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INTRODUCTION 

The c o a s t a l  lowland is  one  o f  s i x  major  e c o s y s t e m s  i n  Hawaii  
Volcanoes  N a t i o n a l  Pa rk  ( H A V O ) .  I t s  b o u n d a r i e s  a r e  d e f i n e d  by 
t h e  c o a s t l i n e  on t h e  s o u t h  s i d e  o f  t h e  P a r k ,  t h e  w e s t e r n  Pa rk  
boundary a t  t h e  G r e a t  Crack ( n e a r  t h e  Kona Highway) ,  t h e  e a s t e r n  
Park  boundary n e a r  Kalapana  ( and  Q u e e n ' s  B a t h ) ,  and i n l a n d  by t h e  
1000 f e e t  (305  m )  c o n t o u r  l i n e .  The i n l a n d  t o p o g r a p h i c  boundary  
c o r r e s p o n d s  t o  an a i r  t e m p e r a t u r e  i s o h y e t  o f  22OC. Def ined  i n  
t h i s  way, t h e  lowland  a r e a  l i e s  i n  a  warm t r o p i c a l  zone ,  which 
h e r e  h a s  an a l t i t u d i n a l  v a r i a t i o n  i n  a n n u a l  mean t e m p e r a t u r e  from 
a b o u t  24OC ( a t  s e a  l e v e l )  t o  22OC ( a t  305 m ) .  The w e s t e r n  and 
e a s t e r n  Park  b o u n d a r i e s  moreover c o i n c i d e  a p p r o x i m a t e l y  w i t h  t h e  
r a i n f a l l  i s o h y e t s  o f  1250 mm and 1500 mm, r e s p e c t i v e l y .  They 
encompass an a r e a  w i t h  a M e d i t e r r a n e a n  r a i n f a l l  p a t t e r n ,  i . e . ,  
wet s e a s o n  i n  t h e  w i n t e r  months and a  d i s t i n c t  d r o u g h t  s e a s o n  i n  
t h e  summer months (mid-May th rough  S e p t e m b e r ) .  

Among t h e  s i x  major  Park  e c o s y s t e m s ,  t h e  c o a s t a l  lowland  
ecosys tem is  u n i q u e  i n  t h e  d e g r e e  o f  p a s t  human u s e  and d e s -  
t r u c t i o n  by f e r a l  a n i m a l s ,  p a r t i c u l a r l y  t h e  f e r a l  g o a t  (u 
h i r c u s  L.. Today i t  i s  t h e  ecosys t em w i t h  t h e  g r e a t e s t  number 
o f t i c  p l a n t s ,  p a r t i c u l a r l y  i n  t e r m s  o f  a r e a l  c o v e r a g e .  

The q u e s t i o n  o f  r e s t o r a t i o n  o f  t h i s  ecosys t em h a s  a l w a y s  
been  an i m p o r t a n t  c o n c e r n  o f  P a r k  management. C o n t r o l  was 
e x e r c i s e d  f o r  many y e a r s  t h r o u g h  a n n u a l  g o a t  d r i v e s ,  e v e n t u a l l y  
c u l m i n a t i n g  i n  1972 t o  1974 i n  a  n e a r - e l i m i n a t i o n  o f  g o a t s  
from t h e  a r e a  by means of  a  s y s t e m a t i c  f e n c e - b u i l d i n g  p r o j e c t .  
C o n t r o l  o f  e x o t i c  p l a n t s  h a s  been  a n o t h e r  c o n c e r n ,  t h e n  p l a n t i n g  
Of n a t i v e  s p e c i e s ,  and v e r y  r e c e n t l y  a  fo rma l  p r e s c r i p t i o n  was 
g i v e n  f o r  r e s t o r i n g  t h r e e  r e s t r i c t e d  a r e a s  a t  t h e  c o a s t ,  Ha lape ,  
Keauhou Landing ,  and 'iipua P o i n t  ( S m i t h  1 9 8 0 ) .  

I n  1964/1965 I was invo lved  i n  mapping t h e  P a r k ' s  v e g e t a -  
t i o n  f o r  t h e  p r e p a r a t i o n  o f  a n  a t l a s  (Doty  & Mueller-Dombois 
1 9 6 6 ) .  For map i n t e r p r e t a t i o n  I drew f i v e  t o p o g r a p h i c  v e g e t a t i o n  
P r o f i l e s ,  f o u r  o f  which ex tended  i n t o  t h e  c o a s t a l  l owland .  On 
t h i s  b a s i s  I r e c o g n i z e d  s i x  ma jo r  s t r u c t u r a l  ( o r  phys iognomic)  
v e g e t a t i o n  t y p e s :  woodland,  s h r u b l a n d ,  g r a s s l a n d  w i t h  low s h r u b s  
( c h a m a e p h y t e s ) ,  g r a s s l a n d ,  v e r y  s p a r s e  g r a s s  c o v e r ,  and v e r y  
S p a r s e  t r e e  c o v e r .  



The u n d e r l y i n g  c a u s a l  f a c t o r s  f o r  t h i s  v e g e t a t i o n  p a t t e r n  
were c o n s i d e r e d  t o  b e  t h e  r a i n f a l l  g r a d i e n t  and d ry - season  
e f f e c t s ,  and t h e  s p a t i a l  v a r i a t i o n s  i n  s o i l  and s u b s t r a t e .  
The o t h e r  c a u s a l  f a c t o r s  c o n s i d e r e d  were t h e  p a s t  human u s e  by 
t h e  Hawaiian c o l o n i z e r s  and t h e  s u b s e q u e n t  i n t e n s i f i c a t i o n  of  
h e r b i v o r y  by t h e  f e r a l  g o a t s .   or i n v e s t i g a t i n g  t h e  i n f l u e n c e  
Of t h e  g o a t s  I s u g g e s t e d  t h e  c o n s t r u c t i o n  of  e x p e r i m e n t a l  
e x c l o s u r e s .  

SUCCESSION I N  EXPERIMENTAL EXCLOSURES 

One e x c l o s u r e  was e s t a b l i s h e d  a t  KCikalau'ula i n  1968 ,  two 
o t h e r s  on Pu 'u  Kaone i n  1971.  V e g e t a t i o n  development  i n  t h e s e  
e x c l o s u r e s  h a s  been  mon i to red  s i n c e  summer 1971 ,  and two p a p e r s  
( M u e l l e r - ~ o m b o i s  & S p a t z  1975;  ~ u e l l e r - ~ o m b o i s  1979)  have  g i v e n  
t h e  r e s u l t s  t h r o u g h  1976. A new p a p e r  g i v e s  t h e  d a t a  t h r o u g h  
1980 ( M u e l l e r - ~ o m b o i s  1 9 8 1 ) .  I w i l l  b r i e f l y  r e v i e w  t h e  deve lop -  
ment i n  and around t h e s e  e x c l o s u r e s .  

The Ki ika l au 'u l a  S i t e  

T h i s  s i t e  was f o r m e r l y  mapped a s  a  m i x t u r e  of  s p a r s e  annua l  
g r a s s l a n d  w.ith t h e  p a n t r o p i c a l  a n n u a l  E r a g r o s t i s  t e n e l l a  ( L . )  
Beauv. ex R. & S. a s  t h e  dominant  s p e c i e s .  c o n t o r t u s  
( L . )  Beauv. ex R. & S . ,  t h e  Hawaiian p i l i  q r  a  s c a t -  
t e r e d  component i n  t h e  c r a c k s  o f  p%hoehoe- lava .  The re  were a l s o  
d e n s e r  p a t c h e s  o f  t h e  p e r e n n i a l  s h o r t - g r a s s  
l a t u s  ( R e t z . )  T r i n .  and t h e  c a r p e t - f o r m i n g  Ber - 
d a c t  l o n  (L.) P e r s .  The l a t t e r  two g r a s s e s  & c o v e r  on t h e  f i n e  a s h  s o i l  which o c c u r r e d  a s  a  d i s c o n -  
t i n u o u s ,  s h a l l o w  l a y e r  o v e r l y i n g  t h e  l a v a .  T h e r e  was a l s o  a  h i g h  
p e r c e n t a g e  c o v e r  o f  r o c  I n  1971,  two y e a r s  a f t e r  t h e  
e x c l o s u r e  was b u i l t ,  and Era  r o s t i s  o c c u r r e d  o n l y  
s p o r a d i c a l l y  i n  t h e  e x c l  e  p a r t l c u  ---++T- a r  y E r a g r o s t i s  was 
s t i l l  dominant  o u t s i d e  w i t h  a b o u t  30% s u r f a c e  c o v e r .  Another  
dominant  s u r f a c e  cove r  o u t s i d e  was r o c k  ( 1 5 % ) ,  b a r r e n  s o i l  ( l o % ) ,  
and l i t t e r  ( 1 5 % ) ,  which t o g e t h e r  o c c u p i e d  a b o u t  40% of t h e  a r e a .  
Bermuda g r a s s  a l s o  occup ied  a b o u t  30% c o v e r  o u t s i d e  b u t  s t i l l  
a l s o  o v e r  20% i n s i d e  t h e  e x c l o s u r e .  

A s t r i k i n g  c o n t r a s t  was t h e  p r e s e n c e  of  f o u r  bunch g r a s s e s - -  
A n d r o w s o n  q l o m e r a t u s  ( W a l t . )  BSP., Hvpar rhen ia  r u f a  ( N e e s )  S t a p f  
i n  P r a i n ,  Sporobo lus  a f r i c a n u s  ( P o i r . )  ~ o b y n s  & Tournay ,  and 
Tr i c h o l a e n a  ( =  ) r e  e n s  ( W i l l d . )  Hitch.--which 
o c c u r r e d  i n s i d e  b  t h e  I-e7 exc  o s u r e .  A s i m i l a r  d i f f e r -  
ence  was shown by t h r e e  low-shrub ( chamaephy te )  s p e c i e s - - C a s s i a  
l e s c h e n a u l t i a n a  D C . ,  s u f f r u t i c o s a  M i l l . ,  and W a l t h e r i a  
V e r  i c a  c h  o u t s i d e  t h e  e x c l o s u r e  o c c u r r e d  
m s  s p o r  a=c seecTTings. 



The most s u r p r i s i n g  e v e n t  a t  Ki ika l au 'u l a  was t h e  e a r l y  
a p p e a r a n c e  o f  t h e  endemic legume v i n e ,  C a n a v a l i a  k a u e n s i s  S t .  
J o h n ,  which i n  f o u r  y e a r s  a t t a i n e d  i ts  maximum cover  of  51.1% i n  
t h e  700 m e x c l o s u r e .  A f t e r  f o u r  y e a r s ,  i n  s p r i n g  o f  1972 ,  
C a n a v a l i a  d e c l i n e d  i n s i d e  t h e  e x c l o s u r e .  I n  1974 ,  i ts  c o v e r  was 
aown t o  11%. I n  1977,  cove r  i n c r e a s e d  a g a i n  t o  258,  t h e n  i n  
s p r i n g  of  1980 i t  was down a g a i n  t o  4 . 2 % .  However, C a n a v a l i a  
h a s  n o t  become u n i m p o r t a n t .  The v i n e  ex tended  i t s  a r e a - c o v e r a g e  
i n  1974 by c l i m b i n g  o v e r  t h e  e x c l o s u r e  f e n c e .  I n  1976 ,  i t  
a l r e a d y  had 1% cover  o u t s i d e  and i n  s p r i n g  o f  1 9 8 0 ,  t h i s  1% c o v e r  
had i n c r e a s e d  t o  n e a r l y  25% c o v e r .  

However, C a n a v a l i a  i s  n o t  s p r e a d i n g  u n i f o r m l y  o v e r  t h e  a r e a .  
I ts  d i s t r i b u t i o n  i s  p a t c h y .  ~t grows ou tward  i n  c e r t a i n  d i r e c -  
t i o n s  from few e s t a b l i s h e d  s e e d l i n g s  which,  when m a t u r e ,  may 
cove r  a r e a s  o f  a b o u t  100 m i n  s i z e .  These  p a t c h e s  o f  i n d i -  
v i d u a l s  t h e n  d i e  back a f t e r  a  c e r t a i n  number o f  y e a r s  ( r a n g i n g  
from 3-5 y e a r s )  and new p a t c h e s  d e v e l o p  a d j a c e n t  t o  t h e  o l d  o n e s .  

The Pu 'u  Kaone S i t e  

T h i s  s i t e  was mapped i n  1965 a s  c l o s e d  Chrysopogon-Cynodon 
g r a s s  c o v e r .  A t  t h a t  t i m e  t h e  P u ' u  Kaone s r a s s l a n d  was a l s o  a  
t y p i c a l  s h o r t - g r a s s  c o v e r  r e s e m b l i n g  a n  o v e r g c a z e d  p a s t u r e .  The 
s o i l  i s  d e e p ,  f i n e  sandy  loam w i t h o u t  any s i g n i f i c a n t  rock  o u t -  
c r o p .  

Two e x c l o s u r e s  were b u i l t  i n  1971 on P u ' u  Kaone, a  n a r r o w ,  
l o n g  e x c l o s u r e  of  10 x 100 m s i z e  s i m i l a r  t o  t h e  one  a t  KEkalau- 
' u l a ,  and a  l a r g e r ,  s q u a r e  e x c l o s u r e  o f  100 x  100 m (1  h a )  s i z e .  
The 1 0  x  100 m e x c l o s u r e  was m o n i t o r e d  f o r  b o t h  i n s i d e  and o u t -  
s i d e  c h a n g e s ,  t h e  o t h e r  o n l y  f o r  i n s i d e  c h a n g e s ,  

Goat browsing  p r e s s u r e  was d r a s t i c a l l y  c o n t r o l l e d  a t  Pu 'u  
Kaone i n  1972 r e s u l t i n g  i n  e q u a l  deve lopment  of  t h e  v e g e t a t i o n  
b o t h  i n s i d e  and o u t s i d e  t h e  e x c l o s u r e s .  W i t h i n  f o u r  y e a r s ,  
Chr s o  o  on a c i c u l a t u s  was r educed  from a  dominance o f  3% 

t r a c e s *  Bermuda g r a s s  a l s o  d e c l i n e d  g r a d u a l l y ,  
w h i l e  t h e  bunch g r a s s e s  r u f a  and T r i c h o l a e n a  
( =  Rhynchelytrum) ~ e p e ? s  i n c r e  f r s l e s s  t h a n  1% t o  
a b o u t  25% cove r  i n  f l v e  y e a r s .  The th i ck -ma t  forming  m o l a s s e s -  
g r a s s ,  M e l i n i s  m i n u t i f l o r a  Peauv . ,  became t h e  t h i r d  dominant  - 
g r a s s  w i t h  l i k e w i s e  a b o u t  25% c o v e r  i n  f i v e  y e a r s .  Other  impor- 
t a n t  cove r  c o n t r i b u t o r s  were t h e  two chamaephy tes ,  C a s s i a  l e s c h e -  
n a u l t i a n a  and I n d i g o f e r a  s u f f r u t i c o s a .  The l a t t e r  i n c r e a s m m  
l e s s  t h a n  1% t o  16% i n  f i v e  y e a r s .  

The l a r g e  e x c l o s u r e  showed s i m i l a r  c h a n g e s ,  n o t a b l y  a  
d e c r e a s e  i n  Bermuda g r a s s  and an i n c r e a s e  i n  m o l a s s e s g r a s s .  
Among woody p l a n t s ,  koa-haole  (Leucaena  l e u c o c e p h a l a  (Lam.) 
d e  W i t )  p l ayed  an i m p o r t a n t  r o l e  a showed an i n c r e a s e  from 1% 
t o  16% d e s p i t e  r e p e a t e d  c o n t r o l  e f f o r t s  by t h e  N a t i o n a l  Pa rk  
S e r v i c e  (NPS) t o  r e d u c e  i ts  s p r e a d ,  



The endemic legume v i n e ,  E a v a l i a  k a u e n s i s ,  d i d  n o t  come 
up i n  any of  t h e  e x c l o s u r e s  a t  Pu 'u  Kaone. However, two Cana- 
v i i l i a  p a t c h e s  deve loped  i n  t h e  Kaone a r e a ,  one  mauka of  t h e  m e  m) e x c l o s u r e  and a n o t h e r  i n  a  d raw,  a b o u t  200 m NE of  t h e  
o t h e r  e x c l o s u r e .  I n  a d d i t i o n ,  a n o t h e r  a p p a r e n t l y  i n d i g e n o u s  
v i n e ,  t h e  morning g l o r y  (Ipomoea c o n g e s t a  R. B r . ) ,  formed l a r g e  
p a t c h e s  i n  v a r i o u s  a r e a s  ove r  t h e  d e n s e  t a l l - g r a s s - c h a m a e p h y t e  
c o v e r .  

Thus,  w i t h i n  a  few y e a r s  i n  b o t h  t h e  KEka lau 'u l a  and Pu 'u  
Kaone a r e a s ,  t h e  v e g e t a t i o n  had deve loped  from a  low-growing 
s h o r t - g r a s s  c o v e r  t o  a  t a l l - g r a s s - c h a m a e p h y t e  cove r  w i t h  p a t c h e s  
o f  i n d i g e n o u s  v i n e s .  The s u c c e s s i o n  appeared  t o  be  more OK less 
a r r e s t e d  i n  t h i s  l i f e - f o r m  c o m b i n a t i o n  i n  1976 (Mueller-Dombois 
1 9 7 9 ) .  

VEGETATION DEVELOPMENT ELSEWHERE 

I t  would be  m i s l e a d i n g  t o  g e n e r a l i z e  from t h e s e  two Study 
a r e a s  a s i m i l a r  and uni form v e g e t a t i o n  development  f o r  t h e  whole 
c o a s t a l  lowland ecosys t em.  

The map ( P i g .  1 )  w i l l  g i v e  an i n d i c a t i o n  of t h e  S p a t i a l  
h e t e r o g e n e i t y  and c o m p l e x i t y  t h a t  o c c u r s  t h r o u g h o u t  t h e  c o a s t a l  
l owland .  

H a b i t a t  Types 

F i r s t  o f  a l l ,  t h e r e  a r e  b a s i c  h a b i t a t  v a r i a t i o n s  which a r e  
t h e  r e s u l t  o f  i m p o r t a n t  s u b s t r a t e  d i f f e r e n c e s  and a d d i t i o n a l  
d i f f e r e n c e s  i n  t h e  s p a t i a l  d i s t r i b u t i o n  of  r a i n f a l l .  

I n  t e r m s  of  s u b s t r a t e  v a r i a t i o n s ,  one  c a n  r e c o g n i z e  . f o u r  
i m p o r t a n t  t y p e s  a s f o l l o w s :  

1. P a l i s  w i t h  ' a ' a  r o c k - r u b b l e ,  i n c l u d i n g  o t h e r  a  f l o w s .  
These  o c c u r  t h r o u g h o u t  t h e  a r e a  from eas t  t o  west. 

2 .  Pzhoehoe l a v a  on l e v e l  o r  somewhat s l o p i n g  g round .  T h i s  
s u b s t r a t e  o r  landform t y p e  is t h e  most  dominant  i n  t h e  a r e a  
and i n c l u d e s  a t  l e a s t  f o u r  s i g n i f i c a n t  v a r i a t i o n s :  

( a )  v e r y  r e c e n t :  -- f l o w s  t h a t  descended  i n t o  t h e  lowland 
from Mauna Ulu between 1969 and 1974.  These  c o v e r  now a  
s i g n i f i c a n t  p o r t i o n  of t h e  e a s t e r n  h a l f  o f  t h e  c o a s t a l  
lowland .  They e x t e n d  i n  w i d t h  from west of  'Kpua P o i n t  
t o  Ka 'ena P o i n t ;  



h i g h l y  permeable  b u t  n o t  v e r y  r e c e n t :  -- f l o w s  w i t h  
s i m i l a r l y  low water  r e t e n t i o n  a s  ( a )  b u t  n o t  s o  r e c e n t  
i n  o r i g i n .  These  occur  o f t e n  w i t h  raw, c o a r s e  a s h  
o v e r l a y s  i n  p o c k e t s ,  s o u t h  of  t h e  Ka'U D e s e r t  be tween 
t h e  Ki ika l au 'u l a  and P u ' u  Kaone a r e a s ;  

w i t h  f i n e  s o i l  i n  t h e  c r a c k s  o r  f i s s u r e s ;  

w i t h  f i n e  s o i l  i n  p o c k e t s  e x t e n d i n g  beyond t h e  c r a c k s .  

Both ( c )  and ( d )  o c c u r  t h r o u g h o u t  t h e  a r e a  from e a s t  t o  w e s t .  
They form t h e  most  wide ly-spread  s u b s t r a t e  t y p e s .  

3 .  D i s c o n t i n u o u s ,  s h a l l o w  a s h  b l a n k e t  d e p o s i t s  o v e r  l a v a  rock  
w i t h  up t o  50% rock  o u t c r o p .  T h i s  s u b s t r a t e  t y p e  is  t y p i c a l  
of  t h e  Kf ika lau 'u la  s i t e .  Another  a r e a  o c c u r s  mauka of  K i i ' E ' E  
Ruins ,  and some s i tes  i n  t h e  e a s t e r n  lowland  may a l s o  be long  
t o  t h i s  s u b s t r a t e  t y p e .  

4 .  Cont inuous ,  d e e p  a s h  d e p o s i t s  w i t h o u t  any s i g n i f i c a n t  rock  
o u t c r o p .  T h i s  s u b s t r a t e  t y p e  h a s  two v a r i a t i o n s :  

( a )  brown sandy loam, PZhala  a s h  d e p o s i t  [ t y p i c a l  f o r  t h e  
Pu 'u  Kaone s i t e ]  ; 

( b )  g ray -b lack  c o a r s e  sandy a s h  d u n e s  [ a  s m a l l  a r e a  S E  of  
Kfikalau 'ulal  . 

S u b s t r a t e  t y p e s  2c and 2d a r e  t h e  most  dominant  and wide ly  
s p r e a d  t y p e s  t h r o u g h o u t  t h e  c o a s t a l  lowland  and s u b s t r a t e  t y p e  4 
r e p r e s e n t s  t h e  most  l o c a l i z e d .  

R a i n f a l l  i s  n o t  u n i f o r m l y  d i s t r i b u t e d  ove r  t h e  a r e a  a s  shown 
by t h e  mean a n n u a l  r a i n f a l l  i s o h y e t s  ( f r o m  T a l i a f e r r o  1959 ,  some- 
what m o d i f i e d )  which a r e  p l o t t e d  on t h e  v e g e t a t i o n  map ( F i g .  I ) .  
S u b s t r a t e  t y p e  2b ( h i g h l y  pe rmeab le  pahoehoe between K u k a l a u ' u l a  
and Pu 'u  Kaone) c o i n c i d e s  w i t h  t h e  a r e a  of l o w e s t  r a i n f a l l  o f  
a b o u t  500 mm pe r  y e a r .  The s u b s t r a t e  p o r o s i t y  a p p e a r s  t o  a t t e n -  
u a t e  t h e  d e s e r t - l i k e  v e g e t a t i o n  a s p e c t  o f  t h i s  a r e a .  

I t  i s  o f  some i n t e r e s t  t o  n o t e  t h a t  r a i n f a l l  i n c r e a s e s  t o -  
ward b o t h  t h e  e a s t e r n  and w e s t e r n  Park  b o u n d a r i e s  o f  t h e  c o a s t a l  
l owland .  The r a i n f a l l  p a t t e r n  c o i n c i d e s  t o  some e x t e n t  w i t h  t h e  
c u r r e n t  d i s t r i b u t i o n  o f  broomsedge ( Andropogon v i r g i n i c u s  L .  ) , 
which is found a t  t h e  e a s t  and west s i d e s  of  t h e  c o a s t a l  lowland  
b u t  d o e s  n o t  occur  i n  any s i g n i f i c a n t  q u a n t i t y  t h r o u g h o u t  t h e  
c e n t r a l  a r e a .  



Old v e r s u s  New V e g e t a t i o n  Map P a t t e r n s  

I n  t h e  1974 v e g e t a t i o n  map r e p o r t  (Mueller-Dombois & Fosberg  
1 9 7 4 ) ,  which was based  on 1954 a i r  p h o t o s  and t h e  1966 A t l a s  map 
(Doty & M u e l l e r - ~ o m b o i s  1 9 6 6 ) ,  t h e  f o l l o w i n g  seven  major  v e g e t a -  
t i o n  t y p e s  i n  t h e  c o a s t a l  lowland  were r e c o g n i z e d :  

E r a g r o s t i s  t e n e l l a  g r a s s l a n d ,  w i t h  two v a r i a t i o n s :  r ( E )  & 
E ( r ) - - w h e r e  r  = rock  s u r f a c e ;  E = E r a g r o s t i s ;  r ( E )  means 
t h a t  b a r r e n  rock  s u r f a c e  d o m i n a t e s :  E f r )  means t h a t  s r a s s  
cove r  o f  E r a g r o s t i s  d o m i n a t e s  o v e r  rock  s u r f a c e ,  i . e .  , - w i t h  
o v e r  50% c o v e r :  

Heteropoqon c o n t o r t u s  g r a s s l a n d ,  w i t h  t h r e e  v a r i a t i o n s :  -- 
r ( H ) ,  B ( r ) ,  & H--where symbol p o s i t i o n i n q  h a s  t h e  same 
meaning a s  b e f o r e  [ H  a l o n e  means ~ e t e r o p o ~ o n  c o v e r  i s  d e n s e  
o r  c l o s e d  r a t h e r  t h a n  open a s  i n  H ( r ) ] ;  

c o n t o r t u s  g r a s s l a n d  w i t h  low s h r u b s  o r  woody 
s: ~ ( l s T - w h e r e  1s = lowland  s c r u b :  

Widely s c a t t e r e d  ' E h i ' a  ( M e t r o s i d e r o s  c o l l i n a  (J. R. & G .  
F o r s t . )  Gray a  (Gaud. )  Rock and lama ( D i o s p y r o s  
f e r r e a  ( W i l l d . )  ' a s  H l a v a  and on some a r e a s  o f  
c o a r s l e y  b roken  o r  f a u l t e d ,  m a s s i v e  pahoehoe:  r(M) & r(M-D) 
--where M = M e t r o s i d e r o s ;  D = D i o s p y r o s ;  

Lowland s c r u b  [ I s ] ,  w i t h  two v a r i a t i o n s :  open and c l o s e d ;  

Lowland f o r e s t  [ I f ] ,  a l s o  w i t h  two v a r i a t i o n s :  open and 
c l o s e d :  

S a l t  s p r a y  and o t h e r  s t r a n d  communi t i e s .  

On t h e  1980 map ( F i g .  l ) ,  which i s  based  on 1977 a i r  p h o t o s  
and f i e ld -map  work from 1977 t h r o u g h  1 9 8 0 ,  o n l y  t h e  f i r s t  t h r e e  
g r a s s l a n d  t y p e s  have  changed s i g n i f i c a n t l y .  - The E r a g r o s t i s  
t e n e l l a  g r a s s l a n d  h a s  changed t o  T r i c h o l a e n a  ( =  Rhynchely t rum)  
e n s  g r a s s l a n d  w i t h  woody chamaephytes ;  t h e  chamaephytes  
i n c l u d e  u s u a l l y  t h r e e  s p e c i e s ,  namely C a s s i a  l e s c h e n a u l t i a n a ,  - I n d i g o f e r a  s u f f r u t i c o s a ,  and W a l t h e r i a  i n d l c a .  The Heteropoqon 
c o n t o r t u s  g r a s s l a n d  l i k e w i s e  h a s  c h a n g Z T ? T a  T r i c h o l a e n a  g r a s s -  
l a n d  w i t h  chamaephytes .  T h i s  means t h a t  f o r m e r l y  f u r t h e r  d i f f e r -  
e n t i a t e d  u n i t s  have  become more homogenized i n  t h i s  c a s e .  The 
former H e t e r o  o  on g r a s s l a n d  w i t h  chamaephytes  a l s o  h a s  changed + i n t o  T r i c h o  a e n a  g r a s s l a n d  w i t h  chamaephytes .  But i n  some p a r t s  
o f  the  e a s t e r n  lowland  i t  h a s  changed t o  open lowland  s c r u b  w i t h  
T r i c h o l a e n a  re  e n s  and v i r q i n i c u s ,  w h i l e  i n  t h e  cen-  
t r a l  sectioiT%E5m 'Kin  u7u Kaone it h a s  changed i n  much 
o f  t h e  a r e a  t o  a  Hypar rhen ia -Mel in i s  g r a s s l a n d  w i t h  chamaephytes  



Thus we may n o t e  a  m a s s i v e  t a k e o v e r  by T r i c h o l a e n a ,  t h e  
N a t a l  r e d t o p ,  which on t h e  e a r l i e r  map was r e s t r i c t e d  a s  a  
dominant  type-forming g r a s s  t o  t h e  w e s t e r n  lowland  o u t s i d e  t h e  
Park  ( n e a r  t h e  Kona Highway).  W e  may a l s o  n o t e  t h e  t o t a l l y  new 
a p p e a r a n c e  of  Hypar rhen ia  rufa a s  a  dominant  g r a s s  c o v e r ,  which 
now forms a  major  g r a s s l a n d  t y p e  i n  t h e  c e n t r a l  s e c t i o n  of  t h e  
lowland  a r e a .  A f u r t h e r  change  wor thy  of  n o t e  is t h e  u n i v e r s a l  
abundance of  t h e  woody chamaephytes ,  which f o r m e r l y  were r a r e  i n  
t h e  w e s t e r n  lowland s e c t i o n .  

A p a r t  from t h e  f l o r i s t i c  changes  t h e r e  h a s  been  a  s i g n i f -  
i c a n t  change i n  t h e  l i f e - f o r m  as semblage  of  t h e  p l a n t s .  S h o r t -  
g r a s s e s ,  such  a s  Chrysopogon a c i c u l a t u s  and E r a g r o s t i s  t e n e l l a ,  
and mid-s ized  g r a s s e s ,  such  a s  Cynodon d a c t y l o n  and Heteropoqon 
c o n t o r t u s ,  have  been  d i s p l a c e d  by t a l l e r - g r o w i n g  g r a s s e s ,  such  a s  
Andropoqon v i r g i n i c u s ,  H a r r h e n i a  r u f a ,  M e l i n i s  m i n u t i f l o r a ,  and 
~ r i c h o l a e n a  r e p e n s ,  w i t  * An r o  o  o n m y  i n  c e r t a i n  h i g h e r  r a i n -  
f a l l  a r e a s .  The r e a s o n  f;;? t h e  r e s t r i c t i o n  o f  Andropogon a p p e a r s  
t o  b e  i ts  p h e n o l o g i c a l  rhythm ( S o r e n s o n  1 9 8 0 )  which is o u t  o f  
p h a s e  w i t h  t h e  M e d i t e r r a n e a n  r a i n f a l l  s e a s o n a l i t y  o f  t h e  c o a s t a l  
l owland .  

S i g n i f i c a n t  a p p e a r a n c e s  o f  v i n e s  have  been  n o t e d  s o  f a r  o n l y  
a t  t h e  KKkalau1ula  and Pu 'u  Kaone s i t e s .  

DISCUSSION 

F u r t h e r  i n f o r m a t i o n  g a i n e d  f  rom t h e  c o a s t a l  lowland s t u d y  
c a n  b e  d i s c u s s e d  i n  r e l a t i o n  t o  two q u e s t i o n s :  What s o r t  o f  
r e l a t i o n s h i p  e x i s t s  (1)  between t h e  major  h a b i t a t s  and v e g e t a t i o n  
p a t t e r n s ,  and ( 2 )  between t h e  s t r u c t u r e  and dynamic p r o c e s s e s  of  
t h e  c o a s t a l  lowland v e g e t a t i o n .  

C o r r e l a t i o n  of  H a b i t a t  and V e g e t a t i o n  P a t t e r n s  

The f o u r  major  s u b s t r a t e  t y p e s  and t h e i r  v a r i a t i o n s  have  
t h e i r  e f f e c t  on t h e  v e g e t a t i o n  p r i m a r i l y  th rough  t h e i r  d i f f e r -  
e n c e s  i n  s o i l - w a t e r  r e l a t i o n s .  

The p a l i s  w i t h  ' a l B  rock  r u b b l e ,  i n c l u d i n g  o t h e r  o l d e r  ' a - 3  
f l o w s ,  a r e  t h e  p r imary  h a b i t a t s  f o r  t h e  t a l l e r - g r o w i n g  t r e e s  such  
a s  ' G h i ' a  and lama. I n  t h e  e a s t e r n  lowland  t h e y  a l s o  commonly 
s u p p o r t  t h e  kukui  t r e e   leuri rites moluccana ( L . )  W i l l d . )  and some 
of  t h e  now r a r e r  endemics  s u c h  as A 1  h i t o n i a  ponde rosa  Hbd., 
Antidesma pu lv ina tum Hbd., Bobea f-&--;r lmon lo l  e s  (Hook. f . )  Hbd., 
E r v t h r i n a  s a n d w i c e n s i s  Deg., ~ x f i a  r e m o t i f l o r a  Deg. & S h e r f f  
i n  ~ h e r f f , m a i i e n s e  Seem., a n T o t h e r s .  ( I n  some c a s e s ,  
t a l l e r - g r o w m g  t rees  a r e  a l s o  found on pahoehoe s u b s t r a t e s  which 
a r e  h o l l o w  b e n e a t h  t h e  s u r f a c e  o r  which a r e  c o a r s e l y  b roken  o r  
f a u l t e d .  The r e l a t i o n s h i p  seems t o  b e  o n e  of  a v a i l a b l e  r o o t  
s p a c e  f o r  t h e  l a r g e r  t r e e  r o o t s  and a  p r o t e c t i o n  f rom r a p i d  wa te r  
l o s s  from t h e  r o o t  zone . )  The d e n s i t y  o f  t r e e s  on b o t h  t h e s e  



s u b s t r a t e  t y p e s  is g e n e r a l l y  v e r y  low. However, t h e r e  is  a  r e l a -  
t i o n s h i p  o f  t r e e  d e n s i t y  t o  t h e  r a i n f a l l  g r a d i e n t  on t h e  ' a ' s  
s u b s t r a t e  t y p e .  S t o c k i n g  is v e r y  s p a r s e  where t h e  r a i n f a l l  is 
under  1000 mm p e r  y e a r .  Denser f o r e s t  g r o v e s  o c c u r  i n  a r e a s  
where t h e  r a i n f a l l  e x c e e d s  1000 mm p e r  y e a r .  

The pahoehoe s u b s t r a t e  is t h e  p r i m a r y  h a b i t a t  o f  t h e  
l o w e r - s t a t u r e  l i f e - f o r m s ,  t h e  g r a s s e s ,  woody chamaephytes ,  and 
Shrub-s ized  t r e e s .  Here ,  t h e i r  d e n s i t y  is r e l a t e d  t o  t h e  f o u r  
s u b s t r a t e  v a r i a t i o n s .  

The " v e r y  r e c e n t "  and t h e  " h i g h l y  permeable"  v a r i a t i o n s  sup- 
p o r t  o n l y  e x t r e m e l y  s p a r s e  p l a n t  growth  and c a n  be  c o n s i d e r e d  a s  
e d a p h i c  d e s e r t s .  The pahoehoe l a v a s  w i t h  f i n e  s o i l  r e s t r i c t e d  t o  
c r a c k s  a r e  g e n e r a l l y  more s p a r s e l y  v e g e t a t e d  t h a n  t h o s e  w i t h  f i n e  
s o i l  e x t e n d i n g  beyond t h e  c r a c k s .  The d e n s i t y  o f  p l a n t  c o v e r  
c a n  o f t e n  be  used a s  an index  f o r  s e p a r a t i n g  t h e s e  two s u b s t r a t e  
v a r i a t i o n s ,  b u t  t h e r e  a r e  u s u a l l y  no s h a r p  b r e a k s  between them. 
S p a t i a l  v a r i a t i o n s  i n  r a i n f a l l  and p a s t  g r a z i n g  i n t e n s i t y ,  more- 
o v e r ,  i n t e r f e r e  w i t h  p l a n t  d e n s e n e s s  a s  an i n d i c a t o r  of t h e s e  two 
h a b i t a t  v a r i a t i o n s .  For example,  t.he d e n s e  g r a s s  
c o v e r  i n  t h e  c e n t r a l  s e c t i o n  n e a r  t h e  'X i  a r e a  is 
p a r t l y  on t h e  same uahoehoe w i t h  f i n e  s o i l  e x t e n d i n q  beyond t h e  
c r a c k s  a s  t h e  spa;ser  T r i cho laena -domina ted  c o v e r - n e a r e r  t o  t h e  
c o a s t ,  where r a i n f a l l  i s T e s s .  

The d i s c o n t i n u o u s ,  s h a l l o w  s o i l  ove r  l a v a  rock  ( s u c h  a s  
found a t  K G k a l a u l u l a )  and t h e  d e e p - s o i l  h a b i t a t  ( s u c h  a s  found on 
P u ' u  Kaone) c u r r e n t l y  s u p p o r t  t h e  same l o w e r - s t a t u r e  p l a n t  l i f e -  
forms  ( g r a s s e s ,  woody chamaephytes ,  & s h r u b - s i z e d  t r e e s )  a s  t h e  
pzhoehoe s u b s t r a t e s .  Rowever, h e r e  t h e  g r a s s e s  form d e n s e  c o v e r  
and a r e  i n i t i a l l y  more v i g o r o u s  t h a n  t h e  woody p l a n t s .  The 
l a t t e r ,  p a r t i c u l a r l y  t h e  woody chamaephyte  I n d i g o f e r a  s u f f r u -  
t i c o s a ,  h a s  become d e n s e r  i n  t h e  c o u r s e  of  s u c c e s s i o n  ( a s n  
by tx~xclosure r e s u l t s ) ,  and t h e  two e x o t i c  weed t r e e s  now on 
t h e s e  h a b i t a t s ,  Leucaena and Ric  i n u s  communis L . ,  
appear  t o  have  t h e  p o t e n t i a l  g  dominant .  

S t r u c t u r a l  Complexi ty  and Dynamic P r o c e w  

I n  t e r m s  o f  v e g e t a t i o n  map u n i t s ,  t h e  new map h a s  been  k e p t  
a s  s i m p l e  a s  t h e  e a r l i e r  map. However, T r i c h o l a e n a  r e p e n s  i s  now 
c o n s i d e r e d  t h e  dominant  q r a s s  o v e r  much o f  t h e  a r e a s  s e p a r a t e d  - 

and Heteropogon t y p e s .  Y e t ,  w i t h i n  
and ,  some a r e a s  a r e  now dominated a l s o  
i c h  e a r l i e r  was n o t  r e c o g n i z e d  a s  a  

v e g e t a t i o n - t y p e  forming g r a s s ,  

An i m p o r t a n t  phenomenon a s s o c i a t e d  w i t h  t h e  e l i m i n a t i o n  o f  
g o a t s  from t h e  a r e a  h a s  been  an i n c r e a s e  i n  f l o r i s t i c  a s  well a s  
s t r u c t u r a l  c o m p l e x i t y .  An i n c r e a s e  i n  f l o r i s t i c  c o m p l e x i t y  means 
s imply  t h a t  t h e r e  a r e  now more p l a n t  s p e c i e s  i n  t h e  a r e a  t h a n  
d u r i n g  i t s  o c c u p a t i o n  by g o a t s ,  The g r a s s e s  t h a t  were  dominant  
d u r i n g  g o a t  o c c u p a t i o n ,  such  as Chr s o  o  on a c i c u l a t u s ,  Cynodon 
d a c t y l o n ,  E r a q r o s t i s  t e n e l l a ,  o p o r t u s ,  a r e  



s t i l l  p r e s e n t  i n  t h e  a r e a ;  t h e y  a r e  ' m e r e l y  d i s p l a c e d  on most  
s i t e s  from t h e i r  e a r l i e r  r o l e  a s  d o m i n a n t s .  For example ,  Hetero-  

0 on is  s t i l l  found i n  p a t c h e s  and p a r t i c u l a r l y  a l o n g t  
%s. Also ,  a  number o f  new s p e c i e s  have  been  added from s u r -  
round ing  a r e a s  and t h u s  most  o f  t h e  c o a s t a l  lowland  s i t e s  have  
become f l o r i s t i c a l l y  more d i v e r s e .  

A s s o c i a t e d  w i t h  t h e  i n c r e a s e  i n  f l o r i s t i c  c o m p l e x i t y  i s  a  
t r e n d  towards  l o s s  o f  dominance o f  s i n g l e  s p e c i e s  and an i n c r e a s e  
i n  s t r u c t u r a l  c o m p l e x i t y .  The i n c r e a s e d  s t r u c t u r a l  c o m p l e x i t y  
was b r o u g h t  a b o u t  by t h e  a p p e a r a n c e  o f  new p l a n t  l i f e - f o r m s ,  f o r  
example ,  t h e  t a l l e r - g r o w i n g  bunch g r a s s e s  and t h e  v i n e s  t h a t  
p r o b a b l y  had o n l y  m a r g i n a l  p o s i t i o n s  d u r i n g  t h e  e r a  of  g o a t  occu-  
p a t i o n  of  t h e  lowland .  M o l a s s e s g r a s s ,  which was f o r m e r l y  con- 
s i d e r e d  a  subdominant ,  is s t i l l  a  subdominant  g r a s s  t o d a y .  T h i s  
d o e s  n o t  mean t h a t  i t  h a s  remained  s t a t i c .  I n  f a c t  it h a s  s p r e a d  
t o  K 6 k a l a u t u l a  and o t h e r  a r e a s  i n  t h e  w e s t e r n  lowland  where it 
was n o t  s e e n  b e f o r e .  However, t h i s  t h i ck -ma t  forming  g r a s s  d o e s  
n o t  appea r  a s  a  c o n t i n u o u s  l a y e r  o v e r  v e r y  l a r g e  a r e a s  o f  s e v e r a l  
h e c t a r e s .  I t  forms i n s t e a d  d e n s e  p a t c h e s  o f  v a r i o u s  s i z e s ,  from 
a  few t o  s e v e r a l  hundred s q u a r e  m e t e r s .  I n  t h e s e  p a t c h e s  t h e  
g r a s s  is l o c a l l y  a b s o l u t e l y  dominan t .  The boundary  zones  of  
t h e s e  m o l a s s e s g r a s s  p a t c h e s  d o  n o t  u s u a l l y  c o i n c i d e  w i t h  d i s t i n c t  
d i f f e r e n c e s  i n  s o i l - s u b s t r a t e .  T h e r e f o r e ,  t h e y  a r e  n o t  h a b i t a t  
r e l a t e d .  I n s t e a d ,  t h e  m o l a s s e s g r a s s  p a t c h e s  c r e a t e  a  mosa ic  
p a t t e r n  w i t h i n  g r a s s l a n d  c o v e r s  o n  o t h e r w i s e  un i fo rm s i t e s ,  a s  is 
shown s i m i l a r l y  f o r  t h e  v i n e s ,  C a n a v a l i a  k a u e n s i s  a t  K t ika l au 'u l a  
and Ipomoea c o n g e s t a  a t  P u ' u  Kaone. I h a v e  s e e n  m o l a s s e s g r a s s  
p a t c h e s  a g e  and d e t e r i o r a t e  s u d d e n l y ,  t h e n  form huge masses  o f  
l i t t e r .  These p a t c h e s  behave  v e r y  much l i k e  t h e  C a n a v a l i a  v i n e  
a s  mon i to red  i n  t h e  Ki ika l au 'u l a  e x c l o s u r e .  

The re  seems t o  b e  i n i t i a l l y  a s p a t i a l l y  r e s t r i c t e d  c o h o r t  
deve lopment  from s e e d l i n g s  which d e v e l o p  i n t o  m a t u r e  p l a n t s  
t h r o u g h  c o n s i d e r a b l e  l a t e r a l  ou tg rowth  and d e n s i f i c a t i o n  o f  
f o l i a g e  mass.  A f t e r  a  few y e a r s  t h e s e  c o h o r t s  a t t a i n  m a t u r i t y  
and soon t h e r e a f t e r  g o  i n t o  a  s e n e s c i n g  phase .  During t h e  l a t t e r  
p h a s e ,  s y n c h r o n i z e d  breakdown o f  t h e  c o h o r t s  o r  p a t c h  communi t ies  
mav b e  t r i a a e r e d  bv e n v i r o n m e n t a l  f a c t o r s  o r  b i o t i c  a a e n t s .  I n  * - 4 - 
M e l i n i s  t h i s  may b e  s o i l  wa te r  s t r e s s ;  i n  C a n a v a l i a  i t  may be  
r e l a t e d  t o  i n f e s t a t i o n s  o f  t h e  b l a c k  s t i n k  bug (Coptosoma xantho-  
gramma ( W h i t e ) ) .  The l a t t e r  h a s  been  o b s e r v e d  t o  form d e n s e  
p o p u l a t i o n s  on dy ing  C a n a v a l i a  p a t c h e s  a t  K i ika l au 'u l a .  

CONCLUSIONS 

I t  c a n  be  conc luded  t h a t  t h e  i n c r e a s e  i n  f l o r i s t i c  and 
s t r u c t u r a l  c o m p l e x i t y  o f  t h e  g r a s s l a n d  s i tes  a f t e r  g o a t  removal  
is a s s o c i a t e d  wi th  a  new dynamic c o m p l e x i t y .  T h i s  dynamic 
c o m p l e x i t y  r e l a t e s  n o t  o n l y  t o  t h e  s u c c e s s i o n a l  deve lopment  
f o l l o w i n g  g o a t  removal ,  b u t  a l s o  t o  t h e  s e a s o n a l  c h a n g e s  i n  
t h e  phenology of  t h e  v e g e t a t i o n  c o v e r ,  b o t h  of  which a r e  w e l l -  
documented.  The a d d i t i o n a l  dynamic phenomenon i s  a l s o  r e l a t e d  t o  



t h e  p a r t i c u l a r  mix of  p l a n t  l i f e - f o r m  t y p e s  and t h e i r  e c o l o g i c a l  
b e h a v i o r  a s  d e t e r m i n e d  i n  p a r t  by t h e i r  l i f e  c y c l e  c h a r a c t e r -  
i s t i c s .  Most of  t h e  p l a n t  l i f e - f o r m s  on t h e  pahoehoe s u b s t r a t e s  
a r e  s h o r t - l i v e d  p e r e n n i a l s .  T h e i r  l i f e - s p a n s  v a r y  between 
s p e c i e s  and may v a r y  w i t h i n  s p e c i e s  among p o p u l a t i o n s  on d i f -  
f e r e n t  s u b s t r a t e s .  For example,  a  p o p u l a t i o n  o f  m o l a s s e s g r a s s  on 
n u t r i t i o n a l l y  w e l l  s u p p l i e d  s u b s t r a t e s  may become o l d e r  t h a n  one  
on a  n u t r i t i o n a l l y  l e s s  w e l l  s u p p l i e d  s i t e .  

Moreover,  p o p u l a t i o n  e s t a b l i s h m e n t  and p o p u l a t i o n  breakdown 
may be  s y n c h r o n i z e d  among i n d i v i d u a l s  o r  t h e s e  p r o c e s s e s  may be  
non- synchron ized ,  T h i s  depends  o n  p o p u l a t i o n - i n h e r e n t  f a c t o r s  a s  
well a s  on t h o s e  t h a t  o p e r a t e  f rom o u t s i d e  t h e  p o p u l a t i o n .  1n 
t h e  c o a s t a l  lowland  ecosys t em a t  l e a s t  two s h o r t - l i v e d  p e r e n n i a l s  
have  shown s y n c h r o n i z e d  p o p u l a t i o n  breakdowns ,  t h e  v i n e  C a n a v a l i a  
k a u e n s i s  and t h e  mat-forming g r a s s  M e l i n i s  m i n u t i f l o r a .  I have  
n o t e d  s i m i l a r  phenomena i n  broomsedge l o c a l l y  i n  b o t h  t h e  e x t r e m e  
west and e a s t  p a r t s  o f  t h e  c o a s t a l  lowland  and i n  one c a s e  i n  
Heteropogon c o n t o r t u s ,  

Such l i f e - c y c l e  d e p e n d e n t  dynamic p r o c e s s e s  a r e  d i f f i c u l t  t o  
d e t e c t  because  t h e y  a r e  e a s i l y  c o n f u s e d  w i t h  s e a s o n a l  b e h a v i o r  o r  
w i t h  c o m p e t i t i v e  e l i m i n a t i o n  i n  s u c c e s s i o n a l  deve lopment .  They 
a r e  d e t e c t a b l e  o n l y  t h r o u g h  f r e q u e n t  r e v i s i t s  o r  c o n t i n u o u s  
m o n i t o r i n g  o f  an ecosys t em.  I n  t h e  c o a s t a l  lowland  ecosys t em 
t h e s e  p r o c e s s e s  o f  p o p u l a t i o n  s e n e s c e n c e  and breakdown a r e  o f  
p a r t i c u l a r  i n t e r e s t  b e c a u s e  t h e y  i n d i c a t e  l o c a l i z e d  i n c r e a s e s  i n  
f i r e  haza rd  wherever  t h e y  o c c u r .  They a l s o  i n d i c a t e  a  p o i n t  i n  
v e g e t a t i o n  development  where i t  i s  d i f f i c u l t  t o  p r e d i c t  t h e  n e x t  
f o l l o w i n g  development  because  ou r  o b s e r v a t i o n  p e r i o d  is n o t  y e t  
l o n g  enough.  Such d y i n g  p o p u l a t i o n s  may be  r e p l a c e d  by i t s  own 
k ind  o r  t h e y  may be r e p l a c e d  by o t h e r  s p e c i e s ,  f o r  example ,  
C a n a v a l i a  t h r o u g h  Cynodon o r  T r i c h o l a e n a  o r  chamaephytes ,  i n  
K r k a l a u ' u l a ,  o r  M e l l n i s  a l s o  t h r o u g h c h o l a e n a  o r  Hypar rhen ia  
o r  I n d i q o f e r a  o r  a  combina t ion  o f  these ,  T h i s  c y c l i c  o r  o s c i l -  

A 

l a t i n q  development  is c h a r a c t e r i s t i c  f o r  t h e  c u r r e n t  s t a t e  of  
t h e  g ; a s s l and  a r e a s  o f  t h e  c o a s t a l  l owland .  T h i s  is why I have  
c o n s i d e r e d  t h e  p r e s e n t  s i t u a t i o n  a  s t a t e  o f  a r r e s t  i n  s u c c e s -  
s i o n a l  deve lopment .  

However, t h e  s e n e s c i n g  s t a g e s  and breakdown p a t t e r n s  o f  
l o c a l  p o p u l a t i o n s  i n  t h e  g r a s s  c o v e r  may a l s o  i n d i c a t e  a  weak 
p o i n t  i n  t h e  n a t u r a l  ma in tenance  o f  g r a s s l a n d s  where woody p l a n t s  
c o u l d  i n v a d e ,  i f  t h e  s e e d  s o u r c e s  of  e c o l o g i c a l l y  a d a p t e d  t r e e  
s p e c i e s  were a v a i l a b l e  i n  t h e  a r e a .  I t  i s  p o s s i b l e  t h a t  t h e  - 
endemic s h r u b  Os teomeles  a- L i n d l . ,  and t h e  two low- 
s t a t u r e  t r e e s  Canthium odoratum ( F o r s t .  £ . )  Seem, and Wiks t roemia  
? h  11 r o e f o l i a  Gray,  which s t i l l  t h r i v e  i n  t h e  e a s t e r n  l o w l a n d ,  
c-l~h i n  such  s i t u a t i o n s  i f  t h e i r  s eed  was c a r r i e d  
t h e r e .  

No s p e c i f i c  r e s o u r c e  management recommendat ions a r e  p re -  
s e n t e d .  Though i t  was conc luded  t h a t  a  n a t i v e  s h r u b  and two 
t r e e s  c o u l d  t h r i v e  i n  t h e  a r e a ,  t h e  i m p l e m e n t a t i o n  o f  any program 
t o  promote t h e s e  s p e c i e s  s h o u l d  b e  rev iewed t h o r o u g h l y .  
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