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PREFACE 

The s tudy  presen ted  i n  t h i s  f i n a l  r e p o r t  was done i n  c o l l a b o r a t i o n  

w i t h  t h r e e  gradua te  s t u d e n t s  i n  vege t a t i on  ecology, who were supported 

on t h i s  con t r ac t .  I n  a d d i t i o n ,  a  g radua te  s tuden t  i n  p l a n t  pathology 

rece ived  p a r t i a l  suppor t ,  and h i s  r e s u l t s  were r epo r t ed  e a r l i e r  

(Hwang 19 7 7 ) .  

The funds f o r  t h i s  two-year c o n t r a c t  (CX 8000 6 0006) were ob ta ined  

through a  proposa l  d i r e c t e d  t o  t h e  Nat iona l  Park Se rv i ce  Science Center  

i n  Mis s i s s ipp i .  The funding ($55,000) rece ived  f o r  t h i s  p r o j e c t  i s  

g r a t e f u l l y  acknowledged. 

D i e t e r  Mueller-Dombois 
P r i n c i p a l  I n v e s t i g a t o r  
OHIA RAIN FOREST STUDY 

- iii - 



ABSTRACT 

This  f i n a l  r e p o r t  summarizes t h e  more important r e s u l t s  of a two- 

year  s tudy of t he  ohia  (Metrosideros c o l l i n a  subsp. polymorpha) - r a i n  

f o r e s t ,  extending from wi th in  Hawaii Volcanoes National  Park no r th  

ac ros s  t h e  e a s t  f l ank  of Mauna Kea, I s l a n d  Hawaii. The s tudy  focus 

was on t h e  ohia  dieback which occurs  i n  many a reas  of t h i s  t e r r a i n .  

A 1:48,000 vege ta t ion  map was produced, which is  included w i t h  t h i s  

report.:\ I n  add i t i on ,  an independent h a b i t a t  c l a s s i f i c a t i o n  was developed 

from phys i ca l  s o i l  and moisture regime d i f f e rences  occurr ing  i n  t he  a r ea .  

Over 35 ohia  f o r e s t  s t ands  were sampled i n  d e t a i l  f o r  t h e i r  o h i a  

popula t ion  s t r u c t u r e s  and 39 r e l ev6s  were analyzed f o r  t h e i r  f l o r i s t i c  

conten t .  Five d i f f e r e n t  forms of dieback were recognized. Two of t hese ,  

c a l l e d  t h e  Dryland and Wetland Diebacks appear t o  be t h e  more r ap id  and 

dramatic  forms. Their causes a r e  n o t  from d i sease  o r  i n s e c t  a t t a c k ,  b u t  

a r e  presumed t o  be from c l i m a t i c  t r i g g e r s ,  a c t i n g  through t h e  s o i l .  

These diebacks a r e  c l e a r l y  a s soc i a t ed  w i t h  ohia-stand re juvenat ion .  A 

, t h i r d  form of dieback, here  c a l l e d  Bog-formation Dieback, appears  t o  be 

a s lower form of s tand  dieback r e l a t e d  t o  permanent s i te  changes. An 

Ohia-displacement Dieback occurs  i n  t h e  Olaa Trac t  a r e a ,  where t r e e  

f e r n s  seem t o  g radua l ly  t a k e  over  t h e  h a b i t a t s .  Here t h e  dieback cause 

appears  t o  be  overmaturi ty .  I n d i v i d u a l  t r e e  dieback, t h e  f i f t h  form of 

dieback,  is found a s  an i s o l a t e d ,  b u t  common phenomenon i n  many 

non-dieback s t ands  examined. A l l  d iebacks appear t o  have n a t u r a l  causes ,  

which are suggested i n  d e t a i l .  A new theory  is presented ,  which proposes 

t h a t  t h e r e  a r e  a number of dynamic phases,  inc luding  t h e  dieback,  which 

provide f o r  the  perpe tua t ion  of t h e  shade- in to le ran t ,  dominant t r e e  

s p e c i e s  (ohia)  i n  t h i s  r a i n  f o r e s t  ecosystem. 

*In s e l e c t e d  copies  only. 



TABLE OF CONTENTS 

PREFACE. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
LIST OF TABLES . . . . . . . . . . . . . . . . . . . . . . . . . 
LIST OF FIGURES . . . . . . . . . . . . . . . . . . . . . . . . . 
I INTRODUCTION AND BACKGROUND . . . . . . . . . . . . . . . . . 
I1 THE VEGETATION MAP AND LEGEND . . . . . . . . . . . . . . . . 

1. I n t r o d u c t i o n  . . . . . . . . . . . . . . . . . . . . . . 
2 .  T h r e e M a p S h e e t s  . . . . . . . . . . . . . . . . . . . . 
3. Map U n i t s  and Vege ta t ion  Type Symbols . . . . . . . . . . 
4. The Mapped Vege ta t ion  Types . . . . . . . . . . . . . . . 

I11 SOIL MOISTURE REGIME AND HABITAT CLASSIFICATION 

1. I n t r o d u c t i o n  . . . . . . . . . . . . . . . . . . . . . . 
2.  E v a l u a t i o n  o f  S o i l  Mois tu re  Regimes . . . . . . . . . . . 
3. S o i l  Mois ture  Regime D e f i n i t i o n s  and V a r i a t i o n s  

w i t h i n  Regimes . . . . . . . . . . . . . . . . . . . . . 
4. H a b i t a t  C l a s s i f i c a t i o n  . . . . . . . . . . . . . . . . . 
5.  C o r r e l a t i o n  of H a b i t a t  Types and Vege ta t ion  

Map U n i t s  . . . . . . . . . . . . . . . . . . . . . . . . 
I V  OHIA POPULATION STRUCTURES I N  "HEALTHY" AND "DIEBACK" 

SITUATIONS 

1. I n t r o d u c t i o n  . . . . . . . . . . . . . . . . . . . . . . 
2.  Ohia Tree  P o p u l a t i o n  S t r u c t u r e  i n  a Severe  

Dieback Stand . . . . . . . . . . . . . . . . . . . . . . 
3. Ohia P o p u l a t i o n  S t r u c t u r e s  i n  Hea l thy  S tands  . . . . . . 
4 .  Reproduct ion P a t t e r n s  i n  Dieback and 

Heal thy F o r e s t s  . . . . . . . . . . . . . . . . . . . . . 
5.  Q u a n t i f i c a t i o n  of Ohia Dieback on a Stand B a s i s  . . . . . 
6 .  Ohia Tree  Popula t ion  S t r u c t u r e s  i n  S e l e c t e d  Relev& . . . 
7. Ohia Regenerat ion P a t t e r n s  i n  t h e  Relev& . . . . . . . . 

V RAIN FOREST STRUCTURE AND FLORISTICS 

1. I n t r o d u c t i o n  . . . . . . . . . . . . . . . . . . . . . . 
2 .  S p e c i e s  Richness  i n  D i f f e r e n t  F o r e s t  S tands  . . . . . . . 
3 .  Dieback and E x o t i c  S p e c i e s  I n v a s i o n  . . . . . . . . . . . 
4 .  Rare Endemic Spec ies  . . . . . . . . . . . . . . . . . . 

Page 

iii 

i v  

v i  

- v i i  

1 

4 

4 

6 

8 

11 



Page 

V I  SYNTHESIS AND EVALUATION OF THE DIEBACK PROBLEM 

1. Rela t ionship  of t h e  Study Components . . . . . . . . . . 70 

2. Five Kinds of  Dieback . . . . . . . . . . . . . . . . . . 72 

3. Dynamic Phases: A Rain Fores t  L i f e  Cycle . . . . . . . . 8 1 

4. Conclusions and Appl ica t ions  . . . . . . . . . . . . . . 84 

VII ACKNOWLEDGEMENTS . . . . . . . . . . . . . . . . . . . . . . 9 7 

V I I I  LITERATURECITED . . . . . . . . . . . . . . . . . . . . . 98 

I X  APPENDICES 

APPENDIX I . . . . . . . . . . . . . . . . . . . . . . . . . 101  

APPENDIX I1 . . . . . . . . . . . . . . . . . . . . . . . . . 117 

LIST OF TABLES 

1. Components of t h e  Vegetation Symbols . . . . . . . . . . . . 
2. Summary of the  22 Vegetat ion Types Recognized on t h e  

Prel iminary Vegetation Map . . . . . . . . . . . . . . . . . 
3. L i s t  of Addi t iona l  Units  on the  Map which are e i t h e r  

Combinations of D i f f e ren t  Vegetat ion Types, o r  Uni t s  
which a r e  not  Defined i n  t he  Same Manner as t h e  Vegetation 
Types . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4. Surmnary of  t he  14 Hab i t a t  Types by Location of Relev& . . . 
5. Median Annual R a i n f a l l  Gradient  from South t o  North over  

t h e  Study Area . . . . . . . . . . . . . . . . . . . . . . . 
6. Hab i t a t  Types i n  Rela t ion  t o  t h e  Vegetat ion Map Units  . . . 
7. Dieback Ind ices  f o r  a l l  Sample Stands Analyzed i n  t h i s  

P r o j e c t  . . . . . . . . . . . . . . . . . . . . . . . . . . 
8.  Regeneration Classes  f o r  Small Ohia Trees ,  from 

. l -5 m T a l l  . . . . . . . . . . . . . . . . . . . . . . . . 
9. Ohia Regeneration Trends f o r  A l l  Sample Stands Analyzed 

i n  t h i s  P r o j e c t  . . . . . . . . . . . . . . . . . . . . . . 
10. Species  Richness of Native and Exot ic  Vascular P l a n t s  i n  

t h e  400 m2 Sample Stands . . . . . . . . . . . . . . . . . . 
11. Rare Endemic Species  Recorded i n  t h i s  Relev6 Survey . . . . 
12. I n t e r r e l a t i o n s h i p s  of  Fores t  S t r u c t u r e ,  Hab i t a t  Type, 

Dieback Class  and Type and Ohia Regeneration P a t t e r n s  among 
t h e  Sample Stands Studied i n  t h e  P r o j e c t  . . . . . . . . . . 



LIST OF FIGURES 

I s land  of Hawaii and t h e  Study Area . . . . . . . . . . .  
Eastern Half of the  Is land of Hawaii Showing the Location 
of t h e  Three Vegetation Map Sectiqns i n  Relation t o  
Hawaii Volcanoes National Park . . . . . . . . . . . . .  
Ohia Tree Population St ructure  i n  1.3 km Dieback Segment . . . . . . . . . . . . . .  of Saddle Road Belt-Transect 

Ohia Tree Population St ructures  of Two "Healthy1' Forest 
Segments : 
A t h e  700 m Belt-Transect Segment a t  Saddle Road 
B the  500 m Belt-Transect Segment a t  Stainback Highway . 
Reproduction of Ohia Trees up t o  5 m T a l l  i n  the  Three 
Different  Stands, i.e. Dieback Fores t ,  Open "Healthy" 
Forest  and Closed "Healthy" Forest  . . . . . . . . . . .  
Ohia Population St ructures  of Six Selected Relev& . . .  
Ohia Population S t ruc tu res  of Ten Selected Relev& . . .  
Ohia Population St ructures  of another Six  Selected . . . . . . . . . . . . . . . . . . . . . . . . .  Relev& 

Example Data f o r  Each of the  Regeneration Classes 
Recognized . . . . . . . . . . . . . . . . . . . . . . .  

Page 

. . 5 

- v i i  - 



FINAL REPORT 

I. INTRODUCTION AND BACKGROUND 

Name of Projec t :  OHIA*RAIN FOREST STUDY 

l'Ecological Inves t igat ions  of the  Ohia Dieback Problem i n  the  National 

Parks i n  Hawaii." Contract No. CX 8000 6 0006 

Pr inc ipa l  Inves t igator :  D r .  D. Mueller-Dombois 
Department of Botany 
3190 Maile Way 
Universi ty of Hawaii a t  Manoa 
Honolulu, Hawaii 96822 
Phone (808) 948-8044 

Associate Inves t igator :  D r .  W. H. KO 
College of Tropical  Agriculture 
Hawaii Branch S t a t i o n  
461 W. Lanikaula S t r e e t  
Hilo, Hawaii 96720 

The p ro jec t  was planned i n  f i v e  in tegra ted  subprojects  as follows: 

Subproject 1: F l o r i s t i c  and S t r u c t u r a l  Analyses of Ohia Fores ts  i n  

Dieback Areas (D. Mueller-Dombois) 

Subproject 2: S o i l  and Subst ra te  Analyses f o r  a Habitat  Type C l a s s i f i c a t i o n  

(D. Mueller-Dombois) 

Subproject 3: Role of Pathogens i n  Ohia Dieback (W. H. KO) 

Subproject 4: Vegetation Map of Ohia Forest  i n  Dieback Terrain 

(D. Mueller-Dombois) 

Subproject 5: Experimental Studies t o  Corroborate Fie ld  Observations 

(D. Mueller-Dombois and W. H. KO) 

Following the  o r i g i n a l  proposal,  e n t i t l e d  "The Ohia Dieback Problem 

i n  Hawaii" (Univ. Hawaii-CPSU Tech. Report 63, 1974), th ree  progress 

repor t s  were submitted t o  t h e  National Park Service i n  p a r t i a l  f u l f i l l m e n t  

of our research contrac t ,  t h e  f i r s t  i n  December 1975, t h e  second i n  June 

1976 and t h e  t h i r d  i n  December 1976. 

This is t h e  f i n a l  r epor t ,  which bu i lds  on t h i s  background mater ia l  

and summarizes our f indings and work-products f o r  t h e  whole contrac t  

period, i.e. from September 1975 through September 1977. 

The plant-pathological  subproject  (No. 3) was already completed i n  

February 1977 with the  production of UH-CPSU Tech. Report No. 12 by 

S. C. Hwang. The inves t iga t ion  of S. C. Hwang, which was done under the  

*The complete common name and cor rec t  pronounciation of t h i s  na t ive  tree 
is  'ohi'a-lehua. 



d i r e c t i o n  of Dr .  KO with p a r t i a l  funding from t h i s  contrac t ,  was or iented  

towards t h e  biology of Phytophthora cinnamomi i n  Hawaiian r a i n  f o r e s t  

s o i l s  and s p e c i f i c a l l y  toward t h e  re la t ionsh ip  of t h i s  root  pathogen with 

the  ohia decline.  It was concluded t h a t  the  ohia decl ine  i s  not 

co r re la ted  with the  a c t i v i t y  p a t t e r n s  of Phytophthora cinnamomi on 

well-drained s o i l s  i n  the  dieback t e r r a i n  of Hawaii Volcanoes National 

Park, Mama Loa and Mama Kea. Simultaneous d isease  and i n s e c t  research 

focussing on the  ohia decl ine ,  which w a s  supported by the  U. S. Forest  

Service,  has j u s t  now come t o  a s i m i l a r  conclusion. Kliejunas, Papp and 

Smith (1977) s t a t e  tha t :  "Results suggest a secondary r o l e  f o r  both 

Phytophthora cinnamomi and Plagithmysus b i l i n e a t u s  i n  t h e  ohia  decl ine  

syndrome." Plagithmysus b i l i n e a t u s ,  an endemic bark bee t l e ,  had been 

suspected a s  a poss ib le  vector  of Phytophthora o r  o ther  pathogens o r  a s  

an a l t e r n a t e  d i r e c t  cause i n  t h e  dieback syndromeofohia trees. 

The research done under t h i s  NPS contrac t  was aimed a t  inves t iga t ing  

t h e  dieback phenomenon a s  a fundamental ecological  problem t h a t  may have 

developed i n  the  i s l and ' s  r a i n  f o r e s t s  during t h e i r  primary succession 

and evolutionary h i s t o r y  (Mueller-Dombois 1974). A s  a fundamental 

ecological  problem, the  dieback was s tudied f o r  t h i s  i n i t i a l  two-year 

contrac t  period a s  an important p a t t e r n ,  which was d is t inguishable  among 

other  important pa t t e rns  i n  t h e  r a i n  f o r e s t s  on windward Hawaii. For 

t h i s  reason, t h e  o ther  subprojects  w e r e  included. These were aimed a t  

developing a large-scale vegetat ion map of the  dieback t e r r a i n  

(subproject 4) ,  a t  a f l o r i s t i c  ana lys i s  i n  r e l a t i o n  t o  the  major 

s t r u c t u r a l  va r i a t ions  (subproject l ) ,  a t  s o i l  and s u b s t r a t e  analyses t o  

develop a bas ic  h a b i t a t  c l a s s i f i c a t i o n  f o r  the  area  (subproject 2) and a t  

experimental s tud ies  t h a t  would be pursued a t  a l a t e r  s t age  f o r  va l ida t ing  

c e r t a i n  working hypotheses t h a t  would come f o r t h  as the  f i e l d  work 

progressed (subproject 5).  

Accomplishment of these severa l  work-phases during t h e  two-year 

contrac t  period required a c lose ly  coordinated team approach, Three 



graduate s tudents  invested a g rea t  deal  of t h e i r  energies and t i m e  i n t o  
- 

t h i s  p r o j e c t  together  with the  p r i n c i p a l  inves t iga to r .  I n  the  following 

repor t  sec t ions ,  t h e i r  names a r e  l i s t e d  a s  authors of the  p a r t i c u l a r  
Y pro jec t  segments f o r  which they assumed major r e spons ib i l i ty  during the  

ana lys i s  and wr i t ing  phase. 

This  r epor t  i s  only a summary-analysis of our f indings  up-to-date. 

It i s  not  y e t  the  d e f i n i t i v e  f i n a l  product of our e f f o r t s .  This w i l l  

come f o r t h  i n  s c i e n t i f i c  papers on f u r t h e r  da ta  processing,  

analys is  and synthesis .  

As  suggested i n  the  Third Progress Report, t h i s  F inal  Report w i l l  

give a summary account of the  following f i v e  work-segments: 

The Vegetation Map and Legend 

S o i l  Moisture Regimes and Habitat  C lass i f i ca t ion  

Ohia Population St ructures  i n  "Healthy" and "Dieback" S i tua t ions  

Rain Forest S t ruc tu re  and F l o r i s t i c s  

Evaluation of the Dieback Phenomenon 



11. THE VEGETATION MAP AND LEGEND (James D. Jacobi)  

1. In t roduc t ion  

The p r e s e n t  s tudy  dea l s  wi th  a p o r t i o n  of t he  n a t i v e  r a i n  f o r e s t  on 

the e a s t e r n  s i d e  of t he  i s l a n d  of Hawaii. This  a r e a ,  roughly between t h e  

e l e v a t i o n s  of  2000 and 6000 f e e t  (610 and 1830 m) s t r e t c h e s  from Hawaii 

Volcanoes National  Park, no r th  a c r o s s  t h e  lower saddle  a r ea  between 

Mauna Loa and Mauna Kea, and around t o  t he  no r theas t e rn  s lope  of Mauna 

Kea above Laupahoehoe (Fig. 1 ) .  It l i e s  w i th in  the  montane r a i n  f o r e s t  

vege ta t ion  zone a s  mapped by Knapp (1965). 

A cons iderable  degree of s t r u c t u r a l  and f l o r i s t i c  v a r i a t i o n  can be 

found throughout t h i s  f o r e s t  zone. Important g r a d i e n t s  c o n t r i b u t i n g  t o  

t h e  d i v e r s i t y  of vege ta t ion  types inc lude  annual r a i n f a l l ,  temperature,  

s u b s t r a t e  type,  and s u b s t r a t e  age. Another f a c t o r ,  t h e  p a s t  occurrence 

of oh ia  d e c l i n e ,  has a l s o  been important  i n  determining t h e  present  

vege ta t ion  of  c e r t a i n  a r e a s ,  

The vege ta t ion  map of Hawaii Volcanoes National  Park, produced by 

Mueller-Dombois and Fosberg (1974),  covers  a po r t ion  of t h e  p re sen t  s tudy  

a r e a  i n  Hawaii Volcanoes National  Park and t h e  Olaa Trac t  s e c t i o n  of t he  

Park. The vege ta t ion  p a t t e r n s  were i n t e r p r e t e d  from a e r i a l  photographs 

taken i n  1954, and were ground-checked i n  g r e a t e s t  d e t a i l  i n  t h e  more 

a c c e s s i b l e  a r eas .  'The map u n i t s  on t h e  Mueller-Dombois and Fosberg map 

were based p r imar i ly  on dominant s p e c i e s ,  and s t r u c t u r a l  c r i t e r i a  

(such a s  p l a n t  spacing and h e i g h t )  of  t h e  vegeta t ion .  

The remaining po r t ion  of  t h e  s tudy  area has previous ly  been mapped 

by Honda and Klingensmith i n  1963, as p a r t  o f  t h e  Hawaii Fo res t  Type Map 

s e r i e s  produced by t h e  U. S. Fo res t  Se rv i ce  and the  Hawaii S t a t e  Div is ion  

of  Fores t ry .  The map u n i t s  i n  t h i s  ca se  desc r ibe  a )  land use  c l a s s ,  

b) f o r e s t  type ,  c )  dens i ty  of tree cover ,  d )  t ree-s tand s i z e  c l a s s .  

The vege ta t ion  types were a l s o  i n t e r p r e t e d  from t h e  a e r i a l  photographs 

taken  i n  1954, bu t ,  unfor tuna te ly ,  they  were compiled wi th  only  a minimum 

of  ground reconnaissance. 

Considerable changes have taken  p l ace  w i t h i n  t h e  vege ta t ion  u n i t s  of 

t h i s  a r e a  s i n c e  1954, primary among which has  been t h e  spread  of oh ia  

dec l ine  over  t h e  last 20 yea r s  (Pe t t eys ,  Burgan, and Nelson 1975).  These 

r ecen t  changes, p l u s  t h e  l a c k  of  ground v e r i f i c a t i o n ,  have made t h e  



FIG. 1 .  Island of Hawaii and the Study Area (cross-hatched area). 
Contour l i n e s  a t  2000-foot intervals .  



Fores t  Type Maps inadequate  f o r  desc r ib ing  t h e  present  vege ta t ion  of 

t h i s  a r e a .  

I t  was the re fo re  decided t h a t  f o r  the  present  s tudy ,  a new v e g e t a t i o n  

map needed t o  be prepared f o r  t he  e n t i r e  s tudy  area nor th  o f ,  and 

inc luding ,  t he  Olaa Trac t  s e c t i o n  of Hawaii Volcanoes National  Park. 

This map i s  being based on more r e c e n t  a e r i a l  photography, and w i l l  be  

ground-checked i n  g r e a t  d e t a i l .  

Included wi th  s e l e c t e d  copies  of t h i s  r e p o r t  i s  a pre l iminary  ve r s ion  

of t h e  new vege ta t ion  map. The map u n i t  boundaries ,  which were 

i n t e r p r e t e d  from a e r i a l  photographs taken  i n  1972, 1974, and 1975, a r e  

c u r r e n t l y  being checked, both on t h e  ground and from t h e  a i r  w i t h  a 

l i g h t  a i r c r a f t .  This phase of t h e  p r o j e c t  i s  being completed i n  

cooperat ion wi th  a survey of n a t i v e  f o r e s t  b i r d s  and t h e i r  h a b i t a t s ,  

which is  being conducted by t h e  U. S. F i s h  and Wi ld l i f e  Service.  It is  

expected t h a t  t h e  f i n a l  ve r s ion  of t h i s  map w i l l  be ready f o r  p u b l i c a t i o n  

i n  January 1978. 

2. Three Map Sheets  

The s tudy  a r e a  has  been d iv ided  i n t o  

from n o r t h  t o  south 1 )  t h e  Hamakua Fores t  

sefjgn 2) t he  Olaa Fores t  Sec t ion  and 4) ' 

Park/. Each of t hese  s e c t i o n s  r e p r e s e n t s  a d i s c r e t e  geographica l  a r e a ,  

f o u r  s ec t ions .  They are, 

Sec t ion  2) t h e  Waiakea Fores t  

Hawaii Volcanoes Nat iona l  

def ined  by e a s i l y  recognizable  f e a t u r e s  of t h e  landscape. Furthermore, 

each a r e a  lies, f o r  t h e  most p a r t ,  on d i s t i n c t i v e  s u b s t r a t e s .  

The f i r s t  t h r ee  s e c t i o n s  a r e  covered i n  t h e  new map, whi le  t h e  

vege ta t ion  i n  t h e  remainder of  Hawaii Volcanoes National  Park has  been 

adequately mapped by Mueller-Dombois and Fosberg (1974). 

2.1 The Hamakua Fores t  Sec t ion  runs  from t h e  Wailuku River ,  n o r t h  t o  t h e  

boundary between the  Laupahoehoe ahupua'a and Kukaiau Ranch. The upper 

f o r e s t  boundary corresponds w i t h  t h e  Fores t  Reserve boundary; l and  

above t h i s  l i n e  is  c u r r e n t l y  i n  pas tu re .  Downslope, t h e  f o r e s t  ex tends  

t o  roughly 2000 f e e t  (610 m) e l e v a t i o n ,  where i t  ab rup t ly  meets t h e  

suga r  cane f i e l d s .  

A major po r t ion  of t h i s  f o r e s t  l ies on deep ash  s u b s t r a t e s  which 

o r i g i n a t e d  from Mauna Kea. This  area i s  t h e r e f o r e  r e l a t i v e l y  o l d ,  as 



FIG. 2 .  Eastern Half of the Island of  Hawaii Showing the Location of 
the Three Vegetation Map Sections i n  Relation to Hawaii 
Volcanoes National Park. Contour l i n e s  a t  2000-foot 
intervals .  



compared t o  t he  o t h e r  two f o r e s t  s e c t i o n s .  The most r ecen t  e r u p t i o n  which 

occurred on t h i s  s i d e  of Mauna Kea took p l ace  approximately 3,600 yea r s  

ago (Macdonald and Abbott 1970).  

2.2 The Waiakea Fores t  Sect ion ex tends  from Stainback Highway, n o r t h  t o  

t h e  Wailuku River ,  where i t  j o i n s  w i th  t h e  Hamakua Fores t  Sec t ion .  On 

the  pre l iminary  vegeta t ion  map, t h e  upper f o r e s t  boundary fol lows t h e  

Powerline Road, a t  approximately 5,500 f e e t  (1676 m) e l e v a t i o n ,  whi le  

the  lower boundary was drawn along t h e  Olaa Flume Road, a t  roughly 

2,000 f e e t  (610 m). 

The s u b s t r a t e s  i n  t h i s  a r e a  a l l  o r i g i n a t e d  from the  n o r t h e a s t  r i f t  

of Mauna Loa, and c o n s i s t  f o r  t h e  most p a r t ,  of r e l a t i v e l y  unweathered 

' a ' a  o r  pahoehoe lavas.  The flows range i n  age from 1942 f o r  t h e  

youngest,  t o  probably no t  much more than  1000 years  o l d  f o r  t h e  o l d e s t .  

2.3 The Olaa Fores t  Sec t ion  map covers  t h e  a r e a  from t h e  Volcano 

Highway n o r t h  t o  Stainback Highway. Th i s  a r e a  inc ludes  10,180 a c r e s  

(4,120 ha)  of land  known a s  Olaa T r a c t ,  con t ro l l ed  by Hawaii Volcanoes 

Nat iona l  Park. The western boundary of t h i s  map runs along t h e  Ki lauea  . 

Fores t  Reserve-Keauhou Ranch boundary, wh i l e  t o  t h e  e a s t ,  t h e  map extends  

t o  where the  n a t i v e  f o r e s t  a d j o i n s  p a s t u r e  land and/or  e x o t i c  t r e e  

p l a n t a t i o n s  a t  about 3,000 f e e t  (914 m) e l eva t ion .  

The northwestern corner  of t h i s  f o r e s t  l i e s  on r e l a t i v e l y  r e c e n t  

l a v a s  from Mauna Loa, some of which a r e  covered by a shal low ash l a y e r .  

The sou theas t e rn  po r t ion  is  on a deep ash  s u b s t r a t e ,  which Macdonald and 

Abbott (1970) b e l i e v e  t o  be "pahala ash", depos i ted  during t h e  l a t e  

P l e i s tocene .  Recent carbon-14 de termina t ions ,  however, i n d i c a t e  t h a t  a t  

least the  upper l a y e r  of t h i s  a s h  depos i t  o r i g i n a t e d  from a v i o l e n t  

e r u p t i o n  of  Kilauea i n  1790 (Jack Lockwood, USGS, pers .  comm.). 

3. Map Uni t s  and Vegetat ion Type Symbols 

The vege ta t ion  u n i t s  recognized i n  t h e s e  t h r e e  map s h e e t s  are 

i d e n t i c a l ,  w i t h  some add i t i ons ,  t o  t h e  u n i t s  used t o  map a s i m i l a r  

r a i n  f o r e s t  a r e a  on t h e  sou theas t e rn  s i d e  of t h e  i s l a n d  of Hawaii 

( Jacobi ,  i n  prep . ) .  Although t h e  map symbols used h e r e  d i f f e r  somewhat 

from those  used f o r  the  map of Hawaii Volcanoes National  Park by 



Mueller-Dombois and Fosberg (1974), t h e  vegeta t ion  u n i t s  which they 

desc r ibe  gene ra l ly  correspond wi th  each o t h e r .  

The map u n i t s  a r e  determined by four  components of t h e  vegeta t ion :  

1 )  ove r s to ry  t r e e  cover,  2 )  ove r s to ry  t r e e  he ight ,  3) dominant t r e e  

s p e c i e s ,  and 4 )  spec i e s  composition of the  ground cover.  The f i r s t  t h r e e  

components d e a l  with t r e e s  i n  t h e  T1 and T2 vegeta t ion  l a y e r s  ( g r e a t e r  

than 10 m and 5 t o  LO m y  r e s p e c t i v e l y ) ,  while  t h e  ground vege ta t ion  r e f e r s  

t o  the  H ( i . e .  herbaceous),  S1 and S2 ( i . e .  shrub) l a y e r s  combined, l e s s  

than 5 m above the ground. 

The symbols used on t h i s  map a r e  made up of d i f f e r e n t  combinations 

of t he  c h a r a c t e r s  assigned f o r  each of t h e  fou r  recognized components 

of t h e  vege ta t ion  (Table 1 ) .  

The f i r s t  t h r ee  terms i n  a symbol r e f e r  t o  t r e e  cover,  t r e e  h e i g h t ,  

and t r e e  s p e c i e s  composition, r e s p e c t i v e l y .  For example, t h e  symbol 

"c3M(C)" desc r ibes  a vege ta t ion  u n i t  which has a c losed  t r e e  canopy 

("c" = 60 t o  85% cover) ,  composed of t a l l - s t a t t i r ed  t r e e s  ("3" = t r e e s  

g r e a t e r  than  10 m t a l l ) ,  dominated by Metrosideros c o l l i n a ,  which is  

abbrevia ted  as "Mu. The t e r m  i n  parentheses  always r e f e r s  t o  t h e  ground 

cover type ,  which i n  t h i s  ca se  would be dominated by t r e e  f e r n s ,  

Cibotium spp. I n  cases  where two o r  more tree s p e c i e s  a r e  co-dominant, 

t h e  abb rev ia t ions  f o r  each of t h e i r  names a r e  given, separa ted  by a 

comma, e.g. "c3MYAc(C)". 

I n  s i t u a t i o n s  i n  which t r e e s r a r e  e n t i r e l y  absent  from a vege ta t ion  

u n i t ,  on ly  t h e  ground cover t e r m ,  i n  parentheses ,  is l i s t e d  f o r  t h e  

symbol. For example, " (b)" r e f e r s  t o  an open, treeless bog. 

F i n a l l y ,  i n  two cases ,  two v e g e t a t i o n  types were found t o  be  s o  

c l o s e l y  intermixed a t  the  s c a l e  chosen f o r  t h i s  map, t h a t  they were not 

separa ted  o u t  on the  vege ta t ion  map. Both cases  occur on the  Hamakua map 

s e c t i o n ,  and involve bog and f o r e s t  type  mosaics. In  t hese  cases ,  

r ecogn i t i on  of these  mosaics a r e  g iven  i n  t h e  vege ta t ion  symbol, w i t h  

t h e  predominant vege ta t ion  type l i s t e d  f i r s t ,  followed by a s l a s h ,  which 

is  then  followed by t h e  less p reva len t  vege ta t ion  type. The two symbols 

i n  which t h i s  occurs  a r e  "c3M(C)/(b)" and "(b)/o3M(bs)". 



Table 1. Components of the  Vegetation Symbols. 

1. Overstory t r e e  cover 

d = dense canopy; crown cover > 85%, most crowns in ter locking 
c = closed canopy; crown cover>60-85%, some in ter locking crowns 
o = open canopy; crown cover 15-60% 
s = s c a t t e r e d  t r ees ;  tree crown cover < 15%, with no d i s t i n c t  canopy 

2.  Tree s t a t u r e  

1 = very low-statured t r e e s ,  2-5 m t a l l  (does not  a p p l y , t o  the  
present  map) 

2 = low-statured trees,>5-10 m t a l l  
3 = t a l l - s t a t u r e d  trees, > 10 m t a l l  

3. Dominant tree species  

Ac = Acacia koa - 
Ch = Cheirodendron trigynum 
M = Metrosideros c o l l i n a  

4. Ground cover type 

open, t r e e l e s s  bog 
complex of shrubs and herbs on poorly drained s u b s t r a t e ;  
includes Broussaisia  arguta ,  Clermontia spp., Pe lea  
c l u s i a e f o l i a ,  Dicranopteris  l i n e a r i s ,  Cibotium spp., Carex 
a l l i g a t a ,  Juncus ef fusus ;  ep iphy t i c  f e r n s  and mosses abundant 

ground cover dominated by t r e e  f e r n s  (Cibotium spp.,  
pr imar i ly  - C. glaucum 

ground cover dominated by Dicranopteris  l i n e a r i s  

mixed na t ive  g rass  complex; inc ludes  pr imar i ly  Deschampsia 
aus tralis 

complex of shrubs and f e r n s  growing on a moist,  but  drained 
s u b s t r a t e  i n  upper e l eva t ion  f o r e s t s ;  includes Coprosma spp., 
Styphelia  tameiameiae, Rubus hawaiiensis ,  Dryopteris paleacea, 
and Cibotium spp. 

pas ture  grass  complex; inc ludes  Pennisetum clandestinum, 
D i g i t a r i a  spp., Anthoxanthum odoratum, Axonopus a f f i n i s ,  
and Holcus lanatus  

pioneer shrub-f e rn  complex on recent  lava  flows ; includes 
Vaccinium spp., Dubautia scabra ,  Coprosma ernodeoides, 
Dicranopteris  l i n e a r i s ,  Nephrolepis e x a l t a t a ,  and Lycopodium 
ce rnuum 

mixed shrub-fern complex i n  mid- t o  low-elevation f o r e s t s ,  on 
moist, b u t  drained s u b s t r a t e s ;  inc ludes  Broussaisia  arguta ,  
S typhel ia  tameiameiae, Vaccinium ealycinum, Coprosma spp., 
Dicranopteris  l i n e a r i s ,  and Cibotium spp. 



4. The Mapped Vegetation Types 

Twenty-two vege ta t ion  types have been recognized f o r  t h e  s tudy  a r e a  

on the prel iminary vegeta t ion  map. Twelve of t he  more important  of t hese  

u n i t s  have been examined on the ground i n  g r e a t  d e t a i l ,  through the  

es tab l i shment  of  r e l ev& (vegeta t ion  samples) i n  s e l e c t e d  loca t ions .  

The remaining t e n  u n i t s  e i t h e r  cover  only a very s m a l l  p a r t  of t he  t o t a l  

f o r e s t  a r e a ,  o r  do not  d i f f e r  enough from the  1 2  major u n i t s  t o  warrant  

more d e t a i l e d  sampling. 

Table 2 summarizes t he  22 vege ta t ion  types,  with an explana t ion  of 

t he  vege ta t ion  type symbols and an i n d i c a t i o n  of what map s e c t i o n s  each 

is found on. The re lev6  numbers a r e  a l s o  given f o r  those types which 

were sampled i n  d e t a i l .  The v e g e t a t i o n  u n i t s  i n  t h i s  case a r e  arranged 

on t h e  b a s i s  of ove r s to ry  t r e e  cover.  

Table 3 l ists t h e  a d d i t i o n a l  u n i t s  found on the  map which a r e  e i t h e r  

a  combination of d i f f e r e n t  vege ta t ion  types ,  o r  u n i t s  which a r e  not  

def ined  i n  t h e  same manner a s  t h e  vege ta t ion  types.  



Table 2. Summary of the 22 Vegetation Types Recognized on the Preliminary Vegetation Map. 
/ 

Map Symbol Description of Vegetation Type Map Segments 1 ~e lev6 No. 

I. Units with a dense overstory tree canopy (canopy cover > 85%) 

d3M (ms ) Dense, tall-statured Metrosideros forest with a Wai 13,14 
mixed, up&2%%&% shrub ground cover 

d3M(C) Dense, tall-statured Metrosideros forest with a Olaa , Wai 23,33 
Cibotium-dominated ground cover 

11. Units with a closed overstory tree canopy (canopy cover 60-85%) 

c3M (ms ) Closed, tall-sta red Metrosideros forest with a 
vaEY 

mixed, ~~~;8~?ores?~shrub ground cover 

c3M,Ac (ms) Closed, forest 

Closed, tall-statured Metrosideros forest with a 
Cibotium-dominated ground cover 

c3M,Ac (C) Closed, tall-statured Metrosideros-Acacia forest 
with a Cibotium-dominated ground cover 

c3M(sh) Closed, tall-statured Metrosideros forest with a 
mixed, mid-elevation shrub ground cover 

111. Units with an open overstory tree canopy (canopy cover 15-60%) 

Ham, Wai, Olaa not sampled 

Ham, Wai, Olaa 697 

Ham, Wai, Olaa 4,10,16,20,22,24, 
27,32,35,36, 
37,43 

Ham, Wai, Olaa 8,41 

o3M(bs) Open, tall-statured Metrosideros forest with a Ham, Wai, Olaa 
mixed shrub ground cover, on poorly drained substrate. 
Many of the areas experiencing moderately fast, 
wetland dieback were mapped with this unit. 

Open, tall-statured Metrosideros forest with a Ham, Wai, Olaa 
Cibotium-dominated ground cover 



Table 2 (Continued) . 

Map Symbol Descr ip t ion  o f  Vegetat ion Type Map Segments 1 Relev6 No. 

111. Uni ts  wi th  an open o v e r s t o r y  t r e e  canopy (cont inued)  

o3M, Ac (C) Open, t a l l - s t a t u r e d  Metrosideros-Acacia f o r e s t  
w i th  a Cibotium-dominated ground cover  

0 3M (mg Open, t a l l - s t a t u r e d  Metrosideros  f o r e s t  w i th  a 
mixed, na t i ve -g ra s s  ground cover 

03M(pg) Open, t a l l - s t a t u r e d  Metrosideros  f o r e s t  w i t h  a 
mixed p a s t u r e  g r a s s  ground cover 

o3M(sh) Open, t a l l - s t a t u r e d  Metrosideros  f o r e s t  w i th  a 
mixed, mid-elevation shrub ground cover  

Olaa no t  sampled 

Wai no t  sampled 

Wai no t  sampled 

Wai n o t  sampled 

o2M(pio) Open, low-statured Metrosideros  f o r e s t  wi th  a Wai 9 
p ioneer  shrub  complex ground cover ,  on r e l a t i v e l y  
r ecen t  l a v a  flows 

I V .  Uni t s  dominated by t h e  ground cover vege t a t i on ,  w i th  s c a t t e r e d  trees 

s3M(bs) Mixed shrub  complex, w i th  s c a t t e r e d  t a l l - s t a t u r e d  
Metrosideros  trees, on poor ly  dra ined  s u b s t r a t e  

Wai n o t  sampled 

s3M, Ch (C) Community dominated by Cibotium tree f e r n s ,  w i t h  Olaa,  Wai no t  sampled 
s c a t t e r e d ,  t a l l - s t a t u r e d  Metrosideros  and 
Cheirodendron trees 

s3M(Dic) Community dominated by Dic ranop te r i s  f e r n ,  w i th  
s c a t t e r e d ,  t a l l - s t a t u r e d  Metrosideros  trees 

s 3M (mg Community dominated by n a t i v e  g r a s s e s ,  wi th  
s c a t t e r e d ,  t a l l - s t a t u r e d  Metrosideros  t r e e s  

s3M(~g)  Pas tu re  community, w i th  s c a t t e r e d ,  t a l l - s t a t u r e d  

Olaa,  Wai no t  sampled 

Wai no t  sampled 

Wai no t  sampled 
Metrosideros  t r e e s  
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Table 3. L i s t  of Addi t iona l  Uni t s  Found on t h e  Map which a r e  e i t h e r  
Combinations of D i f f e r e n t  Vegetation Types, o r  Un i t s  which 
a r e  not  Defined i n  t h e  Same Manner a s  t h e  Vegetat ion Types. 

1 
Map Symbol Descr ip t ion  Map Segments 

I. Map u n i t s  which a r e  combinations of d i f f e r e n t  
vege ta t ion  types 

c3M(C) / (b) Closed, t a l l - s t a t u r e d  Metrosideros 
f o r e s t  wi th  a Cibotium-dominated ground 
cover,  mixed wi th  t r e e l e s s  bogs 

(b) /03M(bs) Predominately t r e e l e s s  bog a r e a s  wi th  
s c a t t e r e d  pa tches  of open, t a l l - s t a t u r e d  
Metrosideros f o r e s t  wi th  a mixed shrub 
ground cover,  on poorly dra ined  s u b s t r a t e  

Ham 

Ham 

Map u n i t s  which a r e  not  def ined  i n  t he  same manner as 
the  vege ta t ion  types 

Areas w i th in  the  mapped segments which Wai, Olaa 
a r e  h ighly  d i s tu rbed  by man's a c t i v i t i e s ,  
(e.g. c l ea red  a r e a s  around bui ld ings)  

Areas which have been heav i ly  d i s tu rbed  Wai, Olaa 
by conversion of n a t i v e  f o r e s t  t o  e x o t i c  
t r e e  p l a n t a t i o n s  

' ~ a ~  Segments: Ham = Hamakua Fores t  Sec t ion ,  Wai = Waiakea Fores t  
Sec t ion ,  Olaa = Olaa Fores t  Sect ion 



111. SOIL MOISTURE REGIMES AND HABITAT CLASSIFICATION (D. Mueller-Dombois) 

1. In t roduct ion  

The term " s o i l  moisture regime" has a  two-fold meaning. It a p p l i e s  

t o  s p a t i a l  a s  we l l  a s  temporal v a r i a t i o n s  i n  t h e  s o i l  mois ture  condi t ions  

of an a rea .  For the  purpose of t h i s  s tudy ,  we were concerned f i r s t  with 

the s p a t i a l  v a r i a t i o n s ,  i . e .  we eva lua ted  a  h a b i t a t  f i r s t  according t o  i t s  

normal o r  average s o i l  mois ture  s t a t u s .  Seasonal,  year-to-year, o r  o t h e r  

forms of recur r ing  v a r i a t i o n s  i n  s o i l  moisture a r e  of equal  importance i n  

t h e  c h a r a c t e r i z a t i o n  of a  s o i l  mois ture  regime of a  site. But we considered 

these  dynamic v a r i a t i o n s  a s  superimposed on a  given s i t e  and thus  t r e a t e d  

them a t  a  secondary l e v e l  f o r  t he  purpose of t h i s  i n i t i a l  i n v e s t i g a t i o n .  

Fur ther  work needs t o  be done t o  a s s e s s  t h e s e  temporal v a r i a t i o n s  

adequately.  

For a  usefu l  frame of re ference  i n  the spa t ia l -grad ien t -sense  the term 

s o i l  moisture regime can be rc l -n ted  t o  familiar concepts,  such a s  "well 

drained" and "poorly drained." To make such a  concept o r  s o i l  moisture 

s t a t u s  des igna t ion  use fu l  t o  o t h e r s ,  a  given land-area has  t o  be  s t u d i e d  

f o r  i ts  s p a t i a l  s o i l  mois ture  regime v a r i a t i o n s ,  and t h e s e  v a r i a t i o n s  then 

have t o  be defined i n  app ropr i a t e ly  d e s c r i p t i v e  terms. 

2. Evaluat ion of S o i l  Moisture Regimes 

We dug one o r  two s o i l  p i t s  i n  each of t he  4 3  re lev&.  The s o i l  

p r o f i l e s  w e r e  descr ibed by convent iona l  techniques, i . e .  by hor izonta t ion-  

depth and kind,  s o i l  co lo r ,  t e x t u r e ,  s t r u c t u r e ,  consis tency,  roo t ing ,  and 

horizon-boundary c h a r a c t e r i s t i c s .  Samples (usua l ly  4 t o  6 )  p e r  p r o f i l e  

were taken f o r  f u r t h e r  a n a l y s i s  i n  t he  labora tory .  In  a d d i t i o n ,  s p e c i a l  

records were taken o f  soi I dc!ptl~s, wa t c r  t ab l e  dt?pths, under1 yinp, bedrock 

(pahoehoe or aa) where prcsent  , hardpans of d i f f e r e n t  k inds  (where p re sen t ) ,  

o v e r a l l  t e x t u r a l  p r o i i l e ,  roo t ing  depth and abundance p a t t e r n ,  genera l  

su r f ace - so i l  and so i l -dra inage  condi t ions  and vege ta t ion  covering t h e  p i t .  

I n  terms of so i l - su r f ace  a n a l y s i s  w e  ran a  predetermined 50-point t r a n s e c t  

through each re lev&,  whereby a  record  was kept  of t h e  number of p o i n t s  

i n t e r c e p t i n g  drained o r  undrained s o i l  su r f aces .  Each r e l ev6  s i t e  w a s  a l s o  

assessed  i n  terms of i ts  microtopographic p o s i t i o n ,  whether i t  was l e v e l  



and f l a t  o r  s l op ing  ( t o  what degree)  and whether i t  was convex (u sua l ly  

a s s o c i a t e d  wi th  some run-off) o r  dep re s s iona l  (o f t en  a s s o c i a t e d  w i t h  

some run-on during and a f t e r  heavy showers). 

3. S o i l  Moisture Regime D e f i n i t i o n s  and Var i a t i ons  w i t h i n  Regimes 

Upon ana lyz ing  t h e  43 r e l ev& i t  became apparent  t h a t  t h e  s o i l s  of  

the  r a i n  f o r e s t  t e r r a i n  vary g r e a t l y  i n  depth (from about  1 0  cm t o  very 

much over  2 m); s l i g h t l y  i n  t e x t u r e  (from sandy c l a y s  t o  c l a y s ) ;  somewhat 

i n  microtopography (most a r e  on f l a t  o r  gen t ly  s l o p i n g  su r f aces ) ; and  

cons iderab ly  i n  dra inage  condi t ions .  

The fol lowing f i v e  s o i l  mois ture  regime types  can b e  recognized based 

on t h e  dra inage  condi t ions  of  t h e  r a i n  f o r e s t  s i t e s  s tud i ed .  

3.1 Moderately dry  o r  mesic (8  r e l evgs ) .  S o i l s  belonging t o  t h i s  mois ture  

regime a r e  wel l -drained and have no boggy depress ions .  They f a l l  i n t o  

two groups: 

a )  Shallow (8-15 cm) o rgan ic  c l ay ,  muck o r  pea t  ( i . e .  h i s t o s o l )  over  

permeable, r e l a t i v e l y  r e c e n t ,  pahoehoe lava .  Represented by t h r e e  

r e l ev& a long  the  Saddle  Road, i .e .  #12, 1 3  and 14 ,  from 4000 t o  5000 

f e e t  e l e v a t i o n ,  and by one r e l e v 6  (#16) a t  Stainback Highway from 

lower e l e v a t i o n  (1270 f e e t )  . 
b) Moderately deep (0.5 m)  t o  deep (1.5 m) s o i l  from vo lcan ic  ash ,  of a sandy 

c l a y  t e x t u r e  with pumice i n c l u s i o n s  over  permeable, r e l a t i v e l y  r ecen t ,  

pahoehoe l ava .  Represented by four  r e l ev& i n  H a w a i i  Volcanoes 

Nat iona l  Park, Kilauea I k i  a r e a ,  #18, 20, 26 and 30. 

3.2 Moderately moist  ( 7  r e l ev&) .  S o i l s  a r e  moderately w e l l  d ra ined  and 

f a l l  i n t o  t h r e e  groups: 

a )  Deep s o i l s  from vo lcan ic  ash cons i s t i ng  of well-aggregated s i l t y  c l ay ,  

deeply permeable without  any hardpan. Represented by f o u r  re lev& i n  

Hawaii Volcanoes Nat iona l  Park,  Olaa T rac t ,  #21, 22, 29 and 32. 

b)  Deep s o i l s  from vo lcan ic  ash  c o n s i s t i n g  of well-aggregated c l ay  

(somewhat f i n e r  i n  t e x t u r e  than above),  occu r r ing  on k n o l l  o r  r a i s e d  

a sh  d e p o s i t s  (probably former ash  dunes).  Represented by r e l ev6  114 

along Wailuku Road on the  mauka s i d e  of a t r e e l e s s  bog, e a s t  s l o p e  

of Mama Kea. 



c)  Shallow t o  moderately deep s o i l s  (30 t o  50 cm) of dark-brown s i l t y  

c l a y  over  moderately w e l l  drained aa lava .  Represented by two 

r e l ev& i n  t h e  Puu Makaala a r e a ,  #23 and 33. 

3 . 3  Moist (16 re lev&) .  S o i l s  i n  t h i s  moisture-regime type  a r e  moderately 

w e l l  t o  poorly dra ined ,  which means t h a t  under normal cond i t i ons  t h e r e  

are pocket a r e a s  w i th  wa te r  s t and ing  a t  o r  on t h e  s o i l  s u r f a c e .  However, 

t h e s e  wet pockets  occupy less than 50% of t he  a r e a .  S o i l s  i n  t h e  moist  

category show s i x  recognizable  v a r i a t i o n s :  

Shallow (up t o  25 cm deep) very b l ack i sh  brown muck o r  s i l t y  c l a y  over  

a a  w i th  s t r o n g l y  undula t ing  microtopography, i .e .  d i f f e r e n c e s  between 

hummocks and depress ions  can be 2 m. The dep re s s ions  a r e  t h e  wet 

pockets.  Represented by two re lev&,  #6 and 7 ,  a t  h i g h e r  e l e v a t i o n s  

(5000-5200 f e e t )  on t h e  e a s t  s l o p e  of Mauna Kea, n e a r  Nauhi and 

Spring Water Camps, Hamakua Fo re s t  Sec t ion .  

Shallow (up t o  26 cm) mucky s i l t y  c l a y  over  a a  l ava ,  which forms 

s l i g h t l y  e l eva t ed  r i d g e s  c u t t i n g  a c r o s s  poorly d ra ined  pahoehoe l a v a  

a t  mid-elevation (2800 t o  4500 f e e t ) .  Represented by r e l ev& #10 

(near  42 Lava Flow), 824 and #39 along Tree P l a n t i n g  Road, Waiakea 

Fo re s t  Sec t ion .  

Very shal low and d iscont inuous  ( i .  e. pocket- l ike)  muck on poor ly  

dra ined  ( r e l a t i v e l y  r e c e n t ,  120 year-old) pahoehoe l ava .  Represented 

by r e l ev6  89, an  immature o h i a  s t and  on 1855 Lava Flow n e a r  Saddle Road. 

Shallow (up t o  25 em) dark brown mucky s i l t y  c l a y  over  very  undulat ing,  
11 massive", pahoehoe wi th  l i m i t e d  dra inage ,  b u t  less than  50% undrained. 

Represented by Tree P l an t ing  Road r e l ev& # 2 7 ,  28 and r e l ev& #34, 35 

and 36 a t  Disappointment Road i n  Puu Makaala a r ea .  

Deep, massive, r edd i sh  brown " l a t e r i t i c "  c l ay ,  w e l l  weathered, wi th  

bedrock mostly f a r  below roo t ing  zone. Represented by two low-elevation 

(1800-2000 f e e t )  ohia-koa r e l ev6s  U8 and 41 and by Wailuku stream-bank 

r e l ev6  842 a t  3620 f e e t  e l e v a t i o n .  

Deep, s i l t y  c l ay ,  l e s s  weathered s o i l s  from layered  a sh  w i th  i n c i p i e n t  

hardpans i n  shal low depress ions  of t he  h a b i t a t .  Less than 50% of 

t h e  s u r f a c e  a r e a  poorly dra ined .  Represented by two Olaa T rac t  

r e l ev& 831 and 38. 



3.4 Very moist t o  wet (9 r e l ev&) .  S o i l s  i n  t h i s  mois ture  regime c l a s s  

a r e  poorly drained,  which means t h a t  under normal condi t ions  more than 

50% of t h e  s u r f a c e  is  e i t h e r  completely water  soaked o r  is s l i g h t l y  under 

water.  S o i l s  of t h i s  mois ture  regime type showed f o u r  major va r i a t i ons :  

Shallow (10-15 cm) b l ack  muck over  poor ly  dra ined  a a  lava  i n  f l a t ,  

s l i g h t l y  dep res s iona l  area. Represented by r e l ev6  1/43 a t  Tree 

P lan t ing  Road. 

Shallow t o  moderately deep (60 cm) black muck over  poorly dra ined  

pahoehoe forming l a r g e ,  f l a t  t e r r a i n s .  Represented by r e l ev& !I01 and #03 

along Wailuku Road, /I11 near  42 Lava Flow, #15 D r .  K O ' s  p l o t  along 

Saddle Road, #25 along Tree P lan t ing  Road from Stainback Highway, and 

#37 Puu Makaala "hotspot" dieback a rea .  

Shallow t o  moderately deep (40 cm) s i l t y  c l ay  over  bedrock (probably 

aa  l ava ) .  Represented by re lev4  /I19 (s tand wi th  some koa) ,  nor th  100 m 

from Wailuku Stream a t  2800 f e e t  e l eva t ion .  

Deep, we l l  weathered, l a t e r i t i c  reddish brown c l ay  w i t h  i n c i p i e n t  

hardpan a t  50 cm. S o i l  from ash ,  hardpan probably from decaying rock, 

can be crushed by hand. Represented by re lev6  #05, about 1 km nor th  

of Wailuku Stream, at 3600 f e e t  e l eva t ion ,  a long Carson's t r a i l .  

3.5 Extremely wet ( 3  r e l ev&) .  These a r e  t r u e  swamps o r  bogs wi th  e i t h e r  

spa r se  s tun ted  shrubby ohia  t r e e s  o r  completely t r e e l e s s .  They occur on 

deep mucky gley s o i l s ,  s o f t  and soggy, completely water  soaked wi th  water  

t a b l e s  a t  o r  above the  s u r f a c e .  Bedrock may be absent  o r  occur  i n  lower 

p r o f i l e  a t  40 cm depth o r  deeper.  Occasional rockoutcrops can be 

encountered. These swamps appear t o  have r e s u l t e d  from s i l t i ng -up  of t he  

s u r f a c e  i n  a r e a s  where the  la teral ly-moving dra inage  water  has  found no 

o r  only l imi t ed  outflow. Represented by r e l ev6s  #02 ( t r e e l e s s  swamp) a t  

Wailuku Road a t  3600 f e e t ,  #17 no r ths ide  of Wailuku Stream a t  3780 f e e t ,  

and #40 near  Kapuhe Stream a t  1920 f e e t  e l e v a t i o n .  

4. Hab i t a t  C l a s s i f i c a t i o n  

4.1 Def in i t i on  of h a b i t a t  and h a b i t a t  type. A h a b i t a t  is he re  defined 

convent ional ly a s  a p l ace  o r  s i t e  i n  t h e  f i e l d  wi th  a l l  i t s  important 

a b i o t i c  and b i o t i c  f a c t o r s  a c t i n g  upon t h i s  s i t e ,  a l though these  f a c t o r s  

may not  a l l  be known a t  t h i s  t ime. I n  o t h e r  words a h a b i t a t  is  considered 



t o  be the phys i ca l  s u b s t r a t e  of  t h e  p l an t  and animal community and t h e  

atmospheric and b i o t i c  f a c t o r s  a f f e c t i n g  t h i s  s i t e .  The s i z e  o r  boundaries 

of a  h a b i t a t  a r e  def ined  by t h e  r e l a t i v e  homogeneity of t h e  s u b s t r a t e  

i t s e l f ,  bu t  t h e  p l a n t  community may be used sometimes a s  an i n d i c a t o r  

of h a b i t a t  boundaries provided t h a t  the  r e l a t i o n s h i p s  between p l a n t  

community and s u b s t r a t e  are worked out .  This  second a s p e c t ,  t h e  use of t h e  

p l a n t  community as an  i n d i c a t o r  of t h e  phys i ca l  h a b i t a t , i s  o f  g r e a t  

u t i l i t y  i n  t h e  i n t e r p r e t a t i o n  of a  vege ta t ion  map. This  p o i n t  w i l l  be 

addressed below inChapterV1,  1. Another problem i n  t h e  d e f i n i t i o n  of 

h a b i t a t  is  i t s  r e l a t i v e  s i z e .  Here, t h e  s i ze - sca l e  concept of h a b i t a t  is 

taken t o  represent  the  l a r g e  map-scale range, i . e .  s p a t i a l  h a b i t a t  

v a r i a t i o n s  t h a t  are recognized i n  the  f i e l d  should be mappable a t  a  s c a l e  

from 1 :5OOO t o  1: 50,000. Therefore, they correspond t o  t h e  degree of 

d e t a i l  i n  v a r i a t i o n  a s  recognized f o r  the  s t r u c t u r a l  vege ta t ion  map-units. 

A h a b i t a t  type,  as i n  a l l  o t h e r  type concepts ,  r e f e r s  t o  t h e  

a b s t r a c t i o n  made from a number of samples. Thus, a h a b i t a t  type i d e a l l y  

r ep re sen t s ,  a s  a  norm, a  number of s i m i l a r  h a b i t a t s  i n  t h e  f i e l d .  

4.2 Habi ta t  s e r i e s  and t h e i r  v a r i a t i o n s .  Based on our  samples of 
8 

, . v a r i a t i o n s  wi th in  s o i l  mois ture  regimes, i t  is  p o s s i b l e  t o  d i s t i n g u i s h  two 

major h a b i t a t  s e r i e s ,  and 14 h a b i t a t  types ,  i . e .  seven h a b i t a t  types per  
9 s e r i e s .  

a )  Shallow-soil  h a b i t a t s  ( s o i l s  up t o  about  50 cm deep over ly ing  pahoehoe 

o r  aa lava)  
I 

Habi ta t  type 1: Mesic o r  moderately dry. 

Histosol  over  permeable pahoehoe. (Saddle Rood re lev6s  #12, 13, 14 

and Lower Stiiinback Highway r e l ev f  #16). 

Habi ta t  type 2: Moderately moist .  

Dark reddish-brown c l ay  over  a a  lava .  (Puu Makaala r e l ev& #23, 33). 

Habi ta t  type 3: Moist. 

Shallow mucky c l a y  over  imperfec t ly  dra ined  pahoehoe l ava .  

(Disappointment Road r e l ev& #34, 35, 36, and Tree P lan t ing  Road 

r e l ev& iD7, 28) . 
Habi ta t  type 4:  Moist. 

Discontinuous pocket s o i l  over imperfec t ly  dra ined  pahoehoe. 

(Immature s tand  r e l ev6  #9 a t  Saddle Road). 



Habi ta t  type 5: Moist. 

Shallow mucky c l a y  over  a a  w i th  s i l t y  c l a y  i n  f i s s u r e s ,  upper-slope 

sub type; ( r e l ev& #6, 7) ; low-ridge subtype, ( r e l ev6s  # lo ,  24, 39 

a t  Tree P lan t ing  Road). 

Habi ta t  type 6: Very moist  t o  wet. 

Shallow mucky c l a y  over  poorly drained pahoehoe. (Relev& 101, 03, 11, 

15, 19 ,  25, 37).  

Habi ta t  type 7: Very moist  t o  wet. 

Shallow mucky c l ay  over  poorly drained a a  lava .  (Relev6 #43). 

b) Deep-soil h a b i t a t s  ( s o i l s  from about 50 cm depth t o  much g r e a t e r  

depths) .  

Habi ta t  type 8: Mesic o r  moderately dry. 

Well-drained s o i l s  of sandy c l ay  t e x t u r e  of 0.5-1.5 m depth over ly ing  

permeable bedrock. (Relev& #18, 20, 26, 30 i n  Kilauea I k i  a r e a ,  

H a w a i i  Volcanoes National  Park) .  

Habi ta t  type  9: Moderately moist.  

Over 1 m deep s o i l s  of well-aggregated s i l t y  c l ay ,  deeply permeable 

without  hardpan. (Olaa Trac t  re lev& #21, 22, 29, 32, and 

Wailuku Road re lev6  L04). 

Habi ta t  type 10: Moist. 

Deep s i l t y  c l a y  wi th  in , c ip i en t ,  discont inuous hardpans. (Olaa Trac t  

re lev& #31, 38). 

Habi ta t  type  11: Moist. 

Deep, s o f t ,  well-weathered, massive clay.  (Relev& f 8 ,  41 above sugar  

cane f i e l d s  on Mauna Kea, and re lev6  #42 on Wailuku Stream bank). 

Habi ta t  type 12: Very moist t o  wet. 

Deep, s o f t ,  well-weathered, massive c l ay  wi th  i n c i p i e n t  hardpan. 

( ~ e l e v g  #05 nea r  Wailuku Stream). 

Habi ta t  type 13: Extremely wet. 

Deep, mucky, s o f t  c l a y s  wi th  w a t e r  t a b l e  a t  o r  above s u r f a c e  most of 

t h e  yea r  = t r e e d  swamp. (Relev& 817, 40). 

Hab i t a t  type 14: Extremely wet. 

Deep, mucky, s o f t  c l ay  wi th  water  t a b l e  a t  s u r f a c e ,  probably s u r f a c e  

completely submerged a f t e r  heavy shower-act ivi ty  = t r e e l e s s  swamp. 

(Relev6 #02 at Wailuku Road). 



4.3 General d i s t r i b u t i o n  of t h e  h a b i t a t  types.  Table 4 g ives  a summary 

of the  14 h a b i t a t  types by l o c a t i o n  of re lev& wi th  r e f e rence  t o  t h e  

vegeta t ion  map s h e e t s ,  which a r e  enclosed with t h i s  r e p o r t .  

From t h i s  l o c a t i o n  a n a l y s i s ,  one can s e e  t h a t  t h e  deep-soil  r a i n  

f o r e s t  h a b i t a t s  a r e  i n  two gene ra l  l oca t ions  of t h e  s tudy  a rea ,  i . e .  i n  

Hawaii Volcanoes Nat iona l  Park i n  both t h e  Kilauea I k i  a r e a  and the  Olaa 

Fores t  T rac t ,  and then  aga in  much f u r t h e r  no r th  on the  eas t - f lank  of 

Mauna Kea, beginning on t h e  n o r t h  s i d e  of Wailuku Stream (Hamakua Fores t  

Sect ion map) and extending beyond t h e  most no r the rn  r e l ev6  #8, which is  

downslope of t h e  P iha  Fores t  Reserve, a t  1900 f e e t  e l eva t ion .  There may 

be a few l o c a l i z e d  deep-soi l  h a b i t a t s  i n  t h e  a r e a  in-between, i.e. from 

Puu Makaala t o  Wailuku Stream. But t hese  a r e  expected t o  be small ,  such 

a s  found under r e l ev6  #04 a t  Wniluku Road (N-central on Waiakea Fores t  

Section map), which occurs  on a deep-soil  k n o l l ,  probably represent ing  

a former ash-dune. Thus, t h e  v a s t  t e r r a i n  from t h e  Puu Makaala a r e a  on 

northward ( i . e .  from t h e  nor thern  h a l f  o r  one-third of t he  Olaa Fores t  

Sect ion map) a c r o s s  Stainback Highway and the  e n t i r e  Waiakea Fores t  

Sect ion map, inc luding  t h e  a rea  northward ac ros s  t h e  Saddle Road, t h e  

r a i n  f o r e s t  occurs  on shal low s o i l s  under la in  by l a v a  rock. Most of t h i s  i s  

pahoehoe, b u t  t h e r e  a r e  a good number of a a  flows a l s o .  The l a t t e r  a r e  

u sua l ly  narrower,  i . e .  no t  a s  widespread l a t e r a l l y  a long  t h e  contours  a s  

a r e  t h e  pahoehoe flows. 

A l l  o f  t hese  flows seem t o  have o r i g i n a t e d  from Mauna Loa. There 

is, however, another  sha l low s o i l  h a b i t a t  a t  t h e  5000 f o o t  a r e a  on 

Mauna Kea. This  is covered by t h e  r a i n  f o r e s t  i n  t he  lower Piha Fores t  

Reserve, on the Hamakua Fores t  Sec t ion  map. Here the  outcropping aa  flow 

has undoubtedly o r i g i n a t e d  on Mauna Kea. 

Superimposed over  t h e  s tudy  a r e a  i s  a median annual  r a i n f a l l  g r a d i e n t ,  

which inc reases  from south  t o  no r th  roughly a s  shown on Table 5 .  

This i nc rease  from near ly  2 m r a i n f a l l  t o  over  7 m co inc ides  wi th  a 

very gradual  decrease i n  e l eva t ion  from 4000 t o  2000 f e e t .  The change 

along t h e  contours  is  not  q u i t e  a s  d r a s t i c ,  i . e .  a t  2000 f e e t  i n  the  

r a i n  f o r e s t  of Hawaii Volcanoes National. Park i t  r a i n s  about 3.5 m p e r  

year  and a t  4000 f e e t  on Mauna Kea below Piha t h e  median annual r a i n f a l l  

i s  about 4.8 m. Therefore,  a t  4000 f e e t  the  i n c r e a s e  i n  r a i n f a l l  from t h e  

Park t o  below Piha  is  2.8 m, a t  2000 f e e t  t h e  i n c r e a s e  is  3.5 m. 



Table 4. Summary of  t h e  14 Habi ta t  Types by Locat ion of  Relev&. 

Shallow-Soil H a b i t a t s  Deep-Soil Hab i t a t s  

Mesic o r  moderately dry  s u b s t r a t e s  - 

1. Saddle Road re lev& #12, 13,  1 4 ,  8. Kilauea I k i  r e l ev& 1/18, 20, 26, 
Waiakea Fores t  Sec t ion  Map, NE 30, between 4800-4000' e l e v a t i o n .  
a r ea ,  from 4200' t o  5020' eleva- Mapped on Hawaii Volcanoes 
t i o n .  Lower Stainback Highway Nat iona l  Park Vegetation Map, . 

r e l ev6  1\16, SE c o m e r  o f f  no t  on any enclosed map shee t .  
Waiakea Map. South of Olaa Fores t  Sec t ion  

Map. 

Moderately moist  s u b s t r a t e s  

2 .  Puu Makaala r e  lev& 823, 33 N on 9. Olaa Trac t  r e l ev& #21, 22, 29, 
Olaa Forest  Sect ion Map, 3600- 32 .  S. on Olaa Forest  Sec t ion  
3800' e l e v a t i o n .  Map. 3800-4000' cl rva t ion  . 

Wa i luku  Road relev6 ftO4. N-center 
on Waiakea map, 3600' e l e v a t i o n .  

Moist s u b s t r a t e s  

3. Disappointment Road r e l ev& 
1/34, 35, 36 i n  Puu Makaala a r e a  
N on Olaa Fores t  Sec t ion  Map, 
3600-3800 ' e l eva t ion .  Tree 
P lan t ing  Road, r e l ev& 1/27, 28. 
SE on Waiakea Fores t  Sec t ion  
Map. 

4. Saddle Road r e l ev6  119. 
Immature s t and  on 1855 Lava 
Flow. NE on Waiakea Fores t  
Sect ion Map, 2600' e l e v a t i o n .  

5. Mauna Kca relev& #6 ,  7 ,  on  upper 
s lope  (5000') i n  r;lin forclst 
t e r r a i n ,  Piha Forest Reserve. 
NE on Hamakua Forest  Sec t ion  Map. 
Also low-ridge type re lev& 
# lo ,  39 on Tree P lan t ing  Road, 
SE on Waiakea Fores t  Sec t ion  Map 
(3300-3400'), and 824 NE on Olaa 
Fores t  Sec t ion  Map (3150') . 

10.  Olaa Trac t  r e l ev6s  1/31, 38 n e a r  
c e n t e r  on Olaa Fores t  Sec t ion  
Map. 3900-4000' e l eva t ion .  

11. Mauna Kea r e l ev& 118, 4 1  a t  low 
e l e v a t i o n ,  1900 t ,  above sugar  
cane f i e l d s  . NE and E on 
Hamakua Fores t  Sect ion Map. 
Also Wailuku Stream re l ev6  #42, 
a t  4620' e l e v a t i o n ,  SW on same 
map. 



Table 4 (Continued) . 

Shallow-Soil H a b i t a t s  Deep-Soil Hab i t a t s  

Very moist t o  wet s u b s t r a t e s  

6 .  Wailuku Road r e l ev& #01, 03, 12. Wai luku S t  ream re lev6  #5, along 
-N-central on Waiakea Fores t  Carson's T r a i l .  SE on Hamakua 
Sect ion Map, 3600' e l eva t ion .  Map, 3600' e l eva t ion .  
Wailuku Stream re l ev6  #19, S 
on Hamakua Fores t  Sec t ion  Map, 
2820'. Saddle Road r e l ev6  #15 
and Tree P lan t ing  Road re lev& 
#11, 25, Waiakea Fores t  Sec t ion  
Map (3200'-3500' e l e v a t i o n ) .  
Puu Makaala r e l e v 6  #37, N on 
Waiakea Map (3800' ) . 

7. Tree P lan t ing  Road re lev6  
#43. On Waiakea Map, 3300' 
e l e v a t  ion. 

Extremely wet 

13. Treed swamp re lev& on Mauna Kea, 
#17 a t  378O', #40 a t  1920 t ,  
bo th  on Hamakua Map. 

14. T ree l e s s  swamp re l ev6  #02 on 
Mauna Kea, N-center on Waiakea 
Map, 3620' e l e v a t i o n .  



Tab le5 .  Median Annual R a i n f a l l  Gradient from South t o  North over  t h e  
Study Area.* 

Area 

- - - -  

Median annual  r a i n f a l l  
inches  m i l l i m e t e r s  

Kilauea I k i  
(northern s i d e ,  4000') 

Olaa  Trac t  
(3900' ) 

Puu Makaala 
(3700' ) 

Tree P l an t ing  Road 
(south p a r t ,  3400') 

Saddle Road 
(3200' ) 

Wailuku Stream 
(3000' ) 

Honohina Fores t  Reserve 
w i t h  re lev& #8 
(2000' ) 

* Data e x t r a c t e d  from U.  S. Weather Bureau map, reproduced on p. 41 
i n  A t l a s  f o r  Bioecologica l  S tud ie s  i n  Hawaii Volcanoes Nat ional  
Park (Doty and Mueller-Dombois 1966).  



This r a i n f a l l  g r ad ien t  c e r t a i n l y  has  an in f luence  on t h e  s o i l  

moisture regimes. I n  t h e  deep-soil  h a b i t a t s  t h e r e  is an inc rease  i n  t he  

f ineness  of s o i l  t e x t u r e ,  which co inc ides  wi th  t h e  r a i n f a l l  i nc rease  

along t h e  s p a t i a l  g r a d i e n t  a s  follows: 

Area S o i l  Moisture Annual 
Text q r e  Regime R a i n f a l l  

Kilauea I k i  Sandy c l ay  Mes i c  1960 mm 

Olaa Trac t  S i l t y  c l ay  Moderately 2080 mm 
moist and 
moist 

from Massive Moist and 1.4000 mm 
Wailuku c l ay  very moist  t o  t o  
Stream wet and 7350 mm 
northward extremely 

wet (swamps) 

However, no obvious c o r r e l a t i o n  e x i s t s  between t h e  r a i n f a l l  g r ad ien t  

and t h e  s o i l  mois ture  regimes of t he  shal low-soi l  h a b i t a t s .  For example, 

moderately dry  o r  mesic s u b s t r a t e s  occur  i n  t he  r e l a t i v e l y  h igh  r a i n f a l l  

a r e a  a t  the Saddle Road, from 4000 t o  5000 f e e t  e l e v a t i o n .  Here the  

median annual r a i n f a l l  ranges from about 4.5 m t o  3 m over  t h i s  a l t i t u d i n a l  

segment. Very moist t o  wet s u b s t r a t e s  occur  i n  t h e  Puu Makaala a r ea ,  

where i t  r a i n s  only about 2.2 m per  year .  Thus, on t h e  shal low-soi l  

h a b i t a t s ,  moisture regime is probably r e l a t e d  more t o  t h e  geologica l  recency 

of t h e  underlying l ava  and i ts  phys i ca l  make-up, r a t h e r  than t o  t he  amount 

of incoming moisture.  

A genera l  r e l a t i o n s h i p  of s o i l  moisture regime and r a i n f a l l  e x i s t s  

however wi th  e l e v a t i o n  i n  t h e  r a i n  f o r e s t  t e r r a i n .  The mesic s i t e s  a long 

the  Saddle Road a r e  found only i n  the  a r ea  above 4000 f e e t  e l eva t ion .  

Further  down, where the  r a i n f a l l  is h igher ,  even r a t h e r  r ecen t  s u b s t r a t e s  

may be of the  moist type of water  regime, a s  is exemplif ied by o u r  re lev6  

on t h e  1855 lava  flow (#9) .  

Downslope i n  t he  Hamakua Fores t  Sec t ion ,  t h e  s o i l  moisture regimes 

inc rease  from moist i n  t he  lower Piha a rea  ( r e l ev& #6 and 7, nea r  5000 f e e t  

e l eva t ion )  t o  very moist t o  wet throughout t h e  mid-slope a r e a  (from 4500-3000 



f e e t )  t o  extremely wet ( i . e .  swampy) i n  pockets of one a c r e  t o  10 h e c t a r e s  

(roughly) i n  s i z e  (from 2800-2 300 f e e t ) .  The swamps decrease i n  s i z e  

downslope and d isappear  a t  about 1900 f e e t ,  where t h e  surrounding t e r r a i n  

is mostly i n  the  moist  so i l -water  regime ca tegory  a s  exemplif ied by 

re lev& #8 and 41. The annual r a i n f a l l  g r a d i e n t  a long  t h i s  downslope 

t r a n s e c t  i nc reases  from about  3.5 m t o  7.3 m. Thus, t h e  l a r g e r  swamp a r e a s  

rece ive  as much o r  somewhat l e s s  r a i n f a l l  than t h e  smaller swamp a r e a s  below. 

In t h i s  a r ea ,  s o i l  mois ture  regimes a r e  more c l o s e l y  r e l a t e d  t o  l o c a l  

topography and its l a t e r a l  drainage a s  a f fo rded  by p o s i t i o n  r e l a t i v e  t o  

s t reams . 

5. Cor re l a t ion  of Habi ta t  Types and Vegetat ion Map Units  

I n  Table 6 ,  t h e  h a b i t a t  types a r e  compared t o  t h e  vegeta t ion  u n i t s  

as mapped on the  accompanying map shee t s .  

There appears t o  be very l i t t l e  c o r r e l a t i o n  between the  s t r u c t u r a l  

vege ta t ion  u n i t s  and the  va r ious  h a b i t a t  types.  For example, dense, t a l l  

oh i a  s t ands  (symbol d3M) occur on shallow s o i l s  ranging i n  moisture regime 

from mesic t o  wet;  l i kewise  closed (c3M) and open, t a l l  oh i a  f o r e s t s  (o3M) 

occur on the  whole range of moisture regimes on shal low-soi l  h a b i t a t s .  

However, no dense f o r e s t  s t ands  were found on t h e  deep-soi l  h a b i t a t s  

(no's.  8-14), and c losed  f o r e s t s  were found only on mesic t o  moist ,  deep- 

s o i l  h a b i t a t s .  On very moist t o  extremely w e t  deep-soi l  h a b i t a t s ,  we found 

only open f o r e s t s ,  and i t  i s  un l ike ly  t h a t  any c losed  f o r e s t s  w i l l  be  found 

on these  h a b i t a t s .  On shal low s o i l s  ( h a b i t a t  types  1-7), most of t h e  open 

f o r e s t s  were found on very moist t o  wet, poorly dra ined  pahoehoe s u b s t r a t e s  

( h a b i t a t  type 6 ) .  On deep s o i l s  ( h a b i t a t s  8-14), open f o r e s t s  were equa l ly  

common on a l l  moisture regimes. Low-stature f o r e s t s  (o2M) were found on 

moist,  shallow s o i l  h a b i t a t s  (no. 4 )  and on extremely w e t  h a b i t a t s  (no. 13) .  

I n  t h e  f i r s t  case  the  low-stature s t and  is a  func t ion  of t h e  recency of t h e  

lava  flow, i n  t h e  second case ,  t h e  low-stature s t a n d s  r e f l e c t  t he  swamp 

s i t u a t i o n .  

One may conclude t h a t  i t  i s  next  t o  impossible  t o  p r e d i c t  t he  h a b i t a t  

type from t h e  s t r u c t u r e  of t h e  r a i n  f o r e s t ,  which formed the  b a s i s  f o r  t h e  

map u n i t s  i n  t h i s  r a i n  f o r e s t  t e r r a i n .  For p r e d i c t i n g  s o i l  moisture regime 

and h a b i t a t  types i t  is, t h e r e f o r e ,  necessary t o  look f o r  o the r  i n d i c a t o r s  



Table 6. Habi ta t  Types i n  Rela t ion  t o  t he  Vegetat ion Map Units.  

Hab i t a t  type Relev6 Vegetation 
number Map u n i t  

Mesic; shal low s o i l  on 
permeable pahoehoe l ava  

Moderately moist ;  shal low 
s o i l '  on moderately well-  
drained aa  l ava  

Moist; shal low s o i l  on 
imperfec t ly  dra ined  pahoehoe 

Moist; discont inuous pocket 
s o i l  on imperfec t ly  drained 
pahoehoe 

Moist; shal low s o i l  on 
imperfec t ly  dra ined  aa:  

upper-slope sub type 
low-ridge sub type 

Very moist t o  wet; shallow 
s o i l  on poorly dra ined  
pahoehoe 

Very moist t o  wet; shal low 
s o i l  on poorly dra ined  a a  

Mesic; moderately deep t o  
deep sandy c l ay  s o i l ,  
w e l l  d ra ined  

Moderately moist ; deep 
s i l t y  c l a y  s o i l ,  moderately 
and evenly drained 

Moist; deep s i l t y  c l ay  wi th  
i n c i p i e n t ,  discont inuous 
hardpans, unevenly drained 

Moist; deep massive c lay  
wi th  moderately l a t e r a l  
drainage 

d3M(ms) 
c3M(C) 
o 3M(C) 

d3M(C) 

d 3M (C) 
c3M(C) 
o3M(bs) 

o2M(pio) 

43  c 3M (C) 

8,41 c3M,Ac (C) 
4 2 o3M(bs) 



Table 6 (continued). 

Habitat  type 

-- 

Relev6 
number 

- -- 

Vegetation 
Map u n i t  

12. Very moist t o  w e t ;  deep 05 
massive c l ay  with i n c i p i e n t  
hardpan and poor l a t e r a l  
drainage 

13. Extremely w e t ;  deep, mucky 17,40 
s o f t  c lay  with water  t a b l e  
a t  o r  above su r face  

14. Extremely w e t ;  deep, mucky, 0 2 
s o f t  c lay ,  su r face  probably 
submerged f o r  longer 
per iods  than i n  h a b i t a t  13 

o2MCbs) 
[too small  f o r  
co r rec t  mapping 
i n  areas  sampled] 

b = treeless 
swamp o r  bog 

[too small  f o r  
co r rec t  mapping 
i n  a r e a  sampled] 



than f o r e s t  s t r u c t u r e .  On air photos, such indications.may be obtained 

i n  p a r t  by t h e  vegetation-type mosaic of a subarea and i n  p a r t  through 

c lose r  recognit ion of t h e  associated vegetat ion,  f o r  example, t h e  presence 

o r  absence of Acacia E, t h e  dominance of tree fe rns  (Cibotium spp.) ,  

the  prevalence of creeping herbaceous fe rns  (primari ly Dicranopteris  spp.), 

and other  associa ted  vegetat ion pat terns .  This aspect  w i l l  receive 

f u r t h e r  inves t igat ion.  



I V .  OHIA POPULATION STRUCTURES I N  "HEALTHY" AND "DIEBACK" SITUATIONS 

(Ranji t  G.  Cooray, James D. Jacobi and D. Mueller-Dombois) 

1. Introduction 

S t ruc tu ra l  analyses of ohia f o r e s t  s tands  were made using two 

d i f fe ren t  methods of sampling. Belt- transects  (each 6 m wide) w e r e  

es tabl ished i n  two areas  of known f o r e s t  condition. These t r ansec t s  

were run f o r  a considerable d is tance  through whatever v a r i a t i o n  of f o r e s t  

condition was encountered along the  predetermined t r ansec t  course. The 

f i r s t  t r ansec t  was s t a r t e d  i n  a "severe" ah ia  dec l ine  area  a t  4200 f e e t  

e levat ion,  3.6 km nor th  of the Saddle Road on Mauna Kea (see F i r s t  

Progress Report, December 75: 8). This t r ansec t  w a s  run continuously 

over a d is tance  of 2000 m. The second be l t - t r ansec t  was s t a r t e d  i n  a 

typica l ly  "healthy" o r  non-decline f o r e s t  a t  3600 f e e t  e levat ion south of 

Stainback Highway. This t r ansec t  was run continuously over a d is tance  

of 500 m. 

Even though the  t o t a l  be l t - t ransect  sample represents  a de ta i l ed  

quan t i f i ca t ion  of ohia populations along a dis tance  of 2.5 km, it was 

f e l t  tha t  some important f o r e s t  conditions and h a b i t a t s  may not have 

been encountered i n  the two t ransects .  

For t h i s  reason, s t r u c t u r a l  analyses with s i m i l a r  recording formats 

were included i n  the  relev6 analyses. The guiding f a c t o r  f o r  locat ing 

the relev& was t h e  t o t a l  va r i a t ion  i n  p a t t e r n  noted on the  a i r  
2 photographs. Relev6s (400 m samples) were placed i n t o  a s  many pa t t e rns  

of a i r  photo and vegeta t ion-s t ructura l  v a r i a t i o n s  a s  could be handled i n  

the two-year time frame of t h i s  inves t igat ion.  Thirty- three  relev& 

(no's. 11-43) were analyzed f o r  t h e i r  ohia population s t ruc tu res .  The 

s t r u c t u r a l  ana lys i s  r e s u l t s  of these relev6s a r e  believed t o  provide an 

est imate of the  degree of representat iveness of the  bel t - t ransect  

analyses. They a l s o  were thought t o  complement the  bel t - t ransect  r e s u l t s  

with h i t h e r t o  unknown s t r u c t u r a l  pa t t e rns  of ohia stands.  

The s t r u c t u r a l  analys is  procedures were already given i n  some d e t a i l  

i n  previous repor t s .  



2. Ohia Tree Populat ion St ructure  i n  a Severe Dieback Stand 

For the  purpose of quan t i t a t ive ly  separa t ing  a so--called "dieback" 

f o r e s t  from a "healthy" o r  non-dieback f o r e s t ,  we developed f i r s t  a v igor  

c l a s s i f i c a t i o n  f o r  ind iv idua l  t r ees .  Two major c l a s s e s  were se l f -evident ,  

namely dead s tanding trees (snags) and l i v e  trees. Any t r e e ,  which had 

no f o l i a g e  a t  a l l  was considered dead. I f  a t r e e  had only a l i t t l e  f o l i a g e  

l e f t ,  i t  was considered a l ive .  

Within the  snag category we recognized two c lasses ,  namely o ld  snags 

and recent ly  dead trees. Snags were recognized a s  o ld ,  when most of 

the th inner  branches o r  branchle ts  had f a l l e n  o f f  and wherever the  bark 

was exfo l i a t ed  and had dropped off  exposing a skele ton t r e e  trunk which 

resembled a whi t i sh  telephone pole. Recently dead t r e e s  were recognized 

a s  snags with most of t h e i r  f i n e  branchle ts  s t i l l  on t h e  tree, but  from 

which a l l  t h e  f o l i a g e  had gone. These two separa t ions  presented few 

problems. Most snags were e a s i l y  i d e n t i f i a b l e  a s  e i t h e r  o ld  o r  recent .  

Within the  l ive - t r ee  group w e  recognized t h r e e  v igor  c l a s s e s  a s  

follows : 

Class 1 "healthy" trees, which w e r e  those with f u l l y  f o l i a t e d  crowns; 

Class 2 "crown-dying" t r e e s ,  which were those on which the  crown top-half 

showed obvious s igns  of d e t e r i o r a t i o n  i n  terms of l o s s  of fo l i age .  

Trees i n  t h i s  c l a s s  had a few barren  branches i n  the  upper crown; 

Class 3 "trunk-sprouted" t r e e s .  Trees i n  t h i s  c l a s s  were c l e a r l y  

"stag-headed1' ( i . e .  with most crown branches ba r ren) ,  b u t  they 

a l s o  showed a number of l a t e r a l  branches along t h e  trunk. 

Trunk-sprouting is found on many t r e e s  t h a t  appear dead from the  

a i r  o r  on a i r  photos. Trunk-sprouting on ohia  t r e e s  i s  probably 

a response t o  some stress." 

A l l  ohia  trees 5 m t a l l  and t a l l e r ,  which were enumerated by diameter 

a t  b reas t  he ight  (dbh) along the  be l t - t r ansec t s ,  were c l a s s i f i e d  i n t o  

e i t h e r  one of the  five- v igor  c lasses .  

From t h i s  v igor  r a t i n g  of the  ind iv idua l  trees, w e  c l a s s i f i e d  the  

f o r e s t  along the  bel t- t ransects '  i n t o  e i t h e r  of  two f o r e s t  condit ion 

c la s ses ,  namely "dieback fo res t "  and non-dieback o r  "healthy" f o r e s t .  

A dieback f o r e s t  was recognized where t h e  major i ty  of Crees ( i . e .  >50%) 

were snags and trunk-sprouted trees wi th  "stagheads." 

"Further research is needed on t h i s  t r e e  group t o  c l a r i f y  the  reasons f o r  
l a t e r a l  sprouting.  



The 2 Ian long Saddle Road t r ansec t  was s t a r t e d  i n  a typ ica l  o r  severe  

dieback f o r e s t ,  where the  majori ty of trees were i n  the  lower th ree  v igor  

c lasses .  This dieback s i t u a t i o n  continued f o r  1.3 km, from whereon we 

encountered "healthy" o r  non-dieback f o r e s t .  From hereon, f o r  the  

remaining 0.7 km, t he  major i ty  of t r e e s  w e r e  i n  v igor  c l a s s  1 o r  2. This 

700 m be l t - t r ansec t  segment was the re fo re  c l a s s i f i e d  a s  "healthy" o r  

non-dieback f o r e s t .  

The ohia  t r e e  population s t r u c t u r e  of the  1 .3  km be l t - t r ansec t  is 

portrayed on Fig. 3. This is the  "dieback" segment. The diagram shows 

the  number of trees i n  5 cm diameter c l a s s e s  over the  s i z e  range encountered, 

which goes from 5 cm t o  70 cm dbh. Over t h i s  diameter range the  t r e e s  

ranged i n  he ight  from over 5 m t o  about 20 m t a l l .  Each histogram block 

shows t h e  number of trees of t h a t  diameter c l a s s  i n  whatever v igor  c l a s s  

they were recorded, s t a r t i n g  with vigor c l a s s  1 (healthy t r e e s )  a t  t h e  

bottom, where present ,  and ending with v igor  c l a s s  5 (old snags) a t  the  

top. It can be seen t h a t  o ld  snags occurred i n  near ly  a l l  s i z e  c l a s s e s  
c l a s s  

encountered. The b igges t  t r e e s  (65-70 cm dbh/) were only present  a s  o ld  

snags.* From here  on down t o  diameter c l a s s  35, the re  w e r e  very few (<5) 

heal thy t r e e s  per  hectare .  I n  f a c t  the  e n t i r e  ohia tree population of 

t h i s  dieback segment shows only few r e a l l y  heal thy ,  i .e .  full-crowned 

trees. The l a r g e s t  number was 42lha i n  the  10 cm dbh c lass .  An i n t e r e s t i n g  

aspect  is the  propor t ionate ly  l a r g e  number of trunk-sprouted t r e e s ,  which 

a r e  the t r e e s  which have mostly dead crowns, but  l a t e r a l  branches, which 

a r e  fo l i a t ed .  These t r e e s  and t h e  snags g i v e  the  s t r i k i n g  dieback 

appearance t o  t h i s  stand. It should a l s o  be noted t h a t  these  trunk-sprouted 

trees and the  o l d  snags a r e  r a t h e r  numerous i n  the  10 t o  25 cm dbh c l a s s ,  

which gives an ind ica t ion  of the  r a t e  of  the  dieback i n  t h i s  s tand.  It 

must have gone on f o r  q u i t e  some t i m e ,  and a l a r g e  proport ion of the  t r e e s  

s t i l l  hang on t o  a "marginal" exis tence  ( i . e .  the  trunk-sprouted ones).  

Also note t h a t  the  proportion of r ecen t ly  dead trees and t h a t  of crown-dying 

t r e e s  is r e l a t i v e l y  smal ler ,  which supports  t h e  idea  t h a t  t h e  dieback 

is not  occurring a t  a very f a s t  r a t e ,  i . e .  probably not  under 10 years ,  

but  r a t h e r  over a 20 t o  40 year  period. However, a 20 t o  40 year  period 

is  s t i l l  r e l a t i v e l y  f a s t  f o r  a generat ion of ohia t r e e s ,  which may be 

guessed a t  about 200 t o  300 years.  Unfortunately, w e  cannot determine 

* Diameter measurements uncorrected f o r  bark l o s s .  



230 
DIEBACK FOREST - SADDLE ROAD 

DEAD TREES 
OLD -SNAGS 

RECENTLY DEAD TREES 

TRUNK-SPROUTED TREES 
LIVE TREES CROWN - DYING TREES 

HEALTHY TREES 

Dbh CLASSES (cm) 
FIG. 3.  Ohia Tree Population Structure i n  1 . 3  km Dieback Sement of 



tree ages from increment bor ings  i n  t h i s  environment, and t h e r e  a r e  no 

s t u d i e s  as y e t  t h a t  g i v e  a r e l i a b l e  e s t ima te  of t h e  rate of growth of  

oh ia  trees i n  t h e s e  r a i n  f o r e s t  h a b i t a t s .  

The his togram blocks  show a modal curve,  which i s  s t r o n g l y  skewed 

t o  t h e  l e f t .  This  curve-shape i s  ev iden t ,  whether one connects t h e  t o t a l  

blocks g iv ing  a l l  trees p e r  s i z e  c l a s s  o r  whether one connects only t h e  

"healthy" trees a t  t h e  bottom of t h e  diagram. Th i s  curve-shape i n d i c a t e s  

a one-generation oh ia  s t and ,  because i t  has  a s i n g l e ,  s t e e p  mode combined 

wi th  a r e l a t i v e l y  narrow s i z e  range. Such a curve-shape is  c h a r a c t e r i s t i c  

f o r  p ioneer - t ree  s p e c i e s  i n  genera l .  However, t h e  skewed modal curve i n  

t h i s  s tand  has a n  important  a d d i t i o n a l  meaning, which should be  emphasized. 

The dieback has  occurred i n  a one-generation s t and ,  where i t  has  reduced 

t h i s  t r e e  genera t ion  t o  a small  remnant popula t ion  of hea l thy  t r e e s .  The 

dieback has  r e s u l t e d  i n  a d r a s t i c  opening-up of t h e  canopy. Whether t h e  

remnant hea l thy  popula t ion  w i l l  a l s o  d i e  w i t h  t h e  o t h e r  members of t h i s  

genera t ion  is an  i n t e r e s t i n g  ques t ion  which cannot be answered a t  t h i s  t i m e .  

3. Ohia Tree Popula t ion  S t ruc tu re s  i n  Healthy Stands 

F igure  4 shows popula t ion  s t r u c t u r e s  of t h e  taller (>5 m) oh ia  t r e e s  

i n  two hea l thy  s t ands ;  A: along t h e  remaining 700 m segment of t h e  Saddle 

Road t r a n s e c t  and B: a long t h e  500 m Stainback Highway t r a n s e c t .  Both s t a n d s  

have more than  70% of t h e i r  oh ia  popula t ions  i n  v igo r  c l a s s  1 (hea l thy  trees). 

The Saddle Road s t and  has t r e e s  d i s t r i b u t e d  over  a wide range of 

diameter c l a s s e s ,  from 5 cm t o  140 cm dbh. There a r e  only few big-diameter 

t r e e s  p re sen t ,  bu t  i t  i s  remarkable t h a t  t h e s e  s t i l l  show maximum vigor .  

Here i t  seems u n l i k e l y  t h a t  t h e  trees a r e  a l l  of t h e  same genera t ion  a s  i n  

the previous ly  d iscussed  dieback s tand .  When one connects t h e  tops  of t h e  

histogram blocks  by a curve, i t  w i l l  be  seen  t h a t  t h e  popula t ion  curve f o r  

t h i s  s t and  is  bimodal. One populat ion mode occurs  a t  70 cm dbh, another  

a t  20 cm dbh. Although t h e  mode a t  70 cm dbh i s  not  pronounced, t h e r e  is 

a much g r e a t e r  s i z e  range on Figure  4A a s  compared t o  F igure  3. Conserva- 

t i v e l y ,  one may speak of a two-generation s tand  on Figure 4A, whereby t h e  

o lde r  genera t ion ,  h e r e  t h e  b igger  t r e e s ,  have become reduced t o  a very 

small number of remnant t r e e s .  The smaller-diameter t r e e  popula t ion ,  

which presumably r ep re sen t s  t he  younger gene ra t ion ,  may extend over  a 

diameter range from 5 t o  55 cm, which c o r r e l a t e s  w e l l  with t he  diameter  

range of t h e  neighboring dieback s tand  on Figure  3. The number of hea l thy  
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trees i n  t h i s  non-dieback f o r e s t  is not  much g r e a t e r  than t h e  number of  

hea l thy  t r e e s  i n  t h e  neighboring dieback f o r e s t .  It might appear t h a t  

t h i s  openly s tocked  s t a n d  may have gone through a dieback phase and t h a t  

w e  a r e  wi tness ing  a remnant a d u l t  t r e e  populat ion.  However, t h i s  i s  

unl ike ly ,  s i n c e  we found no t  many more dead t r e e s  l y i n g  on t h e  ground 

than i n  t h e  neighboring dieback s tand .  What seems more probable is t h a t  

t h e  few widely s c a t t e r e d  big-diameter trees of t h e  e a r l i e r  genera t ion  

r ep re sen t  a remnant populat ion,  which h a s  gone'through a dieback phase 

some time ago, and then gave r i s e  t o  t h i s  second genera t ion  s t and  of  lower 

dens i ty .  The two s t and  segments along t h e  Saddle Road t r a n s e c t  occur  on 

two d i f f e r e n t  moisture regimes and h a b i t a t s .  The dieback segment occurred 

l a r g e l y  on h a b i t a t  type 6 (very moist t o  w e t ,  shal low s o i l  over poorly 

drained pahoehoe), and the  hea l thy  f o r e s t  segment occurred l a r g e l y  on 

h a b i t a t  type 5 (moist ,  shallow s o i l  over  aa ,  t h e  low-ridge subtype) .  

There is t h e r e f o r e  a h a b i t a t  c o r r e l a t i o n  wi th  t h e  dieback p a t t e r n  along 

t h e  Saddle Road b e l t - t r a n s e c t ,  and i t  would n o t  be correct--without f u r t h e r  

knowledge--to r e l a t e  t h e  two f o r e s t  cond i t i ons  t o  t h e  same dynamic 

phenomenon. 

The second hea l thy  f o r e s t  B on F igure  4 ,  which was sampled along 

Stainback Highway, was a closed-canopy f o r e s t .  It has  much g r e a t e r  

oh ia- t ree  d e n s i t y  per  u n i t  a r e a  than  t h e  hea l thy  f o r e s t  A. However, i n  

common w i t h  s t and  A, t h e  Stainback Highway s t a n d  a l s o  seems t o  be 

comprised of two genera t ions .  A bigger-diameter (probably o l d e r )  t r e e  
cm 

populat ion wi th  a modal diameter of about 1001dbh and a smaller-diameter 

(probably younger) t r e e  populat ion wi th  a broad-modal diameter cen te r ing  

near  20 cm dbh l i k e  s t and  A. The broad mode of  t h i s  second-generation 

s tand  c u r r e n t l y  has  tapered o f f  by dieback. 

This  s t and  B,  a l though it  is c u r r e n t l y  c l a s s i f i e d  a s  hea l thy ,  

appears t o  be  i n  a breakdown s t a g e ,  which has  s t a r t e d  some time ago. 

I n t e r e s t i n g l y ,  t h e r e  a r e  no trunk-sprouted trees i n  t h i s  s tand.  I n s t e a d  

we f i n d  a c e r t a i n  propor t ion  of o l d  snags, a somewhat smal le r  p ropor t ion  

of r e c e n t l y  dead t r e e s  and a few crown-dying trees. The s tand  appears  t o  
t h e  

be opening up in l form of a r e l a t i v e l y  r a p i d  dieback,  s i n c e  no trunk-sprouted 

t r e e s  a r e  p re sen t .  



4 .  Reproduction P a t t e r n s  i n  Dieback and Healthy Fores t s  

The reproduct ion  of oh ia  is  analyzed f o r  t h e  same t h r e e  s t ands  on 

Figure 5. Small oh ia  t r e e s  were enumerated i n  1-m he ight  o r  stem-length 

c l a s s e s ,  from <0.1 m t o  5 m. The reproduct ion  d a t a  f o r  each s t and  is 

shown on two diagrams. The right-hand diagram of each s t and  g ives  t h e  

d e n s i t y  p a t t e r n  i n  t h e  f i v e  one-meter stem-length c l a s s e s  and t h e  

lef t -hand diagram d e t a i l s  t h e  1-m stem-length c l a s s  f o r  each s t and .  

I n  comparing the  right-hand diagrams of  each s t and ,  i t  becomes 

apparent  t h a t  t h e  most advanced smal l - t ree  growth occurred i n  t h e  s e v e r e  

dieback s t a n d  a t  t h e  Saddle Road, i . e  t h e  s t and  has a good r e p r e s e n t a t i o n  

of advanced t r e e  growth up t o  5 m t a l l .  A l l  f i v e  one-meter stem-length 

c l a s s e s  are numerically we l l  represented .  They show an  inve r se  J-shaped 

d i s t r i b u t i o n  i n d i c a t i n g  t h e  development of a second-generation s t and  

under t h e  dieback canopy. The s e p a r a t i o n  of t he  f i r s t  one-meter stem-length 

c l a s s  i n t o  t h r e e  seed l ing  c l a s s e s ,  up t o  0 .1  m, >0.1-0.5 m and >0.5-1 m 

he ight ,  show a s i m i l a r l y  hea l thy  t r end .  The dieback s t and  i s  reproducing 

w e l l .  

The hea l thy  f o r e s t  segment a t  Saddle Road shows only a s p a r s e  

r e p r e s e n t a t i o n  of small  oh ia  t r e e s  from 1 m t o  5 m t a l l ,  wh i l e  s eed l ings  

up t o  1 m t a l l  a r e  even more abundant than i n  t he  dieback f o r e s t  segment. 

However, among t h e  <1 m seed l ings ,  i n d i v i d u a l s  a r e  most numerous a s  

germinants on ly ,  i . e .  ~ 0 . 1  m t a l l  s eed l ings .  There appears  t o  be 

cons iderable  m o r t a l i t y  a s  s eed l ings  grow from <0.1 m t o  0.5 m and then 

from 0.5 m t o  1 m i n  s i z e .  This  reproduct ion  p a t t e r n  i n d i c a t e s  t h a t  

something is  i n t e r f e r i n g  wi th  t h e  es tab l i shment  of s a p l i n g  t r e e s  and 

seed l ings  i n  t h i s  openly s tocked hea l thy  f o r e s t .  Most l i k e l y  t h i s  is  

shade nea r  t he  ground caused by t h e  more luxur ious  undergrowth vege ta t ion  

of f e r n s  i n  t h i s  f o r e s t .  

The second hea l thy  f o r e s t  a t  Stainback Highway shows y e t  another  

reproduct ion  p a t t e r n .  This i s  a c losed  o h i a  f o r e s t ,  which appears  t o  

be e n t e r i n g  a dieback s t a g e .  Reproduction i s  very l i t t l e  advanced. I n  

f a c t  t h e r e  were no small  o h i a  trees >1 m p re sen t .  However, reproduct ion  

i n  t he  <1 m stem-length c l a s s  was q u i t e  w e l l  represented .  

Shading of t h e  f o r e s t  f l o o r  i n  t h e  closed-canopy f o r e s t  w a s  s t i l l  

q u i t e  pronounced, very much more s o  than  i n  t h e  advanced, severe  dieback 

f o r e s t  and somewhat more so than i n  t he  openly-stocked hea l thy  f o r e s t  

a long Saddle Road. Thus t h e  reproduct ion  p a t t e r n s  appear t o  be r e l a t e d  
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primari ly t o  the a v a i l a b i l i t y  of l i g h t  on the  f o r e s t  f loor .  I n  our search 

f o r  ohia seedl ings  i n  na tu ra l  r a i n  f o r e s t s  elsewhere w e  found germinants 

(< 0.1 m t a l l  seedlings)  i n  5ach s tand s o  f a r  examined. But i n  dark, 

closed-canopy f o r e s t s ,  w e  found no t a l l e r  seedlings o r  intermediate-sized 

trees i n  the 1 t o  5 m stem-length c lasses .  

5. Quant i f ica t ion of Ohia Dieback on a Stand Basis 

After  having analyzed the two be l t - t r ansec t s  and the  33 re lev& i n  

which we made very s i m i l a r  quan t i t a t ive  records, we found a method t o  

quantify ohia dieback on a s tand bas i s .  

The method involves r e l a t i n g  the  number of dieback trees t o  t h e  t o t a l  

number of trees i n  a stand sample. This r a t i o  gives us a dieback index, 

which we express i n  percent.  A s  dieback t r e e s  we consider the  o l d  snags, 

the  recent ly  dead t r e e s  and t h e  stag-headed trees with l i v e  branches on 

the  trunk, i .e .  the sum of t r e e s  i n  vigor c lasses  5, 4 and 3. 

Table 7 gives the  dieback indices  f o r  the  three  be l t - t r ansec t s  and 

the  33 relev&. Based on these dieback indices  f o r  each of the  36 sample 

s tands ,  w e  developed a stand-dieback c l a s s i f i c a t i o n  of f i v e  c lasses ,  

which a r e  a s  follows: 

Stand 
Dieback 

Class 

Percent 
Range 

Meaning 

1 < 10% normal f o r  open ohia s tands  

10-25% normal f o r  closed and dense 
ohia s tands  o r  s l i g h t  
dieback f o r  open stands 

>25-50% s l i g h t  t o  moderate 
breakdown o r  dieback 

4 >50-75% heavy dieback 

5 > 75% very heavy dieback 

It should be pointed out  t h a t  many of the individual  s tand ind ices  

a r e  not y e t  r e l i a b l y  es tabl ished.  The reason f o r  t h i s  i s  t h a t  our t r e e  

sample was not ye t  la rge  enough i n  most of the  open s tands ,  where we 
2 enumerated l e s s  than 30 t r e e s  i n  the 400 m relev6. We may consider a 

dieback index re l i ab ly  es tabl ished wherever w e  enumerated more than 



Table 7. Dieback Indices f o r  a l l  Sample Stands Analyze'd i n  t h i s  P ro jec t .  

Sample Stand 
o r  ~ e l e v 6  No. 

Dieback Dieback 
Index (%) Class 

Saddle Road Transect: 

Dieback segment 

Healthy segment 

Stainback Highway 
B e 1  t Transect 

Open f o r e s t  relev&: 

on mesic 
12 ( I ) *  

sites 18 (8) 
26 (8) 

mod. moist 29 (9) 
s i t e s  21 (9) 

39 (5) 
28 (3) 

moist 34 (3) 
sites 31 (10) 

38 (10) 
42 (11) 

very moist 11 (6) 

t o  w e t  15 (6) 

s i t e s  19 (6) 
25 (6) 

extremely 17 (13) 
w e t  s i t e s  4 0  (13) 

Closed f o r e s t  r e l e v h :  

on mesic 16 (1) 

sites 20 (8) 
30 (8) 

b mod. moist 22 (9) 
sites 32 (9) 

2 (normal f o r  closed 
stand) 

3 ( s l i g h t  dieback) 

5 (very heavy) 
5 
5 

3 (moderate) 
1 (normal) 

5 
5 
3 (moderate) 
3 

no t r e e s  
> 5 m t a l l  

3 ( s l i g h t )  
4 
2 (normal f o r  closed 

stand) 



Table 7 (Continued). 

Sample Stand 
o r  Re lev6 No. 

Dieback Dieback 
Index (%) Class 

Closed f o r e s t  relev& (continued): 

moist 24 (5) 

s i t e s  27 (3) 
41 (11) 

very moist 
t o  w e t  43 (7) 

Dense f o r e s t  relev&: 

on mesic 1 3  (1) 72.7** 
s i t e s  14 (1) 11.3** 

mod. moist 23 (2) 18.2** 
s i t e s  33 (2) 25.8** 

moist 35 (3) 29.8** 
s i t e s  36 (3) 14.8 

very moist 
t o  wet 37 (6) 

5 (very heavy) 
3 ( s l i 2 h t )  
2 (normal f o r  closed 

s t  and) 

4 (heavy) 

2 
3 ( s l i g h t )  

* Number i n  brackets  a f t e r  re lev6 number r e f e r s  t o  h a b i t a t  type number 
(Chapter 111). 

** Indices based on a count of a t  l e a s t  30 t r e e s  over 5 m t a l l .  



30 t r e e s  i n  a l l  f i v e  v igor  c l a s s e s  p e r  s tand .  These i n d i c e s  are marked 

wi th  a double a s t e r i s k  on Table 7. Since we got  a few r e l i a b l y  e s t a b l i s h e d  

dieback i n d i c e s  over  t h e  whole spectrum of  s i t e  and f o r e s t  s t r u c t u r a l  

v a r i a t i o n  i t  appeared j u s t i f i e d  t o  s e t  t h e  threshold  ranges f o r  t h e  f i v e  

stand-dieback c l a s s e s  a s  t abu la t ed  above. This c l a s s i f i c a t i o n  appears  

t o  f i t  t h e  concept of an i n t u i t i v e  c l a s s i f i c a t i o n ,  which one may e s t a b l i s h  

on mere e s t ima t ion  of t h e  percentage of d i e b a c k l t o t a l  t r e e s  i n  any oh ia  

r a i n  f o r e s t  s tand .  

6. Ohia Tree Populat ion S t r u c t u r e s  i n  Se lec ted  Relev& 

We have s e l e c t e d  22 r e l ev6s  f o r  showing t h e i r  oh ia- t ree  popula t ion  

s t r u c t u r e s  diagrammatically.  The s e l e c t i o n  was based on sample s t and  

condi t ion .  We wanted t o  inc lude  a v a r i e t y  of cover types,  s o i l  moisture 

regimes and dieback s i t u a t i o n s .  The s t r u c t u r a l  diagrams a r e  shown i n  

F igures  6,  7 and 8. 

The r e l ev& on t h e  f i g u r e s  a r e  i d e n t i f i e d  by t h e i r  number. These 

can be checked aga ins t  Table 7 f o r  t h e i r  f o r e s t  condi t ion  ( s t r u c t u r e ,  

h a b i t a t ,  dieback index and dieback c l a s s ) .  I n  a d d i t i o n ,  t h e  r a t i o  of 

dieback t r e e s l t o t a l  t r e e s  i s  l i s t e d  on each re lev6  diagram from which t h e  

dieback index can be ca l cu la t ed .  

Relev6 1 3  on Figure 6 i s  t h e  denses t  s t and  encountered i n  ou r  samples. 

Its dieback index is 72.7%, i . e .  a heavy dieback s t and .  It r e p r e s e n t s  

dieback t h a t  occurred on a mesic shal low-soi l  h a b i t a t ' i n  a dense f o r e s t .  

It is i n t e r e s t i n g  t h a t  t h e  propor t ion  of dieback t r e e s  ( i n d i v i d u a l  t r e e  

c l a s s e s  3, 4 and 5) t o  hea l thy  t r e e s  ( c l a s s e s  1 and 2) is q u i t e  s i m i l a r  

t o  t h a t  found i n  t h e  heavy o r  severe  dieback s t and  along t h e  1 .3  km long 

b e l t - t r a n s e c t  (Fig. 3).  Thus, t h e  p a t t e r n  of dieback occurr ing  on a 

very moist t o  wet shal low-soi l  h a b i t a t  ( t h e  b e l t - t r a n s e c t  dieback)  and 

t h a t  occurr ing  on a mesic,  well-drained shal low-soi l  h a b i t a t ,  does not 

appear t o  be d i f f e r e n t  on f i r s t  view. Rowever, an important  d i f f e r e n c e  is 

t h e  dens i ty  of  t r e e s .  On t h e  mesic s i t e ,  t r e e  dens i ty  w a s  g r e a t e r  by 

approximately one o rde r  of magnitude. I n  both cases ,  we a r e  obviously d e a l i n g  

wi th  a one-generation s t and ,  a p ioneer  s tand .  This i s  shown by t h e  l i m i t e d  
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size-range of diameters  f o r  both s i t u a t i o n s .  I n  t h e  mesic s i t e  r e l ev6  (#13) 

t he  s ize-range of over  5 m t a l l  t r e e s  is  even narrower (from 5 t o  40 cm 

dbh), and the curve i s  no t  a normal curve skewed t o t h e l e f t ,  bu t  an 

inve r se  J-shaped curve.  However, i n  the mes ic-s i te  s t and  ( r e l ev6  13)  t he  

skew occurred below t h e  5 cm diameter c l a s s  among t h e  t r e e s  under 5 m 

t a l l ,  i . e .  t h e r e  were very few present .  This w i l l  be  explained f u r t h e r  

i n  t he  next  s e c t i o n .  

Relev6 38 r e p r e s e n t s  another  form of heavy dieback on a moist 

deep-soil  h a b i t a t .  I n  c o n t r a s t  t o  r e l ev6  13,  t h i s  r e l ev6  is  

from a very open oh ia  s t and  i n  Olaa Trac t ,  where t r e e  f e r n s  (Cibotium 

glaucum) form a dense understory. The dieback index of 83.3% f o r  t h i s  

relev6 is  not  y e t  e s t a b l i s h e d  r e l i a b l y ,  bu t  t h e  dieback c l a s s  (namely 5) 

is no t  expected t o  change wi th  f u r t h e r  sampling of  a more adequate number 

of t r e e s .  

Relev6 19 r e p r e s e n t s  another  open f o r e s t ,  b u t  one occurr ing  on a 

very moist t o  wet shal low-soi l  h a b i t a t .  Its dieback index (47.4%) p l aces  

t h i s  s t and  i n t o  t h e  moderate breakdown o r  dieback c l a s s  3. The re lev6  

can be considered a s  showing beginning dieback on a wetland h a b i t a t  i n  

con t r a s t  t o  t h e  advanced dieback on a wetland s i t e  shown by t h e  1 .3  km 

be l t - t r ansec t  s t and  on Figure 3 .  However, t h e r e  a r e  no r e c e n t l y  dead 

t r e e s  i n  re lev6  19. 

Relev6 33 r e p r e s e n t s  a dense f o r e s t  on a moderately moist shal low-soi l  

h a b i t a t  i n  t h e  Fuu Makaala a r ea .  The s t and  shows s l i g h t  dieback wi th  an 

index of 25.8%. There a r e  a few r e c e n t l y  dead trees i n  the  35 cm diameter 

c l a s s ,  which may i n d i c a t e  beginning dieback. 

Relev6 35 is  very  s i m i l a r  t o  re lev6  33. It a l s o  occurs  i n  t h e  Puu 

Makaala a r e a ,  bu t  i t s  h a b i t a t  is  one category moi s t e r .  I ts dieback c l a s s  

is the  same (namely 3, s l i g h t  t o  moderate), i t s  dieback index is  only a 

l i t t l e  g r e a t e r  (29.8%),  and the re  a r e  a l s o  a few r e c e n t l y  dead t r e e s .  

Relev6 16 is i n  t h e  same dieback c l a s s  aga in ,  namely 3 (25.8%). 

It i s  a s t and  occurr ing  on h a b i t a t  type 1: mesic,  shal low s o i l .  I t  i s  

thus on the  same h a b i t a t  a s  r e l e v 6  13. However, i n  c o n t r a s t  t o  t he  l a t t e r  

i t  occurs a t  low e l e v a t i o n  (1270 f e e t )  on Stainback Highway.* Relev6 16 

*S. C.  Hwang and D r .  KO sampled t h i s  s tand  f o r  Phytophthora cinnamomi a s  a 
"healthy" f o r e s t  sample on well-drained s o i l ,  and they found no d i f f e r e n c e  
i n  the populat ion of t h i s  root-fungus t o  a neighboring "dieback" s t and .  



shows no r e c e n t l y  dead t r e e  and most of t h e  few dieback t r e e s  a r e  

trunk-sprouting s tagheads.  

Thus, t h e  only  heavy dieback s t ands  on Figure  6 a r e  r e l ev& 13 and 

38. These show very  d i f f e r e n t  dieback p a t t e r n s .  Relev& 19,  33, 35 

and 16 a r e  i n  t h e  same dieback c l a s s ,  i . e .  s l i g h t  t o  moderate. Among 

these  only t h e  two Puu Makaala s t ands  (33, 35) show r e c e n t l y  dead t r e e s .  

Figure 7 shows t h e  s t r u c t u r a l  diagrams of ano the r  1 0  s e l e c t e d  

relev6s.  Relev6 42 r e p r e s e n t s  an open f o r e s t  on a moist  deep-soil  

h a b i t a t ,  n o r t h  of  Wailuku Stream. Its dieback index  i s  89.4%, which p u t s  

i t  i n t o  t h e  very heavy dieback c l a s s  5. Because of t h e  openness of t h i s  
2 s tand  t h e  t r e e  sample was only smal l  on 400 m , There was no r e a l l y  

hea l thy  t r e e  i n  t h e  sample, and t h e  dieback looks  somewhat l i k e  t h a t  i n  

re lev6  38 (Fig. 6 ) .  I n  comon wi th  t h a t  r e l ev6 ,  t h e r e  a r e  a few r e c e n t l y  

dead ( c l a s s  4) and t h i n l y  f o l i a t e d  ( c l a s s  2) trees i n  r e l ev6  42, bu t  

re lev6  42 d i f f e r s  i n  having a l s o  s e v e r a l  s tagheads  ( c l a s s  3) and old 

snags ( c l a s s  5) .  The reason f o r  t he  absence of t h e  l a t t e r  two t r e e  

v igor  c l a s s e s  i n  r e l e v 6  38 is perhaps only  a r e f l e c t i o n  of t h e  fewer 

t r e e s  enumerated i n  r e l ev6  38. 

Looking over  t h e  remaining n ine  diagrams on Figure  7, we may now 

group them i n t o  popula t ion-s t ruc ture  types.  The next  s i x  r e l ev6s  

(no's. 11, 15,  24, 37, 26, 12) a l l  show very  heavy dieback,  wh i l e  

t h e  bottom-three r e l ev6s  (no's.  14, 23, 27) show only  normal t o  s l i g h t  

dieback. Most of t h e  heavy dieback r e l ev6s  were mapped a s  open f o r e s t s  

(no's. 11, 15, 26, 12).  Only two were mapped as c losed  o r  dense, 

r e spec t ive ly ,  namely 24 and 37. Relev6 37, however, was an  open "pocket 

stand" i n  an  o therwise  dense f o r e s t .  The dieback pocket  was t o o  s m a l l  

f o r  mapping i t  as an open f o r e s t  a t  t h e  chosen map-scale. I n t e r e s t i n g l y ,  

t h e r e  a r e  a l a r g e  number of r e c e n t l y  dead s tanding  t r e e s ,  b u t  no o l d  

snags. This  s t and  must have d i ed  very  suddenly and r ecen t ly .  There 

a r e  a few r e c e n t l y  dead t r e e s  i n  a l l  of t hese  heavy dieback s t ands  

except i n  r e l ev6  12. This  r e l ev6  i s  one of t h e  " c l a s s i c a l "  dieback 

s t a n d s  ad jacent  t o  t h e  Saddle Road (nor th  of i t s  junc t ion  w i t h  t h e  

Tree P lan t ing  Road). 

Figure 8 shows another  set of s i x  re lev6s .  Three of t h e s e  are 

hea l thy  f o r e s t s ,  r e l ev6s  30, 32 and 36. Relev6 30 w a s  sampled i n  Hawaii 
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Volcanoes National  Park. It is a closed f o r e s t  on a mesic,moderately 

deep-soil  h a b i t a t .  Its dieback index is 19.42, which we  consider  normal 

f o r  a hea l thy ,  c lo sed  f o r e s t .  I t  may be noted a l s o  t h a t  t h e  snags i n  

t h i s  s tand  a r e  i n  t h e  smaller diameter c l a s s e s .  This  i n d i c a t e s  t h a t  t h e  

snags a r e  probably from suppressed t r e e s  which d i ed  under competi t ive 

p re s su re  of t h e  bigger-diameter t r e e s .  

Relev6 32 is i n  a hea l thy ,  c losed  f o r e s t  on Olaa Trac t ,  where i t  

occurs  on a moderately moist ,  deep-soil  h a b i t a t .  Note, t h a t  t h e  diameter  

mode i n  t h i s  s t a n d  i s  near  35 cm dbh, which imp l i e s  t h a t  t he  trees on 

t h i s  s i t e  a r e  much b igge r  than those i n  r e l e v 6  30. I n  t h i s  Olaa Trac t  

re lev6  (no. 32) they are probably a l s o  g r e a t e r  i n  he ight  (a  parameter n o t  

y e t  analyzed) ,  which would exp la in ,  i n  p a r t ,  t h e  lower dens i ty  ( i .  e. number 

of t r e e s )  i n  t h i s  r e l ev6  as compared t o  t h e  o t h e r  two heal thy-stand 

re lev6s  (no's.  30 and 36). 

The t h i r d  hea l thy  s tand  (no. 36) on Figure 8 shows g r e a t e r  s i m i l a r i t y  

i n  t r e e  s t r u c t u r e  t o  re lev6  30. Relev6 36 is  a dense, t a l l  f o r e s t  sample 

from Puu Makaala, where the  s t and  occurs  on a shal low,  moist s o i l .  There 

a r e  a r e l a t i v e l y  l a r g e  propor t ion  of crown-dying trees i n  t h i s  s t and .  

This may i n d i c a t e  t h a t  t h i s  s tand  i s  e n t e r i n g  a dieback phase. 

The remaining t h r e e  re lev&,  20, 1 8  and 34, a r e  s t ands  wi th  heavy t o  

very heavy dieback. Both re lev6s  20 and 1 8  were sampled i n  Hawaii 

Volcanoes Nat iona l  Park along t h e  Cra t e r  R i m  Road. Relev6 1 8  was formerly 

sampled as a "d isease  center"  (personal  communication wi th  D r .  KO) by 

o t h e r  r e sea rche r s  bu t  wi thout  recovery of Phytophthora cinnamomi. The 

only l i v e  trees a r e  trunk-sprouts,  bu t  t h e r e  are no r e c e n t l y  dead trees. 

In  c o n t r a s t ,  r e l ev6  20 has a good number of hea l thy  and trunk-sprouting 

t r e e s .  There are n o t  s o  many o l d  snags,  b u t  a few r e c e n t l y  dead t r e e s  

a r e  present .  Therefore,  one may conclude t h a t  although both s t ands  a r e  

i n  t he  same dieback c l a s s ,  they a r e  i n  a somewhat d i f f e r e n t  s t a g e  of 

dieback. Relev6 20 go t  h i t  by dieback a t  a more r ecen t  da t e  and now i ts  

dieback is  progress ing  f u r t h e r ;  whereas r e l ev6  1 8  has  come t o  a very 

advanced s t a g e  of  dieback some time ago, and may now have ceased t o  

progress  f u r t h e r .  The few trunk-sprouted t r e e s  may poss ib ly  surv ive .  

The present  dieback p a t t e r n  of r e l ev6  18  looks very s i m i l a r  t o  t h e  

"c l a s s i ca l "  dieback p a t t e r n  of r e l ev6  12 (F ig .  7 ) .  A l l  t h e s e  ( i . e .  r e l ev& 



12, 18 ,  and 20) r ep re sen t  dieback on mesic, well-drained h a b i t a t s .  

Relev6 34 (Fig. 6) r ep re sen t s  an  open f o r e s t  wi th  very heavy 

dieback on a mois t ,  shal low-soi l  h a b i t a t  i n  t h e  Puu Makaala a rea .  It i s  

thus  no t  very f a r  i n  l o c a t i o n  from t h e  o t h e r  Puu Makaala dieback r e l ev6  37 

(on Fig. 5) .  However, r e l ev6  34 shows a good number of o l d  snags and n o t  

as many r e c e n t l y  dead t r e e s  a s  does re lev6  3 7 .  Thus, t hese  two dieback 

re lev6s  may a l s o  b e  considered a s  showing dieback phases.  Relev6 34 

appears t o  have en te red  a dieback phase some time ago and now has 

progressed t o  a more slowly advancing end-point. I n  c o n t r a s t ,  t h e  ohia  

populat ion of r e l e v 6  37 has d ied  r e c e n t l y  and r a t h e r  suddenly a s  i f  i t  

had co l lapsed .  Both Puu Makaala s t ands  a r e  on moist and very moist t o  

wet h a b i t a t s ,  r e spec t ive ly .  

7 .  Ohia Regeneration P a t t e r n s  i n  t h e  Relev6s 

A l l  33 r e l ev6s  i n  which we recorded smal l  o h i a  t r e e s  from 0.1 m t o  

5 m t a l l ,  were analyzed i n  d e t a i l  and diagrammed i n  t h e  same manner a s  

t h e  previous ly  descr ibed  reproduct ion t r ends  along t h e  b e l t  t r a n s e c t s  

(Sect ion IV-4 and Fig. 5 ) .  I n  t h e  r e l ev6  ana lyses ,  however, we omitted 

the  very smal l  oh ia  s eed l ings  ~ 0 . 1  m t a l l  because we do no t  consider  

t hese  a s  "es tab l i shed" .  These very small seed l ings  may a l s o  be r e f e r r e d  

t o  a s  "germinants", which impl ies  t h a t  they merely g ive  an i n d i c a t i o n  

of t he  a v a i l a b i l i t y  of v i ab le  seeds  i n  t h e  s t and .  The behavior of such 

germinants may a s  y e t  be "phenological" i n  t h e  sense  t h a t  they can be 

expected t o  form an  abundant crop i n  one y e a r  which may l a r g e l y  d isappear  

i n  t h e  next  yea r .  O r  they may even d i e  w i t h i n  t h e  same year  when, f o r  

example, t h e i r  a s  y e t  shal low roo t ing  s u b s t r a t e  temporari ly  drops below 

the  permanent w i l t i n g  percentage. 

Using t h e  33 r e l ev&,  i t  was p o s s i b l e  t o  e s t a b l i s h  c e r t a i n  

c r i t e r i a  f o r  c l a s s i f y i n g  t h e  regenera t ion  t r ends  f o r  each s tand  which we 

analyzed i n  t h e  f i e l d .  The c r i t e r i a  a r e  s t a t e d  i n  Table 8. A somewhat 

a r b i t r a r y  dec i s ion  had t o  be made on t h e  "adequacy" of s tocking  dens i ty  

f o r  small  o h i a  trees. The concept of  adequacy he re  relates t o  t h e  

p r o b a b i l i t y  of  t h e  c u r r e n t l y  regenera t ing  smal l - t ree  popula t ion  t o  form 

a new mature t r e e  genera t ion  on t h e  same s i t e .  For t h i s ,  w e  s e t  the  

s tandard  a t  3500 smal l  t r e e s  pe r  hec t a re ,  which is roughly equiva len t  t o  



Table 8. Regeneration Classes f o r  Small Ohia Trees from 0.1 t o  
5 m Ta l l .  

A = Adequate number, i .e. > 3500 per  hectare* 

A I Present ,  but  only under 0.5 m t a l l  

A I1 Recent, ohia  regeneration up t o  1 m t a l l  

A I11 .Moderately advanced, ohia regenerat ion up t o  2 m t a l l  

A I V  Advanced, ohia  regeneration up t o  3 o r  4 m t a l l  

A V Very advanced, .ohia regenerat ion up t o  5 m t a l l  

Inadequate t o  maintain a f o r e s t :  number of small  t r e e s  
under 3500 per  hectare;  c l asses  a s  above. 

* Pac i f i c  Coast Forestry Standard f o r  adequate stocking is 
> 1625 t o  3750 seedlings or  small t r e e s  per  hectare  
(Forestry Handbook f o r  B r i t i s h  Columbia 1953: 70). 
Further research i n t o  an adequate restocking standard f o r  
Hawaiian r a i n  f o r e s t s  is underway. 



one small o h i a  t r e e  p e r  t h r e e  square meters. I n  comparison t o  e s t a b l i s h e d  

res tocking  s t anda rds  f o r  n a t u r a l  r egene ra t ion  i n  cut-over P a c i f i c  Coast 

f o r e s t s ,  t h e  lower limit of 3500 smal l  trees pe r  h e c t a r e  i s  q u i t e  

conserva t ive .  This  i s  p a r t i c u l a r l y  t r u e  i f  one cons iders  t h a t  we are 

he re  dea l ing  w i t h  a n a t u r a l  f o r e s t  and no t  w i t h  a f o r e s t  which i s  managed 

f o r  t imber product ion.  For t h e  l a t t e r ,  t h e  s tock ing  dens i ty  requirement 

could be expected t o  be g r e a t e r  than  f o r  a se l f -main ta in ing  n a t u r a l  

f o r e s t .  However, t h e  d i s p e r s a l  p a t t e r n  o r  t h e  clumping p a t t e r n  of s m a l l  

t r e e s  should a l s o  be  taken i n t o  cons idera t ion .  For t h i s  reason,  we set 

t h e  adequacy of s tocking  s tandard  r a t h e r  h igh  f o r  t h e  accepted minimum 

range as app l i ed  t o  P a c i f i c  Coast f o r e s t s .  We have information on the  

d i s p e r s a l  p a t t e r n ,  which w i l l  be analyzed a t  a l a t e r  da t e .  

It was p o s s i b l e  t o  c l a s s i f y  t h e  r egene ra t ion  p a t t e r n s  of a l l  r e l ev& 

i n t o  e i t h e r  adequate  o r  inadequate  and f u r t h e r  i n t o  any one of t h e  f i v e  

h e i g h t  c l a s s e s  (Table 8). These he ight  c l a s s e s ,  backed up by t h e  t r ee -  

dens i ty  s t anda rd ,  g ive  a c l e a r  i n d i c a t i o n  of t he  s t a t u s  of a regenera t ion  

t rend i n  t h e  sense  of whether i t  is advanced o r  r ecen t .  Some o t h e r  

a spec t s ,  namely s i t e  p roduc t iv i ty  and degree of shading, a l s o  e n t e r  i n t o  

t h e  assessment o f  t h e  regenera t ion  s t a t u s  of a s t and .  These a s p e c t s  w i l l  

be poin ted  o u t  below, where app l i cab le .  

Figure 9 shows a n  example of each r egene ra t ion  t rend  a s  c l a s s i f i e d  

by t h e  c r i t e r i a  given on Table 8. 

Table 9 t a b u l a t e s  t h e  b a s i c  d a t a  f o r  a l l  33 re l ev& and t h e  t h r e e  

formerly descr ibed  b e l t - t r a n s e c t  segments. The l a t t e r  were c l a s s i f i a b l e  

i n t o  regenera t ion  t r ends  only a f t e r  a n a l y s i s  of t h e  a d d i t i o n a l  sample 

s tands .  

From Table 9 i t  becomes apparent  t h a t  t h e  oh ia  regenera t ion  t r ends  

a r e  c l o s e l y  c o r r e l a t e d  wi th  t h e  mapped forest-canopy u n i t s  (open, c losed ,  

dense).  Most of the  open f o r e s t  s t a n d s  sampled had adequate ohia  

regenera t ion .  The except ions a r e  r e l ev& 21 and 29, both from Olaa T r a c t ,  

and re lev& 17 and 14, which a r e  t h e  bog r e l ev& wi th  shrubby ohia- t ree  

growth n o t  exceeding 5 m i n  he ight .  The two Olaa T r a c t  r e l ev& (no's. 21  

and 29) occur  i n  an  a r e a  of vigorous tree f e r n  (Cibotium glaucum) growth, 

where t h e  t r e e  f e r n s  form a dense undergrowth canopy a r  about 4 t o  5 m 

he ight .  Here, o h i a  appears t o  be d i sp l aced  from t h e  s i t e .  



W 
a e 
0 
W x 
\ 
a 
W 
m 
2 
3 z 

W 
a 
a 
I- 
0 
W 
I 
\ 
a 
W 
m 
2i 
3 z 

FIG. 

REPRODUCTION STEM LENGTH RE-ION STEM LENGTH REPROWCTK))U STEM LENGTH 
CLASSES(~) CLASSES(~) CLASSES(m 1 CLASSES (m) CLASSES(m) CLASSES(m1 

9. Example Data f o r  Each of t h e  Regeneration Classes  Recognized i n  Table 2. N I =  Not 
adequate,  only under .5 m t a l l ,  A I1 = adequate,  r ecen t ,  oh i a  regenera t ion  up t o  
1 m t a l l ,  A 111 = adequate,  moderately advanced, A 111 = advanced, regenera t ion  up t o  
3 o r  4 m t a l l ,  A V = adequate,  very advanced. The r a t i o  on each diagram r e l a t e s  t h e  
t o t a l  number of s m a l l  t r e e s  t o  t hose  under .5 m ta l l .  



Table 9. Ohia Regeneration Trends f o r  A l l  Sample Stands Analyzed 
i n  t h i s  P ro j ec t .  

Sample Stand Number of Trees lha  Regeneration 
o r  Relev6 No. from 0.1-5 m t a l l  Class  

Saddle Road B e l t  Transect :  

Dieback segment 9898 **A V (very advanced) 

Healthy segment 6600 A I V  (advanced) 

Stainback Highway 
Be l t  Transect  

Open f o r e s t  re lev6s :  

on mesic 
12  (I)* 

s i t e s  
1 8  (8) 
26 (8)  

mod. moist 29 (9) 
s i t e s  21 (9) 

39 (5) 
28 (3) 

moist 34 (3) 
s i t e s  31 (10) 

38 (10) 
42 (11) 

very moist 11 (6) 

t o  w e t  15  (6) 

sites 19 (6) 
25 (6) 

extremely 17  (13) 
wet s i t e s  40 (13) 

Closed f o r e s t  r e l ev6s  : 

mesic 16 (1) 

s i t e s  20 (8) 
30 (8) 

mod. moist 22 (9) 
sites 32 (9) 

Inadequate I1 ( recen t )  

A I V  
A I V  
A I11 (mod. advanced) 

Inadequate I 
Inadequate I (p re sen t ,  

b u t  only < 0.5 m t a l l )  

A V 
A I V  
A 111 
A I1 ( recen t )  
A I1 
A I11 

A I V  (advanced) 
A I V  
A V (very advanced) 
A V 

Inadequate 111 
Inadequate I V  

291 Inadequate I1 
5251 A 111 (mod. advanced) 
9417 A I V  

8 3 Inadequate  I 
16 7 Inadequate  I 



Table 9 (Continued). 

Sample Stand Number of Trees /ha Regeneration 
o r  ~ e l e v 6  No. from 0.1-5 m t a l l  Class 

Closed f o r e s t  relev& : (continued) 

moist 
s i t e s  

very moist 43 (7) 
t o  wet 

Dense f o r e s t  relev& : 

mod. moist 23 (2)  
sites 33 (2) 

moist 35 (3) 
sites 36 (3) 

very moist 37 ,(6) 
t o  w e t  

12833 A 111 
6000 A 111 
2250 Inadequate I V  

1000 Inadequate I11 
458 Inadequate V 

2083 Inadequate I1 
292 Inadequate I1 

1333 Inadequate I11 
79 2 Inadequate I 

17750 A I1 (recent)  

* Number i n  brackets  a f t e r  relev6 number r e f e r s  t o  h a b i t a t  type 
number (Chapter 111) 

** A = adequate regeneration, i .e. number > 3500/ha 



On t h e  o t h e r  e x t r e m e , a l l d e n s e  f o r e s t  r e l ev& show inadequate  oh ia  

regenera t ion .  The except ion is  re l ev6  37 which is t h e  r ecen t  dieback 

pocket s t and  i n  t h e  Puu Makaala a r ea .  The regenera t ion  i n  t h i s  i s  c l e a r l y  

adequate wi th  more than two e s t a b l i s h e d  s e e d l i n g s  p e r  square  meter.  The 

s i z e  of  t h e  o h i a  s eed l ings  (up t o  1 m t a l l )  i n d i c a t e s  t h a t  t h e  dieback 

he re  occurred r e c e n t l y ,  perhaps w i t h i n  t h e  p a s t  f i v e  years .  Thus, i n  

add i t i on  t o  t h e  many r e c e n t l y  dead t r e e s  shown f o r  t h i s  s t and  on Figure  7, 

its regene ra t ion  t r end  provides a second suppor t ing  index f o r t h e r e c e n c y  

of t h e  dieback i n  t h i s  s t and .  The inadequate  regenera t ion  t r ends  f o r  t h e  

o the r  s i x  dense f o r e s t  s t and  samples analyzed simply show t h a t  oh ia  

regenera tes  poorly i n  shade. Therefore,  we may cons ider  t h e i r  r egene ra t ion  

p a t t e r n s  a s  being r e t a rded  by shade. 

Among t h e  n ine  c losed  f o r e s t  r e l ev& analyzed, t h e r e  a r e  four  w i t h  

inadequate  and f i v e  wi th  adequate r egene ra t ion  t rends .  Those wi th  

inadequate regenera t ion  t rends  a r e  a l l  "healthy" f o r e s t s .  Only r e l ev6  16 

of t h i s  group has a dieback index of 25.8%, which j u s t  exceeds t h e  25% 

considered normal f o r  c losed  oh ia  f o r e s t s .  Of t he  f i v e  c losed  f o r e s t  

r e l ev& wi th  adequate regenera t ion  t r ends ,  t h r e e  show heavy dieback 

(no's.  20, 24, 4 3 ) ;  the  two o t h e r s  (no's.  27, 30) have low dieback 

i n d i c e s  (29.4% and 19.4%, r e s p e c t i v e l y ) .  I n  t hese  s tands ,  f o r  some o t h e r  

reasons n o t  apparent  from t h e  d isp layed  d a t a ,  regenera t ion  has  progressed 

without  a major canopy opening. 



V RAIN FOREST STRUCTURE AND FLORISTICS 

(N. Balakrishnan and D. Mueller-Dombois) 

1. In t roduc t ion  

This  subpro jec t  was s e t  up t o  record  t h e  f l o r i s t i c  composition of 

each  f o r e s t  s t and  sample o r  r e l ev6  and t o  s tudy  t h e  d i s t r i b u t i o n  of t h e  

ohia-associated p l a n t  spec i e s  throughout t h e  s tudy  area .  The more 

immediate o b j e c t i v e s  were t o  determine t h e  n a t i v e  and e x o t i c  spec i e s  

d i v e r s i t y  as r e l a t e d  t o  f o r e s t  s t r u c t u r e ,  l o c a t i o n ,  moisture regime and 

h a b i t a t .  Another r e l a t e d  o b j e c t i v e  w a s  t o  c l a r i f y  whether t h e  dieback 

has anything t o  do wi th  t h e  invas ion  of e x o t i c  spec i e s .  ' W e  a l s o  wanted 

t o  s tudy  t h e  d i s t r i b u t i o n  of t he  r a r e  endemic s p e c i e s  and t o  f i n d  o u t  i f  

undergrowth s p e c i e s  can be used t o  i d e n t i f y  h a b i t a t  types f o r  mapping 

purposes.  

For t h e  proper  assessment,  t h e s e  s tudy  o b j e c t i v e s  r e q u i r e  a n  a n a l y s i s  

of a l l  t h e  p l a n t  s p e c i e s  encountered i n  a t  l e a s t  80 t o  120 re lev&.  Thus 

f a r ,  w e  have only  39 r e l ev6s  analyzed.* Moreover, t he  r e l ev& and s p e c i e s  

have t o  be  t r e a t e d  by m u l t i v a r i a t e  a n a l y s i s  techniques t o  produce r e l i a b l y  

d e f i n i t i v e  s ta tements .  This work is still  i n  progress ,  and we need 

about two more yea r s  of f ie ldwork t o  o b t a i n  t h e  des i r ed  number of re lev6s .  

Therefore,  t h i s  work should be continued under a new p r o j e c t .  

2. Species  Richness i n  D i f f e ren t  Rain Fores t  Stands 

The concept of spec i e s  r i c h n e s s  relates t o  t h e  number of s p e c i e s  

found i n  a g iven  a rea .  It d i f f e r s  a l i t t l e  from t h e  concept of s p e c i e s  

d i v e r s i t y ,  which i s  usua l ly  i n t e r p r e t e d  by combining s p e c i e s  number 

and spec i e s  o r  popula t ion  quan t i t y  i n t o  an index. W e  i n t end  t o  do t h a t  

a t  a l a t e r  s t a g e  of  d a t a  ana lys i s .  

I n  t h e  number of p l a n t  s p e c i e s  recorded f o r  each r e l e v 6  on Table 10 ,  

w e  excluded t h e  mosses, l i v e r w o r t s  and l i c h e n s .  These non-vascular p l a n t s  

s t i l l  r e q u i r e  s p e c i a l  a t t e n t i o n .  Thus, t h e  s p e c i e s  numbers r e f e r  t o  a l l  

vascu la r  p l a n t s  recorded, inc luding  t h e  ep iphytes .  A c h e c k l i s t  of a l l  

spec i e s  i s  g iven  a s  Appendix I on p. 101. 

Our r e s u l t s  show t h a t  t he  t o t a l  number of t h e s e  spec i e s  v a r i e s  on 

a r e a s  o f  400 m2 from under 10 t o  over  60 s p e c i e s .  A low t o t a l  number of 

* Relev& 6 ,  7,  8, 9 were omit ted from t h i s  a n a l y s i s  because t h r e e  of t h e s e  
a r e  Acacia - koa s t ands  and one i s  an immature oh ia  s tand .  



Table 10. Species  Richness of Nat ive and Exot ic  Vascular P l a n t s  i n  t h e  
400 m2 Sample Stands. 

# Native /I Exo t i c  
p l a n t  p l a n t  Location 

spec i e s  s p e c i e s  

Sample Stand 
o r  Relev6 No. 

Open f o r e s t  re lev&: 

on mesic  12 (l)*D 

s i t e s  18 (8) D 
26 (8) D 

Saddle Road 
HVNP 
HVNP 

mod. moist  29 (9) 
sites 21 (9) 

Olaa Trac t  
Olaa Trac t  

39 (5) D 
28 (3) D 

moist  34 (3) D 
sites 31 (10) D 

38 (10) D 
42 (10) D 

Tree P. lant ing Road 
Tree P l a n t i n g  Road 
Puu Makaala 
Olaa 
Olaa 
Wailuku Stream a r e a  

0 1  (6) D 
0 3  (6) D 

very moist  11 (6) D 
t o  wet 15  (6) D 
sites 19 (6) 

25 ( 6 )  

Wailuku Stream area 
Wailuku Stream area 
Tree P lan t ing  Road 
Saddle Road 
Wailuku Stream a r e a  
Tree P lan t ing  Road 

WailukuStreamarea 
Hamakua Coast 

extremely 17 (13) 
w e t  sites 40 (13) 

t r e e l e s s  bog 02 (14) Wailuku Stream a r e a  

Closed f o r e s t  relev&: 

on mesic 16  (1) 

s i t e s  20 (8) D 
30 (8) 

Lower Stainback Hwy. 
H W  
HVNP 

mod. mois t  04 (9) 

s i t e s  22 (9) 
32 (9) 

Wailuku Stream a r e a  
Olaa Trac t  
Olaa Trac t  

10 (5) 
moist 24 (5) D 

s i t e s  27 (3) 
4 1  (11) 

Tree P lan t ing  Road 
Puu Makaala 
Tree P lan t ing  Road 
Hamakua Coast 



Table 10 (Continued) . 

Sample Stand 
o r  Relev6 No. 

!I Native !I Exotic 
p lant  p l a n t  Location 

species  spec ies  

Closed f o r e s t  relev6s (continued) : 

v e r y m o i s t  43 (7)  D 4 7 
t o  wet 05 (12) 4 1 

Dense f o r e s t  re leves  : 

on mesic 13  
sites 14 

mod. moist 23 
sites 33 

moist 35 
sites 36 

very moist 
t o  w e t  

3 7 

Tree Planting Road 
Wailuku Stream a r e a  

(1) D 3 7 0 Saddle Road 
(1) 35 1 Saddle Road 

(2) 5 5 1 Puu Makaala 
(2) 5 8 0 Puu Makaala 

(3) 5 3 0 Puu Makaala 
(3) 48 1 Puu Makaala 

(6) D 5 3 3 Puu Makaala 

* Number i n  brackets  r e f e r s  t o  h a b i t a t  type number 
D = stand wi th  heavy o r  very heavy dieback 



only  e i g h t  s p e c i e s  was found i n  t he  t r e e l e s s  bog re lev6  (no. 2) .  Here, 

only f o u r  s p e c i e s  dominated t h e  s i te ,  t h e  o t h e r  fou r  were of minor 

occurrence. The most dominant s p e c i e s  was t h e  endemic sedge Rhynchospora 

lavarum (wi th  about  60% shoot  cover).  The o t h e r  t h r e e  dominants were 

e x o t i c s ,  a rush (Juncus p l a n i f o l i u s ) ,  a g r a s s  (Sacc io lep is  i n d i c a )  and a 

fo rb  (Cuphea car thagenens is ) .  This  treeless bog, no doubt is  a n  environ- 

mental ly  extreme h a b i t a t .  The next  lowest  t o t a l  number of spec i e s ,  25, was 

recorded a l s o  i n  a bog s i te  ( r e l ev6  1 7 ) ,  which however was occupied wi th  

s tun ted  o h i a  t r e e s  < 5 m t a l l .  The presence of oh ia  he re  is a s s o c i a t e d  

wi th  an  i n c r e a s e  i n  n a t i v e  spec i e s ,  some of which occurred a s  ep iphytes .  

The t h i r d  bog r e l ev6  (no. 40) had 38 s p e c i e s ,  and thus  compared w e l l  i n  r ich-  

ness  w i t h  t h e  o t h e r  f o r e s t  s t ands  sampled i n  t h i s  s tudy.  Their  t o t a l  

spec i e s  number va r i ed  mostly from 30 t o  60. Therefore,  s p e c i e s  r i c h n e s s  

is no t  r e l a t e d  t o  s o i l  moisture regime o r  h a b i t a t  type, except  i n  some 

extremely wet sites. 

Stands r i c h  i n  n a t i v e  spec i e s ,  i.e. conta in ing  over 501400 m2, were 

found i n  open, c losed and dense f o r e s t s .  Conversely, s t ands  poor i n  

n a t i v e  s p e c i e s ,  i. e .  under 301400 m2,  were found i n  open and c losed  bu t  

no t  i n  dense f o r e s t s .  I f  one r e l a t e s  t h e  number of re lev& r i c h  i n  n a t i v e  

spec i e s  (> 50 spec i e s )  t o  a l l  r e l ev6s  i n  each major s t r u c t u r a l  category 

(and omi t t i ng  the  t h r e e  bog r e l e v & ) ,  t h e  fo l lowing  r e l a t i o n s h i p  is 

ind ica t ed ,  12% (2117) f o r  open f o r e s t s ,  25% (3112) f o r  c losed  f o r e s t s  

and 57% (417) f o r  dense f o r e s t .  I f  one r e l a t e s  t h e  number of r e l ev6s  

w i t h  low numbers of n a t i v e  s p e c i e s  (< 30) t o  a l l  re lev& i n  each major 

f o r e s t  s t r u c t u r a l  category,  t h e  r e l a t i o n s h i p  is reversed,  namely 29% 

(5117) f o r  open f o r e s t s ,  25% (3112) f o r  c losed  f o r e s t s  and none f o r  

dense f o r e s t s .  This  i n d i c a t e s  t h a t  t h e r e  is  a general  r e l a t i o n s h i p  of 

dense oh ia  f o r e s t s  being a s soc i a t ed  wi th  a g r e a t e r  number of n a t i v e  

p l a n t  s p e c i e s  than c losed  f o r e s t s  and t h e s e  i n  t u r n  appear  t o  be r i c h e r  

i n  n a t i v e  s p e c i e s  than  open f o r e s t s .  It may a l s o  be noted t h a t  t h e  

dense f o r e s t  samples contained t h e  fewest numbers of  e x o t i c  spec ies .  

However, a s t i l l  c l o s e r  c o r r e l a t i o n  of  n a t i v e  spec i e s  r i chness  and 

e x o t i c  s p e c i e s  invas ion  e x i s t s  with l o c a t i o n .  The fou r  r e l ev& i n  Hawaii 
2 Volcanoes Nat iona l  Park a l l  showed low n a t i v e  spec i e s  numbers (< 301400 m ) 

2 and h igh  numbers of  e x o t i c s  (from 10-181400 m ). I n  Olaa Trac t ,  n a t i v e  
2 spec i e s  r i c h n e s s  was g r e a t e r  (between 40-55 species1400 m ) and e x o t i c  



2 species  invasion was much l e s s  (from 0 t o  41400 m ). However, here  some 

. Q of t h e  exo t i c s ,  p a r t i c u l a r l y  the  v ine  P a s s i f l o r a  mixta appears t o  have 
-9 

the p o t e n t i a l  f o r  rapid  spreading (Jacobi and Warshauer 1975). The Puu 

5;0 Makaala a r e a  shows a s t i l l  g r e a t e r  r ichness  i n  na t ive  species .  Except 

f o r  one s tand (no. 36, with 48 na t ive  species)  a l l  o the r  s tands  sampled 
2 

i n  t h i s  a r e a  had na t ive  species  numbering > 50/400 m . None of these  

s tands  contained more than four e x o t i c  species ,  and P a s s i f l o r a  mixta was 

not found i n  t h i s  area.  

Other areas  with r e l a t i v e l y  high numbers of e x o t i c , s p e c i e s ,  i.e. e i g h t  

o r  more, w e r e  found a t  t h e  Tree Plant ing  Road, a t  the  lower Stainback 

Highway, i n  the  Wailuku Stream a r e a  (not f a r  from a forest-access road) ,  

a t  c e r t a i n  a reas  along t h e  Saddle Road and i n  the  Hamakua Coast a r e a  

above t h e  p lanted  eucalyptus b e l t  near  2000 f e e t  e levat ion .  I n  these  

a reas ,  e x o t i c  species  s e e m  t o  have followed inroads created by pas t  

management a c t i v i t i e s .  

3. Dieback and Exotic Species Invasion 

From t h e  overview of species  r ichness  given i n  Table 10,  i t  is 

poss ib le  t o  r e l a t e  the  number of e x o t i c  species  t o  the  s tands  with and 

without heavy (c la s s  4) o r  very heavy ( c l a s s  5) ohia dieback. The 

dieback s t ands  a r e  indicated a s  such on t h e  t ab le .  The non-dieback s tands  

(those wi th  dieback c l a s s  1-3) a r e  the  o thers .  The th ree  bog samples 

a r e  omitted from t h i s  analys is .  The following t abu la t ion  br ings  out  the  

re la t ionship:  

- -- - -- - pp - 

No. Exotic No. of Dieback No. of Non-Dieback 
Species Stands Sampled Stands Sampled 

A s  shown by the  tabula t ion ,  high numbers of e x o t i c  species  (> 10, 

i . e .  from 11-18) were found only i n  s tands  with heavy dieback. However, 

moderately high numbers of e x o t i c  spec ies  (from 5-10) were found i n  both 

dieback and non-dieback s tands ,  and low numbers, under f i v e  exo t i c  



species ,  were a l s o  found i n  both types of s tands.  This may give  t h e  

impression t h a t  ohia  dieback is associa ted  with exo t i c  spec ies  invasion.  

Inspect ion  of the loca t ions  of t h e  f i r s t  s i x  relev& on the  

t abu la t ion  shows th ree  of them t o  occur i n  Hawaii Volcanoes National 

Park. Two a r e  from the  Tree Plant ing  Road and one i s  from t h e  Saddle 

Road. This ind ica tes  t h a t  dieback i n v i t e s  e x o t i c  species  invasion i n  

areas  where the re  a r e  already r e l a t i v e l y  l a r g e  numbers of e x o t i c  spec ies  

present .  However, the  dieback a s  such can hardly be considered the  

cause of e x o t i c  species  invasion i n  general .  The tabula t ion  shows t h a t  

the  number of dieback s tands  with a small  number of exo t i c s  (< 5 species)  

is  g r e a t e r  than those i n  which we found over 10 exot ics .  I n  f a c t ,  t h e  

number of dieback s tands  with moderate (5-10) and low (< 5) numbers of 

e x o t i c  spec ies  is  l e s s  than the  number of non-dieback 

s tands  i n  these  categories.  This ind ica tes  t h a t  dieback has no p a r t i c u l a r  

influence on e x o t i c  species  invasion i n  o the r  areas ,  where the  exo t i c  

species  pressure  is  not  a s  grea t .  

However, species  numbers a lone  br ing  out  only genera l  tendencies. 

What r e a l l y  goes on can only be c l a r i f i e d  by an examination of t h e  spec ies  

themselves. We did a preliminary ana lys i s  of d i s t r i b u t i o n  groups of 

e x o t i c  p l a n t  species i n  the  study t e r r a i n  and found t h a t  they can be 

divided i n t o  two major groups: 

1. Exotic species  more o r  less r e s t r i c t e d  t o  c e r t a i n  geographic a reas  

2. Exotic  species  occurring throughout t h e  study t e r r a i n  

It must be emphasized, however, t h a t  t h i s  study was not  designed 

t o  s tudy the  d i s t r i b u t i o n  of e x o t i c  spec ies  i n  the  r a i n  f o r e s t s .  Its 

ob jec t ive  was t o  study the  dieback and intervening "healthy" f o r e s t  

s tands .  Therefore, we did not  look f o r  a reas  with high e x o t i c  species  

numbers o r  s tands containing c e r t a i n  exot ics .  Instead our record of 

exo t i c s  can be considered a small random sample of the f o r e s t  dieback 

t e r r a i n  a s  a whole. 

3.1 Exotic  Species mostly Res t r i c t ed  t o  Certain Geographic Areas.-- 

This group was dividable i n t o  f i v e  subgroups a s  follows: 

a)  Exotics found only i n  our  Hawaii Volcanoes National Park relevgs:  

Shrub: Rubus penetrans; Grasses: Holcus lanatus ,  S e t a r i a  genicula ta ,  

Aira - caryophylla, Forbs: Anemone hupehensis, Phajus t a n k e r v i l l i a e ,  



Younpia japonica, Hypochoeris r a d i c a t a ,  Fragaria -3 a lba  Anagall is  

arvens is. 

Exotics found only i n  our Olaa Tract  relev&: 

Vine: P a s s i f l o r a  mixta, Forb: Epilobium cinereum. 

Exotics encountered only i n  our re lev6s  i n  the Wailuku River area :  

Grass: Axonopus a f f i n i s ,  Forbs: Veronica p lebeia ,  Ageratum 

conyzoides, Polygonum glabrum. 

Exotics found only i n  our' relevgs a t  lower e levat ion  (< 2000 f e e t )  

a t  Hamakua Coast and Stainback Highway: 

Tree: ' Spathodea campanulata, Shrub: Melastoma malabathricum. 

Exotics encountered only i n  our re levgs  along t h e  Tree Plant ing  Road: 

Vines: P a s s i f l o r a  edu l i s ,  P a s s i f l o r a  l i g u l a r i s ,  T a l l  Grass: S e t a r i a  

pa lmi fo l i a ,  Forb: Arundina bambusifolia.  

3.2 Exotic Species Occurring Throughout t h e  Study Terrain.--This group 

could be divided i n t o  two subgroups: 

a )  Exotic species  found mostly i n  poorly drained s i t u a t i o n s  i n  our 

relevgs : 

Rushes: Juncus ef fusus ,  - J. bufonius, J. - t enu i fo l ius ,  - J. p l a n i f o l i u s ,  

Grass: Sacciolepis  indica ,  Forbs: Ludwigia o c t i v a l v i s ,  Cuphea 

carthagenensis ,  Commelina d i f f u s a ,  Drymeria cordata. 

b) Exotic  species  found i n  openings and l o c a l l y  d is turbed p laces  i n  our  

re lev& : 

Trees: Psidium cattleianum, Buddleja a s i a t i c a ,  Shrub: Rubus 

rosae fo l ius ,  Grasses: Andropogon v i rg in icus ,  Paspalum conjugatum, 

P. o rb icu la re ,  Dig i t a r i a  sp.,  Sedge: Cyperus b rev i fo l ius ,  - 
Forbs: Eupatorium riparium, Erech t i t e s  va le r i anae fo l i a ,  Hypericum 

degeneri . 
In  the  f i r s t  group of the  more o r  less l o c a l i t y - r e s t r i c t e d  exo t i c s ,  

we  encountered only two p o t e n t i a l l y  damaging e x o t i c  p lants .  By p o t e n t i a l l y  

damaging i s  meant a p lant  t h a t  may i n t e r f e r e  s i g n i f i c a n t l y  with the  

reproduction cycle of the  na t ive  f o r e s t  p l a n t s  i f  allowed t o  become 

abundant. One was the  shrub Rubus penetrans i n  Hawaii Volcanoes National 

Park, the  o the r  the vine P a s s i f l o r a  mixta i n  the  Olaa Tract .  The woody 

p lan t s ,  Spathodea campanulata and Melastoma malabathricum, which w e  found 

r e s t r i c t e d  t o  lower e levat ions ,  may a l s o  be considered p o t e n t i a l l y  



damaging. The same may apply t o  t h e  o the r  P a s s i f l o r a  v ine  spec ies  found 

i n  the  Tree Plant ing  Road area.  The remaining species i n  t h e  l o c a l l y  

r e s t r i c t e d  group appear t o  be of l i t t l e  inf luence  on the  rest of t h e  

vegetat ion.  

Among t h e  second group of exo t i c s ,  i . e .  those spread throughout the  

r a i n  f o r e s t  t e r r a i n ,  only one woody p l a n t  seems of concern. This is  the  

tree Psidium cattleianum, which is w e l l  represented a t  seve ra l  lower- 

e l eva t ion  s i t e s .  It may have the  capaci ty  t o  d isplace  ohia  i n  such 

places where it has become abundant. Among the  o ther  widespread spec ies ,  

Andropogon v i rg in icus  i s  l o c a l l y  common i n  open and poorly drained places.  

However, i t  does not seem t o  i n t e r f e r e  wi th  t h e  reproduction cycle  of 

na t ive  woody plants .  Eupatorium riparium is common i n  Hawaii Volcanoes 

National Park and i n  t h e  Tree Plant ing  Road area.  It is r a r e  i n  Olaa 

Tract  and t h e  o ther  r a i n  f o r e s t  areas.  Since i t  is  a shade-tolerant 

weed, i t  may i n t e r f e r e  with t h e  development of na t ive  undergrowth 

species  i n  those areas  where i t  i s  common. 

4. Rare Endemic Species 

For the  purpose of iden t i fy ing  the  r a r e  endemic species  i n  t h e  study 

area ,  w e  t r ans fe r red  a l l  our p l a n t  records i n t o  a preliminary syn thes i s  

t a b l e  (Mueller-Dombois and Ellenberg 1974). From t h i s  t a b l e ,  w e  then 

determined t h e  frequencies of a l l  spec ies  throughout the  s e t  of t h e  39 

vegeta t ion  samples analyzed i n  t h i s  p ro jec t .  An endemic species  found 

i n  l e s s  than 15% of our relevgs ( i . e .  < 6/39) was considered r a r e  

( i .e .  infrequent)  i n  t h e  study area. I n  addi t ion ,  we have records on 

the  quant i ty  of each species  i n  each relev6.  These records provide f o r  

an es t imate  of the l o c a l  abundanceofeach species .  

The r a r e  o r  infrequent  r a i n  f o r e s t  endemics a r e  l i s t e d  i n  Table 11. 

We included a few species ,  which were considered r a r e  o r  of uncer ta in  

s t a t u s  i n  t h e  l i s t  of r a r e  and endangered species  by Fosberg and Herbst 

(1975), but  which exceeded our s tandard of rareness  a s  defined above. 

The degree of rareness o r  infrequency can be determined from Table 11 

by counting t h e  number of relev6 e n t r i e s  given f o r  each species  and by 

dividing t h i s  number by t h e  t o t a l  number of re lev6s  studied.  Our l o c a l  

abundance symbols f o r  these species  ranged from r t o  2. The meaning of 



these  symbols is given i n  t h e  following tabula t ion:  

Abundance 
Symbo 1 

Quant i ta t ive  Meaning 

l o c a l l y  r a r e ,  i .e .  only one individual /  
400 m2 

few individuals ,  i . e .  2-5 individuals  f o r  
woody p l a n t s  o r  any number of ind iv idua l s  
i n  forbs  o r  o t h e r  l i f e  forms, but  wi th  smal l  
shoot o r  f o l i a g e  cover 

more than 5 individuals  f o r  woody p l a n t s ,  
o r  cover up t o  5% 

many individuals ,  t h e i r  combined f o l i a g e  
cover from 5-25% of t h e  re lev6 a r e a  

Table 11 lists the  24 r a r e  endemic species ,  which w e  located  i n  our 

survey. The list includes f i v e t r e e s ,  13  shrubs, two vines ,  t h r e e  f e rns  

and one forb.  I n  t h e  remarks taken from t h e  Fosberg-Herbst l ist ,  the  

comment "uncertain s t a tus"  r e l a t e s  t o  t h e  quest ion of whether the  

species  o r  v a r i e t y  is  endangered. It does not  r e l a t e  t o  any taxonomic 

uncertainty.  However, w e  have not been able  i n  some cases t o  determine 

t h e  v a r i e t a l  s t a t u s  of some of our r a r e  species  e n t r i e s .  This work is 

still i n  progress. It should a l s o  be reemphasized t h a t  our  sample of 

39 re lev& is not  near ly  enough t o  make d e f i n i t i v e  statements i n  a l l  

cases. When we have sampled 80 t o  120 relev&, i t  may be poss ib le  t h a t  

some species  now considered r a r e  o r  infrequent  w i l l  become less ra re .  

Several  o the r s  w i l l  undoubtedly remain r a r e  i n  the  study area .  Trees 

i n  t h i s  group a r e ,  f o r  example, Xylosma hawaiiense var .  h i l l e b r a n d i i ,  

Bobea timonioides, Tetraplasandra meiandra and Labordia sp. Among t h e  

shrubs, w e  can now consider t h e  s t a t u s  "cer ta inf f  f o r  Cyanea longipedunculata. 

This species  was l i s t e d  a s  uncer ta in ,  i .e .  possibly endangered, by 

Fosberg and Herbst. We found i t  i n  n ine  of our relev&, i.e. wi th  23% 

frequency i n  t h e  study area.  Locally,  t h i s  species  i s  mostly represented 

by only one o r  a few individuals .  But it  is present  i n  s c a t t e r e d  

occurrence throughout c e r t a i n  a reas  of t h e  study area. Other shrub 

species  not so r a r e  a r e  Cyrtandra lys iosepa la  and 2. pla typhyl la .  

However, these  seem t o  be represented wi th  d i f f e r e n t  gene t i c  races  o r  



Table 11. Rare Endemic P l a n t  Species  Recorded i n  t h i s  Relev6 Survey. 

Spec ies  by 
Life-form 
Categor ies  

General Assessment 
Our Survey Other Remarks from 

Local Relev6 Fosberg-Herbst L i s t  (FH) 
Abun- 

No. and St .  John's 
dance Checkl i s t  (STJ) 

-- 

TALL TREE (> 10 m t a l l  when mature) 

1. Xylosma hawaiiense r (21)* 
var .  h i l l e b r a n d i i  

LOW-STATURE TREES (< 10 m t a l l )  

2. Bobea timonioides r 3 3 
+ (33) 

3. Te t r ap l a sandra  r 24,33 
meiandra r (241, (16) 

4. No tho  ces  trum r 10,23 
long i f  olium r 24 

+ 16,33 
+ (29) 

PALM TREE (with fan-shaped fronds)  

5. P r i t c h a r d i a  spp. r 22,24 
r 27,28 

TALL SHRUBS (> 2 m t a l l  when mature) 

6. Urera sandwicensis + 33 
r 2 3 

7. Touchardia l a t i f o l i a  r (32) 

SHRUBS (< 2 m t a l l )  

8. Trematolobel ia  r 24, (24) 
grandi f  o l i a  r 33, (16) ' 

9. Platydesma + (38) 
s p a t h u l a t a  

STJ: One v a r i e t y  
FJ3: I n  c u l t i v a t i o n ;  deple ted  

FH: Very l o c a l  and rare 

STJ: 10  v a r i e t i e s  
FH: Eight of them of unce r t a in  

s t a t u s  and two r a r e  

STJ: One v a r i e t y  
FH: S t a t u s  unce r t a in  

STJ: 10  v a r i e t i e s  
FH: Most of them of unce r t a in  

s t a t u s  

STJ: Two v a r i e t i e s  
FH: Both r a r e  o r  unce r t a in  

STJ: One v a r i e t y  



Table 11 (Continued) . 

Species by 
Life-form 
Categories 

General Assessment 
Our Survey Other Remarks from 

Relev6 Fosberg-Herbst L i s t  (FH) 
Abun- 

No. and St .  John's 
dance Checklist (STJ) 

SHRUBS (< 2 m t a l l )  (continued) 

10. Clermontia 
montis-loa 

, 11. Phyllostegia 
v e s t i t a  

12. Phyllostegia 
f loribunda 

13. Labordia 
hedyosmifolia 

14. Cyanea 
tritomantha 

15. Cyanea 
longipedunculata 

16. Cyrtandra 
paludosa 

17. Cyrtandra 
l y s  iosepala 

18. Cyrtandra 
p l a t  yphy l l a  

FORB 

29. Plantago muscicola 

STJ: Two v a r i e t i e s  
FH: One of uncer ta in  s t a t u s  

FH: Status  uncertain 

STJ: Twa v a r i e t i e s  
FH: One is very rare 

STJ: Seven varieties 
FH: Four of them r a r e  

STJ: Two v a r i e t i e s  
FH: Both r a r e  

FH: Status  uncertain 

STJ: Two v a r i e t i e s  
FH: One of uncer ta in  s t a t u s  

STJ: Three v a r i e t i e s  
FH: Two of uncertain s t a t u s  

STJ: S ix  v a r i e t i e s  
FH: A l l  s i x  of uncertain 

s t a t u s  

FH: Status  uncer ta in  



Table 11 (Continued) . 

General Assessment 
Species by Our Survey Other Remarks from 
Life-form Relevd Fosberg-Herbst L i s t  (FH) 
Categories Abun- No. and St.  John's 

dance Checklist (STJ) 

VINES 

20. S tenogyne rugosa r 16,29 STJ: Two v a r i e t i e s  
r 31 FH: One of uncer ta in  s t a t u s  

2 1. S t enogyne r 33,35 STJ: Four v a r i e t i e s  
calmin thoides r 37,43 FH: Three of uncer ta in  s t a t u s  

TAU FERNS (> 1.5 m t a l l )  

22. Sad le r i a  3- 35,39 
souleyetianurn r 34,36 

23. Dryopteris paleacea r 38,42 
var. fusco-atra 

SMALLER GROUND-ROOTED FERN 

24. Asplenium r 22,23 
rhipidoneuron 

* Species found outs ide  re lev6 21. A l l  ou t s ide  records a r e  shown 
i n  brackets .  



v a r i e t i e s  i n  t h e  area ,  and thus these may be r a r e  and endangered. 

Most of t h e  o the r  species  l i s t e d  w i l l  probably remain r a r e  wi th  even 

more in tens ive  searches f o r  t h e i r  d i s t r ibu t ion .  

It would be easy now t o  map t h e  d i s t r i b u t i o n  records of t h e  24 r a r e  

and endemic species l i s t e d  on Table 11. However, t h i s  w a s  not  our 

object ive  a t  t h i s  time. 



V I .  SYNTHESIS AND EVALUATION 

1. Relat ionship of the  Study 

OF THE DIEBACK 

Components 

PROBLEM (D. Mueller-Dombois) 

d The vegetat ion map r e s u l t e d  i n  three  major f o r e s t  s t r u c t u r a l  

types : 

I Dense ohia f o r e s t s  (with 2 subtypes) 

I1 Closed ohia  f o r e s t s  (with 5 subtypes) 

I11 Open ohia f o r e s t s  (with 7 subtypes) 

These th ree  s t r u c t u r a l  types were based on tree canopy cover 

( i .e .  I > 85%, 11 >60-85%, 111 15-60%). I n  addition, two o the r  major 

s t r u c t u r a l  types were recognized: 
C 

I V  Low-growing vegetat ion wi th  s c a t t e r e d  t r e e s  (5 subtypes, 

tree cover < 15%) 

V Low-growing vegeta t ion  without t r e e s  > 5 m t a l l  (3 subtypes) 

Most of our samples were concentrated i n  u n i t s  I, 11 and 111. W e  

had no sample y e t  i n  u n i t  I V ,  and w e  sampled only one of the  subtypes 

i n  u n i t  V, the  bogs, with t h r e e  relev&. 

It was pointed out  t h a t  t h e r e  was very l i t t l e  c o r r e l a t i o n  between 

the  four  s o i l  moisture regime types (mesic, moderately moist ,  moist ,  

very moist t o  wet) and t h e  three  major f o r e s t  s t r u c t u r a l  un i t s .  I n  

o ther  words, one can expect dense, closed o r  open ohia  r a i n  f o r e s t s  t o  

occur on any one of these four soi l-moisture regimes. However, extremely 

wet h a b i t a t s ,  the  swamp o r  bog types ,  show a low-growing vegeta t ion  cover 

wi th  o r  without very low-stature (< 5 m t a l l )  ohia  t r e e s .  Since nearly 

t h e  same vegetat ion s t r u c t u r e  can occur on r e l a t i v e l y  r ecen t  l ava  flows, 
I 

recogni t ion  of physical  h a b i t a t  type from a i r  photographs is not  easy. 

Therefore, ground-reconnaissance i s  extremely important f o r  mapping 

h a b i t a t  types i n  t h i s  r a i n  f o r e s t  t e r r a i n .  

Some aspects  of h a b i t a t  mapping have already been incorporated 

i n t o  the  present  preliminary ve r s ion  of the  enclosed th ree  vegeta t ion  

map-sheets. These r e l a t e  t o  th ree  ground-cover types i d e n t i f i e d  by 

the  following symbols : 

bs = bog shrub and herb complex 

m s  = shrub-fern complex on well-drained sites a t  upper e l eva t ions  

sh  = shrub-fern complex on well-drained sites a t  lower e l eva t ions  



Thus, here,  two s o i l  moisture i n d i c a t o r  groups of undergrowth 

spec ies  have been employed, a group f o r  poorly drained, w e t  sites and a 

group f o r  well-drained sites. The l a t t e r  has been s p l i t  by e leva t ion  

i n t o  a sub-group more r e l a t e d  t o  cooler  temperatures (p reva i l ing  a t  

higher e levat ions)  and another  sub-group r e l a t e d  t o  w a r m e r  temperatures 

(prevai l ing  a t  lower e l eva t ions ) .  

Other undergrowth vegeta t ion  types recognized r e l a t e  pr imar i ly  t o  

f o r e s t  s t r u c t u r e ,  namely: 

C = Cibotium ( t r e e  f e rn )  undergrowth, and 

Dic = Dicranopteris  (creeping fe rn )  undergrowth. 

However, a l s o  t h e  cover-degree of these major f e r n  undergrowth 

types may be u t i l i z a b l e  a s  an i n d i c a t o r  of h a b i t a t  type (e.g. Becker 1976). 

Another undergrowth type recognized on t h e  present  vegeta t ion  map 

ind ica tes  a t i m e  r e l a t ionsh ip  i n  terms of geological  recency: 

p io  = pioneer shrub-fern complex on recent  lava flows. 

It may a l s o  be poss ib le  t o  separa te  t h i s  species  complex i n t o  

moisture regime-related spec ies  wi th  f u r t h e r  research.  This  mul t i -var ia te  

ana lys i s  w i l l  form p a r t  of another  p ro jec t .  

Once worked out ,  t h e  use of ind ica to r  species  f o r  mapping h a b i t a t  

types can be very useful .  P lan t  spec ies  may be employed t o  spec i fy  t h e  

boundaries between h a b i t a t  types and t o  p red ic t  the  temporal p a t t e r n  from 

a few w e l l  loca ted  sample locat ions .  Such a h a b i t a t  type map w i l l  then 

revea l  the  physica l  site-mosaic i n  d e t a i l  which under l ies  t h i s  r a i n  

f o r e s t ,  extending across  t h e  e a s t  f l anks  of Mauna Loa and Mauna Kea. 

Superimposed on t h i s  physica l  site-mosaic i s  a dynamic f o r e s t  

pa t t e rn .  This is s t rongly  ind ica ted  by the  f a c t  t h a t  d i f f e r e n t  fo res t -  

s t r u c t u r a l  types a r e  found on t h e  same b a s i c  h a b i t a t  type. 

The analys is  of ohia  population s t r u c t u r e s  has given independent, 

add i t iona l  evidence f o r  t h i s  dynamic pa t t e rn .  It a l s o  has given evidence 

f o r  the  ohia dieback a s  being p a r t  of t h i s  dynamic pa t t e rn .  However, 

t h e  moisture regime and h a b i t a t  type analyses have brought f o r t h  b a s i c  

physica l  s i te  v a r i a t i o n s  and r e s t r i c t i o n s ,  which set c e r t a i n  l i m i t s  t o  

the ext rapola t ion  of any one dynamic p a t t e r n  across t h e  whole r a i n  f o r e s t  

s tudy area.  There is  no quest ion anymore t h a t  t h e  dynamic p a t t e r n s  which 

occur across the  area ,  d i f f e r  i n  major environmental s e c t i o n s  of t h i s  broad 

r a i n  f o r e s t  ecosystem. This w i l l  be f u r t h e r  explained i n  t h e  following 

sec t ions .  



2. Five Kinds of Dieback 

Table 1 3  gives a summary of  the  major components analyzed i n  t h i s  

p ro jec t .  From t h i s  and the  analyses given i n  the  preceding chapters ,  i t  

is now poss ib le  t o  recognize f i v e  kinds of dieback. These can be 

c a l l e d  : 

1 )  Wetland dieback (symbol W on Table 13) 

2) Dryland dieback (symbol D) 

3) Ohia-displacement dieback (symbol 0-d) 

4) Bog-formation dieback (symbol B) 

5) Individual- tree dieback (no symbol) 

Their  cha rac te r i za t ion  is a s  follows. 

2.1 The Wetland Dieback.--This dieback type is  most prevalent  on very 

moist t o  w e t ,  shallow-soil h a b i t a t s ,  where i t  occurs most commonly on 

poorly drained pahoehoe lava  (hab i t a t  type 6).  However, the  wetland 

dieback is  not r e s t r i c t e d  t o  pahoehoe. It may occur a l s o  on poorly 

drained aa  lava (relev6 43, h a b i t a t  type 7) and on moist,  imperfect ly 

drained, shallow s o i l  h a b i t a t s  (no. 3 and 5).  We a l s o  f i n d  i t  on moist 

deep-soil h a b i t a t s  (no. 10, 11) .  The wetland dieback i s  charac ter ized  

pr imar i ly  on a i r  photographs as a large-area dieback, varying i n  s i z e  

from less than a hec ta re  t o  s e v e r a l  hectares  over uniform sites. It 

seems t o  s top  wherever the re  i s  a major change i n  h a b i t a t .  Canopy dens i ty  

may vary from dense (relev6 37) t o  open (many examples) . This 

r e l a t ionsh ip  ind ica tes  t h a t  t h e  wetland dieback is not necessa r i ly  

densi ty-related.  A probable cause could be temporary o r  prolonged 

inundation (or flooding) of the  roo t  system of t h e  ohia trees. 

Inundation of some s i t e s  may be  the  r e s u l t  of unusually heavy r a i n f a l l ,  

which may occur i n  c e r t a i n  segments of the  study a rea  i n  some years  and 

not t o  the  same ex ten t  i n  o thers .  The inundation p a t t e r n s  a r e  c e r t a i n l y  

not  uniformly d i s t r i b u t e d  through t h i s  t e r r a i n ,  which extends from Olaa 

Forest  Tract  across the  Waiakea Forest  Sect ion t o  a cons iderable  d is tance  

nor th  of Wailuku Stream. Over the  moist t o  wet s i te  mosaic t o  which t h i s  

dieback type is genera l ly  r e l a t e d ,  the re  appears t o  be a temporal pa t t e rn ,  

about which we have only i n d i r e c t  information i n  our da ta .  Cer ta in  

wetland diebacks have occurred only recen t ly  (e.g. t h a t  i n  re lev6 37), 



Table 12. I n t e r r e l a t i o n s h i p s  of Fores t  S t ruc tu re ,  Hab i t a t  Type, 
Dieback Class  and Type and Ohia Regeneration P a t t e r n s  
among the  Sample Stands Studied i n  t he  P r o j e c t .  

Sample Stand 
o r  Relev6 No. 

Dieback 
Class  and Type 

Regeneration 
P a t  t e r n  

Saddle Road B e l t  Transect :  

Dieback segment 

Healthy segment 

Stainback Highway 
B e l t  Transect  

Open f o r e s t  re lev&: 

on mesic 12 ( I )*  

s i t e s  18 (8) 
26 (8) 

mod. moist 29 (9) 
s i t e s  21  (9) 

39 (5) 
28 (3)  

moist 34 (3) 
s i t e s  31 (10) 

38 (10) 
42 (11) 

very moist 11 (6) 

t o  wet 15 ( 6 )  

s i t e s  19 (6) 
25 (6) 

extremely 17 (13) 
wet s i t e s  40 (13) 

Closed f o r e s t  r e l ev& : 

on mesic 16 (1) 

s i t e s  20 (8) 
30 (8) 

4 (heavy) W **A V (very advanced) 

2 (normal f o r  A I V  (advanced) 
open f o r e s t )  

3 ( s l i g h t  t o  Inadequate  I1 
moderate) ( r ecen t )  

5 (very heavy) D 
5 D 
5 D 

A I V  
A I V  
A 111 (mod. advanced) 

Inadequate  I 
Inadequate  I (present ,  

b u t  on ly  < 0.5 m t a l l )  

Inadequate 111 
Inadequate I V  

3 D Inadequate  I1 
4 D A I11 
2 ( s l i g h t  f o r  A I V  

c losed  f o r e s t )  

1 (normal f o r  Inadequate  I 
closed f o r e s t )  

2 Inadequate  I 



Table 12 (Continued) . 

Sample Stand Dieback Regeneration 
o r  Relev6 No. Class and Type P a t t e r n  

Closed f o r e s t  re lev& (continued): 

moist 
sites 

very moist 
t o  w e t  43 (7) 

Dense f o r e s t  relev&: 

mod. moist 23 (2) 3 
sites 33 (2) 3 

moist 35 (3) 3 
sites 36 (3) 2 .- 

very moist 
t o  wet 37 (6) 

A I11 
A I11 
Inadequate I V  

Inadequate I11 
Inadequate V 

Inadequate I1 
Inadequate I1 

Inadequate I11 
Inadequate I 

A I1 (recent)  

* Number i n  brackets  a f t e r  relev6 number r e f e r s  t o  h a b i t a t  type 
(Chapter 111) 

** A = Adequate regenerat ion,  i .e. > 3500 small  ohia trees per hectare  

Dieback Type Symbols: W = Wetland Dieback 
D = Dryland Dieback 

0-d = Ohia-displacement Dieback 
B = Bog-formation Dieback 



others  have occurred a much longer time ago (e.g. the  one i n  the  1.3 km 

bel t - t ransect  along t h e  Saddle Road). The indices  w e  obtained f o r  the  

timing of dieback a r e  t h e  number of o ld  snags,recently dead trees and 

the r e l a t i v e  advancement of the  ohia regeneration. 

It is of considerable importance t o  note t h a t  a l l  wetland dieback 

areas,  which w e  analyzed i n  t h i s  p ro jec t ,  showed adequate reproduction 

( i . e .  1 3  relev& plus  t h e  1 . 3  km bel t - t ransect ) .  

2.2 The Dryland Dieback.--This dieback type appears t o  be r e s t r i c t e d  t o  

mesic o r  well-drained sites, where i t  occurs on both shallow-soil and 

deep-soil hab i t a t s .  On a i r  photographs t h i s  dieback type shows a 

"pocket"-like d i s t r i b u t i o n .  These pockets a r e  usual ly  less than an 

ac re  t o  r a r e l y  more than an acre  i n  s i ze .  I n  t h e  population s t r u c t u r e  

analys is  the re  appears t o  be l i t t l e  d i f ference  between t h e  dryland and 

wetland diebacks, except t h a t  some dryland diebacks appear t o  be 

associated with dense ohia  stocking (e.g. relev6 16) o r  with higher 

stocking densi ty  before most of the  dead standing trees had f a l l e n  down 

(e. g. relev6 12). Thus, i t  appears probable t h a t  the  dryland dieback 

is  a response t o  a plant-crowding phenomenon on these  mesic sites. 

It is q u i t e  conceivable t o  imagine t h a t  ohia stand-development on 

these mesic h a b i t a t s  proceeds t o  a point ,  when a temporary soil-drought 

may t r i g g e r  a dieback. The ohia seedlings become es tab l i shed  i n  a 

r e s t r i c t e d  time-period (probably i n  l e s s  than a decade), and they form a 

one-generation stand. A s  t h e  i n i t i a l l y  small  t r e e s  increase  i n  s i z e ,  

they require  more n u t r i e n t s  and water per  individual .  Depending on 

t h e i r  s tocking density,  they w i l l  begin t o  diminish each o t h e r ' s n u t r i e n t  

and water supply sooner o r  l a t e r .  Nutrient- and water-withdrawal i s  

fu r the r  aggravated by t h e  developing undergrowth vegetat ion.  The mesic 

s i t e s  i n  t h i s  r a i n  f o r e s t  area  have near ly  unweathered subs t ra tes .  

Because of t h e i r  recent  volcanic o r ig in ,  they are loaded with nu t r i en t s ,  

but these n u t r i e n t s  may not become ava i l ab le  from weathering a s  f a s t  as  

the demand of the  p lan t  cover increases  i n  ohia s tand development. A s  a 

r e su l t ,  the ohia  t r e e s  when having reached a c e r t a i n  s i z e  may be on a 
9' s ta rva t ion  diet ."  Then, a soil-drought could t r i g g e r  a stand-dieback. 

This dieback would extend over tha t  stand-segment on t h e  mesic s i t e  

where the trees a r e  dense o r  otherwise i n  in tense  competition with the  



associated vegetat ion.  For t h i s  reason, the  dryland dieback may have 

the "pocket" p a t t e r n  a s  mentioned before. This hypothesis involves 

p lan t  competition and then soil-drought a s  a t r igger .  It would explain 

D r .  KO and Kliejunas '  e a r l i e r  experimental r e s u l t s  (Kliejunas and KO 

1974) i n  which these  authors demonstrated t h a t  decl in ing ohia  t r e e s  

respond pos i t ive ly  t o  f e r t i l i z a t i o n .  

With only two exceptions,  we found adequate ohia  regenerat ion on 

the mesic-site s tands  which were s t ruck  by dieback (Table 13). I n  

relev6 16, which was one of the  exceptions, the-dieback index was only 

25.8%. It thus represents  an almost "healthy" closed f o r e s t ,  and f o r  

t h i s  reason probably--namely the  shaded fo res t - f loor  conditions--the 

regeneration i s  inadequatq. The second exception is  re lev6 13, which 

showed heavy dieback. But here,  the  remnant "healthy" s tand was s t i l l  

s o  dense t h a t  ohia regenerat ion had not progressed very f a r .  I n  t h i s  

s tand,  one may expect adequate ohia regenerat ion t o  occur wi th in  the  

next decade. 

It may be noted t h a t  i n  a l l  but  one of t h e  dense f o r e s t s  sampled i n  

t h i s  study, ohia regenerat ion was inadequate. The one exception is  the  

before discussed wetland dieback relev6 37. This c l e a r l y  demonstrates 

t h a t  ohia regenerat ion is present ,  but inadequate i n  ohia  f o r e s t s  with 

>.85% crown closure.  Moreover, i n  a l l  closed f o r e s t s  (with crown 

closures ranging from>60-85%), ohia regenerat ion was inadequate, 

wherever there  was no s i g n i f i c a n t  dieback (Table 13) .  

2.3 The Ohia-Displacement Dieback.--This t h i r d  kind of dieback was found 

only on moderately moist deep-soil h a b i t a t s  i n  Olaa Foreet Tract ,  where 

much of t h e  a rea  i s  covered by mono-dominant t ree-fern  (Cibotium spp.) 

' fo res t s .  Here, i t  seems old ,  big-diameter ohia trees a r e  dying out slowly 

without adequate replacement by reproduction. Examples f o r  t h i s  kind of 

dieback a r e  re lev& 21 and 29 (Table 13). The trees a r e  t a l l  and limby, 

o f t en  heavily laden with epiphytes. Their  f o l i a r  biomass and leaf-area 

seems small r e l a t i v e  t o  t h e i r  woody biomass i n  trunks and branches. 

Many of these trees appear t o  have transgressed t h e  C02 compensation 

point  and now s e e m  t o  be dying slowly from overmaturity. 

The moderately moist deep-soil h a b i t a t s  of Olaa Tract  (including the  

lower p a r t  of t h e  Kilauea Forest Reserve) obviously represent  the  



ecological  optimum f o r  tree fe rns  i n  the  e n t i r e  study area.  Here tree 

ferns  a r e  e f f e c t i v e l y  crowding out  ohia a s  a successional  t r e e  species.  

An occasional  ohia  sapl ing can be found t o  grow ep iphy t ica l ly  on t r e e  

fe rn  trunks, but  t h i s  phenomenon is  too r a r e  t o  be quan t i t a t ive ly  of 

s igni f icance  a s  a mechanism f o r  ohia  stand rejuvenation.  

Under the  t r e e  fe rn  canopy, the  associated undergrowth p lan t s  do 

not appear to  be negatively af fec ted  by t h e  gradual  disappearance of 

the t a l l  ohia trees. The displacement of ohia may not  be permanent. 

A heavy windstorm, which can blow down p a r t  of a t r e e  fe rn  fo res t  may 

r e s u l t  i n  a reappearance of ohia. However, so  f a r  we have seen l i t t l e  

evidence f o r  t h i s .  

2.4 The Bog-Formation Dieback.--This form of dieback occurs only on 

very moist t o  extremely wet deep-soil h a b i t a t s ,  which cover a l a rge  area  

on the Iiamakua Forest Section map. This a rea  extends from north of 

Wailuku Stream t o  near Laupahoehoe and i s  a l t i t u d i n a l l y  confined between 

about 2000 and 4500 f e e t  e levat ion.  Like t h e  wetland dieback, the  

bog-formation dieback appears t o  be associated with h a b i t a t  inundation, 

except t h a t  the  inundation can be considered permanent ins tead of 

per iodical ly  f luc tua t ing .  The bog-formation dieback can be r e l a t e d  t o  a 

gradual site-change a s  the  r e s u l t  of geomorphological development and 

landscape-aging . 
There is  a s p a t i a l  p a t t e r n  r e l a t e d  t o  t h i s  dieback, which shows 

some a l t i t u d i n a l  banding on the  a e r i a l  photographs. Going a l t i t u d i n a l l y  

upwards i n  t h i s  p a r t  of t h e  Hamakua Forest sec t ion ,  there  occurs f i r s t  

a band of closed f o r e s t  a t  about 2000 f e e t  e levat ion,  which is in terspersed 

with small (> 0.1 ha t~ 0.5 ha) bogs occupied wi th  sparse,  s tunted 

ohia-tree growth. Going up higher t o  about 2600 f e e t  e levat ion,  the  

bogs increase i n  s i z e  t o  a maximum of approximately 10 ha. Here, the  

forest-covered a rea  occurs in terspersed among t h e  bogs i n  form of 

narrow s t r i p s ,  which a r e  low ridges covered with decadent fo res t s .  

Going up fu r the r  t o  3700 f e e t  e levat ion,  t h e  bog-openings become again 

smaller ,  t h e i r  s i z e  being about '0.5 ha t o  1 ha, and the  forest-covered 

area  becomes correspondingly l a rge r .  The bogs disappear a t  about 4200 

f e e t  elevation.  Here the f o r e s t  is  more o r  less closed throughout, but 

i t  shows heavy dieback. S t i l l  higher,  above 4800 f e e t  t h e  f o r e s t  is  



dominantly "healthy" t o  i ts upper l i m i t  near 5500 f e e t ,  where the r a i n  

f o r e s t  merges i n t o  a c l ima t ica l ly  d r i e r  f o r e s t  b e l t  dominated by Acacia 

koa. - 
This a l t i t u d i n a l  banding and the bog-mosaic within each e leva t iona l  

band o r  b e l t  is a l s o  indicated  on the  enclosed vegeta t ion map sheet  

(Hamakua Forest Section).  Here, the  combination of vegetat ion symbols 

r e f l e c t s  t h i s  bog-mosaic. A larger-scale map ( a t  about 1:5000) would 

be needed to  t r u l y  por t ray  the  ou t l ines  of the  numerous bogs i n  t h i s  

mid-slope t e r r a i n .  Throughout t h e  bog area  the re  is more o r  less heavy 

dieback i n  the  in terspersed forest-covered a reas ,  and much of t h i s  f o r e s t ,  

p a r t i c u l a r l y  between 3000 and 4000 f e e t  e l eva t ion  is s t r u c t u r a l l y  open 

(crown cover < 60%). 

What r e a l l y  goes on i n  t h i s  area  is s t i l l  a mystery. The area is 

d i f f i c u l t  t o  reach on foot .  We managed t o  ge t  i n t o  some of the  smaller  

bogs i n  t h e  lowest bog-belt near 2200 f e e t  e l eva t ion  ( re lev6 40) and 

a t  mid-elevation (3500 f e e t )  from the  Wailuku Stream s i d e  (relev& 2 and 

17). Except f o r  r e leve  2, which represents  a t o t a l l y  treeless bog, t h e  

o the r  two had s tunted (< 5 m t a l l ) ,  but mature and flowering, ohia trees. 

These grew very sparse  among sedges, rushes, o t h e r  bog p l a n t s  (including 

Sphagnum vitianum), some broomsedge (Andropogon v i rg in icus )  and the  

creeping uluhe f e r n  (Dicranopteris l i n e a r i s ) .  Ohia regenerat ion was 

"inadequate", but  "advanced" (Table 13) according t o  our before described 

standards. Only few snags were recorded. 

W e  l ack  a s  y e t  samples of the  open f o r e s t  and dieback s tands  

surrounding the  bogs nearer  the center  of the  bog mosaic. One of our 

relev6s (no. 5 ) ,  which occurred near a bog north of Wailuku Stream, 

showed a hardpan a t  about 30 t o  50 cm depth i n  t h e  s o i l  p r o f i l e  ( a t  

severa l  places i n  the r e l e d ) ,  which resembled a weakly cemented clay 

layer.  The l ayer  was e a s i l y  cut  by a knife.  But the  s o i l  above was 

watersoaked, and i t  was d r i e r  below the  hardpan. 

It i s  too e a r l y  t o  p red ic t  clay hardpan formation a s  a cause f o r  

the bog-formation dieback on Mauna Kea. Many more samples i n  t h i s  a rea  

a r e  needed f o r  t h a t .  However, Fosberg (1961) concluded many years ago 

from h i s  observations of ohia dieback i n  montane wetland f o r e s t s  on 

Kauai and Maui t h a t  c lay  hardpan formation may be involved i n  t h i s  



dieback and the  formation of Hawaiian bogs. Since D r .  Fosberg's 

conclusions appeared i n  a publ ica t ion  of l imi ted  d i s t r i b u t i o n  and s i n c e  

h i s  conclusions a r e  very appropriate t o  r e c a l l  a t  t h i s  p lace ,  they a r e  

quoted here  i n  f u l l :  

For yea r s  i t  has been noticed t h a t  c e r t a i n  Hawaiian f o r e s t s  
a r e  i n  very poor condit ion,  wi th  many dead o r  dying trees. I n  
some a reas  these  a r e  accounted f o r  by t h e  a c t i v i t i e s  of grazing 
animals. This is  espec ia l ly  t r u e  i n  dry a reas  and on c l i f f s  and 
rough s t e e p  s lopes .  However, decadence of  f o r e s t  is a l s o  
observed i n  very wet areas  where the re  i s  no p a r t i c u l a r  grazing; 
these  a reas  a r e  on comparatively l e v e l  o r  gen t ly  sloping ground. 
The l a r g e r  trees a r e  dead o r  almost so ,  b u t  usual ly  the re  is a 
w e l l  developed s tand of smaller  t r e e s  o r  shrubs,  including some 
o r  a l l  of the  same species  a s  i n  the  o r i g i n a l  f o r e s t .  The s tands  
a r e  of va r i ed  s t a t u r e s ,  but  wi th in  a s t and  t h e  height  is  f a i r l y  
uniform. These low f o r e s t s  do not  seem t o  be simply young 
f o r e s t s ,  a s  some of the  t a l l e r  ones, 4-6 m, have an abundance of 
o l d  dead o r  p a r t i a l l y  dead t a l l e r  trees, while i n  some lower 
stands,  1-2 m, s tanding dead trees a r e  uncommon o r  r a re .  The 
lowest of these  f o r e s t s  have been r e f e r r e d  t o  a s  i n c i p i e n t  
bogs, and have we l l  developed basa l  c lay  l a y e r s  (Patterson,  
personal  communication, 1961). One such s tand e a s t  of Hanalei 
Valley, Kauai, where traversed by a road, shows a s t r i k i n g  
white c l ay  substratum. 

It i s  suggested t h a t  these  decadent f o r e s t s  a r e  s t ages  i n  
the  process leading t o  the  formation of bogs. Weathering of 
the  b a s a l t  under cool,  very w e t ,  condi t ions  t h a t  permit an 
accumulation of humus and thus percola t ion  of humic ac id  
so lu t ions  y i e l d s  clay (Wentworth e t  a l .  1939). Formation of 
c lay  on l e v e l  o r  gent ly  sloping ground gradual ly  impedes 
drainage, and br ings  about t h e  accumulation of perched water on 
top of t h e  clay. This drowns the  root-systems of the  l a rge  
t r e e s ,  causing them t o  d i e  slowly, a s  is  seen i n  t h e  decadent 
f o r e s t s .  They a r e  replaced by smaller trees, more shallowly 
rooted. A s  t h e  c lay  l aye r  becomes more impervious and perhaps 
more extens ive ,  t h e  accumulation of water may become g r e a t e r  
and may even drown the  shallow roo t  systems of the  small  t r ees .  
This process repeats  i t s e l f ,  u n t i l  t he  low f o r e s t ,  the  shrub 
bog, and f i n a l l y  t h e  very low sedge bog vegeta t ion ,  a r e  formed. 

This theory would account f o r  the  present  d i s t r i b u t i o n  of 
bogs i n  the  Hawaiian Is lands ,  f o r  the  c o r r e l a t i o n  of decadent 
f o r e s t  w i t h . f l a t  very w e t  t e r r a i n ,  and f o r  t h e  co r re la t ion  of 
c lay  l a y e r s  on t h e  b a s a l t  with decadent f o r e s t  and bogs. It 
would a l s o  account f o r  the  decadence of t h e  f o r e s t  on f l a t  ground 
immediately adjacent  t o  heal thy f o r e s t  of t a l l  s t a t u r e  on 
s t eeper  s lopes .  This gradual dwarfing process might a l s o  have 
brought about t h e  evolut ion of dwarf races of such f o r e s t  trees 
a s  Metrosideros t h a t  a r e  i n  f u l l  flower when only a few 
centimeters t a l l .  



Undoubtedly, D r .  Fosbergwastalking about what we here  have i d e n t i f i e d  

as  t h e  bog-formation dieback i n  ye t  another area.  

Nevertheless, i t  seems hard t o  be l i eve  t h a t  one may witness 

stand-dieback a s  caused by a pedogenic o r  geomorphological phenomenon. 

Such processes a r e  considered t o  proceed on a much longer time-scale 

than a tree generation. However, when f l y i n g  over t h i s  boggy slope- 

t e r r a i n  on Mama Kea, one can observe many dead t r e e s  on the  ground, 

which a r e  heavily overgrown with o ther  vegetat ion.  Here the  dieback 

does not  appear t o  be a phenomenon t h a t  has occurred suddenly and 

recently.  Ins tead i t  gives a s t rong ind ica t ion  of having gone on f o r  a 

very long time. The dieback appears t o  be occurring i n  s t ages  more o r  

l e s s  continuously d i s t r i b u t e d  over the  h a b i t a t  mosaic of t h i s  t e r r a i n .  

Several ohia  tree generat ions seem t o  be involved i n  t h i s  process. 

Undoubtedly, t h e  s i t e  capacity f o r  tree-growth is changing more rap id ly  

i n  some (now depressional  topographic pos i t ions) ,andless  rapidly ,  i f  a t  

a l l  percept ib ly ,  i n  o thers  ( t h e  ra i sed  topographic pos i t ions) .  Not a l l  

of the  a r e a  w i l l  end i n  bogs. Dieback i n  less inundated but wet 

pos i t ions  may merely r e s u l t  i n  a less t a l l  and more open f o r e s t  t o  

follow, l i k e  the  dieback which occurred around t h e  turn of t h e  century 

on East Maui (see L i t e ra tu re  Review i n  F i r s t  Progress Report). S i t e  

s t a b i l i t y  may then p reva i l  f o r  severa l  cen tu r ies  i n  c e r t a i n  h a b i t a t s ,  

while o thers  undergo fu r the r  changes. 

2.5 The Individual-Tree Dieback. In  a l l  "healthy" closed f o r e s t  samples 

w e  have observed a few i so la ted  dead, s tanding trees. This "individual- tree 

dieback" i s  therefore  a common phenomenon i n  n a t u r a l  ohia r a i n  f o r e s t  

s tands.  Some of these  individuals  had died  recent ly ,  with brown leaves 

s t i l l  hanging on; o thers  had died a longer t i m e  ago. Commonly these  

t r e e s  were of lower diameter c lasses  and subcanopy posi t ion .  Their 

death may be explained a s  a normal event of n a t u r a l  thinning of the  

physiological ly weaker individuals .  Death may be the  r e s u l t  of i n t r a s p e c i f i c  

competition o r  a combination of f a c t o r s  including a pathogen o r  a wood 

borer, such a s  Plagithmysus b i l l i n e a t u s  ( t h e  endemic ohia borer) .  

The main d i f ference  t o  t h e  previously discussed diebacks i s  t h a t  

t h i s  form of dieback s t r i k e s  only individual  t r e e s  which a r e  sca t t e red  

throughout an otherwise "healthy" f o r e s t .  It i s  thus not t o  be confused 



with  a stand-dieback, where groups of neighboring trees a r e  dying more 

o r  less simultaneously. Of course, a stand-dieback may begin with one 

o r  two individuals  dying and a chain-reaction of tree-deaths may follow. 

Thus, i t  is not  always easy t o  d is t inguish  individual - t ree  dieback from 

i n i t i a l  stand-dieback. Here, monitoring of large-scale a i r  photos and 

permanent p l o t s  i n  mature, healthy f o r e s t s  should provide a c l e a r  

understanding. An on-si te  indica t ion is given when a dominant, canopy 

tree d ies  o r  when a smaller  subcanopy dies .  I n  t h e  f i r s t  instance,  a 

s tand-dieback may follow. 

3. Dynamic Phases: A Rain Forest L i fe  Cycle 

The study has given conclusive evidence t h a t  the re  a r e  severa l  

associated dieback and regeneration p a t t e r n s  occurring simultaneously 

within t h e  study area.  However, these  r e l a t e  only t o  t h e  Dryland and 

Wetland Diebacks. The other  two forms of stand-dieback r e s u l t  i n  

d i f f e r e n t  vegeta t ion s t ruc tu res .  

It is  now poss ib le  to  suggest t h a t  t h e  Wetland a s  w e l l  a s  t h e  

Dryland Dieback i n i t i a t e  each a s e r i e s  of dynamic phases, which can be 

named and characterized a s  follows. 

3.1 Inc ip ien t  Breakdown o r  Dieback Phase.--This phase would be indicated 

by ohia s tands  with s l i g h t  t o  moderate ( c l a s s  3) dieback. Ohia 

regeneration i n  t h i s  condition may s t i l l  be inadequate (< 3500/ha). But 

i n  some cases regeneration is  j u s t  s t a r t i n g  t o  become abundant and wel l  

es tabl ished (Regeneration c l a s s  A 1  - AIII) .  

3.2 Fu l l  Breakdown Phase Accompanied by Stand Rejuvenation.--This phase 

would be indicated  by ohia s tands  with heavy ( c l a s s  4) o r  very heavy 

(c lass  5) dieback. Ohia regeneration would be adequate (> 3500/ha) and 

recent (AII) t o  moderately advanced (AIII).  

3.3 Advanced Reproduction Phase with Snags S t i l l  Standing.--This phase 

would a l s o  be indicated by dieback c lasses  4 o r  5 ,  but  with advanced 

ohia reproduction occurring among t h e  snags, i .e .  reproduction c lasses  

A I V  (advanced) and AV (very advanced). 

3.4 F u l l  Production Phase.--In t h i s  phase most new-generation ohia  

t r e e s  have exceeded 5 m i n  height ,  they have become dominant i n  height  



and outnumber a l l  o t h e r  woody p l a n t  s p e c i e s  i n  t h e  s tand .  Only a f e w  

snags are s t i l l  s tanding  (which may s t i l l  be taller than t h e  t a l l e r  

new-generation o h i a  t r e e s ) .  Ingrowth of  o h i a  has  cons iderably  slowed 

down. 

3.5 Mature Phase.--In t h i s  phase t h e  ohia  f o r e s t s  have reached t h e i r  

he ight  l i m i t s  a s  determined by t h e  capac i ty  of t h e  s i te  on which they  

a r e  growing. Most of t h e  t r e e s  a r e  full-crowned and vigorous,  bu t  a 

few snags may b e  encountered, which a r e  members of t h e  cu r r en t  

genera t ion .  Stands a r e  i n  what w e  have c a l l e d  "healthy" condi t ion ,  

i.e. dieback c l a s s  1 (= normal f o r  open f o r e s t s )  o r  2 (= normal f o r  

c lo sed fo res t s ) .  New o h i a  regenera t ion  i n  t h i s  s t a g e  is  p resen t ,  b u t  

usua l ly  r e t a rded  ( i . e .  inadequate o r  A 1  o r  AII)  . 
3.6 A New Dieback Theory.--It is  important  t o  reemphasize t h a t  t h e s e  

dynamic phases can only be a s soc i a t ed  w i t h  t h e  Dryland and Wetland 

Diebacks and not  w i th  t h e  o the r s .  Moreover, we may recognize somewhat 

d i f f e r e n t  tendencies  i n  t h e  dynamic phases i n i t i a t e d  by t h e s e  two 

dieback types.  The Dryland Dieback may be more commonly a s s o c i a t e d  wi th  

f u l l  res tocking ,  which r e s u l t s  i n  c losed  f o r e s t s ,  while  t h e  Wetland 

Dieback may o f t e n  r e s u l t  i n  less-densely s tocked,  o r  more open f o r e s t s .  

The r eve r se  is a l s o  poss ib l e ,  b u t  t o  be expected less commonly. 

The descr ibed  dynamic phasing p a t t e r n ,  which is  seen  a s  being 

i n i t i a t e d  by both  t h e  Wetland o r  Dryland Dieback, is a new theory,  which 

proposes a r a i n  f o r e s t  l i f e  cyc le  a s  r e l a t e d  t o  t h e  success iona l  behavior  

of t he  s t and - s t ruc tu re  forming dominant tree spec i e s ,  o h i a ,  This  theory 

w a s  concluded from a f a c t u a l  and proper ly  documented series of stand- 

dieback and reproduct ion  p a t t e r n s  c u r r e n t l y  occurr ing  side-by-side i n  

t he  oh ia  r a i n  f o r e s t  t e r r a i n  s tud ied .  Thus, t h e  p a t t e r n s  a r e  s p a t i a l  

i n  f a c t  and dynamic only i n  t h i s  theory.  However, t h i s  dynamic phasing 

theory i s  t e s t a b l e ,  and t e s t i n g  of t h i s  theory w i l l  form a new research  

pro j e c t .  

There a r e  two f u r t h e r  elements t o  t h i s  theory,  which r e l a t e  t o  t h e  

following. 

F i r s t l y ,  oh ia  is  known t o  be a p ioneer  t r e e  spec i e s .  Its occurrence 

as t h e  f i r s t  major stand-forming t r e e  on new vo lcan ic  s u b s t r a t e s  has  been 



amply documented (Atkinson 19 70, Smathers and Mueller-Dombois 19 74, 

among o t h e r s ) .  From a l l  observations a t  hand, ohia  seems t o  be a 

shade-intolerant  species .  This implies t h a t  t h e  species  requi res  a good 

amount of l i g h t  t o  grow successful ly  from seedl ing  t o  maturi ty.  I n  

closed ohia  f o r e s t s  the re  is only reduced l i g h t  ava i l ab le  on the  f o r e s t  

f loor .  Ohia seedl ings  germinate, bu t  t h e i r  mor ta l i ty  is  very high, 

probably from l i g h t  s t a rva t ion .  I n  order  t o  reproduce successful ly  

the re  must be a mechanism t h a t  removes the  shade. There is  no doubt, 

based on our da ta ,  t h a t  t h e  dieback (both wetland and dryland type) 

provides t h i s  mechanism. 

Other f o r e s t s  with perpetuat ing pioneer spec ies  a r e  maintained 

by long-term o r  e r r a t i c a l l y  recurr ing  per turbat ions .  For example, the  

Douglas-fir f o r e s t s  i n  the  P a c i f i c  Northwest a r e  known to  be maintained 

n a t u r a l l y  by pe r iod ic  f i r e s  (Schmidt 1960). Tropical  r a i n  f o r e s t s  

elsewhere wi th  permanent pioneer spec ies  a r e  known t o  be maintained i n  

some cases by pe r iod ica l ly  recurr ing  hurr icanes  (Whitmore 1975). Neither  

f i r e ,  nor hurricanes a r e  important per turbat ions  i n  the  Hawaiian montane 

r a i n  f o r e s t s .  Thus, a d r a s t i c  canopy co l l apse ,  a s  r e s u l t i n g  from t h e  

ohia  dieback, may be seen a s  a recurr ing  mechanism t h a t  became success fu l  

i n  maintaining ohia  dominance i n  t h e  Hawaiian r a i n  fo res t s .  I t  a l s o  

expla ins  t h e  pecu l i a r  one-generation s t r u c t u r e  of many ohia  s tands ,  which 

made Vogl (1969: 35) be l ieve  t h a t  such ohia  s tands  had a f i r e -o r ig in .  

Secondly, ohia  is  known t o  be a polymorphic species  a s  is ind ica ted  

by its s c i e n t i f i c  name, Metrosideros c o l l i n a  subsp. polymorpha. The two 

authors (Rock 1917 and Skottsberg 1 9 4 4 ) ,  who monographed t h i s  species  

taxonomically, agreed t h a t  the re  a r e  many v a r i e t i e s ,  but they disagreed 

considerably i n  d e t a i l .  Occasionally, more than one ohia  v a r i e t y  has 

been reported from t h e  same s i t e .  This  phenomenon coupled wi th  t h e  f a c t  

t h a t  ohia i s  found on a wide range of s o i l  moisture regimes, from 

excessively drained (on new lava  flows) t o  extremely and permanently w e t  

( i n  bogs),  makes i t  l i k e l y  t h a t  the  ohia  species  i s  comprised of 

successional  races o r  ecotypes. With f u r t h e r  knowledge about the  v a l i d i t y  

of t h i s  successional  ecotype theory, i t  may be poss ib le  t o  recognize 

pioneer, s e r a 1  and climax races  wi th in  the  ohia species  complex. These 

races  may d i f f e r  l i t t l e  i n  t h e i r  l i g h t  requirement, but  may exh ib i t  

d i f f e r e n t  s u b s t r a t e  adaptat ions and to lerances ,  from an almost 

xerophytic  exis tence  (on a l t e r n a t e l y  w e t  and dry s u b s t r a t e s )  t o  an 



almost hydrophytic  ex i s t ence  ( i n  permanently water-soaked s u b s t r a t e s  

wi th  l i t t l e  oxygen supply) .  

A r e s e a r c h  proposa l  has  been submit ted t o  t h e  National  Science 

Foundation t o  s tudy  t h e  succes s iona l  ecotype theory f o r  oh ia .  This  

work, coupled w i t h  i n t e n s i v e  f i e l d  sampling, should provide an answer 

a l s o  t o  t h e  Bog-formation Dieback. 

4. Conclusions and Appl ica t ions  

4.1 The Current  S t a t u s  of Ohia Dieback Research.--The r e sea rche r s  

concerned w i t h  t h e  dieback problem ga thered  f o r  a day-long seminar 

on October 25, 1977 ( see  Appendix 11, Ohia Decline Seminar). 

A l l  i n s e c t  and d i s e a s e  research  s o  f a r  has  given nega t ive  evidence 

so  t h a t  t h e  i d e a  of t h e  ohia  dieback a s  a "creeping epidemic" is i n  

s e r i o u s  doubt. 

The r o o t  pathogen Phytophthora cinnamomi, which w a s  once s t r o n g l y  

suspected as t h e  k i l l e r  of oh ia  ( s e e  Appendix 2 i n  UH/CPSU TR 3) was 

c l e a r l y  dismissed as a primary cause.  D r .  Kl ie junas ,  who has s tud ied  

t h e  r e l a t i o n s h i p  of  Phytophthora cinnamomi w i t h  ohia  d e c l i n e  f o r  t h e  

pas t  f i v e  y e a r s ,  s t a t e d  t h a t  t h e r e  was only  a c o r r e l a t i o n  of t h i s  r o o t  

pathogen w i t h  s o i l  moisture regime, b u t  no t  w i th  t h e  dec l ine .  He a l s o  

s a i d  t h a t  h e  had dismissed Phytophthora cinnamomi as a primary cause 

a l r eady  " i n  1972". The pathogen's  secondary involvement, however, i n  

the  Wetland Dieback, i s  s t i l l  considered a p o s s i b i l i t y .  Y e t ,  t h e  

pathogen is c l e a r l y  not  t h e  t r i g g e r  of t h e  dieback. I n v e s t i g a t i o n s  

i n t o  o t h e r  p o s s i b l e  pathogens a r e  being cont inued.  

The ohia  wood borer  (Plagithmysus b i l i n e a t u s )  has  a l s o  been 

i n v e s t i g a t e d  f o r  i ts  involvement i n  t h e  dieback f o r  t h e  p a s t  s e v e r a l  

years .  D r .  Papp presented evidence t h a t  t h i s  endemic b e e t l e  i n c r e a s e s  



i n  popula t ion  numbers on phys io log ica l ly  weakened oh ia  t r e e s .  H e  

showed a p e r f e c t  c o r r e l a t i o n  of  oh ia  crown-loss and bo re r  popula t ion  

d e n s i t y _ . - 3 d e  concluded t h a t  t h e  b o r e r  can be considered bo th  a 

cause and an e f f e c t  of t h e  oh ia  dec l ine .  H i s  d a t a ,  however, showed t h a t  

t he  r o l e  of t h e  borer  as an e f f e c t  i s  s i g n i f i c a n t  while  h i s  d a t a  showed 

l i t t l e  evidence f o r  t he  b o r e r ' s  r o l e  as a cause. I n  o t h e r  words, 

i f  t h i s  b o r e r  does a t t a c k  an  occas iona l  "healthy" o h i a  tree, t h i s  form 

of a t t a c k  has  no t  y e t  been shown t o  be q u a n t i t a t i v e l y  s i g n i f i c a n t .  

Pos t  d e c l i n e  e f f e c t s  on s o i l s  and p l a n t s  were presented  as ano the r  

research  emphasis of  t h e  U. S. Fo res t  Serv ice .  So f a r ,  no evidence 

could be given f o r  t h e  d e c l i n e  a f f e c t i n g  a  change i n  s o i l  w a t e r  r e l a t i o n s .  

Our s t u d i e s  have shown conclus ive  evidence f o r  t h e  dieback being 

a s s o c i a t e d  wi th  vigorous oh ia  reproduct ion.  I f  nothing e l s e ,  t h i s  is  

perhaps t h e  most important s i n g l e  r e s u l t  of our  i nves t iga t ions .  It 

a l s o  should c l a r i f y  t he  not ion  of oh ia  "decline".  There is  indeed no 

s i g n i f i c a n t  l a t e r a l  dec l ine  of oh ia  f o r e s t s  i n  t he  s tudy a rea .  The only  

t r u e  d e c l i n e  ( i n  t h e  l a t e r a l  sense)  occurs  a s  a  r e s u l t  o f  t h e  Ohia- 

displacement Dieback i n  the  Olaa Trac t  of Hawaii Volcsnoes Nat iona l  Park. 

The Bog-formation Dieback may a l s o  be considered a  form of  oh ia  d e c l i n e ,  

where, i n  a few p laces ,  t r e e l e s s  bogs a r e  formed. A s  a d e c l i n e  o r  

r e t r e a t  of oh ia  from t h e  r a i n  f o r e s t  t e r r a i n  as a whole, however, t h e  few 

t r e e l e s s  bogs a r e  i n s i g n i f i c a n t  . 
Another important r e s u l t  of our  s t u d i e s  is  t h e  s o r t i n g  o u t  of t h e  

vege ta t ion ,  mois ture  regime and h a b i t a t  p a t t e r n s  occurr ing  w i t h i n  t h e  

montane r a i n  f o r e s t  ecosystem s t u d i e d .  P e t t y s ,  Burgan and Nelson (1975), 

who p red ic t ed  the  rapid d e c l i n e  of o h i a  f o r e s t s  from an a n a l y s i s  of 

t h r e e  succes s ive  s e t s  of a i r  photos,  r e f e r  t o  t h e  a r e a  a s  i f  i t  w e r e  one 

b i g  uniform e n t i t y .  They obviously suspec ted  t h e  cause of t h e  epidemic, 

whatever i t  was, not  t o  be r e s t r i c t e d  by any h a b i t a t  boundary. Our 

s t u d i e s  have shown t h a t  h a b i t a t  boundaries  a r e  important.  The Wetland 

Dieback is c l e a r l y  r e l a t e d  t o  h a b i t a t  c h a r a c t e r i s t i c s .  However, s i n c e  

not  a l l  wetland a r e a s  (e.g. very moist  t o  wet shal low s o i l  over  pahoehoe 

h a b i t a t s )  a r e  i n  t h e  same s t a g e  of dieback,  t h e  h a b i t a t  c o r r e l a t i o n  of 

t h i s  dieback i s  not  an obvious one. It could only be e s t a b l i s h e d  

through c a r e f u l  ground sampling. The Dryland Dieback appears  t o  be  n o t  



merely h a b i t a t  r e l a t e d ,  bu t  a l s o  d e n s i t y  r e l a t e d .  The d e n s i t y  and 

competi t ion r e l a t i o n s h i p s  w i l l  be an a s p e c t  of f u r t h e r  research .  

From o u r  r e s u l t s  it a l s o  becomes important  t o  r eeva lua t e  t h e  a i r  

photo p r e d i c t i o n  of t h e  r ap id  d e c l i n e  made by Pe t ty s ,  Burgan and Nelson 

(1975). There is l i t t l e  doubt t h a t  some a r e a s  have had a r a p i d  dieback. 

This  is c l e a r  a l s o  from t h e  oh ia  r egene ra t ion  response i n  t h e s e  areas. 

However, t h e  Bog-formation Dieback i s  probably n o t  a r a p i d  dieback, and 

i t  appears  now, i n  view of our  f i n d i n g s ,  untenable t o  consider  t h e  o h i a  

dieback as caused by a s i n g l e  t r i g g e r .  

4.2 The S i z e  Requirement f o r  Conservation Purposes.--Our i n v e s t i g a t i o n s  

have c l e a r l y  shown t h a t  t h e  oh ia  r a i n  f o r e s t  i s  no t  a n  endangered 

ecosystem. W e  can now p r e d i c t  wi th  a h igh  degree of confidence t h a t  t h e  

ohia  s p e c i e s  w i l l  maintain i t s e l f  a s  t h e  major stand-forming dominant 

t r e e  throughout t h e  r a i n  f o r e s t  t e r r i t o r y  except  i n  some l o c a l l y  r e s t r i c t e d  

a r e a s ,  which a r e  n a t u r a l l y  convert ing t o  pure t r e e  f e r n  f o r e s t  o r  t o  

t r e e l e s s  bogs. However, o h i a  maintenance is p r e d i c t a b l e  i n  t h i s  s ense  

only i f  reasonably l a r g e  a r e a s  of i ts  ecosystem a r e  l e f t  i n t a c t .  There 

is a good p o s s i b i l i t y  t h a t  e x o t i c  t r e e  spec i e s ,  such as t h e  s t rawberry  

guava (Psidium cat t le ianum) may d i s p l a c e  o h i a  i n  c e r t a i n  a r e a s ,  i f  t h e  

n a t u r a l  r a i n  f o r e s t  is allowed t o  be converted t o  e x o t i c  tree p l a n t a t i o n s  

o r  o t h e r  commercial uses  over  l a r g e r  t r a c t s  of land than have been 

converted a t  t h i s  s t a g e  i n  t i m e .  

I n  t h i s  regard ,  i t  i s  very  important  t o  emphasize t h a t  none of t h e  

f o r e s t  samples o r  re lev&,  which we analyzed i n  t h i s  s tudy,  can be 

considered t o  be  i n  climax condi t ion .  A climax a s  he re  understood, 

r e f e r s  t o  a vege ta t ion  which i s  i n  dynamic equi l ibr ium wi th  i ts 

environment and which over a longer  span of t i m e  (say from 200 t o  500 

years )  shows e s s e n t i a l l y  t h e  same s p e c i e s  composition. Although t h e r e  

is much confusion about t h e  climax concept ,  t h i s  d e f i n i t i o n  i s  g e n e r a l l y  

accepted. There is ,  however, an  important  c o r o l l a r y  t o  t h i s  d e f i n i t i o n  

of a f o r e s t  vege ta t ion  being i n  dynamic equi l ibr ium. This  i s  t h e  s i z e -  

s c a l e  which one app l i e s  t o  t h e  climax. 

Recent s t u d i e s  i n  n a t u r a l  r a i n  f o r e s t s  on Oahu have shown (Gerr ish,  

unpublished) t h a t  one can recognize t h e  be fo re  discussed f i v e  l i f e - c y c l e  

phases of oh ia  s t ands  on r e l a t i v e l y  s m a l l  t r a c t s  of land. I n  Pupukea 



(north-end of Koolau Mountains on Oahu) these  phases can be seen and 

a r e  documented t o  occur on a r e a s  of one hectare  o r  less i n  s i z e .  Here, 

dieback is r e s t r i c t e d  t o  s c a t t e r e d  ind iv idua l s  o r  groups of individuals .  

In  a s soc ia t ion  wi th  o ld  ohia  snags, one commonly f inds  advanced ohia  

regeneration. More recent ly  dead o r  dying ohia  t r e e s  a r e  usual ly  

associa ted  wi th  smaller-sized ohia  reproduction, while closed and f u l l -  

crown f o r e s t  patches show only spa r se  seedl ing  occurrences. I n  some 

l o c a l i t i e s  of t h i s  a rea ,  t h e  strawberry guava (Psidium cat t leianum) is  

now involved i n  the  f o r e s t  reproduction cycle,  and the re  a r e  sites 

where t h i s  e x o t i c  t r e e  has displaced ohia  i n  competition. However, 

except f o r  the  disturbances i n  n a t u r a l  f o r e s t  composition caused l o c a l l y  

by t h e  success of some exo t i c s ,  t h e  Pupukea r a i n  f o r e s t  can be s a i d  t o  be 

i n  dynamic equil ibrium with i t s e l f  and i ts  environment. I n  t h i s  case  

one can speak of a near-climax o r  disclimax vegetat ion.  

I n  the  r a i n  f o r e s t  s tudy a rea  on the  Is land of Hawaii, w e  have only 

found one f o r e s t  t h a t  can be considered a disclimax, i n  the  sense  of 

showing some disturbance by e x o t i c  organisms, but  having a l l  dynamic 

phases occurring side-by-side on a r e l a t i v e l y  small  t r a c t  of land. 

This is  the  Kilauea Forest Reserve (Cooray 1974), which supports  Acacia 

koa a s  an important second tall-growing t r e e .  Here, the  25-30 m t a l l ,  - 
o f t e n  ovennature Acacia & t r e e s ,  cause r e l a t i v e l y  b ig  gaps upon t h e i r  

being thrown-over by an occasional  t r o p i c a l  storm. In  t h i s  f o r e s t ,  one 

can recognize and map gap phases r e l a t i n g  t o  d i f f e r e n t  reproduction 

p a t t e r n s  of the  major tree species  and associa ted  p lan t s  (IBP Synthesis  

Volume, i n  preparat ion).  Cooray's (1974) analys is  has shown t h a t  t h i s  

f o r e s t  is  i n  a dynamic equil ibrium, i . e .  perpetuat ing i t s e l f  wi th  

e s s e n t i a l l y  t h e  same species  composition. I n  t h i s  f o r e s t ,  t h e  dynamic 

equil ibrium opera tes  on a somewhat l a r g e r  s ize-sca le  than a t  Pupukea, 

Oahu. The s i z e  needed f o r  long-term perpetuat ion of t h i s  r a i n  f o r e s t  

wi th  Acacia - koa a s  a second dominant can be estimated t o  r equ i re  a 

minimum-area of approximately 100 t o  200 hectares .  

In  addi t ion ,  one would have t o  consider a s i z a b l e  buf fe r  a r e a  t o  

minimize the  invasion of e x o t i c  p l a n t  species .  Further  s ize-considerat ions 

may e n t e r  i n t o  the  quest ion of perpetuat ing  t h e  necessary minimum range o r  

c r i t i c a l  h a b i t a t  f o r  na t ive  b i r d  l i f e .  



I n  the  ohia  dieback t e r r a i n  s tudied i n  t h i s  p ro jec t ,  w e  found 

hardly a stand t h a t  could be considered i n  dynamic equil ibrium with 

i t s e l f  and i ts  environment. The only exceptions appear t o  be t h e  upper 

and lower e levat ion b e l t s  containing Acacia - koa as  second dominant. 

I n  these  f o r e s t s  we found no s i g n i f i c a n t  ohia dieback. Another s p e c i a l  

case is t h e  area  with t h e  Bog-formation Dieback. 

Thus, i n  t h e  areas with Dryland Dieback (Hawaii Volcanoes National 

Park, lower Stainback Highway and upper Saddle Road), Wetland Dieback 

(from Puu Makaala nor th  across Wailuku Stream) and Ohia-displacement 

Dieback (mostly i n  Olaa Tract ) ,  the re  is no s i n g l e  ohia f o r e s t  t h a t  

can be considered a climax o r  disclimax stand.  It is necessary, 

therefore ,  t o  draw a much l a r g e r  boundary around the vegeta t ion t h a t  

can be considered t o  be i n  dynamic equil ibrium with the  environment and 

with i t s e l f ,  which i n  o ther  words, may remain r e l a t i v e l y  s t a b l e  over 

longer periods of t i m e .  For example, the  Puu Makaala area  i s  considered 

a prime area  f o r  conservation purposes a t  t h i s  time, because of i ts  f i n e  

examples of closed ohia f o r e s t  with a d iverse  associa t ion of o the r  

na t ive  undergrowth species.  However, much of the  Puu Makaala f o r e s t  

shows s igns  of inc ip ien t  Wetland Dieback. It i s  poss ib le  t h a t  t h i s  

f o r e s t  w i l l  soon e n t e r  i n t o  an advanced breakdown phase and with t h i s ,  

i t  may l o s e  some of its associa ted  endemics during the  rejuvenation 

phase. Therefore, i t  appears necessary t o  draw the conservation boundary 

around a much l a r g e r  t r a c t  of land, which includes i n  addi t ion  t o  the  

closed "healthy" f o r e s t  a s u f f i c i e n t  a rea  i n  various s tages  of dieback 

and rejuvenation. Speci f ic  a reas  would have t o  be mapped out  t o  assemble 

i n  one un i t  a self-perpetuating n a t u r a l  u n i t  of ohia r a i n  f o r e s t  f o r  

conservation purposes. With only l i t t l e  addi t ional  work, t h i s  could be 

done on t h e  bas i s  of t h i s  study. 

4.3 Implications f o r  Rain Forest-Associated Management Problems.--The 

more important p r a c t i c a l  considerat ions r e l a t e d  t o  the  dieback phenomenon 

may be phrased i n  three  questions: 

1 )  What is the  e f f e c t  of the  dieback on t h e  watershed value of t h i s  ' 

r a i n  f o r e s t  t e r r a i n ?  

2) What e f f e c t  does the  dieback have on t h e  r a r e  and endemic species  

associated with t h i s  r a i n  f o r e s t  ecosystem, including t h e  na t ive  b i rds?  



3) Does t h e  dieback a f f e c t  the  behavior of exot ic  p l a n t s  and animals, 

including t h e  f e r a 1  pig? 

Although our study w a s  not  or iented  towards answering these  

quest ions d i r e c t l y ,  w e  now can evaluate  them t o  some ex ten t  from our 

f a m i l i a r i t y  with t h e  area  and the  dieback problem. 

To quest ion 1: The watershed values can ce r t a in ly  be expected t o  

d e t e r i o r a t e  when l a rge  segmegts of a montane r a i n  f o r e s t  a r e  s t ruck  by 

dieback. I n  t h i s  p a r t i c u l a r  area ,  excess water is the  problem, and 

f o r e s t  dieback could r e s u l t  i n  excessive runoff.  The excessive runoff 

could have a negative impact on t h e  sugar cane growing a reas  downslope 

of the  r a i n  f o r e s t  along t h e  Hamakua Coast. This deduction appears 

reasonable . 
However, from our current  knowledge of the  f o r e s t ,  two observations 

point  agains t  t h i s  deduction. The sugar cane f i e l d s  nor th  of Wailuku 

Stream a r e  below t h e  a rea  where much of the  Bog-formation Dieback occurs. 

Bogs a c t  l i k e  "col lec t ing pans" o r  l i k e  "sponges". The d i f fe rence  

depends on t h e i r  vegetat ion cover. Surface runoff water accumulates i n  

them. There can be a considerable lag-effect  a f t e r  water is  released 

from these  boggy areas  following heavy shower a c t i v i t y .  Thus, t h e  bogs 

have a regulatory e f f e c t  on the  surface-water flow. The bog-mosaic i n  

t h i s  dieback area  can be considered an e f f e c t i v e  watershed, perhaps even 

super ior  t o  a closed f o r e s t  cover. 

The second f a c t o r  reducing runoff-impact can be a t t r i b u t e d  t o  the  

l o s s  of f o r e s t  i t s e l f .  Clouds a r e  seen t o  p e r s i s t  i n  the  Hamakua montane 

r a i n  f o r e s t  b e l t  f o r  much of t h e  time. Fully f o l i a t e d ,  densely standing 

trees c o l l e c t  a l a r g e  quant i ty  of condensation water by ac t ing  a s  fog 

in terceptors .  Open f o r e s t s  and snags add less condensation water to  the 

ground than closed, "healthy" f o r e s t s  i n  such a fog-belt,  and t r e e l e s s  

vegetat ion in te rcep t s  even l e s s .  A study of fog-interception was done by Juvik and 

Per re i ra  (1973) on the  e a s t  f lank of Mauna Loa, which lends considerable 

weight t o  the  suggestion made here,  t h a t  the  quant i ty  of condensation 

water obtained from in te rcep to rs  is  very subs tan t i a l ,  perhaps approaching 

a value equal t o  the annual r a i n f a l l .  

In  s p i t e  of t h i s  hypothesis t h a t  the  ohia dieback i n  t h e  Hamakua 

f o r e s t  sec t ion i s  not impairing t h e  watershed value of the a rea ,  the  



watershed re la t ionsh ip  t o  t h e  dieback should be s tudied f o r  obtaining 

hard evidence f o r  e i t h e r  of the two arguments. 

On the  poorly drained,  shallow-soil h a b i t a t s ,  where t h e  Wetland 

Dieback was s a i d  t o  occur, the  watershed s i t u a t i o n  i s  again d i f f e r e n t .  

This area  i s  l a rge ly  south of Wailuku Stream, occurring i n  areas  along 

and across  t h e  Saddle Road, mostly on the  Waiakea map sheet .  Here, the  

dieback may w e l l  r e s u l t  i n  an increase  of the  surface water l e v e l .  

However, a l so  here,  fog in te rcep t ion  i s  no doubt reduced under dieback a s  

compared t o  non-dieback stands,  a f ac to r  working agains t  g r e a t  changes 

i n  t h e  s o i l  water regime following dieback. Also, here  t h e  undergrowth 

vegetat ion is vigorous and ohia  regenerat ion is  developing wel l ,  which 

ind ica tes  t h a t  water absorption from t h e  s o i l  surface  l a y e r s  i s  functioning 

adequately. I n  a d d i t i ~ n ~ d o w n s l o p e  from t h i s  Wetland Dieback a rea  occur 

s t i l l  many recent  volcanic subs t ra tes ,  which a r e  q u i t e  permeable t o  the  

incoming water. Therefore, t h e  downslope sec t ion  w i l l  hardly be a f fec ted  

by excess water a s  a result of the  Wetland Dieback. 

Again, what i s  s a i d  here  is merely a hypothesis. The e f f e c t  of the  

Wetland Dieback on t h e  s o i l  water regime i s  w e l l  worth inves t iga t ing .  

The Dryland Dieback occurs on well-drained h a b i t a t s .  The watershed 

problem does not apply t o  t h i s  type of dieback. The same can be s a i d  f o r  

the  Ohia-displacement Dieback, which occurs mostly on moderately moist 

t o  moist,  r a t h e r  permeable deep-soil hab i t a t s .  

To quest ion 2: The e f f e c t  of the  Wetland and Dryland Diebacks on t h e  

r a r e  and endemic p lan t  species  is not y e t  c l e a r  from our data. There 

a r e  indicat ions ,  however, t h a t  dense mature f o r e s t s  contain a g r e a t e r  

number of r a r e  endemics than do open fo res t s .  Whether o r  not such 

species  a r e  displaced during a dieback depends on t h e i r  response t o  the  

changed l i g h t  conditions. Many of them appear t o  be shade-adapted 

p lan t s  ( i .e .  sciophytes).  I n  t h a t  case they can be expected t o  be 

negatively af fec ted  o r  t o  be displaced by heliophytes,  such a s  the  uluhe 

fe rn  (Dicranopteris l i n e a r i s ) .  

A s  a working hypothesis,  it i s  now poss ib le  t o  suggest t h a t  these  

two forms of dieback (Wetland and Dryland) a f f e c t  t h e  associa ted  

vegetat ion a s  i n  a succession. The dieback i n i t i a t e s  a secondary 



pioneer stage*, which i n  some cases may be d r a s t i c  enough t o  d i sp lace  

the  r a r e  endemics. 

The same can be s a i d  a l s o  f o r  t h e  endemic f o r e s t  b i rds .  Dieback 

a r e a s  seem t o  be very poor i n  b i r d l i f e .  The b i r d s  w i l l  probably r e t u r n  

during t h e  advanced re juvenat ion  phase of t h e  f o r e s t  o r  during a l a t e r  

phase. Also, t h e  r a r e  endemic p l a n t  species  may behave s imi la r ly .  

To quest ion 3: Our da ta  i n d i c a t e s  t h a t  exo t i c  p lan t  spec ies  behavior 

is a f fec ted  by t h e  dieback. I n  some of t h e  Wetland and Dryland Dieback 

s tands  t h e  number of e x o t i c  species  was g rea te r  than i n  t h e  surrounding 

non-dieback stands.  I n  these  cases ,  an important f a c t o r  i s  t h e  r ichness  

of e x o t i c  species  i n  the  a rea .  Conversely, i n  areas  where the  number of 

e x o t i c  species  is  low, t h e  dieback appears not  t o  be as soc ia ted  with 

e x o t i c  species  invasion. 

Another important f a c t o r  is the  eco-physiological preadapta t ion  of 

the  e x o t i c  species  i n  quest ion.  Many e x o t i c  species ,  such a s  Erech t i t e s  

va le r i anae fo l i a ,  Andropogon v i rg in icus  and Buddleja a s i a t i c a ,  a r e  pioneer 

species .  These requi re  a good amount of l i g h t  f o r  successful  propagation. 

Such exo t i c s  can be expected t o  disappear i n  t h e  course of t h e  stand- 

recovery a f t e r  a dieback. 

Our da ta  with regard t o  f e r a l  p ig  a c t i v i t y  is  not  y e t  conclusive. 

But p ig  a c t i v i t y  appears t o  be genera l ly  low on shallow-soil h a b i t a t s ,  

where much of the  Wetland Dieback occurs. Pig a c t i v i t y  appears t o  be  

low a l s o  i n  dense f o r e s t s ,  but  higher i n  open f o r e s t s  on deep-soil 

hab i t a t s .  I n  Hawaii Volcanoes National  Park, where some of t h e  Dryland 

Dieback occurs,pigs seem t o  be p a r t i c u l a r l y  a c t i v e  i n  those areas .  There 

is l i t t l e  doubt t h a t  the  h a b i t a t  d i s t r i b u t i o n  of the  a r e a  i s  a primary 

inf luence  on the  home ranges of the  f e r a l  pig. Forest  s t r u c t u r e  and the  

dieback appear t o  p lay  a secondary ro le .  

For a pig a c t i v i t y  and home range study i n  the  r a i n  f o r e s t  ecosystem, 

i t  would therefore  be useful  t o  generate a h a b i t a t  map based on the  

c r i t e r i a  developed i n  Chapter 111. 

4.4 Hypotheses, Facts  and Theories.--As a f i n a l  point ,  i t  may be useful  

t o  summarize the  more re levant  hypotheses, f a c t s  and theor ies  t h a t  s o  

f a r  were developed i n  connection with t h e  ohia  dieback o r  decl ine .  

* I n  cont ras t  t o  primary, which would be the  pioneer s t a g e  on new 
volcanic subs t ra t e s .  



1 )  Hypotheses: Webster's d ic t ionary  defines a hypothesis a s  

"a t e n t a t i v e  assumption made i n  order  t o  draw out  o r  test i t s  l o g i c a l  

o r  empirical  consequences." Impl ic i t  i n  t h i s  d e f i n i t i o n  is  t h e  

"tentat iveness" of an idea  and the purpose t o  "test i t s  consequences." 

There were only two important general  ohia decl ine  o r  dieback 

hypotheses t h a t  s t a r t e d  se r ious  research e f f o r t s  i n  the  Hawaiian r a i n  

f o r e s t .  These were: 

A. The disease  o r  insect-damage hypothesis proposed by the  U. S. Forest  

Service and promoted as a research approach p a r t i c u l a r l y  by 

R. E. Ne.lson ( i . e .  Burgan and Nelson 1972; Pet teys ,  Burgan and 

Nelson 1975). 

B. The succession o r  n a t u r a l  phenomenon hypothesis proposed and 

promoted as  a research approach by t h e  w r i t e r  (Mueller-Dombois 1974). 

It should be noted t h a t  o the r  authors (Lyon 1909, Fosberg 1961, 

Stoner 1976) presented s i m i l a r  ideas  a s  t h e  wr i t e r .  But these  ideas  were 

not y e t  tes ted .  They a l s o  d i f f e r  i n  d e t a i l ,  and w i l l  be r e f e r r e d  t o  

once more below under "theories". 

It is useful  t o  d i s t ingu i sh  between general hypotheses and so-called 

working hypotheses. The l a t t e r  r e l a t e  t o  the  t e s t i n g  of more s p e c i f i c  

ideas  t h a t  evolve during t h e  course of an inves t igat ion.  A number of 

such working hypotheses a r e  suggested i n  t h i s  repor t ,  but  they w i l l  not 

be summarized a t  t h i s  place. 

A general research hypothesis i s  a powerful t o o l  i n s o f a r  a s  i t  

gives d i rec t ion  t o  t h e  kind of research which follows. This was and 
I still  is  t h e  case i n  both of the  two general  h'ypotheses involved i n  the  

ohia decl ine  problem. However, i t  should a l s o  be made c l e a r  t h a t  a 

general  hypothesis is merely an "educated guess" about a phenomenon. I f  

properly approached i n  research,  t h e  author o r  proponent of a general  

hypothesis,  should t r u l y  v e r i f y  t h e  hypothesis.  This means t h a t  he  should 

give equal weight t o  disproving h i s  own hypothesis a s  he does t o  proving it. 

2) Facts: ~ e b s t e r ' s  d ic t ionary  gives severa l  d e f i n i t i o n s  of t h e  concept 

"fact1'. The most appl icable  f o r  b io log ica l  research is ,  "a p iece  of 

information presented a s  having ob jec t ive  rea l i ty . ' '  On t h i s  b a s i s ,  



the  more important f a c t s  brought t o  l i g h t  i n  the ohia  dieback research 

so f a r  are:  

The f inding of Kliejunas and KO (1974) t h a t  deficiency of in- 

organic n u t r i e n t s  is a fac to r  i n  ohia  decline.  

The study of Hwang (1977), which demonstrates c l e a r l y  t h a t  

the  root  fungus Phytophthora cinnamomi i s  not involved i n  

the dieback, which i n  t h i s  report  is re fe r red  t o  a s  t h e  

Dryland Dieback. 

The demonstration from a e r i a l  photographs of a r ap id  spread 

of ohia decl ine  by Pet teys ,  Burgan and Nelson (1975), which 

undoubtedly appl ies  t o  what is  i n  t h i s  repor t  r e f e r r e d  to  a s  

the Dryland and the  Wetland Dieback. 

The f indings published by Kliejunas, Papp and Smith (1977) 

t h a t  Phytophthora cinnamomi and the endemic ohia  bore r  

(Plagithmysus b i l l i n e a t u s )  assume only a secondary r o l e  i n  

the  ohia decline.  

Our ohia reproduction analys is ,  which shows t h a t  ohia  stand 

rejuvenation is associa ted  wi th  both the  Wetland and the  

Dryland Dieback. 

Our s o i l  moisture regime and h a b i t a t  ana lys i s ,  which c l a r i f i e s  

t h a t  t h e  r a i n  f o r e s t  ecosystem is not  an  environmentally 

uniform e n t i t y  and t h a t  d i f f e r e n t  forms of ohia dieback a r e  

associated with c e r t a i n  hab i t a t s .  

3) Theories: There i s  confusion on t h i s  concept, which is  a l s o  

apparent from the  i n t e r p r e t a t i o n s  found i n  Webster's d ic t ionary .  Here 

one f inds  theory defined f i r s t  as  "the analys is  of a s e t  of f a c t s  i n  

t h e i r  r e l a t i o n  t o  one another." I n  an a l t e r n a t i v e  way, theory is  defined 

a s  "a hypothesis assumed f o r  the sake of argument o r  inves t igat ion."  

Clearly, Webster's a l t e r n a t e  d e f i n i t i o n  is t h a t  of a hypothesis.  

I f  one wants t o  d is t inguish  between the concepts of hypothesis and 

theory, a s  is  customary i n  science,  then the  two concepts cannot be the  

same. A s c i e n t i f i c  theory, therefore ,  requires  a set of f a c t s  i n  t h e i r  

r e l a t i o n  t o  one another. 

So f a r ,  the  d isease  hypothesis has not  resul ted  i n  a theory. A t  

l e a s t  the  w r i t e r  is not  aware of any organismic agent theory, which 



b r i n g s  a  series of  f a c t s  t oge the r  i n t o  a  comprehensive "epidemic oh ia  

decline' '  theory. 

On t h e  o t h e r  s i d e ,  t h e  succes s ion  o r  n a t u r a l  phenomenon hypothes is  

has  been supported by s e v e r a l  t h e o r i e s .  

(1) Lyon (1909) having worked i n t e n s e l y  on t h e  so-cal led Maui f o r e s t  

d i sease ,  which c l e a r l y  was a  form of oh ia  dieback, concluded t h a t  

i t  was d e f i n i t e l y  n o t  caused by a fungal  pathogen. He  found t h a t  

t he  dead and dyiag trees occurred on t h e  more g e n t l e  s l o p e s  wi th  

poor drainage,  whereas trees on s t e e p  s lopes  o r  wel l-drained s o i l s  

remained heal thy.  He observed t h a t  no t  only oh ia  trees d i e  i n  t h e  

poor drainage areas, b u t  t h a t  s e v e r a l  a s soc i a t ed  tree s p e c i e s  a l s o  

d i e  i n  t hese  s i t u a t i o n s .  He  made numerous r o o t  i s o l a t i o n s  and 

always found them t o  be of a deep purp le  o r  b l u i s h  b l ack  co lo ra t ion .  

He noted what looked l i k e  " o i l  s l i c k s "  on t h e  s tanding  water  i n  

pools  of poorly-drained a r e a s  and concluded t h a t  hydrogen 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 agna t ing  s u r f a c e  water, which 

would be  t o x i c  t o  t r e e  growth. Moreover, he  s a i d  t h a t  t h e  f r e e  

hydrogen s u l f i d e  changes harmless f e r r i c  ( i ron)  compounds t o  

poisonous f e r rous  ( i ron )  compounds. He bur ied  a  heav i ly  r u s t e d  axe  

head among dying oh ia  t r e e  r o o t s  f o r  2 1  days and found a f t e r  t h a t  

per iod  t h a t  t h e  r u s t  w a s  e a s i l y  removed by washing, which exposed 

t h e  b l u i s h  b lack  s t e e l  beneath. H e  concluded t h a t  hydrogen s u l f i d e  

i n  t h e  s o i l  had reduced t h e  r u s t  t o  f e r r o s o f e r r i c  hydra t e  and 

poss ib ly  i r o n  s u l f i d e .  He a l s o  noted t h a t  t h e  s o i l  had very  l i t t l e  

calcium, r e s u l t i n g  i n  an unusual ly high magnesium/calcium r a t i o .  

Although Lyon's f i n d i n g s  on t h e  oh ia  dec l ine  on Eas t  Maui i n  

t h e  f i r s t  decade of t h i s  century  were c i r c u m s t a n t i a l  r a t h e r  than 

d i r e c t ,  they provide an  important  working hypothesis  t h a t  has  not 

been f u l l y  i nves t iga t ed .  Lyon's working hypothes is  may be  c a l l e d  

a theory,  s i n c e  h i s  exp lana t ion  is based on a number of f a c t s  

synthesized i n t o  a  l o g i c a l  r e l a t i o n s h i p .  

(2) Fosberg's (1961) theory,  which was r e s t a t e d  on p. 79. It i s  based on 

a  few f a c t u a l  records  of hardpan formation on very mois t  t o  wet 

deep-soil  h a b i t a t s .  Fosberg's theory would exp la in  t h e  Bog-formation 

Dieback as discussed i n  t h i s  r e p o r t .  



(3) Stoner 's  (1976) theory,  which was only published i n  form of an 

abs t rac t .  The a b s t r a c t  is  he re  retyped i n  f u l l  f o r  t h e  sake of 

c l a r i f i c a t i o n .  

"According t o  t h i s  theory, the  decl ine  of ohia  f o r e s t s  
(Metrosideros and o the r  genera) i s  bas ica l ly  a n a t u r a l  phenomenon 
most pronounced on o r i g i n a l  surfaces  of youthful s h i e l d  volcanoes. 
The p r e c i p i t a n t  na ture  of dec l ine  is a t t r i b u t e d  t o  a s i t u a t i o n  
wherein an environmentally t o l e r a n t  f l o r a  allows the  f o r e s t  t o  
survive  l a rge ly  i n t a c t  f o r  a t i m e ,  while the  s o i l  becomes 
progressively more adverse t o  root  growth and ecosystem s t a b i l i t y  
decreases. F r a g i l i t y ,  p a r t i c u l a r l y  i n  the  rhizosphere, predisposes 
t h e  f o r e s t  ecosystem t o  decl ine ,  which may be p r e c i p i t a t e d  by one 
o r  more agents.  Once i n i t i a t e d ,  decl ine  spreads r ap id ly  a s  a chain 
reac t ion  i n  the  f r a g i l e  ecosystem. Local p a t t e r n s  of dec l ine  vary 
due t o  s i t e  f a c t o r s .  Vegetat ional  changes during and following 
decl ine  promote s u b s t r a t e  a l t e r a t i o n s  cont r ibut ing  t o  t h e  geomorphic 
cycle. Later ,  s t r u c t u r a l l y  and gene t i ca l ly  d i f f e r e n t  f o r e s t s  
develop on s t eeper  s lopes  o r  o the r  surfaces.  Factors  underlying 
f r a g i l i t y  include edaphic changes r e l a t e d  t o  t h e  r ap id  growth of 
dense f o r e s t s  on some young s o i l s  i n  wet areas ;  fungus-poor s o i l s ;  
and processes o r  agents  impeding the  drainage o r  evaporat ion of 
water from s o i l s .  Elements such a s  i n s e c t s ,  pathogenic fungi ,  and 
c l ima t i c  changes can a c t  a s  p r e c i p i t a t o r s  o r  acce le ra to r s  of 
decl ine.  This theory i s  supported by the  c h a r a c t e r i s t i c s  of 
decl ine ;  many fea tu res  of the  i s l ands ,  including c l imate ,  geology, 
soi l-vegetat ion r e l a t i o n s h i p s ,  and microbiology; and analyses of 
wild-land s o i l  ecosystems on Hawaii." 

Stoner 's  theory coincides c lose ly  with t h e  genera l  hypothesis  

proposed e a r l i e r  by t h e  w r i t e r  (Mueller-Dombois 1974). However, 

Stoner's theory is  so  general  t h a t  the  t r i g g e r  f o r  the  dieback 

is  not  any more an i s sue .  He merely proposes t h a t  t h e r e  is  

f r a g i l i t y  i n  t h e  rhizosphere, which predisposes the  f o r e s t  ecosystem 

t o  decl ine.  This decl ine  according t o  Stoner, can be p r e c i p i t a t e d  

by one o r  more agents.  It is not  c l e a r ,  however, how t h e  rhizosphere 

can become f r a g i l e .  Stoner proposes t h a t  t h e  s o i l  may become 

adverse t o  root  growth, but  he doesn't  say i n  what way. 

Both Lyon and Fosberg give an explanation f o r  s o i l  de te r io ra t ion ,  

i . e .  t o x i c i t y  (Lyon), hardpan formation (Fosberg). I f  Stoner r e f e r s  

t o  these  s i t u a t i o n s ,  then he does not  r e a l l y  address t h e  important 



forms of dieback, namely the  Dryland and Wetland Diebacks. Stoner 

supports t h e  idea ,  t h a t  t h e  dieback is  a n a t u r a l  phenomenon, but  

h i s  explanation is  s o  genera l  and based on s o  l i t t l e  study t h a t  

i t  can hardly be c a l l e d  a s c i e n t i f i c  theory. 

( 4 )  The new theory proposed i n  t h i s  repor t  by t h e  w r i t e r ,  which 

i n t e g r a t e s  t h e  s i x  important f a c t s  o r  f indings mentioned before. This 

t h e o r y  i s  r e l a t e d  t o  t h e  f i v e  forms of dieback and t o  t h e  dynamic 

phases, which a r e  recognized a s  a f o r e s t  l i f e  cycle f o r  ohia  s tands  

on r e l a t i v e l y  recent  volcanic subs t ra tes .  A s  proposed i n  t h i s  

theory, the dynamic phases become reduced i n  size-scale on 

geological ly o lde r  subs t ra tes ,  which a r e  represented on t h e  o lder  

Hawaiian i s lands .  The t r i g g e r s  f o r  the  dieback a r e  important 

concerns i n  t h i s  theory, which a r e  formulated i n t o  new working 

hypotheses. In t ra-  and i n t e r s p e c i f i c  competition a r e  proposed a s  

f a c t o r s  i n  the  Dryland Dieback. Soil-drought is suggested a s  the  

t r igger .  Temporary f looding o r  inundation and drowning o u t  of the  

root  system of t h e  canopy t r e e s  is suggested a s  t h e  t r i g g e r  i n  the  

Wetland Dieback. The Bog-formation Dieback may be r e l a t e d  t o  

hardpan formation a s  proposed by Fosberg o r  t o  s o i l  t o x i c i t y  a s  

suggested by Lyon o r  t o  a combination of both fac to r s .  

Related t o  t h i s  theory of the  dieback is a s t i l l  unexplored 

general  hypothesis of t h e  w r i t e r ,  which would expla in  t h e  maintenance 

of ohia a s  a dominant woody p lan t  i n  the r a i n  f o r e s t s  f o r  mi l l ions  

of years a s  i s  demonstrated by the  presence of ohia  r a i n  f o r e s t s  

on a l l  high Hawaiian i s lands .  This is the  idea  of the  exis tence  

of successional  races  o r  ecotypes i n  the  ohia  species .  
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I X  APPENDICES 

APPENDIX I. Provis ional  Checklist of Plants ,  Ohia Rain Forest  Study. 

Names of the  flowering p l a n t s  a r e  based on t h e  check l i s t  of 

St. John (1973). Ferns and f e r n  a l l i e s  a r e  named i n  accordance with a 

check l i s t  of Lane (undated). Mosses w e r e  named by W. H. Hoe and checked 

agains t  h i s  list (Hoe 1974). Liverworts and l ichens  w e r e  i d e n t i f i e d  

by C. W. Smith and a lgae  by I s a b e l l a  Abbott. 

On the list,  i n  f r o n t  of a name E stands f o r  endemic species ,  

I f o r  indigenous species ,  and X f o r  exo t i c  or  introduced plants .  

Note: See end of the  check l i s t  f o r  f u r t h e r  explanation of the  names of ferns .  

Family and 
S c i e n t i f i c  Name 

Common Name 
Voucher 
Number 

APOCYNACEAE 

E Alyxia olivaeformis Gaud. 

Flowering Plants  

AQUIFOLIACEAE 

E I l e x  anomala H. h A. 

ARALIACEAE 

E Cheirodendron tripynum (Gaud. ) 
Heller 

E Tetraplasandra meiandra (Hbd. ) 
Harms 

BIGNONIACEAE 

X Spathodea campanulata Beauv. 

CARY OPHYLLACEAE 

X Cerastium vulgatum L. 

X Drymaria cordata (L.) 
Willd. ex R. & S. 

CELASTRACEAE 

E P e r r o t t e t i a  sandwicensis Gray 

COMMELINACEAE 

X Commelina d i f f u s a  Bum. f .  

Maile, maile kuahiwi 

KZwa'u, ka'awa'u 

q lapalapa ,  mZhu 

'Ohe, 'ohe mauka 

African t u l i p  tree, 
f i r e  b e l l  

Larger mouseear 
chickweed, nehine-h8uli 

P i p i l i  

Pua'a olomea 

Honohono, honohonowai 



APPENDIX I (Continued). 

Family and 
S c i e n t i f i c  Name 

Common Name Voucher 
Number 

COMPOS ITAE 

X Ageratum conyzoides L. Maile-honohono 
KCp aoa E Dubautia scabra  (DC. ) Keck 

X Erech t i t e s  v a l e r i a n a e f o l i a  
(Wolf) DC. 

X Eupatorium ripariurn Regel 
E Gnaphalium sandwicensium Gaud. 
X Hypochoeris r ad ica ta  L. 
X Youngia japonica (L) . DC. 

Spreading m i s t  flower 
'Ena'ena, Hawaiian cudweed 
Gosmore, hairy cats-ear  
Or ien ta l  hawksbeard 

CYPERACEAE 

Carex a l l i g a t a  F. Boott 
Cyperus brevi f  o l i u s  (Rot t b  . ) 

Hassk. 
K i l i '  O 'OPU,  manu'nene 

Cyperus haspan L. 
Cyperus polystachyus Rottb. 
Cyperus sp. 
Eleocharis obtusa (Willd.) 

Schult. 
Machaerina angus t i f o l i a  (Gaud. ) 

Koyama 
Machaerina mariscoides (Gaud. ) 
Oreobolus fu rca tus  Mann 
Rhynchospora lavarun Gaud. 
Uncinia uncina t a  (L. f . ) Kuek. 

P I ~ I  wai, kohekohe 

' U k i  

' U k i ,  'aha 'niu 

Kuolohia, pu' uko' a 

EPACRIDACEAE 

~Gkiawe, maiele, kzwa'u E S typhelia  tameiameiae (Cham. ) 

ERICACEAE 

E Vaccinium berberifol ium (Gray) 
Skottsb. 

'Ghelo , barberry-leaved 
' Ghelo 

'bhelo-kau-lZ1au 
' 6hel0- ' a i  

E Vaccinium calycinum Sm. 
E? Vaccinium sp. 

EUPHORBIACEAE 

E Antidesma platyphyllum Mann Mehame, ha 'a  

E Xylosma hawaiiense Seem. 
var .  h i l l e b r a n d i i  (Wawra) Sleumer 

Maua 
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Family and 
S c i e n t i f i c  Name 

Common Name Voucher 
Number 

GESNERIACEAE 

E Cyrtandra lys iosepa la  (Gray) 
C. B. Clarke 

E Cyrtandra paludosa Gaud. 
E Cyrtandra p la typhy l l a  Gray 
E Cyrtandra spp. 

GRAMINEAE 

Aira caryophyllea L. - 
Agrost is  avenacea Gmel. 
~ n d r o ~ o ~ o n  v i rg in icus  L. 
Axono~us a f f i n i s  Chase 
Deschampsia a u s t r a l i s  

Nees ex  Steud. 
Dig i t a r i a  spp. 
Holcus l ana tus  L. 
Isachne d i s t i chophy l l a  

Munro ex HBD. 
Microlaena s t i p o i d e s  (Labi l l . )  

R. B r .  
Paspalum conjugaturn Berg. 
Pas~alum orb icu la re  Forst .  f .  - 
Paspalum u r v i l l e i  Steud. 
Sacciolepis  ind ica  (L. ) Chase 
S e t a r i a  genicula ta  (Poir.) 

Beauv. 
Se ta r i a  palmaef o l i a  (Koen. ) -- 

Stapf 

GUTTIFERAE 

X Hypericum degeneri Fosb. 
X Hypericum mutilum L. 

JTJNCACEAE 

X Juncus bufonius L. 
X Juncus ef fusus  L. 
X Juncus p l a n i f o l i u s  R. B r .  
X Juncus t enu i s  Willd. 
E Luzula hawaiiensis Buch. 

Ha'i wale, ulunahele 

He ' u-pueo 819,914 
Broomsedge, yellowbluestem 
Narrow-leaved c a r p e t g r a s s  761,909 

Velvet grass,Yorkshire fog 

Hilo g rass ,  manu'u-malihini 
Rice g rass ,  mau'u-laiki 
Vaseygrass 889 
Glenwood g r a s s  759 
Perennial  f o x t a i l  

St. Johnwort 764,865 

Common toad rush 765 
Bog rush, Japanese mat rush 905 

109,864 
771 
108 
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Family and 
S c i e n t i f i c  Name 

Common Wame 
Voucher 
Number 

LABIATAE 

E Phy l lo s t eg ia  f lo r ibunda  Benth. ~ Z p a n a  
E Phy l lo s t eg ia  v e s t i t a  Benth. ~ i p a n a  
E Stenogyne calaminthoides Gray 
E Stenogyne rugosa Benth. 

f .  rugosa 
E Stenogyne spp. 

LEGUMINOSAE 

E Acacia & Gray 

LILIACEAE 

E Astelia menziesiana 
E Smilax sandwicensis  

LOBELIACEAE 

M;' o h i  ' o h i  , mzhihi 843,931 

Koa, koaka 

Sm. 846,2028 
Kunth Hoi-kuahiwi, aka' awa 

E Clermontia montis-loa Rock 
E Clermontia pa rv i f  l o r a  

Gaud. ex  Gray 
E Clermontia spp. 
E Cyanea longipedunculata  Rock 
E Cyanea p i l o s a  Gray 
E Cyanea t r i tomantha Gray 
E Trematolobelia g r a n d i f o l i a  

(Rock?) Deg. 

LOGANIACEAE 

X Buddleja asiatica Lour. Dogtail ,  huelo- ' i l i o  
E Labordia hedyosmifolia B a i l l .  
E Labordia sp.  Khakaha la  

LORANTHACEAE 

E Kor tha l se l l a  complanata Hulumoa 
(v. Tiegh) Engler 

LYTHRACEAE 

X Cuphea car thagenens is  (Jacq.) Tarweed, puakamoli 
Macbride 



APPENDIX I (Continued). 

Family and 
S c i e n t i f i c  Name Common Name 

Voucher 
Number 

MELASTOMATACEAE 

X He terocentron sub t r i p  linervium 
(Link & Otto) A. Br .  & Bouch15 

X Melastoma malabathricum L. 

MYOPORACEAE 

E Myoporum sandwicense Gray 

MYRS INACEAE 

E Myrsine l e s s e r t i a n a  A. DC. 
E Myrsine sandwicensis A. DC. 

MYRTACEAE 

P e a r l  flower 7 80 

Malabar melastome, 
Indian rhododendron 

Naio, bas ta rd  sandalwood 

KZ lea-lau-nui 
Kolea-lau-li ' i  

'bhi'a-lehua, lehua E Metrosideros c o l l i n a  
subspp . polymorpha (Gaud. ) Rock 

X Psidium cattleianum Sabine Strawberry guava, 
waiawx- ' ulu' u la  

ONAGRACEAE 

X Epilobium cinereum A. Rich. ~Gk&ole ,  willow herb 
X Ludwigia o c t i v a l v i s  (Jacq. ) Primrose willow 

Raven 

ORCHIDACEAE 

X Arundina bambusaef o l i a  (Roxb. ) 
Lindl . 

X Phaius t a n k e r v i l l i a e  
(Banks ex  L1H6r.) B1. 

E Pr i tchardia?  beccariana Rock 

PANDANACEAE 

E Freycinet ia  arborea Gaud. 

PASS IFLORACEAE 

X P a s s i f l o r a  e d u l i s  Sims 
X P a s s i f l o r a  l i g u l a r i s  Juss.  
X P a s s i f l o r a  mixta L. 

Purple water lemon 
Sweet g ranad i l l a ,  l i l i - w a i  
Banana poka 
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Family and 
S c i e n t i f i c  Name 

Voucher 
Number 

Common Name 

PHYTOLACCACEAE 

E Phytolacca sandwicensis Endl. 

PIPERACEAE 

E Peperomia hypoleuca Miq. 
E Peperomia leptostachya H. & A. 
E Peperomia sp .  

PITTOSPORACEAE 

X Pittosporum undula tm Vent. Orange Pittosporum 892 

PLANTAGINACEAE 

~ a u - k a h i  kuahiwi 878 E Plantago muscicola (Rock) 
P i lge r  

POLY GONACEAE 
(Hook. f . ) Walp 

X Muehlenbeckia a x i l l a r i s  / 
X Polygonum glabrum Willd. 

Wire p l a n t  
Kzmole, knotweed 
pawale, uhauha-k: E Rumex giganteus A i t .  

PRIMULACEAE 

X Anagallis arvensis  L. Scar le t  pimpernel 

X Anemone hupehensis 
(Lem. & Lem. f . )  Lern. & Lem. f .  

Hupeh anemone 

ROSACEAE 

' 6 h e l 0 - ~ a ~ a  9 10 

' i k a l a ,  ' Zkalakala 
Pr ickly  Flor ida  blackberry, 

';helo ' e l e ' e l e  
Roseleaf raspberry,  ' o l a ' a  

X Fragaria vesca f .  a lba  
(Ehrh. ) Rydb . 

E Rubus hawaiiensis  Gray 
X Rubus penetrans Bailey 

X Rubus rosae fo l ius  

RUBIACEAE 

E Bobea timonioides (Hook. f . )  
HBD . 

E Coprosma ernodeoides Gray 
E Coprosma ochracea Oliver 
E Coprosma rhynchocarpa 

' Ahakea, ' akupa 

~eponene ,  'ai-a-ka-nenz 
P i l o ,  kopa 
Pi10 
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Family and 
S c i e n t i f i c  N a m e  

- 

Common Name 

~~. . .. - -. . .- .- 

Voucher , 

Number 

RUB IACEAE (continued) 

- - - - - - --- - 

E ~o; ld ia  h i i l e b r a n d i i  Fosb. 
E Gouldia terminal is  (H. & A.) Hbd. Manono 

Manono 
~ i l a u e a  hedyt is 

Gouldia sp. 
E Hedyotis cent ranthoides 

(H. & A.) Steud. 
E Nertera granadensis (L. f . )  

Druce 
E Psychotria hawaiiens is (Gray) 

Fosb . 
E Psychotria sp.  

KGpiko- ' ula  

~ G ~ i k o ,  ' Gp iko 

RUTACEAE 

E Pelea c l u s i a e f o l i a  Gray Alani,Clusia-leavedpelea 
' Alani 
Pilo-kea 

E Pelea sp. 
E Platydesma spa thu la ta  (Gray) 

Stone 

SAPINDACEAE 

E Dodonaea sandwicensis Sherff Hawaiian hopseed bush 

SAXIFRAGACEAE 

E Broussaisia arguta  Gaud. Kanawao, pti'aha-nui 

SCROPHULARIACEAE 

X Veronica p l e b e i a  R. B r .  
X Veronica s e r p y l l i f o l i a  L. 

Common speedwell 
Thyme-leaved speedwell 

SOLANACEAE 

' Aiea , hzlena E Nothocestrum longifolium Gray 

THEACEAE 

E Eurya sandwicensis Gray Anini , wanini 

THYMELI ACEAE 

' k a ,  f a l s e  'ohelo 
'Lkea 

E Wikstroemia ph i l ly roe fo l i a  Gray 
Wikstroemia sp. 
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Family and 
S c i e n t i f i c  Name 

Common Name Voucher 
Number 

URTICACEAE 

E Pip turus  a lb idus  (H. & A . )  Gray 
E Pip turus  sp.  ~ i m a k i ,  mamake 
E Touchardia l a t i f o l i a  Gaud. 0lona 
E Urera sandvicensis  Wedd. Gpuhe, hona 

ZINGIBERACEAE 

X Hedychium c o r o n a r i m  Koenig 

Ferns and Fern A l l i e s  

ADIANTACEAE 

E C o n i o g r m e  p i l o s a  (Brack.) 
Hieron 

I P t e r i s  excelsa  Gaud. - -- 
X P t e r i s  i r r e g u l a r i s  Kaulf. 

ASP IDIACEAE 

Athyrium j aponicum (Thunb . ) 
Copel. 

Lo' ulu 

Waimaka-nui 
Mzn'i, 'iwa-puakea 

Athyrium microphyllum (Sw.) ' Aki5lea 110,839 
Athyrium sandwichianum P r e s l  Hz' i 'o  924 
C t e n i t i s  rubiginosa (Brack. ) Pauoa, paunoa 721,848 

Copel. 
Cyclosorus cyatheoides (Kaulf . ) ~ i k a w a i o ,  pakikawaio 923,2033 

Farewell [ = ~ h r i s t e l l a  cyatheoides (Kaulf . ) Holt t  . ] 
Cyclosorus denta tus  (Forssk . ) 718,898 

Ching [ ~ C h r i s t e l l a  denta ta  (Forssk.) ~ r o w n s e y & ~ e m y ]  
Cyclosorus sandwicensis (Brack. ) HG' i 'o-kula 844,899 

Copel. [=Pneumatopteris sandwicensis (Brackenridge) Holt t . ] 
Dryop teris g l a b r a  (Brack. ) Kilau 720,721 

Kuntze 
Dryopteris? hawaiiensis  (Hlbd.) 710,711 

Rob inson 
Dryopteris keraudreniana (Gaud.) Waimaka-nui, ' a l a ' a l a i  828,703 

C. Chr. [=~seudophegopteris  keraudreniana (Gaud.) ~ o l t t . ]  
Dryop teris paleacea (Sw. ) Lau-kahi 70 7 

Rob i n s  on 
Dryop teris paleacea va r  . 708 

fusco-atra (Hlbd.) C. Chr. 
Dryop t e r i s  sandwicensis (Brack. ) HZ' i'o-Kula 722 

Copel. 
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Family and 
Scientific Name 

Common Name Voucher 
Number 

ASPIDIACEAE (continued) 

Dryopteris unidentata (Hook. ' Ako le 
& Arn.) C. Chr. 

Dryopteris spp . Olua, 'opeha 
Elaphoglossum alatum Gaud. 
Elaphoglossum crassifolium (Gaud. ) 
Anderson & Crosby 

Elaphoglossum hirtum 
var. micans (Mett.) C. Chr. 

Elaphoglossum pellucidurn 
Gaud. 

Elaphoglossum wawre (Luerss.) - 
E1~hoglossum sp . 
7 

' Ekaha 
Tectaria gaudichaudii (Mett.) 'Iwa'iwa-lau-nui 
Maxon 

globulifera Brack. Palapalai-a-kama-pua'a 
globulifera (Brackenridge) ~oltt.] 

ASPLENIACEAE 

E Asplenium contiguum Klf. 
I Asplenium lobulatum Mett . 
E Asplenium macraei Hk. & Grev. 
I Asplenium normale Don 

As~lenium schizo~hvllum C. Chr ., 
E Asplenium? sphenotomurn Hlbd. 
I Asplenium trichomanes L. 
I hpleniui unilaterale Lam. 

Asplenium sp . 
BLECHNACEAE 

Spleenwart, ' ow~li' i 
PZmo ho 
' Iwa-lau-li ' i 

125,729 
'Anali'i, pi'ipi'i-lau 927,730 

766 
727 
134 

l%A, 728 
724 
2019 
818 

DAVALLIACEAE 

I Nephro lepis cordif olia (L . ) 
Presl 

I Nephrolepis exaltata (L.) 
Schott 

E Sadleria cyatheoides Klf. 'Ama'u, 'ama'uma'u 
E Sadleria pallida Hk. & Arn. 'Ama'u, ama'u-'i' i 
E Sadleria souleye tiana (Gaud. ) ' Ama' uma' u 

14oore 

~amoho, sword fern 
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Common Name Family and 
S c i e n t i f i c  Name 

Voucher 
Number 

DENNSTAEDTIACEAE 

I ~ i c r o l e ~ i a '  s t r i g o s a  (Thbg . ) P a l a i  , p a l a i -  ' u l a  
P r e s l  

E Pteridium aquilinum ~ T l a u ,  bracken 
var. decom~ositum (Gaud.) Trvon 

DICKSONIACEAE 

H ~ ~ U ' U  'i'i, 'i'i 
~ a p u '  u 

E Cibotium chamissoi Klf .  
E Cibotium glaucum (Sm. ) 

Hk. & Am. 
E Cibot ium hawaiense 

Nakai & Ogura 
meu 

GLEICHENIACEAE 

Uluhe, unuhe 

Uluhe, unuhi 

Uluhe- lau-nui 

E Dicranopteris  emarginata 
(Brack. ) Robinson 

I Dicranopteris  l i n e a r i s  (Bum.) 
Und . 

E Hic r iop te r i s  pinnata (Ktze . ) 
St. John 

S t i c h e r i s  owhyhensis (Hook.) 
St .  John 

GRAMMITIDACEAE 

Pa i ,  pa la i - la 'au  E Adenophorus hymenophylloides 
(Klf.) Hk. & Grev. 

E Adenophorus sarmentosus 
(Brack.) K. A. Wilson 

E Adenophorus tamariscinus (Klf.) 
Hk. & Grev. 

E Grammitis hookeri (Brack.) Copel. 
E GrammitisVtenella  Klf.  
E Xiphopteris s a f f o r d i i  (Maxon) 

Copel. 

G k u '  e- lau-l i '  i 
Kolokolo, mahina-lua 
Kihi  , k ihe  

HYMENOPHYLLACEAE 

E C a l l i s  t o p t e r i s  baldwinii  
(Eaton) Copel. 

I Gonocormus minutus (Bl. ) 
V. D. Bosh 

E Mecodium recurvum (Gaud.) 
Copel. 
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Family and 
S c i e n t i f i c  Name 

Common Name Voucher 
Number 

HYMENOPHYLLACEAE (continued) 

E Sphaerocionium lanceolatum Pa la i - l au - l i ' i  748,761 
(Hk. & Arn.) Copel. 

E Sphaerocionium obtusum P a l a i  hinahina 75 3 
(Hk. & Arn. ) Copel. 

E Vandenboschia dava l l io ides  ~ T l a u ,  pa la i -h ih i  132,2015 
(Gaud.) Copel. 

LINDSAEACEAE 

I Sphenomeris chinensis  (L.) 
Maxon 

LYCOPODIACEAE 

I Lycopodium cernum L. 
I Lycopodium phyllanthum 

Hk. & A m .  
Lycopodium serratum Thunb. 

Wawae-iole, club moss 
Wawae-io le , club moss 

MARATTIACEAE 

E Marat t ia  douglas i i  (P res l )  Bak. Pala, kapua ' i  l i o  

OPHIOGLOSSACEAE 

I Ophioglossum pendulum L. ~ a u - k a h i  , puapua-moa 906A 

POLYPODIACEAE 

I P l e o p e l t i s  thunbergiana Klf.  Laua' e , auwa' e 
E Polypodium pellucidurn Klf. 'Ae ,  'ae-lau-nui 

PSILOTACEAE 

I Psilotum complanatum Sw. Moa, p i p i  74 7 

SELAGINELLACEAE 

E Se lag ine l l a  arbuscula (Klf.) Lepelepe-a-moa 20428 
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Family and 
S c i e n t i f i c  Name 

Common Name Voucher 
Number 

Mosses (Bryophytes) 

AMBLYSTEGIACEAE 

Platyhypnidium muel ler i  
(Jaeg. ) Fle isch .  

BARTRAMIACEAE 

E Ph i lono t i s  hawaica (C. Miill.) 
Broth. 

BRACHYTHECIACEAE 

Brachythecium sp. 
Eurhynchium vagans (Jaeg.) 

Bar tr . 
CALYMP ERACEAE 

E Syrrhopodon hawaiicus C. Mlill. 

DICRANACEAE 

E Carnpylopus dens i fo l ius  
var .  purpureo-f lavescens 
(Hampe ex  C. Miill.) M i l l  

Campy lopus spp . 
E Dicranum speirophyllum 

var . brevi f  l a g e l l a r e  (C . Miill. ) 
Bartr .  

E Dicranum speirophyllum Mont. 
Dicranel la  sp.  

E Holomitrium set icalycinum C. Ml i l l .  

FUNARIACEAE 

E Funaria subintegra  Broth. 

E G r i m i a  haleakalae Reichardt.  

HOOKERIACEAE 

E Distichophyllum f r e y c i n e t i i  (Schwaegr.) 
Mitt. var .  f r e y c i n e t i i  

E Distichophyllum paradoxum (Mont.) Mitt. 
Hookeria a c u t i f o l i a  Hook. & Grev. 
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Family and 
S c i e n t i f i c  Name Common Name Voucher 

Number 

E Acroporium f usco-f l a v m  (Par. ) 
Broth. var .  fusco-flavum 

Trichosteleum hamatum (Dozy & Molk.) 
Jaeg . 

SPHAGNACEAE 

Sphagnum vitianum Schimp. 
ex  Warns t . 

THUIDIACEAE 

E Thuidium hawaiense Reichardt.  
E Thuidium plicatum Mitt 

var .  pl icatum 

Liverworts (Bryophytes) 

ANEURACEAE 

Riccardia a t t enua ta  (Steph. ) 
Miller 

Riccardia sp .  

CEPHALOZIACEAE 

Cephalozia sp .  
Odontoschisma sandvicense (Angtr.) 

Evans 

DILAENACEAE 

P a l l a v i c i n i a  l ace ra tus  
P a l l a v i c i n i a  sp .  
Symphyogyna sp.  

FRULLANIACEAE 

F r u l l a n i a  s p .  

HERBERTACEAE 

Herberta h e l l e r i  (Steph.) 
Nicholas 

Herberta sp. 
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Family and 
S c i e n t i f i c  Name 

Common Name Voucher 
Number 

JUNGERMANNIACEAE 

Jamesoniel la  robusta (Aust.) Steph. 
P lec tocolea  sp. 

LEPIDOZIACEAE 

Bazzania co rd i s t ipu la  (Mont.) 
Trev. 

Bazzania spp . 
Lepidozia sp. 

MARCHANTIACEAE 

Dumortiera h i r s u t a  (Sw.) Nees 

PLAGIOCHILACEAE 

P lag ioch i l a  sp . 
Plagiochi l ion  sp .  

RADULACEAE 

Radula sp .  

Hornworts (Bryophytes) 

ANTHOCEROTACEAE 

Dendroceros c r i spus  (Sw . ) Nees 

Algae (Thallophytes) 

ZYGNEMACEAE 

Zygnema s p  . 

Fungi (Thallophy t e s )  

Agari c a l e s  
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Family and 
S c i e n t i f i c  Name 

Common Name Voucher 
Number 

Lichens (Lichenes) 

CLADONIACEAE 

Cladonia far inacea  (Vain.) 
Evans 

Cladonia scabr iuscula  
(Del. ex Duby) Nyl. 

Cladonia s k o t t s b e r g i i  Magn. 

PANNARIACEAE 

Pannaria mariana (Fr.)  
Muell. Arg. 

PELTIGERACEAE 

P e l t i g e r a  sp. 
S t i c t a  plumbicolor Zahlbr. 

Anaptychia leucomeleana (L . ) Mass. 
Anaptychia sp .  

LICHENES IMPERFECT1 

Leprar ia  sp .  817,877 

Revisions of the  f e r n  genus Elaphoglossum by Anderson and Crosby 

(1966) and of t h e  f e r n  genus Adenophorus by Bishop (1974) have been 

incorporated i n  our l ist .  These rev i s ions  supercede Lane's list. 

Fern names recen t ly  revised by Holttum (1977) a r e  given i n  brackets  

where appl icable ,  s ince  Holttum's pub l i ca t ion  was obtained only a f t e r  

preparat ion of t h i s  manuscript. P o r t e r ' s  (1972) list has been followed 

f o r  t h e  common names of ferns .  
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OHIA DECLINE SEMINAR 

Room 322-A 
Kalanimoku Building 
1151 Punchbowl Street 
Honolulu, Hawaii 

October 25, 1977 

0930 Opening Remarks, Introduction of Participants 
C. S. Hodges, U. S. Forest Service 

0945 Ohia Dieback: Is it a Creeping Epidemic or a Natural Phenomenon? 
Dieter Mueller-Dombois, University of Hawaii 

1040 Quantification of the Dieback 
Jim Jacobi, University of Hawaii 

1105 Ohia Population Structures in Dieback and Non-Dieback Areas 
R. G. Cooray, University of Hawaii 

1130 An Ohia Climax Forest on Oahu 
Grant Gerrish, University of Hawaii 

1200 Lunch 

1330 Ohia Decline: A Working Hypothesis 
W.,H. KO, Beaumont Agricultural Experiment Station, Hilo, HI 

1350 Post Decline Effects 
Soils - H. B. Wood, U. S. Forest Service 
Plants - B. R. McConnell, U. S. Forest Service 

1420 Studies on the Role of Plagithmysus bilineatus in the Epidemic 
Decline of Ohia Forests 

R. P. Papp, Bishop Museum 

1450 Studies on the Role of Phytophthora cinnarnomi in the Epidemic 
Decline of Ohia Forests 

J. T. Kliejunas, Beaumont Agricultural Experiment Station, 
Hilo, HI 

1520 Site and Other Factors Related to Ohia Decline 
C. S. Hodges, U. S. Forest Service 

1540 General Discussion 
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