t  b r e a s t  h e igh t  and h i s  t h e  t r e e  h e i g h t .  The
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c a l c u l a t i o n  was completed f o r  each of t h e  5 s p e c ie s  and m u l t i p l i e d  by th e  

d e n s i t y  of t h e i r  wood given by Brown e t  a l .  (1949),  r e s u l t i n g  in an 

e s t i m a t e  of biomass.  The basa l  a rea  increment  was c a l c u l a t e d  from

Ai = » [ ( r 2  -  ( r  -  1 ) 2 ) ]

where i i s  t h e  average  annual r a d i a l  increment based on t h e  l a s t  f i v e  

y e a r s  and r  t h e  r a d iu s  a t  b r e a s t  h e i g h t .  Using basa l  a rea  increment (A) 

and h e ig h t  (h) an e s t i m a t e  of t h e  stem wood volume increment was computed 

from

Vi = 1/2 (Ai x h ) .

Volume increment was then  conver ted  t o  biomass increment by m u l t i p l y i n g  

by wood d e n s i t y .

Branch. I t  i s  commonly assumed t h a t  mature ecosystems a re  in 

e n e r g e t i c  s tead y  s t a t e  and t h a t  net  annual primary p ro d u c t io n  i s  equal t o  

annual l i t t e r  p roduc t ion  (Kimura 1960, c i t e d  by Newbould 1967, Nye 1961, 

Kira and Shide i  1967, Odum 1971).  Bray and Gorham (1964) m a in ta in  t h a t  

l i t t e r  f a l l  measurement might,  t h e r e f o r e ,  be used as an e a s i l y  ob ta ined  

e s t i m a t o r  of ne t  p r o d u c t io n .  Newbould (1967) p r e s e n t s  a p p r o p r i a t e  

methods f o r  such an a n a l y s i s .  Following t h e s e  a ssum pt ions ,  branch 

p roduc t ion  was e s t im a te d  by measuring branch l i t t e r  f a l l  from l a t e  summer 

1975 t o  l a t e  f a l l  1978.

F i f t e e n  l i t t e r  t r a p s ,  each one square  meter in a r e a ,  were randomly 

p laced  w i th in  t h e  sampling g r id  and used t o  measure t h e  accumula t ion  r a t e  

of branch l i t t e r  l e s s  than  one c e n t i m e te r  in d iam ete r .  The p l o t s  were 

c i r c u l a r  and bordered  by a metal s t r i p  t o  p reven t  l a t e r a l  movement of  

l i t t e r  i n t o  and out o f  th e  sample p l o t s .  T ran sec t  p l o t s ,  two mete rs  wide 

and a t o t a l  o f  650 meters  long ,  were e s t a b l i s h e d  t o  sample branch l i t t e r  

l a r g e r  than  one c e n t i m e t e r  in  d iam eter .  I n i t i a l l y ,  a l l  branches  were
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removed from t h e  sample p l o t s .  Each sp r in g  and f a l l  a l l  branches  were 

c o l l e c t e d  and weighed. In both c a s e s ,  subsamples were used t o  de te rm ine  

dry weight .  As i t  was not p o s s i b l e  t o  s o r t  branches by s p e c i e s ,  da ta  

were c l a s s i f i e d  as branch l i t t e r  f a l l  (branch p ro d u c t io n )  f o r  a l l  s p ec ie s  

combined. Branch biomass and p roduc t ion  were assumed t o  be p ro p o r t io n a l  

t o  t h e  stem biomass and p ro d u c t io n  f o r  each s p e c i e s .  An e s t i m a te  of  each 

s p e c i e s '  branch p ro d u c t io n  was o b ta in ed  by m u l t i p l y i n g  i t s  pe rcen tage  of 

t o t a l  stem p rod u c t io n  by t o t a l  branch p r o d u c t io n .  Branch biomass was 

de termined from t h e  r a t i o  B/b = S /s  where B = s p e c i e s  branch biomass,  b = 

s p ec ie s  branch p r o d u c t i o n ,  S = s p e c ie s  stem biomass,  s = s p ec ie s  stem 

p roduc t ion  (W hi t take r  1965, W hit taker  and Marks 1975).

F o l i a g e . Using t h e  one mete r square  branch l i t t e r  p l o t s ,  l e a f  

l i t t e r  f a l l  was measured from l a t e  summer 1975 t o  l a t e  f a l l  1978 t o  

e s t i m a te  l e a f  p ro d u c t io n .  L i t t e r  f a l l  was measured once a month f o r  a 

y e a r  t o  e s t a b l i s h  seasonal  v a r i a t i o n .  F i f t e e n  e l e v a t e d  l i t t e r  t r a p s  were 

used t o  ca tch  f a l l i n g  l i t t e r  whi le  snow covered th e  ground. The t r a p s  

c o n s i s t e d  of  a c l o t h  and p l a s t i c  sack suspended from a wooden frame. The 

wooden frame was 0 .25  m^ in  area  and was suppor ted  by a s i n g l e  metal 

p o l e .  The m a jo r i t y  o f  p ine  l i t t e r  f e l l  i n  October and November, s i m i l a r  

t o  t h e  deciduous  s p e c i e s ,  which a llowed sampling once in t h e  s p r in g  and 

once in  t h e  f a l l .  Samples were s o r t e d  by s p e c i e s ,  d r i e d ,  and weighed.

White and red p ine  l e a f  biomass was e s t im a te d  by m u l t i p l y in g  t o t a l  

l e a f  f a l l  f o r  one y e a r  by th e  l i f e  span of  a n e ed le .  The age o f  t h e  

o l d e s t  n e e d le s ,  two y e a r s  f o r  w hi te  p ine  and f o u r  y e a r s  f o r  red  p in e ,  was 

dete rmined  by observ ing  t h e  n e e d l e ' s  p o s i t i o n  on t h e  branch in  r e l a t i o n  

t o  branch age a t  t h a t  p o i n t ,  and confi rmed by Harlow and H a r ra r  (1968).  

Because whi te  p ine  bud s c a l e s  a r e  produced and l o s t  in  t h e  same y e a r ,  t h e
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e s t i m a te  of t h e i r  annual l i t t e r  p roduc t ion  was equal to  t h e i r  biomass.

The bud s c a l e  biomass was inc luded  in  white  pine  l e a f  biomass.  Leaf 

biomass of deciduous s p e c ie s  was d i r e c t l y  measured fo l low ing  l e a f  drop in 

th e  f a l l .

Root . Root biomass and p roduc t ion  were e s t im a ted  from da ta  f o r  

s i m i l a r  f o r e s t s  given in t h e  l i t e r a t u r e  (Young and C arp en te r  1967, 

Johns tone  1971, Leaf 1971).  In most cases  ro o t  biomass was given as 

15-16% o f  t h e  t o t a l  above ground biomass.  Root p r o d u c t i v i t y  was d e r iv ed  

from eq u a t in g  th e  p ro p o r t io n  o f  stem biomass to  stem p roduc t ion  with the  

p ro p o r t io n  o f  roo t  biomass t o  ro o t  p r o d u c t i v i t y .  These methods a re  only 

rough approx im a t ions ,  but they  a l low e s t i m a t i o n  of  t o t a l  biomass and 

p r o d u c t i v i t y .

Success ion

Tree d ia m e te r ,  h e ig h t  and age d i s t r i b u t i o n . In fe re n c es  concern ing  

success ion  were made by an a ly z in g  su rv iv a l  w i th in  t r e e  p o p u l a t i o n s .  Two 

su rv iv a l  a sp e c t s  were c o n s id e red :  t h e  a b i l i t y  t o  l i v e  to  t h e  next age

c l a s s ,  and t h e  a b i l i t y  t o  reach  r e p r o d u c t iv e  m a t u r i t y .  F o res t  an a ly se s  

have used he ig h t  and d iam ete r  d i s t r i b u t i o n s  t o  draw conc lus ions  about 

su rv iv a l  (Hough 1936, Meyer 1952, Hett  and Loucks 1971).  For example,  a 

l a r g e  r a t i o  o f  mature t o  immature i n d i v i d u a l s  of a p a r t i c u l a r  sp ec ie s  has 

o f t e n  been i n t e r p r e t e d  t o  mean t h a t  t h i s  s p e c ie s  i s  f a i l i n g  t o  reproduce  

and i s  not r e p l a c in g  i t s e l f  (Braun 1950, Mueller-Dombois and E l lenburg  

1974).  Even though t h i s  may be an i n c o r r e c t  assumption f o r  some s p e c i e s ,  

a d i s t r i b u t i o n a l  diagram o f  he igh t  and d iam e te r  was e s t a b l i s h e d  f o r  each 

s p e c ie s  as one p o s s i b l e  i n d i c a t o r  o f  s u r v i v a l .  Also,  comparisons of  

age were made between s p e c i e s  t o  more a c c u r a t e l y  dete rmine  sp ec ie s  

r e g e n e r a t io n  o r  rep lacem ent .
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Canopy gap d e s c r i p t i o n . A d d i t i o n a l l y ,  a s tudy of  f o r e s t  canopy gaps 

was used t o  a s s e s s  th e  su ccess io n a l  s t a t u s  of  t h e  community. Gaps of 

va r ious  s i z e s  c o n ta i n in g  s a p l in g s  and s e e d l in g s  i n d i c a t e  t h e  f o r e s t  is  

be ing  rep laced  in  a gap phase f a s h io n  (Bray 1956).  Skeen (1976) p o in te d  

out t h e  s i g n i f i c a n c e  of  s tudy ing  n a t u r a l l y  c r e a t e d  openings  in  de termin ing  

s e e d l in g  r e g e n e r a t i o n  and s u r v i v a l .  To t h i s  end, a l l  gaps were l o c a t ed  

and mapped w i th in  t h e  sample a r e a .  Each gap was cons ide red  t o  c o n s i s t  of 

a s t r u c t u r a l  a r e a ,  th e  canopy a rea  l e f t  open by th e  dea th  of  a t r e e ,  and a 

fu n c t io n a l  a r e a ,  d e f in e d  by t h e  o u t e r  f o l i a g e  p e r im e te r  of  th o s e  s p ec ie s  

t h a t  a r e  invading  t h e  a rea  a f f e c t e d  by th e  opening in  t h e  canopy.

The age of each gap was e s t im a te d  in 1977 by co r ing  t r e e s  a t  the  

p e r im e te r  of t h e  gap and de te rm in ing  t h e  y e a r  of  t h e i r  r e l e a s e  from 

s u p p re s s io n .  Hemlock was used in most cases  because  i t  has been 

documented as an u n d e rs to ry  s p ec ie s  t h a t  prominently  e x h i b i t s  t h i s  r e l e a s e  

from su p p re ss io n  (Graham 1941).  A f t e r  aging t h e  gaps,  e ig h t  were 

s e l e c t e d ,  cover ing  t h e  f u l l  range of  ages ,  and sampled t o  i l l u s t r a t e  what 

changes might occur  over  t ime in a r e l a t i v e l y  s t a b l e  f o r e s t .  This 

a n a l y s i s  a l lowed f o r  e s t i m a t i o n  of t h e  f o r e s t  t u r n o v e r  r a t e  and gap 

occur rence  f requency .

Seed l ing  d e s c r i p t i o n ,  age and s i z e  d i s t r i b u t i o n . F o re s t  openings 

were t h e  a reas  of  most a c t i v e  tu rn o v e r  and t h e  key t o  t h e  success iona l  

s t a t u s  of  t h i s  f o r e s t .  Age and s i z e  d i s t r i b u t i o n s  of a l l  woody sp ec ie s  

found in  t h e  gaps were,  t h e r e f o r e ,  c o n s t r u c t e d  t o  p rov ide  in fo rm a t io n  on 

gap c o l o n i z e r  s u r v i v o r s h i p .  Four one mete r square  p l o t s  were e s t a b l i s h e d  

in  each gap t o  sample s e e d l i n g s .  All woody i n d i v i d u a l s  l e s s  th a n  1 .5  m 

in  he igh t  were t o  be in c lu d ed ;  however,  none were l a r g e r  than  100 cm. 

Seed l ing  ages were recorded  in t h e  f i e l d  by counting  th e  number of bud



s c a l e  s c a r s  or groups of needle  l e a f  s ca r s  (H e t t  1971).  Other s ee d l in g  

param ete rs  measured inc luded  d iam e te r  a t  r o o t  crown, h e i g h t ,  crown cover ,  

and stem growth. Stem growth was determined by measuring th e  leng th  

between th e  l a s t  bud s c a r  and t h e  te rm in a l  bud. Four one meter square  

p l o t s  were s e t  up o u t s id e  each gap to  o b t a in  t h e  same in fo rm at ion  f o r  

s e e d l in g s  of t h e  same s p ec ie s  on th e  und is tu rb ed  f o r e s t  f l o o r .  The 

e n t i r e  gap was sampled t o  o b ta in  DBH f o r  a l l  l a r g e r  i n d i v i d u a l s .  This 

in fo rm a t io n  was used f o r  d e s c r i p t i v e  purposes and t o  e s t a b l i s h  age a n d /o r  

s i z e  d i s t r i b u t i o n s .

S u r v iv o r s h ip . Inc luded  among th e  r e l a t i v e l y  few s t u d i e s  o f  age 

d i s t r i b u t i o n  and s u r v iv o r s h ip  o f  t r e e  s e e d l in g s  a re  th o s e  o f  Hett  and 

Loucks (1968) ,  Hett  (1971) ,  Hett  and Loucks (1971) and Good and Good 

(1972) .  The ir  methods were ap p l ie d  t o  seve ra l  s e e d l in g  p o p u la t io n s  w i th in  

t h e  community t o  help  in e l u c i d a t i n g  s u ccess io n a l  t r e n d s .  Hett  (1971) 

found in  a s tudy of sugar  maple s e e d l in g s  t h a t  seed crop or number o f  

v i a b l e  seeds  had l i t t l e  i n f l u e n c e  on t h e  number of s e e d l in g s  e s t a b l i s h e d .  

For t h i s  r e a so n ,  i t  was sugges ted  t h a t  t h e  s tudy of age s t r u c t u r a l

dynamics begin with germinated s e e d l i n g s .  S u r v iv o r sh ip  and n a t a l i t y  were

observed  f o r  s e e d l in g s  in  gaps and under t h e  f o r e s t  canopy. Percen t  

su r v iv a l  was c a l c u l a t e d  as :

number a l i v e / u n i t  a rea  a t  t g  x 100,
number a l i v e / u n i t  a rea  a t  t i

(Het t  and Loucks,  1971) and n a t a l i t y  as number o f  new s e e d l i n g / u n i t  a r e a  

from t^  t o  t 2 * The same p l o t s  t h a t  were used t o  sample s e e d l in g  age 

d i s t r i b u t i o n s  were used t o  c o l l e c t  d a ta  on s u rv iv a l  and n a t a l i t y .  Each

s e e d l i n g  was i d e n t i f i e d  and marked with an aluminum t a g  dur ing  f a l l  1977.

Ear ly  t h e  fo l lo w in g  s p r in g  and aga in  t h e  fo l lo w in g  f a l l ,  p l o t s  were 

examined t o  e s t i m a t e  w in t e r  and summer s u rv iv a l  and n a t a l i t y .
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Environmental p a ra m e te r s . Severa l  environmental  paramete rs  were 

measured t o  o b ta in  in fo rm a t io n  t h a t  might sugges t  reasons  f o r  the  

observed s e e d l in g  d i s t r i b u t i o n  and s u r v i v a l .  When d i s tu r b a n c e  opens the  

f o r e s t  canopy, a i r  t e m p e r a t u r e ,  r e l a t i v e  humidity  and l i g h t  i n t e n s i t y  a r e  

a l l  changed. All of t h e s e  a re  c o r r e l a t e d  with l i g h t  i n t e n s i t y  and 

sugges t  t h a t  l i g h t  i n t e n s i t y  would be t h e  s i n g l e  most impor tan t  f a c t o r  t o  

c o r r e l a t e  with f o r e s t  growth ( S h i r l e y  1932).  Light  energy ,  t em pe ra tu re  

and humidity  were recorded  us ing  a p y rh e l io m e te r  and a hygrothermograph 

in  each of t h e  fo l lo w in g  a r e a s :  a s i t e  on t h e  s o u th e a s t  edge of the

v i r g i n  f o r e s t  where w hi te  p ine  was r e g e n e r a t i n g ,  under th e  canopy gap, 

and under t h e  f o r e s t  canopy on Ju ly  23,  1977, August 1,  1977, April  29 

and 30, 1978.

Deer browsing . P r e l im in a r y  o b se rv a t io n  r e v e a le d  t h a t  t r e e  s ee d l in g s  

were being h e av i ly  browsed by whi te  t a i l e d  d e e r  ( Odocoileus  v i r g i n i a n u s ).  

P a i red  p l o t s  were e s t a b l i s h e d  in  both t h e  gaps and f o r e s t  t o  i n v e s t i g a t e  

t h e  e f f e c t  of  deer  browsing on s e e d l in g  growth and s u r v i v a l .  Exclosures  

covered  h a l f  of t h e  p l o t s  while  t h e  o t h e r  h a l f  remained open f o r  

browsing. The fo l lo w in g  y e a r  h e i g h t ,  leng th  of  new stem growth, crown 

cover  a rea  and s u r v i v o r s h i p  were dete rmined and comparisons  made between 

browsed and unbrowsed s e e d l i n g s .

White p ine  r e g e n e r a t i o n . To o b ta in  a more complete  p i c t u r e  of  the  

o v e r a l l  su cc e s s io n a l  s t a t u s  o f  whi te  p in e ,  two a d d i t i o n a l  d e s c r i p t i v e  

s t u d i e s  were under taken  in  a reas  where young w h i te  p ine  were e s t a b 

l i s h i n g .  One s tudy  was in  a v i r g i n  ja ck  p ine  s t a n d ,  n ea r  Hartwick Pines 

(T27N, R3W, S I 1) and t h e  o t h e r  was in a v i r g i n  whi te  pine s tand  in 

Manis tee  County, Michigan (T21N, R13W, S26).  F i f t e e n  randomly s e l e c t e d  

one hundred square  meter  p l o t s  were used in t h e  ja ck  pine f o r e s t .
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Height,  crown cover ,  and age of each s e e d l in g  was de termined.  Age was 

determined  by th e  number o f  branch w hor ls .  Woody s p ec ie s  t h a t  were a t  

l e a s t  1 .5  m in h e ig h t  were measured f o r  DBH, crown cover ,  t o t a l  h e i g h t ,  

and number o f  dead and l i v i n g  s tems.  Cores were tak en  from t h i r t y  

randomly s e l e c t e d  t r e e s  and an age d e te rm in a t io n  made. Age d i s t r i b u t i o n s  

were then  p l o t t e d  t o  make in f e r e n c e s  concern ing  s p e c ie s  r e g e n e r a t i o n .  The 

v i r g i n  white  p ine  f o r e s t  in  Manis tee  County was s tu d i e d  us ing  t e n  randomly 

s e l e c t e d  two hundred square  mete r p l o t s .  DBH and t o t a l  h e ig h t  o f  woody 

s p e c ie s  with DBH g r e a t e r  than  2.54 cm were measured. Importance values  

were c a l c u l a t e d  us ing  d e n s i t y ,  basa l  a re a  dominance, and f r eq u en cy .  A 

v/hite p ine  t r e e  with one o f  t h e  l a r g e s t  d iam e te rs  was aged.



RESULTS AND DISCUSSON

D e sc r ip t io n

Figure  1 i l l u s t r a t e s  t h e  study a rea  r e l a t i v e  t o  t h e  o v e ra l l  v i r g i n  

f o r e s t .  The t o t a l  a rea  o f  the  v i r g i n  s tan d  was 20 ha,  reduced from th e  

o r i g i n a l  34 ha dur ing  a s torm in t h e  1 9 4 0 ' s .  A study a rea  of 3 .52 ha 

was chosen t o  keep t h e  i n c l u s i o n  o f  edge a r e a s  ( t r a i l s  and unna tu ra l  

d i s t u r b a n c e s )  t o  a minimum. Small h i l l s  shown a t  t h e  nor th  end of the  

s t an d  were in c lu d e d  as p a r t  of t h e  s tudy a rea  t o  i n c o r p o r a t e  any 

to p o g ra p h ic a l  v a r i a b i l i t y .  S pec ies  com pos i t ion ,  however, was th e  same 

on t h e  h i l l s  as on t h e  sandy p l a i n .

The v i r g i n  f o r e s t  was composed of white  p in e ,  hemlock, red maple,  

suga r  maple,  American beech ,  and red p in e .  In t h e  Great Lakes S t a t e s  

and p a r t s  of n o r t h e a s t e r n  North America,  e s p e c i a l l y  be fo re  t h e  lumbering 

e r a ,  t h e s e  s p e c i e s  were commonly found t o g e t h e r .  Table  1, a review of 

t h i r t e e n  d i f f e r e n t  o ld  grov/th s t a n d s ,  shows t h a t  tw e n t y - f i v e  t r e e  spec ie s  

occur  with  white  p ine  in  t h e  c e n t r a l  and e a s t e r n  United  S t a t e s .  Oaks a re  

a common a s s o c i a t e  with whi te  pine in  t h e  v i r g i n  f o r e s t  a t  I n t e r lo c h e n  

S t a t e  Park ,  Michigan ( K i t t r e d g e  and C h i t t en d en  1929).  In Canada, whi te  

p ine  occurs  with ye l low  and paper  b i r c h  ( Betu la  p a p y r i f e r a ) , balsam f i r  

(Abies ba lsam ea) ,  aspen ( Populus s p p . ) ,  and sp ruces  ( Picea  spp . )  

(Maissurow 1935).  H a r tw ic k 's  f i v e  a s s o c i a t e d  s p e c i e s ,  as well as red 

oak ( Quercus r u b r a ) and y e l lo w  b i r c h ,  a r e  p r e s e n t  in more than  50% of 

t h e  s t a n d s .
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Table 1. Tree sp ec ie s  a s s o c i a t e d  with old  growth white pine in 
n o r t h e a s t e r n  North America.

CO

Species

HH Lf> 1—1 <u
i—H HH HH > • cr» HH uHH HH HH i—i o 00 HH HH CM c

</) HH 1—I i t <u
e c c c •r— UD HH HH • • 1—i l—i CO S-
m CO CO CO 3 : HH HH HH Q. o . h—1 HH iH s-
o> cn o> i £ E (O s

•r* •p* •r— •r* • • • • m co • • XJ o
-C -C -C -C .e c c c =C z c c (O o
o u u U u c c c c c e o•r— •P" ip* •H •H • • <u (U fO

z z z z z z Z z z z o . Q. CJ

Pinus s t ro b u s X X X X X X X X X X X X X 1 0 0
Pinus r e s i n o s a X X X X X X X 54
Tsuga canadens is X X X X X ' X X X X 69
Acer rubrum X X X X X X X X X 69
Acer saccharum X X X X X X X X 62
Acer spp. X 8
Fagus g r a n d i f o l i a X X X X X X X 54
Quercus a lba X X X X X 38
Quercus rubra X X X X X X X 54
Prunus s e r o t i n a X X X X 31
Fraxinus  americana X X X 23
Frax inus  spp. X 8
Pyrus malus X 8
Betu la  l u t e a X X X X X X X 54
Betu la  p a p y r i f e r a X X X X X 38
Betu la  l e n t a X X X 23
Abies balsamea X X X X 31
Thuja o c c id e n ta l  i s X 8
T i l i a  americana X X X 23
Populus g r a n d id e n ta t a X 8
Populus spp. X 8
Ostrya  v i r g i n i a n a X 8
Picea  rubens X X 15
Picea  g lauca X 8
Magnolia acumenata X 8
Castenea  d e n t a t a X X 15
Hamamelis v i r g i n i a n a X 8
Amalanchier a rbo rea X 8
I l e x  opaca X 8

^Hartwick P ines  S t a t e  P a rk ,  G ray l ing ,  Michigan.
^Manis tee  Co.,  Michigan, 4 .4  m i le s  e a s t  of  Dublin,  
i l n t e r l o c h e n  S t a t e  Park ,  Michigan ( K i t t r e d g e  & C h i t tenden  1929).  
^Ottawa National F o r e s t ,  th e  weste rn  end or the  Upper P e n in su la  of 

Michigan (Graham 1941).
^Michigan-Wisconsin s t a t e  l i n e  (S tea rn s  1950)..  .  W I I  .  "  I I  I I  W W M W *

° S t a r r  I s l a n d ,  Minnesota 
' S t a r r  I s l a n d ,  Minnesota 
° S t a r r  I s l a n d ,  Minnesota 
^Bradford ,  New Hampshire

K i t t r e d g e  1934]
K i t t r e d g e  1934 
K i t t r e d g e  1934]

. n „ , w, «,  ^Baldwin 1951).
“ W inches te r ,  New Hampshire (C l ine  & Spur r  1942).
“ Hear t s  Content F o r e s t ,  Warren Co.,  Pennsylvania  (Morey 1936).
“ Cook S t a t e  F o res t  Pa rk ,  C la r ion  and F o res t  Co., Pennsylvania  (Morey 1936).  
“ Pon t i ac  Co.,  Quebec, Canada (Maissurow 1935).
14./   number o f  s tan d s  in  which t h a t  s p e c ie s  occurs  „ n nn

^ o c c u r r e n c e ------------------------- toT a l" number of s tands------------------ x 100
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The p r o f i l e  diagram in F igure  2 i l l u s t r a t e s  th e  v e r t i c a l  s t r u c t u r e  

of t h e  f o r e s t  and a canopy gap a t  Hartwick.  The gap was 6 m wide and 

lo c a t e d  a t  t h e  c e n t e r  (30 m) o f  th e  t r a n s e c t .  The p r o f i l e  on each s id e  

o f  t h e  gap gave a q u a l i t a t i v e  i n d i c a t i o n  of  t h e  high d e n s i t y  and 

con t inuous  crown cover of  whi te  and red p ine .  However, t h i s  s i t e  was 

u n r e p r e s e n t a t i v e  o f  t h e  f o r e s t ,  as i t  overemphasizes  red p ine  d e n s i t y  and 

underemphasizes  white  p ine .  P r e v a i l i n g  west winds have caused a crown 

s t r u c t u r e  re sembl ing  t h e  f l a g  form of t r e e s  a t  t i m b e r l i n e  (Spurr  and 

Barnes 1980).  Canopy s t r a t i f i c a t i o n  was apparen t  because t h e  o th e r  fo u r  

t r e e  s p ec ie s  only reach t h e  bottom of  t h e  p ine  canopy. Hemlock was as 

abundant as whi te  p ine  but much s m a l l e r  in  s i z e ,  as a re  t h e  l e s s  abundant 

deciduous  s p e c i e s .  Most of t h e  dead stems and stumps were whi te  p in e .

The p resence  of wind th ro w s ,  o ld  p i t s  and mounds, and l a r g e  t r e e  s i z e  

were i n d i c a t i o n s  of th e  f o r e s t ' s  r e l a t i v e l y  u n d is tu rb ed  c h a r a c t e r .

Comparison o f  t h i s  f o r e s t  t o  a white  p ine  stump f i e l d  sugges ted  t h a t  

i t s  s t r u c t u r e  was very s i m i l a r  t o  a t  l e a s t  one nearby f o r e s t  cu t  in  the  

l a t e  1800s.  White p ine  stump d e n s i t y  (172 .5  i n d . / h a )  and f requency (1 .0 )  

were t h e  same as found i n  Hartwick. A t - t e s t  comparison of  t h e  mean 

d iam ete r s  a t  stump h e ig h t  showed no s i g n i f i c a n t  d i f f e r e n c e  between th e  

two a reas  a t  t h e  99% con f id en ce  l e v e l .  An eq u a t io n  was developed from 

l i v i n g  p ines  a t  Hartwick t o  p r e d i c t  DBH from stump d iam ete r .  The stump 

f o r e s t  was not r e c o n s t r u c t e d  because t h e  independent v a r i a b l e s  were t h e  

same and i t  was e v id en t  t h a t  by us ing  e q u a t io n s  developed from Hartwick 

Pines  (Table  2 ) ,  t h e  stump f o r e s t  would be s i m i l a r  t o  Hartwick. 

R ec o n s t ru c t io n  of stump f i e l d s  us ing  t h e s e  eq u a t io n s  should be approached 

with cau t io n  because of  t h e  v a r i a b l e  growth forms of  whi te  p ine  under 

d i f f e r e n t  c o n d i t i o n s .
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Fiy. 2 . P ro f i le  diagram of the v irg in  white pine fo res t  at Hartwick Pines Sta te  Park. This 
diagram represents a s t r i p  7.6 m x 60 m through a 63-year-old gap extending from the  27 to  33 
meter mark. Legend: PS=Pinus s trobus ,  PR=Pinus r e s inosa , TOTsuga canadensis , AR=Acer r ubrum, 
AS=Acer saccharum, FG=Fagus g rand i fo l ia ,  DPS=Dead Pinus s t robus,  DA=0ead Acer spp.,  S=Stump, 
L=Log.



Table 2. Linear reg ress ions  and c o e f f i c i e n t s  of c o r r e l a t i o n  with 95% confidence l im i t s  fo r  a l lom etr ic  
r e l a t i o n s h ip s  developed from the  study of  Hartwick Pines v i rg in  f o r e s t .  Legend: * = s i g n i f i c a n t  a t  th e  5% 
l e v e l ,  DBH = d iameter  a t  b rea s t  h e ig h t ,  Bark Thick.  = bark th i c k n e ss ,  60 cm Dia. = 60 cm diameter ,  Stem Vol. 
= stem volume, CC = crown cover ,  CV = crown volume, Stem Prod. = stem production ,  Stem Bio.  = stem biomass.

Species
Dependent 

Variable  (y)
Independent 
Variable  (x) Equation n r

Confidence
Limits

Pinus s trobus Stem Vol. (cm^) DBH (cm) .y = -2847336.77 + 122401.06x 15 0.95* 0.98 0.85
Pinus s t robus Bark Thick, (cm) DBH (cm) .y = 0.197 + 0.042x 24 0.49* 0.75 0.11
Pinus s trobus DBH (cm) 60 cm Dia. (cm) y = -0.0284 + 0.9107x 35 0.99* 0.99 0.98
Pinus s t robus Height(m) DBH (cm) .y = 27.98 + 0 .16x 70 0.47* 0.64 0.26
Pinus s trobus CC (m2) DBH (cm) .y = -8.85 + 0 . 78x 70 0.63* 0.75 0.46
Pinus s trobus Age (yr) DBH (cm) y = 173.75 + 0.05x 24 0.03
Pinus s t robus Age (yr) Height (m) y = 158.96 + 0.48x 24 0.08
Pinus s trobus Age (yr) CC (m2) .y = 169.43 + 0.20x 24 0.11
Pinus s t robus Stem prod, (g /yr ) CV (m3 ) .y = 3387.0 + 5.25x 24 0.04
Pinus s t robus Stem bio.  (mt) CV (m3 ) y  = 0.97 + O.Olx 24 0.45* 0.72 0.05
Pinus res inosa Age (yr) DBH (cm) y = 196.90 + 0.23x 6 0.15
Tsuga canadensis Age (yr) DBH (cm) y = 77.78 + 2.98x 10 0.57
Acer saccharum Age (yr) DBH (cm) .y = 18.59 + 4.11x 6 0.90* 0.99 0.33
Acer rubrum Age (yr) DBH (cm) y  = 49.23 + 2.43x 6 0.81* 0.98 0.02
Fagus g ra n d i f o l i a Age (yr) DBH (cm) y = 57.36 + 2.31x 6 0.85* 0.98 0.13
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At Hartwick, white p ine  r e p re s e n t e d  66.7% o f  t h e  t o t a l  s tand  basal  

a rea  (72 .6  m ^ /h a ) , o r  f o u r  t imes  t h a t  o f  any o th e r  s p e c i e s .  In 

a d d i t i o n ,  white  p ine  had th e  h ig h e s t  f requency  va lue  and a d e n s i t y  

e q u a l l e d  only by hemlock (Table  3 ) .  White p i n e ' s  importance va lue  was 

a lmost tw ice  t h a t  of  hemlock and f o u r  t imes  as l a r g e  as each of  t h e  

remain ing f o u r  s p e c i e s .  Hemlock had t h e  second h ig h e s t  importance va lue 

due t o  r e l a t i v e l y  h ighe r  d e n s i t y  o f  small i n d i v i d u a l s .  I n d i v i d u a l l y ,  red 

pine  were as l a r g e  as whi te  p in e ,  but had th e  lowest  importance value  

because  of r e l a t i v e l y  low d e n s i t y .

White pine  had t h e  l a r g e s t  average d iam ete r  (58 cm) and second 

g r e a t e s t  h e ig h t  (36 m) a f t e r  red p ine  (F ig u re s  3 and 4 ) .  This i s  g r e a t e r  

th a n  th e  average  55 cm w h i te  p ine  DBH a t  I n t e r l o c h e n ,  Michigan (K i t t r e d g e  

and C h i t tenden  1929),  but l e s s  than  t h e  71 cm in  Minnesota ( K i t t r e d g e  

1934) and 76 cm in  New Hampshire (Baldwin 1951).  Hartwick white  p ines  

had a wide d i s t r i b u t i o n  in  s i z e  ranging from 26 t o  110 cm in d iam e te r  and 

22 t o  48 m in  he ig h t  (F ig u re s  3 and 4 ) .  R egress ion  a n a l y s i s  in d i c a t e d  

only very low c o r r e l a t i o n s  between d iam ete r  and he ig h t  or  crown cover .  

White p ine  in  dense s t a n d s  or  t h o s e  under su p p re s s io n  e x h i b i t  a decrease  

in  secondary  *ylem p rod u c t io n  but h e ig h t  growth i s  r e l a t i v e l y  u n a f f e c t e d  

(Hysch and Lyford 1956, Bormann 1965). The l e s s  numerous red pine had a 

narrower h e ig h t  and d iam e te r  s i z e  range ,  a l though  t h e i r  mean h e i g h t ,  37.4 

m, was g r e a t e r  th a n  t h a t  o f  white  p ine .  The f o u r  remaining s p e c i e s  were 

c o n s id e r a b ly  s m a l le r  in  both d iam e te r  and h e i g h t .  There were no red 

maple,  beech or sugar  maple l a r g e r  than  40 cm in d iam e te r  and 29 m in  

h e i g h t .  Hemlock was i n t e r m e d i a t e  in s i z e  between t h e  l a r g e  p ines  and' 

s m a l l e r  deciduous s p e c i e s .



Table 3. Importance values9 ( I -V .) f o r  t r e e  spec ies  (> 1.5 m in height)  in  the  v i rg in  f o r e s t  of Hartwick 
Pines S ta te  Park.

I .V.
Rank Species

Deni s ty Dominance Frequency

I.V. I.V. %

Absolute 
(# o f  

in d . /h a )

Re la t ive Absolute 
(in2/ha)

R ela t ive Absolute 
(# o f  po ts /  

t o t a l  # o f  p lo ts )

R ela t ive

1 Pinus s trobus 172.5 27.38 48.43 66.71 1.00 22.73 116.82 38.94
2 Tsuga canadensis 172.5 27.38 11.91 16.40 0.90 20.45 64.23 21.41
3 Acer rubrum 90.0 14.29 2.92 4.03 0.70 15.91 34.23 11.41
4 Acer saccharum 90.0 14.29 0.96 1.33 0.70 15.91 31.53 10.51
5 Fagus g ra n d i fo l i a 70.0 11.11 1.22 1.69 0.65 14.77 27.56 9.19
6 Pinus res inosa 35.0 5.56 7.16 9.86 0.45 10.23 25.65 8.55

Total 630.0 100.01 72.60 100.02 4.40 100.00 300.02 100.01

C a l c u l a t e d  following methods in Mueller-Dombois and Ellenburg (1974).
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Fig.  3. D i s t r i b u t i o n  of t r e e  d iameter  by s p e c i e s ,  (mean +2 5 .D . ) .
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The apparen t  d i s c o n t i n u i t y  in d iameter  d i s t r i b u t i o n s  of  whi te  p ine  

between t h e  95 and 106 cm c l a s s e s  and hemlock between t h e  55 and 61 cm 

c l a s s e s  (F igu re  3) sugges ted  t h a t  s eve ra l  i n d i v i d u a l s  of each sp ec ie s  

e s t a b l i s h e d  well be fo re  t h e  o t h e r s .  Wackerman (1924) hypothes ized  t h a t  a 

few white pine  a t  Hartwick must be r e l i c s  from a s to rm, and t h a t  they 

ac ted  as seed t r e e s .  Assuming t h a t  a gap in  s i z e  c l a s s e s  i n d i c a t e d  a gap 

in age,  th e  d i s c o n t i n u i t y  appeared t o  be evidence  t o  support  t h e  idea t h a t  

some type  of d i s tu r b a n c e  may have been r e s p o n s ib l e  f o r  th e  o r i g i n  o f  th e  

p ines  a t  Hartwick.

In c o n t r a s t  t o  th e  p o s s i b l e  d i s tu r b a n c e  o r i g i n  of Hartwick, t h e r e  was 

no i n d i c a t i o n  of white  p ine  assuming dominance in most of t h e  14 ha 

s e c t i o n  o f  th e  f o r e s t  t h a t  was des t royed  by wind in t h e  1 9 4 0 ' s .  There 

were n ine  s p ec ie s  in  t h i s  a r e a ,  s i x  o f  which were t h e  same as th e  s i x  

s p ec ie s  in t h e  u n d is tu rb e d  f o r e s t .  The t h r e e  o t h e r s ,  b lack spruce  ( Picea 

m ar ian a ) , speck led  a l d e r  ( Alnus i n c a n a ) ,  and paper b i r c h ,  a re  commonly 

found in  mois t  h a b i t a t s .  Shallow s t an d in g  pools  i n d i c a t e d  poorly  d ra ined  

s o i l  in th e  d i s t u r b e d  a r e a .  The lo s s  o f  white  p ine  and th e  i n t r o d u c t i o n  

o f  new s p ec ie s  may have been a r e s u l t  o f  n a tu ra l  s o i l  d ra inage  being 

i n t e r r u p t e d  by a road c o n s t r u c t e d  through t h i s  p a r t  of t h e  f o r e s t  in  t h e  

1 930 's .

The average  ages of th e  t h r e e  deciduous s p ec ie s  in t h e  v i r g i n  f o r e s t  

were a l l  in  t h e  9 0 ' s .  Red p ine  and hemlock had average  ages o f  210 and 

171 y e a r s ,  r e s p e c t i v e l y .  L in ea r  r e g r e s s io n  ana lyse s  showed some 

c o r r e l a t i o n  between d iam e te r  and age in  th e  deciduous  s p e c i e s  (Table  2 ) ,  

but very low c o r r e l a t i o n  in  red p ine  and hemlock. The average  e s t im a te d  

age of  white  p ine  was 177 y e a r s  (Table  4 ) ,  with t h e  o l d e s t  t r e e  sampled 

being 229 y e a r s .  These t r e e s  a re  young, c o n s id e r in g  t h a t  white  p ine  of
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Table  4.  Age d i s t r i b u t i o n  (as % o f  s p ec ie s  t o t a l )  and average age 
(+1 S.D.) of  th e  f i v e  t r e e  s p ec ie s  (>1.5 m t a l l )  found a t  Hartwick.

Spec ies 20-100
Age (y r )  

101-150 151-225 226+ n Mean +_ S.D.

Pinus s t ro b u s 12.5 83.3 4 .2 24 177 + 29.35
Pinus  r e s i n o s a 100.0 6 210 + 6.46
Tsuga canadens i s 40.0 50.0 10.0 10 171 + 49.36
Acer rubrum 50.0 50.0 6 91 + 42.62
Acer saccharum 50.0 50.0 6 91 + 37.79
Fagus g r a n d i f o l i a 50.0 50.0 6 96 + 26.73
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450 y e a r s  and more in  age have been recorded  (Harlow and H a r ra r  1968).

Many t r e e s  were 300 t o  500 y e a r s  o ld  when cu t  in  t h e  Upper Pen insu la  o f  

Michigan (Graham 1941);  one such t r e e  in  t h e  E s t i v a n t  Pines  near  Copper 

Harbor was 400 y e a r s  o ld  when cu t  in  t h e  1 9 6 0 ' s .  Because of v a r i a b l e  

growing c o n d i t i o n s  of each i n d i v i d u a l ,  t h e r e  was p r a c t i c a l l y  no 

c o r r e l a t i o n  between age and d ia m e te r ,  h e ig h t  o r  crown cover  a t  Hartwick 

(Table  2 ) .  Most of t h e  o ld  growth s tands  were cu t  when 200 t o  300 y e a r s  

o ld  and 4 t o  7 f e e t  (122-213 cm) in d iam ete r  (Frothingham 1914) .  In t h e  

f o r e s t  r e p o r t e d  by S t e a r n s  (1950) a t r e e  76.2 cm in d iam e te r  had 341 

r i n g s .  A f o r e s t  in  Minnesota had t r e e s  with a mean d iam e te r  o f  71 cm and 

mean age of  250 y e a r s  ( K i t t r e d g e  1934).  In New Hampshire a stump 132 cm 

in d iam e te r  had a r in g  count o f  153 (Baldwin 1951).  Hartwick f a l l s  a t  t h e  

young end of  the  age range of  old growth p ine  which sugges ted  t h a t  th e  

t r e e s  could  p o t e n t i a l l y  s u rv iv e  f o r  seve ra l  hundred more y e a r s .  Windfall  

was a major cause of dea th  and i t  appeared t h a t  many of t h e s e  t r e e s  were 

s t r u c t u r a l l y  weakened by h e a r t  r o t .  The d i s e a s e  probably  developed a f t e r  

s e c t i o n s  of  bark were d e s t ro y ed  dur ing  t h e  l a s t  f i r e  t o  burn th rough  t h i s  

a r e a ,  134 y e a r s  ago.

Biomass and P r o d u c t i v i t y

Biomass. Total  t r e e  biomass f o r  Hartwick P ines  was 681.21 mt/ha  when 

c a l c u l a t e d  us ing  a whi te  p ine  biomass f i g u r e  based on a wood d e n s i t y  of  

0 .29  g/cm3. This d e n s i t y  was de termined from 24 increment co res  taken  a t  

Hartwick.  Total  s tan d  b iomass ,  us ing  0 .37  g/cm3 f o r  whi te  p ine  (Brown e t  

a l .  1949),  i n c re a s e d  t o  800.95 m t /h a ,  with  a w hi te  p ine  biomass o f  557.56 

m t /ha .  This dem ons t ra tes  th e  o u t s t a n d in g  and unusual c h a r a c t e r  of t h i s  

f o r e s t ,  e s p e c i a l l y  in  r e l a t i o n  t o  second growth f o r e s t s  o f  to d a y .  I t  i s  

well above average  f o r  most of t h e  w o r ld ' s  f o r e s t  types  (Tab le  5 and 6 ) .



Table 5. Estimated biomass of standing trees (>1.5 m t a l l ) .

Stem Leaf
Biomass (mt/ha) 

Branch*1 Root Reproductive

Species Absolute

% of 
spp. 
Total Absolute

% of 
spp. 
Total Absolute

% of 
spp. 
Total Absolute

% of 
spp. 
Total Absolute

% of 
spp. 
Total

Spp.
Total

Spp. Total as 
% of Component 

Total

Pinus strobus 265.59 60.7 2.394a 0.5 107.23 24.5 62.44e 14.3 .0771
.0853

0.0
0.0

437.82 64

Tsuqa canadensis 
Acer rubrum

47.91
16.37

61.0
61.1

.897*>

.250
1.1
0.9

19.34
6.61

24.6
24.7

10.24^ 
3.559

13.0
13.3

.146>* 
• 0051

0.2
0.0

78.53
26.78

12
4

Acer saccharum 5.92 60.8 .135 1.4 2.39 24.5 1.299 13.2 9.74 1
Fagus grandifolia 8.47 60.5 .159 1.1 3.42 24.4 1.93b 13.8 .006 0.0 13.99 2
Pinus resinosa 69.09 60.4 1.049C 0.9 27.90 24.4 16.31e 14.3 .003m 0.0 114.35 17
Component Total 413.35 60.7 4.884 0.7 166.89 24.5 96.76 14.2 .322 0.0 681.21 100

j*Based on the average needle l i f e  expectancy of 2 years and including the biomass of primary needles (Harlow and Harrar 1968).
“Based on the average needle l i f e  expectancy of 2.5 years (Harlow and llarrar 1968).
cBased on the average needle l i f e  expectancy of 4 years (Harlow and Harrar 1968).
in d iv id u a l species values were obtained by using the ra tio  B/b=S/s (Whittaker and Marks 1975).
®Based on the average value (16.63% of the to ta l above ground biomass) fo r  100 year old Pinus contorta roots (Johnstone 1971). 
fBased on the average value (15% of the to ta l above ground biomass) fo r Picea abies (Lieth 1974).
9Based on the average value (15.3% of the to ta l above ground biomass) fo r mature Acer saccharum (Whittaker and Marks 1975). 
hBased on the average value (16% of the to ta l above ground biomass) fo r Fagus svlvatica (Lieth 1974).
Based on the average cone l i f e  expectancy of 1.5 years (Harlow and Harrar 1968)1 

Jstam inate cones.
''Based on the average cone l i f e  expectancy of 1.5 years (Harlow and Harrar 1968, Fernald 1970).
' fleer rubrum and Acer saccharum combined.
n,8ased on the average cone l i f e  expectancy of 1.5 years (Harlow and Harrar 1968, Fernald. 1970).



31

Table  6.  Mean biomass and net pr imary producton f o r  major f o r e s t  types  of 
t h e  world.

Biomass (mt/ha)

Net Primary 
P r o d u c t i v i t y  

(m t /h a /y r )
F o r e s t  Type Range Mean Range Mean

T rop ica l  Rain Fo res t  
Trop ica l  Seasonal Fores t  
Temperate Evergreen F o res t  
Hartwick Pines  (white  p ine )  
Temperate Deciduous Fo res t  
Boreal

60-800
60-600
60-4000

60-600
60-400

450
350
350
681
300
200

10-35
10-25

6-25

6-25
4-20

22
16
13
7 .5

12
8

^■Values a re  taken  from W hi t take r  (1975) and a v a r i e t y  o f  sources  
in c lu d in g  Art and Marks (1971) ,  L ie th  (1975) ,  Rodin and B az i l e v ic h  (1967, 
1968),  Waring and F r a n k l i n  (1979) and Woodwell and Whit taker  (1968).
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Only th e  c o n i f e ro u s  s tands  of the  P a c i f i c  Northwest with up t o  4000 

mt/ha and perhaps t h e  e u ca ly p tu s  f o r e s t s  of  A u s t r a l i a  f a r  exceed t h e  

biomass of Hartwick (Waring and F r a n k l i n  1979).  Severa l  comparable s tands  

have been reco rded :  a Tsuga canadens is  s tand  w i th  610 m t /ha ,  and a

Tsuga-Rhododendron s tan d  with 511 mt/ha  in t h e  U.S.A. (W hi t take r  1966);  

A b ie s , Tsuga, and Quercus i n  Nepal with 520 t o  682 mt/ha (Yoda 1968, c i t e d  

by Art and Marks 1971);  Quercus in  both th e  U.S.A. and U.S.S .R . with 

values  ove r  400 mt/ha (W hi t take r  1966, Rodin and B a z i l e v ic h  1967).  White 

p ine  biomass from Hartwick a lone  i s  near  or above (depending on wood 

d e n s i t y )  th e  t o t a l  biomass o f  515 mt/ha f o r  a Fagus- Acer f o r e s t  in 

Michigan (Murphy, P. 6.  and G. K. Kroh, Biomass and Net Primary 

P r o d u c t i v i t y  of a V irg in  Beech-Maple Fo res t  in Michigan, Michigan S t a t e  

U n i v e r s i t y ,  in  p r e p a r a t i o n ) .  This was probably  a r e s u l t  of t h e  l a r g e  

whi te  p ine  basa l  a rea  of 48.4  m^/ha compared t o  t o t a l  basa l  a rea  f o r  t h e  

beech-maple  s tand  of  42 .6  m^/ha.

White pine and red  p ine  made up a d i s p r o p o r t i o n a t e  amount of the  

biomass in comparison to  t h e i r  importance va lue  p e r c e n ta g e s .  White p ine  

was 64% o f  t h e  biomass and red pine  17%, while  t h e i r  importance value  

p e rc en ta g e s  were 38.9  and 8 . 6 ,  r e s p e c t i v e l y .  Biomass of  t h e  f o u r  o t h e r  

s p ec ie s  was much l e s s  than  t h e i r  importance va lues  might i n d i c a t e .  The 

lack  of r e l a t i o n s h i p  between importance va lue  and biomass i n d i c a t e s  t h e  

l i m i t a t i o n  in  us ing importance va lues  t o  d e s c r ib e  some f o r e s t s .  A b e t t e r  

i n d i c a t o r  of im por tance ,  in  some i n s t a n c e s ,  should in c lu d e  biomass and 

perhaps p roduc t ion  as a m o d i f i e r .

The a l l o m e t r i c  eq u a t io n  r e l a t i n g  w hi te  pine DBH and stem volume, 

a long  with s p e c i f i c  g r a v i t y ,  was used t o  e s t i m a te  biomass (Tab le  2 ) .  The 

a l l o m e t r i c  equa t ion  proved to  be a good p r e d i c t o r ,  with a c o e f f i c i e n t  of



33

d e te r m in a t io n  ( r ^ )  o f  0.91 (n=15) .  Even though white  p ine  stems may 

vary t o  some degree in growth form between s i t e s  t h i s  eq u a t io n  should 

prove t o  be of  va lue  in s i m i l a r  s t u d i e s  of  o ld  growth white  p ine  where 

r e s t r i c t i o n s  p reven t  d e s t r u c t i v e  sampling .

White p ine  wood d e n s i t y  was 0 .29  g/cm3 , 22% lower than  .37  g/cm3 

l i s t e d  by Brown e t  a l .  (1949) .  Bark d e n s i t y  was 0 .56  g/cm3 , w i th in  th e  

range of 0 .402-0 .714  g/cm3 given by Martin and C r i s t  (1968) f o r  Michigan 

and V i rg in i a  spec imens.  Bark comprised 8.7% of  t h e  t o t a l  stem biomass.

Stem biomass was 60.7% and l e a f  biomass 0.7% o f  the  t o t a l  biomass.  

Stem biomass p e rc en ta g e  appeared t o  be c o n s t a n t  a c r o s s  s p e c ie s  with 

d i f f e r e n t  age and s i z e  c l a s s e s ,  with s i n g l e  s p ec ie s  va lues  w i th in  0.7% o f  

each o t h e r .  White p ine  l e a f  biomass o f  0.5% of  whi te  p ine  t o t a l  was low 

compared to  t h e  o t h e r  s p e c ie s  with l e a f  biomass pe rcen tages  between 0 .9  

and 1 .4 .  Kira and Shidei (1967) emphasize t h a t  l e a f  biomass of a t r e e  in 

a c lo sed  s tand  w i l l  reach an upper l i m i t ,  whi le  stem biomass i s  s t i l l  

i n c r e a s i n g .  The amount o f  l e a f  biomass may be a l i m i t i n g  f a c t o r  t o  growth 

and s u rv iv a l  i f  t h i s  r e d u c t io n  in t h e  p e rcen tage  of l e a f  biomass 

c o n t i n u e s .  I t  would not be s u r p r i s i n g  t o  f i n d  t h i s  o c c u r r in g  with t h e  

white  pine a t  Hartwick.

P r o d u c t i v i t y . Total  net  pr imary p roduc t ion  (NPP) f o r  Har tw ick ,  7 .5  

m t / h a / y r ,  i s  a t  t h e  low end of  t h e  ranges  r e p o r te d  in  the  l i t e r a t u r e  f o r  

many of the  w o r ld ' s  f o r e s t  types  (Tab les  6 and 7 ) .  I t  i s  comparable t o  a 

woodland, sh ru b la n d ,  o r  tem p e ra te  g r a s s la n d  (W hi t take r  1975) and f a l l s  

w i th in  t h e  range f o r  t em pera te  evergreen  f o r e s t s .  This does not support  

t h e  conc lus ions  o f  Westlake (1963) ,  Kira and Shidei (1967) ,  and Rodin and 

B az i le v ic h  (1968) ,  t h a t  c o n i f e r  f o r e s t s  have th e  h ig h e s t  NPP. These 

au th o rs  l i s t  f i g u r e s  f o r  c o n i f e r  f o r e s t s  o f  10-28 m t /h a /y r  in warm,



Table 7. Net primary productivity (kg/ha/yr) o f the s ix  tree species (>1.5 m t a l l )  in the virgin Pinus strobus L. forest.

Species

Stem Leaf

Net Annual Productivity (kg/ha) 

Branchc Rootd Reproductive
Spp.
Total

Spp. Total 
as X of 

Component 
Total

X of spp. 
Absolute Total A6so1ute

X of spp. 
Total Absolute

X of spp. 
Total

X of spp. 
Absolute Total Absolute

X of spp. 
Total

Pinus strobus 1239.9 36.2 113.5a 3.3 500.6 14.6 291.5 8.5 51. ie 1.5 3422.2 45
1140.2b 33.3 85.4^ 2.5

Tsuqa canadensis 695.3 44.0 358.9 22.7 280.7 17.8 148.6 9.4 97.3 6.2 1580.8 21
Acer rubrum 267.6 39.0 250.0 36.4 108.0 15.7 58.0 8.5 685.9 9
Acer saccharum 175.0 41.5 135.3 32.1 70.7 16.8 38.1 9.0 4.69 0.4 421.4 6
Faqus grandifolia 226.1 42.4 158.6 29.8 91.3 17.1 51.5 9.7 5.5 1.0 533.0 7
Pinus resinosa 384.8 43.0 262.2 29.3 155.4 17.4 90.8 10.1 2.1 0.2 895.3 12
Component Total 2988.7 39.6 2418.7 32.1 1206.7 16.0 678.5 9.0 246.0 3.3 7538.6 100

aPinus strobus bud scales. 
bpinus strobus leaves.
c Individual species values were obtained by multiplying the to ta l amount of branch production by the 

individual species percentage of the to ta l stem production.
^Individual species values were obtained by using the ra tio  R/r=S/s. R=root biomass, r=root production, 

S-stem biomass, system production. 
eP is t i la te  cones, 
fstam inate cones.
9Acer rubrum and Acer saccharum combi ned.
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te m pera te  and s u b a r c t i c  a r e a s ;  however,  Rodin and B a z i l e v ic h  (1968) a l s o  

c i t e  a com para t ive ly  low value  o f  7 .0  m t / h a / y r  f o r  t h e  t e m p e ra te  zone.

These au th o rs  could have based t h e i r  conc lus ion  on a sample skewed 

toward young s tan d s  in  which net primary p roduc t ion  i s  h i g h e r .  As 

p r e v io u s ly  mentioned, out of 291 biomass and p r o d u c t i v i t y  s t u d i e s  c i t e d  by 

Art and Marks (1971) t h e  average  age of  n a tu ra l  s tan d s  was 4 5 .8  y e a r s  and 

p l a n t a t i o n s  29 .0  y e a r s .  White p ine  reaches  i t s  peak growth between th e  

ages o f  40 and 115 y e a r s  a cco rd ing  t o  B a r r e t t  e t  a l .  (1976) and a t  26 

y e a r s  acco rd ing  t o  Cope (1932) .  Woodwell and W hi t taker  (1968) sugges t  

t h a t  NPP of  f o r e s t s  with  a l a r g e  biomass,  such as t h e  cove f o r e s t s  of t h e  

Great  Smoky Mountains National Park (600 m t /ha)  (W hi t take r  1966),  w i l l  be 

2 .0 -2 .5% of  t h e  biomass,  tw ice  t h a t  o f  Hartwick. The NPP va lues  f o r  

Hartwick and t h e  Fagus-Acer  f o r e s t  in Michigan mentioned p r e v i o u s l y ,  with 

an NPP va lue  o f  8 . 4  m t / h a / y r  (Murphy, P. G. and G. K. Kroh, Biomass and 

Net Primary P ro d u c t io n  of  a V irg in  Beech-Maple F o r e s t  in  Michigan,

Michigan S t a t e  U n i v e r s i t y ,  in  p r e p a r a t i o n ) ,  sugges t  a s u b s t a n t i a l  d e c rea se  

in  NPP with s t a n d  age.

Total  ne t  stem p ro d u c t io n  f o r  Har twick ,  2 ,989 k g / h a / y r ,  i s  l e s s  than 

h a l f  t h e  ne t  stem p ro d u c t io n  f o r  a 15 y e a r  o ld  whi te  p ine  p l a n t a t i o n  in 

North C aro l in a  (Swank and Schreuder  1973).  The average  r a d i a l  increment 

o f  Hartwick whi te  p ine  was 0 .74  mm, on ly  29% of an o ld  growth whi te  p ine  

f o r e s t  in New Hampshire (Baldwin 1951),  and l e s s  than  t h e  1.22 t o  4 .05  mm 

measured from t h e  f i r s t  t e n  y e a r s  of growth by whi te  p ine  in  n o r thw es te rn  

Pennsy lvan ia  (Lutz  and McComb 1935).  Regress ion  a n a l y s i s  between crown 

volume and whi te  p ine  stem p roduc t ion  or  stem biomass i n d i c a t e d  l i t t l e  

c o r r e l a t i o n  (Table  2 ) .  The main stem of  whi te  p ine  a t  Hartwick accounted 

f o r  36% of i t s  t o t a l  ne t  p r o d u c t io n ,  w h i le  in  t h e  o t h e r  s p e c ie s  t h e  stem
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comprised approx imate ly  40%. These values  f a l l  w i th in  t h e  range of  35-40% 

f o r  f o r e s t s  in  f a v o r a b le  env ironments  (Woodwell and W h i t tak e r  1968).

Leaf l i t t e r  f o r  a l l  s p ec ie s  combined r e p re s e n te d  62% o f  t o t a l  l i t t e r ,  

not in c lu d in g  inpu t  from t h e  main s tem; branch l i t t e r  r e p re s e n te d  31% and 

r e p r o d u c t iv e  l i t t e r  6%. White p ine  l e a f  l i t t e r  a lone  was 66% o f  i t s  t o t a l  

l i t t e r ,  branch l i t t e r  26% and r e p ro d u c t iv e  l i t t e r  7%. These va lues  

compare fav o ra b ly  with o t h e r  Pinus f o r e s t s  ranging  from 60-69% f o r  l e a f  

l i t t e r ,  33-36% f o r  branch l i t t e r  and 2-17% f o r  r e p r o d u c t iv e  l i t t e r  (Bray 

and Gorham 1964).  The s m a l l e r  va lue  f o r  Hartwick branch l i t t e r  could have 

been a r e s u l t  of reduced lower branch prun ing  in l a r g e r  p in e s .

Seasonal v a r i a t i o n  in  th e  amount of l e a f  l i t t e r  c o l l e c t e d  i n d i c a t e d  

t h a t  maples and beech dropped v i r t u a l l y  a l l  o f  t h e i r  l e av e s  i n  October and 

November (F igu re  5 ) .  S i m i l a r l y ,  t h e  c o n i f e ro u s  s p ec ie s  dropped a p p ro x i 

mate ly  98% of  t h e i r  annual l e a f  l i t t e r  i n  October and November; they  

r e t a i n e d  t h e i r  youngest  n e e d le s ,  however, l o s i n g  a few of t h o s e  th roughout  

th e  r e s t  of t h e  y e a r .  Large s tan d a rd  e r r o r s  in  t h e s e  f i g u r e s  were a 

r e s u l t  o f  th e  l im i t e d  number of samples t h a t  could be taken  while  keeping 

v i sua l  and human impact t o  a minimum.

Reproductive  and p h o to s y n th e t i c  s t r u c t u r e s  were a r e l a t i v e l y  l a rg e  

p a r t  of t h e  t o t a l  p ro d u c t io n .  Reproduct ive  s t r u c t u r e s  a t  Hartwick were 

only 0.05% o f  th e  t o t a l  biomass but 3.3% o f  th e  t o t a l  NPP. Leaf NPP was 

22.7  t o  36.4% of t o t a l  i n d iv id u a l  s p e c i e s  NPP, whi le  l e av e s  comprised l e s s  

than  2% o f  t h e  t o t a l  biomass of  each s p e c i e s .  White p ine  had one o f  t h e  

h ig h e r  va lues  f o r  l e a f  NPP as a pe rcen tage  o f  s p ec ie s  t o t a l  a t  33.3%, 

while  hemlock was t h e  lowest  a t  22.7%. The s t r u c t u r a l l y  small whi te  pine  

bud s c a l e s  a lone  made up 5% of  t h e  t o t a l  l e a f  NPP (2 .4  m t / h a / y r ) ,  which in  

t u r n  was 32% o f  t h e  t o t a l  NPP. H a r tw ick 's  l e a f  p roduc t ion  in comparison
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t o  t h e  mean l e a f  p roduc t ion  of 2 .8  m t / h a / y r  f o r  f i v e  Pinus s i t e s ,  3-69 

y e a r s  o ld  (Bray and Gorham 1964) sugges ts  a s l i g h t  dec rea se  in l e a f  

p roduc t ion  with age.

Success ion

Tree d ia m e te r ,  h e ig h t  and age d i s t r i b u t i o n . Although white pine was 

once c o n s id e red  t o  be a component o f  cl imax f o r e s t s  (D e tw i le r  1933), i t  i s  

today  more commonly regarded  as a su ccess io n a l  s p ec ie s  (Graham 1941).  I t  is  

a p io n e e r  on d i s t u r b e d  or  open s i t e s  or  i s  preceded by jack  p ine  or oak and 

r e p la ce d  by maples and beech (Grant 1934, K i t t r e d g e  1934, Morey 1936, Cline  

and Spur r  1942, Graham 1941, S t e a r n s  1950).  By comparing canopy t o  

u n d e rs to ry  t r e e s ,  Braun (1950) concluded t h a t  t h e  success iona l  s e r i e s  f o r  

Hartwick w i l l  be from whi te  p in e - r e d  p ine  t o  white  pine-hemlock with 

hardwoods to  hemlock hardwoods or  hardwoods a lone .  S uccess iona l  t r e n d s  can 

be i n f e r e d  from p a t t e r n s  of  d iam e te r  and he igh t  d i s t r i b u t i o n s  among the  

major t r e e  s p e c ie s  but with c au t io n  b ecau se - th e  next success iona l  s t a g e  is  

not always r e p r e s e n te d  by th e  s p e c i e s  with t h e  l a r g e s t  p ro p o r t io n  of 

s m a l l e r  i n d i v i d u a l s .  These da ta  should be viewed as one p iece  of  evidence 

t h a t ,  when combined with o th e r  o b s e r v a t io n s  on s u c c e s s io n ,  w i l l  l ead  t o  

more c o n f id e n t  c o n c lu s io n s .  At Hartwick t h e r e  were no white  or red  pine 

mature t r e e s  in s i z e  c l a s s e s  l e s s  th a n  26 cm in d iam e te r  o r  22 m in  h e i g h t ,  

p o s s ib ly  i n d i c a t i n g  t h e i r  i n a b i l i t y  t o  r e g e n e r a t e  (F igu res  3 and 4 ) .  Red 

maple ,  beech , and sugar  maple,  p r e s e n t  in  t h e  s m a l l e r  s i z e  c l a s s e s ,  can 

be expec ted ,  t h e r e f o r e ,  t o  have a c o m p e t i t iv e  edge over  pine s ee d l in g s  

in r e p l a c i n g  t h e  mature whi te  and red p in e .  Hemlock was d i f f i c u l t  t o  

i n t e r p r e t  because i t  i s  i n t e r m e d ia t e  in  s i z e  between t h e  two groups and 

shows a d e c rea se  in  t h e  small s i z e  c a t e g o r i e s .  I t  appeared t o  be an 

u n d e r s to ry  t o l e r a n t  s p e c ie s  and y e t  shows s igns  o f  not r e p l a c in g  i t s e l f .
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The age of the  t h r e e  c o n i f e r s  averaged more than  170 y e a r s ,  while the  

t h r e e  hardwood s p e c ie s  were grouped n e a r  90 y e a r s  (Table 4 ) .  The d a te  of  

e s t a b l i s h m e n t  o f  th e  o l d e s t  hardwood s p ec ie s  corresponded t o  t h e  d a te  of 

t h e  l a s t  f i r e  t h a t  burned through t h i s  a rea  sometime between 1846-1856.

I t  i s  l i k e l y  t h a t  hardwoods e s t a b l i s h e d  themselves  p r i o r  t o  1846 and 

t h a t  t h e  f i r .e  e l i m i n a t e d  them from competing with t h e  s u rv iv in g  p in e s .  

P o s s ib ly  because f i r e  was no longe r  a f a c t o r ,  a t  t h e  t ime of t h i s  s tu d y ,  

hardwoods were once aga in  a b l e  t o  compete f o r  dominance in  t h e  canopy gaps 

caused by t h e  death of  l a r g e  white  p ine .  This suppor ts  t h e  idea t h a t  f i r e  

i s  a major  f a c t o r  in  p e r p e t u a t i n g  white  p ine  f o r e s t s  (Frothingham 1914, 

Maissurow 1935, 1941).

Canopy gap d e s c r i p t i o n . Bergman (1923) c o n s id e re d  whi te  p ine  t o  be 

a c limax s p ec ie s  based on o b s e r v a t io n s  of a s tan d  where whi te  and red 

p ine  s e e d l in g s  were t h e  most numerous o f  a l l  t r e e  s p e c i e s  in windfa l l  

open ings .  However, s i m i l a r  t o  t h e  p re s en t  o b s e r v a t io n s  a t  Hartwick,  

white  p ine  were absen t  in  t h e  s a p l i n g  c a te g o ry .  Bergman had c o r r e c t l y  

sugges ted  t h a t  stucjy of  canopy openings i s  impor tant  in  u n d e r s tan d in g  

s u c c e s s io n ,  but f a i l e d  t o  account f o r  t h e  apparen t  lack o f  s e e d l in g  

s u r v i v o r s h i p .  S ince  Bergman, t h e  gap-phase  concept has deve loped ,  

s t r e s s i n g  t h e  importance o f  d i s tu r b a n c e  openings in replacement o f  canopy 

s p e c i e s  (Watt 1947, Bray 1956, O l iv e r  and Stephens 1977).

The s i z e  of  the  canopy opening i s  de te rmined  by th e  type  of 

d i s tu r b a n c e  or  d e s t r u c t i o n ,  which in  t u r n  in f l u e n c e s  s p ec ie s  r e c ru i tm e n t  

i n t o  t h e  opened a re a .  Sheet d e s t r u c t i o n  caused by f i r e  opens l a r g e  a r e a s ,  

whereas th e  more common death  of  s i n g l e  t r e e s  opens small a r e a s  (Grubb 

1977),  such as th o se  caused by windthrow a t  Hartwick. However, q u i t e  o f ten  

when one t r e e  i s  blown ove r  sev e ra l  t r e e s  a r e  taken  down with i t  (Table  8) .
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Table 8 .  Comparison o f  th e  number of  t r e e s  t h a t  d i e d ,  c r e a t i n g  the  21 gap 
fo r m a t i o n s ,  w ith  t h e  r e l a t i v e  d e n s i t y  o f  t h e  l i v i n g  t r e e s .

Spec ies
Number

Dead
Mean Number 
Dead Per Gap

Percent  of 
Total  Dead

R e l a t i v e  Density  
o f  Living

Pinus  s t ro b u s 44 2.0 57.9 27.4
Pinus  r e s i n o s a 11 0.5 14.5 5.6
Tsuga canadens is 5 0 .2 6 .6 27.4
Acer spp. 5 0.2 6 .6 28.6
Conife r 3 0.1 3 .9
Unknown 8 0.4 10.5
Tota l 76 3 .4 100.0
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In th e  p re s en t  s tudy th e  t o t a l  f u n c t io n a l  gap area  c o n s t i t u t e d  15% 

of t h e  t o t a l  sample a rea  w h i le  t h e  t o t a l  s t r u c t u r a l  gap a rea  c o n s t i t u t e d  

only 6% (F igure  6 ) .  Some windthrows a t  Hartwick may have been a r e s u l t  

o f  h e a r t  r o t  t h a t  p o s s ib ly  began when t h e  f i r e  130 y e a r s  ago burned 

through s e c t i o n s  of t h e  bark exposing t h e  wood, and making th e  t r e e s  more 

s u s c e p t i b l e  t o  d i s e a s e  and i n s e c t  damage. During t h e  p a s t  one hundred

y e a r s ,  twenty-one  gaps have formed in t h e  s tudy a r e a ,  t h e  most re cen t  of

which was f i v e  y e a r s  o l d .  Gap ages i n d i c a t e d  t h a t  many of  th e  gaps 

formed a t  t h e  same t im e ,  probably  dur ing  s to rm s .  P e rcen t  of t o t a l  dead 

t r e e s  o f  white  and red p ine  was more than  tw ice  t h e i r  r e l a t i v e  d e n s i t y  

among l i v i n g  t r e e s .  This  was much h ig h e r  than  any of  t h e  o th e r  s p e c i e s ,  

i n d i c a t i n g  a h ig h e r  dea th  r a t e .  S iz e ,  age,  and number o f  dead t r e e s  f o r  

each gap, i n c lu d in g  averages  f o r  t h e s e  pa ram e te r s ,  a re  l i s t e d  in Table  9.

S eed l ing  d e s c r i p t i o n ,  age and s i z e  d i s t r i b u t i o n . Of th e  s ee d l in g s  

found in  gaps,  red maple,  sugar  maple and whi te  p ine  had importance value 

p e rcen tag es  t h r e e  t o  e i g h t  t imes  g r e a t e r  than  any o t h e r  t r e e  s p ec ie s  

(Table  10) .  These t h r e e  were a l s o  most impor tan t  under t h e  f o r e s t  canopy, 

where importance va lue  p e rc en ta g e s  f o r  red and sugar  maple were 10-19% 

g r e a t e r ,  and whi te  p ine  44% l e s s ,  than  under t h e  canopy gap. This 

i n d i c a t e s  t h e  r e l a t i v e  a b i l i t y  of  red  and sugar  maple t o  e s t a b l i s h  and

grow b e t t e r  than  whi te  p ine  under a canopy. However, t h e  d i s t i n c t  drop

in  a b s o l u t e  va lues  o f  a l l  s p e c i e s ,  e s p e c i a l l y  white  p in e ,  from th e  gap t o  

t h e  canopy u n d e rs to ry  i n d i c a t e s  t h a t  th o se  s p e c i e s  do not do as well under 

t h e  canopy. Red maple had f o u r  t im es  t h e  s e e d l in g  d e n s i t y  as sugar maple 

in  t h e  gap and under t h e  canopy. In t h e  gap, white  p ine  d e n s i t y  was 11% 

g r e a t e r  than  sugar  maple and under t h e  canopy i t  was 42% l e s s .  However, 

su g a r  maple dominated crown cover  a rea  in t h e  gap (2796 cm2/m2) and under
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Table 9.  The age,  s i z e  and number o f  dead t r e e s  a s s o c i a t e d  with each of 
th e  i n t e n s i v e l y  s tu d ie d  gaps and th e  mean va lues  f o r  a l l  gaps .

Gap
Functiona l

(m2 )
S t r u c t u r a l

(m2 )
Age

(year)
Number o f  
dead t r e e s

11 289 163 5 6
14 244 95 5 5
17 495 263 33 7
19 626 347 37 13
15 210 95 50 0a
1 242 121 63 4
8 168 84 90 3

10 274 121 100 5
Mean f o r  a l l  

21 gaps
251 113 40 3.6

aNo downed t r e e s  were v i s i b l e .  They could have been decomposed or 
removed.



Table 10. Importance values9 (I .V .)  for  the woody seedlings (<1.5 m in height) found in the gaps and closed forest.

Density Dominance*5 Frequency

Absolute 
# of ind./m? Relative

Absolute
cm2/m2 Relative

Absolute 
# of p lo ts /

to ta l # of p lo ts Relative I.V. %

Gap Forest Gap Forest Gap Forest Gap Forest Gap Forest Gap Forest Gap Forest

Acer rubrum 11.4 6.3 55.6 65.9 2101.6 515.8 38.3 30.4 0.9 0.8 30.0 40.6 41.3 45.6
Acer saccharum 2.9 1.6 14.3 17.0 2796.3 995.9 51.0 58.8 0.7 0.6 22.0 28.1 29.1 34.6
Pinus strobus 4.2 0.9 20.7 9.8 218.6 25.2 4.0 1.5 0.6 0.2 18.0 12.5 14.2 7.9
Tsuqa canadensis 0.7 0.2 3.4 2.0 27.4 5.9 0.5 0.3 0.4 0.2 12.0 9.4 5.3 3.9
Amelanchier sp. 0.8 0.1 3.6 1.4 202.1 11.5 3.7 0.7 0.4 0.1 12.0 6.2 6.4 2.8
Acer spicatum 0.0 0.4 0.0 4.0 0.0 139.8 0.0 8.3 0.0 0.1 0.0 3.1 0.0 5.1
Lonicera sp. 0.4 0.0 2.1 0.0 108.8 0.0 2.0 0.0 0.1 0.0 4.0 0.0 2.7 0.0
Faqus qrandifolia 0.1 0.0 0.3 0.0 29.5 0.0 0.5 0.0 0.1 0.0 2.0 0.0 0.9 0.0
Total 20.5 9.5 100.0 100.1 5484.3 1694.1 100.0 100.0 3.2 2.0 100.0 99.9 99.9 99.9

C alcu la ted  following methods in Hueller-Dombois and Ellenburg (1974). 
bBased on crown cover.
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t h e  canopy (996 cm2 /m2 ),  while red maple was second (2102 and 516 cm2/m2 ) 

(Table  10) .  The crown cover  a rea  of  whi te  p ine  in  t h e  gap was only 8% 

and, under t h e  canopy only 3% o f  sugar m ap le 's  r e s p e c t i v e  v a lu e s .  The 

average  in d iv id u a l  crown cover  f o r  sugar  maple s e e d l in g s  in t h e  f o r e s t  and

gap was f i v e  t im es  l a r g e r  than  red maple,  and 20 t im es  l a r g e r  than  whi te

p in e .  Sugar maple s e e d l i n g  shoot growth was t h r e e  t o  s ix  t imes g r e a t e r  

than  the  o th e r  two s p e c ie s  (F igu re  7 ) .  Under t h e  f o r e s t  canopy, sugar 

maple s e e d l in g s  grew an average  5 cm/yr while  whi te  p ine  grew l e s s  than  

1 cm/yr;  t h e  d i f f e r e n c e  was even g r e a t e r  in th e  gap, with sugar  maple 

growing approx im a te ly  10 cm/yr and white  p ine  l e s s  than  1 cm/yr.  Hemlock

and beech s e e d l in g s  were r a r e ,  l e s s  than  1/m2 , and red p ine  was a b se n t ,

i n d i c a t i n g  a complete  f a i l u r e  o f  t h i s  s p ec ie s  t o  produce s e e d l i n g s .

The averages  of s ix  s e e d l in g  paramete rs  measured in gaps of d i f f e r e n t  

ages a re  i l l u s t r a t e d  in  F igure  8.  S tandard  e r r o r s  were not inc luded  

because ,  in a lmost every c a s e ,  they  were nea r ly  one h a l f  t h e  mean va lue .  

T h e re fo re ,  t h e s e  f i g u r e s  only sugges t  changes t h a t  may occur  as th e  gap 

ages .  Most of t h e  s e e d l i n g  parameters  measured were a t  a maximum when 

gaps were between 5 and 40 y e a r s  o l d .  A f t e r  seve ra l  decades of  growth,  

maples have p a r t i a l l y  c lo se d  th e  33- t o  6 3 -y e a r - o ld  c a n o p y  gaps,  a n d  

comple te ly  c lo sed  t h e  9 0 -y e a r - o ld  gap, s u p p re s s in g  growth of  new 

s e e d l i n g s .  The s e e d l in g s  a l s o  showed reduced evidence  of browsing. In 

t h e  1 0 0 -yea r -o ld  gap, s ev e ra l  o f  t h e  mature hardwoods d i e d ,  c r e a t i n g  a 

second gap in  which s e e d l in g s  were r e l e a s e d  (F igure  8 ) .  The da ta  show 

t h a t  t h e r e  was a rap id  i n c r e a s e  in  s e e d l in g  growth, with sugar  maple 

d i s p l a y i n g  t h e  g r e a t e s t  r e sp o n se ,  in t h e  e a r l y  y e a r s  a f t e r  gap fo rm at ion .  

Red maple,  because  of i t s  d e n s i t y ,  a t t a i n e d  th e  l a r g e s t  importance v a lu e ,  

which r e s u l t e d  in a s h a r in g  of canopy dominance by th e  two maple s p e c i e s .
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Red maple, had a high p r o b a b i l i t y  o f  reach ing  t h e  canopy because of the  

l a r g e  number of i t s  s e e d l i n g s ,  and sugar  maple because of i t s  e a r l y  

v igorous  growth. Comparisons o f  s e e d l in g  va lues  between t h e  f o r e s t  with a 

whi te  p ine-domina ted  o v e r s to r y  and t h e  o l d e r  gaps with a maple-dominated 

o v e r s to r y  seems t o  i n d i c a t e  t h a t  suga r  maple does not do as well under  i t s  

own canopy (F ig u re  8 ) .  White p ine  s e e d l in g s  were produced in numbers 

e q u i v a l e n t  t o  sugar  maple,  bu t they  grew very p o o r ly ,  both in t h e  gap and 

under t h e  canopy, and could  not adequa te ly  compete f o r  canopy dominance.  

There were too  few beech s e e d l in g s  t o  a llow a s tudy t o  e x p la in  i t s  success  

in reach in g  t h e  canopy. One p o s s i b l e  e x p la n a t io n  i s  t h a t  beech s ee d l in g s  

have a g r e a t e r  s u r v i v o r s h i p  than  sugar  maple ( F o r c i e r  1975) ,  perhaps as a 

r e s u l t  o f  e s t a b l i s h i n g  from ro o t  s p r o u t s .

Age and s i z e  d i s t r i b u t i o n s  of  sugar  maple,  red maple,  and white  p in e ,  

w i th in  gaps of  d i f f e r e n t  ag es ,  i n d i c a t e  t h e  su rv iv a l  c a p a b i l i t i e s  of  t h e s e  

s p e c ie s  (F ig u re s  9 -1 4 ) .  In t h e  f i v e - y e a r - o l d  gap, 67% o f  th e  white  pine 

were in t h e  younges t  age c a t e g o r y .  Eight p e rcen t  of  whi te  p ine  and over  

50% o f  both red and sugar  maple were o ld e r  than  s i x  y e a r s .  This r e f l e c t s  

t h e  a b i l i t y  o f  a l l  t h r e e  s p e c i e s  t o  produce s e e d l in g s  under t h e  f o r e s t  

canopy b e fo re  a gap forms,  but s e e d l in g s  su rv iv e  only when a gap forms.

In t h e  f i v e  y e a r  o ld  gap, sugar  maple su rv ived  and dominated th e  o l d e r  age 

c a t e g o r i e s ,  p o s s ib ly  by t a k i n g  advantage of  small gaps formed by th e  loss  

of  branches  from t h e  o r i g i n a l  canopy t r e e .

In t h e  33- and 3 7 - y e a r - o ld  gaps,  t h e  o l d e s t  whi te  p ine  were in t h e  16 

t o  18 y e a r  c l a s s ,  i n d i c a t i n g  t h e i r  i n a b i l i t y  t o  s u rv iv e  in  a gap; in  t h e  

same gaps,  red  maple su rv iv ed  t o  t h e  e s t im a te d  age of 66 and sugar  maple 

t o  56 (F ig u re  10) .  A f t e r  33 y e a r s ,  when th e  maples have p a r t i a l l y  f i l l e d  

t h e  gap in  t h e  canopy, th e  age and s i z e  d i s t r i b u t i o n  changed a b r u p t l y ,  as
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i l l u s t r a t e d  in th e  f i g u r e s  r e p r e s e n t in g  th e  50- ,  6 3 - ,  and 9 0 -y e a r - o ld  gaps 

(F igu re s  11-13) .  G re a t e r  than f o r t y  p e rcen t  of t h e  s ee d l in g s  were 1 and 2 

y e a r s  old with very few o l d e r  s e e d l i n g s ,  i n d i c a t i n g  high m o r t a l i t y  of 

young s e e d l i n g s ,  e s p e c i a l l y  among white  p in e .  In a d d i t i o n ,  sugar  maple 

s e e d l in g s  in t h e  9 0 -y e a r - o ld  gap were a l l  in  t h e  youngest  age ca tegory  

(F igure  13) .  The d i s t r i b u t i o n  f o r  red and sugar  maple s h i f t s  to  l a r g e r  

s i z e  c a t e g o r i e s  as a r e s u l t  of a few in d i v i d u a l s  s u r v iv in g  t o  f i l l  in t h e  

canopy gap as i l l u s t r a t e d  in  F igure  12. S i m i l a r l y ,  S t e a rn s  (1950) 

d e sc r ib e d  a v i r g i n  white  pine  f o r e s t  and found sugar  maple g ra d u a l ly  

ga in ing  in impor tance .  The 1 00 -yea r -o ld  gap had a g r e a t e r  pe rcen tage  o f  

s e e d l in g s  s u rv iv in g  t o  th e  6-8  and 1 0 -y e a r -o ld  age c a t e g o r i e s  because 

seve ra l  l a r g e  red and sugar  maples blew over  f i v e  y e a r s  p rev ious  t o  t h e  

s tu d y .  This r e s u l t e d  in a second g e n e ra t io n  gap and a second f l u s h  of 

s e e d l in g  growth (F ig u re  14) .

S u r v i v o r s h i p . Overa l l  m o r t a l i t y  appeared t o  be g r e a t e s t  among 

youngest  s e e d l in g s  both in  t h i s  s tudy  and o t h e r s  (Bormann and Buell 1964, 

Hett  1971, Good and Good 1972, Mulcahy 1975) .  A lack  of whi te  p ine  

r e g e n e r a t io n  was e v id en t  from t h e  100% m o r t a l i t y  a f t e r  18 y e a r s ,  s i m i l a r  

t o  o th e r  old growth s tan d s  ( K i t t r e d g e  1934, Maissurow 1935, 1941, Lutz 

1930, Morey 1936, and Smith 1940).  Second growth w hi te  p ine  occurs  only 

where t h e  o ld  growth s tan d  i s  open (Ahlgren 1976).  This i s  suppor ted  by 

F ro th ingham 's  (1914) c o n c lu s io n s  t h a t  on ly  5.5% o f  whi te  p ine  s e e d l i n g s  

su rv ived  t o  f o u r  y e a r s  under dense crown cove r ,  60.8% s u rv iv e d  under 

broken crown cover  and 94.0% su rv ived  in  t h e  open. Hartwick Pines 

probably  o r i g i n a t e d  fo l lo w in g  a storm t h a t  l e f t  t h e  a rea  open with only a 

few seed t r e e s  (Wackerman 1924).  Lutz and McComb (1935) a l s o  found t h a t  

whi te  pine  o f  a n o th e r  v i r g i n  s tan d  o r i g i n a t e d  under a p a r t i a l  canopy. I t
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was sugges ted  by Bormann and Graham (1959) t h a t  roo t  g r a f t s  with dominant 

t r e e s  may a s s i s t  s e e d l in g s  and s a p l i n g s  or may a id  in  r e s i s t a n c e  t o  

windthrow. However, t o  be an e f f e c t i v e  a id  in m a in ta in in g  whi te  pine 

dominance,  s e e d l in g s  must su rv iv e  long enough t o  e s t a b l i s h  a roo t  system 

with g r a f t s .  Severa l  whi te  p ine  s e e d l in g s  o f  d i f f e r e n t  ages were sampled 

a t  Hartwick and no ro o t  g r a f t s  were observed .

Sugar maple had t h e  h ig h e s t  s u r v i v o r s h i p  va lue  among s e e d l in g s  in 

gaps and under t h e  f o r e s t  canopy (Table  11),  su p p o r t in g  t h e  c o n c lu s io n s  

drawn from t h e  age d i s t r i b u t i o n s .  Contrary  t o  what was concluded from 

th e  age d i s t r i b u t i o n s ,  red maple had t h e  lowest s u rv iv a l  r a t e  in  t h e  gaps 

whi le  white  pine had t h e  lowest  va lue  under t h e  f o r e s t  canopy. However, 

t o  a t t a i n  H ar tw ick 's  age d i s t r i b u t i o n s ,  a few red maple presumably 

su rv iv ed  whereas a l l  o l d e r  white  p ine  s e e d l in g s  presumably d ied .

In a d d i t i o n ,  t h e  s u r v i v o r s h i p  stucty of  t h e  t agged  s e e d l in g s  shows 

t h a t  s e e d l in g  m o r t a l i t y  was a t  a minimum in th e  w i n t e r  (Table  11 ) ,  

probab ly  due t o  s e e d l in g  dormancy. Extreme co ld  and d e s i c c a t i o n  were not 

problems f o r  t h e s e  s e e d l in g s  because of th e  p r o t e c t i o n  a f fo rd e d  by snow 

cove r .  O v e r a l l ,  s u r v i v o r s h i p  was lower under t h e  canopy w h i le  n a t a l i t y  

was s i m i l a r  f o r  both t h e  canopy and th e  gap, with sugar  and red  maple 

combined having a n a t a l i t y  of 1 .3 /m 2 /y r  in t h e  gaps and 1 .5 /m 2 /y r  under 

t h e  canopy. During f a l l ,  1979, o v e r a l l  n a t a l i t y  f o r  whi te  p ine  and 

hemlock combined was 11.25/m2, in  p a r t  a r e s u l t  o f  t h e  p r o l i f i c  seed 

p roduc t ion  o f  white  p ine  t h a t  occurs  every  t h r e e  t o  f i v e  y e a r s  (Harlow and 

H a r ra r  1968).  The l a r g e  number of  seeds  produced may he lp  compensate f o r  

th e  l a r g e  lo s s  of seed t o  red  s q u i r r e l s  ( Tamiasciu rus  h u d so n icu s ) .  None 

o f  th e  new c o n i f e r  s e e d l in g s  su rv iv e d  t o  t h e  fo l lo w in g  s p r i n g ,  but because 

they  could  not be i d e n t i f i e d  t o  de termine  t h e  p ro p o r t i o n  of  whi te  p in e ,
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Table 11. Pe rcen t  s u r v iv o r s h ip  of d i f f e r e n t  aged s e e d l in g s  combined over 
one y e a r  ( f a l l ,  1977, t o  f a l l ,  1978) in r e l a t i o n  t o  season and browsing, 
n = number of s ee d l in g s  a t  s t a r t  o f  o b s e r v a t io n .

Pinus s t r o b u s Acer saccharum Acer rubrum
Canopy

Gap
Fores t
Canopy

Canopy
Gap

F ores t
Canopy

Canopy
Gap

F o res t
Canopy

n % n i n % n % n % n %

Total 95 86 .3  7 28.6 41 90.2 25 76.0 235 79.6 98 58.2
Wi n t e r 98.9 57.1 97.6 92.0 69 92 .8 88.8
Summer 87.2 50.0 92.5 82.6 72 85 .8 65.5
Browsed 25 80.0 26 96.2 76.8
Unbrowsed 44 54.5 33 93.9 79.2
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they  were not inc luded  in th e  s u r v iv o r s h ip  c a l c u l a t i o n s  (Table  11) .  This 

would have decreased  th e  s u rv iv o r s h ip  values  f o r  white  p ine  t o  a leve l  

l e s s  than t h a t  f o r  red maple.

Mechanical damage i s  th e  susp ec ted  cause  f o r  t h e  100% m o r t a l i t y  of 

r e c e n t ly - g e r m in a te d  c o n i f e r  s e e d l i n g s .  Leaf f a l l  from maple and beech 

t r e e s  covered t h e  su cc u le n t  white p ine  and hemlock s e e d l in g s  and, with the  

a d d i t i o n a l  weight of r a i n  and snow, c rushed them. M o r t a l i t y  would not 

have been as severe  with only c o n i f e r  need le  l i t t e r  which does not as 

r e a d i l y  b lanke t  a s e e d l i n g .  Thus, white  p ine  w i l l  e s t a b l i s h  b e s t  in open 

a re a s  with l e s s  l i t t e r .  This r e l a t i o n s h i p  between hemlock m o r t a l i t y  and 

th e  deciduous l i t t e r  f a l l  i s  d i f f i c u l t  t o  e x p la in  because i t  i s  o f t e n  a 

common a s s o c i a t e  of hardwoods. Maples,  on th e  o th e r  hand, germina te  in 

th e  sp r in g  and by f a l l  a r e  s i n g l e  woody stems wi thout  b ranches ,  so l e av es  

land ing  on them tend  t o  s l i d e  o f f  o r  a re  p i e r c e d ,  s u g g es t in g  t h a t  growth 

form might be an a d a p t a t i o n  f o r  su rv iv a l  under a b r o a d le a f  canopy.

Environmental p a ra m e te r s . There appeared t o  be a r e l a t i o n s h i p  

between t h e  s e e d l in g s  p re s e n t  and t h e  t e m p e ra tu re  and humidi ty found in  

t h e  t h r e e  study a r e a s .  The open a rea  where white  p ine  were r e g e n e r a t in g  

c o n s i s t e n t l y  had th e  h ig h e s t  daytime t e m p e ra tu re s  and th e  lowest  humidity 

(F igures  15 and 16).  However, t h e  s ee d l in g s  were p a r t i a l l y  shaded in t h e  

a f t e r n o o n ,  p r o t e c t i n g  them from high te m p e ra tu re s  t h a t  can produce 

s e e d l in g  m o r t a l i t y  (Smith 1940).  White p ine  r e g e n e r a t in g  in p a r t i a l  shade 

were a l s o  observed in  sev e ra l  o t h e r  a r e a s ,  i n c lu d in g  th e  v i r g i n  j a ck  p ine  

s tan d  t h a t  was s t u d i e d .  I f  Hartwick was a r e s u l t  of a few seed t r e e s  t h a t  

were l e f t  fo l low ing  a s to rm, as f i r s t  proposed by Wackerman (1924) ,  then  

Hartwick too o r i g i n a t e d  in p a r t i a l  shade.  In t h e  gap, tem p e ra tu res  were 

between th o s e  found in  t h e  r e g e n e r a t io n  area  and under  t h e  f o r e s t  canopy.
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Humidity was h i g h e s t ,  probably due t o  t h e  in c re a s e d  s o l a r  i n s o l a t i o n  which 

in c re a s e d  te m p e ra tu re  and e v a p o t r a n s p i r a t i o n ,  whi le  t h e  f o r e s t  a c te d  as a 

wind break .

The amount of  s o l a r  i n s o l a t i o n ,  by c o n t r o l l i n g  t e m p e r a t u r e ,  hum id i ty ,  

and p h o t o s y n t h e s i s ,  and t h e  s p ec ie s  degree o f  shade t o l e r a n c e  a re  key 

f a c t o r s  in s u r v iv a l  and su cc e ss io n  of  t r e e  s p e c ie s  (Burns 1920, S h i r l e y  

1943, 1945).  P h o to s y n th e t i c  r a t e s  of  i n t o l e r a n t  s p ec ie s  a re  h ig h e r  than  

t o l e r a n t  s p ec ie s  a t  both high and low l i g h t  i n t e n s i t y  (Bohning and 

Burns ide  1956, Grime 1965, Baker 1945, S h i r l e y  1945).  In g e n e r a l ,  

however, l i g h t  compensation p o in t s  a re  h ig h e r  f o r  i n t o l e r a n t  s p ec ie s  

because they  have h ig h e r  r e s p i r a t i o n  r a t e s  (Baker 1945, S h i r l e y  1945,

Loach 1967).  E as te rn  whi te  p ine  i s  an i n t o l e r a n t  s p e c i e s ,  as i n d i c a t e d  by 

i t s  compensation value  o f  5.8% of  f u l l  l i g h t  compared t o  sugar  maple ,  2.1% 

and e a s t e r n  hemlock, 4.7% (Burns 1923).  Smith (1940) found t h a t  a t  l e a s t  

20% o f  f u l l  s u n l i g h t  was re q u i r e d  by whi te  p ine  f o r  s u rv iv a l  in  t h e  f i e l d .  

The amount of l i g h t  in t h e  canopy gap of  Hartwick P ines  was approximate ly  

12% o f  th e  average  d a i l y  amount of l i g h t  (488 g ca l /cm 2 ) a v a i l a b l e  in 

t h e  Midwest d u r in g  April  and May (R e i f sn y d e r  and Lull  1965),  not enough 

f o r  th e  s u rv iv a l  and p e r p e t u a t i o n  o f  white  p in e .  O v e r a l l ,  t h e  t o t a l  

amount of s o l a r  energy  reach ing  t h e  s e e d l in g  l a y e r  on Apri l  29 and 30, 

1978, was 368.9 and 300.8 g ca l /cm 2 , r e s p e c t i v e l y ,  in  t h e  white  pine 

r e g e n e r a t io n  a r e a ,  64 .2  and 57 .8  g ca l / cm 2 under t h e  canopy gap,  and 

44 .1  and 31 .0  g c a l / cm 2 under t h e  f o r e s t  canopy. I t  appeared t h a t  t h e r e  

was i n s u f f i c i e n t  l i g h t  energy under t h e  f o r e s t  canopy t o  suppor t  s u s t a i n e d  

growth of  any s e e d l i n g s .  In t h e  gaps ,  s o l a r  energy was adequate  t o  in su re  

growth and s u rv iv a l  of  t h e  maples.  In t h e  l a r g e r  open a rea  t h e r e  was 

enough s o l a r  inpu t  t o  m a in ta in  growth of  white  p ine .
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Deer b rowsing . W h i t e - t a i l e d  d ee r  were having an impor tan t  i n f lu e n c e  

on t h e  s e e d l in g s  in  t h e  v i r g i n  s tand  by browsing th e  a rea  dur ing  l a t e  f a l l  

and w in t e r  when t o u r i s t  t r a f f i c  was low. The g r e a t e r  p e rcen tage  of sugar 

maples being  browsed was p robab ly  r e l a t e d  t o  t h e i r  l a r g e r  crown cover  area  

(F igure  7 ) ,  making them more v i s i b l e  and a c c e s s i b l e .  In a d d i t i o n ,  sugar 

and red maple a re  p r e f e r r e d  by d e e r  (Aldous 1939, P e t r i d e s  1941).  White 

p in e ,  on t h e  o t h e r  hand, was browsed l e a s t ,  r e f l e c t i n g  t h e  s e e d l in g s  small 

s i z e ,  low d e n s i t y  and p r o t e c t i o n  by a l a y e r  o f  snow dur ing  th e  w in te r .  

S eed l in g s  w i th in  th e  gaps were browsed more than  t h o s e  under t h e  canopy, 

p o s s i b l y  because deer  were a t t r a c t e d  by th e  l a r g e r  s t a t u r e  and g r e a t e r  

abundance o f  s e e d l i n g s .

Unbrowsed s e e d l in g s  had a s i g n i f i c a n t l y  g r e a t e r  i n c r e a s e  in  h e ig h t  

and crown cover  a rea  between 1977 and 1978 compared t o  browsed s e e d l in g s  

(Table  12) .  There was no s i g n i f i c a n t  d i f f e r e n c e  in  shoot  growth between 

t h e  two g roups .  G e n e ra l ly ,  t h e  new l e a d in g  shoot  of  t h e  browsed s e e d l i n g s  

grew more than  t h e  unbrowsed. However, because  t h e  browsed s e e d l in g s  had 

t o  begin  growth of  a new lead  shoot from an a x i l l a r y  bud, a h e ig h t  

advantage  was gained by t h e  unbrowsed s e e d l i n g s .

S u rv iv o rsh ip  of  w h i te  p in e  in  t h e  unbrowsed p l o t  was l e s s  than  th o s e  

t h a t  were in t h e  browsed p l o t ,  probably  because of  i n c re a s e d  com pe t i t ion  

from t h e  unbrowsed maples (Table  11) .  Most o f  t h e  s e e d l i n g s  under s tudy  

were red and sugar  maple and i t  appeared  t h a t  t h e i r  m o r t a l i t y  was not 

a f f e c t e d  by browsing.  However, i t  i s  p o s s i b l e  t h a t  long te rm s e e d l i n g  

s u r v iv a l  could  be a f f e c t e d  by t h e  re d u c t io n  in crown cover  or photosyn

t h e t i c  a rea  and , t h e r e f o r e ,  i n f l u e n c e  t h e  su cc e ss io n a l  s t a t u s  of  t h e  

f o r e s t .  In o t h e r  s t u d i e s ,  c a t t l e  g raz ing  reduced t h e  abundance o f  hemlock 

and beech,  whi le  almost e l i m i n a t i n g  red maple;  and browsing by big game



Table  12. S t u d e n t ' s  t - t e s t  comparison of  the  e f f e c t  of deer  browsing over 
one y e a r  on th e  h e i g h t ,  crown cover  and shoot growth o f  Acer saccharum and 
Acer rubrum combined.

Mean In c re a s e Mean In c re ase Mean
in Height in  Crown Cover Shoot Growth

cm n cm^ n cm n

Unbrowsed 5.7 86 186.0 77 3.44 174

Browsed 1.9 76 46.1 77 3.88 144

S i g n i f i c a n c e .005 .005 NSa

aNS = Not s i g n i f i c a n t .
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animals  on b i t t e r  brush in Idaho in c re a se d  twig p roduc t ion  and, at  the  

same t im e ,  r e t a r d e d  su c c e s s io n  (Lutz  1930, Peek e t  a l .  1978).  A long te rm 

s tudy  of t h i s  q u e s t io n  would most l i k e l y  show t h a t  t h e  maples are  being 

delayed from assuming dominance in th e  gaps and u l t i m a t e l y  t h e  f o r e s t  by 

t h e  reduced growth or p o s s i b l e  reduced s u r v iv o r s h ip .

White p ine  r e g e n e r a t i o n . In t h e  v i r g i n  j ack  p ine  f o r e s t  near  

Hartwick P in e s ,  white  p ine  s e e d l in g s  dominated th e  ground l a y e r ,  

su g g es t in g  t h a t  j ack  p ine  in t h i s  case  i s  a s e r a i  s t a g e  p reced ing  w h i te  

p ine .  Jack pine dominated th e  open canopy with a crown cover area  of 

approx im ate ly  2200 m2/ha. In 1977 t h e  jack  p in e ,  with an average age 

o f  62 y e a r s  and range o f  39 t o  85 y e a r s  o ld ,  were s en esc in g  with only 

65% o f  t h e  749 s tem s/ha  l i v i n g  (Table 13).  White p ine  and balsam f i r  

were approx im ate ly  t h e  same age and s i z e ,  and dominated t h e  s e e d l in g  

s t r a tu m  with  d e n s i t i e s  o f  1710 and 150/ha ,  r e s p e c t i v e l y .  There were 

a l s o  s o l i t a r y  i n d i v i d u a l s  of black oak ( Quercus v e l u t i n a ) ,  black c h e r ry  

( Prunus s e r o t i n a ) and red maple. Age d i s t r i b u t i o n s  showed t h a t  t h e r e  

were no young jack  p in e ,  i n d i c a t i n g  i t s  f a i l u r e  t o  rep roduce .  White 

p ine  s t a r t e d  s e e d in g - in  about  twenty  y e a r s  ago and was s t i l l  coming i n ,  

but a t  a reduced r a t e  (F ig u re  17) .

Height and d iam e te r  d i s t r i b u t i o n  of  th e  v i r g i n  white  p ine  s tand  near  

Dublin ,  Michigan, shows t h a t  white  p ine  has t h e  a b i l i t y  t o  come in under 

i t s  own canopy under c e r t a i n  c o n d i t io n s  (F igure  18).  White pine  was th e  

most dense canopy s p e c i e s ,  w i th  510 t r e e s / h a ,  60% of  which were l e s s  than  

10 cm in  DBH and 10 m in  h e ig h t  (F igure  18 and Table  14).  Maples had th e  

next g r e a t e s t  d e n s i t y ,  w i th  140 t r e e s / h a  whereas basa l  a rea  was 4 .85  

m^/ha,  compared t o  32.75 m^/ha f o r  white  pine (Table 14) .  Maple and 

white  oak i n d i v i d u a l s  were s c a t t e r e d  th roughou t  th e  l a r g e r  and s m a l l e r



Table 13. Mean (+2 S.D.) age,  he igh t ,  crown cover,  and basal diameter of woody species  found in 
the  v i rg in  Pinus Fanksiana Lamb, stand.

Age Hei ght Crown Cover Basal Diameter
Species years  n m n m*- n cm n

Pinus banksiana 62+10 26 21+5 73 4.5+2.4 73 21.6+7.4 73

Pinus s t robus  11+5 223 1.22+0.73 223 .56+1.17 223

Abies balsamea 11+6 20 1.36+1.39 20 .48+0.15 20
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Table 14. Importance values3 ( I - V . ) f o r  t r e e  species  found in a 2 hec ta re  v i rg in  Pinus s trobus  L. stand in 
Manistee Co., Michigan.

I.V.
Rank Species

Deni s ty Domi nance Frequency
I.V. I.V. %Absolute Rela t ive Absolute Rela t ive Absolute Relative

1 Pinus st robus 510 60.0 32.75 64.1 1.0 25.6 149.7 49.9
2 Acer spp. 140 16.5 4.85 9.5 0.6 15.4 41.4 13.8
3 Quercus alba 95 11.2 6.40 12.5 0.8 20.5 44.2 14.7
4 Pinus res inosa 50 5.9 6.62 13.0 0.8 20.5 39.4 13.1
5 Prunus s e r o t in a 25 2.9 0.35 0.7 0.4 10.3 13.9 4.6
6 Fraxinus sp. 10 1.2 0.10 0.2 0.1 2.6 4.0 1.3
7 Fagus g ra n d i fo l i a 15 1.8 0.02 0.0 0.1 2.6 4.4 1.5
8 Pyrus malus 5 0.6 0.01 0.0 0.1 2.6 3.2 1.1

Total 850 100.1 51.10 100.0 3.9 100.1 300.2 100.0

C a l c u l a t e d  following methods in Mueller-Dombois and El lenburg (1974).
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s i z e  c l a s s e s ,  an i n d i c a t i o n  t h a t  they a re  reproduc ing  and s u rv iv in g .  

S im i la r  t o  Hartwick, t h e r e  was no s ign  of  red pine  r e p ro d u c t io n .

Although one of th e  l a r g e r  whi te  p ine  t r e e s  a t  t h e  Manis tee  County 

s i t e  was on ly  97 y e a r s  o l d ,  t h e r e  i s  no i n d i c a t i o n  of  lumbering a c t i v i t y ;  

and mounds i n d i c a t e  t h a t  t r e e s  have f a l l e n  in  p la c e .  This suppor ts  th e  

a s s e r t i o n  t h a t  t h i s  a rea  was r e l a t i v e l y  u n d is tu rb ed  by humans. Unlike 

Hartw ick , t h i s  s tan d  had an open canopy which produced white  p ine  with 

l a r g e  d iam e te r s  between 70 and 75 cm, h e ig h t s  ranging  t o  30 and 35 m, and

branches  w i th in  2 m o f  t h e  ground (F igure  18).  The l a r g e s t  maples were 30

t o  35 cm in  DBH, s u g g e s t in g  t h a t  they  e s t a b l i s h  e a r l y  in v i r g i n  whi te  p ine  

s t a n d s .  These t r e e s  can th e n  a c t  as seed t r e e s  f o r  f u t u r e  gaps.  The 

su r round ing  a rea  was dry sandy upland,  dominated by r e l a t i v e l y  small  

second-growth oaks ,  which in c re a s e d  th e  openness o f  t h e  small p ine  s tand  

because of edge a f f e c t ,  and a ided  t h e  r e g e n e r a t io n  of  whi te  p ine  under i t s  

own canopy. O bse rva t ions  of s i m i l a r  s tands  by some e a r l y  r e s e a r c h e r s  

could  have lead  t o  t h e  co n c lu s io n  t h a t  whi te  p ine  was a c limax community 

t y p e .

K i t t r e d g e  and C h i t t en d en  (1929) a l s o  observed w hi te  and red  pine 

r e p ro d u c t io n  in  Michigan in  o ld  growth p ine  f o r e s t  openings but they  

s p e c i f i e d  n e i t h e r  s i z e  nor cause of  th e  open ings .  In a v i r g i n  red pine

s tan d  s c a t t e r e d  with l a r g e  white  p i n e ,  S h i r l e y  (1932) found whi te  p ine

r e g e n e r a t i n g  in  a 2929 m2 opening , t w e n ty - s ix  t imes  t h e  s i z e  of  th e  mean 

s t r u c t u r a l  gap opening a t  Hartwick. White p ine  r e g e n e r a t io n  d id  not occur  

a t  Hartwick in  openings as small as 89 m2 o r  135 m2 , as observed  f o r  

l o b l o l l y  and s h o r t l e a f  p in e  ( Pinus t a e d a  and Pinus e c h i n a t a ) (Wahlenburg 

1948, Jackson  1959).
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Success ion  and Biomass Model

Hartwick e x h i b i t e d  success ion  as a r e s u l t  of r e l a t e d  changes in 

v e g e t a t i o n ,  s o i l s  and m ic roc l im a te  ( a u to g e n ic ) ,  and as induced by changes 

in  t h e  e x t r i n s i c  environment ( a l l o g e n i c ) .  Apparent ly  white  p ine  canopy 

development p reven ted  some s p ec ie s  from s u r v i v i n g ,  while  gaps,  caused by 

e x te r n a l  f a c t o r s ,  were i n s u r i n g  th e  s u rv iv a l  of o t h e r s .  More s t u d i e s  are  

conclud ing  t h a t  development of f o r e s t  composi t ion  and s t r u c t u r e  i s  a 

r e s u l t  o f  l a r g e  and small s c a l e  d i s t u r b a n c e s ,  and small gaps and dominant 

t r e e s  modifying t h e  environment (Fox 1977, O l iv e r  and Stephens  1977),  as 

observed a t  Hartwick P in e s .

Evidence from t h i s  study sugges ts  t h a t ,  g iven an a p p r o p r i a t e  seed 

so u rc e ,  one su cc e ss io n a l  sequence f o r  t h e  Hartwick a rea  s t a r t s  with j a c k  

p ine  fo l low ing  a r e l a t i v e l y  l a r g e  s c a l e  d i s tu r b a n c e .  Jack pine  wil l  

p o s s ib ly  dominate t h e  f o r e s t  u n t i l  they  senesce  a t  about 60-80  y e a r s  o f  

age (F igu re  19) .  In t h e  absence of  any f u r t h e r  r e l a t i v e l y  Targe s c a l e  

d i s t u r b a n c e ,  white  p ine  and then  hardwoods may dominate t h e  f o r e s t .  White 

p ine  may invade and hold dominance as a pure s t an d  f o r  approximate ly  170 

y e a r s .  A t r a n s i t i o n  t o  a hardwood f o r e s t  dominated by maples i s  l i k e l y  to  

fo l l o w ,  as i s  p r e s e n t l y  o c c u r r in g  in  Hartwick P in e s .  During t h i s  pe r iod  

whi te  p ine  may remain a conspicuous  p a r t  o f  t h e  f o r e s t  f o r  as long as  200 

y e a r s .  The amount of t ime f o r  t h i s  t r a n s i t i o n  was de te rm ined ,  not by th e  

p re s e n t  r a t e  of death  and canopy replacement a t  Hartwick (on ly  6% o f  t h e  

t o t a l  sample a rea  in t h e  l a s t  10 y e a r s ) ,  but was based on t h e  r e p o r t e d  

maximum ages of  whi te  p in e .  This sugges ts  an i n c r e a s e  in  t h e  r a t e  of 

rep lacement a t  Hartwick over t h e  next c en tu r y .  A f t e r  t h i s ,  hemlocks and 

hardwoods would probab ly  share  dominance f o r  200 y e a r s  with perhaps a 

gradual  s h i f t  t o  maple-beech dominance. This f o r e s t  would have th e
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a b i l i t y  t o  reproduce  and m ain ta in  i t s e l f  as an old  growth v i r g i n  f o r e s t ,  

and in  t h e  case  o f  Hartwick P in e s ,  more a p p r o p r i a t e l y  be named Hartwick 

Hardwood S t a t e  Park .

Recogniz ing th e  l i m i t a t i o n s  of  making comparisons between s tands  in 

d i f f e r e n t  c l i m a t i c  r e g i o n s ,  growing on d i f f e r e n t  s u b s t r a t e  and c o n s i s t i n g  

perhaps of d i f f e r e n t  g e n e t i c  s tock  t h e r e  i s  reason t o  b e l i e v e  t h a t  dur ing  

t h i s  su cc e s s io n a l  sequence biomass peaks and then  a c t u a l l y  d ecreases  in 

t h e  l a t e  s t a g e s .  Biomass i n c r e a s e s  from t h e  maximum jack  pine biomass 

(85 .4  m t /ha ,  Larsen 1982) t o  a peak when white  p ine  dominates (681 mt/ha) 

and as t h e  hardwoods assume dominance, biomass probably d ecreases  (515 

m t /ha ,  Murphy, P .G . , and G. Kroh, Biomass and Net Primary Production  of a 

V irg in  Beech-Maple F o r e s t  in Michigan, in p r e p a r a t io n )  (F igure  19) .  This 

i n d i c a t e s  t h a t  biomass may not always in c r e a s e  t o  a maximum a t  the  c limax 

s t a g e  as Odum (1969) had sugges ted .

The basal  a rea  o f  t h e  beech-maple s tand  i s  41% l e s s  than  t h e  white 

p ine  s t a n d ,  which probab ly  accounts  f o r  the  d ecrease  in biomass.  The 

dec rea se s  may be a r e s u l t  of  th e  way each type  of  s tand  i s  e s t a b l i s h e d  and 

mai n ta in e d .

S e l f - r e g e n e r a t i n g  beech-maple f o r e s t s  n a t u r a l l y  c o n s i s t  of  small 

d i s tu r b a n c e  openings  with  young small t r e e s  t h a t  c o n t r i b u t e  l i t t l e  t o  t h e  

t o t a l  l i v i n g  biomass.  Taking i n t o  account t h e s e  small d i s tu rb a n c e  

open ings ,  long te rm biomass e q u i l ib r iu m  in  t o l e r a n t  beech-maple f o r e s t s  

can s t i l l  be e s t a b l i s h e d  in r e l a t i v e l y  small a r e a s .  White pine  

e s t a b l i s h e s  as a r e l a t i v e l y  even age s tand  t h a t  grows u n t i l  t h e  s i t e  i s  

f u l l y  occupied by a near  maximum s u s t a i n a b l e  biomass.  During t h i s  phase 

l i t t e r  p ro d u c t io n  i s  ba lanced  by new growth,  c r e a t i n g  a r e l a t i v e l y  s h o r t  

te rm  biomass e q u i l i b r iu m .  Tree dea ths  caus ing  small canopy openings



70

r e s u l t  In a d ec rea se  in  biomass with beech-maple e s t a b l i s h i n g  in gaps.

Long te rm biomass f o r  whi te  p ine  f o r e s t s  can be e s t a b l i s h e d  i f  t h e r e  i s  

enough a rea  t o  in c lu d e  t h e  r e l a t i v e l y  l a r g e  d i s tu r b a n c e  openings t h a t  a re  

neces sa ry  f o r  th e  r e g e n e r a t io n  of white  p in e .  This s i t u a t i o n  r e s u l t s  in  

whi te  p in e s '  long  te rm biomass e q u i l i b r iu m  being l e s s  than  t h e  s h o r t  te rm 

e q u i l i b r iu m .  As t h e  s i z e  of t h e  d i s tu r b a n c e  t h a t  i s  necessa ry  t o  

p e r p e t u a t e  t h e  f o r e s t  type  i n c r e a s e s ,  p r o p o r t i o n a t e l y  more a rea  i s  needed 

t o  e s t a b l i s h  biomass e q u i l i b r iu m  (Shugar t  and West 1981) .  F u r th e r  s tudy 

i s  r e q u i r e d  t o  de termine  th e  maximum biomass of  an a rea  l a r g e  enough t o  

support  whi te  p ine  as a r e g e n e r a t i n g  dominant.

In a p r i m i t i v e  s e t t i n g ,  l e s s  i n f lu en c ed  by humans, s ev e ra l  d i f f e r e n t  

s t a b l e  communities could  e x i s t  a d ja c e n t  t o  each o t h e r  as a r e s u l t  o f  only 

d i f f e r e n c e s  in s i z e ,  f requency  and ty p e  of d i s tu r b a n c e  in an o the rw ise  

uniform environment (Horn 1976) .  F i r e  and wind a re  t h e  two predominant 

n a tu ra l  d i s t u r b a n c e s ,  with f i r e  being t h e  most common l a r g e - s c a l e  d i s t u r 

bance t h a t  would a l lo w  p ine  t o  r e g e n e r a t e .  Based on t h e  hypothes ized  

su cc e ss io n  t ime s c a l e ,  a very d e s t r u c t i v e  f i r e  with a f requency of 

300-400 y e a r s  could r e s u l t  in whi te  p ine  c o n t i n u a l l y  r e g e n e r a t i n g  i t s e l f ,  

p o s s ib ly  preceded by ja ck  pine  or a l i g h t  seeded hardwood depending on 

th e  a v a i l a b l e  seed sou rce  (F ig u re  19) .  F o r c i e r  (1975) documented a 

m ic ro su ccess io n a l  p a t t e r n  fo l low ing  a minor d i s tu r b a n c e  in  a c limax f o r e s t  

h e lp in g  t o  i n s u r e  con t inued  co -occu r rence  of  ye l low  b i r c h ,  sugar  maple 

and beech. On t h e  o th e r  hand, Brewer and M e r r i t t  (1978) concluded t h a t  

windthrow of s i n g l e  t r e e s  would only p e r p e t u a t e  beech in  a beech-maple 

f o r e s t  and t h a t  t h e  d i v e r s i t y  would have t o  be m a in ta ined  through l a r g e r  

d i s t u r b a n c e s .  Depending on th e  type  o f  community, d i v e r s i t y  can a l s o  be 

m a in ta ined  by a c e r t a i n  f requency  of  d i s tu r b a n c e .  S m al le r  ground f i r e s
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could  a l s o  a id  in p e r p e t u a t i n g  whi te  pine by removing l i t t e r  and hardwood 

s e e d l i n g  c o m p e t i t io n .  I f ,  in a d d i t i o n ,  a f i r e  had opened a l a r g e  enough 

a rea  in th e  canopy and t h e  remaining p ine  t r e e s  had a good seed y e a r ,  

whi te  p in e  would r e g e n e r a t e .  I f  t h i s  c y c le  were c o n t i n u a l l y  r e p e a t e d ,  

whi te  p ine  could  m a in ta in  i t s e l f  as th e  dominant t r e e  i n d e f i n i t e l y .  

P o s s ib ly  f o r  t h e s e  r e a s o n s ,  white  p ine  was a major dominant or  end p o in t  

o f  su cc e ss io n  in  l a r g e  a r e a s  p r i o r  t o  lumbering,  even though i t  may now be 

viewed as a m id - su c ce s s io n a l  s p e c i e s .



SUMMARY AND CONCLUSIONS

Eas te rn  white  p ine  a t  Hartwick Pines  S t a t e  Park ,  which averaged  177 

y e a r s  in age,  was t h e  canopy dominant with a basal  a rea  o f  48 .4  m2/ h a ,  

66.7% o f  t h e  t o t a l .  I t s  average  d iam e te r  and t o t a l  h e ig h t  were 58 cm and 

36 m, r e s p e c t i v e l y .  White p ine  and hemlock d iam eter  d i s t r i b u t i o n s  

i n d i c a t e  t h a t  t h e  l a r g e s t  t r e e s  may be r e l i c s  from a d i s t u r b a n c e ,  and 

t h a t  t h e s e  t r e e s  p o s s ib ly  ac ted  as a seed source  f o r  most of th e  p re s en t  

i n d i v i d u a l s  in  t h e  f o r e s t .  At th e  p r e s e n t  t ime  t h e  pr im ary  cause of 

death  of  white  p ine  appea rs  t o  be w i n d f a l l .  Heart  ro t  t h a t  i n i t i a t e d  

from 134 y e a r - o l d  f i r e  s c a r s  was a c o n t r i b u t i n g  f a c t o r  t o  th e  death  of  

some of  t h e  t r e e s .

This s tand  had a t o t a l  t r e e  biomass of 681 m t /h a ,  above average  f o r  

many of  t h e  worlds f o r e s t  t y p e s .  Total  net  pr imary p ro d u c t io n  of  t h e  

s t a n d  was low, 7 .5  m t / h a / y r ,  but w i th in  t h e  range of f i g u r e s  r e p o r te d  f o r  

t em pera te  ev erg reen  f o r e s t s .  Addi t iona l  n o n d e s t r u c t i v e  s t u d i e s  o f  white  

p ine  biomass and p roduc t ion  w i l l  be a ided  by th e  a l l o m e t r i c  equa t ion  

r e l a t i n g  whi te  p ine  d iam e te r  and stem volume ( r 2 = 0 .9 1 ) .

Diameter and h e ig h t  c l a s s  d i s t r i b u t i o n s  i n d i c a t e  t h a t  sugar  maple ,  

red  maple and beech a re  g ra d u a l ly  assuming dominance.  Among s e e d l i n g s ,  

red maple,  because of i t s  l a r g e  numbers, had t h e  h ig h e s t  importance 

v a lue .  In d iv id u a l  sugar  maple s e e d l in g s  had th e  l a r g e s t  crowns, 

r e f l e c t e d  by t h e i r  g r e a t e r  shoot growth.  These f a c t o r s  c o n t r i b u t e d  t o  

even tua l  dominance by maples.  White p ine  s e e d l in g s  were as numerous as
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sugar  maple,  bu t grew p o o r ly .  Beech s ee d l in g s  were not p re s en t  in the  

s tudy  p l o t s  and only  a few were observed in  t h e  f o r e s t .  Only maples 

su rv iv ed  p a s t  t h e  s e e d l i n g  s t a g e  and a f t e r  approx imate ly  50 y e a r s  f i l l e d  

in canopy gaps.  A ssoc ia ted  with t h e  c l o s i n g  of canopy gaps was a d ec rea se  

in  s e e d l in g  average  age,  h e i g h t ,  basa l  d ia m e te r ,  crown cove r ,  shoot growth 

and pe rcen tage  o f  s e e d l in g s  browsed by d e e r .  Sugar maple was l e a s t  

a f f e c t e d  by gap c l o s u r e ;  however,  t h e s e  s ee d l in g s  d id  not do as well under 

a maple canopy as compared t o  a p ine  canopy or gap.

S u rv iv o r s h ip  was g r e a t e s t  f o r  s e e d l in g s  in gaps,  as compared to  th e  

f o r e s t ,  and dur ing  w in t e r  as compared t o  t h e  growing sea so n .  Sugar maple 

in  gaps had th e  l a r g e s t  annual s u r v i v o r s h i p ,  90.2%, whereas red maple was 

lowest  a t  79.6%. N a t a l i t y  f o r  maples was 1 .3 /m 2 /y r  in t h e  gap and 

1 .5 /m 2 /y r  under t h e  canopy. White p ine  and hemlock combined n a t a l i t y  

was 11 .25 /m 2/yr  d u r ing  a y e a r  of  high seed p ro d u c t io n ,  bu t  with 100% 

m o r t a l i t y  p o s s i b l y  due t o  mechanical  damage from l e a f  l i t t e r  and snow. A 

comparison was made o f  s e e d l i n g  dynamics in t h r e e  s i t u a t i o n s :  w i th in  a

canopy gap, under t h e  f o r e s t  canopy, and in  an open a rea  of  white  p ine  

r e g e n e r a t i o n .  The whi te  p ine  r e g e n e r a t io n  s i t e  had t h e  lowest  humidity  

and h ig h e s t  a i r  t e m p e r a t u r e  and s o l a r  i n s o l a t i o n ,  t h e  l a t t e r  f a c t o r  be ing  

one of t h e  most i n f l u e n t i a l  f a c t o r s  in t h e  s u rv iv a l  o f  white  p ine .  Under 

some c i r cu m stan ces  where th e  canopy was s u f f i c i e n t l y  open, whi te  p ine  were 

a b le  t o  r e g e n e r a t e  under both v i r g i n  jack  and white  p ine  s t a n d s .

Deer appear  t o  have r e t a r d e d  t h e  hypo thes ized  su cc e ss io n a l  change a t  

Hartwick by having  browsed a high p e rcen tag e  of  s e e d l i n g s .  Even though no 

d i f f e r e n c e s  were found in  y e a r l y  shoot growth le n g th  between browsed and 

unbrowsed maples ,  only maple s e e d l in g s  in e x c lo s u re s  had a s i g n i f i c a n t  net 

i n c r e a s e  in  h e ig h t  because  t h e i r  i n i t i a l  h e ig h t  had not been reduced by
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browsing. There was a l s o  a s i g n i f i c a n t  i n c r e a s e  in crown cover  among th e  

unbrowsed maple s e e d l i n g s  which,  a long with t h e  i n c r e a s e  in average  

h e i g h t ,  could  have r e s u l t e d  in  in c re a s e d  com pet i t ion  le ad in g  t o  decreased  

su rv iv a l  of whi te  p in e .

A p o s s i b l e  s u cc e s s io n a l  s e r i e s  f o r  t h i s  general  a r e a ,  i f  

u n i n t e r r u p t e d  by f i r e ,  i s  jack p ine  f o r  t h e  f i r s t  80 y e a r s ,  whi te  p ine  

f o r  170 y e a r s ,  white  p ine  and no r th e rn  hardwoods f o r  200 y e a r s ,  hemlock 

n o r th e rn  hardwoods f o r  200 y e a r s  with maple dominated n o r th e rn  hardwoods 

as a long term s t a b l e  community. Biomass i n c re a s e s  t o  a maximum when 

whi te  p ine  a re  dominating and d ec rea se s  as t h e  f o r e s t  succeeds t o  

hardwoods. F i r e  has t h e  a b i l i t y  t o  prevent  hardwoods from assuming 

dominance; f o r  example,  a t  Hartwick th e  age of t h e  o l d e s t  deciduous 

sp e c ie s  corresponds  t o  t h e  t ime s in c e  t h e  l a s t  ground f i r e .  Large f i r e s  

every  300-400 y e a r s  would c y c le  t h e  success iona l  s e r i e s  th rough jack  p ine  

o r  a l i g h t  seeded hardwood, depending on t h e  a v a i l a b l e  seed so u rc e ,  to  

whi te  p in e .  F i r e s  of a medium s e v e r i t y  ev e ry  200 y e a r s  would e l i m i n a t e  

t h e  hardwoods and open l a r g e  enough gaps f o r  r e g e n e r a t io n  of whi te  pine 

i n d e f i n i t e l y .



FOR FURTHER STUDY

C er ta in  i s s u e s  r e g a rd in g  th e  ecology o f  white  p ine  f o r e s t s  remain 

u n c le a r .  I propose t h a t  th e  fo l low ing  q u e s t i o n s  are  among th e  most 

d e se rv in g  of  f u r t h e r  a t t e n t i o n .

1. What is  the  s i g n i f i c a n c e  of the  r e l a t i v e l y  low white  pine l e a f  

biomass? Does the  change in p ro p o r t io n  of l e a f  biomass t o  t o t a l  t r e e  

biomass as th e  t r e e  ages a f f e c t  i t s  s u r v i v a l ?

2. Is t o t a l  f o r e s t  o rgan ic  m a t t e r  ( i n c lu d in g  d e t r i t u s )  g r e a t e r  f o r  

su cc e ss io n a l  s t ag e s  fo l l o w in g  whi te  pine?  What a re  t h e  long term biomass 

e q u i l i b r iu m  va lues  f o r  t h e  s e r a i  s t a g e s  d e s c r ib e d  in  t h i s  s tudy?  What 

a re  the  d i f f e r e n c e s  in  s e r a i  biomass changes between communities with and 

without n a t u r a l l y  o c c u r r in g  f i r e ?

3. What e f f e c t  would t h e  r e s u l t s  o f  a long term s tudy  of 

s u rv iv o r s h ip  and deer  browsing have on th e  conc lus ion  made in t h i s  

s tudy?

4. What accounts  f o r  t h e  p resence  o f  beech and hemlock given th e  

small number o f  s ee d l in g s  observed?

5. Is  mechanical  damage r e s p o n s i b l e  f o r  100% m o r t a l i t y  of newly 

germinated p ine  and hemlock?

6. Why does sugar  maple appear  t o  e x h i b i t  poor growth under a maple 

canopy? How w i l l  t h i s  answer in f lu e n c e  our u n d e r s tan d in g  o f  r e g e n e r a t i o n  

and gap phase replacement as r e l a t e d  t o  success ion?
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