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A c k n o w l e d g e m e n t :
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• In order to fulfill  growth and reproduction functions trees put in place a tridimensional structure which , however, is 

subject to internal and external constraints. This is reflected by the unique architecture of each individual.

• Architecture of large tropical trees is difficult to study due to their size, complexity and longevity.

We used TLS data to quantify architecture of 15 Cameroonian canopy species and to test three hypothesis:

• H1: Architecture is driven by the l ight requirements of the species
• H2: Architecture changes across canopy position
• H3 :  Trees follow a universal symmetric and fractal architecture (West, Brown and Enquist “WBE” model: 

West et al.  1999)
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R a w p o i n t  c l o u d

I n p u t  d a t a :
Q u a n t i t a t i v e  s t r u c t u r a l  m o d e l  ( Q S M )

O u t p u t  d a t a :
• C r o w n  w i d t h t o  c r o w n  d e p t h r a t i o  

(𝐶𝑊 : 𝐶𝐷 r a t i o )
• C r o w n  d e p t h t o  t r e e h e i g t h r a t i o  

(𝐶𝐷 : 𝐻 r a t i o )
• Tr e e h e i g h t t o  t r e e d i a m e t e r r a t i o  

( H  :  D  r a t i o )

O u t p u t  d a t a :
• D o m i n a n c e  o f  a  p r i n c i p a l  a x i s  i n d e x  ( D A ) .  a .

• F o r k  r a t e .  b .
• B r a n c h  a n g l e

• W B E  s c a l i n g  e x p o n e n t  ( α  a n d  β  f r o m  B e n t l e y  e t  a l  2 0 1 3 )  c .

a . b .

c .
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2.     Pre-treatments

3.     Crown metrics quantification
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W B E  e x p e c t a t i o n

T h e  m u l t i va r i a te  a n a l y s i s  s h o w s  
t w o  o r t h o g o n a l  a rc h i te c t u ra l  

g ra d i e nt s

• P C A  1  ( h o r i zo n t a l )  :  To p o l o g i c a l
g ra d i e n t  

• P C A  2  ( ve r t i c a l ) :  C r o w n  s h a p e
g ra d i e n t  

S t e p  1
Tre e  i s o l a t i o n

S t e p  2
Wo o d / l e a f  

s e g m e n t a t i o n

S t e p  3
Q S M  c o m p u t a t i o n

S t e p  4
Q S M  c o r re c t i o n

M a n u a l  s t e p
S i m p l e t re e

( H a c k e n b e r g e t  a l  2 0 1 3 ) A M A Pst u d i o - s c a n

Ef fe c t  o f  s h a d e  t o l e ra n c e  o n  P C A 2  
 S h a d e t o l e ra n t :  s l e n d e r  a n d  d e e p  

c ro w n
 P i o n e e r :  s h a l l o w  a n d  w i d e  c ro w n

Ef fe c t  o f  c a n o p y  p o s i t i o n  o n  P C A 1
C o nve rg e n c e  t o w a rd  a n  

a rc h i t e c t u re  w i t h  m a ny  fo r k s  &  
a  l o w  a p i c a l  d o m i n a n c e  w h e n  
re a c h i n g  h i g h  c a n o p y  p o s i t i o n

59 t rees  were  scanned in  East  Cameroon us ing  a  terrestr ia l  
L IDAR scanner  C10 Le ica  (2  to  7  scans  per  t ree)

 15 spec ies
 3 shade to lerance  groups  (P ioneer,  Non -

Pioneer -L ight -Demanding ,  Shade To lerant)
 4 canopy pos i t ions  ( suppressed ->  dominant)

1. Sampling

C r o w n  a n d  t r e e s h a p e m e t r i c s To p o l o g i c a l m e t r i c s a n d  W B E  p a r a m e t e r s
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• S T : S h a d e T o l e r a n t

• N P L D : N o n - P i o n e e r -

L i g h t - D e m a n d i n g

• P :  P i o n e e r 2  =  s u p p r e s s e d  t r e e  - >  5 =  D o m i n a n t  t r e e

α  a n d  β  c o nve rge  
t o w a rd  t h e  W B E  

ex p e c t a t i o n  w h e n  
re a c h i n g  h i g h  

c a n o p y  p o s i t i o n

 Tree  arch i tecture  was  d iv ided in  shape vs  topology  metr ics  and both  are  
complementary  and interpretable  in  terms of  growth st rategy

 Tree  converge  to  a  s imi lar  topolog ica l  arch i tecture  no  matter  of  the ir  spec ies  
and funct iona l  group,  probably  due to  re i terat ion  processes .

 Large  dominant  t rees  present  sca l ing  exponent  c lose  to  an  idea l i zed  WBE 
tree.  Do t rees  converge  to  a  fu l ly  opt imized arch i tecture  in  non l imit ing  
condit ion  ( less  compet i t ion  for  large  dominant  t rees)  ?

Convergence of tree architecture with increasing canopy position: An example from 

terrestrial laser scanning in central Africa
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