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T h i s  s t u d y  examines  t h e  s t a n d  dynamics  of giggg ~ E ~ B Q ~ B  

v a t ,  h p n d u g g n g j ~  i n  i ts  n a t i v e  h a b i t a t  i n  C e n t r a l  America, T h i s  

species is c u r r e n t l y  t h e  most i m p o r t a n t  t i m b e r  t ree b e i n q  p l a n t e d  

i n  t h e  l o w l a n d  t r o p i c s ,  b u t  knowledqe of  i ts a u t e c o l o q y  is 

e x t r e m e l y  meaqre, Data  on t h e  q rowth  and p o p u l a t i o n  dynamics  o f  

t h e  species were o b t a i n e d  i n  a n  i n t e n s i v e  proqramme of f i e l d  

s a a v l i n q  a n d  e x p e r i m e n t a t i o n  i n  t h e  Mountain P i n e  R i d q e  a r e a  of 

Belize, T h e s e  d a t a  s e r v e d  a s  i n p u t  t o  a  model (PIBUS), which 

s i m u l a t e d  t h e  a r o u t h  o f  m a t u r e  s t a n d s  o f  C a r i b b e a n  p i n e ,  The 

model was u s e d  t o  e x p l o r e  t h e  effects of  f o r e s t  manaqement 

p o l i c i e s  on t h e  q r o v t h  and dynamics  of p i n e  s t a n d s ,  

F i r e  p r o t e c t i o n  o f  t h e s e  p i n e l a n d s  i n  t h e  l a s t  30 y e a r s  h a s  

i n i t i a t e d  s u c c e s s i o n a l  c h a n q e s  i n  t h e  v e q e t a t i o n  l e a d i n q  t o  

r e d u c e d  p i n e  r e q e n e r a t i o n  and i n v a s i o n  of b r o a d l e a v e d  species 

i n t o  s t a n d s  f rom which f i r e  h a s  been  exc luded .  F i e l d  e x p e r i m e n t s  

clearlv d e m o n s t r a t e d  t h a t  t h e  o v e r a l l  s m a l l  s i z e  o f  t h e  p i n e  

s e e d l i n q  p o p u l a t i o n  was a  r e s u l t  of s e e d - h a r v e s t i n q  by t h e  

r o d e n t ,  i n s e c t  a n d  a v i f a u n a - o f  t h e  a r e a ,  T h e r e  were however 

d i f f e r e n t i a l s  i n  s e e d l i n q  e s t a b l i s h s e n t  r e l a t e d  t o  t h e  

s u c c e s s i o n a l  s t a t u s  o f  i n d i v i d u a l  s t a n d s .  A f u r t h e r  series o f  

f i e l d  and l a b o r a t o r y  e x p e r i m e n t s  mon i to red  t h e  e f f e c t s  o f  

d i f f e r e n t i a l  s h a d i n q ,  s e e d b e d  c o n d i t i o n s ,  c o m p e t i t i o n ,  

a l l e l o v a t h i c  i n t e r a c t i o n s ,  and  s e e d - p r e d a t i o n  on t h e  q e r m i n a t i o n  



I 
! T h e  d i f f e r e n t i a l  s e e d l i n q  e s t a b l i s h m e n t  o f  ~ s d h e g  i s  
j 

I 

I c o n s i d e r e d  t o  be m a i n l y  c o n t r o l l e d  by s e e d b e d  c o n d i t i o n s .  I n  

f s t a n d s  w h i c h  h a v e  been r e c e n t l y  b u r n t  t h e  m i n e r a l - s o i l  seedbed is 
i 
$ 

s u b i e c t  t o  s a p i d  d e s s i c a t i o n ,  e s p e c i a l l y  i n  o p e n  areas,  a n d  seeds 

$ s u f f e r  from l a c k  o f  m o i s t u r e .  I n  a r e a s  where  t h e  l i t t e r  d e p t h  1 
e x c e e d s  3.5 cms i n  t h i c k n e s s ,  t h e  l i q h t  p i n e  s e e d s  are p e r c h e d  

i 
I above a m o i s t u r e  s u p p l v  a n d  q e r m i n a t i o n  is r e d u c e d ,  T h o s e  s e e d s  

t h a t  d o  q e r m i n a t e  s u f f e r  s e v e r e  ~ o r t a l i t v  i n  t h e  f i rs t  y e a r ,  as a I 
i r e s u l t  of l i m i t e d  r o o t  deve lopment .  
i 
i 
I 
! T h e  r e s u l t s  o b t a i n e d  f r o m  t h e s e  e x p e r i m e n t s  a re  a s o u r c e  o f  

1 d a t a  f o r  t h e  c o n s t r n c t i o n  o f  t h e  s i m u l a t i o n  model ,  The main 

s i m u l a t i o n  program r e q u i r e s  t h r e e  o t h e r  items of i n p u t :  number, 

d i a m e t e r  a n d  a q e  of s e e d - t r e e s ,  a q e  of t h e  p l o t  ( u s u a l l y  s e t  t o  

1 , zero) a n d  t h e  r e q u i r e d  t h i n n i n q  s c h e d u l e ,  
1 

i The  main s i m u l a t i o n  p r o q r a s  was c o n s t r u c t e d  from empirical 
i 
I d a t a  on the r e l a t i o n s h i p s  b%tveen stem morpholaqy ,  c rown 

d e v e l o p m e n t ,  q r o w t h  rate. a n d  t h e  l i q h t  c l i m a t e  i n  t h e  s t a n d .  

T h e  model  p r o c e e d s  t o  
I 

! 
i 
i a n d  i n d i v i d u a l - t r e e  q r o w t h  

r e a c h e d ,  The main v roqram 
f 

u p d a t e  c h a n q e s  i n  p o p u l a t i o n  s t r u c t u r e  

u n t i l  maximum s t a n d  aqe o f  50 y e a r s  i s  

p e r f o r m s  t h e  u p d a t e  by c a l l i n q  t h r e e  

j w o r k h o r s e  s u b r o u t i n e s .  B I R T H  r e c r u i t s  new s e e d l i n q s  i n t o  t h e  

i : 



. trees i n  each a q e - c l a s s ,  T h i s  v a l u e  is  t h e n  d e r a t e d  by a n  
I " 

*'s e q u a t i o n  which  p r e d i c t s  q e r a t i n a t i o n  b a s e d  o n  i n c i d e n t  r a d i a t i o n ,  I 
* 
i 

l i t t e r  d e p t h ,  a n d  s t a n d  b a s a l - a r e a ,  A s e c o n d  s u b r o u t i n e  (MORT) 
i 

a c a l c u l a t e s  a  p r o b a b i l i t y  o f  m o r t a l i t y  b a s e d  o n  t h e  
E 

v o l u m e - i n c r e m e n t  o f  a n  i n d i v i d u a l  i n  t h e  p r e v i o u s  year, 

S u b r o u t i n e  GROW i s  a  m o d i f i e d  v e r s i o n  o f  t h e  JABOWA program 
I 

of B o t k i n  e t  a l i a  11970, 19721,  The  q r o w t h  r a t e  f o r  i n d i v i d u a l  

i trees is c a l c u l a t e d  u s i n q  a n  optimum q r o u t h - r a t e  e q u a t i o n  d e r a t e d  
E 

i b y  t h e  e f f e c t s  o f  s h a d i n q  i n  t h e  s t a n d ,  O u t p u t  f r o a  these t h r e e  

s u b r o u t i n e s  h a s  been  v a l i d a t e d  by  c o a p a r i n q  t h e  d e v e l o p a e n t  of 
i 
I z a c t u a l  s t a n d s  of  v a r i o u s  a q e s  w i t h  p r e d i c t e d  q r o w t h  a n d  m o r t a l i t y  
! 

r a t e s  o v e r  a  s e v e n - y e a r  p e r i o d ,  No s i q n i f i c a n t  d i f f e r e n c e s  i n  

s t a n d  q r o w t h  o r  tree m o r t a l i t y  were f o u n d  i n  a series of p a i r e d  

tests, 

T h e  r e s p o n s e  o f  p i n e  s t a n d s  t o  two n a n a q e m e n t  r e q i m e s  was  
# 

e x p l o r e d  u s i n q  PINUS. T h e  r e q e n e r a t i o n  of s t a n d s  w i t h  v a r y i n q  

d e n s i t i e s  o f  s e e d -  t rees,  a n d  t h e  e f f e c t s  o f  v a r i o u s  t h i n n i n q  

i n t e n s i t i e s  a n d  i n t e r v a l s  on p i n e  p r o d u c t  i o n  were examined,  

Recommenda t ions  i n c l u d e  t h e  n e e d  f o r  a  ainumum s e e d  i n p u t  a f t e r  

h a r v e s t i n q  o f  20,000 s e e d s / h a ,  a  r o t a t i o n - a q e  f o r  s a w t i m b e r  o f  60 

y e a r s ,  a n d  a r e s t r i c t i o n  o n  t h i n n i n q  o p e r a t i o n s  a p a r t  f rom i n  

s t a n d s  o f  e x c e p t i o n a l  stem d e n s i t y ,  
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19: T e s t  of t h e  n3/2 power lawH i n  t h e  s i m u l a t e d  s t a n d s ,  

-20: 0 p t i d  stem d e n s i t y  11,5D R u l e ) .  

-21: E f f e c t s  o f  t h i n n i n q  a c c o r d i n q  t o  t h e  1,SD R u l e  i n  
s t a n d s  d e r i v e d  f ro ia  a n  i n i t i a l  i n p u t  o f  30,000 
s e e d s / h a ,  

ff 
' *  

k 2 2 :  Effects of t h i n n i n q  {Yield-class  s y s t e m )  on  s t e a  
b a s a l - a r e a .  

,23: E f f e c t s  of t h i n n i n q  (Yield-class s y s t e m )  o n  s e e d l i n q  
r e c r u i t m e n t .  

-24: E f f e c t s  of t h i n n i n q  (Yield-class systea)  on t o t a l  
o v e r b a r k  vo lume ,  

-25: Effects of t h i n n i n q  [Yie ld-c lass  s y s t e m )  o n  t o t a l  
u n d e r b a r k  volume,  

-26: Effects o f  t h i n n i n q  (Yie ld-c lass  s y s t e m )  on  t o + a l  
s a v t i m b e r  volume,  

x i x  



,28: Sawtimber y i e l d s  in the s i m u l a t e d  p l a n t a t i o n s  as a 
f u n c t i o n  of s t a n d  aqe, 



The d e c i s i o n s  made by f o r e s t e r s  i n  t h e i r  management of 

rest r e s o u r c e s  o f t e n  a l t e r  r a d i c a l l y  t h e  p o t e n t i a l  u s e s  o f  a 

orest  ecosys t em,  y e t  t h e  c o n s e q u e n c e s  of s u c h  d e e s i o n s  may n o t  

e a p p a r e n t  i n  t h e  e n v i r o a s e n t  f o r  sereral y e a r s ,  The n a t u r e  of 

d e c i s i o n  is d i r e c t l y  d e p e n d e n t  upon t h e  amount and  q ~ a l i t y  of 

i l v i c u l t u r a l  and  e c o l o g i c a l  i n f o r m a t i o n  a v a i l a b l e  t o  t h e  

orester, h i s  e x p e r i e n c e  i n  i n t e r p r e t i n g  t h e s e ,  and  the 

anagement  goals i n  p a r t i c u l a r  forest  s t a q d s ,  T h e  d a t a  base f o r  
I a a k i n g  management d e c i s i o n s  i s  u s u a l l y  d e r i v e d  fro. a n a l o g o u s  

s i t u a t i o n s  e l s e w h e r e  and  from t h e  r e s u l t s  of f i e l d  

I e x p e r i m e n t a t i o n ,  

I n  many fores i  e c o s y s t e m s  i n  t h e  t r o p i c s  t h e  s i l v i c u l t u r a l  

d a t a -  b a s e  is e x t r e m e l y  r e a g r e ,  D e c i s i o n s  which d i r e c t l y  affect 

t h e  forest  r e s o u r c e  a a d  t h e  p o t e n t i a l  y i e l d s  of the c o a s t i t u e n t  

commercial species are made w i t h o u t  foreknowledge of their 

c o n s e ~ u e n c e s ,  Same t r o p i c a l  trees h a r e  become p o t i e n t i a l l y  

i m p o r t a n t  tiaber a n d  p u l p  s p e c i e s  i n  fie last  t w e n t y  y e a r s ,  b u t  

the commerc ia l  v a l u e  of t h e  species is net a l v a y s  raatched b y  a n  

a d e q u a t e  knowledge ofi i ts  a u t e c o l o g  y. 

An e x a n p l e  o f  t w s  s i t u a t i o n  i s  aff  or&ed by C a r i b b e a n  p i n e  

u s  caribaea) , a n  i m p o r t a n t  member of t h e  f o r e s t  estate i n  

many c o u n t r i e s  i n  C e n t r a l  America and  t h e  U e s t  I n d i e s ,  I n  

a d d i t i o n ,  t h e  v i d e  ecological t o l e r a n c e  of ~ i h a e ~  has 



,I and s o b - t r o p i c a l  a r e a s ;  it is c u r r e n t l y  t h e  most i m p o r t a n t  

( +:: a p e c i e s  b e i n g  p l a n t e d  f o r  t i m b e r  i n  t h e  l o r l a n d  t r o p i c s .  

I 
T h i s  t h e s i s  a t t e m p t s  t o  r e c t i f y  t h e  predicament  o f  a  meagre 

data b a s e  f o r  management of  s t a n d s  of  E, w i b a s q ,  b y  examining 

1 the s t a n d  dynamics of t h e  s p e c i e s  i n  p a r t  of its n a t o r a l  r a n g e  i n  

e e a t r a l  America, 

Apar t  from t h e  economic j u s t i f i c a t i o n  for  t h j s  s t u d y ,  t h e  

research is of i n t e r e s t  fo r  o t h e r  r easoqs ,  F i r s t 1 3  t h e  t h e s i s  

deals i n  c o n s i d e r a b l e  d e t a i l  w i t h  t h e  p o p u l a t i o n  dynamics o f  a  I 
I s i n g l e  tree s p e c i e s ,  and t h e r e f o r e  a d d s  t o  a  s a p r i s i n g l y  s l i m  

I c o r p u s  of knowledge on the demography uf plan t s .  Secondly, it 

I deals w i t h  a f a m i l i a r  genus i n  a n  u n f a m i l i a r  envi ronment ,  a s  

I almost a l l  of t h e  e x t a n t  e c o l o g i c a l  r e s e a r c h  h a s  d e a l t  w i t h  t h e  
I 

t e m p e r a t e  congeners  o f  eimg a r i b a e q ,  T h i r d l p ,  i t  c o n s i d e r s  and 

d e v e l o p s  demographic t h e o r y  and its r e l a t i . c n  ta s i l w i c u l t a r a l  

p r o b l e m .  These  t a s k s  are p r a c t i c a b l e  because  o f  t h e  campara t iwe 

I 
s i m p l i c i t y  o f  t h e s e  Car ibkean  p i n e  communit ies  compared t o  t h e  

I g r e a t  e c o l o g i c a l  diversity and more coaplex interactioas of t h e  

I n e i q h b o a r i n g  r a i n f o r e s t s .  

I p r e d i c t  and o p t i m i z e  timber y i e l d  and t h e  stem form of t h e  
i I i n d i v i d u a l  trees t h a t  campr i se  t h e  c rop ,  either i n  the 



t- ter m 

i c u l t u  

on a s u s t a i n e d - y i e l d  b a s i s  i(Assmann, 1970) .. 
t h e r e f o r e  a k i n  t o  a g r i c u l t u r e  i n  m a n i p u l a t i n g  t h e  

gowth, size, far. a n d  g e n e t i c  s tructure of p l a n t  p a p a l a t i o n s  i n  

sdsr t o  a t t a i n  c e r t a i n  management goads ,  

S i l v i c u l t u r e  a n d  a g r i c u l t u r e  c o m p r i s e  t h e  a p p l i e d  a x e  of t h e  
Z 
s c i e n c e  of p l a n t  demography, t h o u g h  t h i s  h a s  se ldom been 
F3 ' 
e x p l i c i t l y  sta.ted, Demography d e a l s  w i t h  p e p l a t i o n  f l a x ,  

* ~ b c a s s i n g  o n  t h o  b i r t h  a n d  d e a t h  c h a r a c t e r i s t i c s ,  and  t h e  
t -  
p o t e n t i a l  f o r  n u m e r i c a l  change ,  i n  a species p o p u l a t i o n ,  A s  re11 
2 - 
as m o n i t o r i n g  p o p u l a t i o n  change ,  p l a n t  d e a o g r a p h e r s  h a v e  

: a d d r e s s e d  t h e m s e l v e s  t o  q u e s t i o n s  which a r e  t h o s e  of t h e  

: ~ r i l v i c u l t a r a l i s t  i n  more g e n e r a l  form: 
i * 

a) I n  what ways is r e c r u i t m e n t  t o  t h e  p o p u l a t i o n  
r e g u l a t e d ?  

b) What f a c t o r s  d e t e r m i n e  t h e  eff f c i e n c y  of r e s o u r c e  
u t i l i z a t i o n  by t h e  p o p u l a t i o n ?  F o r  example,   hat is 
t h e  e f f e c t  o f  i w r e a s i n g  c r o p  d e n s i t y  on c r o p  y i e l d ?  

c )  What are t h e  e f f e c t s  o f  c o m p e t i t i o n  be tween  
s p e c i e s  og growth  rate, f e c m d i t y ,  and  y i e l d ?  

d)  P h a t  f a c t o r s  c o n t r o l  m o r t a l i t y  rates i n  t h e  
p o p u l a t  i o q ?  

S i l v i c u + l t u r a l i s t s  have t e n d e d  t o  i g q o r e  t he@ k i n s u p  w i t h  

p l a n t  demographe r s  for s e v e r a l  r e a s o n s ,  One i s  t h e  almst t o b a l  

p e g l e c t  o f  p l a n t  p a p u l a t i o n  dynamics  by  b o t a n i s t s  and 

. j r i ogeographe r s  a l i k e  i n  t h e  f i r s t  h a l f  of t h i s  a o n t u r y .  P l a n t  

. demography l a p s e d  from a c e n t r a l  p o s i t i o n  i n  Darwin ' s  r e s e a r c h e s  
i 

en p l a n t  e c o l o g y  t o  a v e r y  s u b o r d i n a t e  p o s i t i o n  i~ l a t e r  work, 



4 

ti1 r e v i r e d  by Tamm i1948, 1956, 1932) Harper (1960, 1961, 

$MQa,  1964b, 1965, 1967) and d e  P i t  ( l 96O, l96 l ) ,  Changes i n  

a r t a r a l ,  t r a n s p l a n t e d  and souxi p o p u l a t i c n s  of c r o p  p l a n t s ,  weedy 

h h s a a l s ,  o r  p e r e n n i a l  h e r b s  have  a lso  been  mon i to red  by Saga r ,  

q1969.), Antonoo ics ,  (1966), C a v e r s  and  Harpe r ,  (1867), P u t v a i n  
22 
at a l , ,  (1968), P n t r a i n  a n d  Harper ,  (1970). WiUiams, (1970),  y*' 

&ad Sa tukhan  and  G a d g i l ,  (1974) ,  for  v a r i a n a  p e r i o d s  o f  time, 

( .$ *heir e a p h a s i s  on  q o n - a r b o r e s c e n t  specie.s is t h e  s e c o n d  aajor 

I :& m a s o n  fo r  hbe n e g l e c t  o f  p l a n t  demographic  r e s e a r c h  by 

esters, 

B f u r t h e r  r e a s o n  f o r  this n e g l e c t  is t h a t  p l a n t  demography 

I is d i s t i n c t  i n  a number of  ways from its a n i m a l  c g a n t e r p a r t ,  and 
'p & 

( this u n i q u e n e s s  p o s e s  s e v e r a l  p rob lems  f o r  r e s e a r c h e r s .  
t 

( I n d i v i d u a l s  of a s i n g l e  s p e c i e s  o f  p l a n t  are in g e n e r a l  .ore 

I 8 o r p h o l o g i c a U y  v a r i a b l e ,  l o n g e r - l i v e d ,  and  have  a  r i d e r  v a r i e t y  

I ad r e p r o d u c t i v e  s t r a t e g i e s  a v a i l a b l e  to  t h e m  t h a n  do a n i m a l  

p h c i e s ,  I n d i v i d u a l  trees may v a r q  a m i l l i o n - f o l d  in t h e i r  

Somass a s  a r e s u l t  qf g r o s i n g  t h r o u g h  v a r i o u s  l i f e - s k a g e s ,  

1 I Part h e r  nor  p h o l o g i c a l  l r a r i a  t i o n  mag r e s u l t  f rom g e n o t y p i c  and 

) ' * c o t y p i c  p l a s t i c i t y  i n  t h e  species p o p u l a t i o n ,  and from hhe  

I.* effects o f  c o m p e t i t i o n ,  Thus a  d e f o g r a p h i c  a n a l y s i s  of tree 

p o p u l a t i o n s  t h a t  d e a l t  o n l y  w i t h  t h e  numbers  of p l a n t  

+ i n d i v i d u a l s  v o a l d  h a r e  s e r i o u s  s h o r t c o m i n g s ,  a n d  be of l i t t l e  

I gJ P r a c t i c a l  i n t e r e s t  t o  f o r e s t  managers. One way of su rmoun t ing  

t h i s  problem uas s u g g e s t e d  by Harpe r  and  White  (197U), who 
i 
R 
CL 

37 
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panded on an  i d e a  o u t l i a e d  by Daruin  (1839). P h e i r  p r o p p s a l  

t h a t  p l a n t s  c o n s i s t  of s u b p o p u l a t i o n s  o f  f u a c t i o n a l  u n i t s  

Sch a r e  r e l a t i v e l y  n o a - p l a s t i c  (e,g, s h o a t s  o r  l e a v e s )  which 

ep term arametsr, Bach o f  t h e s e  modules Bas t h e  geneh ic  

keap of, and is e n g r a f t e d  o n t o ,  t h e  i n d i v i d t u a l  p l a n t  or 

n e t n ,  T h i s  a e t h o d  a l s o  avercomes t h e  problem of v e g e t a t i v e  

p r o d u c t i o n  by plan*s, a s  members of c l o n a l  p q p u l a t i o n s  can  be 

a rmera ted  i n  the ramet s u b p o p u l a t i o n s ,  Harper and U h i t e  i n s i s t  

at p l a n t  demography shou ld  d e a l  n o t  0412 a i t h  t h e  wmber of 

n e t s ,  b u t  a lso t h e  number of ramets, and t h e  i n t e r a c t i o n s  

seen t h e  two. Although t h e i r  gaper r e p x e s e n t s  t h e  most 

h e r e n t  a t t e m p t  t o  g r a p p l e  w i t h  t h e  irihereat proUems of p l a n t  

)emography, o n l y  one  f i e l d  s t u d y  B a s  employed t h i s  approach 

I +A * l a y s  and Harper ,  1974). 

1 A s  v i r t u a l l y  a l b  of t h e  s p e c i e s  i n v e s a i g a t e d  i n  t h e  

I , i e s o r g e n c e  of p l a n t  damgaphy  h a r e  been non-arbozescent  s p e c i e s  

( :: h t b  f a i r l y  s h o r t  l i f e - s p a n s ,  t h e  dyriaaics  af t h e  sample 

'F @ p o l a t i o n s  c a a  be a c c u r a t e l y  monitored b y  f i e l d  o b s e r v a t i o n ,  I Ls 
I $ @ i r e c t  t e s t i n g  o f  h y p o t h e s e s  i n  t h e  f i e l d  by manipl l la t ion  of t h e  
I 
I : p o p u l a t i o n  or its anr i ronment  is a l s o  p o s s i b l e .  F i e l d  

e w e r i a e n t a t i o n  b a s  f o c u s s e d  on t h e  r e g u l a t o r y  mechanisms of I I 
:. p o p u l a t i o n  change such  as c r o p  d e n s i t y ,  s o i l  f e r t i l i t y ,  and 1 :'E. ' "! iater- and i n t r a - s p e c i f  ic c o m p e t i t i o n  f o r  e a v i r o n a e n t a l  

t 
t 'esources,  

'$' 6 . . 
w 
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The s i l r i c a 1 t u r a ; l i s t  who e n d e a v o u r s  t o  p l a c q  P i s  r e s e a r c h  

hato a  h o l i s t i c  i i e r o g r a p h i c  f r a m e r o r k  f a c e s  a number of 

problems, F o r e s t  s t a n d s  are complex and h i g h l y  v a r i a b l e  

phenomena, Aqy s t ab 'y  o f  t h e i r  d y n a ~ i c s  mas t  t a k e  i n t o  a c c o u n t  

Qhe processes of g e n e r a t i o n ,  deve lopmen t ,  and demise,  of e i t h e r  

*he s t a n d  riewed a s  a whole, o r  of t h e  i a d i v i d m l  trees t h a t  

c o m p r i s e  t h e  s t a n d ,  One of t h e  p r i n c i p a l  s r o b l e m s  results from 

I 4 t h e  l o n g e v i t y  of f o r e s t  trees. l o s t  tree s p e c i e s  have  

I t t t a i n a b l e  l i f e - s p a n s  of 100 - 400 y e s  t i j a r p e r  a n d  White ,  

o p , c i t , ) ,  and  e v e n  i n  c c a r e r c b a l  t i aber  r o t a t i o n s  o f  50 y e a r s  o r  
2 + 

& ss t h e  o b s e r v a t i o n  o r  ~ a n i p u l a t i o n  of f ie ld  p o p u l a t i o n s  may o n l y  g 
, Z  be p r a c t i c a b l e  for s h o r t  s o g a e n t s  of t h e  cohort l i f c s p a n .  
3- 

t ? P o p u l a t i o n  t u r n o v e r  is g r e a t e s t  i n  t h e  j w e n i l e  p h a s e  of t h e  

I p l a n t  *s e x i s t e n c e  (Darwin, o p - c i t ,  ; Suka t schev ,  1928; Harpe r  and 

I l a c l a u g h t o n ,  1962; I o d a ,  1963). F o r  t h i s  r e a s o n ,  aost f i e l d  

1 r e s e a r c h  in fotest d o r c g r a p h y  b a s  f o c u s s e d  on p o p u l a t i o n  f l u x  i n  

t h i s  phase,  

? 1.2: DBHOGalrPHY QF SBEDLIBG POPULIPIQPS 

I 

I T h e r e  h a v e  been  two d i s t i n c t  a a d  p a r a l l e l  t r e n d s  i n  r e s e a r c h  

I a o n  t h e  r e c r u i t m e n t  of s e e d l i n g s  t o  f o r e s t  s t ands .  She first of 

I t h e s e  is s imilar  i n  methodology t o  t h e  a f o r e m e n t i o a e d  r e s q a r c h  on  

I 5 h e r b a c e o u s  communi t ies ,  and  d e a l s  wi th  the eo;r i ronmentaf  a n d  

I \ b i o l o g i c a l  cwtrols on  s e e d l i n g  e s t a b l i s h a e n t .  The p r i n c i p a l  

. ' d e t e r s i n a n t  of s e e d l i n g  abundance  of v a r i o u s  tree s p e c i e s  h a s  

been  a s c r i b e d  t o  s e e d - p r e d a t i o n  a n d  p r e d a t o r  a v o i d a n c e  (Watt. 

1919; Smith and  Aldous,  1947; Abbott, 1961; G a s h u i l e r ,  1967; 
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'#Law, 1968; Smith,  1970; Jannen,  197 1, 1972; Har tshorn ,  1972) ; 

a.ed1io.g-predakion (Vaarta  ja ,  1962; Boss e t  al.. 1970) ; 

o o m p e t i t i o n  ( R o r s t i a n  and C o i l e ,  1938) agd u n s u i t a b l e  s e e d l i n g  

r r i r o n m e n t s  i n  terms of t h e  l i g h t  c l i m a t e ,  m o i s t u r e  sapplg or 

f5'euedbed c o n d i t i o n s  ( B i l l i n g s ,  1938 ; S h i r l e y ,  1945; Hcmrmott, 

$959) o r  a l l e l o c h e m i c s  (Oopama, 1954)- 
.c 

- f .- 
Attempts  t o  modal s e e d l i n g  e s t a b l i s h m e n t  and s e e d l i n g  

n o r t a l i t y  r e p r e s e n t  t h e  second node o f  f o r e s t  demographic 
a .  
b L .  

r e s e a r c h ,  The work c a r r i e d  o a t  under  t h e  i m p e t a s  o f  t h e  l a t e  
L 
3ohn f, C u r t i s  a t  t h e  U n i v e r s i t y  of Wisconsin by A u c l a i r ,  
4, 
C '  

Cottam, H e t t ,  Loucks, Gof f  a n d  K, Harper e x e m p l i f i e s  t h i s  
G 

' approach.  H e t t  (1969). f o r  i n s t a n c e ,  documented trhe 
QP A 

a g e - s t r u c t u r a l  dynamics of  TQBss g-ansis and u e g  b-sea, 
f 
and t e s t e d  t h e  compara t ive  u t l i t y  o f  t h r e e  s i r p l e  models of  
% 

p o p u l a t i o n  decay i n  s e e d l i n g  p o p u l a t i o n s ,  H e t t  (1971) and Hett 
ti -. 
and Loucks (1971),  used s i m i l a r  t e c h n i q u e s  t o  model m o r k a l i t y  i n  
r t  ., 
s e e d l i n g  p o p u l a t i o n s  o f  s u g a r  maple ms m). The 
P 

r e s e a r c h  d e s c r i b e d  above i s  unique  i n  its e x p l o r a t i o n  o f  models 

of s e e d l i n g  demograph& change, 

An a l t e r n a t i v e  m a d e l l i n g  s e t h o d  is t h e  l i f e - t a b l e  approach. 

Again, t h i s  t e c h n i q u e  h a s  been e x t e n s i v e 3  y used f o r  htman and 

o t h e r  animal  p o p u l a t i o n s ,  b a t  h a s  f o u a d  f e u  e x p o n e n t s  i n  p l a n t  

damographp. Havksvorth (1965) was t h e  f i r s t  t o  employ t h e  

t e c h n i q u e  i n  p l a n t  p q p u l a t i o n  dynamics, c a l c u l a t i n g  s u r v i v o r s h i p  

rates and l i f e - e x p e c t a n c i e s  for v a r i o u s  dere lopmenbal  s t a g e s  i n  

4 
A$* 



a e a o n s t r a t e d  t h e  use  o f  s t a t i c  l i f e - t a b l e s  i n  a n a l p s i n g  m o r t a l i t y  

of t h r e e  s p e c i e s  of t r e e  s e e d l i n g s  i n  O n t a r i o ,  and S h a r i t z  and 

nccor n ick  3 1  973) der &wed l i f  e - t a b l e s  t o  compare t h e  c o a p e t i t i v e  

ab i l i t ies  of  two a n n a a l  p l a n t s  i n  Georgia. 

y.i srau~rrron BODELS I n  Pomsr ECOLOGY 
\ .  

I n  a d d i t i o n  to  t h e  models o f  s e e d l i n g  p o p u l a t i o g s ,  models o f  

I the e n t i r e  l i f e s p a n s  of tree species c a n  be c o n s t r u c t e d .  

Because of t h e  lcmgewitp of f o r e s t  trees, direct ~ b o e r r a t r i o a  of 

the dynamics of t h e  species p q p u l a t i a n s  r e q u i r e s  l o n g  p e r i o d s  o f  

data c o l l e c t i o n  t o  g roduce  r e l i a b l e  r e s u l t s ,  S i m i l a r l y ,  

.> e x p e r i m e n t s  des igned  t o  tes t  a l t e r n a t i v e  management straeegies i n  

E o r e s t  s t a n d s  have t o  be moni tored  o v e r  many p e a r s  b e f o r e  

c o n c l u s i v e  r e s u l t s  a r e  o b t a i n e d ,  Pores ts are s p a t i a l l y  
I 

h e t e r o g e n e o u s  s y s t e m s  and consequen t ly ,  a  l a r g e  number o f  

e b s e r v a t i o n a l  or e x p e r i m e n t a l  p l o t s  need to  be main ta ined  i n  

o r d e r  t o  sample t h e  f o x e s t  un ive r se .  

I - Using s i m l a t i o n  models, t h e  f o r e s t  e c o l o g i s t  or 
I 
I ' s i l v i c n l t u r a l i s t  c a n  o b s e r v e  p r o c e s s e s  o r  test a l t e r n a t i s e s  which 

aay  be t o o  time- consuming, t o o  d e s t r u c t i v e ,  o r  toe e x p e n s i v e  t o  

moni tor  i n  t h e  f i e l d ,  ~ i g h - s p e e d  d i g i t a l  c o r p u t e r s  c a n  e x e c u t e  

s i m u l a t i o n  model progsams i n  ve ry  s h o r t  t ime-per iods  r e l a t i v e  t o  

heir r e a l - t i m e  c o P a t e r p a r t s .  T h i s  f e a t u r e  of t i l e -compress ioa  
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The c o n s t r a i n t s  of s i m u l a t i c n  m o d e l l i n g  are sprccintJ.y s ta ted  

by Wiens and Dyer: 

"Thus a s i m u l a t i o n  model is qct  a  p r e c i s e  
p o r t r a y a l  of r e a l i t y  a n d  t h e  c o n c l u s i o n s  u h i c h  
emerge  from 8 mode l l i ng  a n a l y s i s  a u s t  be r e g a r d e d  
a s  p r e l i m i n a r y ,  s u b j e c t  t o  t h e  c o n s k r a i n t s  
imposed b y  t h e  a s s u m p t i o n s  of t h e  mdel ,  
However, s i m u l a t i c n  mode l s  may p l a y  a n  i m p o r t a n t  
ro le  i n  r e s o u r c e  management b y  t e m p o r a r i l y  
a l l o w i n g  t h e  d r c n a v e n t i o n  of i n a d e q u a c i e s  i n  
f i e l d  data t o  r e a c h  t e n t a t i v e  c o n c l u s i o ~ s  and  by  
d i r e c t i n g  f i e l d  r e s e a r c h  e f f o r t s  t o w a r d s  
e l u c i d a t i n g  r a r i a b l  es v h i c h  a p p e a r  e s p e c i a l 1  y  
critical. 

3 i e n s  a n d  Dyer, 1975; pm 64, 

C,S, R o l l i n g  (1973) ,  i n  a n  a r t ic le  on  t h e  r d e  of models i n  

e c o l o g y ,  n o t e d  t h a t  m o d e l l i a g  ef forks  h a v e  r a n g e d  fro. t h e  
e 

r e l a t i r e l y  g e n e r a l  ( u s t r a t e g i c ~  models) t o  the r e l a t i v e l y  

s p e c i f i c  (* tac t ica le  a o d e l s )  , H o l l i n g  t e r m i a o l o g  y was a  

r e f o r m u l a t i o n  of L e v i n s '  (1968) t r i a d  of model a t t r i b u t e s :  

g e n e r a l i t y ,  realism and p r e c i s i o n ,  S t r a t e g i c  models  a t t e m p t  t o  

maximise g e n e r a l i t y  and  realism; tact ical  models e m p h a s i s e  

realism and p r e c i s f o a ,  Most of t h e  s t r a t e g i c  models  in e c o l o g y  
-- 

h a v e  d e a l t  u i t b  s u c h  p rob lems  a s  s p e c i e s  i n t e r a c t i o n s  and  

comaun i ty  s t a b i l i t y ,  a n d  h a v e  been deve loped  by a n i m a l  

e c o l o g i s t s ,  I n  f o r e s t r y  a n d  f o r e s t  e c o l o g y ,  h o a e r e r d  tact ical  

m o d e l l i a g  h a s  h e l d  sway. 

m a t h e m a t i c a l  d e s c r i p t i o n  o f  f o r e s t  s t a n d s  d a t e s  back t o  t h e  

y i e l d  t a b l e s  f o r m u l a t e d  by t h e  German f o r e s t e r  J,C, P a u l s e a  i n  

1795, T a c t i c a l  mode l l i ng ,  as oppqsed  t o  m a t h e m a t i c a l  
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d e s c r i p t i o n ,  h a s  been  used  by  foresters a t  l e a s t  s i n c e  1898 whea 

I Be L i a c o u r t  r e p r e s e n t e d  t h e  number o f  trees i n  s u c c e s s i v e  dbh  

classes by t h e  g e o m e t r i c  series {Beper 22 a l i a ,  1961) - siqce Oha t  

time m a t h e m a t i c a l  mode l s  have  b e e n  i n c r e a s i n g l y  u t i l i s e d  i n  

L o r e s t  r e s e a r c h .  P r i o r  t o  t h e  a d v e n t  of t h e  d i g d t a l  compuaer,  

aost  work i n  s t a n d  p r o j e c t i o n  c e n t r e d  on y i e l d  t a b l e s ,  For t h e  
$ '  

E " 
most p a r t  they are b a s e d  cn p r e v i o u s  mean y i e l d s  for  a  l i m i t e d  

r a n g e  o f  s t o c k i n g  l e v e l s  and  s i te  i n d i c e s ,  More s o p h i s t i c a t e d  

n o d e l s  h a r e  grown oat  od t h e s e  t e c h n i q u e s  i n  t h e  l a s t  f i f t e e n  

ears, t h e i r  v a r i e t y  stemming from t h e  g o a l s  of i n d i v i d u a l  

z e s e a r c h e r s ,  which may Vary from t h e  d e s i r e  t o  m a x i a i s e  ecopomie 

r e t u r n s  i n  f o r e s t s y  e n t e r p r i s e s  t o  e v a l u a t i o n s  of t h e  role of 

n v i r o n m e n t a l  stresses and of community s u c c e s s j o )  o n  fo res t  

dynamics,  T h e s e  t u o  d i s p a r a t e  g o a l s  r e p r e s e n t  the e x t r e m e s  of a 

cont inuum of a p p r o a c h e s  t o  f o r e s t  n o d e l l i n g .  

$ 
B The o r i g h  of p a p a l a t i o n  models c a n  b e  t r a c e d  t o  the work of 
1 

L e w i s  (1942) and  L e s l i e  (1985, 1948) i n  p o p u l a t i o n  mathematics .  

The basic a p p r o a c h  u t i l i s e d  i n  t h i s  t y p e  of model is t h a t  o f  a  

# p r o j e c t i o n  m a t r i x  (Q)  (Pielo., 1968; l e y f i t z .  1968), which 

'. d e s c r i b e s  the p o p u l a t i c n  t r a n s i t i o n  fsom o n e  t ime-pe r iod  to  t h e  

f n e x t ,  The numbers  of l i v e  b i r t h s - p e r - i n d i v i d u a l  i n  e a c h  age 
*> 

g r o u p  are  g i v e n  i n  the t o p  row e l e m e n t s  a n d  t h e  p r i n c i p a l  

s u b d i a g o n a l  e l e m n t s  c o n t a i n  t h e  p r o b a b i l i t i e s  of s s r v i s i n g  from 

one age-groap  t o  t h e  n e x t ,  The basic L e s l i e  model c a n  then be 
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r i t t e n  as: Q,a = a + I  v h e r e  a  is t h e  a g e - s t r u c t u r e  a t  time t 

and t+l,  T h i s  model o p e r a t e s  u n d e r  t u o  c o n s t r a i n t s ,  o n e  is b h a t  

t h e  t r a n s i t i o n  c o e f f i c i e n t s  a re  c o n s t a n t  i n  time, a n d  She  o t h e r  
1 > is t h a t  the a g e - s t r u c t u r e  of t h e  p a p u l a t i o n  mast be kaoun, 

. mode l s  i n  t h i s  c lass  h a r e  been  d e v e l o p e d  by bio logis t s  and  have 

L s o  f a r  been  n e g l e c t e d  by f o r e s t e r s ,  

I f  the b i r t h  and  d e a t h  rates of t h e  p o p u l a t i o n  are b o t h  a g e  

a n d  d e n s i t y - d e p e n d e n t ,  t h e n  t h e  first c o n s t r a i n t  c a n  be owercome 

By c a l c u l a t i n g  t h e  t r a n s i t i o n  c o e f f i c i e n t s  i n  t h e  a a q n e r  p r o p e s e d  

by  Pennycuick  eO al,  (1968)- The  s e c o n d  c o n s t r a i n t  was 

c i r c u n r e n t s d  by t h e  uo rk  of Lef Lowi tch  (1965) , who c o n s i d e r e d  

t h a t  d i v i s i o n  of t h e  p o p a l a t i o a  i n t o  s t a g e  o r  s i z e - c l a s s e s ,  

r a t h e r  t h a n  age -c l a s se s ,  might  b e  more s u i t a b l e  f o r  many 

organisms .  

The p r o  j e c t i o n - m a t r i x  a p p r o a c h  h a s  been  f a i r 1  y  w i d e l y  

employed i n  a n i m a l  e c o l o g y ,  bat t h e  o n l y  u s e  of  the t e c h n i q u e  i n  

p l a n t  p o p u l a t i o n  d y n a a i c s  h a s  b e e n  t h a t  of Usher  f 1966, 1967, 

1969, 1972, 1973); Sarakhan  and  G a d g i l  (1974);  and  H a r t s h o r n  

(1 975). The most i n n o v a t i v e  use of t h e  t e c h n i q u e  i n  forest 

e c o l o g y  was hy Usher ,  who c a l c u l a t e d  t h e  a n n u a l  a l l o w a b l e  c u t  i n  

fores ts  of m_s s a v e s t r i g  b a s e d  on t h e  magnilwde of t h e  

dominaa t  l a t e n t - r o o t  of t h e  p r o j e c t i o n  m a t r i x ,  R a r t s h o r n  

, employed it t o  examine  t h e  s h o r t - t e r m  p o p u l a t i o n  s t a b i l i t y  of t u o  1 .  tree s p e c i e s  i a  t h e  r a i n f o r e s t  o f  Costa Bica. A simLlar model 

I o u t l i n e d  by Bosch f 1 9 7 1 ) ,  p u r p o r t e d  t o  shoe t h a t  redwood 
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, d s 9 a u o i a )  p o p u l a t i o n s  i n  C a l i f o r n i a  c o u l d  expand i n d e f  i 4 t e l  y a n d  

s u p p o r t  i n t e n s i v e  e x p l o i t a t i o n ,  b u t  was subsequent i ly  shown t o  be 
\ 

/'.I 
*P1 

." kr;i c o n c e p t u a l l y  a n d  m a t h e m a t i c a l l y  i n v a l i d  ( B r u s s a r d  u. 1971; 
K 

, g a l b a c h ,  1971)-  

O t h e r  t y p e s  o f  p r o j e c t i o n  m a t r i x  have  been  used i n  forest 

e c o l o g y .  Uaggoner and  S t e p h e n s  (1970) and  Horn (1975) used  a 
' I  

s t a t i o n a r y  Harkov-chain p r o c e s s  a s  a t e c h n i q u e  for  m o d e l l i n g  

forest s u c c e s s i o n ,  The r e s u l t a n t  p r o j e c  t i o n - m a t r i r  describes t h e  

p r o b a b i l i t i e s  of r e p l a c e m e n t  of an  i n d i v i d u a l  tree by members of 

t h e  s a p l i n g  p o p u l a t i o n  o v e r  a s p e c i f i e d  t i m e - i n t e r v a l ,  T h i s  

method a l l o w s  e s t i m a t i o n  of t h e  v a r i a b i l i t y  o f  p o s s i b l e  

s u c c e s s i o n a l  s e q u e n c e s  a n d  %zl i8axn  states, The a s s u m p t i o n  of a 

s t a t i o n a r y  p r o c e s s  a l l o v s  t h e  modeller t o  u s e  d o t e l o p e d  t h e o r y ,  

b a t  t h e  a s s u m p t i o n  i a y  n o t  be v a l i d  i n  most f o r e s t  ecosysCems, A 

d e t e r m i n i s t i c  v a r i a q t  on t h e  a b o v e  method was employed b y  

S h u g a r t ,  Crow and H e t t  (1973) t o  model fo res t  s u c c e s s i o n  i n  t h e  

Great Lakes  area. They m o d i f i e d  t h e  Harhov ian  a ~ p r o a c h  so t h a t  

t r a n s i t i o n a l  p r o b a b i l i t i e s  were s e p r e s e n t e d  b y  l i n e a r  

d i f f e r e n t i a l  e q u a t i o n s ,  The o u t p u t  fro8 t h i s  node1  would be 

e q u i v a l e n t  t o  t h e  mean v a l u e s  g e n e r a t e d  by a series of f u n s  o n  

t h e  narkov-cha in  ' s o d e l ,  

Somewhat si f i l a r  modes of m o d e l l i n g  forest  s a c c e s s i o n  a r e  

d e r i v e d  from compar tment  models  o f  c h e m i c a l  k i n e t i c s  (8.g. 

B e s c i g n o  a n d  S e g r e ,  1966). T h i s  s o u r c e  h a s  p r o v i d e d  t h e  

t h e o r e t i c a l  b a s i s  for  l o s t  of t h e  r e s e a r c h  o n  m i n e r a l  a n d  energy 
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& a x e s  i n  f o r e s t  ecosystems (e.g. Olson, 19654, b u t  hhe o n l y  

p p l i c a t i o n  i n  t h e  f i e l d  of  f o r e s t  s t a n d  dynamics has  beea t h a t  

f Bledsoe  41968) and Bledsoe  and van Dyne 41969, 1971). They 

r p l o y e d  a c o s p a r t m e n b a l  model approach  in which t h e  biomass of 

a c h  s p e c i e s  o r  group of species is r e p r e s e n t e d  a s  a  c o r p a r t m e n t ,  

nd t h e  changes  i n  biomass o v e r  s n c c e s s i o a a l  time a r e  v i s u a l i s e d  

s f l u x e s  between compartments,  r e g r e s e n t e d  by f i r s t - o r d e r  

Zf f e r e n t i a l  e q u a t i o n s .  T h e  model p r o v i d e s  a  usef  U, thaugh  

o s e u h a t  c o a r s e  mqthod of s i m u l a t i n g  v s g e t a t i o n  s u c c e s s i o n ,  as no  

, .  d e s o g r a p h i c  i n f o r i a t i o n  is i n c o r p o r a t e d  i n  t h e  model. 

models of  f o r e s t  s u c c e s s i o n  vhich  a r e  more f i r m l y  based o n  

t h e  b e h a r i o u r  of t h e  tree p o p u l a t i o n s  are t h o s e  developed by 
C 

t e a k  (1970) and Botkin, Janak and Wa1U.s (1970,1972a,b), Leak 

a t i l i s e d  c o n s t a n t  b i r t h  and d e a t h  r a t e s  t o  s i m u l a t e  t h e  changes  

1 i n  o l d  s t a n d s  judged t o  h e  approach ing  s t s a d y - s t a t e  c o n d i t i o n s ,  

and dens i ty-dependent  r a t e s  i n  8dynamics s tands .  The JABOW1 1 ,  
1 a o d e l  of Botkio  pt a L j a  is a f o r e s t - g r o w t h  s i m u l a t o r  developed 

for  t h e .  Hubbard Brook Ecosystem S tudy  which mimics s a c c e s s i o n  i n  

1 s t a n d s  a t  d i f f e r i n g  a l t i t u d e s  and with va ry ing  so i i l  depth. The  

i n p u t  of neu trees t o  t h e  i c d e l  is g e n e r a t e d  b y  a  suhsou*ine 

1 which m a k e s  a randon c h o i c e  of 0, 1 o r  2 s a p l i n g s  from e a c h  of 
I 

p i n e  t o l e r a n t  s p e c i e s .  B o r t a l i t y  is governed by t h e  d e g r e e  o f  
I I ' canopy c l o s u r e  and is a l s o  a  f u n c t i o n  of tree age. Both of  t h e  

I above models s u f f  e x  f r o r  the s e v e r e  drawback t h a t  s e e d  and 
I .  

j s e e d l i n g  d y n a a i c s  a r e  o m i t t e d  from t h e  model, and " b i r t h s "  a r e  
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h e  r e s u l t  of t a p p i n g  s a p l i n g  p o p u l a t i o n s  which are assumed ta  be 

g-ss _state s&=d B o d e l s  

aanagement  of farest e s t a t e s  i n  which v a r i a b l e s  s u c h  a s  

ief ds ,  h a r v e s t i n g  s c h e d u l e s ,  t h i n n i n g  reg imes ,  o p e r a t i o n a l  costs 

ad l u m b e r  grices may be m o d i f i e d  b y  t h e  s i m u l a t o r  ia order t o  

v a l u a t e  economic  a l t e t n a t i v e s ,  were t h e  subject of a series of 

o d e l l i a g  a n d  grmiqg e f f o r t s  (Gould and  O8Beganr 1965; C l u t t e r  

a n d  Bamping, 1965; O?Regan, a s v e n t i s  and  Gonfd, 1966; Howard et 

a1-, 1966; Myers, 1968, 1971; Ware, 1969; Bare ,  -1969; 1970; and  

S a y e r s ,  1971). An i l l u s t r a t i v e  e x a a p l e  of t h i s  ap-~iroach is Cha t  

of S a y e r s  ( o p - c i t , ) ,  who c o n s t r u c t e d  a  model of  a p r i v a t e  fores t  

s ta te  i n  S c o t l a n d ,  T r e e  growth  i s  c d c u l a t e d  f r o a  a  s t a n d  y i e l d  

t a b l e  and  t h e  model r e q u i r e s  i n p u t  of an  o p e r a t i o n a l  s c h e d u l e  for 

e a c h  yea r .  The r o d e 1  Erepares a n n u a l  a c c o u n t s  based  on t h e s e  

o p e r a t i o n s ,  some of which a r e  a a n d a t o r p ,  

Tree growth  is p r e d i c t e d  i n  g r e a t u :  d e t a i l  i n  s t a n d  models  

t h a n  i n  t h e  f o r e s t - e s t a t e  models, E x a r p l e s  are a f f o r d e d  b y  t h e  

r o r k  o f  Clauge 41970), flyers (l!J73), Brune r  a n d  Moser (1933), EL 
I " 41974). n a a g e  s i m u l a t e d  c h a n g e s  i n  s t a n d  h e i g h t ,  h e i g h b  of 

d o m i n a n t s  and s t a n d  volumes i n  p l a n t a t i o n s  a s  a  
I 

;i f u n c t i o n  of s t a n d  a g e ,  M u l t i p l e  and  s i m p l e  l i n e a r  r e g r e s s i o n s  

e q u a t i o n s  are used  t o  milic t h e s e  r e l a t i o q s h i p s ,  and  t h e  effects 

of t h i n n i n g  r e g i m e s  a n d  f e r t i l i z a t i o n  oq f i e l d  a n d  r e v e n u e s  are 
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i m u l a t e d ,  The .ode1 o u t l i n e d  by Myers s i m u l a t e s  t h e  management 

f s t a n d s  of even-aged E, p o n d e r a s a  and  P, m, It 
t o r i d e s  a  v a r i e t y  of management a l t e r n a t i o e s  and  c a t a s t r o p h i c  

o s s i b i l i t i e s ,  and  c a l c u l a t e s  y i e l d s  a s  a f u n c t i o n  of t h e  a g e  of 

h e  s t a n d  and  site index .  Ek d e v e l o p e d  a series of n o n - l i n e a r  

e q u a t i o n s  t o  s i m u l a t e  c h a n g e s  i n  s t a n d  

i a m e t e f - i n c r e m e n t  a n d  mor ta l i ty  for  n o r t h e r n  hardwoods, a n d  

markovian  methods  have  been  e i p f o y e d  ko s i m i l a r  e n d s  (Bruner  a n d  

A 1 1  t h e s e  models  a re  d e t e r ~ i n i s t i c  i n  t h a t  t h e i r  i n p u t  

o n s i s t s  s o l e l y  of s t a n d  v a r i a b l e s  s u c h  a s  s t a n d  b a s a l  a r e a  a n d  

I, age, a n d  t h e y  t h e r e f o r e  f a i l  t o  t a k e  i n t o  a c c m m t  s t a c h a s t i c  

'i r a r i a t i o n s  i n  t h e  g rowth  p r o c e s s  a n d  i n  p a p u l a t i o q  f l u c t a a t i o n ,  

I n d i v i d u a l - T r e e  .f lodels 

models  b a s e d  on t h e  b i r t h ,  g r o v t h  a n d  d e a t h  o f  i nd ivPduaL  

trees i n  a s t a n d  are p a t e n t l y  more realist ic and d l s x i b l e  t h a n  

models  based  oa s t a n d  components ,  a n d  p r o v i d e  .any c a p a b i l i t i e s  

n o t  a v a i l a b l e  i n  s t a n d  n c d e l s ,  T h e i r  c h i e f  asset is t h e  a b i l i t y  

, t o  m i m i c  t h e  r e s p o n s e  o f  i n d i v i d u a l  p l a n t s  t o  e n r i r o n m e n t a l  

stress, e i t h e r  i n  t e r i s  o f  t h e i r  g rowth  ra tes  o r  r e p r o d u c k i r e  

* s u c c e s s ,  A g a i n s t  t h i s  t h e y  have  two p o t e n t i a l  d r a u b a c k s ,  One i s  

t h e  d a n g e r  of i n c o r p o r a t i n g  t r i v i a l  d e t a U  i n  the model for t h e  

; s a k e  of c o m p l e t e n e s s ,  a n d  t h e  s econd  i s  t h e  c o n s i d e r a b l e  i n c r e a s e  

.? i n  compu te r  e x e c u t i o n  times and s t o r a g e  r e q u i r e d  by models  of 
$4 
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t h i s  t y p e ,  D r e s s  (1968) d i s c u s s e d  t h e  t h e o r y  o f  the 

i n d i v i d u a l - t r e e  a p p r o a c h  i n  f orest s t a n d  modql l iag ,  The 

i n d i v i d u a l  tree c h a r a c t e r i s t i c s  o f  d i a m e t e r ,  h e i g h t ,  crown 

l e n g t h ,  c r o v n  r a d i u s ,  c o m p e t i t i o n  i n d e x ,  and A o c a t i o n  i o  t h e  

s t a n d  are i n c l u d e d  i n  h i s  model, 

+ One o f  t h e  first i n d i v i d u a l - t r e e  models  t o  he deve loped  u a s  

t h a t  o f  Nevnham (1964) f o r  Doug las  f i r  (pseo&&=ga m) 
' f 
#$ 

p l a n t a t i o n s ,  The model conpu tes d i a m e t e r  g rcu th .  crown wid th ,  
* 

C 
2; diameter and h e i g h t  f o r  each  tree i n  t h e  s t a n d ,  The  g r o v t h  rate 

f o r  a  t ree  is c a l c u l a t e d  from r e g r e s s i o n s  on openogrown trees, 

aad g r o v t h  is d e r a t e d  a c c o r d i n g  t o  t h a  amount of r s o a p e t i t i o a  t h e  

. tree r e c e i v e s  f rom its n e i g h b o u r s ,  C o m p e t i t i o n  is b a s e d  o n  t h e  

: r e l a t i v e  magnitude of t h e  crown r a d i u s  for  each tree, a n d  t h e  

model c a l i b r a t e d  a g a i n s t  g i e l d  t a b l e s ,  Lee ( 1961) u s e d  Bevnham8 s 

model t o  c a l c u l a t e  y i e l d s  and  e x p e c t e d  r e u e n u e s  i n  s h a n d s  of 

P i n u s  c&oEta, and  E e l l a  41971) used  a s imilar  method t o  model 

a s p e n  (Pppl l lus  t r e r u & s )  s t a n d s ,  The model p r o r i d e s  a  v a r i e t y  

of s p a t i a l  a r r a n g e a e n t s  (uniform,  clumped, or random) f o r  the 

trees, and  c a l c u l a t e s  d i s t a n c e - d e p e n d e n t  c o m p e k i t i o a  f o r  e a c h  

i n d i v i d u a l ,  Growth is c a l c u l a t e d  b y  a n  a l g o r i t h m  s i a i l a r  t o  t h a t  

a d o p t e d  by  Newnham, A f u r t h e r  d e v e l o p r e n t  o f  this approach  was 

made by Lin  (1969) who s u c c e s s f u l l y  p r e d i c t e d  dbh growth af a 

l i m i t e d  number o f  s t a n d s  o f  T m  hete~o-, 

1 "  T h e  p r i n c i p a l  d e p a r t u r e  from leunham's  a p p r o a c h  u a s  *ha t  of 

H i t c h e l l  who model led  t h e  g r o v t h  of a w h i t e  s p r  nce  s t a n d ,  
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n H i t c h e l l ' s  model t h e  tree's c o m p e t i t i v e  s t a t u s  is a  f u n c t i o n  

f r a d i a l  b ranch- increment ,  and  growth  is  c a l c u l a t e d  f SOD 

l lometr ic  r e l a t i o n s h i p s  between tree crown compopen ts, Arney 

197 l , l 973 , l974)  s i m u l a t e d  t h e  stem r a d i a l - i n c r s a s n t  of 

n d i v i d u a l  Douglas  f i r  trees, as  w e l l  a s  s t a n d  gxouth ,  based  o n  

rown h e i g h t  and  t h e  r a d i a l  i n c r e m e n t  o f  e a c h  b r a n c h  whorl ,  

o m p e t i t i o n  is  a s s e s s e d  i n  a  manner similar t o  t h a t  of Bewnham 

op. c i t , ) ,  A r n e y s s  i n d e x  o f  c o m p e t i t i v e  stress is now f a i r l y  

i d e l y  u s e d  by t h e  Canad ian  F o r e s t r y  S e r v i c e  (e ,g,  Ker, 1 9 7 5 ) -  

Gou ld ing  (1972) c o n s t r u c t e d  a d i s t a n c e - i n d e p e n d b n t  model of 

u g l a s  f i r  growth  u s i n g  m u l t i p l e - r e g r e s s i o n  e q u a t i o n s  O o  p r e d i c t  

a n d  g r o r t h  and  m o r t a l i t y ,  The i o d e l  i s  r a i d a t e &  a g a i n s t  

l a a t a t i o n  d a t a  and  y i e l d  t a b l e s ,  a n d  w i t h  t h e  e x c e p t i o n  of some 

older s t a n d s ,  p e r f  o r s s  a c c e p t a b l y ,  An e l e g a n t  aoi3el was 

e v e l o p e d  b y  Batch  (1971) for  P i n a s  ~ e s i n o s a  p l a n t a t i o n s ,  

r o b a b i l i t y  d i s t r i b u t i o n s  a r e  u sed  t o  g e n e r a t e  t h e  i n i t h l  s t a n d ,  

owth i n c r e m e n t s ,  a n d  m o r t a l i t y  s c h e d u l e s ,  Growth and  m o r t a l i t y  

re  b o t h  treated a s  s t o c h a s t i c  v a r i a b l e s ,  a n d  sten growth  r a t e s  

are b a s e d  on crown development .  

1.4; OBJECTIVES OF TBB SZUDX 
*- 

T h e r e  a r e  a r a r i e t y  of a l t e r n a t i v e  methods a v a i l a b l e  for  t h e  

i n v e s t i g a t i o n  of forest  s t a n d  dynamics,  The c h o i c e  o f  r e s e a r c h  

framework i s  a e d i a t e d  by  f a c t o r s  s u c h  a s  t h e  t h e  d e t a i l e d  g o a l s  

of t h e  r e s e a r c h  p r o j e c t ,  l o g i s t i c a l  c o n s t r a i n t s  a n d  p e r s a n a l  



p r e f e r e n c e s .  The firs* o b j e c t i v e  of t h i s  s t u d y  is t o  examine  t h e  

g e r m i n a t i o n ,  mortality and g r o v t h  o f  & GQL~$&~= p o p u l a t i o n s ,  

a n d  t o  e x p l o r e  t h e  mechanisms t h a t  r e g u l a t e  p o p u l a t i o n  size a n d  

dynamics ,  The s e c o n d  o b j e c t i v e  is t o  a t i l i s e  t h e s e  data t o  

d i s c n s s  t h e  a l t e r n a t i v e s  a v a i l a b l e  t o  foresters i n  C e n t r a l  

America i n  their  management of t h e  p i q e  r e sou rce .  

The f i rst  o b j e c t i v e  c a n  be a t t a i n e d  by  m o n i t o r i n g  t h e  

dynamics  of s e e d  a n d  s e e d l i n g  p o p u l a t i o n s  i n  t h e  f i e l d ,  a n d  b y  

t e s t i n g  t h e  effects of b i o t i c  a n d  e n v i r o n m e n t a l  v a r i a b l e s  on  t h e  

r a t e  of s e e d l i n g  e s t a b l i s h m e n t ,  An i n d i v i d u a l - t r e e  model of 

s t a n d  b e h a v i o u r  c a n  t h e n  b e  c o n s t r u c t e d  u s i n g  the r e s u l t s  of 

t h e s e  e x p e r i m e n t s ,  The model i a c o r g o r a t e s  i n f o r m a t i o n  d e r i v e d  

from i n c r e m e n t  a n d  e x p e r i m e n t a l  p l o t s  and q p r i n c i p l e s  i n  

o r d e r  t o  s i m u l a t e  t h e  g r o v t h  and deve lopment  o f  makure trees, An 

i n d i v i d u a l - t r e e  model h a s  t h e  a d v a n t a g e s  of b e i n g  more r e a l i s t i c  

and  f l e x i b l e  t h a n  t h e  c t b e r  t y p e s  of s a m u l a t o r s ,  and  e n a b l e s  t h e  

m o d e l l e r  t o  relate d i f f e x e n t i a l s  i n  tree e s t a b f i s h a e n t  and  g r o w t h  

t o  i n t e r - t r e e  c o m p e t i t i o n  and  e n v i r o n a e n t a l  i n f l u e n c e s ,  

T h e  v a l i d a t e d  @ o d e 1  c a n  t h e n  be used  t o  a c h e i v e  t h e  s e c o n d  

o b j e c t i v e  by r e l a t i n g  v a r i a t i o n s  i n  s t a n d  y i e l d  t o  s i l v i c u l t a r a l  

p r a c t i c e s ,  p a r t i c u l a r l y  t h e  effects of v a r i o u s  

r e g e n e r a t i o n / h a r v e s t i n g  s t r a t e g i e s  and t h i n n i n g  reg imes ,  

I n  t h e  s u c c e e d i n g  c h a p t e r s  t h e  taxonomy and  b iogeography  o f  

P, m i b a e a  are d i s c u s s e d  ( C h a p t e r  400). a n d  t h e  s t u d y  area 



( C h a p t e r  Three) and  z e s e a r c h  s t a n d s  (Chap te r  Fotrr) d e s c r i b e d ,  

The s e c o n d  p a r t  oE t h e  t h e s i s  d e v e l o p s  and tests h y p o t h e s e s  o n  

t h e  effects of e n v i r o a r e n t a l  and  b i o t i c  i n f l u e n c e s  on s e e d l i n g  

e s t a b l i s h m e n t  ( C h a p h r  F i v e ) ,  and  p r o c e e d s  t c  c o n s t r u c t  a n d  

v a l i d a t e  a s i m u l a t i o n  model o f  s t a n d  B e h a o i o ~ r  ( C h a p t e r  S i x  a n d  

Seven) .  C h a p t e r  E i g h t  p r e s e n t s  t h e  resal ts  o& s i l v i c u l t u r a l  

e x p e r i m e n t s  performed o n  t h e  v e r i f i e d  model, a n d  the f i n a l  

c h a p t e r  summar ise  t h e  c o n c l u s i o n s  o f  the s t u d y  a s  a whole, 
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C B Q P T m  TWO: T 1 X O # g l l E , n B Z P G g C I  - G B e g f l Y D  gC0110sC SPAPUS . ,OF 
CAItXBBeklJ - 

BAPGE AND APPIUITIES O F  CARIBBEAP PIPE, 

The n a t u r a l  p i n e  f o r e s t s  of  C e n t r a l  America c b v e r  soae 

45,000 sq, ka, (Aemp, 19721, mos t ly  i n  Honduras, H i c a r a q u a  a n d  

Guatemala ,  b u t  w i t h  s i a l l e r  areas o c c a r r i n g  i n  Belize and  E l  

S a l v a d o r ,  Al though t h e  taxonomy of t h e  p i n e s  of t h i s  area is 

still someuhat  c o n f u s e d  ( a i r o r ,  19671, a l m o s t  a31 p i n e  

p o p u l a t i o n s  below IOU0 a,. c a n  be a s c r i b e d  t o  two s p e c i e s :  g h u q  

b e  a n d  2, T h e r e  is a n  a l t i t u d i n a l  g r a d i e n t  i n  - 
t h e  s p e c i e s  c o a p o s i t i o n  of t h e  p i n e  f o r e s t ,  w i t h  t h e  l a t t e f  

s p e c i e s  r a r e l y  r a n g i n g  dcwn b e l o r  600  a,, v h e r e a s  P, c a r i b a e a  is 

r e s t r i c t e d  t o  t h e  l o w l a n d s ,  o n l y  o c c a s i o n a l l y  b e i n g  found a b o v e  

700 m. O u t l i e r s  o f  Mexican h i g h l a n d  p i n e s  fe,g. Q, 

g, ~ ~ _ e u d o s t r a )  o c c u r  a t  a l t i t u d e s  above  1000 a,, m a i n l y  i n  

Guatemala ,  

I n  b i o c l i a a t i c  teris, E carihaea is t h e  most t r o p i c a l  of 

a l l  p i n e  species, r a n g i n g  s o u t h v a r d s  a l o n g  t h e  A t l a n t i c  c o a s t l i n e  

of C e n t r a l  America f rom the Belize-Hexican border  (18' 3' E i . 1  t o  

t h e  v i c i n i t y  o f  B l u e f i e l d s  i n  P i c a r a g u a  a t  12'138 B, (Pig, 

2 1) , On these coastal  p l a i n s  t h e  s t a n d s  o f  p i n e  a r e  v e r y  open,  

w i t h  scattered trees s e p a r a t e d  by g r a s s  and sedge  samanoa a n d  

p e r e n n i a l  suamp, The r a i n f a l l  a t  t h e  s o u t h e r n  end o f  %his r a n g e  

i s  of t h e  o r d e r  of 400  mm, a n n u a l l y ,  and t h e  p i n e  s a v a n n a s  are 

s e a s o n a l l y  i n u n d a t e d ,  Al though t h e  a n n u a l  r a i n f a l l  d e c r e a s e s  





s t e a d i l y  n o r t h w a r d s  t o  2600 8.. i n  n o f t h v e s t  Honduras  a n d  t o  less 

t h a n  2000 mm, i n  a o r t h e r n  Belize, t h e  l o o  - l y i n g ,  p o o r l y - d r a i n e d  

s e d i m e n t s  o f  t h e s e  c o a s t a l  p l a i n s  impose  c o n d i t i a n s  of s e a s o n a l  

w a t e r l o g g i n g ,  a n d  t h e  e n v i r o n m e n t  f o r  p i n e  gsiowth is  b r o a d l y  

similar t h r o u g h o u t  t h i s  s i x  d e g r e e s  of  l a t i t u d e ,  

Where t h e  c o a s t a l  p i n e  s a v a n n a s  e x t e n d  i n l a n d ,  t h e y  t e n d  t o  

o c c u r  on b e t t e r - d r a i n e d  g r a v e l l y  s o i l s  a n d  e n v i r o n m e n t a l  

c o n d i t i o n s  a r e  more s h i l a r  t o  t h o s e  i q  t h e  i n t e r i o r  p o p u l a t i o n s  

of t h e  species, T h e s e  i n t e r i o r  p r o v e n a n c e s  c ~ n s i s t  of a v e r y  

d i s c o n t i n u o u s  b u t  e x t e n s i v e  series of p o p u l a t i o n  s e g r e g a t e s  i n  

t h e  f o o t h i l l s  of e a s t e r n  Honduras  and  l i c a r a g u a ,  t h e  Mountain 

P i n e  Ridge  a r e a  of B e l i z e ,  a n d  some l o c a l i s e d  s t a n d s  a r o u n d  

Pop tun  i n  t h e  P e t e n  d e p a r l m e n t  of Guatemala ,  The climate i n  

t h e s e  i n l a n d  a r e a s  is mucb more s e v e r e  t h a n  t h a t  on t h e  c o a s t ,  

w i t h  mean a n n u a l  r a i n f a l l  t o t a l s  o f  1600 mn, o r  less  (<900 mm. 

i n  t h e  c h o l n t e c a  v a l l e y ,  Bonduras)  and p r o l o n g e d  d r y  s e a s o n s ,  

TAXOIOBY OF CAPIBEBAI PIIE 

The b i o s y s t e m a t i c s  of C a r i b b e a n  p i n e ,  e s p e c i a l l y  t h e  s t a t a s  

of  t h e  C e n t r a l  American p o p u l a t i o ~ s ,  are still t h e  subject of 

d e b a t e ,  After t h e  s l a s h  p i n e  {gL - e l u t t i i )  p o p u l a t i o n s  of 
E 
1 F l o r i d a  were shown ta be t a x o n o m i c a l l y  d i s t i n c t  from E, c a s i b a e a  
b 

1 (Loock, 1950; L i t t l e  a n d  Dorman, 1952; 1954). t h e  r e m a i n i n g  Hest 

I n d i a n  a n d  C e n t r a l  American p o p u l a t i o n s  of  t h e  l a l t e r  were 



d i s t i n c t  races of E ,  ~ r i b a ~ ,  two of which are restricted t o  

t h e  i s l a n d s  (var ,  q&ggsns& i n  t h e  B a h a m a s  a n d  v a r ,  s;arribaeg 

i n  Cuba) ,  T h i s  t h e s i s  d e a l s  w i t h  t h e  t h i r d  s u b s p e c i e s ,  P, 

cari,ba_e,a Tar ,  bondu+ensiq,  which is l i m i t e d  t o  t h e  main land  of 

C e n t r a l  America, The d i s t i n g u i s h i n g  f e a t u r e s  o f  this v a r i e t y  are 

t h r e e - n e e d l e d  fascicles ( o c c a s i o n a f l y  4 o r  5, d i s t i n g u i s h i n g  it 

from t h e  2-3 n e e d l e d  Bahaman v a r i e t y ) ;  s e e d s  v i t h  a r t i c u l a t e  

wings ( d i s t i n g u i s h i n g  it from the  Cuban v a r i e t y ,  i n  which t h e  

seed wing r e m a i n s  a t t a c h e d ) ;  a n d  l a r g e r  c o n e s  (6-14 cm, l o n g ) ,  

t h o s e  o f  t h e  o t h e r  v a r i e t i e s ,  

H y b r i d i z a t i o n  of some C e n t r a l  American p o p u l a t i o n s  of 2, 

caribaea wi th  p, 9-w v a r ,  Wpl-i c a u s e s  taxonomic  

p r o b l e a s  i n  t h i s  s u b s p e c i e s .  Trees which are referable t o  

n e i t h e r  s p e c i e s ,  and  are p r e s u a e d  t o  b e  members of h y b r i d  swarms, 

h a v e  been  r e p o r t e d  f rom t h e  i n t e r i o r  v a l l e y s  o f  Hondaras,  and  

f r o a  t h e  i n t e r i o r  m a n t a i n s  of Belize (Yi l l i ams ,  1955; Clirov, 

1967), The s t a t u s  o f  these p o p u l a t i o n  s e g r e g a t e s  is e n i g m a t i c ,  

Loock lop,  cit.), c o n s i d e r e d  t h a t  the i n t e r i o r  B e l i z e a n  form gas 

s u f  f i c i e n t f y  d i f f e r e n t  frcm o the r  C e n t r a l  American p i n e s  r e f e r e d  

t o  as  p, c a r i b a e a  t o  v a r r a n t  e l e v a t i o n  t o  s p e c i f i c  s t a h u s ,  and  

h e  s u g g e s t e d  t h a t  t h e  name rewert t o  2, h o n d a r m @  ( a f t e r  

S e n e c l a n z e ) ,  b u t  L i t t l e  a n d  Dorman (1954) c o d d  e s t a b l i s h  no  

g r o u n d s  f o r  t h i s  d i f f e r e n t i a t i o n ,  A Bore c o m p r e h e n s i r e  r e v i e w  of 

t h e s e  t axonomic   robl leas and t h e i r  r e l a t i o n  t o  t h e  h i s t o r i c a l  

b iogeography  of t h e  p i n e s  of t h e  C a r i b b e a n  a r e a  c a n  be found i n  

Baldwin (1 968) , 
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Over  its e n t i r e  r a n g e  C a r i b b e a n  p i n e  h a s  s u f f e r e d  from 

o v e r - c u t t i n g ,  a n d  r e g e n e r a t i o n  h a s  s u b s e q u e n t l y  been  poor ,  It is 

o n l y  w i t h i n  t h e  l a s t  t h i r t y  y e a r s  t h a t  any  s y s t e m a t i c  e f f o r t s  t o  

c o n s e r v e  t h e  p i n e  r e s o u r c e  h a v e  b e e n  made, and  w h i l e  i n  sore 

c o u n t r i e s  t h e s e  efforts  h a v e  been s u c c e s s f u l ,  i n  c t h e r  a r e a s  t h e  

p r o t e c t i o n  a f f o r d e d  t o  t h e  p i n e  s t a n d s  h a s  been  ~ i m i a a l ,  I n  t h e  

W e s t  I n d i e s  nuch former p i n e  forest h a s  been c u t  f o r  t i m b e r  and  

the l a n d  c o n v e r t e d  t o  suga r -cane  f a rming ,  b u t  i n  t h e  y e a r s  s i n c e  

- t h e  r e v o l u t i o n  i n  Cuba t h e r e  have  been a t t e n p t s  a t  

r e - a f f o r e s t a t i o n ,  [Lamb, 1973). and  i n  t h e  Bahamas t h e  p ime lands  

are now in a r e g e n e r a t i o n  p h a s e  a f t e r  f i f t y  . y e a r s  of Beatry 

e x p l o i t a t i o n  (Henry, 1-974). 

I n  C e n t r a l  America s e a l l - s c a l e  e x p l o i t a t i o n  o f  t h e  coastal  

p i n e  f o r e s t  b a s  been  c a r r i e d  on  s i n c e  t h e  e i g h t e e n t h  c e n b u r y  

(Parsons ,  l 9 5 5 ) ,  b u t  c o ~ n e r c i a l  l u m b e r i n g  o n l y  commenced i n  t h e  

1920 ' s  when a n  American s y n d i c a t e  began c u t t i n g  t h e  p i n e  i n  

coastal  Uicaragna  (Anon,, 1928; Eahnes tock  a n d  Garrett, 1938) - 
E x p l o i t a t i o n  was p a r t i c u l a r l y  heavy d u r i n g  a s d  i r m e d i a t e l y  

f o l l o w i n g  t h e  Second Yor ld  Var (Harper ,  1947) ,  and when T a y l o r  

: 11959; l 9 6 l ; l 9 6 2 ;  1963) and  Hunro (1966) v i s i t e d  t h e  area most of 

t h e  p i n e  s t a n d s  had been  c u t ,  a n d  r e g e n e r a t i o n  was unde r  way in 

* a r e a s  where f i r e  p r o t e c t i o n  h a d  been  p r o v i d e d  (Lamb, o p - c i b , ) ,  

1 I n  t h e  i n t e r i o r  f o r e s t s  cf Nicaragua  t h e  p i n e l a n d s  are b e i n g  



c u t o v e r  a t  the p r e s e p t  time, a n d  Denevan (1961) reported r e d u c e d  

areas u n d e r  p i n e  a s  a r e s u l t  of t h i s  e x p l o i t a t i o n .  The C a r i b b e a n  

p i n e  forests of t h e  Honduras  r e p u b l i c  a t t r a c t e d  c o n s i d e r  a b l e  

a t t e n t i o n  f ro& lumber  compan ie s  le-g, Dur land ,  1927) ,  b u t  

b e c a u s e  t h e  limitea a c c e s s i b i l i t y  of t h e  d i s c o a t i n u o u s  coasta l  

s t a n d s  i n h i b i t e d  e x p l o i t a t i o n ,  o n l y  t h e  i n t e r i o r  forests (ma in ly  

of p, pgcaa~a) ,  h a v e  been  c u t o v e r ,  The d e p l e t i o n  of t h e  

i n t e r i o r  p i n e l a n d s  is c a l y  p a r t l y  due  t o  l g g g i a g ,  t h e  

d e p r e d a t i o n s  of t h e  b a r k  b e e t l e  i n  t h e  

e a r l y  19608s a l so  a c c o u n t e d  f o r  many trees i n  t h i s  a r e a  (UTJ/PAO. 

1968) 

T h e  e x p l o i t a t i o n  o f  t h e  p i n e  forests o f  Belize f o l l o u e d  t h e  

X i c a r a g u a n  p a t t e r n ,  Because  of t h e  small d o n e s t i c  r a r k e t ,  a n d  

t h e  s e l f - s u f f f c i e n c y  of t h e  l umber  p r o d u c e r s  i n  t h e  A r e r i c a n  

s o u t h ,  t h e  c o a s t a l  p i n e l a n d s  were l o g g e d  on  a  small-scale u n t i l  

1938, T h e r e a f t e r  e x p l o i t a t i o n  i n c r e a s e d  r a p i d l y ,  a n d  i n  t h e  

1 9 5 0 ' s  p i n e  e x p o r t s  became o n e  of the pr ime s o u r c e s  of f o r e i g n  

e x c h a n g e  f o r  B e l i z e ,  w i t h  p i n e  s u p p l a n t i n g  r ahogan f  as the c h i e f  

fores t  p r o d u c t  of t h e  c o u n t r y .  The i n t e r i o r  p i n e  forests came 

i n t o  p r o d u c t i o n  some y e a r s  a f t e r  t h e  coasta l  s t a n d s ,  bu* b e c a u s e  

t h e  t o t a l  amount of e x p l o i t a b l e  t i m b e r  was less t h a n  i n v e n t o r i e s  

had  e s t i m a t e d  ( p a r t i a l l y  due t o  h u r r i c a n e  damage i n  1961). l e v e l s  

of e x p l o i t a t i o n  a n d  e x p o r t  d e c l i n e d ,  and are c n r r e n t l y  back t o  

t h e i r  pre-mar l e v e l s ,  

P l a n t a t i o n s  of C a r i b b e a n  p i n e ,  main ly  d e r i v e d  fro. s e e d  o f  a 



j' B o n n t a i n  P i n e  R i d g e  provenance ,  have become widesp read  i n  t h e  
I 

i t r o p i c s  i n  t h e  l a s t  t u e n t y  y e a r s ,  T h i s  is due  t o t h e  r i d e  F 

e c o l o g i c a l  t o l e r a n c e  o f  the s p e c i e s ,  its r a p i d  growth  i n  humid 

t r o p i c a l  e n v i r o n m e n t s ,  and its 10% n a t r i t i o p a l  r e g u k r e m e n t s  

" ( C o r n f o r t h ,  1970; L a d ,  1973) -  ca-x ibaaa  was first p l a n t e d  as  

an  e x o t i c  i n  a  series of p l o t  t r i a l s  i n  Sou th  A f r i c a  i n  1929 

(Luckhoff ,  1964) , These  and  la ter  p l a n t a t i o p s  p roved  t h e  

a d a p t a b i l i t y  of & -m t o  a v i d e  v a r i e t y  cf e n v i r o n m e n t s ,  

a n d  l e d  to  its a d o p t i o n  a s  a  p l a n t a t i o n  species e l s e w h e r e ,  A t  

t h e  p r e s e n t  t r ine  g, m- is p r o v i n g  a  s u c c e s s f u l  e x a t i c  fo r  

both timber and  pu lp ,  and  is c u r r e n t l y  b e i n g  p l a n t e d  i n  afeas 

where f a i n f a l l  t o t a l s  and a n n u a l  t e m p e r a t u r e s  are o f t e n  q u i t e  

d i f f e r e n t  from t h o s e  i n  i t s  n a t i v e  r ange ,  

I n  t h e  coasta l  Lowlands o f  S o u t h  and  East Africa t h e r e  a r e  

e x t e n s i v e  p l a n t a t i o n s  of C a r i b b e a n  p i n e  (see Appendix A ) ,  a n d  

f u r t h e r  p l a n t a t i o n s  have  been  e s t a b l i s h e d  o n  tihe s u b t r o p i c a l  
i 

p l a t e a u x  of  Kenya and  Uganda, I n  West a n d  Eq.ua tor ia1  A f r i c a  

p l a n t a t i o n s  a r e  s t i l l  i n  t h e  p r o c e s s  of b e i n g  e s t a b l i s h e d ,  b u t  

t h e  i n i t i a l  i n d i c a t i o n s  a r e  t h a t  t h e  species w i . 1 1  p r o v e  

s u c c e s s f u l  i n  t h e  moister p a r t s  of t h e  s a v a n n a  z o n e s  i q  t h e s e  

areas, (Lamb, op.ci t . ) ,  I n  S o u t h  America a n d  t h e  C a r i b b e a n  soae 

15,000 ha,  (33,000 ac , )  o f  fl, car- had  b e e n  @ a n t e d  by  

1970, Again t h e  sub-humid l o w l a n d s  and  t b e  m o i s t  s a v a n n a  areas 

a p p e a r  t o  have  the g r e a t e s t .  p o t e n t i a l  ( G o l f a r i ,  1972) -  An 

i n t e n s i v e  prograame of p l a n t i  ngs  is c u r r e n t L y  d e v e l o p i n g  

p l a n t a t i o n s  a t  t h e  r a t e  of 12,000 ha, (30,000 ac , )  p e r  aqnnm 



(Laab, o p , c i t , ) .  

I n  A s i a  a n d  t h e  P a c i f i c ,  P, =+ibaea  h a s  been  p l a n t e d  o v e r  

a v i d e  r a n g e  o f  si te c o n d i t i o n s ,  f rom t h e  l o v e r  f o o t h i l l s  of t h e  

Himalayas  (Se th ,  1972), t o  t h e  humid l o w l a n d s  (Haring,  1971), The 

most  s u c c e s s f u l  t r i a l s  o f  c a r i b a e a  hawe been  i n  A u s t r a l i a ,  I n  
I 

N o  Q u e e n s l a n d  va r ,  h u y e n s h  h a s  r e c o r d e d  v e r y  r a p i d  growth,  

e q u i v a l e n t  t o  t h a t  a c h i e v e d  by t h e  best o f  t h e  t e m p e r a t e  p i n e  

s p e c i e s  (cf, p, i n  N e w  Zea l and) ,  

I n  sumaacy, ~ i b a e a ,  e s p e c i a l l y  war, w r e n & ,  bas 

proved  t o  b e  c a p a b l e  o f  r a p i d  growth  i n  maay d i f d e r e n t  c l i m a t i c  

a n d  e d a p h i c  e n v i r o n m e n t s  i n  t h e  t r o p i c s  and s u b - t r o p i c s ,  and  n u s t  

be r e g a r d e d  a s  an  i m p o r t a p t  s o u r c e  of p u l p  and t iaber  s u p p l i e s  

f o r  many T h i r d  World c o u n t r i e s  i n  t h e  f u t u r e ,  Before t h i s  f u t u r e  

i s  a s s u r e d ,  however, s e v e r a l  c r i t i c a l  a r e a s  o f  r e s e a r c h  a n d  

p o l i c y  f o r a u l a t i o p  e x i s t ,  Data  on t h e  dynamics  of C a r i b b e a n  p i n e  

s t a n d s  a r e  r e q u i r e d  i n  crder t o  c o n s e r v e  t h e  p i a e  r e s o u r c e  

t h r o u g h  f u t u r e  c u t t i n g  c y c l e s ,  The r e c e n t  o v e ~ e x p l o i ~ a t i o g  of 

t h e  C a r i b b e a n  a n d  C e n t r a l  American stands c a n n o t  h e  a ldawed t o  

re -occur ,  B e s e a r c h  OR t h e  p o t e n t i a l  y i e l d s  and  t o l e r a n c e s  o f  t h e  

v a r i o u s  p r o v e n a n c e s  of  t h e  s p e c i e s  and o n  manage len t  s t r a t e g i e s  

i n  e x o t i c  p l a n t a t i o n s  o f  t h e  s p e c i e s  i s  r e q u i r e d -  F o r  t h e  

C e n t r a l  American p o p u l a t i o n s ,  the first of t h e s e  r e s e a r c h  f o c i i  

i s  a n  urgenO n e c e s s i t y  and p r o v i d e s  the p r a c t i c a l  r a t i o n a l e  for 

t h i s  t h e s i s .  
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T h e  a r e a  c h o s e n  f o r  t h i s  r e s e a r c h  is p a r t  of t h e  Mountain 

P i n e  R i d g e  F o r e s t  R e s e r v e  i n  Belize, C e n t r a l  America, which is  

l o c a t e d  a t  17 d e g r e e s  n o r t h ,  88 d e g r e e s  west, some 11 km, 

sou th -wes t  of Belize C i t y  a n d  20 ks,  f ro .  t h e  border v i t b  

Guatemala  fPig.  3 1 )  T h i s  a r e a  o f f e r s  s e w e r a l  a d v a n t a g e s  f o r  

r e s e a r c h  i n t o  t h e  s i l v i c u l t u r a l  e c o l o g y  of  -. 
F i r s t l y ,  f i oun ta in  P i n e  Bidge h a s  b e e n  g a z e t t e d  a s  a forest 

r e s e r v e  f o r  t h e  l a s t  t h r e e  decades ,  U n l i k e  v i r t u a l l y  a l l  ~ O h e r  

areas of p i n e  voodland  i n  C e n t r a l  Aaerica, i t  h a s  t h e r e f o r e  

r e c e i v e d  some measure  of p r o t e c t i o n  f r o n  f i r e  d u r i n g  t h i s  p e r i o d ,  

and  r e c o r d s  of f i r e  e x t e n t  and  f r e q u e n c y  are a v a i l a b l e  for  , p a r t  

of  t h i s  time, Thus,  Uounta in  P i n e  Bidge offers p i n e  s t a n d s  i n  

v a r i o u s  s t a g e s  of s u c c e s s i o n a l  de v e l o p n e n t  , and  s tan t3  d y n a a i c s  

and  h i s t o r y  c a n  be r e c o n s t r a c t e d ,  Secondly ,  b a a u s e  Mouotain 

P i n e  R i d g e  Bas been t h e  s e e d - s o u r c e  f o r  n o s t  of the eratic 

p l a n t a t i o n s  of 0, c a a i b a e a  i n  o t h e r  t r o p i c a l  a r e a s ,  i a f o r a a t i o a  

on  t h e  s t a n d  dynamics  of t h i s  p rovenance  of t h e  species s a y  w e l l  

p r o v e  u s e f u l  i n  t h e  management of t h e s e  p f a o t a t i o ~ s ,  

The v a s t  s e c o n d a r y  r a i n f o r e s t  of t h e  Yucatan P e n i n s u l a  

c o v e r s  a p p r o x i m a t e l y  t e n  p e r c e n t  o f  t h e  F o r e s t  Beserve ,  

e n c i r c l i n g  t h e  p i n e  s a v a n n a s  a n d  c u t t i n g  t h e n  off from t h e  

p i n e l a n d s  o f  coastal Belize, Although v i s i t s  rose madq t o  a l l  
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p a r t s  of t h e  i n t e r i o r  p i n e l a n d s ,  f i e l d  r e s e a r c h  u a s  u n d e r t a k e q  i n  

t h e  w e s t e r n  p a r t  of t h e  r e s e r v e ,  i n  t h e  a r e a  known a s  t h e  G r a n i t e  

Bas in ,  

T h e r e  is l i t t le  a l t i t u d i n a l  v a r i a t i o n  w i t h i n  t h e  G r a n i t e  

Bas in ,  a n d  t h i s  factor ,  and  t h e  u n d e r l y i n g  g r a n i t - i c  p a r e n t  

m a t e r i a l ,  p roduce  a  f a i r l y  un i fo rm s o i l  t y p e  t h r o u g h o n t  t h e  s t u d y  

a rea .  The G r a n i t e  B a s i n  i s  a l s o  t h e  most fertile and a c c e s s i b l e  

a r e a  of Houn ta in  P i n e  Bidge,  a n d  c a n  t h e r e f o r e  be e x p e c t e d  t o  be 

of p r i m e  v a l u e  i n  fores t  e x p l o i t a t i o n  j n  t h e  f u t u r e ,  The r a n g e  

of 2s gocama is l i m i t e d  i n  Mountain P i n e  Ridge t o  the hilly 

a r e a s  a b o v e  850 a, e l e v a t i o n  t o  t h e  s o u t h  and  e a s t  of t h e  

G r a n i t e  Bas in ,  and  it is i n  t h e s e  a r e a s  t h a t  f garkbaea x 

o o c q E a  h y b r i d s  occur ,  C e a f i n i n g  t h e  s t u d y  t o  t h e  G r a n i t e  B a s i n ,  -- 
which  i s  l e s s  t h a n  700 m, t h s o u g h o u t ,  therefore e n s u r e s  a 

homogeneous g e q o t p p e  f o r  f i e l d  sa a p l i a g ,  

Houn ta in  P i n e  B i d g e  l i e s  on t h e  m r t h - w e s t e r n  f l a n k s  of t h e  

Haya Hounta ins ,  a n d  t o p o g r a p h i c a l l y  and g e o l o g i c a l l y  a a y  be 

c o n s i d e r e d  p a r t  of t h i n  mass i f ,  The bed rock  g e o l o g y  o f  t h i s  

u p l a n d  a r e a  h a s  been  d i s c u s s e d  i n  a number of p a p e r s  (Sapper ,  

1899; Powers,  1918; Ouer, 1928; and  Dixon 1956)- The Uaya 

H o u n t a i n s  m a s s i f  is a  h o r s t  b l o c k  w i t h  f a u l t - b o a n d e d  scarps om 

i ts  e a s t e r n  and  n o r t h e r n  b o u n d a r i e s  r i s i n g  t o  e l e v a t i o n s  of 

700-800 a. The dominan t  e l e m e n t  of the l i t h o l o g y  of the a r e a  is 



t h e  c o n t r a s t  between t he  i n t r u s i v e  a n d  ine t a sed imen ta ry  r o c k s  of 

t h e  Maya H o n n t a i n  u p l a n d  w i t h  t h e  Mesozoic  limestoqes which form 

t h e  w e s t e r n  aqd  n o r t h e r n  b o u n d a r i e s  of H o u a t a i n  P i n e  Bidge,  T h i s  

c o n t r a s t i n g  l i t h o l o g y  is reflected, in p a r t ,  bg t h e  d i s k r i b u b i o n  

of s o i l  and  v e g e t a t i o n  t y p e s  i n  t h e  area, T b e  p i n e l a n d s  of t h e  

i n t e r i o r  of  Belize a r e  r e s t r i c t e d  t o #  though  n o t  a l u a y s  

c o i n c i d e n t  w i t h ,  t h e  o u t c r c p s  of non-ca l ca reous  r a k s ,  

Recen t  p a p e r s  by Kesler a l i q  f 1972) a n d  B a t e s o n  and Hall 

(1971, 19741, h a v e  d e s c r i b e d  t h e  g e o h g i c a l  h i s t o r y  of the area, 

The main mass of t h e  8 a y a  8 o u n t a i n s  is composed of me tased fmen t s  

of l a t e  P a l a e o z o i c  a g e  ( t h e  S a n t a  Rosa group)  which were i n t r u d e d  

b y  g r a n i t e  b a t h o l i t h s  d u r i n g  t h e  T r i a s s i c ,  T h e  m i c a - g r a n i t e s  of 

o n e  of t h e s e  b a t h o l i t h s  a r e  ncrv e x p o s e d  o v e r  some 200 aq, Lms. 

of H o a n t a i n  P i n e  B idge ,  fo rming  a s l i g h t l y  d i s s e c t e d  p l a t e a u  a t  

a n  e l e v a t i o n  of 400-600 m. T h i s  is t h e  a r e a  known a s  t h e  G r a n i t e  

Bas in ,  and  t h e  acidic r o c k s  of t h i s  a r e a  now form t h e  p a r e n t  

materials for  t h e  s o i l s  of a l l  t h e  s a m p l e  s i t es  {Fig* 3.2). 

The G r a n i t e  B a s h  is c i r c u m s c r i b e d  t o  n o r t h  a a d  s o a k b e a s t  b y  

t h e  arm; o f  a c r e s c e n t  of h i l l s ,  e x t e n d i n g  ~ e s t v a r d s  f r o n  t h e  

main b u l k  of t h e  a a y a  Hounta ins ,  T h e  n o r t h e r n  l imb is composed 

of s h a l e s  and  f i n e - g r a i n e d  s a n d s t o n e s  a n d  t h e  e l e a r a t i o n  of t h e  

area is congrneaQ w i t h  t h a t  o f  t h e  g r a n i t e  p l a t e a u .  

C o n g l o m e r a t e s  become mcre i m p o r t a n t  i n  t h e  s e d i m e n t a r y  s e q u e n c e  

t o  t h e  e a s t ,  w h i l e  t h e  s o u t h e r n  l i m b  c o n s i s t s  m a i n l y  of s h a l e s  

a n d  p h y l l i t e s ,  U p f a u l t i n g  of t h e  r o c k s  a l o n g  t h e  Cooma C a i r n  





f a u l t  h a s  r e s u l t e d  i n  a r a n g e  of h i l l s  (Forward C a i r n ,  G r a n i t e  

C a i r n ,  t h e  B a l d  R i l l s ) ,  which rise abore t h e  G r a n i t e  B a s i n  t o  

e l e v a t i o n s  of 850-950 m. These  h e a v i l y  d i s s e c t e d  h U l y  areas 

d i s p l a y  local  relief o f  200 m, 

T h e  l i m b s  of t h e  s e d i m e n t a r y  rim which s u r r o u n d s  t h e  G r a n i t e  

B a s i n  a r e  open t o  t h e  s o u t h w e s t ,  where  t h e  g r a n i t e  s h e f t e s  g e n t l y  

b e n e a t h  C r e t a c e o u s  l b e s t o n e s .  T h e s e  h i m e s t o n e s  are o n e  of t h e  

basal  members of a c a r b o n a t e  r o c k  s e q u e n c e  which now o u t c r o p s  

across t h e  e n t i r e  p e q i n s o l a  of Yucatan,  Marine c a r b o n a t e s  mere 

d e p o s i t e d  o v e r  t h i s  a r e a  from t h e  e a r l y  C r e t a c e o u s  80 t h e  Eocene  

w i t h  o n l y  s h o r t -  l i v e d  p e r i o d s  of c r u s k a l  d i s t u r b a n c e  t o  

i n t e r r u p t  t h e  s equence ,  S c h u c h e r t  (1935) a n d  Wr igh t  (1962) 

s u g g e s t  t h a t  t h e  Haya Mountain up land  remained an  i s l a n d  

t h r o u g h o u t  t h i s  e n t i r e  p e r i o d  o f  mar ine  t r a n s g r e s s i o n ,  The 

i n f l u e n c e  of  t h i s  e x t e n d e d  p e r i o d  of e x p o s u r e  on so i l  deve lopment  

is d i s c u s s e d  i n  t h e  n e x t  s e c t i o n ,  The man t l e  of m a s s i v e  

l i m e s t o n e s  now s u p p o r b s  b r o a d l e a v e d  f o r e s t  and  h a s  wea the red  t o  

*cone  and  towerw k a r s t ,  dissected b y  streams d r a i n i n g  t h e  

impermeable  r o c k s  o f  Hounta in  P i n e  Ridge t o  t h e  east. 

3-3: GEOBOBPHOLU6Y APD SOILS 

On t h e  g r a n i t i c  r o c k s  of Houn ta in  P i n e  Ridge  a wea the red  

r e g o l i t h  h a s  d e v e l o p e d  t o  a d e p t h  i n  p l a c e s  of 15 m,  A s  i n  o h h e r  

t r o p i c a l  r e g i o n s ,  the j o i n t  p a t t e r n s  i n  the g r a n i t e  c o n t r o l  t h e  

d e p t h  of t h e  w e a t h e r i n g  p r o f i l e  and t h e  d i s t r i b u t i o n  of tors and  
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r r t v a r e s  (Thomas, 1973) .  Only i n  t h e  v e s t e r n m o s t  p a r t s  of t h e  

G r a n i t e  B a s i n  a r e  v a l l e y s  e n t r e n c h e d ;  e l s e w h e r e  shallow v a l l e y s  

a n d  b road  i n t e r f l u r e s  a r e  found. I n  c o n t r a s t ,  t h e  v a l l e y s  

d e v e l o p e d  i n  t h e  rocks of t h e  S a n t a  Rosa g r o u p  a r e  s t e e p - s i d e d  

w i t h  narrow i n t e r f l u r e s ,  R e g o l i t h  devo ioped  oat t h e  s h a l e s  of ' 

t h i s  s u i t e  e x h i b i t s  g e a r - s u r f a c e  s t o n e l i n e s  up t o  15 cm, i n  

t h i c k n e s s .  On some s l o p e s  m a s s i v e  a r c a a t e  terraces have  

d e v e l o p e d ,  

S e v e r a l  r e c o p n a i s s a n c e  s o i l  s u r v e y s  h a v e  been made i n  t h i s  

area, C h a r t e r  (1941) d i v i d e d  t h e  s o i l s  of Mountain Pine Ridge  

i n t o  t h e  Blancaneau  series, formed o v e r  g r a n i t e ,  and t h e  C h a l i l l a  

series, d e v e l o p e d  o v e r  s e d i s e n t a r i e s ,  These  s o i l s  h e  n o t e d  a s  

p o s s e s s i n g  good e x t e r n a l  d r a i n a g e  a n d  low lime s t a t u s ,  

Darcel 41952) a n d  t h e  B r i t i s h  Honduras  Land Survey  team 

u n d e r  t h e  l e a d e r s h i p  of Bcmney (1959) ,  were t h e  f i rs t  to  d e s c r i b e  

t h e  s o i l s  of Mountain P i n e  R idge  in any d e t a i l ,  A l l  t h e  s o i l  

t y p e s  i n  Mountain P i n e  Ridge  were p l a c e d  i n  t h e  P i n o l  s o i l  set,  

which u a s  t h e n  s u b d i v i d e d  i n t o  s o i l  t y p e s  based o i ~  t e r t i u r e  a n d  

l i t h o l o g y ,  The b a s i s  f o r  t h e  s u b d i v i s i o n  of each s o i l  t y p e  was 

t h e  d e g r e e  of t r u n c a t i o n  o f  t h e  s o i f  p r o f i l e .  

f u r t h e r  r e s e a r c h  on t h e  s o i l  t y p e s  of  the area was r e p o r t e d  

by P u r l e y  {1968a, 1975a,b) from t h r e e  t r a n s e c t s  i n  t h e  Bald 

H i l l s ,  I n  e a c h  t r a n s e c t  a d i cho tomous  s o i l  d i s t r i b u t i o n  u a s  
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+ e n c o u n t e r e d ;  moist va l ley-bot tom soi l s ,  r i c h  i n  o r g a n i c  matter, 

c o n t r a s t e d  s h a r p l y  w i t h  t h e  e r o d e d  p r o f i l e s  on r i d g e - t o p s  a n d  

s i d e - s l o p e s ,  u i t h  low b a s e - s t a t u s  a n d  o n l y  small m o u n t s  of 

o r g a n i c  matter, % h i s  same dichotomy is  e v i d e n t  i n  t h e  s o i l s  o f  

t h e  G r a n i t e  Bas in ,  B i r c h a l l  (1973) d e s c r i b e s  t h e  p r i n c i p a l  s o i l  

t y p e  of  t h e  G r a n i t e  B a s i n  a s  f o l l o v s :  

*The most widesp read  s o i l  o n  g r a n i t e  p a r e n t  
material was found  t o  b e  t h e  P i n o l  c o a r s e  s a n d y  
c l a y  l o a n  as c l a s s i f i e d  by Wright  e t  a l ,  a h i s  
s o i l  h a s  d e v e l o p e d  o v e r  a t h i c k  m a n t l e  of 
wea the red  g r a n i t e  and h a s  a c o m p l e t e  range of 
p i n e  d e n s i t i e s  g r o u i n g  a n  it, The s o i l  c o n s i s t s  
o f  a s h a l l o w  loamy s a n d  t o  s a n d y  loam t p p s o i l  
c o n t a i q i n g  much quartz s a n d  a n d  f i n e  g r a v e l ,  
o v e r l y i n g  m o t t l e d  g r i t t y  c l a y  l o a i  and  m o t t l e d  
g r i t t y  c l a y  which g r a d e s  g r a d u a l l y  i g t o  uea th-ered  
g r a n i t e ,  Q u a r t z  s a n d  and  c o n c r e t i o n a r y  i r o n s t o n e  
p e b b l e s  are somet imes  found  on t h e  s u r f a c e  of 
t h i s  s o i l  and t h e  m o d e r a t e l y  l e a c h e d  t o p s o i l  is 
s u s c e p t i b l e  t o  s h e e t  a n d  g u l l y  e r o s i o q m ,  

B i r c h a l l ,  ibid,, p, 12, 

Darcel r e p o r t e d  pH v a l u e s  of 4.0 - 5-3 and  v e r y  Lou r e s e r v e s  

of a v a i l a b l e  phosphorus  (3 - 8 ppn (Hunt,  1970)) and p o t a s s i u m  

for t h e  s o i l s  d e r i v e d  from g r a n i t e ,  P u r l e p  (1968b) r e p o r t s  

s imilar r e s u l t s  f o r  t h e  s o i l s  of t h e  Bald  B i l l s ,  u i t h  pa r e a d i n g s  

of 3.8 - 5.3 i n  t h e  A h o r i z o n ,  a v a i l a b l e  phosphorus  r e s e r v e s  of 1 

- 2 ppn and  e x c h a n g e a b l e  p c t a s s i u m  v a l u e s  of 22 - 552 ppm- Soi l s  

w i t h  v e r y  low r e s e r v e s  o f  po ta s s ium are r e s t r i c t e d  t o  t h e  e r o d e d  

s i d e s l o p e s ,  u i t h  t h e  h i g h  v a l u e s  b e i n g  c h a r a c t e r i s t i c  oE 

v a l l e y - b o t t o m  so i l s ,  



[ The low b a s e - s t a t u s  of t h e s e  u p l a n d  s o i l s  is p r o b a b l y  d u e  t o  
i 

b a number of f a c t o r s :  a )  i n t e n s i v e  w e a t h e r i n g  o f  p a r e n t  
F 

materials; b) t h e  s a n d y  t e x t u r e  of t h e  m a j o r i t y  of s o i l s ;  c) lorn 
i 
*- s o i l  pH, l i n k e d  t o  a h i g h  e x c h a n g e a b l e  l a l u r i n i u m  t o n t e n t #  which 

t e n d s  t o  block  exchange  sites, and  d)  a  c l a p  f r a s t i o n  domina ted  

by  1: 1 c l a y  m i n e r a l s ,  

i L i t t l e  r e s e a r c h  h a s  been u n d e r t a k e n  aa t h e  n u t r i e n t  

r e q u i r e m e n t s  of C a r i b b e a n  p ine ,  A series o f  e x p e r i m e n t s  r e p o r t e d  
[ by Hamzah t1966, 1968) and  Anthony (1971) are t h e  so le  s o u r c e  of 

6. i n f o r m a t i o n  on t h i s  t o p i c ,  T h e i r  r e s n J t s  s h o a  t h a t  a, e a e r  

e e x h i b i t s  optimum growth a t  n i t r o g a a ,  phosphorus  and  p o t a s s i n n  

t l e v e l s  of 50 - 125 ppm, b u t  stress t h a t  good g rowth  i s  m a i n t a i n e d  
P 

e v e n  on  v e r y  i n f e r t i l e  s u b s t r a t e s ,  s u c h  as  the s o i l s  of t h e  

c o a s t a l  p l a i n  o f  Belize, which are e q u i v a l e n t  i n  t h e i r  n u t r i e n t  

s t a t u s  t o  t h e  s o i l s  of Hounta in  P i n e  a i d g e  (Bazan, 1969)-  

The v e r y  low b a s e - s t a t u s  and  deep  r e g o l i t h s  of t h e  so i l s  of 

t h e  s t u d y  a r e a  i n d i c a t e  their s e n i l i t y ,  and  lend suppart  t o  t h e  

o p i n i o n  t h a t  t h i s  area h a s  been  e x p o s e d  t o  t h e  p r o c e s s e s  of 

s u b - a e r i a l  w e a t h e r i n g  f c r  l o n g  p e r i o d s  of  g e o l o g i c a l  time. These  

f e a t u r e s ,  a n d  o t h e r s  s u c h  a s  t h e  h i g h l y  mattlad s u b s o i l s  a n d  

t e x t u r a l  B h o r i z o n ,  are  a l l  p r o p e r t i e s  t h a t  have  been  r e p o t t e d  

for s e n i l e  s o i l s  i n  o t h e r  s a v a n n a  e n v i r o q m e n t s  i n  t h e  B e o t r o p i c s  

(Hardy, 1958, 1960, 1962; Ahmad and  Jones ,  1969; Ru tch inson ,  



The c o u n t r y  of B e l i z e  e x p e r i e n c e s  a  t r o p i c a l  c l i m a t e  

c h a r a c t e r i s e d  b y  s t r o n g l y  s e a s o n a l  f l u c t a t i o n s  i n  r a i n f a l l  aad bg 

s l i g h t  a n n u a l  v a r i a t i o n s  i n  t e ~ p e r a t u r e ,  The Mountain P i n e  Ridge  

area, b e c a u s e  o f  its a l h i t u d e  and  p o s i t i o n  i n  t h e  Jee of t h e  Maya 

H o u n t a i n s ,  h a s  a  someuhat  c o o l e r  climate t h a n  t h e  rest of t h e  

c o n n t r p  [F ig ,  3-3) .  C l i m a t i c  d a t a  f o r  t h r e e  s t a t i o n s  i n  H o a n t a i n  

P i n e  R idge  are  a v a i l a b l e  (Angas t ine ,  CGoma C a i r n  a n d  8a i  Lookant )  

b u t  o n l y  t h e  fifst t u o  have l e n g t h y  r e c o r d s ,  The  d a t a  from 

A u g u s t i n e  c a n  be  t a k e q  a s  r e p r e s e a t a t i v e  of t h e  climate o f  t h e  

G r a n i t e  Basin,  and  t h a t  o f  Coona for  t h e  Bald B i l l s  and  t h e  

wetter e a s t e r n  p a r t  of t h e  F o r e s t  Reserve.  F i g u r e  3.4a shows t h e  

p a t t e r n  o f  mean a n n u a l  r a i n f a l l  f o r  these two s h a t i o n s -  The 

c o n t r a s t  between wet (June- J a n u a r y )  and d r y  s e a s o n s  (leb,-Hay) 

is t h e  dominant  f e a t u r e  o f  t h e  l o c a l  c l i m a t e ,  

T h e  d r y  s e a s o n  i n o o l v e s  n o t  o n l y  a r e l a t i v e  decrease i n  

r a i n - d a y s  a n d  r a i n f a l l  (F ig -  3,4b), b u t  a l so  a n  a b s o l u t e  Hater 

d e f i c i t  i n  t h e  months from F e b r u a r y  t o  may i n  Augus t ine  and  # a r c h  

and A p r i l  a t  Coona C a i r n  (Table  I ILl) ,  The o n s e t ,  i n t e n s i t y  and 

l e n g t h  o f  t h e  d r y  s e a s o n  are u n p r e d i c t a b l e  phenosena,  C o n t r a r y  

t o  t h e  v iews  o f  Romney e t  a l i a  [1959) ,  t h e  c a l c u l a t e d  

c o e f f i c i e n t s  of v a r i a t i o n  fo r  monthly p r e c i p i t a t i o n  (Seahle III.2) 

i n d i c a t e  t h a t  t h e  amount of r a i n f a l l  i n  t h e  d r y  s e a s o n  months  is 

more v a r i a b l e  t h a n  t h a t  d u r i n g  t h e  wet season.  B a i n f a U  ia t h e  

s o n t h  of Hay f o r  i n s t a n c e  s a y  v a r y  from ( 2 5  am, (-15% of y e a r s  ) 

t o  200 m r ,  (-8% of y e a r s ) .  



FIG. 3,4:  PRECIPITATION - HUMIDITY REGlME IN 
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TABLE I X I .  1: WATER BALANCE COUPUTATIOWS (Thorntbuaitees Method), 
FOB BEPBBSBBTATIVE STATIONS IY THE STU9Y A R B 1 0  

It is assumed t h a t  s o i l  depth  a t  these s t a t i o n s  i s  1.5 r. 
and t h e  t o t a l  water s torage  of t h e  s o i l  p r o f i l e  is 300ms. 
A11 measurements a t e  i n  rr .  

t 4 
(Storage 300 286 205 198 160 167 173 217 300 300 300 300 I 

I I 
I Surplus 30 0 0 0 0 0 O 0 38 139 1 1 Y  44 365 1 

I--------------------------------------------..-----------* I 
1 COOIA C A I R N ,  B B t l Z B  1 

% "-" 1 
.$ I Storage 300 300 293 261 228 300 300 300 300 300 300 300 

I 
4. J Surplus 30  0 0 0 11 116 50 125 1 6 7 2 6 2  118 110 989 I 

P o E e T o  = P o t e n t i a l  Evapo-Transpiration 
P. = p r e c i p i t a t i o n  
A.E.T. = Actual Bvapo-Transpiration 



P o r t i g  (1965) c o n s i d e r s  t h a t  t h e  r a i n y  s e a s o n  i n  Belize is 

d i v i s i b l e  i n t o  t h r e e  d i s t i n c t  time p e r i o d s ,  The f i r s h  p e r i o d ,  

associated w i t h  t h e  first z e n i t h a l  p a s s a g e  of t h e  s u n ,  l a s t s  from 

may t o  t h e  e n d  of J u n e ,  and a s e c o n d  z e n i t h a l  p a s s a g e  i n  J u l y  

r e s u l t s  i n  a s e c o n d a r y  r a i n f a l l  aaximum i n  August  and  September ,  

O u t b r e a k s  o f  u n o r t e s * ,  p o l a r  c o n t i n e n t a l  a i r  from North America 

c r o s s i n g  t h e  Gulf  of Mexico, b r i n g  heavy  r a i n  and  t e m p o r a r i l y  

lowered t e m p e r a t u r e s  t o  Belize f r o n  O c t o b e r  to  J a n u a r y ,  

A i r  t e m p e r a t u r e s  a t  b u g u s t i n e  v a r y  f r o 8  month ly  means of 

20-39 C i n  J a n u a r y  t o  2 5 , 8 # C  i n  Hay and  Jane ,  i o n i h l y  maxima a r e  

also h i g h e s t  a t  t h e  end of t h e  d r y  s e a s o n ,  r e a c h i n g  28.3,C i n  

Elay, w i t h  month ly  m i n i a a  d r o p p i n g  t o  158C i n  J a n u a r y  a n d  

F e b r u a r y ,  Because  of its e l e v a t i o n  Cooma (900 8,) e x p e r i e n c e s  

t e m p e r a t u r e s  g e n e r a l l y  28C less t h a n  t h o s e  a t  Augi ls t ine  (450 rot,  

C l i m a t i c  v a r i a b l e s  e x e r t  s t r o n g  i n f  l a e n c e s  a n  t h e  f e c u n d i t y ,  

m o r t a l i t y ,  phenology  and  growth  of -pa m a e a ,  The male 

s t r o b i l i  of fl e a e a  b e g i n  t o  release p o l l e n  i n  lo rember ,  

R e s e a r c h  o n  o t h e r  gymtosperms 4e.g. A l l en ,  1942; Lowry, 1966) , 
i n d i c a t e s  t h a t  the s i z e  of t h e  r e s u l t a n t  seed-csop  is s t r o n g l y  

c o n t r o l l e d  by  t h e  a a o u n t  o f  r a i n f a l l  d a r i n g  t h e  p e r i o d  of p o l l e n  

release a s  d e s s i c a t i o n  c a u s e s  t h e  female s t r o b i l i  t o  a b o r t ,  

The c o n e l e t s ,  o n c e  fertilised, d e v e l o p  a v e r  a 19-month 

p e r i o d ,  a n d  s e e d  is r e l e a s e d  f rom mid-June t o  t h e  end  of J u l y  i a  

most y e a r s ,  The  amount o f  r a i n f a l l  aqd t e m p o r a l  d i s t r i b u t i o n  of 
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I 

TABLE 111.2  : VAUIABILITI  OF THE AM IUAL AM D IOUTHLX @%BCIPITAT XOY 
IN TBB STUDY AREA, THE COEPPICIEW2 OF VAEIATIOE 
OF Y8ECXPITATIOll 1s CALCULATED A S  THB BAT10 O? 

k 

5 THB BBST E S I I # A T P  OF SAMPLE S T U O A B D  DBVIATIOP 20 
i 
i* 

SAMPLE HBAY, 
$ * 

: ) ~r-------------------------r----.-.---rr--.---.r-r.-r~----.rrr------ I 
r~ ~UGUSTIIE, BELIZE, 
, 1.- ---------*--------.--t----------...-..---.--..-----.------ ".I. 

I 
I 

I Variable month I 
l . 1  J P ~ A M J J A S O I D  ra. 1 
----I------------------ ----.II-------- -- -------------.. I 

1 I 
; ) S a m p l e  1 

I S-0, 51  28 35 6 1  77 "79 77 69 125 98 95 66 291 1 
I 
(Best Est, 1 

' l o t  SOD, 52 28 36 63 79 81 79 70 128 100 97 68 297 1 
1 I 
tcoeff, of 1 
(Var, (X) 62  57 82 124 88 5 1  54 43 55 42 5 1  65 19 1 
I 
(~11--~~~~.--o.------~------.--.----------*U--Ur)--111.1111 

I 
I 

P, = Mean precipitation (mm,) 
Sample S.D.  = Sample s t a n d a r d  d e v i a t i o n  
B e s t  E s t ,  of S , B ,  = Best Estimate of Standard  Deviation 
C o e f f ,  of Var, = C o e f f i c i e n t  of Variation as a percentage 
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t 
F storms a t  this p e r i o d  is c r i t i c a l  for  p i n e  g e r r i n a t i o n ,  which 

; u n d e r  o p t i ~ l  c o n d i t i o m s  t a k e s  10 d a y s ,  An e x t e n d e d  p e r i o d  of 

d r y  wea the r  i n  t h e s e  e a r l y  weeks of t h e  r a i n y  s e a s o n  w J l l  d e l a y  

g e r a i q a t i o n  and  allow ground- feed ing  s e e d - p r e d a t o r s  more time i n  

which  t o  l o c a t e  s e e d s .  P e r i o d s  cf a l t e r n a t i n g  w e t  and  d r y  

w e a t h e r  may produce  a l a r g e  s e e d l i n g  c r o p  u h i c h  t h e n  s u f f e r s  

heavy  ~ o r t a l i t y  f rom s u b s e q u e n t  d e s s i c a t i o n ,  Op t ima l  c o a d i k i o n s  

would a p p e a r  t o  be a  c o m b i n a t i o n  o f  c o n t h u o u s  s u r f a c e  

s o i l - m o i s t u r e  l e v e l s  a t  o r  n e a r  f i e l d - c a p a c i t y ,  wdth f a i r l y  h i g h  

h u m i d i t i e s  and c l o u d  cotes  t o  r e d u c e  e v a p o r a t i o n  f roa  t h e  s o i l  

s u r f  ace.  

n o i s t u r e  stress i n d u c e d  by p e r i o d s  o f  low r a i n f a l l ,  h i g h  

- e v a p o - t r a n s p i r a t i o n  r a t e s  and  t h e  good e x t e r n a l  d r a i n a g e  of loca l  

so i l s ,  is  o n e  of t h e  main c o n t r o l s  on p i n e  growth  rates, 

P h y s i o l o g i c a l  d r o a g h t ,  p a r t i c u l a r l y  d u r i n g  t h e  low d r y  s e a s o n ,  

b a t  a l s o  d u r i n g  s h o r t e r  p e r i o d s  cf a o i s t u r e  def ic i t ,  c a u s e s  
, 

cambial cell d i v i s i o n  t o  slow, a n d  l a t e u o o d  b a n d s  t o  be formed 

C o n s e q u e n t l y  e a c h  i n d i v i d u a l  o f  P, ~ r i b a e a ,  w i t h  t h e  e r c e p b i o n  

of t h o s e  trees growing  i n  moist va l l ey -bo t tom sc i l s ,  e x h i b i t s  

e r i n g s m  p rodaced  d u r i n g  t h e s e  p e r i o d s  o f  m o i s t n r e  stress, A s  

t h e r e  may be s e v e r a l  s u c h  p e r i o d s  e a c h  y e a r  t h e  trees form 

sereral r i n g s  p e r  p e a r  (2-3 are common) ~ i t h  t h e  r e s a l t  Ohat  

a g e - d a t i n g  o f  trees by r i n g - c o u n t i n g  becomes e x t r e m e l y  d i i i f i c u l t ,  

B u r r i c a n e s  a r e  a f r e q u e n t  b u t  u n p r e d i c t a b l e  e l e i e n t  i e  t h e  

climate of Belize, High r a i n f a l l  and  localised f l o o d i n g  



r v e s t e r n  C a r i b b e a n  area i n  d u l y  - October a r e  &most a n  a n n u a l  

o c c u r r e n c e ,  Houever t h e  p a s s a g e  of a h u r r i c a n e  across Belize 
h 
k 
b. itself is f o r t u n a t e l y  much l ess f r e q u e n t ,  g e n e r a l l y  o c c u r r i n g  
d 

$ o n l y  o n c e  i n  a decade  o r  so, H u r r i c a n e  damage t o  forests 

:. r e s u l t i n g  from h i g h  winds depends  upon t h e  d i s t a n c e  from t h e  

storm c e n t r e  and  t h e  i n t e o s i t y  of t h e  h a r r i c a n e ,  b u t  i a  most 

cases m e c h a n i c a l  damage t o  trees is o n l y  serere f o r  a  d i s t a n c e  np 

t o  25  k i l o m e t r e s  f rom t h e  eye,  The  o n l y  r e c o r d e d  storm t o  s t r i k e  

n o u n t a i n  P i n e  Bidge  d i r e c t l y  was H u r r i c a n e  Hattie i n  1961, when a  

g r e a t  d e a l  of p i n e  u a s  u ind th roun ,  p a r t i c u l a r l y  i n  t h o s e  areas 

where l o g g i n g  had  opened t h e  tree canopy,  Such c a t a s t r o p h i c  b u t  

i r r e g u l a r  e v e n t s  r e p r e s e n t  a n  i m p o r t a n t  f a c t o r  t h a t  +stst e x e r t  

c o n s i d e r a b l e  i n f  l u e n c s  on t h e  p o p u l a t i o n  d  y n a a i c s  o f  all f @rest 

t y p e s  i n  B e l i z e ,  i n c l u d i n g  t h e  p i n e  s a v a n n a s  o f  S h e  s t u d y  area. 

A t  t h e  moment t h e  magni tude  o f  t h i s  c o n t r o l  i s  unknown, p a r t l y  

d u e  to  t h e  low p r i o r i t y  a c c o r d e d  to  e c o l o g i c a l  r e s e a r c h  i n  t h e  

a f t e r m a t h  o f  a h u r r i c a n e ,  

3.5; FIRES 

R o a n t a i n  P i n e  Bidge,  i n  common wi th  o t h e r  l e o t r o p i c a l  

s a v a n n a s ,  h a s  a h i s t o r y  cf f r e q u e n t  fires. The p i n e l a n d s  of 

Wountain P i n e  Bidge a r e  c u r r e n t l y  d i v i d e d  i n t o  a  p r o t e c t e d  or  

 control^ a r e a ,  r o u g h l y  c ~ i n c i d e n t  v i t h  t h e  e x t e n t  o f  t h e  G r a n i t e  

B a s i n ,  where f i r e s  are r i g o r o u s l y  s u p p r e s s e d ,  and an  o u t e r  a r e a  



44 

( t h e  Ba ld  H i l l s  a n d  Haca l  u a t e r s h e d )  where, b e c a u s e  of l i m i t e d  

accessibif i t y ,  f ire-f i g h t i n g  a i m s  a t  containme* r a t h e r  t h a n  

s u p p r e s s i o n ,  Y i t h i n  the l a s t  few y e a r s  t h e  enc roachmen t  cf fires 

o n t o  t h e  p r o t e c t e d  area h a s  l e d  t o  s p s t e a a t i c  e f for ts  t o  e x t e n d  

t h e  c o n t r o l  a r e a  o v e r  t h e  entire p i n e  savanna ,  

It is on3y i n  t h e  l a s t  decade  t h a t  records h a v e  been  

a v a i l a b l e  from t h e  F o r e s t r y  Depar tment  of B e l i z e  sn t h e  f r e q a e n c  y  

and  e x t e n t  of fires i n  Mountain P i n e  Ridge. The f i g u r e s  

p r e s e n t e d  o n  f i re  i n c i d e n c e  t h e r e f  o r e  r e p r e s e n t  the n c o n t r o l l e d u  

s i t u a t i o n  and  p r i o r  t o  1960 fires musk h a v e  been  c o n s i d e r a b l y  

more e x t e n s i v e  i n  t h i s  a r e a ,  

F i r e s  are most comaon i n  t h e  d r y  s e a s o n ,  p a r t i c u l a r l y  i n  

A p r i l  and  

e v a p o r a t i o n  

and  p r o d u c e  

dry s e a s o n  

Hay, when a  c o i b i n a t i o n  o f  low p r e c i p i t a t i o n ,  h i g h  

r a t e s  and  low h u m i d i t i e s  d r y  o a t  t h e  g r a s s  and  l i t ter  

a h i g h l y  f lammable  fue l -bed ,  Toua rds  the eqd of t h e  

t h e  f i r e  h a z a r d  becomes eptreme due to t h e  f r e q n e n c y  

of storms u h i c h  p rodace  a g r e a t  d e a l  of l i g h t n i n g  b u t  no r a i n .  

W h i l s t  l i g h t n i n g  fires a r e  f r e q u e n t  i n  t h e  r a i n y  s e a s o n  Ohey are 

o f t e n  e x t i n g u i s h e d  by accompanying r a i n  b e f o r e  b e i n g  f o u g h t ,  

A l m o s t  laLl l i g h t n i ~ g  f i r e s  s t a r t  d u r i n g  t h e  day,  p a r t k u l a r l p  i n  

t h e  a f t e r n o o n s  (Pig,  3 . 5 ~ ) -  Man-set f i r es  may o a u r  a t  almost 

any time of t h e  y e a r ,  b u t  a r e  most f r e q u e n t  i n  t h e  d r y  s e a s o n ,  

some of t h e a  r e s u l t i n g  f rom a i l p a  f ires i n  t h e  r a i n - f o r e s t  which 

e s c a p e  i n t o  the p ine l ands .  Zhe e f f e c t i v e n e s s  oi f i re  p s o t e c O i o n  

w i t h i n  t h e  c a q t r o l  a r e a  is  v i t n e s s e d  by t h e  fact tht the  a v e r a g e  
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f i re  c o v e r e d  o n l y  54 ha, (133 ac,) i n  t h e  p e r i o d  1963-1973, 

compared t o  180 ha.(YOO ac,) for  b u r n s  o n t s i d e  the c o n t r o l  area, 

F o r e s t  Gua rds  a n d  Rangers  who h a v e  l i v e d  aqd  worked i n  B o u n t a i n  

P i n e  R idge  s i n c e  t h e  f o u n d a t i o n  of A a g a s t i a e  i n  t h e  1 9 4 0 s ~  

remember c o n d i t i o n s  i n  which b u r n s  were much more e x t e n s i v e  a n d  

f r e q u e n t  t h a n  a t  t h e  presen t -day .  

Burns  u h i c h  o v e r r a n  a l m o s t  t h e  e n t i r e  p i n e  o u t c r o p  are known 

t o  h a r e  o c c u r r e d  a s  r e c e n t l y  a s  1945 and 1949, w i t h  o t h e r  

e x t e n s i v e  f i r e  e v e n t s  i n  1953 and  1955, p r i o r  t o  t h e  p u b l i s h i n g  

of d e t a i l e d  f i re  r e p o r t s ,  Some of t h e  e a r l y  g h e t o g r a p h s  of 

a o u n t a i n  P i n e  Bidge  (e,g, L u n d e l l ,  194O), show l a r g e  e x p a n s e s  of 

open  p i n e  s a v a n n a  w i t h  vex9 l i t t l e  r e g e n e r a t i o n  of e i t h e r  p i n e  or  

ha rduoods ,  u h i c h  caafire the o r a l  e v i d e n c e  o f  d e s t r u c t i v e  a n d  

f r e q u e n t  f i r e s ,  The c i r c u m s t a n c e  of fires over ranming  t h e  e n t i r e  

a r e a  o f  mounta in  P i n e  Ridge  is i n c o n c e i v a b l e  a t  the p resen t -day ,  

and  t h e  d a t a  i n d i c a t e  t h a t  t h e  r e c u r r e n c e  i n t e r v a l  f o r  a firs a t  

a n y  p o i n t  i n  t h e  c o n t r o l  a r e a  is nom of t h e  o r d e r  of 100 y e a r s ,  

The f i g u r e  o f  18  y e a r s  r e c u r r e n c e  i n t e r v a l  f o r  fires o u t s i d e  t h e  

c o n t r o l  a r e a  a t  t h e  p r e s e n t  time i s  p r o b a b l y  i n d i c a t i v e  of the 

r e g u l a r i t y  o f  f ires o v e r  t h e  e n t i r e  p i n e  s a v a n n a  i n  t h e  p e r i o d  

p r i o r  t o  f i r e - p r o t e c t i o n ,  

D e s p i t e  its o b v i o u s  l i m i t a t i o n s ,  t h e  d a t a  on  f i r e  o c c u r r e n c e  

p r e s e n t  some i n t e r e s t i n g  f e a t u r e s ,  P r e r i o u s  r e s e a r c h  on t h e  

f a c t o r s  r e s p o n s i b l e  

v o o d l a n d s  i n  t r o p i c a l  

f o r  t h e  g e n e s i s  and ma in t enance  of p i n e  

and s u b t r o p i c a l  e n v i r o n m e n t s  h a s  s t r e s s e d  



n a n a s  u s e  of fire, I n  c o n t r a s t ,  t h e  role of l i g h t n i n g  fires h a s  

been  i g n o r e d  o r  c o n s i d e r e d  seconda ry ,  p r o b a b l y  b e c a u s e  most 

research h a s  t a k e n  p l a c e  i n  a r e a s  o f  n e d i u r  o r  h i g h  p o p n l a k i o n  

d e n s i t y ,  I n  t h e  s p a r s e l y  s e t t l e d  a r e a  o f  B o u n t a i n  P i n e  Ridge,  

however,  l i g h t n i n g  fires accoun ted  f o r  66% o f  t h e  f i res  r e c o r d e d  

be tween  1960 and  1973, L i g h t n i n g  fires are n o t  o n l y  more 

f r e q u e n t ,  b u t  a l s o  more d e s t r u c t i v e  t h a n  man-caused fires, 

a v e r a g i n g  237 ha, (585 ac,)  a s  compare& v i t h  71 ha,  (176 ac,) 

for  f ires s t a r t e d  by human agency ,  

The r e l a t i v e  i m p o r t a n c e  of a a n - s e t  f i r e s  s a y  a l so  have  

changed ,  The d e l i b e r a t e  s e t t i n g  of f i res  by h u n t e r s  or  c a t t l e m e n  

t o  p r o v i d e  f r e s h  g r a z i n g  is still  a major problem f o r  f o r e s h e r s  

i n  t h e  c o a s t a l  p i n e  s a v a n n a s  o f  coastal  Belize, a s  w e l l  a s  t h e  

p i n e l a n d s  of I ioaduras  and l i c a r a g u a ,  but h a s  b e e n  v i r t u a l l y  

e l i m i n a t e d  i n  Hoan ta in  P i n e  Ridge,  A t  t h e  p r e s e n t  time t h e  

r a n - s e t  f i r e s  i n  t h e  s t u d y  a r e a  a r e  due e i t h e r  t o  B r i t i s h  Army 

p e r s o n n e l  who conduc t  e x e r c i s e s  i n  t h e  area, o r  stem from 

c a r e l e s s n e s s  b y  t r a n s i e n t s  o r  permanent  r e s i d e n t s ,  

3,4; O B I G X I S  OF THE X O U I T A I I I  P I N E  BIDGE SAVBIIA 

The major  p o i n t  o f  c o n t e q t i o n  i n  t h e  c o n t r o v e r s y  ooer t h e  

o r i g i n  of N e o t r o p i c a l  s a v a n n a s  c o n c e r n s  t h e  role of f ire,  

p a r t i c u l a r l y  fires se t  by man, a s  a f a c t o r  i n  t h e  g e n e s i s  of 

s a v a n n a  envi ronments ,  Cook (1909) ,  was p r o b a b l y  t h e  first t o  

s u g g e s t  t h a t  p i n e  s a v a n n a s  i n  C e n t r a l  America were man-made. H e  



a r g u e d  t h a t  t h e  p i n e s  had  i n v a d e d  s i tes  f o r m e r l y  o c c u p i e d  b y  

b r o a d l e a f  forest, s u c c e e d i n g  on so i l s  t h a t  h a d  become 

p r o g r e s s i w e l  y i m p o v e r i s h e d  t h r o u g h  siif t i n g  a g r i c u l t u r a l  

p r a c t i c e s ,  Hos t  r e s e a r c h  s i n c e  h a s  t e n d e d  t o  s u p p o r t  Cook's 

c o n c l u s i o n s  (see, f o r  example: Dorland,  1922; H d d r i d g e ,  1947; 

A l l e n ,  1955; Budowski, 1959; Denevan, 1961; T a y l o r ,  1962, 1963; 

n u n r o  l 9 6 6 ) ,  b u t  a l m o s t  a l l  of t h i s  s u p p ~ r t i v e  r e s e a r c h  h a s  beea  

u n d e r t a k e n  i n  t h e  h i g h l a n d  p i n e  s a v a n n a s  o f  B i c a r a g u a ,  Honduras,  

and  Guatemala. I n  c o n t r a s t ,  work on t h e  c o a s t a l  s a v a n n a s  h a s  

g e n e r a t e d  a  c o u n t e r v a i l i n g  t h e o r y  ( C h a r t e r ,  1941; Beard . 1953: 

and  Hardy, 1960) .  T h e s e  a u t h o r s  c o n t e n d  t h a t  t h e  p i n e  s a v a n n a s  

of t h e  A t l a n t i c  c o a s t a l  p l a i n  o f  C e n t r a l  Aaergca are a l l  t h e  

r e s u l t  o f  e d a p h i c  f a c t o r s ,  b e i n g  l i m i t e d  i n  e v e r y  i n s t a n c e  t o  

a c i d i c ,  s e a s o n a l l y  w a t e r l o g g e d  s o i l s ,  The r e c u r r i n g  f ires i n  

t h e s e  s a v a n n a s  are t h o u g h t  t o  be a m a i n t a i n i n g ,  r a t h e r  t h a n  a 

g e n e r a t i v e  f a c t o r .  

I n  t h e  case o f  n o u n t a i n  P i n e  R idge  t h e r e  is a l a c k  of pzimq 

fac ie  e v i d e n c e  f o r  e i t h e r  o f  t h e s e  hypo theses ,  The a v a i l a b l e  -- 
d a t a  i n d i c a t e  a  t o t a l  l a c k  of c o i n c i d e n c e  between t h e  

g e o g r a p h i c a l  e x t e n t  of tlayan s e t t l e m e n t  and  t&e p i n e l a n d s  i n  

Belize (Thompson, 1966; P r e n d e r g a s t ,  196 9, l97O), l o  h o a s e  sites 

or  a g r i c u l t u r a l  e a r t h v o r k s  are known from t h e  a r e a  o f  a c i d  s o i l s  

i n  Mountain P i n e  Ridge  ( B u l l a r d ,  1963) ,  a l t h o u g h  t h e r e  is a 

p l e t h o r a  o f  s u c h  a r c h a e o l c g i c a l  r e m a i n s  OR t h e  n e a r b y  r i v e r  

terraces and  l i m e s t o n e  p l a t e a u x  of t h e  Belize V a l l e y ,  areas which 
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are still c u l t i v a t e d  by s h i f t i z g  a n d  perinanent a g r i c u l t u r a l i s t s  

a t  t h e  p r e s e n t  time, T h i s  lack o f  g e o g r a p h i c a l  c o i n c i d e n c e  

be tween  s a v a n n a  a n d  c u l t u r a l  l a n d s c a p e s ,  b o t h  i n  the p a s t  and  a t  

t h e  p r e s e n t ,  casts d o u b t  on t h e  v a l i d i t y  of Cook?s h y p o t h e s i s .  

P e r h a p s  t h e  r o s t  c o n v i n c i n g  r e f n t a t i o p  of Cook's t h e o r y  

however is c o n t a i n e d  i n  p a p e r s  b y  Tsukada (1966). Tsukada  and  

Deevey t1967) and  Vaughan (197&#. T h e i r  p a l y  n o l o g i c a l  

i n v e & i g a t i o n s  i n  t h e  P e t e n  l e d  t o  t h e  s t a r t l i n g  c o a c l u s i o n  t i ha t  

s a v a n n a  u a s  aD i ts  most e x t e n s i v e  d a r i n g  t h e  p e r i o d  4 0 0  - 1000 

BOPo (i-e,  pre-Format ive  to  l a t e  C l a s s i c  Mayan Empire) ,  when 

t h e  p o l l e n  r a i n  u a s  domina ted  b y  g r a s s ,  oak a n d  p i n e  gene ra ,  

S i n c e  t h a t  time t h e r e  h a s  been a c o n s i d e r a b l e  i n c r e a s e  i n  t h e  

p r o p o r t i o n  of r a i n f o r e s t  s p e c i e s ,  w i t h  oak ard p i n e  p q l l e n  

d i m i n i s h i n g  s h a r p l y ,  They c o n c l u d e  t h a t  t h e  r a i n f o r e s t  i tself  

may t o  a l a r g e  e x t e n t  b e  a  c u l t u r a l  a r t i f a c t ,  r a t h e r  t h a n  t h e  

savanna .  

The h i s t o r i c a l  c o n t i n u i t y  and  a q t i g a i t p  of s a v a n n a  

c o n r a n i t i e s  i n  CenBra l  America is f u r t h e r  d e m a n s t r a t e d  b y  t h e  

fact  t h a t  t h e  a v i f a u n a  o f  t h e  c o a s t a l  s a v a n n a s  c a p t a i n s  a  number 

of endemic  s u b - s p e c i e s  (Borell, 1971) ,  and  t h e  f i a d i n g  by Itel lman 

(1975) of c h a r c o a l  f r a g m e n t s  (carbon-da ted  a t  11,220 BOP,), i n  a  

s o i l  p r o f i l e  i n  t h e  Ba ld  H i l l s ,  s u b s t a n t i a t e s  t h e  claim t h a t  

fire, and, by e x t e n s i o n ,  s a v a n n a  v e g e t a t i o n ,  may b e  of 

c o n s i d e r a b l e  a n t i q u i t y  i n  t h e  a r e a ,  I n d e e d ,  t h e  c o a s t a l  s a v a n n a s  

of C e n t r a l  America, l i k e  t h o s e  of n o r t h e r n  Sou th  Arerica, m y  



well p r o v e  t o  have  e x i s t e d  t h r o u g h o u t  t h e  P l i o - P l e i s t o c e n e  

( i t i j m s t r a ,  1969), t h e i r  e x t e n t  f l u c k a a t i n g  w i t h  e v e r y  change  i n  

climate and  s e a - l e v e l ,  I f  f i r e  is t o  be  r e t a i n e d  a s  t h e  p r i m e  

g e n e r a t i v e  or  m a i n t a i n i n g  f a c t o r  i n  s avanna  areass t h e s e  

c o m m u n i t i e s  must  r e s u l t  f rom r e c u r r e n t  l i g h t n i n g  fires, 

e x a c e r b a t e d  by man-set fires i n  t h e  p o s t - s e t t l e m e n t  p e r i o d ,  I n  

d r y  y e a r s  l i g h t n i n g  f i res  nay e r u p t  i n  t h e  b r o a d l e a v e d  forest i n  

Belize, and w i t h i n  t h e  l a s t  t h i r t y  years f o u r  s-ach fires, each 

f a i r l y  s e v e r e ,  have  been  r e c o r d e d  i n  t h e  r a i n g o r e s t  of t h e  

C h i q u i b u l  R e s e r v e  i m m e d i a t e l y  t o  the s o u t h  of Mountain P i n e  

Ridge, I n  t h e  y e a r s  f o l l o w i n g  a h u r r i c a n e  the c h a n c e s  of s u c h  a 

fire s t a r t i n g ,  and t h e  r a t e  o f  s p r e a d  o f  t h e  burn,  remain  t h e  

same as i n  no rma l  p a r s ,  (MolXfsohn, 1967) b u t  the amount of 

windblown material on  t h e  f o r e s t  f l o o r  p r o d u c e s  a v e r y  h o t  bu rn  

which c a u s e s  s e v e r e  damage, F o r  example,  t h e  p a s s a g e  of 

H u r r i c a n e  H a t t i e  t h r o u g h  s o u t h e r n  B e l i z e  i n  1961 c r e a k e d  a 

c o n s i d e r a b l e  f i re  h a z a r d  (Wolf f s o h n ,  op-cit.) , The damage from 

t h e  f i re  may be so g r e a t  t h a t  o n l y  a r e g r a u t h  

(p ter i  d i m  auui l ini_u_n)  ox  " t iger-bashm ( D i a r ~ ~ ~ e r i @  

w i l l  p e r s i s t  i n  t h e  burned  a r e a ,  These  fe rn-domina ted  

c a r r y  f i r e  rvch more r e a d i l y  t h a n  b r o a d l e a v e d  f o r e s t ,  

f r e q u e n c y  of b u r n s  may h e  i n c r e a s e d ,  

Al though t h e  s a v a n n a s  of B o a n t a i n  P i n e  Bidge  are 

of  bracken 

J?=tui#ta) 

e c o s y s t e m s  

and  s o  t h e  

r e s t r i c t e d  

t o  a r e a s  o f  a c i d i c  p a r e n t - m a t e r i a l s  and  i n f e z t i l e  s o i l s ,  a s  

r e q u i r e d  by t h e  ' e d a p h i c *  theory, t h i s  is  n o t  a u n i v e r s a l  



c o n d i t i o n  i n  Belize, O t h e r  o u t c r o p s  of g r a n i t i c  rocks o c c u r  t o  

k h e  s o u t h  and  e a s t  of f i o a n t a i n  P i n e  Ridge,  b u t  w i t P  t h e  e x c e p t i o n  

of some i s o l a t e d  r i d g e t o p s  u h i c h  s u p p o r t  p i n e s ,  t h e s e  are  

o t h e r w i s e  c o v e r e d  with b r o a d l e a f  forest. No c l i m a t o l o g i c a l  d a t a  

are a v a i l a b l e  far  Bhese c t h e r  areas o f  g r a n i t e  t o  t h e  s a u t i  a n d  

east of H o u n t a i n  P i n e  Ridge,  ba t  Bomnelp & gl fa  (1659) claim t h a t  

much h i g h e r  amounts  ef r a i n f a l l  are rece iwed  i n  t h e s e  a r e a s  t h a n  

i n  Mountain P i q e  Bidge,  which l i e s  i n  t h e  rain-shadow of t h e  Maya 

n o u n t a i n s ,  C o n s e q u e n t l y  t h e  p r o b a b i l i t y  o f  fjres i n  t h e  d r y  

s e a s o n  may be ~ u c h  r e d u c e d ,  a n d  a n y  p i n e s  t h a t  d i d  o c c u r  uou ld  be 

l i m i t e d  t o  t h e  d r i e r  s i tes  s u c h  a s  r i d q e t o p s ,  

The r e a s o n s  f o r  t h e  a b s e n c e  of p i n e s  from t h e  f i r n e s t o n e  

a r e a s  between the Maya Roumta ins  and 

o b s c u r e ,  b u t  a n  e x p l a q a t i o n  is p r o v i d e d  by 

t h e  f u n g a l  s y r b i o p t s  o f  c a r i b a e a  

a c i d o p h i l i c  (danos,  p e r s ,  corm,), The 

t h e  coastal p l a i n  are 

the  p a s s i b i a i t y  Chat 

v a r  b n d u r a a s i s  are  

a b s e n c e  of s u i t a b l e  

m y c o r s h i z a l  symbion%s from t h e  s o i l  uould e f f e c t i v e l y  e x c l u d e  

p i n e s  f r o a  these a r e a s ,  and t h e  p o s t - f i r e  s u c c a s s i o a  would be 

d i r e c t e d  t o  b r o a d l e a r e d  cor ,muqi t ies .  

U n t i l  l o c a l  p a l y ~ o l o g i c a l  data become a m a i l a b l e ,  t h e  

v e g e t a t i o n  h i s t o r y  of t h e  s t u d y  area from t h e  l a t e  P l e i s D o c e n e  t o  

t h e  p r e s e n t  must r e r a i n  a matter of s p e c u l a t i o n ,  However, i n  a n  

a r e a  l i k e  Boun ta in  P i n e  Bidge Ridge t h e  iqfer t i le  soi ls  c a n  o n l y  

h a v e  s u p p o r t e d  a t  b e s t  a slow-growing b r o a d l e a v e d  ~ o o d l a n d ,  



L i g h t q i n g  fires i n  t h i s  t y p e  o f  ecosys t em may i n i t i a t e  a p o s i t i v e  

f e e d b a c k  series t e n d i n g  t c  produce  f u r t h e r  impave r i shmea t  of t h e  

s o i l  d u e  t o  p o s t - f i r e  l e a c h i n g  and e r o s i o q ,  an open  v e g e t a t i o n  of 

s t i l l  s l o v e r  g r o u t b  and biomass ,  s o i l  d e s s i c a t i o n  i n  t h e  d r y  

s e a s o n  due  t o  t h e  r e d a c e d  v e g e t a t i o n  c o v e r ,  a n d  a c o q s e q u e n t  

i n c r e a s e  i n  t h e  f r equency  o f  burns ,  T h i s  s y n q r g i s t i c  s e q a e n c e  

s h o u l d  f a v o u r  t h e  e s t ab l i shma t  of a  * A r e - r e s i s t a n t  a n d  t o l e r a n t  

v e g e t a t i o n  type ,  i n  which, g i v e n  a n  a w a i l a b l e  seed s o u r c e ,  p i n e s  

u i l l  f i g u r e  g r o a i n e q t l y .  Once e s t a b l i s h e d ,  t h e s e  p ine -g ra s s  

s a v a n n a s  aay  r e p r e s e n t  a h o a e o s t a t i c  c o n d i t i o n  a s  l o n g  a s  f i f e s  

are a  p e r s i s t e a t  and f r e q u e n t  e l e m e n t  i n  t h e  e n v i r o q a e n t ,  

Pbus,  t be p i n e  s a v a n n a s  o f  Honnta in  P i n e  Ridge  c a n  be 

c o n s i d e r e d  t o  have deve loped  i n  r e s p o n s e  t o  f r e q u e n t  l i g h t n i n g  

f i res ,  which were on o c c a s i o n  e x a c e r b a i d  by t he  effects of 

h u r r i c a n e s  on  a v e g e t a t i o n  t y p e  r e n d e r e d  p r o n e  t o  fire by  t h e  

l o n g  dry s e a s o n s ,  low r a i n f a l l  amounts  and  i n f e r t i l e  s o i l s  of t h e  

l o c a l i t y .  



To  t h e  risitor from t e m p e r a t e  l a n d s ,  t h e  v g g e t a t i o n  of 

H o u n t a i n  P i n e  Bidgq Bas  a s u p r i s i n g l y  f a d l i a r  l o o k ,  ' i l oa r i s t s  

and b o t a n i s t s  a l i k e  hare remarked o n  t h e  sup le r f i c$a l  s i a i l a r i t y  

w i t h  t h e  p i n e l a n d s  of t h e  s o u t h e a s t e r n  U,S,A,, t h e  l e u  J e r s e y  

P i n e  Ba r rens ,  or t h e  Pcnderosa p i n e  g r a s s l a n d s  of w e s t e r n  l o r t h  

America,  T h i s  a p p a r e n t  s i m i l a r i t y  s t e a s  fsam t h e  v i s u a l  

dominance of E, caz i -  i n t e x s p e r s e d  with  small trees and  

s h r u b s  and  a n  e c o l o g i c a l l p  dominant  s t r a t u m  of g r a s s e s  and  s e d g e s  

(P ig ,  4 , 1 . C e r t a i n l y  t h i s  and  o t h e r  p i n e  s a r a n n a  a r e a s  of 

C e n t r a l  America c o n t r a s t  g r e a t l y  i q  s p e c i e s  c o m p o s i t i o n  and  

d i v e r s i t y  of b o t h  f l o r a  and  f a u n a  with t h e  sea of t r o p i c a l  

r a i a f o r e s t  t h a t  s u r r o u n d s  them, 

B o t a n i c a l  s a r v e y s  of Houn ta in  P i q e  e d g e  were first made by 

teams from t h e  U n i v e r s i e y  of l i c h i g a n  and  C a r a e g i e  I n s t i b u t i o p  i n  

t h e  1930's,  a n d  several papers uers s u b s e q u e n t l y  p u b l i s h e d  o n  

t h e i r  c o l l e c t i o n s  (Bartlett,  1936; Standley and  Becord, 1939; 

L u n d e l l ,  1940). Bar*lett Mas impresired a t  t h e  time of the first 

e x p e d i t i o n  (1931) w i t h  t h e  e x t e n s i v e  s y s t e m a t i c  and v e g e t a t i o n a l  

knowledge of Mayan I n d i a n s ,  and  he r e t a i a e d  t b i r  d e s c r i p t i v e  

t e r m i n o l o g y  fo r  h i s  c l a s s i f i c a t i o n  of t h e  v e g e t a t i o n  of n o u n t a i n  

P i n e  Ridge, The l oca l  n o n e n c l a t u r e  r e c o g n i s e d  t h r e e  iphases of 

p i n e  s a v a n n a  ( = @ p i n e  r i d g e e )  



1 1 THE GRANITE SASI rJ  I N  !?OUNTAI~J PINE 
FIDGE, THIS AREA, F!HICI-1 WAS L A S T  CURFJT I N  

lSITL!., IS LOCATED 2 mI NORTH OF [\UGUSTINE, 

AND I S  T V P I C A L  Or THE OPE11 PINE-SAVAr4rJA 

LArJDSCAPE OF PlUCII OF THE STUDv AREA, 

FIG, 1 ~ 2 :  A DETAILED VIEW OF THE ABOVE, SHRUBS 
SUCH A S  CLIRATFI I A AMFRICAM (XI, 'IICOF.IIA 
A L C I C A N S  (Y)  AND ~VRSONIMA C R A S S I F O L I A  FORM 

A SPARSE UlIDERSTORY. 



55 

P i n a r  { P i n a l )  - a p u r e *  p i n e  woodland 

E n c i n a l  - oak  voodland  

Hanza l  - gETSonimg woodland 

I n  t h e i r  s u r v e y  o f  t h e  v e g e t a t i o n  of Belize Boaaey a n d  

W r i g h t  (op, c i t -  ) c l a s s i f y  t h e  v e g e t a t i o q  of Houn ta in  P i n e  B idge  

a s  # p i n e  f o r e s t  and  o r c h a r d  s a v a n n a  w i t h o u e  l i m e - l o v i n g  s p e c i e s n ,  

Again t h r e e  p h a s e s  are r e c o g n i s e d :  

O A K  - p i n e  - f l o r o s u l  fo res t  

OAK - p i n e  - u s  spp ,  fores t  w i t h  
abundan t  s i l v e r  p imen to  

S B V A W A  g r a s s  u i t h  s c a t t e r e a  p i n e ,  oat ,  
L e u C o t h ~ g  Sp,, Spp* 

Hunt (1 970) r i g h t l y  criticises t h e s e  c l a s s i f i c a t o r y  schemes 

for  b e i n g  b o t h  m i s l e a d i n g  i n  terms o f  t h e  s u g g e s t e d  dominance of 

t h e  tree s t r a t a m  o v e r  the h e r b a c e o u s  Laye r ,  and  a l s o  f a r  t h e  

p rominence  t h e y  g i v e  t o  c e r t a i n  minor tree s p e c i e s ,  H e  n o t e s  (p, 

7 ) ,  t h a t  f l o r o s u l  (p@eLtlia Eosea)  was n e v e r  recorded i n  t h e  

p i n e  savanna  i n  h i s  serxey, n o r  was it o b s e r v e d  b y  m y s e l f -  A 

f u r t h e r  criticism i s  t h a t  C l u s i a  spp, are o n l y  i n f r e q u e n t l y  

f o u n d  i n  t h e  s a v a n n a s ,  a s  small e p i p h y t e s  on t h e  raots o f  pines, 

o r  else a s  l a r g e r  f r e e - s t a n d i n g  trees a l o n g  w a t e r c o u r s e s .  Hunt 

( o p , c i t , )  a d o p t s  Bea rd ' s  (1953) t e r m i n o l o g y  f o r  n e o t r o p i c a l  

s a v a n n a s  i n  his own work on t h e  v e g e t a t i o n  of t h e  s t u d y  a r e a ,  

W h i l s t  n o t i n g  t h e  e c o l o g i c a l  dominance o f  t h e  h e r b a c e o u s  s t ra%um,  

he s t a t e s  t h a t  t h e  v i s u a l  a p p e a r a n c e  of t h e  s a v a n n a  is c a n t r o l l e d  

by t h e  d e n s i t y  and  d i v e r s i t y  of  t h e  a r b o r e s c e n t  layer- 



H e  stresses a l s o  %ha% the p l a n t  c o m p o s i t i o n  af t h e  s a v a n n a s  

reflects t h e  m o i s t u r e  s t a t u s  of t h e  s t a n d  a s  v e l l  as t h e  h i s t o r y  

o f  d i s t u r b a n c e ,  A sanewhat  i d e a l i s e d  view o f  t h i s  r e l a t i o n s h i p  

c a n  be o b t a i n e d  b y  u s i n g  a t o p o g r a p h i c  s e q u e n c e  as a s u r r o g a t e  

for  m o i s t u r e  a r a i l a b i l i t p ,  Iq v a l l e y  b o t t o m s  the ground l a y e r  is 

domina ted  by g e s o s e ~ ~  f ~ i f 0 1 i u m .  fimhs~sra gbbma,  and, i n  

areas where w a t e r l o g g i n g  is f r e q u e n t ,  # c u t t i n g - g r a s s n  (Sc1- 

b r a c t a a t g )  a n d R o d r o & g q p q m a r e  comnon. Clumps o f  t h e  

p a l m e t t o  m e k o g r a p b ~  are found, 

On t h e  s i d e s l o p e s  and i n t e r f l u w e s  t h e  c h a r a c t e r  o f  t h e  

v e g e t a t i o n  c h a n g e s  c o p s i d e r a b l y ,  A p a r t  from the p i n e s ,  which 

d o m i n a t e  t h e  tree s t r a t u m  i n  b o t h  h e i g h t  aqd  t o t a l  b a s a l  area, 

The f o l l o w i n g  s m a l l  trees and l a r g e  s h r u b s  a r e  comron: 



T h e s e  a n d  o t h e r  members o f  t h e  f l o r a  a r e  i n d i s a t i v e  of  t h e  

j d u a l  g e o g r a p h i c  o r i g i n s  o f  t h e  s avanna  p l a n t s ,  w i t h  Sou th  
I 

American g e n e r a  f apysgm,  PsiqAuq,  Q#4:ate11q). i n t e r m i n g l i n g  

i w i t h  e l e m e n t s  f rom Nor th  America and  Hexico P pBerg&& 

1 m i c a ) ,  The s h r u b  and  sub - sh rub  l a y e r  is a l so  a n  i m p o r t a n t  

compoqent o f  the p i n e  s a v a n n a s  (P ig ,  U.2) ,  d o a i n a t e d  by 

n e l a s t o m e s ,  p a r t i c u l a r l y  ) r a g  m i c a n s  and  a d e a - i a  r u b r a ,  

w i t h  c o m p o s i t e s  CCaleq spp.) , c y c a d s  f u r f a r e a )  , l egumes  

g n a a  spp , )  b e i n g  f a i r l y  f r e q u e n t ,  

The  h e r b a c e o u s  layer on t h e  s i d e s l o p e s  and  i n t e r f f  u v e s  is  

domina ted  by g r a s s e s ,  e s p e c i a l l y  g r a c ~ o u o ~  s o u a d t h f o l & t p ,  

a s v a l u m  p e ~ % i n a t u ~ ,  and,  i n  d r i e r  sites, &ib€maU 
~ ~ c z o ~ c h ~ u s ,  %he d e n s i t y  o f  t h e s e  b u n c h g r a s s e s  is r e l a t e d  t o  

t h e  d r y n e s s  of t h e  si te,  wi th  more b a r e  ground a p p e a r i n g  i n  a r e a s  

w i t h  k h i n  o r  g r a v e l l y  s o i l s ,  S p a r s e  p o p n l a t i c n s  af h e r b s  s u c h  a s  

&&& ~ d e n e ~ h o r a ,  c a ~ i t - ,  or  B u l b o w  p a r a d o r a  

o c c u r  i n  t h e s e  d r i e r  sites, A f u l l  l i s t i n g  of t h e  f l o r a  

c o l l e c t e d  i n  t h e  s t u d y  a r e a  i s  c c n t a i n e d  i a  Appendix B, 

F I R E  ECOLOGY OF THE VEGETATION 

P i n e s ,  l i k e  o t h e r  t z e e  s p e c i e s ,  c a n  b e  k i l l e d  by f i re  i n  two 

ways, e i t h e r  t h r o u g h  d e s t r u c t i o n  o f  the t e r a i n a l  buds ,  o r  b y  

h e a t i n g  o f  t h e  cambium akcve  a  t e m p e r a t u r e  of 65a C, )The t h i c k ,  

p l a t y  b a r k  of C a r i b b e a n  p i n e  s e r v e s  a s  an  i n s u l a t i n g  l a y e r  t o  



t. p r o t e c t  t h e  cambium f rom e x c e s s i v e  h e a t i n g ,  B a r t  l a y e r s  may b e  1 

cm, t h i c k  d u r i n g  t h e  s e e d l i n g  s t a g e  and  2-3 en, t h i c k  i n  m a t u r e  

trees, The t e r m i n a l  buds are p r o t e c t e d  from f i r e  by t h e i r  

l o c a t i o n  i n  a s k i r t  o f  heavy n e e d l e  growth, 

# h e r e a s  many of t h e  hardwoods t h a t  o c c u r  w i tb f  n  t h e  p i n e  

s a v a n n a s  a r e  c a p a b l e  o f  r a p i d  r e g e n e r a t i o n  f o l l o u i n g  a  firs, & 

c a r i b a e a  i s  n o t  so a d a p t e d ,  I n d e e d ,  i n  c ~ m p r i s o n  wi th  some - 
s u b t r o p i c a l  p i n e  s p e c i e s ,  C a r i b b e a n  p i n s  a p p e a r s  v u l n e r a b l e  t o  

f i r e ,  Long lea f  p i n e  (E p a l u s t r i s ) ,  g o e s  t h rough  a 

* g r a s s - s t a g e a  v here t h e  terminal bud of t h e  s e e d l i ~ g  l i e s  on t h e  

s o i l  s u r f a c e  p r o t e c t e d  by v e r y  heavy  n e e d l e  growth  from f i r e  

damage, w h i l e  E, g p c a r n a  is c a p a b l e  o f  r e g e n e r a t i n g  fro. its 

r o o t s  a f t e r  a s e v e r e  burn, P, c a r i b a s  h a s  e v o l v d  n e i t h e r  of 

t h e s e  s t r a t e g i e s ,  i n s t e a d  it grows r a p i d l y  th rough  t h e  v u l n e r a b l e  

s e e d l i n g  s t a g e ,  a n d  c o u p l e s  t h i s  w i t h  a p r o p e n s i t y  t o  a b o r t  t h e  

dead  lower b r a n c h e s  of t h e  tree, which r e d u c e s  t h e  l i k e l i h o o d  o f  

a  f i r e  # c r c u n i n g a ,  

Data on p i n e  mor t . a l i t y  i n  b u r n s  i n  Hoanta in  P i n e  Bidge is 

found i n  i n t e r n a l  r e p o r t s  o f  t h e  F o r e s t r y  Dept,, n o t a b l y  t h o s e  of 

Hoody (1964) and Hudson (1972a,b) ,  Hoody r e c o r d e d  90% a o r t a l i t  y 

f o r  p i n e s  below 2 m, i n  h e i g h t  and  381 m o r t a l i t y  far trees 

be tween  2 and 3 . a f t e r  a f i r e  i n  1964, P i n e  m o r t a l i t y  f rom 

f i r e s  b r e a k i n g  o u t  i n  1972 was enumera ted  b y  Hudson a t  a  number 

of s t a n d s ,  w i t h  a  t o t a l  sampled  area o f  1.2 ha. (3 ac , ) .  Death 

rates were a g a i n  h i g h e s t  i n  t h e  s e e d l i n g  classes [P ig .  4.3) , but 
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e v e n  t h e  l a r g e s t  %rees were s u s c e p t i b l e ,  w i t h  trees o v e r  6.5 8 ,  

s u f f e r i n g  12% a o r t a l i t y  o v e r a l l  a n d  3 0 s  m o r t a l i t y  i n  a 0.4 ha. 

(1 ac, )  s u b p l o t ,  

F u r t h e r  c o m p a r i s o n s  may b e  made w i t h  a 1 ha. p l o t  sampled  

f rom a bu rn  t h a t  had  t a k e n  p l a c e  i n  1971, l c n e  of t h e  p i n e  

s e e d l i n g s  on t h e  sampled   lot s u r v i v e d  w h i l e  t h e  p r o b a b i l i t y  o f  

s u r v i v o r s h i p  i n c r e a s e d  t o  100 % f o r  p i n e  trees wi th  b a s a l  areas 

>200 sq,cm. {->I2 m, i n  h e i g h t ) ,  n o r e  t h a n  95  f o f  t h e  

hardwoods had s u r v i v e d  a n d  were r e g e n e r a t i n g ,  e i t h e r  from 

e p i c o r m i c  s p r o u t s  (BJcsonima) o r  from s h o o t s  produced a round t h e  

root  c o l l a r  ~ S L : C U S  spp, ,  C l e t h ~ a )  , The f i r e  re~or ts  s u b m i t t e d  

by District F o r e s t  Off icers  r e s p o n s i b l e  f o r  t h e  n o u n t a i n  P i n e  

Ridge  c o n t a i n  f u r t h e r  a n e c d o t a l  i n f o r m a t i o n  on f i r e - r e l a t e d  

m o r t a l i t y ,  The m a j o r i t y  o f  r e p o r t s  c l a s s i f y  t h e  damage t o  p i n e  

s t a n d s  a s  %iln o r  # n e g l i g i b l e * ,  I n  some i n s t a n c e s  a n  estimate 

of m o r t a l i t y  amongst  r e g e n e r a t i n g  p i n e  is given ,  Pro. a n  

e x a m i n a t i o n  of t h e s e  r e p o r t s  it would seem t h a t  t h e  m o r t a l i t y  i n  

t h e  f i re  r e p o r t e d  by  Boody ( o p - c i t )  is s l i g h t l y  less s e v e r e  t h a n  

most f i res  i n  a o u n t a i n  P i n e  Ridge, 

The r a t e  of  s p r e a d  of a g r a s s  f i r e  v a r i e s  w i t h  wind-speed 

b u t  i n  g e n e r a l  b u r n s  t r a v e l  a t  be tween  6 - 10 m, (20-33 f t , )  p e r  

minu te  (Vo l f f sohn ,  1965) .  F i r e s  moving a t  r a t e s  g e a t e r  t h a n  13 

m. ( Y O  ft,) p e r  s i n u t e  are r a r e ,  a n d  above  t h i s  s p e e d  t h e  burn  

t r a v e l s  by " s p o t t i n g *  a h e a d  r a t h e r  t h a n  nrunningn,  Xn windy 

c o n d i t i o n s  s p o t t i n g  nay  be  o c c u r r i n g  i n  a  zone  up t o  0.8 km. 



P 
( 0 - 5  mile) a h e a d  of t h e  r a i n  f i r e - l i n e ,  F i r e s  can s t a r t  i n  t h e  i 

c rowns  of p i n e s  aqd p a l m e t t o s  ( b C p e m  =&&&&&I , o r  

o c c a s i o n a l l y  i n  dead  trees, b u t  t h e  l o u  d e n s i t y  of trees i n  t h e s e  

u p l a n d  p i n e  f o r e s t s  p r o h i b i t s  t h e  t r a n s m i s s i o n  of fire from one  

p i n e  crown t o  a n o t h e r  a n d  t r u e  c r o u n  fires therefore seldom 

o c c u r ,  The main f u e l  s o u r c e  f o r  b a r n s  is t h e  g r a s s  a n d  s e d g e  

s t r a t u m  a u g a e q t e d  by a c c u m u l a t i o n s  o f  g r a s s ,  p i n e  and hardwood 

l i t t e r ,  Grass r e g r o w t h  a f t e r  a f i r e  is f a i r l y  r a p i d ,  

p a r t i c u l a r l y  d u r i n g  t h e  r a i n y  s e a s o n ,  After one  s u c h  burn  i n  

1973 t h e  g r a s s  c o v e r  u a s  o b s e r v e d  t o  i n c r e a s e  f rom 3 X  o f  g round  

area two months a f t e r  t h e  f i r e  t o  241  c o r e r  one yeax l a te r*  

Wolf f s o h n  jop-c i te)  , s t a t e s  t h a t  t h r e e  months o f  g r a s s  r e g r o w t h  

is s u f f i c i e n t  t o  s u p p o r t  a b u r n  i n  "Highm f i re  h a z a r d  c o n d i t i o n s ,  

and  a f te r  a year a f i r e  #ill t r a v e l  a s  r a p i d l y  i n  this young 

g r a s s  as i n  much older  Buels ,  

Al though t h e  ground-cover of g r a s s  r e g r o w t h  i n c r e a s e s  

r a p i d l y  a f t e r  firs, t h e  g r a s s  b iomass  i n  t h e s e  young s t a n d s  i s  

v e r y  s m a l l  compared w i t h  t h a t  i n  alder s t a n d s ,  The g r a s s  

r e g r o w t h  i n  t h e  burn r e f e r r e d  t o  above  had a t t a i n e d  a d r y  we igh t  

of o n l y  0 - 2  kg,/sq,m, by t h e  e n d  of two months an8 43-24 kg/sg,m, 

a f t e r  a y e a r ,  Open p i n e  s t a n d s  cf g e a t e r  a g e  (5 - 15 g r s , )  may 

have  a c u r r e n t  g r a s s  c r o p  o f  up t o  9.6 kg/sq.t ,  Immed ia t e ly  

f o l l o w i n g  a bu rn  s c o r c h e d  n e e d l e s  c o v e r  t h e  ground t o  a d e p t h  o f  

1 - 2 cas,, weigh ing  1.0 - 1 kg/sq,m,, These are f a i r l y  

e x t r e m e  f i g u r e s ,  a t b a i n e d  o n l y  i n  d e n s e  p i n e  s t a n d s  a f t e r  s e v e E e  



fires when much o f  t h e  n e e d l e  c r o p  may b e  s i n g e d ,  Bore  t y p i c a l  

v a l u e s  would b e  i n  t h e  r a n g e  o f  0.2 - 0-25 kg/sq,m,, w i t h  a 

p a t c h y  d i s t r i b u t i o n  of n e e d l e s  o m  t h e  g round  s u r f a c e ,  

Mol f f sohn ' s  c o n t e n t i a n  t h a t  t h e  f u e l - b e d  is s u f f i c 5 e n t  t o  s u p p o r t  

a  f i r e  a f t e r  a  r e s p i t e  of t h r e e  months would seem t o  be more 

p l a u s i b l e  f o r  p i n e  l i t t e r  f u e l s  t h a n  for g r a s s  f u d s ,  

Bo d a t a  on t e m p e r a t u r e s  p r o d u c e d  by t h e s e  f i res  are 

c u r r e n t l y  a v a i l a b l e  b u t  c o m p a r i s o n s  may be made w i t h  o t h e r  

s a v a n n a  a r e a s ,  T h e r e  is a g e n e r a l l y  r e c o g n i s e d  d i a h o t o r y  i n  t h e  

l i t e r a t u r e  on f ire - r e s e a r c h  between # h o t m  and rncoldft g r a s s  

fires, Cold b u r n s  are c h a r a c t e r i s t i c  o f  a r e a s  where  f u e l  is 

r e s t r i c t e d ,  e i t h e r  b e c a u s e  o f  t h e  n a t u r e  of the v e g e t a t i o n ,  o r  

t h e  f r e q u e n c y  of f i re  e v e n t s ,  P i t o t  and  Basson (1951) and  B e a d l e  

(19401, work ing  i n  5 f ,  A f r i c a  a n d  N e w  S o u t h  V a l e s  r e s p e c t i v e l y ,  

r e c o r d e d  s u r f a c e  t e n p e r a t n r e s  o f  80 - 2OOaC d u r i n g  t h e  p a s s a g e  of 

a f i r e - f r o n t  t h r o u g h  s h o r t - g r a s s  s avanna ,  T h e i r  r e s u l t s  may b e  

c o n t r a s t e d  w i t h  t h o s e  cf Hopkins  (1965) i n  N i g e r i a  and  Hasson 

(quo ted  i n  Hopkins,  i b i d )  i n  t h e  Sudan, Haxima1 t e m p e r a b u r e s  of 

850' C were n o t e d  i n  t h e s e  b u r n s  i n  l o n g - g r a s s  s avanna ,  T h e r e  i s  

no  doubt ,  houever ,  t h a t  b u r n s  i n  Xounta in  P i n e  Ridge  v a r y  

c o n s i d e r a b l y  i n  t h e i r  s e v e r i t y ,  A s  fire p r o t e c t i o n  m e a s a r e s  

become more e f f i c i e n t  t h e  r e g u l a r  *#coldff  b u r n s  of t h e  p a s t  a r e  

b e i n g  r educed  i n  f r e q u e n c y ,  and  a s  f u e l  is p r o g r e s s i . e l y  

accumula t ed  t h e  f i res  of t h e  f u t u r e  i n  Houn ta in  P i n s  Bidge may 

w e l l  prowe t o  be much more s e v e r e  t h a n  t h o s e  of t h e  p a s t .  



The f i r e  - p r o t e c t i o n  p o l i c y  i n  a o u n t a i n  P i n e  Ridge,  

o r i g i n a l l y  implemented i n  a n  a t t e m p t  t o  e n c o u r a g e  p i n e  

i' r e g e n e r a t i o n ,  h a s  l e d ,  p a r a d o x i c a l l y ,  t o  s u c c e s s i o n a l  c h a n g e s  i n  

; 
i t h e  p i n e  s a v a n n a s  v h i c b  have  r e s u l t e d  i n  r educed  p i n e  

e s t a b l i s h m e n t  ( J chnson  and  Chaf fey ,  op. c i t , )  , Where f i r e  
r 

i p r o t e c t i o n  h a s  been  s u c c e s s f u l ,  s t a n d s  a r e  unde rgo ing  c h a n g e s  
, 
, which i n c l u d e :  c l o s u r e  of t h e  tree canopy a s  t h e  i n i t i a l  f l u s h  

o f  p i n e  r e g e n e r a t i o n  c o n v e r t s  p i n e  s a v a n n a  i n t o  p i n e  forest ,  

r e v i t a l i s e d  growth  of f i r e  t o l e r a n t  hardwoods,  e s p e c i a l l y  t h e  

oaks ,  and ,  i n  t h e  s a v a n n a - r a i n f o r e s t  e c o t o n e s ,  t h e  i n v a s i o n  of 

f i r e - s e n s i t i v e  s p e c i e s  uh ich  were f o r m e r l y  e x c l a d e d  from t h e  

p i  n e l a a d s ,  

T h i s  s i t u a t i o n  is e g u i v a f e n t  t o  the s u c c e s s i ~ n a l  c h a n g e s  

r e p o r t e d  f rcm e t h e r  a r e a s  o f  C a r i b b e a q  p i n e  (Pa r sons ,  1955; 

xunro ,  1966). and a n a l a g o u s  t o  t h o s e  i n  t h e  l o n g l e a f  and  s l a s h  

p i n e  s t a n d s  of F l o r i d a ,  and  t h e  s h o r t l e a f  a n d  l o b l o l l y  p i n e  

s t a n d s  o f  t h e  P iedmoqt  of the U.S.A. i B i l l i ~ g s ,  1938; Heyward, 

1939; H c Q u i l k i n ,  7940; Bard, 1952; C l e w e l l ,  l97U). 

I n  e a c h  o f  t h e s e  cases t h e  p i n e s  a r e  g r a d u a l l y  e x c l u d e d  from 

t h e  community by  c o n d i t i c n s  w h i c h  i n h i h i t  t h e i r  r e g e n e r a t i o n ,  and  

t h e  p i n e  p o p u l a t i o n s  c o n s e q u e n t l y  u n d e r g o  a  r a p i d  t r a n s i t i o n  from 

a n  expand ing  t o  a d e c l i n i n g  p o p u l a t i o p  structure u i t h i a  a  f e u  

decades ,  T h e r e  is no u n i v e r s a l  e x p l a n a t i o n  for  the decline of 



F 

t h e  p i n e  p o p u l a t i o n s  i n  t h e  s t u d i e s  r ewieved  above, I n  e a c h  case 

i 
t h e  c o n t r o l s  on p o p u l a t i o n  r e c r u i t l e n t  aggsar t o  be 

s p e c i e s - s p e c i f i c ,  The t r i g g e r  f o r  t h i s  demographic  d e c l i n e  is 

r e d u c e d  e s t a b l i s h m e n t  o f  s e e d l i n g s ,  e i t h e r  b e c a u s e  of i n c r e a s e d  

s e e d l i n g  m o r t a l i t y ,  or  t h r o u g h  d e c l i n i n g  g e r ~ i n a t i s n .  T h e  d a t a  

p r e s e n t e d  by J o h n s o n  a n d  C h a f f e y  on  s i z e - c l a s s  s t r u c t u r e s  of p i n e  

i n  s avanna ,  open  woodland a n d  p i n e  f o r e s t  envi rc r roren ts  fEig, 

4 -4) , are i n d i c a t i v e  of t h e  e x t e n t  of t h e  d e c l i n e  i n  Caribbean 

p i n e  p o p u l a t i o q s  w i t h  f i r e  e x c l u s i o n ,  

A s  a  f i r s t  s t e p  i n  a n a l y s i n g  t h e  dynamics  of  P, c a r i h a e a  

p o p u l a t i o n s  a r a n g e  o f  s t a n d s  of v a r i o u s  a g e s  a n d  d e n s i t i e s  vere 

s a m p l e d  i n  the s t u d y  a r e a  i n  o r d e r  t o  f o r m u l a t e  some p r e l i m i r r a r y  

h y p o t h e s e s  a b o u t  t h e  r e l a t i o n s h i p  among s t a n d  h i s t o r y .  

p i n e - p o p u l a t i o n  s t r u c k u r e  and dynamics ,  and s t a n d  envi ronment .  

Sample s t a n d s  v e r e  s e l e c t e d  o n  t h e  b a s i s  of s e v e r a l  

c r i t e r i a ,  F i r s t l y ,  e a c h  s t a n d  had t o  be f a i r l y  h ~ m o g e n e o u s  i n  

i ts  a g e - s t r u c t u r e  a n d  s p e c i e s - c o m p o s i t i o n ,  b u f f e r e d  by  a  more 

e x t e n s i v e  area of s i m i l a r  s t r u c t u r e ,  Second ly ,  t h e  a g e  of t h e  

s t a n d  must  be e s t i m a b l e ,  S t a n d  a g e s  were d e r i v e d  e i t h e r  f rom 

f i r e - h i s t o r y  d a t a  o r  f rc r  an a n a l y s i s  of  t h e  a g e - s k r u c t u r e  of t h e  

trees on  t h e  p l o t ,  

V i r t u a l l y  a l l  of Hounta in  P i n e  Bidge  u a s  b u r n t  o v e r  i n  t h e  

f i r e  of 1949, and  t h i s  was t a k e n  a s  a  b a s e - y e a r  fo r  e s t i m a t i n g  



MOM (m) 

SEEDLINGS 

m w  

TREES 



t h e  maximum "agem of s t a n d s ,  The c h o i c e  o f  s ample  s t a n d s  and  t h e  

d e l i n e a t i o n  of  t h e i r  r e c e n t  h i s t o r y  p r o r e d  t o  be t h e  s i n g l e  most 

i n t r a c t a b l e  problem e n c o u n t e r e d  i n  t h e  r e s e a r c h  p r o g r a a a e ,  The 

t r e e - s i z e  d i s t r i b u t i o n  and  s p e c i e s  c o m p o s i t i o n  o f  a s t a n d  o f  E, 

~ a r i b a e a  is a  p a l i m p s e s t ,  r e c o r d i n g  t h e  e f f e c t s  of a  h o s t  of p a s t  

and  r e c e n t  i n f l u e n c e s ,  Lamb (1950.). c o n t e n d s  t h a t  t h e  ma jo r  

i n f l u e a c e  on v i r t u a l l y  a l l  t h e  s t a n d s  i n  t h e  s t u d y  area is t h e  

f i r e  h i s t o r y  of t h e  s t a n d ,  T h i s  i n d u d e s  n o t  ondy t h e  d a t e  a n d  

i n t e n s i t y  of t h e  l a s t  fire e v e n t ,  b u t  a l s o  t h e  f r e q u e n c y  a n d  

i n t e n s i t y  of p r e v i o u s  f i res ,  A s  ment ioned i n  C h a p t e r  Three ,  f i r e  

r e c o r d s  o n l y  e x i s t  f o r  t h e  p e r i o d  f rom 1961 t o  t h e  p r e s e n t  for  

B o u n t a i n  P i n e  Ridge, a n d  t h e  e x t e n t  and  i n t e n s i t y  cf p r i o r  f ires 

is known o n l y  f rom o r a l  e v i d e n c e  and s c a t t e r e d  comments i n  t h e  

Annual B e p o r t s  o f  t h e  f o r e s t r y  Department,  

Super imposed  on  t h e  effects o f  f i r e  a r e  t h e  compound effects 

of l o g g i n g ,  t h i n n i n g  a n d  c l e a r i n g  o f  nveeda tree s p e c i e s ,  P h e s e  

p r o c e s s e s  h a r e  t o u c h e d  a l l  t h e  s t a n d s  i n  t h e  G r a n i t e  Basiq a t  

some time or  a n o t h e r  i n  t h e  l a s t  t w e n t y  yea r s ,  a;o some e x t e n t  

t h e s e  l a t t e r  p r o c e s s e s  a re  a k i n  t o  f i re  i n  t h e  effects t h a t  bhep  

have  o n  t h e  s t a n d ,  p a r t i c u l a r l y  as, u n t i l  1960, c o n t r o l  b u r n i n g  

of l o g g e d  s t a n d s  was a n  a c c e p t e d  p r a c t i c e  i n  Hounta in  P i n e  Ridge,  

U n f o r t u n a t e l y  no r e c o r d s  e x i s t  of the d a t e s  a t  which  c e r t a i n  

a r e a s  were c u t o v e r ,  and  t h e  d a t a  on t h i n n i n g  r e g i m e s  a r e  e q u a l l y  

s p a r s e ,  C o n s e q u e n t l y  t h e  r e c o n s t r n c t i o a  of  t h e  h i s t o r y  of a 

s t a n d ,  and  t h e  i n t e n s i t y  of d i s t u r b a n c e  t h a t  it h a s  s u f f e r e d ,  c a n  



b e  a c h i e v e d  i n  many c a s e s  o n l y  by a n a l y s i s  o f  t h e  

a g e - d i s t r i b u t i o n  of t h e  p i n e  p o p u l a t i o n s  f o r m i n g  the s t a n d .  

The t a s k  of d e l i n e a t i n g  s t a n d  h i s t o r y  is f u r t h e r  c o a p l i c a t e d  

by t h e  f a c t  t h a t  t h e  m u l t i ~ l e  g rowth  f l a s h e s  of P, mxi&aea i n  

a  s i n g l e  y e a r ,  p resumably  i n  r e s p o n s e  t o  m o i s t u r e  a v a i l a b i l i t y  

(Hughes, 1970) ,  are r e f l e c t e d  i n  m u l t i p l e  l a t e w o o d  b a n d s  i n  t h e  

stem, Stem a g e  c a n  a h e r e f c r e  c n l y  be d e t e r m i n e d  by a n  a t t e n p t  t o  

d i s c r i m i n a t e  between @ f a l s e *  r i n g s ,  l a i d  down d u r i n g  s h o r t  

p e r i o d s  of w a t e r  d e f i c i t ,  and wannualn r i n g s ,  p rodaced  d n r i n g  t h e  

l o n g  a n n u a l  d r y  s e a s o n ,  O f t e n  t h e  Qannua lu  r i n g  may c o n s i s t  o f  a 

c o a l e s c e n t  series of U f a l s e u  r i n g s  which seem t o  r e p r e s e n t  a 

s i n g l e  d r o u g h t  e v e n t ,  F o r t u n a t e l y ,  t h e  problem is l e a s t  a c u t e  i n  

t h e  G r a n i t e  Basin. Hughes (op. ci t , ,  p, 339) states: " s a i p l e s  

( f rom t h e  G r a n i t e  Bas in )  showed a  c l e a r l y  d e f i n e d  "annua lu  r i n g  

w i t h  few * f a l s e n  r i n g s ,  a  p a t t e r n  which r e f l e c t s  site c a n d i t i o n s  

where  t h e r e  is a d e q u a t e  r a i n f a l l  and good r o o t i n g  depth* ,  

Kellman (1976) n o t e s  t h a t  t h e s e  " f a l s e n  r i n g s  c a n n o t  b e  

d i s t i n g u i s h e d  f r o r  "annual* r i n g s  on t h e  b a s i s  of X-ray 

d e n s i t o m e t r y ,  a n d  s u g g e s t s  a t e c h n i q u e  o f  c a l i b r a t i o n  using core 

s a m p l e s  f rom p l a n t a t i o n  trees of known age,  T h i s  t e c h n i q u e  was 

i n d e p e n d e n t l y  employed i n  t h e   resent s t u d y ,  

A f u r t h e r  c r i t e r i a  f o r  s t a n d  s e l e c t i o n  u a s  t h a t  a l l  s t a n d s  

had t o  be on t o p o g r a p h i c a l l y  s imilar sites, namely, f l a t  

i n t e r f l u v e s ,  P i n a l l y ,  t h e  s ample  s t a n d s  were c h o s e n  so a s  t o  

g i v e  a  wide r a n g e  of p i n e  d e n s i t i e s  i n  e a c h  s t a n d  age -c l a s s .  A 



t o t a l  o f  17 s t a n d s  i n  t h e  G r a n i t e  B a s i n  a r e a  were u l t i m a k e l y  

s e l e c t e d ,  The  d i s t r i h u t i c n  of t h e  samqple s t a n d s  is shown i n  P i g ,  

4.5 and  t h e  d a t a  f o r  e a c h  s t a n d  are s u m n a r i s e d  i n  Appendices  C 

and  D, 

U i t h i n  each s t a n d  a  s ample  p l o t  of 20 a, x 20 a, was l a i d  

o u t  a t  random, a n d  d a t a  were c o l l e c t e a  on t h e  basal a r e a  (by 

s p e c i e s )  o f  a l l  trees u i t & i n  t h e  p l o t ,  A 10 1 sample  of p i n e  

trees e e v e r y  t e n t h  tree s a a p l e d )  were c o r e d  w i t h  a n  

i n c r e m e n t  b o r e r ,  and t h e  age of e a c h  tree Has e s t i m a t e d ,  I n  

a d d i t i o n  t h e  h e i g h t  of a l l  p i n e  s e e d l i n g s  ( t r e e s  < 2 B, i n  

h e i g h t )  was r e c o r d e d ,  and  t h e  p e r c e n t a g e  ground a v e r  o f  a l l  

trees a n d  s h r u b s  w i t h  stem b a s a l  areas of 

e s t i a a t e d ,  The v e g e t a t i a n  d a t a  f o r  e a ~ h  s t a n d  

< 15 sq. cm, was 

a re  p r e s e n t e d  i n  

Appendix C, 

I n  fo res t  s t a n d s  i n  v h i c b  a c t i v e  r e g e n e r a t i o p  o f  t h e  canopy  

species i s  o c c u r r i n g ,  t h e  size-class or a g e - c l a s s  d i s t r i h n t i o ~  of 

t h e  s p e c i e s  p o p l a t i o n  a s sumes  a r e v e r s e  J - s h a p e ,  and  can o f t e n  

b e  r e p r e s e n t e d  b y  a  n e g a t i v e  power f u n c t i o n  ( H e t t  and  Loncks, 

1971). Where t h e  p o p u l a t i o n  i s  n o t  r e g e n e r a t i n g ,  s o d  p o p u l a t i o n  

s i ze  is d e c l i n i n g  w i t h  t i n e ,  t h e  age-class or s&ze-class 

d i s t r i b u t i o n  d e p a r t s  f rom t h i s  madel. 

The d a t a  f rom t h e  f i e l d  s ample  s t a n d s  (Pig. 4.6) i n d i c a t e  

t h a t  t h e  a p p l i c a b i l i t y  o f  t h i s  node1 t o  t h e s e  sites is dubious.  
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It is a p p a r e n t  t h a t  i n  most of t h e  o l d e r  s t a n d s  (#2,5,6,10,11 a n d  

15) t h e  p i n e s  a r e  f a i l i o g  t o  r e g e n e r a t e  t h e m s e l v e s ,  a s  t h e r e  i s  

an  a l m o s t  t o t a l  l a c k  o f  s e e d l i n g s  i n  t h e  p o p u l a t i o n  d i s t r i b u t i o n ,  

I n  o n l y  two of t h e  o l d e r  s t a n d s  (813 and  # I & )  is r e g e n e r a t i o n  

o c c u r r i n g ,  a n d  t h e s e  anomalous  s t a n d s  a r e  o n e s  i n  which s e l e c b i v e  

l o g g i n g  h a s  t a k e n  p l a c e  f a i r l y  r e c e n t l y ,  These  d a t a  c o n f i r m  and  

s u p p l e m e n t  t h e  p r e l i m i n a r y  c o n c l u s i o n s  d e r i v e d  fro.  t h e  t a b l e s  of 

J o h w o n  and C h a f f e y  (op,  c i t , )  p r e s e n t e d  above-  The n e x t  

c h a p t e r  u i l l  r e t u r n  t o  t h i s  theme and d i s c u s s  i n  d e t a i l  t h e  

dy namics  of t h e  s e e d l i q g  p o p u l a t i o n s ,  
% 

Although t h e  numbers  o f  p i n e  i n d i v i d u a f s  d e c l i n e  v i t h  
3 

i" a d v a n c i n g  s t a n d  age,  C a r i b b e a n  p i n e  still r e m a i n s  t h e  dominant  

tree s p e c i e s  i n  a l l  t h e  s t a n d s  sampled  (Fig. 4  Titere is a n  

i n c r e a s e  i n  t h e  t o t a l  b a s a l  area of hardwoods with s t a n d  age,  b u t  

i n  t h e  s a m p l e  s t a n d s  they a c c o u n t  f o r  o n l p  8% of  t h e  t h e  t o t a l  

stem b a s a l  area o n  ave rage ,  I n  o n l y  one  s t a n d  ( # I 2 3  d fd  t h e  

hardwoods a t t a i n  > 20 96 of t h i s  va lue .  The B&stograms of 

hardwood b a s a l  area p e r  s t a n d  (Fig,  4-8) d e a o n s t r a t e  t h e  

d o a i n a n c e  o f  t h r e e  g e n e r a  i n  t h e  hardwoods flora: Wrsoai.a 

crassifoJ&g, mfh hmdure-  a n d  the two  common s p e c i e s  o f  - 
oak  ( Q g e s ~ g g  eleai&g and p, puzukbana)  , a c c o m i t i n g  f o r  some 

80 X of  t h e  t o t a l  hardwoods  b a s a l  a r e a -  

Sh rub  cover a v e r a g e s  21 X o f  ground a r e a  i n  t h e  s ample  

s t a n d s ,  and  l i k e  t h e  harduood tree cower, t e n d s  t o  i n c r e a s e  y i t h  
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FIG, 48: REUTIVE BASAL-AREAS OF THE MAJOR TREE SPECIES 

IN THE SAMPLE STANDS, 



s t a n d  a g e ,  T h e  s h r u b  l a y e r  is d o a i n a t e d  by i e ~ b e r s  o f  t h e  

f i e l a s t o m a t a c e a e  (9 spp ,  r e c o r d e d ) ,  p a r t i c u l a r l y  g i c ~ &  

a n d  t h e  sub - sh rub  C l i d u  mu, S e e d l i n g s  and  small steas of 

t h e  p r o m i n e n t  tree species a r e  a l s o  common aembers of t h e  s h r u b  

l a y e r ,  

G r a s s  b i o m a s s  was a l s o  measured i n  e a c h  s t a n d  and  d a t a  were 

r e c o r d e d  i n  two forms, T h e  g r a s s  b iomass  i n  a s t a n d  was 

d e t e r m i n e d  by c l i p p i ~ g  e i g h t  random 0.25 s q ,  m ,  q u a d r a t s ,  

G r a s s  c o v e r  y a s  e s t i m a t e d  from a f u r t h e r  12 random q u a d r a t s  of 

0.25 s q ,  a, i n  e a c h  s t a n d ,  A rooden  f rame was p o s i t i o n e d  o v e r  

e a c h  q u a d r a t  and  t h e  g r a s s  c o v e r  of e a c h  0.1 sg,  a, s u b q u a d r a t  

e s t i m a t e d ,  Grass g r o r t h  i n  t h e  s a m p l e  s t a n d s  is v e r y  pa tchy ,  a n d  

v a r i e s  w i t h  t he  a g e  o f  t h e  s t a n d  and  the d e g r e e  of canopy  

c l o s u r e ,  Grass b i o m a s s  r e a c h e s  mean v a l u e s  o f  0.6 kg/ sg-a .  i n  

s t a n d s  between 5 and  1 5  y e a r s  of age ,  and  d e d i n e s  somewhat 

t h e r e a f t e r ,  a l t h o u g h  some elder s t a n d s  may r e t a i n  f a i r l y  heavy  

g r a s s  growth  (Pig,  4-9)- The g r a s s  c o v e r  r a r i a h l e  shows a 

s imi la r  p a t t e r n  of a  r a ~ i d  i n c r e a s e  a f t e r  a f i r e ,  a l o a g  p e r i o d  

of s t a b i l i t y ,  and  slow d e c l i n e  a s  t h e  sSand a g e s ,  fuo y e a r s  

a f t e r  a  f i r e  some 25  X o f  t h e  ground may be c o v e r e d  by t h e  s p a r s e  

h e r b a g e  o f  w i r e g r a s s e s ,  Over  t h e  n e x t  d e c a d e  t h e s e  g r a s s  c lumps  

expand  v e r t i c a l l y  a n d  l a t e r a l l y  u n t i l  some 40 X o f  t h e  s t a n d  w i l l  

be c o v e r e d ,  The c lumps  become masses of  e n t a n g l e d  dead a n d  

c u r r e n t  l e a v e s  growing  t o  a h e i g h t  of some - 5  m, In d e n s e  s t a n d s  

o f  p i n e  which have  been  u n d i s t u r b e d  f o r  20 - 2 5  y e a r s  t h e  g r a s s  
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c o v e r  d e c l i n e s ,  and o n l y  5 - 10 % of t h e  ground a r e a  nay b e  

c o v e r e d ,  

The f o l l o v i n g  e n 9  i r c n a e n t a l  d a t a  were c o l l e c t e d  i n  e a c h  

s a n p l e  s t a n d :  l i t t e r  d e p t h ,  l i t te r  we igh t ,  r a d i a t i o n  i n t e n s i t y  

and  l i g h t  i n t e q s i t y ,  T h e  f o r e s t - f  l o o r  l i t t e r - l a y e r  was measured 

i n  two ways, L i t t e r  d e p t h  u a s  measured a t  40 p o i n t s  one-ha l f  

metre a p a r t  a l o n g  a raqdom t r a n s e c t  bhrough t h e  s ample  s t a n d -  

L i t t e r  d e p t h  H a s  r e c o r d e d  by g e n t l y  i n s e r t i n g  a ruled s t a k e  i n t o  

t h e  l i t t e r  u n t i l  t h e  soil s u r f a c e  was r eached ,  and  t h e n  measu r ing  

l i t t e r  d e p t h  t o  t h e  n e a r e s t  0 - 5  cm, I n  a d d i t i o n *  t h e  s u r f a c e  

l i t t e r  l a y e r  u a s  c o l l e c t e d  i n  e a c h  s t a n d  from foam 0-25  s q -  m. 

q u a d r a t s  s c a t t e r e d  randomly  o v e r  t h e  s a n ~ l e  s t a n d ,  a i r - d r i e d ,  a n d  

weighed, 

Data c o l l e c t e d  b y  t h i s  p r o c e d u r e  are p r e s e n t e d  i n  Appendix D 

a n d  F i g ,  4-10, The mass  of l i t te r  v a r i e s  c o n s i d e r a b l y  v i t h i a  

and  between s t a n d s  cf similar a g e s ,  b u t  t h e  g e n e r a l  t r e n d  is a  

l i n e a r  i n c r e a s e  i n  l i t t e r  mass on t h e  forest f l o u r  o v e r  t h e  first 

25  y e a r s  f o l l o w i n g  a fire, L i t t e r  d e p t h  a l so  i n c r e a s e s  l i n e a r l y  

o v e r  s u c c e s s i o n a l  time, Undoubtedly a s  t h e  s t a n d  a g e s  a  dynamic 

e q u i l i b r i u m  between l i t t e r  p r o d u c t i o n  and  decompos&t ion  d e v e l o p s ,  

and  t h e  mass and  d e p t h  o f  l i t t e r  r e a c h e s  a n  a sympta t e ,  

Incoming r a d i a t i o n  and  i l l u m i n a t i o n  were r e c o r d e d  a t  e a c h  

e x p e r i m e n t a l  s t a n d  a t  25 p o i n t s  s p a c e d  one  a e t r e  a p a r t  a l o n g  a  
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d i a g o n a l  t r a n s e c t ,  Solar r a d i a t i o n  measurements  were made a s i n g  

a  f l i d d l e t o n  C17 solarimeter when t h e  s u n  mas close to s o l a r  noon 

(1000 - 1400 h o u r s ) ,  i n  p e r i o d s  when t h e  s u n 8 s  d i s c  was v i s i b l e ,  

w i t h  t h e  i n s t r u m e n t  p o s i t i o n e d  h o r i z o n t a l l y ,  0.5 m. above  g round  

l e v e l ,  V i s i b l e  l i g h t  r e a d i n g s  were t a k e n  a t  t h e  same time a s i n g  

a  l i k o n  PTP camera f i t t e d  w i t h  a  c e n t r e w e i g h t e d  l i g h t  meter, a n d  

t h e s e  v e r e  c o n v e r t e d  t c  f o c t - c a n d l e s  u s i n g  t h e  c h a r t  i n  Appendix 

E, Both sets of r e a d i n g s  v e r e  s t a n d a r d i s e d  ky r e f e r e n c e  t o  

v a l u e s  t a k e n  i n  t h e  oFen a t  t h e  b e g i n n i n g  a n d  end  of e a c h  

t r a n s e c t ,  B e a d i n g s  v e r e  t a k e n  d u r i n g  a  p e r i o d  t o v a s d s  t h e  end  o f  

t h e  d r y  s e a s o n  (Bay 1973) , a n d  wea the r  c o n d i t i o n s  mere f a i r l y  

c o n s t a n t ,  w i t h  l i g h O  cumulus c l o u d  c o n d i t i o n s  ( -. 20 5 corer) 

p r e v a i l i n g ,  

I n  t h e  y o u n g e s t  s t a n d s ,  p a r t i c u l a r l y  t h o s e  v h e r e  l o g g i n g  had  

l e f t  o n l y  a few s e e d t r e e s ,  t h e  r e d u c t i o n  i n  r a d i a t i o n  i n t e n s i t y  

a t  g ronnd  l e v e l  is s l i g h t ,  w i t h  median v a l u e s  of c i r c a  90 - 95s 

of t h o s e  i n  t h e  open-  A s  c a n o p i e s  p r o g r e s s i v e l y  close so t h e  

median r a d i a t i o n  v a l u e s  g r a d u a l l y  become r e d u c e d  ( f i g ,  4-11}  

The d i s t r i b u t i o n  o f  r a d i a t i o n  v a l a e s  a l s o  c h a n g e s  o v e r  

s u c c e s s i o n a l  time, I n  t h e  younges t  s t a n d s  t h e  r a d i a t i o n  v a l u e s  

e x h i b i t  a  u n i a o d a l  d i s t r i b u t i o n  skewed t o w a r d s  t h e  maxi mu^ 

p o s s i b l e  v a l u e s ,  I n  s t a n d s  o v e r  15 y e a r s  o f  a g e  t h e  d i s k r i b a t i o n  

becomes markedly bimodal ,  T h e  h i g h e r  node r e p r e s e n t s  

a e a s u r e m e n t s  t a k e n  b e n e a t h  h o l e s  i n  t h e  canopy,  and  t h e  l o v e r  

mode r e p r e s e n t s  benea th-canopy measnrements ,  Consequen t ly ,  i n  



t h e  o l d e s t  s t a n d s ,  a e d i a n  r a d i a t i c n  levels on  the forest floor 

nay be o n l y  2 0  - 30 % of  t h o s e  i n  t h e  open, A siailar reduchion 

i n  light i n t e n s i t y  o c c u r r e d  over s u c c e s s i o n a l  t i n e .  



R e s e a r c h  o n  the  dynamics  of s t a n d s  o f  & c a ~ a  f o c u s s e d  

o n  t h e  desography  of t h e  s e e d  a n d  s e e d l i n g  p o p a l a S i o n s ,  a s  t h e s e  

sere n o t  o n l y  t h e  most amenable  t o  f i e l d  ~ b s e r v a t i o n  a n d  

e x a m i q a t i o n ,  b u t  a l s o  r e p r e s e n t  t h e  most a c t i v e  p h a s e  o f  t h e  

p l a n t a s  l i f e c y c l e  i n  terms of p o p u l a t i o n  t u r n o v e r .  Two a s p e c t s  

of t h e  popa laOion  dynamics  of the s p e c i e s  were sxamined: t h e  

r e g u l a t o r y  m e c h a n i s m ,  f l a x e s  a n d  s i z e  of t h e  o v e r a l l  seed a n d  

s e e d l i n g  (steis less  t h a n  2 m, t a l l )  p o p u l a t i o n s ;  t h e  v a r i a t i o n s  

i n  t h e  r a t e  of seedling e s t a b l i s h m e n t  w i t h  s f a n d  a g e ,  and  t h e  

e n v i r o n m e n t a l  d e t e r r i q a p t s  o f  t h i s  d i f f e r e n t i a l  e s t a b l i s h m e n t .  

5.2; DYYAHICS OP OVERALL SEED A N D  S E E D L I I G  P O P U L A f I Q l S  

L i f e - t a b l e s  a r e  e r p l o y e d  i n  demograph ic  r e s e a r c h  a s  a  means 

of  p i n p o i n t i n g  s i g n i f i c a n t  p h a s e s  i n  the dynamics  o f  a s p e c i e s  

p o p u l a t i o n ,  Buo t y p e s  of l i f e - t a b l e  a r e  g e n e r a l l y  r e c o g n i s e d .  A 

c o h o r t  l ife-table is c o n s t r u c t e d  by c e n s u s i n g  t h e  s v r r i v o r s h i p  of 

a  l a r g e  s a s p l e  o f  a single p o p u l a t i o n  c o h o r t  t h r o u g h o u t  i ts  

l i f e - c y c l e ,  A s t a t i c  l i f e - t a b l e  o n  t h e  o the r  hand is d e r i v e d  

from a n  a n a l y s i s  of a c r o s s - s e c t i o n  o f  t h e  p a p l a t i o n  a t  a 

s p e c i f i c  time, The s t a t i c  l i fe-  table a s s u m e s  t h a t  n o r t a l i t  y 

rates i n  e a c h  a g e - c l a s s ,  and  r e c r a i t m e n t  t o  t h e  s p e c i e s  



p o p u l a t i o n ,  a r e  r e l a t i v e l y  c o n s t a n t  o v e r  t i a e ,  Al thaugL t h e s e  

a s s u m p t i o n s  may n o t  be v a l i d  f o r  many p l a n t  p o p u l a t i o n s ,  s t a t i c  

l i f e - t a b l e s  are c o r s i d e r a b l y  e a s i e r  t o  c o n s t r u c t  f o r  l o n g - l i v e d  

o r g a n i s s s  s u c h  a s  trees, a n d  have  t h e r e f o r e  p r e ~ i o u s l y  been  

u t i l i s e d  b y  forest e c o l o g i s t s  t o  m o n i t o r  sOand dynamics  ( H e t t  a n d  

l o a c k s ,  1968; van Valen ,  1975)- The s t a t i c  l i f e - t a b l e  o u t l i n e d  

h e r e  was u s e d  o n l y  a s  an  i n d i c a t o r  o f  t h e  l i f e - s t a g e s  a t  which 

p o p u l a t i o n  t u r n o v e r  u a s  

r e s e a r c h  e f f o z t s  t o  t h e s e  

F i v e  items of c e a s n s  

l i fe-table:  

h i g h e s t ,  i n  o f d e r  t o  direct f u r t h e r  

s t a g e s ,  

d a t a  a re  reqaired i n  o r a s r  t o  p roduce  a  

I )  L i f e - t a b l e  s t a g e ,  x, t h e  age -c l a s s  o$ t h e  
p o p u l a t i o n ,  or  p e r i o d  a t  which s o r e  s i g n i f i c a n t  
deve lopmen t  t a k e s  p l a c e ,  ~n & c a - r i b ~ a  
s e e d l i n g  p o p u l a t i o n s  s i r  s u c h  s t a g e s  were 
recogn i sed :  a) Seed-product ion ,  b-f) E s t a b l i s h e d  
s e e d l i n g s  f rom one  Oo f i v e  years of age ,  

2) Age, Ax, of t h e  p o p u l a t i o n ,  The p o p u l a t i o n  
c a n  be c o n s i d e r e d  t o  come i n t o  e x i s t e n c e  w i t h  
s e e d  m a t u r a t i o n  2-3 s o n t h s  before d i s p e r s a l ,  

3) S u r r i v o r s h i p ,  l x ,  number of i n d i v i d u a l s  i n  
e a c h  age -c l a s s ,  

4 )  Senescence ,  dx, t h e  n u a b e r  d y i n g  d u r i n g  t h e  
a g e - i n t e r v a l  x t o  x+1 

5 )  m o r t a l i t y  r a t e ,  gx, (qx = d x / l x )  

51212 Data  C o l l e c t i o n :  Census  o f  Seed  P r o d u c t i o n  

S e e d  p r o d u c t i o n  c a n  b e  c o n p u i e d  b y  c e n s u s i n g  t h e  

c u r r e n t  s eed -c rop  f rom a cone  c o u n t ,  A c o m p l e t e  t a l l y  of  a l l  

g r e e n  c o n e s  i n  t h e i r  s e c o n d  y e a r  of dqvelopmeat  i n  t h e  s a a p l e  



s t a n d s  was made i n  Hay 1973, u s i n g  b i n o c u l a r s ,  Seed  p r ~ d u c t i o n  

p e r  c o n e  was t h e n  e s t i r a t e d  by  c o u n t i n g  t h e  nambers  of s e e d  

i a p c e s s i o n s  i n  300 f a l l e n  c o n e s  (20 f r o .  e a c h  of t h e  s t a n d s  i n  

which t h e  c u r r e n t  c o n e  c r o p  was undamaged b y  f i r e $ ,  S t a n d s  which 

Bad been b u r n t  i n  t h e  l a s t  two p e a r s  had v i r t u a l l y  no  

e x t a n t  c o n e s  and sa t h e s e  s i tes  were o m i t t e d  frpm t h e  s a m p l i n g  

scheme, The drawback t o  t h i s  c e n s u s i n g  i e t h o d  i s  t h e  t a c i t  

a s s u m p t i o n  t h a t  s e e r i f a l l  i n  a  s t a n d  is u h o l l y  f rcm trees w i t h i n  

t h e  s t a n d  b o u n d a r i e s ,  and  i g n o r e s  s e e d s  a r r i v i n g  from o u t s i d e .  

Da ta  on seeds-per -ccne  r a t i o s ,  a n d  t h e  r e l a t i o n s h i p  of t h i s  

v a r i a b l e  to s t a n d  a g e  a r e  p r e s e n t e d  i n  Pig. 5-1. Although 

b o t h  t h e  number o f  seeds-per -cone  a n d  t h e  c a n e  ySef d  of p i n e s  

s a y  v a r y  wi&ely  f r o r  y e a r  t o  p e a r  (&Lenore,  1935) .  t h e r e  is a  

c l o s e  c o r r e l a t i o n  between tree s i ze  and s e e d  y i e l d  ( f i g ,  

5.2)-  The  f i e l d  d a t a  cn c o n e  crops a n d  seeds-per-cone r a t i o s  

i n d i c a t e  t h a t  t h e  number o f  c o n e s  and  s e e d s  p e r  tree c a n  be 

r e p r e s e n t e d  a s  a  f u n c t i o n  of tree b a s a l  a r e a :  

where BA is t h e  t ree k a s a l  a r e a  i n  sg ,  cms. 

P r e c o c i o ~ l s  s e e d i n g  r a y  b e g i n  when t h e  tree r e a c h e s  2 5  - 30 

s q ,  cms, , b u t  t h e  f e u  c o n e s  b o r n e  ,on k r e e s  of t h i s  s ize  are wery 

s m a l l ,  T r e e s  b e g i n  t o  k e a r  s e e d s  i n  s i g n i f i c a n t  numbers (> 10  

s e e d s /  tree) when a b a s a l  a r e a  of 200 sq. cms., e q u i v a l e n t  t o  a  

tree o f  some 15 y e a r s  of age ,  is reached ,  However, o n l y  50 S o f  
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t h e  trees o b  t h i s  s ize may b e a r  c o n e s  i n  any  o n e  y a a r ,  a d  it is 

n o t  u n t i l  a b a s a l  a r e a  of 400 s q ,  cms, is a t t a i n e d  t h a t  a l l  

trees become cone-bearers ,  Almost a l l  t h e  sees i n  a s t a n d  is 

d e r i v e d  from trees o v e r  1000 sq .  cms, b a s a l  a r e a ,  arees i n  

t h i s  size c l a s s  may b e a r  anywhere f rom 10 - 1000 comes p e r  

s e a s o n ,  w i t h  t h e  mare f r u i t f u l  trees e a c h  y i e l d i n g  4000 - 5000 

s e e d s ,  I n  c o c p a r i s o n  w i t h  some of t h e  p i n e s  from t h e  s o u t h e a s t e r n  

U,S ,  A, ( P o r e l l s ,  1965). 9, w $ b a e a  is n o t  a  hear]! s e e d - b e a r e r ,  

which may be a r e s u l t  of t h e  low f e r t i l i t y  o f  s o i l s  i n  t h e  shady 

area. 

The f i e l d  d a t a  o b t a i n e d  by t h i s  method i n d i c a t e s  t h a t  s e e d  

p r o d u c t i o n  i n  5, m b a e a  s t a n d s  map v a r y  from 2,000 - 200,000 

seeds /ha ,  depend ing  on  tree a g e  and  s t a n d  d e n s i t y ,  w i t h  a mean 

v a l u e  o f  63,000 seeds /ha ,  

5,212: Data  C o l l e c t i o n :  Census  o f  S e e d l i n g  P o p u l a t i o n s  

Data on s e e d l i n g  h e i g h t  and a g e  r e l a t i o n s h i p s  were c o l l e c t e d  

f rom a  random s a m p l e  of 100 s e e d l i n g s  in t h e  s ample  s t a n d s .  Age 

was c e n s a s e d  b y  r i n g - c o u n t s  t h r o u g h  t h e  b a s e  of e a c h  s e e d l i n g ,  

a n d  s e e d l i n g  h e i g h t  was r e c o r d e d  i n  metres, The r e l a t i o n s h i p  

between t h e  t u o  c e n s a s e d  v a r i a b l e s  i s  p r e s e n t e d  i n  F ig ,  5-3, It 

is a p p a r e n t  f rom t h i s  g r a p h  t h a t  t h e  h e i g h t s  of t h e  s e e d l i n g  

p o p u l a t i o n  c a n  b e  a t i l i s e d  a s  a s u r r o g a t e  f o r  a g e ,  w i t h  e a c h  of 

t h e  age-grcu ps c o r r e s p o n d i n g  r o u g h l y  t o :  
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FIG. 5.3: AGE-HEIGHT RELATIONSHIP FOR 
SEDLINGS, THE RECORDED HEIGHT-DISTRIBUTIONS 

OF SEEDLINGS I N  EACH OF THE 1 - 5 YEAR 
AGE-CLASSES ARE PLOTTED 



Age ( Y ~ s - )  He igh t  (B, ) 

1 0,OO - 0-25 
2 0 - 2 5  - 0.5 
3 0 ,so  - 1.00 
4 1 , O O  - 1.5 
5  1.50 - 2-00 

Us ing  t h i s  r e l a t i o n s h i p ,  t h e  a g e s  o f  a l l  s e e d l i n g s  i n  

s a m p l e  s t a n d s  sere e s t i m a t e d .  

5 ,213-  B e s u l t s  -A 

The summed v a l u e s  fo r  a l l  s ample  s t a n d s  a r e  used 

c o n s t r u c t  t h e  s t a t i c  l i f e - t a b l e  (Tab le  V, 1 ) , The n a t u r e  

t h e  

t o  

of 

s t a t i c  l i f e - t a b l e s  p r e c l u d e s  an e x a c t  e a l c u l a t i c n  cf s u r  v i v o r s h i p  

from y e a r  t o  y e a r ,  due t o  p o s s i b l e  v a ~ i a t i o n s  i n  t h e  magni tude  o f  

s e e d  i n p u t s ,  but p r o v i d e s  an  overv iew of  s t a n d  dynamics,  

Seed p r o d u c t i o n  amounted t o  63,000 seeds /ha ,  i n  sampled  

s t a n d s ,  b u t  f i r s t - y e a r  s e e d l i n g  p o p u l a t i o n s  were o n l y  of t h e  

o r d e r  of 280 i n d i v i d u a l s  p e r  h e c t a r e .  I n  more t r a d i t i o n a l  

l i f e - t a b l e  terms, a  c o h o r t  o f  1000 seeds gave  rise t o  less t h a n  5 

s e e d l i n g s ,  I& c o n t r a s t ,  t h e  numbers  i n  each  s e e d l i n g  a g e - c l a s s  

r e m a i n  f a i r l y  c o n s t a n t  (280 - 150 s e e d l i n g s l h a , )  o v e r  time, The 

l i f  e - t a b l e  c a t e g o r i c a 3 l y  demons t r a  tes t h e r e f o r e  t h a t  t h e  p e r i o d  

o f  g r e a t e s t  r i s k  of m o r t a l i t y  is n o t  i n  t h e  e a r l y  y e a r s  of t h e  

s e e d l i n g 8  s e x i s t e n c e ,  b u t  o c c u r s  d u r i n g  t h e  t r a a s i t i  on  from s e e d  

t o  e s t a b l i s h e d  s e e d l i n g ,  S e v e r a l  e x p l a n a t i q p s  c a n  be  p o s t u l a t e d  

f o r  t h i s  mass ive  d e c l i m e  i n  numbers i n  t h i s  t r a n s i t i o n  p h a s e ,  





B e s e a r c h  v i t h i n  t h e  l a s t  d e c a d e  v i t h i n  t h e  t r o p i c s ,  

p a r t i c u l a r l y  i n  C e n t r a l  America by J a n z e n  (1969, 1971, 1972) , h a s  

shown t h e  i m p o r t a n c e  o f  s e e d - p r e d a t i o n  a s  a c o n t r o l  on t h e  s i z e  

of t h e  s e e d l i n g  p a p u f a t i o n  a n d  t h e  s p a t i a l  d i s t r i b u t i o n  of tree 

r e g e n e r a t i o n .  Such p r e d a t i o n  may e i t h e r  p recede  or s u c c e e d  seed 

d i s p e r s a l ,  A s  2, a a t t a i n s  d e n s i t i e s  c o n s i d e r a b l y  

g r e a t e r  t h a n  t h o s e  of tree s p e c i e s  i n  the n e i g h b o o r i n g  

r a i n f o r e s t ,  it might he e x ~ e c t e d  t h e r e f o r e  t h a t  i t s  seeds would 

a l s o  e x p e r i e n c e  heavy p r e d a t o r  p r e s s u r e ,  A l t e r n a t i v e l y ,  t h e  

p o p u l a t i o n  d e c l i n e  may r e s u l t  from g e r m i n a t i o n  f a i l u r e  or h i g h  

s e e d l i n g  m o r t a l i t y  i n  t h e  f i rst  y e a r  o f  e x i s t e n c e ,  Each of t h e s e  

f a c t o r s  w i l l  be  examined i n  t u r n ,  

E t h e r i d g e  (1968). r f ~ o r t s  t h a t  i n  1965, 8 S o f  t h e  cone  c r o p  

o f  & c a r i b a e a  i n  Hounta in  P i n e  Bidge  was i n f e c t e d  by t h e  

c o n e - r u s t  Crona r t i um cppiaenum, T h i s  pa thogen  compfebe ly  

mummifies t h e  c o n e s  it i n f e c t s ,  t u r n i n g  them i n t o  bulbous masses  

of y e l l o w  a e c i o s p o r e s ,  After i n f e c t i o n ,  i n s e c t s  i n v a d e  and  

consume t h e  cone  t i s s u e ,  The i n c i d e n c e  of i n f e c t i o g  v a r i e s  i n  

t i n e  a n d  s p a c e  i n  t h e  s t u d y  a r e a ,  b u t  of  1272 canes i n  t h e  1973 

c o n e  c r o p ,  65 /5.1 X ) ,  shoved  e v i d e n c e  o f  i n f e c t i o n ,  w i t h  s o a e  

s t a n d s  h a v i n g  20 S of  t h e i r  c o n e s  des.Qroyed b y  t h i s  p a r a s i t e .  

( T a b l e  Y, 2 ) -  



Cone c r o p  d e s t r o y e d  by r e c e n t  f i r e  

------*---------------------------------------------------------- 

Totai t~ c o n e s  e x a m i n e d  = 1272 

T o t a l  # c o n e s  infected = 6 5  

Incident* o f  i n f e c t i o n  = 5 - 1 1  % 

d a n q 2  of X i n f c c t i o n / s t a n d  = 0.0 - 20.0 % 



T h e  s u s c e p t i b i l i t y  of P, s d b a e q  c o n e s  t o  f u r t h e r  

p r e - d i s p e r s a l  seedloss g a s  c e n s u s e d  b y  examining  f r e s h l y - f a l l e n  

c o n e s  for e v i d e n c e  of s c a l e  r emova l  by s q u i r r e l s  or  b i r d s ,  a n d  

for  t h e  p r e s e q c e  of l a r v a l  g a l l e f i e s  of i n s e c t s  i n  s c a l e s  or c o n e  

a x e s ,  O f  300 c o n e s  examined, c o n t a i n i n g  a aean  of 27 s e e d  

i m p r e s s i o n s  p e r  cone ,  a l m o s t  a l l  v e r e  free of damage (Tab le  V.3). 

Somewhat s u p r i s i n g l y ,  t h e r e  was no e v i d e n c e  o f  s q u i r r e l  o r  p a r r o t  

f e e d i n g ,  a l t h o u g h  b o t h  a n i m a l s  are knoun t o  open c o n e s  of g, 

c a r i b a e a ,  T h r e e  s q u i r r e l s  of t h e  g e n u s  S c i o r u s  a r e  knoun from 

Belize (Kirk  p a t r i c k  a n d  C a r t w r i g h t ,  1975). b u t  a l l  a r e  r e i n f o r e s t  

s p e c i e s  and  o n l y  r a r e l y  v e n t u r e  i n t o  t h e  p i n e l a n d s ,  A t o t a l  of 

s i x  s q u i r r e l s  was s e e n  by t h e  a u t h o r  i n  Hounta in  P i n e  Ridge i n  

t h e  c o u r s e  of two y e a r s  r e s i d e n c e ,  and a l l  were w i t h i n  100 a, of 

t h e  f o r e s t  edge,  The c n l y  c o n e d a m a g e  b y  s q u i r r e l s  o c c u r r e d  i n  

t h i s  t r a n s i t i o n a l  zone, 

I n  c o n t r a s t ,  p a r r o t s  a r e  f a i r l y  comagn i n  t h e  p i n e l a n d s  

( e s p e c i a l l y  haazmg m t ~ ~ n a l b  L., t h e  r e d - l o r e d  p a r r o t ) ,  b u t  t h e  

c o n e  s c a l e s  of & ~ u j b a e a  are s u f f i c i e n t l y  t h i c k e n e d  t o  i n h i b i t  

a n y t h i n g  more t h a n  c a s u a l  f e e d i n g  by t h e s e  b i r d s ,  Another  a v i a n  

p i n e  seed p r e d a t o r  is t h e  r e d  c r o s s b i l l  (Loag g&rvirostcq Lo), 

r e p o r t e d  by R u s s e l l  (1964) a s  o c c u r r i n g  i n  Bounta in  P i n e  Ridge,  

b u t  b e i n g  so  r a r e  as t o  go  u n n o t i c e d  by A u s t i n  (1929) and m y s e l f ,  

I n s e c t  p r e d a t i o a  of  s e e d s  i n  t h e  sampled c o n e s  was also on a 

s m a l l  s c a l e ,  with o n l y  1.25% o f  t h e  c o n e s  e x h g b i t i n g  l a r v a l  

g a l l e r i e s  i n  and  a round  t h e  c o n e  a x i s ,  It u a s  e s t i a a t e d  from t h e  



T A B L E  V-3: P B E - L I S P E B S A L  SEEDLOSS FROM SAHPLE STANDS O F  
L SBBLBAEA- 

( ,-we,-,- I ------------- I ----- ---------------- ----------------- i 
1 s t a n d l  #Seed 1 Seedloss a t t r i b u t a b l e  t o  these a y a n t s :  I 
1 I I 

T o t a l  c o n e s  examined = 300 
T o t a l  # seed i r ~ r e s s i o n s  = 8067 
nean s e e d s / c o n e  r a t i o  = 2 6 - 0 9  % 

T o t a l  # s e e d s  l o s t  t o  parrots = 0  
T o t a l  8 s e e d s  lost to s y u i r r z l s  = 0  
T o t a l  # seeds lcst  to  i n s e c t s  = 40 
T o t a l  # s e e d s  a t t a c h e d  t o  c o n s - s c a l e s  = 451  

w Loss to  parrots and s q u i r r e l s  = 0 - 0  % 
% Loss to i n s e c t s  = 0 - 4 5  1 
X B e a a i n i n y  a t tached  t o  c o n e - s c a l e s  = 5 . 5 9  5 

I n c i u e n c e  of C r c n a r t i u e  i n f e c t i o n  = 5 - 1 1  1 
( f  rom l a b l e  V. 2)  

T o t a l  p r e - d i s p e r s a l  s e a d l o s s  = 11.15 1 



number of h o l e s  i n  c o n e  scales t h a t  s o a e  40 I o f  t h e  s e e d s  i n  t h e  

h o s t  c o n e s  had  been  d e s t r o y e d ,  i n d i c a t i n g  a p r e d a t i o p  rate on t h e  

s e e d  p o p u l a t i o n  a s  a  uhofe  of 0-5 I .  T h e  i n s e c t  p e s t s  

r e s p o n s i b l e  f o r  t h i s  damage were n o t  i d e n t i f i e d ,  bet  coneworms 

( D i o q ~ g j a  spp.) , are  s u s p e c t e d ,  a s  t h e y  a r e  known to a t t a c k  r u s t  

c o n e s  i n  Mountain P i n e  R idge  ( B i l l i n g s ,  19731, and  l a r v a e  c a n  

s p r e a d  from rast c o n e s  t o  g r e e n  c o n e s  i n  some c i r c n m s t a n c e s  

( B e r k e l ,  1958)- 

The  majoz s o u r c e  of s e e d l o s s  i n  t h e  f a l l e n  c o n e s  was n o t  

a t t r i b u t a b l e  t o  p r e d a t i c n  by an ima l s ,  b u t  t o  n a a - d i s p e r s i o n  of 

t h e  s e e d s ,  Some 5.6 % of t h e  s e e d s  r e i a i n e d  i n  the  c o n e s  a f t e r  

c o n e  a b c i s s i o o ,  g l u e d  t o  t h e  c o n e - s c a l e s  by  r e s i n  exud ing  from 

t h e  c o n e  a x i s ,  Thus t h e  t o t a l  p r e - d i s p e r s a l  seedloss amounted t o  

11 X of t h e  polpulat ion,  t h e  same f i g u r e  a s  r e p o r t e d  b y  de Barr 

and  B a r b e r  (1975) f o r  E, g l l i q & a &  ia F l o r i d a ,  &osh  of t h e  l o s s  

o c c u r r e d  a s  a  r e s u l t  o f  rust i n f e c t i o n  and r e t e n t i o p  of s e e d s  i n  

t h e  cone ,  Iq terms of t h e  i n i t i a l  cohort of 1000 s e e d s ,  

p r e - d i s p e r s a l  l o s s  would r e s u l t  i n  a r e d u c t i o n  ~f t h e  p o p u l a t i o p  

t o  889 i n d i r i d u a l s ,  S r e - d i s p e r s a l  lose  c a n  t h e r e f o r e  be a c c o r d e d  

o n l y  a minor  rale i n  t h e  d e c l i n e  of p i n e  p o p u l a t i o n s  d a r i n g  t h e  

t r a n s i t i o n  from s e e d  t o  s e e d l i n g -  

T o  measure  t h e  i n t e n s i t y  o f  p r e d a t i o n  d u r i n g  t h e  p e r i o d  

p r i o r  t o  g e r m i n a t i o n  and a f t e r  s e e d - d i s p e r s a l ,  a  series of  p i l e s  



of  & ~ ~ i b a e a  s e e d s  u e r e  l a i d  o u t  a t  2 5  cm, i n t e r r a l s  i n  a 15 

y e a r  o l d  p i n e  s t a n d  u i t h  a  l i g h t  g r a s s  a n d  l i t t e r  cove r .  One 

l i n e  of s e e d s  was c o v e r e d  u i t h  0-68 cm, mesh c h i c k e n - u i r e  t o  

e x c l u d e  r o d e n t  and b i r d  p r e d a t o r s .  The o t h e r  l i n e  was l e f t  

uncovered ,  a n d  t h e  s e e d s  were f r e e l y  a v a i l a b l e  t o  i n s e c t s ,  b i r d s ,  

a n d  r o d e n t s ,  

The  number of s e e d s  removed f rom t h e  p i l e s  was r e c o r d e d  

d a i l y  f o r  a week @Fig ,  5.4)- %he e x p e r i m e n t  Mas abandoned 

b e c a u s e  o f  heaay  r a i n s  which r e p e a t e d l y  d i s p e r s e d  the s e e d - p i l e s  

a f t e r  t h i s  t ime-pe r iod ,  A t  t h e  t e r m i n a t i o n  of t h e  e x p e r i m e n t  22 

% o f  t h e  seed had  been  t a k e n  f rom t h e  p i l e s  i n  t h e  wire-nesh 

p l o t ,  a n d  50 % of the  s e e d s  had been  removed from t h e  o p e n  p l o t ,  

T h i s  i n d i c a t e s  t h a t  m n i c ~ o - p r e d a t o r s w  ( i n s e c t s )  and  

amacro-preda t o r s w  d r o d e n t s  and b i r d s )  , h a v e  a n  a p p r o x i m a t e l y  

e q u a l  effect a s  seed- h a r v e s t e r s  i n  C a r i b b e a n  p i n e  s t a n d s ,  I n  t h e  

p e r i o d  p r i o r  t o  t h e  o n s e t  g e r ~ i n a t i o n  some 6 5  X o f  t h e  a v a i l a b l e  

seed map be l o s t  t o  t h e s e  a n i m a l s ,  with a  f u r t h e r  30 1 loss  o v e r  

t h e  30  day g e r m i n a t i ~ n  p e r i o d ,  

No r o d e n t s  o r  b i r d s  uere s e e n  t o  t a k e  s e e d s  from t h e s e  

p i l e s ,  b u t  g e n e r a l  knowledge of t h e  f e e d i n g  b a b i f s  of t h e  f a u n a  

o f  t h e  p ine lax ids  i n d i c a t e s  two r o d e n t s  ( p a r t i c u l a r l y  t h e  c o t t o n  

r a t ,  s s m o d o q  r n p & d u s ) ,  s e v e r a l  s p e c i e s  of a i r d s ,  and  f o u r  

g e n e r a  o f  i n s e c t s  a s  p r ime  s u s p e c t s ,  Disney  41968). r e p o r t s  t h a t  

t h e  c o t t o n  r a t  i s  v e r y  common i n  a o u n t a i n  P i n e  Ridge,  as  98 X of 

h i s  t r a p  r e c o r d s  veze r e f e r a b l e  t o  t h i s  s p e c i e s ,  wi th  a s p i n y  



p o c k e t  mouse e&$ero@B _ae_Smasestianus) t h e  o n l y  o t h e r  r o d e n t  

r e c o r d e d ,  The b i r d s  a o s t  l i k e 1 2  t o  be  major  p r e d a t o r s  of p i n e  

s e e d  a r e  t h e  w h i t e - c o l l a r e d  s e e d e a t e r  ( S P e E ; o ~ b u  -tsmhjl), t h e  

sastp s p a r r o w  (B-$jr& rute-) , and t h e  me lod ius  b l a c k b i r d  

( D i v e s  d i v e s ) ,  L e s s  common are t h e  ye l lou-backed  griole w e r u g  

c h r ~ s a t e s ) ,  a n d  t h e  h e p a t i c  t a n a g e r  (qkmgg f l a v a ) ,  Seeds of El 

c a r i b a e a  p r o b a b l y  form o n l y  a small p r o p o r t i o n  of t h e  d i e t  of 

t h e s e  l a t t e r  t h r e e  s p e c i e s ,  I n  h i s  monograph o n  & CaTi)isea, 

Lamb (1933; p, 91), ment ions  t h e  d e p r e d a t i o n s  o f  an-ts  o n  p i n s  s e e d  

p l a n t e d  i n  n u r s e r i e s  i n  Belize, I n s e c t s  f e e d f s g  on t h e  s e e d  

p i l e s  i n c l n d &  f i r e  a n t s  {=enow& spp ,  ; see: Campbel l  l974) ,  

h a r v e s t e r  a n t s  s p p - )  , c a r p e n t e r  a n t s  ( u a n o h u g  spp-  ) 

a n d  c r i c k e t s  ( ~ y l l i ~ ) ,  h f u l l  l i s t i n g  o t  t h e  s e e d - p r e d a t o r  

s p e c i e s  is g i v e n  i n  S a b l e  V.4 ,  

The results o f  t h i s  e x p e r i m e n t  i n d i c a t e  t h a t  t h e  g o p u l a b i o n  

d e c l i n e  d u r i n g  t h e  seed t o  s e e d l i n g  t r a q s i t i o n  may be  p r i m a r i l y  

d u e  t o  p o s t - d i s p e r s a l  p r e d a t i o n ,  The n e x t  s e c t i o n  examine* 

t h e  c o n s e q u e n c e s  o f  heavy  p o s t - d i s p e r s a l  p r e d a t i o n .  

A f n t b e r  series of e x p e r i m e n t a l  p l o t s  Bere e s t a b l i s h e d  i n  

t h e  f i e l d  t o  m o n i t o r  (a) t h e  magni tude  o f  s e e d  p r e d a t i o n ,  (b) t h e  

r a t e  o f  g e r m i q a t i o n  o f  s e e d s  which escape p r e d a t i o n ,  and (c) t h e  

s u r v i v o r s h i p  of t h e s e  s e e d l i n g s  d u r i n g  t h e i r  f irst  p e a r  of 

e x i s t e n c e ,  P i t h i n  e a c h  o f  t h e  17 sample  s t a n d s  two 1 sq, m -  



OF SEEDS REMAINING 



p l o t s  were l a i d  o u t  a t  o p p o s i t e  c o r n e r s  o f  a  10 m, x 10 a, 

s q u a r e ,  These  s e r v e d  a s  c o n t r o l  p l o t s ,  The r e m a i n i n g  two 

c o r n e r s  o f  t h e  s q u a r e  v e r e  o c c u p i e d  by  e x c l o s u r e  p l o t s ,  e a c h  - 2 5  

Sq- m, i n  area, s u r r o u n d e d  by  a c a g e  (0.25 m, h i g h ) .  of 1-25 

c m ,  mesh c h i c k e ~ u i r e .  T h e s e  p l o t s  v e r e  desigrueit t o  p r o v i d e  

d a t a  on g e r m i n a t i o n  and  s u r v i v o r s h i p  i n  the a b s e n c e  of 

* n a c r a p r e d a t o r s m ,  The s a a l l e r  s ize o f  t h e  e x c l o s a r e  p h t s  was 

n e c e s s i t a t e d  b y  t h e  l imi ted  s u p p l y  o f  ch i cken -wi re  i n  Belize, 

Uggg s i b a e a  seed uas sown e v e n l y  by haad  o v e r  these p l o t s  

a t  a d e n s i t y  of 400 seeds/ sq. r ,  The p l o t s  were sown i n  t h e  

first week of J u l y  1974, c o i n c i d e n t  with t h e  f i r s t  f l u s h  of 

n a t u r a l  s e e d i n g ,  The s e e d s  were a b a t c h  of  t h e  c u r r e n t  c r o p  

o b t a i n e d  t h r o u g h  t h e  F o r e s t r y  Depar tment  i n  Augus t ine ,  Cones  had 

been c o l l e c t e d  t h r e e  weeks p r e v i o u s l y  and d r i e d  i n  t h e  s u n  t o  

r e l e a s e  t h e i r  seeds, and t h e n  de-winged b y  hand-rubbing i n  s a c k s ,  

Some 8% o f  t h e  seed p u r c h a s e d  t u r n e d  o u t  t o  be broken, empty, or  

f i l l e d  w i t h  g r a n u l a r  f r a s s  a s  a r e s u l t  o f  i n s e c t  p r e d a t i o n ;  and  

t h e s e  v e r e  d i s c a r d e d ,  R a d i c l e  emergenqe  t a k e s  a a i n i a u m  of 16 

days ,  a n d  t h e  first c o u n t  of g e r m i n a t i o ~  was made a f t e r  14 d a y s  

had e l a p s e d ,  S u b s e g ~ e n t  t a l l i e s  were made a t  one-month 

i n t e r v a l s ,  and  a t  each c e n s u s  t h e  number o f  b o t h  l i v e  and dead  

p i n e  s e e d l i n g s  was c o u n t e d ,  T h e  r e s u l t s  are p r e s e n t e d  i n  Pig.  

5.5, 

I n i t i a l  g e r m i n a t i o n  rates i n  t h e  c o n t r o l  p l o t s  were 

s u p r i s i n g l y  l o u ,  and t h e  mean .ar iaurn g e s m i a a t i q n  rates Eor t h e  



Fungi:  .! 

C r o n a r t i u m  c o n i g e n u a  

I n s e c t a :  L e p i d o p t e r a  
n i o r y c t i a  spp,  

Aves: P s i t t a c i d a e  
A r a t i n g a  a s t e c  
Amazona a l b i f r o n s  
Amazona a u t u m n a l i s  

: P r i n g i l l i d a e  
L o r i a  c u r v i r o s t r a  

n a r m a l i a :  R o d e n t i a  
S c i u r u s  y u c a t e n e n s i s  
S c i u r u s  d e p p e i  

Fungi:  
Unknown 

I n s e c t a :  G r y l l i d a e  
G t y l l u s  spp. 

: Hyaenoptera  
S o l e n o p s i s  spp .  
Campanot us spp. 
P h e i d o l e  spp, 

Aves: I c t e r i d a e  
D i v e s  d i v e s  
Icterus c h r y s a t e r  

: T h r a u p i d a e  
P i r a n g a  f l a v a  

: P r i n g i l l i d a e  
S p o r o p h i l a  t o r q u e o l a  
A i r o p h i l a  r u f e s c e n s  
S p i z e l l a  p a s s e r  i n a  
S p i n u s  n o t a t u s  

U a a r a l i a :  R o d e n t i a  
Sigmodon h i s p i d u s  

---------------.HI*--------------------*.--"--- 

+ = Pine s e e d s  fo rm large p a r t  o f  *d ie to  * = Occurs f r e q u e n t l y  i n  t h e  s t u d y  area 



c o n t r o l  p l o t s  i n  a l l  t h e  sample  s t a n d s  r e a c h e d  o n l y  0.89 1 of t h e  

13,600 seeds soun,  T h i s  is  i n  s h a r p  c o n t r a s t  t o  hbd g e r m i n r b i o n  

r a t e s  recorded unde r  idea l  c o n d i t i o n s  i n  n u r s e r i e s ,  which are 

u s u a l l y  i n  t h e  90 - 95 ZL r a r g e  w i t h  f r e s h  ~ e e d .  

Hax$mru g e r m i n a t i o n  r a t e s  i n  t h e  c o n t r o l  p l o t 8  were attaiaed 

15-40 Bays after s o u i n g ,  a n d  t h e  numbers  o f  l i r e  ~ e e d l i b g r  

t h e r e a f t e r  declined, T b e  i n i t i a l  rate of p o p u l a t i o a  dmcay uao 

rerp r a p i d .  sir months a f t e r  sowing  30 % of t h e  i n i t i a l  s e e d l i a g  

p o p u l a t i o n  s u r v i v e d ,  b u t  a f t e r  t h i s  t h e  rate of m o t t a l i t p  s l o u e d .  

A t  t h e  end  of t h e  f i r s t  p e a r  o n l y  23  % o f  t h e  i n i t i a l  p o p u l a t i o n  

S P T V ~ V ~ ~ ~  The r a t e  o f  s e e d l i n g  loss cah be  r e p r e s e n t o d  as a 

power f u n c t i o n  (P ig ,  5 . 6 ) -  

where TS is t h e  number o f  d a y s  a f t e r  sou ing ,  

These  r e s u l t s  c o n f i r m  t h e  c o n c l u s i o n  drawn from t h e  s t a t i c  

l i f e - t a b l e ,  namely, t h a t  t h e  major  d e c l i n e  i n  g, 

p o p u l a t i c n s  o c c u r s  d u r i n g  t h e  t r a n s i t i o n  b e t m e n  t h e  seed a n d  

s e e d l i n g  s t a g e ,  a s  less t h a n  1 % of  t h e  a v a i l a b l e  seeds e n t e r  t h e  

s e e d l i n g  p o p u l a t i a n ,  I n  a d d i t i o a ,  almost 80 % of t h e s e  s e e d l h g s  

d i e  i n  t h e i r  f i r s t  y e a r  of' e x i s t e n c e .  

The r e s u l t s  f rom t h e  e x c l o s u r e  p l o t s  coptrast  s h a r p 1  y w i t h  

t h o s e  of t h e  c o n t r o l s  ( P i g ,  5.7) . T h i r t y - n i n e  d a y s  a f t e r  s o w i n g  

5 % of t h e  seeds i n  t b e  e x c l o s u r e  p l o t s  had  g e r m i n a t e d ,  cornparad 
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t o  less t h a n  3 % i n  t h e  c o n t r o l s ,  Because  of t h i s  i n i t i a f  

d i f f e r e n t i a l ,  t h e  s ize of t h e  r e s u l t a n t  s e e d l i n g  p o p u l a t i o n s  

r e m a i n s  s i g n i f i c a n t l y  h i g h e r  i n  t h e  e x c l o s a r e  p l o h s  t h a n  t h e  

c o n t r o l  t h r o a g h o n t  t h e  year, a l t h o u g h  a l m o s t  90 S of t h e  

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

The  d i s p a r i t y  i n  numbers o f  g e r m i n a t i n g  s e e d l i n g s  between 

t h e  e x c l o s n r e  and  c o n t r o l  p l o t s  t h e r e f o r e  c o n f i r m s  t h e  c l a i m  t h a t  

t h e  i n t e n s i t y  o f  p o s t - d i s p e r s a l  p r e d a t i o n  i s  the p r i n c i p a l  

c o n t r o l  o n  t h e  s ize  of t h e  r e s u l t a n t  s e e d l i n g  p o p a l a t i o a ,  

-2 STAISD AGE AID S E E D L I I G  BECRUXTHEBIT, 

It h a s  been  d e m o n s t r a t e d  i n  t h e  p r e v i o u s  s e c t i o n  t h a t  t h e r e  

is a m a s s i v e  d e c l i n e  i n  the p i n e  p o p u l a t i o n  c o h o r t s  d u r i n g  t h e i r  

first y e a r  o f  e x i s t e q c e .  The e x t e n t  of t h i s  d e c l i n e  is n o t  

c o n s t a n t  i n  a l l  s t a n d s ,  but  v a r i e s  wi th  s u c c e s s i o n a l  time, A s  

t h e  s t a n d  a g e s  t h e r e  is a  drop-off i n  p i n e  s e e d l i n g  r e c r u i t m e n t  

[F ig ,  4,4), u n t i l ,  i n  s t a n d s  which h a v e  been u n d i s t u r b e d  f o r  20 

- 25 y e a r s ,  v e r y  few p i n e  s e e d l i n g s  become e s t a b l i s h e d ,  Data  

f rom t h e  c o n t r o l  p l o t s  i n  t h e  s ample  s t a n d s  c o n f i r m  t h i s  

d i f f e r e n t i a l  r e c r u i t m e n t  ( F i g ,  5 .8 ) .  Yhen s e e d l i n g  

e s t a b l i s m e n t  rates a r e  graphed  a s  a  f u n c t i o n  of s t a n d  a g e  i t  

becomes a p p a r e n t  t h a t :  

a )  8aximun r e c r u i t m e n t  r a t e s  a r e  a t t a i n e d  i n  
s t a q d s  of i n t e r m e d i a t e  a g e  (5- 15 y e a r s )  where 
g e r m i n a t i o n  and s e e d l i n g  s u r r i v a l  are h i g h e s t ,  
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b) Lou r e c r u i t m e n t  ra tes  i n  younger s t a n d s  (< 5 
y e a r s )  are a  r e s u l t  of p r e - g e r m h a t i o n  
p r e d a t i o n  or g e r m i n a t i o n  f a i l u r e ,  

c) Low r e c r u i t m e n t  r a t e s  i n  o l d e r  s t a n d s  > 15 
y e a r s )  are  p r i m a r i l y  d u e  t o  h i g h  m o r t a l i t y  of 
ge rmina ted  s e e d l i n g s ,  a l t h o u g h  g e r m i n a t i o a  
rates i n  t h e s e  o l d e r  s t a n d s  were somewhat 
l o v e r  t h a n  i n  s t a n d s  of t h e  5 - 15 y e a r  
a g e c l a s s ,  

Any a t t e m p t  t o  l i n k  s e e d l i n g  dynamics  t o  e n v i r a n a e n t a l  

c o n t r o l s  m u z i t  e x p l a i n  t h e s e  t h r e e  e l e ~ e n t s ,  

The mechanisms t h a t  r e g u l a t e  s e e d  g e r m i n a t i o n  and s e e d l i n g  

s u r  r i v a l  are a  c o ~ b i n a t i o n  of t h e  i n t e r n a l  b i o c h e r i c a l  and  

p h y s i c a l  r e a c t i o q s ,  and  t h e  e x t e r n a l  e n v i r o a a e n t  of t h e  

p ropagn le ,  8 h e  e x t e r n a l  c o n t r o l s  i n c l u d e  m o i s t u r e  s u p p l y ,  s o i l  

compac t ion  a n d  pH, c o n c e n t r a t i o n  of sotfotes, oxygen s u p p l y ,  t h e  

p r e s e n c e  and  a b s e n c e  of pa thogens ,  p r e d a t o r s ,  or i n h i b i t o r y  

c h e m i c a l s ,  a n d  t h e  r a d i a t i o n  and  l i g h t  enrrironarent of t h e  s e e d  

(Toole  e t  al,, 1956; fiayer and Poljalcoff-Bayber,  1963). In t h e  

f i e l d  t h e s e  f a c t o r s  i a t e r a c t  i n  a complex and cf t e n  i n e x t r i c a b l e  

f a s h i o n ,  As Harper  (1960) p o i n t s  o u t ,  sites i n  which t h e  fac tors  

co-occur i n  t h e  r i g h t  c o m b i n a t i o n s  a r e  no t  u b i q a i t o ~ s  i n  n a t u r e ,  

A t  t h e  s i z e  s c a l e  of t h e  s e e d ,  t h e  s o i l  s u r f a c e  p r e s e n t s  a  v e r y  

c o m p l i c a t e d  p a t t e r n  of s u i t a b l e  a n d  u n s ~ i t a h l e  a i c r o s i t e s ,  

Boreover ,  *sites which a r e  t e m p o r a r i l y  s u i t e d  f o r  g e r m i n a t i o n  of 

a seed, ,  , , may q u i c k l y  become u n s u i t a b l e  f o r  t h e  e s t a b l i s h m e n t  

of  a s e l f - s u p p o r t i n g  ~ e e d l i n g , , , ~  (Harper, i b i d , ,  p, t X j .  
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The maximum rates o f  s e e d l i n g  e s t a b l i s h m e n t  i n  s t a n d s  o f  

i n t e r m e d i a t e  a g e  must  t h e r e f o r e  r e p r e s e g t  a  s i t n a t i o a  i n  which 

f a v o u r a b l e  m i c r o s i t e s  a r e  a l s o  naximised-  T h i s  f a v o u r a b l e  

gerriaation-surrirorship t i n e - f  fame mag be c a u s a l l y  l i n k e d  t o  t h e  

co -occu r rence  of a peak {Pig, 5 ,  9a) ,  p l a t e a u  {Pig,  5.9b) window 

(F ig ,  5 . 9 ~ )  o r  t r o u g h  (P ig ,  5-9d)  i n  a state v a r i a b l e ,  Houerer ,  

as  t h e  ' t a i l s*  on e i t h e r  s i d e  o f  t h e  f a v o u r a b l e  t i re  p e r i o d  

r e s u l t  from a r e c r u i t m e n t  f a i l u r e  i n  t h e  v e r y  young s t a n d s ,  and  a 

f a i l u r e  t o  s u r v i v e  i n  t h e  o l d e s t  s t a n d s ,  i t  ~ o u l d  seem more 

r e a s o n a b l e  t o  assume t h a t  t h e  p e a t  in s e e d l i n g  e s t a b l i s h m e n t  

r e p r e s e n t s  t h e  u n i l a t e r a l  o r  i n t e r a c t i v e  effects of taro or Bore 

r e g u l a t o r y  mech-anisrs  (e.g, Pig.  5,9e), 

F i v e  e n v i r o n m e n t a l  f a c t o r s  i n  p a r t i c u l a r  map me e x p e c t e d  t o  

co-warp as a cons$qaence  of a u t o g e n i c  c h a n g e s  accompanying 

v e g e t a t i o n a l  s u c c e s s i o n ,  T h e s e  a re :  p r e d a t o r  p r e s s u r e ,  l i g h t  

a n d  r a d i a t i o a  intensity, t h e  nature of t h e  seedbed ,  root 

c o n p e t i t i o a ,  a n d  t h e  i n t e n s i t y  of  a l l e l o p a t h k  i n t e r a c t i o n s  

be tween  s p e c i e s ,  

I n  t h e  f o l l o w i n g  s e c t i o n s  t h e  r o l e  of t h e s e  five f a c t o r s  is 

examined by means of f i e l d  and  l a b o r a t o r y  e r p e r i a e g t a t i o n ,  The 

i s o l a t i o n  of  the f i e l d  a r e a ,  c o n s t r a i n t s  of t i re ,  and a  l i m i t e d  

s u p p l y  of some m a t e r i a l s ,  p r e c l u d e d  u s i n g  a f u l l  f a c t o r i a l  

e x p e r i m e n t a l  design t o  test t h e  effects o f  t h e s e  e n v i r o n m e n t a l  

v a r i a b l e s ,  



f l  v a r i a b l e  (s) 
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A s  p o s t - d i s p e r s a l  seed- h a r v e s t i n g  by r o d e n t s ,  b i r d s  a n d  

i n s e c t s  is k s o u n  t o  b e  t h e  p r imary  r e g u l a t o r  o f  the o v e r a l l  p i n e  

s e e d l i n g  p o p u l a t i a n ,  i t  was h y p o t h e s i s e d  t h a t  t h e  r e g e a e r a k i o n  

f a i l u r e  in t h e  younges t  s t a n d s  Mas c a u s e d  by s e v e r e  

s e e d - p r e d a t i o n  rates, T h i s  p o s t u l a t e  r e q u i r e s  t h a t  t h e  

r e - o c c u p a t i o n  of a k u r n t  a r e a  by  t h e  s e e d - h a r v e s t i n g  f a u n a  

is f a i t l p  r a p i d .  a l t h o u g h  t h e  r a p i d i t y  o f  r e - i n v a s i o n  d e p e n d s  t o  

a l a r g e  e x t e n t  o n  t h e  a r e a  o f  t h e  bu rn ,  data from l o g g e d  and  

b u r n e d  a r e a s  of l o r t h  American forests s h o v  kitat g r a n i r o r o a s  

mamid p o p u l a t i o n s  Bay d e c l i n e  by  50 % immed ia t e ly  after t h e  

d i s t u r b a n c e  (Spencer ,  1956) , b u t  pre-dis turbis-ace p o p u l a t i o n  

l e v e l s  are a t t a i n e d  o r  p a s s e d  a  few Booths  la ter  (Pev i s ,  1956; 

James, 1956; G a s h u i l e r ,  1970). 

It is kqown f r c r  l a b o r a t o r y  e x p e r i m e n t s  t h a t  p r e d a t o r  

p r e s s u r e  on  p r e y  is r e d u c e d  a s  t h e  env i ronmen t  s e a r c h e d  for  p r e y  

becomes more complex (Gause, 1934 ; Huff a k e s ,  19583, I n  r e c e n t 1  y 

b u r n e d  s t a n d s  w i t h  a  b a r e  m i n e r a l  s o i l  s u b s t r a t e  t h e  p r o b a b i l i t y  

of a seed b e i n g  f o u n d  i s  e x t r e m e l y  h igh ,  L i t t e r f a l l  and g r a s s  

r e g r o w t h  c o v e r  t h i s  exposed  s u r f a c e  a n d  t h e  a r e a  t o  be s e a r c h e d  

by s e e d - h a r v e s t e r s  becomes a u c h  more patchy ,  s o  the p r o b a b i l i t y  

of a s e e d  being f o u n d  d e c r e a s e s ,  Consequen t ly ,  i n  s t a n d s  of 

i n t e r m e d i a t e  age, t h e r e  may be a h i g h e r  r a t e  of s e e d l i n g  

e s t a b l i s h m e n t  t h a n  i n  younger  s t a n d s ,  



I n  t h e  o ldes t  s t a n d s  t h e  r e d u c e d  g e r m i n a t i o o  of p i n e  s e e d  

may a l s o  result from a n  i n c r e a s e  i n  t h e  p r e d a t i o n  rate, One of 

t h e  c o n s e q u e n c e s  of i n c r e a s e d  s h a d i n g  on t h e  fores t  f loor  is a 

r e d u c t i o n  i n  g r a s s  c o v e r  i n  o l d e r  s t a n d s ,  The loose l i t ter  l a y e r  

i n  t h e s e  s t a n d s  may c o m p r i s e  a  s o r e - r e a d i l y  s e a r c h e d  env i ronmen t  

t h a n  t h a t  of  s t a n d s  w i t h  g r e a t e r  g r a s s  biomass, A l t e r n a t i v e l y ,  

t h e  s u i t e  of s e e d - h a r v e s t i n g  o r g a n i s m s  t h e a s e l v e s  Bay change  o v e r  

s u c c e s s i o n a l  time, b r i n g i n g  Bore p r e s s u r e  t o  b e a t  on t h e  s e e d  

r e s o u r c e  i n  t h e  o l d e s t  s t a n d s ,  

Two t es t s  of this p r e d a t i o n  h y p o t h e s i s  piere made. I f  

p r e d a t o r  p r e s s u r e  is t h e  p r i m  d e t e r m i n a n t  o f  t h e  d i f f e r e n h i a l  

s e e d l i n g  r e c r u i t m e n t  i n  s t a n d s  of v a r y i n g  age ,  t h e n  s e e d s  

p r o t e c t e d  from macro -p reda to r s  s h o u l d  e x h i b i t  a g e - i n v a r i a n t  

g e r m i n a t i o n  r a t e s ,  Horever ,  t h e  numbers o f  s e e d l i n g s  g e r m i n a t i n g  

i n  t h e  e x c l o s u r e  p l o t s  show t h e  same age-dependent  

c h a r a c t e r i s t i c s  a s  do  s e e d l i n g s  i n  t h e  c o n t r o l  p l o t s  (Pig. 

5-10] . To test whether  p r e d a t i o n  is i n d e p e n d e n t  of s t a n d  age ,  a  

G - t e s t  of  a s s o c i a t i o n  (Soka l  a n d  Bohl f ,  1969) was conduc ted  on 

t h e s e  g e r m i n a t i o n  d a t a r  The r e s u l t a n t  a n a l  p is  (Tab le  V , 5 )  , 
i n d i c a t e d  t h a t  p r e d a t i o n  r a t e  is i n d e p e n d e n t  of s t a n d  age. 

Consequen t ly  t h e  s e e d - p r e d a t i o n  h y p o t h e s i s  c a n  b e  d i s m i s s e d  a s  a  

c a u s e  of d i f f e r e n t i a l  s e e d l i n g  e s t a b l i s h a e n t .  

I n  a d d i t i o n  t o  t h e  p i n e  s e e d s ,  t h e  emergen t  s e e d l i n g s  a l s o  

r e p r e s e n t  a food  s o u r c e  for h e r b i v o r e s ,  and it i s  c o a c e i v a b l e  t h a t  

t h e  h i g h  m o r t a l i t y  rates i n  t h e  o l d e s t  s t a q d s  are a t t r i b u t a b l e  t o  



FIG. 5.10: GERMINATION RATES I N  EXCLOSURE PLOTS 
AS A FUNCTION OF STAND AGE. DATA DERIVED 
FROM A CENSUS OF THE EXCLOSURE PLOTS 39 
DAYS AFTER SOWING, THE DAY OF MAXIMUM 

SEEDLING EMERGENCE I N  THE EXCLOSURE PLOTS 8 



TABLE V.5: G-TEST OF ASSOCIATION BETUEEN T B E  XITENSITY OF 
SEED-PREDATIOU A N D  STAND AGE,  

Ho: T h a t  there is no difference i n  seed-predation r a t e s  
(and therefore t h e  proportionate germination in 
control  and exclosure p l o t s ) ,  w i t h  stand age, 

Treatments (a=2) 
Categories (b=3) 

------- J .------ I-* ----- -** I 
1 Stand Age 1 Control Exclosure 4 Row Control/ 1 
4 Age 1 Plots I P l o t s  1 Sum J Total  
J ,- ------- ---- I------------ I-------- ---.--- j--------i--.------.. 

I 
J 

I I I I 1 I 
i < 5 Yrs. 1 1 I 2 I 3 1 0.33 1 
I 1 1 
j-------------I-----------l--------------------- 

1 I-------- 
I 
(,,---,,,,, 

I 
I 

I 1 I 1 I I 
1 5 - 15 Yrs, ) 85 4 7 8  I 163 1 0-52 1 
1 I 1 I 1 
1 -------------I------------ J---------j ------- 4 ---------- 1 

I 

I 1 I I i 
197 168 

1 
J Column Sun 1 S 1 365 1 0.54 i 

Since X L m  = 5,991, t h e  G value is not significant, 

and  the n u l l  hypothesis (Ho) i s  a c c e p t e d ,  



, 

t h i s  c a u s e ,  A c e n s u s  o f  r ecen t ly -emerged  s e e d l i n g s  0 5  d a y s  

a f t e r  sowing) ,  showea t h a t  some 13 % e x h i b i t e d  h e r b i v o r e  damage, 

T h i s  t ook  t h e  form of s e v e r a n c e  o f  t h e  stem i n m e d i a t e f y  above  t h e  

ground or a t  t h e  b a s e  of t h e  c o t y l e d o n s .  Cutworms ( E l o ~ B u i m ) ,  

a n d  l e a f - c u t t i n g  a n t s  (Attq  s p p , ) ,  f e e d  i n  t h i s  f a s h i o q  on 

p l a n t e d  p i n e  s e e d l i n g s  e l s e w h e r e  (Worrald,  1975; Fleber, 1912) , 
b a t  I n e v e r  o b s e r v e d  e i t h e r  t o  f e e d  on p i n e  i n  B e l i z e ,  T h i s  

t y p e  of damage may a l s o  b e  c a u s e d  by m o l e c r i c k e t s  

( w i n * ) ,  a n d  Laab f 1 9 7 3 ) ,  n o t e s  t h e  n e c e s s i t y  of 

p r o t e c t i n g  p i n e  n u r s e r y  b e d s  from t h e s e  i n s e c t s  i n  Belize, 

A l though  t h e s e  p r e d a t o r s  a r e  a l l  g e n e r a l i s t s ,  a n d  presumably  

f a i r l y  u b i q u i t o u s  i n  t h e  p i n e l a n d s ,  t h e  s e e d l i n g s  i n  t h e  o l d e s t  

s t a n d s  e x h i b i t e d  p r e d a t i o n  r a t e s  which were a l m o s t  twice a s  g r e a t  

a s  t h o s e  i n  s t a n d s  between 5 and  15 p e a r s  o f  age ,  T h i s  

d i f f e r e n c e  proved  t o  be s t a t i s t i c a l l y  s i g n i f i c a n t  (Tab le  V.6)  , 
and  may be t h e  p r i m a r y  r e a s o n  f o r  t h e  low s e e d l i n g  s u r v i v o r s h i p  

i n  t h e  o l d e r  s t a n d s .  T h e r e  is, houever ,  n o  e v i d e n c e  t o  i n d i c t  

l a r g e r  h e r b i  v m e s  s u c h  a s  d e e r  (Odocoi3,eus t r u e i )  o r  c a t t l e  a s  

p r e d a t o r s  o f  p i n e  s e e d l i n g s ,  a s  mor ta l i ty  r a t e s  of s e e d l i q g s  were 

s o a e v h a t  g r e a t e r  i q  the e x c l o s u r e  p l o t s  t h a n  i n  t h e  c o n t r o l  

p l o t s  (Pig,  5.7)- 

The s u p p r e s s i o n  of h i g h e r  p l a n t s  by m b s t a n c e s  r e l e a s e d  from 

t h e  l i v e  o r  dead  t i s s u e s  cf o t h e r  s p e c i e s  h a s  been  r e p q r t e d  f o r  



TABLE V.6: B X N O H I A L  TEST C N  THE DIFPEBEICES BETWEEN IUIYBEBS 
OF S E E D L I N G S  DABbGEQ BY BERBIVOROUS IISECTS IH 
I N T E N R E D I A T E - A G E D  AND OLD STAYDS- 

Ho: That t h e r e  is no s i g n i f i c a n t  i n c r e a s e  i n  herbivory 
r a t e s  v i t h  i n c r e a s i n g  s tand  age. ( l - t a i l e d  test).  

----------- 
Stand 

Age 

Pooled p = (A + A )  + N = 45/355 12.676 % 

Pooled sa = 12.676 (87,324) = 1106.92 

sp'' = 1 lO6.92/22$ = 4.94 

sd' = 8-45 + 4-94 = 13.39 

sd 3-66  

xe = 1-64  

8 
S i n c e  x,.,, =1,64, the  d i f f e r e n c e  i n  herbivory  r a t e s  

is s i g n i f i c a n t ,  and the n u l l  h y p o t h e s i s  (Ho) 

rejected. 



c u l t i v a t e d  a n d  v i l d  s p e c i e s  i n  v a r i o u s  co rmun i  t ies (e. g, H u l l e r ,  

1965;  Cannon e t  a l , ,  1967; d e f  Moral and  X u f l e r ,  1 9 6 9 ) -  

G e r m i n a t i o n  o f  two s p e c i e s  of p i n e ,  P, &qe_65iana (Brown, 1963) 

and  P, dei&a&f lor3 (Ooyama, 1954) , is t l iovn t o  be i n h i b i t e d  b y  

a l l e l o c h e m i c  s u p p r e s s i o n  by a s s o c i a t e d  s p s i e s  and  b y  

a u t o t o x i c i t y .  I n  s u c c e s s i o n a l  c o m m a n i t i e s  a n  i n v a d e r  r a y  

s u p p r e s s  a c o m p e t i t o r ,  and d e l a y  its oun r e p l a c e m e n t ,  b y  means of 

a l l e l o c h e m i c s  (Bice, 1969) . It is psoposed t h e r e f o r e  a s  a 

working h y p o t h e s i s  t h a t  s p e c i e s  o c c u s r i n g  w i t h  & a d b a e a ,  

p a r t i c u l a r l y  a r b o r e s c e n t  species ( i n c l u d i n g  g, s_riP_ea a i tself) .  

e x c l u d e  young p i n e  f rom t h e  s t a n d s  o l d e r  t h a n  15 y e a r s  by 

a l l e l o p a t h i c  i n h i b i t i o n .  I n  t h e  younges t  s t a n d s  t h e  p o t e n t i a l  

a l l e l o p a t h i c  s p e c i e s  a r e  t o o  i n f r e q u e n t  and small t o  affect t h e  

g e r m i n a t i o n  o r  s u r v i v o r s h i p  o f  young pine. @ig, 4.7 ). T h i s  

s e c t i o n  therefore d e a l s  o n l y  w i t h  t h e  r e l a t i v e  i a p a r t a n c e  of 

a l l e l o p a t h y  i n  s t a n d s  i n  t h e  two o l d e r  a g e - c l a s s e s ,  The 

h y p o t h e s i s  c a n  be examined b y  growing  p i n e  seeds on n e d i a  

s u p p l i e d  w i t h  a q u e o u s  e x t r a c t s  of t issaes ( i n  t h i s  case of t h e  

l e a v e s )  o f  selected s p e c i e s ,  and  t e s t i n g  f o r  t h e  p r e s e n c e  of 

a l l e l o c h e m i c s ,  l o  test was made f o r  t h e  p r e s e n c e  o f  v o l a t i l e  

i n h i b i t o r s ,  

A t o t a l  of t w e l v e  s p e c i e s  vere chosen  for  t e s t i n g ,  

r e p r e s e n t i n g  n o t  o n l y  t h e  most f r e q u e n t  s p e c i e s  i n  t h e  p i n e l a n d s ,  

bu t  a l s o  a c r o s s - s e c t i c n  of t h e  p l a n t  f a n i l g e s  which a r e  

i n p q r t a n t  a e n b e r s ,  ar p o t e n t i a l  i n v a d e r s ,  o f  t h e  g i n e l a n d s .  The 



s p e c i e s  u s e d  a re  l i s t e d  below: 

Byl;- ggg~ifnLja ( d a l p i g h i a c e a e )  

J l i c o n i q  a l b i c a ~  ( P r e l a s t o m a t a c e a e )  

a i d e n Q  r a b r a  ( P r e l a s t o n a t a c e a e j  

V i s m i a  &r rnq j rgea  (By p e r i c a c e a e )  ----- 
U c o n i g  u i z e n s i s  (Belastomataceas) 

m g  odoc- ( C o m p o s i t a e )  

Q n  g ~ r u I h a n a  ( S a g a c e a e )  

P i n u s  w i b a e a  ( P i n a c e a a )  

f w s j r q g n s  (Anonaceae)  

p p ~ d u s e - b  ( C l e t h r a c e a e )  

D a y i 1 1 ~  k s n t  h i +  ( D i l l e n i a e e a e )  - 
Q u e r c u q  g l e o i d ~  (Pagaceae)  

G&&.&=&g & m M a n a  (Leg: Climosidae) 

5.321; E x p e r i m e n t  1. Sponge bioassay 

F i f t y  grams of a i r - d r i e d  l e a v e s  of e a c h  species were s o a k e d  

i n  100 gms, of d i s t i l l e d  water a t  20" C, T h e  s d a t i o n  was Ohen 

m e c h a n i c a l l y  s h a b e n  fo r  20 i i n n t e s  a n d  le f t  t o  s o a k  f o r  24 h o u r s .  

T h e  l e a c h a t e s  were t h e n  c o l l e c t e d  using Bnchner  f u n n e l s ,  The 

osmotic p o t e n t i a l  o f  each was d e t e r m i n e d  b y  t h e  a e t h o d  of 

f r e e z i n g - p a i n t  d e p r e s s i o n  u s i n g  a P r e c i s i o n  S y s t e m s  O s m e t t e -  

T h e s e  r e a d i n g s  were r e p e a t e d  u n t i l  t h e  d i f f e r e n c e  b e t w e e n  

s u c c e s s i v e  r e a d i n g s  u a s  less t h a n  2 m i l l i o s m o s ,  %be f i n a l  v a l u e s  

o b t a i n e d  f o r  e a c h  e x t r a c t  a re  i n c l u d e d  i n  T a b l e  V-7 ,  C o n t r o l  

s o l u t i o n s  of m a n n i t a l  Mere p r e p a r e d  w i t h  osmotic p o t e n t i a l s  o f  



TABLE V.7: GEBFIINATION AND R A D I C L E  EXTENSION IN LABOBATOBI 
ALLELOPATHY EXPEBIIYEIT. 

1 I I I 1 I 
B y r s o n i r a  c r a s s i f o l i a  ] 2 ) 0 I 4.4 **) 8.63 35 1 
P i n u s  c a r i b a e a  I 12 1 2 1  1 50.0 1 12,48 1 2 I 
ff i c o n i a  a l b i c a n s  1 1 4  1 2 1 )  58.3 1 1 9 . 8 5  1 3 1 

I % y l o p i a  f r u t e s c e n s  1 6 1 0 1  13.3**1 8.50 1  30 ) 
C i i d e m i a  r u b r a  1 13 1 32 j 100.0 j 18.07 1  75 1 

I C l e t h r a  h o n d u r e n s i s  1 3 1 0 I 6.6 **I 7-25 1 SO j 
V i s m i a  f e c r u g i n e a  1 7 J 0 1 15.5**1 10m8U 1 77  j 

1 D a v i l l a  k u a t h i i  1 6 1 1 1  13.6** )  6.,46 J 74 ) 
I f i i c o n i a  b s l i z e n s i s  J 20 1 17 1 71e4 j 21e08 1 54 

Q u e r c u s  o l e o i d e s  1 3 1 4 1 7 .3 * *1  15.98 1 23 1 
I E u p a t o r i u a  o d o r a t u a  1 1 I 0 1 2.2 * * I  5.40 I 1 

C a l l i a n d r a  h o u s t o n i a n a l  5 j 5 1 12.5 * * I  7.53 120 1 
I Q u e r c u s  p u r u l h a n a  1 2 1 0 1  4.4**1  1 .99*1  25 J 

1 1 1 1 I I 
1 1 I J I I 

1 H a n n i t o l  I1 I 8 1 28 1 07.1 1 9.26 4 0 1  
f l a n n i t o l  42 1 4 1 3 3 1  33.3 1 6 . 7 5  j 1 0 )  

I H a n n i t o l  83 1 4 1 36 1 44.4 1 5.90 1 50 1 
I n a n n i t o l  14 1 2 1 4 0 1  U4.0 1 8 . 5 0  ( 100 I -- -.------------------.- 4 ----- I-..-- 1 ------- J----..-- 1 .-----a I 

a = t s e e d l i n g s  g e r m i n a t e d  

b  = I seeds i n f e c t e d  by f u n g u s  

c = l a / (n -b ) ) .100  
where n = # seeds p l a n t e d  

d = mean r a d i c l e  l e n g t h  (1110) 

e = o s m o t i c  p o t e n t i a l  of e x t r a c t s  { a i l l i o s a o s )  

** = s i g n i f i c a n t  i n h i b i t i o n  of g e r m i n a t i o n  (p=O.O1) 

* = s i g n i f i c a n t  i n h i b i t i o n  of  growth (p = 0.05) 



10, 50, a n d  100 r i l l i o s m o a  r e s p e c t i v e l y  (see d e l  Moral and  Cates, 

1971). 

C e l l u l o s e  s p o n g e s  s o a k e d  i n  40 m 1  o f  e i t h e r  the i a n n i t o f  

c o n t r o l  or  t h e  l e a c h a t e  were p l a c e d  i n  P e t r i  d i s h e s ,  Each 

e x p e r i m e n t a l  t r e a t m e n t  u a s  p l a n t e d  w i t h  15 sound  s e e d s  of & 

c ~ g i b a e a  p e r  d ish,  w i t h  3 r e p l i c a t e s  p e r  t r e a t l i e n t ,  a n d  t h e  

d i s h e s  v e r e  p l a c e d  a t  r a n d o a  u n d e r  a n  a r r a y  of C o o l w h i t e  

f l o u r e s c e n t  l a m p s  se t  on a 12-hour p h o t o p e r i o d  a t  an  i n t e n s i t y  of 

3000 ft-c, ~ e s a i n a t i o n  and  r a d i c l e  e x t e n s i o n  cf t h e  s e e d s  u e r e  

t h e n  r e c o r d e d  o v e r  a t h r e e - u e e t  p e r i o d ,  

Because  of the  high r e l a t i v e  h u m i d i t i e s  i n  e a c h  of t h e  P e t r i  

p l a t e s  many seeds were i n f e c t e d  by f u n g a l  p a t h c g e n s ,  vhich v e r e  

p r e s u m a b l y  do rman t  i n  t h e  seedcoat, The m a a n i t o l  coa t ro l s  and  

t h e  t h r e e  e x t r a c t s  f rom t l e l a s t o m a t a c e a e  u e r e  p a r t i c u l a r l y  

s u s c e p t i b l e  t o  at tack,  G e r m i n a t i o n  u a s  n e a s u r e d  on  d a y  18 and  

a g a i n  o n  d a y  23 when t h e  e x p e r i m e n t  t e r m i n a t e d .  Hypocoty l  

e x t e n s i o n  was e s t i m a t e d  a t  t h e  end  of t h e  e x p e r i m e n t ,  The 

r e s u l t s  of t h e  e x p e r i m e n t  are r e c o r d e d  i n  T a b l e  V, 7, T h e r e  is a 

p o s i t i v e  c o r r e l a t i o n  between t h e  number of u n i n f e c t e d  s e e d l i n g s  

t h a t  g e r m i n a t e ,  a n d  t h e  number of seeds i n f e c t e d  wkth f u n g u s  i n  

t h e  e x t r a c t  treatmwts, s t r o n g  c i r c u m s t a n t i a l  e v i d e a c e  of t h e  

p r e s e n c e  of a a t i b i o t i c  s u b s t a n c e s  i n  some l e a c h a t a s ,  

The h y p o t h e s i s  tha t  t h e r e  i s  n o  d i f f s r e n c e  i n  g e r m i n a k i o p  

rates between t r e a t m e n t s  a n d  c o n t r o l s  c a n  b e  t e s t e d  u s i n g  



Chebyshev8  s i n e q u a l i t y  (Dixon and  Hassey, 1957). T h i s  s t a tes  

t h a t  t h e  maximum a r e a  under  a n y  symmetr ic ,  a n i n o d a l  d i s t r i b u t i o n  

c u r r e  which is > k s t a n d a r d  d e v i a t i o n s  f rom t h e  mean is <(2/3k) 

A s  t h e r e  is  no  a p p a r e n t  d e c l i n e  i n  t h e  g e r ~ i n a t i e a  rates of 

u a i n f e c t e d  s e e d  i n  kite c a n t r o l s ,  t h e s e  v a l u e s  were pooled.  'Eh i s  

p roduced  a d i s t r i b u t i o x t  f o r  t h e  c o n t r o l  w i t h  mean ge rminah ion  

rates of 41.9 X a n d  a  s t a n d a r d  d e v i a t i o n  of 6.1 %, Baking a  

r e j e c t i o n  r e g i o n  of p=0.05 t h e  c r i t i ca l  v a l u e  f o r  k is t h e n  3.0 

(p=O,OU94), which is e q u i v a l e n t  t o  a g e r m i n a t i o p  r a b e  of 24.1 X, 

C o n s e q u e n t l y  any  t r e a t m e n t  h a v i n g  a g e r m h a t i o n  rate < 24.1 1 is  

s i g n i f i c a n t l y  d i f f e r e n t  f r o a  t h e  c o n t r o l s .  B i n e  of the t a s t e d  

species shoved  s i g n i f i c a n t  i n h i b i t o r y  effects (Tab le  V . 7 ) -  These  

were: 

& r l o ~ i 2  f r n t e m e n s  

Q g p c u q  o l e o i k s  

Q u e r c u s  p u s u & m  

B y r s o n i m  g~;41- 

~~~ Bsaa_tls& 

Call- - a bcr~laoiana 

y-9 g e r x u q i n e a  

J&mogi!m o d = a t u @  

BPr r i l l a  k u n t h u  

To test  t h e  h y p o t h e s i s  t h a t  t h e  leaf e x t r a c t s  i n h i b i t  

r a d i c l e  e x t e a s i o n ,  t h e  s a m p l e  means of t h e  c o n t r o l  and  

e x p e r i m e n t a l  p o p u l a t i c n s  c a n  be c o a p a r e d  u s i n g  t h e  



t - d i s t r i b u t i o q ,  T e s t s  between t h e  m a n n i t o l  c o n t r o l s  a t i l i s i n g  

l o g - o o r m a l i s e d  data i n d i c a t e d  no s i g n i f i c a n t  d e c r e a s e  i n  

h y p o c o t y l  l e n g t h  w f t h  i n c r e a s e d  o s m o t i c  p o t e n t l a 1  t taax=1,86,  

d f = 6 ;  n.s, a t  p=O,O5), The c o n t r o l  r e s u l t s  v e r e  t h e r e f o r e  

pooled .  E x a m i n a t i o n  o f  t h e  r e l a t i o n s h i p  between o s m o t i c  

p o t e n t i a l  a n d  r a d i c l e  e l o n g a t i o n  r e v e a l s  l i t t l e  c o r r e l a t i o n  

be tween  t h e  two v a r i a k l e s  (P ig ,  S ,11  E i g h t  of t h e  test 

s p e c i e s  r e c o r d e d  mean r a d i c l e  e x t e n s i o n  less t h a n  t h e  c o n t r o l s ,  

and  t h e s e  v e r e  tested i n  t u r n ,  O f  t h e  e i g h t ,  o n l y  o n e  (Queq- 

parnJJtaaa, t h e  d e c i d u o u s  oak)  was f o u n d  t o  p r o d a c e  s i g n i f i c a n t  

i n h i b i t i o n  of p i n e  s e e d l i n g  g rowth  a t  a p=0,05 l e v e l  (Taf3le V-7) .  

5,322; Expe r imen t  2: F i e l d  b i o a s s a y  

Because  of t h e  marked f u n g a l  i n f e c t i o n  of . t h e  l a b o r a t o r y  

c u l t u r e s ,  t h e  e x p e r i m e n t  was r e p e a t e d  i n  t h e  f i e l d  a t  a la ter  

d a t e ,  u s i n g  t h e  s a n e  species v i t h  t h e  e x c e p t i o n  o f  U c ~ n i a  

b e l i z e n s i s ,  I n  t h i s  s e c o n d  e x p e r i m e n t  1-35 k g  o f  a i r - d r i e d  

l e a v e s  of e a c h  s p e c i e s  were s o a k e d  i n  a 1:5 s o l u t i o n  o f  t a p - r a t e r  

f o r  24 hou r s ,  Cleaa s a n d  f r o a  t h e  local  r i v e r  was s p r e a d  t o  a  

d e p t h  of 4-5 cms i n  a l u s i n i u m  s e e d p a n s  and  33 s e e d s  were p l a n t e d  

i n  e a c h  p o t  w i t h  t h r e e  r e p l i c a t e s  f o r  e a c h  t r e a t m e a t  (#3 w i t h  34  

seeds), 

The  e x p e r i a e n t  was i n i t i a l l y  e s t a b l i s h e d  on t h e  g r o u ~ d ,  b u t  

mice and  i n s e c t s  removed many of t h e  s e e d s ,  a n d  r a i n  p e r i o d i c a l l y  

f l o o d e d  t h e  pans ,  s o  i t  was r e - e s t a b l i s h e d  u n d e r  c o v e r  o f  t h e  
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s e e d - d r y i n g  s h e d s  of t h e  F o r e s t r y  Depar tment  a t  Bugus t ine .  These  

p r o t e c t e d  t h e  s e e d s  f rom p r e d a t o r s  and  r a i n ,  and  g r o v i d e d  some 

s h a d e  (midday l i g h t  i n t e n s i t y  - 3000 f t , - c , ) ,  The p a n s  ware 

w a t e r e d  w i t h  250 m l  of t h e  e x t r a c t  a t  two-day i n t e r v a l s ,  and t h e  

c o a r s e  of g e r m i n a t i o n  was f o l l o w e d  f o r  a one-month per iod .  

G e r m i n a t i o n  began  o n  day 9 a n d  t h e  taJbal number of s e e d l i n g s  

r e a c h e d  maxi mu^ l e v e l s  some 4 t o  1 4  d a y s  l a t e r ,  w i t h  aLmost a l l  

t r e a t m e n t s  p e a k i n g  on day 15. The number of l i v e  s e e d l i n g s  

d e c l i n e d  s t e a d i l y  from t h i s  p o i n t  onwards  JF ig-  5,*12), Bo f u n g a l  

i n f e c t i o n  o f  t h e  s e e d c o a t s  was r e c o r d e d ,  The h y p o t h e s i s  of n o  

s i g n i f i c a n t  d k f f  e r e n c e  (p=0,05) between  t h e  c o n t r o l  and  t r e a g m e n t  

p o p u l a t i o n s  u a s  t e s t e d  u s i n g  t h e  t - d i s t r i b u t i o n  (fable V.8)- O f  

t h e  s p e c i e s  t e s t e d ,  one ( g ~ p a t o r i q ~  p & g a t u a ) ,  p roduced  

s i g n i f i c a n t  i n h i b i t i o n ,  and t o o  (WEiq f j u t e s p p s  and  Visaia 

f e r ~ u u i n e a )  mere m i l d l y  i n h i b i t o r y ,  wi th  t - v a l u e s  on t h e  v e r g e  o f  - 
s t s t i s t i c a l  s i g n i f i c a n c e ,  AL1 t h r e e  of t h e s e  s p e c i e s  were a l so  

s i g n i f i c a n t  i n h i b i t o r s  i n  t h e  l a b o r a t o r y  expe r imen t ,  T h i s  s e c o n d  

e x p e r i r e n t  does no* s r p p o r t  t h e  c l a i a  o f  s i g n i f i c a n t  i n h i b i O i o n  

of g e r a i n a t i o q  by  mg&39g&38 -, w i a n d s p  or t h e  

two oak s p e c i e s .  Because  of t h e s e  ambiguous r e s u l t s  o n l y  

E u r t a t o s i u ~ ,  &-, P i s r i a  a n d  g, pumd.hana, u h i c h  i n h i b i t e d  

seedling growth  iq t h e  l a b o r a t o r y  e x p e r i m e n t ,  c a n  be c o n s i d e r e d  

a s  p o t e n t i a l  a l l e l o c h e m i c  s p e c i e s ,  

Al though a l l  f oar p o t e n t i a l  a l l e l o p a  t h i c  s p e c i e s  i n c r e a s e  i n  

s i z e  and  d e n s i t y  w i t h  s u c c e s s i o n a l  time, the i n c r e a s e  d r o a  t h e  



4 Virmir h r r u g i ~  

1 Ckthm l m d u i  1 

PIG# 5 J 2 :  COURSE OF SEEDLING ESTABLISmENT AND SURVIVAL IN  
THE ALLELOPATHY EXPERIMENT IN  THE FIELDa 



TABLE V-8: *Tw-TEST ON THE RESULTS OF THE PXELD ALLELOPATHY 
EXPERXHENT (August  i n e ,  27/7/74 - 31/8/74), 

~ a j (  15: 1 s e e d s  germinated  

J Treatment  ( X Germinated mean Vat, n t n - ~ a l ~ e i  
1 1 / R e p l i c a t e  1------------------------1-----------.-------.-------------- 

I 
4 

1 Byrsonima c r a s s i f o l i a  I 6 10 2 6.0 16.0 1.62 I 
) P i n u s  c a r i b a e a  1 1 1 0 3  6- 0 19.0 1.59 I 
I H i c o n i a  a l b i c a n s  I 1 1 4 3  6, 0 19-0 1.59 I 
( X y l o p i a  f r u t e s c e n s  I 3 4 0  2 ,  3 4.3 2 , 7 3 *  1 
I C l i d e m i a  rubra 1 4 13 6 7.7 22.3 1.18 I 
1 C l e t h r a  h o n d u r e n s i s  1 12 19 13 10.7 1 
I V i s n i a  f e r r u g i n e a  I 3 3 3 3.0 0.0 2.68* 1 
) D a v i l l a  k u n t h i i  1 2 8 3  4.3 10-3 2-19 I 

. I Quercus o l e o i d e s  I 8 13 12 11.0 7.0 0-29 1 
1 Eupatorium o d o r a t u r  1 2 2 0  1.3 1.3 3.08**( 
j C a l l i a n d r a  h o u s t o n i a n a  1 15 13 9 12.3 9.3 0.20 
I Quercus  purulhana I 2 8 8 6.0 8.0 1-75 8 

I 

I I I 
I C o n t r o l  1 6 1 5 1 9  13.3 44.3 
)-------.---~----------*]U-----....--...--11--ii-.--.------------- 

I 
I 

** = s i g n i f i c a n t  a t  p=0.05 l e v e l  

* = m a r g i n a l l y  s i g n i f i c a n t  



i n t e r m e d i a t e  a g e  s t a n d s  t o  t h e  o l d e s t  s t a q d s  is n o t  s t a t i s t i c a l l y  

s i g n i f i c a n t  CTable V - 9 ) .  when a n a l y s e d  by t h e  Hann-Uhitney 

O-test, Consequen t ly  t h e  h y p o t h e s i s  of a l l e l o p a t h i c  i n h i b i t i o n  

can be d i smis sed ,  However, it s h o u l d  be n o t e d  t h a t  a l l  of t h e s e  

a l l e l o p a t b i c  s p e c i e s  nay have  a n  i n h i b i t o r y  e f e c t  on p i n e  

e s t a b l i s h m e n t  i n  t h e  saoanna  - forest e c o t o n e ,  where t h e y  a r e  

p a r t i c u l a r l y  common, 

The  a v a i l a b i l i t y  o f  l i g h t  t o  p i n e  s e e d s  a n d  s e e d l i n g s  i n  

s t a n d s  o f  d i f f e r i n g  a g e  depends  upon the , amoun t  of s h a d i n g  by 

opaque e l e m e n t s  such as branches ,  and  s e l e c t i v e  t r a n s ~ i s s i o n  b y  

t h e  f o l i a g e ,  u b i c h  i q c l n d e s  a l l  t h e  v a r i o u s  canopy s t ra ta ,  from 

t h a t  o f  hardwoods a n d  p i n e s ,  down t o  t h e  s h r u b  and  h e r b a c e o u s  

l a y e r s ,  Ohereas  p l a n t s  have  e v o l v e d  v a r i o u s  g e o ~ e t r i e s  a n d  

p h o t o s y n t h e t i c  s t r a t e g i e s  t o  deal  v i t h  t h e  ambien t  l i g h t  

envi ronment ,  s e e d s  and  young s e e d l i n g s  a r e  e n t i r e l y  a t  t h e  mercy 

o f  t h e  l i g h t  c o n d i t i o n s  i n  t h e i r  submicroenvi ronment ,  

It is p o s t u l a t e d  t h a t  t h e  d i f f e r e n t i a l  s e e d l i n g  

e s t a b l i s h m e n t  o f  g, g a r i b a e a ,  b o t h  t h e  f a i l u r e  t o  g e m i n a t e  i n  

r e c e n t l y - b u r n e d  s t a n d s ,  and f a i l u r e  t o  s u r f i r e  i n  t h e  o l d  s t a ~ d s ,  

d e r i v e s  from c h a n g e s  i n  t h e  l i g h t  climate oves s a c c e s s i o n a ~  time, 

Koz lousk i  (1971) ,  r e p o r t s  t h a t  seeds of giega s p p -  w i l l  

g e r m i n a t e  a t  l i g h t  i n t e n s i t i e s  above  5 l u x  (0.5 f eo t - cand le s )  . 
The i l l u a i n a t i o n  i n  t h e  open i n  t h e  s t a d y  area u s u a l l y  a t t a i n s  



125 

TABLE V - 9 :  HANN-WHITNEY U-TEST CN TRB ASSOCIATION BETWEEN TEIB 
RELATIVE IMPORTANCE OF POTENTIALLY ALLBLOPATHIC 
SPECIES AID STAND AGE, 

?+ 
Y. 

Ho: T h a t  t h e r e  i s  a s i g n i f i c a n t  i n c r e a s e  i n  t h e  
f basal-area or  % cover of p o t e n t i a l l y  
%F 

$ a l l e l o p a t h i c  species wih stand age (1-tailed 
t t e s t ) ,  

t 
..i 
5' I -------- 1 -----.-----I ---------l--------- I------- I----*---- I 

) S p e c i e s  1 E u p a t o r i u m l  V i s ~ i a  1 D a v i l l a  ) Q u e r c u s  ( Q u e r c u s  ( 
I Mame 1 o d o r a t u m  1 f e r r u g i n t a  I k u n t h i i  I p u r u l h a n a l p u r u l h a a a ~  
I 1 ( s h r u b )  I ( s h r u b )  1 ( v i n e )  I ( s h r u b )  1 (tree) I 

I----------- 1 --------- 1 --------- I----.-- 1 ---- ---- I-------- 1 
I S t a n d  15-15 > I 5  45-15 >15 15-15 >1515-15 >1515-15 >I51 
I Age 1 Yrs y r s l  yrs yrs I yrs y r s l  y r s  y r s l  y r s  y r s l  1 -------- 1 --------- - 1 -------------- i--------l*------- 1 
1 1 7  7 46-5 6.5 ) 6 6 1 4  4  4 4  0 1 
I Ranked  1 7 7  16.5 6 - 5  1 6 6 1 4  4 1 4  6 I 
L 1 7  7 46.5 6.5 f 6 6 1 4  4 1 4  4 
I Cover 1 7 7  16-5 6 - 5  1 6 6 1 4  

6.5 1 6 
8 1 4  

7  16-5 
8 1 

I 1 7  6 1 1 2  9 1 1 1  
6.5 ) 

9 I 
1 o r  t 7 t 6 I 10 1 10 I 
1 1 7 1 6 -5  1 12 1 11 I 12 1 
I Basal- 1 7  I 13 1 13 1 13 i  13  4 
I a r e a  1 14 I 14 I 14 I 14 I 14 t 
1 I 15  1 15  I 15 I 15 I 1.5 t 1 -------- 1 -------- ---1---------,--I---------l. --...--" I 
I R t  1 35 J 32 -5  1 30 1 28 J 27 i 
1 R2 1 85 I 6 7 - 5  I 90 I 92 1 93 1 
] -------.-I -----------i --------I-------- I--------- I..-.---.- I  
I I 1 1 1 I 4 
) U-value]  20 I 17-5 j 15 I 13 1 12 i 
1 1 1 I I I I--------)-----------i--------I--------(.----.--I----.-*-- I 

I 
1 S i g n i f . 4  NOS, 1 W,S, I . ( U,S, I U S  4 
1 Leve l  I J f 1 
I ------a- 1 -----------I ------ -----I---------l-------- I 1 -  ---...-.-... I 

I 

I U = ( n l )  {n2) + n2(n2+1)/2 - R2; n l  = 5, a2210 

S i n c e  Ue.- 4 11 f o r  nl=S,  n2110,  a l l  computed  v a l u e s  are 

n o t  s i g n i f i c a n t ,  a n d  t h e  n u l l  hypothesis (Ha), is 

r e j e c t e d ,  



9 

i n t e n s i t i e s  > 100,000 l u x  (1 10,000 f o o t - c a n d l e s )  a t  so la r -noon ,  

and  it is c o z w e i v a b l e  t h a t  t h e  seeds o f  P, w a e q  nay  be 

i n h i b i t e d  by l o n g  p e r i o d s  cf e x p o s u r e  t o  s u c h  h i g h  i n t e n s i t i e s  o f  

b l u e  and  f a r - r e d  l i g h t ,  It is  h g p o t h e s i s e d  t h e r e f o r e  t h a t  t h e  

h igh  l i g h t  l e v e l s  are  d e t r i m e n t a l  t o  t h e  g e r m i n a t i o n  success of 

gs g a r i b a e a  i n  t h e  younges t  s t a n d s ,  The c l o s u r e  o f  t h e  p i n e  

canopy r e s u l t s  i n  increased s h a d e  o n  t h e  farest f l o o r  i n  o l d e r  

s t a n d s ,  It is t h e r e f o r e  f a r t h e r  p o s t a l a t e d  t h a t  s e e d l i n g s  o f  9, 

c a r i b a e a  are s h a d e  i n b o l e r a n t  a n d  t h a t  i n c r e a s e d  s h a d e  is t h e  - 
c a u s e  of t h e  h i g h  s e e d l i n g  m o r t a l i t y  i n  t h e  o l d e s t  s t a n d s ,  

The l i g h t  c l i m a t e  on t h e  f o r e s t  f l o o r  is h i g u y  v a r i a b l e  i n  

t i n e  and  space, and  it is c o n s e q u e n t l y  extremely d i f f i c u l t  t o  

q u a n t i f y  p r e c i s e l y  t h e  l i g h t  env i ronmen t  o f  a s e e d  o r  s e e d l i n g  

p o p u l a t i o n ,  e r c e p t  i n  very  g e n e r a l  t e r n s ,  A s  u e l l  a s  f l u c t u a t i n g  

i n  q u a n t i t y ,  t h e  w o ~ d l a n d  l i g h t  e n v i r o n m e n t  also c h a n g e s  i a  

q u a l i t y .  Blot o n l y  is t h e  l i g h t  u n d e r  a f o r e s t  canopy d e p l e t e d  i n  

b l u e  and r e d  w a v e l e n g t h s ,  b u t  t h e  r e d  - f a r - r e d  r a k i o  is a l s o  

mod i f i ed ,  which d i r e c t l y  i n f l u e n c e s  t h e  g e r m i n a t i r e  a b i l i t y  of 

t h e  s e e d  (Koller ah, 1962)- 

5 Bxper iment  1, L i g h t  I n t e n s i t y  a s  a f u n c t i o n  o f  
S t a n d  Age. 

The c o n t e n t i o n  t h a t  g e r a i n a t i o n  f a i l u r e  i n  t h e  y o u n g e s t  

s t a n d s  is a p r o d u c t  of h igh  l i g h t  i n t e n s i t y  r e q u i r e s  a s  a  first 

c o n d i t i o n  t h a t  l i g h t  l e v e l s  are s i g n i f i c a n t l y  h i g h e r  in t h e s e  

s t a n d s  t h a n  i n  s t a n d s  be tween  5 a n d  15 y e a r s  of age. The 



measurement  o f  s t a n d  l i g h t  climate u a s  d e s c r i b e d  i n  C h a p t e r  Four, 

A compar i son  of t h e  r e l a t i v e  l i g h t  l e v e l s  i n  t h e s e  s h a n d  

a g e - c l a s s e s  by t h e  Rol  aogorow-Smirnos two-sample t e s t  ( T a b l e  

v.10). r e v e a l e d  t h a t  t h e  d i f f e r e n c e s  Mere n o t  s t a t i s t i c a l l y  

s i g n i f i c a n t ,  T h i s  h y p o t h e s i s  c a n  t h e r e f o r e  tbe d i s m i s s e d ,  

However, a compar i son  o f  l i g h t  l e v e l s  i n  s t a n d s  of i n t e r m e d i a t e  

a g e  w i t h  t h o s e  i n  o l d e r  (> 1 5  p e a r s )  s t a n d s  b y  t h e  saae t e c h n i q u e  

( T a b l e  V , 1 1 )  d e m o n s t r a t e d  a s i g n i f i c a n t  d i f f e r e n c e  between t h e  

two groups ,  C o n s e q u e n t l y  t r c  f o r t h e r  e x p e r i m e n t s  rere per formed 

t o  a t t e m p t  t o  d i s p r o v e  t h e  s h a d i n g  h y p o t h e s i s ,  one i n  t h e  f i e l d ,  

t h e  o t h e r  i n  t h e  l a b o r a t o r y ,  

5,3d& Exper iment  2, T h e  L i g h t  C l i m a t e  of E s t a b l i s h e d  
S e e d l i n g  P o p l a t i o n s ,  

The l i g h t  lewels ( i n  f o o t - c a n d l e s )  , a h m e  e a c h  s e e d l i n g  < 2  

m, i n  h e i g h t  (up t o  a  aaxiaum of 25 s e e d l i n g s  p e r  s i t e )  sere 

measured  and compared t o  t h e  o v e r a l l  s t a n d  l i g h t  c o n d i t i o n s ,  I f  

l i g h t  l e v e l s  b e c o r e  l i m i t i n g  f o r  s e e d l i n g  e s t a b l i s h m e n t  a s  t h e  

s t a n d  a g e s ,  t h e n  t h e r e  s h o u l d  be a g r a d u a l  d i v e r g e n c e  i n  t h e  

l i g h t  e n v i r o n m e n t  o f  t h e  e s t a b l i s h e d  s e e d l i n g  p o p u l a t i o n  and t h a t  

of t h e  s t a n d  i n  g e n e r a l ,  I n  o t h e r  words, t h e  s e e a i n g  p o p u l a t i o n  

w i l l  become l i m i t e d  i n  its s p a t i a l  d i s t r i b a t f o g  t o  a few 

f a v o u r a b l e  microsites i n  which l i g h t  l e v e l s  a r e  s u f f i c i e n t l y  

a b o v e  some t h r e s h o l d  v a l u e  ( t h e  compensa t ion  p o i n t )  t o  promote 

v i g o r o u s  growth ,  a h e s e  f a v o u r a b l e  microsites w i l l  presumably 

c o n s i s t  o f  t h o s e  p a t c h e s  of t h e  f o r e s t  f l o o r  b e n e a t h  h o l e s  i n  t h e  



TABLE V.10: KOLfiOGOROV-SUIRNOV TEST Oil  L I G H T  L E V E L S  IN STAIDS 
OF < 5 YEARS OF A C E  COHPARED TO STANDS OF 5 - 15 
YEARS OF AGE- 

no: That  l i g h t  l e v e l s  i n  s t a n d s  of less t h a n  5 
y e a r s  a r e  n o t  significantly greater than  
t h o s e  i n  s t a n d s  of 5 - 15 y e a r s  ( 1 - t a i l e d  
t e s t ) .  

C u m u l a t i v e  Frequency  Data 

D = nax [ S n l  ( x )  - Sa2(x) ] = 0,080 

a 
S i n c e  %,c,,= 5.99, the D v a l u e  is not s ign i f i can t ,  

and t h e  n u l l  h y p o t h e s i s  (Ho) is accepted. 



TABLE V. 11: KOLBOGOBOV-StlIRUOV TEST 09 l I G B T  LBVBLS IY STAIDS 
OF > 15 YEIBS 0 9  AGE C O U P A Q B D  TO STANDS QP 5 - 15 
YEARS O F  AGB, 

Ho: That l i g h t  l e v e l s  i n  s t a n d s  of nore than  15 
years are n o t  s i g n i f i c a n t l y  lees than 
t h o s e  i n  stands of 5 - 15 years ( l - t a i l e d  
test) , 

C u r u l a t i v e  Frequency Data 

I S t a n d  I Foot - Candles I 
1 Age I < 500 < 2000 < 4000 < 8000 I a*------- --I --------I ------- I ----- --- 1 -----...- I-------- I 

I 
I 1 1 I 1 I I 
1 5-15 yrs j 0 I 0 I 1 J 10 1 125 1 
I 1 I 1 I 1 I 
I > 15 yrs, I 3 1 2 2 1  43 1 87 1 250 1 
I I 1 I I I 1 --.------ -I------l .--*--I --------i---.----t------ 

I 
t 

S n l ( r ) - S n 2 ( r )  1 -0.012 1 -0.088) -0.164 1 -0,268 1 0 
1 -------- --, I -------I ----1---- 1 ------ ---i -------p-b---- 

I 
I 

D = mar [sol (x) - Sn2 (x) ] = 0,268 

S i n c e  = 13.82, t h e  D v a l u e  is s i g n i f i c a n t ,  
and the n u l l  hypothesis (Ho) is rejectad; 
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canopy,  and  Ybich form t h e  h i g h e r  mode o f  r a d i a t i c n  i n t e n s i b i e s  

g r a p h e d  in Fig, 4.11, 

of s u c h  f a v o u r a b l e  

s e e d l i n g  p o p u l a t i o n ,  

If t h e  data from 

F u r t h e r n o r e ,  a s  t h e  s t a n d  a g e s ,  the number 

s i c r o s i t e s  s h o u l d  d e c l i n e ,  and s o  sill t h e  

a l l  t h e  s t a n d s  i n  e a c h  age -ca t ego ry  are 

a c c u m u l a t e d  t h e  Kalnogorov-Smirnov tmo-sample test c a n  be 

employed t o  compare t h e  magni tude of t h e  d i f f e r e n c e s  b e t u e e n  the 

randomly s a  n p l e d  l i g h t  p o p u l a t i o n ,  and  t h e  l i g h t  c l i m a t e  above  

s e e d l i n g s ,  The r e s u l t s  o f  t h e  tests are p r e s e n t e d  i n  T a b l e s  V.12 

a n d  V, 13, l o  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e s e  data c o u l d  be 

d e t e c t e d  i n  e i t h e r  t h e  5 - 15 y e a r  age-group o r  t h e  o l d e r  s t a n d s ,  

C o n s e q u e n t l y  t h e  l i g h t  climate io t h e s e  s t a n d s  does n o t  l i m i t  

p i n e  s e e d l i n g  e s t a b l i s h m e n t ,  A l a b o r a t o r y  e x p e r i m e n t  u a s  

u n d e r t a k e n  t o  c o q f i r a  t h e s e  r e s u l t s ,  a n d  t o  d e t e r m i n e  t h e  exact 

form of t h e  r e l a t i o n s h i p  b e t u e e n  g e r m i n a t i o n ,  s e e d l i n g  

p e r f o r m a n c e  and  low l i g h t  i n t e n s i t i e s ,  

5,333: ~ x p e r i n e n t  3, G e r m i n a t i o n  and  n o r t a l i t y  o f  P, 
caribaea p o p u l a t i o n s  a s  a  f u n c t i o n  9f L i g h t  I n t e n s i t y ,  

T h e  experiment was se t  up  u s i n g  two PS n o d e l  802 i n c u b a t o r s  

e q u i p p e d  w i t h  a series of c o o l - w h i t e  f l o u r e s c e n t  lamps, The 

s e e d b e d s  f o r  t h e  e x p e r i m e n t  were p r e p a r e d  by h a l f  f i 1 1 1 n g  p l a s t i c  

p o t s  of 7 .5  cm, d e p t h  and 58 sq. cm, s u r f a c e  area w i t h  

v e r m i c u l i t e ,  and  t h e n  a d d i n g  a n  e q u a l  a s a u n t  o f  b a l k e d  a n d  

s t e r i l i z e d  s u r f a c e  s o i l  from the s t u d y  a r e a  t o  e a c h  p o t ,  T h e  

s o i l  i n  e a c h  p a t  was k e p t  moist by  bot tom-water ing.  Vertical 



TABLE V.  12: KOLXUGOROV-SMIRNOV TEST 01 LIGHT LEVELS 11 STANDS 
OF 5-15 YEARS OF AGE COHPARED TO LIGHT LEVELS 
A B O V E  SEEDLIMGS. 

Ho: T h a t  l i g h t  l e v e l s  i n  s t a n d s  of 5 - 15 years 
o f  age are n o t  s i g n i f i c a n t l y  less t h a n  
those a b o v e  s e e d l i n g s  i n  t h e  same s t a n d s  
( 1 - t a i l e d  test).  

Cumulat ive  Frequency Data 
1 

D = raax [ S n l  ( x )  - Sn2(x )  ] = 0,006 

since ~ : u ~ q  = 5.99 ,  t h e  D v a l u e  is  not s i g n i f i c a n t ,  

and  t h e  n u l l  hypothesis (Ho) is accepted. 



I 

TABLE V, 13: KOLflOGOBOV-SHIBNOF TEST ON LIGHT LEVELS IN STAYDS 
OF > 15 YEARS OF AGE COnPARED TO LIGHT LEVELS 
ABOVE SEEDLINGS IN THE SAME STANDS. 

4 

5 Ho: T h a t  l i g h t  levels i n  s t a n d s  o f  > 15 y e a r s  
of age a r e  no t  s i g n i f i c a n t l y  less t h a n  
t h o s e  a b o v e  s e e d l i n g s  i n  t h e  sane s t a n d s  
( l - t a i l e d  t e s t ) ,  

C u m u l a t i v e  Frequency  Data 
I ----- - ----- I -------------------- -------- -o--------.--.- 1 
I I F o o t  - C a n d l e s  1 
1 I < 500 < 2000 < 4000 < 8000 
I ----------- I -------- I ------- 1 --- ---- -0 I------.. 1 

I -------- 4 
1 stand 1 1 1 1 I I 
1 Saaple 1 3 1  2 2 1  43 1 8 7  1 2 5 0  1 
I I I I I 1 I 
) Seedling 1 1 f 2 I 6 1 29 1 131 4 - 
1 Sample  1 1 I I I I 
I----------- 1 -------- J --o---- I-- -o----- 4 ------- - 1 ------- I 

Sn1  (x) -Sn2 ( r )  1 0.004 1 0.073 1 0.126 1 0.127 1 0 I 

D = nax [ S n l  (x)  - So2 ( x )  ] = 0,127 

since X' = 5.99, t h e  D value i s  not  s i g n i f i c a n t ,  

a n d  the n u l l  h y p o t b e s i s  (Ho) i s  accepted, 



p l a c e m e n t  of t h e  e x p e r i m e n t a l  p o t s  p roduced  s t r a a i f i e d  l i g h t  

l e v e l s  i n  t h e  i n c u b a t o r s  v i t h  v a l u e s  f rom t o p  t o  bottom of: 

I n c u b a t o r  1, 2000 ft-c, 
1000 ft-c. 

I n c u b a t o r  2, 500 ft ,c,  
250 f t - c ,  

The i n c u b a t o r s  were programred f o r  a  12 hoa r  p h o t o p e r i o d  

(0600 - 1800 h o u r s ) ,  a d a y t i m e  40800 - 1730 h o u r s )  t e m p e r a t u r e  of 

30*C and  a  n i g h t t i m e  t e m p e r a t u r e  o f  20W, These  v a l u e s  a r e  b a s e d  

o n  t h e  d i u r n a l  r e g i m e  e q c o u n t e r e d  i n  t h e  s t u d y  a r e a  i n  t h e  e a r l y  

p a r t  of t h e  wet season, A f t e r  s c a k i n g  i n  d i s t i l l e d  water for 18 

h o u r s ,  f i v e  seeds were p l a n t e d  i n  e a c h  p o t ,  u i a h  s i x  r e p l i c a t e s  

p e r  t r e a t a e n t ,  

Ge rmina t ion  cormeaced o n  t h e  t e n t h  d a y  a f t e r  s o s i n g ,  and was 

most r a p i d  i n  t h e  low l i g h t  t r e a t m e n t s ,  The number of ge rmina ted  

s e e d l i n g s  s t a b i l i s e d  a t  some 40 - 45 % o f  t h e  o r i g i n a l  s e e d  

p o p u l a t i o n  a f t e r  20 - 25 d a y s  i n  t h e  250 and 500 ft-c, 

t r e a t a e n t s ,  v i  t h  t h e  h i g h e r  l i g h t  i n t e n s i t y  t r e a t m e n t s  

s t a b i l i s i n g  a t  t h e  same l e v e l  some 5 - 10 d a y s  l a t e r  (P ig ,  

5-13),  C o t y l e d o n s  were exposed t h r e e  t o  fonr  d a y s  a f t e r  

g e r m i n a t i o n  c o m ~ e n c e d ,  a n d  t h e  s eed -coa t  was shed af ter  anoCher 

t h r e e  day  i n t e r v a l ,  w i t h  p r imary  n e e d l e  e l o a g a t i o n  commencing o n  

o r  a b o u t  t h e  s e v e n t e e n t h  day, 

No m o r t a l i t y  was r e c o r d e d  a t  l i g h t  i n t e n s i t i e s  above 500 

ft-c,, b u t  33.75 % o f  the s e e d l i n g s  t h a t  g e r m i n a t e d  d i e d  i n  the 
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500 ft-c, t r e a t m e n t  o v e r  t h e  c o u r s e  of t h e  th ree-month  

e x p e r i m e n t a l  p e r i o d ,  and  a l l  t h e  s e e d l i n g s  at hhe 250 ft-c, 

l e v e l  d i e d ,  Vigorous s e e d l i n g s  began t o  d e v e l o p  pximarg n e e d l e s  

some 17 days  a f t e r  g e r a i n a t i o n ,  a n d  t h e  s e e d l i n g s  had  by t h e n  

p a s s e d  from a n  i n d e p e n d e n t  e x i s t e n c e  where t h e i r  f o o d  s u p p l y  came 

from seed r e s e r v e s ,  t o  a n  a n t o t r o p h i c  state, I n  She 250 ft-c. 

t r e a t m e n t  t h e  c o t y l e d o n s  and t h e  f e u  p r imary  n e e u e s  t h a t  

a p p e a r e d  s h o r e d  s i g a s  of w i l t i n g  a t  t h i s  time, even though t h e  

s o i l  s u r f a c e  remained  aois t  t h r o a g h o a t  the exper imeht ,  Over t h e  

next week s i g a s  of w i l t i n g  a n d  e t i o l a t i o n  became mre pronounced,  

and  most s e e d l i n g s  d i e d  i n  t h i s  pried, 

Germina t ion  was uniform i n  a l l  f o u r  t r e a t m e n t s  i n  t h e  

e x p e r i m e n t ,  T h e r e f o r e  ue can  c o n c l u d e  t h a t  l i g h t  i n t e n s i t y  p e r  

s e  d o e s  n o t  c o n t r o l  t h e  l e v e l  o f  g e r m i n a t i o n ,  However a t  l i g h t  

i n t e n s i t i e s  below 1000 f t ,-c, there is aq  i n c r e a s i n g  p r a b a b i l i t  y 

o f  s e e d l i n g  s o r t a l i t y ,  O f  t h e  250 l i g h t  r e a d i a q s  t a k e n  i n  t h e  

f i e l d  i n  t h e  o l d e s t  s t a n d s ,  less t h a n  2 % fel l  below this 

t h r e s h o l d ,  and t h e r e z o r e  s h a d i n g  c a n  o n l y  p l a y  a v e r y  minor r o l e  

i n  t h e  dynamics  o f  t h e  first-year s e e d a i n g  p o p u l a t i o n  i n  s t a n d s  

up t o  25  y e a r s  o f  age,  T h i s  is f u r t h e r  b o r n e  o u t  b y  t h e  r e s u l t s  

of the a n a l y s i s  t o  test t h e  homogeneity of t h e  g e n e r a l  l i g h t  

c l i n a t e  i n  t h e  woodlands w i t h  t h a t  of t h e  s e e d l i n g  p q p u l a t i o n ,  

O l d e r  s e e d l i n g s  may react s o m u h a t  d i f f e r e n t l y  f r o s  f i r s t - y e a r  

s e e d l i n g s  b e c a u s e  of s e l f - s h a d i n g  of s e c o n d a r y  n e e d l e  c l u s t e r s ,  

T h i s  mag r e s u l t  i n  l a v e r e d  growth a n d  s o r v i v o r s h i p  rates a t  l i g h t  

l e v e l s  a t  o r  above lOQO f t - c ,  



B e  c a n  t h e r e f o r e  d i s m i s s  , t h e  h y p o t h e s i s  t h a t  s h a d i n g  i n  

s t a n d s  up  t o  25 y e a r s  of a g e  c o n t r o l s  t h e  l e v e l  o f  s e e d l i n g  

e s t a b l i s h m e n t ,  

5 , 3 B ~  Sg9Lg3d S e e d u n k a t i o n  

The m o i s t u r e  b a l a n c e  i n  t h e  a ic ro-enr r i ronment  of t h e  s e e d  i n  

t h e  f i e l d  is c o n t r o l l e d  by s e v e r a l  f a c t o r s ;  macro-mateorologLca1 

v a r i a b l e s  s u c h  as  t h e  amount o f  p r e c i p i t a t i o n  aad direct s o l a r  

r a d i a t i o n ,  a n d  m i c r o - n e t e r o l o g i c a l  f a c t o r s  s u c h  a s  soi l  f i e l d  

c a p a c i t y ,  s h a d i n g  of t h e  s o i l  s u r f a z e  and  t h e  sail albedo.  I n  

s o i l s  v i t h  s a n d y  s u r f a c e  h o r i z o n s ,  such a s  t h o s e  of the  shady 

area, mcst of t h e  soapended v a t e r  i s  r e t a i n e d  a s  i s o l a t e d  s h a r d s  

of water between so i l  p a r t i c l e s  ( n p e n d a l a r a  v a t e r  (Bods, 1969)- 

T h i s  p e n d u l a r  v a t e r  is i m t o b i l e  i n  the l i q u i d  s t a t e  a n 8  w i l l  n o t  

move t o  t h e  so i l  s u r f a c e  t o  e v a p o r a t e  unde r  d r y i n g  c o n d i t i o n s ,  

v i t h  t h e  r e s u l t  t h a t  t h e  d r y i n g  p o i n t  g r a d u a l l y  mopes downward i n  

t h e  s o i l ,  Conseguen t ly  seeds exposed  on a  b a r e  m i n e r a l  s o i l  

s u b s t r a t e  are s u b j e c t  t o  r a p i d  v e t t i n g  by a  p r e c i p i t a t i o n  e v e n t  

and  s u b s e q u e n t  d e s s i c a t i o n  caused  by r a p i d  e v a p o r a t i v e  water l o s s  

from t h e  s u r f a c e  soil, I t  seems l i k e l y  t h a t  o n l y  s e e d s  i n  

f a v o u r a b l e  m i c r o t o p o g r a p h i c  p o s i t i o n s  w i l l  g e r m i n a t e  i n  t h e s e  

c o n d i t i o n s ,  Any e n v i r o n m e n t a l  f a c t o r  t h a t  r e d w e s  t h e  r a t e  of 

e v a p o r a t i v e  h e a t  exchaqge  and v a t e r  l o s s  from t h e  s o i l  s u r f a c e  

s h o u l d  t h e r e f o r e  r e d u c e  d e s s i c a t i o n  and  s t i m u l a t e  qermiaat i ion,  



Pedaced m o i s t u r e  stress can  r e s u l t  from l o w e r e d  

r a d i a t i o n - l e v e l s  on t h e  f o r e s t  f l o o r  o r  chang ing  s u b s t r a t e  

c o n d i t i o n s ,  T h e  r e l a t i o n s h i p  between r a d i a t i o n - l e v e l s  and  

m o i s t u r e - l e v e l s  a t  t h e  s o i l  s u r f a c e  is p robab ly  i a a e r s e l y  l i n e a r ;  

any i n c r e a s e  i n  t h e  caqcpy  c o v e r  of  trees o r  s h r u b s ,  or ground 

c o v e r ,  s h o u l d  t h e r e f o r e  r e s u l t  i n  a  concomi tan t  increase i n  

m o i s t u r e  a r a i l a b i l i t y  t o  t h e  seed ,  I n  c o g t r a s t ,  t h e  r e S a t i o a s b i p  

be tween  s u b s t r a t e  c o n d i t i o n s  and m o i s t u r e  stress is n o t  a s  

s t r a i g h t f o r w a r d ,  L i t t e r  layers act  a s  a s u r f a c e  a u l c h ,  and  

d e p r e s s  t h e  e v a p o r a t i o n  rate f r o a  t h e  s o i l  s u r f a c e ,  b u t  as t h e  

l i t t e r  l a y e r  i n c r e a s e s  i n  t h i c k n e s s  i t  is i n c r e a s i n g l y  d i f f i c u l t  

f o r  l i g h t  s e e d s  s u c h  a s  t h c s e  of  g, c a r i w  t o  p e n e t r a t e  t h e  

l i t t e r  mat t o  c o n b a c t  mo i s t  s o i l  underneath.  Hence t h e r e  is a 

mvindov@ o f  i n t e r n e d i a  t e  l i t t e r - t h i c k n e s s e s  i n  which t h e  

p r o b a b i l i t y  of s e e d  d e s s i c a t i o n  is r in imised ,  

S e e d l i n g  s u r v i v a l  nay a l s o  b e  c o q t r o l l e d  by a s i m i l a r  s u i t e  

of e n v i r o n m e n t a l  v a r i a b l e s ,  I n  open s t a n d s  w i t h  h i g h  

r a d i a t i o n - i n t e n s i t i e s  and t h i n  l i t t e r - l a y e r s ,  s e e d l i n g  s u r t i v a l  

may be r e d u c e d  due t o  s o i l  d e s s i c a t i o n  or  ve ry  h i g h  s o i l - s u r f a c e  

t e m p e r a t u r e s ,  S e e d l i n g s  nay a l s o  s u f f e r  f ro .  n o i s t u r e  stress i n  

s t a n d s  i n  which c o m p e t i t i o n  f o r  m o i s t u r e  with r e n b e r s  o f  the 

tree, s h r u b ,  o r  ground f l o r a  is i n t e n s e .  

Because  it is v i r t u a l l y  i m p o s s i b l e  t o  measure  t h e  m o i s t u r e  

s u p p l y  i n  t he  m i c r o e n v i r o n r e n t  of a  l a r g e  seed a n d  s e e d l i n g  

p o p u l a t i o n  i n  t h e  f i e l d ,  t h e  i n f l u e n c e  of i n t e r m e d i a t e  v a r i a b l e s  



( r a d i a t i o n ,  Jitter, c o m p e t i t i o n ,  etc, ) , w i l l  be examined a s  

s u r r o g a t e s  f o r  m o i s t u r e  a v a i l a b i l i t y ,  

5,34& f a d i a t i o n  l e v e l s  and s e e d  g e r m i n a t i o n  

It h a s  been p o s t u l a t e d  t h a t  seed-ge r a i n a t i o n  l e v e l s  s h o u l d  

be i n v e r s e l y  r e l a t e d  t o  t h e  r a d i a t i o n  i n t e n s i t y  cm the  f o r e s t  

f l oo r  b e c a u s e  of t h e  i n c r e a s e d  d e s s i c a t i o n  of the s u r f  a c e  soi l  a s  

crown a n d  s h r u b  c o v e r  d e c r e a s e s ,  A p l o t  of t h e  median r a d i a h i o n  

- i n t e n s i t y  a g a i n s t  i n i t i a l  s eed l ing -emergence  (F ig ,  5 ,  14) 

d e m o n s t r a t e d  t h a t  t h e  r e l a t i o p s h i p  was more complex t h a n  had been 

h y p o t h e s i s e d ,  The p r e d i c t e d  i n v e r s e  r e l a t i a s h i p  h o l d s  t r u e  for 

s t a n d s  i n  which t h e  median r a d i a t i o n - i n t e n s i t y  is g r e a t e r  t h a n  75 

X o f  t h a t  i n  t h e  open,  However, a t  i n t e n s i t i e s  below t h i s  

t h r e s h o l d ,  s e e d l i n g  emergence rates l e v e l  o f f ,  and  d e c l i n e  b e l o v  

50 X o f  f u l l  r a d i a t i o n ,  The marked d e p a r t u r e  o f  t h e  f i e l d  d a t a  

from t h e  p r e d i c t e d  v a l u e s  is presumably  a  r e s p o n s e  t o  t h e  

i n f  l a e n c e  of c h a n g i n g  s u b s t r a t e  c o n d i t i o n s .  

I f  t h e  r a d i a t i o n - l e v e l s  i n  t h e  y o a n g e s t  g r o u p  of s t a n d s  are  

s i g n i f i c q n t l y  g r e a 6 e r  t h a n  t h e  l e v e l s  i n  i n t e rmed ia t e -aged  

s t a n d s ,  t h e n  t h e  lcw g e r r i n a t i o n  rates i n  young s t a n d s  may be 

a t t r i b u t a b l e  t o  d e s s i c a t i o n  b r o u g h t  a b o u t  by h i g h  r a d i a t i i o n  

i n t e n s i t i e s ,  A compar i son  of t h e  pea s u r e d  r a d i a t i o n - l e v e l s  i n  

t h e s e  t u o  g r a u p s  of s t a n d s  b y  t h e  KoPmogorov-Smirnov tuo-sample 

test (Tab le  Y,14), i n d i c a t e d  t h a t  r a d i a t i o n - l e v e l s  were i n d e e d  

s i g a i f i c a n t l y  g r e a t e r  i n  t h e  y o u n g e s t  s t a n d s ,  Thus t h e  f a i l u r e  



MEDIAN RADIATION INTENSITY 
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TABLE V.14: KOLHOGOBOV-SHIRNOV T E S T  ON R A D I A T f O l  L E V E L S  IN S T A D D S  
OF < 5 Y E A R S  OF AGE 'COUPABED TO STANDS OF 5 - 15 
YEARS OF A G E -  

Ho: T h a t  r a d i a t i o n  l e v e l s  i n  s t a n d s  o f  less t h a n  5 
y e a r s  are n o t  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h o s e  
i n  s t a n d s  of 5 - 15 years { l - t a i l e d  tes t ) ,  

C u m u l a t i v e  F r e q u e n c y  Data 
l--------.--I---------------------------------.------------- I 

Stand 1 R a d i a t i o n  - I n t e n s i t y  
1 ---- I---- I---- I---- I---- I---- I--- I-.-- J----l---- 

I 
1 I 
f Age 0-0 0.1 0-2  0.3 0-4 0-5  0.6 Om7 Om8 0.9 1.0 
I----------- I ---- j ---- 1 -On 1--01---- I---- I---- J----l ----l---- I 
1 I I 1 I I I 1 I 1 I I 
I C 5 y t s o  1 0 1  0 1  0 1  1 1  1 1  1 1  2 1  5 1  8 1 5 0 1  
f I 1 1 I 1 I I 1 I 1 I 
1 5 - 1 5 y r s -  1 0 I 1 1  7 1 12 1 2 0  1 25 1 2 9  1 3 2  1 4 8  1125 1 
I 1 1 I I 1 I I I I I 

1 ---- I---- I---- I---- i---*)---- J----I---- 4 
I----------- 1----I---- 1 

snt(x)-Sn2(x) I 0 )-0081.056~.C761m1401, l801.l621,lS6~.22U1 0 4 
1-----------1----1----1---- 1--)----1---- I---- j---I----I --(I)- i 

d f  = 2 

since Xi,mW = 5-99. t h e  D value is s i g n i f i c a n t .  

a n d  the n u l l  h y p o t h e s i s  (Ho) is r e j e c t e d ,  



of p i n e  s t a n d s  t o  g e r m i n a t e  i n , t h e s e  s t a n d s  8 a p  be p r i m a r i l y  d u e  

t o  l o u  m o i s t u r e - a v a i l a b i l i t y  c a u s e d  b y  h i g h  r a d i a t i o n  

i n t e n s i t i e s ,  

3,3U_2; L i t t e r  d e p t h  aqd  s e e d  g e r a i n a t j o n  

It was s u g g e s t e d  i n  t h e  i n t r o d u c t o r y  s t a t f m e n t  t o  t h i s  

s e c t i o n  t h a t  t h e r e  is a  c o a p l e x  i n t e r a c t i o n  between t h e  d e p t h  of 

l i t t e r  i n  a  s t a n d  a n d  m o i s t u r e  a v a i l a b i l i t y  t o  t h e  s e e d ,  It was 

f u r t h e r  h y p c t h e s i s e d  t h a t  p i n e  s e e d l i n g s  would o n 1  y become 

e s t a b l i s h e d  i n  a f a v o u r a b l e  @windoun of l i t te r  d e p t h s ,  b e i n g  

e x c l u d e d  f r o n  t h e  t a i l s  o f  t h e  d i s t r i b u t i o u  by m o i s t u r e  stress, 

Pea r son  (1923) e n c o u n t e r e d  t h i s  phenomenon i n  h i s  work OR 

t h e  r e g e n e r a t i o n  of p, EEgPerosa s t a n d s  i n  t h e  s o u b h w e s ~ r n  

U.S,A,  B e  n o t e d  t h e  b e n e f i c i a l  effects of a l i g h t  l i t te r  c o v e r  

on s u r f a c e  s o i l  m o i s t u r e  and s e e d l i n g  e s t a b l i s h m e n t :  

**Where t h e  s u r f a c e  mat becomes t h i c k  i t  
i n t e r f e r e s  v i t h  g e r m i n a t i o n  a n d  i n d u c e s  s h a l l o w  
root development ,  Phere it is n o t  o v e r  one-ha l f  
i n c h  thick, hawever,  i t  is  a  d i s t i n c t  a i d  to  
g e r a i n a t i o n ,  e s p e c i a l l y  on  s o i l s  ~ h i c h  have  a 
t e n d e n c y  t o  dry o a t  q u i c k l y  a t  the s~rface,',.,.~ 

P e a r s o n ,  i b i d , ,  p.98 .  

Ff P e a r s o n a s  c o n c l u s i o n s  h o l d  t r u e  for  E, aaxiha t h e n  u e  

s h o u l d  expect t h a t  s e e d l i n g s  u o u l d  i n  g e n e r a l  be r e s t r i c t e d  t o  

o n l y  a s h o r t  s e g a e n t  o f  t h e  cont inuum of l i t ter  d e p t h s ,  f a i l i n g  

t o  g e r m i n a t e  a t  b o t h  ' t a i l s 8  of t h e  d i s t r i b u t i o n  b e c a u s e  of t h e  

p e r c h i n g e f f e c t  o f  t h i c k  l i t t e r  mats and  t h e  low m o i s t u r e  



a v a i l a b i l i t y  i n  a r e a s  w i t h  v e r y  t h i n  l i t t e r  mats, 

I n  o r d e r  t o  test t h i s  h y p o t h e s i s ,  and  d e l i m i t  t h e  r a n g e  of 

s u c h  a awindora ,  t h e  l i t t e r  d e p t h  measurements  t a k e u  a t  random i n  

t h e  s ample  s t a n d s  ( S e c t i o n  4-33)? were compared t o  the l i t te r  

d e p t h s  a t  t h e  b a s e  of e x t a n t  f i r s t - y e a r  s e e d l i n g s  i n  a 100 s q ,  

a, s u b p l o t  i n  e a c h  s t a n d ,  A Kclmogoror-Smirnow two-sample test 

on  t h e  c u m u l a t i v e  f r e q u e n c y  d i s t r i b u t i o n s  of randoalp-sampled  a n d  

s e e d l i n g - s a a p l e d  l i t t e r  d e p t h s  ( T a b l e s  V, 15 and  V, 16) , 
d e m o n s t r a t e d  t h a t  t h e  s e e d l i n g s  are i n d e e d  s s s t r i c t e d  t o  a 

l i m i t e d  r a n g e  of t h e  l i t t e r  d e p t h  cont inuum,  In T a b l e  1-16 t h e  

number of p o i n t s  i n  the randcm l i t t e r - s a m p l e  in e a c h  s t a n d  is 

e q u a l  t o  t h e  number of s e e d l i n g s  sampled,  I n  T a b l e  V, 1 5  a l l  t h e  

random l i t t e r - s a m p l e  p o i n t s  (40 p e r  stand) are employed, T a b l e  

V. 1 6  is formed from a  random subset o f  t h e  d a t a  a s e d  i n  T a b l e  

V-15- 

S e e d l i n g s  are e n c o u n t e r e d  less f r e q u e n t l y  t h a n  migh t  b e  

e x p e c t e d  by c h a n c e  i n  microsites where t h e  l i t t e r  mat is less 

t h a n  0.5 ems, o r  more t h a n  3.5 cms. i n  t h i c k n e s s ,  The 

f a v o u r a b l e  "window"f would t h e r e f o r e  a p p e a r  t o  be t h e  r a n g e  

be tween  t h e s e  two v a l u e s  i n  t h e  s t a n d s  sampled,  

Bicrosites where l i t ter  i s  a b s e n t  o r  v e r y  t h i n  (X 0 - 5  cms, 

i n  d e p t h ) ,  a r e  u s u a l l y  a s s o c i a t e d  w i t h  r e c e n t  b u r n s  o r  a r e a s  

where p i n e  d e n s i t y  i s  low, The l a c k  o f  a litter l a y e r  a n d  

c o n c o m i t a n t  h i g h  i n t e n s i t y  of  so lar  r a d i a t i a n  i n  t h e s e  young 



TABLE V. 15: KOLflOGOROV-SRIBNOV TEST 01 ASSOCIATIOU BBTWEBl 
LITTER DEPTH A N D  S E B D L I N G  ESTABLISHHENT - UDWEIGHTED DATA 

Ho: That  t h e r e  is n o  d i f f e r e n c e  i n  s e e d l i n g  
e s t a b l i s h m e n t  w i t h  c h a n g i n g  l itter d e p t h  
( 2 - t a i l e d  t e s t )  , 

I I 1 
I S e e d l i n g ]  2 21 32 5 0  66 77 86 89 89 89 90 901 
I I I 

* This r a n d o r  s a r p l e  c o n s i s t s  o f  a l l  l i t t e r - d e p t h  
a e a s u r e m e n t s  i n  all s a m g l e  stands ( c f .  Table V, 16) 

D = oar [ Snl  (x)  - Sn2 (x )  = 0 , 2 2 3  

d f  = 2 

Since s : . , ~  13.82,  t h e  D v a l u e  i s  s i g n i f i c a n t ,  

and t h e  n u l l  h y p o t h e s i s  (Ho) is r e j e c t e d .  



TABLE V. 16: KOLMOGOROV-SHIB#OI TEST 01 ASSOCIATION BETWEEN 
LITTER DEPTH AID SEEDLING EST ABL XSHMENT - WEIGHTBD D A T A  

Ho: That  t h e r e  is n o  d i f f e r e n c e  i n  s e e d l i n g  
e s t a b l i s h m e n t  w i t h  c h a n g i n g  l i t t er  d e p t h  
( 2 - t a i l e d  test)  , 

* T h i s  is a  subset of the data employed in T a b l e  
V.16, The subset is a  randon s a n p l e  of 
l i t t e r - d e p t h  measurements ,  s e l e c t e d  so t h a t  the 
number of random o b s e s v a t i o n s  i n  e a c h  s t a n d  is 
equal t o  t h e  number o f  seedling o b s e r v a t i o n s ,  

D = mar [ Sn 1 ( x )  - Sn2 (x) ] = 0.256 

2 %= 4.D . ( ( o l )  ( n 2 ) / ( n l  + n 2 ) )  

sillce X:itCS3 = 9 . 2 1 ,  t h e  D v a l u e  is s i g n i f i c a n t ,  

and  t h e  n u l l  hypothesis (Ho) is r e j e c t e d ,  



s t a n d s  results i n  r a p i d  d e s s i c a t i o n  o f  t h e  s o i l  s u r f a c e  after a 

r a i n s t o r m ,  A s  the p i n e  canopy  closes and  t h e  l i t te r  l a y e r  

i n c r e a s e s  i n  d e p t h ,  t h e  s e v e r e  m o i s t u r e  c o n d i t i o n s  of t h e s e  

m i n e r a l  s o i l  s e e d b e d s  beccte a m e l i o r a t e d ,  

l e r p i n ,  P a k s h i n a  and Bondarenko (196.9) show t h a t  a  1 cm 

mulch l a y e r  c a n  d e c r e a s e  e v a p o r a t i o n  by a f a c t o r  of two a n d  a 2 

cm l a y e r  by a f a c t o r  o f  t h r e e ,  Bond and  S i l l i s  (1969) 

d e m o n s t r a t e  t h a t  t h e  e v a p o r a t i o n  rate is n e g a t i v e l y  c o r r e l a t e d  

w i t h  t h e  amount o f  p l a n t  r e s i d u e  r e m a i n i n g  on t h e  s o i l  s u r f a c e  t o  

act  as a  nu lch ,  I f  their r e s u l t s  a r e  a p p l i e d  d i r e c t l y  to  p i n e  

l i t t e r  r e s i d x l e s  t h e n  450 g  /sq,  a, (-1 cm, t h i c k )  s h o u l d  l e a d  

t o  a 50% r e d u c t i o n  i n  e v a ~ o r a t i o n  o v e r  t h e  t e n  day  

p re -ge rmina t ion  p e r i o d  and 670 g /sg,  m, (-3.5 ca.) t o  a 65% 

r e d u c t i o n  o v e r  t h e  s a n e  pe r iod ,  

The h y p o t h e s i s  Cha t  m o i s t u r e - s t r e s s  is h i g h  i n  a r e a s  of t h i n  

l i t te r  u a s  f u r t h e r  t e s t e d  by examining  t h e  numbers o f  s e e d l i n g s  

t h a t  g e r m i n a t e d  i n  t h e  c o n t r o l  p l o t s  i n  open  s t a n d s  > 80 S full 

r a d i a t i o n ) ,  a s  a f u n c t i o n  o f  mean l i t te r  t h i c k n e s s ,  A 

Hann-Whitney +tes t  (Table V. 17) , d e m o n s t r a t e d  t h a t  s e e d l i n g  

e n e r g e n c e  i n  t h e  c o n t r o l s  was s i g n i f i c a n t l y  l o v e r  i n  those p l o t s  

w i t h  mean l i t t e r  d e p t h s  o f  0.6 cms, o r  less, 'Ehe f a i l u r e  of 

p i n e  r e g e n e r a t i o n  i n  t h e  younges t  s t a n d s  c a n  t h e r e s o r e  be 

c o n s t r u e d  as d u e  t o  t h e  i n t e r a c t i o n  o f  h i g h  r a d i a t i o n - l e v e l s  a n d  

t h i n  l i t t e r  l a y e r s ,  



T A B L E  V. 17: 3ANlo-XHITNEY U-TE.Sx O N  THE AEJOUNT O F  CEB! l IWATIOI  
IN OPEN STANDS AS A FUNCTION OF LITTER DEPTH- 

Hot That  there is n o  s i g n i f i c a n t  d i f f e r e n c e  in 
s e e d l i n y  establishment i n  open (> 80% f u l l  
r a d i a t i o n )  stan,ds uhere  t h e  l i t t e r  d e p t h  is 
< 1 c a m ,  compared to open s t a n d s  where t h e  
l i t t e r  d e p t h  is > 1 cr. 

C o n t r o l  Plot Data 

Since U,,, = 1 . 5 ,  the c i i f f a r e n c e  i n  s e e d l i n g  
5 ~ t a b l i s h m e n t  rd te s  is significant, and t h e  n u l l  

h y p o t h a s i s  (Ho) is rejected .  



The co-occur rence  o f  thesq c o n d i t i o n s ,  e x a c e r b a t e d  bp t h e  

e f f e c t s  of r a i n - s p l a s h  on t h e  m i n e r a l  s o i l ,  combiae  t o  g r o d a c e  a 

r a p i d l y  d e s s i c a t e d ,  c r u s t e d  s o i l  s u r f a c e  a i c h  i n h t b i t s  

g e r m i n a t i o n  and  m e c h a n i c a l l y  impedes  the e x t e n s i o n  of t h e  

r a d i c l e s  of t h o s e  s e e d s  t h a t  d o  ge rmina te ,  B-l ings  (1938) , 
r e p o r t e d  t h a t  t h e  bu i ld -up  of a l i t t e r  l a y e f  w i t h  time i n  s t a n d s  

of g, echina-as %he major  c a u s e  o f  r e d u c e d  p i n e  germina%'ion 

i n  o l d e r  s t a n d s .  L i t t e r  m a t s  > 2.5 cms (1.25 i n s )  i n  t h i c k n e s s  

were i m p e n e t r a b l e  t o  t h e  l i g h t  p i n e  s e e d s  o f  s h o r t l e a f  p i n e ,  

which were i n  consequence  u n a b l e  t o  o b t a i n  s u f f i c 2 e n t  mois4nire 

f o r  g e r m i n a t i o n ,  It is  p o s t u l a t e d  t h a t  t h e  same phenomenon 

r e d u c e s  t h e  g e r m i n a t i o n  s u c c e s s  of & m ~ a a e a  i n  a l d e r  s t a n d s ,  

b u t  t h a t  t h e  upper  l i m i t  o f  l i t t e r  t h i c k n e s s  f o r  s e e d l i n g  

e s t a b l i s h m e n t  i s  3.5 cms, i n  t h i s  case, The  d i f f e r e n c e  i n  

l i t t e r  t h r e s h o l d s  f o r  t h e  two s p e c i e s  is  p r o b a b l y  a  r e s p o n s e  t o  

t h e  d i f f e r e n t i a l  p e n e t r a b i l i t y  o f  t h e  s e e d s  o f  t h e  two s p e c i e s ,  

a s  t h e  s e e d s  of 2% a m a e a  froa t h e  s t u d y  a r e a  are twice a s  

heavy  a s  t h o s e  of & SP-Q (lamb, 1973; P o u e l l s ,  1965).  

Two e x p e r i m e n t s  were u n d e r t a k e n  t o  d e t e r m i n e  vhebher  

p e r c h i n g  o f  p i n e  s e e d s  on t h i c k  l i t t e r  mats resalts i n  l o w e r e d  

s e e d l i n g  e s t a b l i s h m e n t ,  One e x p e r i m e n t  was u n d e r t a k e n  i n  t h e  

f i e l d ,  t h e  o t h e r  i n  t h e  l a b o r a t o r y ,  

A series of small q u a d r a t s  were e s t a b l i s h e d  i n  a f e n c e d ,  

open  area 8 kms, n o r t h  o f  A u g u s t i n e  (Pig. 4.5). P i n e  l i t te r  

was s p r e a d  t o  v a r i o u s  d e p t h s  ( 0  - 5  cms, r anged ,  o v e r  t h e s e  



q u a d r a t s ,  which v e r e  t h e n  e n c l o s e d  b y  c h i c k e n - u i r e  t o  e x c l u d e  

p r e d a t o r s ,  Seeds of & ~ h b a e a  were s o v n  a t  a d e n s i t y  of 200 

seeds/sg. a, o v e r  t h e  exper imentaA t r e a t m e n t s  b u t  none of the 

seeds germina ted .  The q u a d r a t s  were r e - e s t a b l i s h e d  t h e  f o l f o q i n g  

y e a r  and  t h e  sorr ing d e n s i t y  was doubled ,  b u t  a g a i n  t h e r e  was a 

t o t a l  g e r m i n a t i o n  f a i L u r e ,  

The r e a s o n  f o r  t h i s  f a i l u r e  i s  o b s c u r e ,  b u t  may well b e  d u e  

t o  t h e  p r e s e n c e  of a s u r f a c e  s o i l  c r u s t  i n  t h i s  open a r e a ,  

S u r f  ace csus t s ;  r e s u l t  f rum t h e  r e c h a n f c a l  a c t i o n  of r a i n d r o p s  

which t e n d  t o  p roduce  a p a t i n a  of f i n e  g r a i n e d - m a t e r i a l  on  t h e  

s u r f a c e  o f  s a n d y  or c l a y e y  s o i l s ,  Such s u r f a c e  c r u s t s  d r y  o u t  

v e r y  r a p i d l y  af ter  r a i n  and also are a mechan ica l  impediment  t o  

r a d i c l e  e x t e n s i o n  i n  q e u l y  - g e r m i n a t e d  s e e d l i q g s ,  Even when 1 

c o v e r e d  w i t h  l i t ter ,  a s  i n  some of t h e  t r e a t m e n t  p l o t s ,  it i s  I 

d o u b t f u l  whether  t h e s e  s a r f a c e s  were s u f f i c i e n t l y  m o d i f i e d  t o  t 

o f f e r  a s u i t a b l e  s eedbed  f o r  g e r m i n a t i o n ,  

To i n s u r e  a g a i n s t  f a r t h e r  f a i l u r e  a n  e x p e r i m e n t  was 

e s t a b l i s h e d  in t h e  l a b o r a t o r y ,  The e x p e r i m e n t  was set  up i n  t h e  

i n c u b a t o r s  d e s c r i b e d  i n  t h e  e a r l i e r  s e c t i o n  on s h a d i n g ,  w i t h  a 

12-hour p h o t o p e r i o d ,  20 - 30 C the rmoper iod ,  and  a l i g h t  

i n t e n s i t y  o f  2000 ft,-c, P l a s t i c  p o t s  of 51 sq, cm, s u r f a c e  

area and 7 cm, d e ~ t h  v e r e  f i l l e d  w i t h  bu lked  s t e r i l i s e d  s o i l  

s a m p l e s  from f loun ta in  P i n e  Ridge, A i r - d r i e d  p i n e  n e e a e s  v e r e  

chopped i n t o  4 - 5 cm, l e n g t h s  a n d  p r e s s e d  f i r m l y  o n t o  t h e  s o i l  

s n r f a c e ,  Litter w e i g h t s  e q u i v a l e n t  t o  0, 100, 500,  1000 and  1500 



gms/sg. a, were s p r e a d  a c r o s s  t h e  s u r f a c e  of t h e  s o i l  t o  model 

f i e l d  c o n d i t i o n s ,  These  l i t t e r  w e i g h t s  r e p r e s e n t  a p p r o x i m a t e  

l i t te r  d e p t h s  of 0, 0 - 2 ,  1-25, 2.5 and 3-75  c a s ,  r e s p e c t i v e l y ,  

The p o t s  mere f r e e l y  wa te red  f o r  a week and  t h e  e v a g o r a b i o n  r a t e s  

i n  t h e  i n c u b a t o r s  H e r e  d e t e r m i n e d  d a i l y  u s i n g  a P i c h e  

e v a p o r i m e t e r ,  B o i s t u r e  l o s s  d u r i n g  t h i s  p e r i o d  a v e r a g e d  0,381 2 

0.053 a l /  sq, cm,/day, The p o t s  mere p l a n t e d  w i t h  10 s e e d s  of  

& a i b a e a ,  and  o n e  set o f  4 r e p l i c a t e s  wa te red  a t  a ra te  

e q u i v a l e n t  t o  t h e  r a t e  o f  m o i s t u r e  l o s s  from t h e  e o a p o r i a e t e r  and  

a n o t h e r  set of 4 r e p l i c a t e s  wa te red  a t  h a l f  t h d s  a m a n t ,  The 

c o u r s e  of g e r r i n a t i o g  was moni tored  f o r  a  40 day  p e r i o d ,  

A s  c an  be s e e n  from F ig ,  5.15, t h e  t o t a l  number o f  s e e d s  

g e r m i n a t i n g  i i e c r e a s e s  r a p i d l y  w i t h  i n c r e a s e d  l i t t e r  v e i g h t  unde r  

b o t h  m o i s t u r e  r eg imes ,  and t h e  r e l a t i o n s h i p  b e t v s e n  t h e  two 

v a r i a b l e s  c a n  be  r e p r e s e n t e d  a s  a power f u n c t i o n ,  

T h i s  r e l a t i o n s h i p  is a n a l o g o u s  t o  t h a t  d e s c r u e d  by B i l l i n g s  

(1938) .  i n d i c a t i n g  t h e  d e p r e s s a n t  e f f e c t  of thick p i n e  l i h t e r  o n  

p i n e  g e r m i n a t i o n ,  The d a t a  p r e v i q u s l y  p r e s e n t e d  on t h e  

r e l a t i o n s h i p  between s e e d l i n g  e s t a b l i s h m e n t  and  l i t t e r  t h i c k n e s s  

i n  t h e  s ample  s t a n d s  ( T a b l e s  V, 15 , l 6 ) ,  show a  g r e a t  d i s c r e p a n c y  

w i t h  t h e s e  r e s u l t s ,  a s  maximum e s t a b l i s h m e n t  h a s  earlier been  

s t a t e d  t o  o c c u r  i n  t h e  mid-range of  l i t tef  dep ths .  The r e a s o n  

f o r  t h i s  d i v e r g e n c e  i n  r e s u l t s  i s  almost c e r t a i n l y  d u e  t o  t h e  

g r e a t  d i f f e r e n c e s  i n  s u b s t r a t e  d e s s i c a t i o n  between l a b o r a t o r y  a n d  

f i e l d  s e e d b e d s  i n  s i t e s  v i t h  t h i n  l i t ter ,  



APPROXIMATE LITTER DEPTH (CMS I ) 
0 1 2 I 

FIG, 5.15: PERCENTAGE GERMINATION OF SEEDS OF 

CAR IGAEA AS A FUNCTION OF THE MASS OF 

THE LITTER SUESTRATE, THE (4 POINTS 

REPRESENT POTS THAT NERE MTERED AT;A 

RATE EQUAL TO TtiE EVAPORATION RATE FROM 



The h e r b a c e o u s  l a y e r  and  s e e d  g e r ~ i n a t i o n  

The g r a s s  a n d  h e r b  s t r a t u m  may b e  a n a l o g o u s  t o  t h e  l i t t e r  

l a y e r  i n  i ts e f f e c t s  on F ine  germinakion ,  It is p o s t u l a t e d  * h a t  

a l i g h t  h e r b a c e o u s  b iomass  d e p r e s s e s  g e r m i n a t i o n  saccess t h r o u g h  

e x p o s u r e  o f  t h e  s o i l  s u r f a c e  t o  h igh  r a d i a t i o p - l e v e l s ,  v h e r e a s  

h e a v y  h e r b a c e o u s  g rowth  r e p r e s e n t s  a v a r i a n t  on  t h e  p e r c h i n g  

phenomenon d e s c r i b e d  i n  t h e  p r e v i o u s  s e c t i o n ,  t h a t  is, t h e  f i g h t  

pine s e e d s  are u n a b l e  t o  p e n e t r a t e  t h e  thick c lumps  of 

b u n c h g r a s s e s ,  However, it should be n o t e d  t h a t  t h e  b iomass  of 

t h e  h e r b a c e o u s  l a y e r  i s  i n v e r s e l y  r e l a t e d  t o  l i t te r  mass, Thus, 

it is the perching effect  o f  g r a s s e s  t h a t  s h o u l d  be o p e r a t i v e  i n  

t h e  younges t  s t a n d s ,  a n d  n o t  i n  t h e  o l d e s t  s t a n d s  a s  is t h e  case 

w i t h  t h e  l i t t e r  l a p e r ,  

A f u r t h e r  series o f  e x p e r i m e n t a l   lots were e s t a b l i s h e d  i n  

t h e  s a m p l e  s t a n d s  t o  examine  the r e l a t i o n s h i p  be tween  g e r n i n a e i o n  

r a t e s  a n d  grass hiomass,  TWO 0.25 sq,  a, q u a d r a t s  mere c l i p p e d  

i n  e a c h  sample  s t a n d  and a f l  g r a s s e s  and  h e r b s  removed, T h e s e  

p l o t s  were sown a t  t h e  s a s e  d e n s i t y  and  on t h e  same d a y  a s  t h e  

c o n t r o l  p l o t s ,  and t h e  c o u r s e  o f  s e e d l i n g  e s t a b l i s h m e n t  a n d  

s u r v i v a l  was f o l l o w e d  for t h e  s u c c e e d i n g  pear .  

I n  t h e  c l i p p d  p l o t s  t h e  o v e r a l l  m a x i ~ n m  g e m i n a t i o n  rates 

were t h e  s a n e  a s  i n  t h e  c o n t r c l  a n d  t r e n c h e d  p l o t s  ( 0 , 8 8  X), bat  

s e e d l i n g  emergence  uas d e l a y e d ,  and  mariaus rates were r e a c h e d  

some 2 - 3 moaths  a f t e r  t h e  c o n t r o l  t r e a t m e n t s  peaked (F ig ,  





5,16). The r e a s o n  fo r  t h i s  d e l a y  i n  g e r m i n a t i o n  is  presumably  

t h e  d e c r e a s e  i n  s a r h c e  s o i l  m o i s t u r e  prompted b y  t h e  re iuoval  o f  

t h e  g r a s s  c o v e r ,  

A G - t e s t  o f  a s s o c i a t i o n  (Table V, 18). d e m ~ n s t r a t e d  t h a t  

i n i t i a l  s e e d l i n g  e s t a k l i s h r e n t  on t h e  c o n t r ~ o l  p l o t s  d o e s  

f l u c t u a t e  w i t h  c h a n g i n g  h e r b a c e o u s  b iomass ,  w i t h  s e e d l i n g  

emergence  b e i n g  most p r o l i f i c  a t  i n t e r m e d i a t e  l e v e l s  (0.2 - 0.4 

k g , / s q * ~ ~ )  0 

The g e r m i n a t i o n  f a i l u r e  of p i n e  s e e d s  i n  v e r y  young s t a n d s  

c a n  t h e r e f o r e  b e  a s c r i b e d  t o  s e e d - d e s s i c a t i o n  d u e  to high 

r a d i a t i o n  i n t e n s i t i e s ,  t h i n  l i t t e r  l a y e r s  a n d  t h e  l a c k  o f  a t 

h e r b a c e o u s  s t r a t u m  i n  t h e s e  r e c e n t l y  b u r n t ,  open areas, It was 

p o s t u l a t e d  i n  S e c t i o n  5-34 t h a t  t h e  p r i m a r y  c o n t x o l  o a  s e e d l i n g  
1 

s u r v i v a l  i n  t h e  first p e a r  u a s  a l s o  a o i s t u r e  stress, r e s u l t i n g  
I 

a g a i n  f rom h i g h  r a d i a t i c a - l e v e l s ,  t h i n  l i t te r  mats ,  c o m p e t i t i o n  

f o r  m o i s t u r e  wihh other p l a n t s ,  o r  c o m b i n a t i c n s  of t h e s e  

v a r i a b l e s ,  Because  of t h e  e low i n i t i a l  e s t a b l i s h m e n t  of 

s e e d l i n g s  i n  open  s t a n d s  w i t h  t h i n  l i t t e r  l a y e r s  and  h i g h  

r a d i a t i o n - l e v e l s ,  no  t e s t  c a n  be inade on t h e  effects of t h e s e  

v a r i a b l e s  o n  s e e d l i n g  s u r v i v a l ,  However, t h e  effects of 

i n t e r - p l a n t  c o m p e t i t i o n  can be assessed. 

5,244: S e e d l i n g  s u r v i v a l  and  root  c o s p e t i t i o n  

Huch of t h e  c l a s s i c  l i t e r a t u r e  i n  fores t  e c o l o g y  a t t e m p t s  t o  

d i s c r i a i n a t e  between t h e  r o l e s  of s h a d i n g  and  m o i s t u r e  l e v e l s  a s  



TABLE V- 18: G-TEST OF ASSOCIATION BETWEEN GRASS BIOi•÷ASS 
A N D  STAYC A G E  

* 
no: r h a t  there  is n o  d i f f e r e n c e  i n  s e e d l i n g  e s t a b l i s h m e n t  

rates w i t h  c h a n g i n g  grass b i o m a s s  ( 2 - t a i l e d  t e s t ) ,  

T r e a t m e n t s  ( a = 2 )  
Cat e y o r i e s  (b=3) 

Grass 
Biomass 

I (kq/m- ) 
I ---------- 
1 
1 0 .20  

C o n t r o l  C l i p p e d  
P l o t s  P l o t s  

( d a y  1 5 )  (day  132 )  

I 1 
J 0040 I 7 7  10 
I I 
(,-,-,,,-,,(--,,~,----------~-------r- 

1 c o l u n n  1 240 30 
I Sun I 

----------- , ----------- I 
Row I C o n t r o l /  I 
Sun I Total 1 

I ----------- I 1 
I----------- 1 
1 I 

85  I 0.60 I 
I 1 

911 I 0- 37 J 

(See Table V.5 tor G-test r e t h o d o l o y y )  

= 1 0 , 5 9 7 ,  t h e  G v a l u e  is s i g n i f i c a n t ,  

and  t h e  n u l l  h y p o t h e s i s  (Iio) is rejectad,  



c o n t r o l s  on t h e  dynamics  of, forest  s t a n d s ,  A comprehens ive  

r e v i e w  o f  t h i s  l i t e r a t u r e  i s  f o u n d  i n  Kozlowski (1949) -  

N i n e t e e n t h  c e n t u r y  worke r s  (e,g. B e y e r  , 1852) emphas i sed  t h e  

i m p o r t a n c e  o f  s h a d i n g  a s  a l i a i t i n g  factor i n  t h e  r e g e n e r a t i o m  of 

p i o n e e r  s u c c e s s i o p a l  s p e c i e s  l i k e  p ines .  Bowever i n  t h e  first 

t h r e e  d e c a d e s  o f  t h i s  c e n t u r y  a number o f  r e s e a r c h e r s  ( F r i c k e ,  

1904; Cieslar,  1909; P a b r i c i u s ,  1927 and  C r a i b ,  1929) a n a l y s e d  

t h e  r o l e  of s o i l  m c i s t u r e  a s  a  c o n t r o l  on t h e  r e g e n e r a t i o n  of 

e a r l y  s u c c e s s i o n a l  tree s p e c i e s ,  a n d  c o n c l u d e d  t h a t  c o m p e t i t i o n  

fo r  m o i s t u r e  i n  fo res t  s t a n d s  was o f t e n  a  l o r e  i m p o r e a n t  

r e g u l a t o r y  mechanism t h a n  s h a d i n g ,  The t e c h n i q u e  on v h i c h  t h i s  

c o n c l u s i o n  was based  was t h a t  of t remched  g n a d r a t s ,  i n  which 

e x p e r i m e n t a l  p l o t s  oa t h e  fores t  f l o o r  were s u r r o u n d e d  bp a 

t r e n c h  i n  which a l l  s u p e r f i c i a l  root  s y s t e m s  were s e v e r e d -  T h i s  

e f f e c t i v e l y  e l i m i n a t e d  root c o m p e t i t i o n ,  and  s o i l  m o i s t u r e  

a v a i l a b i l i t y  iq t h e  plots i n c r e a s e d  (Cra ib ,  op,  c i t , ) ,  e n s u r i n g  

more r a p i d  growth  a n d  g r e a t e r  s u r v i v a l  of tree s e e d l i n g s  l o c a t e d  

t h e r e ,  

P e a r s o n  (1930) , working w i t h  t r e n c h e d  a n d  c o n t r o l  p l o t s  i a 

s t a n d s  of r o o d e r o s a ,  d e m o n s t r a t e d  t h a t  t h e  r e l a t i v e  

i m p o r t a n c e  o f  t h e s e  tuo factors v a r i e d  a c c o r d i n g  t o  t h e  local  

climate and tree s p a c i n g -  K o r s t i a a  a n d  Coi le  ~(1938)  u s e d  t h e  

same t e c h n i q u e  i n  f o r e s t  s t a n d s  of t h e  P i e d r o q t  of t h e  U - S - A ,  

and  n o t e d  t h e  s t i a a l a t o r y  effect of t r e n c h i n g  an t h e  s e e d l i n g  

p o p u l a t i o n s ,  They c o n c l u d e d  t h a t  t h e  f a c t o r  r e s p o n s i b l e  f o r  



i n h i b i t i n g  s e e d l i n g  r e g e n e r a t i c n  u a s  t h e r e f  ore c o a p e  t i t i o a  for  

s o i l  m o i s t u r e  v i t h  e s k a b l i s h e d  trees, 

A more c o a p r e h e a s i a e  e x p e r i m e n t  b y  S h i r l e y  ~fl945) on t h e  

c o n t r o l s  cf r e p r o d u c t i o n  o f  p i n u s  r e s a s ,  & s.brobus, g, 

b a n k s i a g g  a n d  Z i c e e  g 2 a w a  c o n c l u d e d  t h a t  e i t h e r  s h a d e  or 

moisture may r e g u l a t e  t h e  p o p u l a t i o n  dynamics  of t h e  young 

c o n i f e r s ,  depend ing  o n  s t a n d  compos i t i on ,  N e v e r t h e l e s s ,  S h i r l e y  

c o n s i d e r e d  t h a t  i n  g e n e r a l  s e e d l i n g  s u r v i v a l  was more d e p e n d e n t  

o n  l i g h t  i n t e n s i t y  t h a o  r o o t  c o a p e t i t i o n .  

To t es t  t h e  h y p o h h e s i s  t h a t  root c o m p e t i t i o a  f o r  mo i sku re  

v i t h  n e i g b b o u r i n g  Orees  roda aces high s e e d l i n g  m c r t a l i t y  i n  t h e  

o l d e s t  s t a n d  age -ca t ego ry ,  t r e n c h e s  were dug a r a u n d  two 1 sq. 

a, q u a d r a t s  i n  each s a r p l e  s t a n d  t o  a d e p t h  of 15 cms. to  s e v e r  

s u r f i c i a l  roots  of p i n e  and harduoods,  These  q u a d r a t s  were sown 

a t  t h e  same d e n s i t y  and  on t h e  same day  a s  t h e  c o ~ t r o l  p l o t s ,  

I n i t i a l  z a t e s  of g e r m i n a t i o n  i n  t h e  t r e n c h e d  a n d  c o n t r o l  

p l o t s  were almost i d e n t i c a l ,  F i f t e e n  days a f t e r  sowing  0.90 X of 

t h e  s e e d s  p l a n t e d  in t h e  t r e n c h e d  p l o t s  had g e r m i n a t e d  compared 

t o  0.89 % o f  t h e  s e e d s  i n  t h e  c o n t r o l ,  S i r  months  a f t e r  sowing  

t h e  number o f  seedlings remaining in the t r e n c h e d  p l o t s  u a s  

s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  numbers oP s e e d l i n g s  i n  t h e  

c o n t r o l  b u t  i n  s u b s e q u e n t  months this d i f f e r e n c e  g r a d u a l l y  

d e c l i n e d ,  A t  t h e  f i n a l  c c u n t  on d a y  388 t h e r e  was no s i g n i f i c a n t  

d i f f e r e n c e  between t h e  t u o  t r e a t m e n t s  (Pig, 5,77), It may be 
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p o s s i b l e  t h a t  t h i s  l a c k  o f  s t a t i s t i c a l  s i g q i f i c a n c n  is c a u s e d  by 

t h e  i n c l u s i o n  o f  p l o t s  wi th  o n l y  low c o m p e t i t i v e  stress, t h e r e b y  

masking t h e  more s u b s t a n t i a l  c o m p e t i t i v e  effects t o  be  f o u n d  i n  

o l d e r  s t a n d s ,  T a b l e  V.19 p r e s e n t s  t he  r e s u l t s  o# a d i v i s i o n  of 

t h e  sample  s t a n d s  i n t o  t h r e e  g r o u p s  b a s e d  op t h e i r  t o t a l  tree 

b a s a l  a r e a ,  It is a p p a r e n t  t h a t  t h e r e  is no  differeqce i n  t h e  

s e e d l i n g  s u r v i v o r s h i p  r a t e s  be tween  t r  enchsd  p l o t s  a n d  c o n t r o l s  

i n  t h e  o l d e r  sites where c o r p e t f t i o a  s h o u l d  b e  greatest, for  i n  

b o t h  t r e a t m e n t s  s e e d l i n g  p q p u l a t i o n s  are v i r t u a l l p  e l i m i n a t e d ,  

C o n s e q u e n t l y  we c a n  c o n c l u d e  t h a t  c a n p e t i t i o n  f o r  s o i l  

n o i s t u r e  w i t h  e s t a b l i s h e d  trees, e i t h e r  p i n e s  or  hardwoods,  does 

not p l a y  a c a u s a t i v e  ro le  i n  t h e  i n a b i l i t y  of s e e d l i n g s  t o  

e s t a b l i s h  i n  t h e s e  o l d e r  s t a n d s ,  

C o m p e t i t i o n  f o r  m o i s t u r e  a n d  n u t r i e n t s  c a n  a l s o  e x i s t  

b e t a e e n  s e e d l i n g s  a n d  t h e  plants of t h e  h e r b a c e o u s  l a y e r .  I f  

c o m p e t i t i o n  u i t h  t h e  h e r b a c e o u s  l a y e r  i s  s e v e r e ,  t h e n  t h e  o v e r a l l  

~ o r t a l i t y  of - s e e d l i n g s  i n  t h e  c l i p p e d  p l o t s  s h o u d  be  less t h a n  

t h e  m o r t a l i t y  ra te  i n  t h e  c o n t r o l  p l o t s .  The r e v e r s q  h o v e r e r  i s  

t r u e ,  S e e d l i n g  m o r t a l i t y  r a t e s  i n  the c l i p p e d  p l o t s  (P ig ,  

5-16], were s l i g h t l y  h i g h e r  t h a n  t h o s e  i n  t h e  ~ o n t r o l  p l o t s ,  

i n d i c a t i n g  t h a t  c o m p e t i t i o n  f o r  m o i s t u r e  w i t h  t h e  h e r b a c e o u s  

l a y e r  d o e s  a o t  l o v e r  s e e d l i n g  s u r v i v o r s h i p .  



'i'ABLk; V. 19: S U d V l V O R S H I Y  O F  PIRST-YEAR S E E D L I N G S  OF P, 
Ca&&&&&4 IN ThENCHED AND UNTBENCHED PLOTS - 
AS A FUNCTION CF STAND BASAL-UEA, 



5.3- S e e d l i n g  s u r w i v a l  and t h i c k  l i t t e r  l a y e r s  - 

Pea r son  (1923). c a n t e n d s  t h a t  s u r v i v o r s h i p  of s e e d l i n g s  of 

& ~ g p d e r o s q  d e c l i n e d  w i t h  i n c r e a s i n g  l itter t h i c k n e s s  as a 

r e s u l t  o f  root i n h i b i t i o n .  B i l a n  (1960) ,  r e p o r t e d  t h e  saae 

phenomenon i n  s e e d l i q g  p o p n l a t i c n s  of 2, grown i n  t h i c k  

l i t t e r ,  and  s h a d i n g  o f  t h e  s o i l  surface a l so  arrests root 

d e v e l o p a e n t  accord img t o  Kozlowski  (1949) , The c o n t i n u e &  g rowth  

of roots and s h o o t s  of p i n e  s e e d l i n g s  depends  a l s o  upon t h e  

i n f e c t i o n  of t h e i r  r o o t s  b y  e c t o a y c o r r h i z a e ,  and  t h e  c o n s e g a e n t  

i n c r e a s e  i n  n u t r i e n t  s u p ~ l p  t o  t h e  M g h e r  p lan t .  I n  no rma l  

c i r c u m s t a n c e s  (e,g, i n  n u r s e r i e s ) ,  i n f e c t i o n  by  a y c o b i o n t s  

o c c u r s  3 - 6 weeks a f te r  g e r m i n a t i o n  (Zak, 1964)-  

f l y c o r r h i z a l  f u n g i  may t h e m s e l v e s  b e  i n h i b i t e d  by c e r t a i n  

e n v i r o s m e n t a l  factors, and c o n s e q u e n t l y  t h e  s e e d l i n g s  in t h e s e  

e n v i r o n m e n t s  a r e  less v i g o r o u s  (due  t o  d e c r e a s e d  u p t a k e  of 

n u t r i e n t s ,  p a r t i c u l a r l y  phosphorus)  , and  more p r o n e  t o  disease 

(Sasek ,  1967) ; The c o n d i t i o n s  t h a t  i n h i b i t  m y c o ~ r h i z a e  are t h e  

same a s  those t h a t  f a v o u r  p a t h o g e n i c  f u n g i  - low l i g h t  

i n t e n s i t i e s  ( H a c s t a y l o  and Snow, 1959; f f i l d e ,  1968) and  t h i c k  

l i t t e r  l a y e r s  ( B i l a n ,  1950). It is proposed  t h e r e f o r e  t h a t  t h i s  

c o n b i n a t i o n  of c i r c u m s t a n c e s  of t h i c k  l i t te r  l a y e r s ,  shaded  and  

moist s u r f a c e  s o i l s ,  i n h i b i t s  f o r a a t i o n  of m y c o r r h i z a e  on t h e  

rao ts  of p i n e  s e e d l i n g s  i n  o l d e r  s t a n d s ,  I n  consequence  t h e  

s e e d l i n g s  become less v i g o r o u s  a n d  s o r e  v r l n e r a b l e  t o  d i s e a s e ,  

a n d  t h e  m o r t a l i t y  rate may t h e x e f o r e  be s u c h  g r e a t e r  i n  t h e s e  



o l d e r  s t a n d s ,  , 

Whatever t h e  o p e r a t i v e  mechanism, t h e  d a t a  from t h e  c o n t r o l  

p l o t s  do d e m o n s t r a t e  a  s t r o n g  p o s i t i v e  c o r ~ e l a t i o n  /Tab le  V,20), 

between l i t t e r  d e p t h  and s e e d l i n g  m o r t a l i t y ,  f n  a d d i t i o g ,  t h e  

l i t t e r  depth  is s i g n i f i c a n t l y  g r e a t e r  [Table V-21) .  i n  s t a n d s  

o l d e r  t h a n  15 y e a r s ,  t h a n  i n  in te rmedia te -aged  s t a n d s ,  It i s  

proposed t h e r e f o r e  t h a t  t h e  a a s s i v e  d e c l i n e  i n  s e e d l i n g  

p o p u l a t i o n s  iq  t h e s e  o l d e r  s t a n d s  is p r i a a r i l y  a r e s p o n s e  t o  

d e c r e a s e d  r o o t  growth mediated b y  t h i c k  l i t t e r  l a x e r s ,  and 

e x a c e r b a t e d  by l o r  l i g h P  i n t e n s i t i e s  and a p o s s i b a e  f a i l a r e  o f  

t h e  pine-f ungus symbios is ,  

H e  have s e e n  t h a t  t h e  o v e r a l l  small size of  t h e  s e e d l i n g  

p o p u l a t i o n  i n  g, c a ~ i i b g e a  s t a n d s  is p r i m a r i l y  a  r e s u l t  o f  severe 

seed-preda t ion ,  Although the r e l a t i o n s h i p  be tveen  s e e d  d e n s i t  p 

and seed-harves t ing  rate h a s  n o t  been i n v e s t i g a t e d ,  it is l i k e l y  

t h a t  t h e  s e e d  p o p a l a t i c n  i s  reduced by some 60  X d u r i n g  t h e  

pre-germinat ion  pe r iod ,  Seed-predat ion  d u r i n g  the main p e r i o d  of 

g o r a i n a t i o n  (10 - 40 d a y s  a f t e r  d i s p e r s a l )  may a c c o u n t  f a r  a l m o s t  

a l l  t h e  remaining seeds ,  I n  consequence,  t h e  reaa maximum 

g e r m i n a t i o n  i n  t h e  c o n t r o l  p l o t s  was on ly  0.89 X of t h e  s e e d  

p o p u l a t i o n ,  



TABLE V - 2 0 :  SPEABHAN8,S RANK CORBELATIOW BETYEEN HEAN 
L I T T E R  DEPTH A N D  HORTALITY OF PIRST-YEAR 

S E E D L I N G S ,  

Ho: That  t h e r e  is n o  p o s i t i v e  a s s o c i a t i o n  between mean 
l i t t e r  d e p t b  and s e e d l i n g  m o r t a l i t y ,  

N 
6 1 di' 

S i n c e  tee,,, = 2 , 2 0 1 ,  t h e  r s  v a l u e  is s i g n i f i c a n t  
i n  a o n e - t a i l e d  test,  and s e e d l i n g  m o r t a l i t y  is 
p o s i t i v e l y  c o r r e l a t e d  r i t h  i n c r e a s i n g  l i t t e r  depth,  



TABLE V.21: fiANN-WHITNEY ,U - T E S T  ON UEAU LITTOR DEPTH 
IN STANDS B E l U L E l  5 - 15 YEARS AND STANOS 
OLDER T H A N  15 YEARS. 

Ho: T h a t  the mean l i t t e r  d e p t h s  i n  o lder  stands ara 
not  s i q n i f i c a n t l y  greater than mean l i t t e r  depths 
i n  stands of intermediate age (1 - t a i l e d  t e s t )  

STANC A G E  

, 9 . 
9 5  - 15 Yrs. 9 > 15 Yrs. 9 . -----------. ---------- 9 ---------------------- - 
: L i t t e r  : Bank : L i t t e r  : Bank 
: Depth : : Depth : . 9 

.-----------.--------------------.----9-----------9 * 
: 0.53 9 1 . 1-65 : 4.5 - 
: 1.15 . 2 9 2.36 : 7 , , 
: 1-19  . 3 9 0 2-39 : 8 9 9 

: 1 -65  9 4.5 : 2-49 : 3 
: 1.76 . 9 6 9 3.19 : 10 . . , 
9 , 3.65  : 1 1  9 

, . 9 . . 3.66 : 12 , . * 
9 , . 3.92 : 13 . . . 9 
9 9 9 3-93 : 14 , . 9 

9 4-06 : 15 .-----------.-----------.-----------.---------*--- . 

Since  ll,., i 1 1  f or  a one-tailed t e s t ,  the  
difference i n  mean l i t t e r  d e p t h s  is 
s i g l l i f  i c a n t ,  a r d  Ho i s  r e j e c t e d ,  



Although p r e d a a i o n  o f  s e e d  p o p u l a t i o n s  is i n t e n s e ,  it is 

a p p a r e n t l y  un i form 1 4  s t a n d s  of v a r y i n g  age,  a n d  c a n n o t  e x p l a i n  

t h e  o b s e r v e d  d i f f e r e n S i a l s  i n  s e e d l i n g  e s t a b l i s h m e n t  w i t h  sband 

age,  T h e s e  d i f f e r e n t i a l s  c o n s i s t e d  of a  mass ive  f a i l u r e  sf s e e d s  

t o  g e r m i n a t e  i n  v e r y  youag stands (< 5 y e a r s ) ,  and v e r y  heavy 

m o r t a l i t y  of s e e d l i n g s  i n  s t a n d s  > 15 y e a r s  of age ,  Germina t ion  

a n d  s u r v i v o r s h i p  o e r e  b o t h  maximised i n  s t a n d s  of i n t e r m e d i a t e  

a g e  (5 - IS y e a r s ) .  S t a t i s t i c a l  a n a l y s i s  05 s t a n d  data 

d e m o n s t r a t e  t h a t  l i g h t  i n t e n s i t y  d o e s  q o t  become l i m i t i n g  f o r  

s e e d l i n g  e s t a b l i s h m e n t  i n  t h e  s t a n d s  sampled,  and  t h a t  n e i t h e r  

c o m p e t i t i o n  for  s o i l  r e s o u r c e s  witb a e i g h b o u r i n g  trees, n o r  

i n t e r -  o r  i n t r a - s p e c i f i c  a l l e l o p a t h y  had aap s i g n i f i c a n t  effect 

on  s e e d l i n g  r e c r u i t r e n t .  

However, s e e d l i n g s  were restricteil almost e n t i r e l y  t o  

microsites where the l i t t e r  was Be tueen  0.5 and  3.5 cms. i n  

t h i c k n e s s ,  A l i t t e z  d e p t h  of 0.5 cms- s a y  be a t t a i n e d  1 - 2 

y e a r s  a f t e r  a f ire i 4  d e n s e  p i n e  s t a n d s ,  b u t  may calg be r e a c h e d  

a f t e r  a decade i n  very open areas, L i t t e r  l a g e r s  less t h a n  t h e  

lower t h r e s h o l d  are a s s o c i a t e d  witb s i g n i f i c a n t l y  h i g h e r  

r a d i a t i o n - i n t e n s i t i e s ,  and  t h e  i n t e r a c t i o p  of t h e s e  Bwo v a r i a b l e s  

p romotes  d e s s i c a t i o n  and  c r u s t i n g  o f  t h e  s o i l  surface v h i c h  i n  

t u r n  i n h i b i t  g e r m i n a t i o n  and impede  s e e d l i n g  ,emergence,  L i t t e r  

t h i c k n e s s e s  between 0.5 and  3.5 cms, ac t  a s  a mulch t o  c o n s e r v e  

s u r f  ace s o i l  m o i s t u r e  and promote  s e e d  g e r m i n a t i o a ,  T h i s  

a c c o u n t s  fo r  t h e  h i g h e s t  s e e d l i n g  g e r m i n a t i o n  rates i n  s t a n d s  



between 5 and 15 p e a r s  of age. Abore the 3.5 cms. t h r e s h o l d  

( a t t a i n e d  i n  a l l  b u t  t h e  most open  s t a n d s  20 - 25  y e a r s  a f t e r  

d i s t u r b a n c e ) ,  t h e  l i t t e r  layer f o r m s  a b a r r i e r  O o  s e e d  

p e n e t r a t i o n ,  Seeds u h i c h  are vashed  down t h r o u g h  t h e  l i t ter nay  

g e r m i n a t e ,  b b  h a v e  r e d u c e d  s u r v i v o r s & k p  due  to s h a k l o u  root 

development ,  which is a  r e s u l h  of l o w e r e d  l i g h t  i n k e n s i t y  a n d  the 

t h i c k n e s s  of t h e  l i t ter  mat, These  e a a i r o n m e n t a l  s o n d i t i  o n s  may 

i n h i b i t  i n f e c t i o n  of t h e  young p i n e  roots by e c t o s y c o r r h i z a e  and  

s e e d l i n g s  became less v i g o r o u s  a a d  less r e s i s t a n t  t o  p a r a s i t e s  

and d i s e a s e ,  I n  a d d i t i o n ,  p r e d a t i o n  of s e e d l i n g s  by ph y tophagous  

i n s e c t s  e x a c e r b a t e s  t h e  s e v e r e  m o r t a l i t y  r a t e s  i n  s t a n d s  o v e r  15 

y e a r s  of age. 

Consequen t ly ,  t h e  p o p u l a t i o n  dynamics  o f  f _aEfbaea c 

s e e d l i n g s  a p p e a r  t o  be s u b j e c t  t o  two a a j o r  c o a t r d l s :  (1) s e v e r e  

o v e r a l l  d e c i m a t i o n  by p o s t - d i s p e r s a l  p r e d a t o r s ,  and  42) 

d i f f e r e n t i a l  s u c c e s s  o f  t h o s e  s a r v i v i n g  t h i s  p r e d a t i o n  as  a  

c o n s e q u e n c e  of c h a n g i n g  seedbed  c o n d i t i o p s  ( p r i m a r i l y  a r e s p o n s e  

t o  l i t t e r  depbh)  a s  s t a n d s  age.  



6.1: IPTBODUCTIOU 

The p r e v i o u s  c h a p t e r  h a s  d e a l t  i n  soae d e t a i l  v i t h  t h e  

d y n a m i c s  of s e e d l i n g  p o p l a t i o n s  of piapg w a e a ,  a n d  t h e  

e n v i r o n i e n t a l  c o n t r o l s  o n  s e e d l i n g  dynamics .  B e c a u s e  of t h e  

l o n g e v i t y  o f  m a t u r e  trees, i t  is e x c e e d i n g l y  d i f f i c u l t  t o  e x a m i n e  

s t a n d  d y n a m i c s  t h r o u g h  f i e l d  o b s e r v a t i o n  a n d  e x p e r i m e n t a t i o n ,  I n  

c o n s e q u e n c e  a s i m u l a t i c n  model  is e m p l o y e d  t o  a n a l y s e  t h e  c h a n g e s  

i n  m a t u r e  tree p o p u l a t i o n s ,  

The  a o d e l  o u t l i n e d  h e r e  o n l y  c o n s i d e r s  i n t r a - s p e c i f i c  

i n t e r a c t i o n s  i n  t h e  d e v e l o p m e n t  of s t a n d s  of P, caribaqg. T h i s  

c a n  be j u s t i f i e d  ou t h e  g r o u n d s  t h a t  t h e  hardwood s p e c i e s  

a s s o c i a t e d  w i t h  C a r i b b e a n  p i n e  form a v e r y  saald p r o p o r t i o n  of 

t h e  t o t a l  b i o m a s s  of t h e  s a m p l e  s t a n d s ,  a n d  t h e r e f o r e  t h e i r  

i n f l u e n c e  on s t a n d  d e v e l o p m e n t  c a n  be c o n s i d e r e d  t o  t o  be s l i g h t .  

T h i s  a s s u m p t i o n  was c o n f i r m e d  b y  Kel lman (19715, p, 14) , uho 

states:  * B e i t h e r  b r o a d - l e a v e d  tree abundance ,  f n o r )  s h r u b  

a b u n d a n c e  ,,,,.., a p p e a r  t o  h a v e  a n y  s i g n i f i c a n t  effect o n  p i n e  

Data on t h e  g r o w t h ,  y i e l d  a n d  m o r t a l i t y  of E ,  cacibaeg i n  

6 H o u n t a i n  P i n e  R i d g e  are  l i m i t e d ,  I n c r e m e a t  p l o t s  a n d  t h i n n i n g  
I 

p l o t s  rare e s t a b l i s h e d  by Lamb a n d  W o l f f s o h n  i n  the l a t e  1950fis 

b u t  a l l  t h e  r e c o r d s  f r o m  t h e s e  rere l o s t  i n  H u r r i c a n e  P a t t i e  i n  
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1961, vhen t h e  e n t i r e  r e s e a r c h ,  l a b o r a t o r y  was d e s t r o y e d ,  The 

o n l y  d a t a  a v a i l a b l e  come f rom a  s i n g l e  p l a n t a t i o n  set up close t o  

o f  h u g u s t i n e  i n  1959 which h a s  b e e n  c e n s u s e d  i r r e g u l a r l y  s i n c e  

t h e n ,  and  from a f u r t h e r  ser ies  o f  i n c r e m e n t  p l o - t s  which sere 

l a i d  o u t  i n  3967, c e n s u s e d  y e a r l y ,  

I n  o r d e r  t o  model t h e  g rowth  a n d  y i e l d  of  s t a n d s  by t h e  

i n d i v i d u a l  tree a e t h o d ,  t h e  i m p o r t a n t  c h a r a c t e r i s t i c s  of e a c h  

tree i n  t h e  s t a n d  must  be  a c c u r a t e l y  s p e c i f i e d ,  and i n c r e m e n t e d  

o n  a n  a n n u a l  b a s i s .  T h e r e  i s  g e n e r a l  ag reemen t  a s  t o  w h a t  

c o n s t i t u t e  t h e  i m p o r c a n t  v a r i a b l e s  t o  be examined i n  a s t and :  

h e i g h t ,  dbb, stem vclume, c rown s i z e  f o r  e a c h  tree, and  

m o r t a l i t y ,  f e c u n d i t y ,  d e n s i t y  and  s p a t i a l  d i s t r i b u t i o n  of trees 

for  t h e  s t a n d  as  a  whole,  

I n  PInUS, t h e  model t o  be  deve loped  h e r e ,  each of t h e  above 

c o a p o n e n t s  u i t h  t h e  e x c e p t i o n  o f  tree l a c a t i o n  is s p e c i f i e d  a n d  

i n c r e m e n t e d  i n  t h e  s equence  o u t l i n e d  i n  P i g ,  6 ,  1. The 

l o c a t i o n a l  v a r i a b l e  is n e c e s s a r y  i n  t h o s e  s i a u l a t o r s  which 

estimate t h e  c o m p e t i t i v e  s t a t u s  of an i n d i v i d u a l  tree based  o n  

the d e n s i t y  and s i z e  of i ts i e m e d i a t e  ne ighbour s ,  A more g e n e r a l  

method o f  c a l c u l a t i n g  i n t e r - t r e e  c o m p e t i t i o n  is employed i n  

PINUS, f o r  w h i c h  t h e  s p a t i a l  d i s t r i b u f i o n  cf i n d i v i d u a l  trees is 

n o t  a preguis i te ,  The r a t i o n a l e  o f  t h i s  a l t e r n a t i v e  a p p r o a c h  i s  
k 

d i s c u s s e d  i n  d e t a i l  i n  s e c t i o n  6-4 o f  t h i s  c h a p t e r ,  PIMUS 

g e n e r a t e s  a n d  grows  a  s t a n d  and  p e r f o r m s  a n  a n n n a l  u p d a t e  by 

c a l l i n g  s i x  workhorse  s u b r o u t i n e s :  
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S u b r o u t i n e  BIBTE - i n p u b s  neu s e e d l i n g s  i n -  t h e  
s t a n d ,  

S n b r o n h i n e  LEAP - c a l c u l a t e s  c r o u n  
c h a s a c t e r i s t i c s  fo r  e a c h  tree i n  t h e  s t a n d  a n d  
f o r  t h e  s t a n d  a s  a  #hole ,  

S u b r o u t i n e  GBOV - grows e a c h  tree i n  t h e  s t a n d ,  

S a b r o u t i n e  HOBT - a l l o c a t e s  m o r t a l i t y  be tween  
trees, 

S u b r o u t i n e  T H I E  - p r o v i d e s  f l e x i b l e  t h i n n i n g  and  
l o g g i n g  s c h e d a l e s ,  

S u b r o u t i n e  Lf ST - a c c o u n t i n g  p r o c e d u r e  Bo k e e p  
t r a c k  of trees c u l l e d  by 6OBT o r  TBXI,  

I n  a d d i t i o n ,  t h e r e  are two s u b r o u t i n e s  ( B A I D U  and GAOSS)  

which g e n e r a t e  un i form and  n o r m a l l y  d i s t r i b u t e d  pseudo-random 

numbers  r e s p e c t i v e l y ,  The main program r e q u i r e s  a s  input f i v e  

items of da ta :  

a) Iumber,  d i a m e t e r  a n d  a g e  of  i n i t i a l  tree 
p o p u l a t i o n ,  T h e s e  may be s e e d l i n g s  i n  a 
p l a n t a t i o n ,  trees i n  a n  uneven-aged s t a n d ,  or  
seedtrees left  a f t e r  t r e e - h a r v e s t i n g ,  

b) Age of t h e  p l o t  i n  y e a r s ,  U s n a l l g  set t o  z e r o ,  

c)  P h i n a i n g  s c h e d u l e ,  I n t e n s i t y  and f r e q u e n c y  
o p t i o n s .  

d) T i m e  s p a n  f o r  s i m u l a t i o n  i n  y e a r s ;  a n d  time 
p e r i o d  between p r i n t o u t s ,  

e) An i n i t i a l  random-number f o r  I1AHI)U a n d  GAIJSS,  

\ 

PFIUS t h e g  p r o c e e d s  t a  update t h e  c h a n g e s  i a  p o p u l a t i o n  

s t r a c t u r e  a n d  i n d i v i d u a l  tree g rowth  annually, until a maximum 

a g e  of 50 y e a r s  is reached ,  T h i s  l i m i t e d  time span  was c h o s e n  

b e c a u s e  o n l y  a v e r y  small number o f  trees i n  t h e  s t u d y  area were 



o v e r  35-40 y e a r s  of age, due t o  t h e  combined effects of l o g g i n g  

and wi ld f i r e s ,  and v a l i d a t i o n  of t h e  model o u t p u t  f o r  o l d e r  

s t a n d s  was t h e r e f o r e  i n p o s s i b l e .  

The s u c c e s s f u l  i m p l e a e n t a t i o n  of  PIIUS r e q u i r e d  t h e  

deve lopment  a n d  v a l i d a t i o n  of fear prjoceduras,  which are  

d e s c r i b e d  i n  d e t a i l  i n  t h e  rest o f  t h e  c h a p t e r :  

1) Development of a p r o c e d u r e  t o  model p i n e  
s e e d l i n g  e s t a b l i s h m e n t  o v e r  time, 

2) Development cf a p r o c e d u r e  t o  made1 t h e  
morphology a s d  growth  of each tree b a s e d  on i ts  
c o m p e t i t i v e  s t a t u s ,  

3) Development of a p r o c e d u r e  to a l a o c a t e  
i n d i e i d u a l - t r e e  a o r t a l i t y  a s  a  f u n c t i o n  of its 
c o m p e t i t i v e  s t a t u s ,  

4 )  Development of a p r o c e d u r e  t o  i w e m e n t  
f l e x i b l e  l o g g i n g  and t h i n n i n g  s c h e d u l e s ,  

The f u n c t i o n a l  r e l a t i o n s h i p s  u s e d  t o  aodel t h e s e  p a r a m e t e r s  

were n o t  a l w a y s  t h e  8ost  b i o l o g i c a l l y  m e a n i n g f u l  r e l a t i o n s h i p s .  

I n  a  f e u  cases i n t e r m e d i a t e  o r  s u r r o g a t e  v a r i a b l e s  were employed 

i n  p l a c e  of up rovenn  f u n c t i o n a l  v a r i a b l e s  i n  o r d e r  t o  f a c i l i t a t e  

m a t h e m a t i c a l  c o m p u t a t i o p ,  

The i n p u t  of new s e e d l i n g s  t o  t h e  s t a n d  is h a n d l e d  by 

s u b r o u t i n e  BXBTB, BIRTH r e q u i r e s  d a t a  o n  the f o l l o u i n g  

v a r i a b l e s :  

a) Seed p r o d a c t i o n  a s  a  f u n c t i o n  of  tree size 



b) T o t a l  seed p r o d u c t i o n  i n  t h e  s t a n d  
I 

c) p o t e n t i a l  g e r  r i n a t i o n  of d i s p e r s e d  seeda 

The f i e l d  data o n  c o n e  and seed y i e l d s  p e r  tree i n  1973 

(Pig,  S.2), are employed t o  g e n e r a t e  seed p t o d r c t i o p  for e a c h  

tree i a  t h e  BIRTH s u b r o u t i n e  (= PBCU v e c t o s ) .  The mi8  program 

first ca l l s  s u b r o u t i n e  STAGES which g r o u p s  t h e  ttees on the p l o t  

i a to  13 size c l a s s e s  ( v e c t o r  STBUC) , a n d  t h e n  UPTB o b t a i n s  t h e  

t o t a l  s e e d - p r o d u c t i o p  (SEEDP) from: 

1 3  
SEEDP C (FECUi . STRUCI) 

I= 1 

A s  we h a v e  s e e n  is C h a p t e r  F i v e  t h e  e n r i s o o a e n ~ a l  controls 

o n  g e r m h a t  i o n  are v e r y  i n t t i c a t e .  Al though r a d i a t i o n  i n t e n s i t y  

a does n o t  c o n t r o l  s e e d l i n g  e ~ t a b l i s h r e n t ~ ,  iateractiona 

be tween  r a d i a t i o n  i n t e n s i t y  and  substrate j o i n t l y  d e t e r m i n e  Jocal 

s o i l  m o i s t u r e  a v a i l a b i l i t y ,  T h i s  i n  t u s n  r e g u l a t e s  seed 

gemination a n d  s u r v i v o r s h i p .  I d e a l l y  we s h o u l d  l i k e  t o  

c a l c u l a t e  s o i l  m o i s t u r e  d i r e c t l y  from p h y s i c a l  p r i n c i p l e s  i n  t h e  

manner of J a n s s e n  (1974) ,  b u t  t h i s  would i n v o l v e  a c o n s i d e r a b l e ,  

p r o b a b l y  u n u a r r a t e d ,  i n c r e a s e  i n  t h e  computationaJ,  c o ~ p l e x i t y  o f  

t h e  model. Hot o n l y  t h a t ,  b u t  f i e l d  d a t a  t o  v a l i d a t e  t h e  

n e c e s s a r y  e q u a t i o n s  a r e  n o t  a v a i l a b l e  f o r  the s t u d ?  a t e a .  

C o n s e q u e n t l y  t h e  v a r i a b l e s  o f  r a d i a t i o n  i n t e n s i t y ,  l i t t e r  

w e i g h t  a n d  grass biomass a r e  used as s u r s o g a t e s  fo r  m o i s t u r e  
: a v a i l a b i l i t y  i n  t h i s  s e c t i o n ,  T h e  r e l a t i o e s h i p  between t h e s e  
,? 

v a r i a b l e s  a n d  g e r m i n a t i c n  uas  discussed i n  C h a p t e r  Pfve.  Tb+ 



re la t ionsh ip  between median' r ad ia t i cn- in tens i ty  and i n i t i a l  

seedling-establishmeat can be approximated by a third-dqgroe 

polynomial (Pig,  6-2)  of t h e  form: , 

where SLITB is the  median radia t ion- level  on t h o  f o r e s t  

f loor ,  Although t h e  analys is  of variance f o r  t h i s  rogresr iog  

equation ind ica tes  t h a t  the ove ra l l  regression is  not sigqsf icant 

(P 1-04; df  (nl)  = 3, df (n2) = 13) a t  an a = 15s 1ew~1, the 

regression does account f o r  20 1 of t h e  t o t a l  variance i n  the 

germination data, and w i l l  be re ta ined a s  a b a s i s  f o r  t h e  next 

s tep .  

T h e  r es idua l s  from this regress ion equation cab be 

decomposed iqto t h e  e f f e c t s  of a number of f a c to r s ;  l o c a l  

va r i a t i ons  i n  rad ia t ion  in tens i ty ,  t h e  var iable  th ickness  of the 

l i t t e r  subs t ra te ,  va r i a t i cns  i n  grass  grouth, measarement e r r o t s ,  

and so  on. Field da ta  09 tuo of these  va r iab les  exist, namely, 

l i t t e r  and g rass  mass cn t h e  f o r e s t  f loor ,  

The mass of l i t t e r  a t  a s i t e  can be ca lcu la ted  a s  a funct ion 

of t h e  t o t a l  basal a rea  (BASUCI) , t h e  s tand age (LlbYB) , and t h e  

number of dominant t r e e s  on t h e  p lo t  (DOHT = t r e e s  >400 sq, cr. 

basal area)  A multiple regression ana ly s i s  of the  f i e l d  da ta  

(Table VI, 1; Pig, 6-3) ~ r c d u c e s  t h e  f ollouing equation: 



MEDIAN RADIATIObi-INTENSITY 

F I G ,  6,2: THIRD-DEGREE TREND BETWEEN PERCENTAGE 

GERMINATION I N  THE TRENCHED AND CONTROL PLOTS 
AND ElED I A N  RADIATION INTENSITY I N  EACH SAMPLE 
STAND 



TABLE tI,l: IUL'IIIDLB PBGPBSSIOD AIALYSIS OF TEB BPFSCTS OF 
P I l B  BASAL & E l l b  S T A Y D  AGB A I D  DBISITX OF DOUIMAM? 

t S B B S  OH L I T 9 B R  YBIGPT, 

pine Basal Area 0,615 
Stand Age 0,798 
Dominants 0,804 

lls!uaw* i&aai- 

v-las--& - 
Constant  16.8200 
Pine Basal Area 0,0134 0,9163 
Stand Age 2.519 1 0,1047 
D o r i a a n t s  6,5150 0,3176 

pat- 

Jariables&-Q_CPrt,SpefSLg* 
P i n e  Basal Area 0.4886 0, 04 
Stand Age 0, 0283 0, 32 
Dominants 0,4342 0.31 



F I G ,  6.3: PREDICTED .(A) AND OBSERVED (A) LITTER 
YEIGWTS I N  THE SAMPLE STANDS, 
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I 

ALITT = 16-82 + 0.01337(BASUM)+2.5191(M~~R)+6.515(DO~T) 

The mean g r a s s  b iomass  a t  a s i t e  is correlated w i t h  t h e  
# 

median  r a d i a t i o n  i n t e n s i t y  (r = 0,550; df 10), a n d  cap be 

estimated (Fig, 6.4) b y  t h e  l i n e a r  r e g r e s s i o n  equa t ion :  

GRASS = 30.47 + 91.00 (SLITE) 

When taken s i n g l y  b o t h  l i t t e r  and  g r a s s  might  provad t o  be 

p o o r  p r e d i c t o r s  o f  t h e  d i r e c t i o n  a n d  magni tude  of t h e  r e s i d u a l s  

from e q u a t i o n  [ 11. In c c n s e g u e n c e  t h e s e  two v a r i a b l e s  Yere 

combined, a n d  t h e i r  p r o d u c t  p r o v e s  t o  be of p t e d i c t i w  walue 

(P ig ,  6.5 ). A t  low combined g r a s s  and  l i t t e r  weigh08 p i n e  

g e r m l a a t i o n  is i n h i b i t e d ,  p resumably  due  t o  d e s s i c a t i o n  of t h e  

s o i l  s u r f a c e ,  High v a l u e s  of t h e  l i t t e r - g r a s s  index are dlsg 

a s s o c i a t e d  u i t h  d e p r e s s e d  g e r m i n a t i o n  r a t e s ,  p x o U l y  dnre t o  th% 

t h i c k  l i t t e r  barrier, a s s o c i a t e d  v i t h  heavy g r a s s  corer, A11 t h e  

p o s i t i v e  r e s i d u a l s  a r e  f  cund a s s o c i a t e d  v i t h  i n t e t m e d i  ate v a l o w s  

o f  t h e  g r a s s - l i t t e r  i n d e x ,  

T h e  p r e d i c t i v e  f u n c t i o n  f i t t e d  t o  t h i s  data is 

d i s c o n t i n u o u s ,  and is of the form: 

y = a. GRLT. e -GRLT. s 

where t h e  p v a l u e s  a r e  t h e  r e s i d u a l s ,  a n d  the GPLF v a l u e s  

r e p r e s e n t  t h e  g r a s s - l i t t e r  i n d e x ,  The v a l u e s  of t h e  c o e f f i c i e n t s  

i n  t h e  e q u a t i o n  a re :  
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FIG 6,4: MEAN GRASS BIOMASS IN THE SATIPLE STANDS 

EXPRESSED AS A FUNCTION OF THE MEDIAN 

RADIATION INTENSITY I N  THAT STAND, 



GRASS-- LITTER INDEX 
(GRASS BIOMASS x LITTER MSSI x 10-4 

FIG. 6.5: RES IDUALS FROM THE THIRD-DEGREE POLYNOFIIAL 
REGRESS ION BETWEEN GERM INATION RATE AND 
NED IAN RADIATION- I NTENS ITY EXPRESSED AS A 
FUNCTION OF THE GRASS-LITTER IHDU(. 



 his f u n c t i o p  e x p l a i n s  some 78 % of the r e s i d u a l  variance 

a n d  t h e r e f o r e  S L I T E  a n d  GRLT a c c o u n t  f o r  82 % of t h e  t o t a l  

v a r i a n c e  i n  the g e r m i n a t i o n  d a t a .  

T h e s e  combined e q u a t i o n s  are  used t o  calculate t h e  i n p u t  of 

s e e d l i n g s  to PINUS. Because of t h e  large amount of c o a p u t e r  

memory r e q u i r e d  to  keep  track of t h e s e  young s e e d l i n g s ,  the BIRTH 

s u b r o u t i n e  a l so  c a l c u l a t e s  f i r s t - y e a r  a o r C a l i t y  a n d  culls t h e  

number of s e e d l i n g s  a c c o r d i n g l y .  T h i s  is accomp1irh.d by a n  

a l g o r i t b r  u h i c h  e x p r e s s e s  f i r s t - y e a s  m o r t a l i t y  a s  a f u n c t i o n  of 

s t a n d  basal a r e a  (BASUW). Although t h e  o r r v i r o r m h i p  of 

f i r s t - p e a r  s e e d l i n g s  b a s  been shown ( S e c t i o n  5,345) t o  be 

i n v e r s e l y  c o r r e l a t e d  u i t h  U t te r  d e p t h ,  t h e  r e l a t i p n s h i p  be tween  

s u r v i v o r s h i p  and  t o t a l  stem b a s a l - a r e a  ( u b i c h  is h i g h l y  

c o r r e l a t e d  u i t h  l i t t e r  d e g t h )  , is  more n a t h e a a t i c a l l y  t r a c t a b l e ,  

and  is s u b s t i t u t e d  f o r  l i t t e r  d e p t h  i n  t h i s  s e c t i o n .  I h 4  n u r b e r  

of g e r m i n a t e d  s e e d l i n g s  (0081) i s  d e r a t e d  b y  a l o g i s t i c  e q u a t i o n  

e x p r e s s i n g  t h e  p r o b a b i l i t y  of s u r v i v i n g  i n  e a c h  g e a r  (Pig. 6.6) 

a c c o r d i n g  t o  t h i s  e q u a t i o n :  

BORN = BORN. 100 - 95.0 

l + e  4.8+0.00076(BASUM) 



THEIR FIRST YEAR OF EXISTENCE A S  A FUNCTION 
OF THE TOAL F I N E  RASAL-AREA I N  THE STAND, 

INSERT SHO\IS METHOD OF CALCULATING THE 

LOGISTIC EQUATIONe 



6.3 : TREE UOBPBOLOGP s 

The v a r i a b i l i t y  o f  tree dbh and  h e i g h t  d i s t r i b u t i o n s  i n  

s t a n d s  b a s  been t h e  s u b j e c t  of a  n u n b e r  o f  s t u d i e s  ( H e y e r ,  1930; 

Belson ,  1964; Bonnor, 1967)- A t t e m p t s  t o  model dbh d i s t r i b u t i o n s  

f o r  i n s t a n c e  h a v e  employed t h e  g e o m e t r i c  series (de L i o c o u r t ,  

1898) , t h e  normal  d i s t r i b u t i o n  (Lee, 1967). t h e  gamma (Ifelson, 

1964, Hatch, 1971). t h e  b e t a  ( C l u t t e r  a n d  Benne t t ,  1965) o r  

C h a r l i e r *  s d i s t r  i b a t i o n  {neyer, 1930)- These  a p p r o a c h e s  h a v e  been 

n e c e s s i t a t e d  by t h e  f a c t  t h a t  a l l  t h e  above  models  o n i t  t h e  

s e e d l i n g  s t a g e ,  a n d  t h e r e f o r e  some means of g e n e r a % i n g  an  

i n s t a n t a n e o u s  s t a n d  is n e c e s s a r y ,  I n  models  which i n c o r p o r a t e  

s e e d l i n g  dynamics,  no  s u c h  a r t i f i c i a l  t e c h n i q u e s  a r e  needed ,  I n  

PIBUS, a s  e a c h  stem a t t a i n s  b r e a s t  h e i g h t  it i s  a s s i g n e d  a dbh of 

2 cm, and  t h e  s t o c h a s t i c  n a t u r e  of s e e d l i n g  g rowth  p r o d u c e s  

v a r i a b l e  dbb  d i s t r i b u t i c n s ,  The b i g h t  o f  e a c h  s e e d l i n g  is 

a s s i g n e d  on t h e  b a s i s  of its a g e - c l a s s ,  and  is g e n e r a t e d  by the 

s u b r o u t i n e  GAUSS, which c a l c u l a t e s  a o r r a l l y  d i s t r i b u t e d  random 

numbers  b a s e d  o n  t h e  a e a n  and s t a n d a r d  d e v i a t i c n s  sf t h e  s e e d l i n g  

h e i g h t  - a g e  s t r u c t u r e  r e l a t i e n s  p l o t t e d  i n  Fig.  5.3. 

Heigh t  c h a r a c t e r i s t i c s  are g e n e r a t e d  b y  p r o c e d u r e s  o u t l i n e d  

i n  t h e  s e c t i o n  on g rowth  components,  Tree volnme ( i n  cu-me) i s  

s p e c i f i e d  b o t h  a s  over -bark  volume (VOB) and  under-bark volume 

( W B ) .  T h e s e  a re  two o f  t h e  p r i n c i p a l  o u t p u t  v a r i a b l e s  i n  t h e  

model and  a r e  used t o  estimate s t a n d  y i e l d s ,  



VOB = O.OOOl(BA:H.FF) 

VUB = 0.00001198.DBH 3.028 

where 01 is t h e  b a s a l  a r e a  of  t h e  t ree and El is t h e  h e i g h t .  
e 

The form-factor (PI) of 0-40  is t h e  m a n  value found t t o r  

i n c r e m e n t  p l o t s  i n  Mountain Q i n e  Ridge.  The e g o a t i a n  for WB is 

t a k e n  f rom J o h n s o n  a n d  C h a f f e y  (1973) for & - f a  

mounta in  Pine Ridge*  

CO1IPBTITXON AND T%BE GROtiTH 

The growth  rate of a tree is  a f u n c t i o n  n o t  w i l y  of its 

g e n e t i c  p r e a d a p t a t i o n s  t o  t h e  env i ronmen t ,  b u t  aldip of t h e  d e g r e e  

of c o m p e t i t i o n  i t  receives f o r  r a d i a n t - e n e r g y ,  moiatore and 

n u t r i e n t s  from n e i g h b c u r i n g  trees, For most p i n e  s p e c i e s  (see: 

S t i e l l ,  1970) c o m p e t i t i c o  f o r  r a d i a n t - e n e r g y  a p p e a r s  to  be t h e  

most l i m i t i n g  of t h e  three, S e v e r a l  a u t h o r s  h a v e  p t o p e s o d  

measu res  f o r  q u a n t i f y i n g  c o m p e t i t i v e  stress i n  f o r e s t  s t a n d s *  

T h e  a r e a  o c c u p i e d  by b r a n c h e s  a d  r o o t s  v a r i e s  w i t h  t h e  s ize  of 

t h e  tree a n d  c a n  be c o n s i d e r e d  t h e  tree's * i t l f l u e n c e  t o n e @  

(Zinke ,  1962; Opie ,  1968) .  The degree of i n v a s i o n  of t i e  

i n f l u e n c e  zone  of o n e  tree by t h o s e  of i ts neighbouts c a n  t h e n  be 

u t i l i s e d  as a n  i n d e x  o f  c o m p e t i t i o n ,  S e v e r a l  s u c h  i n d i c e s  h a v e  

been  p roposed  (Lin,  1R69; Yeunham, 1964;  1966; n i t c h e l l .  1969; 

Bella, 1971; Lee, 1970; Keister, 1971; 1972; H a t c h ,  1971; Arney, 

1971; 1973; 1974) -  A 1 1  t h e s e  m e a s u r e s  r e q u i r e  data on  tree 

l o c a t i o n  s o  t h a t  t h e  degree o f  o v e r l a p  c a n  be compoted,  



Where  t h e  l o c a t i o n a l  v a r i a b l e  is n o t  t a k e n  i n t o  a c c o u n t ,  a s  

i n  t h i s  s i m u l a t o r ,  sose o t h e r  c r i t e r i o n  o f  the d e g r e e  of 

c o m p e t i t i o n  is r e q u i r e d ,  Bo tk in ,  J a n a k  and Wallis f 1970, 1972) 

p r o p o s e  t h a t  iq  small r e s e a r c h  p l o t s ,  t h e  r a d i a t i o n - i n t e n s i t y  a t  

t h e  t o p  of a n  i n d i v i d u a l  crown a t  d e p t h  d i n  t h e  canopy,  c a n  

s e r v e  a s  s u c h  a measure, T h e i r  p r o c e d n r e  e n t a i l s  t h e  c a l c u l a t i o n  

of t h e  t o t a l  l e a f - a r e a  o f  a l l  q t h e r  trees a n  t h e  p l o t  t o  e x p r e s s  

t h e  d e g r e e  of mutua l  s h a d i n g  of n e i g h b o u r i n g  trees, a h i s  c a n  

t h e n  be used a s  a  s u r r o g a t e  f o r  t h e  more b r a d i t i o n a l  compe t iB ion  

i n d e x ,  Annual growth i n c r e m e n t s  are t h e n  c a l c n l a t e d  d i r e c t l y  

b a s e d  on t h e  d e g r e e  of shad ing ,  T o  u t i l i s e  t h i s  t e c h n i q u e  d a t a  

a r e  r e q u i r e d  on t h e  r e l a t i o n s h i p s  between canopy s t r u c t u r e ,  t h e  

r a d i a t i o n - i n t e n s i t y  a t  the t o p  of t h e  canopy,  and stem growth  

r a t e  

T h e r e  a r e  s e v e r a l  s u c c e s s i v e  growth  f l u s h e s  each y e a r  i n  t h e  

p i n e  s t a n d s  of t h e  r e s e a r c h  a r e a ,  and  e a c h  o@e is  r e p r e s e n t e d  b y  

r e p e a t e d  f o r m a t i o n  and  release o f  t e r m i n a l  buds- Repea ted  

e l o n g a t i o n  of the s h o o t  a p i c e s  p roduces  ^a b r a n c h i n g  s y s t e m  which 

c o n s i s t s  of an unneed led  t r a n c h ,  a b o u t  5 0  - 100 cms, i n  l e n g t h ,  

from which t h e  n e e d l e s  have  a b o r t e d ;  f o l l o w e d  by a t h i n l p -  

n e e d l e d  p o r t i o n ,  r e p r e s e n t i n g  t h e  o l d e s t  p a r t  of t h e  c u r r e n t  

f l u s h ,  % h i s  g r a d e s  i n t o  a  s h o o t  oa which t h e  aeedles are much 

d e n s e r ,  c n l n i n a t i n g  i n  a t e r a i n a l  bud s u r r o u n d e d  b y  expand ing  



l e a f  p r i m o r d i a ,  l a t e r a l  s h o o t s l  o f f  t h e  r a i n  b r a n c h e s  p o s s e s s  t h e  

s a n e  s e q u e n c e  of  f e a h u r e s  on a s m a l l e r  scale. 

Each growth  f l u s h  i s  t h e r e f e r e  r e p r e s e n t e d  b y  a d i s t i n c t  

sc lnmpe of q e e d l e  fascicles, s e p a r a t e d  f ros o t h e r  s u c h  'clumps' 

by unneed led  or  s p a r s e l y - n e e d l e d  b r a n c h e s ,  The s ize  of t h e s e  

n e e d l e  c l u a p s  v a r i e s  somewhat w i t h  s h o o t  v i g o u r ,  d e c r e a s i n g  i n  

s i z e - w i t h  i n c r e a s i n g  s h a d e  towards t h e  base and  t o  t h e  i n t e r i o r  

of t h e  crown, b u t  e a c h  n e e d l e  c lump forms a u n i t  from which t h e  

t o t a l  n e e d l e  a r e a  and f o l i a g e  p r o f i l e  o f  a p i n e  crown c a n  be 

computed,  

I n  o r d e r  t o  d e s c r i b e  t h e  r e l a t i o a s h i p  between l e a f  area, 

c r o v n  d e p t h  and  f o l i a g e  d i s t r i b u t i o n  i n  &ms c-baea t h e  
1 

f o l l o v i n g  t e c h n i q u e  q a s  employed, A s a m p l e  of eight open-grown 

trees i n  t h e  15-20 y e a r  a g e - c l a s s  was c l imbed  a n d  t h e  number of 

n e e d l e  c l u r p s  i n  I-metre o e r t i c a l  i n t e r v a l s  u a a  estimated by 

measu r ing  t h e  h e i g h t  of t h e  j u n c t i o n  of t h e  trunk with ererg 

branch ,  a n d  c o u n t i n g  t h e  number of c l u a p s  on e a c h  b ranch ,  T h i s  

method u n d e r e s t i m a t e s  t h e  amount of f o l i a g e  a t  i h e  t o p  of  e a c h  

crown b e c a u s e  o f  t h e  n e g a t i v e  g e o t r o p i c  r e s p o n s e  qf p i n e  b r a n c h e s  

p a r t i c u l a r l y  i n  t h e  t o p  20% of  t h e  c rown (Fig,  6-71, but t h e s e  

i n a c c u r a c i e s  sill be i g n o r e d  i n  t h i s  d i s c u s s i o n ,  

Two "ave ragem b r a n c h e s  were s e l e c t e d  from t h e  mid -pq r t iop  of 

e a c h  crown, and  sere r e r c r e d  t c  d e t e r m i n e  t h e  p h o t o s y n t h e t i c  a r e a  

of e a c h  n e e d l e  clump, The l e n g t h  and  w i d t h  of e a c h  n e e d l e  was 
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r e c o r d e d ,  a n d  t h e  p h o t o s y n t h e t i c  area of a  s i n g l e  n e e d l e  u a s  

e s t i m a t e d  a s  s i m p l y  2  &w), where L a n d  U are t h e  n e e d l e  l e n g t h  

and  wid th  r e s p e c t i v e l y ,  Each c lump ( T a b l e  VI.2) c o n t a i n e d  100 - 
300 n e e d l e  f a s c i c l e s  (300 - 900 n e e d l e s )  r e p r e s e n t i n g  0.25 sq, m ,  

p h o t o s y n t h e t i c  a r e a  p e r  clump, w i t h  b o t h  s i d e s  o f  t h e  n e e d l e s  

b e i n g  measured,  

The v e r t i c a l  d i s t x i b u t i o n  of needLe a r e a  c a n  be c a l c u l a t e d  

u s i n g  t h i s  d a t a  b a s e  (Pig, 6.8 ) a n d  it c a n  b e  s e e n  t h a t  t h e r e  

is c o n s i d e r a b l e  v a r i a t i o n  i n  t h e  canopy  r o r p h o l o q y  b e t u e e n  t h e  

s ampled  trees, The s u b j e c t  o f  f o l i a g e  d i s t r i b u t i o n  and c a a o p y  

geomet ry  i s  d i s c u s s e d  b y  Horn (1972), r h o  c o n t e n d s  Z h a t  t h e  

o p t i r u m  p r o f i l e  f o r  e a r l y  successiooal tree s p e c i e s ,  i n c l u d i n g  

p i n e s ,  i s  a a  e v e n l y - d i s t r i b u t e d  a r r a y  of  f o l i a g e  c l u s t e r s  

t h r o u g h o u t  t h e  d e p t h  o f  t h e  canopy (= m u l t i - l a y e r  s t r a t e g y ) ,  

A c t u a l  f o l i a g e  d i s t r i b u t i c n s  i n  p i n e  c a n o p i e s  are  d e s c r i b e d  by 

S t o r e y ,  Pons  and  S a u e r  (1955) ,  S t i e l l  (1962), Kine r son  and 

P r i t s c h e n  (1 971) ,  a n d  Kinerson ,  B i g g i n b o t h a n  and  Chapman (1 974) 

T h e i r  r e s u l t s  indicate t h a t  f o l i a g e  d i s t r i b u t i o n s  n a p  be 

a p p r o x i m a t e d  by  a no rma l  d i s t r i b u t i o n ,  b u t  B a l l  (1965) p r e s e n t s  

e v i d e n c e  r h i c h  i n d i c a t e s  t h a t  i n  o l d e r  p i n e  c a n o p i e s  thfs s i n p l e  

r e l a t i o n s h i p  b r e a k s  doun, and  t h e r e  is c o n s i d e r a b l e  s a r i a t i o n  i n  

t h e  f o l i a g e  p r o f i l e  ~f a a t u r e  dominan t s ,  

O f  t h e  e i g h t  trees sampled,  t h r e e  (113,s a a d  8) e x h i b i t  

n o r m a l  l e a f - a r e a  d i s t r i b u t i o n s  w i t h  c a m p y  h e i g h t ,  two, (1,d) a r e  

log-normal ,  a n d  t h e  o t h e r s  are a p p r o x i m a t e l y  unifaxm or 
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mul t imodal ,  These  i n d i v i d u a l  Z o l i a g e  p r o f i l e s  were a v e r a g e d  t o  

form a c o m p o s i t e  p r o f i l e ,  I n  Fig. 6 ,9a  t h e  c o m p o s i t e  p r o f i l e  

r e p r e s e n t s  t h e  mean f o r  a l l  trees a t  a l l  h e i g h t s ,  o h e r e a s  i n  P i g ,  

6 ,9b  t h e  p r o f i l e  is t h e  i e a n  f o r  e a c h  o n e - t h i r d  of t h e  c r o u n ,  

Depending o n  t h e  method w e d ,  e i t h e r  a log-aormad p r o f i l e  iP ig ,  

6 , 9 a ) ,  o r  an  a p p r o x i m a t e l y  un i fo rm d i s t r i b u t i o n  ( P i g ,  6,9b) c a n  

be producqd, Because  o f  the ambiguous  n a t u r e  of t h e s e  r e s u l t s ,  

it was d e c i d e d  t o  p roceed  w i t h  t h e  s i m p l e s t  d i s t r i b u t i o n ,  t h e  

un i fo rm (P ig ,  6,9b), a s  a model f o r  n e e d l e  d i s t r i h a t i o n  i n  t h e  

canopy,  a s  t h i s  e n t a i l s  fewer a s s u m p t i o n s  a b o u t  the e x a c t  form o f  

t h e  d i s t r i b u t i o n  t h a n  wi th  t h e  a l t e r n a t i v e  mormal o r  log-normal  

d i s t r i b u t i o n s ,  The crcwn of g, c is t h e r e f o r e  r e p r e s e n t e d  

b y  a c y l i n d e r  u i t h  un i fo rm f o l i a g e - d i s t r i b u t i o n  t h r o n g h o u t  its 

l e n g t h .  

T h e r e  is a complex f eedback  mechanism l i n k i n g  n e e d l e  a r e a ,  

p r o d u c t i v i t y ,  tree size and  r a d i a t i o n  i n t e r c e p t i o n  b y  t h e  canopy,  

A s  e a r l y  a s  1864 P r e s s l e r  p r o p o s e d  growth  laws fo r  f o r e s t  trees, 

e a c h  o f  wbich s t r e s s e d  t b e  c o n t r c l l i n g  i n f l u e n c e  of c rown-s i ze  o n  

stem growth  and  morphology, S e v e r a l  a s t h o s s  h a v e  n o t e d  t h a t  t h i s  

r e l a t i o n s h i p  c a n  Be i n a e s t i g a t e d  by r e g r e s s i o n  a n a l y s i s  o f  stem 

morphology a g a i n s t  f o l i a g e  amount, Loonis ,  P h a r e s  and  Crosby  

(1966) n o t e  t h a t  t h e  s l o p e  of s u c h  a r e g r e s s i o n  e q u a t i o n  d o e s  n o t  

c h a n g e  w i t h  i n c r e a s i n g  s t a n d  d e n s i t y  i n  p l a n t a t i o n s  of E, 

e c h i n a t a ,  s o  stand v a r i a b l e s  were o m i t t e d  from t h e  f o l l o u i n g  - 
a n a l y s i s ,  Data on three m o r p h o l o g i c a l  v a r i a b l e s  (T ree  h e i g h t ,  
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Basal a r e a  a n d  Croun  l e n g t h )  a n d  the t o t a l  aaedle area were 

r e c o r d e d  f o r  a sample  of  38 trees i n  s t a n d s  of r a s p i n g  d e n s i t ?  i n  

order t o  a n a l y s e  t h e i r  r e l a t i o n s h i p ,  L i n e a r  r * g c e s s i o n  aWl lyS iS  

of t h e  r au d a t a  i n d i c a t e d *  t h a t  a l l  t h r e e  m o r p h o l o g i c a l  v a r i a b l e s  

were h i g h l y  correlated ( P 9 9  IC) w i t h  n e e d l e  area, b u t  that B a a  

area bad the greatest  p r e d i c t i v e  v a l u e  (Pig. 6010)10 %he 

l i n e a r i t y  of t h e  r e l a t i o n s h i p  between t h e  t u o  v a t i a b l e s  is 

q u e s t i o n a b l e  however, and  log - log  t r a n s f o r r a t i o n  of t h e  f i i r l d  

d a t a  y i e l d s  an t v a l u e  of 0.88, compared t o  0.82 for  t h e  l i n e a r  

model, This O r a n s f o r r a t i o n  p r o d u c e s  a n  e q u a t i o n  of the f o r r t  

ELA = O.1O.BA 1.0 

where ELA is t h e  e s t i ra t td  n e e d l e  area f o r  eaeb tree, The 

p r e d i c t e d  . v a l u e s  af t h i s  e q u a t i o n  are c o a p 8 r e d  with those of 

Kine r son ,  ~ i g g i  n g b o t h a r  and Chapman ( o p - c i t ,  ) f o r  P, i n  

pig .  1 1 ,  It c a n  be seen t h a t  there is a  f a i r l y  close 

c o r r e s p o n d e n c e  between t h e  two o v e r  t h e  r a n g e  of common v a l u e s ,  

The s u b j e c t  o f  t h e  r e l a t i o n s h i p  be tween  fo l i age  

d i s t r i b u t i o n ,  canopy d e p t h ,  leaf a r e a  a n d  r a d i a t i o n  i n t e n s i t y  h a s  

been t r e a t e d  i n  a nusber  cf t h e o r e t i c a l  papers  (see f o r  example: 

Honsi  a n d  S a e k i ,  1953; Kasanga a n d  t l ons i ,  1954; S a e k i ,  1960; 

Donald,  1961; Verhagen, U i l s o n  a n d  B r i t t e n ,  1963; Looris, 

W i l l i a m s  and Duncan, 1967; n c n s i ,  1968; Hoasi, U c h i j i a a  and 

Oikaua ,  1973) -  These  w o r k e r s  d e s c r i b e  t h e  i n t e r c e p b i o n  of solar  

r a d i a t i o n  by t h e  p l a n t  canopy as c o n f o r r i n g  to  a n e g a t i v e  

e x p o n e n t i a l  r e l a t i o n s h i p ,  g e n e t a l l y  e x p r e s s e d  a s  Beergs La*: 
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where: I d  = t a d i a t i o n  i n t e n s i t y  a t  d e p t h  d f n t h e  c a n o p y  

10 r a d i a t i o n  i n t e n s i t y  a t  t h e  t o p  of t h e  canopy  

k = e x t i n c t i o n  c o e f f i c i e n t  

L = leaf atea i n d e x  (=leaf a r e a  per  u n i t  ground  area) 

For  s i n g h  p l a n t s  this r e l a t i o n s h i p  h o l d s  true o n l y  i t  the 

l e a v e s  are a r r a n g e d  tandomly  i n  t h e  h o r i z o n t a l  plame, r h i c h  i s  

p a t e n t l y  n o t  t h e  case f o r  r o o t  s p e c i e s ,  A l t e r n a t i v e  rrdiabion 

p e n e t r a t i o n  models lrhich i n c o r p o r a t e  i n f  o r r a t i o n  a n  p h p l l o 0 a r )  

a n d  leaf i n c l i n a t i o n  a n g l e s  have  been dove lopad ,  n o t a b l y  b y  

S a e k i ,  Iwaka and  l o ~ s i  (1 965) N i  c h i p o r o v i c h  (1.963) and aoasi, 

O c h i  jima and  Oikawa (og .c i t , )  , b u t  t h e  a d v a n t a g e  of i n c r e a s e d  

r e s o l u t i o ~  of t h e s e  rodels is o f f s e t  by much gseater 

d a t a - g a t h e r i n g  e f f o r t  i n  tbe f i e l d ,  The r e g u l a r  s p a c i n g  of crop 

p l a n t s ,  and  t h e i r  f a i r l y  s i m p l e  f o l i a g e  a r c h i t e c t u r e  r a k e  this 

i n c r e a s e  i n  d a t a  c o l l e c t i o n  v i a b l e  i n  agronomic  r e s e a r c h ,  b a t  Ln 

s i l r i c ~ l t u r a l  a p p l i c a t i o n s  t h e  e n v i r o n m e n t a l  p a t c h i n e s s  t h a t  5s a 

f e a t u r e  of f o r e s t  s t a n d s  b e f o r e  t h e  c a n o p y  h a s  closed p r o b u c e s  a 

v e r y  complex and v a r i a b l e  woodland r a d i a t i c n  e ~ v i t o n m e n t ,  and,  am 

f a r  as is known, no attempt has yet been aade  t o  app ly  &on-tando. 

f o l i a g e  d i s t r i b u t i o n  models  t o  tree c a n o p i e s ,  ~ o n s e q a e a t l y  f a  

t h e  p r e s e n t  s t u d y  Beergs lau w i l l  b e  r e t a i n e d  a s  a  r o r k i n g  &ode1 

o f  c a n o p t  i l l u m i n a t i o n ,  



The o n l y  m o d i f i c a t i o n  t h a t  is made is t h a t  t h e  s u b r o u b i n e  

GROW does n o t  c a l c u l a t e  t h e  t o t a l  l e a f - a r e a  of t b e  canopy  b a t  

i n s t e a d  sums t h e  n e e d l e  a r e a s  of  a l l  p a r t i a l  or  c o m p l e t e  c r o u n s  

a b o v e  d e p t h  d t o  compute  t h e  r a d i a t i o n  i n t e b o i t y  on t h a t  p lane  

(P ig ,  6.12). R a d i a t i o n - i n t e n s i t y  i n  the model is e x p r e s s e d  on a 

d i m e n s i o n l e s s  scale from 1.0 ( f u l l  s u n )  t o  0.0 ( f u l l  s h a d e ) .  

The magn i tude  of t h e  e x t i n c t i o n  c o e f f i c i e n t  h i n  e q u a t i o n  

[3] c a n  be  c a l c u l a t e d  f rom f i e l d  d a t a  on  t h e  r a d i a n t - e a e r g y  

r e a c h i n g  t b e  forest  f l oo r  a t  s o l a r  noon p r e s e n t e d  i n  C h a p t e r  

Pour ,  A l t h o u g h  t h e s e  d a t a  Mete collected a t  forest  f loo r  l e v e l ,  

i t  i s  presumed t h a t  a constant r e l a t i o n s h i p  e x i s t s  between t o t a l  

leaf a r e a  a n d  t h e  d e g r e e  of s h a d i n g  a t  a l l  l e v e l s  in t h e  canopy. 

Computing t h e  t o t a l  n e e d l e a r e a s  on  e a c h  p l o t  u s i n g  e q u a t i o n  [ 2 ]  

and p l o t t i n g  t h e s e  a g a i n s t  r e c o r d e d  m e d i a n - r a d i a t i o n  data 

t r a n s f o r m e d  t o  a  0.0 - 1.0 s c a l e  (Pig.  6.13) y i e l d s  t h e  

f o l l o u i n g  r e l a t i o n s h i p :  

AL = Id = I,. e -0.00058 .SLA 141 

where S L A  is t h e  summed n e e d l e  a r e a  o f  a l l  h i g h e r  c a n o p i e s ,  

T h i s  is e q u i v a l e n t  t o  a  r a d i a t i o n  e x t i n c t i c n  c o e f f i c i e n t  o f  0.23, 

which is close t o  v a l u e s  quo ted  by  S a t o o  (1967) f o r  s t a n d s  o t  PI 

4s~ai .Utsb i n  Japan ,  



FIG. 6,12; MET:{OD OF CALCULATING RADIATION- INTEHS ITI ES 

I N  TWE TREE CANOPY ADOPTED I N  THE PI!!US 
MODEL, FOR EXAMPLE* THE RADIATION INTENSITY 
AT DEPTH D IN THE CANOPY (AT THE TOP OF TREE 
#2), I S  CALCULATED BY SUMMING THE LEAF-AREAS 
OF ALL ENTIRE OR PARTIAL CANOPIES ABOVE THE 
HEIGHT OF T H I S  INDIV IDUAL ( ~ ~ 1 .  



FIG, 6 3: YEDIAN RADIATION-INTENSITY AS A FUNCTION 
OF TilE TOTAL NEEDLE AREA I N  A STAttDm 



I n  o r d e r  t o  employ e q u a t i o n  [ O ]  t o  c a l c u l a t e  t h e  d a g r e e  of 

m u t u a l  s h a d i n g  i n  t b e  s t a n d ,  t h e  canopy d e p t h  of i n d i v i d u a l  trees 
e 

must be known, The l e n g t h  o f  t h e  c r o v n  is  i n f l u e n c e &  both by 

tree s i z e  and the d e g r e e  o f  canopy c l o s u r e ,  Pare a n d  Stahol in  

(1948) show t h a t  t h e  mean c r c u n - l e q g t h  ra t io  (C,L,P, = crown 

l e n g t h  a s  a p r o p o r t i o n  of t o t a l  tree height) i n  14  p a t - o l d  

p l a n t a t i o n s  of v a r i o u s  s o u t h e r n  p i n e  species is s t r o n g l y  

c o r r e l a t e d  w i t h  s t a n d  d e n s i t y .  To check  these i n t e r r e l a t i o n s h i p s  

t h e  c rown- lengths  of a l l  t h e  trees (IF 1007) on 18 0-04 ha, (0.1 

acre) q u a d r a t s  were measured i n  t h e  ~ r a n i t e  Bas in  Area. t h e  base 

of t h e  crown was t a k e n  a s  t h e  h e i g h t  of t h e  l o v e s t  l i v e  branch i n  
8 

each case, P l o t t i n g  o f  t h e  C,L,B, o f  i n d i v i d u a l  trees a g a i n s t  

t r e e  h e i g h t  i n  two p l a n t a t i o n  s t a n d s  (Pig,  6,lU) gives sore 

i n d i c a t i o n  o f  t h e  v a r i a b i l i t y  o f  t h e b e  d a t a .  I t  is a p p a r e n t  t h a t  

t h e  morphology of t h e  s t e n  is o f  l i t t l e  p r e d i c t i v e  v a l u e  i n  

d e t e r  mining t h e  C,L.R, cf t h e  i n d i v i d u a l ,  Consequen t1  y a n  

a t t e m p t  Mas made t o  p r e d i c t  mean C.L,B,'s p e r  s t a n d  u s i n g  t u o  

s t a n d  v a r i a b l e s  ( d e n s i t y  and age of d o m i n a n t s ) ,  and  t h e n  a p p l f  

these r e a n  v a l u e s  t o  i n d i v i d u a l  t r e e s .  A m u l t i p l e  l inear  

r e g r e s s i o n  a n a l y s i s  (Tab le  V1.U)  of t h e  s t a n d  d a t a  i n d i c a t e d  t h a t  

o n l y  one  r e g r e s s i o n  c o e f f i c i e n t  was s i g n i f i c a n t  ( t  = 1.75; p * 95 

X ) and  so we c a n  c o n c l u d e  t h a t  t h e  mean C - L I B ,  of a s t a n d  r a y  

be p r e d i c t e d  from t h e  r e l a t i o n  

C .L .R .  = 0.8672 - 0.002.D (r2 =. 0.619) 
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TABLB VI-3: AYALXSIS OF THB BPPECTS OP STAUD lrBB A M D  DEBSITY 
OM THE HEAY CROWY LBYGTI R A T I O I  X U  A STAID. 

Stand Dens i ty  - 0,787 
Stand Age - 0,803 

Stand D e n s i t y  - 0,787 
Stand Age - 0.182 



where D is the stem d e n s i t y  / quadrat,  ~ l o t t i g g  of these 

r e s u l t s  a longs ide  those  of Ware and s t a h e l i n  top. tit.; ?ig-  

6.15) i n d i c a t e s  a  c l o s e  correspondence i n  t h e  response of t h e  

t h r e e  t r e e  s p e c i e s  t o  canopy c losure ,  

The growbh r a t e  equat ions  presented here are  taken d i r e c t l y  

from t h e  J A B O W A  s tand s imulator  of Botkia, Janak and O a l l i s  

(1970, 1972). 

-The &ode1 c o n s i s t s  of a  bas ic  growth t d t e  
equation ,. , t h a t  may be taken t o  represent  t h e  
r a t e  of growth of a  t r e e  u i t h  optimum site 
q u a l i t y  and no competit ion from o t h e r  trees. ?or 
each plot- year t h i s  growth r a t e  is decreased by 
f a c t o r s  t ak ing  i n t o  account shading and 
shade-tolerance,  s o i l  g u a l i t  y, and average 
c l ima te  a s  measured by t h e  number of gtouing 
dey me-da ysgl, 

Botkio, Janak and Wallis, 1972: p, 853, 

AS t h e  study a rea  is o n l y  600 sq- kr. i n  a r e a l  ex tent  and 

r e s t r i c t e d  t o  one l i t h o l o g i c a l  u n i t ,  the  c l i a a t i c  and e d a p b i c  

v a r i a b l e s  a r e  omitted from t h i s  model, and shading alone is  

re ta ined ,  T h e  PINUS equation f o r  a  tree growing under optimum 

cond i t ions  becomes: 

(D*H) = R.ELA. (1 - D.H/D * 1 
151 

max' max 

i n  w h i c h  D i s  t r e e  dbh ,  H is its height, v i t h  D U X  and HRAX 

being maximum values of these quan t i t i e s .  ELA i s  the  est imated 

l e a f  area,  and B is a  constant.  For & t h e  marirur 



STEMS / HA, ( ~ 1 0 ~ )  

A P. caribaea 

o P.  e l l i o t t i i  

P .  taeda 

STEMS / ACRE U O ~ )  

FIG. 6.15: THE AEAPI CROWN-LENGTH RATIO I N  A STAND 

EXPRESSED AS A FUNCTION OF STAND DENSXTYs 



v a l u e s  o f  t h e s e  s i z e  v a r i a b l e s  i n  t h e  s t u d y  area are: 

DHkX = 50 cns,, HMAX = 3300 cms, 

The a o d e l  assumes  t h a t  t h e  a n n u a l  g rowth  i n c r e m e n t  o f  a tree 

is p r o p o r t i o n a l  t o  t h e  r a d i a t i o n  i t  r e c e i v e s ,  d e r a t e d  by  a factor  

( 1-DH/DnAX, BHAX)  which r e p r e s e n t s  t h e  r e s p i r a t o r y  a c t i v i t y  o f  t h e  

tree o v e r  t h e  same p e r i o d ,  I n  o t h e r  words it is assumed t h a t  

t h e r e  is a  l i n e a r  i n c r e a s e  i n  m a i n t e n a n c e  m e t a b o l i c  a c t i v i t y  u i t h  

i n c r e a s i n g  tree s i z e  ( D ~ E ) ,  a n d  c o n s e q u e n t l y  growth becomes 

a s y m p t o t i c  t o  DflAX, 81AX a s  t -> , 

The h e i g h t  o f  a  tree ( i n  ca,) w i t h  dbh D f i n  cm,) is given 

by t h e  polynomiaf:  

d e r i v e d  from Ker and  Smi th  (1955)-  T h e  c o n s t a n t s  fi2 and  b3  

a r e  c a l c u l a t e d  by: 

so  t h a t  when D=DfiAX, H=HMAX and  dH/dD = 0, E g u a t i o a  [ 5 ]  c a n  

be  r e w r i t t e n  i n  t h e  form: 

DEST = G.D. (1 - DoHDmax.Hmax) 
n 

where  DEST is t h e  a n n u a l  dbh i n c r e m e n t ,  The c o n s t a n t  G i n  

t h i s  e q u a t i o n  sets t h e  i n i t i a l  g rowth  rate of  young p i n e s ,  and  i s  

c h o s e n  so t h a t  t h e  r a t i o  of D/DBAX = 2/3 f o r  a t ree of h a l f  t h e  

maximum a g e  f f to tk in ,  J a n a k  a n d  W a l l i s ,  op, cit ,) ,  The aaximnn 



o ldes t  tree c o r e d  i n  n o u n t a i n  P i n e  R i d g e  g a v e  an e s t i m a t e d  a g e  of 
'i 

85 y e a r s ,  A l t h o u g h  s i t e  c o n d i t i o n s  a r e  i n i t i a l l y  assumed t o  be 

c o n s t a n t ,  v a r i a t i o n s  i n  s i te  q u a l i t y  c a n  b e  i n c o r p o r a b e d  i n t o  

P I P U S  b y  a l t e r i n g  t h e  v a l u e  o f  6 ,  s u c h  t h a t :  

G = 13 ( S I )  

w h e r e  t h e  s i t e  i n d e x  ( S 1 ) i s  t h e  mean h e i g h t  of t h e  d o m i n a n t s  

a t  25  y e a r s  { i n  m e t e r s ) ,  

E q u a t i o n  [63 m o d e l s  t h e  optimum g r o u t h  r a t s  f o r  a tree 

g r o w i n g  i n  t h e  a b s e n c e  o f  c o e p e t i t i o n ,  I n  s u b - o p t i m a l  c o n d i t i o n s  

t h i s  g r o w t h - r a t e  is d e r a t e d  by t h e  f u n c t i o n  r ( A L )  which r e l a t e s  

g r o w t h  r a t e  t o  the effects of r a d i a t i o n  c o a p e t i t i o n  i n  t h e  

c a n o p y ,  

lio d a t a  are a v a i l a b l e  i n  t h e  r e s e a r c h  l i t e r a t u r e  o n  t h e  

p h o t o s y n t h e t i c  r a te  of & c a r i b a e a  a t  v a r i o u s  r a d i a t i o n  

i n t e n s i t i e s ,  b u t  it is u n l i k e l y  t o  be s i g n i f i c a n t l y  d i f f e r e n t  

f r o m  t h a t  o f  o t h e r  p i n e s  (see: Logan,  1966; a n d  F i g ,  6-16), 

U t i l i s i n g  t h e s e  d a t a  t h e  p h o t o s y n t h e t i c  ra te  of g, a can 

b e  e x p r e s s e d  as: 

r ( A L ) =  2 . 2 4 ( 1  - e -1 .136 (AL - 0 . 0 8 ) )  

w h e r e  AL is t h e  a v a i l a b l e  r a d i a t i o n  c a l c u l a t e d  b y  e q u a t i o o  

[4j, The g r o u t h  r a t e  o f  e a c h  tree is t h e r e f o r e  d e t e r a i n e d  by  t h e  

r a d i a t i o n  i n t e n s i t y  a t  t h e  t o p  of t h e  c r o w a  (Fig.6-12) . I n  



P. strobus @ 
P. banksiana A 
P. resinosa . 

MEDIAN RADIATION I NTENS I T Y  (AL) 

FIG, 6t16: PHOTOSYNTHETIC RATE EXPRESSED AS A FUtSCTION 
OF MEDIAN RADIATION INTENSITY ( A t )  FOR 

THREE SPECIES OF PINES (DATA SOURCE: LOGAN, 
196 1, 



r e a l i t y  however ,  g e n o t y p i c  a n d  p h e n o t y p i c  factors  a lso  p l a y  a 

ro le  i n  d e t e r m i n i n g  tree g r o u t h  rate, T h e s e  c a n  r a n g e  fro8 

v a r i a b l e s  s u c h  as the l o c a t i o n  of t h e  tree r e l a C i v e  t o  its 

n e i g h b o u r s ,  u h i c h  a f f e c t 8  r a d i a l  g r o w t h  of t h e  c r o r n  a n d  a o i s b u r e  

a n d  n u t r i e n  t compe t i t i c n ,  t o  r e l a t i t e l p  m i n o r  v a r i a b l e s  s u c h  a n  

t h e  s u s c e p t i b i l i t y  of t h e  tree t o  f o l i v o r e  a t t a c k ,  T h e s e  o t h e r  

f ac to r s  are lumped t o g e t h e r  b y  PI BUS i n  an a l g o r i t h a  u h i c h  

c a l c u l a t e s  t h e  diameter g r c u t h  cf t h e  tree, i n  a s B o c h a s t i c  

f a s h i o n ,  

A n a l y s i s  of t h e  a n n u a l  g r o w t h  d a t a  f rom a s i n g l e  i n c r e m e n t  

p l o t  (A21) i n  t h e  s t u d y  area o v e r  a s e v e n - p e a r  p e r i o d  d e a o n s t r a t e  

t h a t  t h e r e  is c o n s i d e r a b l e  v a r i a t i o n  i n  a n n u a l  grouth by 

i n d i v i d u a l  trees, p o s s i b l y  as a  r e s p o n s e  t o  v a r i a b l e  m o i s t u r e  

l e v e l s ,  These a n n u a l  g r o u t h  v a l u e s  c a n  be a p p r o x i a a t e d  by a 

l o g - n o r m a l  d i s t r i b u t i o n ,  i n  which the s t a n d a r d  d e v i a t i o n  of t h e  

da ta  v a l u e s  c a n  be  e s t i m a t e d  by t h e  r e l a t i o n  SOD = 0.2 (DBST) 

w h e r e  DBST is  t h e  S e a n  a n n u a l  i n c r e m e n t  i n  diameter c a l c u l a t e d  b y  

e q u a t i o n  6 The G B O Y  s u b r o u t i n e  m o d e l s  a n n u a l  g r a u t h  

v a r i a t i o n s  by g e n e r a t i n g  a n o r n a l l y - d i s t r i b u t e d  p s e u d o - r a n d o r  

number w i t h  mean DBST and  s t a n d a r d  d e v i a t i o n  DSTD b y  a c a l l  t o  

s u b r o u t i n e  G A U S S ,  A n n u a l  h e i g h t  i n c r e m e n t s  a re  c a l c u l a t e d  from 

t h e  r e g r e s s i o n :  

HEST = 0.60.DINC 0.60 

w h e r e  D I l C  is t h e  s t o c h a s t i c  d b h  i n c r e m e n t  r e t u r n e d  by 

GAUSS, T h i s  r e g r e s s i o n  is  based o n  a n  a n a l y s i s  of t h e  diameter - 



h e i g h t  i n c r e m e n t  r e l a t i c n s  o f  , a  random sample  of 100 trees from 

t h e  i n c r e m e n t  p l o t s  i n  Boun ta in  P i n e  Ridge,  

Al though  d a t a  on s e e d l i n g  m o r t a l i t y  r a t e s  a r e  a v a i l a b l e  f o r  

a  f e u  s p e c i e s ,  (8ett and  Loucks  1968; Campbel l  and  Ham,  1973) 

t h e r e  is v e r y  l i t t l e  i n f o r m a t i o n  on t h e  ~ o r t a l i t y  r a t e s  of m a t u r e  

trees, Bast i n f o r m a t i o n  o f  t h i s  s o r t  is c o n t a i n e d  i n  r e p o r t s  on  

t h e  y i e l d  and s u r v i v a l  o f  a few commerc i a l  s p e c i e s  i n  p l a n t a t i o n s  

(eg,  B e n n e t t ,  1956, 1963; % a r e  and S t a h e l i n ,  1948; E n g b a r d t  a n d  

Bann, 1 9 7 2 ) -  Because  c f  c c n s t r a i n t s  s u c h  a s  t h e  r e g u l a r i t y  of 

s p a c i n g  and  f r e q u e n t  c l e a n i n g  and  t h i n n i n g  o f  t h e s e  s t a n d s  t h e i r  

a p p l i c a t i o n  to n a t u r a l  s t a n d s  may be  q u e s t i o n a b l e .  

S u r v i v o r s h i p  d a t a  f o r  & ~ r i b a e a  i n  B o u n t a i n  P i n e  Ridge  

a r e  e q u a l l y  s p a r s e ,  Ncne of  t h e  trees i n c l u d e d  i n  t h e  i n c r e m e n t  

p l o t s  l a i d  o u t  i n  1967 have  a s  y e t  d i e d ,  and  t h e s e  d a t a  s e r v e  

o n l y  t o  i n d i c a t e  t h e  low d e g r e e  o f  c o m p e t i k i o ~  and  h i g h  

s u r v i v o r s h i p  r a t e s  o f  trees between 15-30 y e a r s  o l d  i n  t h i s  

e n v i r o n m e n t ,  The 1959 p l a n t i n g  of g, ~ d b a e a  was d i v i d e d  i n t o  

t u o  p l o t s ,  a n d  e a c h  was p l a n t e d  w i t h  3 month o l d  s e e d l i n g s  w i t h  a 

8 x 8 i t  (2.4 x 2.4 a )  s p a c i n g ,  O v e r  t h e  f i r s t  f o u r  y e a r s  

s e e d l i n g  m o r t a l i t y  a v e r a g e d  6.5% p,a, {Pig,  6 -17) .  b u t  i n  t h e  

e n s u i n g  decade  t h i s  was s h a r p l y  r e d u c e d  t o  0.4 96 m o r t a l i t y  p e r  

y e a r ,  



YEAR 

FIG En17: PERCENTAGE SURVIVORSHIP AND AllNUAL MORTALITY 

RATES I N  A PLANTATION OF p 1 t . 1 ~ ~  u, 
ESTABLISHED I N  19% 4 MOU!4TAIN P I N E  RIDGE, BELIZE. 



X t  is n e c e s s a r y  i n  a n  i n d i v i d u a l  tree model t o  s i a u l a t e  

m o r t a l i t y  n o t  o n l y  i n  teras o f  a n n a a l  rates i n  t h e  s t a n d ,  b u t  

a l s o  i n  terms of a s s i g n i n g  i n d i v i d u a l  trees t o  be k i l l e d ,  Wees  

c a n  d ie  from p r o c e s s e s  t h a t  map be  e n t i r e l y  random s u c h  a s  

l i g h t n i n g ,  f i re ,  wind th rou ;  semi-rando., s u c h  a s  i n f e c t i o n  b y  

p a t h o g e n s ,  o r  f rom non-random Frocesses s u c h  a s  s u p p r e s s i o n ,  The 

f i r s t  g r o u p  of p r o c e s s e s  c a n  be e a s i l y  s i m u l a t e d  if t h e  prob- 

a b i l i t i e s  o f  o c c u r r e n c e  of t h e s e  e v e n t s  a r e  known, n o r t a l i t y  

f r o n  c o m p e t i t i v e  stress p r e s e n t s  a more d i f f i c u l t  problem 

however. 

The p r o g s e s s i v e  d e c r e a s e  i n  crown s i z e  i n  r e l a t i o n  t o  t h e  

stem volume of an a g i n g  o r  s u p p r e s s e d  tree r e s u l t s  i n  a d e c r e a s e  

i n  t h e  r a t i o  of p h o t a s y n t h e t i c  o u t p u t  t o  r e s p i r a t o r y  consumpt ion  

(Koz lousk i ,  1971) -  T r a n s l o c a t i o n  af w a t e r  and  e s s e n t i a l  

compo unds becomes i n c r e a s i n g l y  d i f f i c u l t  and e n z y m a t i c  and  

hormonal  a c t i v i t y  d e c l i n e ,  

The p r o b a b i l i t y  cf m o r t a l i t y  c a n  t h u s  be a s s e s s e d  on t h e  

b a s i s  o f  t h e  c o l a p e t i t i v e  s t a t u s  of t h e  i n d i v i d a a l  tree, . Most 

a u t h o r s  have  a d o p t e d  f a i r l y  a r b i t r a r y  d e e i s i c n  r u l e s  a t  t h i s  

p o i n t ,  Fo r  i n s t a n c e ,  Hewnham (1964) assumed t h a t  a tree d i e d  

when i t s  g rowth  rate o v e r  a f i v e - y e a r  p e r i o d  f e l l  below a  

t h r e s h o l d  v a l u e ,  t i n  {1969) ,  work ing  with a s t a n d  s i m u l a t o r  fo r  

T s u a a  h e t e r o ~ u l l a  i n  Oregon, used c e r t a i n  c o m p e t J t i o n  c r i t e r i a  

t o  d e f i n e  s u p p r e s s i o n ,  and any tree r e m a i n i n g  s u p p r e s s e d  o v e r  a  

s i x  y e a r  p e r i o d  was c o n s i d e r e d  dead,  



Keister (1972) e m p l o y e d  t w o  ' v a r i a b l e s  a s  p r e d i c t o r s  o f  

m o r t a l i t y ;  h i s  c o a p e t i t i c n  i n d e x  (I) [Keister, 1971) a n d  t h e  

a v e r a g e  c o m p e t i t i o n  (It) of n e i g h b o a r i n g  trees In) s u c h  t h a t  B=I/n 

F i e l d  tests of t h e  method  i n d i c a t e d  t h a t  t rees w i t h  B v a l a e s  > - 5  

had  a h i g h  r i s k  o f  m o r t a l i t y  (p= 0.61 o v e r  5 y e a r s )  compared w i t h  

trees w i t h  l o w e r  R v a l u e s  (p = - 0 8  o v e r  t h e  s a w  p e r i o d ) ,  

The a s s u m p t i o n  made i n  PIXUS is t h a t  t h e  a n n u a l  volume 

i n c r e m e n t  of a tree r e l a t i v e  t c  t h e  maximum vo lume- inc rement  o f  

trees i n  its a g e - c l a s s  is a direct  m e a s u r e  o f  t h e  d e g r e e  o f  

c o m p e t i t i o n  t h e  tree is s u f f e r i n g ,  D r .  Keister k i n d l y  made h i s  

f i e l d  d a t a  o n  t h e  c a u s e s  and amount  o f  m o r t a l i t y  i n  9, e l l i o i t i i  

a n d  & t a e d a  p l a n t a t i o n s  i n  L o u i s i a n a  a v a i l a b l e  t o  me i n  o r d e r  

t o  tes t  t h i s  a s s u m p t i o n ,  T h i s  somewhat  d e s p e r a t e  e x p e d i e n t  was 

n e c e s s i t a t e d  by  t h e  c o m p l e t e  a b s e n c e  o f  s u c h  d a t a  fo r  P, 

c a r i b a e g  i n  Belize, 

T h e  s i m i l a r i t y  of e c o l o g i c a  1 r e s p o n s e  t o  c o m p e t i t i o n  a n d  

c a n o p y  c l o s u r e  of t h e  t h r e e  s p e c i e s  is e v i d e n c e d  by P i g ,  6-15, 

a n d  i t  i s  presumed  t h a t  t h i s  s i m i l a r i t y  e x t e n d s  t o  m o r t a l i t y  

i n d u c e d  by c o m p e t i t i v e  stress, The a v a i l a b l e  e v i d e n c e  i n d i c a t e s  

t h a t  m o r t a l i t y  r a t e s  i n  p l a n t a t i o n s  o f  t h e  t h r e e  s p e c i e s  a re  

s i m i l a r  o v e r  c o a a o n  s t o c k i n g  l e v e l s  {P ig ,  6,18). 

The  L o u i s i a n a  d a t a  are b a s e d  o n  e i g h t  p i n e  p l a n t a t i o n s  

( m a i n l y  o f  E, e l l i a t t i i ) ,  r a n g i n g  i n  a g e  a t  i n i t i a l  m e a s u r s a e n t  

from 9 - 16 y e a r s ,  I n  t h e  f i r s t  f o u r  y e a r s  o f  d a t a  c o l l e c t i o n  
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201 of t h e  i n i t i a l  p q p u l a t i o n  of 2485 trees d i e d ,  of which 1 3  ( = 

0-1 % pea,  m o r t a l i t y )  d i e d  f rom u i n d t h r o u ,  f i r e  and  f i g h t a i n g ,  

The  o t h e r  188 a p p a r e n t l y  d i e d  f r cm s u p p r e s s i o n ;  most of t h e s e  

were small, a v e r a g i n g  2.4 * (6 cms,) less t h a n  t h e  p l o t  mean i n  

dbh, i n d i c a t i n g  a s n ~ p r e s s i c n - n o r t a l i t p  r a t e  of 1.9 1 pea ,  

o v e r a l l ,  Lee (1970) .  r e p o r t e d  s imilar  r e s u l t s  far young s t a n d s  

o f  & ~oator4a .  H i s  d a t a  show t h a t  t rees d y i n g  from c o m p e t i t i o n  

were on  a v e r a g e  2m (5 c a s , )  s m a l l e r  i n  dbh t h a n  t h e  s t a n d  mean, 

When t h e  m o r t a l i t y  r a t e s  of trees i n  s u c c e s s i v e  volume- 

i n c r e l r e n t  classes are computed (Tab le  V L U ) ,  it can be s e e n  t h a t  

mean a n n u a l  volume-increment d o e s  c o r r e l a t e  c l o s e l y  w i t h  

d e c l i n i n g  m o r O a l i t y  r a t e s  f P i g ,  6 - 1 9 ;  r= -. 954) , Assuming t h i s  

r e l a t i o n s h i p  h o l d s  t r u e  f o r  EL caxi&a, we c a n  t h e r e f o r e  

e s t a b l i s h  t h e  p r o b a b i l i t y  uf m o r t a l i t y  o f  a n  i n d i v i d u a l  tree as: 

= 0.04467(e -O.OO4(vinc/vcoef) Pmort 1 

where VINC is t h e  c a l c u l a t e d  o v e r b a r k  i n c r e m e n t  i n  volume f 

i n  c m , )  a n d  VCOEP is a  p r o p o r t i o a a l i t p  c o e f f i c i e n t ;  t h e  r a t i o  

be tween  mean volume i n c r e m e n t s  i n  s u c c e s s i v e  a g e - c l a s s e s  r e l a k i v e  

t o  t h e  mean a g e - c l a s s  (10-15 y e a r s )  i n  Keister's d a t a ,  The r a t i o  

i n d i c a t e s  t h a t  m o r t a l i t y  i s  n o t  d e p e n d e n t  upon a b s o l u t e  

i n c r e m e n t ,  b u t  i s  p r a p o r t i o n a l  t o  t h e  p o t e n t i a l  i n c r e m e n t  i n  e a c h  

age-c lass ,  The  v a l u e s  af t h e  VCORF i n d e x  are computed bp 

compar ing  t h e  volume-increment  /stem-volume r a t i o  f o r  f u l l y -  

s t o c k e d  s t a n d s  o f  v a r i o u s  a g e s  w i t h  t h i s  same ratio for  s t a n d s  





TABLE VI, 4:  COMPETITICN-BELATED MORTALITY AS A FUICTIOI 
OF CURRENT VCLUHE-INCREHENT I N  PLAHTATIOYS OF 

P I N U S  T A E C A  AND P. ELLIOTT11 PBON L O U I S I A N A ,  



i n  t h e  10-1 5 y e a r  a g e - c l a s s  {Table  YI, 5) , The d a t a  a r e  t a k e n  

from y i e l d  t a b l e s  f o r  61, t a e d a  p r e p a r e d  by Wahlenberg f 1960) . 
The !SORT s u b r o u t i n e  c a l c u l a t e s  PHQRT f o r  e a c h  tree i n  t h e  

s t a n d  and  t h e n  summons t h e  s u b r o u t i n e  B A I D U  t o  g e n e r a t e  a u n i f o r 8  

r a n d o a  number b e t v e o n  0  and  1, I f  t h e  c a l c u l a t e d  v a l u e  o f  PClOg'E 

is g r e a t e r  t h a n  t h e  random number t h e n  t h e  tree i s  k i l l e d ,  P o t  

example,  a  10-15 yea r -o ld  tree making no growth  i n  a n y  one y e a r  

h a s  a p r o b a b i l i t y  o f  m o r t a l i t y  of 0,0446 i n  t h a t  p e a r ,  I f  a 

random number smaller t h a n  t h i s  v a l u e  is g e n e r a t e d ,  t h e  

i n d i v i d u a l  would be r e c o r d e d  a s  h a v i n g  d i e d ,  

J u v e n i l e  m o r t a l i t y  c a n n o t  be e s t i m a t e d  by t h i s  t e c h n i q u e  a s  

v o l n a e  i n c r e m e n t  i s  not c a l c u l a t e d ,  T h e r e f o r e  m o r t a l i t y  a t  t h i s  

s t a g e  is p r o g r a a a e d  as a  f u n c t i o n  o f  t h e  h e i g h t  of t h e  s e e d l i n g  

and  t h e  amouqt of r a d i a t i o n  i t  r e c e i v e s  a t  the t c p  o f  &he crown 

[Pig. 6 - 2 0 ) ,  T h i s  app roach  is  c o n s i s t e n t  w i t h  t h a t  a d o p t e d  f o r  

ma tu re  i n d i v i d u a l s ,  a s  t h e  a n n u a l  volume i n c r e m e n t  i s  d i r e c t l y  

d e p e n d e n t  on t h e  a v a i l a b l e  r a d i a t i o n  r e c e i v e d  by t h e  tree, It 

can a l s o  b e  j u s t i f i e d  on t h e o r e t i c a l  g rounds ,  P i n e  s e e d l i n g s  

wi th  pr imary  n e e d l e s ,  a l o n e  o r  mixed w i t h  s e c a n d a r y  n e e d l e s ,  

a t t a i n  maximum p h o b o s y n t b e s i s  a t  -2500 f t-c {Kozlowski, 19'12) , 

T h i s  is b e c a u s e  t h e  p h o t o s y n t h e t i c  a p p a r a t u s  of i n d i v i d u a l  

n e e d l e s  s a t u r a t e s  o u t  a t  t h i s  r a d i a t i o n  i n t e n s i t y ,  and  t h e  l a c k  

o f  mu tua l  s h a d i n g  of n e e d l e s  i n  v e r y  ycung s e e d l i n g s ,  ( < 1 y e a r )  

means t h a t  t h e  whole s e e d l i n g  s a t u r a t e s  a t  - 2509 ft-c, A s  t h e  

s e e d l i n g  a g e s  s e c o n d a r y  n e e d l e s  grow and  clusters  o f  n e e d l e s  
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d e v e l o p ,  I n  t h i s  s i t u a t i o n  S e l f - s h a d i n g  o f  n e e d l e s  o c c u r s ,  a n d  

t h e  a p p a r e n t  p h o t o s y n t h e s i s  of young  s e e d l i n g s  o v e r  1 y e a r - o l d  

d e c l i n e s  w i t h  l o v e r  r a d i a t i o n  i n t e n s i t i e s ,  a n d  p h o t o s y n t h e s i s  

becomes almost a l i n e a r  f u n c t i o n  of r a d i a t i o n  i n t e a s i t y  o v e r  t h e  

1 , 0 0 0  - 10,000 ft-c, r a n g e  a s  t h e  s e e d l i n g  a g e s  (Boxmaan, 1956), 

PIYUS a s s u m e s  t h a t  s u r r i v o r s h i g  a l s o  d e c l i n e s  l i n e a r l y  v i t b  

a m b i e n t  r a d i a t i o n  i n t e n s i t y  (F ig ,  6,20), M o r t a l i t y  of 

s e e d l i n g s  c a n  t h e r e f o r e  b e  modelled as: 

w h e r e  t h e  B i  are  c o n s t a n t s  f o r  v a r i o u s  s e e d l i n g  h e i g h t  ;, 

classes estimated from t h e  a v a i l a b l e  p l a n t a t i o n  data, Tho 

p r o c e d u r e  u s e d  t o  k i l l  s e e d l i n g s  is t h e  same f rom t h i s  pgint op a$1 

I/ 

as t h a t  f o r  k i l l i n g  m a t u r e  trees. I~~ 

P i n a l l y  MORT summons a n  a c c o u n t i n g  s u b r o u t i n e  LISP which  

keeps t r a c k  of t h e  n u l b e r  of trees d y i n g ,  tbeir i n d i v i d u a l  

c h a r a c t e r i s t i c s ,  t h e n  c o n d e n s e s  t h e  l i v e - t r e e  a r r a y  b y  r e m o v i n g  

a l l  dead trees. On r e t u r n ,  MOBT c a l c u l a t e s  summary s ta t i s t ics  

for t h e  m o r t a l i t y  i n  each year, a n d  a c c u m u l a t e s  t h e s e  v a l u e s ,  

O u t p u t  f r o m  t h e  mcde l  c o n s i s t s  of a list o f  the v a l u e s  of 

e n v i r o n m e n t a l  v a r i a b l e s  ( l i t t e r  a n d  g r a s s  w e i g h t )  ; b i r t h  d a t a  

(seed p r o d u c t i o n ,  g e r m i n a t i o n  ra te)  ; a n d  t h e  c h a r a c t e r i s t i c s  of 

e a c h  tree i n  t h e  s t a n d  ( h e i g h t ,  d b h ,  basal  area, v o l u & e  

o v e r - b a r k ,  c u r r e n t  volume i n c r e m e n t ,  c r o w n  l e n g t h ,  leaf area, 



TABLE VI-5: VALUES OE THE V C O E f  COEFPICIENT FOR TREES 
OF V A R I O t S  'AGES. 

VCOEF is c a l c u l a t e d  a s  t h e  ratio o f  annual  volume growth 
t o  current t r e e  volume, The d a t a  a r e  d e r i v e d  from a yield 
t a b l e  for full y-stocked s t a n d s  of Pbp%tseda_ in  the 
U, S. A, 

Data Source: Uahlenberg (1960) 



r a d i a t i o n  l e v e l  a t  t o p  of t h e  tree, a n d  stem a g e ) ,  I n  a d d i t i o n ,  

summary s t a t i s t i c s  c n  mortality r a t e s ,  Bean tree h e i g h t  and dbh,  

t o t a l  l e a f  area, s t a n &  b a s a l  a r e a ,  and  t o t a l  u n d e r h a r k  volume a r e  

a lso p r i n t e d ,  The program h a s  a n  o p t i o n a l  p l o t t i n g  r o n t i n e  (ca l l  

t o  HPLOTS) which p r c d u c e s  g r a p h s  on a Caicomp p l o t t e r ,  The 

g r a p h s  c o n s i s t  o f  t h e  v a l u e s  of most of t h e  v a r i a b l e s  l i s t e d  

above,  p l o t t e d  as a  f u n c t i o n  of s t a n d  age, 



Yaylo r  g& a l i a  (1966), i n  an  ar t ic le  on  t h e  t h e o r e t i c a l  

a s p e c t s  o f  s i m u l a t i o n  i n  b u s i n e s s  management, a t l i n e  a 

n i n e - s t a g e  p r o c e d u r e  f c r  t b e  c o n s t r u c t i o n  of  a  s i m u l a t i o n  model. 

T h i s  p r o c e d u r e  i n v o l v e s :  

1, Problem P o r m o l a t i c n  
I 9, A n a l y s i s  o f  R e s u l t s  

2 ,  C o l l e c t i o n  and  P r o c e s s i n g  
of D a t a  

\ 8,  E x p e r i m e n t a l  Des ign  
3, Hat  h e m a t i c a l  Model f o r a u l a t i o n  

I 
t 

7, V a l i d a t i o n  
4, E s t i m a t i n g  P a r a m e t e r s  f 

6. Model C a n s t r u c t i o n  

The  s e q u e n t i a l  p r o c e s s  a b o v e  is similar t o  an e a r l i e r  ".ode1 

of  a modeln produced  by P o r r e s t e r  {1960), Both d e s i g n s  stress 

t h e  i m p o r t a n c e  of t h e  model v e r i f i c a t i o n  and  v a l i d a t i o n  s t a g e ,  

a n d  t h e  c y c l i c a l  n a t u r e  o f  t h e  m o d e l l i n g  Q ~ O C ~ S S -  R e c y c l i n g  

t a k e s  p l a c e  a t  a p r e l i m i n a r y  s t a g e  ( 5 ) .  when l a c u n a e  i n  model 

l i n k a g e s  o r  i n a p p r o p r i a t e  p a r a m e t e r s  a r e  e v i d e n t ,  O f t e n  

d e t e c t i o n  of a c d e l  f a i l u r e  a t  t h i s  s t a g e  is b a s e d  s o l e l y  o n  t h e  

i n t u i t i o n  o f  t h e  modeller, A f o r t h e r  series of  mode l -pe r fo reance  

tests s h o u l d  be made ( s t a g e  7) b e f o r e  e x t e n s i v e  e x p e r i s e n t a k i o n  

b e g i n s ,  



I n  many af t h e  n o d e l l i n g  e f f o r t s  i n  t h e  n a t u r a l  s c i e n c e s ,  

i n c l u d i n g  e c o l o g y ,  t h e  p r o c e s s  of  c o n s t r o c t i o n  of a s i m u l a t i o n  

model i s  o f t e n  l i m i t e d  t o  a  s i n g l e  p a s s  t h r o u g h  t h e  n i n e  s t a g e s ,  

w i t h  s c a n t  a t t e n t i o n  b e i n g  p a i d  t o  model v a l i d a t i o n ,  Kenneth 

Watt ,  i n  a  c r i t i q u e  of t h e  s t a t e - o f - t h e - a r t  i n  bioms mode l l i ng ,  

n o t e s :  

= T h e  v a s t  m a j o r i t y  of  t h e  models  p u t  i n t o  t h e  
l i t e r a t u r e , , ,  , e i t h e r  d o  n o t  describe t h e  
phenomena t h e y  p u r p o r t  t o  d e s c r i b e ,  o r  c o n t a i n  
i n t e r n a l  a a t h e m a t i c a l  d i f f i c u l t i e s ,  ,* 

1975; p, 143. 

C o n f i d e n c e  i n  a model 's  o u t p u t  s h o u l d  t h e r e f o r e  warp 

d i r e c t l y  w i t h  t h e  a m u n t  of  t e s t i n g  t o  which i t  h a s  been 

s u b j e c t e d ,  fie t y p e  o f  tests wary b e t v e e n  d i f f e r e a t  classes of 

models. T h e o r e t i c a l ,  o r  s t r a t e g i c  models ,  can be r e g a r d e d  as 

e x t e n s i o n s  of  s c i e n t i f i c  theor ies  i n  g e n e r a l ,  and  c a n  be 

c o r r o b o r a t e d  by f a i l u r e  t o  d i s p r o v e  t h e  h y p o t h e s e s  g e n e r a t e d  by 

t h e  ffodel (Popper ,  1959; P l a t t ,  1964). A s i n g l e  i n s t a n c e  of 

d i s a g r e e m e n t  between model p r e d i c t i o n s  and  r e a l i h y  t h e r e f o r e  

r e f u t e s  t h e  s o d e l  ( C a s w e l l ,  t976) .  

P r e d i c t i r e  mdels c a n n o t  be v e r i f i e d  i n  t h e  same manner. 

The p e r f  ormance of t h e  a o d e l  (its p r e d i c t e d  r e s u l t s )  , are judged  

a g a i n s t  e m p i r i c a l  d a t a ,  and  t h e  model is  e i t h e r  a c c e p t e d  o r  

r e j e c t e d ,  The p r o b a b i l i t y  o f  r e j e c t i o n  increases a s  t h e  t e s t  

becomes more p o u e r f  u l ;  f a i l u r e  becomes i n e  rftabf e af ter  a c e r t a i n  

p o i n t ,  a s  no s i m u l a t i o n  a o d e l  is a n  e x a c t  r e p l i c a  of o b s e r v e d  



r e a l i t y ,  Hodel  r e j e c t i o n  c a n  be  a s c r i b e d  t o  s e v e r a l  c a u s e s ,  

O r i g h t  lists t h e  most comnon as :  

* (1) I n c o m p l e t e  scope:  m i s s i n g  components ,  

(2) I n c o r r e c t  cr  o v e r - s i m p l i f i e d  f u n c t i o n a l  
forms,,,,,, 

(3) B i s e s t i m a t i o n  of  parameters , .  , , 

(4)  U n c e r t a i n  i n i t i a l  c o n d i t i o n s .  

( 5 )  S t a c h a s t i c  v a r i a t i o n  c f  exogeneous  i n p u t s , .  , 

(6) 8 o i s e  and  m i s s p e c i f i c a t i c n  i n  t h e  measucement 
p r o c e ~ s , ~  

1972; p, 1287, 
/ 

The s t a g e  of model  v a l i d a t i o n  i n  ! J a y l o r a s  (op. c i t . )  r o d e 1  

c a n  b e  f u r t h e r  s u b d i v i d e d ,  Nay lo r  a n d  F i n g e r  (1967) p r o p o s e  a 

t h r e e - s t a g e  s e q u e n c e  f o r  v a l i d a t i o n  of componen t s  of t h e  model: 

1: C o n s t r u c t  a set of h y p o t h e s e s  f o r  t h e  p r o c e s s  
u s i n g  a l l  a m a i l a b l e  knou ledge ,  Hence models  
i n c o r p o r a t i n g  s u c h  kncwledge  s h o u l d  e x h i b i t  a 
p r i o r i  c o n f i d e n c e ,  

2: V e r i f y  a s s u m p t i o n s  by e m p i r i c a l  t e s t i n g ,  

3: T e s t  m o d e l a s  a b i l i t y  t o  p r e d i c t  b e h a ~ i c u r  o f  t h e  
r e a l  sy s t em,  

S t a g e s  two a n d  t h r e e  c o m p r i s e  t h e  i n i t i a l  e v a l u a t i o n  

p r o c e d u r e  aqd c o n f i r m  t h a t  t h e  c u e f f  i c i e o t s ,  f u n c t i o n s  o r  

sub-models  p r o d u c e  a c c e p t a b l e  r e s u l t s ,  Once t h e s e  sub-models  a r e  

l i n k e d  t o g e t h e r  however t h e r e  is no g u a r a n t e e  t h a t  t h e  

vhole-model  o u t p u t  w i l l  a i a i c  t h e  dynamics  of  t h e  r e a l - w o r l d  



p r e d i c t e d  s y s t e m s  are s a m p l e s  from t h e  same s t o c h a s t i c  p r o c e s s .  

F i v e  t e c h n i q u e s  are comaonly  u s e d  t o  a c h i e v e  t h i s  end:  n a m e l y ,  

g r a p h i c a l  me thods ,  s e n s i t i v i t y  a n a l y s e s ,  " T u r i n g u  tests, 

goodness -o f - f  it tests, a n d  f i e l d  tests, 

B o s t  e c o l o g i c a l  a o d e l l e r s  h a v e  r e s t r i c t e d  t h e e s e l v e s  t o  t h e  

first t e c h n i q u e ,  The .ode1 is j u d g e d  t o  b e  a c c e p t a b l e  i f  t h e  

time p a t h s  of t h e  p l o t t e d  v a r i a b l e s  of i n t e r e s t  e x h i b i t  s imilar 

o s c i l l a t i o n s  o r  k i m e - d e l a y  r e s p o n s e s ,  S e n s i t i v i t y  a n a l y s i s  o f  

model  b e h a v i o u r  is based o n  t h e  a s s i g n a t i o n  o f  m o d i f i e d  v a l u e s  t o  

t h e  model  p a r a m e t e r s ,  f o r  e x a s ~ l e ,  b y  c h a n g i n g  t h e  m a g n i t u d e  of a 

p a r a m e t e r  by f: 10 91, T h i s  k i n d  of a n a l y s i s  foc~lsses a t t e n t i o n  o n  

s y s t e m  a t t r i b u t e s  which  are  h i g h l y  s e n s i t i v e  t o  small c h a n g e s  i n  

? m a g n i t u d e ,  a n d  which  h e n c e  mus t  be m o d e l l e d  w i t h  c o n s i d e r a b l e  
&A 

6." a c c u r a c y ,  A r e f i n e m e n t  o f  t h i s  t e c h n i q u e  was p r o p o s e d  b y  Tomooic  
iQ. 

(1963) ,  a n d  i n v o l v e s  t h e  c a l c u l a t i a n  o f  ' s e s s i t i a i t p  

c o e f f i c i e n t s ' ,  w h i c h  axe s o l v e d  s i e u l t a n e o a s l y  d u r i n g  model 

e x e c u t i o n ,  

W r i g h t  (op, c i t . ) ,  n o t e s  t h a t  a real t e s t  of t h e  

a c c e p t a b i l i t y  of a model  is w h e t h e r  i t  g a i n s  t h e  c o n f i d e n c e  of 

t h e  academic a u d i e n c e  ( o r  f u n d i n g  g r o u p )  fo r  whom it was 

i n t e n d e d ,  a n d  t h i s  c a n  be r e g a r d e d  as a v a r i a n t  o n  T u r i n g ' s  

#model o u t p u t  f o o l s  s x p e r t s n  tes t ,  T u r i n g  (l95U), s u g g e s t e d  t h a t  , 

a m e a s u r e  o f  t h e  L Q ,  of a n  a r t i f i c i a l  i n t e l l i g e n c e  c o u l d  be 



a n d  a human i n t e l l i g e n c e ,  T h e  , e g u i v a l e n t  tes t  i n  e c o l o g y  would 

be whe the r  e c o l o g i s t s  o r  foresters c o u l d  d i f f e r e n t i a t e  between 

model o u t p u t  and  o b s e r v e d  d a t a ,  

Goodness -o f - f i t  tests measure  t h e  s t a t i s t i c a l  c o i n c i d e n c e  of 

model p r e d i c t i o n s  a g a i n s t  e m p i r i c a l  d a t a ,  These  u s u a l l y  c o n s i s t  

o f  t e s t s  o f  a n a l y s i s  af v a r i a n c e ,  c h i - s q u a r e d  tests, t-tests, a n d  

c o r r e l a t i o n - r e g r e s s i o n  a n a l y s i s ,  F i e l d  tests u s u a l l y  i n v a l v e  t h e  

m a n i p u l a t i u n  of r ea l  world s y s t e m s  t o  a t t e l r ~ t  t o  v e r i f y  t h e  

p r e d i c t i c n s  of t h e  model, 

7-22 VEBIPICITION O F  PflUS - 

PIHUS c a n  be v e r i f i e d  by  g o o d n e s s - o f - f i t  tests of its 

growth,  y i e l d  and  m o r t a l i t y  p r e d i c t i o n s  a g a i n s t  r e a l  s t a n d s  i n  

Mountain P i n s  Ridge. The o n l y  s u i t a b l e  e m p i r i c a l  data s o u r c e  is 

f r o n  t h e  i n c r e m e n t  p l o t s  e s t a b l i s h e d  i n  3967. Earh  one  of t h e s e  

c o v e r s  0.1 acres (400 s q ,  m,), t h e  same size as  t h e  p l o t s  i n  t h e  

s a m p l e  s t a n d s ,  I n c r e m e n t  p l o t s  l o c a t e d  i n  t h e  h i l l y  a r e a s  t o  t h e  

s o u t h  and  e a s t  o f  t h e  G r a n i t e  Bas in  were c o n s i d e r e d  u n s u i t a b l e  

f o r  s e r i f  i c a t i o n  p u r p o s e s ,  a n d  t h e s e  were d i s c a r d e d .  E i g h t  p l o t s  

i n  t h e  ~ r a n i t e  B a s i n  Mere f i n a l l y  u t i l i s e d  f o r  the v e r i f i c a t i o n  

p r o c e d u r e ,  A s  t h e s e  p l o t s  r e p r e s e n t  o n l y  a v e r y  l i m i t e d  r a n g e  

o f  forest c o n d i t i o n s ,  t h e y  s e v e r e l y  restrict t h e  u s e f a l n e s s  o f  

t h e  model v e r i f i c a t i o n  p rocedure ,  However, f o r  t h e  s a k e  of 

c o m p l e t e n e s s ,  v e r i f i c a t i o n  tests  are unde r t aken ,  P I I D S  can b e  

tested by a s s e s s i n g  uhe ther :  

a )  t h e  mean p r e d i c t e d  s t a n d  growth  rates are 
s i g n i f i c a n t l y  d i f f e r e n t  f rom growth  i n  t h e  
i n c r e m e n t  p l o t s ,  



b) t h e  meaq p r e d i c t e d  g r o v t h  r a t e s  o f  i n d i v i d u a l  
trees a r e  s i g n i f i c a n t l y ,  d i f f e r e n t  f rom growth  o f  
trees i n  t h e  i n c r e m e n t  p l o t s ,  

c) t h e  m o r t a l i t y  i n  t h e  s i m u l a t e d  s t a n d s  is n o t  
s i g n i f i c a n t l y  d i f f e r e n t  f rom t h a t  t a k i n g  p l a c e  i n  
t h e  i n c r e m e n t  p l o t s .  

The i n p u t  f o r  each v e r i f i c a t i o n  r a n  c o n s i s t e d  of t h e  s t a n d  

d a t a  from t h e  o r i g i n a l  c e n s u s  i n  1967, P I I U S  t h e n  upda ted  t h e  

g rowth  of e a c h  tree in e a c h  o f  t h e  e i g h t  s ample  s t a n d s  on  a n  

a n n u a l  b a s i s  o v e r  a s i x - y e a r  p e r i o d ,  T h i s  p r o c e d u r e  was r e p e a t e d  

for a total o f  t e n  runs p e r  i n c r e m e n t  p l o t ,  i n  order t o  o b t a i n  a 

p r o b a b i l i t y  d i s t r i b u e i o n  f o r  each v a r i a b l e  of i n t e r e s t ,  The r e a l  

growth,  y i e l d  and a o r t a l i t y  v a l u e s  f o r  1973 were t h e n  compared 

w i t h  t h e  s i m u l a t e d  v a l u e s ,  

The mean s i m u l a t e d  dbh i n c r e m e n t s  f o r  e a c h  tree i n  t h e  

s ample  r u n s  a r e  g i v e n  i n  T a b l e  YII, I, These  v a l a e s  were t e s t e d  

a g a i n s t  a c t u a l  i n c r e m e n t s  u s i n g  a t-test (Tab le  VII.2) . I n  

o n l y  one  case is t h e r e  any d i f f e r e n c e  between o b s e r v e d  and  

s i m u l a t e d  dbh i n c r e m e n t ,  T h e  d i s t r i b u t i o n  of dbh i n c r e m e n t s  i a  

t h e  o b s e r v e d  and s i ~ u l a t e d  s t a n d s  may be  tested u s i n g  a 

Kolmogorotr-Sairnov t wo-sample test,  For  t h e  par=goses of t h i s  

test o n l y  t h e  f i r s t  s i s u l a t i o n  r u n  i n  e a c h  series was compared to  

t h e  o b s e r v e d  v a l u e s ,  PfPUS p e r f o r n e d  a c c e p t a b l y  i n  a l l  o f  t h e  

e i g h t  s a m p l e d  s t a n d s  (Fig, 1 )  in none of the Eases was t h e  

p r e d i c t e d  d i s t r i b u t i o n  s i g n i f i c a n t l y  d i f f e r e n t  f r a a  t h e  observed .  
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TABLE VII.2: "tn- T E S T  ON M E A N  DBH GROWTH UP T R E E S  IN 
'lHE INCREdkNT PLOTS A N D  T H E  S I H U L A T E D  STANDS- 

Ho: That there is no s i q n i f i c a n t  difference i n  dbh 
increment b e t w e e n  r e a l  stanas a n d  t h e i r  simulated 
e q u i v a l e n t s .  

I S t a n d  A c t u d l  abh S i r n u l a t a d  H*an A b s o l u t o  t P 
qrowth  y r o w t h  

i 
1 Deviat ion wal ue 
(------------------------------------------------------*------- 

I 
I 



DBE I NCREMEtIT (CMS ,) 

1 , 7 : CUMULATIVE FREWJENCV-D I STR I B U T  IONS: QF DBH ' 

IflCRErlENTS I N  THE REAL (-1 AND SIMULATED (@ STAtJDS, THE 
LEAST s IGM IF ICANT DIFFERENCE (LSD) cv THE KOLMOGOROV-SM IRNOV 

TWO-SAMPLE TEST I S  INCLUDED FOR COMPARISON Otl EACH PLOT, 
THE LSD I S  GRAPHED FOR A ~ ~ 1 ~ 7  LEVEL,  



: K E A N  DBH I N C b E N E N T S  I N  REAL AND S I ? l U L A T E D  
STANDS. 

a t  t h ~ r e  is no s i g n i f i c a n t  d i f f e r + n c a  b e t w w n  
DbH increments i n  the real ana s i m u l a t e d  s t a n d s .  



TABLE VT1.4: 3 E A N  HEIGHT I N C R E i l E E T S  IN H E A L  AND S I n U L A T E i )  
STANDS- 

No: T h a t  there is n o  s i g n i f i c a n t  d i t f e r e n c ?  between 
h e i g h t  i n c r e m e n t s  i n  t h e  real  a n d  s i m u l a t e d  s t a n d s .  



TABLE V I I . 5 :  uiNOkIAL TdS'i: C N  THE DIFFERENCE UETWEEN FIORTALITY 
1% ThE lNCREMENT PLOTS AND THAT I N  THE SIflULATED 
STANDS. 

Ho: That th2  m o r t a l i t y  r a t z s  p r e d i c t e d  by PLNUS are n o t  
s i q n i t i c a n t l y  graater  t h a n  t h e  m o r t a l i t y  rates i n  
r e a l  s t a n d s  ( I - t a i l e d  t e s t ) ,  

P o o l e d  p = ( A + A 8 ) / ( N + N ' )  = LL/2167 = 1 . 0 1 5  

P o o l e d  s ' z  1 . 0 1 5  (98,985) = 100, Y92 

spa = 100,492/197 = 0.510 

spaa = 100.492/1970 = 0 , 0 5 1  

sd* = 0 . 5 1 0  + 0 , 0 5 1  = 0 , 5 6 1  

s d  = 0 , 7 4 9  

xo = ( I ) - p t ) / s d  = - 1 . 1 1 7 / 0 . 7 4 9  = - 1 , 4 9  

s i n c e  x*,.,, = - l , b 4  i n  a o n e - t a i l 9 d  test, t h e  d i r f a r a n c e s  

are n o t  s i g n i f i c a n t  and thz n u l l  h y p o t h * s i s  (Ho) 

is  a c c e p t e d ,  



The resul ts  o f  t h e s e  tests c o n f i r .  t h a t  PINUS models  s t a n d  

growth  r e a s o n a b l y  u e f  1, b u t  t h e r e  a r e  c o n s i d e r a b l e  d e v i a t i o n s  

from obserwed d b h  i n c r e m e n t s  on an  i n d i v i d u a l  t ree b a s i s ,  PINUS 

computes  dbh i n c r e m e n t s  f o r  e a c h  tree based on t h e  a v a i l a b l e  

l i g h t  a t  t h e  t o p  of t h e  c r u u n  o f  t h a t  tree, and  a s sumes  a  un i fo rm 

d i s t r i b u t i o n  of f o l i a g e  i n  t h e  c rowns  o f  i n d i w i d a a f s ,  and  a 

u n i f o r m  s p a c i n g  o f  trees i n  t h e  s t a n d ,  D i s c r e p a n c i e s  be tween  

p r e d i c t e d  and  o b s e r v e d  v a l u e s  a r e  undoub ted ly  d u e  to  t h e s e  two 

a s s u m p t i o n s  b e i n g  v i o l a t e d  in t h e  i n c r e m e n t  p l o t s .  

On a n  o v e r a l l  b a s i s  PINUS c a l c u l a t e s  growth  r a t e s  t o  within 

10 % of t h e i r  r e a l  v a l u e s  i n  t h e  p l o t s  sampled  ( T a b l e s  V X 1 . 3  and 

V I I , 4 ) ,  and  is t h e r e f c r e  judged  a n  a c c e p t a b l e  lode1 of s t a n d  

growth. 

l o n e  of t h e  197 trees i n  t h e  i n c r e m e n t  p l o t s  d i e d  o v e r  t h e  

s i x - p e a r  c e n s u s  p e r i c d  f o r  which t h e  s i m u l a t i o n  was performed.  

I n  t h e  s i m u l a t i o n  rrrns t h e  f o l l o w i n g  r e s u l t s  Mere c b t a i n e d :  

where I is t h e  i n i t i a l  number of stems, and  F is  t h e  f i n a l  

q u a n t i t y ,  The s i m u l a t i o n  r u n s  i n d i c a t e  t h a t  t h e  d e a t h  o f  2.2 

s i e n s  c a n  be e x p e c t e d  on a v e r a g e ,  w i t h  zero m o r t a l i t y  o c c u r r i n g  



some 1 0  1 of t h e  t h e ,  Using a P o i s s o n  d i s t r i b u t i o n  t o  c a l c u l a t e  

t h e  95 S c o n f i d e n c e  i n t e r v a l  a b o u t  a c o u n t  o f  0 ( t h e  o b s e r v e d  

m o r t a l i t y )  , ue o b t a i n  v a l u e s  o f  0 - 0  - 3.6- I n  o t h e r  words a 

p r e d i c t e d  m o r b a l i t y  of < 3-6 stems is n o t  s i g n i f i c a n t l y  d i f f e r e n t  

f rom z e r o  { F i s h e r  a n d  P a t e s ,  1963; Biometric t a b l e s ,  p - 6 5 ) .  The  

s i m u l a t i o n  r u n s  p roduce  resal0s w i t h i n  t h e  a p p r o p r i a t e  c o n f i d e n c e  

i n t e r r a l  80 X of t h e  time, 

The  d i f f e r e n c e  between o b s e r v e d  and  s i m u l a t e d  m o r t a l i t y  c a n  

be a l s o  t e s t e d  u s i n g  t h e  b i n o m i a l  d i s t r i b u t i o n  (Table VII,5) ,  

S i n c e  t h e  c a l c u l a t e d  v a l u e  OF x* f a l l s  s h o r t  of t h e  t a b u l a t e d  

1.64 a t  P=0,05 i n  a o n e - t a i l  tes t ,  we c a n  c o n c l u d e  t h a t  t h e  m d e l  

m i m i c s  t h e  morta l i ty  i n  r e a l  wor ld  s i t u a t i o n s  r e a s a n a b l y  w e l l .  

A l though t h e  v e r i f i c a t i o n  tests are n o t  v e r y  r i g o r o u s ,  a n d  

t h e  model h a s  o n l y  been  t e s t e d  orer t h e  s h o r t  term, it can be 

c o n c l u d e d  t h a t  PINUS i s  a  r e a s o n a b l e  a n a l o g u e  o f  t h e  s t a n d  

b e h a v i o n r  of E, c a ~ i b a e q ,  I t  will t h e r e f  o r e  be  e n p l o y e d  to  best 

t h e  effects of v a r i o u s  f o r e s t  a a n a g e a e n t  s t r a t e g i e s  on s t a n d  

s t r u c t u r e  and  t i m b e r  y i e l d s ,  



The p r i m a r y  g o a l s  o f  f o r e s t  managenent i n  8 o u n t a i n  P i n e  

Ridge ,  a s  i n  t h e  o t h e r  C e n t r a l  American p i n e l a n d s ,  have  been t h e  

c o n s e r r a t i o n  o f  t h e  p i n e  r e s o u r c e  a n d  t h e  s t i m u l a t i o n  of p i n e  

r e g e n e r a t i o n  t h r o u g h  f i r e  c o n t r o l  a n d  p r o t e c t i o g  o f  s t a n d s  from 

o v e r - c u t t i n g ,  Hos t  f o r e s a  aanagement  t o  d a t e  h a s  c o n c e n t r a t e d  

o n  f i r e - s u p p r e s s i o n ,  f n  o r d e r  t o  i a p l e m e n t  t h e  s e c c n d  o b j e c t i v e  

d a t a  are e x p r e s s l y  r e q u i r e d  o n  t h e  c u t t i n g / r e g e n e r a t i o n  sys t em t o  

b e  employed h g, c p ~ u a e a  s t a n d s ,  t h e  l e n g t h  of the r o t a t i o n ,  

and  t h e  r e s p o n s e  of s t a n d s  t o  v a r i o u s  l e v e l s  o f  t h i n n i n g  

i n t e n s i t y  a n d  f r e q u e n c y ,  

C a r i b b e a n  p i n e  c a n  b e  managed i n  e i t h e r  a l l - a g e d  o r  

even-aged s t a n d s ,  Under t h e  f orner, t h e  i n t e r m e d i a t e  

s h a d e - t o l e r a n c e  o f  t h e  s p e c i e s  a l l o w s  a g r o u p - s e l e c t i o n  s y s t e m  t o  

be a p p l i e d ,  s i t h  r e g e n e r a t i n g  p i n e  restricted to  small g a p s  i n  

t h e  canopy. T h i s  method h a s  t u o  drawbacks,  C o m p e t i t i o n  of 

r e g e n e r a t  i o n  w i t h  t h e  u n h a r v e s t e d  mature  p i n e  may i n d u c e  

s u p p r e s s i o n ,  and  t h e  s y s t e m  is n o t  f e a s i b l e  i n  areas where 

low-cost  management should b e  p r a c t i c e d ,  Even-aged managenent is 

p r e f e r a b l e  a s  t h e  trees c a n  b e  h a r v e s t e d  i n  one o p e r a t i o n ,  

p r e s c r i b e d  b u r n i n g  of even-aged s t a n d s  f o r  f i r e - h a z a r d  r e d u c t i o n  

and  r a n g e  management r e s u l t s  i n  less d a ~ a g e  t o  young p i n e ,  and  

c o m p e t i t i o n  be tween  ma tu re  trees a n d  r e g e n e r a t i o n  is reduced. 
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S e v e r a l  a l t e r n a t i v e  s i l v i c u l t u r a l  s y s t e m s  may be e r p l o y e d  t o  
a%- -" 
(*" 

2 s  

& 
o b t a i n  r e g e n e r a t i o n  under even-aged management, C l e a r m t t i n g  t h e  

u. 
d r r  
,+ e n t i r e  s t a n d  and t h e n  p l a n t i n g  s e e d l i n g s  o r  s e e d i n g  o n t o  p r e p a r e d  
a 4 
w 

(burned ,  d i s h e d ,  e t c , )  s e e d b e d s  is v i d e s p r e a d  i n  areas o f  
n*̂  

-& i n t e n s i v e  t ree c u l t i v a t i o n  where heavy equ ipmen t  i s  used in t h e  
X 

l o g g i n g  o p e r a t i o n ,  I n  a r e a s  o f  e x t e n s i v e  l o r c o s t  management 
*' 

s u c h  a s  Plountain P i n e  Ridge  v i g o r o u s  and e x p e n s i v e  s i te  

&i$ 
2 p r e p a r a t i o n s  are n o t  f e a s i b l e  a n d  n a t a r a l  r e g e n e r a t i o n  o f  s t a n d s  4 
3 " '  
g* 
4.p is mandatory,  The reccmrended  methoas  f o r  s u p p l y i n g  a  s e e d  
m s o u r c e  unde r  low-cos t  management have  been: t o  e i t h e r  l e a v e  

s c a t t e r e d  or c l u t p e d  trees t o  a c t  a s  s e e d - b e a r e r s  (35 t r e e s / h a ,  

C l4/ac.  3 g e n e r a l l y  b e i n g  c o n s i d e r e d  t h e  economis: l i m i t )  ; o r  t o  

a p p l y  t h e  s h e l t e r w o o d  sys tem,  where 60-100 t r e e s / h a ,  (25-4O/ac,) 

may be r e t a i n e d  i n  s t r i p s  a t  r i g h t  a n g l e s  t o  t h e  p r i n c i p a l  

-+. u i n d - d i r e c t i o n ,  I n  d o u n t a i n  P i n e  Bidge,  Wolf f s o b n  (1956) , 
t -. .* e n v i s a g e d  t h a t  t h e  p i n e  s t a n d s  would be aanaged  a c c o r d i n g  t o  t h e  

s e e d - t r e e  sys t em,  and  P I l U S  was t h e r e f o r e  employed t o  p r e d i c t  t h e  

r e s p o n s e  of s t a n d s  o f  & c a r i b q m  t o  t h i s  form o f  managemant, 

- 
f&&; HABAGEfMHT BY T H E  SEED-TREE SYSTBU. 

S e v e r a l  l o g i c a l  p roblems a r e  e n c o u n t e r e d  i n  a d a p t i n g  PINUS 

t o  model a  s e e d - t r e e  ~ e g c n e r a t i o n  system. The first o f  t h e s e  i s  

t h a t  s e e d - d i s p e r s a l  f rom t h e  remnant  s e e d - b e a r e r s  i s  presumably  

p a t c h y  i n  n a t u r e ,  d e p e n d e n t  upon i n t e r a c t i o n s  between r ind - speed ,  

d i r e c t i o n ,  and l o c a l  topography,  l o  d a t a  a r e  a v a i l a b l e  on seed 

d i s s e m i n a t i o n  d i s t a n c e s  f o r  2, s p y i b a e a ,  b u t  n o s t  p i n e  s p e c i e s  



a t t a i n  mean d i s p e r s a l  d i s t a n c e s  of 100 metres (Baker,  1934) ,  

a p p a r e n t l y  due  to  t h e  s i m i l a r i t y  of s e e d - r e i g h t / s u r f  a c e - a r e a  

r a t i o s  between s p e c i e s  ( G e m m e r ,  1940; quo ted  i n  Wahlenberg,  

1960) .  T h i s  complex o f  f a c t o r s  w i l l  i n  most c a s e s  g i v e  r i se  Oo a 

seed-shadow which c o v e r s  a  f a i r l y  nar row a n g l e  doqnwind of e a c h  

seed-tree, w i t h  t h e  d e n s i t y  of seeds a f u n c t i o n  of d i s t a n c e  f rom 

t h e  p a r e n t  tree, The i n h e r e n t  d i f f i c u l t y  o f  p r o d a c i n g  a 

r e a l i s t i c  model of t h i s  h i g h l y  v a r i a b l e  phenomenon l e d  t o  t h e  

s i m p l i f y i n g  a s s u a p t i o n  t h a t  s e e d  d i s t r i b u t i o n  i n  a  s t a n d  s h o u l d  

be t r e a t e d  a s  uniform,  

B e g e n e r a t i o n  o f  a s t a n d  from s e e d - b e a r e r s  d e p e n d s  n o t  o n l y  

upon t h e i r  s p a c i n g ,  b u t  also cn t h e  a a o u n t  of s e e d  produced  by 

t h e  remnant  trees, The p o s t - h a r v e s t  release o f  s e e d - b e a r i n g  

t rees from c o m p e t i t i o n  r e s u l t s  i n  i n c r e a s e d  seed-  y i e l d s ,  i n  some 

cases by a s  much a s  500 X (Powel l s ,  1 9 6 5 ) -  Although no d a t a  a r e  

a v a i l a b l e  on t h e  e x t e n t  of t h i s  release i n  P, c a ~ i b a e a ,  i t  is  

clear t h a t  r e d u c e d  c a m ~ e t i t i o n  i n d u c e s  a n  i n c r e a s e  i n  t h e  c o n e  

y i e l d  o f  dominant  a n d  co-dominant trees (Pig. 8.1) i n  sampled  

s t a n d s .  PINUS h o v e r e r  assumes  t h a t  t h e  s e e d  p r o d u c t i o n  of trees 

of a p a r t i c u l a r  b a s a l  a r e a  r e m a i n s  c o n s t a n t  a f t e r  h a r v e s t i n g .  

Thus i t  i s  more r e a l i s t i c  t o  a n a l y z e  t h e  dynamics  o f  t h e  s t a n d  a s  

a r e s p o n s e  t o  a s p e c i f i c  s e e d - i n p u t  t o  t h e  s y s t e m ,  ra ther  t h a n  a  

r e s p o n s e  t o  a number of s e e d - t r e e s  p e r  u n i t  area, Thns ,  t o  

s i m u l a t e  t h e  r e g e n e r a t i v e  r e s p o n s e  o f  a s t a n d  t o  a  s e e d - r a i n  

p roduced  by n t r e e s / h a , ,  it i s  a s s n e e d  t h a t  a s i n g l e  s e e d - t r e e  is 



TOTAL BASAL-AREA ( M ~ )  OF A L L  TREES ,?no CMS, B-A, 

Ern,  8 , l :  SEED-VIED PER TREE A S  A FUNCTION OF THE 

DEGREE OF COt lPETIT ION I N  A STAND, THE 
"SEED-TREE" ZONE REPRESENTS THE RANGE OF TOTAL 
STEM BASAL-AREA TO BE EXPECTED I N  A STAND 

AcTER HARVESTING UNDER A SEED-TREE REGENERATION 

SVST EM, 



l o c a t e d  i n  t h e  s i r u l a t e d  0.04 ha,  (0.1 acre) g l o t ,  b u t  t h a t  
m 

s e e d f a l l  o a  this ploO is e q u a l  t o  0-04 ,C  S p i ,  w h e r e  Spi is t h e  
t = i  

t o t a l  s e e d - p r o d u c t i o n  of t h e  i t h  tree, 

A f u r t h e r  p roblem c o n c e r n s  t h e  a n n u a l  v a r i a b i l i t y  o f  

s eed -c rops ,  A n e c d o t a l  i n f o r m a t i o n  o n  c o n e - y i e l d s ,  b a s e d  on t h e  

amount of s e e d  c o l l e c t e d  ccmmerc i a l ly ,  i n d i c a t e s  t h a t  E, 

c a r i b a a  is a more c o n s t a n t  s e e d - b e a r e r  t h a n  most of its -- 
t e m p e r a t e  c o n g e n e r s ,  and  PINUS t h e r e f  o r e  a s sumes  c o n s t a n t  rates 

of s e e d - p r o d u c t i o n  bp t h e  u n h a r v e s t e d  trees, Wi th in  t h e s e  

c o n s t r a i n t s  m e  c a n  e x a r i n e  t h e  r e s p o n s e  o f  s t a n d s  t o  v a r i a b l e  

s e e d  i n p u t ,  

The i n i t i a l  s t a n d  i n  e a c h  s i m u l a t i o n  r u n  u a s  compr i sed  o f  

trees b e a r i n g  1000 seeds e a c h  (> 800 cms, 3 1  or  25 c n s ,  [10H3 

DBH) , e q u i v a l e n t  t o  a  mean a n n u a l - c r o p  of 2 5  c o n e s / t r e e .  The 

e x p e r  imen t  a 1  d e s i g n  c o n s i s t e d  o f  t e s t i n g  f i v e  l e v e l s  of i n i t i a l  

s e e d - i n p u t ,  The  s e e d  i n p u t s  and  t h e i f  c o r r e s p o n d i n g  s e e d - t r e e  

: r e q u i r e m e n t s  are l i s t e d  i n  T a b l e  V I I I ,  I ,  

z, * 
The model was r u n  f o r  a s i m u l a t e d  t i n e - p e r i o d  o f  50 years a t  

l e a s t  t e n  times f o r  e a c h  e x p e r i m e n t a l  t r ea tmen t .  A t  some p a i n t  

i n  t h e  SO-year p e r i o d  e n v i r o n a e n t a l  c o n d i t i o n s  would p r e c l u d e  

f a r t h e r  p i n e  s e e d l i n g  e s t a b l i s h m e n t ,  f u n s  i n  which seedtrees 

I d i e d  b e f o r e  t h i s  r e g e n e r a t i o n  phase  was comple t ed  were d i s c a r d e d ,  , . 

' T h e s e  l a t t e r  r u n s  r c u l d  h a w  i n t r a d u c e d  a  g r e a t  deal  of 9 

h e t e r o g e n e i t y  i n t o  t h e  sys t em,  and  t h e i r  i n c l u s i o n  uou ld  h a v e  LL? 



T A b L E  VI11.1: I h l T I A L  S E L L - I N P U T S  F S  PINflS S E E D - T R E E  RUNS. 

The 2 s t i r n a t a i  density of seed-trees  corresponding t o  each 
l d v e l  of s e z d - i n p u t  i s  Lased upon a n  assumed seed-production 
of 1090 aedds/?ree/annuiu. 



n e c e s s i t a t e d  a c o n s i d e r a b l e  i n c r e a s e  i n  s ample  s i z e  (and computer  

e x e c u t i o ~  time), and  a s  t h e y  formed < 20 X of t h e  run  p a p u l a t i o n  

t h e y  r e p r e s e n t  a f a i r l y  minor  e l e m e n t  i n  t h e  b e h a v i o u r  o f  t h e  

s y s t e m  a s / a  whole, The v a l u e s  r e p o r t e d  below a r e  t h e r e f o r e  t h e  

means o f  t h e  t e n  f u n s  t h a t  were r e t a i n e d  f o r  e a c h  i n i t i a l  

s eed - inpu t ,  and  c o n s e q u e n t l y  r e p r e s e n t  t h e  b e h a v i o u r  of 

f u f  l y - s t o c k e d  s t a n d s  d e r i v e d  from a g i v e n  seedfall.  

T h e  s i m u l a t i o n  was performed f o r  o n l y  a s i n g l e  s i t e  i n d e x ,  

Site i n d i c e s  a r e  c a l c u l a t e d  by measu r ing  t h e  h e i g h t  of s t a n d  

d o m i n a n t s  a t  e i t h e r  25  o r  50 y e a r s  of age,  I?o re l iable  d a t a  are 

a v a i l a b l e  from t h e  s t u d y  a r e a  o n  t h e  mean h e i g h t  cf d o m i n a n t s  o r  

t h e  r a n g e  of e x p e c t e d  v a l u e s  a t  e i t h e r  of t h e s e  t i a e s ,  b a t  i t  is  

u n l i k e l y  t h a t  many s t a n d s  h a v e  s i te  i n d i c e s  much less t h a n  1 5  m ,  

(-50 f t , )  a t  25 y e a r s ,  and  most  s t a n d s  p r o b a b l y  f a l l  i n  t h e  15 m, 

- 21 5, 1- 50 - 70 it,) range ,  It was t h e r e f o r e  d e c i d e d  t o  

pe r fo rm a l l  s i m u l a t i o n s  a t  a s i te  i n d e x  of  1 5  a,, and  s o  t h e  

y i e l d  d a t a  p r e s e n t e d  befov p r o b a b l y  r e p r e s e n t  a lmer  t h r e s h o l d  

f o r  f u l l y - s t o c k e d  s t a n d s ,  

The u s e  of t h e  s e e d - t r e e  s y s t e r  d e a a n d s  t h a t  t h e  forester 

e n s u r e  a d e q u a t e  s t a c k i n g  and y i e l d s  f rom t h e  remnant  trees, 

w h i l s t  maximis ing  t h e  wood p r o d u c t i o n  i n  t h e  p r e v i o u s  h a r v e s t ,  

A n a l y s i s  o f  t h e  r e s u l t s  of t h e  seed-tree r u n s  f o c u s s e s  om t h r e e  

v a r i a b l e s :  t h e  s t o c k i n g  l e v e l s  o f  n a t u r a l  r e g e n e r a t i o n ;  t h e  



s n r v i v o r s h i p  of r e c r u i t e d  stems; and  t h e  y i e l d  of s t a n d s  a s  a 

f u n c t i o n  s f  s t a n d  a g e  and d e n s i t y -  

8-21 1: S t a n d  Dynamics: R e g e n e r a t i o n  -- 

The g r a p h s  i a  F i g s ,  8.2 - 8.5 summarise  t h e  r e s u l t s  o f  t h e  

s i n u l a t i o n  r u n s  f o r  t h e  p r i n c i p a l  demograph ic  v a r i a b l e s  i n  t h e  

s t a n d ,  P i g u s e  8.2 r e c o r d s  t h e  increases o v e r  time i n  a n n u a l  seed 

p r o d u c t i o n  i n  t h e  s i m u l a t e d  p l o t  f o r  e a c h  o f  t h e  i n i t i a l  

s e e d - p r o d u c t i o n  l e v e l s ,  k i t h  a n  i n i t i a l  s e e d - i n p u t  of 10,000 

seeds/ha./pr.,, s e e d  p r o d u c t i o n  by t h e  r e g e n e r a t i n g  s t a n d  a t t a i n s  

some 29,000 seeds/ha, /yr ,  a t  50 y e a r s ,  A t  e a c h  o f  t h e  h i g h e r  

s e e d - p r o d u c t i o n  l e v e l s  a  more r a p i d  and e a r l i e r  rise i a  

s e e d - p r o d u c t i o n  o c c u r s ,  s o  t h a t  a n  i n i t i a l  i n g u t  of 50,000 

seeds/ha. /yr ,  g i v e s  r ise to  a s t a n d  c a p a b l e  of p r o d u c i n g  168,000 

seeds /ha , /y r ,  a t  t h e  end cf t h e  s i m u l a t i o n ,  Host  of t h i s  

i n c r e a s e  i n  s e e d - p r o d u c t i o n  t a k e s  p l a c e  i n  t h e  30-50 y e a r  p e r i o d ,  

a s  t h e  growing  s t a n d  n a t u r e s .  

The  number o f  s e e d l i n g s  produced p e r  year froa t h i s  s e e d  

p o p u l a t i o n  is p l o t t e d  i n  Fig .  8.3, Annual s e e d l i n g  

e s t a b l i s h m e n t  c a n  be c h a r a c t e r i s e d  i n  a l l  t r e a t m e n t s  as low 

d u r i n g  t h e  f i r s t  f  i v e - y e a r  p e r i o d ,  a t t a i n i n g  m a x i ~ n s  l e v e l s  

d u r i n g  t h e  n e x t  decade ,  and t h e n  f a l l i n g  o f f  n o r e  cr less r a p i d l y  

i n  t h e  p e r i o d  between 15  and 25 y e a r s ,  No s e e d l i n g s  b e c o r e  

e s t a b l i s h e d  i n  a n y  t r e a t m e n t s  a f ter  t h e  s t a n d  r e a c h e s  30 y e a r s  of 

a g e ,  D e s p i t e  t h e s e  similarit ies,  t h e r e  are o b v i o u s  d i f f e r e n c e s  
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b e t v e e n  t r e a t m e n t s  i n  terms o f  , t h e  number o f  r e c r u i t s  t h a t  e n t e r  

t h e  s e e d l i n g  p o p u l a t i o n  d u r i n g  t h i s  f a v o u r a b l e  t ime-span.  The  

h i g h e r  the i n i t i a l  s e e d - i n p u t ,  t h e  g r e a t e r  t h e  t o t a l  r e c r u i t m e n t ,  

t h e  earlier h i g h  r e c r u i t m e n t  r a t e  are  a t t a i n e d  a n d  t h e  more r a p i d  

t h e  s u b s e q u e n t  d e c l i n e ,  Thus ,  w i t h  a n  i n i t i a l  seed i n p u t  of 

50,000 seeds/ha . /yr .  P f l U S  p r e d i c t s  t h a t  maximum s e e d l i n g  

e s t a b l i s h m e n t  t a k e s  p l a c e  i n  y e a r  12 1- 1250 s e e d l i n g / h a . y r , ) ,  

a n d  r e c r u i t m e a t  h a s  d u i n d l e d  t c  zerc b y  y e a r  20, 

T h e s e  d a t a  o n  s e e d l i n g  e s t a b l i s h n e n t  are summar ized  i n  P ig .  

8.4, T h e  c u m u l a t i v e  r e c r u i t m e n t  c u r v e s  i l l u s t r a t e  t h e  r a p i d  

i n c r e a s e  i n  s e e d l i n g  e s t a b l i s h m e n t  a n d  s h o r t e n i n g  s p a n  o f  t h e  

r e g e n e r a t i o n  p h a s e  a s  t h e  i n i t i a l  d e n s i t y  o f  s e e d  i n c r e a s e s ,  The 

r a t e  o f  s e e d  i n p u t ,  r a t e  o f  s e e d l i n g  e s t a b l i s h m e n t  a n d  g r o w t h  of 

y o u n g  p i n e  a l l  c o n t r o l  t h e  g e r m i n a t i v e  success of seed i n  l a t e r  

y e a r s ,  T h e r e  is l i t t l e  d i f f e r e n c e  i n  t h e  p e r c e n t a g e  germina3i ion 

rates b e t w e e n  t r e a t m e n t s  ( P i g ,  8.5 )  , H a r i m u r  g e r a i q a t i o n  rates 

v a r y  b e t w e e n  1 - 0 0  - 1.25 % and  are  a c h i e v e d  i n  t h e  10-15 p e a r  

p e r i o d  o f  s t a n d  d e v e l o ~ m e n t  i n  a l l  t r e a t m e n t s ,  The t o t a l  number  

o f  s e e d l i n g s  e s t a b l i s h e d  i s  a l i n e a r  f u n c t i o n  cf i n i t i a l  s e e d  

i n p u t  ( P i g ,  8.6a) o v e r  t h e  domain o f  v a l u e s  t e s t e d .  Ilhea t h e  

t o t a l  number of r e c r u i t s  is g r a p h e d  as a p e r c e n t a g e  of t o t a l  s e e d  

i n p u t  during t h e  p h a s e  of s e e d l i n g  e s t a b l i s h m e n t ,  i t  is a p p a r e n t  

t h a t  t h e  e f f i c i e n c y  o f  t h e  s y s f e m  is  c o n s t a n t  a t  0.5 - 0.6% 

g e r m i n a t i o n  o v e r  a wide r a n g e  o f  v a l u e s  (750,000 - 1,600,000 

seeds), Only  a t  l o v e r  s e e d  i n p u t s  (<700,000 s e e d s ) ,  d o e s  t h e  
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e f f i c i e n c y  of t h e  s y s t e m  d e c r e a s e ,  f a l l i n g  t c  0.36% g e r a i n a t i o ~  

a t  400 ,000  s e e d s / h a ,  The d e m o g r a p h i c  fac tors  o f  p r i m a r y  

i m p o r t a n c e  t o  t h e  f o r e s t  manager  are ( a )  t h e  l e v e l s  o f  s t o c k i n g ,  

e x p r e s s e d  e i t h e f  a s  a  recenta age o f  p l o t s  c o n t a i n i n g  s e e d l i n g s ,  

o r  a s  number of s e e d l i n g s  p e r  u n i t  area; a n d  (b) t h e  time d e l a y  

a n d  a t t a i n m e n t  o f  a d e q u a t e  r e - s t o c k i n g ,  be tween  h a r v e s t i n g  

Henry ( 1 9 7 4 ) ,  

of t h e  r e l a t i v e  

Bahamas ( T a b l e  VII 

t h e  X f r e p u e a c y  

r e c o g n i s e d  f i v e  s t o c k i n g  l e v e l s  a s  i n d i c a t o r s  

s u c c e s s  o f  C a r i b b e a n  p i n e  r e g e n e r a t i o n  i n  t h e  

I 2  T h e s e  l e v e l s  were  b a s e d  c n  a s u r v e y  of 

o f  p i n e  stems p e r  u n i t  area i n  s a m p l e d  s t a n d s ,  

The s t a n d a r d  area a d o p t e d  by Henry f o r  t h i s  s u r v e y  was 3e, x 3.. 

(9.8 x 9-8  f t , )  , which  was c o n s i d e r e d  b y  L u c k h o f f  ( 1 3 6 4 ) ,  t o  

p r o d u c e  o p t i m a l  y i e l d s  i n  S o u t h  A f r i c a n  p l a n t a t i o n s  o f  E ,  

c a r i b a e a  ---- Thus,  a u f u l l a  s t o c k i n g  would  be  o n e  in w h i c h  e v e r y  3 

a, x 3 a, q u a d r a t  mas c c c u p i e d  by  o n e  o r  more p i n e  s e e d l i n g s ,  

e q u i v a l e n t  t o  a  s t a n d  d e n s i t y  o f  a t  l e a s t  1 1 O O  s e e d l i n g s / h a ,  

(45O/ac,) , The first c r i t e r i o n  of s u c c e s s  f o r  a s e e d - t r e e  s y s t e m  

mus t  t h e r f o r e  b e  t h e  a t t a i n m e n t  o f  G r a d e  1 o r  2 s t o c k i n g  (>a88 

s t e m s / h a )  w i t h i n  a c e r t a i n  number of y e a r s  a f t e r  c l e a r - c u t t i n g  of 

t h e  r e m a i n d e r  o f  t h e  s t a n d ,  

The p e r f o r m a n c e  o f  e a c h  o f  t h e  r e g e n e r a t i o n  s h r a t e g i e s  i s  

g r a p h e d  i n  P i g s ,  8.7 and 8 - 8 ,  An a r b i t r a r y  (and  l e n i e n t )  

c r i t e r i o n  o f  r e g e n e r a t i o n  s u c c e s s  c a n  be t a k e n  as t h e  a t t a i n a e n t  

of Madequaten s t o c k i n g  w i t h i n  10 y e a r s ,  The lowest i n i t i a l  s e e d  

d e n s i t i e s  (<10 ,000  s e e d s / h a )  c a n  t h e r e f o r e  be dismissed a s  a 
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STOCKING-GRADE 

FIG, 8,5: PREDICTED STOCKING-GRADE A S  A FUNCTION 

OF I N I T I A L  SEED-II ' IPUT, 

THE DATA POINTS REPRESENT THE STOCKING 

ATTAI tJED  AFTER (o) F I V E  AND TEH (.a) YEARS.  



r e g e n e r a t i o n  s t r a t e g y  a s  winoderate* s t o c k i n g  i s  o n l y  a c h i e v e d  

a f t e r  a n  i n t e r v a l  o f  15 - 25 y e a r s ,  Only strategies s u p p l y i n g  

>20,000 s e e d s  p e r  ha, are a c c e p t a b l e ,  a n d  this v a l u e  must  b e  

r e g a r d e d  a s  a b a r e  a inimun,  R e f e r i n g  back t o  T a h l e  V i t  

c a n  be c o n c l u d e d  t h a t  t h i s  minimum s e e d - i n p u t  c a n  b e  s u p p l i e d  by 

r e t a i n i n g  10 - 2 0  s e e d - t r e e s / h a -  (4 - 8/acre), 

T h e s e  d a t a  may be compared w i t h  t h e  p i n e  r e g e n e r a t i o n  

f i g u r e s  o f  Johnson  and  C h a f f e y  (op. cit , ,  T a b l e  O, p.3) fro. 

n o u n t a i n  P i n e  Ridge,  Their i n v e n t o r y  i n d i c a t e s  t h a t  o n l y  3 0 1  o f  

t h e  G r a n i t e  B a s i n  area c a n  be c o n s i d e r e d  t o  h a v e  a t t a i n e d  Grade 3 

( B o d e r a t e )  s t a tu s ,  t h e  r e m a i n d e r  of t h e  p r o j e c t  area b e i n g  

s e v e r e l y  u n d e r s t o c k e d  a s  a  r e s u l t  o f  p a s t  fires, o v e r - c u t t i n g ,  

and  damage s u s t a i n e d  a s  a  r e s u l t  of H u r r i c a n e  Hattie i n  1961, 

8.213- S t a n d  Dynamics: S n r v i v o s s h i p  - A  

The dynamics  o f  p i n e  p o p u l a t i o n s  c a n  h e  s t u d i e d  aos*  r e a d i l y  

t h r o u g h  an a n a l y s i s  o f  c o h o r t  s u f v i v o r s h i p ,  As an  example,  t h e  

s u r v i o o r s h i p  of t h e  s e e d l i n g s  e s t a b l i s h i n g  i n  the t e n t h  y e a r  of 

s t a n d  deve lopmen t  is graphed  a s  a f u n c t i o n  of s t a n d  a g e  i n  F ig ,  

8.9, The p o p u l a t i o n  is s t a n d a r d i s e d  t o  a  c o h o r t  of 1000 

i n d i v i d u a l s  i n  e a c h  c a s e ,  P o r  e a c h  of  t h e  i n i t i a l  s e e d  i n p u t s  

t h e  g r e a t e s t  s e e d l i n g  w o r t a l i t y  o c c u r s  i n  t h e  f i r s t  decade of 

e x i s t e n c e  when some 40 - 60 % o f  t h e  p i n e  s e e d l i n g s  d i e ,  I n  t h e  

s e c o n d  d e c a d e  d e a t h  r a h e s  d e c l i n e  t o  0 - 20 , and t h e n  r i se  

a g a i n  t o  r e a c h  5 - 30 1 i n  t h e  f i n a l  t e n  y e a r s  o f  t h e  s t u d y ,  A t  



CARIMEA SEEDLINGS BORN I N  THE 

TENTH YEAR OF THE STAND'S EXISTENCE 
AS A FUNCTION OF STAND AGE AND DENSITY* 

THE DATA ARE STANDARDISED TO A 
WF'ULATION COHORT OF 1g0? INDIY  IDUALS. 



e v e r y  s t a g e  of deve lopmen t  m o r i i a l i t y  is dens i ty -dependen t ,  I n  

t h e  s t a n d s  w i t h  t h e  s ~ a l l e s t  s e e d  i n p u t s  PINDS p r e d i c t s  a  

s u r v i v o r s h i p  of 43 S of a l l  s e e d l i n g s  b o r q  i n  y e a r  10 a t  %he e n d  

o f  t h e  s i m u l a t i o n ,  I n  s t a n d s  w i t h  a n  i n i t i a l  i n p u t  of 20,000 

s e e d s  s u r v o r s h i p  a t  t h e  end o f  t h e  r u n  d r o p s  t o  37 , and t h e n  

down t o  30 I, 25 3 and  20 X f o r  i n p u t s  of 30,000, 40,000 a n d  

50,000 seeds /ha ,  r e s p e c t i v e l y ,  

8 2 1 4 -  S t a n d  Dynamics: Yields A-4 

The  p i n e l a n d s  of a o u n t a i n  P i n e  Ridge  a r e  s u i t a b l e  o n l y  f o r  

t h e  g rowing  of s a w - t i a b e r  and  f o r  t u r p e n t i n e  e x t r a c t i o n ,  The 

d o m e s t i c  marke t  is too s m a l l  t o  s u p p o r t  a  l o c a l  pulpwood 

i n d u s t r y ,  and  t h e  p i n e l a n d s  p r o b a b l y  t o o  r e s t r i c t e d  i n  size, a n d  

t h e  p i n e s  t o o  slow growing, t o  be e x p l o i t e d  f o r  e x p o r t  t o  t h e  

p u l p  m i l l s  o f  t h e  U.S.A. Consequen t ly ,  d e c i d i n g  uqon t h e  o p t i m a l  

r o t a t i o n  f o r  s a u - t i s b e r  is o f  pr ime i m p o r t a n c e  i n  Boun ta in  P i n e  

Ridge, S o l v i n g  t h i s  problem d e p e n d s  on the a c q u i s i t i o n  of two 

items o f  i n f o r m a t i o n ,  F i r s t l y ,  t h e  r e l a t i o n s h i p  be tween  wood 

p r o d u c t i o n  i n  t h e  s t a n d  a s  a  f u n c t i o n  of s t a n d  a g e  must be known, 

and  s e c o n d l y ,  t h e  ccsts and  r e v e n u e s  a s s o c i a t e d  w i t h  v a r i o u s  

r o t a t i o n  a g e s  and  h a r v e s t i n g  methods a u s t  be  t a k e n  i n t o  account .  

T h e  s e c o n d  e l e m e n t  i s  o u t s i d e  the d o s a i n  of t h i s  t h e s i s ,  b u t  t h e  

f i r s t  c a n  h e  t r e a t e d .  

The age-dependent  c h a n g e s  i n  t h e  p s i n i c i p a l  stem 

m o r p h o l o g i c a l  v a r i a b l e s  p r e d i c t e d  b y  PINUS are p r e s e n t e d  i n  P i g s ,  
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8 - 1 0  - 8.12, Al though t h e  s t a n d  d o m i n a n t s  have  c a r p l e t e d  2/3 of 

t h e i r  g rowth  by  t h e  a g e  o f  t h i r t y  y e a r s ,  mean h e i g h t  and D,B,H, 

c h a r a c t e r i s t i c s  f o r  t h e  s t a n d  have  a t t a i n e d  o n l y  50% o f  t h e i r  

f i n a l  (50 y e a r )  v a l u e s  a t  t h i s  time, A t  t h e  end o f  t h e  

s i m u l a t i o n  r u n  s t a n d  d o m i n a n t s  have  r e a c h e d  h e i g h t s  of 2 3  - 24 n, 

and  b a s a l  area d i m e n s i o n s  of 1000 - 1300 s g ,  cms, 

The mean n e t  volume y i e l d s  of s t a n d s  a r e  g raphed  i n  F i g s ,  

8-13 - 8 - 1 5  a n d  summarized i n  T a b l e  V I X L  3 and  i n  Appendix G. 

I n  a l l  t h e s e  cases t h e  s t a n d s  a r e  assumed t o  b e  un th inned ,  Net 

y i e l d s  v a r y  d i r e c t l y  w i t h  t h e  amount and  rate of i n i t i a l  

e s t a b f  i s h m e n t  o f  p i n e  s e e d l i n g s ,  I n  t e r n s  of v o l u m e t r i c  y i e l d s ,  

t h e r e  i s  a r a p i d  i n c r e a s e  i n  a l l  s i m u l a t e d  t r e a t m e n t s  i n  t h e  

p e r i o d  f r o =  20 - SO y e a r s ,  P I f U S  p r e d i c t s  f i n a l  y i e l d s  of 300 - 
800  cu ,  m./ha, o v e r b a r k  (4,310 - 11,436 cu. f t" , /ac)  for  t h e  

v a r i o u s  s i m n l a t e d  t r e a t m e n t s ,  Fo r  t h e  minimum a c c e p t a b l e  i n i h i a l  

s e e d  i n p u t  o f  20,000 seeds /ha , an  o v e r b a r k  y i e l d  of 520 2 2 1 cu,  

a,/ha, (7520 f 370 ca, f t , / a c )  c a n  be e x p e c t e d  a t  5 0  y e a r s ,  

Unde rha rk  robmetric y i e l d s  are some 37% below t h e s e  o v e r b a r k  

v a l u e s  (P ig ,  8,14),  Thus, f o r  t h e  20,000 aeeds/ha,  i n i t i a l  

i n p u t ,  a f i n a l  (50  yr ,  o l d  s t a n d )  y i e l d  o f  330 2 12 cu. a-/ha. 

(4717 5 1 7 0  cu,  ft,/ac) c a n  be e x p e c t e d ,  The p r e d i c t e d  b o a r d - f o o t  

y i e l d s  are  p l o t t e d  i n  P i g ,  8.15, Y i e l d s  are computed o n l y  f o r  

trees a t t a i n i n g  t h e  minimal  e x p l o i t a b l e  saw-t imber  d i a m e t e r  of 2 5  

cms, (10 i n , )  a t  b~east h e i g h t ,  E r e e s  of t h i s  s i z e  i n c r e a s e  

r a p i d l y  i n  number a s  s t a n d s  a t t a i n  25 -30 y e a r s  of age ,  which 
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TAdLE VI11.3: Y H E D I C T E D  Y I E L U S  dl? S I H U L A T E D  STAh'lIS UNDER THE 
Ti!E S E E D - T H c t  MANAGEMENT SYSTEti, 

1-----1-----1--------------I-------------l---------------- I 
Isleti 1 Lr. ( 1 V I Y i e l d  V-1113, 1 Y i e l d  Ddft. 1 
1 r : l p u t  1 I t . 1 Z s e e .  1 ii s.e, 1 
I ----- I ----- I ----------- --- I ------------- J ---------we----- 1 
I I L O  1 04.5 1.3 1 34.U 0 . 8  1 7740 100 I 
1 10. 1 3J  I 1 3 8 . ~  J.0 1 63.5 2.1 I 12140 2 0 0  ) 
I 1 40  1 L13o4 1 0 - 2  1 1 . 3 7 . 6  Se7  1 232200  1520  1 
1 J 50 1 3 2 9 . 5  11.6 I 206-9 6 . 9  1 43640 1830  1 
I----- I -- - -- I ---- --- -- --- -- I - --- - ----- --- I ------ --------- I 
I I Lc) 1 9 2 - 4  2 - 2  J 5 2 . 2  1 6  1 8030  1 0 0  1 
1 20.  1 23 1 217.9 4 - 7  1 1 . 8  3 - 2  1 15530 4 3 0  1 
I 1 4 0  1 359.3 14.9 I 2 2 9 - 8  8 . 3  1 37680 2050  1 
I I 50 1 5 2 0 . 4  2 0 . 7  1 3 2 9 . 6  1 2 - 0  1 70960 3030 1 
1 ----- 1 ----- I -- --------- --- 1 ----------I---- I--------------- 1 
I I 20 ( 112.2  2 . 7  1 64.5 1.8 1 7 8 3 0  160 1 
1 30. 1 30 i 267.1 8.5 1 168.2 4 . 9  t 17340 1280  1 
I 1 43 1 455.d 1 5 , 5  1 2 9 0 . 3  9 - 2  J 4 7 8 6 0  2430 I 
I I 50 1 6 3 ~ m 8  1 0 - 4  1 395.3 6 - 2  1 85890  1550 I 

V.OU. = Vciume Ovsrbark  
V - U I J .  = Volume Unierbark 
BDTT. = Boardfoot volume 

3 = rriean 
S.S- = s tandard  error  



a c c o u n t s  f o r  t h e  c o n c o m i t a n t  i n c r e a s e  i n  s a u - t i b b e r  volume a f t e r  

t h i s  p o i n t  i n  t i a e ,  I n  t h e  o l d e s t  s t a n d s  t h e  p r e d i c t e d  y i e l d s  

are  f rom 40,QOO - 106,000 bd, f t , / h a ,  (16,OQO - 43,000 bd, 

f t , / a c )  . management s t r a t e g y  a imed  a t  e s t a b l i s h i n g  f u l l  

s t o c k i n g  by l e a v i n g  a mini mu^ o f  20 s e e d - b e a r i n g  t r e e s / h a ,  

(20,000 seeds /ba ,  i n p u t )  , c a n  t h e r e f o r e  e x p e c t  y i e l d s  of 71,000 

3000  b d f t - / h a ,  a t  5 0  y e a r s ,  

8 . 2 1 z  S t a n d  Dynamics: Volume I n c r e m e n t  and  R o t a t i o n  Age 

The mean a n n u a l  i n c r e m e n t  (H,A,f,) iq volume f o r  e a c h  of 

t h e s e  t h r e e  s t a n d  v a r i a b l e s  i s  g r a p h e d  a s  a  f u n c t i o n  of s t a n d  a g e  

i n  F i g s ,  8-96 - 8-18 a n d  T a b l e  VIII,4, Hariaum wood 

p r o d u c t i v i t y  i n  terms o f  volume o v e r b a r k  i s  a t t a i n e d  i n  a l l  

s t a n d s  d u r i n g  t h e  f i n a l  5 year p e r i o d  of t h e  s i n u l a t i a n ,  when t h e  

c u r v e s  of volume i n c r e m e n t  a p p r o a c h  t h e i r  a s y m p t o t e s ,  The 

a b s o l u t e  v a l u e s  o f  A volume are a g a i n  d e n s i t y - d e p e n d e n t ,  

w i t h  s o a e  t e n d e n c y  f o r  s t a n d s  w i t h  t h e  d e n s e s t  i n i t i a l  c o n d i t i o n s  

(>&Of 000 s e e d s / h a )  t o  conve rge ,  I n  lnanagi ng s t a n d s  f o r  pulpwood 

p r o d u c t s  t h e  c u 1 a i n a t i . c n  o f  t h e  m,a,i, ~olame (oh) c u r v e  

i n d i c a t e s  t h e  ~ e r i o d  of maxi~lum wood p r o d u c t i v i t y  i n  t h e  s t a n d ,  

and  h e n c e  t h e  o p t i m a l  l e n g t h  o f  t h e  r o t a t i o n ,  A c c o r d i n g  t o  D a v i s  

(IgSU),  t h e  c a l m i n a t i o n  o f  b o a r d - f o o t  g r o w t h  o c c u r s  soae 1 0  - 15 

y e a r s  a f t e r  maximum volume i n c r e m e n t  i n  s o u t h e r n  p i n e  s t a n d s -  

Assuming the same r e l a t i o n s h i p  h o l d s  t r u e  for  & =g$hea, a n d  

F i g ,  8-18 i n d i c a t e s  t h a t  it sel l  Bay, t h e  o p t i m a l  r o t a t i o n  

l e n g t h  f o r  s a u - t i m b e r  p r o d u c t s  i n  B o u a t a i n  P i n e  R i d g e  s h o u l d  b e  
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TAaLE V I L 1 . J :  I ' .A~ILIJ f l  L E k h  A N t I I J A L  V 9 L U ; f E  INCREMENTS ( " Y I E L D  
CLASSES") h O H  THE S I M U L A T E 0  STANDS 

1 i i o p p u s  t o o t  = 1.273L cue f t . ,  This measure is  t h e  one commonly 
e m p l o y e ~ f  i i l  B r i t i s h  torest manayaweat, d n d  is used to d e f i n s  
k i e l d  C l s s : ;ds  by B ~ 3 t i l e y ,  ~ h r i t s t i c  ( in3  J o h n s t o n  ( s p .  c i r . )  



a t  l e a s t  55 - 6 0  y e a r s ,  On 1 t h e  b a s i s  o f  h i s  e x p e r i e n c e  i n  t h e  

s t u d y  a r e a ,  Lamb (1973, p, 1 2 6 ) ,  c o n c l u d e d  t b a t  a 60-year  

r o t a t i o n  would be n e c e s s a r y  f o r  s a w - t i r b e r  p r o d u c t i o n ,  

E x t r a p o l a t i n g  t h e  d a t a  i n  Fig .  8 - 3 8  i n t o  t h i s  time p e r i o d  

i n d i c a t e s  y i e l d s  of be tween  60,000 - 135,000 b d f t l h a .  (25,000 - 
55,000 b d f t / a c )  f o r  t h e  r a n g e  o f  s e e d  i n p u b s  t e s t e d ,  

Because  o f  t h e  c o n s t r a i n t s  on  t h e  model i s p g s e d  by t h e  

a b s e n c e  o f  s u c h  o l d  s t a n d s  i n  t h e  s t u d y  a r e a ,  t h e s e  r e s u l t s  must  

b e  t r e a t e d  c a u t i o u s l y ,  However, i t  s h o u l d  be n o t e d  t h a t  a y i e l d  

t a b l e  for  f u l l y - s t o c k e d  s t a n d s  of l o b l o l l y  p i n e  i n  t h e  

s o u t h e a s t e r n  U , S , A ,  (fdahlenberg,  1960, p, 502) lists a similar 

r a n g e  o f  v a l u e s  a t  t h i s  age ,  S t a n d s  of  2, taeda w i t h  s i m i l a r  

s i t e  i n d i c e s  t o  t h o s e  t e s t e d  i n  t h e  s i a a l a t i o n  (24 a, (80 f t . )  

a t  50  y e a r s ) ,  a r e  c a p a b l e  o f  p r o d u c i n g  65,000 bd f t / ha ,  a t  a g e  

60, Board-foot  y i e l d s  i n  t h i s  y i e l d  t a b l e  f o r  l o b 1 o l l y  p i n e  a r e  

c a l c u l a t e d  f o r  trees w i t h  a minimum D,B,H, of  32 cas, and n o t  

25 cms,, a s  i n  t h i s  s t u d y ,  a n d  so t h e  v a l u e s  a r e  r o u g h l y  

comparab l e ,  

Thus, i f  a  management p l a n  t o  s u p p l y  a  s e e d  i n p u t  of  20,000 

seeds /ha ,  is a c h i e v e d ,  t h e  f o r e s t  a a n a g e r  c a n  e x p e c t  t o  h a r v e s t  

100,000 b d f t / h a ,  (40,000 b d f t / a c )  a f t e r  6 0  y e a r s  i n  Hountiain 

P i n e  Ridge,  a s suming  t h a t  w i l d f i r e s  and /o r  h u r r i c a n e s  d o  n o t  

damage t h e  g r o w i n g  c r o p ,  



The r e s u l t s  af t h e  s i m u l a t i o n  r u n s  c a n  a l s o  b e  p l a c e d  i n  

p e r s p e c t i v e  by compar ing  t h e i r  p r e d i c t i o n s  w i th  t h e  s t a t u s  of t h e  

p r e s e n t  c r o p  o f  trees m a t u r i n g  i n  B o u n t a i n  P i n e  Ridge,  J o h n s o n  

a n d  C h a f f e y  lop. c i t - )  p r e s e n t  d a t a  o n  t h e  s t a n d i n g  volume of 

t i m b e r  i n  t h e  p r o j e c t  a r e a ,  T h e i r  d a t a  i n d i c a t e  t h a t  i n  t h e i r  

* p i n e  f o r e s t w  c a t e g o r y  t h e  mean u n d e r b a r k  s t a n d  volume is  of t h e  

o r d e r  o f  20 - 3 0  cu ,  m,  /ha, (280 - 430 cu ,  f t , / a c ) ,  llost of 

t h e s e  p i n e  s t a n d s  are a p p r o x i m a t e l y  20 y e a r s  o l d ,  and  b e c a u s e  o f  

w i l d f i r e s  a n d  o v e r c u t t i n g  i n  t h e  p a s t ,  c o n t a i n  s l i g h t l y  l e ss  

volume t h a n  t h e  s i m u l a t e d  s t a n d s  d e r i v e d  f ram 16,000 seeds /ha ,  

(Table VIII,3). The b e s t  o f  t h e s e  a r e a s  c a n  t h e r e f o r e  b e  

e x p e c t e d  t o  p r o d u c e  some 200  cu ,  m./ha, (2850  cu, ft./ac) o r  

50 ,000  bd f t , / ha ,  (20,000 b d f t , / a c )  a t  t h e  end  of a 60-year  

rota t i o n ,  

STAND D Y I A H I C S  A B D  THII#XI?G TBEAbHEITS 

The o b j e c t i v e  i n  t h i n n i n g  a  f o r e s t  s t a n d  is ta n p r o r i d e  t h e  

g s e a t e s t  g i r t h  i n c r e m e n t ,  c o n s i s t e n t  w i th  aarimum volume 

p r o d u c t i o n n  (Brad l ey ,  1967) -  T h i n n i n g  i n v o l v e s  a  r e d u c t i o n  i n  

t h e  d e n s i t y  of t h e  stand, and  t h e r e f o r e  compeiz i t ive  stress, i n  

o r d e r  t o  s t imula te  g r o w t h  and i m ~ r o v e  t h e  q u a l i t y  of t h e  r emnan t  

trees, A r t i f i c i a l  t h i n n i n g  of f o r e s t  s t a n d s  g e n e r a l l y  p r o c e e d s  

a c c o r d i n g  t o  e m p i r i c a l l y  d e r i v e d  r u l e s  u h i c h  o f t e n  v a r y  f rom 

s p e c i e s  t o  species a n d  from r e g i o n  t o  r e g i o n ,  It h a s  b e e n  f o u n d  

t h a t  s u c h  e m p i r i c a l  r u l e s  a r e  s t r i k i n g l y  s imilar  t o  t h e  *3/2 

power l awn  (White  kad R a r p e r ,  1969) a h i c b  was i n i t f a l & y  d e r i v e d  



f rom n a t u r a l ,  u n t h i n q e d  c r o p  a n d  f o r e s t  s t a n d s  (Yoda e t  a l , ,  

1 9 6 3 ) -  

The l a t t e r  a u t h o r s  examined t h e  p r o c e s s  o f  p o p u l a t i o n  

r e d u c t i o n  ( s e l f - t h i n q i n g )  i n  overcrowded p u r e  p o p u l a t i o n s  o f  

s e v e r a l  h e r b s  a n d  trees, and  found that  t h e  mean weight  of p l a n t s  

s u r v i v i n g  d e n s i t y - s t r e s s  c c u l d  be r e l a t e d  t o  p o p u l a t i o n  s i z e  a s  w 

= C a p  , where p i s  t h e  number o f  s u r v i v o r s ,  and  w i s  t h e i r  

c o r r e s p o n d i n g  mean u e i g h t ,  Whi te  and Harper  d e m o n s t r a t e d  t h e  

a p p l i c a t i o n  of t h i s  l a u  t o  f o r e s t  manage ien t  by t e s t i n g  t h e  f i t  

of d a t a  d e r i v e d  from a r t i f i c i a l  t h i n n i n g  of s t a n d s  o f  v a r i o u s  

f o r e s t  s p e c i e s  t o  t h e  aode l ,  They state: #It is r e a d i l y  

a p p a r e n t  t h a t  t h e  t h i n n i n g  t r ea tmen t s , , , , ba sed  upan an  # a r b i t r a r y  

s t a n d a r d #  t o  mmaximize growth  p e r  tree a a d  u n i t  a r e a u  follows 

c l o s e l y  t h e  e m p i r i c a l  c o n c l u s i o n  o f  t h e  J a p a n e s e  w o r k e r s  - " t h e r e  

is a  maximum a s y m p t o t i c  d e n s i t y  a t  e a c h  s t a g e  o f  g rowth  and  

d e n s i t i e s  beyond t h i s  l e v e l  c a n n o t  be r e a l i z e d ,  hovever  h i g h  t h e  

i n i t i a l  d e n s i t y  was, b e c a u s e  o f  t h e  r e g u l a t i o n  b y  self-thfnning an 

(p- 480) 

The  d e g r e e  o f  d e n s i t y  s tress and  c o a a p e t i t i o n  {and t h e r e f o r e  

t h e  n e c e s s i t y  of t h i n n i n g )  i n  t h e  s i m u l a t e d  s t a n d s  can  b e  

e v a l u a t e d  u s i n g  t h e  u3J2 power laws, The weigh t  of a p l a n t  i s  

p r o p o r t i o n a l  t o  its volume, and mean s t e m - v o l u a e / t r e e  w i l l  b e  

s u b s t i t u t e d  for w e i g h t  i n  t h i s  d i s c u s s i o n ,  P l o t t i n g  mean 

t ree-volume a g a i n s t  t h e  s t e m - d e n s i t y  of a s t a n d  a t  1 y e a r  

i n t e r v a l s  f rom 1 5  y e a r s  on i n  e a c h  of t h e  s i r n l a t e d  s t a n d s  
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p r o d u c e s  t h e  series o f  g r a p h s  i n  Pig.  3-19, I f  s e l f - t h i n n i n g  

p r o c e e d s  a c c o r d i n g  t o  t h e  * 3 / 2  power lawn,  t h e  s l o p e  of e a c h  p l o t  

s h o u l d  b e  -1.5, A b r o k e n  l i n e  w i t h  t h i s  g r a d i e n t  i s  i n c l u d e d  i n  

P i g ,  8-19 f as compar i son ,  It is clear t h a t  s e l f - t h i n n i n g  i n  t h e  

y o u n g e s t  st a q d s  (IS - 35 y e a r s )  , i n  a l l  t r e a  t a e ~ t s ,  p r o c e e d s  

a l o n g  a much s t e e p e r  g r a d i e n t  (c,4,7,) t h a n  t h e  =3#2 power lawa 

p r e d i c t s ,  T h i s  i s  i n d i c a t i v e  o f  low d e n s i t y  stress a n d  

c o m p e t i t i o n  i e  t h e s e  s t a n d s ,  A t  a g e s  of more t h a n  35 years t h e  

s l o p e  of t h e  v o l u a e  - d e n s i t y  r e g r e s s i o n  l i n e  changes ,  a n d  

s e l f - t h i n n i n g  p r o c e e d s  a t  a g r a d i e n t  of 1.5 - 2.5, A s  a i g h t  be 

e x p e c t e d ,  c o n v e r g e n c e  t o  t h e  -1.5 s l o p  o c c u r s  aost  r a p i d l y  i n  

t h e  s t a n d s  d e r i v e d  f rom t h e  l a r g e s t  i n i t i a l  s e e d  i n p u t s ,  where 

d e n s i t y  stress is g r e a t e s t ,  I n  less d e n s e  s t a n d s  (<20,000 

seeds /ha ,  i n p u t ) ,  i t  is o n l y  i n  t h e  f i n a l  f i v e - y e a r  p e r i o d  o f  

t h e  s i m u l a t i o n  t h a t  model and  l a w  conve rge ,  The c l o s e  

c o r r e s p o n d e n c e  o f  t h e  model t o  t h e  l a u  would i n d i c a t e  t h a t  t h e  

s i m u l a t o r  mimics a o r k a l i t y  a n d  s t a n d  g rowth  a c c e p t a b l y  we1 1, 

We c a n  c o n c l u d e  f rom t h e s e  r e s u l t s  t h a t  d e n s i t y  stress a n d  

i n t e r - t r e e  c o a p e t i t i o e  a x e  n o t  s e v e r e  i n  E car&- s t a n d s  i n  

Mountain P i n e  P i d g e  u n t i l  t h e  s t a n d  r e a c h e s  35 y e a r s  o f  age ,  To 

a l l o w  t h e  s t a n d  t o  p r o g r e s s  t o  t h i s  p o i n t  o f t e n  r e d u c e s  t h e  

p r o d u c t i v i t y  o f  t h e  s t a n d ,  and  a o s t  f o r e s t e r s  would c o n t e n d  t h a t  

a  s t a n d  s h o u l d  be a r t i f i c i a l l y  t h i n n e d  a t  l e a s t  a d e c a d e  b e f o r e  

s e v e r e  s e l f - t h i n n i n g   begin^. 



T h i s  c o n c l u s i o n  r a y  i t s e l f  be  tested a g a i n s t  t h e  more 

a r b i t r a r y  t h i n n i n g  r u l e s  d e v i s e d  f o r  f o r e s t  s t a n d s ,  TWO Mrulesu 

w i l l  b e  u sed  a s  a test , The f i r s t  of  t h e r e  is t h e  - 1 , 5 D  r u l e m  

i n  which t h e  r e q u i r e d  s p a c i n g  be tween  n e i g h b o a r i n g  trees ( i n  

f e e t )  is e q u a l  t o  t h e  mean stem DBH { i n  i n c h e s )  m u l t i p l i e d  by 

1.5, The  metric e q u i v a l e n t  o f  t h i s  r u l e  i s  0,21D8 where D8 is 

t h e  stem DBH i n  cms, and  s p a c i n g  is c a l c u l a t e d  i n  meters, The 

s e c o n g  t h i n n i n g  methcd t o  b e  employed is t h e  Y i e l d  C l a s s  s y s t e m  

o f  Brad ley ,  C h r i s t i e  and  J o h n s t o n  f1965)  

A s  a p r e l i n i n a r y  s t e p  i n  u s i n g  t h e  1 , 5 D  r u l e ,  t h e  t i m e - p a t h s  

of mean D B H  deve lopmen t  i n  t h e  t h r e e  t r e a t m e n t s  t o  b e  t e s t e d  

(20,000, 30,000 a n d  50,000 seeds /ha)  a r e  p l o t t e d  i n  F i g ,  8.20. 

In t h e  a o s t  d e n s e l y - s t o c k e d  s t a n d s  (3.000 s t e a s / h a ,  41200 

s t e n s / a c ) )  t h i n n i n g  is r e q u i r e d  b y  t h e  1,5D r u l e  when t h e  s t a n d  

is o v e r  15  y e a r s  of age, n i n i s a l  t h i n n i n g - a g e s  i n  less d e n s e  

s t a n d s  a r e  21 y e a r s  (30,000 s e e d s  i n p u t ;  2500 s tems/ha,  

[1000/acf )  a t  a g e  15, and  27 y e a r s  (2O,OOO seeds /ha ;  20 s t e a s / h a .  

(800/ac) a t  a g e  15). i h e  f r e q u e n c y  of t h i n n i n g  a f t e r  t h e s e  d a t e s  

i s  a s u b j e c t i v e  d e c i s i o n  which must  b e  b a s e d  t o  s o a e  e x t e n t  o n  

t h e  a v a i l a b i l i t y  o f  local  m a r k e t s  f o r  t h i n n e d  n a t e r i a l ,  

A series o f  f i v e  r e p l i c a t e  r u n s  were made u s i n g  PINUS t o  

s i m u l a t e  t h e  e f f e c t s  of t h i n n i n g  i n  e a c h  o f  the d e n s e s t  s t a n d s ,  

T h i n n i n g s  were a a d e  a t  years 18, 24 a n d  30 a c c o r d i n g  t o  t h e  1,5D 

r u l e ,  The numbers of stems (S) r e q u i r e d  i n  e a c h  t f r ianimg was S = 

U O O / ( D  . 0.21) , e q u i v a l e n t  t o  a t o t a l  stem b a s a l  a r e a  p e r  p l o t  



MEAN STEH DEH (CMS. ) 



of S, ( D / 2 )  , T o  c o n d u c t  t h e  ) t h i n n i n g  trees o f  p r o g r e s s i v e l y  

g r e a t e r  b a s a l  a r e a  were removed ( S u b r o u t i n e  S O R T ) ,  u n t i l  t h e  

t o t a l  b a s a l  a r e a  o f  t h e -  p l o t  was e q u i v a l e n t .  t o  t h i s  v a l u e ,  v h i c h  

is c o n s t a n t  i n  a l l  t h i n n i n g s  a t  17.8 sq. s , /ba ,  (77 sq, 

f t , / a c ) ,  The  mean results o f  t h e  f i v e  r u n s  are p r e s e n t e d  i n  P ig ,  

8 -21  where s t a n d  y i e l d s  i n  t h e  t h i n n e d  and  n n t h i n a e d  modes a r e  

compared, Net v o l u a e t r i c  y i e l d  i n  t h e  un th inned  s t a n d s  is h i g h ,  

amount ing  t o  some 5 0 0  c u ,  m,fha. a t  50 y e a r s ,  I n  c o n t r a s t ,  t h e  

t h r e e  t h i n n i n g s  r e t a r d  volume y i e l d ,  and  n e t  volume and  volume of 

t h i n n i n g s  is o ~ l y  of t h e  c r d e r  o f  40% o f  t h a t  i n  t h e  u n t h i n n e d  

mode, Using t h e  i n t e r n a t i o n a l  l/Ua r u l e  t o  c a l u c a l a t e  b o a r d - f o o t  

y i e l d s ,  t h e  t h i n n e d  s t a n d s  per form somewhat better, A t  50 y e a r s  

of a g e  t h e  r e r a a n t  s t a n d  is c a p a b l e  o f  p r o d u c i n g  n e t  y i e l d s  o f  

25,000 - 30,000 Bdft , /ha ,  (10 - 12,000 bd f t , / ac )  compared t o  

80,OO - 95,000 bd f t /ha ,  (32 - YG,OOO/ac) i n  t h e  u n t h i n n e d  model, 

These  y i e l d s ,  p l u s  i n t e r a e d i a t e  y i e l d s  f rom t h i n n i n g s ,  i n d i c a t e  

t h a t  saw-t imber  yields i n  t h i n n e d  s t a n d s  may b e  o n l y  50% of t h o s e  

i n  t h e  u n t h i n p e d  s t a n d s ,  

The s e c o n d  t h i n n i n g  t e c h n i q u e  t o  b e  e a p l o y e d  i s  o n e  

d e v e l o p e d  by t h e  F o r e s t r y  ~ o a m i s s i o n  i n  B r i t a i n ,  v h i c h  is c l a i m e d  

t o  b e  s u i t a b l e  f o r  a l l  commerc i a l  s p e c i e s  and  site c l a s s e s  i n  

t h a t  c o u n t r y ,  The s y s t e m  is b a s e d  on t h e  * y i e l d  class@ of a 

s t a n d ,  where  " y i e l d  class* is  d e f i n e d  a s  t h e  saximum nean  a n n u a l  

volume i n c r e m e n t  of #e g r o v i q g  c r o p ,  Xanagement of t h e  s t a n d  

c o n s i s t s  p r i m i a r i l y  c f  removing on  an a n n u a l  b a s i s  a vo fune  
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I 

e q u i v a l e n t  t o  70% of t h e  y i e l d  ,class o f  t h e  s t a n d ,  u n t i l  t h e  a g e  

of  maximum m,a,i, volume is approached ,  a t  v h i c h  p a i n t  a  lesser 

i n t e n s i t y  o f  t h i n n i a g s  i s  a p p l i e d ,  F o r  t h e  t h r e e  p i n e  s p e c i e s  

grown c o m m e r c i a l l y  i n  t h e  U. K, , t h i n n i n g  commences (Bradley ,  

Chr i s t ie  and J o h n s t o n ,  p. 19)  when t h e  h e i g h t  o f  t h e  d o m i n a n t s  

i n  t h e  s t a n d  r e a c h e s  9.1 - 11-3 8 .  430 - 37 f t . ) .  The a u t h o r s  

o f  t h e  s y s t e m  claim h h a t  t h i s  form of  m a n a g e m a t  r e s u l t s  i n  

"near-maximu a p ro f  i t a b a l i t p  under  a  v i d e  r a n g e  of p r i c e  

c o n d i t i o n s  for b o t h  pulpvood and  s a u t i a b e r  p roduc t ion f t  (Bradley ,  

C h r i s t i e  and J o h n s t o n ,  1).  T h i s  s y s t e m  uould o f  n e c e s s i t y  have  

t o  be  m o d i f i e d ,  i n  o r d e r  t o  r e d u c e  t h e  c o s t s  of management i n  

Houn ta in  P i n e  Bidge, One way of p r o d u c i n g  t h i s  end  r e s n l k  would 

be t o  i n c r e a s e  t h e  t h i n n i ~ g  i n t e r v a l ,  a n  i n t e r v a l  of seven  p e a r s  

u a s  a d o p t e d  i n  t h i s  series o f  s i m u l a t i o n s ,  u i t h  t h i n n i n g s  b e i n g  

i n i t i a t e d  when t h e  h e i g h t  of t h e  four l a r g e s t  stems ( e x ~ f n d i n g  

the s e e d - t r e e )  t o p p e d  10 m, a n d  c e a s i n g  af ter  t h e  s t a n d  r e a c h e d  

40 y e a r s ,  The first t h i n n i n g  e x t r a c t e d  a volume e q u a l  to  t h e  

a n n u a l  t h i n n i n g  i n t e n s i t y ,  s u c c e e d i n g  t h i n n i n g s  removed a  volume 

e q u a l  t o  s e v e n  times t h i s  va lue ,  T h e  y i e l d  c l a s s  v a l u e s  for e a c h  

of t h e  s e e d  i n p u t s  was d e t e r m i n e d  b y  e x a s i n i n g  laximum a.a,i.  

volume o-b ,  i n  t h e  u n t h i n a e d  &ode  (F ig ,  8.17, TabZe V I ' I L U ) ,  

The s i m u a a t e d  t h i n n i n g  r e g i m e  u a s  r e p l i c a t e d  f i r e  times for  

e a c h  i n i t i a l  s e e d  i n p u t ,  The r e s u l t s  o f  t h e s e  r u n s  a re  p r e s e n t e d  

i n  Appendix H, T h i n n i n g  b e g i n s  i n  t h e  18 - 22 y e a r  i n t e r v a l  i n  

e a c h  case and  a ranimum c f  t h r e e  f u r t h e r  t h i n n i n g s  are p o s s i b l e  



i p r i o r  t o  t h e  40-yr. cu to f f1  p o i n t ,  The t h i n n e d  p l a n t a t i o n s  

d e s c r i b e d  by Brad ley ,  C h r i s t i e  a n d  J o h n s t o n  (op- ci t-)  a a i n t a i n  

a  c o n s t a n t  b a s a l  a r e a  t h r o u g h o u t  t h e  c o u r s e  o f  t h i n n i n g .  

However, t h e  s i m u l a t e d  s t a n d s  of 9, w i b a m  show d ras t i c  

d e c r e a s e s  i n  t o t a l  stem b a s a l  a r e a  i n  t h e  k h i r d  d e c a d e  of 

deve lopment  a s  a r e s u l t  o f  s e v e r e  t h i n n i n g ,  and s t a n d  r e c o v e r y  

was r e t a r d e d  by f u r t h e r  t h i n n i n g s  be tween  t h e  a g e s  of 30 and  40 

y e a r s  (Pig.  8-22], Indeed ,  t h e  canopy was opened up t o  s u c h  a n  

e x t e n t  t h a t  s e e d l i n g  e s t a b l i s h m e n t  c o n t i n u e d ,  a l b e i t  a t  a  low 

l e v e l ,  t o  t h e  end  of t h e  s i m u l a t i o n  { F i g .  8-23), 

T h i s  d e s t r u c t i o q  of s t a n d  s t r u c t u r e  was p a r a l l e l e d  by 

d e c r e a s e s  i n  s t a n d  p i e l d ,  The mean p r e d i c t e d  y i e l d s  i n  terms of 

o v e r b a r k  volume, u n a e r b a r k  volume a n d  b o a r d f o o t  volume a r e  

p l o t t e d  i n  P igs ,  8 - 2 4  - 8-26 .  T h e  main s t a n d s  a f t e r  t h i n n i n g  

c o n t a i n  o n l y  some 15% of t h e  volume of u n t h i a n e d  s t a n d s ,  A t  50  

y e a r s ,  t h e  volume of t h i n n i n g s  removed is g e n e r a l l y  o f  t h e  same 

o r d e r  o f  magni tude  a s  t h e  volume o f  t h e  remnant  s t a n d  {Pig- 8 -  

2 4 ) .  T h e r e f o r e  t h e  y i e l d  c l a s s  sys t em p r o d u c e s  o n l y  30s  of the 

y i e l d s  a f f o r d e d  by  l e a v i n g  s t a n d s  i n  t h e  u n t h i n n e d  mode, The 

r e a s o n  f o r  t h i s  u n s a t i s f a c t o r y  r e s u l t  is presumably  t h e  

d i f f i c u l t y  of t r a n s l a t i n g  a p l a n t a t i o n - b a s e d  management sys t em t o  

n a t u r a l l y  r e g e n e r a t e d  s t a n d s ,  f o r  a t  t h e  t i a e  o f  t h e  f i rst  

t h i n n i n g  i n  a  p l a n t a t i o n  crop,  t h e r e  is c o n s i d e r a b l y  less 

v a r i a t i o n  i n  tree size t h a n  w i t h  a  stand u h i c h  Bay still be i n  

t h e  r e g e n e r a t i o n  p h a s e -  
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T h e r e  are two s p e c i f i c  r e a s o n s  f o r  t h e  f a i l u r e  of t h e  y i e l d  

c l a s s  s y s t e m  t o  mainCain s t a n d s  a t  a  h i g h - y i e l d i n g  l e v e l ,  I n  t h e  

B r i t i s h  p i n e  p l a n t a t i o n s  t h e  t o t a l  stem b a s a l  a r e a  i m m e d i a t e l y  

p r i o r  t o  t h i n q i n g  is o f  t h e  o r d e r  of 21 s q ,  m,jha, t 90  s q ,  

f t , / a c )  , I n  t h e  s i m u l a t e d  s t a n d s  b a s a l  a r e a s  o f  t h i s  magni tude  

a r e  a t t a i n e d  i n  s t a n d s  between 25  - 30 y e a r s  of a g e  i n  t h e  less 

d e n s e  s t a n d s  (<30,000 seeds /ha )  a n d  a r o u n d  15 - 20 y e a r s  i n  

d e n s e r  s t a n d s ,  C o n s e q u e n t l y  i n  less d e n s e  s t a n d s ,  t h e  s t a n d i n g  

crop is i n s u f f i c i e n t  t o  m a i n t a i n  a  h i g h  t h i n n i n g  i n t e n s i t y ,  I n  

a l l  s t a n d s  t h e  l e v e l s  o f  c u r r e n t  a n n u a l  i q c r e m e n t  r a y  fa31 below 

t h e  a n n u a l  t h i n n i n g  i n t e n s i t y  d u r i n g  t h o  t h i r d  d e c a d e  of s t a n d  

deve lopmen t ,  t h u s  t h i n n i n g  Based on  t h e  y i e l d  c l a s s  s y s t e m  

e v e n t u a f l y  l e a d s  t o  a r e d u c t i o n  i n  t h e  s t a n d i n g  c r o p .  

8.4: PLAITATIONS --- 
Al though  t h e  s e e d - t r e e  s y s t e m  w i l l  u n d o u b t e d l y  be t h e  

p r i n c i p a l  form of r e g e n e r a t i o n  i n  Mountain  P i n e  Ridge ,  

p l a n t a t i o n s  may b e  e n p l o y e d  f o r  s p e c i f i c  p u r p o s e s ,  f o r e m o s t  

among t h e s e  w i l l  be  t h e  growth  of s u p e r i o r  g e n o t y p e s  a s  

s e e d - b e a r e r s ,  f o r  r e s e a r c h  p u r p o s e s ,  and,  t o  a lesser e x t e n t ,  fo r  

t i m b e r .  PINUS was u t i l i s e d  t o  test t h e  effects of v a r i o u s  

p l a n t a t i o n  s p a c i n g s  on tree growth  and s t a n d  y i e l d ,  The s i t e  

i n d e x  f o r  t h e  s i ~ u l a t e d  r u n s  was set a t  15 a ,  (49  f t , )  a t  2 5  

y e a r s ,  t o  a l l o w  c o m p a r i s o n  w i t h  t h e  r e s u l t s  f rom t h e  s e e d - t r e e  

management r u n s ,  The  r e s u l t s  of t h e  s i m u l a t i o n s ,  whfe m a i n l y  

a p p l i c a b l e  t o  Belizean c o n d i t i o n s ,  may a l s o  b e  e a p l o y e d  t o  







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

c a r i b a e a  of similar s i t e - i n d e x  e l s e w h e r e ,  Four  e x p e r i m e n t a l  - 
t r e a t m e n t s  mere e s t a b l i s h e d ,  These  c o n s i s t e d  o f  r u n s i n g  PfHUS 

w i t h  t h e  f o u r  i n i t i a l  tree s p a c i n g s  l i s t e d  i n  T a b l e  V I I I , 5 ,  

P r e d i c t e d  y i e l d s  from t h e s e  s p a c i n g s  a r e  l i s t e d  i n  T a b l e  VIII,6, 

I n  c o m p a r i s o n  w i t h  t h e  y i e l d s  f rom t h e  s e e d - t r e e  r e g e n e r a t i o n  

sys t em,  t h e  p l a n t a t i o n s  e x h i b i t  a n  earl ier  b a t  less r a p i d  

i n c r e m e n t  i n  vo lune  (Pig. 8 -27 ,  8 - 2 8 ;  Appendix 1 ,  Volume 

i n c r e m e n t  a lso r e a c h e s  a  ~ a x i m u m  a t  a n  e a r l i e r  a g e ,  The r o t a t i o n  

a g e s  for sau - t imber  i n  t h e  p l a n t a t i o n s  v a r y  f rom YO - 5 0  p e a r s  

depend ing  o n  t h e  t h e  i n i t i a l  p l a n t i n g  d e n s i t y  (Tab le  'tlIII.6). 

The s a w - t i m b e r  y i e l d s  i n  t h e  d e n s e s t  p l a n t a t i o n s  a t  t h e  e n d  of 

t h e  r o t a t i o n  are t h e r e f o r e  e q u i v a l e n t  t o  t h a t  a t t a i n e d  b y  t h e  

recommended s e e d - t r e e  r e g e n e r a t i o n  s y s t e m  (20 t r e e s / h a , )  , b u t  t h e  

c r o p  is h a r v e s t a b l e  a l m o s t  20 y e a r s  earlier, The p r e d i c t e d  

y i e l d s  from lower p l a n t i n g  d e n s i t i e s  are c o r r e s p o n d i n g l y  l a u e r ,  

P l a n t i n g s  a t  an i n i t i a l  d e n s i t y  of < 1000 s t ems /ha -  p r o d u c e  

y i e l d s  which are somewhat less t h a n  t h o s e  of t h e  h u e s t  s i m u l a t e d  

d e n s i t y  o f  s e e d t r e e s ,  It seems clear t h e r e f o r e  t h a t  p l a n t a t i o n s  

f o r  s a w - t i n b e r  i n  Plountain  P i n e  Ridge  s h o u l d  a i a  f o r  i n i t i a l  

s t o c k i n g s  o f  1700 s t e n s / h a ,  o r  more, 

Obv ious ly ,  a  v i r t u a l l y  i n f i n i t e  number of s p a c i n g  a n d  

t h i n n i n g  r e g i m e s  c o u l d  b e  r u n  on PINUS a n d  t h e  r e s u l t s  employed 

a s  a g u i d e  t o  management p r a c t i c e .  U n t i l  i t  becomes clear what 

t h e  f u t u r e  d o m e s t i c  cr e x p o r t  marke t  demands are f o r  p i n e  
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p r o d u c t s  i n  Belize, i t  seemsl a d v i s a b l e  s i m p l y  t o  note a  few 

g e n e r a l  c o n c l u s i o a s  from t h e s e  l imi t ed  series of r u n s ,  

8.5: CONCLUSIOHS -- 
Three forest ry  management recammemdations c a n  be nade,  

Houever,  e a c h  r e c o a a e n d a t i o n  s h o u l d  be a c c e p t e d  v i t h  due  r e g a r d  

t o  t h e  c o n s t r a i n t s  o f  t h e  model, p a r t i c u l a r l y  t h o s e  t h a t  d e a l  

v i t h  t h e  b e h a o i o u r  of s t a n d s  beyond 25 y e a r s  o f  age. Beyond t h i s  

l i m i t  t h e  model remains u n v a l i a a t e d  a n d  its p r o j e c t i o n s  are  

t h e r e f o r e  t e n t a t i v e ,  W i t h  t h i s  vofd of c a u t i o n ,  t h e  s p e c i f i c  

r ecommenda t i ans  a r e  a s  f o l l o w s :  

(a)  P I N U S  i n d i c a t e s  t h a t  r e g e n e r a t i o n  of  h a r v e s t e d  

s t a n d s  o f  gs i n  H o u n t a i n  P i n e  P i d g e  is 

f a i r l y  s l o u ,  and  t o  e n s u r e  a n  a d e q u a t e  l e v e l  of 

s t o c k i n g  of young p i n e  a minimal  seed i n p u t  of some 

20,000 seeds /ha ,  i s  r e q u i r e d ,  T h i s  v a l u e  c a n  

p r o b a b l y  be a c h i e v e d  by r e t a i n i n g  between 10 - 20 

t r e e s / h a -  (4 - 8/ac) , It i s  reconnended  t h a t  a 

minirum of 20 s tems/ha,  (8/ac)  be r e t a i n e d  t o  

serve a s  s e e d - b e a r e r s ,  Even with t h i s  d e n s i t y  of 

seed-trees t h e  r e g e n e r a t i o n  phase  l a s t s  for 20 

y e a r s  a f t e r  d i s t u r b a n c e ,  and  ~ a n i m u a  s e e d l i n g  

e s t a b l i s h m e n t  r a t e s  o c c u r  i n  t h e  p e r i o d  between 10 

and  15 y e a r s ,  



(b) Given t h i s  i n i t i a l  l e v e l  o f  s t c c k i n g ,  a r o t a t i o n  of 

a t  l e a s t  55 y e a r s  s h o u l d  be  e a p l o y e d  t o  maximize 

s a o - t i m b e r  p r o d u c t i v i t y ,  

(c) I f  t h i n n i n g  i s  p r a c t i c e d  a t  a l l  i n  Houn ta in  P i n e  

Ridge,  and  it r a y  be  c o ~ p l e t e l y  u n n e c e s s a r y  i n  t h e  

l i g h t  o f  t e s t i n g  a g a i n s t  t h e  3/2 power law,  it 

s h o u l d  o n l y  be p r a c t i c e d  in l o c a l i t i e s  where 

e x c e p t i o n a l  d e n s i t i e s  of  s e e d l i n g s  occur .  Even i n  

s t a n d s  o v e r  30 y e a r s  o l d ,  a  l i g h t  t h i n n i n g  may be 

a l l  t h a t  is r e q u i r e d ,  S e v e r e  t h i n n i n g s  (erren t h o s e  

a s  l e n i e n t  a s  t h e  1.5D r u l e )  l e a d  t o  f a i r l y  

c o n s t a n t  s t a n d  volume be tween  30 and  50 y e a r s ,  

w i t h o u t  c o n c o s m i t a n t l y  l a r g e  t h i n n i n g  y i e l d s ,  and 

a r e  n o t  recommended, p a r t i c u l a r l y  as t h e r e  i s  a t  

p r e s e a t  no  marke t  f o r  t h i n n e d  m a t e r i a l s  l o c a l l y .  

(d) l o  men t ion  Bas been trade i n  the d i s c u s s i o n  so f a r  

of t h e  r o l e  of f i r e  a s  a n  e l e m e n t  i n  t h e  managemeat 

of t h e  p i n e  z e s o u r c e ,  a l t h e u g h  t h e r e  h a s  b e e n  a 

t a c i t  a s s u m p t i o n  i n  these s i m u l a t i o n s  t h a t  

"t ime-zero" r e p r e s e n t s  a logging e v e n t  accompanaed 

b y  a c o n t r o l l e d  bufn t o  r e d u c e  slash bui ldup .  Such 

fires were u t i l i s e d  d u r i n g  t h e  e a r l y  y e a r s  o f  

l o g g i n g  i n  a o u n t a i n  P i n e  Ridge  , b u t  t h e r q  h a s  been 

a  mora to r ium on p r e s c r i b e d  b u r n s  i n  f i o u a t a i n  P i n e  

R i d g e  for  a l m o s t  15 y e a r s ,  ever s i n c e  Wolffsohn,  



who o r i g i n a M g  recommended t h e i r  u s e ,  f o u n d  s u c h  

f ires d i f f i c u l t  t c  c o n t a i n  u i t h  t h e  e q u i p m e n t  a n d  

manpover  t h e n  a v a i l a b l e .  Hovever ,  t h e  F o r e s t r y  

D e p a r t a e n t  i n  Belize h a s  r e c e n t l y  (Way, l976), 

r e - i n i t i a t e d  r e s e a r c h  on t h e  effects of p r e s c r i b e d  

b a r n s ,  a n d  s u c h  fires may w e l l  p r o v e  a n  a c c e p t a b l e  

s i l v i c u l t ~ r a l  t o o l  i n  t h e  n e a r  f u t u r e ,  S i n c e  t h e  

p r i m e  i n h i b i t o r  o f  p i n e  r e g e n e r a t i o n  b a s  b e e n  

shown t o  be l i t t e r  b u i l u p ,  the r e d u c t i o n  i n  l i t t e r  

mass b y  a control b u r n  a f te r  l o g g i n g  w i l l  n o t  only 

r e d u c e  the r i s k  of w i l d f i r e ,  but a l so  s t i m u l a t e  

p i n e  r e g e n e r a t i o n ,  P r e s c i b e d  b u r n i n g  of t h e  s t a n d  

d u r i n g  its d e v e l o p m e n t  may also come t o  p l a y  a n  

i m p o r t a n t  ro l e  i n  fores t  management i n  t h e  study 

area, H o v e r e r ,  the c u r r e n t  l a c k  of data o n  t h e  

effects of s u c h  b u r n s  o n  p i n e  r e g e n e r a t i o n  h a s  

p r e c l u d e d  t h e  use o f  PINUS a s  a means  o f  a s s e s s i n g  

t h e  l o n g - t e r s  effects o f  s u c h  a p o l i c y ,  



p i n u g  ~ a i b a e a  v a r -  u r e n s d s  d o m i n a t e s  e x t e n s i v e  a r e a s  

a l o n g  t h e  A t l a n t i c  c o a s t  o f  C e n t r a l  America, Along w i t h  t h e  

o t h e r  C a r i b b e a n  r a c e s  of t h e  s p e c i e s ,  i t  h a s  b e c o a e  o n e  of t h e  

chief t imber a n d  p u l p  trees t o  be p l a n t e d  i n  t h e  t r o p i c s  a n d  

s u b - t r o p i c s  ower t h e  l a s t  twen ty  y e a r s ,  I n  i ts  n a t u r a l  r a n g e ,  P, 

c a r i b a e a  u s u a l l y  o c c u r s  in open, p a r k - l i k e  s k a n d s  g e n e r a l l y  - 
r e f e r r e d  t o  a s  @ p i n e  savanna ,*  The i n f e r t i l e  s o i l s  o f  t h e  c o a s t a l  

a n d  i n t e r i o r  p r o v e n a n c e s  of t h e  C e n t r a l  American s u b s p e c i e s  

r e n d e r  t h e  tree f a i r l y  s k u - g r o w i n g  i n  i ts  n a t i v e  h a b i t a t  and its 

commerc i a l  v a l u e  is t h e r e f o r e  p r i m a r i l y  a s  saw-tiaber; and  a s  a 

s o u r c e  o f  seed f o r  p l a n t a t i o n  deve lopmen t  e l s e w h e r e ,  

I n  c o n t r a s t ,  t h e  e x o t i c  p l a n t a t i o n s ' o f  t h e  s p e c i e s  are f o u n d  

i n  h u r i d  c o a s t a l  l o u l a n d  a r e a s ,  on w e l l - d r a i n e d  , f a i r l y  ferbife 

soi ls ,  I n  t h e s e  s i tes  i t  i s  grown o n  s h o r t  r o t a t i o n s  for p u l p ,  

Only i n  some of the o l d e r  p l a n t a t i o n s  a t  h i g h e r  a l t i t u d e s  i s  

s a w t i a b e r  l i k e l y  t o  b e  t h e  p r i m a r y  p r o d u c t ,  T h e r e  i s  t h e r e f o r e  a 

s t r o n g  d ichotomy i n  t h e  i n t e r e s t s  of forest managers  i n  t h e  

n a t u r a l  and  p l a n t e d  r a n g e  of t h e  s p e c i e s ,  a n d  t h e  r e s e a r c b  

r e s u l t s  g e n e r a t e d  i n  one  s i t u a t i o n  aay n o t  b e  d i r e c t l y  a p p l i c a b l e  

t o  t h e  o t h e r .  

The p o p u l a t i o n  s i z e  of a  p l a n t  s p e c i e s  c a n  be e n v i s a g e d  a s  a  

r e s p o n s e  t o  f o u r  factors: t h e  c a r r y i n g  c a p a c i t y  o f  a  site, t h e  

t ime-span  fo r  which t h e  s i t e  r e m a i n s  c o l o p i z a b l e  or h a b i t a b l e ,  



t h e  d i s p e r s i b i l i t y  of t h e  s p e c i e s ,  and  t h e  s p a t i a l  d i s t r i b u t i o o  

and s i z e  of sites s u i t a b l e  f o r  c o l o n i z a t i o n  ( ~ a d g i l ,  1971) E, 

c m i b a e a  is a  ' f i r e - ~ p p o r t a n i s t *  s p e c i e s  c a p a b l e  o f  c o l o n i z i n g  

and  s u r v i v i n g  u n t i l  r e p r o d u c t i v e  m a t u r i t y  in sites f r e q u e n t l y  

s t r e s s e d  b y  fire, Bouever ,  t h e  c a r r y i n g  c a p a c i t y  of a  site 

exposed  t o  a ' n a t u r a l e  fire reg imen  ( r e c u r r e n c e  i n t e r v a l  of f ire 

< 20 gears), is  low b e c a u s e  of t h e  h i g h  m o r t a l i t y  r a t e s  s u f f e r e d  

by  j u v e n i l e  p i n e s  d u r i n g  a burn ,  

The main t h r u s *  cf f o r e s t  management i n  t h e  C e n t r a l  American 

s t a n d s  of & c a r i b a o q  u p  to t h e  p r e s e n t  day  h a s  t h e r e f o r e  been  

t h e  c o n t a i n m e n t  a n d  p r e v e n t i o n  o f  g r a s s  f i r e s  i n  a n  a t t e m p t  t o  

increase t h e  c a r r y i n g  c a p a c i t y  (and  t h e r e f o r e  t i m b e r  y i e l d )  of a 

site, I n  t h o s e  areas i n  C e n t r a l  America i n  which f i r e  p r o t e c t i o n  

h a s  been  a d o p t e d ,  r e g e n e r a t i o n  of p i n e  h a s  i n c r e a s e d  

c o n s i d e r a b l y ,  e x c e p t  w h e r e  o v e r - c u t t i n g  h a s  r e d u c e d  t h e  s t o c k  of 

m a t u r e  s e e d - t r e e s ,  Bowever, t h e  e x c l u s i o n  of f i res  o v e r  s e v e r a l  

d e c a d e s  l e a d s  t o  red i tced  e s t a b l i s h m e n t  of p i n e  s e e d l i n g s ,  and  i n  

t i n e  t h e  c o m p e t i t i a e  e x c l u s i o n  of & w i b a e a  by b r o a d l e a v e d  

s p e c i e s ,  p a r k i c u l a r l y  oaks ,  i s  t o  b e  e x p e c t e d  i f  f i re  is  

c o a p l e t e l y  e x c l u d e d  from t h e  env i ronmen t ,  It is clear t h e r e f o r e  

t h a t  t h e  f u t u r e  o f  t h e  p i n e l a n d s  of C e a t r a l  America,  a s  b o t h  a 

timber a n d  g e n e t i c  r e s o u r c e ,  d e p e n d s  upon t h e  deve l apmen t  of 

management s t r a t e g i e s  a i r e d  a t  c o n s e r v i n g  t h e  p i n e  estate, Such 

s t r a t e g i e s  mus t  be based on a n  a d e q u a t e  knowledge ef t h e  e c o l o g y  

of t h e  s e e d l i n g  phase ,  a s  p o p u l a t i o n - t u r n o v e r  i s  g r e a t e s t  d u r i n g  

t h i s  t r a n s i t i o n  p e r i o d ,  



T h i s  s t u d y  f o c u s s e d  

d  p a  sics of C a r i b b e a n  

v a r i o u s  l e n g t h s  of time, 

f i r e  y e a r s  of s e e d l i q g  

t h e r e f o r e  o n  t h e  s e e d  and  s e e d l i n g  

p i n e  i n  s t a n d s  p r o t e c t e d  f rom f i r e  for  

The p o p u l a t i o n  flux d u r i n g  t h e  first 

growth  i n  a l l  s a m p l e  s t a n d s  was a n a l y z e d  

u s i n g  a s t a t i c  l i f e - t a b l e .  T h i s  i n d i c a t e d  t h a t  t h e  g r e a b e s t  

m o r t a l i t y  was s u f f e r e d  d u r i n g  t h e  seed - s e e d l i n g  t r a n s i t i o n ,  a n d  

i n  t h e  first y e a r  of t h e  s e e d l i n g ' s  e y i s t e n c e -  Da ta  on  s e e d  a n d  

s e e d l i n g  s u r v i r o r s h i p  frcm a sown p o p u l a t i o n  of 13,600 s e e d s  i n  

1 7  s t a n d s  d e e o p s t r a t e d  t h a t  t h e  o v e r a l l  s m a l l  s i ze  o f  t h e  

e s t a b l i s h e d  s e e d l i n g - p o p u l a t i o n  u a s  p r i m a r i l y  a  r e s g q n s e  t o  

s e v e r e  p r e d a t i o n  o f  s e e d s  i n  t h e  p o s t - d i s p e r s a l  p e r i o d .  The 

magn i tude  o f  s e e d - p r e d a t i o n  proved  t o  be of a f a i r l y  a q i f o r m l p  

h i g h  i n t e n s i t y  i n  a l l  t h e  s t a n d s  sampled ,  

B f u r t h e r  20,000 s e e d s  were sown i n  t h e  same s t a n d s  a t  t h e  

same time and  a t  t h e  same d e n s i t y  a s  t h o s e  above,  The p l o t s  i n  

which t h e y  were sown were m a n i p u l a t e d  t o  e x c l u d e  t h e  l a r g e r  

members o f  t h e  s e e d - h a r v e s t i n g  f a n n a ,  f o o t  c o m p e t i t i o n  from 

n e i g h b o u r i n g  trees, or r o o t  c o m p e t i t i o n  f r a a  t h e  ground  f lora ,  

A 1 1  t h e s e  e x p e r i m e n t a l  t r e a t m e n t s  mere a o n i t o r e d  for  a p e r i o d  of 

o n e  year .  In a d d i t i o n ,  a  series of l a b o r a t o r y  and  f i e l d  t es t s  

were c o n d u c t e d  on t h e  e f f e c t s  o f  l i t ter  d e p t h ,  r a d i a t i o n  

i n t e n s i t y ,  i f l a m i n a t i a n ,  and  a l l e l o p a t h y  on  seed g e r m i n a t i o n  and  

s e e d l i n g  s u r  v i v o r s h i p ,  

Somewhat s u r p r i s i n q l y ,  the lowest rates of seed 

e s t a b l i s h m e n t  were i n  t h e  y o u n g e s t  s t a n d s  o n  r e c e n t l y  d i s t u r b e d  



seedbeds ,  High i n c i d e n t  r a d i a t s o n  a n d  t h i n  l i t t e r  l a g e r s  (XI, 5 

cr. t h i c k )  l e d  to  d e s s i c a t i o n  of t h e  sandy  s u r f a c e  s o i l s  and a 

s u b s e q u e n t  i n h i b i t i o n  of g e r m i n a t i o n .  Those s e e d l i n g s  t h a t  d i d  

g e r ~ i n a t e  presumably  d i e d  very s o o n  t h e r e a f t e r  a s  a r e s u l t  o f  t h e  

f a i l u r e  o f  t h e  h p p o c c t y l  t o  r u p t u r e  t h e  c r u s t  t h a t  d e v e l o p e d  on 

t h e s e  s o i l  s u r f a c e s ,  Waximun r a t e s  of e s t a b l i s h m e n t  were 

r e c o r d e d  i n  s t a n d s  which had been u n d i s t u r b e d  b y  f i r e  of l o g g i n g  

f o r  5 - 15 y e a r s ,  

I n  o l d e r  s t a n d s ,  a l t h o u g h  g e r s i n a t i o n  was s l i g h t l y  l o v e r  

t h a n  i n  t h e  5 - 15 year-old s t a n d s ,  t h e  f a i l u r e  of p i n e  

r e g e n e r a t i o n  was p r i n a r i l p  a r e s u l t  of t h e  low s u r v i o o r s h i p  r a t e s  

of g e r m i n a t e d  s e e d l i n g s ,  The l o v e r  g e r m i n a t i o n  rate  uas 

a t t r i b u t e d  t o  t h e  mperchinge e f f e c t s  of a  t h i c k  l i t t e r  l a y e r ,  

Hany of t h e  s e e d l i n g s  l a n d i n g  o n  t h i s  t y p e  of s u b s t r a t e  are  

u n a b l e  t o  p e n e t r a t e  t h e  l i t t e r  mat and t o  s e c u r e  a moisbure  
- -  - 

supp ly ,  The low s u r v i o o r s h i p  o f  g e m i n a t e d  s e e d l i n g s  i n  t h e s e  

o l d e r  s t a n d s  was ascr ihed  t o  t h e  s y n e r g i s t i c  {though i n d i r e c t )  

e f f e c t s  of a t h i c k  l i t C e r  mat and  s h a d y  f o r e s t  f locrr c o n d i t i s n s -  

It is p o s t u l a t e d  t h a t  t h i c k  l i t t e r  and s h a d e  i n h i b i t  the 

i n f e c t i o n  of p i n e  r o o t s  by mycobionts ,  on which t h e  s e e d l i n g s  

depend  f o r  c o n t i n u e d  growth,  Uainf  e c t e d  s e e d l i n g s ,  o r  s e e d l i n g s  

w i t h  o n l y  a low p r o p o r t i o n  o f  t h e i r  r o o t s  i n f e c t e d ,  a r e  less 

v i g o r o u s  and more open  t o  i n f e c t i o n  bg p a t h o g e n i c  fungi, and it 

i s  presumed ( though n o t  proven) t h a t  t h e  IOU s u r v i a f o r s h i p  d e r i v e s  

p r i m a r i l y  from t h i s  c a u s e ,  S e e d l i n g s  i n  t h e s e  o l d e r  s t a n d s  a l s o  



s u f f e r e d  a s i g n i f i c a n t l y  g r e a ' t e r  d e g r e e  of p r e d a t i o n  by 

h e r b i v o r o u s  i n s e c t s  t h a n  s e e d l i n g s  i n  t h e  5 - 15 y e a r  a g e  

c a t e g o r y ,  

T h e  c o n c l u s i o n s  p r e s e n t e d  a b o v e  are  s u b j e c t  t o  a number of 

c o n s t r a i n t s ,  A l a h o o g h  s t a n d  da'ta were collected d u r i n g  t h e  

c o u r s e  o f  t w o  f i e l d  s e a s a n s ,  t h e  da ta  on seed a n d  s e e d l i n g  

p o p u l a t i o n  d y n a m i c s  r e p r e s e n t  a s a m p l e  p e r i o d  cf o n e  y e a r  because 

o f  c o m p l e t e  f a i l u r e  of the seed p o p a l a t i c a  to g e r m i n a t e  i n  t h e  

f i r s t  y e a r ,  The a n n u a l  v a r i a b i l i t y  of such i r p o r t a n t  v a r i a b l e s  

a s  s e e d - p r o d u c t i o n  a n d  s e e d l i n g  e s t a b l i s h m e n t  semaias unknown, 

a n d  t h e  c o n c l u s i o n s  d r a w n  f ros  t h e  l i m i t e d  f i e l d  e v i d e n c e  may 

h a r e  t o  be r e v i s e d  a s  f u r t h e r  da ta  becomes available. %he h i g h  

b e t w e e n - s t a n d  v a r i a n c e  i n  t h e  g e r r i n a t i o a  p e r c e n t a g e s  i n  t h e  

c o n t r o l  g l o t s  p o i n t s  t o  t h e  i n h e r e n t  v a r i a b i l i t y  of s t a n d s  t h a t  

were g r o u p e d  i n t o  p a r t i c u l a r  a g e - c l a s s e s ,  This v a r i a b i l i t y  steffs 

p r o b a b l y  from t h r e e  c a u s e s :  t h e  small  number  of s t a n d s  i n  e a c h  

a g e - c l a s s ,  t h e  e n v i r c n n e n t a l  p a t c h i n e s s  i n  e a c h  s t a n d ,  a n d  t h e  

varied h i s t o r y  of d i s t u r b a n c e  of e a c h  stand w i t h i n  homogeneous  

age-classes+ Overcoming  t h e s e  p r o b l e m s  would i n v o l v e  a 

c o n s i d e r a b l e  i n c r e a s e  i n  s a m p l e  size, n o t  only of the n u e b e r  of 

s t a n d s ,  b u t  of the s i z e  a n d  number of e x p e r i m e n t a l  p l o t s  within 

s t a n d s ,  

F u r t h e r m o r e ,  t h e r e  is l i t t l e  h o p e  f o r  a n y  d e t a i l e d  h i s t o r i e s  

for t h e  s t a n d s  s a m p l e d  i n  n o u n t a i n  P i n e  P i d g e ,  A 1 1  h a v e  s u f f e r e d  

from v a r y i n g  i n t e n s i t i e s  cf d i s t u r b a n c e s  i n  t h e  farm of ( a s r a l l y  



unreco rded )  b a r n s ,  l o g g i n g ,  t h i n n i n g  a c t i v i t i e s ,  and,  t o  a  lesser 

e x t e n t ,  c o n e  c o l l e c t i o n ,  The r e s e a r c h  d e s i g n  i n f e r s  t e m p o r a l  

dynamics  of s t a n d s  b a s e d  upon a  s p a t i a l  s a m p l i n g  p rocedure ,  and,  

a s  w i t h  most s t u d i e s  i n  v e g e t a t i o n  s u c c e s s i o n ,  t h e  v a l i d i t y  o f  

t h e  t e c h n i q u e  c a n  o n l y  be a s s e s s e d  o v e r  a  c o n s i d e r a b l e  

t ime-pe r iod ,  

A s i m u l a t i o n  m d e l  u a s  c o n s t r u c t e d  t o  model t h e  b shawiour  of 

m a t u r e  s t a n d s ,  E m p i r i c a l  r e l a t i o n s h i p s  d e r i v e d  f ror f i e l d  

s a m p l i n g  and  e x p e r i m e n t a t i o n  were u s e d  t o  r e g u l a t e  s e e d l i n g  i n p u t  

and  t o  model t h e  g r o u t h  agd morphology of i n d i v i d u a l  trees i n  t h e  

s i m u l a t o r ,  Growth r a t e s  o f  i n d i v i d u a l s  and  c o n p e t i e i v e  

i n t e r a c t i o n s  b e t u e e n  i n d i v i d u a l s  v e r e  s i m u l a t e d  by e r p l o y i n g  a  

m o d i f i e d  v e r s i o n  of the JABOWA program of B o t k i n  e t  al. (1970, 

1972).  Annual  dbh  i n c r e m e n t  was c o n s i d e r e d  t o  b e  f u n c t i o n a l l y  

d e p e n d e n t  upon t h e  d e g r e e  of n u t u a l  s h a d i n g  o f  t h e  tree c rowns  i n  

the s t a n d ,  and t h e  stem volume-increment  was t h e n  u t i l i z e d  t o  

assess t h e  p r o b a b i l i t y  of m o r t a l i t y  of  i n d i v i d u a l s ,  The d a t a  f o r  

t h i s  s e c t i o n  were d e r i v e d  from s t a n d s  o f  2, a n d  P, 

e l l i o t t i i  i n  L o u i s i a n a ,  The whole-model b e h a o i o u r  u a s  t h e n  -- 
v e r i f i e d  by t e s t i n g  i t s  s h o r t - t e r m  growth  aad  a o r t a l i t  y 

p r e d i c t i o n s  a g a i n s t  t h e  dynamics  o f  real s t a n d s .  

It i s  p o s s i b l e  t o  u s e  t h e  model a s  a  s i m p l e  s h o r t - t e r m  f<20 

p e a r s )  g r o u t h  and  mor t a l i t 21  p r e d i c t o r  b y  employing  as i n p u t  d a t a  

f rom rea l  Nots, T h e s e  d a t a  would c o n s i s t  of a  list of tree 

h e i g h t s ,  d b h g s  a n d  a g e s ,  They would be used  t o  assess future 



s t a n d  d e v e l o p m e n t ,  t o  p r e d i c t  mean y i e l d s ,  a n d  g i v e  some 

i n d i c a t i o n  of t h e  v a r i a b i l i t y  i n h e r e q t  i n  s t a n d  d y n a m i c s ,  

I n d e e d ,  t h i s  may w e l l  p r o v e  t o  be t h e  mos t  s a t i s f a s t o r y  u s e  fo r  

t h e  model, 

However, i n  o r d e r  t o  c l a r i f y  c e r t a i n  p r o b l e m s  a s s o c i a t e d  

w i t h  management of t h e  p i n e l a n d s  o f  Belize, sewera1 l o n g - t e r m  

e x p e r i m e n t s  were p e r f o r m e d  u s i n g  t h e  v e r i f i e d  mode l -  The 

e x p e r i m e n t s  a n a l  y sed t h e  effects of v a r i o u s  

h a r v e s t i n g / r e g e n e r a t i o n  s t ra teg ies  a n d  r o t a t i o n  a g e s ,  a n d  

t h i n n i n g  r e g i m e s  in p i n e  s t a n d s  of v a r y i n g  d e n s i t y .  S p e c i f i c  

r e c o m m e n d a t i o n s  f r o m  t h e s e  e x p e r i m e n t s  a r e  d e t a i l e d  a t  the e n d  o f  

C h a p t e r  E i g h t ,  I n  o r d e r  t o  p r o d u c e  a n  a d e q u a t e  s t o c k i n g  of 

r e g e n e r a t i o n  a f t e r  l o g g i n g  a  s t a n d ,  it is n e c e s s a r y  t o  r e t a i n  a 

minimum o f  2 0  t r e e s / h a ,  t o  ac t  a s  s e e d b e a r e r s ,  r l a x i n u ~  mean 

a n n u a l  i n c r e m e n t s  ( v o l u m e t r i c  n e a s u r e )  i n  t h e  s i a u l a t e d  s t a n d s  

are a t t a i n e d  45 - 50 y e a r s  af ter  l o g g i n g ,  a n d  a r o t a t i o n  a g e  of 

60 y e a r s  is t h e r e f ~ r e  recommended i n  t h e  s t u d y  area i n  order t o  

o p t i r i s e  saw-timber y i e l d s ,  

P e r h a p s  t h e  s i n g l e  acst  i a p o r t a n t  c o n c l u s i o n  f o r  management 

p r a c t i c e  i n  t h e  p i n e l a n d s  cf M o u n t a i n  P i n e  a i d g e  c o n s i s t e d  of  t h e  

r e c o m a e n d a t i o n s  t h a t  arose f r o a  t h e  s i n u l a  ticn of w a r i o n s  

t h i n n i n g  p r a c t i c e s ,  S p e c i f i c a l l y ,  s e v e r e  t h i n n i n g s ,  e v e n  t h o s e  

a s  l e n i e n t  a s  t h e  1,5D R u l e ,  were n o t  recommended fo r  

s i l v i c u l t u r a l  p r a c t i c e  i n  t h e  p i n e l a n d s ,  b e c a u s e  of t h e  d r a s t i c  

d e t e r i o r a t i o n  of s t a n d  s t r u c t u r e  f o l l o v i n g  s u c h  k h i n n i n g s .  T h e  

c u r r e n t  t h i n n i n g  programme i n  M o u n t a i n  P i n e  R i d g e  may well r e s u l t  



i n  c o n s i d e r a k l y  r e d u c e d  f u t u r e  y i e l d s  b e c a u s e  of t h e  r e l i a n c e  o n  

s u c h  e m p i r i c a l  rules a s  a  g u i d e  t o  t h i n n i n g  p r a c t i c e ,  Only  i n  

young s t a n d s  o f  e x c e p t i c n a l  d e n s i t y  s h o u l d  t h i n n i n g s  be 

p r a c t i c e d ,  F u t u r e  deve lopment  o f  t h e  model c o u l d  p roceed  a l o n g  

one  o f  t u o  p a t h s ,  The first would b e  t o  a t t a c h  costs a n d  

r e v e n u e s  t o  t h e  v a r i o u s  management s t r a t e g i e s ,  a n d  t h e n  

i n c o r p o r a t e  t h e s e  i n t o  a  l a r g e  fores t  es ta te  model, The s e c o n d  

would be t h e  u s e  of t h e  s i m u l a t o r  a s  a  f o u n d a t i o n  on which t o  

b u i l d  an uecosgs temm mcdel ,  i n  u h i c h  the majo r  n u t r i e n t  and  

e n e r g y  f l o w s  are i n c o r p o r a t e d  i n t o  madel s t r u c t u r e ,  i n  o r d e r  t o  

s i m u l a t e  t h e  e f f e c t s  o f  such d i s t u r b a n c e s  a s  timber h a r v e s t i n g ,  

s l a s h - b u r n i n g  or w i ld f i r e  on n u t r i e n t  r e s e r v e s  and  f l u x e s ,  

T h i s  s t u d y  h a s  been e q u i v a l e n t  t o  oge pass t h r o u g h  

F o r r e s t e r g s  n i n e - s t a g e  M ~ o d e l  of  a  ~ode1 .H  Undoubted ly  a s  more 

d a t a  becomes a v a i l a b l e  on t h e  e c o l o g y  of  s a r i l m e a ,  t h e  

dynamics  of e a r l y  s u c c e s s i o n a l  tree s p e c i e s ,  o r  t h e  demographic  

s t r a t e g i e s  o f  p i n e s  i n  g e n e r a l ,  t h e  a o d e l  r i l l  r e g a i r e  r e v i s i o n ,  

A c o m p l e t e  r e a n a l y s i s  o f  some sections map have  t o  be 

u n d e r t a k e n ,  p a r t i c u l a r l y  areas s u c h  a s  d e n s i t y  stress - i o r t a l i t y  

i n t e r a c t i o n s  i n  ma tu re  s t a n d s ,  a n d  p i n e  r e g e n e r a t i o n  dynamics  i n  

v e r y  r e c e n t l y  l o g g e d  s t a n d s ,  Only when such d a t a  b e c o a e s  

a v a i l a b l e  c a n  a  s i g n i f i c a n t  i a p r o v e n e n t  be s a d @  i n  t h e  

p r e d i c t i o n s  of t h e  b e h a v i o u r  of  s t a n d s  o f  C a r i b b e a n  p ine ,  
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APPENDIX A: EXOTIC P L B Y T B T I O N S  OF S A R I B B E A  VABo 
HONDURENSf S -  ----- 

1 1 I I 
1 Brazil  1 4,000 1,619 1 8,000 3,237 1 
f 
I F i j i  
1 
1 Pr, Guiana 
I 
f Guyana 
I 
1 India 
I 
1 Jamaica 
1 
1 tlalagasy 
I 
1 Walaysia 
1 
f Nigeria 
I 
j Solomon Is. 
1 
I S. Africa 
1 
I Surinan 
I 
J Tanzania 
I 
1 Trinidad 
I 
1 Uganda 
I 
f Venezuela 
I 
j Zaire 
I 
1 ------------ 
1 Total 

i I 
1 11,500 4,654 f 10,000 4,047 1 

t 1 
small - 1 500 203 4 

I 1 I 
450 182 1 200 01  4 

I 1 I 
s a a l l  - S 500 203 4 

I 1 I 
7,000 2,833 ( 3,000 1,214 ] 

I - 1 I 
- 1  1,750 690 

f 1 
small  - 1 1,000 404 I 

- I I 
- I 1,000 404 I 

I 1 
s a a l l  I 200 81 f 

I 4 - - 1 
1 10,000 4,047 J I 
I 4 1 

10,000 4,047 1 2,470 1,000 4 
f 1 

6,700 2,712 1 10,000 4,047 1 
I 1 1 
1 6,000 2,428 ) 1,000 404 1 
I 1 I 

sarall - I 500 203 1 
I I I 

200 8 1  1 4,000 1,620 1 
1 1 

1,500 607 1 2,470 1,000 4 
1 

----------------I----------------- 
1 
1 

65,350 26,408 I U9,090 19,850 I 
I I 

Data Socrce: Lamb, 1973; p.212. 



I: FLORA RECOHDED IN THE SAHPLE STANDS I N  H O U N T A I N  P I N E  R I D G E .  

Trees a n d  S h r u b s  

? A r i d i s i a  s p p ,  
B y r s o n i n a  crassif o l i a  
c a l l i a n d r a  h o u s t  o n i a n a  
C i t h a r e x y l u m  c a u d a t u m  
C l e t h r a  h o n d u r e n s i s  
C l i d e m i a  d e p p e a n a  
C, s t r i g i l l o s a  
C l u s i a  f l a v a  
C, f l a v a  
C r e s c e n t i a  c u j e t e  
C u r a t e l l a  a m e r i c a n a  
C y r i l l a  r a c e m i f l o r a  
? E u g e n i a  f ? C a l y p r a n t  h e s )  
E u p a t o r i u m  o o r a t u m  
H e n r i e t t a  s u c c o s a  
Hyper icum st y p h e l i o i d e s  
H, f a s c i c u l a t u n  

S u b s h r u b s  a n d  Herbs 

Aeschynomene sp. 
?Agera tum 
Andropogon t e n e r  
A. v i r g a t u s  
B u l b o s t y l i s  v e s t i t a  
Calea 1 o n g i p e d i c e l l a t a  
C, p e c k i i  
C a s s i a  f l e x u o s a  
C l i d e m i a  r u b r a  
C o c c o c y p s e l u m  h i r s u t  urn 
D a l e c h a m p i a  s c h i p p i i  
D i c r a n o p t e r i s  p e c t i n a t a  

n i c o n i a  a l b i c a n s  
n, a r g e n t e a  
B, b e 1  i z e n s i s  
B, c i l i a t a  
8, h a b r o l e p s i s  
H, i b a g u e n s i s  
B, p t e r o p o d a  
Himosa a l b i d a  
H, p i g r a  
H y r i c a  c e r i f e r a  
P s y c h o t r i a  s p p ,  
Q u e r c u s  oleoides 
V i s a i a  f e r r u g i n e a  
V i s m i a  f e r r u g i n e a  
X y l o p i a  f r u t e s c e n s  

P a s p a l u m  p l i c a t u a  
P. p u l c h e l l u m  
Pan icum a r e n i c o l o i d e s  
P, laxum 
P o l y g a l a  sp .  
R h y n c h o s p o r a  g l o b o s a  
B. a f f ,  p l u a o s a  
R, p o d o s p e r a a  
8. r o b u s t a  
R. r u g o s a  
Scleria n i c r o c o c c a  
Z o r n i a  r e t i c u l a t a  



I :  LIST OF BOTANICAL A N D  COHfl01 IAdES OF PLANTS 
dENTIONE!D IN THE TEXT 

F u n g i :  c r o n a r t i u m  con iuenum Hedge 6 Hunt  Cone r u s t  

G l e i c h e n i a c e a e :  -- D i c r & n o p t e x i s  p e c  t i n a  t p  Underv ,  T i g e r - b u s h  

D e n n s t a e d i a c e a e :  p t e r a d i u ~  a ~ u i l i n u m  (L,) Kuhn Bracken  

P i n a c e a e :  

G r  amineae:  

C y p e r a c e a e :  

L o r a n t h a c e a e :  

S a l i c a e a e :  

f i y r i c a e a e :  

F a g a c e a e :  

Annonaceae:  

R a l p i g h i a c e a e :  

b b i e s  klsamea (L,) M i l l ,  
p i c e a  qisck?. (Hoench) V o s s  
g i n u s  b a k s i a n a  Lamb, 
p i n u s  c a r i k a e a  Morelet 
E i n u s  d e n s i f l o r a  S i e b ,  & Zucc, 
p i n u s  e c h . i n a t a  H i l l ,  
p i n u s  g u o t t i i  Engelm, 
g i n u s  & x $ w e u q i i  L i n d l ,  
g i n u s  gospypa S c h e i d e  
p i n u s  ~ a l u ~ t r i s  tiill, 
P i n n s  p i a s t e r  A i t ,  --- 
g i n u s  ~ g d e r o s a  Laws ,  
P i n u s  p s e u d o s t r o b u s  L i n d l ,  -- 
g i g ~  r a d i a t a  D, Don 
P j n u s  r e s i n o s a  A i t ,  - --- 
P i n u s  splwestris L, 
PLnus  s t r o b u s  L. - -- 
P i n u s  t a e d g  L, -- - 
& e u d o t s u q ~  m e n z i e s i i  F r a n c o  
T s u s  w a d e n s i s  (L,) C a r r ,  --- 
T s u q p  h e t e ~ ~ h p l l a  (Raf , ]  S a r g .  
7- 

f i n d r o ~ o g ~  v i r s a t u ~  Desv, 

Balsam fir 
W h i t e  s p r u c e  
J a c k  p i n e  
C a r i b b e a n  p i n e  
L o d g e p o l e  p i n e  
S h o r t l e a f  p i n e  
S l a s h  p i n e  

Ocote 
L o n g l e a f  p i n e  
Maritime p i n e  
P o n d e r o s a  p i n e  

Monte rey  p i n e  
Red p i n e  
S c o t s  p i n e  
W h i t e  p i n e  
L o b l o l l y  p i n e  
D o u g l a s  f i r  
E a s t e r n  hemlock  
W e s t e r n  hemlock  

d e s o s e t g  f i  l i f o l i u ~  Hubbard  
& h v n c h o s ~ ~ ~ g  s l o b o s a  Boem, E S c h u l t .  
S c l e a p  qmcteata --- 
A c o e l o r r a p h e  ptghtii Wendl, 
S c h m i g  c c n c o l o r  B u r r e t  --- 
A r c e u t h o b i u a  gpg, ----------- 
P o p u l u s  &+gmulo ides  Plichx, - 
f i y r i c a  smE - --- 
Q u e r c u s  h o n d u r e n s i s  T r e l e a s e  
Q u e r c u s  o l e o i d e s  S c h ,  E Cham. 
Q u e r c u s  p u r u l h a n a  T r e l e a s e  

L l L o ~ i a  a u t  escggg 

B p r s o n i m a  crassifol iq  (L, ) DC, - -U_--- - -  

C u t t i n g  g r a s s  

P a l m e t t o  
S i l v e r  p i m e n t o  

Dwarf mistletoe 

Q u a k i n g  a s p e n  

Teabox  

Oak 
Oak 
Oak 

P o l e  wood 

C r a b b o o  



Sugar maple 

Chaparro 



A P P E N D I X  C 

1 U 150  5 0  
L 0  d r l  1 L 7  
1 1  3 8  113 

:j 5 2  2 4  
2 t, 1 7 8  5 d  
2 !I 218  3 5  
L 5 4i13 b L  

Y 78 2 4  
15 15'2 4 5  
1 3   LO^ 5 2  
25 L Y O  4 1  
20 183 h 4  
2 5 4 3 0  L O O  
2 5  195  8 5  
25 2 3 5  d5 

1 6 2  16 
2 56 ~1 

V a r i a b l e  trl = S t d n d  # 
2 = 5tar .d  A g *  (yrs.) 
3 = De1is:t.y of n o n - s t = e d l i n q  P. c a r l b a e a  

(stems > 2 m. i c  h e i g h t )  
U = D c n s i t - y  of s t s 2 d l i n g s  cf i'. c a r i b d e a  

(s tc~nr i  < i I I I ,  i;. h r i ~ h t ,  3 x ~ l u ~ J i s i q  I s t -y -?ars )  
5 = T o t d l  Pint L a s a l - A r e r  (;q.c,ns.) 
6 = C u r r a n t  Anriudl  S c e d - Y i e l d  ( Z s t i a a t ~ l d )  
7 = T o t d i  dasal-Ar;a o t  14a~ciuoo: I~  (sq.cias.) 
b = S h r u b  Covcr ( '4 )  

3 = tirdss Uiomdds ( \ j / 0 . 2 3  . s q . P . )  
10 = G L g ~ s r ;  Cover  (i) 



t7.9 
17.3 
7. 3 
iZ.7 
6. > 
21.5 
1.6 

1j.1 
Ld. b 
34.3 
113.1 
4b.b 
2.5 

35.4 
0.13 
0.9 



0 , h i s  t ~ b l e  c ; in  bc u t i l i ~ t u  only f o r  l i j h t  n i e t ~ r s  s e t  
t? r i l in  s p c ~ d s  or  AsA 6 4 .  Tht f ~ . j u r d s  i n  t,n.-? main 
b o d y  of t h e  c l~dr t  rtprest : i t  s h u t t e r  s p + + d ~  ( 4  = 1/4 
ot' a sacond  anti 4 - 3  = 4 s e c o ~ d r ; )  . To 9 b t ? i n  t n ~  
a p p r o p r i a t e  t o o t - c a c u l e  r d t i n q  Tor i p ~ r t i c u l a r  
d h ~ t t 2 ~  S P e . 3  3 d n d  f r%dd do'rlll t f r v - l  f S C  3i) 
c : 3 l u n n  u n t i i  th? r e y u i s i + . - .  shutter s;)ecLl is reached ,  
+ h ~ n  r z a u  o t f  the t h e  t o o t - c a n u l ?  r a t i n g  01. %he s ~ m e  
rqw o r  tiat: matrix. Thus, d n  f s t a p  of !3 311d a 
s h u t t z r  s p ~ d  0 2  1/LSOth of a second ia * ~ ~ u i v a l ~ n t  
t o  a i l i u m i n a t i o n  or  2 0 0 0  toot-candles,  



/ / A L ~ ~ L ' H N ~  .I(jl) [ \ ) 1 9 7 , ( ; 5 5 6 1 ) ,  @ 1AN UP/LOYe 
/*.l(;bPAHN LJSWU=- 
// . E X X  PCI !=IECCENER % 

// s Y b P k l N T  DD SXSOIJT-A 
/ /SYSUTZ DD SY SOUTI (A, ,  1 1 6 0 )  , DC b= ( b ) E C E n ~ Y B S A I L d L C L = ( I 0 , ~ L K S L & ~ ~ 3 1 2 0 )  , 
// P C B = 6 ,  CCS=TY , C Q Y I l ! S d  
/ / S x S I N  DD DUnnY 
/ / S Y S l n l  DD DATA 

/ / A 2 7 6 T ~ 3 1  J O j  ( 1 0 7 Y , C L 2 1 Y ) , @ 3  S / T C B E  8 1  @ , ~ S ' ~ L E V E L = I , C I I E ~ ~ O , C L A ~ S ~ L  
/ * JOBPARH P S ~ D = S - L I N E S = ~ , C A ~ O S = ) O  
// t X E C  P O B T G C L ~ ~ , ~ E L ; I U Y = ~ O O K , T I H E .  6 0 s  (19 ,w)  , P I B R = Y O ~ O U R C E , N O P U N C I I =  
/ /FLRT.SYSTN DD 

************************************  
* 
* VAYIABLL L I S T I N G  
* 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

:4TRE& = VECTOR O F  TRLC LlJflBEHS ( 1  - 1 0 0 0 )  
H S E E D  - VECTOR O P  EIEAN S E Z D L l N G  H B I C H T S  FOR TI12 F I r t S T  8 YRS. 
S S E E D  = STACDARb D E V I A l I O N S  POH S L E C L I N ;  HZLGHTS 
S T R l X  VECTOB O r  - C F  T R E E S  IN EACH BASAL-AREA S I L L  i L A S S  
PECU - VLCTOH O F  SEBC-EIOCUCTION FOR EACH S I Z E - C L A S b  
NAGE = VLCTOH O P  TREE-AGES 
H  * T R E E  HEIGHT VECTOR 
DOH D I A I B T E R  AT BREAST H L I C H T  V E C I G H  
VOL = T H E E  VOLUKE V t C T C R  (CU. I!.) 
V I N C  = ANNUAL VOLUfiE INCHEREKT VECTUH (CJ.fl.) 
BA = T H E E  EASAL A R E A  w . c n s . )  
S L A  = - S U B  O P  YELDLE )HEAS P O 8  ALL HIGHER T R E E 5  ( S L J . ~ . )  
AL - L I G H T  LEVEL AT THE T C P  O P  EACH CRCWN ( S C A L E  - 0 - 1 . 0 )  
ELA = L S T I l A T k D  L E A F  (NEEDLE) AHEA FOR EACti THEE (SJ.8.)  
CL = cwown L L N C T H  V L C T C R  (n.1 
BAS1.M = VbCTOh O F  TOTAL EASAL AHLA PER S I T E  PER YEAC 
A L I T T  = AfiOUNT UF L I i ' P L R  [ G t 1 ! ; . / i ) . 2 5  3 i l . n . ) )  YEN S I T E  
CPA5:i = AEOVNT (rP GRASS (GR:i./O.L5 5G.R.) P E R  S I T E  
P V E i  = nOA<'tALfTY V E I . T ; J ~  P O ?  S t E D L I N G . 5  
flURT = L I S T  O F  DLAC : a E E S  
B R O H C  = EA!;AL AHEA 01: D E A D  T R E L S  PER YEAH 
22 = 5 ' P O k A t i t  VECTIJKt i N  T H I N  SUBROUTINE 
AA - SlOkA*;E  VECTUH IN XHIN S U B R O U T I N t  
v n o i l r  - VULUnE or  cenK TaFF!; P E ~  Y E A I (  
VTHIY = ~ ' L L I I I E  T H l N N F n  PER YEAH 
OTHIN = LhSAL-AREA T ' i IYNEU PER YEAH 
V S I G  = . ilANDAHD D E V l i ' f I C N  CP VOLURE 1NCREA. jE  PEic S I 2 k : - L L A S . i  
VBAA = E i P E C T E D  VOLUfiF. l Y L R E A S E  P E H  S I Z E  C L A S S  

A0 = I N T E B L l t T  IN H U P T A L ,  i Y  H E t i d t A S I O N  LJUATIOA 
A1 = S L O P E  1% R U N T A L I 1  Y a k G H E S 5 I O N  ECUATICN 

LIIOYT-LO U P ( - A l * V C o N )  
WHERE VCOh I S  ZllL REAN ANNUAL INLRERKNT I N  VULUAE 
CONVERTED TO C U h I C  CENT IMETUES 



D l .  D L  - I N T B R C L P T  AED S L C F E  I N  THE L E A F - A R t 3  / BASAL-ABYA 
. HEGBESSION EQUA'IION 

WHERE' YLA - Dl*F!A**CZ 

P 1 , F Z I P 3  - I N T E R C E P T  AND S L O P E  VALUES I N  T H E  CROWN-LENGTH / 
DENSITY / STAYE AGE I U L T I P L E  HCGDESSION EQUATION 

C L F 1 - P L * D E N S I T Y - € 3 * S T A N b  AGE 
FOR P. CAPIBAEA P 1  - 0 .6723 ,F 'Z -O.O0L,F3-0 .  O C l b  

G I =  GHOYTH C O E F F l C I E k T  FOR J U V E N I L E  ( (10 YYS.) ZYEES.  
G L =  GROWTH C O E P P I C I E h T  P O P  T R E E S  > 1 0  YRS. 

NT = I OF' TPLtS Ik EACH RUN 
KDEAD = M OF T R E E S  CULLED BY UOUTALITY OH r 'AINNING. 
NADUL = # O r  T P E L S  W I P k  CBH > 1 0 . 0  C I S .  (U I N C H E S )  

DGnT U O P  T R E L S  k I T H  BASAL-AREAS .CT. 4 0 0 .  SQ-CIS. 
N T I I E  = LEIG'LU O F  BUM I L  YEARS 
I X  = S E L D  dANDOfl UUHBka  FOR GAUSS AND dANUU S U U k O U T I Y d S .  
P R I N T  = P H l N l O U T  FHEGCEhCY C P T I G N  
I P L A N P  = YLAYTATlON / NITVRAL STAND O P T I O N  

1 = PLANTA' I ICN 
DANE4 = T H I N  T o  B E Q U l h E f  LASAL-AREA PEN STAND 
MPREU = T H I N N l N C  PREUULNCY 

D I r E ~ s I O h  E t h E E  ( 1 0 0 0 )  , t i l k t y  ( 5 0 )  , N P R E b ( l O )  , B A R t V ( 5 0 )  
ULUENSION D L T A ( L , , l U 3 )  ,Xk ( 5 , 1 0 4 )  
COqUOH / L O M N A / F E C U ( l 3 )  , S C H U C  ( 1  3) , N A G E ( l O 3 0 )  , A L I T T ( 5 0 )  , k t i A X , P S I N  
SJU?lCN /HDATA/H( lOUO)  , D B 1 i ( 1 3 C 0 )  , V O L ( 1 0 0 0 )  , V I N C ( 1 0 0 0 )  , B A ( l O o U )  ,IT 
GcUflcJN / t l O I 1 T A / P b t ~ ( 3 )  , f l C h .  (OCO) , V U O d T ( 5 0 )  , B U O R T ( 5 0 )  ,KDLAD,KLDUL 
CUnRCN /GROWA/5LA ( 1 0 0 0 ) .  Al, ( 1  LOO) ,ELA ( 1 0 0 0 )  ,CL ( 1 0 0 0 ) ,  d A S u 8  ( 5 0 )  
C  INUON / S E E D A / H J E E D ( ~ )  , S : i  t D 1'9) ,VCOEE ( 5 0 )  , G H A S S ( 5 0 )  , S E L D P ( s O )  
CGAUON /THf  !4A/AA ( 1 0 0 0 )  , A &  (1OCO)  , V T H I N ( 5 0 )  , B l l r I N ( 5 0 )  .NK 
C03t!01 / G E U l l A / 3 1 ~ 3 h h  (50) , G c I ~ R  ( 5 0 )  , b L r T E  ( 5 0 )  
c o w o i  / s u a a ~ / ~ i u s  ( s o ) ,  u b s  ( 5 0 )  , v u w o )  , S L U A X  ( 5 0 1 ,  s u ~ ~  ( 5 0 )  
CURAOH /?lOHTB/V.t ( 5 0 )  , B n  (5x1) 
COUUON / C O E P P / h J , A l , t j L , b  j,L1,C2,Dl,DLIF1,PL,P3,C1,tid 

DATA I X / J l L 7 7 i / .  N T l U L / S Q / ,  I d I k T / 5 . 0 / , U A ~ d / 0 / .  I P L A N T / l /  
DATA NTHIN/O/,YTH/O/,RTHIN/J/ 
E r n - 0  
PXT=O.O 
K I)EAD=O 

10 NY.{=NYN+l 
S E E D P ( N Y R )  ~ 0 . 0  
NJUYN (NY R) - 0  
CERY (NYd)  = O .  9 
A L I T T  (NYH) ~ 0 . 0  
[;.<ASS. (NYH) x0 .O  
I F ( N Y H - 1 )  1 1 , 1 1 , 2 0  

1 1  DO 1 2  T = 1 , 1 0 0 0  
if ( 1 ) s O . O  
D3l l  ( I )  10.0 
VOL ( I )  =o.o 
v r r c ( r )  -0.0 
OA ( I )  -0 .0  
H A G E ( 1 )  =0  
S L A  ( I ) - o . o  
A L ( 1 )  = l . O  
ELA ( 1 ) s O . O  
c t  ( I )  =o.o 
U  NEE ( I )  =0 

1 L CONTINIJE  
DO 13 J I = l , l O  

1 3  N P R E Q ( J I ) = U . O  
DO 1 4  J P = l , S O  



VROkT ( J P )  1 0 . 0  I 

BIOYT ( J Y )  =0. 0  
1 4  BAHEQ ( J P )  4 . 0  

C 
R E A D ( 5 , 2 7 )  KDATA,NT,IX 
I F  (KDATA. YE. 1) GOT0 1 1 0  
READ (5.1) ( F E C U ( J )  .J=l. 1 3 )  
HZAD ( 5 . 2 )  (PV LC (K) , K =  1 , 3 )  
READ(5.28) A O , A l , 8 2 , B )  
READ(S,3)Dl,D2,Fl,PZ.P3,G 
REAO(5,U) NTItiE,PULNT,IAYR 
HEAD(5.6) NTHIY.NTH,ITHIN 

1 1 0  C O N T T l U t  
WRITE ( 6 , 1 0 1 )  
DlJ 15 L = l , J T  
r P  ( I P L A Y T . ~ ~ .  1 )  c o ~ o  30 
R E A D ( 5 , 5 ) D B H ( L )  , H ( L )  , N I C E  

GOT0 3 1  
3 0  DUH (L)  10.0 

H ( L )  =O. 2 
rnco (L)  =o 

3 1  CONTINUE 
GA (L)= ( (DBH ( L )  / L . ) * * L )  +J. 1 u 1 6  
4THEE (L)  =t 
F P=O. UO 
VOL (L)  = ( o r  [ L )  +o. 0 0 0 1 )  *H (L)  * P t  
Y a I T E ( 6 , 1 0 2 )  H(L)  ,UBl i (L)  ,EA(L) .VCL(L)  . I  

1 5  CONTTNDG 
i t d I T E  (6, l o b )  NTHIN,NTH,RTH1N 
IY(N1HIN-1)  2 0 , 1 8 , 1 6  

I d  DO 1 9  I K = l , R T H I N  
R LAD (5,P) (I FREQ(1K) ) 
NP=NP&SU (1K)  
d E A D ( b , l O 3 )  BAPEO ( t iP )  

19 d111TE ( b , l O b )  N F R E Q ( I K ) ,  t A h F k  (LF) 
GOT0 2 0  

1 6  50 1 7  J J = l . M l i i I b  
H L A D ( 5 . 9 )  NYPRQ ( J  J )  
NP=N?AEQ ( J J )  
HEAD(5,190)  NTHLQ (NP) 

1 7  Y d I T E ( 6 , 1 9 5 )  NYREU(JJ)  ,NTREC(LP)  
W Y  I T E  ( 6 . 1 0 5 )  

2 0  CONTINUE 
CALL STAGE5 (NY H )  
l'K'I=PKTt 1. 

RAYH=tiAYR*l 
CALL LEA? (dUflLA, k Y  n) 
If (1PLANT.BV. 1 )  COIL Lb 
C A L L  J I ~ T I I  (IlAYn, N Y  lc, s u n ~ r )  

YN=NT*l  
YT=Nl'*NJOdN (NYd) 
IF(NBOhN (!IYR) - 1) 1 b . 2 L . 1 3  

2 3  CONTINUE 
DO 2 1  JK=!iP,t iT 

2 1  f l T H E B  ( J K )  = J K  
GOTO Lb 

2 1  PITHEE (NN) = N N  
26 CJNTINIJE 

Y ,UTE (7, I I U )  H Y  ~ , s c ~ I ,  INX it) ,*LITT ( N Y U )  .GRASS N , Y O O A Y  tars), 
1 GEHX (NXR) , S L I T E  (NY'I) 

1 1 U  P O H n A T ( L 3 . F 7 . O , ~ P 5 . ~ ,  LV,.?F9.3) 
IP(PKP.LT.PR1NT)  GoTd 1 1 3  
dH1TE ( 6 , 1 1 1 )  NYti,SBLDP (NYU) , A I I T T  (YYU) ,GRASS (YYk) , I W P H  ( B K P ) ,  

1  GERM(NY1d) 
1 1  3 C O l T I N l l E  

KK=O 
33 KK=KKtl  

NAGE (KK) =NAGE(KK) * l  
I F  (KK.LT. nr) c o ~ o  3 3  
CALL ChOW(~TREE,NYR,IX,YR1IZ,PKT) 
CALL IO&TAL(~TBEE.NIH,IA,PYINT. PKT) 
Kn=O 
I F  ( N T H I I )  2 5 ,  ~ 5 , 1 2 3  

2 1 3  DO 2 0  I = l , f l T H I Y  
LU I? (HYP.EU.YFYEQ(I))KR=l 



rr(ru.ag.o) c o ~ o  2 5  
CALL THIN (UTYEE, UTHIY, BAUEC, h?REC,UYY,PdINIIPKT) 
OJYTINUE 
IP (NT.AQ.0) GOT0 112 
IP(YYB.LT.YTXIE)GOTO 10 

.d* 

DATA DE?LT/. OO1/,IVA~/3/,IOP~/L/,1SCALt/lO,/. YSCALE/6.0/ 
IPOINT=NTIRE 
DO Y Y I  J=l,NYR 
DO 993 Ill, fVAR 
X Y  (I ,J) =?LOAT (J) 
DATA (1,J) =SESDP (J) 
DATA (2, J) =PLCAT (NdORM (J) ) 
w e n  ( I.J) =GERH (J) 
IP (DAPA (3,J) .EQ.O.O) DATA (3,J)zDEILT 
CJUTINUE - -. -- 
C A L L  XLIUIT (100.0) 
CALL RPLOTS(XX,DITA, IPCIWT, ItAR,IOPT ,XSCALE,XSCAL&) 
30 997 J=l,NYR 
DATA (1, J) =ALITT(J) 
DhTA (2,J) =GRASS (J) 
DATA (3, J) =SLITE (J) 
CALL PLOT (10.0,0.0,-3) 
CALL ~PLoTS(XX,DATA,IPCIUT,I~AR,IOPT,XSCALE,YSCALE) 
DO 996 J=l,NYR 
DATA (1,J) =HJS(J) 
DATA (2,J) = D M  (J) 
UATA (3,J) = W e  (J) 
IF (DATA (3.J). EU. 0.0) DATA (J,J)=DEELT 
CONTINUE 
CALL PLOT(18.0,0.0.-3) 
CALL ~PLOTS(XX,DATA,IPCINT,ItAR,IOPT~XSCILE,YSCALB) 
IvAa=2 
DO 995 J=l,NYR 
DATA (1,J) =SLIAX (J) 
unrn (2,~) =msun (J) 
CALL PLOT(l$.O,O.O,-3) 
CALL JPLOPS(XX,DATA,lPCINT,ItALI,~OPT,XSCALS,YSCALI) 
IVAR= 3 
80 999 J=l,WXR 
DATA (I, J)=SURV (J) 
DATA 12. JI =&?I IJ) 
U A T A  i 1; J ~ = V U  i ~ i  
IP(DArA (2,J) .EQ. 0.0) DATA (2 , J )  =DEFLT 

I ?  (DATA (3,J) .LC.O.O) DATA(3,J) =000001 
CINTINUE 
CALL PLOT(lH.0,O.O.-3) 
CALL 7PLOTS(XX,DATA,IPCINT,ICAH,IOPT,XSCALE,ISCALL) 
POPUAT(IJFS.1) 
roaiirr (3r5.3) 
FURRAT (2rR. 5,5P8.U) 
POdUAT(I2.P3.0,13,11) 
?9WkAT(ZFi3.3,13) 
FORUAT (312) 
FOOI AT ( 101 j) 
FORRAT (LEU. 2) 
FOHflAT (13) 
rURUAT (213, Xh) 
tORIAC(L?R,S,LF8. 3) 
PJBIAT1•‹ l'.SOX,' IYLTLAL STlNC LATI'//~~X,' hEIGYTO.dX.ODUHO, TXe0aA3 

l.AUv ,~X,OVOLUIEO .7X,0AGE*/) 
102 FJPIAT(3ZX.FU. 1.6X,P9.1 ,7X,F5. !1 ,7X,Pb6U,7X,13)  
103 FOURAT (Pfa.0) 
109 FOHllAT(////42X,0TnIYNIN(i OPlICNS POI( THIS RUS'//37X,'********* 

1 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  
237X,0**.15X,~**, llx,0**,15X,***/37X,0*~, x , N H I  =*,IL,JX,**~,~X, 
3'NTH =*,12,2X.0**,~X,0UTHIU ~ * , I ~ , ~ X , 0 * 0 / ~ 7 X ~ * * * , 1 5 X , * * * , ~ ~ K , 0 * 0 ,  
~ ~ ~ X , O + O / ~ ~ X , * ~ * ~ * + * I L * ~ * O I * * * * * * * * Z C * * * * * ~ * * * * ~ * * * * * * ~ * ~ * O * )  

105 YORllAT(//51X,*YTHIN 0 FREE RESPONSE IODELO/SYX,*- 1 THIN TREES 
LUlTH IlI(iH UOWTALITY HISK0/58X,0= 2 THIN TO PRESCUBED JASAL ARIA 
3PRR 0.1 AL'YEO/63X,*BY UEROVIWG TkECY OF PROGYPSSXVBLY L A Y G E ~  LWA. 
U/58X,'= 3 THIN TO PYESCRIEEL BASAL ABEA PER 0.1 ACIIC*/63X,08X RB H  
SOVIRE TREE3 OF PROGRESSIVELX LARGER VOLURE*//5YX,aYTH = 1 dElOTE 
brReEs 1.5 a. IN ~excnr*//stx.orrrnIn = - or rnrrwxutis IEQUIIL. 
7•‹//51X,*YPBE~ = IEARS In Y H I C B  TUIYYIUGS lEUUIIBD*//SOX.*LIAYEU 
= PRESCRIBED BASAL AYE& (SQ-CIS.) * )  



C 

C  SIIURQUTILE 10 GBOUP TPEES INTU SIZE=CLASliBS. 
C 

CO?lEoh /UGUNA/PECU(13) ,STkLC ( 13 )  , N A C E ( 1 0 0 0 )  ,ALITT ( 5 0 )  DENAXDFHl(N 
conaor  / H D A T A / H ( ~ ~ O O )  , D E H  ( 1 0 0 0 )  D ~ o ~ ( l O O O )  ,vm ( 1 0 0 0 )  # M A  ( 1 ~ 0 0 )  D ~ t  
DO 1 0  I l = l * l 3  

1 0  SPPIIC ( 3 )  xO.0 
J=O 

1 1  J = J t 1  
I f  ( I 1  ( . I )  .uE. 1.5) GOT0 LO 
I F  (H (J) ,LT.O.s) > T I i U C ( l )  =5TltUC ( 1 )  * I .  
L F ( H ( . I J . G L . O . S . A N D . I ~ ( J )  .LZ. l.O)ST&UC(:)=STHUC(2) * I .  
I F  (H (J)  .GB. 1 .O) SThlJC ( 3 )  =STHCC ( 3 )  * 1. 
WTCl U O  

LO 1 F ( R A  ( J )  .G2.40U.)UJTO 30 
TF(LIA (J) .LT.25.) STHUC(4) = S f R l C ( U )  +1. 
I F  (Ub ( J )  .tiS.25.U.ANDOBA(J) .L l . sO. )  STRUC ( 5 ) = S T d U L  ( 5 )  * l .  
IP(bA(J).GE.SU.U.A&D.bA(J) . L I . l O O o ) S T U U C ( b )  =STBUC[b) 41 .  
I F ( b 4  ( J )  .OE. 100.0.AND.EA(J) . L ~ . ~ O O . ) S ? P I J C ( ~ ) * S T ~ ~ O ~ ( ~ )  tl .  
I F  (UA ( J )  .UE.LOO. ) S T B U C  ( 8 )  =:jTkUC ( 8 )  1. 
w r o  o o  

3 0  lP (LtA(J )  . L T . 6 ( h O . ) s T H U C ( 9 ) = s T f i U C ( 9 )  * l .  
T F ( B h  ( J )  .GE.600.O.AND. BA ( J )  . 1 7 . 8 0 0 . )  S T R l l C ( l 0 )  *STRIIC( lO)  * I .  
r P ( B A ( J )  .GE.8O0.O.ANItItEA [J) . L T . ~ O O O . ) S T ~ U C ( I ~ ) ~ ~ ~ R U C ( ~ ~ )  * I .  
I F  ( O A  ( J )  .GE. l o 0 U .  U.AND.6A ( J )  .LT. 1 4 0 0 )  SZf lUC(12)  ~ S t l ) U C ( f z )  * 1. 
I P ( B A  (J )  .GE.1400.) S T R U C ( 1 3 ) = C T P U C ( l 3 ) + 1 .  

UO C d N T L N U E  
I F  (J.L'P. NT) GOTO 1 1  

RCTUitN 
t N 0  
SUUHOIITINE LEA?(SUKLA. N Y  k) 
C M f l O N  /HDATA/H ( 1 0 0 0 )  ,DBN(lOCO) ,VOL(lUOO) , V I M C ( 1 0 0 0 )  ,BA(lOO0)  ,MT 
connus / w o w ~ / s ~ ~ ( 1 3 ~ 0 )  , ~ ~ ( 1 0 0 0 )  , E L 1  ( 1 0 0 0 )  . c L ( 1 0 0 0 )  ,RASun(SU)  
COHHON / C O E ? t / ~ U s A l ~ U 2 ~ D 3 ~ C 1 ~ C 2 ~ D l e D ~ ~ ? l s ~ 2 ~ ? ~ ~ 0 1 s G 2  

C 
C: CALCULATE ESTIMATED LEA& A Y E A  
C 

arsun ( N Y  B) =o.o 
SUHLA=O.O 
I =o 

l r  I = I * I  



3 4 1  

ELA I l l  =O. 1 
$ 

SUBNOUTINE TO PRODUCE NEk T R E E S  

CALCULATE L I T T E n  AYO G H J S S  HEIGHTS ?On GEHIIINATION EQUATlON 

N30RN (NY R) =O 
S L I T E  ( I Y Y )  =EXP ( -SIJnLA/ l7LO. )  
C!tASS (NYb) = 3 0 . U 7 * 9 l . O * S L I T f  (EYY) 
1 P ~ N I R . B U . l ) G H A S S I N I h )  ~ 1 5 . 0  

CALCVLATE SELD PHODLCTICN 

SI;ED=O.O 
S t E D P  (NY Q) -0. 
DO 10 M = 1 , 1 3  
I Q ( S T d U C  (t i )  . LT. 1.)  GOT0 9 
s ~ r ~ = r e c u ~ a )  * s T m a  ( s )  
s ~ E D u { t i Y  h)  = s E E D P  ( b y t i )  *SEED 
C O N T I  NUB 
C * ) N T t l U E  

CALCULATE C E H R I L A T I C t i  

GPLT= (GRASS ( Y t R )  * A L r ' I T  ( Y  b n ) )  / 1 0 0 O O O O  
I 7  (GRLT.LT. 1 .O) A r 5 . 0  
I? (CRLT. LT. 1. 0 )  S=U. M 
IF(GRLT.GE. l.O)A=SU.U 
IF (GRLT.GE. l . O ) S * J . 2  
U ~ R I - ~ D P  (MIA)  + (5.3~- ( I J .  IY*SLITE ( N Y W ) )  * ( ~ U ~ . ~ * S L : T ~ ~ N X I I )  *ad.) 
- ( 1 9 2 . 0 b * Y L I T l ? ( N Y R )  **j) ) *(A*GRLT*EXP ( - C R L T * S ) )  *0.001 
bORl=BORB* ( 1 0 0 . 0 -  ~Y5.0/(1.0*EXP(VV8-0000076*BASUN ( N Y k ) )  ) ) ) / t O O . O  
Y J O R N  ( N Y R I  =#UOHN ( J Y H I  * ~ t  I X  [ & C R Y )  

 in^ ( % l a )  = ~ B O R N / S L E U P  (N h ~ )  ) 100. 
GOTO 1 2  
CENM (NY R)  =U. 0 
CONTINUE 
P BTtlll N 
END 
Sr1i5R911TLNI! CROW(ITHEE,FcYH,IX,PRINT,PKT) 



I P ( N Y R . E u . l ) G O T O  1 1  
K=O 

1 0  K = K * l  
HDLD ( K )  =H (K) 
SLA (I() ~ 0 . 0  
I F  (K. LT. NT) COT0 10 

1 1  CUNTINUE 
J = O  

9 J=J*l 
xLA=O. 
I F ( N T R . E Q .  I )  GOT0 1 3  
KI LL=O 
DO 1 2  KL=l ,KVEAD 

1 2  IP(IT~~E(J).Eu.MOHT(KL))KILL=~ 
I P ( K I L L . E J .  1 )GOTO 2U 

1 3  LAttGE=O 
1.0 

l = I * l  
I P ( H  ( I )  . C T . H ( J ) )  LARGL=LAHGL*l 

I ? ( I . L T . N t )  GOTO 1 4  

CALCULATE CHON N LENGTH 

110 
I=I* l  

KTT=O 
I F ( H ( X )  .Lt.Z.O)GOTO 1 5  

KTT-UTP* 1 
CL ( I )  = ( P I - P L *  (PLOAT(KTnr)  ) - ? 3 * ( P L O A T  (W) ) )  *H (1) 
GOTO 1 7  

15 CL(I )  =0 .67*H ( I )  
17 COYTINUE 

I F  ( 1 - I T .  WP) GOT0 A 
C  
C CALCULATE T H t  TOTAL L E A I  AREA OF ALL HICHEY T R E E S  
C 

1 = O  
1J  I=T*1 

I P ( H ( 1 )  .LT. 1 . 5 ) E L A  (I) - 0 - 1  
LF ( I .  EQ. J )  GOT0 2 2  

I F  (IIOLD ( I ) - H  ( J )  . G E . C L ( I ) )  GOT0 2 1  
IF(HOLD(I).GT.H(J))SLA(J)=.XLA*(( ( H ( J L D ( 1 )  - H ( J j  ) / C L ( I ) ) * E L A ( i ) )  
GOT0 2 1  
I ?  (HOLO ( I )  .GT.H ( J ) )  SLA ( 3 )  = L L A ( I )  *XLA 
X LA-SLA ( J )  
T P  (1. IT.  M r )  GOTU 16 
IP(SLA ( J )  .EQ.O.U)WTO 3i 
I P  ( S L A ( J )  . C T . 4 3 0 0 . ) S L A ( J )  =U3CO. 
A L ( J )  = E X P ( - S L A ( J )  / 1 7 2 0 . )  
GOTO 3 3  
Ai.(J)  = l . O  
CCJYTINUE 

CALCULATE GPOYTH O F  t lATChE T d E E S  

I F ( R A G E ( J )  .LA'.lo) G-Gl 
I F  (NAGE (J) .CE. 1 0 )  ti-Cr 
CC*  ( 1  37. *U.?5*DL**2/B3) * (UOS*LIL/B3) 
DEST=G*DBH(J)  * ( l .O-  ( l 3 7 . * C B H  t J )  +EL*DUH ( J )  ** ,? -Uj* i I ibH(J )  * * ' i ) / C C ) / t d l  

14.*3.  *BL*DBH (J ) -Y.*B3*DBH(J)  **2) *RAL 
DBLC-U.0 
D S t D z O .  2 0  
CALL GAUSS ( 1  X. DSTD. DOLG, D I  LOG) 
DIUC=DEST* (lO.O**DILOG) 
DDH ( J )  =DBH (J)  +DING 
i3A ( J )  = ( (  (DBH(J) /2 . )  **2) * 3 . 1 k l b )  
flEST=O.6O*DIIC**O.6O 
H  ( J )  =ii ( 5 )  *REST 
VOL ( J ) =  ( n r ( ~ )  * o . o u o i ) * n ( ~ )  *r? 
V I Y C  ( J )  =VOL(J ) -VOLD 
GOTO 2Y 



C 

23 HACE=NAGE (J)  ' 

HBAR=HSIED(HAGE) 
r-. 

SIGR=l lSEED(UAGE)  /4.0 
CALL C A U S S ( I X . S I G G ,  H B A R , I )  
H  ( J ) = H  ( J ) *  ( T * A L ( J ) )  
I? (H ( J )  . I T .  1.5) C O W  2 4  
DdH (J )  r 2 . o  
u~ ( J )  = ( ( ( u e n  ( J )  12. )  -2) * 3 . 1 u 1 6 )  
V O L ( J ) =  ( B A ( J )  *Q.OOOI) *W(J) * F f  
V I N C  ( J )  =VOL (J)-VOLD 

2 4  C d N T I N U E  
I P  (J.  LT. I T )  GOT0 Y 
NLIVE=NT 
J = O  

19 J = J + 1  
n o s o  
IP(KDEAD.Eu.0)  GOrO 2 6  
DO 2 5  J H = 1 ,  KDCAU 

2 5  I F  (HTREE ( J )  . EV. UOBT ( J H )  ) Ii Bm 1  
f P  ( H a )  2 6 , 2 6 , 2 7  

2 7  NLIVE=NLtVE-  1 
I P  (PKT. LT. P R I N T )  GOTO 28 
YnfTE ( 6 . 3 ) l T R K E ( J )  
COTO 28 

rP (J. LT. NT) GOT0 1 9  
C O N V = 3 5 . 3 1 3 7 3  
s L m w  ( u r n )  =o.o 
olsua  ( N Y R )  =o.o 
D JS ( I  Y R )  SO. 
UUSH*O. 
H 3 S  ( M Y  R )  LO. 
nasn=o. 
NADUL=O 
v.m ( N Y R )  = L O  
J = O  

J = J + 1  
I ? t D ~ I l ( J ) . L T . l O . O ) C O T O  2 9  



3 6  CONTINUE 
2  F O H ~ A T ( 1 0 X r 1 3 , 7 X , F U .  l,bx.?b. l ,r5X,15.0,5X,tb.U,UXr16r5.5XrFU. 1.5X.F 
lU.0,6X.P7.l,SX,F6.>,7X~I3) 

3 FORflAT(10X. I3 .U2XI 'DEAD*)  
Y ?OBIAT('1'//3OX,'SUIIAHY S T A I I S T I C S  FOB GROUTH DATA I N  YEAP'.IU// 

l 3 J X , *  # THEYS ALIVE AT START C F  YEAR.  = *, I4 /U7X.  * P E P C E N T  SURVIVAL 
2 = ' , F 5 . 1 / 3 5 X ,  8 8  ADULTS (TUEES > 1 0  CIS.OBH) =' , 1u / /4OXr  'HEAN IEIGH.  
3 (ALL T a E E S )  = * , F 5 . l ,  *fl.*/43X,*?lEAN DdH (ALL T P E E S )  = * , ? 5 . 1 , *  C 
VOS. * / 3 3 X , * I E A Y  HEIGHT ( T R L E S  >lOCMS.DBH) =* ,?5 .  1, * I.*/36X,*flEAY 
50UH ( I ' P E E S  >lOCIIS.DBH) "rF5.1. '  CflS.'//U6X.*TOTAL WEIDLE ADEA 
6  * ,F7.O,* SQ. I . * / b S X , * = *  .F7.O, * SQ.IT. * / /u7X.  'TOTAL BASAL AYEA =* 
7, ?7. 019 SQ.CflS. * / b S X  ,' =' ,?7.2. ' SQ. t T .  *//UZX. * Z S t .  UWDICBBAPK V0LlJ.t 
B E  ~ ' v P 7 . 3 , '  C U . I . ' / ~ S X I ' ~ ' , P ~ .  1,' CU.PT.*/) 
R ETUR W 
EW D 
SUBROUTINE flOOTAL ( I T P E E *  YIR* IX,PRINT,PKT)  

SUJYOUTINE TO ASSfGN IOh ' IALITY BETWEEN INDIVlDUAL TREES 

I W I T I A L I S E  COUNTERS 

IF ( I Y  R. WE. 1 )  GOT0 8 
vrc ( n r e )  =o. 
a4 (BY U) 10. 
DO 7  I = 1 , 8 0 0  
HOilT (L) 3 0  
us0 
tOUNT=MY H 
I P ( P K T . L T . P R I h T ) G u T O  9 
U P I T E  ( 6 , 3 )  NYh 
rD=O 
N=O 

99 tl=t4t1 
n c u u  1.0 
DO 1 0  J K = l , K D E A U  

1 0  IF (WIHFE (Y). EO.OORT (JK)) OCULL= 1  
I ?  (HCULL.EQ. 1 )  GOT0 1 0 0  

I'REtS UIVIUEiJ  INTO J l l b E N Z L E S  AND AUULIS,  
ASSIGNED nANDUflLY, l C U L l  flOYTALITY dASEC 

I F  (11 ( N )  .GE.I.',)GOTO uo 
CALL RINDU(IX. IY,YFL)  
rx=Ir  
I F  (H (W) .GT.3.5) t;Oi'c) 2 0  
Y l = P V E C  ( 1 )  *AL (N) 
I r ( Y F L . G T . Y l ) G U T O  5 0  
COT0 1 0 0  
r r  ( H  (I) .GT. 1 .(r) W T O  3 0  
CALL HANVIJ(1X. IY ,YFL) 
rr=evec ( ~ ) + A L  (i t)  
I?(Y?L.GT.Y2)GOTO 5 0  
GOTO 100 
;ALL WANUN(IX.IY.XFL) 
Y 1-PVEC ( 3 ) * A L ( E )  
IF(YFL.GT.  Y3)COTO 5 0  
COT0 1 0 0  
JAGE=NhGE(N)  
VCON=VINC(W) * 1 0 0 0 0 0 0 . 0 / V C O ~ C  (JAGL) 
Y3OlT*AO*llXP (-Al*VCON) 
CALL RAWW ( I X , I I , I ? L )  
xx=rr 
I F  (YPL.GT.PNOlT) GOT0 (00 

50 K*K+l  
C 
C CALL S U Y I O U T I I E  TO W 6 I O t E  DEAD T R E E S  



t 
C  

CALL LIST(HTYEE,Y,KOUYT.MYR,1O,PRIYT.PKT) 
KOUYT=KOUWT*l , 

1 0 0  C O N T I I r ~ E  
I? ( I .  LT. KT) GOtO 99 
VM (NYR) =VH (YrR)  *VROHT (NYH) ..". 
sa (my a) =en (PY R)  4 DHUHT wr  a) 
d R I T E ( 7 . 1 1 6 )  KDEAD,K.VIOUT(NYR) ,BMOPT(YIR) .VI(MYR) OBI(NYD) 

116 FORWlT(214,?Y.5,?Y.0,P1005.F11.0) 
I P  (PKT.LT.PR1YT) HLTUrY 
I?(PKT.EQ.PREYTj P K T I o .  
UNITE (6.1) Y t  R  
WRITE (6 ,Z)  KDEAD,K,VHOUT (NYLI) .YHOPT(NYR) .VM(IYR) 0 BW(UYN) 

1 PORMAT(/////30X8*SUHRAYY S T A T I S T I C S  fOL HOBTALITX Ill YEAAteIIU//) 
2 ?ORHAT(UOX,'CUI. d TREES DEAC='*IY/UOX,'b DYING I 8  CURPEYT XP='*ZY 

l/UOX.lVOLUHB DEAD I N  CURRENT YR=*,F8.4 , '  CU.I?. '/ 
2 U O X , * U .  A R E A  D E A D  I N  C U R H E N T  Y R = ~ . I B . O , *  su.cn.@/ 
3 C O X ,  'TOTAL VOLUHE DEAD=',F8.4, * CU.H. ?) U 4OX. 'TOTAL B.AULA DEAD=@,?8.0,@ SQ.Cq. 

3 PORHAT ( '  l l .YOX,* INDIVIDUAL TREE HORTALITY ?OR YEAil'. IU//SX, 'TYEE ' 
I * .  IOX,~HEIGMT(II . )  * , a x ,  oen tens.) * , Q X . ~ ~ B A S A L  A R E A  ( s y . c n s . )  1.4x. @ v  
Lotunt!(cu.M.) ~ . ~ x , * v I N c ~ c u . ~ . )  */)  

RETrlRU 
END 
S'IBLIOUTINB GAUSS ( I  X ,  S,AP! ,V) 

A = & * \  
V =  (A-6 .0)  * s t A n  
RETtlRN 
EM3 
SIIUHUUTINE RANDU ( l X r  IY,YPL)  

SflHROUTINE TO CALCULATE A IJNIFORI) HANDCH RffIUEL 

SUBROUrINE TO REMOCE F b C N  THE DATA F I L E  T R 1 1 S  CULLED BY ION? 
I N t n T  V A H I A M L C S  

NTUEE = VECTOR OF T h E E  NURBERS 
J = T l t E  TO E L  JIEnOVLD 

KOUWT * YR. COUNTER I N  L I S T  
Y Y R  = Y E .  C U U U I E H  I N  R A I N  PmoCRan 



~ 4  v m r N  ( N Y ~ )  = v T n r u  (wr a )  +VOL(J)  
B r H 1 N  (YYB) =BTHIY ( N I B )  +BA ( J )  

2 5  I F  (H ( J )  .GT. 1 . 5 )  NADUL=YADUL+t 
NK=NK+l 
KDEAD=KDEAD+ 1  
now ( K D P A U )  = R T R E E ( J )  .- 

C  
f S E T  DATA F I E L D S  OF DEAD TREES ECUAL TC ZEBO 
5 

H ( J )  =O. 
JUH ( J )  =O. 0  
BA ( J )  =O. 0 
VOL ( J )  ~ 0 . 0  
V I N C ( J )  ~ 0 . 0  
2 L ( J )  r0.0 
E L I  ( J )  =O. 0  
NAGF: ( ,I)  =O 

2 POH~AT(oX, IJ ,13X .Y5 .2 .1UX.?55O,17X ,F5 .~ .15X .?7 .k ,8X ,~b .5 )  
RETURN 
END 
SUBROUTI WE T H I N  ( f lTYEE,UTHIN* EAREQ,WTBEC, WYRIPNIN1.PKT) 
D I H E N S I O S  H r R E E ( 1 0 0 0 )  , N l R E G  ( 5 0 )  , B A R E r ; ( 5 0 )  
CORNON /HDATA/H(lOOO) , D L i H ( I W  ,VOL ( 1 0 0 0 )  , V I N C ( l O O O )  , D A ( l U O d )  ,NT 
CONIION / G d O i l A / S L A ( 1 0 0 0 )  , A L ( l C O O )  , E L A ( 1 0 0 0 )  , C L ( 1 0 0 0 )  .BASUH(SJ)  
COnnO!4 /#OBTA/PVEC(3) ,HORT (8CO)  . t l O R T  ( 5 0 )  ,EHORT ( 5 0 )  .KDZAD,YADIlL 
COIIION /THItIA/AA ( 1 0 0 0 )  , Z Z ( t O G O )  , V T H t Y  ( S O )  . B T H I N  ( 5 0 )  .YK 

C 
C t H I N t I l Y G  OPTIUWS 

I D -  1 
K r = O  
K O U l T = N r Y  
U d I T E  ( 6 r 3 )  NY R  

12 I P ( N T R 1 t I -  1 )  5 2 . 3 2 . 4 0  
3 2  I F  ( U A S U I  (MY 8 ) .  LE. BAPCV (BY I ? ) )  COT0 5 2  

IHK=O 
l J K =  1  

CALL SOYT(HTYEE, I H K , I J K )  
J K = O  

33 J K = J K + 1  
DO 3 4  I * t , K D t A D  

3 6  I t ( A A ( J K )  .BQ.?LOAT(KORT ( I ) ) )  L r . 1  
I?  (LW.EC. 1 )  GOT0 35 
orsua ( N Y R )  =BASUII (NIB) - A A  ( J K )  
I L = I P T X  (ZZ ( J K ) )  

KUUNt=KOUNT+l  
CALL L I S T ( # T R E E . I Z , Y O U N T ,  N Y k , l O , P P I N T ,  PK'T) 
I F ( b A S U t 4  (NYR) .LE.BAREQ (NYB}) GCTO 3b 

35 I ?  (JK. LT. NT) GOTO 3 3  
3b I J K x O  

CALL S O B T ( l T R E E ,  IHK,  I J K )  
GOT0 5 2  

4 0  IY(NT.LE.NTREk(UYP))cOTO 5 2  
1i iK=O 

I J K =  1 
CALL SOBT ( f l r k E E ,  I I l K , I J K )  
JKsO 

U1 J K = J K + I  
JO '42 i ~ 1 , K D E b b  

4 1  I F  ( 2 2 1 J K )  .Ey. ?LOAT (IIOYT ( I ) )  ) L b - 1  
IY(LW.EQ.1)GOTO 4 3  
I Z = I F I X  (ZZ ( J I )  ) 

NT=WT- I 
KOUUT=KOUNT* 1 

CALL L I S T ( # T B E E .  1Z,K31111T.NYR,ID,YbIYT,PKT) 
I F ( W T . L t . Y T R L k ( N Y 9 ) )  GOTO 1(4 

U J  I F  ( J K - L Z a N T )  GOT0 U t  
YU I J K = O  

CALL S O Y T ( I T R t E ,  I H K , I J K )  
5 2  C O Y T I l l J k :  

WRITE (6 .1 )  Y  Y M 
UNITE (6.2)  KDEAD,NKrVTUIY (NY 6)  ,1)THIY (NYR) 

1  P O R I I A T ( / ~ f l 3 0 X . * S U I I I I A P Y  S T A I I S T I C S  1 0 9  THINBXNG I N  YEAa*,  LU//) 
1 P O Y I I A T ( ~ ~ O ~ . * C U N .  T U E E S  D ~ A ~ = * , I @ / Y o x , * ~  T H I N N E D  xr mnrrur In=*, 

IIU,/UOX,*tOLUIII? TYIYYED I N  CUWRCYt YY=',?kl.Y/UOX,'BA T l I l Y g U  I Y  CU 



E r  D 
SUBROIJTl NB SOBT (UTHEE* IHK, I J W )  
uraensros ~ ~ w s e ( r o o o )  
C O I I O B  /HDATA/H(~OOO) ,DBH(lO&O) , W L ( l O O O )  e V I Y C ( l O O O )  .BA ( 1 0 0 0 )  .HT 
conaor /~nrwr/u  ( i o o o )  . z z ( l o c o )  ,VTHIY(SO) , B T ~ I Y  ( s o )  ,rr 

INPUT VKTOY OPTIOUS S F E C I P I E D  I N  S u m o u r I u E  mu. 
IHKxO - SORT ON VAIIABLL i3A 
I H K = l  - SOHT OY \ARIABL& V I l C  
I J K S O  - SOBT OY VARIABLE 8TREE 

AA AYD ZZ ARE RANKEC OUTPUT VECTORS. 

I I ( I J K . G T . 0 ) G O T O  4 0  
I?(IHK.GT.0) GOT0 2 0  
DO l U J = l . N T  
AA ( J )  =FLOAT (HTREE (J ) t  
7 2 ( J )  =BA ( J )  
GOT0 8 0  
DO 1 0  J + l , N T  
AA ( J J )  =FLOAT (HTUEE ( J ) )  
i Z ( J )  = V I Y C ( J )  
GOTO 9 0  
I F ( I H K . E Q . 1 ) G O T O  bU 
M, 5 0  J = l , h T  
AA I J )  =BA I J )  
zz i ~ j  =FLOAT ( a r a e t ( J )  ) 
.;OTO 30 
03 70 J = l , N T  
AA ( J )  = V I Y C  ( J )  
: Z ( J )  = F L O A T ( a T R E E  ( J ) )  
CONTINUE 

I = N T -  1 
DO 8 2  1 1 1 , ~  

I L = J * l  
DO 8 1  J = I L , N T  

IP (&A ( I )  .LC. AA ( J )  ) GOTO 81 
T l * A A  ( I )  
AA ( I )  =AA ( . I )  

AA ( J )  =TI 
# T l = Z L  (1 )  
i L ( I )  =ZL ( J )  

ZZ t J )  - n T 1  
b l  LONTIRUE 
U 2  C J N T I N U I  

ItETURN 
EN D 
SUUIIOUTINB NPLOl'S (XX,DATA, I P C I N T ,  IVAH. IOPT.XSCALE,YSCALC) 
rwecer xnrat ( 6 )  , r h n a E  (61,  L A L E L  ( 5 , b )  . G m n h n  ( 6 1   TITLE(^) 
oI i ' lENSION DATA ( 5 , 1 0 3 ) ,  X X  ( 5 , l U J )  
o r a n t s r o w  r r o r n ( d o 1  , A  ( s j )  , x  ( c 3 )  

C I O P T - 0  N O M A L  X.X SCALE 
C = l  LUG10 X AXIS 
C = I  LOG10 Y AXIS 
C 13 LOG10 ANb X A X I S  

I F  ( IDOTNT .Eu. 0 .Oh, I I JGINZ .CT. 1 0 0 )  GO TO 1 
~t ( I V A ~  . r ~ .  o .oa. L V A B  .GT.  5 )  GO TO 1 
I F  ( 1 9 P T  .GT. 3 )  00 TO 1 
I F  (XSCALC .GT. 4 0 . 0 )  GO TO 1 
1s ( r s c r t e  .or. 27.0) GO TO 1 

CALL PLOTS 
CALL OPEN 
W B I T E ( ~ .  1 1 1 )  IPOIYT,IVAU .XSCALE. ISCALE 

11 1 P O O I A T V , '  NO. U I  P O I N T S  PER G P A P H ? ' ~ T 2 B , I S s / , '  NO- 01 GYAPWS: '. 
1 T28.15 , / .*  LENGTH 01 X AXIS: * , t 2 B S C 7 . 2 , / ,  
2 * LENGTH OF Y AXIS: * r T 2 6 . 1 7 . 2 e / )  
NOPT=I  OPT* 1 

GO TO ( 5 0 0 . 9 0 1 , 9 O L , 9 0 3 )  ,NOPT 



UXITd(6rYIO) 
GO TO 900 
YRITE(6,911) 
GO TO 904 , 
UaITE (6.912) 
GO TO 900 
WRITE (6,913) 
CONTIYUE 
Poanrr(9 NQRHAL x,r AXIS*) 
POPHAT(' LOG TEN X AXIS') 
?ORHAT(' LOG TEN X AXIS') 
PORHAT ( *  LOG TEN X,Y AXIS') 
READ(S*lO3) XYAHErYYAHErTIZLP 
FOblAT(6AU8bAU,6AU) 
POBIAT (20A0) 
U9ITE (6,glU) TITLE 
YORUAt(/,' TITLL OF PLOT IS: '.6A4) 
DO 10 l=l*IVAR 
READ(5,lOZ) (LAYEL(1.K) ,1=1,6) 
POdHAT (6AU) 
WaIrE (6,lOU) (LAbEL (1, K)  ,K=l e b )  
PORNAT (/,3X,bAU) 
COYTIWIlE 
DO 1 1  I=l,IvAn 
D9 11 J=l,IPOINT 
IF (DATA (1.J) .LL.O.O) GOZO 11 

GOTO 11 
12 DATA tI,J) 10.1 
11 UONTIUUE 

ISYTCH=O 
IF (IOPT .EJ. 1 .OR. 1OPT.W. j) ISkTCH-1 
CALL HANGE(XX, IVAB,IPOINT, XSCALL,XIIY,XHAX, ISUTCH,NCYCX) 
ISWTCH=O 
IF (IOPT .BQ. 2 .OR. LOP? .EQ. 3) ISUTCH=l 
CALL RANGB(DATA,IVAY,IPOIN%,YSCALY,YBIN,YnAX,ISU~CH,WCX~X) 
IUDEX=O 
DO 30 I=l,IVAR 
ILIR=IPOtYT+ 3 
DO 00 J=I,ILIU 
X (J) 5XX (1,J) 
Y (J) =DATA (I, J) 
D') SO KK=l,b 
C W N A R  (KK) SLABEL (I, KK) 
I? (TUDEX .EQ. 0) CALL GHAPH (X,Y,IPOI~T,2.XSCALE,YSCALEvTITLE.2~v 

1 XUAHE.20.YNAUE.20.20.0,~.3.GRFNAU,2U,XIIY,XHAXv~HI~~~~~X~ 
2 JOPT.NC~CX.~CYCY) - 
IP (IWDEX .NL. U) CALL GbAPHS (X. Y ,  IPOIYT, 1,3,OI(PIAM,24) 

INDEX= 1 
CALL CLOSE 
RETIJRU 
Y~tITE(6.117) lPUINTvIVAH,IOP%,XSCALE,lSCALE 
?.)dKAr(' CONTfiOL PARAUETEH(S) OCT OF RANGE',/, 

1 ' NO. UP POINTS PER CLAPUS: 'vT2d,l5e/, 
* NO. OF GWAPHS: ',TlH,I5,/, 
2 OPTIOY: ,TZH,I5,/, 
J LENGTH OF X AXIS: ',TiM,PlO.S,/, 
4 LENGTH OF Y ALIS: *,T2H,F10.5,/, 
'J ' *** JOB rERClINATEC * * * ' I  
RETURN 
EU D 
SUL)HOUTINZ PAUtiE (DATA, IVA~,III~EeSCALE~UHIN,YHAX~IOP'P, WCYC) 
UInENJION SCHTCW (515) ,UATA /5,lU3) ,OUT(5lS) 
UAIN=LATA (?,I) 
YOAX=DATA (1'1) 
U') 10 I=l,tVAR 
00 20 J=l,ITIUE 
IF (DATA (1.J) .LT. WnIu) UOIh=CATA (1,J) 
I F  I.DAtA(i.J1 .GT. YUAX) YUAX=DATA(I,J) - .  . 
c o ~ i r r t ~ ~  
C3NTLMUE 
I? (IOPT .YE. 1) BETUHY 
UOAX=ALOGlO ( M A X )  
Y3IN=ALOElO (YNIY) 
ICYC=UlAX-WHIN*l.O 
ILIH=~TIUE+? 



DO 4 0  I = l , I V A X  
DO 50 J - 1 , I L I f l  t 

K= ( I -  1 )  * I L I I * J  
SCHTCH (K) +DATA ( L , J )  
SCRTCH(K) =.SCRTCH (K-2) 
SCUTCH (K-1) =SCRTCH (K-2) 
C J I f T I N ~ J E  

. - 
I N O = I  L I I * I V A N - 2  
CALL SCALC (SCXTCH,SCALE, INO, l ,OUT, NCYC) 
DO 6 0  I = l , L V A X  
DO 7 0  s = i , l L r n  
K= ( I -  1 )  * I L I U + J  
DATA ( I ,  J)  =OUT (K) 
DATA ( I ,  I L I I I )  =OUT ( INO*2)  
DATA ( 1 , I L I H -  l ) = O U T ( I Y O * l )  
CONTIHUE 
RETURN 
E I D  
SUBROUTINE GWAYlf(XI,YI.NDI,NhX,XL,YL,TITLE.LTfTLE,XNAlE,LONJXN, 

1 YNAIIE,LONGYN,TICS,ICICLL,LIUII ,GRYNIII,YARLTH, XIIIN, XRAX,YRIN, 
2 YIIAX,IOPT,ICYCX,NCYCY) 
**** SEVRUAL I IOD11ICATIONS HAVE 6EEN IIADE TO A.S.J.'Y OUIGINAL YO 

YXTRA ENTRY P O I h T S  
GRAPHS 
H I S T  
H I S T S  
OPEN 
CLOSE 

CoNGHAL DESCRIPTLON 
THE SIJUROUTIlE  P L O T S  S I N G L E  ~d SUPERIRYOaED GRAPHS AND 
IILSI'OGYARS. GHAYHS RAY B E  S T A A I C H I  L I N E S  OR F I T T E D  CURVE3 
G H A P H S  A N U  H I S T O G H A ~ S  HAL*: S Y n e o L s  O R  NOT 
CALL (OPEN) ULFOBE ALY OTHER I ~ O I J T I N E S  AND CALL (CLOSE) 

BLPORE SCOPPING. 

IUTZtiER*U NDI,hD,NAXIS,LONGXb,LONGYN,NCYCLE.,LINEO, h A I L T H , L f U I I  
D r a K s s x c r  X L  ( 1 0 3 )  ,XI (103) , 1 s ~ a ( 5 ) ,  

2 X D  ( 2 0 0 0 )  ,XD ( 2 0 0 0 )  ,DATA ( 2 0 3 0 )  
I'OTF'r:CR*II T I T L E ( 6 )  , XNAIE ( 6 )  , YNAME ( 6 )  ,cRPUAl! (6) 
L O M r  XL*l rOPEN/. PALSE./,HGRAR, ELTONE 
D A T A  r ~ ~ n ~ o o ~ , o o ~ , ~ 1 ~ , ~ 1 0 , o 1 1 ~  

PWIDTll I S  THC h I U T h  CF THE PLO'CTtNG DAi'Eil 1E fNCHES 
Tl iE  11SE1( RUST LHANGE PWIDTH TO CONPORR TO TliE PAPEh USED 

DAPA PWIDTH/ iD.U/ 
NhX :.h=UAX 

I F ( b l $ I S . N E . O )  GOTO 9 1  
U 1 1  ': ( b  , 9 4 )  
t''.ll:YkT('- * * * * * *  % A X I b = U  I S  INVALID IN GYAPH Otl H I S T  ******') 
HCTlt t 1W 
PLTr NE=.PALSL. 
GUTO 95 

PNTHY GOAPilt  ( X l , Y I , N D l ,  h C Y C L k , L I N E f , t i R P h A l . N ~ U L t H )  
V h X I S = O  
1. (.NOT. PLTONt,) GOT0 95 
W H I T E ( 6 . 9 7 )  
P O U R A T ( * -  ***'** G R A P H S  o h  HISTS C A L L E D  ecrora trruen o e r P e  on nrs 

L'I' ****** ' )  
RETVRN 

THANSFtH GHAPH DATA ' I0 YEW ARitAk5 S O  THAP O R I 6 L Y h L  DATA 
I S  NOT ALTERED 

bd 1 0 0  NDATA = 1 ,NDf  
XJ(SDATA) = X I  (MVATA) 
ra  ( r a r r r )  = r r  ( W A T A )  
ND=NDI 
L I N I G - L I l E I  
HGRAR=. FALSE. 
GOT0 80 



ENTRY POIYT FOR TH6 CCUSTRUCTIOW O F  HISTOGUAHS 
C 

ENTRY H I S t  (X1.Y l.NDI.YAX,YL,YL. XWAHE,LOWGXY,YIIAIIE.LoUGYU 
I .TICS.  UCYCLE.LIUEI,GRIYA~.U1~LTH) 

C 

:JAXIS=llAX . -. 
I F  (NAXIS. Ed.0) G M O  93 
PLTOW I!=. PALSE. 
GOT0 75 

EUTPY POINT TO8 SUPEf i IHPOSING HISTOGRAIS 
ENTHY HIYTS ( X I .  YI,YDI.NCYCLE.LIUYI.GU?NAI.YAILTH) 

CALCULATE THE P O I E I S  ?OR THE HISTOGRAnS. 
CILCULATE THE PLQST 2 P O I N T S  

X D ( 1 )  = X I  (1 ) -  ( X I ( 2 ) - X 1 ( 1 ) ) / 2 . 0  
YD ( 1 )  =O.O 
X D ( 2 )  = X D ( l )  
YD ( 2 )  = Y I  ( 1 )  

CALCULATE THE LAST 2 P O I N T S  
ND=L*NDI+Z 
X U ( U D - l ) = X l  ( b U I )  + ( X I  ( U D I )  -XI 1 h D I - 1 ) )  / 2 . O  
r o ( w ~ - i ) = r ~  ( ~ D I )  
XD(ND) =XD(ND-1) 
YO ( n o )  =o.o 
I P ( L I N E C . L ~ . t Z )  GOT0 7 7  
I . I N Z J = + Z  
HGHAM=.TRIlE. 
GOTO 80 
HGRAN*. FALSE. 

I F  (TOPEW) GOT0 81 
WRITE (b.58) 
FORRAT( ' l l . / / .*  ****** O t E Y  LUST BE CALLED ULPOHE E l T H E k  JRAPH,GHA 

2PHS.HTST.HTSTS. C W R E N T  UEQIIBST S K I P P E D  ******') 
HETURU 
IP(NAX1S.EQ.U) GOV) 1U 

THE GhAPH PAGE CO-ORLIIIATES ARL CALCULAtED AUrOi3ATILALLY 
I F ( ( Y L d E ' + l . O + Y L t J U f i Y )  .LL.PUlDTP)  GOT0 1 8 0  
I F  (YL,.LE. ( P h T D T I i - 1 . 0 ) )  GO TO A 3  
Y B I T E  (6,92)  
FdLlk!Ar('- ****** Y A X l S  LLNGTH .GT. P I P E R  UIDTH *******//) 
RETURN 
C A L L  P L O T ( X L R L Y + L . O ,  I .  0-sun-)  
SilHYn1.U 
XLREF=O. O 
Y LREP=O. t) 

GOPO 1 6 1  

SET LOCAL O R I G I N  FOR NEXT PLOT 
CALL PLCT ( o . o , Y L r E u t l . o , - 3 )  
S ~ ~ H Y = d f J R I + Y L k E t + l . O  

C 

C SAVE THE LAYOEST X A X I S  L t Y G t H  Ill C U B R t W t  CkOSS P A W  SuT 
l e i  IP(XL.GT.LLRII) X L H E F = X L  
C 
c' SAVE THY IAXXS LENGTH ?OR U S 8  IW L O C A t l Y G  THC YEXT O R I G f Y  

Y L P E I * I L  
GOTO 2  

1 4  1=1+1 
915 I F  ( I O P T  .ME. 1 .AUD. I O P T  .YE. 3) GO TO 15 



- - -  
I F  ( T O P T  .NE. 2 .AND. I O P T  . EE. 3) GC TO 17 
Y D  ( N D * N C Y C L E + ~ ) = Y I  ( N D * N C ~ C L B + I )  
YD(  ( N D * l )  * u C x C L E * l ) = Y I  ( ( U D + l )  *NCYCLE*l )  
GO T O  9918 
Y D ( ID*UCYCLE*l )  =YHIN 
Y D ( ( S D + l )  *NCYCLE*l)  =YDELTA 
CONTXIUB 
I F  (NAXIS.EtJ.2) GUT0 2 9  
GOT0 3 

1 = 1  
XLtG=XL*l .O 
XLEG2=XLEG+0.5  
Y L B G z 6 . 0  
I? (NAXJS.  CQ. 2 )  COT0 50 
CALL SCALE (XD,XL.ND,NCYCLE. T I C S )  
CALL SCALL (YD.YL.ND,KYCLE,ZICS)  
razr=ro ( N ~ * U C Y C L E + I )  
x r I N  = XD(SD*NCYCLB+I)  
YOELTA=XD((ND*l )  *NCXCLE+l )  
Y D ~ L T L  = Y D ( ( N D * ~ ) * N C Y C L B + I )  
GOT0 2 9  

XDELTA = (X4AX-XflIN) /XL 
roetrr = ( r a n x - ~ a r u ) / r ~  
Cn TO 9 1 5  
CALL SYtiBOL (XLEG,YLEG.O. 1 5 .  ' L E G E Y D ' ~ * . O , ~ )  
YLEC YLEG-0.10 
xlCYC=NCYCX 
I F  (1OPT.PV. l.OR.IOPT.EU.3) GCTO 9 3 0  
CALL A X I S  (O.O,O.O,XNAlE,-LCKCXNoXLIO.O, XRIN, XOElTA,TLCS)  

GO TO 931 
CALL LOCAXS(O.O.O.OoXNAME,-LCNGXI,XLoO.O,Xr!IW.~l.O,XNCYC) 
XX=XL/U.O 
YY=YL+0.5 
CALL S Y t 0 O L  (XX.Y Y .0. 1 5 , T I T L E , 0 . 0 0 L T I T L E )  
Y WCYC*NCYCY 
I Q  (1OPT.EQ. 2 .OH. lOPT.Ey .3)  GOT0 932 

CALL A X I S  (O.O,O.O,Y NA~E,LChCYN,YL,90.0,YMIN.YDELTAoT~CS) 
GO T O  3 
CALL LOtiAXS (O.O,O.O.Y N A f i E , L C h G Y N , Y L . Y O . O , Y I I N , * l . 0 .  YNCYC) 
I F  (LINEC. t iP .0 )  GOT0 5 
NU=- ND 
L I N E 3 a - L I N E C  
LTNEC=LLNBG-2 
$D=XABS (ND) 
C A L L  L I W E  (XD.YD, W D ,  L L Y C L E . L I N E ( ~ ,  Ism ( 1 ) )  
I F  (.nOPr.HtiRAn) GOTO 36 

HISTODAMS A9E l P I T I A L L Y  PLOTTED SiITHOUT SYNJ*JLS,  I? 
SYMBOLS WERE HELUES?EO THZN A CALL TO ? L I N E  WITH THE 
G1VI.S P O I N T S  X I  A N L  11 I N  R E V V S E  ORDSn AND A YEdULSP 
?OH S l t i D O L S  ONLY IS NADE. 

S E T  UP THE Aki4AY YITH REVERSE OHDER POIUTS.  
T H Z = N D I + l  
Do 2 5 0  l H = l , l l D l  
X D ( I H )  = X I  ( I H 2 - I H )  
YD(1H)  +YI ( I H Z - I H )  
HGRAIP. FALSE. 
NAXIS'O 

L I N E G = + ~  
ND=NDI 
GOT0 15 
YLEG = Y LEG-0.25 
I F  (LIYEG.IQ.0) GOT0 38 
CALL SYMUOL (xLBG,YLEo.O. 1 5 , I S Y M ( I )  ,0 .0 , -1 )  
CALL SYHUOL ( X L E G ~ , ~ L ~ G , O . ~ ~ G ~ ~ I A H , ~ O ~ , W A I L T ~ ~  
RCTIJBN 



E E r R Y  OPEN . 
CALL PLOES (DATA.8000)  .-.. 
TOPEN-. TRUE. 
W R I r E ( 6 . 6 0 )  
FOYIAT ( l H 1 )  

HAKE SURE THAT THE O i t I G I Y  IS YHYPE I$ SYOULO BB 
CALL PLOT(1 .0 . -0 .5 , -3 )  

I Y I T I A L I Z E  THE PAGE CO-OBDIYATES 

ENTRY CLOSE 

CALL PLO; ( 0 . 0 , 0 . 0 , 9 Y 9 )  
AETU HW 
EW D 

//GO.SYSYN DD 
1 3 5 U 1 6 U S  

O O J  
050 930 9 5 0  

0.OUUbl 0. OOOUU 
0.1 1.0 

50 5 00 
0 00 

31.1 d O . 3  
31.8 28.3 

STAND AGE 
S t t D  PUODUCTION 
b OOHN 
% G E H X I E A T I O I  

STAND AGE 
L I T T E R  WT. 
GHASS YT. 
L I G H T  LEVEL 

S T A I C  ACE 
HEIN HE.  
nEAN Ddll 
VGL. ~JYUEHUAWK 

STAND AGE 
NLtDLF. AHEA 
sun U A  

STAND A t i t :  
SURVIVAL X 
3A D E A D  
VOL. DEAD 
/ *  

U5 
4 5  

GLRLINATION T H H E I  SECDTDKE.5 ( 8 1 )  

ENV IRONUENT 

Y I E L D  1 

Y I E L D  2 

I lOETALITY 

TlIR L E SLBDTHEDS ( 8 1 )  

r i i ~ r r  s e Y o r a a E s  ( $ 1 )  

S 0.15 - PROCESSING = f . 0,35 **, 34 PACES A 


