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ABSTRACT 

The c u r r e n t  s t a t u s  of  o h i a  ( M e t r o s i d e r o s  c o l l i n a  s u b s p .  polymorpha)  

i s  
f o r e s t  d i e b a c k  r e s e a r c h  i n  H a w a i i / r e v i e w e d ,  and a  p r o p o s a l  i s  made f o r  a  

r e l a t i v e l y  s m a l l  i n t e g r a t e d  complementary  program.  T h i s  i s  s u g g e s t e d  t o  

c o n s i s t  of  f i v e  s u b p r o j e c t s  t o  be c a r r i e d  o u t  p r i m a r i l y  by g r a d u a t e  s t u d e n t  

d i s s e r t a t i o n  r e s e a r c h .  The f i v e  s u b p r o j e c t s  a r e :  (1 )  To d e t e r m i n e  t h e  

p e r c e n t  c o v e r  of d e f o l i a t e d  crowns  i n  t h e  o h i a  r a i n  f o r e s t  by remote  s e n s i n g  

t e c h n i q u e s  and t o  d e v e l o p  a  m o n i t o r i n g  program,  (2)  t o  d e v e l o p  a  l a r g e  s c a l e  

v e g e t a t i o n  map on t h e  b a s i s  of  s t r u c t u r a l  c r i t e r i a ,  (3) t o  c a r r y  o u t  a  

d e t a i l e d  f l o r i s t i c  s a m p l i n g  by many s m a l l  sample  p l o t s  and t o  s t u d y  by s t r u c -  

t u r a l  a n a l y s e s  t e c h n i q u e s  t h e  dynamic t r e n d s  of t h e  woody s p e c i e s  p o p u l a t i o n s  

i n  a  few, l a r g e  sample  p l o t s ,  (4)  t o  map and s t u d y  t h e  s u b s t r a t e  v a r i a t i o n s  

i n  te rms of  s o i l  n u t r i e n t  and s o i l  w a t e r  r e g i m e s  t o  d e v e l o p  a  h a b i t a t  c l a s s i -  

f i c a t i o n  f o r  w a t e r s h e d  p u r p o s e s  and ( 5 )  t o  s t u d y  by e x p e r i m e n t a l  p r o c e d u r e s  

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

i r r i g a t i o n  t r e a t m e n t s  w i t h  n a t u r a l  s e e p a g e  w a t e r  from d i e b a c k  a r e a s .  The 

e x p e r i m e n t a l  s u b p r o j e c t  w i l l  be  d e s i g n e d  f u r t h e r  f o r  t e s t i n g  t h e  pe r fo rmance  

of  d i f f e r e n t  M e t r o s i d e r o s  e c o t y p e s  unde r  d i f f e r e n t  m o i s t u r e  and n u t r i e n t  

r e g i m e s .  

The program i s  deve loped  t o  v e r i f y  o r  d i s c a r d  t h e  a l t e r n a t e  h y p o t h e s i s  

t h a t  t h e  o h i a  d i e b a c k  is a  n a t u r a l  phenomenon of  p r i m a r y  s u c c e s s i o n  r a t h e r  

t h a n  a  p a t h o l o g i c a l  d i s e a s e  problem a s  i s  pu r sued  by t h e  c u r r e n t  o h i a  d i e b a c k  

r e s e a r c h  of  o t h e r  i n s t i t u t i o n s .  
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INTRODUCTION 

Ohia ( M e t r o s i d e r o s  c o l l i n a  atsp. polyrnorpha) i s  t h e  most w i d e l y  d i s t r i b u t e d  

and abundan t  n a t i v e  t r e e  s p e c i e s  i n  t h e  Hawai ian  I s l a n d s .  It i s  t h e  f i r s t  

t r e e  i n v a d e r  on new v o l c a n i c  s u b s t r a t e s  i n  a  v a r i e t y  of  c l i m a t i c  t y p e s  and t h e  

dominant  t r e e  s p e c i e s  i n  t h e  montane r a i n  f o r e s t s .  

A c o n s p i c u o u s l y  l a r g e  number of  dead s t a n d i n g  t r e e s  ( s n a g s )  h a s  been 

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

f l a n k  of  Mauna Kea ( I s l a n d  Hawai i ) .  T h i s  phenomenon h a s  become known a s  t h e  

"Ohia Dieback"  o r  "Ohia D e c l i n e "  Problem. Based on a  r e c e n t  a e r i a l  p h o t o g r a p h i c  

a n a l y s i s  by t h e  Hawai i  S t a t e  D i v i s i o n  o f  F o r e s t r y  and t h e  U .  S .  F o r e s t  S e r v i c e ,  

t h e  p r e d i c t i o n  h a s  been made t h a t  t h e  o h i a  f o r e s t  w i l l  be wiped o u t  by 1985.  

T h i s  r a t h e r  d r a m a t i c  p r e d i c t i o n  t h a t  t h e  Hawaiian r a i n  f o r e s t s  w i l l  be 

c o m p l e t e l y  d e s t r o y e d  i n  11 y e a r s  from now was f i r s t  p u b l i c i z e d  i n  F e b r u a r y  

t h i s  y e a r  i n  a  newspaper a r t i c l e  a s  a  p u b l i c  s t a t e m e n t  made by t h e  Hawaii  

S t a t e  F o r e s t e r ,  Tom Tagawa ( s e e  APPENDIX 1: Honolulu A d v e r t i s e r  a r t i c l e  of 

F e b r u a r y  7 ,  1974 "Obia ep idemic  worsens" ) .  The p r e d i c t i o n  r e f e r s  n o t  o n l y  t o  

t h e  montane r a i n  f o r e s t  on Mauna Kea, bu t  a l s o  t o  t h a t  on Mauna Loa,  which 

i n c l u d e s  t h e  newly a c q u i r e d  r a i n  f o r e s t  a r e a  of Hawaii  Vo lcanoes  N a t i o n a l  

Pa rk :  t h e  Olaa R a i n  F o r e s t  T r a c t .  I t  a l s o  i n c l u d e s  t h e  r a i n  f o r e s t  a round t h e  

P a r k  H e a d q u a r t e r s ,  T h u r s t o n  Lava Tube,  t h e  Escape  Road and s o u t h  beyond 

Napau C r a t e r .  I n  o t h e r  w o r d s ,  t h e  e n t i r e  r a i n  f o r e s t  o f  Hawai i  Volcanoes  

N a t i o n a l  Pa rk  i s  i n c l u d e d  i n  t h e  d i e b a c k  p r e d i c t i o n .  I t  would t h e r e f o r e  

seem a p p r o p r i a t e  t h a t  t h i s  problem r e c e i v e  t h e  a t t e n t i o n  o f  t h e  N a t i o n a l  P a r k  

S e r v i c e  S c i e n c e  C e n t e r .  

I n  a d d i t i o n ,  t h e  problem poses  t h e  q u e s t i o n  of i s l a n d  ecosys t em s t a b i l i t y  

i n  a  v e r y  fundamen ta l  s e n s e .  



ABSTRACT 

The c u r r e n t  s t a t u s  of  o h i a  ( M e t r o s i d e r o s  c o l l i n a  s u b s p .  polymorpha) 

i s  
f o r e s t  d i e b a c k  r e s e a r c h  i n  H a w a i i j r e v i e w e d ,  and a  p r o p o s a l  i s  made f o r  a  

r e l a t i v e l y  s m a l l  i n t e g r a t e d  complementary  program. T h i s  i s  s u g g e s t e d  t o  

c o n s i s t  of  f i v e  s u b p r o j e c t s  t o  be c a r r i e d  o u t  p r i m a r i l y  by g r a d u a t e  s t u d e n t  

d i s s e r t a t i o n  r e s e a r c h .  The f i v e  s u b p r o j e c t s  a r e :  (1) To d e t e r m i n e  t h e  

p e r c e n t  c o v e r  of  d e f o l i a t e d  crowns  i n  t h e  o h i a  r a i n  f o r e s t  by r emote  s e n s i n g  

t e c h n i q u e s  and t o  d e v e l o p  a  m o n i t o r i n g  program,  ( 2 )  t o  d e v e l o p  a  l a r g e  s c a l e  

v e g e t a t i o n  map on t h e  b a s i s  o f  s t r u c t u r a l  c r i t e r i a ,  (3)  t o  c a r r y  o u t  a  

d e t a i l e d  f l o r i s t i c  s a m p l i n g  by many s m a l l  sample  p l o t s  and t o  s t u d y  by s t r u c -  

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

i n  a  few,  l a r g e  sample  p l o t s ,  ( 4 )  t o  map and s t u d y  t h e  s u b s t r a t e  v a r i a t i o n s  

i n  t e rms  of  s o i l  n u t r i e n t  and s o i l  w a t e r  r eg imes  t o  d e v e l o p  a  h a b i t a t  c l a s s i -  

f i c a t i o n  f o r  w a t e r s h e d  p u r p o s e s  and  (5) t o  s t u d y  by e x p e r i m e n t a l  p r o c e d u r e s  

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

i r r i g a t i o n  t r e a t m e n t s  w i t h  n a t u r a l  s e e p a g e  w a t e r  from d i e b a c k  a r e a s .  The 

e x p e r i m e n t a l  s u b p r o j e c t  w i l l  be d e s i g n e d  f u r t h e r  f o r  t e s t i n g  t h e  pe r fo rmance  

of  d i f f e r e n t  M e t r o s i d e r o s  e c o t y p e s  u n d e r  d i f f e r e n t  m o i s t u r e  and n u t r i e n t  

r e g i m e s .  

The program i s  deve loped  t o  v e r i f y  o r  d i s c a r d  t h e  a l t e r n a t e  h y p o t h e s i s  

t h a t  t h e  o h i a  d i e b a c k  i s  a  n a t u r a l  phenomenon of  p r imary  s u c c e s s i o n  r a t h e r  

t h a n  a  p a t h o l o g i c a l  d i s e a s e  problem a s  i s  pursued by t h e  c u r r e n t  o h i a  d i e b a c k  

r e s e a r c h  of  o t h e r  i n s t i t u t i o n s .  



BACKGROUND 

How Ohia Dieback became a  P a t h o l o g i c a l  Problem 

I n  September  1970,  t h e  w r i t e r  o r g a n i z e d  a  f i e l d  t r i p  t o  t h e  B i g  I s l a n d  

(Hawai i )  f o r  t h e  p a r t i c i p a n t s  of  t h e  Hawa i i  IBP ( I n t e r n a t i o n a l  B i o l o g i c a l  

Program) .  We had j u s t  r e c e i v e d  t h e  f i r s t - y e a r  f u n d s  of  a  5 - y e a r  r e s e a r c h  

program t h a t  became known s u b s e q u e n t l y  a s  t h e  I s l a n d  Ecosys tems IRP ( I n t e g r a t e d  

R e s e a r c h  Program) of t h e  US/IBP. The o b j e c t i v e  o f  t h i s  i n i t i a t i o n  t r i p  was t o  

f a m i l i a r i z e  t h e  program p a r t i c i p a n t s  w i t h  t h e  ecosys t em t r a n s e c t s  t h a t  were  

p r e v i o u s l y  e s t a b l i s h e d  by t h e  w r i t e r .  C e r t a i n  ecosys t ems  a l o n g  t h e s e  t r a n s e c t s  

t h e  
were  t o  be s e l e c t e d  a s  f u t u r e  s t u d y  s i t e s  f o r / I s l a n d  Ecosys tems R e s e a r c h  Team. 

A s  we d r o v e  upwards on  t h e  S a d d l e  Road we made s e v e r a l  s t o p s  and t r i p s  

t o  t h e  Mauna Kea T r a n s e c t  n o r t h  of  t h e  S a d d l e  Road t o  Wai luku R i v e r .  A t  

4 , 2 0 0  f t  we walked a c r o s s  t h e  1855 l a v a  f low i n t o  a n  o l d e r  o h i a  r a i n  f o r e s t  

w i t h  a  l a r g e  number of  dead s t a n d i n g  s n a g s .  A p l a n t  p a t h o l o g i s t  t h a t  had 

come a l o n g  ( b u t  was n o t  a  program p a r t i c i p a n t )  immed ia t e ly  d i a g n o s e d  t h e  

s i t u a t i o n  a s  a  " p a t h o l o g i c a l  problem."  He e x p r e s s e d  t h e  i d e a  t h a t  a  pa tho -  

g e n i c  f u n g u s  i s  d e s t r o y i n g  t h e  o h i a  f o r e s t  i n  t h i s  and t h e  s u r r o u n d i n g  a r e a s .  

I had s e e n  t h i s  s t a n d  e a r l i e r  i n  1965 ,  when I made a  c o m p a r a t i v e  a n a l y s i s  

of  t h e  e a s t - f l a n k  v e g e t a t i o n s  of  Mauna Loa and Mauna Kea (Mueller-Dombois 

and Kra j i n a  1 9 6 7 ) ,  and noted  t h e  poor d r a i n a g e  i n  t h e  s n a g  s t a n d .  I had a l s o  

n o t e d  on t h e  1965 a i r  pho tos  t h a t  s n a g s  were  a b u n d a n t  and w i d e l y  d i s t r i b u t e d  

i n  a n  a r e a  be tween 3500-5000 f e e t  e l e v a t i o n ,  where  t h e  n a t u r a l  d r a i n a g e  s y s t e m  

on t h e  e a s t - f l a n k  of  Mauna Kea i s  poor  b e c a u s e  of i n s u f f i c i e n t  s t r e a m  

c h a n n e l l i n g .  F u r t h e r  down-slope n e a r  3 , 0 0 0  f e e t ,  r a i n f a l l  i n c r e a s e s  ( f rom 

a b o u t  3000 t o  5000 mm/year) and g e o m o r p h o l o g i c a l  development  h a s  p r o g r e s s e d  

t o  a  much g r e a t e r  e x t e n t  w i t h  s t r e a m s  and t r i b u t a r i e s  p r o v i d i n g  f o r  improved 



d r a i n a g e .  I n  t h i s  a r e a ,  f rom a b o u t  3,000 f e e t  down s l o p e ,  t h e  o h i a  f o r e s t  

looked g e n e r a l l y  " h e a l t h y  ." The p a t h o l o g i s t  p o i n t e d  o u t  dead  s t a n d i n g  t r e e s  

on what  a p p e a r  t o  be  "dry" aa  f l o w s  i n  t h e  s u r r o u n d i n g  a r e a ,  b u t  I m a i n t a i n e d  

t h a t  t h e  o h i a  d i e b a c k  phenomenon may have  a n  e c o l o g i c a l  b a s i s .  I s u g g e s t e d  

t h a t  a  p a t h o g e n  may be  i n v o l v e d  a s  a  s e c o n d a r y  a g e n t ,  b u i l d i n g  up  i t s  popu la -  

t i o n  i n  t r e e s  o f  low v i g o r  i n  t h e  poor  d r a i n a g e  a r e a s  and pe rhaps  s p r e a d i n g  

t o  a  few v i g o r o u s  t r e e s  on  s u r r o u n d i n g ,  d r y e r  s o i l  m o i s t u r e  r eg imes .  

The snag -p rob lem was of  c o u r s e  a n  e m i n e n t l y  w o r t h w h i l e  t o p i c  f o r  r e s e a r c h ,  

bu t  we had p l anned  f o r  o u r  IBP r e s e a r c h  t o  f i r s t  c o n c e n t r a t e  on a  " h e a l t h y "  

r a i n  f o r e s t  ( t h e  K i l a u e a  F o r e s t  R e s e r v e )  t o  g a t h e r  b a s e - l i n e  d a t a  on a n  i n t a c t  

n a t i v e  r a i n  f o r e s t  e c o s y s t e m ,  t o  l a t e r  branch o u t  i n t o  what  a p p e a r  t o  be  

"problem a r e a s . "  A c o m p a r a t i v e  a n a l y s i s  of t h e  two d i f f e r e n t  r a i n  f o r e s t  

ecosys t ems  was p l a n n e d ,  b u t  t ime r e s t r a i n t s  of  t h e  I n t e r n a t i o n a l  B i o l o g i c a l  

Program p rec luded  a  t h o r o u g h  i n v e s t i g a t i o n  of t h e  o h i a  d i e b a c k  problem.  

The p l a n t  p a t h o l o g i s t  c a r r i e d  h i s  " p a t h o l o g i c a l  problem" h y p o t h e s i s  t o  

t h e  f o r e s t e r s ,  who i n  t u r n  launched a  campaign t o  o b t a i n  f u n d s  ( s e e  Burgan 

and Ne l son  1 9 7 2 ) .  

S t a t u s  of  C u r r e n t  D ieback  Resea rch  

F a i r l y  l a r g e  sums of  money were  o b t a i n e d  by t h e  f o r e s t e r s  who began t o  

c o o r d i n a t e  r e s e a r c h  i n  t h r e e  a r e a s :  (1)  a i r  pho to  a n a l y s e s  ( 2 )  d i s e a s e  

r e s e a r c h  and (3 )  i n s e c t  r e s e a r c h .  The l a t t e r  two a r e a s  were  c o n t r a c t e d  t o  t h e  
t o  t h e  

P l a n t  P a t h o l o g y  D e p a r t m e n t ,  U n i v e r s i t y  of Hawaii  a n d / B i s h o p  Museum, r e s p e c t i v e l y .  

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

f o r e s t  p a t h o l o g i s t  a s  a  c o n s u l t a n t  from t h e  Mainland.  The r e s u l t s  u p - t o - d a t e  

can  be  b r i e f l y  summarized i n :  ( a )  t h e  p r e d i c t i o n  t h a t  t h e  o h i a  f o r e s t  w i l l  be 

wiped o u t  by 1985 and (b)  p a t h o l o g i c a l  r e s e a r c h  f i n d i n g s .  



( a )  The p r e d i c t i o n  

The b e f o r e  d i s c u s s e d  "doomsday" p r e d i c t i o n  of  S t a t e  F o r e s t e r  Tom Tagawa 

i s  based  on a n  a i r  p h o t o  a n a l y s i s  by two r e s e a r c h  f o r e s t e r s ,  one of  which 

(Ed P e t t y s )  p r e s e n t e d  t h e  f i n d i n g  t o  a  r e c e n t  mee t ing  of  t h e  Hawaiian B o t a n i c a l  

S o c i e t y ,  which I a t t e n d e d .  The a n a l y s i s  c o n s i s t e d  of a n  a i r  pho to  compar ison  

of  t h r e e  s e t s  t a k e n  i n  1954,  1965 and 1972.  A l a r g e  b e l t  t r a n s e c t  was l a i d  o u t  

o v e r  t h e  e a s t - f l a n k s  of  Mauna Loa and Mauna Kea e x t e n d i n g  f rom Hawaii  

Vo lcanoes  N a t i o n a l  P a r k  and K i l a u e a  F o r e s t  R e s e r v e  (Mauna Loa) nor thward  

a c r o s s  t h e  S a d d l e  Road and t h e  e a s t - f l a n k  of  Mauna Kea t o  a b o u t  Laupahoehoe 

and c o v e r i n g  a n  e l e v a t i o n a l  r a n g e  from a b o u t  2500 t o  5000 f e e t .  I n  t h i s  b e l t  

t r a n s e c t ,  t h e  f o r e s t e r s  p l a c e d  a p p r o x i m a t e l y  1450 s m a l l ,  s y s t e m a t i c a l l y  

d i s t r i b u t e d  p o i n t s .  On t h e  a i r  p h o t o s ,  t h e  p o i n t s  were  made t o  c o r r e s p o n d  

t o  a  s m a l l  c i r c l e  s c a l e d  t o  be 1 a c r e  i n  s i z e  on e a c h  a i r  pho to  s e t .  The 

p e r c e n t  c o v e r  o f  dead  o r  d e f o l i a t e d  crowns was e s t i m a t e d  i n  each  c i r c l e  on 

each  of  t h e  t h r e e  a i r  pho to  s e t s .  The e s t i m a t i n g  p r o c e d u r e  i n c l u d e d  t h r e e  

f e a t u r e s :  l i v e  t r e e  c rowns ,  d e f o l i a t e d  t r e e  crowns and ground m a t r i x .  The 

l a t t e r  r e f e r r e d  t o  exposed  unde rg rowth ,  such  a s  t r e e  f e r n s ,  s m a l l  t r e e s ,  

s e d g e s  and such  l i k e .  A p p a r e n t l y  no  "ground t r u t h "  s t u d i e s  had been conduc ted  

i n  a s s o c i a t i o n  w i t h  t h e  a i r  p h o t o  s u r v e y .  I v i s i t e d  t h e  f o r e s t e r s  f o l l o w i n g  

Ed P e t t y s  p r e s e n t a t i o n  t o  f i n d  o u t  more a b o u t  t h e i r  method.  I t  became a p p a r e n t  

t h a t :  (1)  t h e  c i r c l e s  c o u l d  be  d i s p l a c e d  l a t e r a l l y  by a s  much a s  100 f e e t ,  

which  p u t s  i n  q u e s t i o n  t h e  e x a c t  r e e s t i m a t e  of  t h e  same a c r e  from pho to  s e t  

t o  ~ h o t o  s e t ,  ( 2 )  t h e  s a m p l i n g  i n t e n s i t y  was e x t r e m e l y  low, a b o u t  2  t o  3  

c i r c l e s  pe r  200 a c r e s  ( i . e .  I % ) ,  (3)  my c h e c k i n g  of two p o i n t s  through t h e  

s e r i e s  o f  a i r  p h o t o s  d i d  n o t  g i v e  me t h e  i m p r e s s i o n  o f  a n  o b j e c t i v e  e s t i m a t e .  

I n  one  i n s t a n c e  I saw on t h e i r  e x c e l l e n t  1972 c o l o r  p h o t o  s e t  d e f o l i a t e d  t r e e  

crmns o u t s i d e  t h e  c i r c l e  a r e a  and none i n s i d e ,  w h e r e a s  t h e  r e c o r d  showed a  



s e v e r e  d e c l i n e  f o r  t h e  same c i r c l e .  (4 )  The a i r  p h o t o  i n t e r p r e t a t i o n  p e r m i t s  

e v a l u a t i o n  of o n l y  t h e  canopy t r e e s .  I t  g i v e s  no i n f o r m a t i o n  on M e t r o s i d e r o s  

r e g e n e r a t i o n ,  which however i s  r e q u i r e d  a l s o  f o r  a  p r e d i c t i o n  of f o r e s t  d e c l i n e .  

T h e r e  is no  d o u b t  t h a t  t h e  snag -cove red  a r e a  on t h e  e a s t - f l a n k  of Mauna 

Kea i s  v e r y  e x t e n s i v e ,  b u t  i t  a p p e a r s  h i g h l y  q u e s t i o n a b l e  t h a t  t h e  o h i a  

d i e b a c k  h a s  p r o g r e s s e d  a s  r a p i d l y  o v e r  t h e  p a s t  2 0  y e a r s  t h a t  one can  p r e d i c t  

a  t o t a l  d i e b a c k  t o  o c c u r  w i t h i n  t h e  n e x t  11 y e a r s .  The a i r  p h o t o  s t u d y  w i t h  

t h i s  p r e d i c t i o n  i s  t o  be  p u b l i s h e d  s h o r t l y .  

( b )  Pa t h o l o g i c a  1 r e s e a r c h  f i n d i n g s  

The o h i a  d e c l i n e  problem was p u b l i c i z e d  by Burgan and Nelson (1972) a s  a n  

a l a r m i n g  d i s e a s e  problem i n  t h e  Hawai ian  r a i n  f o r e s t  t h a t  had s u d d e n l y  r e a c h e d  

e p i d e m i c  p r o p o r t i o n s  i n  t h e  e a s t - f l a n k  of Mauna Kea ,  i n c l u d i n g  Hawai i  Vo lcanoes  

N a t i o n a l  P a r k .  These  a u t h o r s  h i n t e d  s t r o n g l y  t h a t  t h e  s h o e s t r i n g  r o o t  r o t  

( A r m i l l a r i a  m e l l e a )  might  be t h e  c a u s e .  

Subsequen t  r e s e a r c h  by Bega (1972)  gave  c l e a r  e v i d e n c e  t h a t  A r m i l l a r i a  

m e l l e a  cou ld  n o t  be c o n s i d e r e d  t h e  m a j o r  c a u s a t i v e  a g e n t  of o h i a  d e c l i n e .  

I n s t e a d ,  o t h e r  p o t e n t i a l  f u n g a l  pa thogens  were  i s o l a t e d  and i n  Augus t  

1973,  D r .  I .  W .  Buddenhagen w r o t e  a n  open memorandum ( a t t a c h e d  a s  APPENDIX 2) 

s u g g e s t i n g  P h y t o p h t h o r a  cinnamomi a s  t h e  c a u s a t i v e  a g e n t .  Buddenhagen ' s  

s u g g e s t i o n  was based  on i s o l a t i o n s  o f  t h i s  fungus  (made p r e v i o u s l y  by Drs. KO 

and K l i e j u n a s )  and a  renewed f i e l d  r e c o n n a i s s a n c e  of  t h e  o h i a  d i e b a c k  a r e a  

t o g e t h e r  w i t h  a  v i s i t i n g  p l a n t  p a t h o l o g i s t  from New Z e a l a n d ,  D r .  F r a n k  Newhook. 

Newhook saw a  g r e a t  r e semblance  of  t h e  o h i a  d i e b a c k  p a t t e r n  w i t h  t h e  j a r r a h  

f o r e s t  d i e b a c k  i n  Wes te rn  A u s t r a l i a ,  which i s  caused  by Phy toph thora  cinnamomi 

( C h r i s t e n s e n  1973) .  

However, p r i o r  t o  Buddenhagen's  pronouncement of  wha t  h e  then  c o n s i d e r e d  

a  "major  b r e a k t h r o u g h , "  Kliejunas and  KO (1973) had found no  c o r r e l a t i o n  o f  



P h y t o p h t h o r a  cinnamomi w i t h  o h i a  d e c l i n e .  They proved t h a t  p o t t e d  s e e d l i n g s  

of  o h i a ,  when i n o c c u l a t e d  w i t h  t h i s  f u n g u s ,  c a n  be k i l l e d .  But t h e i r  f i e l d  

r e s e a r c h  d i s p r o v e d  i t s  f u n c t i o n  a s  a  ma jo r  c a u s e  of  o h i a  d e c l i n e .  T h e s e  

i n v e s t i g a t o r s  made r o o t  c o l l e c t i o n s  f rom d y i n g  and h e a l t h y  o h i a  t r e e s  on both  

w e l l - d r a i n e d  and p o o r l y - d r a i n e d  s i t e s .  They r e p o r t  t h a t  t h e y  found a  c o r r e l a -  

t i o n  of  Phy toph thora  cinnamomi w i t h  p o o r l y - d r a i n e d  s i t e s ,  b u t  n o t  w i t h  

d y i n g  o h i a  t r e e s .  

L a t e r ,  K l i e j u n a s  and KO t r e a t e d  d e c l i n i n g  o h i a  t r e e s  w i t h  f e r t i l i z e r .  

They found t h a t  p a r t l y  d e f o l i a t e d  t r e e s  r e c o v e r e d  t o t a l l y  w i t h  a p p l i c a t i o n s  of  

NPK and concluded t h a t  o h i a  t r e e s  a r e  d e c l i n i n g  because  of  n u t r i e n t  d e f i c i e n c y  

( s e e  APPENDIX 3 ) .  

I n  a d d i t i o n ,  o h i a  d e c l i n e  r e s e a r c h  was d i r e c t e d  t o  i n s e c t s  a s  a  p o s s i b l e  

c a u s e .  D r .  J .  W .  B e a r d s l e y  s t u d i e d  t h e  e f f e c t  o f  o h i a  p s y l l i d s  on t r e e s  w i t h  

d i e b a c k  symptoms. He e l i m i n a t e d  t h e  p s y l l i d  p o p u l a t i o n s  w i t h  i n s e c t i c i d e s  

and  r e p o r t s  no e v i d e n c e  o f  p o s i t i v e  r e s p o n s e  of  i n s e c t i c i d e - t r e a t e d  t r e e s .  

The o h i a  b o r e r s  were  i n v e s t i g a t e d  by G r e s s i t t ,  Samuelson and D a v i s .  

The b l a c k  tw ig  b o r e r  (Xylosandrus  compac tus )  was found t o  be a s s o c i a t e d  w i t h  

dead and d y i n g  o h i a  t r e e s .  But  t o  d a t e  no  e v i d e n c e  h a s  been g i v e n  t h a t  t h i s  

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

The p a t h o l o g i c a l  r e s e a r c h  f i n d i n g s  w e r e  r e c e n t l y  summed up by 0. V .  

Holtzmann i n  a  two page " S t a t u s  R e p o r t  on Ohia DecLine" ( s e e  APPENDIX 4 ) .  

The problem i s  r e v o l v i n g  back  t o  t h e  b a s i c  q u e s t i o n  of  w h e t h e r  t h e  o h i a  d e c l i n e  

i s  a  normal  o r  a n  abnormal  ( i . e .  p a t h o l o g i c a l )  phenomenon. 

Ohia D i e b a c k  - a n  Old Phenomenon 

S h o r t l y  a f t e r  t h e  t u r n  o f  t h e  c e n t u r y  t h e r e  was a  s i m i l a r  c o n c e r n  a b o u t  

o h i a  d e c l i n e  i n  Hawai i .  A c c o r d i n g  t o  D r .  Ha ro ld  S t .  John  ( p u b l i c  communicat ion 

i n  a  Lyon Arboretum l e c t u r e ) ,  D r .  H .  L .  Lyon (a well-known e a r l i e r  p l a n t  



p a t h o l o g i s t  i n  Hawa i i )  s t a r t e d  what  t oday  i s  known a s  t h e  U n i v e r s i t y  o f  H a w a i i ' s  

Lyon A r b o r e t u m  b e c a u s e  o f  h i s  f e a r  t h a t  o h i a  t r e e s  may d i s a p p e a r  f rom t h e  

windward s l o p e s  o f  Maui a s  t h e  r e s u l t  o f  a  d i s e a s e .  He b r o u g h t  v a r i o u s  s p e c i e s  

o f  t r o p i c a l  r a i n  f o r e s t  trees t o  t h i s  Arbo re tum t o  r a i s e  p l a n t i n g  s t o c k  f o r  

r e p l a c e m e n t  o f  dead  o h i a  t r e e s .  

D r .  Lyon d e v o t e d  a  g r e a t  d e a l  o f  e f f o r t  t o  t h e  o h i a  d e c l i n e  and  

a l s o  a t t a c k e d  i t  a s  a  p a t h o l o g i c a l  p rob l em.  He came t o  t h e  c o n c l u s i o n  (Lyon 

1909) t h a t  t h e  d i s e a s e  was d e f i n i t e l y  n o t  c a u s e d  by a  f u n g a l  p a t h o g e n .  He 

found t h a t  t h e  dead  and  d y i n g  t r e e s  o c c u r r e d  on t h e  more g e n t l e  s l o p e s  w i t h  

poo r  d r a i n a g e ,  w h e r e a s  t r e e s  on s t e e p  s l o p e s  o r  w e l l - d r a i n e d  s o i l s  r ema ined  

h e a l t h y .  H e  o b s e r v e d  n o t  o n l y  o h i a  trees t o  d i e  i n  t h e  poo r  d r a i n a g e  a r e a s  

b u t  a l s o  s e v e r a l  a s s o c i a t e d  t r e e  s p e c i e s .  He made numerous r o o t  i s o l a t i o n s  

and  a l w a y s  found  them t o  be  o f  a  d e e p  p u r p l e  o r  b l u i s h  b l a c k  c o l o r a t i o n .  He 

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

d r a i n e d  a r e a s  and c o n c l u d e d  t h a t  h y d r o g e n  s u l f i d e  was produced  by b a c t e r i a  

i n  t h e  s t a g n a t i n g  s u r f a c e  w a t e r ,  which  would be t o x i c  t o  t r e e  g r o w t h .  Moreove r ,  

h e  s a i d  t h a t  t h e  f r e e  h y d r o g e n  s u l f i d e  c h a n g e s  h a r m l e s s  f e r r i c  ( i r o n )  compounds 

t o  p o i s o n o u s  f e r r o u s  ( i r o n )  compounds. He b u r i e d  a  h e a v i l y  r u s t e d  a x e  head 

among d y i n g  o h i a  t r e e  r o o t s  f o r  2 1  d a y s  and found  a f t e r  t h a t  p e r i o d  t h a t  t h e  

r u s t  was e a s i l y  removed by w a s h i n g ,  which  exposed  t h e  b l u i s h  b l a c k  s t ee l  

b e n e a t h .  He c o n c l u d e d  t h a t  hyd rogen  s u l f i d e  i n  t h e  s o i l  r educed  t h e  r u s t  t o  

f e r r o s o l f e r r i c  h y d r a t e  and  p o s s i b l e  i r o n  s u l f i d e .  He a l s o  n o t e d  t h a t  t h e  s o i l  

had v e r y  l i t t l e  c a l c i u m  r e s u l t i n g  i n  a n  u n u s u a l l y  h i g h  magnes ium/ca l c ium r a t i o .  

A l t h o u g h  L y o n ' s  f i n d i n g s  on t h e  o h i a  d e c l i n e  on E a s t  Maui i n  t h e  f i r s t  

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

a n  i m p o r t a n t  w o r k i n g  h y p o t h e s i s  t h a t  h a s  s o  f a r  n o t  been  f o l l o w e d  u p .  The 

a r e a  on E a s t  Maui a f f e c t e d  by t h i s  e a r l i e r  o h i a  d i e b a c k  e x t e n d e d  o v e r  a b o u t  



30 m i l e s  ( f rom 5 m i l e s  wes t  of Ka i lua  t o  Nahiku n e a r  Hana) i n  an e l e v a t i o n a l  

b e l t  f rom 1000-3000 f e e t .  Thus, t h e  Maui o h i a  d i e b a c k  was s i m i l a r l y  a s  e x t e n -  

s i v e  a s  t h e  p r e s e n t  d i e b a c k  on t h e  I s l a n d  of  Hawa i i .  Today t h e  Maui a r e a  i s  

s t i l l  o c c u p i e d  w i t h  o h i a  t r e e s  i n  t h e  e a s t e r n  p a r t ,  where t h e  t r e e s  grow i n  

a n  open f o r m a t i o n  ( i . e .  open o h i a  f o r e s t  w i t h  s t a g h o r n  f e r n )  a c r o s s  t h e  Hana 

Highway a t  a b o u t  2000 f e e t  e l e v a t i o n .  Upslope  t h e  f o r e s t  a p p e a r s  d e n s e r .  

The w e s t e r n  p a r t  of t h e  a r e a  n e a r  1000 f e e t  h a s  been l o c a l l y  developed f o r  

g r a z i n g  and i n  o t h e r  p a r t s  i t  i s  cove red  w i t h  i n t r o d u c e d  bamboo f o r e s t  and 

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

h e a l t h y  o h i a  t r e e s  a r e  r e l a t i v e l y  l o w - s t a t u r e  t r e e s  w i t h  g lobous  crowns of t h e  

v a r i e t y  m a c r o c a r p u s ,  bu t  v e r y  u n l i k e  t h e  t a l l e r ,  narrow crowned o h i a  t r e e s  

t h a t  a r e  d y i n g  on  t h e  e a s t - f l a n k  of  Mauna Kea. 

A p p a r e n t l y  t h e n ,  l a r g e - s c a l e  o h i a  d i e b a c k  i s  n o t  a  new phenomenon i n  

Hawa i i .  D ieback  of  t r e e  g r o u p s  i n  o t h e r w i s e  h e a l t h y  a p p e a r i n g  n a t i v e  Hawai ian  

f o r e s t s  was n o t e d  a s  a  p e c u l i a r i t y  a l r e a d y  i n  1875 by F .  L .  C l a r k e .  He a t t r i -  

bu ted  t h i s  phenomenon t o  n a t u r a l  s u c c e s s i o n .  Ano the r  e a r l i e r  r e c o r d  was g i v e n  

by M i l l e r  (1900) r e l a t i n g  t o  t h e  a r e a  be tween Volcano House and Olaa  M i l l ,  

a  r a i n  f o r e s t  t e r r a i n  w i t h i n  t h e  p r e s e n t  b o u n d a r i e s  of Hawaii  Volcanoes  

N a t i o n a l  P a r k .  The d i a r y  e n t r y  r e a d s :  "The c a u s e  of t h e  deaden ing  of  s o  

many o h i a  t r e e s  i s  a l t o g e t h e r  i n e x p l i c a b l e .  A l l  t h e  way up they  seemed t o  be 

h a l f  l e a f l e s s  a l m o s t  l i k e  a n  autumnal  wood b u t  f o r  t h e  c o l o r s  and t h e  abundance  

I* 
of  t h e  f e r n s  be low.  Moreover ,  t h e  p r e s e n t  o h i a  d e c l i n e  on t h e  e a s t - f l a n k  of  

Mauna Kea was p r e v a l e n t  a l r e a d y  d u r i n g  t h e  Second World War a c c o r d i n g  

t o  D r .  KO ( p e r s o n a l  communicat ion) who was t o l d  t h i s  by a  pe r son  t r a v e l l i n g  

t h e  S a d d l e  Road f o r  40  y e a r s .  



HYPOTHESES 

The phenomenon of  l a r g e  a r e a s  w i t h  s t a n d i n g  s n a g s  of  o h i a  t r e e s  i s  n o t  

e a s i l y  e x p l a i n e d .  

The D i s e a s e  H y p o t h e s i s  

The U .  S .  F o r e s t  S e r v i c e  t o g e t h e r  w i t h  t h e  Hawai i  S t a t e  D i v i s i o n  of  

F o r e s t r y  a r e  s t i l l  g i v i n g  s t r o n g  emphas i s  t o  t h e  p a t h o l o g i c a l  h y p o t h e s i s ,  imp ly ing  

t h a t  i t  must be a  fungus  o r  a n  i n s e c t  o r  a  c o m b i n a t i o n  of t h e s e  a g e n c i e s  t h a t  

i s  c a u s i n g  w i d e - s c a l e  d y i n g  of  o h i a .  They have  gone even  f u r t h e r  t o  s a y  t h a t  

t h e  who le  o h i a  dominated n a t i v e  f o r e s t  w i l l  be wiped o u t ,  imp ly ing  t h a t  t h e  

a s s o c i a t e d  v e g e t a t i o n  w i l l  a l s o  become d i s e a s e d  and d i e .  

A more r e f i n e d  v e r s i o n  of  t h e  p a t h o l o g i c a l  h y p o t h e s i s  was s t a t e d  by 

Dr .  Newhook ( f rom New Zea land)  i n  h i s  w r i t e - u p  made a f t e r  h i s  s h o r t  r e c o n n a i s -  

s a n c e  i n  September 1973.  Newhook was aware  of K l i e j u n a s  and K O ' s  work and 

s t a t e d  t h e  h y p o t h e s i s  t h a t  o h i a  d i e b a c k  may be  caused  by r o o t - p r u n i n g  th rough  

a  f u n g u s  and subsequen t  n u t r i e n t  d e f i c i e n c y .  I f  t h i s  h y p o t h e s i s  can  be 

v e r i f i e d ,  o h i a  d i e b a c k  c a n  be c o n s i d e r e d  a n  abnormal  phenomenon. 

The S u c c e s s i o n  H y p o t h e s i s  

However, i n  view of s o  many unanswered q u e s t i o n s  i t  would no t  seem w i s e  

t o  m e r e l y  pu r sue  t h e  p a t h o l o g i c a l  h y p o t h e s i s  of  o h i a  d i e b a c k .  I n s t e a d  we may 

s t u d y  t h e  problem s i m u l t a n e o u s l y  w i t h  t h e  o p p o s i n g  h y p o t h e s i s  i n  mind t h a t  t h e  

o h i a  d i e b a c k  i s  a  normal phenomenon, a  d e v e l o p m e n t a l  s t a g e  i n  p r imary  s u c c e s s i o n  

of a n  i s o l a t e d  i s l a n d  r a i n  f o r e s t  e c o s y s t e m .  I n  t h i s  h y p o t h e s i s  pa thogens  may 

be i n v o l v e d  a s  secondary  a g e n c i e s ,  a f t e r  t h e  t r e e  v i g o r  i s  reduced th rough  a  

non-pa t h o l o g i c a l  c a u s e .  

T h i s  h y p o t h e s i s  was proposed  a l r e a d y  i n  t h e  F e b r u a r y  1970 IBP p r o p o s a l  by 

t h e  w r i t e r ,  and i t  was newly r e s t a t e d  i n  IBP T e c h n i c a l  R e p o r t  R19 (Mueller-Dombois 



1973) a s  a  l o n g e r - t e r m  r e s e a r c h  g o a l  o f  e x p l a i n i n g  t h e  wide  e c o g e o g r a p h i c a l  

a m p l i t u d e  of  t h e  M e t r o s i d e r o s  s p e c i e s  complex on t h e  Hawai ian  I s l a n d s  ( s e e  

F i g .  1 ) .  

Dead s t a n d i n g  t r e e s  a r e  a  normal  phenomenon i n  any  n a t u r a l  f o r e s t  where  

o v e r m a t u r e  t r e e s  a r e  no t  h a r v e s t e d .  However, t h e  p r e s e n c e  o f  s o  many dead 

s t a n d i n g  t r e e s  a s  fouud on windward Hawai i  i n  p a r t s  of  t h e  o h i a  r a i n  f o r e s t  

needs  more e x p l a n a t i o n .  

I t  i s  w e l l  known t h a t  o h i a  ( M e t r o s i d e r o s  c o l l i n a  s u b s p .  polymorpha)  is 

t h e  f i r s t  t r e e  t o  a r r i v e  i n  p r imary  s u c c e s s i o n  on new l a v a  f l o w s .  But t h e  

t r e e  i s  a l s o  t h e  dominant  c l i m a x  s p e c i e s  of  t h e  r a i n  f o r e s t .  T h i s  i s  most 

p r o b a b l y  a u n i q u e  s i t u a t i o n  among t r o p i c a l  montane r a i n  f o r e s t s  on a  wor ld -  

wide  s c a l e .  The normal  s i t u a t i o n  i s  a n  exchange  of p i o n e e r  s p e c i e s  by d i f f e r e n t  

s e r a l  and t h e n  by d i f f e r e n t  c l i m a x  t r e e  s p e c i e s .  The re  i s  e v i d e n c e  t o  b e l i e v e  

t h a t  t h e  c l i m a x  M e t r o s i d e r o s  i s  n o t  t h e  same e c o t y p e  a s  t h e  p i o n e e r  M e t r o s i d e r o s .  

The p i o n e e r  M e t r o s i d e r o s  i s  u s u a l l y  of t h e  v a r i e t y  i n c a n a ,  w h i l e  t h e  l a t e r  

form of  t h e  r a i n  f o r e s t  seems t o  b e l o n g  l a r g e l y  t o  t h e  v a r i e t y  macroca rpa .  

Moreover ,  i t  seems q u i t e  p o s s i b l e  t h a t  t h e  p i o n e e r  M e t r o s i d e r o s ,  which can  

p o p u l a t e  a new v o l c a n i c  s u r f a c e  o v e r  a  r e l a t i v e l y  s h o r t  t ime span  ( s a y  20-40 

y e a r s )  may a l s o  r e a c h  s e n i l i t y  more o r  l e s s  s i m u l t a n e o u s l y .  Thus ,  a  l a r g e  

number of  t r e e s  may d i e  and o c c u r  a s  s n a g s  t o g e t h e r  f o r  a  w h i l e ,  p a r t i c u l a r l y  

when t h e  s p e c i e s  h a s  v e r y  tough wood ( f r o m  s low growth  which i s  t r u e  f o r  o h i a )  

and when t h i s  i s  combined w i t h  s low d e c a y  ( c o o l  montane c l i m a t e ,  s low f u n g a l  

a c t i v i t y ,  no t e r m i t e s ) .  Moreove r ,  a f t e r  t h e  i n v a s i o n  of  t h e  p i o n e e r  M e t r o s i d e r o s  

t h e r e  may be a s e c o n d a r y  i n v a s i o n  of  a  s e r a l  M e t r o s i d e r o s ,  which i n  t u r n  is 

invaded by a  c l i m a x  M e t r o s i d e r o s .  T h i s  would e x p l a i n  a l s o  t h e  p e c u l i a r  

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

s i d e  by s i d e  on t h e  same h a b i t a t .  The p o s t u l a t e d  s u c c e s s i o n  of  d i f f e r e n t  



M e t r o s i d e r o s  e c o t y p e s  would a l s o  e x p l a i n  why a  t a l l - g r o w i n g  s e r a 1  M e t r o s i d e r o s  

f o r e s t  may transform i n t o  a more open low-growing c l i m a x  M e t r o s i d e r o s  f o r e s t  

a s  e x i s t i n g  today  on l a r g e  a r e a s  o f  windward E a s t  Maui. I f  M e t r o s i d e r o s  d o e s  

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

number of  un ique  mechanisms t o  ho ld  on  t o  a  h a b i t a t  i n  s p i t e  of g r e a t  e n v i r o n -  

m e n t a l  changes  on t h e  same s i t e .  F o r  example ,  a s  p i o n e e r ,  M e t r o s i d e r o s  i n v a d e s  

t h e  r o c k  c r e v i c e s  on t h e  new l ava  s u r f a c e s  (Smathers  and Mueller-Dombois 1972) .  

I n  m a t u r e  f o r e s t s ,  M e t r o s i d e r o s  s e e d s  g e r m i n a t e  i n  l a r g e  numbers on d e c a y i n g  

l o g s  (Cooray  1974) .  I n  a d d i t i o n ,  M e t r o s i d e r o s  can  grow a s  e p i p h y t e  f o r  a  

w h i l e  a f t e r  g e r m i n a t i n g  on t h e  a p i c e s  o f  t r e e  f e r n  t r u n k s  o r  on s t a n d i n g  o l d  

M e t r o s i d e r o s  t r e e s  (Mueller-Dombois 1966) .  I n  a d d i t i o n ,  M e t r o s i d e r o s  c a n  grow 

v e g e t a t i v e l y  i n t o  new t r e e s  from b r a n c h e s  of  f a l l e n  t r e e s .  F a r  f rom b e i n g  a  

" f e e b l e "  s p e c i e s  on t h e  d e c l i n e  a s  p o s t u l a t e d  by t h e  p a t h o l o g i c a l  h y p o t h e s i s ,  

M e t r o s i d e r o s  seems a  u n i q u e l y  v i g o r o u s  s p e c i e s  complex t h a t  can  cope  w i t h  even 

b a s i c  changes  i n  i t s  h a b i t a t .  F o r  example ,  one  can  s e e  v i g o r o u s  and d e n s e  

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

t h r o u g h  s o - c a l l e d  o h i a  d e c l i n e  a r e a s .  

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

d y i n g  i n  t h e  same s t a n d  a s  c l a imed  by some p roponen t s  of  t h e  p a t h o l o g i c a l  

h y p o t h e s i s  c o u l d  n o t  be v e r i f i e d  by t h e  w r i t e r .  I n  a l l  c a s e s  obse rved  s o  f a r  - 
and a  l a r g e  number o f  s t a n d s  have  been  v i s i t e d  d u r i n g  r e p e a t e d  r e c o n n a i s s a n c e  - 

o h i a  t r e e s  o n l y  of  t h e  upper  s i z e  g r o u p  were  dead o r  d y i n g ,  w h i l e  undergrowth  

t r e e s  showed no  s i g n s  of  d e c l i n i n g  e x c e p t  f o r  a  few o c c a s i o n a l  i n d i v i d u a l s  

t h a t  may be d y i n g  i n  t h e  normal  c o u r s e  of  s t a n d  development .  A c e r t a i n  amount 

o f  " t h i n n i n g "  i s  e x p e c t e d  a s  s e e d l i n g s  grow i n t o  s a p l i n g  s t a g e  and s a p l i n g s  

i n t o  m a t u r e  t r e e s .  

It  h a s  been  c l a i m e d  by t h e  f o r e s t e r s  t h a t  whereve r  o h i a  d i e b a c k  o c c u r s  



t h a t  t h e  r e m a i n i n g  n a t u r a l  v e g e t a t i o n  w i l l  d e t e r i o r a t e  f u r t h e r  i n t o  a  u s e l e s s  

g r a s s  c o v e r  of  broomsedge (Andropogon v i r g i n i c u s ) .  I t  i s  q u i t e  p o s s i b l e  t h a t  

c o n t i n u e d  poor  d r a i n a g e  may c a u s e  swamp f o r m a t i o n  i n  c e r t a i n  p l a c e s  where  

f o r m e r l y  a  t a l l  o h i a  s t a n d  was growing,  b u t  i t  i s  h i g h l y  u n l i k e l y  t h a t  swamp 

f o r m a t i o n  w i l l  be s o  widesp read  a  phenomenon t h a t  i t  w i l l  c o i n c i d e  w i t h  t h e  

c u r r e n t  t e r r i t o r y  of t he  d i e b a c k  a r e a .  I n s t e a d  many of  t h e  d i e b a c k  s t a n d s  w i l l  

p r o b a b l y  remain  woody v e g e t a t i o n  i n d e f i n i t e l y .  

PROPOSAL OF 5 INTEGRATED COMPLEMENTARY PROJECTS 

I n  view of t h e  complex i ty  o f  t h e  o h i a  d i e b a c k  phenomenon, I b e l i e v e  i t  

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

n o n p a t h o l o g i c a l  v i ewpo in t s .  S i n c e  t h e  f i r s t  s o r t  of  i n q u i r y  i s  w e l l  c o v e r e d  

by t h e  r e s e a r c h  e f f o r t s  c u r r e n t l y  c o o r d i n a t e d  by t h e  U. S .  F o r e s t  S e r v i c e ' s  

P a c i f i c  I s l a n d s  I n s t i t u t e ,  t h i s  p r o p o s a l  i s  made i n  a n  a r e a  complementary 

t o  t h e  f i r s t ,  t o  be c a r r i e d  o u t  under  t h e  a u s p i c e s  o f  t h e  N a t i o n a l  P a r k  

S e r v i c e  and t h e  U n i v e r s i t y  of  Hawai i ,  Depar tment  of Botany.  

The f o l l o w i n g  i n t e g r a t e d  s u b p r o j e c t s  a r e  s u g g e s t e d :  

1. De te rmine  t h e  p e r c e n t  c o v e r  of  d e f o l i a t e d  t r e e  crowns by remote  s e n s i n g  

t e c h n i q u e s  and d e v e l o p  a  m o n i t o r i n g  s y s t e m  a s  a  c a s e  example.  

The o b j e c t i v e  of t h i s  s u b p r o j e c t  w i l l  be t o  measure  ( r a t h e r  t h a n  e s t i m a t e )  

t h e  t r u e  q u a n t i t a t i v e  d i s t r i b u t i o n  of s t a n d i n g  s n a g s  ( i . e .  d e f o l i a t e d  t r e e  

crowns) a c r o s s  t h e  o h i a  r a i n  f o r e s t  on Mauna Kea and Mauna Loa by t h e  p o i n t -  

i n t e r c e p t  method w i t h  a  s t a t i s t i c a l l y  a d e q u a t e  a i r  p h o t o  sampl ing  p r o c e d u r e .  

T h i s  s h o u l d  i n c l u d e  mapping of t h e  d i e b a c k  a r e a  t o  d e t e r m i n e  t h e  s p a t i a l  o u t l l n e  

of  s n a g  abundance  t y p e s .  A m o n i t o r i n g  sys t em f o r  r e p e a t e d  a n a l y s i s  s h o u l d  be 

deve loped  a s  a  c a s e  example f o r  o t h e r  f o r e s t  d i e b a c k  a r e a s  i n  t h e  wor ld  and 

s p e c i f i c a l l y ,  t o  d e t e r m i n e  t h e  dynamics  of t h e  f o r e s t  d i e b a c k .  



2.  Map t h e  o h i a  r a i n  f o r e s t  v e g e t a t i o n  by s t r u c t u r a l  c r i t e r i a  a c r o s s  t h e  same 

a r e a  a t  t h e  s c a l e  of  1 :12 ,000 ( o r  n e a r  t h i s  s c a l e ) .  

The o b j e c t i v e  of  t h i s  s u b p r o j e c t  w i l l  be t o  r e c o g n i z e  and c l a r i f y  t h e  

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

t o  t h e  one  deve loped  by Mueller-Dombois and F o s b e r g  (1974) f o r  t h e  v e g e t a t i o n  

of  Hawa i i  Vo lcanoes  N a t i o n a l  P a r k .  The new map w i l l  be a n  e x t e n s i o n  o f  t h e  

P a r k ' s  v e g e t a t i o n  map. 

3 .  Deve lop  d e t a i l e d  f l o r i s t i c  and s t r u c t u r a l  a n a l y s e s  of  t h e  r a i n  f o r e s t  

v e g e t a t i o n  i n  c o n j u n c t i o n  w i t h  t h e  v e g e t a t i o n  mapping by t h e  s t u d y  o f  a  l a r g e  

number of s ample  p l o t s .  

4 .  A n a l y z e  s o i l s  and  s u b s t r a t e s  i n  t h e  v e g e t a t i o n  sample  p l o t s  w i t h  t h e  

o b j e c t i v e  t o  d e v e l o p  a  h a b i t a t  t y p e  c l a s s i f i c a t i o n  w i t h  p a r t i c u l a r  s t r e s s  on 

m o i s t u r e  and n u t r i e n t  reg ime v a r i a t i o n s  t h a t  a r e  found w i t h i n  t h e  o h i a  r a i n  

f o r e s t .  M o i s t u r e  reg ime v a r i a t i o n s  shou ld  be s t u d i e d  w i t h  r e g a r d  t o  w a t e r  

f low mechanisms and be e v a l u a t e d  i n  te rms o f  w a t e r s h e d  c r i t e r i a .  

5 .  E x p e r i m e n t a l  s t u d i e s  i n  t h e  f i e l d  and i n  a  g l a s s h o u s e  i n v o l v i n g  i r r i g a t i o n  

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

i r r i g a t i o n  t r e a t m e n t s  w i t h  n u t r i e n t  s o l u t i o n s .  

The o b j e c t i v e  w i l l  be t o  v e r i f y  D r .  Lyon 's  e a r l i e r  work ing  h y p o t h e s i s  

a s  e x p l a i n e d  on p.  7 .  

PROCEDURES 

The program w i l l  be conduc ted  j o i n t l y  by t h e  w r i t e r  and  D r .  K .  W .  

B r i d g e s ,  bo th  working  a s  c o - p r i n c i p a l  i n v e s t i g a t o r s  and r e s e a r c h  c o o r d i n a t o r s .  

S u b p r o j e c t s  2-5  w i l l  f o rm t h e  r e s e a r c h  p r o j e c t s  f o r  f o u r  ( o r  f i v e )  

g r a d u a t e  s t u d e n t s  work ing  u n d e r  t h e  s u p e r v i s i o n  o f  bo th  p r i n c i p a l  i n v e s t i g a t o r s .  

I t  i s  t h e  e x p e r i e n c e  of  t h e  w r i t e r  t h a t  c a r e f u l l y  e x e c u t e d ,  d e t a i l e d  and 



s i g n i f i c a n t  r e s e a r c h  c o n t r i b u t i o n s  c a n  be  o b t a i n e d  w i t h  g r a d u a t e  s t u d e n t s  

w o r k i n g  t owards  a  d e g r e e .  

S u b p r o i e c t  1: I t  i s  s u g g e s t e d  t h a t  t h e  s n a g  d i s t r i b u t i o n  be  measured w i t h  t h e  

a i d  o f  r e m o t e  s e n s i n g  t e c h n i q u e s  a s  d e v e l o p e d  and  u s e d  a t  t h e  M i s s i s s i p p i  T e s t  

F a c i l i t y  i n  Bay S t .  L o u i s .  

S e v e r a l  g round t r u t h  c h e c k s  w i l l  be  r e q u i r e d  t o  d e t e r m i n e  t o  what  d e g r e e  

d e f o l i a t i o n  o r  s n a g  deve lopmen t  c a n  be d e t e c t e d  by e l e c t r o n i c  s i g n a l  t e c h -  

n i q u e s  on s a t e l l i t e  o r  h i g h  a l t i t u d e  i m a g e r y .  

The ground t r u t h  c h e c k s  w i l l  be c a r r i e d  o u t  by t h e  w r i t e r  p r e f e r a b l y  

w i t h  t h e  a i d  o f  a  r e m o t e  s e n s i n g  s p e c i a l i s t  f rom t h e  M i s s i s s i p p i  T e s t  

F a c i l i t y .  A  m o n i t o r i n g  s y s t e m  f o r  r e p e a t e d  d i e b a c k  s t a t u s  a n a l y s e s  s h o u l d  

be d e v e l o p e d  a s  a  c a s e  example .  

S u b p r o j e c t  2: L a r g e - s c a l e  v e g e t a t i o n  mapping  w i l l  become p a r t  of a  Ph.D. 

program of a  g r a d u a t e  s t u d e n t .  The same s t u d e n t  w i l l  b e  r e s p o n s i b l e  f o r  t h e  

e s t a b l i s h m e n t  o f  a p p r o x i m a t e l y  100  f l o r i s t i c  s a m p l e  p l o t s ,  which he w i l l  

a n a l y z e  a c c o r d i n g  t o  t h e  r e l e v <  t e c h n i q u e  (Muel le r -Dombois  and E l l e n b e r g  

1974) .  

S u b p r o j e c t  3: ( a )  F l o r i s t i c  a n a l y s e s  o f  many p l o t s  ( 4 1 0 0 )  w i l l  be  done  by - 

t h e  same p e r s o n  who p r e p a r e s  t h e  1 : 1 2 , 0 0 0  v e g e t a t i o n  map. 

( b )  S t r u c t u r a l  a n a l y s e s  of few ( c a r e f u l l y  s e l e c t e d )  l a r g e  sample  p l o t s  

w i l l  be  c a r r i e d  o u t  by a  team o f  two s t u d e n t s :  

A s  a  model we w i l l  u s e  t h e  s t r u c t u r a l  a n a l y s i s  p r o c e d u r e s  deve loped  u n d e r  

IBP f o r  t h e  K i l a u e a  F o r e s t .  The l a t t e r  p r o j e c t  y i e l d e d  two M.Sc. T h e s e s ,  one  

d e a l i n g  w i t h  t h e  p a t t e r n  o f  h o r i z o n t a l  s p a t i a l  v a r i a t i o n  (Maka 1973) ,  t h e  

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

woody p l a n t  p o p u l a t i o n  dynamics  (Cooray  1 9 7 4 ) .  A p p l i c a t i o n  of t h e  same a n a l y -  

s i s  t e c h n i q u e  a s  u s e d  f o r  t h e  IBP work  h a s  t h e  added  a d v a n t a g e  o f  e n a b l i n g  



a  d i r e c t  compar ison  of t h e  s t a n d  s t r u c t u r e  and dynamic a s p e c t s  of a  " h e a l t h y "  

a s  compared t o  a  "d ieback"  f o r e s t .  The h o r i z o n t a l  s p a t i a l  p a t t e r n  a n a l y s i s  

w i l l  i n c l u d e  a  v e r y  l a r g e  s c a l e  map ( a p p r o x .  1:1000) d e r i v e d  f rom l o w - f l y i n g  

a i r  pho tog raphy  (Kja rgaa rd  1974) .  A s p e c i a l  e f f o r t  w i l l  b e  made t o  e x p l a i n  

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

wh ich  a r e  expec ted  a t  t h i s  s c a l e  t o  r e p r e s e n t  dynamic phases  r a t h e r  t han  

i n t r i n s i c  s i t e  v a r i a t i o n s .  A c a r e f u l  s t u d y  o f  a  ( p o s s i b l e )  dynamic phase  

p a t t e r n  may l e a d  t o  a n  e x p l a n a t i o n  o f  t h e  ma in tenance  mechanisms of  d i f f e r e n t  

r a i n  f o r e s t  t y p e s .  

S u b p r o j e c t  4 :  The s u b s t r a t e  and m o i s t u r e  reg ime s t u d y  w i l l  be done by a  

Ph.D. s t u d e n t  t h a t  w i l l  work a s  a  team member t o g e t h e r  w i t h  t h e  s t u d e n t  

r e s p o n s i b l e  f o r  t h e  1 :12 ,000  v e g e t a t i o n  map and f l o r i s t i c  s a m p l i n g  s i n c e  

6 
s u b s t r a t e  s a m p l i n g  i s  b e s t  done i n  t h e  same sample  p l o t s  ( r e l e v e s ) .  The 

s u b s t r a t e  a n a l y s i s  w i l l  a l s o  i n v o l v e  f i r s t  t h e  p r e p a r a t i o n  of  a  map. T h i s  

s u b s t r a t e  map w i l l  be based on e x i s t i n g  s o i l  maps, l ava  f low o u t l i n e  maps and 

g e o l o g i c a l  maps ( a s  f a r  a s  a v a i l a b l e ) .  I t  w i l l  f u r t h e r  i n v o l v e  s o i l  s a m p l i n g  

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

. . 
t y p e  by sampl ing  a l l  i m p o r t a n t  v a r i a t i o n s .  A s  p a r t  o f  t h i s  s u b p r o j e c t  i t  i s  

p roposed  t o  e s t a b l i s h  a p p r o x i m a t e l y  10 combined s o i l  m o i s t u r e  and mic ro -  

c l i m a t i c  s t a t i o n s  t h a t  w i l l  be u n d e r  t h e  d i r e c t  s u p e r v i s i o n  of  t h e  co- 

p r i n c i p a l  i n v e s t i g a t o r ,  D r .  K .  W .  B r i d g e s .  

S u b p r o j e c t  5: The e x p e r i m e n t a l  s t u d i e s  w i t h  s e e p a g e  w a t e r  i r r i g a t i o n  w i l l  

become a  supplement  t o  t h e  f i e l d  s u r v e y  s t u d i e s  ( s u b p r o j e c t s  2 - 4 ) .  However, 

a  f i e l d  i r r i g a t i o n  s t u d y  may be c a r r i e d  o u t  b e s t  by a  r e s i d e n t  r e s e a r c h e r  

who may work from t h e  H e a d q u a r t e r s  a t  Hawa i i  Volcanoes  N a t i o n a l  P a r k .  The 

g r e e n h o u s e  s o i l - w a t e r - o h i a - s e e d l i n g  g rowth  s t u d y  may be c a r r i e d  o u t  a c c o r d i n g  

t o  t e c h n i q u e s  deve loped  by t h e  writer (Mueller-Dombois 1964,  1965) a t  t h e  



U n i v e r s i t y  of Hawai i .  A l onge r  term p r o j e c t  may be deve loped  l a t e r  t o  t e s t  

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

t a b l e s .  

Both p r o j e c t s  a r e  p lanned f o r  development  a t  a  l a t e r  s t a g e ,  when t h e  

f i e l d  s u r v e y  p r o j e c t s  a r e  a l r e a d y  w e l l  unde r  way. 

PERSONNEL AND INSTITUTIONAL INVOLVEMENT 

The p roposed ,  s m a l l  i n t e g r a t e d  program i s  a  d i r e c t  ou tg rowth  of  t h e  

I s l a n d  Ecosystems I n t e g r a t e d  Resea rch  Program of t h e  US/IBP t h a t  was sponso red  

s o l e l y  by t h e  N a t i o n a l  S c i e n c e  F o u n d a t i o n  f o r  t h e  p a s t  4  y e a r s .  The I s l a n d  

Ecosys tems IRP w i l l  c o n t i n u e  f o r  a n o t h e r  y e a r  under  t h e  d i r e c t i o n  of  t h e  

w r i t e r  (September 1, 1974 - August  31 ,  1 9 7 5 ) ,  a l t h o u g h  IBP h a s  a l r e a d y  

t e r m i n a t e d  o f f i c i a l l y  t h i s  y e a r .  

S i n c e  t h e  N a t i o n a l  Pa rk  S e r v i c e  i s  i n t e r e s t e d  i n  u t i l i z i n g  i n f o r m a t i o n  and 

e x p e r i e n c e  developed under  IBP and s i n c e  t h e  w r i t e r  w i l l  be j o i n i n g  t h e  

N a t i o n a l  Pa rk  S e r v i c e ' s  R B I  Program i n  t h e  summer of 1975,  i t  i s  proposed  t h a t  

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

i nvo lvemen t  of bo th  t h e  N a t i o n a l  P a r k  S e r v i c e  a s  t h e  s p o n s o r i n g  and r e s e a r c h  

s u p e r v i s o r y  body and t h e  U n i v e r s i t y  of  Hawaii  a s  t h e  major  body t o  e x e c u t e  

t h e  r e s e a r c h .  

It  i s  s u g g e s t e d  t h a t  t h e  w r i t e r  and D r .  K .  W .  B r i d g e s  (Depar tment  of  

Bo tany ,  U n i v e r s i t y  of  Hawaii)  work t o g e t h e r  a s  c o - p r i n c i p a l  i n v e s t i g a t o r s  

and a d v i s o r s  of  4  ( t o  5) g r a d u a t e  s t u d e n t s  a t  t h e  Depar tment  of  Bo tany ,  

U n i v e r s i t y  of  Hawai i ,  Hono lu lu .  Three  of t h e  g r a d u a t e  s t u d e n t s  a r e  c u r r e n t l y  

work ing  on r e s e a r c h  p r o j e c t s  under  IBP s p o n s o r s h i p  and a  f o u r t h  one  i s  

e x p e c t e d  t o  j o i n  t h e  team i n  J a n u a r y  1975 p rov ided  fund ing  can  be o b t a i n e d .  

T h e i r  d e g r e e  s t u d i e s  c a n  be u s e f u l l y  comple t ed  w i t h i n  t h e  above  d e s c r i b e d  



framework of  s u b p r o j e c t s .  

C l o s e  c o o p e r a t i o n  w i l l  be s o u g h t  w i t h  t h e  a g e n c i e s  a l r e a d y  i n v o l v e d  i n  

o h i a  d i e b a c k  r e s e a r c h :  t h e  U .  S .  F o r e s t  S e r v i c e ,  t h e  S t a t e  D i v i s i o n  of  

F o r e s t r y ,  t h e  B .  P. B i shop  Museum and  t h e  P l a n t  P a t h o l o g y  Depar tment  of  t h e  

U n i v e r s i t y  o f  Hawa i i .  

I t  i s  s u g g e s t e d  t h a t  t h e  r e s e a r c h  of  t h i s  program w i l l  be p u b l i s h e d  i n  

form of  NPS t e c h n i c a l  r e p o r t s  w i t h  t h e  c o m p l e t e d  d i s s e r t a t i o n s  ( i n  condensed  

form) t o  a p p e a r  a s  N a t i o n a l  P a r k  S e r v i c e  S c i e n t i f i c  Monographs. 

TIME SCHEDULE 

S u b p r o i e c t  1: May b e g i n  i n  t h e  f a l l  o f  1974.  Ground t r u t h  checks  c a n  be  

c a r r i e d  o u t  d u r i n g  s p r i n g  and summer of  1975 .  A p u b l i s h a b l e  r e p o r t  c o u l d  

be d e v e l o p e d  w i t h i n  18  months a f t e r  i n i t i a t i o n  o f  t h e  s u b p r o j e c t .  

S u b p r o j e c t  2: W i l l  b e g i n  a s  soon a s  NPS s p o n s o r s h i p  of t h i s  program i s  

c l e a r e d .  A n t i c i p a t e d  c o m p l e t i o n  of t h e  v e g e t a t i o n  map: November 1976.  

S u b p r o i e c t  3 :  W i l l  b e g i n  t h i s  summer (1974)  under  IBP s p o n s o r s h i p ,  t o  be 

( h o p e f u l l y )  c o n t i n u e d  under  NPS s p o n s o r s h i p .  Two summer f i e l d  s e a s o n s  a r e  

r e q u i r e d  f o r  t h e  d e t a i l e d  s t r u c t u r a l  a n a l y s e s .  A n t i c i p a t e d  c o m p l e t i o n  w i l l  

b e  May 1976: one Ph.D. d i s s e r t a t i o n  and o n e  M.Sc. t h e s i s .  F l o r i s t i c  a n a l y s i s  

work t o  b e g i n  d u r i n g  v e g e t a t i o n  map p r e p a r a t i o n .  A n t i c i p a t e d  c o m p l e t i o n  i n  

form of  Ph.D. d i s s e r t a t i o n :  May 1978.  

S u b p r o j e c t  4 :  W i l l  b e g i n  J u n e  1975.  A n t i c i p a t e d  c o m p l e t i o n  of s o i l  m o i s t u r e  

r eg ime  s t u d y  w i l l  be May 1 9 7 8 .  

S u b p r o j e c t  5 :  W i l l  b e g i n  d u r i n g  t h e  c o u r s e  of  t h e  f i e l d  s u r v e y  p r o j e c t s ,  a t  

t h e  e a r l i e s t ,  summer 1975.  A n t i c i p a t e d  c o m p l e t i o n  of f i r s t  r e s u l t s  3  y e a r s  

a f t e r  i n i t i a t i o n ;  a t  t h e  e a r l i e s t ,  f a l l  o f  1978.  The e x p e r i m e n t a l  model  may 

be used  f o r  t e s t i n g  M e t r o s i d e r o s  e c o t y p e s  on a  l o n g e r  te rm b a s i s .  
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