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In t roduc t ion  

Hawaii Volcanoes National  Park is  a you th fu l  a rea  surfaced with q u i t e  

r ecen t  l ava  flow ma te r i a l s  and a  unique f l o r a  inc lud ing  many i n c i p i e n t  

spec ie s .  Aside from i ts  most i n t e r e s t i n g  b i r d s ,  v e r t e b r a t e  animals were 

almost absent  u n t i l  t h e  advent of  man and h i s  dometic companions, t h e  r a t ,  

t h e  p i g  and t h e  dog. Such a young s o i l  and b i o t a  i s  very s e n s i t i v e  and 

w i l l  change r ap id ly .  It is  s u s c e p t i b l e  t o  smal l  c l imate  v a r i a t i o n s  and 

t o  t h e  in f luences  wrought by man. Thus i n  managing such an area  one must 

know man's i n f luences ,  how much of  what w e  s e e  is  due t o  s e r a 1  o r  pro- 

g re s s ive  change a s  t h e  vegeta t ions  and s o i l s  develop and how much is a 

c u r r e n t  r e f l e c t i o n  of  t h e  p r e s e n t  v a r i a t i o n  i n  c l ima te .  

The Park Serv ice  has  reco@i.zed t h e  need f o r  b io-ecologica l  informa- 

t i o n  i n  o rde r  t o  i . n t e l l i g e n t l y  and e:F:ficiently adminis te r ,  p r o t e c t  and 

i n t e r p r e t  Park phenomena f o r  t h e  pub l i c .  I n  order  t o  l e a r n  what has  been 

done a l r eady ,  assemble o r  a t  l e a s t  index t h a t  inFormation and es t imate  

what i s  needed t o  be  done i n  order  t o  implement and f a c i l i t a t e  bio-ecolo- 

g i c a l  s tudy o:f t h e  Park, an agrcement was made between t h e  National  Park 

Service and t h e  Botany Department of t h e  Univers i ty  of Hawaii. This 

agreement was, e s s e n t i a l l y ,  t o  achievc t h e s e  ends by prepar ing  t h e  manu- 

s c r i p t  f o r  an a t l a s  of t h e  p resen t ly  a v a i l a b l e  information and i n  doing s o  

p o i n t  out  t h e  p r i n c i p a l  gaps and some of  t h e  l e s s  obvious, y e t  major,  

problems. 

The Park is  t h e  s t a g e  on whicl~ impressively a c t i v e  volcanoes p u t  on 

t h e i r  show, and dense t r e e  f e r n  jungles  cover t h e  wet te r  landscape with a  

l u x u r i a n t  r a i n  f o r e s t  while bu t  a  mile  away a d e s e r t  e x i s t s .  The Park was 

e s t ab l i shed  a s  Hawaii National  Park on August 1, 1.91.6, with va r ious  



2 

boundary changes be ing  made May 1, 1922, February 12,  1927, Apr i l  11, 1928, 

June 20, 1938, July 16 ,  1940, and J u l y  1, 1961. The name was changed t o  

Hawaii Volcanoes Nat ional  Park 011 September 22, 1961, and with t h e  l a s t  

boundary change February 21, 1963, t h e  Park has  come t o  inc lude  220,345 

a c r e s  o f  land.  The problems and reasoning  l ead ing  t o  es tab l i shment  of t h e  

Parlc (House of Representa t ives ,  1916) a r c  with us today and make i n t e r e s t i n g  

r ead ing .  

Hawaii Vol.canoes National  Park i s  t h e  r e s u l t  of  an e r a  of  volcanism 

coupled with perhaps 100,000 t o  1,000,000 years  of b io-ecologica l  develop- 

ment and a very d i s t u r b i n g  much s h o r t e r  per iod  of man's i n f luences .  The 

geolog:i.cal processes must be cons:i.dcred f i r s t .  I - I i s tor ica l ly  they  were f i r s t  

on t h e  scene i n s o f a r  as  t h c  Park i s  concerned. They provide  t h e  topography 

whi.ch profoundly in-Flucnces t h e  cli.matc. The geology and c l imate  i n  tu rn  

have caused p r i m i t i v e  soi1.s t o  be what they  a r e .  In  t u r n ,  t h e  biological.  

elements have colonized and formed t h e  b i o t i c  communities of t h e  Park, and 

t h e  conununitics so-Formed have changed with t h e  maturing of t h e  s o i l s  which 

they  in f luence .  Las t ly ,  man's i n f luence .  

With t h e  a r r i v a l  of European c iv j . l i za t iou  i n  t h e  i s l a n d s  a  Few hundred 

yea r s  ago, t h e  n a t i v e  and a b o r i g i n a l  b i o t i c  elements were d i s tu rbed ;  t h e  

s o i l  where b e s t  cleveloped i n  t h e  w e t t e s t  a rcas  was eroded. These d i s t u r b i n g  

a c t i v i t i e s  have been minimal i n  t h e  Park i n s o f a r  a s  t h e i r  be ing  o v e r t  is 

concerned. That i s  t o  say ,  t h e  Park looks  about t h e  same today a s  it 

probably d id  when t h e  f i r s t  man saw it-if one 1.ooks only f o r  t h e  o v e r t  

... 
grandeur of  t h e  mountains, t h e  s e a ,  t h e  magni:fi.cent d i s p l a y s  of vol.canism 

. . 

o r  t h e  f e r n  f o r e s t  s o  s t r ange  and i n t e r e s t i n g  t o  t h e  i t i n e r a n t  viewer from 

any o t h e r  s t a t e  i n  our na t ion .  The pu re ly  r e c r e a t i o n a l  va luc  has  even 

improved, it seems, b u t  t h e  Parlc :is a  s c i e n t i f i c  and h i s t o r i c a l  resource 

a s  we l l .  
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Geological ly,  so i l -wi se  and vege ta t iona l ly  and from t h e  p o i n t  of view 

of  t h e  evolu t ion  o:f spec ie s  poss ib ly  t h e  Pa rk ' s  p r i m i t i v e  n a t u r e  is of  

g r e a t e r  long-term value t o  t h e  world than  is  its r e c r e a t i o n a l  va lue .  Its 

s c i e n t i f i c  m e r i t  has  l e d  t o  t h e  maintenance of t h e  wor1.d-:famous Volcano 

Observatory, now of t h e  U.  S. Geol.ogica1 Survey, a t  Kilauea s i n c e  1911. 

Fur the r  p h y s i c a l l y ,  t h e  Park d i sp lays  sp lend id ly  t h e  changes i n  c l ima te  

one can expect  with d i r e c t i o n  of  t h e  p r e v a i l i n g  wind and a l t i t u d e .  The 

Park Se rv ice ' s  recogni t ion  o:f b i o l o g i c a l  va lue  has  r e su l t ed  i n  t h i s  

p r e s e n t  e f f o r t .  Tile oppor tun i t i e s  t o  s tudy spec ia t ion  i n  t h e  i s l a n d s  o-f 

o l d e r  su r faces  among more r ecen t  lava  flows a r e  unpa ra l l e l ed .  Such 

s t u d i e s  a r e  noted i n  appropr ia te  p l aces  i n  t h e  t e x t .  The va lue  o:f t h e  

h i s t o r i c  records  preserved by t h e  Park should not  be overS.ooked. E l l i s ' s  

(1825) t r a v e l s  o r  accounts of  t h e  petroglyphs along t h e  Puna shore  a t  

Puuloa, o r  a  view of t h e  f o o t p r i n t s  of Keoua's army destroyed (Dibbl-e, 

1843) about  1790 by an explosive erupt ion ,  an event t h a t  may have g r e a t l y  

a l t e r e d  Hawaiian h i . s tory ,  provide enough information t o  e x c i t e  one with 

t h e  h i s t o r i c  va lue  of  t h e  Parlc. D r .  George Ruhle (1959) i n  a  bookle t  on 

t h e  Haleakala region has  a  h j - s to r i c  s e c t i o n  of broad i n t e r e s t .  Castro 

(1953) p r e s e n t s  t h e  h i s t o r y  of  tlhe Parlc i t s e1 : f .  

The s c i e n t i f i c  use oT such n a t u r a l  a r e a s  a s  n a t i o n a l  parlcs has  becn 

t h e  s u b j e c t  of s e v e r a l  symposia (e .g. ,  - - Fie ld  & Fie ld ,  1.965), and some o-f 

them (c.$., AIBS Meeting of August 1966 a t  t h e  Universi ty o:f Maryland, 

convened by D r .  George Sprugel, "Ecological research  on t h e  vegetat-i.on 

i n  t h e  Nat-ional P a r k  ") have d e a l t  d i r e c t l y  with t h e  Hawaii Volcanoes 

Nat ional  Parlc a t  l e a s t  i n  p a r t .  

Changes have c r e p t  i n .  Some have been s o  much more s e n s i b l e  than  

s u b t i l e  they  have -d i s tu rbed  those  r e s i d e n t  i n  t h e  Park area  over t h e  
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yea r s  no l e s s  than  t h e  occas ional  s c i e n t i s t .  The causes f o r  worry b rou&t  

by man f a l l  l a r g e l y  i n  t h e  foll.owing t h r e e  c a t e g o r i e s .  

The i n t e n t i o n a l  p l a n t  and ani.mal in t roduc t ions  -form a  f i r s t  c l a s s  

of  d is turbance  introduced by man. Unintent ional  i n t roduc t ions  sucli a s  t h e  

weedy anima1.s and p l a n t s  a r e  a  second. The d i r e c t  removal of vegeta t ion  by 

a g r a r i a n  p r a c t i c e  and fi .re is t h e  t h i r d .  I t  was original.1.y hopcd t h a t  each 

o.f t h e s e  could be considered in t u r n  as  a chapter  a f t e r  a cons idera t ion  o-f 

t h e  bi0ti .c elements themselves a s  they a r e  known t o  occur i n  o r  a:F:Fcct t h e  

Park today. Un:fortunately, thi.s cannot be done as  t h e  s tudies  of  t h e s e  

s u b j e c t s  f o r  t h e  Park a r e  n o t  done and t h e  p u r ~ o s e  of  t h i s  p re sen t  manuscr:i.pt 

is  merely t o  assemble t h e  a l ready publislietl s t u d i e s .  

fi.nal.ly, incorporated throngliout a r e  lcacls t o  :Turtlier infoniiation 

along with t a b l e s  of da ta  and complete coverage o r  t l ic Park by means of t h c  

a e r i a l  pliotographs and t h e i r  over lays .  To show no cons:i.deration f o r  ad jacen t  

a r e a s  would be  most unwise Tor what happens thc?re inf luences  t h e  Park and 

v i c e  v e r s a ;  s o  t h i s  work has  n o t  been r c s - t r i c t e d  j u s t  t o  t h e  Park ' s  houn- 

d a r i e s .  Its purpose is t o  provide a  guide t o  what i.s lcnown a l ready s o  t h a t  

on-going d e t a i l e d  and thorough b io-ecologica l  s t u d i e s  wi1.1 be  . f a c i l i t a t e d .  

This Atlas is merely a  stock-talti.ng o r  inventory t h a t  i l l .uminates t h e  gaps 

i n  our l<nowl.edge. 

Suggestions and informat:i.on and p a r t s  o:C tihe t e x t  oC - th i s  i l t l as  have 

been combed kom a  l a r g e  number of peoplc i n t e r e s t e d  cli.rcctly i n  t h e  Park o r  

i ~ r c e r e s t e d  :in t h e  p a r t i c u l a r  snb;jcct m a t t e r .  h o n g  t h e  pr i .nc ipa l  pcol~1.e who 

have provi-ded advice abs t r ac t ed  f o r  i nc lus ion  :in t h i s  r e p o r t  a r c  such s t a f f  

members oT t h e  Ul?iversity o:f i1awai.j. Botany Department a s  Drs. Gl.adys C .  Baker, 

George W .  Gil.:Let-t and Charles H. Lnmoureux, D r .  Anclrew Derger of t h e  Zoolorn 



5 

Department has  provided t e x b i a l  m a t e r i a l s  and t h e  check lj.st o:f b i r d s .  

A number of  people not  connected w i t h  t h e  Univers i ty  have a s s i s t e d .  

Most conspicuous have been D r .  F. R. Fosberg and M r .  G a r r e t t  A. Smathers. 

D r .  Fosberg, t hen  of t h e  U .  S. Geological Survey, h a s  given a  g r e a t  d e a l  

of  a s s i s t a n c e  with t h e  f l o r i s t i c  and vege ta t ion  work and prepared t h e  

f l o r i s t i c  l is t .  M r .  Smathers, formerly Supervisory Park N a t u r a l i s t ,  

i n i t i a t e d  a  number of s t u d i e s  t h a t  t h e  above people have continued with 

t h e  a s s i s t a n c e  of  o t h e r  Park personnel .  He is  a l s o  t o  be c r e d i t e d  f o r  

grac ious ly  wr i t i ng  va r ious  e a r l y  e d i t i o n s  of most o f  t h e  b i r d  s e c t i o n s  

of  t h i s  Atlas  and a l s o  a s s i s t e d  t h e  p r o j e c t  i n  many o t h e r  ways. Dr. R. 

Malcolm Brown, Jr., Univers i ty  o:C Texas, provided t h e  l i s t  of  a lgae  from 

t h e  N o i  h o t  s p o t  a s  p a r t  of a  s p e c i a l  s tudy of  t h i s  p l a c e  unclertakcn by 

s e v e r a l  of t h e  above. Climatological  records  were made a v a i l a b l e  by t h e  

Records and Research Division of  t h e  U .  S. Weather Bureau, by Mr. Toshiiclii  

)layashi of t h e  Hawaiian Sugar P l a n t e r s '  Associat ion and by Mr. Eugene Horncr. 

Others  a r e  c red i t ed  f o r  t1iei.r c o n t r i b u t i o n s  a t  appropr i a t e  p l aces  i n  t h c  t e x t .  

The p r o j  e c t  once be@n was ably  c a r r i e d  and < xpanded by t h e  energy of 

D r .  Mueller-Dombois who i s  cont inuing  t h e  s tudy beyond t h i s  Atlas  s t age .  

He h a s  w r i t t e n  t h e  chap te r s  on c l imate ,  s o i l s  and vege ta t ions  i n  add i t ion  

t o  h - i s  o t h e r  major con t r ibu t ions  a s  coauthor .  I t  is t o  him t h a t  c r e d i t  

must go p a r t i c u l a r l y  f o r  t h e  exce l lence  o:f t h e  vegeta t ions  mapping a s  a t  

l e a s t  two months o r  more o:f h i s  t ime was spen t  f ie ld-checking  and improving 

t h e  vege ta t ion  overlays and p r o f i l e s  a s  w e l l  a s  t h e  c lass i - f i -ca t ion  scheme. 

The chapters  and t h e i r  p a r t s  n o t  otherwise c red i t ed  were compiled, w r i t t e n  

o r  e x i s t  e d i t o r i a l l y  a s  they a r e  by t h e  e : f for t s  of t h e  undersigned. 

It would seem hopeless  t o  express  t h e  coauthors '  app rec ia t ion  

i n d i v i d u a l l y  t o  t h e  many Park Serv ice  people who have made t h i s  work 
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p o s s i b l e .  I have s i m i l a r  f e e l i n g s  about such cons tant  supporters  a s  D r .  

Chester K.  and J u l i e t t e  Wentwortl~, D r .  Janes G. Moore, M r .  Howard A .  Powers 

and D r .  Gordon Macdonald who have o f t en  given us a s s i s t a n c e  and cont r ibuted  

var ious  por t ions  of t h e i r  unpublished i n f o m a t i o n .  

F ina l ly ,  acknowledgment of t h e  support  of t h e  Hawaii Natural  History 

Association should be given f o r  without  i ts  p a r t i c i p a t i o n  f inancing  t h i s  

p r o j e c t  would have been un l ike ly .  

Maxwell S .  Doty 

February, 1966. 



P a r t  One: The Phys ica l  Environment 

Chapter I- Geography-Maps and Aer i a l  Photography 

Hawaii Volcanoes National  Parlc r ep resen t s  (F ig .  1 )  t h e  youngest p a r t  

of  t h e  youngest of t h e  United S t a t e s  of  America. To t h e  north and arching  

away over 1500 mi l e s  westward 1.ies t h e  r e s t  of Hawaii and t h e  Hawaiian 

I s l ands .  The i s l a n d  of  llawaii of  4030 square  mi les  is two-thirds of  t h e  

t o t a l  land a rea  of t h e  s t a t e .  Three hundred and for ty- four  square mi les  

of  t h e  youngest p a r t  of t h e  i s l a n d ,  220,345 a c r e s  near  19' 20' North 

La t i tude  and 155' 20' West Longitude, i s  t h c  Parlc. It is spread from t h e  

shore  up over t h e  low dome-shaped t o p s  of  two a c t i v e  volcanoes, Mauna Loa 

( e l eva t ion :  13,680 f e e t )  and Kilauea ( e l e v a t i o n :  4090 f e e t ) .  No 

newcomer t o  t h e  Parlc should overlook t h e  account by Macdonald fii Hubbard 

(1965) of  t h e  Park ' s  volcanoes and t h e i r  h i s t o r y .  

I n  t h i s  chapter  a r e  described tile maps and a e r i a l  photographs found 

t o  have been o f  t h e  most use t o  those  who have compiled t h i s  Atlas of 

information.  These and t h e i r  sources a r e  descri.bcd below. The p r i n c i p a l  

maps a r e  those  of  t h e  U .  S .  Geological Survey, t h e  U .  S. Coast and Geodetic 

Survey and t h e  d i : f fe rent  f e d e r a l  and s t a t e  s o i l  and water agencies .  The 

a e r i a l  photographs a r e  l a r g e l y  those  of t h e  U .  S. Geological. Survey and 

t h e  Agr icul ture  and S o i l  S tabi . l iza t ion  Conservation Service.  



HAWAII VOLCANOES 
NATIONAL PARK 

/ 

Fig.  1. The l o c a t i o n  of Hawaii Volcanoes National  Parlc i n  re ference  t o  
t h e  S t a t e  of Hawaii and t h e  P a c i f i c  Basin. One degree of  longi tude  o r  l a t i -  
tude  near  Hawaii is about  s i x t y  mi les  and the.*ortheast-southwest t rending  
s t r a i g h t  boundary of t h e  Parlc j u s t  west  o f  Mauna Loa i s  7 mi l e s  long. The 
Kilauea ca lde ra ,  shown a s  a rude c i r c l e ,  i s a b o u t  3 mi les  i n  diameter.  

. .  .. ... .. ... ... - .... ~ . .  .. ~ ... . .. 



A THE MAPS 

The U .  S. Geological Survey, a )  345 Middlef ie ld  Road, Menlo Park, 

Ca l i fo rn ia ,  b )  1031 B a r t l e t t  Building, 215 West Seventh S t r e e t ,  Los 

Angeles, Ca l i fo rn ia ,  o r  c )  t h e  Geological Survey, 1028 GSA Building, 19th  

and F S t r e e t s ,  NW, Washington, D.  C . ,  a r e  t h e  sources of most of  t h e  maps. 

Most use:ful f o r  i n d i v i d u a l  s t u d i e s  a r e  (F ig .  2)  t h e  topographic maps. A 

sma l l  s c a l e  map i s  perhaps b e s t  p u t  t o g e t h e r  from t h e  two 1 t o  250,000 

s c a l e  maps NE 5 . 1  (Hawaii n o r t h )  and NE 5.5 (Hawaii south) ;  n e i t h e r  has  

a l l  t h e  Park on it, bu t  NE 5.5 shows a l l  b u t  t h a t  on t h e  nor thern  s lopes  

of Mauna Loa. These a r e  obta inable  from t h e  almve Geological Survey 

o f f i c e s  o r  i n  Honolulu from Trans-Pacif ic  Instrument Company, 1.414 Col-burn 

S t r e e t ,  t h e  Honolulu Paper Company, 604 Ala Moana, and i n  Hilo from t h e  

Honolulu Paper Company f o r  $.SO each. The maps can be seen i n  t h e  l i b r a r y  

of t h e  Univers i ty  o:f )Iawaii e i t h e r  i n  Hi lo  o r  Hono1u:Lu and, oC course ,  a t  

Park Headquarters.  

The maps ( c h a r t s )  of  t h e  U .  S. Coast and Geodetic Survcy a r e  indexed 

i n  "Catalog of Naut ica l  Charts and Pub l i ca t ions ,  Region 0, Hydrographic 

Off ice  p u b l i c a t i o n  no. I-N" which, i t s e l f ,  may be  purchased :for twenty-f ive 

c e n t s  e i t h e r  from t h e  U .  S. Navy Hydrographic Off ice  o r  from Trans-Paci:Cic 

~ns t rumel l t  Company, 1414 Colburn S t r e e t ,  Honolulu. Not t o  be  overlooked 

i n  working out  long d i s t ance  r e l a t i o n s h i p s  a r e  t h e  20-ccnt p lo t t i .ng  s h c e t s  

such a s  "FI. 0. Misc. 9790" showing t h e  wholc Paci:Eic north of 50 degrecs 

South La t i tude  i n  o u t l i n e  with a 1-degree g r id  over t h c  oceanic a r e a .  

The Nat ional  Geographic Socie ty ,  Wasl~ington, D.  C . ,  publ ished a map oC t h e  

"Paci f ic  Ocean" drawn i n  1952 which is d e s i r a b l e  i n  g iv ing  t h e  general. 

l o c a t i o n  of t h e  S t a t e  of  Hawaii and t h e  Hawaii Vo1.canoes Nat ional  Park 

i n  t h e  P a c i f i c .  



5. OO'W I 

Fig.  2 .  Index map t o  t he  quadrangle topographic sheets. 



11 

The l a r g e  s c a l e  topographic s h e e t s  a r e  be ing  produced i n  a new 

s e r i e s  covering t h e  7.5-minute quadrangular a reas  a t  a s c a l e  of  1:24,000 

(1 inch = 2000 f e e t ) .  Some a r e  a l s o  a v a i l a b l e  i n  a shaded r e l i e f  e d i t i o n .  

A t  p r e s e n t  some of t h e  Park a rea  i s  on1.y a v a i l a b l e  i n  t h e  o l d e r  15-minute 

quadrangles ( s c a l e  1:62,500; 1 inch = l m i l e )  bu t  t h e  supply o:f c e r t a i n  of  

t h e s e  is exhausted. The new 7.5-minute maps a v a i l a b l e  a t  t h e  t ime of  

w r i t i n g  t o  be a v a i l a b l e  soon a r e  indica ted  on Figure 2 with t h e  name 

p r i n t e d  d iagonal ly  across  t h e  a rea  they cover .  I n q u i r i e s  t o  t h e  above- 

mentioned sources o r  t o  t h e  Map Information Off ice  o:f t h e  Geol.ogica1 

Survey i n  Wasl~ington, D .  C . ,  must be made t o  determine t h e  c u r r e n t  

a v a i l a b i l i t y  of e i t h e r  t h e  new 7.5 o r  t h e  o1.der 15-minute maps, and From 

t h e s e  sources  t h e  new 7.5-iiiinute quadrang1.e maps can be purchased f o r  

$.30 each. 

B- TIIE AERIAL PHOTOGRAPHS 

The aerial .  photographs from among which a s e r i e s  was s e l e c t e d  Cor 

t h e  accompanying pl.ates were made dur ing  a number 01: photo reconnaisancc 

F l i g h t s  cwcrthe Hawaii Volcanoes National  Park area  and t h e  i s l a n d  o-f 

Hawaii. These a r c  l a r g e l y  indexed i n  Figures 3 & 4. The s d e c t i o n  For 

t h i s  At las  was made before  1965 when t h e  Agr i cu l tu ra l  S t a b i l i z a t i o n  and 

Conservati.on Service a e r i a l  reconnaisance (F ig .  4)  was f l o m .  This i s  

an e x c e l l e n t  s e r i e s  of  photograljiis and is recommended with t h e  one 

reservat i .on t h a t  t h e  overlays provided f o r  t h e  s e l e c t i o n  accompanying 

t h i s  At las  cannot be  used with them except w:i.tll app ropr i a t e  ad;justment 

f o r  sca1.e and coverage. Direc t ions  a r e  given (Table I)  f o r  obta in ing  

these .  



Fig. 3. F l i g h t  l i n e  diagram f o r  t h e  - r i a l  photography from t h e  r e s u l t s  
of  which s e l e c t i o n s  were made f o r  t h i s  A t l a s .  Di rec t ions  f o r  o rde r ing  any 
of t h e s e  photographs from t h e  U .  S. Geological Survey a r e  given i n  t h e  t e x t .  
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FLIGHT-LINE DIAGRAM FOR AERIAL PHOTOGRAPHY 

Fig. 4.  F l i g h t  l i n e  d iagraa  of  t h e  February 1965 a e r i a l  photography 
done For t h e  Aer i a l  Photoyr?p?y Division of  t h e  Agr i cu l tu ra l  S t a b i l i z a t i o n  
and Consec~a t ion  Serv ice ,  230s Parley's Way, S a l t  Lake Ci ty ,  Utah. These 
pliotographs a r e  c u r r e n t l y  p r i ced  a s  i n  Table I. 



Table  I. The photographs  indexed by F i g u r e  4  may be o r d e r e d  from t h e  Western L a b o r a t o r y ,  A e r i a l  
Photography D i v i s i o n ,  A g r i c u l t u r a l  S t a b i l i z a t i o n  and C o n s e r v a t i o n  S e r v i c e ,  U .  S. Department of  A g r i c u l t u r e ,  
2505 P a r l e y ' s  Way, S a l t  Lake C i t y ,  Utah ,  a c c o r d i n g  t o  t h e  f o l l o w i n g  p r i c e  s c h e d u l e .  A check made o u t  t o  
t h e  A g r i c u l t u r e  S t a b i l i z a t i o n - a n d  C o n s e r v a t i o n  S e r v i c e ,  U .  S. D.  A . ,  f o r  t h e  f u l l  amount shou ld  be forwarded 
w i t h  t h e  o r d e r ,  and f o r  e v e r y  photograph p r o v i d e  t h e  f o l l o w i n g  i n f o r m a t i o n  i n  t a b u l a r  form: p a p e r  s i z e  and 
s c a l e ;  q u a n t i t y ;  symbol; r o l l  number; and exposure  number. A complete  s e t  of  pho to  i n d i c e s  f o r  t h e  i s l a n d  
of  H a w a i i  a s  10 rough p h o t o  mosa ics  can  be o r d e r e d  f o r  $13.00. 

Approximate 
sca le*  

P r i n t  s i z e - +  
i n  i n c h e s  

Q u a n t i t y  
L 

6-100 

Over 100 

County 
coverage  

m t a c t  P r i n t s  

in.=1667 f t .  

P r i c e  p e r  p r i n t  P r i c e  $1.30 p e r  
s h e e t  

Photo- indexes  

Usua l ly  
1  i n . = l  m i .  

207'x24" 

Enlargements  

1 in .=1320 f t .  

14"x14" 

n l e s s  s p e c i f i e d ,  

$5.60 

I /  Double we igh t  semi-matte - 
2/ P o l y e s t e r  base  - 

110 r e q u i r e d  f o r  
whole i s l a n d ) .  

1  in .=440 f t .  

40"x40" 

1 in.=1000 f t .  

18"xlS" 

1  in .=660  f t .  

26"x26" 



Since t h e  major f l i g h t s  were d i : f : k r e n t  y e a r s ,  1.954, 1961 and 1965, 

one is provided with some oppor tun i t i e s  t o  s tudy t h e  changes wrought by 

t ime and t h e  r ecen t  per iods  of volcanic  a c t i v i t y .  Especia l ly  i n t e r e s t i n g  

i s  t h e  oppor tuni ty  provided by in.:fra-red photography (Fischcr ,  gJ s., 1964) 

and t h e  f a c t  t h a t  about  one month a f t e r  t h e  completion of  t h e  1965 a e r i a l  

photo s e r i e s  (F ig .  4 )  t h e  March, 1965, e rupt ion  (Fig .  5 )  took p lace .  

The a e r i a l  photographs indexed by Figure 3 provided t h e  s e l e c t i o n  

reproduced wit11 th:i.s manuscript.  This s e l e c t i o n  is  indexed i n  Figure 6 

and l i s t e d  i n  some d e t a i l  i n  Table I1 t o  f a c i l i t a t e  t h e i r  be ing  ordered 

from t h e  U .  S. Geological  Survey, 345 M-iddlefield Road, Menlo Park, 

Ca l i fo rn ia .  Table 111 provides a resume of  t h e  p r i c c s  Tor such a e r i a l  

photographs ordered from t h e  oi 'f ices of  t h e  Geological Survey. A check 

o r  money order  :for t h e  : fu l l  amount made o u t  t o  t h e  U .  S. Geological Survey 

should accompany any o rde r .  Tor each photo ordered,  i n d i c a t e  t h e  r o l l  

number and t h e  photo number. For example, f o r  t h a t  shown i n  t h e  :index a s  

"1-0090" t h e  r o l l  number -is "1" and t h e  photo number :is "90" o r  "0090". 

Also t h e  f l i g h t  must be named, - e .g . ,  a s  HAL Spring 1954, HAL Fall .  1.954, o r  

GS-VXJ 1961.. 

'Illese a e r i a l  photogra1,hs enumerated i n  Table 11 a r e  n o t  snitab1.e f o r  

making a good photo-mosaic f o r  they a r e  n o t  flown from a geometric p l ane  

p a r a l l e l  t o  t h e  s u r f a c e  photogra.phcd. For t h i s  same reason i.n t h c  s e l e c t i o n  

reproduced h e r e  t h e  margins, even of  t h e  polygonal a r e a s  s e l e c t e d ,  do no 

q u i t e  match a s  a r u l e .  A reasonable photo-mosaic can be prepared f o r  sma:LI. 

a r e a s  i f  every photo i n  t h e  s e r i e s  i.s used. I n  t h c  p r e s e n t  work, Tor 

reasons of economy, only a l t e r n a t e  photos were s c l e e t c d .  

The d o t s ,  c i r c l e s  and di.amonc1s on t h e  f l i g h t  l i n e  diagrams (Figs .  3 

& 4) i n d i c a t e  t h e  c e n t e r s  of  every photograph. Since each photograph ::is 



Fig. 5 .  Map of t h e  1965 l ava  extruded onto t h e  s u r f a c e  wi th in  and j u s t  
t o  t h e  e a s t  of  t h e  Park a s  adapted from a pre l iminary  sketch prepared by 
D r .  James Moore of t h e  U. S.  Geological Survey. Aer i a l  photographs cover ing  
t h i s  a rea  (Fig.  6 )  a r e  ind ica t ed  on t h i s  f i g u r e ,  b u t  o the r s  f o r  t h e  a rea  
may be  s e l e c t e d  from inspec t ion  o f  Figures 3 and 4. 



Table  11. L i s t  of a e r i a l  pho tographs  s e l e c t e d  f o r  p r o d u c t i o n  
of  t h i s  A t l a s  and f o r  which v e e e t a t i o n  and  t o ~ o ~ r a ~ h i c  o v e r l a v s  were - . - .  
p r e p a r e d .  D i r e c t i o n s  f o r  o b t a i n i n g  t h e s e  a r e  g i v e n  i n  t h e  t e x t .  

GS-VXJ 1961- 6-16 

HAI-Fall ' 5 4  1-0090 

1  -009 2 

1-009 4  

2-0081 

4-001 5 



T a b l e  111. Resume o f  t y p e s  of a e r i a l  photography and t h e  p r i c e s  f o r  pho tograph ic  
r e p r o d u c t i o n s  o b t a i n a b l e  from t h e  U .  S .  G e o l o g i c a l  Survey.  Pho to  i n d i c e s  a r e  a v a i l a b l e  
from some a r e a s ,  bu t  i n q u i r y  shou ld  be made of t h e  s u r v e y  b e f o r e  o r d e r i n g  them. 

1  t o  5  6  t o  100 101 t o  1000 Over 1000 
each - each  - each  - each  

............ Zontact  p r i n t s  ( 9  x 9  i n . )  $1.00 $0.85 $0.65 $0.60 

h l a r g e m e n t s  
M a g n i f i c a t i o n :  

1.5X ( 1 4  x 1 4  i n . )  ................. 2.00 1 .70 1 .50  1 .50 
2X ( 1 8  x 18 i n . )  ................. 2.20 1 .90  1 .70 1 .70 
3X (27  x 27 i n . )  ................. 2.60 2.30 2.10 2.10 
4X ( 3 6  x 36 i n . )  ................. 5.60 4.70 4.00 4.00 

Cransformed p r i n t s  from e i t h e r  
convergen t  o r  t r a n s v e r s e  low- 

................ o b l i q u e  photographs  2.50 

? i l m  p o s i t i v e s  c o n t a c t  p r i n t e d  
from aerial n e g a t i v e s  .............. 2.50 

l u l t i p l e x  d i a p o s i t i v e s - r e d u c t i o n s  
............... on g l a s s ,  64  x 64 mm 3 .00 

: e l sh  p l a t e s - c o n t a c t  p r i n t s  on 
g l a s s .  S p e c i f y  t h i c k n e s s  (0.25 
o r  0 .06 i n c h )  and method of  
p r i n t i n g  (emuls ion  t o  emuls ion 

.............. o r  through f i l m  b a s e )  5 .50 5.00 

:R-55 p l a t e s - r e d u c t i o n s  on 
................... g l a s s ,  11  x 11 cm 4.00 3.50 3.25 3.25 
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squa re ,  t11i.s allows one t o  judge t h e  coverage of a given pliotograpl Tor 

it w i l l  cover almost a l l  t h e  f l i g h t  l i n e  between t h e  c e n t e r s  of t h e  

previous  and fol lowing photographs. A person i n t e r e s t e d  i n  a p a r t i c u l a r  

a rea  should t r y  t o  obta in  a photograph wit11 t h a t  a r ea  i n  i ts  c e n t e r .  For 

example, t h e  photograph from t h e  F a l l  'IAI-flight, r o l l  8 ,  number 78, i s  

much b e t t e r  i n  f h i s  way f o r  Kipulca Puaulu, t h e  Bird Parlc, t han  a r e  those  

used f o r  t h i s  At las .  

The photographs i r r e g u l a r l y  numbered i n  Table I1 have each had a 

topographic overlay and a v e g e t a t i o n a l  overlay prepared fo r  them. Fi@re  

6 i s  a mosaic of  t h e  conti@ous polygonal a r e a s  s e l e c t e d  on t h e  ind iv idna l  

photographs t o  provide a e r i a l  photocoverage of t h e  Parlc Tor t-lic purposcs 

o:f t h i s  At las .  The chapter  on vegc ta t ions ,  below, d i scusses  what i s  t o  

be  :Found on t h e  vege ta t ion  ovcrl.ays. The topographic over lays  were 

prepared by p r o j e c t i o n  methods, l a r g e l y  by Mr. Edward J. Zubal, a s  was 

t h e  o r i g i n a l  s e l e c t i o n  of pol.ygona1 a reas  from t h e  ae r i a l .  photographs. 

The rough d r a f t  p repa ra t ion  of  t h e  vege ta t ion  overlays was done by 

D r .  F. R .  Fosberg and i n s o f a r  a s  poss ib l e  t h e s e  were Field-checked by 

D r .  D ie t e r  Mueller-Dombois during t h e  sununer of  1965. From i n f o m a t i o n  

obtained during t h e  f ield-checking process ,  D r .  Mueller-nombois modiicci 

t h e  o r i g i n a l  v e g e t a t i o n a l  overlays a s  appropr i a t e  and prepared t h e  chapter  

on Vegctat ion Mapping, below. Table I, Chapter V Z I I ,  below, p rcsen t s  an 

a l p h a b e t i c a l  l i s t  o r  t h e  mapping symbols used. Tl~e contour  l i n e s  on t h e  

topographic overlays a r e  a t  100-:Foot i n t e r v a l s .  On each o v e r h y  t h e r e  is  

marked n o t  only i n d i c a t o r s  f o r  t h e  p r i n c i p a l  c o m e r s  of  t h e  polygons bu t  

a l s o  t h e  c e n t e r  of t h e  a rea .  ' I l~e l i n e a r  s c a l e s  provided a r c  thought t o  be 

most accura te  f o r  t h e  c e n t e r s  of each r e s p e c t i v e  a r e a ,  bu t  where t h e r e  is 

cons iderable  topographic r e l i e f  t h e  s c a l e  may be somewhat iriap.propr:iat-c 



Fig. 6.  Index map t o  contiguou olygonal  a reas  on t h e  a e r i a l  
photographs included i n  t h i s  Atlas. With each a e r i a l  photography, 
recognized by t h e  number composed o f  t h e  r o l l  and exposure numbers, 
i s  a vegeta t ion  and a topographic overlay.  The f l i g h t  l i n e  diagram 
i n d i c a t i n g  t h e  cen te r s  f o r  a l l  photographs from which these  were 
se l ec ted  appears a s  Figure 3. 
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f o r  a  g r e a t  d e a l  of  t h e  p a r t i c u l a r  polygon. 

I n q u i r i e s  should be  d i r ec t ed  t o  t h e  Superintendent ,  Hawaii Volcanoes 

Nat ional  Park, IIawaii, :for information r e l a t i v e  t o  obta in ing  copies  of t h e  

v e g e t a t i o n a l  o r  topographic over lays .  
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Chapter 11- Geology 

Mauna Loa, extending from about 20,000 :Feet below sea  1 . e v e l t o  13,680 

f e e t  above, is one of t h e  world 's  g r e a t e s t  mountains. To study t h e  impres- 

s i v e  geology of Ifhis a rea ,  tlirougli t l ie eFForts of T.  A. Jagger ,  t h e  Hawaii 

Volcano Observatory began -funct:i~on.ing with t h e  comj~let ion of  t h e  f i r s t  

h b o r a t o r y  bu i ld ing  i n  191.2. Tile present  b u i l d i n g  w a s  c o ~ i ~ t n i c t e d  i n  1.942. 

However, s i n c e  1909 under t h e  a i q i c e s  of  t h e  Massachusetts I n s t i t u t e  of 

Techiiol.ogy d e t a i l e d  observatioiis had bccn made and records  kept: by Jagger .  

The t h i r d  iiumber oC volume 1.9 of t h c  pcriodi.ca:l. "Pac:iT:i.c Science" 

publ~islic.cl by t h c  Uxiversi ty o r  Hawaii Press  :i.s a s p e c i a l  i s s u e  conccrning t%e 

geophysics o l  t h e  1lawai:ian Is lal ids  and ac1;j;iccnt a reas .  This conta:ins ;I :l.argc 

amount of in:fo?mation on such su11;jects a s  t h e  1:licoretical structure 01' t h e  

i s l a n d s ,  Kilauca ca lde ra ,  t h e  ri:W zones, and geochemical s t u d i e s  o:C t h e  rocks 

' r i~c i s l a n d  o:F Hawaii. i s  actual1.y a coalescence o:F r ive s e p a r a t e  inounta:ins 

t h a t  were perllaps Cirst cons t ruc ted  during a Flush oi' vol.canic a c t i v i t y  i n  

t h e  Terti .ary per iod .  I n  t h e  gene ra l  a rea  n f  t:hc Park t h i s  per iod  was closed 

by t h e  Ninolc volcauic s e r i e s  toward t h e  end oC t h e  PI:iocenc, and t h i s  was 

followed by a long per iod  of  e ros ion .  None of t h e  Park surC'acc i s  (Stearus  & 

Macdonald, 7~946: 1~01) 131.ioccnc, t h a t  i.s, o f  t h c  d d c r  Ninole m a t e r i a l .  

Kilauea probably was n o t  i n  ex:i.stencc o r  was but: ;i minor f ea tu re  i n  'die 

i'l:i.ocene. Tbc 1:ikelihood t h a t  t h e  K n o l c  :l.avas exposed at: about tlie COO0 

Tof i t :  level. near  Pahala; sont2iwes-L of t h e  I'arlc, a r e  (S tearns  & Macdonald, 1~964: 

1.02) t h e  remnants o r  r idges  between deeply eroded and 1.arge vall.eys te rminat ing  

:i.x sea-cut  cLifFs argues f o r  t h i h .  IJac1 1Ci.lauea bccn oi' some s i z c  t h i s  area 

-L:" have 1 ~ x 1 ;  i n  ti:s r a i n  shadow r:nd 1CLl.auea7s sout l ier ly :Flows would have 

prcventeii t h e  sea  :From cut-king c:Li:fl.'s i n  t h e  Ninolc formation. 



The topography and su r faces  o..f p r i n c i p a l  concern t o  t h e  b i o l o g i s t  

and o t h e r  v i s i t o r s  t o  t h e  Park a r e  t h e  r e s u l t s  o r  renewed volcanic  activ:it:y 

i.n t h e  Quaternary, t h e  very l a t e s t  P l iocene  o r  e a r l y  P le i s tocene .  The 

p r i n c i p a l  f e a t u r e s  of t h e  Parlc (Ei.g. 7) were fonned a s  l a y e r  a f t e r  h y e r  

of t h e  e a r t h ' s  magma was extruded from t h e  volcanic  ven t s  and s o l i d i f i e d  

a s  it flowed toward t h e  sea .  Kilauea perhaps arose  a s  a  l a t e r a l  r if t  from 

Mauna Loa i n t e r s e c t i n g  t h e  main eastward r i . f t  of t h e  Hawaiian I s l ands  on 

which Kohala and Mauna Kea a r e  cons t ruc ted .  On t h e  o t h e r  hand, t h e  t rend  

o f  t h e  shore  no r thcas t  from South Poin t  t o  Punaluu and t h e  continuing f a u l t  

se r j -es  (Konuapo and Kaoilci systems) d i r e c t e d  toward t h e  sadd1.e between 

Kilauea and Mama Loa and reprcseilted i n  p a r t  by t h e  soui-Tiwest Kil-auea r i f t  

zone may i n d i c a t e  a  major f a u l t i u g  t h a t  d i s rup ted  1hi.s sane major rLSt .  

O F  course ,  both may have been :i.nvolved. 

I n  t h i s  e a r l y  P le is tocene  per iod  Mama Loa and I<ilauea both grew l ~ y  

success ive  outpourings o f  t h e  p y r o c l a s t i c s  and l avas  o f ,  respective:l.y, iilo 

Kahulcu and Hi l ina  s e r i e s .  These hasa1.t flows a r c  o f  i-lic same age. I n  t h e  

Park t h e  Hi l ina  seri .es i s  seen ( S t e a m s  & Macdonal.d, 1946: Pl.ate 1 )  only 

i n  t h e  g r e a t  H i l ina  and KapuIcapu f a u l t  scr:ies near  t:he shore south oT 

Kilauea calclora. Tilere a r e  l a r g e  exposures of  t h e  Kahuka flows both  e a s t  

( t h e  land between Gl.enwooc1 and Mountain View) and west o:f t h e  Parlc, bu t  

i n  t h e  Parlc they a r e  exposcd only a s  : is lands (k:i.]~ukas) :in t h e  s t i l l  youngci: 

flows near  t h e  4250 t o  4750 foo t  e l e v a t i o n s  northwest of  t h e  cal.ciera of 

Kilauea.  There a r e  a  nunibero:f ininor exposures of  t h i s  s e r i e s  a long t h e  

highway t o  Kana southwest of t h e  Park, 

Pahala ash over lays  t h e  l l i l i n a  and Kahuliu f 3 . o ~  s e r i c s  i n  s e r f e s  of  

l a y e r s  up t o  about 40 r e c t  thiclc. It is usual1.y yel lowish and gl-assy i n  

na tu re  and is thought  t o  have been der ived  from a  good many sources  during 



Fig. 7. Hawaii Volcanoes National  Park drawn t o  show t h e  prominent 
geologica l  f ea tu res  and t h e  1 ? t ions  of t h e  p r i n c i p a l  access roads. 
These l a t t e r  show a s  broken 1-.,es. Puu P u a l i  is t h e  southwestern 
p ro t rus ion  extending from t h e  l i n e s  i n d i c a t i n g  Kilauea I k i  Cra ter .  
Cross-hatching i n d i c a t e s  t h e  loca t ion  of t h e  h i s t o r i c a l l y  recorded 
lavas  on t h e  su r face  with t h e  exception of those  wi th in  t h e  ca ldera  
of Kilauea, i t se l f ' ,  and a t  t h e  t o p  of Mauna Loa. 



l a t e  mid- o r  e a r l y - l a t e  i'l.c:i.stbcene. I n  t h e  Park t h e  most noteable  source 

was (Stearns  R- Macdonald, 1946? 72) K i l a i~ea  a s  indi.cated by i ts  l a y e r s  

be ing  much t h i c k e r  downwind from t h e  main v e n t s .  While o r i g i n a l l y  

l a r g e l y  yel lowish g lassy  sand o r  dus t ,  it is a l t e r e d  i n  di :Wcring degrees 

dependi.ng l a r g e l y  on t h e  amount of mois ture .  I n  dry a r e a s  t h e  c o l o r  is 

o f t e n  greyish .  In  we t t e r  a rcas  it i s  yel lowish t o  reddish  o r  even 

blackened with liumus, and it may be a f ine-grained pa lagon i t e  c l ay  and 

almost nou-granular.  As such it is  a f requent  c o n t r i b u t o r  t o  ki.puka s o i l s  

probably &ere  it formerly capped mounds of one s o r t  o r  another  of I-lilina 

m a t e r i a l  s o  t h a t  t h e  more r ecen t  F 1 . o ~  passed alorig i.ts s i d e s .  

The s tony p resen t  day surCaces of t h e  I'arlc a r e  t h e  p rc l i i s to r i c  and 

l1istori.c l a v a s  o:F t h e  Kau ancl Puna volcanic  s e r i e s  d is t inguished  j ~ n  ~ :e spec t  

t o  t h e i r  sources ,  r e spec t ive ly ,  Mauna Loa o r  IXLauea and overlaying t h e  

Pahala ash.  Thc prehis1:ori.c o r  ].ate PI-eistocene l a v a s  a r e  mostly brownish 

ol.ivinaceous o r  p i c r i t i c  11nsal.ts. The h i s t o r i c  Pl.ows a r c  usua l ly  o r  black 

b a s a l t  rock. PIC 1i:i.storj.c l a v a s  of  s i ~ g n i ~ f i c a n t  ex ten t  i n  t h e  Park a r c  

from rif t  zones, except q u i t e  near  t l ic t o p  o:l: Mauna Loa. Macdonald & 

Hubbard (1965) descr ibe  them n i c e l y  i n  a boolclet obta inable  from Park 

Headquarters f o r  $1.00. Indeecl, l ava  flows have appeared i n  t h e  c r a t r r s  

(F ig .  8 )  recent]-y, bu t  out  on t h e  suri 'ace of t l ic mountain they a r c  actual1.y 

sma l l  i n  a rea  and have added l i . t t l e  o t h e r  than admirable s ig l i t s  i'or Pafk 

v i s i t o r s  ancl s i t e s  Cor sci.enti:Fi.c woflc. 

It seems t h a t  Kilauca has  moved i n t o  a mature phase of  a c t i v i t y  wit11 

t h e  development of a ca ldera  around i ts  major ven t .  To a l e s s e r  e x t e n t  

t h i s  may be  happen:i.ng t o  Maunn h a  too .  Thus, t h e  t i p  of I<il.auea i s  

surmounted not  t r u l y  by a c r a t e r  b u t  i n  i t s  p l a c c  t l ic rc  is a round 

col.l.apsed a r e a ,  a ca lde ra ,  4. t o  5 k i lome te r s  across  wi th in  which is  



Fig. 8. m e  c r a t e r s  of  tlhe Chain-of-Craters a rea .  The a e r i a l  photo- 
graphs f o r  t h i s  a rea  a r e  ind ica t ed  by t h e  dashed l i n e s  and t h e  numbers i n  
t h e  lower r i g h t  corner  of  each polygonal a rea .  Much o f  t h e  a rea  near  
Napau Cra ter  h a s  been covered by t h e  March, 1965, l ava  flow (See Fig. 5) .  



Ilahnaumau, an a c t i v e  p i t  c r a t e r  o r  s h d t  l ead ing  t o  t h e  magm below. 

The ca lde ra  f l o o r  is about 400 :feet bel.ow t h e  genera l  dome l e v e l  on l:he 

northwest  s i d e .  It is bu t  s ca rce ly  depressed t o  t h e  sou theas t .  

While molten lava  f i l l s  Halemaumau and even overflows i n t o  t h e  

p r i n c i p a l  a rea  of  t h e  ca lde ra ,  t h e r e  is no h i s t o r i c  record o:f lava  

s p i l - l i n g  over t h e  edge o:C t h e  Kilauea c a l d e r a .  However, lava  :fountains 

from t h e  ca lde ra  wa l l s  of Nalemaumau and expl.osive erupt ions  have strewn 

t h e  p r e h i s t o r i c  su r faces  around t h e  c a l d e r a  f o r  a  d i s t ance  a:? one o r  two 

k i lome te r s  with a  r a t h e r  co~nple te  cover of ash and rocks of  var ious  s i z e s .  

Near t h e  volcano observato~:y 6  humus-rich l a y e r s  separa ted  by ash have 

been found (Stearns  & C:Larlcc, 1.930), a t  l c a s t  some of  them cont-ain:i.ng 

(Stone, 1926) p l a n t  f o s s i l s .  

Previous t o  1965 t h e r e  were (Fig.  7 )  bu t  t h r e e  major h i s t o r i c  flows 

wi th in  t h e  Park. Like a l l  t h e  r c s t  of t h e  sur:l!ace o:f t h e  Park t h e s e  t o o  

a r e  hasa:Ltic. Two, those  off 1823 near  t h e  sliore and 1920 nea re r  thc: 

c a l d e r a ,  a r e  along t h e  g rea t  c rack  region  of  t h e  Kau Dcscrt .  Tile 1823 

flow, south of t h e  " f o o t p r i n t s  arca" and a long "the g rea t  crack" i s  

erroneously labe led  1868 (:ride Stone, 1926) on ol.der maps ,md is l a r g e l y  

o u t s i d e  t h e  Park. E l . l i s  (1825) i l i~scusscs t h i s  1823, Kcaiwa 1 l . o ~ .  The 

t h i r d  i s  t h e  1880 Clow fro111 t3ic no r theas t  rift zone oC Mauna Loa. 

I'ror'. Gordon Mxdonald (personal  commun:i.cati.on) b e l i e v e s  t h i s  Tl.o~u was 

over ,  i n s o f a r  a s  t h e  Kau branch was concerned, :i.n November, 1.880. 

This C%ow descends (Fig.  7 )  soutlriuesterly a s  a  stream ac ross  t h e  ]?ark froin 

t h e  10,000 t o  t h e  6000 foot  l e v e l s  and on out. of  t h e  Parl; t o  ahout: t l lc 

4000 f o o t  cl.cvatiou. 

Severa l  minor pe r iods  o r  volcanic a c t i v i t y  have becn recorcicd, b u t  

a s i d e  from t h e  1840 flow t o  t h e  c a s t  of t h e  Park, ihey  seem t o  have bemi 
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i n s i g n i f i c a n t  i n  t h e  product ion of s o l i d  m a t e r i a l s  ou t s ide  t h e  c r a t e r s .  

Tl~e explos ive  erupt ions  of 1790 and 1924 have been much discussed and 

produced a g r e a t  d e a l  o:F t h e  unconsolidated m a t e r i a l  i n  t h e  1Zau Desert  and 

around t h e  ca lde ra  of Kilauea. Wentworth (1957) descr ibes  some of t h e  

su r face  f e a t u r e s  caused by t h e  e j e c t a  from t h e s e  two erupt ions .  The top  of 

Mauna Loa h a s  experienced var ious  e r u p t i v e  ii lfluences i n  h i s to r i . ca1  t imes ,  

bu t  they a r e  above t h e  1-imi.t of conspicuous b i ~ o l o g i c a l  a c t i v i t y  and a r e  

bypassed he re .  F ibare  9 ,  extcndcd from t h e  s i m i l a r  ';.@re of  S tearns  R- 

Macdonald (1946) and Macdonald (1949), r eco rds  many of t h e s e  even t s .  

I t  is accepted a s  common lcnowledge t h a t  t h e  f lank  Plows, t h e  flows of 

g r e a t  1xi.ol.ogical i n t e r e s t ,  a r e  usua l ly  rel-ated t o  an immediately previous 

summit c rupt ion .  Since most of t h e  f l ank  Flows have bcen ou t s ide  t h e  Park, 

l i ~ t t l e  a t t e n t i o n  is given t o  them h e r e .  However, it i.s hoped t h a t  they w:ill 

n o t  be  overlooked f o r  i.n many cases  t h e  r e s n l t s  of t h e i r  s tudy provide t h e  

body O F  information t h a t  must be used a t  p r e s e n t  i n  i -n t e rp re t ing  eco log ica l  

phenomena wi th in  t h e  less-biol .ogical ly sturli.ed Park i t s e l f .  Some, l i k e  t h e  

1886 r e p o r t  of  an erupt ion  500 mi les  s o u t h e a s t  of Hawaii, may mean new 

s e p a r a t e  i s l a n d s  w i l l  appear i n  t h e  Hawaiian c11ai.n i n  t h e  f u t u r e .  

Af ter  18 yea r s  of i n a c t i v i t y  Kilauea erupted on June 27, 1.952, and 

remai.ned a c t i v e  f o r  136 days. Ru t h e  a c t i v i t y  was confined (MacdonaM, 

1955) t o  t h e  c r a t e r ,  Halemaumau. No f l a n k  erupt ion  i s  known t o  have accom- 

panied t h i s  flow. 

On May 31, 1954, t h e r e  was a  4-day per iod  of  a c t i v i t y  i n  Halemaumau 

(Macdonald G; Eaton, 1957), bu t  none o f  t h i s  p a r t i c u l a r  erupti.on af.Fected 

t h e  a rea  ou t s ide  t h e  c r a t e r .  It ms, however, bu t  t h c  pre lude  t o  t h e  

-Cl.anlc a c t i v i t y  which followed. 



[--T-c.,7..-. .... ,o 3 FLANK ERUPTIONS, L E T T E R S  INDICATES RIFTS 
I I NO ACTIVITY SUMMIT ACTIVITY 

KILAUEA MAUMA LOA 

Fig. 9 .  Thc volcanic a c t i v i t y  o r  Mauna Loa and Kilauea 
111c i u i t i . a l s  a long t h e  ].eft aiirl r i g h t  rnargi.ns i n d i c a t e  t h e  
general. t l i r cc t ions  toward sdyiiich t h e  rii'ts extend from I h e  main 
c r a t e r s  o-(: tllesc two volcanoes. This :fi.gure :i.s an indepcndcnt 
extcl is ion one produced by D r .  Gordon Macdonald and publ.i.sl~eci 
v a r i o u s l y  (ii.g.2 Steiirns E: Mncdonald, :1.946). 
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E n t i r e l y  ou t s ide  t h e  Park t h e  e a s t  rift (Fig.  7 )  erupted i n  1955 and 

t h e  l a v a s  covered extens ive  a r e a s  of rock, f o r e s t  and farm land.  Macdonald 

& Eaton (1955) have published a  d e s c r i p t i o n  of t h i s  flow and t h e r e  a r e  

va r ious  o f i e r  s t u d i e s  of t h i s  flow i n  manuscript and i n  t h e  l i t e r a t u r e .  

See t h e  chapter  on vege ta t ion ,  below, f o r  a  d e s c r i p t i o n  of t h e  more 

b i o l o g i c a l  a spec t s .  

The most e x c i t i n g  ou tbur s t  i n  t h e  Park was t h a t  of November 14 ,  1959, 

when a  ril- i n  t h e  w a l l  of t h e  anc ien t  p i t  c r a t e r ,  Kilauea nci, (Fig .  10 )  

spewed l ava  i n t o  t h e  c r a t e r  from a  l ava  foun ta in  which a t  one t ime reached 

a  h e i g h t  of 1900 f e e t .  This lava  foun ta in  was probably t h e  h i g h e s t  recorded 

by man. The ou tbur s t  received cons iderable  a t t e n t i o n  i n  t h e  pub l i c  p r e s s  

wliich r an  many s t r i k i n g  photographs o f  t h e  a c t i v i t y  (s.s . ,  Zahl,  1959).  

Confined t o  t h e  c r a t e r  of Kilauea I k i  l i t t l e  remains t o  be  seen ou t s ide  

t h i s  c r a t e r  i n  t h e  Park now. A l o t  of red  h o t  ash f e l l ,  covering (Fig.  10 )  

an a rea  about f o u r - f i f t h s  of  a  mi le  wide and two and one-half mi l e s  long t o  

a  depth G:F one inch o r  more. This red h o t  ash f a l l  r e s u l t e d  i n  t h e  devas- 

t a t i o n  o f  a  s i z e a b l e  vegetated a rea  a s  we l l  a s  i n  t h e  product ion of  a  new 

ash cone. This l a t t e r  h a s  been named Puu Pua ' i .  The b i o l o g i c a l  e f f e c t s  of  

t h i s  e rupt ion  a r e  discussed with t h e  chap te r  on vege ta t ion .  

Richter  & Eaton (1960) desc r ibe  i n  some d e t a i l  both phases of t h i s  

e rupt ion  t h a t  poured 11 x l o 6  cubic yards i n t o  t h e  p i t ,  Kilauea I k i ,  

forming a  l a k e  a t  one t ime 414 :feet deep. Actual ly,  t h e  p r i n c i p a l  a c t i v i t y  

of  t h i s  e rupt ion  was l a t e r  and ou t s ide  t h e  Park a t  t h e  e a s t e r n  t i p  of  t h e  

i s l a n d  where about 156 x l o 6  cubic yards  of l ava  covered about 2500 a c r e s .  

Of th i s ,  perhaps 500 ac res  was area  newly added t o  t h e  sou theas t  end of t h e  

i s l a n d  above sea  l e v e l .  This l a t t e r  phase, e n t i r e l y  ou t s ide  t h e  Park, began 



Fig.  10 .  Tile Kilauea ca lde ra  a r e a  showing i n  p a r t i c u l a r  t h e  
ash- F a l l  cxtending s o u t h w e s i ~ ~ a r d  from t h e  c inder  cone Cormed i n  
1959 along with t h c  c inde r  cone, Puu Pua ' i .  The p l aces  ind ica t ed  
by cnci.rcled numbers a t  t h e  ends of  arrows a r e  t h e  l o c a t i o n s  of 
weather s t a t i o n s  speci.al.1.y maintained t o  a s s i s t  i n  in t e rp re t i . ng  
t h e  b io logica l .  rec&cry and t h e  success ion  Col.lowing t h i s  event .  
The numbers i n  s t r n : i ~ l ~ l :  l i n e s  a r e  t h e  depths of t h e  ash i n  f e e t .  
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December 21, 1.959, and 1.asted u n t i l  February 20, 1960. The .flow from t h i s  

phase which destroyed t h e  v i l l a g e  of IZapoho began January 14 ,  1960. 

I n  February, March and Ju ly  of 1961 Ki-lauea again erupted with l ava  

be ing  extruded i n t o  Walemaumau Cra ter .  However, a  cons iderable  amount of 

ash was thrown out  and t h i s  genera l ly  d r i f t e d  down onto t h e  a rea  wi th in  

two mi les  soutliwest of t h e  ca lde ra .  This ash  f a l l  (Richter  - -  e t  a l . ,  1964) 

i s  a s  much a s  two :Feet t h i c k  near  t h e  c r a t e r .  I n  September of  1961 a s e r i e s  

o r  f lank  e rup t ions  took p lace  with s e v e r a l  sma l l  lava  flows be ing  formed. 

Table I g ives  t h e  chemical composition of h i o  samples from t h i s  e rupt ion ,  

b u t  they  a r e  not  b i o l o g i c a l l y  of concern :Tor they were covered by t h e  1965 

flow describccl below. Richter ,  - e l  - a l . ,  (1964) desc r ibe  i n  cons iderable  d e t a i l  

o t h e r  geologica l  events  a s  wel:l. a s  t h e  petrography and chemistry of this 

e r u p t i v e  s e r i e s ,  with maps, photos and a :few comments on b io-ecologica l  

e f f e c t s .  

Ln February, 1.965, an oiltbrealc of lava  appeared from t h e  e a s t  ri:Ct 

( f i g .  5  & 8 )  f i l l i h g  Makaopulii Cra ter  t o  a  depth o:r over 900 f e e t .  Fur ther  

down t h e  e a s t  ri.tt -the lava  covered t h e  f l o o r  of  Napau Cra ter .  This flow 

comp1etel.y covcrcd t h e  minor flow of lava  t h a t  appeared i n  t h e  summer of  

1961. Actual ly,  1:Iiis 1965 flow appeared dur ing  t h e  t e rmina l  phases of  

prepar; i t ion o r  t h i s  Atlas  and, thougli s t u d i e s  on it were i n i t i a t e d  a day 

o r  two a f t e r  ac t iv : i ty  ceased, while  magma was a c t i v e l y  d ra in ing  back i n t o  

t h e  main vent  of Makaopuhi Crater ,  none of t l ic r e s u l t s  i s  repor ted  he re .  

As noted above a l l  t h e  flows a f f e c t i n g  t h e  Park a r e  b a s a l t i c .  Thcir  

petrography is (Macdonald, 1949; Richter ,  - e t  - a l . ,  1964, e t c . )  r a t h e r  wel.1 

linoim. In  gene ra l  t h e  lava  s e r i e s  from Kilauea a r e  more uniformly o l i v i n e  

b a s a l t  (Tablc I )  than  those  From t h e  otlier volcanoes nearby, and t h u s  tliej; 

a r e  thought t o  r ep resen t  more c lose ly  t h e  p a r e n t  magma from deep wi th in  



Table  I .  Chemical a n a l y s e s  of  v o l c a n i c  rock from Mauna Loa and K i l a u e a .  
A f t e r  Macdonald, 1946.  

Mauna Loa Ki lauea  
"2 
Ci 
c 
a, " 3 

a s '  
0 .i 
.i U 

5 z 
s 0 
0 0 

S i 0 2  

*'2'3 
Fe203 
FeO 
M@ 
CaO 
Na20 

K20 
H20+ 
H20- 
T i02  

'2O5 
M nO 

co2 
' ~ 2 ~ 3  
N i O  
S 
BaO 
S rO 
Zr02 
C1 
F 

P r e h i s t o r i c  P r e h i s t o r i c  H i s t o r i c  

I a/ 

48.60 

10.75 
3 .92 
9 .38  
9 . 8 0  

10 .38  
2 .54 
0 . 3 4  
0.22 
0 .06  
3.37 
0 . 1 8  
0 . 0 5  
none 
n .d .  
n . d .  

2  a/ 

50.41 

12.37 
1 . 9 4  
9 .56  
7 .68 

12.56 
1 .68 
0 .40  
0 .22  
none 
2.26 
0.57 
0 .06  
n .d .  
0 .05  
0.00L 

5 a/ - - 
51 . 3 5  
13.36 

1 .32  
9 .85 
7 .62  

10 .74  
1 .93  
0.50 
0 .29  
none 
2.50 
0 .28  
0 .07 

0 . 0 3  
0 .025 
n . d .  
n .d .  
n .d .  
n .d .  
n .d .  

a /  From S t e a r n s  & Macdonald, 1926 - 
b/ From R i c h t e r ,  & g . ,  1964 - 



T a b l e  I ( c o n t i n u e d )  

1 .  O l i v i n e  b a s a l t ,  Kaumaikeohu S p r i n g ,  Kau D i s t r i c t .  R.K.  B a i l e y ,  a n a l y s t .  Washington,  H.S. ,  
P e t r o l o g y  of t h e  Hawaiian I s l a n d s ;  11. H u a l a l a i  and Mauna Loa: Am. J o u r .  S c i . ,  5 t h  s e r . ;  
v o l .  6 ,  p .  122,  1923. 

2 .  O l i v i n e  b a s a l t ,  on Volcano highway a t  s o u t h e r n  boundary o f  Waiakea F o r e s t  Rese rve ,  1 . 6 5  
m i l e s  nor thwes t  of  t h e  m i l l  a t  Olaa ,  J .  J .  Fahey,  a n a l y s t .  Powers,  H .  A . ,  Chemical a n a l y s e s  
of Ki lauea  l a v a s :  Volcano L e t t e r  no. 362, p .  2 ,  Dec. 3 ,  1931.  

3 .  O l i v i n e  b a s a l t ,  l a v a  f l o w  of 1919.  H .  S .  Washington,  a n a l y s t .  Washington,  H .  S . ,  P e t r o l o g y  
of t h e  Hawaiian I s l a n d s ;  11. H u a l a l a i  and Mauna Loa: Am.  J o u r .  S c i . ,  5 t h  s e r . ,  v o l .  6 ,  p .  113,  
1923.  

4 .  O l i v i n e  b a s a l t ,  f ragment  from wal l  of c o n d u i t  e j e c t e d  d u r i n g  e x p l o s i o n s  of 1790,  c o l l e c t e d  
n e a r  Uwekahuna. G .  S t e i g e r ,  a n a l y s t .  C r o s s ,  Whitman, Lavas of  Hawaii  and  t h e i r  r e l a t i o n s :  
U .  S .  Geol .  Survey P r o f .  Paper  88, p .  48, 1915.  

5 .  O l i v i n e  b a s a l t ,  Na t iona l  P a r k  q u a r r y  on highway 0 .75  m i l e  n o r t h e a s t  o f  Volcano O b s e r v a t o r y .  
J. J .  Fahey,  a n a l y s t .  Powers, H .  A . ,  Chemical a n a l y s e s  of  K i l a u e a  l a v a s :  Volcano L e t t e r  n o .  
362,  p .  2 ,  Dec. 31,  1931.  

6 .  O l i v i n e  b a s a l t ,  l a v a  of  1923,  pahoehoe p h a s e ,  n e a r  M&aophi C r a t e r .  E .  S ,  Shepherd,  a n a l y s t .  
Shepherd,  E .  S . ,  The g a s e s  i n  r o c k s  and some r e l a t e d  problems:  Am. J o u r .  S c i . ,  5 t h  s e r . ,  v o l .  
35-A, p .  335, 1938.  

7 .  O l i v i n e  b a s a l t ,  l a v a  of 1923,  a ' a  p h a s e ,  n e a r  Makaopuhi C r a t e r .  E .  S. Shepherd,  a n a l y s t .  
Idem. p .  335. 

8 .  T h o l e i i t i c  b a s a l t  e r u p t e d  S e p t .  2 2 ,  1961,  K i l a u e a  e a s t  r i f t  zone,  9  m i l e s  from summit ( l a v a  
f l o w  one h a l f  m i l e  n o r t h e a s t  of  Napau C r a t e r ) .  

9 .  T h o l e i i t i c  o l i v i n e  b a s a l t  e r u p t e d  September 23, 1961,  K i l a u e a  e a s t  r i f t  zone,  19 m i l e s  from 
summit ( J o n i k a  l a v a  f l o w ) .  



t h e  e a r t h .  The Ninole s e r i e s  is l a r g e l y  o l i v i n e  b a s a l t .  The I<al~ulcu 

and I<au flows from Mauna Loa have still. more b a s a l t  and p i c r i t e - b a s a l t  o r ,  

even, h y ~ r s t h e n e - b a s a l t  i n  them and a r e  t h u s  thought  t o  be derived from 

ma;ma t h a t  has  s tood above t h e  gene ra l  body long enough f o r  t h i s  d i f e r -  

e n t i a t i o n  t o  have taken p lace .  This can be  i n t e r p r e t e d  a s  evidence t h a t  

Kj-lauea is both younger than Mauna Loa and i s  a  s e p a r a t e  vent  extending 

many, - c.g. ,  - 35, mi les  i n t o  t h e  e a r t h .  It can simi.l.arly be sa id  t h a t  t h e  

d i ~ f e r e u t i a t i o n  i n  t h e  Mauna Loa m a p a  has  gone on s i n c e  t h e  Ninole flows 

were produced. 

An i n t e r e s t i n g  :i.dea was b r o u g l ~ t  :Corth by Macdona:Ld (1944) a s  ;a r e s u l t  

of  h i s  s tudying  t h e  petrography of  t h e  1840 Flow t h a t  :i.ssueiI from t h e  e a s t  

riFt zone o:f Kilauea.  lie observed t h a t  t h e  lava  from t h e  ven t s  a t  about: 

2600 k c t  elevation had l i t t1 .c  o l i v i n e  i n  them. Those t h a t  issued ;I clay 

l a t e r  a t  t h e  750 t o  800 i o t  l e v e l s  contained a s  much a s  30 per  c e n t  

d i v i n e .  i n t e r p r e t e d  t h e s e  two flows t o  have tapped upper and lower 

p a r t s  of  :he  l i q u i d  magma and t h a t  t h e  d i f  erence i n  composition repre-  

sented  t h e  degree of  s e t t l i n g  of  t h e  o l i v i n e  c r y s t a l s  i n  i t .  That such 

d i r c r e n t i a t i o n  t akes  p l a c e  has  been s tudicd  i n  some d e t a i l  more recent:l.y 

by o t l ~ e r s  (sun~mari.zcd and extended by Richter ,  - t - I .  l964) ,  who have 

been ab le  t o  make s i m i . l n r  observat ions c o n s i s t e n t l y  on o t h e r  flows. 

Occasional. flows with anomalous compositions have been :Found i n  t h e  

geol.ogical. columns examined; - e.g.,  - i.n t h e  446 foot  column i n  t h e  K i l a i e a  

ca lde ra  w a l l  examined by Macdonald ( i n  - Stearns  6- Macdonald, 1946) a  

p i c r i t e - b a s a l t  Flow with 35 p e r  cen t  o l i v i n e  phenocrysts  was found. 

Poss ib l .~ .  t h e  degree o:f dif:CcrentiaC-ion observed i n  t h e  anomalous -flows 

r ep resen t s  t h e  t ime t h e  mabfmas were he1.d nea r  t h e  su r face  previous t o  

bei.ng extruded onto t h e  su r face .  
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Pe t rog raph ica l ly  Macdonald has  analyzed ( i n  - Stearns & Macdonald, 1946) 

the :flows i n  t h e  Kau s e r i e s  i n  t h e  410 f o o t  column provided i n  t h e  c r a t e r  of  

Mauna Loa and a 763 f o o t  column i n  t h e  H i l i n a  s e r i e s  of Kilauea a s  w e l l  a s  

o the r s .  Finch & Fagerlund ( i n  - Stearns  & Macdonald, 1946) s tud ied  a  32 f o o t  

Pahala ash column and Finch (194.23) a s  w e l l  a s  Richter ,  g s., (1964) 

s tudied  t h e  b recc ia  and o t h e r  explosive c l a s t i c  ma te r i a l s  nea r  t h e  Kilauea 

c a l d e r a .  These l a t t e r  a r e  l a r g e l y  from t h e  1790 and 1924 explos ive  erupt ions  

mentioned above. 

Chemical analyses have been made (Stearns  & Macdonald, 1946; Macdonald, 

1949; R ich te r ,  - e t  - a l . ,  1964, e t c . )  of  many of  t h e  ind iv idua l  flows. While 

p a r t i c u l a r l y  abundant i n  re ference  t o  s u r f a c e  m a t e r i a l s ,  t h e s e  ana lyses  have 

included samples from a l l  t h e  p r i n c i p a l  rock types  and volcanic  s e r i e s  of  which 

t h e  i s l a n d  of Hawaii i s  composed. Table I p resen t s  a  s e l e c t i o n  of t h e s e  

r e s u l t s  f o r  they  a r e  s o  much of t h e  "so i l"  from which t h e  b i o t i c  elements 

de r ive  t h e  minera l  p a r t  of  t h e i r  substance.  

The in f luence  of water  on t h e  l ava  m a t e r i a l s  i s  a l a r g e  f a c t o r  i n  

has t en ing  t h e  s o i l  formation sequence, a s  i s  temperature. This has  been 

mentioned above i n  r e fe rence  t o  t h e  Pahala ash.  It i s  of  i n t e r e s t  h e r e  t o  

cons ider  some of  t h e  changes t h a t  a r e  c o r r e l a t e d  with t b e s e  f a c t o r s .  The 

p r i n c i p a l  changes t o  be considered a r e  t h r e e :  a )  t h e  n a t u r a l  t r o p i c a l  

l a t e r i z i n g  chemical process  of  change; b )  experimental ly induced changes, 

and c )  t h e  v a r i a t i o n  seen from changes i n  t h e  l ava  a s  it cools  a t  t h e  

su r face  of  a  l o w  dur ing  t h e  first few days a f t e r  ex t rus ion .  Macdonald 

(2 Stearns  & Macdonald, 1946) considered t h i s  po in t  i n  some d e t a i l .  

Accepting t h e  above it would appear t h a t  a c i d s ,  h e a t  and steam promote, i n  

t h e  sense  of  a c c e l e r a t i n g ,  t h e  l a t e r i m t i o n  process .  



A most i n t e r e s t t n g  s tudy would be  t h e  response of  t h e  b i o l o g i c a l  

elements and s o i l  forming process  t o  t h e  r e s i d u a l  h e a t  i n  lava  l o w s  o r  

t h a t  from magma below. A beginning was made i n  s t u d i e s  of t h e  1955 

l a v a  flows ou t s ide  t h e  Park where an in f luence  seems t o  have been found 

rel.ated t o  a  cons tan t  r e d i s t i l l i n g  of  t h e  water moving i n t o  a  warm flow 

a s  it tends  t o  provide  o r  some months a  mois t  substratum. A longer  

term f a c t o r  would be  t h e  warning of t h e  s u r f a c e  by magma coming c l o s e r  

and withdrawing from t h e  su r face  without  a c t u a l l y  breaking through. 

F ischer ,  - e t  - a l . ,  (1964) have shown t h a t  such in f luences  of  re la t i .ve ly  

s h o r t  du ra t ion  may be  p resen t .  It is a l s o  suspect:ed t h a t ,  - e . g . ,  a  d:ikc 

o r  s i l l  of h o t  1.ava beneath t h e  soi l .  could e x e r t  a  visib1.c in f luence  on 

t h e  s u r f a c e ,  especial.ly i n  t r e c s  t h e  r o o t s  of  which might penellrate t o  

s ign i : f i can t ly  warm a reas  t h a t  a r e  n o t  f e l t  s e n s i b l e  without instruments  

on t h c  su r face .  Such a reas ,  e.$., t h a t  shown as  t h e  Pul~imau Hot Spot 

( F i g *  8 )  near  Koko1.a~ Cra ter ,  a r e  described i n  t h e  chapter  on vcgetat ioi l .  

Detai led i n f r a r e d  photography of t h c  park with t h i s  i n  mind wou3.d be very 

worthwhile. 

I n  3.ooking a t  t h e  l a v a s  from a given flow two k inds  a r e  widely 

recogxized and named From t h e  Polynesi.an words f o r  them. One is a l a  l o r  

t h e  rough type .  This appell-ation was poss ib ly  bestowed a s  onomatopoetica? 

by t h e  barefooted I-Iawaiians who walked on it. The o the r  i s  pahochoc, t h e  

smootl~ k ind .  Pahoehoe is  o f t en  formed \<hen lava  i s s u e s  f o r t h  i.n a  very 

f l u i d  condit-i.on, t h e  dissolved gasses escape and t h e  lava  cools  quickly 

while  s t and ing  s t a t i o n a r y .  It is o f i c u  pi l lowy,  ropey, bi-llowy o r  i n  

s o l i d ,  o f t e n  scaley-surfaced s tands .  A'a i s  most o f t en  found where t h e  

lava  h a s  coolecl i.n motion. The su r face  of  an a ' a  :flow can be cxpected t o  

be covered with loose  chunks c a l l e d  c l i n k e r s .  When an a f a  su r face  is  
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s o l i d  it i s  a p t  t o  be very rou& wit11 an extremely coarse  t o  sandy gra in  o r  

covered with p ro t rus ions  a s  sharp a s  sha t t e red  g la s s .  

Because of t h e  r a t e s  of cooling,  pahoehoe i s  a p t  t o  be  glassy and a ' a  

more c r y s t a l l i n e  i n  na tu re .  E i the r  o m  may be dense ox nea r ly  as  l i g h t  a s  
. . 

pumice. However, a s  ground more and more f i n e l y  t h e  r e s u l t i n g  m a t e r i a l  from 

l i g h t  and heavy rocks approaches t h e  same dens i ty ,  so t h a t  t h e  di-fferences i n  

d e n s i t y  among rocks a r e  seemingly due t o  t h e  gas bubbles enclosed. iin 

extreme form i.s found a s  tl ic l i g h t ,  :fine g lassy  s t r ands  c a l l e d  "Pele ' s  ha i r . "  

These s t r a n d s  may be blown a  long way from t h e  lava  founta in  producing t h e  

molten e j e c t a  o f  which they a r e  spun. Petrographic s t u d i e s  usua l ly  support 

t h e  idea  of a ' a  being morc crys ta l l . ine  i n  na ture  than pahoehoe and l e s s  o-ftcn 

g lassy .  

Frequent1.y tl ie walls  o f  c racks  j.n flows, usual ly  near  t h e i r  sources,  

a r c  red whilc t h e  r e s t  of t h e  l o w  su r face  is t h c  c h a r a c t e r i s t i c  black OF 

a l ~ l  h i s t o r i c  Hawaiian l avas .  /is11 productions may sometimes be red beneath 

t h e  su r face .  This seems t o  r ep rcsen t  a  prcponderance o f  f e r r i c  ovcr fer rous  

oxidat ion  s t a t e s  of t h e  i r o n  i n  such rocks.  Chemically t h e  red and black 

rocks a r e  hardly  d i s t ingu i shab le .  Likewise pal~oelioc and a ' a  ( see ,  r c spcc t ive ly ,  

nos.  6 and 7 i n  Table I ) ,  o r  glassy and c r y s t a l l i n e  l a v a s ,  o r  dense and non- 

dense ( l i g h t )  lavas  may not  be  significant:Ly d i - f f e ren t  from t h e  chemist 's  

p o i n t  o:T vicw. 

Erosion is not a  l a r g e  Factor i n  t h e  Park. Thcre a r e  no r egu la r  streams 

and, i n  fact:, almost no s tanding water except f o r  a  very few very small  ponds 

nea r  t h e  seashore.  There seems t o  be no evidence of s i g n i ~ f i c a n t  wind crosion.  

Erosion, siich a s  it is ,  i s  l a r g e l y  t h a t  from t h e  cons tant  wearing away o f  t h e  

shore l ine  by tlie s e a .  'Iliis is  t h c  cause of t h e  marine c l i f f s  a t  t h e  s e a ' s  

edge, which a r e  o f t en  about 50 f e e t  high.  The nearness of t h e  50-foot contour 



l i n c  t o  t h e  shore l ine  is an ind ica t ion  o f  t h i s .  

Stream eros ion  (Aer ia l  photo 8-0078) i s  r e f l e c t e d  i n  t h e  vegeta t ion  

from west and north of t h e  Volcano Laboratory t o  near  t h e  Kilauea Mi1.itary 

Cainp. Further  no r th ,  though on1.y a  few hundreds of meters away, t h c  

r a i n f a l l .  is such t h a t  t h e  ash e j e c t a  from Kilauea a r e  suf:Ficient ly 

vegetated o r  so  t h i n l y  overlying t h e  l a v a  beneath t h a t  such a  stream 

p a t t e r n  is not  visib1.e. Likewisc a  few hundreds of meters  t o  t h e  south 

t h e  r a in fa l l .  i s  so  low t h a t  t h e r e  is l i t t l e  p a t t e r n  r e f l e c t e d  i n  t h e  

vegc ta t ion  though t h e  dendriti .c erosion p a t t e r n s  a r e  c l e a r  in a e r i a l  view. 

Chemical changes and s o i l  formation a r e  discussed,  below, under 

edaphic condi t ions .  



Chapter 111- Weather 

A- GENERAL ACCOUNT 

The t r a d e  winds and t h e  b a r r i e r  formed by t h e  i s l and  of Hawaii, - i . e . ,  - 

topography, a r e  t h e  p r i n c i p a l  causes of  c l i m a t i c  v a r i a t i o n  wi th in  t h e  Park. 

Figure 11 i l l u s t r a t e s  t h i s  topography. The winds, c h i e f l y  t h e  t r a d e  winds from 

t h e  n o r t h e a s t ,  b r i n g  water a s  r a i n  t o  t h e  Park.  Convectional e f f e c t s  a r e  r e l a -  

t i v e l y  in s ign i f i - can t  i n  t h e  Park, though major f a c t o r s  elsewhere on t h e  i s l a n d .  

R a i n f a l l  and temperature da ta  have been gathered l o r  a s  long a s  77 yea r s  

a t  some s t a t i o n s  i n  and near  t h e  Hawaii Volcanoes National. Park. Figure 11 

shows t h e  l o c a t i o n s  of  t h e s e  s t a t i o n s  a s  numbered do t s .  Extensive puhl.ications 

( T a l i a f e r r o ,  1959; Blumenstock, 1961) of t h e s e  da ta  a r e  a v a i l a b l e .  

Humidity, wind and t h e  cons is tency ,  Frequency and range of change a r c  l i k e -  

wise very i.nflucnti.al. eco log ica l  f a c t o r s .  Unfortunately,  such f a c t o r s  a r e  not  

a s  a  r u l e  measured. The b e s t  t h a t  can be  clone f o r  humidity and wind i s  t o  draw 

on t h e  observa t ions  recorded a t  t h e  H i l o  Ai rpor t ,  t h i r t y  mi les  away. Clouds and 

t h e i r  cf : fccts  on i n s o l a t i o n  and thus  on a i r  temperature,  humidity and soi.1 tem- 

p e r a t u r e s  a r e  extremely important .  The s tudy by Powers 81 Wentworth (1941) on 

wind and clouds i n  t h e  a rea  between Mauna Loa and Mauna Kea is informat ional  

though it does not  apply t o  t h e  Park i t s e l f .  Chester  K .  Weniworth ( p r s o n a l  

communication) has  watched t h e  weather a t  t h e  nor th  r i m  of I<il.auea f o r  yea r s  

and h a s  observed t h a t  hhen t h e  d a i l y  temperature change i s  over 20 degrees 

r ah renhe i t ,  t h e  day i s  s u r e  t o  be c l e a r .  Such da ta  and s i m i l a r  s t u d i e s  a r c  

badly needed .for more s i t e s  wi th in  t h e  Park. 

Only examples of  records  a r e  included h e r e  a s  a  means oT i n i t i a t i n g  t h e  

b io-ccologis t  i n t o  t h e  p e c u l i a r i t i e s  of  t h e  l o c a l  phenomena. A t  t h e  o u t s e t  

it can be sa id  t h a t  random var ia t i -on  is t h e  rii1.e a t  any given s t a t i o n  whether 



e RAIN GAGE 
...4m.. CONTOUR LlNE 

-20- ISOHYETaL LlNE 

NOTE ISOHYETS BASED ON VALUES 
FROM 150 GAGES FOR 
PERIOD 1933-1957 

Fig. 11. Median annual r a i n f a l l  i n  inches a s  r e l a t e d  t o  
e l eva t ion  i n  f e e t  For t h e  i s l and  of  Hawaii. The Park boundaries 
show a s  a dashed l i n e .  From U. S. Weather Bureau da ta  a s  recon- 
s t i t u t e d  by "Hawaii Water Authority" i n  a b u l l e t i n  e n t i t l e d  "Water 
Resources i n  Hawaii" published i n  1959 and avai1.abl.e from S t a t e  oC 
Hawaii, D e l ~ a r b n e ~ ~ t  of Land and Natural  Resources, Division o ~ f  Water 
and Land Development. The numbered d o t s  a r e  t h e  loca t ions  oC t h e  
weather s t a t i o n s .  



one is concerned with t h e  given time of  day, day i n  t h e  month, month i n  t h e  

vear  o r  year  i n  t h e  whole record .  This is revealed a t  many p laces  i n  t h e  

enclosed t a b l e s  of  c l i m a t i c  da t a  and i n  t h e  observat ions of  t hose  who l i v e  

and work i n  t h e  Park. 

B- WIND 

The d i r e c t i o n  and mean v e l o c i t i e s  of t h e  wind have been summarized 

(Table I) a s  recorded a t  Hi1.o Airpor t ,  30 mi l e s  away near  sea  l e v e l .  There 

a r e  no s i g n i f i c a n t  records  of wind From nea re r  o r  wi th in  t h e  Park. I n  

gene ra l  t h e  Park is not  a  windy a rea ,  bu t  one i s  s e n s i b l e  oF t h e  t r a d e s  o r  

lack  o f  them. Occasional s t r o n g  winds from unusual d i r e c t i o n s  can be ex- 

pected.  It is these  t h a t  b r i n g  most of t h e  h e a v i e s t  r a i n s  t o  t h e  south- 

e a s t e r n  p a r t  of  t h e  Park below t h e  summit of Kilauea. While t h e  t r a d e  winds 

move up t h e  mountains they  l o s e  t h e i r  water  and, pass ing  ovcr Kilauea,  a r e  

then  r e l a t i v e l y  dry winds. As such, along with t h e  very porous s o i l ,  t h e s e  

c o n s i s t e n t  winds from t h e s e  d i r e c t i o n s ,  d ry ing  and pass ing  ovcr t h e  shoulder  

o r  t h e  i s l a n d  a r e  probably a  s igni f - icant  cause of  t h e  dry a spec t s  of  t h e  

I(au Desert  reg ion ,  an area  from which t h e r e  is only a  poor record b u t  an 

i n d i c a t i o n  of  a  45-inch r a i n f a l l  i n  p a r t .  Related t o  t h e  dry ing  of  t h e  

a i r  and consequent decrease i n  c loudiness  southwest of  Halemaumau Cra ter  

(F ig .  7 ) ,  t h e  Kau region  r ece ives  more sun and thus  more h e a t  t han  t h e  

eastward s lopes ,  and s u r e l y  t h i s  f u r t h e r  enhances t h e  e~Ffect:i.ve dryness o:f 

t h i s  reg ion  t o o .  

The w e l l  known p e r s i s t e n c e  of t h e  t r a d e  winds is  i n t e r r u p t e d  a t  

i r r e g u l a r  i .ntervals  when t h e  wj-nds may blow from o the r  d i r e c t i o n s .  

Especia l ly  when these  winds a r e  q u i t c  con t ra ry  t o  t h e i r  u s u a l  d i r e c t i o n ,  

they  a r c  r e f e r r e d  t o  a s  kona winds, and t h e  time t h e  t r a d e  winds a r e  

absent  i s  a ltona pe r iod .  The average d i r e c t i o n  of  t h e  t r a d e  winds has  



Table  1. Mean h o u r s  p e r  month of wind from t h e  d i f f e r e n t  d i r e c t i o n s  d u r i n g  1953 through 
1963 a t  General  Lyman A i r p o r t  i n  H i l o .  T h i s  i s  t h e  n e a r e s t  wea ther  s t a t i o n  r e c o r d i n g  such d a t a .  

- 

Wind d i r e c t i o n  - 
Azimuth Compass J A N  FEB MA&/ APR MAY JUNE JULY AUG SEPT OCT NOV DEC 
d e g r e e s  p o i n t s  

N 

NNE 

NE 

ENE 

E  

ESE 

SE 

SSE 

S  

SSW 

s1A' 

W Si\l 

W 



T a b l e  I. ( c o n t i n u e d ) .  

Wind d i r e c t i o n  

Azimuth Compass JAN FEB MA&/ APR MAY JUNE JULY AUG SEPT OCT NOV DEC 
d e s r e e s  p o i n t s  

29 3 WNW 13 .2  1 7 . 4  19 .0  1 9 . 5  29.8 17 .0  22.7 28 .3  22.4  17.2 1 9 . 5  20.2 

337 NNW 21.1 22.7 28.7 22.5  20.0 11 .4  1 8 . 4  18 .7  14.7  1 5 . 5  1 9 . 1  25.8 

C a l m  Calm 27.6 20 .4  24 .0  21.5  29.5 23.5 29.2 27.2 15 .7  31.9 36 .3  32.2 

- March 1961 m i s s i n g .  



s h i f t e d  from more no r the r ly  t o  more e a s t e r l y  and back t o  more no r the r ly  

a t  l e a s t  once s i n c e  1900. These clianges i n  wind d i r e c t i o n  a r e  of  g r e a t  

importance f o r  both cloud cover and r a i n f a l l  a r e  g rea t l j j  a f f e c t e d .  

Un:fortunately, t h e r e  is l i t t l e  record o f  such events  f o r  any s t a t i o n  near  

t h e  Park. 

C- HUMIDITY RND SOIL MOISTURE 

Humidity and s o i l  moisture s t u d i e s  a r e  very d e s i r a b l e  i n  connection 

with any e:f:fort t o  develop an understanding of  t h e  "repopulat ion of  

devastated areas" ,  - i . e . ,  - t h e  .. populat ion ~ of ash f a l l s  and lava  Flows. These 

have n o t  been c o n s i s t e n t l y  recorded :for any long per iod  oT t ime nea re r  t hau  

I l i lo  Airpor t  where humidity records  a r e  made. Almost 110 so iL moisturc 

s t u d i e s  have been made, bu t  s e e  t h e  chap te r  on s o i l s  f o r  what- i.n:fol-mation 

t h e r e  i s .  Table I1 provides t h e  humidity record from t h e  Hilo Kirpor t  

arranged t o  show t h e  mean monthly and mean d a i l y  v a r i a b i l i t y ,  sucli as  

t h e r c  was, through a  two-year pe r iod .  It i s  r e a d i l y  seen t h a t  over 50 

p e r  cen t  of t h e  t ime t h e  hum:i.dity was over  80 p e r  c e n t  and about 25 p e r  

c e u t  of  t h e  t ime over 90 p e r  c e n t .  Measurements i n  t h e  h ighe r  and i.n t h e  

d rye r  p a r t s  o r  t h e  Park a r e  genera l ly  l.ower, bu t  o f t e n  i n  t h e  70 t o  80 

p e r  cen t  range. 

D- FOG DRIP 

An a d d i t i o n a l  f a c t o r  of 1.ocal :importance i n  determining "wetness" 

h a s  been descri-bed by Ckern (1964) i n  a  paper  e n t i t l e d  "Direct I n t e r c c ~ > t i o n  

o:f Cloud Water on Lanaihale,  Hawaii" i.u which he  desc r ibes  an inc rease  i n  

r a i n f a l l  from 149 t o  391 inches j.n going From an open area  i n t o  an 

Araucaria (Norfolk p ine )  s t and .  This in f luence  i s  di.scussec1 a s  "fog dr ip"  

e l s e d ~ e r e  and below i n  t h e  s e c t i o n  on vege ta t ion .  



Table  11. R e l a t i v e  humid i ty  by month recorded  a t  Genera l  Lyman A i r p o r t ,  H i l o ,  Hawai i .  
The v a l u e s  g i v e n  a r e  t h e  p e r  c e n t  of t h e  t ime  d u r i n g  t h e  month t h a t  t h e  r e l a t i v e  humid i ty  was i n  
t h e  range  shown i n  p e r  c e n t .  The d a t a  a r e  t h e  means of  t h e  d a i l y  v a l u e s  f o r  t h e  months from 
January  1953 through December 1963. 

Range of  
humid i ty  J a n .  Feb. Mar. A p r i l  May June  J u l y  Aug. S e p t .  Oc t .  Nov. Dec. 
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E- RAINFALL 

R a i n f a l l  over  t h e  i s l a n d  (Fig .  11) is  concentrated on t h e  windward 

s i d e  of t h e  mountains genera l ly  between t h e  2000 and 3000 f o o t  e l eva t ions  

i n  correspondence with t h e  approach of  t h e  no r theas t  t r a d e  winds. It i s  

a l s o  concentrated between t h e  same 1evcl.s a long t h e  South Kana c o a s t ,  

southwest and ou t s ide  of t h e  Parlc, where r a i n  3.s provided large1.y by 

convectional. showers. 

A s  t h e  wind passes  over t h e  r idge  Formed by Kilauea and i t s  c a s t  r i f t ,  

especial1.y near  and above t h e  3000 Foot levcl.  (Fig.  1 1 )  I a i n : l  drops 

markedly. Thus, 1ghi.l.c a t  1% e Park Headquarters,  Stati .on 54, t h e r e  i s  an 

average r a i n f a l l  of 93 inches ,  a t  Ilalemaumau, S t a t i o n  5 2 ,  s c a r c d ~ y  a few 

mi le s  t o  t h e  soiltllwcst over t h e  r i d g e  t o  t h e  sea  and 300 f e e t  lower, t h e  

average rain.fal.1 is about h a l f  t h a t  va lue .  

Wide v a r i a t i o n  froin ycar  t o  year  i s  conspicuous i n  the  r a i n l ' a l l  records ,  

some of  which a r e  :i.mpressi~ve. Tllc longes t  rainfa1.1 record :for any gauge 

s t a t i o n  ( t o  1.964) i s  f h a t  of  over 77 yea r s  maintained by t h e  K a p p a l a  Ranchl 

S t a t i o n  3 6 ,  - i .e . ,  - beginning i n  1887. Figure 11.2 i1 lus t ra l :es  t h e  variot:i.on 

i n  annual  rain-fal l .  s ince  1948 f o r  10 s t a t i o n s .  I n  t h c  Kapapala (Tab1.e 111) 

and Parlc Headquarters (Table IV) records ,  t h e  mi-nimum and maximum rainFal?.  

va lues  a r c ,  ~ : e spec t ivc ly ;  24 (1889) t o  126 (1923) and 58 (1.899) t o  182 

(1.958) inches .  Tlicsc a r c  five-Cold and thrce-Fo1.d ranges;  r c s p c c t i v c l y .  

I f  one s t u d i e s  t h e  vari .a t ion between rnaximuni and min:i.mum val.ues i'or annual 

r a i n f a l l  (Fig.  1 2 ) ,  e s p e c i a l l y  i n  t h e  l i g h t  of t h e  i r r e g u l a r i t i e s  througl~  

t h e  ycar  r e l a t e d  below, one g e t s  two impressions without  adequatc da ta  t o  

rcal.:Lj~ s u b s t a n t i a t e  them. One i.s t h a t  stati .ons with l e s s  r a i n f a l ~ l .  a r e  l.ess 



OHAIKEA 5C 

AINAHOU IOC 

KAPAPALA 5C 

NATIONAL PARK 
HEADQUARTERS IOC 

KUKUIHAELE 7: 

HlLO 12: 

KULANI MAUKA 2: 

KAWAIHAE C 

PEPEEKEO 25c 

HALE POHAKU 2: 

HOLUALOA 2: 

HALEMAUMAU 5C 

KAPOHO IOC 

Fig. 12. The annual v a r i a t i o n s  i n  r a i n f a l l  a t  t h i r t e e n  
s t a t i o n s  near  t h e  Park o r  a  15 t o  16 year  per iod .  The 
numbers along t h e  lefl; margin r ep resen t  inches of r a in -  
f a l l  and a r e  t o  provide a  base f o r  judging v a r i a t i o n  from 
yea r  t o  year  by t h e  s c a l e  on t h e  r i g h t  o r  t h e  r e spec t ive  
s t a t i o n s .  



T a b l e  111. Monthly and annua l  r a i n f a l l  v a l u e s  i n  i n c h e s  f o r  7 6  y e a r s  a t  t h e  
Kapapala  Ranch ( S t a t i o n  3 6 ) .  E l e v a t i o n  2150 f e e t .  

YEAR J A N  FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC TOTAL 



in 
T a b l e  111 ( c c n t i n u e d )  o 

YEAR J A N  FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC TOTAL 
- 

1901 3 .75  15 .92 5 .17  2.62 5 .72  1 .32  3 .00  1 . 2 3  3 .88  8 . 3 5  8 . 2 5  11.71 7 0 . 9 2  

1908 0 . 7 9  8 . 3 3  10 .29 1 .89  0 . 2 0  0.00 0.00 0 .87  1 . 9 3  2.72 1 .21  1 .06  29.29 
e s t .  

1909 0 . 2 4  4 .91  7 . 5 2  5 .79  2.69 0 . 5 0  ( 1 . 4 7 )  0.00 2.71 2 .75  2 .56  11 .98  43.12 



YEAR J A N  F E 8  MAR APR MAY JUNE JULY AUG SEPT OCT NO'J DEC TOTAL 

1. 65 

10.99 

4.97 

1.48 

1.42 

7 . 1 4  

2.37 

3.18 

1.68 

2.08 

1 . 7 2  

3.30 
e s t .  

( 2 2 . 1 2 )  

5.05 

1.35  

5.29 

7 .93  



T a b l e  I11 ( con t i nued )  in 
N 

YEAR JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC TOTAL 



Table 111 (continued) 

YEAR J A N  F E B  MAR APR MAY J U N E  J U L Y  AUG S E P T  OCT NOV DEC TOTAL 



T a b l e  111 ( c o n t i n u e d )  

in 
C 

YEAR J A N  FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC TOTAL 

Monthly 
means 7 .70  6 .81 7 .68  4.85 3.78 1 .88  2.42 3.99 3 .83 5.18 5.86 6 .06 60.10 

Maximum 32.33 22.93 29.03 18.06 12.40 6 .72 1 5 . 9 4  13.75 11.23 13.12 25.37 23.02 125.75 

Minimum 0.00 0.00 0.00 0 .00  0.00 0 .00  0.00 0.00 0.00 0 . 2 5  0.00 0.00 23.93 



Table  I V .  Monthly and annua l  r a i n f a l l  v a l u e s  i n  i n c h e s  f o r  64  y e a r s  a t  t h e  
Hawaii Volcanoes Na t iona l  Park H e a d q u a r t e r s  ( S t a t i o n  5 4 ) .  E l e v a t i o n  3971 f e e t .  

YEAR JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC TOTAL 

1899 2.57 3.32 13 .73  6.57 10.69 1.97 1 .96  3.81 2.37 7 . 0 4  3.34 1 . 0 4  58.44 

1900 0 . 8 5  1 . 9 0  2.47 3.92 8 . 0 5  2 .02 3 .63 10 .10  2 .85  12.07 13.77 1 .75  63.38 

1901 5 . 8 3  17.38 15.31 6 .78 3.78 1 .70  2.80 2.13 4 . 0 5  6 .66 17.72 10.93 95.07 

1902 4.78 2.16 22.21 4.98 4.22 1 .75  3.79 1 4 . 3 4  5.06 3.18 12 .10  10.79 89.30 

1903 4.24 5.57 6 . 1 4  9 .15  3 .11  3 .45 11.82 2 .47 5 .46  3.88 9 .85 2.30 67.44 



T a b l e  I V  ( c o n t i n u e d )  

U1 
m 

YEAR J A N  F E B  MAR APR MAY J U N E  JULY AUG S E P T  OCT NOV DEC TOTAL 



Table IV ( c o n t i n u e d )  

YEAR JAN FEB MAR A PR MAY JUNE JULY AUG SEPT OCT NOV DEC TOTAL 



Table IV ( con t inued )  
Ui 
m 

YEAR JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC TOTAL 



Table  I V  ( c o n t i n u e d )  

YEAR J A N  FBE MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC TOTAL 

Monthly <:. 

means 10.45 8 . 9 4  9 .90  8 .06 7 .58 4.15 5 .33  7.41 5.37 6 .83 9 . 8 4  9 . 9 4  93.39 

Maximum 43.96 40.65 29.85 27.60 17.06 10.62 23.38 24.75 16.91 15.21 25.15 27.83 171.53 

Minimum 0 .64  0 .96  1 .88  1 . 6 4  0 . 7 3  1 .28  0 .90  1 .52  1.57 1.67 0.00 1 . 0 4  47.65 
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c o n s i s t e n t l y  wet and vary more between maximum and minimum annual. amount. 

?he o t h e r  is t h a t  t h e  s t a t i o n s  on t h e  windward s lopes  exposed t o  t h e  more 

c o n s i s t e n t  t r a d e  winds have more c o n s i s t e n t  r a i n f a l l s  than  those  on t h e  

8 
leeward (Kona) s lopes  exposed t o  tl ie more e r r a t i c  'Icona" winds. As an 

example of  extremes t h a t  may be experienced, it appears t h a t  i n  1953 a t  

Kawaihae, S t a t i o n  148, t h e r e  was a  minimum t o t a l  annual p r e c i p i t a t i o n  [or 

t h a t  S t a t i o n  (Fig .  12)  of about 0 . 2  inches .  However, t h e r e  seems t o  have 

been no record of any r a i n  a t  a l l  f o r  t h e  eleven months precedi.11:; December 

o r  -that yea r .  

I t  is o f t en  asked whcther t h e r e  a r e  ra:i.nfall c y c l e s ,  say of  eleven y e a r s ;  

o r  it is aslied, "Is t h c  annual  rainfa1.l. :i.ncreasi.ng o r  decreasing?" J. B. Cox 

(1.924) be l ieved  t h e r e  werc 1.; 3.7,  1.1.1 and 33 ycar  peri.ods. Figurc 12 and 

t h e  da ta  i n  Tables I - V  can be anal.yzcd from t h i s  p o i n t  oF vicw. Cer ta in ly  

i f  t h e r e  a r e  cyc les ,  a  gradual. l e s sen ing  o r  i nc rcase  i n  annual ra:i.nfal:l., 

t h c s c  phenomena iiiiglit be u s e f u l  i n  expla j~ning  l h c  changes i n  t h e  b i o l o g i c a l  

p o p ~ ~ l a t i o u s  i n  t h c  Park. Of course: t h c  a c t u a l  q u a ~ ~ t i t y  of  r a i n  i s  impor- 

t a n t  i.n t h e  r a t e  oi-' development and na tx re  oC any vegeta t ion .  However, t h e  

extremes, e s p e c i a l l y  t h e  mi.nimum va lues ,  a r e  a p t  t o  be t h e  c o n t r o l l i n g  

r a c t o r s .  That i s  t o  say ,  onc drought ycar  wiLL be morc important than t h e  

Incan r a i n f a l l  o r  t h a t  f o r  t h e  w c t t c s t  yea r s .  

l'l~e d i s t r i b u t i o n  o-f t h e  r a i n  dur ing  t h c  year  i.s s t r i lc i~ngly  important 

i n  reyl.at:i .ng t h e  type  of vege ta t ion  t h a t  will. appear.  'Thus, Tables 1 1 1 - X  

have been included t o  convey some concepti.on o:f t h e  r e g u l a r i t y  o r  irrcsQ- 

i . a r i t y  i n  rain:f;rll . It is common i n  t l ~ e s e  da ta  t o  f ind  t h a t  some p a r t i c u l a r  

yea r  a  ggriven month may have had ovcs: t e n  t:i.mcs as  much p r e c i p i t a t i o n  a s  it 

had another  yea r .  For exampl.e, i n  Table I V  t h e  month of January is shown t o  

have had 3 .64  i.nches of  r a i n  i n  1912 and 116 :i.nclics i n  1904, bu t  44 inchcs i n  



Table V. Monthly and annual rainfall values in inches for 30 
years at the Halemaumau gauge (Station 52). Elevation 3648 feet. 

YEAR JAN FEB MAR A P R  MAY JUNE JULY AUG SEPT OCT NOV DEC TOTAL 



Table V (cont inued)  

m 
N 

YFAR J A N  F E B  MAR APR MAY J U N E  J U L Y  AUG SEPT OCT NOV DEC TOTAL 

1952 21.22 3.31 7.85 0 .64  1.50 0.41 0 .95  0.08 0.79 3.55 6.72 0.49 47.51 
(Gauge l e ak ing )  

1953 0.92 2.45 1.98 0 .24  1.25 0.34 0.05 1.03 0 . 1 5  0.17 ( 0 . 3 4  I n o p . )  8.58 



Table  V (cont inued)  

YEAR J A N  FEB MAR APR MAY JUNE J U L Y  AUG SEPT OCT NOV DEC TOTAL 

Monthly 
means 7.16 6.20 6.34 3.73 1.90 0.98 1.19 2.98 4.13 4.13 5.94 5.67 47.52 

Maximum 17.85 16.80 23.95 20.96 4.51 4.41 4.56 14.10 7.61 19.78 16.90 23.75 82.49 

Minimum 0.35 0.80 0 .55  0.24 0.37 T T 0.06 0.10 0.52 0.61 0.49 8.58 



T a b l e  V I .  P r e c i p i t a t i o n  r e c o r d s  f o r  t h e  " d e v a s t a t i o n  a r e a , "  
i.~., t h e  1959 K i l a u e a  a s h - f a l l  r a i n  gauges .  The l o c a t i o n  of t h e s e  - 
gauges  i s  g i v e n  i n  F i g u r e  10.  The v a l u e s  g i v e n  a r e  i n  i n c h e s .  

DATE ii 1 11 2 # 3 11 4 

Dec. 1963 
5  

12 
19 
2  6  

J a n .  1964 
1  
9  

16 
2  3  
30 

Feb. 1964 
1 4  
27 

Mar. 1964 
12 
25 

Apr. 1964 
7  

23 

May 1964 
7  

2  1  

J u n e  1964 
3 

18 

J u l y  1964 
2  

16 
30 

Aug. 1964 
1 3  
27 



6 5 

T a b l e  V L .  ( c o n t i n u e d )  

- 
DATE 11 l # 2  11 3  11 4  

. . -  . . . . .  . .. .~ . ~ . . . ,~ 

S e p t .  1964 
10 
2  4  

O c t .  1964 
8  2.21 1 . 3 8  

Nov. I964  
I  
5  

19 

Dec. 1964 
3  

17 
31 

J a n .  1965 
1 4  
2  6  

Feb.  196'; 
11  
2 5  

Mar. 1965 
11  
30 

Apr.  1965 
1 3  
27 

May 1965 
1 0  2.281 12.31 

J u n e  1965 
1  
9  

16 

J u l y  1965 
6  2.00 1 .52  

23 2 .32  1 .57  

* /  Probab ly  n o t  r e l i a b l e  a f t e r  t h i s  r e a d i n g .  - 
+Rain  gauge l e a k  d i s c o v e r e d .  
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T a b l e  V I  ( c o n t i n u e d )  

DATE # 1 8 2  /13 # 4 

Aug. 1965 
1 5  0 .52 1.42 1 . 2 8  1 .86 
31 0 . 4 8  0 . 3 4  0 . 2 8  0 .30  

Sep t .  1965 
2 2 5.64 5 .30 5.09 3 .85 

O c t .  1965 
4 

19 
30 

Nov. 1965 
4 

1 2  

J a n .  1966 
19 12.30 1 1 . 3 8  11 .30  8 . 7 0  



T a b l e  V I L .  P r e c i p i t a t i o n  r e c o r d  f o r  t h e  Kalapana  s i t e s  I and 2 
i n s i d e  t h e  e a s t e r n  P a r k  boundary a t  a n  e l e v a t i l n  of  a b o u t  40 f e e t .  Gauge 
#I  was i n s t a l l e d  0 .8  m i l e s  i n s i d e  t h e  boundary  a t  t h ~  f ~ ~ t u r e  r e s i d e n c e  
a r e a  on  J a n u a r y  24,  1964. Gauge 112 was i n s t a l l e d  oil November 30,  1964,  
a t  t h e  b i g  bend i n  t h e  Kalapana C h a i n - o f - C r a t e r s  Road, as  i t  l e a v e s  t h e  
c o a s t l i n e ,  t u r n i n g  i n l a n d  t o  c l imb  t h e  p a l i .  T h e  v a l u e s  a r e  g i v e n  i n  
i n c h e s .  
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Table V I I  (continued) 

auge # 1  Date 

June 1965 

July 1965 
1 - 
I 

14 
15 
16 
17 
18 
19 
20 
21 
2 2 
2 3 
24 
25 
2 6 
27 
28 
29 
30 
31 

rugust 1965 
1 

Gauge #I 

0.07 
0.10 
0.33 
1.25 
0.24 

0.14 
0.11 
0.68 
0.05 
0.10 
0.53 
0.12 
0.00 
0.42 
0.04 
0.04 
0.01 
0.01 
0.01 
0.00 
0.00 
0.00 
0.00 
0.00 
0.09 

0.01 
0.04 
0.04 
0.01 
0.13 
0.18 
0.00 
0 .oo 
0.42 
0.01 
0.00 
0.12 
0.47 
0.17 
0.01 
0,06 
0.12 

Gauge Q2 

-- 

1.46 
0.11 
2.19 
0.13 

0.05 
0.69 
0.06 
0.01 

0.48 
0.00 
0.20 

0.01 
0.00 
0.00 
0.01 
0.00 
0.00 

0.00 
0.00 

0.06 
0.07 
0.00 
0.00 
0.02 
0.01 
0.00 
0.00 
0.05 
0.00 
0.00 
0.00 
0.04 
0.01 
0.00 
0.21 
0.03 



T a b l e  V I I  ( c o n t i n u d )  

Date 

- . .- - - - 
ugus t  1964 

eptember 1964 
8 
10 
17 
30 

auge i1l 

. . 

0.88 
1.51 
0 .63  
1.46 



7 0 
T a b l e  V I I  ( c o n t i n u e d )  

Gauge #I Date  

O c t o b e r  1965 
I 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11  
12 
13 
1 4  
1 6  
17 
1 8  
19 
2 2 
25 
3 1 

November 1965 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
12 
1 3  
1 4  
16 
17 
19 
20 
2 1 
2 2 
23 
24 
25 
2 6 
27 
2 8 

29 
30 

Gauge #I Gauge :12 





Table  V I I I .  Annual monthly maximum, minimum and median r a i n f a l l  v a l u e s  f o r  t h e  
i s l a n d  of Hawaii a t  1 4  s t a t i o n s .  For  l o c a t i o n s  of  s t a t i o n s  r e f e r  t o  t h e  s t a t i o n  numbers on .J 

N 

F i g u r e  11.  The v a l u e s  a r e  i n  i n c h e s ,  and  "T" means t h e r e  was l e s s  than  .05 i n c h e s .  

S t a t i o n  L o c a t i o n  E lev .  Years  J A N  FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC 
No. ( f t . )  

.. . . . .. .. . . ~  .. . . .. . .. ... . . -. . . . .. . . - .- -. . . . . . - - .. . . . . . . . . . .- - . 

3 6 Kapapala  Ranch 2150 71 Max. 32 .3  31 .3  29.0 25.4  14.7  7.7 15.9  13.8 13 .2  1 5 . 4  34.4  41.3 
Med. 5 . 3  5 .1  6 . 1  3.3 2.9 1 .7  1 .8  2 .6  3.2 4.0 3.9 3 .4  
Min. 0 . 0  0.0 0.0 0.0 0.0 0 . 0  0.0 0.0 0.0 0 . 3  0.0 0.0 

44 Ohaikea 3460 33 Max. 20.5 20.5 22.2 12 .0  9 . 0  5 . 5  3.8 1 4 . 4  11 .2  17.1  18.0  23.4 
Med. 3 .9  3.5 5.1 1 .8  1 . 1  0 . 4  1 . 2  1 . 3  1 .8  3 . 4  3.1 3.2 
Min. 0.0 0 . 1  0 . 2  0 . 0  0.0 0 . 0  0.0 0 .0  0.0 T 0.0 0.0 

5 2 Ha 1 ema.1mau 3648 2 5 M a x .  21.2 16.8 24.0 21.0 5.5 4.4 4.6 14.1  7 . 6  19.8 16.9 23.8 
Med. 5 .3  3 .8  4 .8  3.0 1 .6  0 .7  1 . 1  1 . 3  1.1 2.6 3.7 4.1 
Min. 0.6 1 . 1  0 . 6  0 .2  0 .6  T 0 .1  0 .1  0 .1  0 .2  0 .8  0 . 6  

5 4 Hawaii Na ta l  397 1 56 Max. 44.0 40.7 29.9 27.9 17.1 10.6  28.4  24.8 16.9 24.2 34.5 43.2 
P a r k  Hdqte r s .  Med. 8 . 5  6 .0  9.6 6.9 5.8 3 . 5  4.3 5 .1  5.0 6 . 0  8 .6  8.7 
(Vol cano Obs . Min. 0.6 1 . 0  1 .6  1 .6  0 . 7  1 . 3  0.9 1 . 5  1.6 1 .7  1.7 1 . 0  

58 Ainahou 2975 16 Max. 47.2 32.6 30 .0  1 7 . 5  6 .6  4 .2  5.1 10.7 6 . 3  31.5  27 .4  25.7 
Med. 8 . 0  10.7 9 .5  3 . 8  3 . 0  2.1 2 .1  2.2 1 . 6  3 .2  9 . 5  10.7  
Min. 1 .0  1 . 1  1 . 8  1 . 3  1 . 3  1 . 2  0 .7  1 .1  0.7 0.9 1 . 4  3 .5  

68 Holualoa  Beach 1 0  38 Max. 9 . 6  7 . 3  8 . 4  6 .8  5 .8  9 . 4  6 .6  7 . 1  1 0 . 3  4.6 7.7 10.6 
Med. 1 . 4  1 . 1  1.7 2 .1  2 .3  2 . 4  2 . 3  2 .3  2 .1  1.9 1 . 4  1 . 4  
Min. 0.0 0 .0  0 . 3  0 . 1  0 . 6  0 . 4  0 . 1  0 . 3  0 . 4  0 . 3  0.0 0.0 

76 Kulan i  Ma.jka 8300 6 Max. 6.6 10.5 11.1 3 .9  2 . 4  2 .1  3 . 3  9 . 8  4.9 4.0 7 . 0  5 . 2  
Med. 4.0 6 .1  3 .1  1 . 9  1 . 6  0 . 7  2 . 4  4.7 1 . 1  2.9 2.6 2 . 4  
Min. T 1 . 6  0 . 6  0 . 5  0 . 5  T / % T  T 0 .1  0.7 T 0.0 



T a b l e  VII I .  ( c o n t i n u e d )  

S t a t i o n  L o c a t i o n  E lev .  Years  J A N  FES MAR API? MAY JUNE JULY AUG SEPr OCT NO\i D3C 
No. --- ( f t . )  . . . . . .  .................................... - ... , ...................... ,. ,, 

-- 
............................................. 

- - 
Papa loa  5103 24 Max. 6.7 2.7 6 . 5  5 .0  5 . 0  3.7 4.1 3 .9  3 . 4  4.0 3 .7  6 .0  

Med. 1.7 1.1 2.0 1 . 8  2 . 3  2.2 2.2 1 .7  1 . 5  1 . 1  1 .0  1.0 
Min. 0.0 0 . 1  0 .7  0 . 8  0 . 5  0 . 8  0.6 0 . 4  0 .7  0 . 1  0 .2  0 .0  

H i l o  A i r p n r t  31 19 Max. 3 8 . 4  39.3 45.3 30.3  1 8 . 4  13.1 14.6 26.4 18 .0  28.5 22.8 50.8  
Med. 8 .0  9 . 0  1 3 . 4  11 .4  8 . 9  5 .6  9 . 0  8.7 6 .0  9.6 12.6 1 3 . 5  
Min. 0 . 4  0 .7  3.8 3 , 1  1 . 1  3 . 4  3.7 4.8 2.4 2 .8  3 . 5  3 .0  

Kapoho 110 65 Max. 28.2 32.5  64 .3  37.8 15.5 1 7 . 5  12.5  25.3 1 5 . 5  20.3 31.5  36.0  
Med. 9 . 4  6 . 3  8 .8  6 . 4  5 . 5  5.1 6 .1  6 .2  7 .0  6.9 8 . 5  9 .2  
Min. 0 . 8  1 . 4  1 . 4  1 . 8  1 . 1  1 . 6  1.7 2.2 1 . 1  3.3 2.5 2.2 

Hal epoha'iu 9 503 18 Max. 9 . 8  12.9 14 .5  5.7 4.9 4.1 5 .3  11.8  7 .8  5 . 4  8 . 4  13.7 
Ned. 1 . 6  3 . 3  2.6 1.1 0 . 5  0 . 2  0 .7  1 .8  0 . 5  1.5 1 . 4  2 .0  
M i n .  0 . 0  0 . 0  0,O 0.0 0 .0  0.0 0.0 0.0 0.0 0.0 0 . 0  0 . 0  

Pepzekeo 1550 31 M a x . 5 7 . 4  50.3  94.0 55.2 45.8 35.7 34.2  50.0  32.7 50.0  32.0  75 .1  
Med, 1 6 . 3  16 .1  25,2  24.4 20.2 12.6 21.0 19.3  14.0 17.5  20.6 23.5  
Min. 0 . 5  2 . 4  ( 2 . 9 ) ( 6 . 0 )  5 . 5  6 . 0  4 . 4  8 . 4  3 .6  2.9 6 . 8  4 . 4  

Kaimihae 50 20 Max. 3 .2  3.9 5.1 1 . 7  1 . 1  2 .3  0.9 1 .0  1 . 0  2 .0  3 . 8  1 . 3  
Med. 0 .9  0 . 2  0 .3  0 . 2  0 . 3  0 . 2  0 . 2  0 . 1  0 . 2  0 . 1  0 . 1  0 . 5  
Min. 0 . 0  0 . 0  0 . 0  0 .0  0.0 0 . 0  3.0 0 . 0  0 . 0  0 . 0  0.0 0 . 0  

Kukuihaele  950 48 Max. 30.5 28.5 53.0  48.6 24.6 14.7 28.0 35.5  14.9 23.9 35.9 29.8 
Med. 6.0 6 .1  8.7 8 . 4  5 .0  2 .8  4.5 5 . 3  3 .2  3.9 8 . 0  6 .9  
Min. T 1.2 2 .1  2 .4  0 . 1  0 . 6  1 . 0  0 .9  0 . 2  0.2 0 . 5  1.0 



T a 5 l e  I X .  The v a r i a b i l i t y  i n  r a i n f a l l  a t  t h e  d i f f e r e n t  gauge s t a t i o n s .  
The r a i n f a l l  v a l u e s  a r e  i n  i n c h e s  f o r  t h e  f o u r t e e n  s t a t i o n s  O F  T a b l e  V I I I .  

T o t a l  median r a i n -  Average r a i n -  S tandard  d e v i a t i o n  P e r  c e n t  
f a l l  f o r  1 2  months f a l l  p e r  month from t h e  a v e r a g e  d e v i a t i o n  

KAPAPALA XANCH ( S t a t i o n  36) 

OHAIKEA ( S t a t i o n  44) 

HALQIKJMA'J ( S t a t i o n  52) 

HAW. NAT'L PARK HDQTRS. 
(Volcano Obs. ,  S t a r i o n  54)  

AINAHOU ( S t a t i o n  58)  

HOLUASOA SEACH ( S t a t i o n  68)  

KULANI MAaKA ( S t a t i o n  7 6 )  

PAPAr,OA ( S t a t i o n  7 7 )  

HILO AIRPORT ( S t a t i o n  8 7 )  

KAPOHO ( S t a t i o n  9 3 )  

HALEPOHAKU ( S t a t i o n  111)  

PEPZEKEO ( S t a t i o n  140)  

KAWAIHAE ( S t a t i o n  148)  

KUKUIHAELE ( S t a t i o n  199)  



- - 
1 
2  
3 
4  
5  
6  
7 
8  
9  

1 0  
11 
12 
1 3  
1 4  
15  
I 6  
17 
18 
19 
20 
21 
2 2  
2  3 
2 4  
25 
26 
27 
28 
29 
30 
31 

o t a l  - 
e p a r t .  
from 
o m .  - 

Table  X .  D a i l y  r a i n f a l l  a t  Hawaii Volcanoes N a t i o n a l  Park  
Headquar te r s  ( S t a t i o n  54)  d u r i n g  195L. "T" i n d i c a t e s  l e s s  than  
.05 i n c h e s .  Q u a n t i t i e s  a r e  i n  i n c h e s  and t h e  t o t a l  f o r  t h e  y e a r  
was 145.28.  
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1921. With an eye t o  t h e  importance of extremes, Table V I I I  h a s  been 

included i n  which thi.s range can be seen very r e a d i l y .  Note t h e  1.arge 

number of zeros a s  t h e  minimum value given even f o r  those  s t a t i o n s  where 

t h e  median r a i i l f a l l  is r e l a t i v e l y  h igh .  In  Table I X  a  f u r t h e r  a n a l y s i s  

shows t h a t  a t  we t t e r  s t a t i o n s  t h e  r a i n f a l l  i s  more p r e d i c t a b l e  and v a r i e s  

l e s s  dur ing  t h e  year .  The we t t e r  s t a t i o n s  a r e  f o r  t h e  most p a r t  on t h c  

t r a d e  wind s i d e  of  Kilauea o r  i ts  e a s t  r i f t  and thus  under t h i s  s t e a d i e r  

i n f luence .  

It is not  s u r p r i s i n g  t h a t  t h e  d a i l y  record of  r a i n f a l l  dur ing  t h e  

month shows random v a r i a t i o n  i n  t u r n .  Table X i s  presented t o  show t h e  

v a r i a t i o n  dur ing  1951 on a  d a i l y  b a s i s  a t  Park Headquarters.  Here t h e  

r a i n f a l l .  i s  a  l i t t l e  1.ess than 100 inches p e r  y e a r ,  bu t  t h i s  p a r t i c u l a r  

year  it was 145 inches .  Yet no te  t h a t  dur ing  t h e  17th - t o  t h e  25th - of 

September and e a r l i e r  i n  l a t e  January and e a r l y  February t h e r e  were dry 

pe r iods .  Actually t h i s  p a r t i c u l a r  Septenibcr was a  drought month with l e s s  

than  h a l f  t h e  usua l  p r e c i p i t a t i o n ,  bu t  t h e  p a r t i c u l a r  Fcbruary was unusually 

wet. This d i s p a r i t y  between dry per iods  and "departure i'rom t h e  norm" :is 

an i n d i c a t i o n  of t h e  degree of randomness t o  be expected. 

Dry pe r iods  a r e  su re ly  more se r ious  f o r  t h e  vegeta t ion  i n  t h e s e  very 

porous s o i l s  than  unusual per iods  of h i @  d a i l y  r a i n f a l l  such a s  occurred 

(Table X) on February 18-23. The r a i n f a l l  first inc reases  (F ig .  1.1) as  one 

follorgs t h e  t r a d e  winds from t h e  c o a s t  up t h e  s lopes  t o  success ive ly  wet te r  

a r e a s .  There t h e  d roug l~ t  per iods  a r e  :fewer and l e s s  ex tens ive ,  bu t  a s  one 

passes  t h e  saddle  between Kilauea and Mauna Loa o r  over t h e  r i d g e ,  i . e . ,  - - 

t h e  r i r t  zone extending t o  t h e  e a s t  from Kilauea,  t h e  r a i n l ' a l l  drops.  As 

it drops,  longer  and more severe  drought pe r iods  appear.  A t  t h e  nor th  r i m  

of  Kilauea,  an area  with an average r a i n f a l l  of  about LOO inches  o f  r a i n  



p e r  year :  I l ~ c ~ c i  i s  ra.i.11 almost every day,  y e t  (F ig .  1:3) a  mouth with f i v e  

juiches o r  r a i n  m y  leave  s e v e r a l  days w:i.t-h none 

Figure 1.3 i.:Llustr;i-tes d a i l y  v a r i a t i o n  i n  r a i n f a l l  g raph ica l ly .  Such 

v a r i a t i o n  cxn be  cxpccted t o  be e s p e c i a l l y  c r i t i c a l  for  s eed l ings  and t h e  

Fi.rsl: popu:l~anis 0 1 '  l ava  flows and ash fa1l.s. A p e r u s a l  of  Table V I  of  ?he 

~ a i ~ ~ a : . : !  j.11 ll ic 1959 Kilauea nti "devastated area" w i l l  i n d i c a t e  t h e  r a t h e r  

cer-t:a:i.n pi:escncc: oi' cr:it:i.cally dry several-day per iods  t h e r e  where it i s  

n o t  very v e t  anyway and near1.y wi th in  t h e  c l e a r e r  a rea  oT t h e  leeward s i e  

o f  t.hc :isi.anti wlicre tire h ighe r  i n s o l a t i o n  and d r i e r  a i r  p u t s  a  s t ronge r  

water  s t c e s s  on t h e  i~o lmla t ions .  

F- TEMPERATURE 

r 8 1c:iiipc::ra-Liirc :ii; l e s s  :important i.n t h e  more f r equen t ly  seen p a r t s  oi' 

t h c  Park i!~an o-L:l~er i 'actors such a s  r a h f a l l .  Very near  t h e  shore  131e 

t:emperatii:ro oT tho  nil: a inetcr o r  s o  above t h e  ground is n o t  o f t e n  grea t ly  

di-Ci'c:rcinf: i'r:ooi i-11at oi' thc s e a ,  i . ~ . ,  24 t o  26 dcg. Ce l s ius .  In  winter  a t  - 

t11e rro:rIll :iriol of' i<:il.iii~c:a, days wi.th a  rninimuni of  ovcr 70 deg. F. a r c  un1isiia:l. 

a s  a r c  liiosc: ov:lr 74 ilrg, i'. i n  suiiimer. A s  a  r u l e  t h e r e ,  40 deg. F. i s  a  

s n !  r n : i n . ~ ~ n  i'o:r t h o  ycmr h u t  38 :its recorded,  but  much of t h e  time t h ~  

[I , ' ~.i.i~J~y or even ir!o~lI!ll~y ::l:ini.mum i.s near  60 dcg. F .  On t h c  t o p  of  Mauna Loa,  

I c e  1 1 i 1  s o  : I  IAiere may be snow a l l  t h e  year  axound, t h e  

te~npc!r:aluri..: vary w i di!l.y. 

e r e  r e  I Few d a i l y  records  o f  temperatures  i'rom within t h e  Park, 

howcvo-. o i x i  sci: o C  ii?ii:a (Table X I )  f o r  Park Headquarters i s  given h e r e  a s  

an c?xa~n])-ik. ?L :slioi~lLtl be noted t h a t  , f ros t  has  not  been recorded a t  t h e  

4000- h o t  :!.evc?l. b c l o ~ ~  wllich t h e  most dense vegeta t ions  and deepes t ,  most 

n1ot:ure soi.:ls a:!:c? roiind. Vre extreme range i s  37 t o  85.  The mean range of 



DAY OF MONTH 

F i g .  13.  Histogram of rain:fall .  measured a t  
t h e  res idence  O F  Chester  Wen t~or th  (= "Kilauea 
North Rim Sta t ion"  of var ious  records)  dur ing  
t h e  month of  January, 1.965. 



Table  X I .  Temperatures  r ecorded  a t  Hawaii Volcanoes N a t i o n a l  P a r k  Headquar te r s  
( S t a t i o n  5 4 )  a t  3971 f e e t  e l e v a t i o n  from 1948 th.:ough 1962. The v a l u e s  a r e  i n  d e g r e e s  
Fahrenheit. Values on t h e  l i n e  fo l lowing  t h e  y e a r  a r e  maxima f o r  t h e  months concerned ,  
and t h o s e  t o  t h e  r i g h t  and below t h i s  l i n e  a r e  t h e  minimum v a l u e s .  



Table  X I .  (Con t inued)  

Year  

1957 

1958 

1959 

J u l y  / August September I October  I ~overnber j  ~ e c e m b e d  Annual1 

1960 

1961 

1962 

Mean 
Max. 

i Mean 
1 Min. 

J a n u a r y  

7 0  
46 

72  
42 

75 
43 

7 3  
43 

71 
44 

7 1  
44 

71.6 

42.9 

February  

7 2 
42 

7 4  
43 

7 2 
45 

7 3 
42 

7 4  
44 

7 5 
42 

72.5 

March 

7 0  
41 

7 3  
41 

76  
47 

7 4 
45 

72  
43 

7 2 
44 

1 71.9 

A p r i l  

7 3  
47 

7 3  
48 

7 3  
48 

I 

42.9 43.5  

70 
48 

7 2 
42 

7 4 
47 

71.8  

May 

7 3 
47 

7 3  
49 

7 4  
47 

46.1 

June  

7 5  
50 

75 
50 

75 
50 

7 3 
48 

7 4  
48 

7 3 
47 

73 .6  

7 4  
49 

7 4  
46 

77 
47 

74 .5  

47.9 49.1 



t h e  mont~fil_\; extremes be ing  38.1 dcg. Fahrenhei t  (21.2 deg. C e l s i u s ) .  

!.Torn a  lowland To provide c o n i r a s t ;  a  s i m i l a r  record (Table XII) ~* 

a r e a ,  General Lynan Airpor t ,  H i l o ,  Hawaii, is included.  Note t h a t  t h e  

temperal:nrcs a r c  1iighe:r and t h e r e  i s  l e s s  v a r i a b i l i t y ,  i.n l i n e  with t h e  

s tatoincnt ,  above, about: near-shore a r e a s ,  than  a t  t h e  h ighe r  e l eva t ion .  

The m;is:i.mum for  t h e  15-year per iod  be ing  93 and t h e  minimum 54; t h e  mean 

raiigt? oi' -(:lie month1.y extremes be ing  32 deg. Fahrenheit  (17 .7  deg. Cel.sius). 

G- DATA MOST NEEDED 

C:ihiatic da ta  i.n ?:he c a t e g o r i e s  discussed above a r e  bac1l.y needed Tor 

mo:rc i .ocal. i t ies wi.tl~i.n t h e  Park t o  provide  a  rel . iablc  concept:ion o f  t h e  

ex-~:~:cmc:s and coilsistcncy of t h e  d i p r e r e n t  r ac to r s .  These, t o  be most 

oconorn:icall.y rna:i.ntained and useful. :for h io -eco log ica l  s t u d i e s ,  should be 

a c m s s  !IIC major c:Lii~iati.c g rad ien t s  recognized i n  t h e  Park.  To ovcrsimpl.i:fy 

[.'or i : l~c inoi~imit:; t h e s e  2,rndients a r e  t h a t  t o  be seen with el.cvation on a 

: l ine 1)c.l:woen Kalapana and Kilauea and on t o  t h e  t o p  of Maiina Zoa and t1i;it 

Souiiii :i.ri i h c  a r e a s  o r  Park i n t e r e s t  on a :Line t h a t  might be drawn Prom 

1l i l . o  -to I<:i.:lauca tli:rou:;;h t h e  Upper Olan Fores t  Reserve and continued thence 

t o  tlrt: shore a t ,  say ,  Ilal~ape. special.  s t a t i o n s  shoul.ci be  e s t ab l i shed  

ant1 ma~nl:;r:i.ned, c.g., :in t:lie Kan Desert and i n  t h e  devastated a reas  aiirl o t h e r  

spc!ci.n:l~.-st:~idy a r e a s .  These should be s o  :instrumented and contiimed t h a t  

b:i-wc!cl<:ly. o r  a t  l e a s t  monthly, ternperatnre and r a i n f a l l  va lues  a r e  obt;aiiied 

1'0,: a tcn-year  pcr:iod. Records of  l j g h t :  hurnidi.ty and wind should be made 

al: il i'm s:i.l.cs a:Long t h e s e  t r a n s e c t s .  Likewise a t  a  Few s i t e s  v a r i a t i o n s  

dur.i.iii:' i3c:  day :in 1:l1c o t h e r  f a c t o r s  a s  we l l  a s  d a y  t o  day v a r i a t i o n s  should 

l ~ c  car:i:.ictl oul: t o  ilctc!m~:i.ne t h e i r  n a t u r e  dur ing  t y p i c a l  and e s p e c i a l l y  

diir.i.n:;; e x t r a ~ r c  per iods  . 



Table  XII. Temperatures  recordzd a t  Genera l  Lyman A i r p o r t ,  H i l o ,  e l e ~ a t i o n  
31 f e e t ,  between 1945 and 1962. The v a l u e s  a r e  i n  d e g r e e s  F a h r e n h e i t .  Values on t h e  l i n e  
f o l l o w i n g  t h e  y e a r  a r e  maximurn v a l u e s  f o r  t h e  months concerned ,  and t h o s e  t o  t h e  r i g h t  
and  below t h i s  l i n e  a r e  t h e  r e l a t e d  miniinurn v a l u e s .  



T a b l e  X I I .  ( C o n t i n u e d )  

Mean 
Max. 

Mean 
Min. 

84.7 

58-6 

83.2 

57.7 

83.3 83.5 
I 

1 
58.9 1 60.9 

83.3 

62.7 

84.8 

64.1 

I 
85.6 86.1 

64.5 65.4 

85.5 

64.3 

86.4 

63.0 

84.3 

t 61 - 9  

82.9 88.5 

58.5 56.5 
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Actual ly,  a very commendable s tudy was begun by Mr. Gar re t t  Srnathers 

in t h e  a rea  devastated by t h e  ash f a l l  :from t h e  1959 Kilauea erupt ion .  

Tlie r a i n f a l l  d a t a  a r e  given h e r c  f o r  t h i s  a rea  (Table V I )  though t h e  

record is brie '  and from records  read only once a week; Figure 10 shows 

t h e  loca t ion  of these  gauge s t a t i o n s .  The b i o l o g i c a l  events  on t h e  Kilauea 

I k i  ash f a l l  a r e  discussed elsewhere, below. 



C h a ~ t e r  I V -  Climate 

by Die t e r  Mueller-Dombois 

The e f f e c t  of  t h e  weather elements described i n  t h e  above chapter  

. . is c l ima te .  Climates may be described by such terms a s  h igh  o r  low 

a l t i t u d e ,  temperate  o r  t r o p i c a l ,  h o t ,  e t c .  Such terms a r e  i n t e r p r e t e d  by 

and convey d i - f f e ren t  s u b j e c t i v e  meanings t o  d i ~ f f e r e n t  people and general-ly 

convey no one meaning uniformly. 

Seeking a way t o  ob jec t ive ly  diagram t h e  el.imates of t h e  Park, va r ious  

graphic: i n t e g r a t i o n s  of  weather were considered.  f i n a l l y ,  a method (Ti.@. 

14-3.8) cxpanded upon a t  length and ~ i s e d  by Walter (1957, 1964) was s e l ~ e c t e d .  

Sea~:cliing f o r  t h e  o r i g i n  o f  t h i s  mcthod oT diagramming l ed  us  t o  t h e  s t o r y  

tha-L- it was poss ib ly  First appl ied  by a meteorologis t  a t tached  t o  t h e  

Geman army :in North ATrica. I t  is s a i d  h c  devised t h e  method merely a s  a 

means oi' : i l . lustrat:iug t h e  pr ine i .pa l  ~ e a t n r e s  of temperature: drought,  

r a i n f a l l  and general. wetness i n  br ie:f ing se s s ions .  However, - e .g., Doergcson 

e a r l i e r  (3.929) used a s i m i l a r  graphic p r e s e n t a t i o n  i.n d i scuss ing  t h e  cl.iorate 

o r  t h e  west c o a s t  of  I n d i a .  

31ie c%imate diagrams used ( e . .  - , Figs .  14-1~7) were prepared Fol~low:i.ng 

Walter 's  mcthod i n  which 10 deg. C equal.s 20 mm of  r a i n f a l l . .  Each cl.imatc 

diagram sllows oil t h e  absc i s sa  t h e  months o f  t h e  y e a r  horn Januarv (extreme 

l e r t )  t o  January (extreme r i g h t ) .  Mean monthly temperatures  ( i n  iieg. C) a r c  

pl.otl:cil :in rei'crei-ce t o  t:lie 1e:ft o rd ina te ,  and monthly prec:i.pi.tation ( i n  mm) 

is  pl..ottcd :in r e fe rence  t o  t h e  r i g h t  o r d i n a t e ,  r e s u l t i n g  in. annr~a l  temperature 



HOLUALOA ppt mm 
OC BEACH 
1 r 

HAWAl I 
OC NATIONAL Ppt mm 

] L ( D o u i i R T m s  

OC 
HALEMAUMAU P D ~  mm 

MAUNA LOA "c OBSERVATORY PPt mm 
1 r 

Figs. 14: 15, 1 6  & 17.  Climatic v a r i a t i o n  i n  t h e  Park a s  
i l l u s t r a t e d  by t h e  c l imate  diagrams from, r e s p e c t i v e l . ~ ,  Holualoa 
Beach, Halemaumau Cra te r ,  Park Hcadquartcrs and t h e  Mauna h a  
Observatory. The c o n s t r ~ d 5 o n  and i n t e r p r e t a t i o n  of  t h e s e  d ia-  
grams is  given i n  t h e  t e s t .  Tile l o c a t i o n  o r  t h e s e  and o thc r s  i n  
r e s p e c t  t o  t h e  Park is given on Figure 8 .  



F i z .  3.8 . 0r:i.cntat:i.on map ol' t l l c  i s l a n d ,  liawaii, showing 
genera l  topography, an o u t l i n c  of lfawaii Vo:I.canocs Nati~onal  
Parlc and i l l u s t r a t i n g  t h e  c l ima tes  a t  d i f f e r e n t  weather s t a -  
t i o n s  by means of  c l imate  di~agrams. The f i v e  s t r a i g h t  l i n e s  
on t h e  National  Parlc a rea  i l l u s t r a t e  t h e  1.ocations of t h e  i v c  
vcgetal;ion t r a n s e c t s  numbered 11.-5 and discussed i.n Giiapter VIII. 
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and p r e c i p i t a t i o n  curves .  Ehp i r i ca l  observat ions have shown t : l~a t  a t  t h i s  

s c a l e  a pronounced d roug l~ t  per iod  is i n  evidence whenever t l ie p r e c i p i t a t i o n  

curve undercuts t h e  temperature curve (dot ted  f i e l d s ) .  

For prac t ica l .  reasons;  t h e  p r e c i p i t a t i o n  s c a l e  on t h e  c l imate  diagrams 

( e . g . ,  - - Fig .  16 )  has  been reduced by a  f a c t o r  o:f 10 f o r  any monthly r a i n f a l l .  

i n  excess of 100 mm (blackened f i e l d s ) .  A t  t h e  h i g h e s t  a l t i t u d e  s t a t i o n ,  

Mauna Loa Observatory a t  11,150 f e e t ,  t h e  average monthly minimum tempera- 

t u r e s  were a d d i t i o n a l l y  p l o t t e d  (Fig.  17 ;  do t t ed  curve)  t o  show t h e  per iod  

w i t h  d a i l y  n ig l~ t - : f ros t  a s  recorded i n  t h e  s tandard  she]-ter 1 . 5  m above ground 

Tile raini-'al:L records  read were obtained from T a l i a f e r r o  (1959) with t h e  

exception of  thosc  f o r  t h e  Mauna Loa Observatory, which were obtained 

d i r e c t l j ~  From t h e  U .  S .  Weather Bureau, Ilonolulu. The rainfa1:L da ta  of 

IZulani Mauka and South Point  Corra l  were extended with 14 yea r s  of  :Further 

records  From t h e  U .  S. Weather Bureau. The length  of  t h e  recording  period 

i n  yea r s  is shown on each diagram (Figs .  14-18) i n  t h e  upper lef t -hand 

corner  beneath t h e  s t a t i o n  name. Where two :figures a r e  shown: separa ted  

by a  dash, t h e  f i r s t  r e f e r s  t o  t h e  rccording  per iod  f o r  temperature,  t h e  

second t o  t h a t  f o r  r a i n f a l l .  The mean annual  r a i n f a l l  ( i n  mm) is shown i n  

t h e  upper right-hand corner  on each diagram. 

Only S s t a t i o n s  have temperature r eco rds .  For t h e s e ,  t h e  mean annual 

temperature ( i n  deg. C) is shown i n  tl ie upper c e n t r a l  p a r t  of  t h c  diagrams 

( F i g s .  16 R. 17)  i n  f r o n t  of t h e  mean annual r a i n f a l l .  The temperatures f o r  

II i lo  Airpor t ,  Hawaii National  Park Headquarters and Paha1.a (Moaula) were 

obtained from Blumenstock (1961). The temperature records Tor t h e  Mauna Loa 

Observatory and Kulani Mauka were obtained from t h e  U .  S. Weather Burcau, 

Ilonolulu. The temperature curves Cor t h e  o the r  16 s t a t i o n s  were ex t rapola ted  

a s  :Follows : 



1. The Mauna Loa Observatory v a l u e s  were a d j u s t e d  t o  o b t a i n  v a l u e s  

Mean temp. A l t i t u d e  

Mauna Loa 6.9O C 11,150 r t .  
Observatory 

Kulan i  Maulca 9.6' C 8,300 T t .  

D i f l e r e n c  e 2.8' C 2 .850 ft. (= 1 ~ ~ / 1 0 0 0  F t . )  

2 .  The Pallala v a l u e s  (Moaula) were ,  s i m i l a r l y ,  used foi: South P o i n t  

Corral. by t h e  f o l l o w i n g  c o r r e c t t o n :  

Mean temp. A l t i t u d e  

Park  1-leadquarters 15.9' C 3 , 9 7 1  f t .  

Moaula 22.0" C 550 C t .  

D iFfe rence  6 . l 0  C 3 , 4 2 1  ft. (- 1. .8•‹~/1000 Fi:.) 

3 .  Tile Park  Headquar te r s  d a t a  were a d j u s t e d  Tor a l l  sta1::ions i n  and 

n e a r  t b e  Park (i - . - e . , IHalemaumau, Ohaiken, I<ekekaniho, Rinahou , Kapapala Ranch) 

u s i n g  1 . 8 • ‹ ~ / 1 0 0 0  F e e t  a s  an a1t:il:iidinal c o r r e c t i o n  f a c t o r .  

4 .  T i ~ e  I I i lo  d a t a  were used Cor a l l  r emain ing  s t a t i o n s  wi th  t h e  

f o l l o w i n g  n l t i t u d i n a l  c o r r e c t i o n :  

Mean temp. A1-titude 

Park Headquar te r s  15.9O C 3,971. f t .  

I- l i lo 22.8' C 31. f t .  

D:i f Ferenc c 6.9' C 3,940 C t  (= :1..9~~/3.000 f:.) 



The p r i n c i p a l  d i f f e rences  i n  t h e  c l ima tes  d is t ingnished  by t h e  c l imate  

diagrams (F igs .  14-17) a r e  i n  r e s p e c t  t o  t l ie  degree and t iming of  wetness.  

The s e v e r a l  months pe r  yea r  when r a i n f a l l  exceeds t h e  1.00 mm mark (F ig .  16)  

incl icates  a  humid c l imate  a t  Park Headquarters .  Higher a  dry c l ima te  (F ig .  17 )  

can be expected and soutliwest of  Park Headquar ters  a  longer  summer (Fig. 15) o r ,  

:if one were i n  o r  nearer  Kona (Fig.  14) ,  a  winter-drouglit c l ima te .  Temperatures 

a r c  always h ighe r  i n  t l ie summer, bu t  t h e  degree is indica ted  a s  "warm" (Fig.  14), 

rnoclerate (F igs .  15 8. 16) and coo l  (Fig.  1 7 ) .  At t h i s  l a t t e r  s t a t i o n  f r eez ing  

temperatures  a r e  experienced every n i g h t  Cram mid-November t h r o n ~ l i  mid-April. 

a s  :i.ndicatcd by tl ic dot ted  l i n e  across  t11c bottom of t h e  f i @ r c .  

Inspec t ion  of t h e  21  c l ima te  diagrams ( F i g .  18)  cons t ruc ted  a s  described 

above h a s  l ed  t o  i n t e r p r e t a t i o n s  t h a t  seem t o  be c o n s i s t e n t  with t h e  observa- 

t i o n s  onc can make on tl ic vege ta t ions ;  s o i l s  and o the r  Cactors t h a t  would 

appear t o  be  r e l a t e d .  

It i s  t o  be  liopecl t h a t  i n  t h e  n o t  t oo  d i s t a n t  f u t u r e  more complete 

temperature records  a s  we l l  a s  rainfaL1. and temperature records  from a wider 

range of h a b i t a t s  within t h e  Park w i l l  become avai.l.ab1.e. I n  a  broad sense,  

b u t  on t h e  b a s i s  of t h e  p r e s e n t  c l a s s i f i c a t i o n ,  t h e  i'ol1.owing t h r e e  general 

c1.imatic a reas  a r e  recognized on t h e  isl-and and within t h e  Park. 

( a )  'Ilie c l imate  near  sea  Levcl: ?lie c l ima te  diagrams show c l e a r l y  t h e  

e f f e c t  of t h e  no r theas t  t r a d e  winds i n  producing (Fig .  18)  a  c l ima te  on tlie 

n o r t h e a s t  s i d c  o r  t h e  i s l and  t h a t  i s  humid throughout t h e  year .  Only tlie 

most nor thern  windward s t a t i o n  (Kukuiliaele) shows r a i n f a l l  amounts of  l e s s  

than  100 mm i n  June and September, bu t  r a i n f a l l  amounts s t a y  well. above 

t h e  temperature curve,  showing t h a t  t h e r e  i s  ha rd ly  any dangcr of dryness 

o r  drought.  On tlie leeward s i d e  e x i s t  approximately t h e  same temperature 

r e l ~ a t i o n s  a s  on t h c  windward s i d e .  Ilowcver, t h e  r a i n r a l l .  p a t t e r n  i s  

e n t i r e l y  d i : f e r e n t ,  a s  one would expect ,  and t h e r e  is without doubt more 



s u n l i g h t .  Here, rai-nfal l .  d i s t r i b u t i o n  is  not  of  one t y p e ,  b u t  d fou r  

d i f f e r e n t  t ypes .  The most nor thern  leeward s t a t i o n ,  Kawaihae (F ig .  1.8), 

shows a typical .  d e s e r t  c l imate  a s  t h e  r a h f a l l  curve remains below t h e  

temperature curve throughout t h e  e n t i r e  y e a r .  liolualoa Beach (F igs .  l 4  & :La) 

shows a winter-drought c l imate  and Pahoelioe and Manulca a humid c l imate ,  

comparable t o  those  on t h e  windward s i d e .  F ina l ly ,  South Po in t  shows an 

extreme summer-drought c l imate .  While perhaps l.ess severe  t h i s  summer- 

drought c l imate  extends northeastward a long t h e  Park 's  c o a s t a l  lowlands. 

(b)  The c l imate  a t  mid-alti . tudcs, below 5000 1ce t :  A t  t h e  Park 

Headquarters (F igs .  16 & 18)  t h e  mean temperature is 7 cleg. C coo le r  than  

a t  s ea  l e v e l ,  bu t  ra i . i l fa l l  d i s t r i b u t i o n  cl.car:Ly i n d i c a t e s  a humid c l ima te  

of  t h e  same typc  a s  t h a t  of t h e  windward low-elevation slat:i.ons. J u s t  

t h r e e  mil.es t o  t h e  soutllwest, a t  Halemclumau (F ig .  1.5) t h e r e  i.s a di.st:inct 

summer-drought c l imate  a s  t h e r e  i s  s i m i l a r l y  t o  t h e  west a t  Ohaikca. Thc 

cliange i n  c1.imate up-slope from Park Ilenclquartcrs i s  not  q u i t e  a s  ahriipl,  

bu t  y e t  d j . s t i nc t>  showing a reduct ion  :in summer rain1al.l: which i s  p a r t i -  

c u l a r l y  pronounced i n  June,  - e . - g., a t  Kckekaniho . A broad a rea  cxtcnding 

south of CILalcmaumau shows l e s s  cxtremc reduct ion  of rnini 'all .  :i.n summer. 

There i s  a s:i.mLlac cli.mat-e e a s t  and sonth  oC t h e  Kau Desert .  Ajnahou~ a t  

nea r ly  3000 Feet elevat:i.on, s11or.i~ a s i m i l a r  summer-dry c l ima te  a s  does 

Kapqmla Ranch ( o u t s i d e  t h e  Park boundary) near  t h e  2000 Coot c.l.cvat-i.on. 

Fur ther  sonth below t h e  p a l i  ( a t  Moaha)  t h e  1:ypri.cal summer-drought cl : ihatc  

extends t o  Soutb Poin t  Corra l .  

( c )  Tl~e cl.imat-e a t  h igher  el.evations, above 5000 Ccet: Ral~c Pohaku, on 

1:he south  sl.ope oC Mauna Kea towards t h e  sadd le  a t  t h e  9500 f o o t  e l eva t ion ,  

shows two summcr-clroiigl~t peri-ods-a w e l l  pronounced one in. June and a h s s  

pronounced one i n  September. Both t h e s c  rainfa1. l  reduct ion  per iods  a r e  



shown a l s o  on t h e  upper windward s lope  of  Mauna Loa ( a t  Kulani Mauka and 

t h e  Mauna Loa Observatory, Fig.  1 7 ) ,  bu t  t hey  a r e  l e s s  pronounced h e r e .  

The h ighe r  e l eva t ions  i n  t h e  Park, though d r i e r ,  have t h i s  same c l imate  i f  

we i n t e r p r e t  c o r r e c t l y  from t h e  ad jacent  s t a t i o n s  and topography. It can 

be seen t h a t  t h e  two r a i n f a l l  reduct ion  pe r iods  i n  June and September a r e  

ind ica t ed  a l s o  a t  t h e  most nor thern  windward s t a t i o n ,  Kukuihaele, i n d i c a t i n g  

an a f f i n i t y  i n  r a i n f a l l  d i s t r i b u t i o n  t o  t h e  no r the rn  windward area .  Papaloa, 

on t h e  leeward s lope  of  Mauna Loa, shows two dry pe r iods ,  one i n  October 

through December, and one i n  February. This r a i n f a l l  p a t t e r n  shows an 

a f f i n i t y  t o  t h e  second leeward low-elevation s t a t i o n ,  liolualoa Beach, which 

h a s  a d i s t i n c t  s i n g l e  wiiiter-drought pe r iod .  

The reduct ion  i n  mean a i r  temperature with inc reas ing  e l eva t ion  i.s 

only 1 deg. C p e r  1000 f e e t  a t  t h e  h igher  a l t i t u d e s  above 5000 f e e t ,  while  

From s e a  l e v e l  t o  5000 f e e t  t h e  decrease i s  nea r ly  twice a s  g r c a t .  This 

temperature ameliorat ion a t  h ighe r  a l t i t u d e s  can be a t t r i b u t e d  t o  a temper- 

a t u r e  invers ion  p a t t e r n  t h a t  h a s  been observed on t h e  e a s t  Clank of Mauna 

Loa above 5000 f e e t .  ( M r .  Saul  P r i ce ,  unpublished d a t a ,  U.  S. Weather 

Bureau, Honolulu.) The average monthly minimum temperature curve a t  Mauna 

Loa Observatory i n d i c a t e s  (Fig.  17)  noc tu rna l  f r eez ing  temperatures  From t h e  

second h a l f  of November through t h e  middle of  March. However, ground f r o s t  

can be expected throughout t h e  yea r .  On t h e  assumption t h a t  n igh t ly  minima 

a t  t h e  s o i l  sur:face a r e  10-12  deg. C below mean a i r  temperature measured a t  

1 . 5  m above ground, t h e  boundary of noc tu rna l  ground f r o s t  ( i  - . e . ,  - occurr ing  

almost every n i g h t  of t h e  yea r )  has  been a r b i t a r i l y  accepted h e r e  as  a t  an 

e l eva t ion  of 8500 f e e t .  



Chapter V- S o i l s  

by Die t e r  Mueller-Dombois 

'i11j.s ciiopte~c a t t a n p t s  t o  summarize a v a i l a b l e  in:formation on t h e  

. . 
edap11:i.c I'ac-i:ors :ill (:!I? Park. Edaphic :factors a r e  those  t h a t  r e l a t e  t o  t h e  

s o i l .  :I'c:i-i~rii,s the: i ' i r s t  ques t ion  t h a t  could be  asked i s ,  whether t h e r e  

a r e  any so:i.:ls i .  1 I : i .  Volcanoes National  Park, a s  t h e  su r face  area  1s of 

s l  I :  ~ i .  i n .  'Ibc answer t o  t h i s  ques t ion  demands a c1Lari- 

. : i , a . i , o ~  I :  I i : : .  If s o i l  is understood t o  be  t h e  "i~eathered c r u s t  01 

t h e  ca r t l i ' s  sii~~l';icc'! ;I:: d t c n  i n t e r p r e t e d ,  t h e r e  jk almost no s o i l  i n  t h e  

Park. :I:i', on i .11~ o1:lic.i: hand, s o i l  .is :i.ntcrprcted a s  t h e  "subs t ra te  of 

;~ronild.-ro~ii,c:i1 p1mf:,s", nea r ly  t h e  e n t i r e  Park su r face ,  except for t h e  most 

: rccol t  :!.raw si:xi';~(,c?, (mi be considered "soi.il'. A compromise has  been made 

by so:i:i. sui:v(:\i 1.0-iiIki:i-s d ~ o  have c l a s s i r i e d  a s  "soj.lt' a l l  su r faces  coiisist:i.ng 

oC an ;i(:c:iii~iir:lai.i mi niC 1':i.n~ sepa ra t e s  over S.ava rock.  On t h i s  b a s i s  more 

than  50% oi' i : o t i q l s  i'x:Tli su r f ace  is covered wii:li s o i l  and t h i s  soi l .  is 

consideixti l o  '!w c:iil:i:i:cl.y from volcanic ash and none i-rom d i s i n t e g r a t e d  

l ava  (11. 11. S;: i r r i ,  l icrsonal communication). The r e s t  o:T t h e  Park s u r h c o  

c o n s i s t : ~  n r  soi.:I.-li;iri:(:ri rock materi .al  (Cl.i.ne - c t  - a l . ,  1955). Aowevor, t h i ~ s  

soil-l)~i:~:rtiui rw l i  !i;;i-i~?i:.i.a:L :is not  bar ren  of p l a n t s  and o t h e r  o rgan i sm and 

t h u s  :i.s 0.7 i:oiisitl(~i:;.ii~:l.c: 1i:i.o-ecol.ogical i n t e r e s t .  Only t h e  most r cccn t  l ava  

flows arc! i~iir : .~:;!~~ (,:: j i : I . ; i ~ i t s  and t h e  s tone  d e s e r t  above 1.1,000 f ee t  around 

t h e  s~inmi L ii I '  M;iiir!i~ Tdia . Even t h e s e  cannot  be  e n t i r e l y  :i.&yiorecl when speak;.ng 

of  eda11h:i.c : : I  ;:s so~nc 01 I l ~ e  i n i t i a l  s t ages  of  weatl-iecing and popu1.a- 

t i o n s  a r c  wc?l.:l. ti:isr~l;ryi.d even on t h e s e  otherwise s o i l -  and p lant -bar ren  

s u r f a c e s .  



Edaphic in:formation r e l a t i n g  d i r e c t l y  t o  t h e  Park i s  very l i m i t e d ,  

although t h e r e  a r e  s e v e r a l  r e fe rences  t h a t  g ive  more gene ra l  information,  

some of  which inc lude  observat ions i n  o r  n e a r  t h e  Park a r e a .  

8- FROM VOLCANIC ROCK TO SOIL 

Lyons (1896) inves t iga t ed  t h i s  problem by chemical ana lyses  of  s e l ec t ed  

Hawaiian s o i l s ,  which h e  compared t o  t h e  chemical composition of  Hawaiian 

l a v a s .  Among t h e  s e l e c t e d  s o i l s  he  p r e s e n t s  da t a  on a  s o i l  :from Pahala,  

!Iawaii ( o u t s i d e  t h e  S. W .  border  of  t h e  Park) .  He a l s o  p r e s e n t s  an a n a l y s i s  

(Table I) of  P e l c ' s  h a i r  from Kilauea i n  t h e  Park which was exposed t o  

sul . fur ic  vapor from Halemaumau . P e l e f  s h a i r  i s  o-f b r i s t l y ,  h a i r - l i k e  I.ava 

:fra@cnts thrown up a t  t h e  margins o f  h o t  moving pahoelioe f lows,  where they  

make c o n t a c t  with t h e  cooled su r face  m a t e r i a l .  I t  i s  considered t o  be  of 

t h e  same chemical composition a s  t h e  s o l i d  l ava  from which it i s  formed. 

He sampled s e v e r a l  o t h e r  l ava  fragments from t h e  i s l a n d s  inc lud ing  p a r t i a l l y  

decomposed o1.d lava  from Hi lo ,  which h e  termed " ro t t en  lava". He s t r a t i f i e d  

t l ie  s o i l s  of  Table I i n t o  t h r e e  c l a s s e s :  

1. New, from l a p i l l i  (f .g., g lassy  volcanic asli) .  This inc ludes  t h e  

s o i l  from Pahala,  and another  :from Waimea, Hawaii. 

2 .  New, from p a r t i a l l y  d i s i n t e g r a t e d  lava .  This inc ludes  a  s o i l  

from Hi lo ,  Hawaii. 

3 .  Old, :from thoroughly d i s i n t e g r a t e d  lava .  'Pis inc ludes  a  s o i l  

:from Manoa, Oahu. 

The Table I shows t h a t  Pe le ' s  h a i r  from Kilauea compares r a t h e r  c l o s e l y  

i n  composition t o  t h a t  of  t h e  average of  Hawaiian l a v a s .  I n  t l ie  o v e r a l l  

ana1.ysis Lyons (1896) considered aluminum and i r o n  t o  have remained r a t h e r  

cons tan t  i n  t h e  formation of s o i l s .  Taking t h e s e  two a s  a  s tandard f o r  



Table  I .  Cornparison of  t h e  chemical  compos i t ions  of  --- 
Hawaiian l a v a ~  wi ih  t h a t  of  s o i l s  i n  t h r e e  r e l a t i v e  a g e  g roups  
( d a t a  from Lyons,  1 8 9 6 ) .  Values i n  p e r  c e n t .  

" 

Chemical Average,  P e l e ' s  h a i r  "Rot ten"  New s o i l  New s o i l  Old s o i l ,  
c o n s t i t -  Hawaiian K i l a u e a  a/ l a v a ,  from a s h ,  from lava,!?/ Manoa, 

l a m s  u c n t  H i l o  P a h a l a  H i l o  
~ ~ ~ - ~..~...... ~ . 

Oahu - 
S i 0 2  47.9 45.6 24.6 7 0 . 4  42.1 31.6 42.5 

Ca 0  8 . 6  10.2 t r a c e  3.4  5.7 . 4  .3 

2O I . 1  .9 t r a c e  .2  .4  .4 .2 

a /  Exposi?ci to SO2 vapor .  - 

b/  Pari:.ia!!ly d i  ! ; i n t e g r a t e d .  - 



unchanged p r o p e r t i e s ,  he concluded t h a t  i n  s o i l  formation 50% o:f t h e  si1:ica 

i s  l o s t ,  more than 90% of  each of  t h e  bases ,  50% o r  t h e  phosphate,  and very 

l i t t l e  oC t h e  t i t an ium.  

Maxwell (1898) s tudied  t h e  problem of  s o i l  formation i n  a somewhat 

di:f:Cerent way. He was in t r igued  by t h e  s u l f u r i c  ac id  steaming i n  t h e  

Kilauea a rea .  He t e s t e d  t h e  a c i d i t y  of  t h e  steam with l i tmus  paper and 

found t h a t  it va r i ed  from n e u t r a l  t o  s l i g h t l y  a c i d .  He determined t h e  steam 

a t  Su l fu r  Bank t o  con ta in  5% s u l f u r i c  acid i n  1896. Then he  t r aced  t h e  e f f e c t  

of  ac id  steaming by analyzing p i eces  of  l a v a  under d i f f e r e n t  exposures t o  

. . 
steam (Table 11). The Table shows a c e r t a i n  reduct ion  i n  monoxides (bases )  

upon sulTur steaming. 

Next, he  analyzed a number of t y p i c a l  l ava  d i s i n t e g r a t i o n  products .  

Thcse incl-uded: A ,  gypsum; B, alum depos i t s  ( a  mixture of  s u l f a t e s  of  t h e  

a lka l - i e s ,  i r o n  and aluminum with excess s u l u r  and s u l f u r i c  a c i d ) ;  C ,  a 

p o r t i o n  of t h e  so-ca l led  "red ochre" found i n  l a y e r s  i n  t h e  lava  i n  g r e a t  

q u a n t i t i e s ;  D ,  mainly s i l i c a  re leased  i n  steam from l ava  bases ,  yellow on 

drying;  E ,  d i s i n t e g r a t i n g  l ava ;  F, sound l a v a ,  average. The da ta  a r e  shown 

i n  Table 111. 

I n  add i t ion  Maxwell made an experiment t o  s tudy t h e  a c t i o n  of ac id  

steaming under con t ro l l ed  condi t ions .  Mc used 52.9 grams of crushed lava  

(bean-s ize)  of  known chemical composition which he  placed i n t o  a g l a s s  tube  

t h a t  was connected t o  an Erlenmeyer Clask conta in ing  5% s u l f u r i c  ac id  ( i . e . ,  - - 

t h e  samc concent ra t ion  a s  t h a t  of  condensed steam a t  Kilauea Cra ter ,  where 

t h e  decomposition products  were sampled). He allowed t h e  acid steam t o  run 

over  t h e  crushed lava  for  120 days. Af ter  t h i s ,  he  found 1.221 grams of  

s o l i d  mat te r  i n  t h e  s o l u t i o n .  The composition of  t h i s  m a t e r i a l  was: 16% 

SiO2, 1.7% Fe203, 4.6% iU205, 6.5% CaO, 5% Na20, 5.6%K20, 60.7% SO3. 



Table  11. Chemical compos i t ion  of  l a v a  f ragments  
exposcxl t o  d i f f e r i n g  i n t e n s i t i e s  of  s u l f u r  s teaming a t  
K i l a u c a  ( d a t a  from Maxwell, 1.898). Values i n  p e r  c e n t .  

Chemical Lava f r o t h  Same l a v a  b u t  Sample from 
c o n s t i t u e n t  o r  scum n o t  exposed t o  s l i g h t l y  a c i d  

a f f e c t e d  by s u l f u r  steam f i s s u r e ,  c o n s t .  
s team ( red  s teaming 

...... ~ .... .. . "... . 

CaO 1.0.7 8 . 0  4 .2  



Table 111. Composition of disintegration products from lava at 
Kilauea (after Maxwell, 1898). Values in per cent. 

A B C D E F 
Chemical yellow disintegrating sound 
constituent gypsum alum red ochre silica lava lava, av. 



9 9 

F1:orn t h i s  Maxwel.:l. drcw h i s  conclusions about t h e  mode o:f d i s i n t e g r a t i o n .  

His da ta  give an i n d i c a t i o n  of  t h e  amount of s i l i c a  removed by a c t i o n  of  

suLfur ic  ac id  on t h e  bases i n  t h e  l ava .  It f u r t h e r  shows how "alum" depos i t s  

a r e  forn~ed l)y i h e  s q m r a t j o n  of alumina and a l k a l i e s  a s  su1.fates from l a v a .  

Tile depos i t s  of gypsum a r c  simply t h e  r e s u l t s  of t h e  removal of l ime, whi-le 

i r o n  is  l.ess a f f e c t e d .  T l ~ i s  sugges ts  t h a t  t hose  decomposition products  t h a t  

a r e  vcry rich in i o n  ( red ochre)  a r e  r e s i d u a l  r a t h e r  than  sepa ra t ion  

products ;  tha- t  : i s ,  t%cy show what i s  l e f t  o:f t h e  o r i g i n a l  lava  a f t e r  t h e  

s o l u b l c  s:il.ica, and 1:he el.ements which :Corm t h e  alums and gypsum have been 

removed. IIc po.ini:s 0111: a l s o  t h a t  t h e r e  a r e  modes of  d i s i n t e g r a t i o n  o t h e r  

t h a n  su1fu:c:ic ac:i.d st:cmi:ing, somc of  which r e s u l t  i n  t h e  removal 01 i r o n .  

Star1:in;; horn <lie Ki.:ll.auca a rea  Maxwell loca ted  abundant evidence For 

s u l f u r i c  acid stcam:ihg a s  an important  rock decomposing plllcnomenon, : f i r s t l y  

by p o i n t i n g  o u t  i h c i  abiiiiilance of  o ld  c inde r  cones down t o  sea  l e v e l  away 

from t h e  fiscal: c e n t e r s  oi: vo lcanic  a c t i v i t y ;  secondly by sampling what 

appeared l o  1)c 1;iv;l--dccoii~~~(.s.i.tion products  i n  soil.-covered a r e a s  on a l l .  

1.argcr i s l n l s  Ti?(> P'i.xri:l~" samples, as  h e  ca:L:Ls them, were taken rrom 

va r ious  deyiiis (voad mils, e t c  . ) and c l a s s i  f ied  according t o  t h e i r  co lor -  

resemblance l o  -I:llc r c c e n t  lava-dccornposition products  i n  t h e  Xil-auea a rca .  

P a r t i a l  cheniiciil ana:l~:yses o f  a l a r g e  number of t h e s e  color-c1ass: i f ied san1gl.c~ 

showed a closc? clic:m:i.c?i:l s i m i l a r i t y  t o  c u r r e n t l y  forming decomposition p:ro- 

duc t s  i n  I 1 < 1  a - r w .  

The cF;'ccl: oi' s t m m  on K:ilauea l ava  was i nves t iga t ed  cxpcrimenta1:ly 

a l s o  by T'c?r.r?ii~oil (:I9:1.9). Howcver, t h e  ob jec t ive  of  Ferguson's experi.mcnt 

was q u i t e  dii'i'e~:ciiL Froim t h a t  o:f Maxwell. It had been suggcsted t h a t  

steami.ng i n  gcncr.al. (not: necessarily ac id  steaming) was e f f e c t i v e  i.n con- 

v e r t i n g  Ct.~:rous oxi i los (l:!eO) t o  f e r r i c  oxides (Fei03). If t h i s  was a  



u n i v e r s a l  p rocess ,  t h e  presence of o l i v i n e  and o the r  i ron-bear ing  minerals  

(high i n  f e r r i c  oxides)  found i n  a s s o c i a t i o n  with g l a s s  of  Kilauea l ava  

could be  taken a s  an i n d i c a t i o n  of  t h e  water  content  of volcanic  exhala t ions .  

Prel.iminary experiments had shown t h a t  l a v a  was n o t  appreciably a t tacked 

by water  vapor a t  1 0 0 0 ~ ~ .  Ferguson used powdered Kilauea lava  t h a t  was 

heated t o  1 0 0 0 ~  o r  1 1 0 0 ~ ~  i n  a  platinum b o a t ,  i n  a  po rce la in  tube  through 

which steam was passcd f o r  a  period of  an hour f o r  each of  s e v e r a l  t e s t s .  

There was no formation of  f e r r i c  oxide i n  s p i t e  of  t h e  f a c t  t h a t  some 

fe r rous  i r o n  was l o s t .  He a t t r i b u t e d  t h e  reduct ion  of f e r r o u s  i r o n  t o  t h e  

d e l i b e r a t i o n  of  reducing gases from t h e  l ava  on account of  h e a t i n g  and a l s o ,  

t o  some ex ten t  t o  absorpt ion  of i r o n  by t h e  p l a t h u m  boat .  Thus, t h e  steam 

appcars t o  havc acted as  an i n e r t  gas ,  and t h e  t e s t s  leavc  no doubt t h a t  

fc r rons  i r o n ,  whcn i n  s i l i c a t e  combinations, can c x i s t  i n  t h e  presence of  

watcr vapor a t  11ig;h temperatures .  I n  l a v a ,  f c r rous  oxidc does n o t  c x i s t  a s  

a  s epa ra t e  phase, b u t  mainly i n  s i l i c a t e  minerals. I g n l t i o n  experiments have 

shown t h a t  f r e e  oxides a r e  much more e a s i l y  oxidized.  Fer.guson's experiments 

scem t o  i n d i c a t c  t h a t  t h e  red l a y e r  i n  pahoehoe (near  t h e  s u r f a c e ,  f o r  example) 

is not  t h e  r e s u l t  o:f steaming, but  probably of d i f r e r e n t i a l  o r i g i n a l  h e a t i n g .  

McGeorge (1917) inves t iga t ed  t h e  chemical changes involved i n  t h e  

i'onnation of  Hawaiian s o i l s  from pa rcn t  rock and ash .  h o n g  one pa ren t  rock 

a n a l y s i s  s e r i e s  lie included P e l e ' s  h a i r ,  a  sample from t h e  1910 overflow o f  

Kilauea and va r ious  o the r  dated fl.ows of  Hawaii. I n  d i scuss ing  t h e  change 

from 1-ava t o  s o i l  he  emphasi-zes t h e  i n d i v i d u a l  elements i n  r e l a t i o n  t o  t h e i r  

r e l a t i v e  abundance i n  t h e  d i f f e r e n t  t e x t u r a l  c l a s s e s ,  sand, s i l t  and c l ay  

and e l abora t e s  on t h e  p r o p e r t i e s  of t h e  d i f f e r e n t l y  s i zed  s o i l  p a r t i c l e s .  

He had assumcd t h a t  t h e  l a r g e r  p a r t i c l e s  (coarse  sand) had more nea r ly  t h e  

composition of  t h e  pa ren t  l a v a ,  s i n c c  d i s i n t e g r a t i o n  had not  Far progressed 





Table  I V .  Composit ion of Hawaiian l a v a  and t h r e e  
s o i l s  of  d i f f e r e n t  a g e  g roups  ( d a t a  from Hough g g . ,  
1 9 4 1 ) .  Values  i n  p e r  c e n t .  

Hawaii~an "Exceedingly  young" "Young" "Old" 
1  ava  s o i l ,  s o i l ,  s o i l ,  

K i l a u e a  Moaula Maui 
(2500  mm r a i n )  (1250 mm r a i n )  (2500 mm r a i n )  

. . . . . . . ~  . ,. . ~ . ~ . . ~ ~  " 

S i 0 2  36-62 47.5 36-40 8-21 
a v .  49 

Sum of 12-31 21-23 4-6 1 . 5  - 2 .5  
b a s e s  a v .  21 

A1203 8-19 13-14 20 - 27 30-35 
a v .  1 4  

Fe203 5-22 13-14 22-27 40-53 
a v .  1 4  

Combined --- .5  10-12 10-16 
w a t e r  



The gene ra l  t rend  i n  compositional change with weathering is  q u i t e  

apparent  from Table I V .  Hough e t  - a_l. concluded t h a t  alumina a r e  t h e  l e a s t  

so lub le  c o n s t i t u e n t s  i n  s o i l s  t h a t  a r e  n e i t h e r  markedly weathered nor i n  

s o i l s  exposed t o  low r a i . n f a l l ,  t h a t  i r o n  is l e s s  s o l u b l e  than  alumina i n  

t h e  more h igh ly  weathered soi?.s and t h a t  s i k i c a  and t h e  bases  a r e  by Far 

t h e  most so lub le  c o n s t i t u e n t s  i n  s o i l  and l a v a .  Bases a r e  more r a p i d l y  

l o s t  than  s i l i c a l  p a r t i c u l a r l y  i.n t h e  e a r l y  s t a g e s  of  weathering.  They 

considered t h e  s i l i c a  con ten t  t o  be t h e  b e s t  index of  t h e  degree of  rw?thcr iny .  

The above anl.ysis was based on whole s o i l s  (weathered and unweathered 

materia1.s). I n  examining t h e  c o l l o i d a l  . f rac t ion  they  obtained an even 

c i r a r e r  p i c t u r e  of  weathering. On t h i s  b a s i s  it was concluded t h a t  t h e  

exceedingly young so i l .  a t  Kilauea is  made up almost exc lus ive ly  of unweathered 

m a t e r i a l s .  They a l s o  Found t h a t  t h e  k ind  o f  c o l l o i d a l  material.  formed v a r f e s  

with r a i n f a l l  and t o  some e x t e n t  w:i~th p a r e n t  material. .  The col loidal .  mater ial .  

..Formed under high ra:inral. l  i s  lower i n  s i l i c a  and h ighe r  i n  i r o n ,  alumina and 

combined water t han  t h a t  formed m d e r  low r a i n F a l l  cotxl i t ions.  

C- SOIL FORMATION THEORY 

Maxwell (1898) distiugu:i.shed between l'chemical.rl and "simple" weathering. 

IJnder chemi-cal weathering he  understood t h e  decomposing a c t i o n  oT su l i iur ic  

aci.8 steaming a s  c u r r e n t l y  going on i.n t h e  Kil-auea area of  t h e  Park. He 

be l icved  t h a t  not  only t h e  beCocc-discussed chemi.ca1 clecomposition products  

a r e  t h e  r e s u l t  oT ac id  steaming, bu t  a l s o  t h e  formation oF l a < - c r i t i c  soi.1.s; 

t h a t  : is,  t h a t  ac id  steaming is  t h e  i n i t i a l  process  i n  l a t e r i m t i o n .  This i s  

b e s t  expressed by t h e  fol lowing quota t ion  from Maxwell ( p .  54) :  . - 
". . . :it appears ,  without doubt ,  t h a t  t h e  l a t e r i t e s  of  t h e  Hawaiian 

I s l ands  owe t h e i r  o r i g i n  on  a grand sca1.e t o  t h e  a c t i o n  of  sulphurous 

steam i n  t h e  d i s i n t e g r a t i o n  of  t h e  l avas . "  
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His ideas  a r e  we l l  developed with suppor t ing  observat ions and analyses .  

He p o i n t s  o u t ,  among o the r  t h i n g s ,  t h a t  red  l a t e r i t e s  a r e  found on t h e  

windward and i n  c e r t a i n  a r e a s  of  t h e  leeward s i d e  of  t h e  i s l a n d s ,  thereby 

occurr ing  wi th in  a wide range of annual rai.n:Fall. He considered p a r t i c u l a r l y  

t h e  tu-€as a s  steam-weathered a s  they  show a reduct ion  of alumina, an exhaus- 

t i o n  of l ime and an enormous inc rease  of  i r o n .  I t  may be remarlced h e r e  t h a t  

Fergusonls (1.919) experiments d id  n o t  lend suppor t  t o  t h e  idea t h a t  t h e  

f e r r i c  i r o n  and magnitude of  red-colored 1.ava has  r e su l t ed  from vapor steam- 

ing .  Ins tead  Ferguson a t t r i b u t e d  t h e  red c o l o r  t o  o r i g i n a l  thermodynamic 

changes a t  t h e  time of lava  formation. 

Maxwel.1. did not  cous ider  chemical weathering t o  have ac ted  i n  broad-area 

decomposition, and po in t s  o u t  t h a t  v a s t  a r eas  have n o t  been inf luenced by 

t h i s  mode of  d i s i n t e g r a t i o n .  However, he  s a i d  t h a t  a l l  l ava ,  whether in f lu -  

enced : i n i t i a l l y  by chemical weathering o r  n o t ,  i s  decomposed by "simple1' 

weathering i n t o  soi:Ls . Under t h i s  he  understands t h e  atniiospheric inf luences  

o f  h e a t  and mois ture .  

The course of atmospheric weathering of Hawaiian s o i l s  i s  well. ind ica ted  

i n  t h e  preceding d iscuss ion .  The process  i n  which s i l i c a  is removed i n  

presence of a n e u t r a l  t o  bas i c  r e a c t i o n  caused by s o l u t i o n  o:f t h e  bases and 

t h e  oxida t ion  of  i r o n  and aluminum is  gene ra l ly  c a l l e d  l a t e r i z a t i o n .  

La te r i za t ion  g ives  r i s e  t o  reddish  :iron-aluminum c lay  s o i l s  t h a t  a r e  base  

depauperated and, t he re fo re :  show an acid r e a c t i o n .  Mough - e t  - aL. (1941) 

considered two s t a g e s  of weathering a s  c h a r a c t e r i s t i c  f o r  Hawaiian s o i l s ,  

both i.n t h e  category of "simple" weathering: t o  use  maxwell.'^ i n t e r p r e t a t i o n .  

The F i r s t  s t a g e  of weathering ( l a t e r i z a t i o n )  g ives  r i s e  t o  a "uniform" 

p r o f i l e .  I n  these  t h e  horizons do not  vary by more than  5% i n  s i l i c a ,  

alumina, i r o n  and t i t an ium.  He bel ieved t h a t  t h e  uniformity was probably 



obtained When a l l  primary minera ls  were decomposed. However, i n  5 out  of  

12 old p r o f i l e s  analyzed,  he  found a  marked decrease i n  t i t an ium and a  

p ropor t iona te  i n c r e a s e  i n  alumina downward i n  t h e  p r o f i l e .  I ron  was 

found t o  be l e s s  abundant than  a t  t h e  t o p  of  t h e  prof!ile. Thus, t h e r e  

was a  p a t t e r n  produced by t r a n s l o c a t i o n  of c o n s t i t u e n t s ,  whereby alumina 

had moved down f u r t h e r  tilan i r o n .  This  he  considered a  second s t a g e  i n  

weafliering r e s u l t i n g  i n  a  non-unifom p r o f i l e ,  ijhich h e  descr ibed  a s  

p o d z o ~ i m t i o n  of  s o i l  m a t e r i a l  l ack ing  i n  quar tz  and high i n  t i tanirrm. 

He thought  t h a t  t h i s  t ype  of  p r o f i l e  develops when a l l  primary minera ls  

arc: dccoml)osed, which may coinc ide  w i t 3  advanced l each ing  oC t h e  so i l .  

rnatcri.al iml i ca t ed  by a  pH of  5 .  These non-uniform s o i l s  a r e  probably t h e  

so-ca l led  liiunic Ferruginous Latosols  descr ibed  by Sherman (1950) and Cline 

e t  - a].. (1~955). They a r e  found on a l l  o l d e r  i s l a n d s  except  Hawaii and appear 

t o  be b e s t  expressed on Kauai, t11c o l d e s t  i s l a n d  of  t h e  group. As implied 

i n  t h e  above s o i l  name, l a t e r i z a t i o n  is s t i l l  considered t h e  ma;jor s o i l  

formf.ng o r  weathering p rocess .  Tl~e major agent i.n p h y s i c a l  d is i .n tegra t ion  

i s  bel ieved -lo he  t h e  amount of  r a i n f a l l  a s  imp1:ied i n  t h e  fol lowing 

s ta tement  by Stearns  a id  Macdono1.d (3.946), which r eSe r s  t o  an observat ion 

a t  t h e  i~or ther r i  t i p  of  i l a ~ i a i i  near  Mohulcana: 

"Tho r c r t i l c  1:ecI-brown soil . ,  10 t o  20 f e e t  deep and covered with 

c rops ,  t h i n s  t o  2  f e e t  o r  :l.css of  red s o i l  spa r se ly  covered with 

d e s e r t  vegeta t ion .  The rocks a long t h e  road a r e  t h e  same age; 

t h e  change i n  s o i l  deptli :is due s o l e l y  t o  decrease  i n  rock decom- 

p o s i t i o n  with i n c r e a s e  i n  a r i d i t y  ." 
I n  t h e  Park i t s e l f  no such observa t ions  have bcen made. Here s o i l  

deptli :iis almost sol.oiy a  i'unction of t h e  depth of t h e  a s h  d e p o s i t s .  The 

soi1.s a r e  extremely r ecen t  :i.n o r i g i n ,  and t h e  more weathered ash beds a r e  



t hose  composed of  Pahala ash ,  wh:i.ch unde r l i e s  some of t h e  s o i l s  i n  t h e  e a s t  

and southwest a rea  of t h e  Park, and which is 1.ocally exposed on R7u Kaone. 

I n  t h i s  d e p o s i t  t h e  ash and lap i l l - i  a r e  now almost e n t i r e l y  a l t e r e d  t o  a  

yellow-brown a s  orange pa lagon i t e  (Macdonald, 1946) .  This i s  a secondary 

minera l  t h a t  dcvelops i n  t h e  e a r l y  s t a g e s  of  weathering of  volcanic  g l a s s .  

It appears t o  be an amorphous a luminos i l i ca t e  conta in ing  Ca, Mg and K ions  

(Swindale &- Sherman; 1964).  Thus, i n  t h e  Parlc, s o i l  formation is only 

i n c i p i e n t .  

D- SOIL TERMINOLOGY 

Tile Parlc a rea  was includccl i n  t h e  State-wi.de s o i l  survey reported by 

Cline e t  a l .  (11.955). Tlic s o i l s  a r e  c1ass:ified i n t o  s e v e r a l  ca t egor i e s  t h a t  - - 
: f i t  i n t o  one another  l i k e  smal le r  boxes i n t o  l a r g e r  ones. The 1.argest 

category inc ludes  t h r e e  sepa ra t ions ,  zonal ,  i n t r a z o n a l  and azonal  s o i l s .  

Zonal. soi1.s a r e  those  i n  which t h e  major soi l -forming in f luences  o r  f a c t o r s  

a r e  t h e  zonal  c l imate  and t h e  zonal  vege ta t ion .  In t r azona l  s o i l s  a r e  those  

:in which edaphic o r  topographic f a c t o r s  assume a g r e a t e r  i n f luence  on s o i l  

Connation than  does zonal  c l ima te .  Such s o i l s  a r c ,  f o r  example, t hose  on 

s t e e p  s lopes  o r  i ~ n  poorly drained p o s i t i o n s .  Azonal s o i l s  a r e  those  oT 

r ecen t  o r i g i n ,  i n  which s o i l  formation i s  n o t  y e t  r e f l e c t e d  by well. developed 

s o i l  hoi~.i.zons on account of t oo  s h o r t  a  t ime :for weathering. Most o f  t h c  

Parlc s o i l s  a r c ,  therei 'ore,  azonal  s o j l s .  

Anothcr important ,  sma l l e r  s o i l  category i s  t h e  "Great S o i l  Group". 

The c r i t e r i o n  f o r  c l a s s i f y i n g  s o i l s  i n t o  one of  s e v e r a l  g r e a t  s o i l  groups 

i s  t h e i r  s p e c i f i c  r e f l e c t i o n  of  a  major s o i l  forming process  i n  terms of  

so i l .  hor izon  development. For examplc, wi th in  t h e  group o f  zonal  s o i l s ,  

two major s o i l  forming processes  have been recognized :for t h e  Hawaiian 

I s l ands ,  l a t e r i z a t i o n  and c a l c i f i c a t i o n .  The l a t t e r  process  occurs i n  



a r e a s  where r a i n f a l l  is i n s u f i c i e n t  t o  l each  o u t  t h e  bases ,  which i n s t e a d  

a r e  found t o  accumulate i n  horizons below t h e  s u r f a c e .  These s o i l s  a r e  

found on t h e  leeward s i d e s  o f  t h e  i s l a n d s .  Their  o v e r - a l l  s o i l  formation 

i s ,  however, r e l a t e d  a l s o  t o  l a t e r i z a t i o n .  Thus wi th in  t h e s e  two s o i l  

forming processes ,  a few soi . l s  can be  separa ted  a s  t o  t h e  r e l a t i v e  i n t e n s i t y  

of  each p rocess .  For example, t h e r e  a r e  four  types  o f  l a t e r i t i c  s o i l s  

recognized: Low Ilurnic, Flumic, Hydrol IIumic and llumic Ferruginous Latosols .  

The 1955 S o i l  Survey Report comes equipped with t ~ o  k inds  of  s o i l  maps: 

genera l ized  and d e t a i l e d .  The genera l ized  maps show t h e  s o i l s  f o r  each 

i s l a n d  a t  t h e  "Gzeat Soil. Gmup" :l.evel. Accord-ing t o  t h i s ,  four  g r e a t  

s o i l  group types  a r e  found i ~ n  t h e  Park: a Hydro1 Numic Latosol  (zonal. s o i l ) ,  

a Latosol ic  Brown F o r e s t  s o i l  ( in t razonal t l !  a Regosol ( azona l ,  m a t e r i a l  

c o n s i s t i n g  of r e l a t i v e l y  unweathered a s h )  and a I i t h o s o l  (azonal ,  m a t e r i a l  

consi.st.ing of  r e l a t i v e l y  unweathered l ava  rock) .  

Tile detai.1 maps covcr t h e  i s l a n d s  i n  s e v e r a l  s e c t i o n s  a t  a s c a l e  of  

1:62,500. They show sti1.1 sma l l e r  and more lromogenc?oas u n i t s ,  wl~i~ch a r e  

reco;pj.zcd i n  t h e  successi.vely sma l l e r  group concepts  of "Soi l  Family", 

"So i l  Ser ies" ,  "Soi.1 Type" and "So i l  Phase", each l a r g e r  u n i t  again con ta ins  

s e v e r a l  of t h e  nex t  snial.ler ones. Tire concept  "Soi l  Familyfr t akes  c a r c ,  t o  

a c e r t a i n  ex ten t ,  of  t h e  n a t u r a l  continuum, by al lowing o r  s epa ra t ion  of  

t y p i c a l  and a t y p i c a l  pro'iles :i.n a "Great Soi.1 Group". Up t o  t h i s  p o i n t ,  

only s o i l  genet ic  -features  have been s t r e s s e d .  D i . f  erences i n  pa ren t  

m a t e r i a l  and minor d i f f e r e n c e s  i n  t h e  p r o f i l e  a r e  recog'mized :i.n t h e  "Soil. 

Ser ies"  concept .  

A/ Recently a l s o  considered a s  zona l  r a t h e r  t han  i n t r a z o n a l  s o i l  

(Swindale & Sherman, 1964.). 
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On t h e  l e v e l  of  soi l .  s e r i e s  and family,  s o i l s  a r e  named accordihg t o  t h e  

loca l . i ty  where t h e  s o i l  i n  ques t ion  was f irst  descr ibed .  For example, 

t h e  name "Kapapnla ser i .esr t  r e f e r s  t o  t h e  Kapapal-a Ranch ( o u t s i d e  t h e  

southwest border  of  t h e  Park),  where t h i s  p a r t i c u l a r  s o i l  was f i rst  

descr ibed .  The same name i s  then  applied t o  a11 soi1.s with s i m i l a r  char- 

a c t e r i s t i c s  regarcllcss of  t h e i r  l o c a t i o n .  The concept "Soil  Type" r e f e r s  

t o  a subdiv is ion  i n  a s e r i e s  based on t e x t u r a l  dVfferences of  t h e  su r face  

soi l . .  An example would be Kapapala i.oarn. The u l t ima te  sepa ra t ion  is t h a t  

i n t o  " S o i l  Phasest1, i n  which d:i.fCcrcnces i n  degree of  s lopc ,  s ton incss ,  

e ros ion  and s0:i.l. depth a r e  recognizecl. 

The iu t e i l s i t y  of s o i l  survey :is cl.assi(':i.cd i n t o  4. categories: compiled 

maps, reconnaissance survcy,  semi-dcta:i~:Lcd survey and dctail.cd survey. 

Tiicse survey intcns:i.;.ics a r c  deEncc1 and shown on an orientat : ion map t h a t  

accompanies t h c  1955 Soil. Survey Rcport.  According t o  t11:i.s; t h e  Park has  

been mapped a t  t h e  Recoimaissancc Survey s t a g e ,  wliich means t h a t  t r a v e r s e s  

were run a t  l t o  LO mile  i n t e r v a i s .  The s o i l  categori.cs mal>i~cd vary From 

family t o  phase; - i . e . ,  - they  d i - f fe r  in homogeneity and s i z e  i n  accordance 

with t h e  b d o r e  mentioned c r i t e r i a .  More r e c e n t ,  a s  y e t  uilpublished in:Cor- 

mation: i.s p re sen t ly  compiled on a more dei:ail.ed survey b a s i s .  Some oT 

t h i s  :;is included h e r e  (N. H .  Sato,  manuscript) .  

C- TYPES OF SOILS AND THEIR DISTRIBUTION 

Since t1h:i.s infon~at:i .on i.s intended For bio-ecological. pilrposses, t h e  

s o i l s  a r e  si.mmarized h e r e  (Fig. 1~9)  on t h e  h a s i s  of t1iei.r ma;jor j lhysical 

~:l~aracter:i.st:i.cs. Tile major cr:i.tcri~on uscxl for: regrouping is volume of s o i l  

material.  :i.n tenns  of depth t o  underlying bbcclrocli and sur:facc coverage within 

1-ype; 2.:. , wlhcther occurr ihg  i n  pockets onl.~?: or b c i i ~ g  ciiscontinuous o r  

con1.inuous over t h e  bedrock. This Form of summary shoul.cl Caci1.ita-t-e ail 





H2c ........ Horizonta l ly  continuous a s h - s o i l ,  30-60 cm deep, i n  summer-dry 
c l imate  (Area 3 ) .  

H2f ........ Vcry shal low, discontinuous a s h - s o i l  i n  summer-dry c l imate  on 
pahoehoe (Area 3 ) .  

H2k ........ Very shal low, discontinuous a s h - s o i l  i n  humid c l imate  on 
pahoehoe (Area 3 ) .  

H l . .  . . . . . . .Ash-pocket s o i l ,  weakly developed A 1  ( southern  f r i n g e  area  o f  
Kau Desert)  on pahoehoe (Area 2 ) .  

K2d.. . . . . . .Horizontal ly continuous a s h - s o i l ,  moderately deep (15-150 cm, 
averaging 100 cm) and Ohailcea s o i l  (Area 1 ) .  

K2C.. . . . . . .Hor izonta l ly  continuous a s h - s o i l ,  very deep (2 m+) Kipulca s o i l s  
(Area 1 ) .  

l m . .  . . . . . .Horizontal ly continuous a s h - s o i l ,  s h i f t i n g  ash dunes (Area 2) .  

Kkl.. . . . . . .Horizontal ly continuous a s h - s o i l ,  s t a b l e ,  raw ash (Area 2 ) .  

M2m ........ Horizontal1.y continuous a s h - s o i l ,  32-100 cmt deep, i.n humid 
c l ima te  (Area 3 ) .  

Od.. . . . . . . .Ilorizontal.ly continuous a sh - so i l ,  shal low (10-50 cm deep) (Area 1 ) .  

Oc.. . .. .... Very shal low, discontinuous a s h - s o i l  on a ' a  (Area 1 )  

Of..  . . . . . . .Vcry shallow, d.iscontinuous a s h - s o i l  on j>ahoehoe (Area 1). 

Pg ......... Horizonta l ly  continuous a sh - so i l ;  Pahala a s h - s o i l  on Puu Kaone 
(Area 2 ) .  

Ra.. . . . . . . . A ' a - l i t l ~ o s o l  (Areas 1, 2 & 3 ) .  

Rd. .. . . . . . .Ash-pocket soil on a ' a  (Rrca 1). 

R l . .  . . . . . . .Pahoehoe-lithosol (Areas 1, 2 & 3 ) .  

Rm.. . . . . . . .Ash-pocke' soi l . ,  we l l  developed Al ( c o a s t a l  lowland) on pahoehoe 
(Area 2 ) .  

Rn.. . . . . . . . kh -pocke t  s o i l  i n  humid c l imate  on pahoehoe (Area 3)  

Ro. . . . . . . . .Ash-pocket s o i l  on pahoehoe (Area 1.); i n  summer-dry c l imate  
(Area 3 ) .  

Rp.. . . . . . . . P a l i - l i t h o s o l  ( c o l l u v i a l  a ' a  mostly) 
( o c c u r r i n g  only i n  Areas 2  & 3 above c o a s t a l l o w l a n d ) .  



e c o l o g i c a l  i n t e r p r e t a t i o n  i n  tcrms of water  r e l a t i o n s .  Soil. chemical 

d i f f e r e n c e s  i n  terms of pa ren t  m a t e r i a l s  p l ay  a  minor r o l e  a s  a l l  so i - l s  
, . 

a r e  considered t o  be (Swindale 6. Sherman, 1.964) from p h r e a t i c  b a s a l t i c  

a sh .  

Tlie d i s t r i b u t i o n  of t h e  k inds  of  s o i l s  i n  and near  t h e  Parlc (Fig.  1.9) 

have been summarized from t h e  d e t a i l  maps of t h e  S o i l  Survey. These d e t a i l  

maps f o r  t h e  Park area  a r e  Hawaii  s h e e t  no. 7 (Mauna Loa and Kilauea wi.th 

IZau Desert ,  s . ~ . ,  t h e  west and southwest p a r t  of  t h e  Park) and Hawaii s h e e t  

no. 8  (Chain-of-craters  Road inc lud ing  Kilauea nci and Kal-apana; L.:., t h e  

sou theas t  p a r t  of  t h e  Park.) 

Tor t h e  d e t a i l e d  d i scuss iou  of t h e  Park s o i l s  which -Fol.lows, t h e  

Parlc is divided i n t o  t h r e e  geographic a r e a s  ( a )  e a s t  s lope  of Mauna I~oa ,  

( b )  a rea  south and southwest of Kilauea and ( c )  a rea  no r th ,  e a s t  and 

sou theas t  o f  l(i1auca. The o.fCicia1 s o i l  c l a s s  names and map symbols a r e  

added i n  parentheses  t o  t h e  s o i l  c a t e g o r i e s  used i n  t h i s  r e p o r t .  I n  

acidition t e n  p r o f i l e  d e s c r i p t i o n s  oC s o i l s  i n  o r  near  t h e  Park a r e  shown 

i n  an Appendix t o  t h i s  chap te r .  

( 1 )  S o i l s  on t h e  e a s t  s lope  oi: Mauna Loa 

l l ie  a rea  inc ludes  t h e  summit of Mauna Loa (13,680 f e e t )  and t h e  Park 

a rea  on i ts  c a s t  [lank down t o  Bird Parlc (IZipulta Pua11lu) a t  about  4000 

Sect  e l eva t ion .  

The L'oll.owing 6 s o i l  c a t e g o r i e s  have been reco&mized i n  t h i s  a r e a :  

( a )  Lit11osol.s ( 2  types) .  These a r e  rock- subs t r a t e s  without  any 

s i ~ m i f i c a n t  accumulation of  "-fines" o r  so i - l  m a t e r i a l .  Two major k inds  a r e  

;Found i n  t h i s  a rea :  a ' a  l a v a ,  ba r ren  of any s o i l  (Rockland, a ' a  l ava ;  map 

s.ymbol. - Ra); pehoelioe l a v a ,  ba r ren  of any s o i l  (Rockland, pahoehoe l ava ;  

map symbol - Rl).  



A1a l ava  i s  (Fig .  20) t h e  broken-up, c l i n k e r  l i k e  l ava  with numerous 

deep crevasses  and f i s s u r e s .  Pahoehoe is (Fig .  20) iiie smooth, o f t en  ropy, 

bedrock-type l a v a ,  with widely spaced, usua l ly  shallow and narrow cracks .  

Both t h e s e  major l ava  types a r e  e a s i l y  recognizable,  bu t  they a r e  by no 

means uniform; ins tead  they show cons iderable  v a r i a t i o n s  i n  phys ica l  su r face  

shape with age of exposure. With regard t o  s t r u c t u r e  and surl'ace roughness 

Jones (1943) has  recognized (F ig .  20) e i g h t  d i f f e r e n t  lava  types t h a t  a r e  

w e l l  described by t h e  Figure and i n  Table V .  

Another i n t e r e s t i n g  aspect  of a ' a  l ava  s t r u c t u r e  has been reported by 

Macdonald (1945). He observed i n  many of a ' a  :flows a massive phase, 

genera l ly  t h i c k e r  than t h e  c l i n k e r  phase. In measured s e c t i o n s  t h e  pro- 

p o r t i o n  of cl. inker t o  t o t a l  a ' a  var ied  from 15 t o  66%. The massive lava  

corc  i s  usua1:Ly found wi th in  a  few f e e t  of t h e  su r face .  This f e a t u r e  can 

be  observecl on many road c u t s  i n  t h e  Park. 

Moreover, with regard t o  age, one cannot say t h a t  t h e s e  two 1.ava 

types ,  a ' a  and pahoehoe, though rel .at ively barren of s o i l ,  a r e  e n t i r e l y  

unmodified. The two lavas  d i f f e r  s t rongly  i n  co lo r ,  p a r t i c u l a r l y  on t h e  

upper s lopes  of Mauna Loa, a ' a  lava  being from almost black t o  medium brown, 

pahoehoc bcing from s i l v e r y  t o  purpl ish-black over s t ee l -g ray  t o  l i g h t  brown 

o r  b u f f .  The brown lavas  a r e  t h e  most oxidized and weathered types  and on 

t h e s e  one Finds a  c e r t a i n  accumulation of sma l l  lava  fragments p a r t i c u l a r l y  

on t h e  pahoehoe. Here, they usual ly  occur i n  form of small  cub ic l e s  (1-3 

3 cm ) t h a t  a r e  broken a p a r t  i n  s i t u  o r  blown i n t o  t h e  cracks where they form -- 

i n c i p i e n t  s o i l  pockets .  

On t h e  s o i l  map (Fig .  19)  t h e  two l i t h o s o l s  a r e  t h e  only s u b s t r a t e s  

t h a t  extend i n  an e a s t  and sou theas t  f i n g e r - l i k e  p a t t e r n  from t h e  summit a t  



Vent 

Fig.  2 0 .  Idea l i zed  drawing, i l l u s t r a t i n g  a  
c l a s s i f i c a t i o n  of  l ava  su r faces  ( a f t e r  Jones,  1943).  



Table  V .  C l a s s i f i c a t i o n  of  l a v a  f l o w s  ( J o n e s ,  1943) 

Ordered smooth s u r f a c e s  t o  Rough d i s o r d e r e d  s u r f a c e s  

Massive  pahoehoe of  v e r y  t h i c k  Ropv l a v a  ( o n  s u r f a c e s ,  s l a b s  and b l o c k s )  f i n e  
c r o s s - s e c t i o n  (1CH f e e t )  w i t h  smooth ropes  t o  c o a r s e  rough ropes  ( 1  t o  6 
hummocks o r  t u m u l i i ,  and i n c h e s )  formed by f o l d i n g  of  v i s c o u s  s u r f a c e s  
w i t h  c r a c k s  a t  i n f r e q u e n t  i n -  due t o  t h e  d r a g  of  u n d e r l y i n g  mobi le  l a v a  
t e r v a l s  ( g r a d e s  t o  furrowed a ' a )  

S c a l y  pahoehoe t h i n  (one-  A 'a - l ava  i n  p l a c e  
q u a r t e r  t o  one f o o t )  smal l  F i n e - a ' a  Medium a ' a  Gross -a ' a  
f l o w - u n i t s  o v e r l a p p i n g  l i k e  0 . 1  t o  1  cm 1  t o  10 cm 1 0  t o  100 cm 
s c a l e s ,  b u t  s o l i d ,  may show 1 / 2  i n .  1 / 2  t o  4  i n .  4  t o  40 i n .  
p i l l o w s  and t o e s  

S h e l l v  pahoehoe t h i n  bubb les  A 'a - rubb le  of  f r a g m e n t a l  s c o r i a t i o u s  c h a r a c t e r ,  
of  weak s t r u c t u r e  (one-ha l f  few f r a c t u r e d  s u r f a c e s  ( g r a d e s  from r u b b l e  
f o o t )  t h a t  b reak  i n t o  s l a b s  t o  a ' a - c l i n k e r )  
and p l a t e s  of  l o o s e  s t r u c t u r e  
= s l a b - l a v a  

Block-lava u s u a l l y  f o u r  t o  f i v e  f r a c t u r e d  s i d e :  
( g r a d e s  i n  s i z e  from one-ha l f  f o o t  t o  l O + f e e t )  



115 

13,650 f e e t  down t o  about  7000 f e e t .  The first s o i l s  appear a t  t h i s  l a t t e r  

l e v e l ,  bu t  t h e  more recewt l ava  flows c u t  a s  l i t h o s o l s  s t i l l  f u r t h e r  down 

through t h e  lower l i m i t  of  t h i s  geogmphic a rea  a t  4000 f e e t ,  h e r e  most ly 

a s  a ' a  l ava  (around Kipuka Puaulu and Kipulia Ki). It may be  mentioned, 

however, t h a t  pumice-s t rem and c-indcr-covered a r e a s  a r e  a l s o  found above 

7000 f e e t .  These s u b s t r a t e s ,  t h a t  have r e s u l t e d  From ex.p:ploslve vol.canic 

a c t i v i t y ,  a r e  phys ica l - l i  very c1i:i'-Fcrcmt . They a r e  rrRegosols" i n  t h e  

proper  sense ;  .?., s u b s t r a t e s  composed of an accumulation of  r e l a t ive l -y  

unweathered "RLnes". llowcver, t h e s e  s u b s t r a t e s  a r e  of more l o c a l  d i s t r i -  

bu t ion  and, f o r  t h i s  reason,  d id  n o t  i'ind reco@:i.tiou on t h e  s o i l  map. 

( b )  Ash-pocket s o i l s  ( 2 a c ! s ) .  - ' I l ~ e r c  a r c  two k inds  i n  t h i s  ca tegory:  

an ash-pocket s o i l  on pahoehoe (Rockland, pahoehoe l ava  wi-th Puu Oo, Maile 

o r  Olinda s o i l  m a t e r i a l ;  map symbol I&) and an ash-pocket soi l .  on a ' a  

(Rockland, a ' a  w:i.th t h e  same s o i l  materials; map symbol - R d ) .  

Tlie ash-pocket s o i l  on pahoclsoe .is 1:ho more dominant oC t h e  two. It 

extends .from about  7000 f e e t  t o  4,000 Ccwt on t h c  c a s t  s lope  of  Mauna Loa. 

However, it i.s o:T r e s t r i c t e d  d i s t r i b u t i o n  i n  i h c  Park. Two a r e a s  occur 

west o-f Ohailtea and one noitl i  oT I<i.pulca Puaulu (Ui.1-d Park) .  A t  t h e  h;.gh 

e1 t : i t ud ina l  l i m i t ,  t h i s  s o i l  :forms t h e  con t inua t ion  on some oC t h e  o l d e r  

( b u - c o l . o r e d )  pahoehoe Fl.ows, which a r e  h a r r m  above 7000 f e e t  and covered 

with a s h - s o i l  pockets  below t h i s  el.cvat:i.on. IIerc, t h e  soi:L m a t e r i a l  occurs 

only i n  pockets  of 1.0-15 cm del1t11; and Inore t111ar1 50% o r  t h e  s u r f a c e  c o n s i s t s  

s t i l l  oC ba r ren  pahoehoe 1:iedrock. TLicse s1ial.l.o~  soil^ pockets  a r e  com.prised 

of only one s o i l  hori.zon, a darlc brown t o  b lack  Ai. The darlc c o l o r a t i o n  is  

caused by inco rpora t ion  of or;:aiiic m a t t e r ,  i d ~ i c h  is  r a t h e r  h igh ,  because 

o:f t h e  slow r a t e  of decomposition a t  t h e s e  al.t:i.tudes w i t 1 1  r e l a t i v e l y  low 

temperatures  (mean a i r  temperature h m  :lLOO a t  7000 Feet t o  15' a t  4000 :feet)  
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The s o i l  i s  there:fore a  combination of mineral. and organic p a r t i c l e s .  The 

minera l  p a r t i c l e s  a r e  considered t o  be  p r imar i ly  from ash r a t h e r  than 

weathered pahoehoe p a r t i c l e s .  The s o i l  i s  of loamy t e x t u r e ,  h a s  a crumb 

s t r u c t u r e  and a pH from 5.5 t o  6.5. 

The ash-pocket s o i l  on a ' a  lava  on t h e  map is represented i n  Kipuka 

Maunaiu, bu t  it is presen t  a l s o  up-slope from t h e  Mauna Loa r e s t  house a t  

6600 f e e t  t o  about 7500 f e e t  along t h e  Mauna Loa T r a i l .  The d i f ' e r ence  

-from t h e  l i t h o s o l s  described above i s  t h a t  on a f a  lava  t h e  s o i l  pockets 

t ake  t h e  form of p a r t i a l l y  t o  f u l l y  f i l l e d  c rev ices .  Thus, they may be  

much deeper than 15 cm, they a r e  much smal l e r  i n  diameter and more uniformly 

and densely d i s t r i b u t e d  ac ross  t h e  su r face .  However, i n  common with t h e  

ash-pocket s o i l  on pahoehoe, more than 50% of t h e  s u r f a c e  is  barren rock.  

The a ' a  s u b s t r a t e s  may conta in  a  g r e a t e r  volume of f i n e  so i l -as  mentioned 

i n  t h e  s o i l  survey report-which h e r e  appears t o  be  due t o  a  g rea te r  

con t r ibu t ion  of weathered f i n e  lava  p a r t i c l e s .  I n  t h e  above defined a rea ,  

t h e  w r i t e r  not iced t h a t  many a f a  rocks prot:ruding a t  t h e  sur:face can be 

broken a p a r t  by tapping with t h e  f o o t .  

( c )  Very shallow, discontinuous a sh - so i l s  (2  types ) .  Two s o i l s  i n  

t h i s  category a r e  described a s  very shal low phases o f  t h e  Olinda s o i l  

family.  These a r e :  a  very shallow, discontinuous a s h - s o i l  on pahoehoe lava  

(Olinda fami ly ,  very shallow phase-pahoehoe lava  complex; map symbol - Of), 

and a very shallow, discontinuous a sh - so i l  on a f a  lava  (Olinda Family, very 

shallow phases-afa l ava  complex; map symbol - Oe). 

According t o  s o i l  survey es t ima tes ,  20-40% of t h e  l ava  su r faces  is  

occupied by s o i l  m a t e r i a l  i n  t h e s e  types.  Both s o i l s  a r e  geographical ly 

r a t h e r  r e s t r i c t e d ,  t h e  - Of s o i l  on pahoehoe forms t h e  dominant s u b s t r a t e  of 

Kipuka Maunaiu, which extends from about 7000 t o  4000 f e e t  across  t h e  
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southern  border  of  t h e  Park on t h e  e a s t  s lope  oi: Mauna Loa, and t h e  - Oe 

s o i l  on a f a  formi.ng t h e  s u b s t r a t e  of  Kipuka Keltake a t  t h e  nor thern  Park 

border ,  from about  6000 t o  4500 r e e t .  

The very shal low, d iscont inuous  a s h - s o i l  on pahoehoe ( O f )  - i s  1.ess than  

30 cm deep and averages between 15-20 cm depth t o  bedrock. S imi l a r ly  a s  i n  

t h e  previ.ous ash-pocket soi.:L on pa l~oel~oe  (&), t h e  s o i l  c o n s i s t s  only of 

an A 1  hor izon  o:T dark  b r o m  t o  almost b l ack  c o l o r .  Thus except .for t h e  

g r e a t e r  s o i l  volume with regard t o  s u r f a c e  cover and depth ,  which is 

r c r l c c t e d  i n  g r e a t e r  water  hol.diug capac i ty ,  t h e r e  i s  no o t h e r  i.mportant 

d i ~ r  Cerence . 
The very shal.low, d iscont inuous  ash-soi l .  on a ' a  (Oe) - represents 1ikewi.se 

merely an inc rease  i n  s o l 1  volume over  t h e  previous ly  descr ibed  ash-pocket 

s o i l  on a l a  (Rd). - I n  t h e  - Oe s o i l ,  s o i l  depths have been descr ibed  a s  reaching  

45 cm o r  deeper .  In those  deeper c r e v i c e - s o i l s  t h e  A 1  hori.zon (about  20 cm 

deep) is under l a in  by a  t r a n s i t i o n  zone ( A C  hor izon)  t h a t  grades i n t o  

relatively unn~odified sandy ash and c inde r  (C hor i~zon) .  Average so i l .  deptlis 

a r e  b e t ~ e e n  20-25 cm, bu t  t h e  cliuker-l.:i.lie a ' a  rocks crop out  a t  t h e  s u r f a c e ,  

o f  which tlicy occupy 20-40%. 

(d )  Sl~al low, continuous a s h - s o i l  (l=).  Thcre i s  on1.y one s o i l .  

i n  t h i s  category (Ol.i.ntla, very shal low phase;  map symbol - Ocl). This  i s  t h e  

domina~lt s o i l .  t h a t  extends from t h e  Maulin Loa r e s t  house a t  6600 c c t  t o  

about  4500 f e e t :  where it i s  covered by a  parkl.and f o r e s t  and shrub savannah. 

The dlCCerence Crom t h e  previous category is t h a t  t h i s  soi l .  i.s more o r  

l e s s  continuous.  Rock outcrops occur only occas iona l ly .  It a l s o  may o v e r l i e  

e i t h e r  pahoehoe o r  a f a .  The range i n  depth is from 1.0-50 cm and it averages 

betnjeen 20-25 cm. Two ash m a t e r i a l s  h a w  been Found i n  t h i s  s o i l ,  an o l d e r ,  

l ight-brown, s i l t y  t ex tu red ,  more weat?~ered ash (Pahala as?>) nex t  t o  t h e  lava :  



and a  more r ecen t ,  g rayish ,  sandy t e x t u r e d ,  l e s s  weathered as11 (of  Kilauea 

o r  Halemaumau o r i g i n ) .  The A l  hor izon  i s  s i m i l a r  t o  t h e  previous ly  described 

s o i l ;  bu t  it i s  h e r e  under la in  by a  t h i n  t r a n s i t i o n a l  B horizon t h a t  grades 

i n t o  s l i g h t l y  weathered: sandy volcanic  ash  ( C ) .  Because of  t h e  presence of  

a  B horizon t h e  s o i l  can be considered r e l a t i v e l y  we l l  developed. Therefore;  

it has  been c l - a s s i f i ed  a s  Latosol ic  Brown Fores t  s o i l .  The pll i nc reases  

somewhat i n  t h e  C hor izon  t o  6 .O-7.0, from 5.5-6.5 i n  tl ic Al and B hor izons  

(Appendix, Oliiida S e r i e s ) .  

( c )  Moderately deep a sh - so i l s  (1 o r  2 t y p e s ) .  (Kapap la  Cine sandy 

loani, s lop ing  phase; map symbol 1(2d; and Ohailcea s e r i e s ,  not  on t h e  1955 

map, i . ~ . ,  Fig.  1 9 ) .  Tl~e Kapapala Fine sandy loam (K2d) - occupi.es a  r e l a -  

t i v e l y  l a r g e  area  west,  up-slope of  ICpuka Ki under t h e  more open savannah 

vegetatf.on south of  t h e  Mauna Loa Road, from where it extends south ac ross  

t h e  Park border  t o  t h e  Ohailcea Ranch. The s o i l  :is descri.bcd a s  derived 

Irom recen t  volcanic  sands and g rave l  of  Halemaumau o r i g i n  and :from discon- 

ti.nuous l a y e r s  of o l d e r  Pahala a sh ,  which form p a r t  of  t h e  B hor izon .  The 

dcpth of  t h e  :fine s o i l  t o  bedrock, which i s  mostly pahoehoe, ranges from 

15-80 cm. 

This a rea  h a s  r ecen t ly  been resurveyed and much of  t h i s  s o i l  and a l s o  

some o-f t h c  d e e p r  s o i l s  shown on t h e  1955 map (Fig.  19)  a s  Od have been - 

newly described a s  Ohailcea s e r i e s  ( A .  1-1. Sato,  manuscript) .  f l ~ c r e f o r c ,  t h e  

rev ised  map, wliicli i s  c u r r e n t l y  i n  p repa ra t ion  wi1.l show new soi.1. typci 

boundaries .  

The s o i l  d e s c r i p t i o n  f o r  t h e  new Ohaikea s o i l  was made from a  s o i l  

p i t  dug on t h e  Keauhou Ranch proper ty ,  approximately 2 . 1  miles  northwest 

of Kipuka Puaulu and about 0 . 1  mi1.e n o r t h e a s t  of t h e  :fence bounding t h e  

National  Park. (This  would p l a c e  it i n t o  o r  near  Kipuka Kelcakc, which i n  



t h e  1955 r e p o r t  by Cline g .  was descr ibed  a s  under la i~n  by a  very 

shal low, discontinuous a s h - s o i l  on a ' a ;  - Oe. This discrepancy wi.11. probably 

be cl.eared up on t h e  forthcoming r ev i sed  soi.1 map.) I n  a d d i t i o n ,  t l ie 

Ohaikea s o i l  d e s c r i p t i o n  probably a p p 1 i . e ~  t o  t h e  t r e e  savannah o u t s i d e  and 

n e x t  t o  Kipulia Puaulu i.n t h e  Park and t h e  grazed t r e e  savannah on t h e  

neiglibouring proper ty  o-f t l ie Keauliou Ranch (nor th  and n o r t h e a s t  o f  I<i.pul<a 

Puaulu).  A s  i n  t h e  previous  soil., t h e  under ly ing  lava  has  been descr ibed  

a s  e i t h e r  a l a  o r  paliochoe and range i.n s o i l  depth t o  lava  i s  given a s  

bei37een 90-150 cm. llie so i l .  has  an almost b lack  iC1. horizon froni 10-15 cm 

depth ,  wllicli i s  under1a:i.n by a  narrow (about  3-5 cm), reddish bro~wu C 

hor izon ,  ~d i i c l i  i.s be1.i.eved t o  have r e s u l t e d  fro111 i n t e n s e  burning.  This 

l a y e r  was found t o  con ta in  b i t s  of  cha rcoa l .  Bcneatli t h i s  :is another  

dark hor izon  of  about 1.0 cm depth,  which appears  t o  bc a  former bur icd  

AIL horizoi i .  Bel~ow f1i:i.s occurs  a zoiic (5 an) o f  grave l ly  ash and c inde r  

and next  t o  t h i s  l a y e r  a  dccp I3 hor izon  o r  dark brown c o l o r  i'rom about  32 

cm on down. t o  bedrock. rfl1:i.s deep D ho r i zon  i s  1)e:L:i.eved t o  be rrom o l d e r  

ash .  The overal l .  t e x t u r e  i s  clay-1-om, which liowcver r ee l s  l i k e  s i l t - l oam 

due t o  aggre:,<ation and j ~ o r o s i t y  or.' t l ie s o i l .  

Uoth t h e  above s o i l s  a r e  c l n s s i f i c d  a s  Latoso1. i~  Brown Fores t  soi.1. 

The 1 ro f : i l c  dcscri.pi:ion of  t h e  O11a:ilcea so i l .  is shown i n  t h e  Appenclix 

(Oliailica s e r i e s ) .  Hero it is Coll.owed by tl ie ncw type-soi l .  d e s c r i p t i o n  o f  

t h e  Kal-apana s o i l  s e r i e s .  This s o i l  was described from a  soi:l. p i t  dug ncar  

halCwny liousc on Kapapala Rznch. This 1.ocation :is 9  n1i.l.e~ s o u t h e a s t  of  

I(ipu1ia Puaulu, t h u s  a  cons iderable  d:i.stancc away from t h i s  a rea  of  t h e  i'aric. 

Tilerefore, ex t r apo la t ion  From i:l?:i.s soi.1. t o  t h e  savannah s o i l s  o r  s o i l ~ s  

stoclccd with open i 'orest i n  o r  ncar  idle ash-kipulias (Ki and Puaulu),  

mapped a s  - K2f, must be vicwed with some c a u t i o n .  



(E) Deep a s h - s o i l  (2  t y p e s )  (IZapapala loam, s lop ing  and moderately 

s t e e p  phases; map symbol - K2f). These a r c  t h e  soi1.s of  Kipulca Puaulu and 

Kipuka K i ,  which were r e c e n t l y  s tudied  i n  some de ta i l .  ( s e e  Chapter V I I ,  

B-Kipulcas and S o i l  Re la t ions ) .  According t o  t h e  1955 s o i l  map (F ig .  19) 

t h e  Kapapala loam ( K 2 f )  - is found i n  seven o t h e r ?  s i m i l a r l y  smal l  (1.0-1.00 

ac re )  kipukas between 5000 and 4000 .feet on the lower Mauna Loa s lope  i n  

t h e  Park. However5 i n  t h e  1.955 r e p o r t  no p r o f i l e  is described s p w i f i c a l l y  

Cor t h e s e  kipuka s o i l s .  Only t h e  modal p r o r i l e  f o r  t h e  Kapapala s e r i e s  

( a  more encompassillg u n i t  than  t h e  phase) i s  gTven, which h e r e  r e f e r s  t o  a  

moderately deep s o i l  of  50 cm, t h e  type  1~occi:l.i.ty or.' which i.s not  s t a t e d .  

It i s  t h e r e f o r e  more appropr i a t e  t o  use t h e  soi l .  d e s c r i p t i o n s  made by t h e  

w r i t e r  -for t h e  s o i l s  i n  Ki.pukas K i  and Puaulu. Rock (undated manuscript,  

probably w r i t t e n  around 1917) observed t h a t  t h e  depth o:T f i n e  soil .  i n  

Ki.puka Puaulu i s  i n  p laces  a t  l e a s t  5.5 m .  I n  two s o i l  p i t s  dug i n  t h i s  

lcip~lka and i n  another  one dug i n  Kipulca K i ,  t h c  w r i t e r  found s o r t  soi l .  t o  

cont inue  a t  l e a s t  below 2  m .  Ilowever, it i s  q u i t e  p o s s i b l e  t h a t  slia1l.ow 

s o i l  depths  occur a t  t h e  margins of t h e  lcipulias i n  p l aces ,  s i n c e  they  a r e  

be l ieved  (by t h e  p resen t  wr:i.ter) t o  have o r ig ina ted  from ash dunes t h a t  

werc 1-ater  surrounded by more r ecen t  :l.ava, as  a r e  nanatuks by g l a c i e r s .  

Thc t h r e e  p r o f i l e  ilescr:i.ptions a r c  shown i n  t h e  Appendix (P I ,  P2, Ki) 

A l l  were dug i n  a l e v e l  p o s i t i o n  beneath a  domi.nating Acaci~a - lcoa t r e e .  

One (1'2) was dug i n  t h e  open t r e e  savannah occurrini: :in Kipuka I'uaulu and 

t h e  o t h e r  two (:PI. and Ki) were dug beneath closcd f o r e s t .  

Tlie common c h a r a c t e r i s t i c  of  t h e s e  deep s o i l s  is t h a t  they a r e  of an 

o v e r a l l  dark brown c o l o r  and thus  t1iouglit t o  be very r i c h  i n  organ-ic ma t t e r ,  

t h a t  they a r e  of a  very friab1.e consi.stency, of  a  crumb t o  bl~ocky s t r u c t u r e  

and an overall .  loamy t e x t u r e ,  excel)t h e r e  gravel ly  ash s t r a t a  a r c  we l l  



preserved (P2).  The s o i l s  would be c l a s s i f i e d  a s  La toso l i c  Brown Fores t  

s o i l s ,  a s  were t h e  previous  s o i l s  d iscussed .  The two p r o - f i l e s  beneath 

c losed  l o r e s t  (Ki and P l ) ,  even though from d i f r e r c n t  kipulcas about  1 mi le  

a p a r t ,  show g r e a t e r  s i m i l a r i t y  with one another  than  t o  t h e  two p r o f i l e s  

from same kipuka ( P I  f o r e s t  and P2 savannah) which were about 70 m a p a r t .  

The d i f f e r e n c e  is n o t  i n  depth o f  f i n e  s o i l  ( a l l  were deeper  than  2m), 

b u t  i n  a  d i f f e r e n t  s t r a t i f i c a t i o n  o:f t h e  organic m a t t e r .  Below t h e  b lack  

Al. hor izon  (aboui 15 cm deep) and above t h e  buried A hor-i.zon a t  about 60-70 

cm depth ,  common t o  al l .  t h r e e  s o i l  p r o f i l e s ,  organic m a t t e r  is concentrated 

i n  narroiq bands i n  t h o  savannah s o i l ,  while  : t t  is more uni~fonnly d i s t r i b u t e d  

i n  t h e  two o r c s t  soi1.s. Tliis appears t o  be  r e l a t e d  t o  t h e  d i f f e r e n t  manner 

o r  r o o t i n g  of  g ra s ses  and t r e e s .  The g ras scs  r o o t  intensively and form 

shal low (1.0-20 cm deep) sods ,  t h e  t r e e s  r o o t  extensively, througl~out  a  

g r e a t e r  s o i l  volim~e, ant1 t h e i r  r o o t s  a r e  n o t  a s  crowclecl. Also, t h e  somewhat 

more ac:i.d organic ma t t e r  :from t r e e s  ( s e c  Appendix) may have con t r ibu ted  t o  

a  g r e a t e r  weathering of  t h e  ash s t r a t a .  I n  c o n t r a s t ,  they  a r e  much b e t t e r  

preserved beneath t h e  savannah. The charcoal.  found a t  70 cm i n  Kipuka K i  

was dated by tl ie carbon-14 mei:hod, showi~ng t h a t  a  Cire occurred h e r e  200 

yea r s  B.C.  This evidence g ives  suppor t  t o  t h e  content ion  of  t h e  w r i t e r  

t h a t  t h e  k:i.pulca savannah is a l r eady  very o l d ,  and o r i g i n a t e d  from a  : f i re  

and n o t  from c a t t l e  graz ing ,  a s  was be l ieved  by Rock (1.91~3). 

(2 )  S o i l s  south and southwest of  I<il.auea 

This geographic a rea  inc ludes  t h e  Park s e c t i o n  -from about t h e  Volcano 

Observatory and thence s t r a i g h t  south  Crom Halemaumau, t h e  Kau Deser t ,  

H i l i n a  P a l i  and t h e  c o a s t a l  lowland with Puu Kaone. To t h e  west it is 

bounded by t h e  Knna 1Ii;Shway and t h e  Park boundary. 

( a )  Li t l iosols  (3  t y p e s ) .  About 70% of t h e  s u r f a c e  i n  t h i s  geographic 



a rea  i s  mapped a s  l i t h o s o l s ,  and of  t h i s ,  about  80% a s  pahoehoe-l i thosol ,  

15% a s  a ' a - l i t h o s o l  and about 5% a s  p a l i - l i t l i o s o l  (Rockland, very s t e e p ;  

map symbol 3). The f i r s t  two types  have a l r eady  been discussed i n  t h e  

descript-ion of  t h e  Mauna Loa s lope  a rea ,  b u t  t h e  p a l i - l i t h o s o l  r ep resen t s  

a  new type .  This e s s e n t i a l l y  s o i l - l e s s  s u b s t r a t e  i n  t h e  Park i s  formed not  

by s t eep  t o  vert ical . ,  smooth, s o l i d  rock-faces,  a s  i n  t h e  o lde r  p a r t s  of t h e  

i s l a n d s ,  bu t  by a  s t e e p l y  s lop ing  (40-80%) a ' a  l ava .  Much of  t h i s  i s  co l lu -  

v i a l  m a t e r i a l .  The p a l i - l i t h o s o l  r ep resen t s  a  pronounced physiographic 

sepa ra t ion  between t h e  upland p a r t  of  t h e  Park south of Kau Desert  and t h e  

c o a s t a l  ].owland. It  drops a s  H i l i n a  P a l i  from about 2200 f e e t  t o  700 :Feet 

over a  d i s t ance  of l e s s  than h a l f  a  mi le .  This pa1.i a rea  extends from t h e  

southern p a r t  of  t h i s  geographic s e c t i o n  i n  a  no r theas t  t o  e a s t  d i - rec t ion  

roughly pa ra l l e l .  with t h e  c o a s t l i n e  on i n t o  t h e  southeas t  a rea  of t h e  Park. 

It continues on as  Poliolwawe P a l i  up beyond t h e  Naulu Fores t  a t  t h e  new 

Kalapana higl~way, encompassing a  l o n g i t u d i n a l  d i s t ance  of 17 mi les .  A few 

" sp l in t e r "  p a l i s ,  a l s o  mapped a s  p a l i - l i t h o s o l s ,  occur below t h i s  major 

p a l i  a rea  partway i n  t h e  c o a s t a l  lowland (F ig .  19 ) .  

The pahoehoe-l i thosol  occurs  i n  t h e  IZilauea c a l d e r a ,  i n  much of  t h e  

Kau Desert and t h e  c o a s t a l  lowland, t h e r e  forming most of  t h e  c o a s t l i n e .  

A 1.arge area  of  a ' a - l i t h o s o l  occurs a s  a  cont inuat ion  of  t h e  Mauna Loa 

s lope -a ' a ,  where it surrounds Kipuka Puaulu and Kipuka K i ,  along t h e  Kona 

highway t o  t h e  half-way house (Kapapala Ranch). Here it i s  known a s  t h e  

l a t e  p r e h i s t o r i c  Keamoku flow. Other l a r g e r  a l a  l i t h o s o l  a reas  occur south 

o-f t h e  Kanialcaia and Kealaalea h i l l s .  

(b)  Raw ash soi1.s (2  types ) .  These a r e  unmodified depos i t s  of  a sh .  

One type  r ep resen t s  an ash substratum t h a t  h a s  not  been t r ans loca ted  by 

wind and h a s  s e t t l e d  where it a r r ived  a f t e r  explosion (Kilauea sands and 



grave l ;  map symbol - Kkl), t h c  o t h e r  r ep resen t s  wind t r a n s l o c a t e d  and c u r r e n t l y  

a c t i v e l y  shifi-ing dune-ash (Kilauca sand,  dune phase;  map symbol - Kkk). 

Unfortunately t h e  l a t t e r  has  n o t  been mapped, t h u s  t h e  boundaries between 

t h e  two types  a r e  r a t h e r  unce r t a in .  However, while  most o f  t h e  ash next  

and f u r t h e r  south  oF Halemaumau is of  t h e  s t a t i o n a r y  o r  more s e t t l e d  type ,  

much of  t h e  ash i n  t h e  c e n t r a l  Kau Deser t  is of t h e  s h i f t i n g  ash-dune type  

(according  t o  t h e  observa t ions  of  t h e  w r i t e r ) .  Both s u b s t r a t e s  a r e  almost 

non-vegetated, b u t  a  map-separation of  t h e  two types  would be e c o l o g i c a l l y  

important  a s  t h e  s e t t l e d  ash may provide  a  h a b i t a t  f o r  annuals  i n  t l l i s  

summer-drought cli.mate, while  t h e  s h i f t i n g  ash-dunes a r e  1.acking t h e s e ;  

i n s t e a d  they a r e  occupied h e r e  and t h e r e  by a11 indi.vidua1 xerophyt ic  

p e r e n n i a l .  Widely s c a t t e r e d  sma l l  patch colonies  of xeropli!jtic perenni.als 

a r e  found a l s o  on t h e  s e t t l e d  ash .  A sma l l  amount of  incorpora ted  organic 

ma t t e r  can be -found only i n  connect ion with t h e  s c a t t e r e d ,  Ceeb:Le p l a n t  

i n d i v i d u a l s  o r  grou]-IS. The ash is mostly o f  coarse  t o  Cine sand g r a i n  

s i z e ,  b u t  g rave l ly  and s tony fragments a r c  found a s  we l l .  The c o l o r  is 

dark  t o  medium gray.  Larger rock :fragments o:C boulder  s i z e  m e  found 

p a r t i c u l a r l y  on t h e  su r face  of  t h c  s e t t l e d  ash nex t ,  s o u t h e a s t  13f Halema~~inau 

and a t  Kemalcalcoi C r a t e r .  Apparently t h e  rocks s trewn over t h e  s u r f a c e  . . 

have r e s u l t e d  (Chapter 11) from t h e  1924 and 1790 explos ive  e r u p t i o n s .  

Tl~c a sh - subs t r a t e s  have a  loose  cons is tency  and s ing le -g ra in  s t r u c t u r e .  

Depth t o  under ly ing  bedrock i n  botlh a sh - so i l s  varj.es from a -few cent imeters  

t o  s e v e r a l  meters .  Tl~c s h i f t i n g  ash-dunes may be a s  h igh  a s  7 nm. Both 

s o i l s  a r e  c l - a s s i f i ed  a s  Rcgosols. 

( c )  Somewhat modified a s h - s o i l s  (2  types ) .  Only one s o i l .  has  been 

mapped on t h e  1955 map, a  shallow-discontinuous ash-pocket s o i l .  with a  weak 

Al. hor izon  (Ha1eakal.a family,  very shal low phase; map symbol H I ) .  This s o i l  - 



is described a s  covering only 20-50% of t h e  su r face .  The remaining a rea  

i n  t h e  type  would be outcropping bedrock. I ts depth does not  extend beyond 

30 cm. However, a second, ecologica l ly  very  i n t e r e s t i n g ,  modified a s h - s o i l  

occurs i n  t h i s  a r e a ,  which should a l s o  be  mentioned; although it has  n o t  

been recognized i n  t h e  1955 s o i l  map. This  is a dune s o i l  complex, which i s  

found a t  t h e  southern and southwestern margin of t h e  Kau Desert  i n  t h e  same 

gene ra l  a rea  of t h e  shallow - MI. s o i l .  These dunes a r e  densely vegetated wi-th 

open Metrosideros t r e e  patch s t ands  and an undergrowth dominated by t h e  t a l l  

g ra s s  hdropogon.  Here a weak A l  l a y e r  can be  recognized. Some of t h e  

dunes a r e  up t o  10 m h igh ,  and c o n s i s t  l a r g e l y  OF dark-brownish bvay, f i n e ,  

sandy ash .  They a r e  more o r  l e s s  s t a b i l i z e d  i n  c o n t r a s t  t o  t h e  s h i f t i n g  

ash-dunes. The term "somewhat modified" i n  t h e s e  soi1.s r e f e r s  t o  t h e  pre-  

sence  of a weak A l  l a y e r ,  which is one of  t h e  more important Ceatures i n  

sepa ra t ing  t h e s e  from t h e  previous "raw" a sh - so i l s .  The s o i l s  a r e  otherwise 

stil.1. t y p i c a l  Regosols. 

( d )  Deep l o e s s - s o i l .  This s o i l  occurs  on1.y i n  a sma l l  area (about  100 

a c r e s )  on t o p  of  Puu IZaone, t h e  h i g h e s t  r i s e  (780 f e e t  e l eva t ion )  i n  t h e  

c o a s t a l  lowland, r i g h t  near  t h e  c o a s t l i n e  south of H i l ina  P a l i .  The s o i l  

c o n s i s t s  of  Pahala ash .  This i s  an o lde r  l i g h t  yellowish-brown, dusty 

( s i l k - c l a y  t ex tu red )  ash t h a t  was windborne and blown i n t o  t h i s  i s o l a t e d  

p o s i t i o n  From t h e  northwest .  The upper seaward r i d g e  of Puu Kaone (787 f e e t )  

apparent ly provi-ded f o r  a "collecting-bowln-eeffect. S o i l  depth averages 75 

cm and t h e  s o i l  i s  p r a c t i c a l l y  stone-:free. The modal p r o f i l e  c o n s i s t s  of 

we l l  developed A and B horizons t h a t  overl- ie  a D hor izon  a t  a 45 cm depth 

t h a t  appears t o  be  ash of d i f f e r e n t  or i-gin.  111e s o i l  is f r i a b l e  throughout 

and has  a circum-neutral  r e a c t i o n  from t o p  t o  bottom. I t  has  been c l a s s i f i e d  

a s  Reddish P r a i r i e  S o i l  (Appendix, s ee  Pahala Seri.es).  

( e )  Ash-pocket s o i l  ( 1  type ) .  On t h e  next  ad jacent  t e r r a c e  below Puii 



b o n e  ( sou theas t  oC i t )  occurs a  shal low ash-pocket s o i l  (Rockland with 

Kawailiae, Waikaloa o r  Naalehu soi.1 material .  over pal~oelioe; map symbol - Rn).  

This s o i l  i s  s i m i l a r l y  l o c a l  i n  d i s t r i b u t i o n  (about  100 a c r e s )  on t h e  map, 

bu t  according t o  observa t ions  of t h e  w r i t e r ,  much of t h e  pahoehoe lowland 

between H i l i n a  and Puu Kaone is covered with ash pockets  a l s o .  l h e  soi l .  

coverage i s  described a s  be ing  l e s s  than  50% and t h e  depth o:T t h e  a s h - s o i l  

pockets  averages 10-15 em: maximum 25 cm. Tile soi.1 p r o f i l e  c o n s i s t s  essen- 

t i a l l y  of  an A 1  horj-zon over ly ing  bedrock. The Al. i s  s i m i l a r  t o  those  Found 

in Reddi-sh Brown s o i l s .  

( 3 )  S o i l s  no r th ,  e a s t  and sou theas t  of Kilauea . . 

This geograplifk secti .on begins r i .ght  e a s t  o.f Kipulia Puaulu and goes 

around t h e  no r th  s i d e  o-f Kilauea ca lde ra  (Vol~cano House and Park Headquarters).  

I t  i.ncludes t l ie  a rea  no r th  of  t h e  v i l l a g e  Volcano, outs ide  t h e  Park boundary, 

and t h e r e  cont inues  eastward, north and south  of  t h e  Chain-o.f-Craters Road 

t o  Makaop~i1i:i Cra t e r .  From Makaopuhi it continues along on both s i d e s  of  

t h e  new Kal.apana highway down i n t o  t h e  c o a s t a l  lowland a t  t h e  e a s t  end of 

t h e  Park t o  near  Ka:Lapana v i l l l a g c .  I t  a l s o  inc ludes  t h e  Ainal~ou Ranch 

p rope r ty ,  south of  IIealce Cra ter  and t h e  c o a s t a l  lowland below t h e  ranch,  

with Poliolccawe P a l i ,  l io le i  P a l i  and Keauhou Landing. 

The a rea  shows t h r e e  d i s t i n c t  r a i n f a l l  c l ima tes .  F i r s t l y ,  a  humid 

cl:imate, i n  which t h e  monthly r a i in ra l l  i.s rnre3.y l ~ e s s  than  100 mm. This 

inc ludcs  tl ie a rea  From t h e  Park I-leadquarters t o  Volcano (and Curther no r th )  

around Kilauea Ilci, and most o f  t h e  a rea  nor th  oC t h e  Chain-of-Craters Road 

t o  Makaopuhi and Napau Cra te r s ,  From t h e r e  it descends i n  a  s o u t h e a s t e r l y  

d i r e c t i o n  t o  about  Queens k t 1 1  (soul;hwest of  Kalapana) . Secondly, a  

summer-dry c l ima to .  Thi.s :i.ncl.udes a  small  a r ea  near  Kipuka Puaulu and t h e  

l a r g e  a rea  soutli o f  t h e  Chain-of-Craters Road inc lud ing  t h e  Ainahou Ranch 



and Poliokeawe P a l i .  

( a )  Li thosols  (3  t y p e s ) .  This c o a s t a l  lowland below Poliokeawe with 

a summer-drought c l imate  conta ins  only l i t h o s o l s .  These a r e  O F  t h e  same 

t h r e e  types t h a t  were discussed i n  t h e  preceding s e c t i o n s ,  t h e  pahoehoe- 

l i t h o s o l ,  t h e  a ' a - l i t h o s o l  and t h e  p a l i - l i t h o s o l  c o n s i s t i n g  l a r g e l y  of 

c o l l u v i a l  a ' a .  However, about 30% of t h e  a rea  with a summer-dry c l imate  

is a l s o  covered with these  l i t h o s o l s  and a small  percentage of l i t h o s o l i c  

su r faces  occurs a l s o  i n  t h e  a rea  with a humid c l imate .  Here, however, it 
t h e  

is r c s t r i c t e d  t o  t h e  recent  c r a t e r  Floors, such a s  1959 Kilauea I k i  pahoehoe- 

l i t h o s o l ,  t h e  1965 Makaopuhi and Napau Cra ter  f l o o r s  and t h e  1965 Flank 

erupt ion  (pahoehoe-l i thosol)  between Makaopuhi and Napau and e a s t  of Napau 

(see  Fig.  7 ) .  Here, again it i s  worth po in t ing  out  t h a t  t h e  o lder  l i t h o s o l s  

i n  t h e  c o a s t a l  lowland a r e  no t  completely without s o i l .  Tl~e pahoehoe- 

l i t h o s o l  i s  h e r e  occupied by a t h i n  cover o:C Heteropogon ( p i l i )  grass land.  

The grasses  roo t  i n  s o i l  m a t e r i a l  lodged i n  t h e  pahoehoe cracks.  

( b )  Ash-pocket s o i l s  ( 2  t y p e s ) .  One o~f these  occurs i n  t h e  humid 

c l imate  north of t h e  Chain-of-Craters Road and extends i n t o  the  c o a s t a l  

lowland near  Kalapana (Rockland, Pahoehoe lava  with Kealakekua, Olaa, o r  

Ohia s o i l  ma te r i a l ;  map symbol - ~ n ) .  The o ther  type  occurs i n  t h e  summer- 

dry c l imate  south of Rinahou Ranch above t h e  p a l i  (Rockland, pahoehoe lava  

with Puu Oo, Maile, o r  Olinda s o i l  m a t e r i a l ;  map symbol - Ro; same s o i l  u n i t  

a s  on e a s t  s lope  of Mauna Loa). Both s o i l s  occur or1 pahoehoe bedrock, 

where they cover l e s s  than 50% of t h e  su r face ,  and both a r e  described a s  

averaging from 10-15 cm depth i n  t h e  pockets .  However, t h e  humid pocket 

s o i l  (Rn) shows an almost black Al horizon o:f s i l t - loam t e x t u r e  t h a t  is - 
very high i n  organic ma t t e r ,  while t h e  summer-dry pocket s o i l  (Ro) - c o n s i s t s  
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o f  a  dark A1 l a y e r  t h a t  is apparent ly r e l a t i v e l y  l e s s  enriched with organic 

ma t t e r .  Moreover, while  t h c  outcropping pahoehoe mounds on t h e  - Rn s o i l  a r e  

ba r ren  of  vege ta t ion ;  they  a r e  o f t en  covered with mosses o r  l i c h e n s  o r  even 

mats of  Gleichenia ( f a l s e  s taghorn e r n )  i n  t h e  s o i l  a r e a s .  Here, even 

s t a g n a t i n g  water can be found occas ional ly  i.n t h e  deeper  depress ions .  

( c )  Very shal low, discontinuous a s h - s o i l s  (2  types ) .  One of t h e s e  

occurs  i n  t h e  humid c l imate  1); miles  s t ra i .ght  e a s t  oC IZilauea Ilci Cra ter  

and west of Volcano (Hilo family,  very shal low phases-pahoehoe l a v a  complex; 

map symbol - H2k). The o t h e r  occurs i n  t h e  summer-dry c l i m a t e ,  ad jacen t  e a s t  

of  Kipuka Puaulu t o  near  t h e  Tree Molds, and i n  an area  s o u t h e a s t  of 

Maltaopuhi Cra ter  along t h e  old Kalapaua T r a i l  (Ilealce g r a v c l l y  loam, very 

shal low phase;  map symbol. - I12:T). Both s o i k  occur i n  a r e a s  t h a t  have a  h igh  

propor t ion  of  outcropping pahoehoe bedrock (up t o  40% of t h e  s u r f a c e )  and 

t h e i r  depths average from 10-30 cm. However, i n  gene ra l  t h e  humid-area 

s o i l  (H2lc) - may have more and deeper soi.1 uj) t o  60 cm i n  p l a c e s ,  while  tlic 

summer-dry a rea  so i l .  (112f) - may tend t o  have l e s s  so i l .  i n  p l a c e s ,  r a t h e r  than  

more. The humicl-area s o i l .  has  an ICL hor izon  up t o  24 cm cleep t h a t  i s  rcddish  

brown i n  c o l o r ,  has  a  granular  s t r u c t u r e ,  is 0.t s i l t y  c l a y  loam t e x t u r e  

and has  a  pH oC 5.2 t o  5 .7 .  The B ho r i zon ,  where p r e s e n t ,  is a  yel lowish 

red s i l t y  c l a y  loam, g r i t t y  due t o  rock fragments,  and a  pH of 5 . 3  t o  5 . 8 .  

Water may s t a g n a t e  i n  dcprcss ions .  Tile summer-dry a rea  s o i l  h a s  a  shal lower 

R1 hor izon  (only  5 cm deep) of  dark brown c o l o r  and sandy 1.oam t e x t u r e  t h a t  

d i r e c t l y  over lays  a  C hor izon ,  a  clarlc brown sandy loam. Thus, t h e  t e x t u r e  

is  c o a r s e r  i n  t:I?is so i l . .  The summer-dry a rea  s o i l  i s  c l a s s i f i e d  a s  Regosol, 

wliile t l ic humid-area s o i l  is c l a s s i f i c d  a s  Hydro1 Humic Latosol .  

( d )  Moderate1.y deep, continuous a s h - s o i l s  ( 2  t y p e s ) .  A humid-area 

s o i l  (Manu g rave l ly  loam, gent ly  s lop ing  phase; map symbol - M2m) occurs 



around SZilauea I k i ,  Volcano House, Parlc Headquarters and continues t o  

Volcano v i l l a g e .  The s o i l  ranges i n  depth -From 35 cm t o  1 m o r  more. It 

has  a  very dark brown t o  b lack  A 1  horizon 20 cm deep, s t rong ly  e~ i r i ched  

w i t h  organic ma t t e r  and has  a pH 01 5.5 t o  6 . O .  I t  is under la in  by a  C 

horizon o:C p a r t l y  weathered ash .  0veral:L t e x t u r e  is loam t o  clay-loam 

( s e e  i n  Appendix, Manu S e r i e s ) .  

A moderately deep a s h - s o i l  (Healce g rave l ly  l~oam, gent ly s lop ing  phase; 

map symbol H2e) occurs a l s o  i.n t h e  summer-dry c l ima te .  Here it i s  1;ound - 

occupying a  smal l  a r ea  west of t h e  Mil-itary Cam12 and the? gol.:f course i n  

directi.011 of  Kipulca Puaulu, where it ;joins t h e  very sha%.l~ow, discontinuous 

ash-soj.1 (112f) near  t h e  Trcc Molds. h o t l i e r  very 1.arge area occurs along 

both s i d e s  o f  t h e  Chain-0.f-Craters Road froin about Kolcoolau Cra tcr  t o  

Maltaopuhi. Cra ter .  (Any extent ion  oC t h i s  a rca  t o  about 2% mi1.e~ nor th  of 

t h e  Chn:i~n-or-Cmters Road apj)ears so~neid~at- questionab:lc a s  t h i s  a rca  ik 

a l ready i n  t h c  humid c l ima te ) .  11 new type - so i l  Cor t h e  Flealte s e r i e s  has  

r ecen t ly  bccn described from a  s o i l  pit dug 25 m nortl, of  B i r d  Parlc road,  

1./2 mi le  from t l ie  b e l t  higl~way ( see  i n  Appendix: Hcalce S e r i e s ) .  

The s o i l  depth v a r i e s  from 30 t o  GO cm. A r e l a t i v e l y  s h a 1 l . o ~  (5 crn 

deep) dark brown Al horizon o f  sandy 1.oam t e x t u r e  i s  underlain by a  dark 

brown t o  grayish  brown C hor izon  of l.omy sand c o n s i s t i n g  o:f s l i g h t l y  

weathered volcanic  ash.  Vol~canic pumice commonly occurs hel.ow t h e  ash next  

1-0 l.ava bedrock. Both soi1.s a r e  c7.assi-Cieti a s  Regosols. 

( e )  Deep ash-soil .  (1 t y p e ) .  Tliis soi.1. occurs i n  t h e  humid c l imate  

north of SZil.anea and nor th  of Vol.cano and ontsir lc  t l ie Park bonndary. This 

soi~Z has  recent1.y been described as  oC t h e  Puau1.11 s c r i c s  ( ) I .  H .  Sato,  

manuscript) and i s  showm on t h e  1.955 map a s  P2d. 'This s o i l  is of  i n t e r c s t  - 

a s  :it i s  very sirni.l.ar t o  t h e  kipulca s o i l s ,  bu t  d i W c r s  pri.niarily by be:ing 
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i n  a  humid c l imate ,  where it is  stocked with t r e e  f e r n s  ( ~ i b o t i u m  spp. )  

and old Metrosideros t r e e s  t h a t  a r e  o f t e n  h e a v i l y  covered with ep iphytes .  

&e t y p e - s o i l  d e s c r i p t i o n  was made from a  p i t  dug 1 .6  mi l e s  from t h e  T 

i n t e r s e c t i o n  on Wright Road. The s o i l  has  a  1.5 cm deep nea r ly  b lack  A 

hor izon  of medium granular  s t r u c t u r e  t h a t  is under la in  by a  C ho r i zon .  

Below t h i s  occurs ,  what appears t o  be  a  bur ied  A hor izon  from 23 t o  33 cm, 

and t h i s  is again  under la in  by a  C hor i zon ,  below which occurs  a  deep B 

ho r i zon  from about 40 cun on down t o  t h e  bottom of t h e  p i t  t h a t  was dug t o  

a depth of  175 cm. The e n t i r e  s o i l  is oT dark  brown c o l o r  of more o r  l e s s  

f r i a b l e  cons is tency ,  blocky s t r u c t u r e  and clay-loam t e x t u r e  t h a t  f e e l s  Like 

s i l t - l o a m .  Many sma l l  volcanic  ash and pumice fragments a r e  p r e s e n t  i.n t h e  

d i f ' e r e n t  l a y e r s .  For f u r t h e r  d e t a i l  s e e  Appendix (Puaulu S e r i e s ) .  The 

s o i l  has  been repor ted  t o  reach 5  m depth i n  t h e  deepes t  p l aces  near  

Wright Road. The s o i l  has  been c l a s s i f i e d  a s  Regosol. 

The l i t e r a t u r e  review h a s  shown t h a t  very l i t t l e  s p e c i f i c  information,  

a p a r t  from a  c l a s s i f i c a t i o n ,  i s  a v a i l a b l e  on t h e  s o i l s  i n  t h e  Park. Most 

s o i l  work aCter  World War I was devoted t o  crop s o i l s .  Information on even 

such b a s i c  t h i n g s  a s  pl-I and organic carbon con ten t  i s  wanting. Some in ro r -  

mation can,  however, be ex t ropola ted  with some meaning t o  t h e  Park s o i l s .  

( I )  Seasonal  v a r i a t i o n  i n  pH 

Kaneshiro e t  a l .  (1951) made a  s tudy of s easona l  v a r i a t i o n s  i n  pH on - - 
Oahu by comparing low-elevation (20-150 f e e t )  and h igh-e leva t ion  (300-920 

f e e t )  s o i l s .  They Found i n  t h e  s l i g h t l y  ac id  t o  b a s i c  low-elevat ion s o i l s  

a tendency toward inc reas ing  a c i d i t y  d u r i n g  t h e  h o t ,  dry summer months. 

Cul t iva ted  s o i l s  showed t h e  same g e n e r a l  t r end  a s  uncu l t iva t ed  s o i l s .  

Surface s o i l s  showed somewhat g r e a t e r  v a r i a t i o n  than  s u b s u d a c e  s o i l s .  



The average Cluctuation f o r  su r face  s o i l s  was .9 pH u n i t s ,  f o r  subsurface 

s o i k  .6 t o  . S  pH u n i t s .  Upon a i r -dry ing  they  found a  smal l  i nc rease  i n  

a c i d i t y  of .l pH u n i t  f o r  su r face  s o i l  and .2  pH u n i t s  f o r  subsurface s o i l .  

High-elevation s o i l s  were acid i n  r e a c t i o n  and showed no seasona l  v a r i a t i o n  

i n  pH. This information may be of b io-ecologica l  va lue  i n  comparing t h e  

c o a s t a l  summer-drought a rea  of t h e  Park with tlle nore  humid, h igher-e leva t ion  

a reas .  

(2)  Organic n i t rogen and C/N r a t i o s  

The problem of organic n?.trogen ;.n Hawaiian s o i l s  was s tudied  by !<elley 

(1914). One of h i s  sample s o i l s  was :from Glenwood (near  t h c  Park) i n  a  

humid c l ima te .  This s o i l  was described a s  a v i r g i n  s o i l  fyom r e c e n t l y  

c l ea red  t r o p i c a l  jungle .  Other samp:Les included s e v e r a l  crop s o i l s  from 

Maui and Oahu. To ta l  n i t rogen i n  t h e  Glenwood soi1.s was .77%. Of t h i s  

t o t a l  n i t rogen ,  .58% was n i t r a t e - n i t r o g e n ,  while  ammonia ammounted t o  2.86%. 

Thus, t h e  n f t r a t e  and ammonia content  c o n s t i t u t e s  only a  small. percentage 

o:? t h e  t o t a l  n i t rogen .  The remainder is i n  t h e  form of  aniide and b a s i c  

n i t rogen .  Of t h e  t o t a l  n i t rogen ,  76.6% was from t h e  c o l l o i d a l  humus : f rac t ion ,  

ve r sus  64.4% .for t h e  average of a l l  s o i l s .  The humus content  of  t h e  Glenwood 

s o i l  was 14.3%, of t h i s  3.9% was n i t rogen.  This was t h e  h i g h e s t  n i t rogen 

percentage  i n  h i s  comparison. The next  h i g h e s t ,  2.3%, was from an organic- 

r i c h :  o ld  p a s t u r e  s o i l  i n  a  semi-arid reg ion .  Most o the r s  had between 1 

and 2% ni t rogen.  I n  s tudying  ammonii-'i.cation and n i t r i :Cica t ion  i n  Hawaiian 

s o i l s ;  Kelley (1915) concluded t h a t  p l a n t s  growing on uncul t iva ted  s o i l s  

probably absorb n i t rogen i .argely i n  t h e  .:om of ammonium compounds. Me 

f u r t h e r  remarked t h a t  t h e  i n a c t i v e  s t a t e  of  n i t r f f i c a t i o n  i n  uncul t iva ted  

s o i l s  is n o t  due t o  absence of  n i t r i f y i n g  organisms and a c i d i t y .  Ile 

suggcs ts  a s  t h e  l i m i t i n g  Cactor poor a e r a t i o n .  
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Dean (1950) s tud ied  t h e  e f f e c t  of  r a i n f a l l  on carbon and n i t rogen  con- 

t e n t s  and t h e  C/N r a t i o s  i n  Hawaiian s o i l s .  H i s  da t a  (Table VI) a r e  o:f 

p a r t i c u l a r  i n t e r e s t  a s  h e  c i t e s  6  s o i l s  among t h e  30 t h a t  a r e  on Hawaii 

nea r  t h e  Park. 

The da ta  of Table V I  i n d i c a t e  t h a t  t o t a l  n i t rogen  inc reases  with r a in -  

f a l l  and e l eva t ion  o r  decreas ing  temperature.  While t h e  C/N r a t i o  i n c r e a s e s  

with inc reas ing  r a i n f a l l  and e l eva t ion ,  it appears  t o  decrease  above t h e  

e l eva t ion  of maximum r a i n f a l l  a t  3500 f e e t .  A s i m i l a r  s tudy was c a r r i e d  o u t  

by Blomberg & Nolmes (1959), b u t  they  sampled only up t o  1360 f e e t .  Their 

f i nd ings  suppor t  t hose  of  Dean. 

(3)  Developmental t r e n d s  

The developmental r e l a t i o n s h i p s  i n  t h e  Park a s  ind ica t ed  from t h e  

previous  d i scuss ion  can be summarized a s  Follows: 

NEW LAVA 

J1. 
(L i thoso l s  and l o c a l  decomposition p roduc t s ,  where exposed t o  

acid-steaming, such a s  LTpsum, alum and y e 1 l . o ~  s i l . i c a  p r e s e n t .  

No Fine s o i l  a s  y e t  reported; although t h i s  would need ru r thc r  

s tudy . )  

NEW VOLCANIC ASH 

,ik 
(Regosols r ep resen t ing  most of t h e  s o i l s  i n  t l ~ e  Park today,  

r e g a r d l e s s  o r  c l imate ;  azonal . )  

Ii vl/ 
-ZONAL SOIIS- 

/ 4, \\% 
Latosol ic  Brown Hydro1 Humic Reddish 
Fores t  s o i l  Latosol  P r a i r i e  s o i l  

(from 4000 f e e t  ( i n u m i d  r a i n  (only  a  smal l  
up on t h e  s lope  f o r e s t  c l ima te ,  a r ea  on Puu 
of Mauna i n  c u r r e n t l y  only Kaone i n  warm, 
coo l ,  summer-dry Hi lo  family,  Hs, c o a s t a l  summer- 
c l ima te )  i n  Park e a s t  of  drought c l ima te  

Kilauea I k i )  below Hi l ina  P a l i )  



Table  V1. P e r  c e n t  ca rbon ,  t o t a l  n i t r o g e n  and 
C / N  r a t i o s  of s o i l s  n e a r  Hawaii Volcanoes Na t iona l  
P a r k ,  Hawai i ,  a r r a n g e d  i n  o r d e r  of  d e c r e a s i n g  amounts 
of r a i n f a l l  ( a f t e r  Dean, 1950) .  

Loca t ion  E lev .  Rain  % C % t o t a l  C/N 
( f t . )  (mm) N r a t i o  

Vol cano 3 ,500 2500 12.82 .664 19.3  

Kapapala 4 ,000  1500 1 .83 . I27  1 4 . 4  

Humuula 6 ,500  7  50 9  .08 .709 1 2 . 8  

Pohakuloa 5 ,000  500 6.31 .566 11.2  

South P t .  100 380 1 .43  ,188  7 . 6  
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Cline  - e t  - a l .  (1.955) r eco~mized  t h e  Latosol ic  Brown Fores t  s o i l  as  an 
. . 

i n t r a z o n a l ,  calcimorphic s o i l .  I n  a  r e c e n t  paper ,  however, Swindale & 

Sheman (1964) cons ider  t h i s  s o i l  a s  re:Flect ing a  d e f i n i t e  c l i m a t i c  s o i l -  

forming t r e n d ,  s o  t h a t  t h e  s o i l  can be considered zonal ,  a s  i nd ica t ed  above. 

While t h e  d i r e c t i o n  of  development is r a t h e r  c l e a r ,  l i t t l e  information 

is  a v a i l a b l e  on t h e  r a t e  of  development, except t h a t  weathering i n t e n s i t y  

i s  more o r  l e s s  d i r e c t l y  r e l a t e d  t o  t h e  amount of r a i n f a l l .  (Swindale iP. 

Sherman, 1964). It may be surmised a l s o  t h a t  t h e  r a t e  o:C wea t l~e r ing  

i n c r e a s e s  with inc reas ing  temperature,  b u t  t h a t  t h e  e r f e c t  o:f i nc reas ing  

temperature on r a t e  of  s o i l  formation from mid-a l t i tudes  (4000 - 3500 :Fcct) 

on downwards i s  confounded by t h c  i n c r e a s i n g  r a i n - f a l l  up-slope.  A t  hi-gher 

c l c v a t i o n s ,  above about  8500 fret:, nod-u rna l  n i g h t - f r o s t  may be an irnpor- 

t a n t  agent  of lava  weathering. Breakage o:f su r face  1-aycrs i n t o  sma1.l 

c u h i c l c s ,  a s  observed by the w r i t e r  and, undoubtedly, o t h e r s  i s  probab1.y 

t h e  resu1.t o:F a1.tcxnaix Freezing and tllawing. A study o:F l ava  wcatherinig 

and s o i l  Cormation a t  h i d l  a l t i t nc l e s  (above about 8500 f e e t )  on Mauna Loa 

would be  of  much i n t e r e s t .  



G- APPENDIX 

SOIL PROFILE DESCRIPTIONS 

0li.nda S e r i e s  (Cl ine  - e t  - a l . ,  1955, p .  545). La toso l i c  Brown Fores t  s o i l .  

S o i l  p i t  l o c a t i o n  not  given; r e p r e s e n t a t i v e  f o r  Od soi l . ,  although t h e  
@ s o i l  is not  a s  deep a s  t h i s  p r o t i l e .  fll h o r i z n  c h a r a c t e r i s t i c s  
apply a l s o  t o  t h e  discontinuous - Oe and - Of s o i l s ,  and t o  t h e  - Ro and - Rd 
pocket s o i l s .  

A l  0-23 cm Dark reddish  brown loam; moderate medium crumb s t ruc -  
t u r e ;  very Fr iab le  when mois t ,  nonplas t ic  when wet; 
pH 5.5 t o  6.5; r o o t s  very numerous. 

B 23-81 cm Red s i l t y  c l ay  loam; moderate Fine blocky s t r u c t u r e ;  
- f r i ab le  when moi s t ,  weakly smeary when wet; plI 5.5 
t o  6.5; r o o t s  p re sen t ;  s p e c i f i c  g rav i ty  apparent ly  
very low. 

C 81  cm + Reddish brown o r  brown s i l t y  c l ay  loam; weathered 
volcanic ash s i m i l a r  i n  most p r o p e r t i e s  t o  t h e  B 
hor izon;  pH 6.0 t o  7.0 grades t o  moderately t o  
s t rong ly  weathered l a v a .  

Ohaikea Se r i e s  (I{. H .  Sato; Mss.) Latosol ic  Brown Fores t  s o i l .  

S o i l  p i t  l oca t ion :  On Keauhou Ranch p rope r ty ,  about 2 . 1  miles  NW of Bird 
Park (Kipuka Puaulu) and about  0 . 1  mi l e s  NE of fence surroundj.ng National  
Park. Surface convex, 4% s lope .  

1311 0-5 cnl Vcry dark brown (10 YR 2/2) m a t e r i a l  t h a t  Feels l i k e  a  
loam, dark gray (10YR 4/1) when dry;  weak f i n e  and very 
f i n e  granular  s t r u c t u r e ;  s l i g h t l y  hard,  f r i a b l e ,  non- 
s t i c k y  and non-plas t ic ;  r o o t s  matted; many very f i n e  
and f i n e  i n t e r s t i t i a l  pores ;  few 1 - 3  mm hard b a s a l t  
fragments; c l e a r  wavy boundary. 2-5 cm t h i c k .  

Vcry dark brown (I.OYR 2 / 2 )  m a t e r i a l  t h a t  f e e l s  E k e  a  
vcry Fine sandy loam, dark  gray (10YR 4 / l )  when dry ;  
moderate Cine and very f i n e  granular  s t r u c t u r e ;  
s l i g h t l y  hard ,  f r i a b l e ,  non-sticky and non-plast ic  ; 
r o o t s  matted; many very f i n e  and f i n e  i n t e r s t i t i a l  
pores ;  common 1-2 mm b a s a l t  f r a p e n t s ;  abrupt  smooth 
boundary. 8-10 cm t h i c k .  

Dark reddish brown (5YR 3/4) volcanic  ash l a y e r  t h a t  
f e e l s  l i k e  a  f i n e  sandy loam, reddish brown (5YR 5/4) 
when dry;  massive s t r u c t u r e ;  vcry f r i a b l e ,  non-sticky 
and non-plas t ic ;  many r o o t s ;  many very f i n e  and f i n e  
pores ;  common 3 mm o r  l e s s  volcanic  c inders  and b a s a l t  



frabments; few b i t s  of charcoal ;  abrupt  smooth 
boundary. 5-10 cm t h i c k .  

Ab- Cb ?l8-28 cm Very dark brown (7.5YR 2/2) m a t e r i a l  t h a t  Feels l i k e  
a  f i n e  sandy 1-oam, s i n g l e  g ra in  s t r u c t u r e ;  l oose ,  non- 
s t i c k y  and non-plas t ic ;  many r o o t s ;  many very Cine 
and f i n e  pores ;  few 1-3 mm b a s a l t  f ragnents ;  ab rup t  
wavy boundary. 8-18 cm t h i c k .  . . >  

Cb? 28-33 cm Dark reddish brown (SYR 5/4) m a t e r i a l  t h a t  :feels l i k e  
a  Fine sandy loam, s i n g l e  gra in  s t r u c t u r e ;  l oose ,  non- 
s t i c k y  and non-plas t ic ;  many r o o t s ;  many very f i n e  and 
f i n e  pores;  many 1-3 mm basa1.t fra\@ents: volcanic  
ash nodules and volcanic  c inde r ;  abrupt  wavy boundary. 
5-13 cm t h i c k .  

821 33-50 cm Dark reddish brown (5YR 3/2, 3 j 3 )  m a t e r i a l  t h a t  r e e l s  
l i k e  a  s i l t  loam; massive s t r u c t u r e ;  f r i a b l e ,  non- 
s t i c k y  and non-plas t ic ;  many r o o t s ;  many very  f i n e  and 
:Fine pores;  few 1-5 mm b a s a l t  Fm@nents and vo1.cani.c 
ash nodules; cl.ear wavy boundary. :L3-24. cm t h i c k .  

B22 50-66 cm Dark reddish brown (5YR 3/2, 3/3) material.  t h a t  f c d s  
l i k e  a g r i t t y  s i l t  loam; massive s t r u c t u r e ;  f r i a b l e ,  
non-sticky and non-p las t i c ;  many r o o t s ;  many very f i v ' c !  
and Cine pores ;  few f i n e  b a s a l t  fragments and vol-can:i.c 
ash nodules; c l e a r  wavy boundary. 10-14 cm th:i j.. 

823 66-81. cm Dark brown (7.5YR 3/2) m a t e r i a l  t h a t  f'ecl.s :Like a  
s i l t  loam; massive s t r u c t u r e ;  L'riablc, uon-st icky and 
s l i g h t l y  p l a s t i c ;  common r o o t s ;  many very 1':ine and 
common :fine pores ;  Few b a s a l t  fra~gments up , to  5  cm 
s i z e ;  c l e a r  wavy boundary. 13-26 cm t h i c k .  

024 81-100cm Dark brown ( 7 . 5 Y ~  3/3) material.  t h a t  fce1.s l i k e  a 
heavy si.1.t :Loan]; massive s t r u c t u r e ;  . f r i a b l e  , sli.ght:ly 
s t i c k y  and sL igh t ly  p l a s t i c ;  Cew r o o t s ;  man:? very f i n e ,  
Cine and common medium pores ;  abrupt  wavy boundary. 
16-32 em t h i c k .  

D 100 cmt Hard unwcathcrcd pahochoc l a v a .  

Remarks: Color names a r e  f o r  t h e  moj-st soi l .  unl.ess otherwise s t a t e d .  

Kapapala Se r i e s  (II. H .  Sato, 1965, Mss.) Latosol ic  Brown Fores t  smi.1.. 

S o i l  p i t  l oca t ion :  Near Half-Way House on Kapapala Ranch, sur!Cace convex, 
18% s lopc .  

A 1  0-10 cm B1.ack (SYR 2/1) loam; weak f i n e  and very :Fine 
granular  s t r u c t u r e ;  s o f t :  friable, uon-st icky 
and non-plas t ic ;  many r o o t s  ; many :Fine pores:; 
abrupt  smooth boundary. 



B 1  10-15 cm Very dark grayish  brown (10YR 3/2) loam; weak 
medium and f i n e  subangular blocky s t r u c t u r e ;  
s o f t ,  f r i a b l e ,  non-st icky and non-pl-astic ; 
many r o o t s ;  many very f i n e  pores ;  abrupt  
smooth boundary. 

C 1  15-38 cm Dark grayish brown (10YR 4/2) ,  dark brown 
( I O Y R  3/3) and b lack  (10YR 2/1) volcanic  :fine 
and very f i n e  sand; massive; l oose ,  non-sticky, 
and non-plas t ic ;  many roo t s ;  abrupt  smooth 
boundary. 

C2 38-57 cm Very dark brown (7.5YR 2/2) loamy f i n e  sand; 
massive; loose ,  non-sticky and non-plas t ic ;  
many r o o t s ;  many f i n e  pores ;  c l e a r  wavy boundary. 

1IKI.b 57-65 cm Very dark grayish brown (IOYR 3/2) loam; massive; 
s o r t ,  very f r i a b l e ,  non-sticky and non-plas t ic ;  
many r o o t s ;  many vcry  f i n e  pores ;  c h a r  wavy 
boundary. 

I I C l  65-100 cm Dark brown (7.5YR 3/3) l i g l i t  s i l t  loam; weak 
coarse  p r i sma t i c  s t r u c t u r c ;  so:FL-, very f r i a b l e ,  
non-stj-cky and non-plas t ic ;  many r o o t s ;  many very 
f i n e  and Cine po res ;  c l e a r  wavy boundary. 

C2 3.00-,120 cm Dark brown (7.5YR 3/4) loam; weak medium and coarse 
s u b a n ~ ~ l a r  bloclcy ; s o f t ,  f r i a b l e  non-sticky and 
non-plas t ic ;  common r o o t s ;  many f i n c  and very f i n e  
pores ;  abrupt  wavy boundary. 

R 120 cm+ Pahoehoc l a v a .  

Kipuka Duaulu, f o r e s t  s o i l ,  PI (D. Mueller-D0mboi.s , Mss . ) Latoso l i c  Brown 
f o r e s t  s o i l .  

Soil. p i t  l oca t ion :  Kipuka Puau1.u (Bird Park) under closed f o r e s t ,  
10 meters  S of "Giant Koa", on l c v c l  ground. Preserved a s  monolith 
P I  i n  Botany Depar-tment, Universi ty o.F Hawaii. (See Chapter VJI,  - 
Vegetat ions,  f o r  diagram. ) 

0 l y  1-2 crn dccp Predominantly fermenting fo l i age  of  Acacia -) koa 
Osmanthus ( l e a f  ske le tons )  and Microlepia se tosa .  

kl 0-5 ern Very dark brown (b lack  l0YR 3/1, when dry)  loam; 
weak, f i n e  crumb s t r u c t u r e ,  vcry f r i a b l e ,  upper 
0-5 cm he ld  toget l ier  a s  a shee t  by f ib rous  r o o t s ,  
f r o  5 15 cm more loose  :fewer Fibrous r o o t s ;  pH 
4.$/;-%C 1 0 . d .  

C 1  15-22 cm Gray brown (10YR 5/2, whcn dry)  sandy loam; r i n e  
blocky s t r u c t u r e ;  s l i g h t l y  C i r m ,  f i n e  r o o t l e t s ,  
pH 5.5; %C 3.3. 

a / ' ~ & e n c l a t u r e  - of hor izons  a f t e r  1962 Supplement t o  Agr icul ture  
Handbook No. 18,  S o i l  Survey Manual. 

b/ Measured e l ec t romet r i ca l ly  - 
/ Wallcley-Black Values - 



Brownish b lack  (dark gray brown 10YR 4/2, when 
d ry )  g r i t t y  1.oamy sand and c r i s t a l l i n e  ash;  s i n g l e  
g r a i n  s t r u c t u r e ;  l oose ;  incipicnt1.y cemented ; 
r o o t s  above and below, not  i n  it; pH 5.8; %C 12.1. 

Very dark brown (very  dark  gray brown l0YR 3/2, 
when d r y )  sandy loam; f ine  blocky s t r u c t u r e ;  
f r i a b l e ;  r o o t s  i nc reas ing ,  abundant, pli 5.6 ; %C 1~0.5 

Dark brown with reddish  hue (brown l0YR 4/3, h e n  
d r y )  sandy loam; blocky s t r u c t u r e ;  f r i a b l e ;  r o o t s  
abundant; pH 5.6; %C 7.8. 

Dark brown (no reddish  hue; very  dark b r o m  l0YR 
2/2, when dry)  loam; bl.oclcy s t r u c - t u r e ,  Criab1.e; 
abundant roo t ing ;  bur ied  A l  ho r i zon ;  :few s c a t t c r c d  
cha rcoa l  [raiments ; pH 5.7 ; %C 1.2 .l. 

B3 80-135 cm Brown ( I O Y R  4/3, when dry)  loam; f i n e  l11.ocky s t r u c -  
t u r e ;  f r i a b l e ;  w e l l  rooted;  1mu:Lclcr of 40 cm 
diameter  a t  110 cni; pH 5.7; %C 6.9. 

C2 135 cmt Dark reddish  brown (7.5YR 4/3, when d i j ~ )  sandy 
loam t o  loam; bloclcy s t r u c t u r e ,  weak i n  p l a c e s ;  
f r i a b l e  t o  f i rm;  red  pumice l a y e r  2-5 cm tlljclc 
between 1.40 and 150 cm depth;  :!hose, b u t  i n c i -  
p i e n t l y  cemented, v e r y  l i g h t  wcig!it, 1-3 cm 
diameter  s t o n e l c t s ;  s o f t  so i  1 continuous be- 
yond 2 m, pH 5 .7 ;  %C 7 .h .  

Kipuka Puaulu, savannah so: i l ,  P2 (D. Mueller-Dombois, Mss.). 11atosol:ic 
Brown Fores t  s o i l .  

S o i l  p i t  l o c a t i o n :  Kipuka Puaulu (Bird I'arlc), :in a rea  covcrcd w.itli 
dense,  t a l l  g ra s s  and s c a t t e r e d  t r e e s ,  about 70 meters  ESE of  
"Giant Koa". S o i l  p i t  under a t a l l .  koa t r e e ,  on l c v c l  ground. 
Preserved a s  monolit'h P2 i n  Botany Department, l in ivers i ty  o f  
Hawaii. See Chapter VZ, Vegetat ions,  f o r  diagram. 

0 Absent, except  ro r  few koa pliyl.lodes t h a t  a r c  
entangled i n  t h e  dense g ras s  mat; a dense n d -  
worlc oT s t o l o n s  oC Cynoclon a t  sn r facc .  

d- 

m. 0-15 cm Bl.ack (l0YR 3/1., when dry)  loam; weak crumb 
s t r u c t u r e ,  grading from coarse  t o  Fine; Friable;  
.full. of  g ra s s  rhizomes and e a r t h  woms; pH 5 .7; 
%C 14 .3 .  

C 1  15-24 cm Dark gray (gray  brown IOYR 5/2, when d ry )  sandy 
loam; bl.ocl<y s s t u c t u r c ;  I Y k ~ b l e  t o  s l i g h t l y  
: T i m  r a t h e r  d m s c ;  1171 5.4; %C L.:L. 

m.2b 24-28 cm 0l.ive (2.5'1'R3/2, wken dry)  pumice ( l i k e  r ibrc-  
g l a s s  roam); si .nglc g ra in  s t r u c t u r e ,  l.oose; 



organic coll.oids around pumice p a r t i c l e s ;  grades 
i n t o  gravel ly  ash l a y e r  below; pH 6.4; %C 15.7.  

Dark brownish b lack  (dark gray brown l O Y R  4/2, 
when dry)  g rave l ly  ash;  s i n g l e  g r a i n ,  loose ;  
pFI 5.9; %C 15.4. 

Darlc brown (very dark  gray brown l0YR 3/2, when 
dry)  loam; f i n e  blocky s t r u c t u r e ;  f r i a b l e ;  pH 
6.4; %C 7.2. 

Black (IOYR 3/1, when dry)  loam; Fine blocky 
s t r u c t x r e ;  r r i a b l e ;  pH 5.7; %C 12.0. 

Dark gray brown (LOYR 4/2) gravel ly  ash with some 
loam; s i n g l e  g ra in  t o  weak blocky s . t ruc ture ,  
f r i a b l e ;  pFl 6.5; %C 3.0. 

Darlc reddish brown (brown I O Y R  4./3, when dry)  loam; 
blocicy s t r u c i m x ;  l:rj.able; pH 5.7; %C 5.7.  

Black (IOYR 3/1, d ~ e n  dry)  :].om; crumb s t r u c t u r e ;  
f r i a b l e ;  pH 6.1; %C 1.3.5. 

Darlc gray brown (IOYR 4/2, when dry)  gravely ash;  
si-ngle gra:i.n s t r u c t u r e  loose ;  p1.I 6.3; %C 7.8 .  

Very dark brown ( I O Y R  2/2, h e n  dry)  ham;  crumb 
s t r u c t u r e ;  i-riab1.e; t h i s  is t h e  l a r g c s t  buried 
A l  horizon :i.n t h i s  p r o f i l ~ e ;  (i:m red pumice 
f r a @ e n t s ) ,  ?.ewer p a r t  or! horizon not  ho r i zon ta l '  
t o  su r race  bu t  s:Loping (wedge-shaped); pFI 5.7; 
%C 1.0 .1. 

Brown (10YR 4/3, when d ry )  loam; 1j:Locky s t r u c t u r e ;  
f r i a b l e ;  pH 5.9; %C 5.4. 

Gray brown (1.OYR 5/3, when d r y )  sandy loam; v c r  
weak blocky s t r u c t u r e ;  Criable; l a y e r  inc ludes  a  
di.scontinuous red pumicc horizon (7 .  SYR 4/3, when 
dry)  a t  145 cm ileptli, it occurs inostly :i.n pockets;  
s o f t  s o i l  cont inues beyond 2 cm depth;  pH 6.0; 
%C 1.. 9 . 

S o i l  p i t  l oca t ion :  In  Kipuka K i  under closed Corest,  20 meters N 
paved road a t  main curve. Level p o s i t i o n  bcncatli a  large Icoa. 
Preserved a s  monolith i n  Botany Department, Uuivcrsi ty of 
Hawaii.  See Cliapter V I I ,  Vegetation; :for diagram. 



0 1  1-2 cm deep Mostly decaying f e r n  :fronds of  Microlepia s e t o t a  
and koa phyl lodes ,  n o t  very dense,  occas ional ly  
111 l a y e r  exposed. 

N. 0-17 cm Black (10YR 3/1, when dry)  loam, crumb s t r u c t u r c ,  
very f r i a b l e ;  0-6 cm tlioroughly rooted with 
f i b r o u s  r o o i s  abundant e a r t h  worms (3  p c r  shove l ) ;  
6-17 cm somwhat  l e s s  abundant r o o t l e t s ;  pH 5.2; 
%C 11.1. 

Gray brown ( I O Y R  5/2, when dry)  sandy loam; f i n e  
blocky t o  massive s t r u c t u r e ;  f r i a b l e  t o  s l i g h t l y  
firm; n o t  cont inuous,  more o r  l e s s  r e s t r i c t e d  t o  
pockets;  pl-L 5.7; %C 4.2. 

g r i t t y  
Bl.ack (darlc gray brown l O Y R  4/2, when d r ~ ) ~ s a n d y  
loam; s i n g l e  g r a i n  s t r u c t u r e ;  loose ;  i n c i p i e n t l y  
cemented; d iscont inuous ;  pH 5.9; %C 9.6.  

Very darlc brown (very darlc pray brown l O Y R  3/2, 
wlien d ry )  somewhat g r i t t y  sandy loam; f i n e  bloclcy 
s t r u c t u r e ,  f r i a b l e ;  pH 6.2; %C 9.9.  

Darlc reddish  brown (dark brown l O Y R  4/2-4/3, when 
d ry )  sandy loam, bloclcy s t r u c t u r e ;  f r i a b l e ;  con ta ins  
a  few coated ,  v e s i c u l a r  b a s a l t i c  ash granules  t h a t  
break on p r e s s u r e  i n  hand, i n s i d e  grayisli  yel low; 
pa 5.9; %C 7.7. 

Very dark brown (10YR 2/2, when dry)  loam; very 
f i n e  blocky s t r u c t u r e ;  f r i a b l e  t o  loose ;  wi.th man)> 
f i n e  r o o t l e t s ;  bur ied  il l  hor izon .  cha rcoa l  h a g p e n t s  
a t  lower border  (70 cmi-), were ~ i 4  dated a s  200 B.C. ,  
pH 5.7; %C 12.7.  

R3 68-150 cm Dark yel lowish brown (brown l O Y R  4/3, when d ry )  
loam; weak coarse  bloclcy s t r u c t u r e ;  f r i a b l e  t o  
somewhat f i rm ( i n  1.ower p o r t i o n ) ;  a t  100 cm depth 
red pumice (7.5YR 4/3, when dry)  l a y e r ,  about 
3-5 cm t h i c k ;  pH 6.0; %C 9.0.  

C2 150 cmi- Gray brown (IOYR 4/5 - 513, when dry)  loam, blocky 
t o  p r i sma t i c  s t r u c t u r e ;  somediat firm; s o f t  s o i l  
cont inues  beyond 2  m depth;  pH 6.0; %C 9.0. 

Pahala Se r i e s  (Cl ine  - e t  - a l . ,  1955, p. 495). Reddish P r a i r i e  s o i l .  

S o i l  pi . t  l o c a t i o n  not  given; e s s e n t i a l l y  s i m i l a r  t o  s o i l  on Puu 
Kaone i n  c o a s t a l  lowland of  Nat ional  Park. 

A 1  0-20 cm Dark brown o r  dark  grayish  brown loam o r  f i n e  sandy 
loam; moderate :fine crumb s t r u c t u r e ;  very f r i a b l e  
when mois t ,  non-plas t ic  when wet; pH 6.5 t o  7 .5 ;  
r o o t s  very numerous. 



B 20-45 cm Brown loam o r  f i n e  sandy loam; moderate f i h e  crumb 
s t r u c t u r e ;  very f r i a b l e  when moist ,  nonplas t ic  
when wet; pH 6.5 t o  7.5; roo t s  numerous. 

Reddish yellow, yellowish red ,  o r  reddish brown 
s i l t y  c l ay ;  weak medium blocky s t n ~ c t u r e ;  f r i a b l e  
when mois t ,  nonplas t ic  when wet; pH 6.5 t o  7.5; 
r o o t s  p resen t ;  t h i s  horizon appears t o  be weathered 
vol.canic ash much o lde r  than t h a t  from which t h e  A 
and B horizons have developed; r e s t s  on unconfor- 
mable l ava  bedrock a t  depths mainly more than 75 em 
bu t  l o c a l l y  a s  l i t t l e  a s  45 cm. 

Heake Se r i e s  ( H .  H .  Sato, Mss.) Regosol. 

S o i l  p i t  l oca t ion :  In National  Park, 25 miles  North of Bird Park Road 
1 /2  mi le  from Belt  highway, Kau SGD. Surface convex, 3% s lope .  

0-5 cm Dark brown (7.5YR 3/2) sandy loam, brown (7.5YR 4/2) 
when dry;  weak f i n e  and very f i n e  granular  s t r u c t u r e ;  
s o f t  and s l i g h t l y  hard ,  Friable,  non-sticky and non- 
p l a s t i c ;  many r o o t s ;  many very Cine and :Fi.ne pores ;  
common hard b a s a l t  fragments 1 t o  4 inm i n  s i z e ;  
abrupt  smooth boundary. 2 t o  8 cm t h i c k .  

5-13 em Dark brown (7.5YR 2/2) sandy loam; massive s t r u c t u r e ;  
f r i a b l e ,  non-sti.cly and non-plas t ic ;  many r o o t s ;  
many very Fine and f i n e  pores;  common hard b a s a l t  
fragments 1 t o  4 inm s i z e ;  abrupt  smooth boundary. 
5 t o  10 cm t h i c k .  

13-18 cm Dark brown (7.5YR 3/2) sandy l.oam, with pockets of 
f i rm,  gray loamy sand ma te r i a l ;  massive s t r u c t u r e ;  
f r i a b l e ,  non-sticky and non-plast ic;  common r o o t s ;  
many ve r  f i n e  and f i n e  pores;  common hard b a s a l t  
fragments 1 t o  4 mm s i z e ;  abrupt  smooth boundary. 
2 t o  8 cm t h i c k .  

18-25 em Very dark grayish brown ( l O Y R  3/2) loamy Fine sand; 
massive s t r u c t u r e ;  firm: non-sticky and non-plas t ic ;  
few r o o t s ;  many very f ine  and f i n e  pores ;  many very 
f i rm and firm p i s o l i t e s ;  abrupt  wavy boundary. 
5 t o  10 cm t h i c k .  

25-45 cm Very dark gray (10YR 3/1) pumice; many hard b a s a l t  
g r i t s ;  occas ional  r o o t s ;  abrupt  smooth boundary. 
16 t o  24 em t h i c k .  

45 em+ Hard pahoehoe b a s a l t .  

Manu S e r i e s  (Cl.ine @ a l . ,  1955, p . - - 620) Regosol. 

S o i l  p i t  l oca t ion  not  given; bu t  app l i cab le  t o  moderately deep 
ash - so i l  i n  humid area  of National  Park around Kilauea I k i ,  e t c .  



A l  0-20 cm Very dark brown t o  almost b lack  g r a v d l y  loam, 
high i n  organic ma t t e r ;  c o n s i s t s  o f  moderate1.y 
weathered volcanic  ash mj.xed with organic ma t t e r .  

C 1  20-38 cm Brown p a r t l y  weathered volcanic ash;  c l ay  loam t o  
loam with inc lus ions  of sandy loam. 

C2 38 cmt Sandy loam t o  loam; p a r t l y  weatliered volcanic ash. 

D Lava bedrock a t  depths rrom 15 inches t o  s e v e r a l  f e e t .  

Puaula Se r i e s  ( K .  H .  Sato,  Mss.) Regosol. 

S o i l  p i t  l oca t ion :  1..6 mi les  from T i n t e r s e c t i o n  on Wright Road, 
Puna SCD, north of Volcano. Surface s l i g h t l y  convex; 3% s lope .  

A 0-15 cm Dark reddish brown (5YR 3/2) d a y  t h a t  Fce1.s l i k e  
a  s i l t  loam; weak medium granular  s t r u c t u r e ;  
Fr iable :  slight1.y s t i c k y ,  s l i g h t l y  p l - a s t i c  and 
weakly smeary; many roo t s ;  many very Fine and 
f i ne  i n t e r s t i t i a l  pores;  common wonn c a s t s  and 
conunon worm 11ol.e~; many Fine sand-size g r i t t y  
m a t e r i a l s ;  abrupt  wavy boundary. L O  t o  20 cm t h i c k .  

Dark brown (7.5YR 3/3) volcanic ash ancl pumice t h a t  
f e e l s  l i k e  a  sanrlv loam; massive structure; f i rm,  
non-sticky : uon-l~last ic  and non-smeary; few roo t s ;  
many very f i n e  pores ;  many Fine p icces  of vo1Lcani.c 
gl.ass; abrupt  i~:rcgul.ar boundary. 5  t o  20 cm t h i c k .  

Dark rcdd:i.sh brown (SYR 3/3 and 3/2) m a t e r i a l  t h a t  
f e e l s  l.ilce a  g r i t t y  si1l.t ioam; weak very Fine sub- 
angular  bloclcy s t n i c t i ~ r e ;  fr:i a b l e ,  slig1itl.y s t i c k y  
and s l i g h t l y  p l a s t i c  ; common r o o t s  ; many very Y n e  
and f i n e  -hibular pores ;  many p i c c e s  of unweathered 
pumice, c inders  and vol~cantc g l a s s ;  abrupt  wavy 
boundary. 10 t o  20 cm t h i c k .  

Dark grayish brown (2.5YR 4/2) material. t h a t  
l i k e  a s i l t  loam, with many f i n e  prominent ye:i.lowish 
red (5YR 5/6) mot t l e s ;  massi.ve s t ruc t i i r e ;  finn t o  
very  f i rm,  s l i g h t l y  s t i c k y  and slight1.y p l a s t i c  ; 
Tew r o o t s ;  common very f i n e  pores ;  many Fine p:i.eces 
of volcanic  g l a s s  and unweathered pumice; abrupt 
broken boundary. 2  t o  10 cm t h i c k .  

Al terna t ing  bands 0.1' reddish brown (SYR 4/3) and 
dark ~:edd:i.sh brown (SYR 3/3) c l ay  t h a t  i 'eels l i k e  
a  s i l t  loam; moderate C:inr? and very f i n e  suban@lar 
blocky s t r u c t u r e ;  Tr iable ,  s l . i @ t l y  s t i c k y ,  slight1.y 
p l -as t ic  ancl moderately smeary; common r o o t s ;  many 
very  :Tine and :fine tubu la r  pores ; continuous 
ge la t inous - l ike  coa t ing  on ped faces ;  many pecl ash 



nodules and b a s a l t  fragments; abrupt  wavy boundary. 
25 t o  42 cm th ick .  

76-100 cm Dark reddish brown (2.5YR 3/4.) c lay  t h a t  f e e l s  l i k e  
a  g r i t t y  s i l t  loam; massive s t r u c t u r e ;  :firm, s l i g h t l y  
s t i c k y ,  s l i g h t l y  p l a s t i c  and weakly smeary; :few 
roo t s ;  many very Cine and f i n e  tubu la r  pores ;  many 
ash nodules; pumice and c inde r s ;  abrupt  wavy boundary. 
16 t o  30 em th ick .  

100-106 cm Dark brown (l.0YR 4/3) and dark grayish brown (2.5YR 
4/2) c l ay  t h a t  Feels  l i k e  a  s i l t  loam; massive; 
firm t o  very h i ,  s l i g h t l y  s t i c k y ,  s l i g h t l y  p l a s t i c  
and non-smeary; few roo t s ;  common very f i n e  and f i n e  
pores ;  abrupt  wavy boundary. 5  t o  13 cm t h i c k .  

02lb" 1.06-175 em Bands of dark brown (7.5YR 4/4) and reddish brown 
(5YR 4/4) c lay  t h a t  f e e l s  l i k e  a  s i l t y  c l ay  loam; 
moderate very .fine subangular b:Locky s t r u c t u r e ;  
:Friable, s t i c k y ,  p l a s t i c  and smeary; Few r o o t s ;  
many very f i n e  and Fine tubu la r  pores;  many ash 
nodules; common pockets  of b lu i sh  gray m a t e r i a l  
which were probably tievcloped Crom weatllerecl b a s a l t  
Eragmnts . 

Remarks: Col.or names a r e  For t h e  moist so i l . .  



P a r t  Two: Bio logica l  f a c t o r s  i.n t h e  environment 

Chapter V I -  Park Organisms 

When s c i e n t i f i c a l l y  approaching a b i o l o g i c a l l y  unknown area  t h e  f i r s t  

t h i n g  t o  do i s  determine what k inds  of  t h i n g s  gro1.i t h e r e .  This is t h e  

b i o t i c ,  t h e  Faunis t ic  and t h e  - T l o r i s t i c ,  s t a g e  of  biology.  A second 

s t e p  is recording  and organizing t h e  obse rva t iona l  aspec ts  of  ecol.ogical. 

and morphological information on t h e  b i o t a .  ;Ihi.s .is t h e  biogeography 

and biology unique t o  t h e  a r e a .  With t h i s  done t h e  next: p l ~ a s e  i s ,  then ,  

developing r e l i a b i l i t y  i n  our t l ~ c o r e t i c a l .  understandin:; of  t h e  phenomena 

seen.  This  would be  done by r e p e t i t i v c  app:Licat:i.on o f  t l ic s c i e n t i f i c  

method, &.E.; pursuing  t h e  experimental  method :in r e spec t  t o  success ive  

ref inements  of  t h e  i n i t i a l  hypotheses and evcntiial . ly-arising t h e o r i e s .  

Much of  t h i s  l a s t  phase mig l~ t  be don[: i n  1abora tor : i . c~  remotc From t h e  

Park, b u t  t h e  Park i t s e l .  i s  t h e  g r e a t e s t  n a t i ~ r n i  l abora to ry  o r  such 

s t u d i e s .  

Our goa l  i n  s tudying  ecology wi.th:in t h e  I'ark i s  undcrstanding t h e  

more in t ima te  in ter re l .a t ions l i ips  h c t r a e n  the :Li.ving orj<ani.sms and t l i e i r  

environment, both b i o l o g i c a l  and phys:ikal., anti t h i s  i s  ccology. A ma;jor 

purpose of t11-i.s At las  i s  t o  po in t  o u t  t l ~ e  gaps i n  t h e  more cl.cmentary 

a r e a s  of knowledge of t h e  Park ' s  b i o t a  and i ts  ccology. 'Illus, t h e  general. 

s t a t u s  of  our  knowledge of  each of  t h e  major k inds  oC or:~:an:i.snis :i.s 

taken  up i n  t h i s  chapter  under t h e  fo l lowing headings:  

A- ALGAE E- INVERTEURATES OTHER THAN 
B- FINGI AND LICHENS INSECTS 
C- BRYOPliYTES F- INSECTS 
D- FLOWERING PLANTS AND FERNS G VERTEBRATES OTHER 'THAN BIRDS 

N- BIRDS 



Nothing i s  known s p e c i f i c a l l y  about  t h e  b a c t e r i a  o r  fungi  of t h e  

Park, though r ecen t ly  c o l l e c t i o n s  have been made i n  some of  t h e  ecologi- 

c a l l y  d i f e r e n t  a r e a s .  Actuall.y, except f o r  t h e  b i r d s  and t h e  f lowering 

p l a n t s ,  very l i t t l e  has  been done s p e c i f i c a l l y  on t h e  Park b i o t a .  A 

b e a u t i f u l  exception i s  t h e  n i c e l y  i l l u s t r a t e d  bookle t ,  a v a i l a b l e  a t  Park 

Headquarters ,  by Douglas H .  Hubbard (1952) on t h e  f e r n s .  For o t h e r  

b i o t i c  elements,  even more u s e f u l  a r e  t h e  books and papers  by Degener 

(1945), Hubbard & Bender (1960) and t h a t  on t h e  Haleakala Park (Ruhle, 

1.959). The l a t t e r  conta ins  much of value t o  anyone i n t e r e s t e d  i n  I-Iawaii 

and Hawaii Volcanoes National  Park. 

F i n a l l y ,  t h i s  chapter  should be expanded and improved g r e a t l y  i n  

t ime.  It is t o  be noted t h a t  many organisms, e._g., i n s e c t s  l i s t e d  i n  

Zimmerman's (1948-60) " Insec ts  of Hawaii" and mosses l i s t e d  i n  M i l l e r ' s  

pub l i ca t ions  (1963a,-b) on bryophytes,  a r e  known t o  occur i n  t h e  Park. 

However, when we have not  found a published record of them of  s c i e n t i f i c  

na tu re  wi.th a s p e c i f i c  l o c a l i t y  r e fe rence ,  they a r e  n o t  l i s t e d  i n  t h e  

generic  index which :forms t h e  l a s t  chap te r  of thi .s  At las .  

A- ALGRE: 

A .few t e r r e s t r i a l ,  :fresh water ,  epiphyllous and a e r i a l  a lgae  have 

been repor ted  i n  t h e  l i t e r a t u r e .  In  view o-f t h e  extremely unce r t a in  

n a t u r e  of t h e  taxonomy of t h e s e  organisms, only a few c l a s s i c a l  forms 

a r e  l i s t e d  i.n t h e  generic  index.  I n  t h e  case  o:f i d e n t i t y  o f  such a lgae  

one must fol low one o r  another  a u t h o r i t y  and t h e r e  is l i t t l e  agreement 

between t h e  a u t h o r i t i e s .  There has  been a s  y e t  l i t t l e  monographic o r  

comparative s tudy of v a r i a t i o n  wj3hin t h e  d i f e r e n t  t axa .  When t h i s  i s  

done, phycologis t s  have hopes :for a b e t t e r  understanding o:f them. 



Table I provides  a  l i s t  o:f t h e  more u s e f u l  b a s i c  publi .cat ions.  

The Park wit11 i t s  wide range of  c l ima tes  over s h o r t  d i s t ances  inakes 

an i d e a l  f i e l d  a rea  i n  which t o  s tudy v a r i a t i o n s  i ~ n  t h e  d i f f e r e n t  s p e c i e s  

a s  a  :Function o f  c l ima t i c  change. A t  l e a s t  two sp lendid  examples of 

o p p o r t u n i t i e s  For s tudying  d i s t r i b u t i o n  and v a r i a t i o n  i n  t h e s e  organisms 

e x i s t  wit1ii.n t h e  Parlc. These a r e  both  discussed be1.0~ i n  t h e  next  chapter  

on v e g e t a t i o n s .  One of  t h e s e  i.s t h e  :I.ittoral. a r ea  d o n g  t h e  shores .  

The o i h e r  i s  t h e  r e c e n t  Flows and such hot: so i l .  a r e a s  a s  t h a t  near  

Puhimau Cra ter  (F igs .  8 & 23) wliich h a s  been samp3.ed and repor ted  on 

informal ly  by D r .  Mal-coh Brown, Univers i ty  o r  Texas, Austin,  Texas. 

Wii le  n o t  y e t  published h e  has  provided a  l is t  (Table 11, L i s t  B )  of 

genera iso1.ated and cont r ibuted  t h e  comment t h a t  t h e r e  a r c  d i . s t i nc t  

r e l a t i o n s h i p s  between t h e  d i s t r i b u t i o n  of t h e  a lgae  foui~d and t h e  roughly 

c o n c e ~ l t r i c  zones 01: d i f f e r e n t  temperature c x i s t i n g  ac ross  t h i s  a r e a .  Tlic 

a rea  i.s v i s i b l e  on Aer i a l  Photo 8-OL04 ;just south O F  Puhimau Cra ter  a s  a  

li&t s p o t  about t h e  s i z e  oC t h e  c r a t c r  itsc:Lf. 

I n  ti le p re l imina ry  s t u d i e s  made o  t h e  mnrinc a l g a e  o l  t h e  Park it 

i s  only l a r g c l y  t h e  common spec ie s  t h a t  liave been co1.1.ccted and thus  any 

c o l l e c t i o n s  a r e  d e s i r a b l e ,  especial3.y west of I<aeun I?oint ,  and cou1.d be  

expected t o  add t o  t h e  chcck E s t  (Table 11; L i s t  A) o r  co:i.l.ected speci.es.  

e c o l o g i c a l  s tudy has  been iiiade o r  t l ie  a lgae  w-ithin t h e  Parlc, and 

anything we l l  done i n  t h i s  d: i rcct ion wou3.d bc worthy o(: pul11:ication. 

B- FUNGI AND L,ICHT.NS 

Like t h e  o t h e r  organisms whose d:isscmulcs a r e  ai.r-borne o r  wind- 

d i s t r i b u t e d ,  t h e  a lgae ,  pro tozoa ,  b a c t e r i a ,  mosses : I.ichens mil t o  a 

l e s s e r  e x t e n t  t h c  f e r n s ,  t h e  h n g i  o f  t l ic Park a r c  those  t o  be found i n  



T a b l e  I. L i s t  o f  u s e f u l  p u b l i c a t i o n s  concern ing  
t h e  s i m p l e r  p l a n t - l i k e  o rgan i sms .  None o f  t h e s e  h a s  been 
s t u d i e d  w i t h i n  t h e  Park  i n  any s i g n i f i c a n t  d e t a i l  n o r  a r e  
t h e r e  any p u b l i c a t i o n s  t h a t  dwel l  i n  any d e t a i l  on  t h e s e  
organisms a s  they o c c u r  i n  t h e  Park .  

Boergesen,  1913 

Boergesen,  1940-57 

Dawson, 1954 

Dawson, 1956 

Dawson, 1957 

Palmer ,  1959 

P r e s c o t t ,  1951 

Segawa, 1957 

Smi th ,  1950 

T a y l o r ,  1950 

T i l d e n ,  1910 

L ichens  

Magnuson & Zahlbruckner ,  1943 

Magnuson, 1955 

FunRi 

Ainsworth ,  1963 

Bessey,  1950 

Clements & S h e a r ,  1954 

Ramsbotrom, 1953 

S t e v e n s ,  1913 

S t e v c n s ,  1925 

Bryophvtes 

Bar t ram,  1933 

B r o t h e r u s ,  1927 

Evans,  1900 

M i l l e r ,  1963 

M i l l e r ,  g Q., 1963 



Table  11. L i s t  A:  m a r i n e  a l g a e  known from w i t h i n  t h e  Park .  
L i s t  B: a l g a l  genera  i s o l a t e d  from t h e  s o i l s  of  t h e  h o t  a r e a  j u s t  
s o u t h  of Puhimau C r a t e r  d u r i n g  t h e  summer of 1965 by D r .  Malcolm 
Brown. 

LIST A 

A c e t a b u l a r i a  moeb i i  Laurenc ia  p a r v i p a p i l l a t a  

A h n f e l t i a  concinna Lyngbya a e t u a r i i  

Amansia g lomera ta  Mast igocol  e u s  t e s t a r u m  

A n a c y s t i s  a e r u g i n o s a  

A n a c y s t i s  d i m i d i a t a  

Microco leus  c h t h o n o p l a s t e s  

O s c i l l a t o r i a  cha lybea  

A n a c y s t i s  mar ina  O s c i l l a t o r i a  l a e t c v i r c n s  

A n a c y s t i s  montana Pad ina  j apon ica  

Boodlea composita Phomid ium crosbyanum 

C a l o t h r i x  c r u s t a c e a  

C a l o t h r i x  p i l o s a  

P o l y s i p h o n i a  howei. 

Polys i .phonia  s a v a t i e r i  

Cladophora  s o c i a l i s  P o l y s i p h o n i a  s p h a e r o c a r p a  

Codium arabicum 

Codium e d u l e  

Poro l  i t h o n  onkodes 

Rhizoc lon i  um hooker i  

Colpomenia s i n u o s a  Rosenvingea o r i e n t a l  i s  

D i c t y o s p h a e r i a  v e r s l u y s i i  

E c t o c a r p u s  i n d i c u s  

E n t o p h y s a l i s  d e u s t a  

E r y t h r o t r i c h i a  c a r n e a  

Sargassum echinocarpum 

Sargassum o b t u s i f o l i u m  

S c h i z o t h r i x  t h c l e p h o r o i d e s  

Scytonema hofmanni i  

Gomphosphaeria apon ina  S p h a c e l a r i a  t r i b u l o i d e s  

Hemitrema f r a g i l i s  

Hypnea pannosa 

T o l y p i o c l a d i a  c a l o d i c t y o n  

T u r b i n a r i a  o r n a t e  

J a n i a  c a p i l l a c e a  Va lon ia  a e g a g r o p i l a  

J a n i a  pumila  
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Tab le  11. ( c o n t i n u e d )  

Anabaena 

B o t r y d i o p s i s  

Botrydium 

C a l o t h r i x  

Chlamydomonas 

C h l o r e l l a  

Chlorococcum 

C h l o r o s a r c i n a  

C h l o r o s a r c i n o p s i s  

Chroococcus 

C y l i n d r o c a p s a  

Cylindrospennum 

LIST B 

Eucaps i s  

G l o e o c y s t i s  

Gomphosphaeria 

He te rococcus  

Hormidium 

Lyngbya 

Nannoch lo r i s  

Neoch lo r i  s 

Netrium 

Nostoc 

O o c y s t i s  

O s c i l  l a t o r i a  

P a l m e l l a  

Phonnidium 

P i n n u l a r i a  

Plectonema 

P o l y c y s t i s  

Scenedesmus 

Scy tonema 

S t i chococcus  

S t i c h o g l o e a  

Stigonema 

Symploca 

T e t r a c y s t i s  



t h e  same h a b i t a t s  elsewhere i n  t h e  world. There a r c  no speci :f ic  publica-  

t i o n s  on t h e  Parlc fxng i .  Though D r .  G .  E.  Baker o:C t h e  Universi ty of  

Hawaii h a s  i n i t i a t e d  s t u d i e s  o:f t h e  s o i l  and epiphyllous fung i ,  none oT 

t h i s  work h a s  a s  y e t  reached t h e  p u b l i c a t i o n  s t age .  The fungi  may be 

approached through Table I, t h e  genera l  l i t e r a t u r e .  The so-ca l led  

" leaf  spots"  were s tud ied  serious1.y (Stevens,  1925) and a r e  one o:F t h e  few 

groups of  Hawaiian fungi upon which a  major p u b l i c a t i o n  has  appeared. 

Tile mycologist  w i l l .  know t h e  l i t e r a t u r e  o r  t hose  fungi  on w11i.ch he  

wants t o  work s o  only an e f f o r t  has  been made (Table I )  t o  l i s t  a few 

"old standbys" f o r  t hose  who wish t o  fami l ia r i .zc  l:l~emsclves with t h e  

k inds  of  h n g i  t o  be Cound o r  expectcd wi th in  t h e  Park. 

The l i c h e n s  of Hawaii a r e  known largc1.y through t h e  pub1:ications of  

Magnusson 6 Zahlbruckner (1943, e t c  .) and i n c i d e n t a l  mentions ( e . g . ,  - - 

Slcotl-sberg 1941) oC one o r  more s p e c i e s .  Magnusson (1955) has  produced 

a second e d i t i o n  of  h i s  work. A number oT s p e c i e s  a r e  mentioned i n  t h e  

s e c t i o n  on lowland vegetation i n  C11apter V I I ,  bel.ow, on vege ta t ions .  

D r .  C a r r o l l  W .  Dodge of  t h e  Univers i ty  oC V e n o n t  made col l .cct ions i n  

and near  t h e  Park e a r l y  i n  1965 and provided (Table 111) a  l i s t  of  t h e  

s p e c i e s  found. See Table I a s  a  gui.de t o  o t h e r  l i t e r a t x r c .  

Probably t h e  most conspicuous :Lichen i n  I a  i s  t h a t  which forms 

w l ~ i t i s h  t o  greyisll e r e c t  m;-ltch-sticlc-sized t11all.i on t h e  otherwise ba r ren  

ol.dcr 1.ava f 1 . o ~  suri'accs where there is no shade. This i s  t h e  genus 

Sterocaulon.  While t h e  above mentioncd pcop1.e recognize a  number of 

s p e c i e s  and v a r i e t i e s  :in t h i s  genus, D r .  I .  Mackenzie-Iamb oC t h r  Far1.0~ 

Herbarium, Harvard Univers:i t y  , Cambridge, Massachusetts,  has  r e  rerred a l l  

t h e  1owl.aud c o l l e c t i o n s  t o  - S. vulcani .  I t  is  a pioneer organism on t h e  

surCaccs of both palioel~oe and a ' a  lava  r lows.  As shade from t h e  primary 



Table  111. Lichens  from Hawaii Volcanoes 
N a t i o n a l  Pa rk  o r  j u s t  o u t s i d e  i t s  boundar ies  found 
by D r .  C a r r o l  W .  Dodge i n  1965. 

C a t i l l a r i a  t r a c h o n o i d e s  (Nyl.1 
Zah lb r .  

C ladon ia  c o n i o c r a e a  ( F l o e r k e )  
S a n d s t .  

C ladon ia  f i m b r i a t a  (L.  ) Fr .  
v .  s i m p l e s  (Wesis)  Flotow 

Cladon ia  l e i o d e a  (Magn.) 
C ladon ia  l e p r o s u l a  Magn. 
C l a d o n i a  m a u i e n s i s  Magn. 
C ladon ia  o c e a n i c a  Va in io  
Cladon ia  p i t y r e o i d e s  Knnplhbr.  
C ladon ia  s k o t t s b e r g i i  (Magn.) 
Coccocarp ia  f u s c a t a  Zah lb r .  
Collema r u p e s t r e  (Sw.) Rabh. 
C y a n i s t i c t a  h a w a i i e n s i s  (Magn.) 
Erioderma marginatum, , (Zahlbr .  ) 
Eriodenna pulchrum Mull .  Arg. 
Erioderma sandwicense  Zah lb r .  
Lecanidium h a w a i i e n s i s  ( E r i c h s . )  
Lecanora  c h l a r o n e l l a  Nyl. 
Lecanora c i n e r e o c a r n e a  (Eschw. ) 

V a i n i o  
Lecanora  f l a v o v i r e n s  ( ~ i e )  v .  

a e r u g i n o s a  ( N y l . )  Va in io  
Megalospora p a p i l l i f e r a  Magn. 
M i c r o t h e l i a  t h e l e n a  (Ach.)  Trev.  
Nephroma tomentellum Inumaru 
Nephroma t ropicum ( o f  Magnusson; 

p robab ly  n o t  of  o t h e r s )  
O c e l l u l a r i a  m u l t i l o c u l a r i s  

Z a h l b r .  
P a n n a r i a  c i n e r a t a  Zah lb r .  

P a r m e l i a  (Amphigymnia) c a p i t u l i f e r a  
Zah lb r .  

P a r m e l i a  (Amphigymnia) c r i s t i f e r a  
T a y l o r  

P a r m e l i a  (Amphigymnia) dominicana 
Vainio?  

P a r m e l i a  (Hypotrachynae)  f a l l a x  
Zah lb r .  

P a r m e l i a  (Amphigymnia) h a w a i i e n s i s  
Magn. 

P a n n e l i a  (Hypotrachynae)  i s i d i o p h o r a  
Zahbr.  

P a n n e l i a  (Hypotrachynae)  r e t i c u l a t a  
T a y l o r  

P a r m e l i a  (Hypotrachynae)  subbahiana 
Z a h l b r .  

P e r t u s a r i a  f a u r i e a n a  Z a h l b r .  
P y r e n u l a  insularum Magn. 
P y r e n u l a  r o c k i i  Zah lb r .  
Ramalina l e i o d e a  Nyl.? 
S t e r e o c a u l o n  maunae-loae Magn. 
S t e r e o c a u l o n  r o c c e l l o i d e s  Th. F r .  
S t e r e o c a u l o n  s u p e r v e s t i e n s  Magn. 
S t i c t i n a  l u t e s c e n s  ( T a y l o r )  Nyl. 
S t i c t i n a  p lumbico lo r  ( Z a h l b r .  ) 
Usnea a u s t r a l i s  F r .  
Usnea h a w a i i e n s i s  Motyka 
Usnea l u t e a  Motyka 
Usnea p r u i n o s a  Motyka 
Usnea r o c k i i  Zah lb r .  
Usnea s t e i n e r i  ( o f  Magnusson) 
X .an thor ia  sp . 



fl.owering pl.ant popula t ions  appears such l i c h e n s  a s  Cladonia r ep lace  it. 

The Park i s  an admirable and easy p l a c e  t o  s tudy l i c h e n s  i n  cor re-  

l a t i o n  with c l ima te  and age of  t h e  d i f f e r e n t  types  oC l i c h e n  s u b s t r a t a .  

C- BRYOPHYTES 

Though a  good many mosses have been c o l l e c t e d  and i d e n t i f i e d  from 

t h e  Park a rea  t h e r e  seems t o  be no p u b l i c a t i o n  which mentions l o c a l i t i e s  

more p r e c i s e l y  than  t h o s c  of  Mi-ller (Table I) i n  which some such l o c a l i t y  

a s  "K:i.l.aueam i s  t h a t  u sua l ly  found. D r .  Noward Crum has  i d e n t i f i e d  mosses 

(Table I V )  f o r  D r .  D ie t e r  Mueller-Dombois dur ing  t h e  p repa ra t ion  of t h i s  

At las .  D r .  Piarvey Mil-ler has  many c o l l e c t i o n s  i d e n t i f i e d  i n  h i s  herbarium 

from wi th in  t h e  Park .  See Table I f o r  s e v e r a l  o r  t h e  more u s c h l  publiea-  

t i o n s  regard ing  t h e  Bryophyl-a oC Chc Hawaiian I s l ands  and which have ju 

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

One 1hal.l.osc l i v c r w o r t ,  Lunular ia  c r u c i a t a ,  Foms a mat under t h e  

porch o r  t h e  home oT Chestcl- and J u l i . e t t c  Wentworth. This  genus fol-ms 

such mats commonly under greenliouse benches i n  temperate rcgioris.  Mosses 

f o m  t h e i r  cha rac te r i . s t i c  co lonies  such a s  Macromitriuin on trec? t runks  of 

Metrosideros i n  damper a r e a s  along wi th  t h e  l e a f y ,  o f t en  l e j e u n i o i d ,  

I i ve rwor t s  . Not al l .  bryophytes a r e  i n  high humidjty a reas .  Ce r t a in ly  

t h e  grey turts o r  Rhacomitriumn lanuginosnrn i.n c a v i t i e s  on t h e  highher 

otlierwisc r a t h e r  bar ren  :i.avas a r e  i n  very xcmphy t i c  circumstances.  

Camnpylopus - exas_peratus, a  p ioneer  on t h e  uppermost p a r t s  o T  a  :Lava Flow 

i ~ n  t h c  open sun,  i s  al.so :i.n a  xcr0phyt:i.c s i t u a t i o n .  



T a b l e  I V .  Mosses c o l l e c t e d  i n  t h e  Park  by D r .  D i e t e r  
Mueller-Dombois d u r i n g  t h e  summer of  1965 and  i d e n t i f i e d  by 
D r .  Howard Crum i n  January  1966. 

Acroporium fusco-f  lavum (C.  M .  ) Broth .  

Amphidium cyathicarpum (Mont.) Broth .  

Brachymenium e x i l e  Dozy & Molk. 

Brachythecium hawaiicum B a r t r .  

Campylopus e x a s p e r a t u s  B r i d .  

Cera todon  p u r p u r e u s  (Hedw.) B r i d .  

Dicranum spe i rophy l lum Mont. 

Dis t i chophy l lum f r e y c i n e t i i  (Schwaegr . )  M i t t .  

Homaliodendron f l a b e l l a t u m  (Sm.) F I .  

Leucobryum h a w a i i e n s e  v a r .  f u m a r o l i  ( C .  M . )  Bartram 

Po ly t r i chum p i l i f e r u m  Hedw. 

Rhacomitrium lanuginosum v a r .  pruinosum H .  f .  & W. 

Thuidium h a w a i i e n s e  Reich.  

Thuidium p l i c a t u m  M i t t .  



D- VASCULAR PLANTS 

by F. R .  Fosberg 

The chcclc l i s t  of: t h e  p l a n t s  o f  t h e  Park prepared by Fagerlund and 

Mi tche l l  (1944) and i ssucd  i n  mimeographed form by t h e  Nat ional  Park 

Serv ice  h a s  long been unavai lab le ,  and many p l a n t s  have s i n c e  been added 

t o  t h i s  l i s t  o f  t hose  known from t h e  Park i n  t h e  p a s t .  

The p r e s e n t  l i s t  is a  p a r t i a l  r e v i s i o n  of t h e  1.944 l i s t .  I t  was 

s p e c i f i c a l l y  prepared f o r  i nc lus ion  i n  t h i s  Atlas  b u t  wit11 t h e  addit ional .  

:Feature o r  c i t a t i - o n s  of t h e  c o l l e c t i o n  numbers of t h e  specimens on which 

it is based be ing  given,  underscored and i.n parentheses ,  a f t e r  each en t ry .  

Fur ther  i nPomat ion  on t h e s e  p l a n t s  can be round i n  t h e  s c i - e n t i f i c  

l i t e r a t u r e  and i n  t h i s  At las  by use  of; t11e index chap te r ;  below, Chapter 

V I L I .  

It was n o t  consi.clc.ced necessary t o  give p r e c i s e  1 . o c a l i t i e s  o r  t h e  

c o l l e c t i o n s  on ~<Ii:ikh t h e  l i s t  i s  based,  a s  a3.1 a r c  from wi th in  t h e  Park 

o r  i n  i ts  immediate v i c i n i t y .  Cer ta in  m a t e r i a l s  t h a t  should have been 

inc luded,  a s  we l l  a s  r e p o r t s  from 1lawaii.ar1 b o t a u i c a l  l i t e r a t u r e  were not  

included f o r  reasons of l ime ,  It i.s hoped t h i s  check 1 . i s t  w i l l  be 

published i n  more f in i shed  form l a t e r ,  a t  wl~icli t ime t h e s e  d e t e c t s  can 

be  remedied. Thus, while  t h e  p r e s e n t  l i s t  can se rve  a s  an in t e r im l i s t  

noti.rig most new a d d i t i o n s ,  i t  shou1.d not  he  regarded a s  t l~o rough ly  complete. 

Many of  t h e  a d d i t i o n s  t o  t h i s  l i s t  were brought t o  l i g h t  by M r .  

G a r r e t t  Smatliers, former Parlc N a t u r a l i s t ,  FIVNP, now of  Lava Beds National  

Monument, Tulclakc,  CaliForni.a, and h i s  assi .s tance and s t imulus  i n  t h e  

p r e s e n t  p r o j e c t  is grateful1.y acknowledged. 

Many of t h e  specimens c i t e d  a r e  i n  t h e  herbarium maintained by t h e  



Hawaii. Volcanoes National  Park. Duplicates  of some a r e  i n  t h e  Bernice P. 

Bishop Museum, Honolulu. Other c o l l e c t i o n s  c i t e d  a r e  i n  t h e  U. S .  National 

Herl~ariuun, some i n  t h e  New Yorlc Botanical  Garden, o the r s  sti.11 i n  t h e  

au thor ' s  possess ion .  Unfortunately, many o:f t hose  i n  t h e  Parlc herbarium 

l.ack o r  almost l a c k  da ta  a s  t o  l o c a l i t y  and c o l l e c t o r .  The r ecen t  e f o r t  

t o  c o r r e c t  t h i s  s i t u a t i o n  made by t h e  Parlc i n  engaging Mrs. Eva G.  Hecht- 

Poinar t o  p u t  t h e  Parlc c o l l e c t i o n s  i n  b e t t e r  order  could not  a l t e r  t h i s  

s i t ua t iom e n t i r e l y .  

Cer ta in  spec ie s  included i n  t h e  l i s t  have no specimens c i t e d  with 

them. These a r e  p l a n t s  known t o  e x i s t  i n  t h e  Park, e i t h e r  from t h e  1944 

o r  1947 l i s ts  by Eagerlund and Mitchel l~ ,  from o t h e r  published sources ,  o r  

from pe r sona l  observat ion.  

The symbols i n  parentheses  i'oll.owi.ng t h e  names i n  t h e  l i s t ,  along 

with any app1icabl.e ?Iawaiian o r  common name i n  quotat ion marks, have these  

meanings : 

E = endemic t o  t h e  Hawaiian Isl-ands 

I = indigenous t o  t h e  Hawaiian 1sl.aids bu t  not  cndemic 

X = exo t i c  

P = probably o.f aboriginal.  i n t roduc t ion  

Abbreviations i n  t h e  specimen c i t a t i o n s  i n  parcnthescs a t  tlle end 

of  each en t ry  a r e :  

B & E  ::.: Baldwin & Fagerlund 

C J E  = Charles J .  Engard 

F & M  = Fagerlund R Mitchell. 

M- D = Mueller-Dombois 

PHI3 & GOF = Ba1.dw:i.n R Fagcrl~ind 

s .  c a l l .  = without  c o l l e c t o r  



OPHIOGLOSSACEAE 
(Adder's Tongne Family) 

OPliIOGMSSUM CONCINNUM - Brack. (E ,  "polol.oi") 

Rare. Reported by Fowler t o  be  i n  earthquake cracks  nea r  rim of 

Ilalemaumau. Could be  t h e  :following s p e c i e s .  (F  & M 1061) 

OPHIOGMSSUM NUDICAULE L. f. (I) 

Uncommon o r  inconspicuous; found i n  fumaroles and steam cracks  i n  

Kilauea Cal.dera and al.ong t h e  Chain-of-Craters Road. ( ~ e g e n e r  9278, 

Horner i n  1950) 

OPHIOGLOSSUM PENDULUM var .  FALCATUM ( P r e s l ~ )  Fosberg (I,  'lpuapuamoa") 

0phi.oglossum pendulum s s p .  falcatum ( P r e s l )  Clausen 

Ophioderma falcaturn Degencr 

Ophioderma pc?ndu:l.um v a r .  Falcatum P r e s l  

Ophioglossum - falcatum ( P r e s l )  Fowler 

Epiphyte j.n moist  o r  wet f o r e s t s .  (Baldwin i n  1949) 

MARATTIACEAE 

MmATTIA DOUGLAS11 ( P r e s l )  Raker (E ,  "pala" "kapuai hoki") 

Rare i n  wet f o r e s t s .  (F  & M 889; Fowler 201.) 

GLEICHENIACEAE 

GLEICHENIA LINEARIS (Rum. f . )  C .  B. C1.. (E, "uluhe, uluhi")  

Gl~eichenia - wargi .na ta  ( b a c k )  Eloorc 

Dicranopter i s  sandwicensis Dcgencr 

Abundant i n  moderately wet f o r e s t ,  around fumarole a r e a s ,  and i n  

d i s tu rbed  p l a c e s ,  ronn:i.~ig d e m c  t a n g l e s .  (Morley 122-H; Eggler 265) 

Most Park p l a n t s  a r c  of  t h c  h a i r y  form f r equen t ly  considered a s  

spec i - f i ca l ly  d i s t i n c t .  



HYMENOPHYLLACEAE 
(Filmy- f e r n  Family) 

HYMENOPHYLLUM LANCEOLATUM Hook. & Am. ( E ,  '$alaihinahinan) 

Frequent epiphyte i n  wet f o r e s t .  (Fowler i n  1937; M-D H-83) 

HYMENOPHYLLUM OBTUSUM Hook. & Am. (E, " p a l a i l a u l i i " )  

Inf requent .  On moss-covered t runks  i n  wet f o r e s t .  (Decener i n  1922) 

HYMENOPHYLLUM RECURVUM Gaud. (E, "ohiaku") 

Frequent. On moss-covered t runks  and damp rocks i n  wet f o r e s t .  

(Olson i n  1939; Fowler 202; M-D H-160a) 

TRICHOMANES CYRTOTHECA H i l l e b r  . (E) 

Puna, lower Pulama between Punalutu and Wahaula; i n  deep l ava  crack ,  

on moist  v e r t i c a l  rock wa l l s  i n  shade. 

TRICHOMANES DAVALLIOIDES Gaud. (E, '?ti laut '  " p a l a i l ~ i h i " )  

Frequent i n  damp woods and on shady c l i f f s .  (Morley 114-H) 

TRICHOMANES SMIFRAGOIDES P r e s l . ( I )  

Trichomanes parvulum P o i r .  of  Hi l lebrand,  F l .  Haw. Is., p.  635 

Inf requent .  On moss-covered t runks  i n  Makaopuhi Cra ter .  (F  & M 590) 

POLYPODIACEAE 
(Fern Family) 

(Sensu l a t o ;  t h e  numerous segregate  f a m i l i e s  recognized i n  r ecen t  

yea r s  a r e  not  y e t  s u b j e c t  t o  s u f f i c i e n t  agreement among expe r t s ,  o r  

founded on c h a r a c t e r s  very evident  t o  non-experts.  Therefore t h e  family 

Polypodiaceae is h e r e  adopted i n  t h e  t r a d i t i o n a l  sense . )  

ADIANTUM CAPILLUS-VENERIS L. (I ,  "iwaiwa" "maidenhair fern") 

"Frequent i n  moist ,  rocky p laces ,  and i n  earthquake cracks  a t  H i l ina  

P a l i  and v i c i n i t y . "  This s p e c i e s  may e x i s t  i n  t h e  Park, b u t  t h e  specimen 

on which t h e  F. & M .  record was probably based seems t o  be A.  cuneatum. - 



ADIANTUM CUNEATUM Langsd. & Fisch.  (X, "maidenhair fern")  

Widely n a t u r a l i z e d  i n  t h e  Hawaiian I s l ands .  Uncommon i n  Park. 

(Fowler 214) 

I1DIkYTUM HISPIDULLiN Sw. (I: "rough maidenhair fern") 

Collected i n  cave nea r  Hi l ina  P a l i .  (F & M 1058; - Olson i n  1938) 

ASPLENIUM ADIANTUM-NIGRUM L. ( I ,  "iwaiwa") 

Frequent i n  open dry p l a c e s  From abou t  1700 t o  9500 f e e t .  (Fowler 

219 19 .  Stone 2959; Poinar  i n  1963; M-D H-320; Eggler 149, 271) 
-$ -> - 
ASPLENIUM CONTIGUUM Kaulf . ( E )  

Frequent i n  moderately wet and wet f o r e s t s .  (Fowler 208, - 245; 

F &- M 38; Morley 128-H) 

ASPLENIUM FRAGILE va r .  INSULLNE Morton (E'I 

On moist  w a l l  oC lava  tube  a t  Three Trees Kipuka, 6250 f e e t .  

(I? & M 894:) 

ASPLENIUM IIORRIDUM Kaulf .  (I;  "alae" 'ralaea" "iwal' 'Icumauna") 

Asplenium pseudofalcatum Hbd . 
Recorded by Rock, Indigenous t r e e s ,  p .  27, from v i c i n i t y  of  Kilauea.  

ASPLENIUM LOBULATUM Matt. (I, l f p i i p i i l a u  manamana") 

Abundant i n  t h c  wet and moderately wet f o r e s t s .  (Morley 40-H; 

Fowler 246, - 217; F & M 1.1; 0l.son i n  1938) 

ASPLENIUM MACRAEI Iloolc & Grev. (E) 

Frequent i n  shady, rocky c l i f s  i n  Ki~puka Puau1.u. 

ASPLENIUM MACRAEI v a r  . STRKTA (Brack. ) Hieron. (E) 

Col.lected i n  Kipuka K i ,  4300 :feet .  (Fowler 204; - Olson i n  1939) 

ASPLENIUI NIDUS L. (I ,  "&aha" "b i rdsnes t  fern") 

Kapaahu, Kal-apana, 1 /4  mi l e s  e a s t  of I-lciau. (F  & M 921) 



ASPLENIUM NITIDULUM Hbd. (E) 

Rare. Reported from Byron Ledge by both Skottsberg and Degener. 

ASPLENIUM RHIPIDONEURON W . J . Robinson (E, "iwaiwa o kane") 

Frequent i n  open, dry kipukas,  and i n  moderately wet : forests .  

(Fowler 20, - 220; F R M 37) 

ASPLENIUM SPHENOLOBIUM Zenlcer v a r  . DIPLA!ZIOSORUM I-lieron. ( I )  

1n:frequent. I n  moderately damp p laces  a t  H i l ina  P a l i .  

ASPLENIUM TRICHOMANES L. (I, "owalii" "maidenhair spleenwort") 

Asplenium densum Braclc. 

Frequent on dry rocky s o i l  from about  3000 t o  10,000 :feet. 

(Poinar  i n  1963; M-D H-30G) 

ASPLENIUM UNIMTCMLE Lam. ( I ,  "pamohol') 

1n:Frequent. On shady, wet c l i f f s  nea r  Thurston Lava Tube. 

(Fowlcr 206) 

ATIIYRIUM MICROPHYLLUM (Sm. ) A l s t .  (E) 

A. poiret ianum (Gaud. ) P r e s l  - 

Inf requent .  I n  wet f o r e s t s  and c r a t e r s .  (F &- M 832; Fowler 209) 

ATHYRIUM SiWDWICIiIANUM P r e s l  (E) 

Diplazium sandwichianum ( P r e s l )  D ie l s  

Frequent i n  shady moist  l o c a l i t i e s ,  e s p e c i a l l y  i n  c r a t e r s .  

( F  & M 862, - 863; Morley 126-H; Fowler 210) 

CONIOGRMME PILOSA (Brack. ) Hieron. ( E ,  "loulu") 

Infrequent  on wet c l i f r s  from about 3000 t o  5000 f e e t ;  f requent  

near  Thurston Lava Tube. (Morley 112-H) 

CYRTOMIUM CARYOTIDEUM (Wall. ) P r e s l  ( I )  

r requent  along cdgc o r  lava flow i n  Kipuka Puaulu. (Morley 77-H; 

Lamoureux 2496) 



DORYOPTERIS DECORA Brack . (E) 

Abundant i n  lava  c racks ,  e s p e c i a l l y  a t  Milina P a l i  and t h e  Kau Desert ,  

down t o  sea  l e v e l .  (F & M 341, - -  148, 157;  Fosberg 41586a; Fowler 215; 

M-D H-254) 

DORYOPTERIS DECORA v a r  . DECIPIENS (Hook. ) Tryon (E) 

(Eggler 41) 

DRYOPTERI$'CYATI~EOIDES (Kaul f . )  Kuntze (E, "kikawaeo") 

Abundant i n  wet Fores t .  (Baldwin i n  1.944; Fowler 224; Morley 142-11) 

DRYOPTERIS DENTATA (Forsk.  ) C .  Chr. ( I )  

Cyclosorus den ta tus  (Forsk . ) Ching 

I n  deep shaded 1.ava crack  i n  Puna, lower Pulama between Punalu'u 

and Wahaula. (Stone 3009) 

DRYOI'TERIS GLABRA ( h a c k . )  Kuntze (E, "ki lau")  

Frequent i n  open, moderately wet f o r e s t s .  ( E  & M 53; Fowler 236; 

Morley 149-H) 

DRYOPTCRIS GLOBULIFERA - (Brack.) Kuntze (E,  "pa lapala i  o kaumaapua") 

Abundant i n  wet r o r e s t  near  Thurston Lava Tube. (Fowler 216) 

DRYOPTERIS IiAWAIICNSIS (Hbd . ) H. Chr i s t .  ( C ,  '$alaa") 

In f r equen t .  In  open f o r e s t  i n  Kipuka Puaulu. (Fowler 234) 

'' Many of t h e  s p e c i e s  t r a d i t i o n a l l y  r e f e r r e d  t o  Dryopter is  should be  

placed i n  t h e  genus The lyp te r i s .  Ilowever, t h e r e  is cons iderable  doubt 

a s  t o  t h e  leg i t imacy of  t h e  name The lyp te r i s  and it is probable t h a t  t h i s  

name may be replaced by Las t rea .  Since t h i s  i s  not  c e r t a i n ,  and s i n c e  

combinations a r e  n o t  y e t  a v a i l a b l e  f o r  c e r t a i n  s p e c i e s  i n  l a s t r e a ,  a l l  . 
a r e  h e r e  r e t a ined  i n  Dryopter is ,  even though t h i s  is admit tedly an 

improper arrangement.  



DRYOPTERIS KERAUDRANIANA (Gaud. ) C.  Chr . ( E ,  "altolea" "waimakanui") 

Slcottsberg r e p o r t s  it a t  Kilauea a long  t h e  road t o  H i lo .  

DRYOPTERIS PALEACEA ( Sw. ) C.  Chr . ( I ,  "laulcahi") 

Rare. I n  open f o r e s t  i n  Kipuka Puaulu. Also c o l l e c t e d  i n  a l ava  

tube  on Mauna Loa a t  8800 f e e t .  (Lamoureux 2459; Morley 69; F &- M 774, 

Fowler 235) 

DRYOPTERIS PARASITICA (L. )  Kuntze ( X ,  "downy woodfern") 

Frequent i n  shady, damp pl.aces a t  H i l i n a  P a l i ,  and i n  t h e  c r a t e r s  

a long  t h e  Chain-of-Craters-Road. (Fowler 212, 213) 

DRYOPTERIS SETICERA (Dl .  ) I(untze ( I )  

Frequent .  In  openings t o  l ava  tubes  i n  Kau Desert ,  Hil.ina P a l i ,  

and a long  t h e  sho re .  (Fowler 230, - 231; F 8. M 173,  366) 

DRYOPTERIS STENOGRAMMOIDES (Baker) C. C l ~ r .  (E) 

Frequent i n  shady, mois t  l o c a l i t i e s  al.ong Kilauea I k i  t r a i l .  

(Fowler 217, - 207) 

DRYOPTERIS IJIUDENTATA (Hook 6 Am. ) C .  Chr. (C, "alcolc") 

Rare. Found i n  dry rocky gulch nea r  Halfway House. (Fowler 237) 

ELAPHOGLOSSUM ALATUM Gaud. ( I ,  "ekaha" "Maui 's Paddle") 

Elaphoglossum aemulum (Kaulf . ) Rrack. 

Frequent on rocks and t r e e s  i n  wet and moderately wet f o r e s t  rrom 

about 1.000 t o  4500 f e e t .  (Morley 32-1.1, E; F 6 M 695; Ba1.dwin i n  1949) 

CL/'PHOGZOSSUM GORGONEUM (Kaulf . ) Brack . (E, "eltaha") 

Recorded by Rock, Indigenous t r e e s ,  1,. 27, from t h e  v i c i n i t y  of  J(i1auca. 

CT,AI?HOGLOSSUM HIRTIiEl (Sw. ) C.  Chr . ("ekaha") 

Frequent on Metrosiclcros t runks  and on exposed r i d g e s ?  3000 t o  4000 

c c t .  (Morley 4-H; Egg1.er 287) 



ELAPHOGLOSSUM MICRADCNIUM (Fe'e) Moore ( E ,  "ekaha u la"  "Maui's paddle") 

Collected by Degencr nea r  Waldron Ledge. 

ELAPHOGLOSSUM RETICULATUM (Kaulf . ) Gaud. (E, "ekaha" "pusakuhinia") 

Abundant on rocks and t r e e s  i n  wet f o r e s t s .  (Morley 8-H; Stone 2961; 

M-D H-51; Eggler 217) 

ELAPHOGLOSSUM WAWRAC (Luerssen) C .  Chr. ( E ,  "ekaha" "laukahi") 

Reported by Rock from v i c i n i t y  of  Kilauea;  Kipuka K i .  (F  & M 685) 

MICROLEPIA SEMSA (Sm.) Alston ( I ,  "pa lapa la in )  

Frequent i n  moderately wet a r e a s  and a t  lower e l eva t ions  i n  moist  

t r a n s i t i o n  Fores t .  (Fowl.er 232; Olson i n  1938; Stone 2958B; Lamoureux 

2453, 2501; F & M 864) -- 
NEPHROLCPTS CORDIFOLIA ( L . )  P r e s l  ( X ,  E, "nianiau" " pamoho" "sword fern")  

Degener r e p o r t s  t h a t  it is  " r a t h e r  common on t h e  t runks  of  t r e e s  

and on t h e  ground i n  t h e  open f o r e s t  n e a r  Makaopuhi Crater" .  Common:Ly 

s a i d  t o  be  introduced by t h e r e  is c e r t a i n l y  a n a t i v e  form of t h i s  

spec ie s  i n  wet r o r e s t s .  (Fowler 238; Morley 78-!1; F & M 916 Ccult .  forn)) 

NEPNROLCPTS EXALTATA ( L . )  Schot t  (I, "nianiau" "okupulcupu" 'Tsword rern") 

Frequent i n  moderately wet t o  dry a r e a s .  (Lamoureux 2468; Fowler 

275; Stone 3008) - 

NEPHROLEPLS IHIRSUTULA ( F o r s t .  . ) P r c s l  (X)  

Puna, upper iZeal.ahoma, near  border  of Panau Nui; i n  t r a n s i t i o n  f o r e s t ;  

common i n  l a v a  tubes  and f i s s u r e s ;  al-so i n  Wahaula Heiau, and above 

Kal-apana a long Park boundary. (Stone 3002, 2911; Poinar i n  1963; Egglcr 42) - 
PELLAEA TCRNIFOLIA (Cav.) Link (I,  "laukahi" "c1i:fi' brake" "lcalamoho l a u l i i " )  

Frequent i n  a r i d  reg ions  and i n  c r e v i c e s  i n  b a r e  l a v a .  (Morley 83-11; 

Stone 2957; Fosberg 4159a; Degener & Wiehke 3972) 



PITYROGRAMMA CALOMCLANOS ( L . )  Link ( X ,  " s i l v e r  -Fern1' "gold fern")  

Frequent i n  Kau Deser t ,  occas ional  i n  open p laces  elsewhere. Some 

p l a n t s  have a s i l v e r y ,  waxy powder on undersides of  f ronds ,  o the r s  golden. 

(M-D H-255, -- H-114; Olson i n  1938, 1.939; F & M 77, - 147; Stone 3025; 

Fowler 222; Eggler 90) 

POLYPODI&/HOO~<ERI Brack. (E, "makue l a u l i i " )  

Inf requent  epiphyte i n  wet f o r e s t .  (Fowler 211) 

POLYPODIUM HYMENOPHYLLOIDES Kaulf. ( E ,  "pa1.aihuna") 

Inf requent  on moss-covered rocks and t r e e s  i n  wet f o r e s t .  (Fowler 

233) - 

POLYPODIUM THUNBERGIANUM ( ~ a u l f . )  C .  Chr. ( I ,  "ekaha akolea" "pakahakaha" 

P. l i n e a r e  Thunb . - "lanakio wahine" 

Frequent on rocks and t r e c s .  (Lamoureux 2452; Morley 3-H, - 67-H; 

M-D 1.1-108, 1.1-190; Wentworth i.n 1963; Eggler 40) 

POLYPODIUM PELLUCIDUM - Kaulf.  (E, "ae") 

Frequent. h epiphyte i n  wet f o r e s t s ;  t e r r e s t r i a l  i n  open woods 

and on ncw lava .flows, up t o  9500 f e e t ;  dwarfed i n  unfavorable p l a c e s .  

(M-D H-221, - H 63; Stone 1.46; Fowler 30-H; Morley 30-1-1) 

POLYPODIUM SCOLOPCNDRIA Bum. f .  (X,  " laua 'e")  

(Polypodi.um phymatodes I,.) 

Infrequent. Near steaming cracks  i n  Kilauea Gal-dera and i n  steaming 

a rea  near  Kokoolau Cra ter .  Also near  Nalapana S h e l t e r .  (Stone 2850; 

F & M 146; Poinar i n  1963) 

Cer t a in  of t h e  speci.es t r a d i t i o n a l l y  r e f e r r e d  t o  Polypodium should 

be t r a n s f e r r e d  t o  Grammitis, bu t  t h i s  cannot be  attempted h e r e .  



1)OLYPODIUM PSEUDO-GRAMMITIS Gaud. (E,  "kolokolo" "rnahinalua") 

(= Grammitis t e n e l l a  IZaulf.) 

Frequent epiphyte i n  wet f o r e s t .  (Morley 6-H) 

POLYPODIUM SAFFORDII Maxqn ( E ,  ' lc ihi")  

Inf requent  on moss-covered t runks  i n  wet f o r e s t .  (Fowler 223; 

M-D fi-162) 

POLYPODIUM SARMENTOSUM Brack . (E) 

Inf reguent  epiphyte i n  wet f o r e s t .  (Fowler 205) 

POLYPODIUM TAMARSSCINUM Kaul-F. ( E ,  "wahine noho mauna") 

(Morlcy 5-M) 

PTERIDIUM AQUILINUM var  . DCCOMI'OSITUM (Gaud. ) Tryon (E, "kilaii" "kilauapueon 

Frequent i n  moderately dry o r  open regions  rrom "paia" "bracken") 

H i l i n a  P a l i  t o  about  9500 f e e t .  Abundant i n  Kipuka Nene. (Iamoureux 2484; 

Morley 79-H; IJoinar :i.n 1963; Eggler 15)  

PTERSS CRETICA L.  ( I ,  "owalii") 

Inf requent  i n  wet and moderatcly wet [o re s t .  (Fowl-er 228, 229; - 

Morley 72-H; Lamoureux 2472) 

PTERIS EXCELSA Gaud. (E,, "kaimakanui" "iwa") 

Inf requent .  In  Kipuka Puaulu . (Morley 236) 

I'TERIS LONGIFOLIA L. ( X ,  "lcilauapueo" "paia") 

( o r  - P. v i t t a t a  L . )  

Frequent i n  moderately dry a r e a s  and steam c racks .  (M-D H-113; 

Fowl.er 221; Egg]-er 190) 

SADLERIA CYATHEOIDCS IZaulf. (E ,  "amaumau") 

Abundant gene ra l ly .  (Morley 35-11; Fowlcr 227; Stone 2578) 

SMILERIA HILLEBRANDII hi. J. Rob. (E ,  "amau") 

Locally :frequent i n  moderately wet r eg ions .  (Fowler 226; Morley 35-H) 



3.64 

S.AII1BRI.A SOU1,CYTIWA (Gaud. ) Moore ( E )  - 

Rare i n  wet f o r e s t .  (E i n  1939) 

SPEENOMERIS CHUSANA (L. )  Copel. (I, "palapal. 

(Stenoloma ch inens i s  (L. ) Bedd . ) 
(3-phenomeris ch iuens i s  (I , .  ) Maxon) 

Frequent genera l ly  i n  open p laces  and around steam cracks .  (Morley 

31-H M-D H-40; Fowler 203; Olson i n  1938; Eggler 1.58) - 
TECTARIA GAUDICI~IATJDII (Mett . )  Maxon ( E ,  "iwaiwa launui") 

Rare. Collected i n  damp cave near  l i i . l ina Pa1.i. (Olson i n  3.939) 

DICKSONIACEAE 

CIBOTIUN GLAUCUM H. & A. (E, 'llapu" " t r e e  Fern") 

Common i n  wet Forests ;  i n  ICipuka Puaulu. (Fowler 239) 

CIBOTLUM MENZIESII Iloolc. (E, ' l ~ a p u  i i i "  " t r e e  fern" "amahu") 

Frequent i n  wet Fores t .  (Fowl~er 240 ; Morley 125-H) 

CIBOTLUM SPLENDENS (Gaud.) Kraj ina ( C ,  'liapuu" "pulu ula-ula" " t r e e  fe rn"  

(Ciboti.um cliarnissoi Kaol.F.) 

Al~uildant i n  wet Corest. ( fowler  241; Stone 2948) 

LYCOPODIACEAC 

LYCOPODIUM CEmUUM L. ( I ,  "r~ewaeiole" ' l~u luhu lua io le" )  

Abundant i n  open and semi-open pl-aces i n  moderately wet reg ions .  

Gamctophytes have been found i n  steam cracks  a t  Kilauea.  (I2  & M 672; 

s. c0:I.l. 252, 388; M-D 11-46; Cgglcr 1~29) - - 

1.i'COPODIUM I?IIYX,LANTIIITM 13. & A .  (C) -. 

Rare, usual1.y epipl?yt:ic, i n  Malcaopuhi and Napau Cra ter  a reas .  

( s .  col~l.. 253; F & M 595, 192) - 



LYCOPODIUM POLYTRICHOIDES Kaulf.  (E, "wawaeiole") 

In f r equen t .  Epiphytic on moss-covered t r e e s  near  Napau Cra te r .  

(Fowler 243) 

LYCOPODIUM VENUSTULUM Gaud. (I,  "wawaeiole") 

T e r r e s t r i a l ;  a long Napau Cra ter  T r a i l .  (Morley 185-H; s.  c o l l .  386) 

SCLAGINCLLACCAE 

SELAGINELLA ARBUSCULA (Kaulf .) Spring (E, "lepelepeamoa") 

Frequent i n  wet and moderately wet f o r e s t s .  (s. c o l l .  369; Morley 

186-H; M-D H-102) 

SELAGINELLA I(RAUSSI1INA (Ktze. ) A.  B r .  (X) 

WeU e s t a b l i s h e d  around t h e  Parlc r e s idence  a rea  and i n  Kilauea 

Caldera 1 K . o ~  t h e  Volcano House. (Olson i n  1938; Fosberg 41762) 

SELAGINELLA MENZIESII (Nook. & Grev. ) Spring (E) 

In f requen t .  Collected i n  wet f o r e s t  near  Napau Cra te r ,  and from 

wet shady c l i f f  i n  Kil.auea Gal-dera. This may n o t  be  d i s t i n c t  From - S. 

arbuscuS.a, though it d i r f e f s  some i n  h a b i t .  (Baldwin i n  1949; F R M 121; 

Fowler 242) 

PSILOTACEAE 

PSLLOTUM "COMPLANATUM" Sw . ( I ,  "moa") 

Inf requent  epiphyte i n  wet Fores t .  The Hawaiian p l a n t s  a r e  incorrcc-  

t7.y reper red  t o  t h i s  spec ie s  and a r e  be ing  descr ibed  elsewhere. ( s .  c o l l .  

250; Morley 163-H; F R M 45; M-D H-160) - 
PSILOTUM NUDUM (I,.) Beauv. ( I ,  "moa" " p i p i " )  

Frequent on t r e e s  i n  moderately wet t o  d ry  r eg ions  i n  t h e  Parlc below 

4500 Fce t .  (M-D 1.1-160; Lamoureux 2477; Olson i n  1940; Morley 27-H; 

s .  col:L.. 251) 



ARAUCARIACEAE 

ARAUCARIA EXCEISA R.  B r .  ( X ,  "Norfolk I s l and  ~ i n e " )  

Occasionally planted i n  t h e  Kilauea reg ion .  

PODOCARPACEAE 

PODOCARPUS IMBRICATUS B 1 .  (X) 

Planted near  Old Volcano House. (F  & M 223) 

TAXODIACEAE 

CRYPTOMERIA JAPONICA (L. f . )  D .  Don (X) 

Pl.antcd near  Old Volcano House. (F  & M 221) 

CUNNINGHAMIA LlWCEOLATA (Lamb. ) Hook. (X) 

Planted near  Park Residences. ( F  & M 113) 

JUNIPERUS BARBADENSIS L. (X) CLJlW%SACEfIE 

Planted near  Old Volcano House. ( F  & M 220) 

nruJii ORIENTALIS L. (x)  

Planted near  Old Volcano House. ( F  & M 234) 

PiWDANACEAE 

FREYCINETIA ARBOREA Gaud. (E ,  " i e i e " )  

Abundant i n  wet f o r e s t s  below 4000 f e e t ;  Kilauea I k i .  ( F  & M 195) 

PANDANUS TECTORLUS Park. ( I ,  "hala" "puhalat' "lauhala" " screw pine")  

(Pandanus odoratissirnus L.  f .  ) 

Along t h e  c o a s t  i n  mois te r  p l a c e s .  (F & M 880) 

GRAMINEAE 

AGROSTIS AVENACEA & e l .  (X) 

Frequent i n  lawns, a long roadsi.des, and around rumaroles. (F  - & M 

561; M-D H-73, H-330; Fosberg 41769, 41773) - P - 



AGROSTIS SANDWICENSIS Hbd. (E, "p i l i ha l e" )  

Dry g ras s l ands ;  Kau Desert .  (F  & M 561) 

AGROSTIS STOLONIFERA L. (X, "red topv)  

Along roads ides  

A I R A  CAPILLARIS I-lost (X, " s i l v e r  h a i r g r a s s " )  

Frequent i n  moderately wet t o  d ry  a r e a s .  (Morley 106-H; F & M 495) 

ANDROPOGON GLOMCRATUS (Walt. ) BSP. (X, "broom sedge") 

Occasional i n  open p laces ,  becoming abundant i n  t h e  Hi l ina  P a l i  

a r e a ,  only r e c e n t l y  no t i ced .  (M-D H-3, - 13-29; Fosberg 42065; Cggler 252, 

AADROPOGON VIRGINICUS T,. (X, "broom sedge") 

Abundant gene ra l ly  i n  open p l a c e s ,  except  i n  t h e  very lowest and 

d r i e s t  a r e a s  and above 4500 f e e t .  (F  R M 905; M-D H-28; Eggler 278) 

ANTHOXANTIIUM DDORATUM L. ( X ,  "sweet v e r n a l  grass")  

Abundant, c s p c c i a l l y  i n  Kipuka Luaula and on lower s lopes  o r  Mauna 

Loa. (hmoureux 2491; r & M 266; M-D 11-303; Olson 439; rosberg 41619) 

iiRUNDINARIA sp .  ? (X) 

One o r  two clumps near  Old Volcano House. 

AVENA FATUA L. ( X ,  "wild oa ts" )  

InFrcquent,  a t  Kil.auea M i l i t a r y  Camp and a t  Park r e s i d e n t i a l  a r e a .  

( E  & M 623) 

AVCNA SATIVA L. (X, "oats")  

Inr requent .  I n  ho r se  c o r r a l s ,  a l s o  a t  Uwekahuna. (Olson i n  1939- 

with s t r a i g h t  awns; F & M 320-awnless) 

AXONOPUS AFFINIS Chase (X, "narrow-leafed c a r p e t  grass")  

Abundant i n  lawn near  Old Vol.cano House. ( F  & M 227) 



BIIIZA MINOR L. ( X ,  " l i t t l e  quaking grass")  

Frcquent on lower grassy s lopes  of Mauna Loa, i n  Kipuka Puaula, 

and i n  Park r e s i d e n t i a l  a r e a .  (M-D H-37; Morley 84-H; Olson i n  1938) 

BKOPlUS CATlIARTICUS Vahl ( X ,  "rescue grass"  "brome" "wild oa t  grass")  

Frequent on s lopes  of  Mauua Loa. (Fagerlund 54; Olson i n  1938; 

F & M 429; Fosberg 41618) 

BROMUS COMMUTATUS Schrad . (X) 

Found i n  Kipuka Puanlu. ( s .  c o l l .  1244) 

BROMTJS MADRITCNSIS L. (X) 

Sotit11 of  ICipuka Nene, 2600 f e e t ,  i n  grassland i n  t r a n s i t i o n  f o r e s t .  

( F  & M 1011) 

BROMUS MOLLIS L. (X, " so f t  chess") - 
Inf requent  on s lopes  of Mauna Loa. (F  & M 428, and poss ib ly  - 1069; 

s .  co:~.:~.. n )  -- 

BROMIJS RIGIDUS Roth (X, " r ipgu t  grass")  

Zrfreguent .  l i i l i n a  P a l i ;  ICipuka Puaula t o  end of  Mauna Loa Truck 

T r a i l .  (Fagerlund 1067, 1072; F & M 431) 

BROMUS SCCALINUS L. (X, "chess") 

ICiyulca Puaula . (F  6 M 657) 

nR0M~JS STCRILIS L. (X) 

3 Trecs Kipuka, 6280 f e e t ,  on Mauna Loa, i n  depress ions  wherc lava 

tubes  have caved i n .  (F & M 893; Poinar  i n  1963) 

CENCNRUS ECI-IINATUS L. v a r .  ECHINATUS ( X ,  "umealu" "sandbur") 

Chain-of-Craters-Road near  ICokoolau Cra ter .  ( F  & M 722) 

CCNCIIRUS CQIINATUS v a r .  IIILLEBRANDIANUS (Hi tchc . )  F. B r .  (I ,  "uinealu" 
'%ai ry  sandbur") 

Frequent throughout moderately dry and somewhat moist  a r e a s .  

(Olson - in 1939; M-D H-333; F & M 23,  - 129; Fosherg 41769) 



CHLORIS GAYlWA IZunth ( X ,  "Rhodes grass")  

Frequent a t  Kipuka New and along roads  a t  Kilauea.  ( F  & M 218; 

Fosberg 44480) 

CHLORIS INFLATA Link (X,  swollen f i n g e r  grass") 

Abundant i n  dry c o a s t a l  a r e a s ,  a t  Kalue and Kaaha. (M-D H-258) 

CHRYSOPOGON ACICULATUS (Retz . )  T r in .  ( X ,  " p i l i p i l i u l a "  l'piipii") 

Frequent t o  abundant below about  2700 f e e t ;  Corms almost pure  cover 

on Puu IZaone. (M-D H-22, H-256, 9; F & M 205; Eggler 157) 

C O I X  LACIIRWA-JOB1 L. (X,  "Job's t e a r s "  "kukae kolea")  

Along roads ide  near  Thurston Lava Tube ( F  & M 402) 

CYNODON DACTYLON (I,.) P a s .  ( X ,  "manienie" "mahiki" "Bermuda grass")  

Abundant i n  moderately wet t o  dry a r e a s .  (M-D H-259, -> H-332. 

F & M 460, ..~- 659; Lamoureux 2462) 

DACTYLIS GLOIYERATA L. (X,  "orchard grass"  "cocksfoot") 

Frequent i n  IZipuka Puaula and Found on lower s lopes  of  Mauna Loa. 

(s. co l1 .  404) 

DESGF1AMPST.A KAWAIICNSIS (Sko t t sb . )  S t .  John (E) 

Slopes of Mauna Loa, c o l l e c t e d  by Skot t sberg .  

DESclrMPSIA NUBIGENA Hbd . ( F )  

Frequent from Kilauea t o  t h e  middle s l o p e s  of  Mauna Loa. (m i n  

1940; F & M 562; Fosberg 41617, 41759; s .  c o l l .  E o r  - 408; M-D H-288, 

H-300, H-315; Eggler 75) -- 
DIGITARIA PRURIENS ( T r i n .  ) Buese. (I,  "crabgrass" 'Icukaipua'a" ) 

Common i n  moist  weedy p laces .  ( F  & M 153; Ol.son # l )  

DIGITARIA SANGUINALIS (E . )  Scop. ? (X,  "kukaipua'a" "crabgrass")  

Weed i n  Volcano House garden. (F  & M 224) 



DIGITARIA VIOLASCENS Link.  (X, "kukaipua'a" "c rabgrass" )  

F requen t  i n  modera te ly  d r y  a r e a s .  ( F  & M 612; Fagerlund 36,  - 47; 

ECHINOCHLOA CRUSGALZI v a r .  CRUS-PAVONIS ( H .  B . K  .) Hitchc  . ( X ;  "barnyard 
g rass" )  " 

Park r e s i d e n t i a l  a r e a .  ( F  & M 642, - 676)  

ELEUSINE I N D I C A  (L.)  Gaer tn .  ( X ,  "goose-grass")  

Around s h e l t e r  a t  H ~ l a p e ,  a l s o  a t  K i l a u e a .  ( F  & M 333) 

ELWUS TRITICOIDES Buckl.  ( X )  

One bunch s e e n  a t  Buck H i l l  R e s t  House a t  10,035 t on Mauna Loa; 

p robab ly  i n t r o d u c e d  wi th  h a y  f o r  h o r s e s .  (M-D H-304) 

ERAGROSTIS BROWNEI (Kunth) Nees ( X )  

I n  open g r a s s l a n d  a t  4000 Ceet e l e v a t i o n .  (s .  -- c o l l .  67)  

ERAGROSTIS GRANDIS Hbd. (E) 

I n f r e q u e n t .  I n  g r a s s l a n d s  on Mauna t o a  from 4000 t o  6000 f e e t .  

( s ,  co l l . .  402; F & M 1 3 8 ,  - -  699, 866) 

T h i s  is t o o  c l o s e  t o  - E. v a r i a b i l i s .  

ERAGROSTIS PECTINACEA (Michx. ) Nees ( X ,  "Caro l ina  l o v e g r a s s " )  

Around b u i l d i n g s  a t  K i l a u e a .  ( F  & M 818) 

ERAGROSTIS TENELLA ( L. ) Beauv . ( X )  

E r a g r o s t i s  a m a b i l i s  (L.)  W .  & A .  

Abundant i n  d r y  a r e a s  o f  Park below 2000 f e e t .  (M-D H-261) 

ERAGROSTIS VARIABILIS (Gaud. ) Steud . (E, "emoloa" 'lcalarnalo") 

Frequen t  i n  wet t o  modera te ly  d r y  a r e a s .  (Olson -~ i n  1938,  1939; 

F & M 172 ;  M-D H-231; s .  c o l l .  34 ( o r  - 367);  Eggle r  273) 

FESTUCA BROMOIDES L. (X)  

F requen t  on lower s l o p e s  o f  Mauna h a .  ( F  & M 272, - 437; Fagerlund 53; 

Baldwin i n  1949; Morley 157-H; s .  c o l l .  i n  1936; Eggle r  92)  



FESTUCA MEGALURA Nutt . (x )  

Frequent i n  Koa-shrub kipuka near  Na Makani Pa io .  ( F  & M 610) 

Very c l o s e  t o  - F. bromoides, s p i k e l e t s  somewhat more puberulent  or  

scabrous .  

GASTRIDIUM VENTRICOSUM (Gouan) Sch. & T h e l l .  ( X :  " n i t  grass")  

1n:frequent; i n  Koa-shrub kipuka n e a r  Na Makani Pa io .  (F & M 609; 

Fagerlund 52) 

HETCROPOGON CONTORTUS ( L . )  Beauv. ( I ;  " p i l i "  " p i l i  ha l e"  " twisted beard 
grass")  

Frequent i n  d r i e r  s e c t i o n s ,  l o c a l l y  dominant a t  very low el.evatfons. 

( F  & M 550; M-D 1-1-193; 11-257) 

HOLCUS LANATUS 1). (X, "velvet  grass"  "Yorkshire Fog") 

Common around Kilauea and on lower s l o p e s  of  Mauna Loa, h a s  become 

much more abundant i n  t h e  l a s t  s e v e r a l  y e a r s .  (Lamoureux 2464, -9 2469. 

Morl.ey 156-11; Fagerlund 38; s .  c o l l ~ .  291; s .  col l . .  i n  1936; Fosberg 41620) 

HORDEUM MURINUM I,. (X,"wil.d bar ley"  "mouse barley")  

Around she l . te rs  and hor se  c o r r a l s .  (i? 8. M 430; Olson i n  1.939) 

HORDEUM VULGARE L. ( X ,  "barley") 

Puu Ulaula,  a t  10.000 f e e t ,  on Mauna Loa. (F & M 907) 

IIYPARRHCNIA RUFA (Nees) StapF (X) 

Keauhou Ranch, introduced from Af r i ca .  (F  6 M 390) 

ISACIINE DISTICIIOP~IYLLA Munro (E :  "ohe" "ma ohc ohe") 

Frequent i n  wet and moderately wet Fores t s .  (Morley 27.-H; M-D H-43; 

Olson i n  1939; Eggler 219) - 

Two speci.mens (Olson - i n  3.939 and Stone 2951) o f  sma l l e r  s i z e  and more 

s l e n d e r  h a b i t ,  have been r e k r r e c l  t o  Isachne p a l l e n s  Hbd., o:f Oahu, b u t  

a r e  probably merely cicpauperate - I. d i s t i c h o p h y l l ~ a .  



LD1,IUM MULTIFLORUM Lam. ( X ,  " I t a l i a n  r y e g r a s s " )  

F requen t  a l o n g  r o a d s  n e a r  K i l a u e a .  ( F  & M 598,  - 605) 

Another c o l l e c t i o n  ( F  & M 671) w i t h  v e r y  s l r o r t  glurnes may b e  v a r .  

dirninutum Mute l  

MEILNIS MINUTIFLORA Beauv. ( X ,  "molasses  g r a s s " )  

Along roadsi .des  and i n  Steaming F l a t s  a t  K i l a u e a ,  and n e a r  H i l i n a  

P a l i .  ( J a g g a r  i n  1930;  F & M 254) 

MICROLAENA STIPOIDCS ( L a b i l l . )  R .  B r .  ( I ,  "puu l ehua"  "meadow r i c e g r a s s " )  

Found once on Mauna h a  a t  4000 f e e t .  (Fager lund 45)  

OI%ISMENUS IIIRTELLIJS ( L. ) Beanv . ( I ,  'honohono k ~ i k u i " )  

111  m o i s t  t o  modera te ly  d r y  a r c a s  i n  s h a d e ;  n o t  common i n  P a r k .  

( F  & M 613; Eggl.er 270)  

PANSCUM COLLIE1 Endl.. (E)  

I n  d r y  open c o u n t r y  between Kipulca Ncne and 1ii.l.ina 1'al.i. ( F  & M 1013)  

I'lINICUM DICHOTOMIF1X)RUM Michx . ( X )  

Around Old Vol~cano l louse.  (E S. M 638) 

PANICUM M A X I M U M  J a c q .  ( X )  

Keauhou Ranch a t  1500 f e e t .  ( F  & M 391.) 

PANICUM NEPIIELOPHILUM Gaud. (E; "ltonakona") 

F r c q u c n t  a l o n g  Parlc boundary n e a r  Kapa lapa la  corra:L: a t  3500 F e d ,  

a l s o  below Polj.olcealoe P a l i .  ( F  R M 687; M-D I[-264) 

PANICUM PEL1,ITUM Gaud. (E)  

Grea t  c r a c k ,  a t  2300 f e e t .  (1' - & M 1057)  

I'ANICUM l?URI'IJRASCENS Raddi ( X ,  "para g r a s s " )  

l'arlc residential a r c a .  ( F  R M 858) 

P.4NICIJM REPENS T,. ( X ,  " to rpedo  21-ass") 

P ~ r l c  r e s i d e n t i a l  a r e a ;  a l s o  i n  sand a t  Kalkpana.  ( F  & M 857) 



PANICUM TENUIFOLIIM H .  R A .  (E ,  "mountain p i l i " )  

F requen t  i n  Kipuka Puaula  and on l o w e r  Mauna Loa s l .opes .  ( F  & M 576; 

Olson i n  1939;  P o i n a r  i n  1963;  Fosberg  41614) - 

PANICUhl XEROPHIIJM (Hbd . ) H i t c h c  . ? (E)  

Coasta l .  1owl.ands on pahoehoe l a v a  below Hil - ina  P a l i  toward Keauhou 

Landing.  (M-D N-266) 

PASPALIN CONJUGATUM Berg.  ( X ,  % i l o  g r a s s "  "mau m a l i h i n i " )  

Abundant i n  d i s t u r b e d  a r e a s  i n  wet  and m o d e r a t e l y  wet  F o r e s t ;  a l s o  

i n  s t e a m i n g  a r e a s .  (Larnoureux 2489; Morley 164-H; F  6 M 715,  - 720) 

PASPALUM DILATATUM P o i r  . (X:  "Da l l as  g r a s s " )  

Abundant i n  Kipulta Puau1.u and on l ~ o w e r  s l o p e s  o f  Mauna h a .  

(Lamoureux 2465; PBIl & GOF i n  1.941; M-D 1.1-135) 

PASPALUM ORBICULARC F o r s t .  (1': "mau l a i l t i "  " r i c e  g rass" )  

I n  wet  p l a c e  n e a r  * l i lo  e n t r a n c e  and i n  Ki.l.auea C a l d e r a .  ( F  R M 404; 

M-D H-94; Cggle r  192)  

PASPALUM URVILLEI Steud . ( X ,  "Vasey g r a s s " )  

I n c r e a s i n g l y  abundant  i n  K i l a u e a  r e g i o n  and o t h e r  modera te ly  wet  

a r e a s ,  i n  open p l a c e s  and al.ong r o a d s i d e s .  (f & M 624;  M-D 1-1-131. H-270) 

PENNISETUM CLANDESTINUM Hochst  . ( X ,  "Kikuyu g r a s s " )  

Fomi.ng d e n s e  m a t s ,  K i l a u e a  a r e a .  Na Makani Pai.0, and Kipuka Nene. 

( F  6 M 711) 

PENNISETUM PURPUREUM Schnm. ( X ,  " n a p i e r  g r a s s "  " e l e p h a n t  g rass" )  

K i l a u c a  r e g i o n :  Kcauhou Ranch; Apua n e a r  Ranch boundary a t  2600 Tee-i 

( F  & M 235,  111.5) - 
PENNISETUM SETACEUM ( F o r s k . )  Chiov.  ( X ,  " f o u n t a i n  g r a s s " )  

P .  r u p p e l l i i  S teud . - 

Kilauea  C a l d e r a ,  on open l a v a  and a s h .  (Fosberg  45143) 



PHALARIS lVDEROSA L. (X, "bulb canary grass t ' )  

Rare; c o l l e c t e d  i n  c o r r a l  a t  end of  Mauna h a  Truck Road. (Mauna 

h a  S t r i p  Road) (Olson i n  1939) 

PNLEUM PRATENSE L. ( X ,  "timothy") 

Rare; Parlc r e s i d e n t i a l  a r e a .  (F  R M 667) 

POA ANNUA L. ( X ,  "annual blue-grass"  "common blue-grass") 

Frequent i n  moderately wet a r e a s  around Kilauea and on lower s lopes  

of  Mauna Loa. (Lamoureux 251.4; Morley 401; F R M 181) 

POA PRATENSIS L. ( X ,  "Kentucky blue-grass")  

A t  Puu Ulaula S h e l t e r  and a t  Kilauea.  (F R M 906, 786; M-D 11-302) - 
POLYPOGON MONSPELIENSIS (L. )  Desf. (X: '%uelo io1.e") 

Around Kilauea.  (F  R M 310) 

SACCIIARUM OFFICINARRUM I,. (P,  'lco" "sugar cane") 

Rare; s e v e r a l  s t a l k s  growing a t  Keanakakoi dump, 3750 f e e t ,  and a t  

Makaopuhi Crater .  ( F  6 M 731) 

SACCIOLEPIS I N D I C A  (L.) Chase (X, "Glcnwood grass")  

S. con t r ac t a  ( W .  & A,) Hitchc.  - 

( I  cannot s e e  t h e  di . f ference between - S. indica  and - S. c o n t r a c t a )  

Abundant i n  lawns, a long roads ides ,  and i n  open grass lands  and 

Fumarole a r e a s  i n  moderately wet reg ions .  ( F  & M 288; Olson i n  1938 and 

1939; M-D N-153, - H-54; Eggler 209) 

SECALE CEREALE ( X ,  " ryen)  

Near Puu Ulaula,  on Mauna h a  a t  10,000 f e e t .  (F R M 905) 

SETARIA GENICULATA (Zam. ) Beauv. ( X ,  "yellow f o x t a i l " )  

Frequent and widespread i n  open o r  d i s tu rbed  p l a c e s .  (Olson i n  1.939, - 

Lamonreux Z498, Fosberg 41762; Eggler 195) 



SETARIA PAIMIFOLIA (Willd . ) Stapf  (X) 

Inf requent ;  i n  wet Forests  a long t r a i l s  and i n  d i s tu rbed  p l a c e s .  

(Olson - i n  1938, Morley 166A-H; F Rr M 56,  - 273; B 6 F 28) 

SETARIA SPHACELATA (Schum. ) S . & 1-1. ? (X) 

Volcano House garden. This  is a dwarf form which h a s  been introduced 

i n t o  C a l i f o r n i a  and may belong t o  t h i s  s p e c i e s  although it does n o t  check 

with much of  t h e  extremely v a r i a b l e  m a t e r i a l  from Afr ica ,  where t h e  

s p e c i e s  i.s n a t i v e .  ( F  & M 643) 

SPOROBOLUS AFRICANUS ( P a i r .  ) Rob. 6 Tourn. ( X ,  " r a t t a i l  g rass"  "smut grass")  

S. e longatus  R .  D r .  - 

S . capens is  (Willd. ) Kuntl~ - 

Frequent t o  abundant i n  open o r  d i s tu rbed  p l a c e s ,  a long roads ides ,  

t r a i l s ,  and i n  grazed l and .  (Lamoureux 2515; F R M 560, - 721; M-D H-30, 

H-72, N-214; Eggler 99) -- 
SPOROBOLUS DIANDER (Retz . ) Beauv. (X) 

Near Queen's  Bath. (M-D H-196) 

STENOTAPHRUM SECUNDATUM (Wal t . )  Kuntze (X,  "rnanienie rnakahikihiki" 
"BuCfalo grass"  "St .  Augustine 

Inf requent ;  i n  Kilauea Area and i n  grass")  

Kipuka Puaulu. (M-D H-208; F 61 M 236; Olson i.n 1939) 

TRICHOLAENA ROSEA Nees ( X ,  " n a t a l  redto,pn) 

T. repens of Hawaiian au thor s  - 

Abundant from Kipuka Ncne t o  R i l i n a  I'ali; a l s o  about Ki lauea .  

(F R M 139; Morley 160-Il; Olson i n  1938; Eggler 100) 

TRISETUM GLOMERATUM (Iiunth) T r i n .  (E, '71eu pueo") 

Frequent on sl.opes o-f Mauna Loa up t o  10.000 f e e t  o r  hi.gher.  

( F  & M 407; s .  c o l l .  1; Eggl.er 291) 



TRITICUM AESTIVUM L. (X, "wheat") 

Seve ra l  p l a n t s  a t  I(MC dump. (F  & M 604) 

CYPERACEAE 

BULBOSTYLIS CAPILLfRIS (L.) C.  B. CL. ( X )  

Frequent on loose  ash depos i t s  around Kilauea,  t h e  Kau Deser t ,  t o  

H i l i n a  P a l i ,  and down t o  t h e  c o a s t .  (M-D H-4, --- H-197, H-260, H-267; 

Stone 2878; Fosberg 41596b, 46018; Eggler 71; F & M 125,  - 126; s .  c o l l .  280) 

CAREX MACLOVIANA dlUrv.  ( I )  

Frequent i n  Kipulca Puaulu and v i c i n i t y .  (F  & M 571, - 575; Morley C;  

Fosberg 41615) 

CAREX WAHUENSIS v a r .  RUBIGINOSA Krauss (E) 

Frequent i n  moderately wet open f o r e s t ;  a l s o  on s lopes  of  Mauna 

Loa t o  nea r  Puu Ulaula .  (M-D H-36, H-307; Lamoureux 2508; s .  c o l l .  423; 

F & M 44; Morley 155-N; Fosberg 41597a, 41616; Eggler 154, - 293) 

CYPERUS ALTERNIFOLIUS L. ( X ,  "haole  ahuawa" "pun kaa haole t ' )  

About Old Volcano House grounds. (F & M 323) 

CYPERUS BREVIFOLIUS (Rottb . ) Nasslc. (X ?, "kaluha" "pipiwai ' t)  

Kyllinga b r e v i f o l i a  Rot tb .  

r requcnt  i n  moderately wet a r e a s  below 4500 Feet ,  a l s o  on seacoas t  

below Kaone. (Olson i n  1938; Lamoureux 2463; M-D H-38; PHB & GOF 24; 

s .  c o l l .  278; F & M 553, 570, 577) --  
CYPERTJS COMPRESSUS L. (X) 

InPrequcnt;  s eacos t  a t  Halape. (F & M 345) 

CM'ERUS I-IILLEBRANDII Boeckl . (E) 

In-Frequent i n  Kau, from Halfway House t o  Kipuka Puaulu. ( F  & M 130,  

141; Morley B; M-D H-35, H-59) - - 



CYPERUS JAVANICUS I-Ioutt . ( I )  

About 1 mi le  e a s t  of Itupaahu Heiau. ( F  & M 927) 

CYPERUS LAEVIGATUS L. ( I ,  "ahuawa" "ehuawa" "makaloa") 

Frequent;  s eacoas t  a t  Ilalape. (F & M 345) 

CYPERUS PI-ILEOIDES v a r  . I-IAWAIIENSIS ( ~ a n n )  ~ G k e n t h  . (E) 

Rare; Park res i .dent ia1  a r e a .  (F  & M 846; Fosberg 47730) 

CYPERUS POLYSTACHYOS Rottb . (X,  "ki l ioopu" 'fkulukulua") 

Abundant gene ra l ly  a long roads and t r a i l s  i n  wet t o  somewhat dry 

a r e a s ;  i n  Cumarole a r e a s ,  and o t h e r  d i s tu rbed  a r e a s .  (Morley 91-H; 

F 6- M 166, - -  165,  167; M-D H-119 ( p a r t ) ,  1-1-5, 1-1-52, H-115, H-152; Fosberg ---- 
41766; Eggler 213) 

CYI'ERUS ROTUNDUS L. ( X ,  "kilioopu" "nut-grass") 

0l.d Volcano House grounds. ( F  & M 637) 

ELEOCMARIS OBTUSA (Willd . ) Sohul.t . (I, "pipiwai") 

In f r equen t ;  i n  wet ground i n  Kilauea v i c i n i t y .  ( F  6 M 697) 

EIMBRISTYLIS CWOSA R .  B r .  (I) 

F. cymosa v a r .  gycnocephala (I-Ibd.) ~ ; k .  - 

1'. cymosa v a r .  umbel la to-capi ta ta  (Mann) Hbd. - 
Common a long t h e  shore ,  e s p e c i a l l y  i n  t h e  spray  zone; a l s o  found i n  

t h e  Itau Desert  a t  about 3000 f e e t .  (F  & M 336, 347, 346, 164; Olson i n  ----  
1938; Stone 2863; Fosberg 46015) 

FIMBRISTY1,IS DICROTOMA (L. )  Vahl ( I )  

F. annua ( A l l . )  R .  & S. - -  
F. polymorpha Vahl - 

Inr'requcnt i n  moderately wet a r e a s  and on ash dunes j.n t h e  Kau Deser t .  

( E  & M 243, 54, 802; M-D M-11.9 ( p a r t ) ,  N-194, H-329; Eggler 222) - -  -- 



FIMBRISTYLIS DICIIOTOMA va r  . ( E )  

A p r o s t r a t e  dwarfed p l a n t  found around fumaroles. (Fosberg 41771, 

47733, 46060, 46055) --- 
FIMBRISTYLIS HAWAIIENSIS Hbd. (C)  

I n  dry  ash d e p o s i t s  on lava  nea r  c o a s t ,  on pahoehoe flow, Apua, a t  

200 Feet,  and i n  Kau Desert .  ( F  & M 371; Fosbcrg 46021) 

GAHNIA GfiINIAEFORMIS (Gaud.) H e l l e r  ( E )  

G .  gaudichaudii  Steud. - 

Common i n  moi s t  t o  moderately wet f o r e s t s .  ( s .  c o l l .  279; Stone 

2965; Morley 20-11, 34-H; M-D 1-1-12, H-18, If-286; Eggler 121) - - -- 

MACIIAERINA hVGUSTIFOTLA (Gaud .) ICoyarna 

Chain-of-Craters r eg ion .  (Eggler 133) 

MACIIAERINA MARISCOIDES s s p .  MEYENII (I(unt1l) ICoyama ( E )  

Occasional on r e l a t i v e l y  young pahoehoe Flows and i n  open Mctrosideros 

f o r e s t s ,  ChaTn-of-Craters a r ea  and old Kalapana t r a i l .  (M-D 1-1-98) 

ORCOBOJJJS l?IJRCATliS Mann (E) 

Ainapo T r a i l ,  water  tank a rea  a t  7750 f e e t .  (F  S M 263) 

RFIYNCHOSPORA GLAUCA v a r .  CHINENSIS (Boeckl~. ) C.  D. C l .  ( I )  

Collected by Slcottsberg i n  1926 i n  Kj~lauea I k i .  

RHYNCIIOSPORA LAVARUM Gaud. (E) 

Frequent i n  marshy a rea  near  I l i lo  en t rance  t o  Park and along 

Ihlapana T r a i l  a t  about 2300 f e e t .  (F  -- & M 675, - 789; M-D 11-71, H-53 ( p a r t ) ;  - 
Fosbcrg 41997) - 

iWCINI!l IINCINATA ( L . )  1&kent31. ( I )  

iJ . 1indl.eyana ICunth - 

Frequent i n  wet f o r e s t s .  (s .  c o l l .  289, and i n  1931; Morley l l .O-H;  

.. ?f 563; Posberg 38641) - .~ 



COCOS NUCIFERA I,. ( P ,  "niu" " coconut palm") 

1,ocall.y along seacoas t  from Halape t o  Kalapana. ( F  & M 881) 

PRITCHARDIA sp .  (E, " loulu kuahiwi") 

Old Volcano House. (F  6 M 868) 

ARACEAE 

ANTIfURSUM s p .  (X, "anthurium") 

In gardens.  

COLOCASIA ESCULENTA (I,.) Schot t  (P, 'lcalo" " taro")  

ilbout Old Volcano Housc grounds. (F & M 635) 

ZANTEDESCHIA AETHIOPICA (I,.) Spreng. (X,  "cal1.a l i l y " )  

Volcano House garden. ( F  6 M 640) 
COMMELINACEAE 

COMMCLSNA DITFUSA Bum. T. ( X )  

C .  nudif l .ora of  Hawaiian au thor s .  - 

Abundant i n  d i s tu rbed  p l a c e s ,  gardens,  and a long roads and t r a i l s  

i n  wet r cg tons .  (Morley 101-H, 173-H; M-D H-151) 

JUNCUS BUFONIUS L. (X, "toad rush") 

Occasional i n  open p l a c e s  i n  Kilauea a r e a .  (F  & M 817) 

JUNCUS TCNUIS Willd.  (X)  

J .  maeer S. F. Gray - -  

Along roads and t r a i l s  i n  Kilauea a r e a .  ( F  R M 666; s. co l l . .  290) 

JUNCUS PLlWIFOLITJS R.  B r .  (X) 

Frequent along roads ides  nea r  Tl~urs ton  Lava Tube. (F R. M 564) 

JUNCUS XIPliOIDES v a r .  'TRIMDRUS Engelm . (X) 

Marshy a rea  near  Kl.o en t rance  t o  Park.  (F  6 M 820) 



LUZULA HAWAIIENSIS Buch . (E) 

L. campestr is  v a r .  hawai iens is  (Buch.) Deg. & Fosb. - 

Common i n  more open f o r e s t s  and brush .  (M-D H-44, --- H-68, H-287, H-53 

( p a r t )  ; Fosberg 34608, 41760; Eggler 294) 

LILIACEAE 

AGAPMTHUS UMBELLATUS L'H&. (X, "African b lue  l i l y " )  

Park res idence  a r e a .  ( F  & M 494) 

ALLIUM PORRUM L. (X, "leek") 

A pe renn ia l  from Eurasia ,  i n  gardens only .  

ALLIUM s p .  (X, "onion") 

A pe renn ia l  i n  gardens only.  

ASPARAGUS PLUMOSUS Baker (X, " fern  asparagus") 

A South African p e r e n n i a l  v ine  i n  gardens only.  

ASPARAGUS OFFICINALIS v a r .  ALTILIS L. ( X ,  "asparagus") 

A Eurasian p c r r e n i a l  herb  i n  gardens only.  

ASTELIA MENZIESIlWA Sm. ( E )  

A .  v e ra t ro ides  of  Park records .  - 

Abundant i n  wet t o  moist  f o r e s t s  around Kilauea. (Morley 147-H, 

23-11; M-D H-158; Fosberg 41758; F  & M 838) - 
CORDYLINE FRIJTICOSA (L.)  Goepp. (P,  "ti" "ki  " "la- i")  

C .  t e r m i n a l i s  (L.) Kunth - 

Taets ia  f r u t i c o s a  (L.) Merr. 

Inf rcquent  i n  moderately wet t o  r a t h e r  dry a r e a s ;  i n  lava  tube  "cave- 

ins" .  (Morley 63-H) 

DIANELLA SANDWICENSIS H .  & A .  (E) 

D.  lavarum Deg. - 

Occasional i n  moist  t o  moderately d ry  open o r  semi-open p l a c e s .  



(Olson i n  1938; F & M 795) 

DRACAENA HAWAIIENSIS (Deg. ) Fosb . (E, "hala pepe") 

Pleome1.e aurea sensu 1944 check l is t .  -- 
Pleome1.e hawai . iensi is  Degener 

Inf requent  along Poliolceawe P a l i .  ( F  & M 559) 

IIDfEROCAIJLIS AURANTIACA va r .  M A J O R  Baker (X, "yellow day l i l y " )  

Park res idence  a r e a .  (F  & M 287) 

IICMEROCALLIS FULVA v a r .  KWANSO Regel (X,  "day l i l y " )  

Park r e s idence  a r e a .  (F  & M 480) 

KNIPIIOFIA IJVI\RIA Hook. (X, "common t o r c h l i l y " )  

A pcrei inial  South Anrrican he rb  i n  gardens only.  

LIJJUM LONGIFLORI!M v a r .  CXIMUM Nichols ( X ,  "Bemuda e a s t e r  l i l y " )  

A p e r c n n j ~ a l  Japanese herb  i n  gardens only.  

PtiORMIUM TENAX Fors t .  (X, "New Zealand f l ax" )  

Crowing i n  clumps o r  a s  individual .  pl-ants  a t  s e v e r a l  p l aces  nea r  

t h e  road through t h e  Fores t .  

SMILAX SANDWICCNSIS Konth (E, "uhi" "u lehih i"  ' l ioi" "pioi")  

Frequent i n  moderately w e t  f o r e s t .  (Olson i n  1938; s. c o l l .  351; 

F & M 196; Morley 18-H; M-D H-69) 

WCCA FILAMENTOSA L. ( X ,  "Adam's needle") 

Old Volcano I-louse. ( F  & M 853) 

AMARY1,LIDACEAE 

AGAVE c T .  SISALAM P c r r  . (X) 

Severa l  p l a n t s  a t  t op  of  Poliokeawe P a l i .  (F & M 534) 

HIPPEASTRUM X JOI-INSONII Bury (X, "amaryl l is")  

Old Volcano House. (E 6 M 636) 



N.ARCISSUS sp .  (X) 

I n  gardens only.  

DIOSCOREACCAE 

DIOSCOREA ALATA L. (P,  %oi" "grea ter  yam'1) 

A t  S tone ' s  p l a c e  i n  Panau Nui. ( F  & M 1099) 

IRIDACEAE 

FREESIA REFRACTA K l a t t  (X, "Freesia") 

Park res idence  a r e a .  (F  & M 455) 

GXADIOLUS PRIMULINUS Baiter (X, "Gladiolus") 

Park res idence  a r e a .  (F  &- M 478) 

GZADIOLUS PSITTACINUS Hook. (X, 'tGlacliolus") 

Park res idence  a r e a .  (I? & M 601A, - 601B) 

IRIS c f .  GERMANICUS (X, "German iris") - 
I'ark res idence  a r e a .  (F  & M 473) 

SISYRINCFIIUM ACRE Mann ( "mauuali1.i") 

Frequent on Mauna Loa a t  about 6000 f e e t  and i n  open p laces  lower 

down. ( s .  c o l l .  257 ,  - 408) 

SISYRINCHIUM MICRANTHUM Cav. (X) 

Around Kilauca area Tn d is turbed  pl.aces. ( F  & M 81.6; I'oinar i n  1963) 

TRIGRIDLA PAVONIA v a r .  WATKINSONII Mort. (X, "Tigerflower") 

Park residence a r e a .  (F  & M 677) 

TRITONIA CROCOSMAEFOLIA Lem. (X, "Tr i tonia")  

,Il,irndant i.n d is turbed  p laces  and along roads i n  Kil~auea a rea .  

I: I.: & M 9 7 ;  Lamoureux 2520; M-D 11-142) 

WATSONIA IRIDIFOLIA Ker. v a r .  O ' B R I E N I  N . E .  B r .  (X) 

Park residence a r e a .  (1' & M 482) 



ZINGIBERACEAE 

A I P I N I A  PURPURllTA ( V i e i l l .  ) I<. Schum. ( X ,  "red ginger") 

S tonc ' s  p l a c e  i n  Panau Nui. (I' & M 1101) 

IICDYCl-IIUM CORONARIUM Koenig (X, "white ginger") 

Along roads i n  ICilauea reg ion ,  e s p e c i a l l y  around Park res idence  

a r e a .  ( r  6. M 631) 

HEDYCFIILM FLAVUM Roxb . ( X ,  "yellow ginger") 

Old Volcano House. (F  & M 634) 

I-ICDYCI1IUbl GARDNCRIIWUM Roscoe ( X ,  "Kahil i  ginger") 

Park res idence  a r e a .  ( F  & M 743) 

CANNACEAE 
CANNA I N D I C A  L. (X, " l i i poc"  "Indian shot")  

Near Volcano Mouse. ( F  & M 673) 

Park r e s idcncc  a r e a .  ( f  & M 173) 

ANOECTOCHILUS SANDWICENSIS Lindl .  ( E ,  "Honohono orchid")  

Rare i n  wet o r  moist  f o r e s t ,  Napau Trail.; 3. m i l e  e a s t  of  Kane Nui o 

Hamo. (F  & M 943, 969) 

ARUNDINA R,AMBUSAEFOLIA Lindl .  ( X ,  t'bamboo orchid")  

Recently very abundant a long roads and t r a i l s ,  and i n  steaming a r c a s .  

(M-D 1.1-33; Eggler 187) 

I,IP/\XIS HAWAIIENSIS Mann (E, "awapuhiakanaloa" "twaybladeU) 

Rare -in wet Fores t ,  Kilauea a r e a  and near  Napau C r a t e r .  ( F  & M 200; 

Morley 41-H; s .  c o l l .  ) 

PMAJUS TANKERVILLIAE (Banks) BI.. ( X ,  "Chinese ground orchid") 

Common i n  open moist  Fores ts ,  Kilauea I k i  and Chain-of-Craters 

(Olson i n  1.938; I? R M 860; s .  c o l l .  ; M-D H-64) 



SPATHOGLOTTIS PLICATA Bl. (X, "Phillippine ground orchid") 

Frequent on recent lava flows in wet areas, and around Kilauea. 

(F & M 400; Eggler 186) 

PIPEMCEE 

PEPEROMIA COOKIANA C. DC . (E, "alaalawainui") 

Damp places about Kilauea. 

PEPEROMIA EXF'ALLESCENS C. DC. (E, "alaalawainui") 

Kilauea . 
PEPEROMIA EXPALLESCENS var. BREVIPILOSA Yuncker (E, "alaalawainui") 

Kilauea . 
PEPEROMIA HAWAIIENSIS C . DC . (E, "alaalawainui") 

Kau . 
PEPEROMIA NYPOLEUCA Miq. (E, "alaalawainui") 

Several localities around Kilauea. (F & M 193; Baldwin in 1949; 

s. coll. 143; Degener et al. 3892; Degener & Iwasaki 3883) 

PEPEROMIA HYPOLEUCA var . PLUVIGAUDENS (6. DC .) Yuncker (E) 
Trail, Kilauea-Kilauea Iki, 3900 feet. 

PEPEROMIA UTIFOLIA Miq . (E, "alaalawainui") 

Kilauea . 
PEPEROMIA LEPTOSTACHYA H. & A. (I, "alaalawainui") 

Frequent and widespread. (F & M 549; s. coll. 264; Morley 109; 

Stone 3010) 

PEPEROMIA LILIFOLIA var. OBTUSATA Yuncker (E, "alaalawainui") 

Kilauea . 
PEPEROMIA MACRAEIWA C . DC. (E, "alaalawainui") 

Klauea . 



PEPEROMIA MMBRANACEA v a r .  PUUKUI<UIANA Yuncker (E, "alaalawainui") 

Kilauea . 
PEPEROMIA TETRAPHYLLA v a r  . PARVIFOLIA (C . DC . ) Deg. ( I  ) 

Peperomia re:flexa v a r .  p a r v i f o l i a  C.  DC. 

Peperomia r e f l e x a  v a r .  p a r v i f l o r a  C.  DC. ex 

Fagerlund 6- Mitche l l ,  Check l i s t  1944 ( e r r o r )  

I'eperomia r d l e x a  sensu Fagerlund & Mitche l l  

Common i n  Kipuka Puaulu, both t e r r e s t r i a l  and ep iphy t i c .  (Morley 

70-1-1, 175-1-1; Degener 2435; Degener e t  a l .  3899; s .  c o l l .  265; Larnoureux -- 

2492, 2456; Rock 16027, 1.0397; Rock & Copeland 12594; Meebold i n  1932) -- 

MYRICACEAE 

MYRICA FAYA / \ i t .  (X) 

A s i n g l e  sma l~ l  t r e e  was found on t h e  Cra te r  R i m  T r a i l  between KMC 

and t h e  Volcano Observatory i n  1961. (Fosberg 41782) 

URTICACERE 

PILEA MICROPI-IYLTA (L.) Liebm. (X, " a r t i l l e r y  p l an t " )  

Park res idence  a r e a .  (f & M 474) 

NERAUDIA OVATA Gaud. (E) 

Neraudia melastoinaefolia sensu Fagerlund fi- Mitche l l ,  non Gaud 

Near Ifalfway Rouse, 3000 k e t .  ( F  R M 842) 

PIPTURUS ALBIDUS (1.1. & A.)  Gray (C ,  "mamaki" "mamake") 

1'. brighamif Skot t sb .  - 

P. gaudichaudianus Wedd. - 
P. gaudichaudianus v a r .  aspcrrimus Skot t sb  . - 

1'. hawa i i cns i s  Lev. - 

P. pachyphyllus Skot t sb  . - 



A perp lexingly  v a r i a b l e  group, h e r e  r e fe r r ed  t o  a s i n g l e  spec ie s ,  

though perhaps some v a r i e t i e s  could be recognized. 

Occasional t o  common i n  moist  t o  wet f o r e s t s .  ( F  & M 586; s .  c o l l .  

887, 888, 1056; Stone 3026; Morley 50-H; M-D H-133, H-39) - - -  - 
URERA SANDVICENSIS Wedd . ( E ,  "opuhet') 

Inf requent  i n  moist  f o r e s t s ,  Kipuka Puaulu, Malcaopuhi Cra t e r ,  and 

Kanc Nui o Ilamo. (F  & M 574, - 584; Lamoureux 2519; Morley 60-H, - 61-8) 

MORACEAE 

ARTOCARPUS ALTILIS (Park.  ) Fosb . (P, "ulu" "bread Frui t")  

A.  i n c i s a  L. E. - -  
A. communis For s t .  r. - 
A grove a t  Naulu Vi l l age ,  Kaalakomo, a t  about 800 f e e t .  ( r  R M 380) 

DROUSSONETIA PAPYRIFERA (L. ) Vent. (P, "wauke") 

Apua, br ink  of  P a l i ,  a t  2000 Fcet i n  t r a n s i t i o n  f o r e s t .  (Fagerlund 

121.4) - 

FICUS CARICA L. (X, "Fig") 

Occasionally p e r s i s t i n g ,  Xipuka Puaulu, Na Makani Paio,  and Fern 

,Tungle. (F  & M 271; Morley 168-M) 

FICUS PUMILA L. ( X ,  "climbing Fig") 

Planted and p e r s i s t i n g  i n  Kilauea reg ion .  

MORUS ALBA I". TATARICA (L.) Loudon (X, "k i l i ka"  "mulberry") 

Old Volcano House grounds. ( F  & M 845) 

GREVILLEA ROBUSTA A. Cunn. (X) 
PROTEACEAE 

Sirylurus robns ta  (A. Cunn.) Deg. 

Old Volcano House, and near  Halfway Mouse on Pahala Road. ( F  & M 124) 



MACADAMIA INTCGRIFOLIA Maiden & Betche (X, "Queensland nut"  "Macadamia nut") 

M .  t e r n i f o l i a  of  most Hawaiian a u t h o r s .  - 

Old Volcano House. ( F  & M 633) 

SANTALACEAE 

SNTALUM ELLIPTICUM var .  PANICUUTUM ( H .  & A.) Fosb. (E, " i l i a h i "  
"sandalwood") 

S. pe$culatum H .  & A.  - 

Common i n  moist  t o  moderately wet f o r e s t ,  e s p e c i a l l y  open f o r e s t ,  

a l s o  dry f o r e s t s ,  a s  l.ow a s  H i l i n a  P a l i  and i n  Kipuka Kula l io  a t  6700 

Feet. ( F  & M 877, -- 155; Olson i n  1939; Stone 2937; Poinar i n  1963) 
LORANTHACEAE 

KORTHALSELLA COMPLANATA (van Tieghem) Engl. ( I )  

Viscum a r t i cu la tum,  sensu Hbd . 
P a r a s i t e  on Psychot r ia ,  Sophora, Vaccinium and o t h e r  woody p l a n t s .  

( s .  c o l l . ;  s .  c o l l .  353; Lamoureux 2460; Morley 62-H) 

POLYGONACEAE 

MUL7ILENBECKIA AXILLARIS Wa1.p. (X,  "matbush" "wf.revine") 

Roadsides and i n  Park residence a r e a ,  1Til.auca. ( F  & M 750; Olson 
P 

i n  1~939; Poinar i n  1963; Fosberg 44468) 

RHEUM RFlAPONTICUM L. (X, "d~ubarb")  

I n  gardens.  

RUMEX ACETOSELLA L.  (X, "sheep s o r r e l " )  

Frequent and widespread i n  open and semi-open p laces .  ( F  & M 183; 

Fagerlund 993; Poinar  i n  1963; Morlcy 103-1:) 

RUMEX CRISPUS L. ( X ,  "curly dock") 

Lawns and damp waste p l aces  around Kil.auca. (f & M 599, 602) 

RIMEX GIGANTEUS A i t  . (E: "pawale" "uhaohako") 

Occasional. i n  IZilauea Caldera, Kau Deser t ,  and o t h e r  dry ba re  a reas .  

(M-D 11-130; F R M 17 ,  -> 294 - 534; Iamoureux 2448; Eggler 276; Baldwin i n  - 



1941; Fosberg 41775) 

CHENOPODIACEAE 

BETA VULGARIS v a r .  CICM L. ( X ,  "Swiss chard") 

An annual  European herb  i n  gardens only.  

BETA VULGARIS v a r .  CRASSA Alef.  ( X ,  "beet") 

An annual  European herb i n  gardens only.  

CHENOPODIUM AMBROSIOIDES L. ( X ,  llwormseed" "Mexican t ea" )  

Disturbed a reas  about Kilauea.  (F & M 611) 

AMARANTHACERF 

AMARANTHUS TRICOLOR 1,. (X, "Chinese spinachn) 

KMC dump, Kilauea.  ( F  & M 606) 

MARANT-IUS VIRIDIS L. (X) 

A. g r a c i l i s  Desf. - 

Distxrbcd a r e a s .  (F  & M 331, - 228; s .  c a l l .  1217) 

U-IARPENTIEWI OBOVATA Gaud. ( I ,  "papala") 

Rare i n  Kipuka Puaulu. (Lamoureux 2486; Morley 178-H, F & M 851, 

658; s .  c o l l .  1245, Eggler 20) - 

NOTOTRICHIUM SANDWICENSE (Gray) Kbd . (E, 'lcukuf i n )  

Poliokeawc P a l i .  (Hamilton i n  1964) 

NYCTAGINACEAE 

BOERHAVIA MUTABILIS R.  B r .  ( I ,  "alena") 

B. d i f u s a  sensu Fagerlund & Mitche l l ,  i n  p a r t  - 

A t  Kalue ( F  & M 653) 

BOENMVIA REPENS L. ( I ,  "alena") 

B.  d i f l u s a  sensu Fagerlund & Mitche l l ,  i n  p a r t  - 

Keaoi I s land  ( F  & M 356) 



BOUGAINVILLEA GIABIZA Cl~oisy (X, "bougainvi l lea")  

I n  gardens.  

MIRABILIS JAL'APA L. (X, "four-o 'c lockt ' )  

Abundant herb  i n  Apua, a t  about 1600 f e e t .  

PISONIA UMBELLIFERJ ( F o r s t .  ) Seem. ( I )  

Heimerliodendron brunonianum (Endl. ) Skottsb . 
I n  Kipuka Puaulu. ( F  R M 253; Olson i n  1940; Morlcy 100-H, - 65-H; 

Lamoureux 2500, 2521) - -- 

PHYI'OLACCACEAE 

PHYTOLACCII SlZNDWICENSIS Endl.  (E) 

P.  brachystachys Moq. - 
Kipulta K i ,  a t  about  4300 f e e t .  ( C h r i s t  i n  1939) 

AIZOACEAE 

MESEt4BRYWI"I'ED.lLM -- s p .  ( X ,  "akuli l iul i")  

Park res idence  a r e a .  (I' 6 M 107) 

SESWIUM PORTULACASTRUM L. ( I ,  "alculiliuli") 

I n  marshy a r e a s  and on spray-wet rocks  a t  s ea  l e v e l .  (I' & M 348) 

TETMGONIA TETRAGONIOIDES (Pal- las)  Kunth ( X ,  "New Zealand spinach1') 

I n  gardens. 

PORTUUCACCAE 

PORTULACA CYANOSPCRMA Eglcr (C) 

Along t h e  c o a s t .  (Stone 2872; M-D 11-198 ?) 

PORTIJUCA IIAWAIICNSIS Deg. (C)  

A very dubious spec ie s ,  no t  r e a l l y  recorded From Park bu t  incl~uded 

by Fagerlund and Mitchc1.l checkl . is t  because Degener thought  it might 

bc  round a1 1 a long Kau Dcscrt  shore .  
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PORTULACA OLERACEA L. (X, " ih i "  "purslane" "pigweed") 

Inf requent  i n  gardens and d is turbed  p l a c e s .  (F  R M 105) 

SCLCROCARPA Gray (E, "ikimakole" "poe") 

Frequent i n  ash s o i l  i n  t r a n s i t i o n  between f o r e s t  and d e s e r t ,  a l s o  

i n  and around steaming ground near  Kokoolau Cra ter .  (M-D M-2) 

CARYOI'HYLLACEAE 

CERASTIUM VIJLGATUM L. ( X ,  "mouse-ear chickweed") 

InTrequent i n  lawns and d is turbcd  p l a c e s .  (F & M 408; s.  I., s .  c o l l .  

23 o r  251) - - 

DIANTHIJS BARBATUS I,. ( X ,  "sweet-wil.l.iam") 

In  gardens. 

DliWTIIIJS CARYOPHYLLUS L. (X, "carnati.on") 

Park res idence  a r e a .  ( F  R M 104) 

IlIiWTklrJS CHINENSIS I,. ( X ,  "pink") 

Park rcs idcncc  a r c a .  ( F  & M 753) 

DRYMARIA CORDATA (L.)  Willd.  (X, " i h i  kukaihipa") 

Frequent i n  lawns and gardens about I<ilauca. ( F  6 M 

IJOI,YCARI'ON TETRAIXYLLW L. ( X) 

Near s h e l t e r  i n  Kalapana. (Poinar  j~n  1963; Eggler 88) 

SLLCNE GALILCA L. ( X ,  "windmill. pink'1) 

Rare i n  moderately dry a reas  between 2000 and 3000 Ccct. (e i n  

1.939; F 6 M 539; M-D I+-61) 

SZLXNE STRIJTHIOLOIDES Gray ( C )  

On open ash i n  Kau Desert  and f l o o r  ?f Ki~lauca Caldera. (F 6 M 701; 

M-D 1-1-333; s .  c o l l .  356; Fosberg 41.775; Eggl.er 188) 

STEldARIA MEDIA (L.)  C y r i l l .  ( X ,  "chickweed") -- 

Frequent i n  gardens and waste p laces .  ( F  R M 873, - 318) 



RANUNCULACEAE 

IWEMONE JAPONICA S .  & 2. (X, "Japanese anemone") 

Es tabl i shed  nea r  Park r e s idence  a r e a .  (F  & M 21.9; M-D 11-272; 

Ruh1e i n  1961) 

RANUNCULUS MURICATUS L. (X,  "spiny-frui ted but tercup")  

In f r equen t  i n  Kipuka Puaulu and h o r s e  c o r r a l .  (Olson i n  1939; 

F R M 417; s .  c o l l . )  

RANUNCULUS REPENS 2.  ( X ,  "creeping but tercup1')  

Reported by Degener, P l an t s  of Hawaii Nat ional  Park, a s  probably i n  

Park,  and more deFinite1.y by Fagerlund (1947). 

DELPHINIUM s p  . ( X ,  "l.arkspur") 

I n  gardens.  

MENISPERMACEAE 

COCCULUS FCRIiANDIANUS Gaud. (E, ' h e h u e "  "hueie") 

Frequent v i n e  i n  moderately wet: t o  d ry  Fores t s .  (F  & M 39, - 134; 

s .  c o l l .  270; Stone 2938; Baldwin & Fagerlund 32) 

LAURACEAE 

CASSYTZI.4 FILIFOFNIS L. ( I ,  "kaunoa pehn" "love-vine") 

Paras i - te  on o t h e r  p l a n t s  i n  dry a r e a s  oT Park, e s p e c i a l l y  near  ocean. 

( F  & M 377; s .  c o l l .  260;  M-D N-247, H-192) 

PERSEA AMERICANA M i l  1.. (X, "avocado" "pear") 

Severa l  - t rees  i n  Kil~auea area  and i n  Kipuka Puaulu. (F  & M 445, 

869, 632) - -  

PAPAVERACEAT: 

AXGEMONE GLAUCA (Pra in )  Deg. R Deg. ( E ,  "puakala" "pr ick ly  poppy") 

Argemone a lba  v a r .  gl.auca Prain - 



Inf requent ;  i n  Kipuka Puaulu. ( F  & M 175) 

ESCHSCHOLTZIA CALIFORNICA Cham. (X, "Cal i forn ia  poppy") 

Hunnemannia fumar iaefo l ia  of  1944 check l i s t .  

I n  gardens. The specimen on which t h e  record of Hunnemannia was 

based is Eschscholtzia .  

CAPPARIDACEAE 

CRPPARIS SANDWICHIANA D C .  ( I ,  "Hawaiian caper" "maiapilot') 

Keaoi I s l and .  (F  & M 885) 

CRUCIFERAE 

BRASSICA CAMPCSTRIS L. ( X ,  " f i e l d  mustard") 

Old Volcano House, a l s o  on Mauna Loa a t  GOO0 f e e t .  (Olson i n  1939; 

F & M 467) 

BRASSICA CHINENSIS L. (X, "pakchoi") 

In  gardens. 

BRASSICA JUNCEA (L.) Cosson ( X ,  "Indian mustard") 

Infrequent; around Kilauea.  ( F  & M 229, - 901) 

BRASSICA NIGRA (L . )  Koch ( X ,  "black mustard") 

Inf requent ;  i n  grass lands  on s lopes  of  Mauna Loa. (0 lson  i n  1939) 

BRASSICA OLERACEA v a r .  BOTRYTIS L. ( X ,  "cauliflower") 

A European he rb ,  i n  gardens only. 

BRASSICA OLERACEA v a r  . CAPITATA L. (X, "cabbage") 

11 European herb  i n  gardens only.  

BRASSICA RAPA L. (X, " turnip")  

An he rb  o r ig ina ted  i n  c u l t i v a t i o n ,  i n  gardens only.  

CARDAMINE YLCXUOSA r. UMBROSA (Cor. & Gods .) 0. C. Sch. (X) 

Rare o r  i n f r equen t ,  KMC Area. (F  & M 309) 



CARDWINE SmENMSA F o r s t .  (I)  

I n  opening of lava-tube nea r  sea  a t  Kealakomo. ( F  & M 375; s .  c o l l .  

934) - 
CORONOPUS DIDYMUS (L . )  Smith (x, "wart-cress") 

Kil.auca a r e a ,  i n  d i s tu rbed  p l a c e s .  (F  & M 452) 

IBERIS sp .  ( X ,  " c a n d y t u t " )  

I n  gardens,. 

LEPIDIUM VIRGINICUM L. (X, "ppperweed") 

Frequent along roads ,  t r a i l s  and o t h e r  d is turbed  p l a c e s .  (Fagerlund 

36; F 6 M 29; Morley 1~08-H) - 
LOLIUIARIA MARITIMA (I , .  ) Dew.  (X, "swect Al.yssum") 

Park res idence  a r e a ,  a l s o  a t  Halemaumau. ( F  R M 119, -- 556; Olson i n  

1.935) 

MATTIIIOLA s p  . (X, "stocks") 

In  gardens.  

RAPIIANUS SATIVUS L. (X, "radish" "dailcon") - 
In  dry open d is turbed  a r e a s ,  a s  a t  end o f  Mauna Loa S t r i p  Road, 

a l s o  !Iilina P i l i .  (F & M 441, 443; Poinar  i n  1963) 

MPlIANUS SATIVUS v a r .  MNGIPINNATUS Bailey (X, "Chinese r ad i sh" )  

In  gardens and on sl.opes of Mauna Loa a t  6700 Feet. 

SISYMBRIUM RLTISSIMUM L .  ( X ,  "tumble mustard" "Jim H i l l  mustard") 

Pua (Jl.aula S h e l t c r ,  Mauna Loa, 10,000 f e e t .  (F & M 767) 

SISYMBRIUM OFFICINALE (I,.) Scop . (X, "hedge mustard") 

Epul ta  K i .  ( C h r i s t  i n  1939; S. c o l l .  1069) 

RCSEDACEAE 

RESEDA s p .  (X, "miLmmettel') 

I n  gardens 



CRASSULACEAE 

KALANCKOE TUBIFMM ( H a r v , )  Hamet ( X )  

Parlc r e s i d e n c e  a r e a .  ( F  6 M 179)  

SEMPCRVIVTIM TECTORUM L. ? ( X ,  "hen-and-chickens" "house leclc") 

Parlc r e s i d e n c e  a r e a .  ( F  R M 112;  s .  c o l l .  112)  

SAXIFRAGACEAE 

I3ROUSSAISIA ARGUTA Gaud. (E, 'Tpuahanui'l  "Icanawau") 

Common :i.n m o i s t  t o  wet f o r e s t s .  S e v e r a l  forms r e c o g n i z a b l e .  

(I? 6 M 57, M-D 1.1-66 - f .  a r @ t a ) ;  ( F  & M 840 i'. t e r n a t a ) ;  ( F  6 M 8 f. 

pel:l.uci.da) 

ESCALLONTA MACRRNTIIA H . & A .  (X) - 

Common around Ki lauea  r e g i o n .  (Olson - i n  1939; F & M 505, - 629) 

HYDRANGEA MMACROI'IIYLLA (Yliunb . ) D C .  ( X ,  "Hydrangea") 

Pafk r e s i d e n c e  a r e a .  ( F  & M 671,  61) 

I'IIIJ,AI)ELSIIIJS s p  . ( X ,  "mock orange",  "syr inga1 ' )  

I n  ga rdens .  

PZTTOSPORACEAE 

PITTOSPORIIM CONFCRTIFTQRUM Gray ( C ,  '%oawat1) 

Rare  o r  : in f requen t ;  Kal.apana T r a i l  at: 2100 i 'cet ,  a l s o  n e a r  Pauahi. 

C r a t e r ,  and Prom a b o u t  8000 f e e t  on Mauna Loa. ( F  & M 719, 760 1059 -> L> 

: I O G O ;  S tone  2947; Morley 194-1-1) - 
l?CTTOSPORUM I-IOSMCRI v a r .  SAINT-JOI-IN11 SlierTf ( C )  

I?l~antetl i n  Icipuka I 'uaulu. (Lamoureux 2506) 

I'ITTOSPORIJM l!OSMERL v a r .  - TX)NGII'OLIIIM Rock (E,  "aawa hua  lcukui" 'lioawa") 

In f req i i en t ,  i n  smal.1. 1c:ipulcas bctwccn K7pulca I'uanlii and Kipuka K i .  

(!lamou:~-c!ux .- 2505; F & M 69:L; Baldwin ( F  & M )  823)  



PITTOSPORUM SULCATUM var .  - RmYI S h e r f  ( C ,  'lloawa") 

Inf requent ,  near  Kalapana T r a i l  a t  about  2200 f e e t .  (F  & M 797, - 794) 

I?ITTOSPORUM TERMINALIOIDES Planch . (E, %oawafl) 

Kipuka Maunaiu a t  about 5000 f e e t .  (Olson - i n  1940; s .  c o l l .  1060) 

PITTOSPORUM TOBIM (Thunb . ) A i t .  ( X ,  "Japanese Pittosporuml')  

Park res idence  a r e a .  (F  & M 650, - 285) 

PITTOSPORUM UNDULATUM Vent. ( X ,  "Vic tor ian  box" "mock orange") 

Park res idence  a rea .  (F  & M 283, 1008) 

ROSACCAE 

COTONEASTER PANNOSA Franch . (X, "s i lver l .eaf  Cotoneaster") 

R i m  of  Kilauea I k i  Cra t e r .  (F  R M 214, - 628; IJoinar i n  1963) 

CYIIONIA OBLONGA M i : L l  . ( X ,  "quinc el1) 

Park admin i s t r a t ion  buil.ding. (F 6 M 900) 

ERIOBOTRYA JAPONICA (Thunb . ) Lindl .  (X ,  "loquat") 

Kilauea.  (F  6 M 856) 

FRAGARIA VCSCA f . ALDA ( f l ~ r h .  ) Rydb . (X, "o l~e lo  papat1 "wliitc s t rawberry")  

Fragaria  c h i l o e n s i s  sensu Fagerlund & Mitche l l  

Very common i n  moist  open f o r e s t s .  ( F  6 M 267; Morley 19-FI; 

Lamoureux 2470; M-D H-91; S t .  John e t  a l .  11252; Degener i n  1922; 

Douglas 341) 

OSTEOMELES IZNTHYLIJIDIFOLIA (Sm. ) Lindl .  ( I ,  "u le i"  "uulej.") 

I n  old moderately vegetated lava  -Flows i n  dry a r e a s  between 2000 

and 4000 f e e t .  (Poinar  i n  1963; F 6 M 132, - 472; M-D H-105, - 205; Eggler 72) 

PRUNUS PERSICA ( L . )  Batsch. (X, "peach't) 

Local.ly aadventive i n  klpukas i n  Kil.auea reg ion .  ( F  & M 268) 



1'YRACMTIIA ANGUSTIFOLIA ( F r  . ) Schneid . (X) 

Escapcd From c u l t i v a t i o n  and e s t ab l i shed  i n  t h e  IZilauea reg ion .  

(Fosberg 44463) 

PYRAClWTHA CRENATO-SERRATA (Hance) Rehd . (X) 

Locally cstabl-ished i n  Kilauea reg ion .  (Fagerlund 1219; rosberg 

44463) 

ROSA LAEVIGATA Michx. (X, "Cherokee rose")  

Park r e s i d e n t i a l  a r e a .  ( F  & M 284) 

ROSA MULTIFMRA Thunb. (X, "mul t i f lora  rose")  

Roadsides and edges of Fores t  i n  1Ci.l.auea a rea .  (M-D M-178; 

F R M 85, - 849) 

ROSA POLYANTHA Hort.  (X) 

Park res idence  a rea .  ( F  & M 597) 

ROSA RUBRIFOLIA V i l l .  (X) 

Kilauea a rea .  ( F  & M 911) 

sp .  (X) 

A number of  o t h e r  introduced roses  p e r s i s t  from c u l t i v a t i o n .  

( r  R M 479, - 908) 

RUBUS ELLIPTICUS Sm. ( X )  

Establ ished i n  c l e a r i n g s .  (Fosbcrg 41609) 

RUBUS IIAWAIICNSIS Gray ( C ,  "alcala" "IIawaiian raspberryt ' )  

InSrequent;  Kipuka Puaulu. ( F  & M 501; Morley 89-H) 

RUBUS MACRAEI Gray (E, "akala") 

Mauna Loa S t r i p  Road. (F  & M 569; C J E i n  1945; s. c o l l .  898, 899) - 
RUBUS PCNETRMS Bailey (X, "blackberryf1) 

Abundant i n  open a reas  and d is turbed  Sores t  about Kilauca.  

(Lamoureux 2502; F & M 630, - 83 p a r t ;  Swezey ( ~ e g e n e r ' s )  8606) 



RlJBtIS ROSACFOLIUS Sni. (X, "ola 'a"  l f t l~imbleberry")  

Frequent and widespread i n  wet f o r e s t  and open a reas .  (F  & M 83 

p a r t ;  Morley 17-H; Olson i n  1939) 

IiURUS UTA&lIFOLIUS v a r  . INERMIS ( Willd . ) Focke (X) 

Occasionally p lanted  and escaping (M-D H-155) 

Sl~?IRAEA JAPONICA L. S. (X) 

Park res idence  a rea .  ( F  X- M 908) 

SPIRAEA CIWTONIENSIS Lour. (X) 

Spiraca thunbergi i  Sieb. of  some r e c e n t  Hawaiian authors .  

res idence  a r e a .  ( F  6- M 215) 

TXGUMINOSAE 

A C A C I A  DCALBATA Link (X; " s i l v e r  wat t le" )  

One sma l l  t r e e  found i n  Kilauea a r e a .  

ACACIA KOA - v a r .  - IlAWAlICNSIS Rock (C: "koa") 

1-rcquent t r e e  from Kipuka Puaulu t o  about 7000 Feet on Mama T,oa, 

occas ional  i n  open f o r e s t s  a t  lower e l e v a t i o n s .  (Morlcy 76-H; s .  c o l l .  

352; r' R M 656) - 
C~\CSI\J,PINIA BONDUC (L. ) Roxb . (I?  "ltakalaiaoa") 

Puna, near  Kupaaku i n  Panclanus grove on a r a  l ava ;  a l s o  i n  Kahpana.  

( s .  c o l l .  931; Stone 3030) 

CAJ!\NIJS CkTAN (L.) Mi l l sp .  ( X ,  "pigeon pea") 

Rare o r  i n f r equen t ;  i n  d is turbed  pl.aces and along roads :in Kilauea 

a r e a .  ( F  R M 828) 

Ci7SSIA BICAPSULARIS L. ( X )  

Near Hi l ina  P a l i .  (M-D H-203) 



CASSIA LAEVIGATA Willd . (X, "kalomona") 

Near Halfway House, Kau. (Baldwin ( F  & M) 844) 

CASSIA LESCHENAULTIANA DC. (X, "pa r t r idge  pea") 

C .  mimosoides sensu Hawaiian authors  - 

Along road near  Halfway House, Kau, and i n  moderately dry seashore 

a r e a s .  ( F  & M 123; M-D H-204) 

CASSIA OCCIDENTALIS L. (X, "coffee senna") 

Apua; dry p a l i  s lopes  i n  t r a n s i t i o n  Forest  a t  2000 f e e t .  (Fagerlund 

1212; M-D H-323) - 
CROTALARIA INCANA L. (X, "kukai hoki" "fuzzy r a t t l epod" )  

Roadsides, Kilauea a r e a .  ( F  & M 276) 

CROTAT,ARIA MUCRONATA Desv . (x)  

C. s a l t i a n a  Andr. - 

Roadsides, Kilauea a r e a .  (F  & M 322, 1112; Poinar i n  1963) - 
CYTISUS SCOPIlRIUS (L.) Link (X, "Scotch broom") 

Park res idence  a r e a .  (F  & M 622) 

DESMODIUM CAJAJRNIFOLIUM DC . (X) 

Upper p a r t  of Ainahou Ranch i n  Metrosideros f o r e s t .  (Fagerlund 1119) 

DESMODIUM TORTUOSUM (Sw.) DC. (X,  "F. oric'a beggarweed") 

Disturbed p laces ,  Kilauea a r e a .  (F & M 448) 

DESMODIUM TRIFLORUM ( L . )  DC. (X, " i h i  kikania")  

Frequent i n  grassy a reas  near  s eacoas t .  (F  & M 325; M-D H-250) 

DESMODIUM UNCINATUM (Jacq . )  DC. (X) 

D. sandwicense E. Mey. - 

Inf requent  i n  moderately dry a reas .  (Olson i n  1939; Morley 80-H; 

F & M 16 44 131; Eggler 93) -, - 



DIOCJ,CA VIOLACCA Mart. ( I ,  "maunal.oatf) 

Scen near  1Zulial.auula Pa1.i. 

DOT.,ICHOS LABLAB 2. (X, "papapa") 

Inf requent ;  i n  d i s tu rbed  a reas  about  IZilauea and Panahi Cra ter .  

(Olson i n  1938; F & M 32) - 
ERYTHKINA SANDWICENSIS Deg. (E, "wi l iwi l i " )  

C.  monosperma Gaud. - 
I n  dry a reas  in land  From Puu Kapukapu a t  about 1500 f e e t ;  planted a t  

H i l i n a  P a l i .  (F  & M 883, - 925) 

INDIGOFERA SUFFRliTICOSA M i l l . .  ( X ,  "ihilcoa" "kolu" "indigo") 

Frequent From s e a - l e v e l  t o  1000 f e e t ,  a l s o  near  IZipulca Puaulu. 

( F  & M 265; M-D $1-251, -- H-202, H-268) 

LATHYRUS ODORATUS L. ( X ,  "sweet p a " )  

In  gardens only.  

LEUCAENA LEUCOCEPIIALA (lam.) de W i t  (X, "elcoa" 'Icoaloi" " f a l s e  lioa") 

L. glauca sensu Bentham - 

Frequent a t  Keauhou. ( F  & M 387) 

LUPINUS sp .  (X,  "lupine") 

I n  gardens only. 

MEDICAGO pOLfifORPHA L. (X, "bur clover")  

Medicago d e n t i c u l a t a  Willd. 

Medicago h i sp ida  Gaertn. 

Along roadsides and i n  old gardens, and on Mauna Loa a t  6600 f e e t .  

(Olson - i n  1939; F & M 409) 

MCLILOTUS INDICA ( L o )  A l l .  (X, "yellow sweet-clover") 

Horse c o r r a l  on Mauna Loa a t  6600 f e e t .  (Olson i n  1939) - 



MIMOSA PUDICA L. ( X ,  " s e n s t t i v e  p lant r ' )  

Kalapana; a l s o  upper Kealakomo. (Stone 2958; s .  c o l l .  1098) 

MUCUNA GIGANTEA DC. (I, "sea bean") 

Puna, near  c o a s t  a t  Waltaula. ( s tone  2894) 

PHASEOLUS s p  . (X,  "bean") 

I n  gardens only. 

PISUM SATIVUM L. (X, "garden pea") 

In  gardens only. 

PITLlECELLOBIUM DULCE ( ~ o x b  . ) Benth . (x) 

(McD 11-324) 

PROSOPIS PALLIDA (Wil.1d .) 1I.B.IZ. (X, "ltiawe" "algaroba") 

P .  c h i l e n s i s  sensu Hawaiian authors  - 

Severa l  t r e e s  a t  Keauhou. (F  & M 388) 

SESBANIA TCYENTOSA 1.1. & A .  (E, "ohai.") 

Apua Po in t .  (F  & M 383) 

SOPI1ORA CIIRYSOPHYLLA (Sa l i sb  . ) Seem. ( E ,  "mamani") 

Edwardsia ehrysophylla Sa l i sb  . 
Frequent from Kipuka Puaulu t o  8000 :feet on Mauna Loa, occasional  

i n  f o r e s t s  lower down. (kmoureux 2473; Morley 56-H; I'oinar i n  1963; 

Stone 2986; M-D H-23) 

TMIIRINDUS I N D I C A  L. (X, "tamarind") 

Lae Apuki., near  s ea - l eve l .  (F  & M 1094) 

TEPHROSIA PURPUREA (L,)  Pers  . ( I )  

Kaena Poin t .  (F  & M 1.090; s .  c o l l .  1256) 

TRIFOLIUM ARVENSC L. (X, " r abb i t foo t  c lover")  

Mauna Loa s lopes  a t  about 4,000 f e e t .  (F  & M 822) 



TRIFOLIUM PRATENSC L. (X, "red clover")  

Near Old Volcano House. ( F  & M 458) 

TRIFOLIUM PROCUMBCNS L. (X,  "hop clover")  

Roadsides about Kilauea. (F  & M 299; s .  c o l l .  426) 

TRIFOLIUM REPENS L. (X, "white clover") 

Horse c o r r a l  a t  6700 f e e t  on Mauna Loa, a l s o  around Park r e s iden t i a l .  

area.. ( F  & M 432) 

V I C I A  SATIVA L. ( X ,  "vetch") 

At Kaenakakoi and IU4C dumps. (F  & M 446, - 730) 

WISTERIA s p .  (X, "wis te r ia")  

In  gardens only.  

GEliANIACEAE 

CRODIUM CICUTARIUM TJIHer. (X,  " s to rk ' s  b i l l "  "clockseed") 

Puu Ulaula s h e l t e r ,  a l s o  a t  H i l ina  P a l i .  ( F  & M 516, - -  769, 895) 

GERANIUM CRROLINIANUM var .  WSTRALC (Benth . ) Fosb . (X, "cranesbi l l " )  

Frequent i n  moderately wet a r e a s .  (Lamoureux 2482; F & M 468; 

M-D H-138; Olson i n  1938; PHB 6 GOF 29) 

GERANIUM CUNEATUM v a r .  IlYPOLEUCUM Gray (E ,  '%inahina7' "nohuanu") 

Frequent on Mauna Loa from 7000 t o  8000 f e e t .  (F  & M 259, 4.26, -> 756. 

M-D 11-222, 11-31.8; Poinar i n  1963) - 
GERRANIIIM DISSECTUM L. (X) 

Horse c o r r a l  a t  6700 f e e t  on Mauna Loa. ( F  & M 1068) 

PELARGONIUM GRAVCOLENS L'Her. (X, "okupukupu" "rose geranium") 

Park res idence  a r e a .  (0 lson  i n  1939; F & M 102, - 695) 

PEIfiGONIUM HORTORUM Bailey (X,  "naniuma") 

Park res idence  a rea .  (F & M 91, - 696) 



OXALIDACEAE 

OXAJ,IS CORNICULATA L. (SENSU LATO) ( X ,  " lady 's  s o r r e l " )  

Disturbed p laces  around Kilauea, i n  Kipuka Puaulu, nea r  Puu Kapele, 

and a t  H i l i n a  P a l i .  (Morley 177-H, - 150-H; s .  c o l l .  428, - 266; F & M 522; 

Jamoureux 2513; Olson i n  1939; Fosberg 41366) 

OXALIS MARTIANA Zucc. (X)  

Park res idence  a rea .  (Olson i n  1938; F & M 228; Fosberg 41365) 

TROPAEOLACEAE 

TROPACOJAN MAJUS L. (X, "pohe" "Nasturtium") 

Park r e s i ? e n t i a l  a r ea .  (Lamoureux 2481; F fi M 96; Olson i n  1938) 

RUTACEAE 

CITRUS ZIMON Osb. ( X ,  "lemon") 

Old Volcano House. ( F  & M 870) 

CITRUS SINLTSIS (L.) Osb. (X,  "sweet orange" "Waialua orange") 

Severa l  t r e e s  a t  Naulu Vi l l age ,  about  800 f e e t .  (F  & M 381) 

PELEA CLUSIAEFOLIA v a r .  CUNEATA S t .  John & Hume (E, "alani")  

Frequent t r e e  i n  wet f o r e s t ,  a s  near  Napau Cra ter .  (Morley 45-H; - 

F & M 12; M-D ?I-159; Eggler 105) 

PELEA HAWAIIENSIS v a r .  GAUDICHAUDII  ( S t .  John) Stone (E, "manena") 

1'. c ine rea  sensu Rock - 
Kipuka Puaulu. (Morley 53-M; F & M 572, - 690) 

PELEA OBJ,RNCEOLATA S t .  John (E) 

East o f  Makaopuhi Cra ter .  (F  6 M 831) 

I'ELEA PUAIJLUENSIS S t .  John (E) 

Kipuka Puaulu. (Morley 52-H) 



PELEA RI1DIATA S t .  John (E)  

Widespread i n  open f o r e s t s .  ( F  & M 6 8 3 ,  -3 825 ___ 796, _ 798) 

1'CI;CA ZMLBRUCKNERI Rock (E) 

SCipuka 12uaulu. ( F  & M 662; Morley 191-H, - 91-H) 

ZANTIIOXIZWf DIPETALUM v a r .  GCMINICARI'UM Rock (E ,  "aye")  

Fagara d i p e t a l a  va r .  geminicarpa (Rock) S t .  John 

Rare, ICipulia Puaulu and v i c i n i t y .  (Lamoureux 2449; s . coll.. 1073; 

Morley 1.04-H; F & M 850; Baldwin (F  & M) 827) 

ZANTHOXYLUM I-IAWAIIENSE Hbd. (E, "a' e" '%eaf el1) 

Fagara hawai iens is  (Hbd . ) Engler 

Reported by Judd i n  1921. 

ZANTHOXYI,UM MAUIENSE (Mann) Engler (E, "a ' e" "heal e") 

Fagara rnauiensis (Mann) Engler 

Rare; i n  Kipuka Fuaulu. , 

Zt'NTMOXYLUM MAUIENSE v a r .  ANCEPS -f. PETIOLULATUM Rock ( e )  

Fagara mauiensis v a r .  anceps f .  p e t i o l u l a t a  (Rock) S t .  John 

Rare; i n  SCipuka Puaulu. (Olson - i n  1940; F & M 779; Morley 190-M) 

MELIACEAE 

MCLIA AZEDARACH L. ( X ,  " in ia"  "Pride of India" "Chinaberry t r e e " )  

P e r s i s t i n g  i n  old homestead by Kalapana T r a i l  a t  about 500 f e e t .  

(Olson i n  1939) - 

EUPNORBIACEAE 

ALEURITES MOLUCCMA (I,.) Willd. (P, 'kukui"  "candlenut") 

Dry t o  moist  f o r e s t s  from 500 t o  2000 f e e t .  ( F  & M 370, 542. 
- 2  

Stone 2896) 



ANTIDESMA PULVINATUM Nbd . ( E ,  '%sat' "mehame") 

Dry f o r e s t  above Naulu Vi l l age .  (Horner (F  & M )  736) 

EUPHORBIA CHAMAESYCE L. ( X ,  "p ros t r a t e  spurge") 

C. p r o s t r a t a  A i t .  - 

Sea l e v e l  a t  Kalapana. 

EUPHORBIA HIRTA 1;. (X, "kokokahiko") 

1li.sturbed p l a c e s ;  h o t  a r e a s .  (F  & M 128; M-D H-120, H-334) 

EUPHORBIA PULCHERRIMA Willd . (X, 

Park rcs idcnce  a r e a .  (F  & M 664) 

EUPHORBIA THWIFOLIA L. (X, "thyme-leaved spurge") 

Disturbed p laces ,  and i n  dry sec t ion  o f  Park between sea  1.evel and 

3.000 Feet. (F  & M 324, - 652; Poinar  i n  1963) 

JATROPIIA CURCAS L. ( X ,  "physic nut") 

Lae a Puki, near  sea  l e v e l .  (F  & M 1096) 

RICINUS COMMUNIS 1,. (X, "kol i"  'Icaapea" ' I ca l i a l i l '  " cas to r  bean") 

Establ ished a t  low e l eva t ions .  (F  & M 340) 

BUXACEAE 

BUXUS SWI'ERVIRCNS Jd. (X, "box" "boxwood") 

Park res idence  a rea .  (F 6 M 749) 

ANACARDIACEAE 

MIWGIFCRA I N D I C A  L. ( X ,  "mango") 

Local, Kilauca a r e a ;  Kipuka Puaulu; Queenls  Bath. (F & M 859; 

Stone 2928) 

RHUS JAVANICA L. (E, "neneleau" "neleau" "Hawaiian sumacf') 

Rlus semia1.ata va r .  sandwicensis (Gray) Engler 

Frequent i n  s e v e r a l  a r e a s  near  Kalapana T r a i l  a t  about  2300 f e e t .  

(F  & M 787) 



SCflINUS TEREBINTIIIFO1,IUS Raddi (X, "wililailcu" "Christmas berry" "Braz i l ian  
aemer - t r ee" )  
L L L  

Along road t o  Pahala a t  about 3400 f e e t .  (f & M 618) 

AQUIFOLIACEAE 

ILEX NOMALA H .  & A .  ( I ,  "kawaii") 

I l e x  sandwicensis (Endl.) Loesn. - 
Frequent i n  moist  t o  wet f o r e s t s .  ( F  & M 308; s .  c o l l ;  Morley 44-H; - 

M-D 1-1-89; Eggler 279) 

ILEX AQUIFOLIUM L. (X, "English hol ly")  

In  gardens.  

CCLASTRACEAE 

PCRROTTETIA SANDWICENSIS Gray (E) 

Ini'rcquent; Kipuka Puaulu and on Kane Nui o Hamo. (Morley 189-H; 

Olson i n  1940; F & M 833; hmoureux 2509; ~ g g l k r  108) 

SAPINDACEAE 

CARLIIOSPERMUM HALICACABUM L. ( X ,  "poniu" "poniuniu") 

C. microcarpnm HBK. - 
Kalapana T r a i l  a t  1100 f e e t .  (Olson i n  1939) 

DODONAEA ERIOCARPA Sm. (E, " a a l i i "  "aaliik~imakua") 

A s p e c i e s  i n s u f f i c i e n t l y  d i s t i n c t  :froin D. viscosa ,  bu t  t h e  exact  

s t a t u s  oi' which is unce r t a in .  ( A l l  specimens a r e  c i t e d  under D. v i scosa)  - 
DODONAGA VISCOSA L. ( I ,  " a a l i i "  "aaliikumakani") 

A spec ie s  with jnnnmerable v a r i a t i o n s ;  some of  them f o r e s t  t r e e s ,  

o t h e r s  shrubs  of open ash beds and dry l ava  flows, found throughout t h e  

Park except  a t  t h e  h i g h e s t  e l eva t ions .  (Ruhle - i n  1961; Poinar i n  1963; 

Morley 14-H; Olson i n  1939; s. c o l l .  982, 1092; M-D H-10, H-16, H-17, - -- 
H-26, 11-27, 11-100, H-321, H-327) ----- 



SAI'II\IDIIS SAPONARIA I,. ( I ,  "a'  en )  

S. saponar ia  f , i naequa l i s  (DC. ) Radlk. - 

S . t l ~ u r s t o n i i  Rock - 

Lower s lopes  O F  Mauna Loa, Corms dcnsc canopy i n  lower p a r t  of' 

Kipuka Puauln. (Mor1.e~ 58-H; -- M-l) H-1.34, - 11-322) 

J3ALSrL"ILNACEIE 

IbfI',ATICNS SIJLTANII Ilook li. (X) 

Park rcs-idcncc a rea .  (Olson - i n  19S8; I? fi M 120) 

RIilI\INACEPxE 

:\LI'IIITONIA PONDEROSA Hbd . (I2 "1wni.la") 

A.  excc lsa  sensu Iiawaii au thors  - 

Inhrequcnt jn dry i 'orcsts .  (F & M 558; Stone 2956; Stonc S l'carsoii - 

3017; bl-D N-218) - 

VIT!\CEAE 

VITIS sp .  (X, "grape") - 
Kilauea J 3 i  Cra ter  Tloor. (F fi M 704) -- 

:MJTILON MOLLB Swect (X) 

A .  rnol?~isimurn scnsrr Hawaii ;intliors - 

Occasional i n  r a t l ~ c r  dry distxrbcrl p l a c c s .  (Olson in i9:19j -.-A- 1' & M 84'3) 

43li.rILON PICTLN hialp. (X) 

I'arlc rcs idencc  a r e a .  (1' R M 62:l.) 

?LCEI~  ROSEA I,. (X: '?1oll~y110ck") 

Al.thaca rosca (I,. ) Cav. 

I n  gardcns. 



IIIBISCADCLPIIUS CIlT4RI)IANUS Rock ( "hail kuahiwi") -- 

h e  oi '  t h e  r a r e s t  t r c e s  i n  t h e  wor ld .  The s i n g l e  o r i g i n a l  t r r e ,  

i'roii~ j u s t  ou-L-si.de t h e  Park:  i s  now dead .  S e v e r a l  i n d i v i d u a l s  Crom 

c u t t i n g s  a r c  growin;: i n  Kipulia Puaulu .  (s .  c o l l .  1.062; Bender i n  1930; 

r 'oshcrg 4lL777) - 
EIIB1SCRT)CLBlIIJS IllJAT,tALAICNSIS Rock ( E )  

An a l m o s t  e x t i n c t  t r e e  rrom t h e  M ~ l a l a l a i  d r y  rores i - ,  s e v e r a l  

indiv.idua1.s p l a n t e d  i n  Kipulca Puaulu .  ( F o s b c r g  41778) 

HIBISCUS ROSA-SINENSIS 7,. ( X ,  "red I ~ l i b i ~ s c u s " )  - 

Old Vo1.cano I-louse. (I? & M 462) 

I+IIIISCI:S TII~IllCC1:S I,. ( I ,  '11au~') - 

P a r i t i  t i l i a c e u m  (L. ) B r i t t .  

121.;inl:ed i n  Park  r e s i d e n c e  a r e a ,  spontauc.ous a l o n g  c o a s t  i n  

I<a:Lapana a r e a .  ( S t o n e  3027; F El M 217) 

1<01<1A ROCK11 I m t .  (13) 

P l ~ a n t e d  n e a r  l l i l i n a  Pa1.i; a1.so i n  1Zipulia Nene and i n  Kipuka Puau lu .  

(I 'oinar i n  1963)  

M!iJJVlI PARVIFIXIRA Ti. ( X ,  "mall.owl' "chcescs") 

F requen t  i n  open d i s t u r b e d  p l a c e s ,  o1.d g a r d e n s ,  around dwel.1.ings. 

(Olson - i n  1939;  F & M 518,  434, 492) - -  

MtWASTRlJM COROblANDELIANIIM ( L . )  Cdrclcc ( X ,  " f a l s e  mallow") 

M. t r i c u s p i d a t u m  Gray - 

i ' r cxpen t 'on  d r y  l a v a  l o w s  n e a r  s e a  l e v e l  and i.n open f o r e s t s  h i g l i w  

up .  ( F  6 M 330 ,  367, 350, 1121)  ---  

MOIIIOLA CAROLINIIWA (L.)  G .  Don. (X) 

A1)undanC- i n  Kipulca l'uaulu; Frequent i n  l.awns , o l d  ga rdcns  , and a r o i ~ n d  

b u i l d i r q s .  (I' -- R El 312; - Olson i n  1939; r a g c r l u n d  55; Morley 171-H) 



SIDA FALLAX Walp (SCNSU LATO) ( I ,  "il imal '  " l e i  i l ima")  

S ,  c o r d i f o l i a  sensu Hawaii au thors  - 
A v a r i a b l e  aggregat ion,  b e s t  r e f e r r e d  t o  t h i s  spec ie s ,  a t  l e a s t  

u n t i l  a r e v i s i o n  i n  p repa ra t ion  by Prof .  N. S t .  John is completed. 

Frequent t o  in f r equen t  i n  moderately dry a reas  :from sea  l e v e l  t o  4000 f e e t .  

( F  K M 680, 353, 663, 133; Stone & Pearson 3024) - - -  
SIDA WOMBIFOLIA L. (X, " i l ima papa") 

Frequent along roadsides and i n  d is turbed  p l a c e s ,  both i n  Kilauea 

area  and near  sea  l e v e l  a t  Keauhou. (Poinar  i n  1963; F & M 370, 368 63) - 
TI~ICSPESIA POPULNEA (L.) Sol .  ex Correa ( I ,  "milo") 

Along more moist  s e c t i o n s  of  coas t ,  such a s  a t  Kalapana. (s. c o l l .  

1.103; Stone 2890; Poi.nar i n  1963) - 

STERCULIACERC 

WALTHERIA I N D I C A  L. (x, "al.aalapu1oa") 

W .  americana 1,. - 

Frcqucnt and widespread i n  moderately dry open country and open 

f o r e s t  From sea  l e v e l  t o  about 4000 f e e t ;  dominant on c e r t a i n  old lava  

flows near  s e a .  ( F  & M 140; s .  c o l l .  252; M-D H-121) 

THCACEAE 

CAMELLIA JAPONICA L. (X, "camellia") 

Park res idence  a r e a .  (F  & M 755) 

CURYA SANDWICENSIS Gray ( E ,  12anini" "wanini") 

Inf requent  i n  wet Fores t  nor th  of Makaopuhf Cra ter .  (Horner CF & MJ 

1.69; s .  c o l l .  944) - 



curmrmnl: (I-ISTERI~AGE~E) 

IiYTERICUM JAIYINICWI 2lrunl2. (X, "S t ,  Johns wort") 

A very gcnera l  weed i n  moist  di.sturbcd pl.ares i n  IZilauea and Chain- 

oC-Craters ~:cgions.  Has been coniiisecl by some authors  with - H .  ~nutilurn 

J.,. Our p l a n t  has  narrower, more oblong leaves  than  t y p i c a l  - 11. japonicum. 

(I' & M 1.4; s .  call.. 254; Larnourc?ux 2512; M-D 11-74) - 

II\TERICIJM MOSERIANUM Andr. (X) 

I'arlt r c s i d o ~ c c  a r m .  (F  R M 1086) -- 
I~IYl'EIIICU MUTILIIN I,. ( X ,  "St.  Johns wort") -- 

In  c r c c t  p l a n t  which has  been confused wi~th t h e  p r o s t r a t e  - H .  japonicurn 

Occas:i.on;ll. around c1wcll:ings a t  Kilauea.  (1: &- M 1117, - 748) 

VIOLACE,?E 

VIOLA ODORATA I,. (X, "v io l e t " )  

I'ar-lc res idence  a r e a ,  and a t  Thurston Lava Tubc. (1' & M 456; Olson 

i n  1.938; - I'osbcrg 46053) 

FI:,ACOURTIACEAE 

DOVYALIS - IICBCCl\WA (Gardn . ) Warb . (X) 

At Stone 's  p l a c e  i n  i'anau Nui. (I' & M 1102) 

XYI,OSkUY lIAW!\ILCNSIS v a r .  FIILLCBWNDII (Vawra) Sleumer (T,, "maw") 

X. h i l l e b r a n d i i  Wawra - 

Ini'requcnt i n  1Ci.p~ilta Puau1.u; f requent  i n  Natilu Fores t ,  Kealakorno. 

(I' & M 661., - 808; s .  c o l l .  1213; Stonc & Pearson 3020; Morley 179-H; 

Cgglcr 11.6; Shear i n  1928) 

PASSIFLORl\CEAB 

PASSLI'I,ORA EDULIS Sirns (X, "l:ilihoil' "passion f r u i t " )  

Rare i n  v i c i n i t y  o r  Kiilauea. (Olson i n  1338; F 6. M 660; M-D 11-246) 



PASSIFLORA FOCTIDA L. (X, "pohapoha") 

Inf requent ;  i n  dry a reas  up t o  about 2500 :feet .  ( E n  i n  1939; 

F M 358; M-D H-216) 

TASSIFIDRA LIGULARIS Juss.  (X, "l.on~iwai" " l i l i w a i "  "yellow water lcmon") 

P. l a u r i f o l i a  sensu Wilder - 

Park res idence  a rea ;  a l s o  near  Kj.pulca Puaulu. (1' & M 627) 

CARICACEAE 

CARICA PAPAY/\ L. (X, "papaya") 

11 vcry Tcw planted  t r e e s  h e r e  and t h e r e .  ( F  & M 724) 

CUCIJRDITACEAE 

CIJCUMIS SATIVUS L. ( X ,  "ci~curnber") 

I n  gardens. 

CUCURBITA PEP0 L. ( X ,  "puinpkin") 

In  gardens. 

SICYOS KILLEDRANDII S t .  John (E, "anunu") 

Park boundary with Kapalapala Ranch, a t  about 3500 I 'ect.  (S & M 526, 

681) - 
SICYOS MICROCARPUS Mann (E, "anunu") 

Near I<ipnka Nenc, a l s o  i n  Apua a t  2000 Tcct. (1: 6 M 544; - 588) 

BEGONIACEAC 

BEGONIA FUCIISIOIDES Hook. (X) 

Park rcs idence  a r e a .  ( F  & M 92; M-D IS-1~4'7, J-I-3~56) 

I!T,GONIA S€MPERFLORENS Li.rik & Otto ( X )  

Park rcsirlence a r e a .  ( F  6 M - 103) 

I3FGONIA sp .  (X) 

]?ark res idence  a r e a .  (I? 6 M 275) -- 



TIIYMELEACEAE 

\liII(STRO~lIA UUXIFOLIA Croy (E) 

I n  d r y  a r e a s .  (Di?gcncr 10355; M-L1 H-325) 

IU'Il<STROCMIA PI-III 7 :Xil::J~OLII\ Gray (E, "aliia" ) 

I n f r c x p e n t  b u t  w:i.despread :i.n d r y  t o  we t  a r e a s  I h m  2000 t o  4000 k t .  

(s. c o l l .  276, - 277; 1: K- M 127;  S tone  2941; Morley 29-H, - 86-N) 

I2III<STROMIA SlNDWICCNSIS Meisn.  (E,  "akia")  

Frc?quent i n  r o r c s t  and s c r u b  g e n e r a l l y .  (Olson i n  1~939; P o i n a r  i n  

1.963; - f & M 1 0 ,  - 791; Morlcy 161.-:I; M-D 1-1-48, H-87) - 

F,Z,hCAGNACEhC 

ELAEACNIIS UMBELIATA Tl>unb. ( X )  

Near Pa rk  r e s i d e n c e  a r e a  and n e a r  l l i u r s t o n  Lava Tube. ( P o i n a r  j.n 

1963 ; l 'osberg 44457) 

1:,YTIIPdCC,4E 

CUPliEA CARTHAGINENSIS ( Jacq  . ) Macbr . ( X ,  "tarweed") 

Cuphca bal-samona s c n s u  S t .  John 

D i s t u r b e d  p l a c e s .  (PUB 6 GOT in 1941~;  Morl.cy 1.92-11; I? 6. M 1 3 ,  316; - 

s .  c o l l .  261) 

CliPJIE?. lIYSSOI'IFOLIil, IIBIC. ( X ,  "Fa l se  h e a t h e r " )  -- 

Park residence a r e a  and a l o n g  Kalapana T r a i l  a t  2500 f e e t .  ( F  R M - 
213; S t o n c  2939) - 

CUPIICA IGNEA A .  DC.  ( X ,  '~pualcj.ki" " c i g a r  f lower" )  

C .  p l a t y c e n t r o  Lcrn. - 

Park  residence a r e a .  (Olson i n  1939;  F R M 9 9 )  

LITIIRUM MARITMUM IIBIC . ( X ?  "pua 1tarnol.i") 

1:reguent on Mauna Loa s l .opes ,  i n  Kipulta P u a ~ i l u  and I<jl.a:iea a r e a .  

(Olson i n  1939; s .  c o l l ~ .  262, - 425; F K- M 237; I anoureux  2518; M-D I-I-1~37) 



MYRTACEAE 

CALLISTMON RIGIDUS R .  B r .  (X,  " b o t t l e  brush") 

Park res idence  a r e a .  (Hamilton i n  1963) 

EUCALBTUS GLOBULUS Labi1.l. (X, "nuhulani" "blue gum" "eucalyptus") 

Na Maltani Paio and Old Volcano House grounds. ( F  & M 909) 

EUCALYPTUS ROBUSTA Sm. ( X ,  "swamp mahogany" "eucalyptus") 

Old Volcano House grounds. ( F  & M 909) 

EUGENIA CUMIN1 (L.) Druce (X,  "Java plum") 

Above Stone 's  p l ace  i n  Panau Nui. (F  & M 1104; M-D H-199) 

EUGENIA JAMBOS L. (X, "Rose applen)  

Found once i n  r a i n  f o r e s t  near  Kilauea Cra te r .  (Eggler 101) 

EUGENIA MALACCCNSIS L. (P,  "o l~ ia  ai l1 "mountain apple") 

Puna, nea r  Kupaahu, near  s ea  l.evel, i n  earthquake f i s s u r e .  (Stone - 

3005) - 

LEPTOSPERMUM SCOPARIUM Fors t .  (X,  "Aust ra l ian  tea")  

J a g g a r ' s  House. (F & M 4.50) 

METROSIDEROS COLLINA va r .  INCANA (Levl . )  Rock (E, "ohia lehua") 

Commonest t r e e  i n  most o r  t h e  f o r e s t s  i n  t h e  Park. (s. c o l l .  268; 

Morley 141.-H, 36-11, 54-II, 182-H; Morley 181-13 is in termedia te  with v a r ,  --- 
macrophylla; Fosberg 44470; 44471., 44472) -- 
METROSIDEROS COLLINA v a r .  MACROPNYLLA Rock (E, "ohia lehua") 

Common i n  f o r e s t s .  (Morley 159-II, 166-H, 135-H) -- 
PSIDIUM CATTLEIiWUM Sabinc (X,  "strawberry guava" "waiawi u l au la" )  

Abnndant l o c a l l y  i n  wet a reas ,  invading  n a t i v e  vegeta t ion;  a l s o  

along c o a s t  a t  Kalapana. (Lamoureux 2485; Poinar i n  1963; F ti M 648, 

270, 407) - -  



I'STDIIM GIJi%lAVA 2,.  (X: "kuawa" "guava") - 

i4:i.dc:I.y d:istr:i.butc:d i n  wet a r e a s .  (Morley 14.0-H) 

!\bundant i n  d i s tu rbed  p l a c e s  i n  Kilauca a r e a ;  hotli white  and pinlc- 

.C:l.owcred f!o~ms round t o g e t h e r .  (I' & M 27; Fosbcrg 41767, 47738, 47739) -- 
TIBOUCIlINA URVILLEJWA (DC.) Cogn. (X,  " t ibouchina" "pr incess  Flower" 

"l .asiandraU "pleroma") 
T. scrnidccandra (Sclirank & Mart.)  Cogn. wf Ilawaiian au&ors - 
,\buridant around Kilauea a r c a .  (F  6 M 177,  649; M-D Ii-56) - - 

ONAGRACEAE 
EI'1LOI)LUM CINCRIUM A .  R:ikh. (X, "wil l  ow weed") 

Common :i.n open p1-aces; K:ilauea I k i .  (Morley .A; M-D H-1.74; Egglcr 7.99) 

FlJCIlSIA ARliORCSCENS Sims . ( X ,  ' l i l a c  hchs- ia" )  

E'a13c r e s idence  a r e a .  (I' & M 108; PI-D 11-185) -- 

FlJCllSIA IIVBRIDl\ Voss (X) 

Park r e s idence  a r e a .  ( F  6 M 17.0) -- 
I'lJCliSIl MIIGEI;LANICA v a r .  DISCOLOR Rail.cy ( X ,  'liul.;i pcpcjao" "fuchsi.a") 

General.1y n a t u r a l i z e d  i n  I<il.;luca a rca .  (Ol.son i n  1939; F &: M 87; 

M-D 11-411.) 

OCNOTllERA LACINIATA H i l l  (X) 

I'ai-li r e s i c i c n t i a l  a r c a  and around O l d  Volcano House. ( F  6 M 466) 

OCNOTMCRA SPECIOSA v a r .  CIIIT,DSII (Bail-ey) Munz (X) 

Grassy a rca  near  Mauna h a  S t r i p  Road, a t  about  4000 f e e t .  (F 6 M 568) 

OENOTI-IERA STRICT11 Ledeb . (X)  

Raimarmia -- oclorata ( Jacq . )  Spragyc 6- Riley  ("evening primrose") 



Frequent i n  d i s tu rbed  p l aces  and on ash beds i n  ICilauea reg ion .  

(1' 6. M 1.76, - 277; M-D K-154, FI-128, FI-42; Fosbcrg 44466) 

ARALIACEAE 

BRASSAIA AACINOPNYLLA F. Mue1.l. ? (X, "octopus t r e e " )  

Kipuka Iiuaulu (Olson i n  1940) 

CFIEIRODCNDRON TRIGYNUM Gaud. ( E ,  "olapa" "rnahi~") 

C. gaudichaudii  (DC.) Seem. - 
Frequent i n  wet and moist  ~ f o r e s t s ;  ITipuka Puaulu. (F  & M 249, -, 775: 

Stone 3045; Lamoureux 2522; Morley 176-11, - 66-11; Cggler 103) 

HEDERA HELIX 1,. ( X ,  "English ivy") 

Park rcs:i.dence a r e a .  (F  6 M 281) 

REWOLDSIA SANDWICCNSIS Gray ( C ,  "olie" "ohc rnakai") 

I n  dry  a reas  a t  1013e~ e l eva t ions .  ( F  & M 548) 

TETRAPLASANDRA I~IAl\~AIIENSIS Gray (C ,  "ohc") 

Rare; Naulu Fores t .  (F  & M 799) 

IIMBELLIFCRAE 

APIUM GRAVEOTXNS L. ( X ,  " c e k r y " )  

I n  gardens. 

AI'IUM PETROSCLINU1.1 L. ( X ,  "parsley") - 

13etroselinurn crispum ( M i l . )  Nyman 

I n  garclcris . 
CCNTCLLA ASIATICA (L.) Urb. (X) 

Occasional i n  iiioist t o  wet a r e a s ,  e s p e c i a l l y  i n  d i s tu rbed  p l aces  

(I?  b M 1080; M-D H-168) 

DAUCUS CAROTA I.,. (X: "car ro t" )  

I n  gardens on1.y. 



DAUCUS I?USILLA M-i.cl?x. (X) 

Ncar I<;.pulcn Ncnc. (I? 6 M 512, 577) 

HYJ)ROCOTYI,E SIDTHORI'IOIDES - v a r .  OEDIPODA Dcg. 8 Greenw. (E ,  "pennywort") 

IZ;.puka Puaulu and s lopes  of  klauna T,oa, i n  grassy  p l aces .  (F  -- & M 442; 

Mor1.ey 88-11; Fosbcrg 41755) 

HYIIROCOTYLE VERTICILL/\T,A Tl~unb. (X; "pol~cpohc" "marsh pennywori.") 

ICalapana, i n  edge o-l-' pond. 

PASTINACA SATIVA TI. ( X ,  "parsn:i.p") 

CCC Camp dump. (F  6 M 1088) 

SPCIWOLEPIS HAWAIIENSIS Woli'f (C) 

InCrcquent;  Apua about  2000 f c e t .  (I? & M 557) 

CRICACEAE 

RUODODENDRON c f .  INDICUM Swcct ( X ,  "azalea") 

resi.clence a r e a .  (M-D H-186; F S El 280, 754, 98, 752) - - - 
VACCINIliM CALYCINUM :f. FAlREI ( ~ d v . )  Skot t sb .  ( E ,  "ohelo kaulaau") 

Frequent i n  wet f o r e s t s ,  ns  a long  Chain-or-Cratcrs.  (Stone 2974: 

M-D 11-47, - H-31; Morley 32-11; F & M I; Fosberg 44460; Egglcr 131) 

VACCINZIIM I'AfIALAE Slcottsb . (E, "ohelon) 

Wet Forcst  a r c a s ,  Kilauea r eg ion .  (Fosberg 44482) 

VACCINIIJM PEJXANUM Skot t sb  . (E: "ohelo") 

Mauna Loa s l o p e s ,  8000 t o  10,000 f e e t  i n  open scrub ,  i .ntergradcs 

with y. r e t i cu l a tum a t  1.owcr edge of range.  (F  & M 422, 762, 763, 258, - - -  
771; Poinar  i n  1963) - 
VACCINIUM RETICULATIIM Sm. ( C ,  "ohelo") 

Frequent t o  abundant From about 2800 t o  8000 f e e t .  (Morley H-9; 

I? & M 423; Stone 2975; M-D 13-25; Fosberg 4:1763, 44461, 44469, 44481, --- 
Eggler 167) 



EPACRIDACEAE 

STYPI-IELIA DOUGLAS11 (Gray) F. Muel.3.. (E: "pukeawe") 

Abundant on upper  midd le  s l o p e s  o f  Mauna Loa, C o n i n g  s c r u b .  

( F  & M 764; P o i n a r  i n  1963;  Morley 167-H) 

STITHELIA T/IMEI.I\MEIAE (Cham.) F. Muell .  (E,  "pultcawe" "rnaie1.i" "Icawau") 

Cyathocles tameiameae Cham. 

Frequen t  t o  abundant  g e n e r a l l y ,  from dry  d e s e r t  a r e a s  and l a v a  l'lows 

t o  modcra tc ly  wet f o r e s t s ,  and i n  s c r u b  o r  lower  s1.opes o f  Mauna h a .  

( P o i n a r  i n  1963; Morley 15-11; s .  c o l l .  366; Cggler  68)  
M YRSfNB CFW3 

4RDISIA CRISP.4 (Thunb .) A. D C .  (x) 

Park r e s i d e n c e  a r e a .  ( F  M 286) 

CElBELIA i'ACIFICA IIbd . (E: " k i l i o e " )  

Kipuka I'uaulu. ( F  R M 269) 

MYRSLNE LI~NASENSIS I f id .  (E)  

S u t t o n i a  1 .ana iens i s  (Ilbd .) Mez 

I r i f r eqncn t  :in d r y  r o r e s t  Prom 1.500 t o  2500 r e e t .  ( F  & M 521, 541.: - 

53:l.; S tone  2960; M-D 11-216; Egg le r  1~20)  - 

MYRSINE LESSERTIANA A .  DC. (E ,  "lcol~ea") 

S u t t o n i a  l e s s e r t i a n a  (11. DC.) Mez 

Frequen t  fencral1.y :in wet  t o  m o i s t  o r  modcrate1.y d ry  ,h-es i : s ,  

e s p e c i a l l y  b e t ~ < e e n  1500 and 4500 Ceet.  ( F  S. M 499,  689, E, s: 240; - - 

Morley 43-H; S tone  2943; Iamoi~reux 2487; M-D 1.1-85, M-IL77; Egg le r  227, 1.37) - 
MI'RSINJ: S!lNDWICENSIS A .  D C .  ( E )  

S l ~ t t o n i a  s a n d w i c e n s i s  ( A .  D C . )  Mez 

Frequen t  i n  ino i s t  t o  wet r o r c s t s  a l o n g  Cha in -or -Cra te r s .  ( I ?  & M 397; 

Morley 42-11; M-D 11-86) 



PIdJMBAGIMACEAE 

PI:,UMBI\GO ZEYLfWICl\ L. ? ( I )  

Rare i n  dry coastal .  a r e a s .  (M-D 11-265 - steri.l.e, almost un iden t i  r i a b l c )  

PRIMULACEAE 

IWAGAI,LLS ARVENSIS L. (X; "Sca r l e t  i3:i.mpernel" "Shepherds weatherglass")  

Ikcquent  around Ki.l.ai~ea and Kipuka T'uauh. (E i n  1918; F & PI - 464) 

EI?ENACE!IE 

DIOSPYROS TCRREA v a r .  I'UBESCENS Fosb . ( E ,  "?.amaz') 

Maba sandwicensis A .  DC. - 
.4bundant i n  dry . fores t  and cocista?. s c r n b .  (Egglef 114 - 44) 

DIOSPYROS PERREA v a r .  SANDWICEWSIS ( A .  DC.)  Fosb. (C, "lama") 

Maba sandwicensis A .  DC.  - 
I<amoamoa, i n  c o a s t a l  scrub  f o r e s t .  (i'oinar :i.n 1963; Stone 2884; 

Ol~son i n  1940; s .  c o l l ~ .  729; T & M 81.2, 327; M-D H-206, 1-1-107, N-200) - - -- 

OLEACEAE 

JASMINUM I-IOMILE 1,. ( X ,  "jasmine") 

0l.d Vokano House. ( E  & M 461, - 225) 

JASMINIM MULTITMRUM Andr. (X ,  " s t a r  ;jasmine") 

J. pnbescens (Retz . ) Wi.1l.d. - 
Park res idence  a rea .  (F  & M 648) 

JJGIJSTRIJM OVALIFOLIUM Hassli . (X, "pr ive t" )  

0l.d Vol.cano House. (F  6 M 674) 

TJGUSTRUM VIJJ,GARE L. (X, "pr ive t" )  

Cast  oL' 1Ci.l.auea Ilci i n  semi-open f o r e s t .  (M-D it-23) 

X;LNOCLCRA ZIGUSTRINA Sw. (X) 

Ainahou Ranch, :in grazing land .  (M-D H-210, N-211) 
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OSMANTHCS SMDWICENSIS (Gray) B. & H .  (E, "pua" llolopua" "Flawaiian o l ive")  

Nestegis  sandwicensis Deg. & Johns. 

Frequent i n  Kipuka Puaulu and i n  o t h e r  mixed f o r e s t  a r e a s .  

( F  & M 684-b, -- 684-a, 655; Lamoureux 2488, - 2474) 

LOGANIACEAE 

BUDDLEJA ASIATICA Lour. (X, " b u t t e r f l y  bush") 

Common on new s c o r i a  and road c u t s  i n  f a i r l y  wet a reas .  ( F  & M 498; 

Olson i n  1939; M-D H-164, H-148, H-149; Eggler 194) - -- 
BUDDLEJA D A V I D 1  ]?ranch. (X, "summer l i l a c " )  

Near l l i l o  en t rance  t o  Park.  (F  & M 274, - 647) 

LABORDIA HEDYOSMIFOLIA v a r  . GRAYANA (Hbd . ) Sherf f  (E, "kamakahala") 

V i c i n i t y  O F  Kilauea I k i .  

LABORDIA KEDYOSMIFOLIA v a r .  KILAUEAE Sherf f  (E) 

Between Maliaopuhi and Napau Cra te r s .  

1,ABORDIA HEDYOSMIFOLIA v a r .  MAGNIFOLIA Deg. & Slierff (E) 

Kilauea a r e a .  

POLWRLMUM PROCUMBENS L. (X)  

Small colony on edge o f  Kilauea ca lde ra  oppos i te  KMC. (Fosberg 39279) 

GENTIANACEAE 

CENTAURIUM UMBELLATUN Gi l ib  . (X, "centaury") 

Inf requent  bu t  widespread i n  grass lands .  (Morley 107-1-1; s . c o l l .  422; 

F & M 293; M-D H-212, 11-252) 

AJ,YXIA OLIVAEFORMIS Gaud. ( E ,  "maile" "maile l a u l i i " )  

Occasional i n  moist t o  wet f o r e s t s ,  1500 t o  5000 f e e t .  (Lamoureux 

2467; F & M 201; s .  c o l l .  255; Morley 68-H; Stone 2998) - 



CATIIARAWiTIUS ROSEUS (T,.) G .  Don ( X ,  "Madagascar peri1.7ii11zle") 

Vinca rosca  1). -- 
I n  gardens 

OCHROSIA SIWDWICENSIS Gray (E: 'llol.ei") 

A t  l e a s t  formerly i n  Kipuka liuaulu. 

PTLMERSA RUBRA 1,. ( X ,  ':plumeria" "frang9panin)  

Lae Apuki near  sea  l c v e l .  ( F  R M 1097) 

RAUWOTLTA SiWDWICENSSS A. DC.  (C, '%aol') 

R.  r emot i f lo ra  Dcg. R Sllerff - 

The Hawaii Form, c a l l e d  - R .  remotj.-Flora by She r f? ,  s c x m s  no more 

tllrin v a r i e t a l l y  d i s t i n c t  From - R .  sandwikensis From Oahu. 

InFrequent al.ong Poliolceawc P a l i .  (Smathcrs i n  1~963; I'oinar i n  :19C,3; 

Fagerlund 1089; s .  c o l l .  1089; F & M 546, - 379; Egglcr 87) 

VINCA MAJOR I,. ( X ,  "per iwi~~kl .c")  

:Park residence a rea .  (F 6 M 2 8 2 )  

SCIXl'IAS CURASSAVICA 1,. ( X ,  "ki l i l ia"  "laul.elo" "nuumela" "pua annhctf 
"milkweed") 

Frequent i n  moderately dry grass lands ,  From 2000 t o  3000 f e c i .  

CUSCUTA SANDWICHIANA Ciloisy (E ,  "pololo" "liaunoa" "kaunaoa" "dodderl'j 

P a r a s i t i c  on Ipoinoea pcs-caprae a t  IZaluc. ( F  6 M 651.) 

IPOMOEA BATATAS ( L .  ) T a m .  (P, "uala" "sweet pota to")  

Abandoned gardens. ( L R  M 447) 

IPOMOCA I N D I C A  - (Bum.)  Merr. ( I )  

I. congesta R .  B r .  - 



I. i n s u l a r i s  Steud . - 

Inf requent  b u t  widespread i n  open and semi.-open p l a c e s ;  f requent  

i n  Kipuka Puaulu. 

IPOMOEA PES-CAFRAC (L. ) R. B r  . ( I ,  "pohuehue" "beach morning- glory1')  

Along seashore  a t  Halape. (Stone 2866; F & M 332) 

JACQUEMONTIA SANDWICENSIS Gray (E, 'lpauohiiaka'l) 

Apua Po in t  and o the r  c o a s t a l  a r e a s .  (F  & M 384, 554) - 
MCRRCMIA AEGYPTIA (L.) Urb. (X) 

Ipomoea aegypt ia  L. 

Operculina aegyptia  (L . )  Mouse 

I n  a lava-tube opening near  s e a - l e v e l  i n  Keauhou. (F  & M 364) 

STICTOCARDIA TILIAEFOLIA (Desr . ) H a l l .  F .  ( I )  

S t i c t o c a r d i a  campanulata sensu House 

n o t  Ipomoea campanulata L. 

Abundant a t  f o o t  of  Pa1.i a t  Kal-ue. (f & M 654) 

POLEMONIACEAE 

PHLOX DRUMMONDII Hook. ( X )  

Park res idence  a r e a .  (F & M 744) 

BORAGINACEAE 

AMSINCKIA TNTCRMEDIA F & M ? ( X )  

!hs inckia  douglasiana sensu 1941 check l i s t  

Puu Ulaula, on Mauna Loa a t  10,000 Feet.  ( F  & M 903) 

CYNOGLOSSUM ZCYLlWICUM (Vahl) Thunb . (X, " s t i ck - t igh t " )  

"Ibandoned gardens i n  Kilauea a r e a ,  a l s o  on Mauna Loa and a t  Hi l ina  

P a l i .  ( F  R M 100) 



IIE1,IOTROPIUM ARDORCSCENS 1,. (X, "hel.iotropc") 

l le l iotropium -- corymbosum R .  & P. 

Park res idence  a r e a .  (I? & M 182) 

IlEJ,IOTROPIUt4 CURASSAVICUM L. ( I ,  "hhinahina Ku-knhikai" "nena" "ki p - k a i " )  - 
I n  brackish  niarshes along shore .  (F  S M 362) 

MYOSOTIS AZORICA Wats. (X, "i'orget-me-not") 

Gardens a t  Kilauea and e s t ab l i shed  i n  nearby f o r e s t s .  ( F  & M 279) 

TOURNEI?ORTIA ARGENTEiA J,. C .  (X) 

Messerchmidia argentea (L.  .?.) Jh. 

Along shore a t  I(eauhon, probably p l an ted .  (I' & M 385) 

VCRBENACEAE 

J.,hlTIWI\ CAMARA v a r .  ACULEATA (L. ) Mold. ( X ;  "Lantana" "laltana") 

Severa l  p l a n t s  observcd and destroyed nea r  11i.lina P a l i  s h e l t e r  and 

one a t  l ialapc. (I? & M 874) 

LANTANA MONTCVIDENSIS (Spreng. ) Briq. (x)  

Park res idence  a r e a .  (I' & M 115) 

STACHYTARPJIETA DICHOTOMA ( R .  & . V a l  ( X  "oi" " f a l s e  Vervain") 

S. cayennensis sensu au thor s .  - -- 
Frequent i n  modcra tdy  wet d i s tu rbed  p l a c e s  and a long Manna Lon 

S t r i p  Road. 

VERBENA X HYBRIDA Voss ( X ,  'I~anupepo" "verbena") 

Park res idence  a r e a .  ( F  & M 109) 

VERBENA LITORALIS HBK. ( X )  

V .  bona r i ens i s  scnsu llawaiian au thor s  - 

f r equen t  about ICLlauea, Kipuka Puaulu and v i c i n i t y .  (I? & M 3 0 8 ;  

Morley 82-11; M-D 1-1-132; Latnoiweux 2490) 



LABIATAE 

COLEUS SCUTEILARIOIDCS L. ( X ,  "coleus")  

C. b lumci  Benth. o f  most  a u t h o r s  - 

I n  ga rdcns  . 
LCONURUS SIBIRICUS L. ( X ,  " S i b e r i a n  mot l~erwor t " )  

Along boundary trai.1. between Ainahou and Park  a t  a b o u t  2200 Feet .  

(Olson i n  1939)  - 

MCNTHA PIITRITA J,. ? ( X ,  " p e l ~ p e m i ~ n t " )  

Ol~d Volcano House, a l h o  i n  Kipuka l'uaulu. ( F  X M 4 2 ;  Lamourcux 

2455; Morley 97-H; a l l  s t e r i l e )  - 
PHYLLOSTCGIA FLORIBUNDA Benth . (C, "ul.ih:i.") 

K i  l a u c a  . 
PI-IMd,OSTEGIA VCSTITA Bent11 . ( E ,  "i13.ihi") 

Lava Tree  T r a i l  n e a r  Napau C r a t e r .  ( I 7  X M 567) 

I~I,ECmiU\T'II~IIJS AUSTRAJJS R .  lir. (I) 

1'. p r v i F l o r u s  o f  1iawa:iian a u t h o r s  - 

I n  d r y  a r e a s  rrom s e a  :l.evel t o  a b o u t  3000 r 'ect .  ( F  & M 372, - 540; 

M-D 13-11.1; Fosbcrg 41585a) 

SAI,S?IA COCCINCA J u s s  . (X,  "1i:l.i-lcl~ua" "crimson sage" )  

l'l:eque~wt a l o n g  roatlsicles n e a r  I<ipu.lia Ncne . (I 'oinar i.n 1.963 ; 

M-D N-213; F 6 M 25)  

SALV1,A LEUC,ANTIIA Cav. ( X ,  "Mexican bush sage" )  

I n  g a r d e n s .  

SALVE\ OCCIJlmTAJ,IS Sw. ( X ,  "lti hohono" "Wc st  1ndi .m sage" )  

Pr:iva a s p e r a  s c n s u  Jiawaiian a u t h o r s  - - 
frequent i n  modcra te ly  d r y  a r c a s ,  a s  abou t  J.lil~:i~na l ? a l i  S l i e l ~ t c r .  

( r  X M 151.; Olson i n  1939)  



Sil1,VIA SI'LENDENS .- v a r  . I~'II~OI~URI'UREA I-fort . ( X ,  " s c ; i r l c t  sage" )  

Pa rk  r e s i d e n c e  a r e a .  ( F  - & M 186)  

STENOGYNE ANGUSTIIIOLIA - v a r .  - SIII,ICIFOLIA Slieri'C ( E )  

C o l l c c t d  i n  1868 between I<:i.l.auea and K a p a i a p a l a .  

STENOGYNE CAJ,iZMINTWOIDCS Gray (I:) 

K i k u c a  I l t i .  ( F  & M 246; Olson i n  1039)  -- - 
STENOGYNC IWATAC v a r .  CORIACEA Deg. & SlierCi' (E) 

Kolto1.a~ C r a t c r  . 
STENOGYNC RUGOSA Bent11 . ( E ,  ' l ~ ~ i a o l ~ i h i ~ " )  

!<i lauea .  ( F  & M 1.063; D ~ g e n e r  5393) 

STENOGYNC RIJGOSA v a r .  SIJUULAT/\ Shcr.FT (II,, "rnnohiolli") 

Above Kipulin I < i  and n e a r  l?im Hu1ul~ul.u. (S tone  3001~; I' & M 3 ,  12; 

Olsoi-I i n  1938)  - 
STENOGYNC SESSILIS k n t l i .  ( E )  

C o l l e c t e d  a hundrcd y e a r s  ago  a t  K i l a u c a .  

CES13UM AURANTIACUM I i n d l .  (X)  

Old V o k a n o  i louse.  ( F  & M 600) 

CESTRUM NOCTURNUM T,. ( X ,  f'a:l.aaumoen " lady  o r  t h e  n igl i t" )  

P a r k  r e s i d e n c e  a r e a .  ( I - '  & M 702, - 117)  

NICIWDRA PHYSAT,ODES (I,.) G a c r t n .  ( X ,  " a p p l e  o f  Peru") 

Ncar Old Vol~cano !louse. ( F  6 M 202,  - 644) 

NICOTIANA TABACUM 1,. ( X ,  "palta" "tobacco") 

I n  l a v a - i x b c  open ing  i ~ n  Apua at- a b o u t  500 l ~ e c t  . ( F  & M 373) 

NOTIIOCESTRUM BRT.VIFLOIIIJb1 Gray (I:, " a i ea"  ) 

I n  Crcqucnt;  i n  1Cipuka I'uaulu, K:iprrka K i ,  Naulu F o r e s t ,  and al~ong. 

Napau  trail^. (Judd & Olson i n  1930;  Morlcy 1~74-11; F & M 778,  734) 



NOTffOCESTRUM LONCIFOLIUM Gray ( E ,  "aiea") 

Kipulta Puaulu. 

PHYSALIS PERWIANA L. (X, 'Tpoha" "Cape gooseberry") 

Frequent genera l ly  i n  moderately dry a reas  i n  Park from IZipuka Nene 

-to 6700 Cect on Mauna Loa. (Lamoureux 2471; F & M 86; Poinar  i n  1963; 

Morley 99-!I) 

SOL.4NIIM LYCOPERSICUM 1;. (X, "tomato") 

Lycopersicon esculentum M i l l .  

I n  gardens. 

SOLllNUM MURLCATUM A i t .  (X, "pepinot') 

In  gardens.  

SOLANT NIGRUM L. (P,  "popolol') 

S. nodiflorum Jacq.  - 

Frequent i n  dry t o  moderately wet a r e a s  from sea  1 . e v e l t o  4000 f e e t ,  

i n f r equen t  h igher  up. ( f  6 M 295, - -  344, 185; Morlcy 7-H; Poinar  i n  1963) 

SOLANUM PSEUDO-C?PSICUM L. (X, "Jerusalem cherry")  

Frequent on Mauna Loa s lopes  around 4500 f e e t ,  e s p e c i a l l y  i n  Koa 

groves and i n  Kipuka I C i .  (Lamoureux 2480; F & M 170; Morley 51-N; 

fosbcrg  44459) 

STREPTOSOLEN JMESONII (Bent11 . ) Miers (X) 

Park res idence  a r e a .  ( F  & M 600) 

SCROPHULARIACEAE 

ANTLRIUIINUM MAJIJS L. (X, "snapdragon") 

Ln gardens. 

ASARINA ERUBESCENS (Don) Pennel l  (X) 

Maurandya erubescens (Don) Gray 

Volcano House. (F  6 M 483) 



DIGITALIS PTjRPllRFl -- L. (X, " Cox- ;;:lLovc") 

I';rri< res: i . i lmc~c iircia ;ri-id O l m  170rcst R e s e r v c .  ( F  R M 1.074; - --- M-D 11-'1.79) 

LINARIA II:C:l?4RTTT:! \ t i  .I I t i  . (A': '!clove~:-kip t o a d  T l  ;tx1') 

I 'ark r c s i d e n c c  a x i l .  ( I -  -- S hi 745) 

LIN;?i?IA C/W,V)CNSIS ~a:>:. TEX?.NA (Schcri1.c) Pcnnol.:l (X: " ~ : I I I c  t ~ a d F 1 a ~ ! ' )  - - 

1;oco:l :in open d r y  o r  sc!iiri-dry i i r cas .  (O:l.son - :i.n 1939;  s .  collL. i n  



GESNERIACEAE 

CYRTmDRA GIFFORDII Rock ( E )  

Kilauea . 
CYRTANDRA LYSIOSEPALA (Gray) C .  B.  C l .  (E)  

Infrequent;  Kane Nui o Hamo. (F R M 835; Morley 134-11; Olson i n  1939) 

CYRTiWDM MONTIS-LOA Rock (E) 

Kilauca . 
CYRTANDRII PAIJJDOSA Gaud. (E, "lianawao-keoltco" "piohia" "mopcle") 

Chain-of-Craters a r e a .  (F  8- M 190, - 834, - 829, - 410, - 566; Cggl.cr 1.06; 

Morley 158-11) 

CYRTANTIRA PLATYPI-IYLLA Gray (C) 

f requent  i n  wet Tern f o r e s t s ,  especially i n  -v ic in i ty  o f  l(:,l.num I k i  

and Thurston Lava Tube. (Mor1.e~ - 1.26-H, - 37-H; I' G, M 497, - 1~99; M-D II-67; 

Olson i n  1.938) - 

CYRTANDRA RAMOSISSIMA Rock (E) 

Makaopuhi Cra ter .  ( f  R M 580; Balclwin i n  1.949) 

DIGNONZACCAB 

JACAR.WDA ACUTII'OLIA H , 6. B. ( X ,  ";jacaranda1') 

ilinahou Ranch, c u l t i v a t e d .  (M-D H-209) 

ACANTIIACEAC 

JUSTICIA UETONICA L,  ( X )  

Park res idence  a rea .  (1' G, M 475) 

MYOPORACEAE 

MYOPOIWM SANDWICENSC (A. DC.) Gray ( C  "naio" "bastard sandalwood':) 

Very gcnera l  i n  Park, c s p c c i a l l y  a t  midd1.c c1cvat:ions on Manna Loa, 

Kipuka ICi: Kip~ika Fuaulu, and i n  f o r c s t s  betwcen 1.500 and 2000 f c c t .  



( F  $ M 876, - 800; Stone 2958; Morlky 57-M; DaI.rlwin & i ' a g c r l u ~ ~ d  501; 

I 'oinar i n  1963; - Lamoureux 2517; M-D 11-310, ---- 11-21.5, H-219, 1-1-220, 1-1-163 1 

s .  c o l l .  11.11; -. Egg]-er - 289, - 37) 

PLANTAGO TANCEOLATA 1,. ( X ,  "narrow-leal'ed p1anta:inn " r i l hcd  planl:a:i.nl') 

Frequent  i n  ].awns and grassl.ands from Kilauca t o  6700 i:cyct or1 

Mauna Loa. ICipulta Ncne. (Cggler 52) 

PT,ANTAGO MAJOR L. ( X ,  "1.a~-kahi" "broad-leafed pl.antainr ')  

Park resiclencc a r e a .  (F  6 FI 626; S to r~c  2869) -- 

PIANTAGO V I R G I N I C A  L o  ( X ,  "Vi rg in ia  p l an ta in"  ' l i a i ry  p l an ta in ' ' )  

Frequent in Kilatlea r eg ion .  (I-' & FI 596, 616, 406; s. c o l l .  263) -- - - 

l?requent i n  Naulu Fores t ,  Kcalakoina , dl. about 1.600 i 'eet. 

(F' & M 806, - -  807, 732; E g g  I Stone fi I?carson 3090) 

CANTIIIUM OJIORATI~M ( F o r s t  .) Seem. ( I ,  ' l a l a l~ee"  l'walahcr~") 

P l e c t r o n i a  odora ta  ( F o r s t . )  B. & 1-1. 

Abundant i n  dry ['orest, up t o  1700 [eel.. ( F  & M 376, 778, 81.0; - -  
Olson i n  1.9391 1.940; M-D 11-21, H-:LOG, ?I-201, H-21~S) - - - .- 
COPROSMA ERNODCOIDES Gray (C, "lculcainene" "lel~onc.nc") 

Frequent on :lava ilows and i n  scmi-opcri l 'orcsts  rrom Napau Cra t c r  

up t o  a t  l e a s t  8000 r c e t  on Malma Loa. (Morlcy 39-11, 145-11; Stonc 2971,: - -  

M-D )1-8; Eggler  268, - 237) 

COPROSMA MENZICSII Cray (E: "p i lo"  " l cop")  

Frequent t o  abundant,  I';illahi Cra t e r  and Chain-or-Craters Road. 

( F  R M 71.7, 718; M-D IJ-88, 1 - 1 0 ;  liulile i n  1~958; O1.son i ~ n  1.24 1; Stonc - .- - -- - 
2967; Eggler  134)  - 



COPROSMA MONTANA Hbd. (E, "p i lo"  'liopat') 

Frequcnt t o  abundant i n  scrub on Mauna Loa a t  about 7500 f e e t .  

(F  & M 427, 757, 260; M-D H-319) - -  
COPROSMA ORCHRACEA v a r .  ROCKIRNA Oliver  (E, "p i lo"  "kopatl) 

Frequent i n  wet Corest ,  a s  nea r  Thurston Lava Tube, Olaa Fores t  

Preserve.  (M-D H-167, H-172; F K M 241; Morley 40-M; Eggler 281) 

COPROSMA RHYNCHOCRRPA Gray (E) 

C.  cymosa sensu 1.944 check l ist .  - - 
Frequent i n  Ktpuka Puaulu and v i c i n i t y .  ( k n  i n  1939; Morley 180-II; 

Lamoureux 2458, Fosberg 44452, - 44456 ; Eggler  29) 

GOULDIA TERMINALIS f .  ACUTA Fosb. (E, "manono") 

Kipulca Puaulu. (Fosberg 101.25 ; Larnoureux 2495) 

GOULDIA TERMINALIS F.  ANTIQUA Fosb. (E ,  "rnanono") 

Kipuka Puaulu and Naulu Fores t .  (Slcottsberg 549, - 537; Degener 9457; 

Rock 8744) 

GOULDIA TERMINALIS v a r .  FORBES11 Fosb . (E, "manono") 

In wet f o r e s t s .  (M-D H-180, - 165)  

GOULDIA TERMINALIS v a r .  HOS.AKA1 Fosb . (E; "manono") 

Naulu Yorest,  Keal.akomo, 1600 f e e t .  ( F  & M 809; Eggler 107) 

G0UJJ)IA TERMINALIS C .  KONAENSIS Fosb. (E, "manono") 

Kipulca Puaulu and Kalapana T r a i l  a t  2400 f e e t .  (F  & M 687, - -  788, 801; 

Degener - e t .  - a1.  - 9453; Slcottsberg 1918; Fosberg 10090; Rock 8785) 

GOULDIA TERMINALIS f. KAIJCNSIS Fosb. (E,  "manono") 

Great Crack, Kao Deser t .  (Olson - i n  1939; Skot t sberg  608) 

GOULDIA TERMINALIS r . PITTOSPOROIDES Fosb . (E, "manono") 

Upper Kea1alcom0, nea r  Kalapana T r a i l ,  2500 f e e t .  (Stone 2962) 



GOUJJXA TERKCN.ALIS I ' .  RSGIDIFO141A F o s l ~ .  (C, "manono") 

M;iliaopulii C r a t c x  and v:i.c:i.nity. (I- & M 1 9 4 ,  -- 399,  - 583; Fosbcrg  10093, 

10109; O:l.ivcirn 3 ;  Cggl.er 225, - 218; M-D 11-207) 

GOI:WII\ TClthlINALIS --- i .  -- I<ONACNSIS X S .  RIGIDIFOT.c'IA ( E )  

Nciir Maliaopuhi C r a t e r .  (Fosber:: - 101.03 ; Dcgerier e t .  - a].. - 9454; 

O l i v i c r a  2) 

IIEDYOTIS CENTRANTIIOIDES (H  . R A.) Stc~1(1. i'. -- CENTRANTIIOLDCS ( E )  

Kadua ccn t ran t l lo ic les  H. & A .  -- 

G e n e r a l l y  common i n  m o j s t  t o  r a t  a r c a s  i n  open f'orcst am1 on l a v a  

r l~ows.  (O1.son - i n  11937; 1938,  1939;  S tone  2877; Morl.ey 2-H, 1.1.1 -1.1; 

M-11 !1-93; lliti:lrcoc% 14608; Degener 1597 ,  l . 6 5 5 ;  F a u r i c  377; Rock 8766, --- .- - 
I,, M; Forbes  c t .  n l .  i n  11908; Slcot tsbcrg  556,  1.901; Neal. i n  1927,  7.920; - - - - -- 

Fosberg 58,  1010:L, 101.08, 1011.0; Macrac i n  1.825 ; Egg1er 1~42)  -- -- 

IIEDYOTIS CENTRANTIIOIIICS i'. DII'FIJSA I'osb. ( C )  

ICil~auca . (Rcch ingcr  2065 ; H:il.:l.ebrancl s . n .  , On) 

LIICULIA GRATISSLMA Swcel: ( X )  

iliii:li Hcadq i l a r t e r s  . 
MORIhTIA CITRIFOLIA 1,. ("non:i.") ( p )  

I n  open:i.ngs i n  l a v a - t u b e s  m a r  s c a c o a s t .  ( r  - R M 359;  l?oi.nar i n  1963) 

I'CNTAS 1,ANCCOI;ATA (i 'orsk . ) Dc F l e r s  ( X )  

:Park r e s i d e n c e  a r e a .  ( F  R M 116)  

PSYCI-IOTRIA IIAhlAIIENSIS (Gray) I'osb. v a r .  IIAWIICNSIS -- (E, " l ~ o ~ i k o ' ~ )  

Stra1iss:i.a h a w a i i e n s i s  Gray 

C a s t  o f  Makaopu11.i C r a t e r  and i n  NauLu I?orcs t ,  Kca1akonio. ( S t o n c  2954; 

F & M 803; M-D 11-21~7; Egg lc r  1 ~ l 2 )  -- - 

I'SYCHOTRIA 1lP.WAIIENSIS v a r .  I~IILL,EDRANDII (Rock) rosh .  (C, '!liopiko") 

S t r a u s s i a  h i  1leb1:andii. Rock 



Abundant i n  Kipulta liuaulu . (Morley 55-H ; 1,arnoureux 2450, -- 2457, 2483 ; 

Fosberg 44454) 

RICHARDIA BRASILIENSIS (Mog.) Gomez (x)  

R .  scabra  sensu Hawaiian au tho r s .  - 

Along road, Ki lauea .  ( F  & M 865) 

CRPRIFOLIACEAE 

IQNICERA JAPONICA Tliunb . ( X ,  "Japanese 11 oneysnc1c:i.e") 

Park r e s i d e n t i a l  a r ea .  (Olson i n  1938; F & M L1.4) 

SAMBUCUS MEXICIZNA v a r .  BIPINNATA (S .  & C . )  S c h w r i n  ( X ,  "el.dcrberry") 

Parli resi.dcnce a r e a .  ( F  &- M 1780; Poinar  i n  1963) 

CLERMONTIA COERULEA libd . ( C) 

Sai.d t o  occur t o  t h e  e a s t  of Kilauea a t  2000 t o  4000 Feet. 

- dl ) CLCRMONTIA IIAWAII~SIS (Iibd . ) Rock (E, "ohcwai." "oliaw- -"! 

Kipiika Puaulu and Ci-lain-or-Craters r eg ion .  (Mor:l.ey l32-If; Olson i n  

1938; F R M 244, - 321; Stone 2958; s .  co3.1.. 357) 

CLERMONTIA MONTIS-LOA Rock ( C ,  "ohewa:il') 

l$iphyte i n  wet Forests.  

CLERMONTIA MONTIS-LOA . GLOBOSA Rock (C) 

Epiphyte i n  wet- f o r e s t s .  

CZBRMONTIA PELEANA Rock (E) 

Kilauea i n  t a l l .  Metrosideros Fores t s ,  (M-D 11-1.66) 

CLEWONTIA PARVIFLOR:~ Gaud. ex Gray (E, "ollawai" " p a p a  kel<,l.lit:) =., 

W c ? t  f o r e s t s ,  1C:ilauea ilci and Chain-01-Craters reg ion .  ( F  & El 578, 

617, 841, 238; Olson i n  1939; Cggler 8 ,  M-11 11-166) ----  



CY/\NC;\ LONG1I'EDUNClK:ITA Rock (E) 

l u l n i  a i . .  (Olsoil - ih 1909) 

C'I'YWEA I'IT.,OSZ vicr. DENSII~'Z,ORll Rock (E) - --- 

S m a l l  c r a t e r  aliove Napau. ( F  & M 973) 

CYANEA PILOSA v a r .  CLADRIFOZJA Rock (C)  --- - 

1 1 n  r a i l  (Olson -- in 1959) 

TIXMATOLODELIA MACROSTACIIY (IT. R !I. ) Z a h l l ~ .  ( E) 

T. s a n d w i c c n s i s  k g .  - -  

& M 84.7) I n  we t  F o r e s t ,  K i l a u c a  I k i .  ( F  

TRIODANLS 131111,0R/\ (R. 1 . Grc!c!nc! ( X )  

Spccu:Laria b:i. rl.orn (R. S I . )  F. R M. 

Tn i<:i.piilw i n  1868 i'l~ow oil ;is11 and sand  s o i l .  (a M 7050) 

COODCNIACCAC 

SC,\EVOI,!\ CIlAI.IISSONIANA v n r .  DRACTI:OSA lIlxI. (13, "nanp;ilia" "~riupiilla kuall-iwi") -- -- 

I n  and around opcn:ings and s p a r s e  pl.iiccs :in wet  F o r e s t .  ( F  X. M 24.2, 

3.X, 2 ;  Morley 1.0-11; S tone  2971; Egg1.cr 104)  - - 

SCl\EVOT,,4 I<ILAIJEAE Dcg. ( E ,  "naupaka") 

Pe rhaps  t o o  c l o s e  t o  S. mci?zic!s:i.ana. - -- 

Edge o r  Kau D e s e r t  on Hi~:lLiria I ?a l i  road n o t  f a r  Croni fii?~.i.n-or-Criitr!rs 

I?ood. (I' R 81 302; S tone  2970; - -  0l.son :in 1938; M-D 11-24; i 'osbcrg 41598a, 

41~599a) 

SCAEVOLI\ TACCAD!? ( C a e r t n .  ) Roxb . (I,  "naup;ilia kahaltni") 

S . i ' ru tescens  s c n s n  1:rause - 

S.  Crutc!sccns v a r .  s e r i c e a  ( F o r s t .  S .  ) Mcrr.  - 

Albug s e a c o a s t  j u s t  back  o r  o r  :in s p r a y  zone,  I lG+nori. I s l .and,  

I ia lapc .  ( S t o n e  2892 (jxsbcscent); I' & M 082 (;:l~abrous]) 
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DIPSACACEAC 

SCARIOSA s p  . ( X ,  "scabious") 

In  gardens.  

CNPOSITAE 

ACRNTHOSPERMUM AUSTRALE (Loef l . )  0 .  Ktze. ( X ,  'lcukai hipa") 

In  d i s tu rbed  p laces  and i n  Park r e s i d e n t i a l  a r e a .  (Olson i n  1938; 

I-' R M 142; Eggler 70) 

ACI-IILLCA MILLEFOLIUM L. (X, "yarrow" "mi1:foil") 

Inf requent  i n  Park res idence  a rea .  (Olson i n  1940; s .  c o l l .  250) 

AGCRATW CONYZOIDCS L. (X, "maile hohena" "ageratum") 

Occasional i n  d is turbed  and weedy p l a c e s ,  a l s o  about steam c racks .  

(M-D 1-1-253; F S. M 226, - 145 ( p a r t ) )  

ANTNCMIS COTULA L. (X, "rnayweed camomile") 

A .  a rvens i s  L. of  previous Park authors  - 

IRlC dump and Mauna Loa a t  6600 f e e t .  (F & M 728; - J e s s  i n  1938; 

s ,  c o l l .  i n  1939) 

ARGYROXIPIIIliM SANDWICENSE DC.  (E, "ahinahina" "s?l.versword") 

Rare; s lopes  O F  Mauna Loa, repor ted  a s  low a s  7000 f e e t ,  mostly 

h ighe r .  (F & M 271; M-D 11-317) 

ARTEMISIA VULGARIS L. (X, "mugwort") 

Roadside near  Parh f leadquarters .  (F & M 1118) 

ASTER s p .  (X, "as te r" )  

I n  gardens. 

BIDENS CM\IAI?IIFOLIA IIBK. (X, "kilcuku" "beggars t i cks" )  

Frequent on rocky a reas  near  seashore  a t  Keauhou. ( F  & M 360) 

BIDENS PILOSA v a r .  - MINOR (B1.) Sherf f  ( X ,  "beggars t i c k s "  "Spanish needles" 
"p i1 iP i1 in )  



IIIIICNS PILOSA i,. v a r .  PIT,OSA (X, : 'beggars r:icksl' "Spanish n e e d l e s "  
" ~ i l i n i l i " )  

13IDENS SIZOTTSBERGII ShcrTf ( E ,  trkoliool.au'l) 

!l:i~nal?ou Ranch i n  i<eailliou. ( I ?  & M 8211.) 

CENTAURCA CYANUS 1,. ( X ,  "comi:lowerl: " b a c l i e l o r ' s  b i ~ t t o n s " )  

I n  ga rdens  . 
C1:NTAIJRCA bICILTCNSIS 1). ( X ,  " s t a r  t h i s t l e " )  

So i~ t l i  o f  1C:ipuka Ncnc a t  ZOO0 1'oc:t. ( F  S M 1~041) 

CHRIRYS;lNTII~fUM - - I.?RlJTCSCENS 1,. ( X ,  " m a r ; ~ c r i . t e "  "Pm:i.s da-isy") 

Park  rcs i .dencc  a r e a .  (I' X, ?'I 665) 

CHRYSPNTIII?i.1TIM MAXIMUM Ramoncl (X,  "Sliasta d a i s y " )  -- 

I?reqncnt ,  c ? s t a b l i s h e d  s b o u t  I<ilaiica a r m .  (I' S N 94)  

CIIISIUM - VIJ1,GAIC ( S n v i )  I - 1  ( X  "puaka3.a" " t l ~ i s t l c " )  

C .  lnncco:l.;~tum ( T , . )  11i:l.l. - 

L'requcnt i n  d r y  and moderatc.1.y d r y  a r c a s  Srnn I-Iilinii I?al.i t o  6.100 

i'wt on Mama Taa.  ( P o i n a r  i n  1963;  I? 8- ?I 292,  - 892; Morl.ey 92-H) 

11.iolia" "i?.iolia :lanu") CONYZA C:WADFNSIS (I,.) Cronq. ( X ,  " i l i o l l c "  I t '  

( l m o l ~ a b l ~ ~  a1.l v n r .  p n s i l l ~ a  (Nutt.) Cronq. ) 

E r i g e r o n  c a n a d e n s i s  L. 

R:equcnt i n  open o r  d is tnrbc:d  pl .aces  from 1Z:i.piika Puaiilu t o  sc?a l w d .  

(1' R ?1 31.9, - 711.; Morlcy 83.-11; Fosberg  41.59:;a; Eggl.cr 179;  M-D 1-1-60) 

CONYZA IIONARICNSIS ( I , . )  Cronq . ( X ,  "a l~eahca")  

I k i g c r o n  a:lb:i.dus ( i l l 1  . ) Gray 

I ' rcqucnt  :i.n modera te ly  wet t o  d r y  c l i s tn rbc~d  o r  opcn a r c a s .  (1' -- IC M 

291.; Morl.cy lS2-S~I) - 



COREOPSIS LIWCCOLATA L. (X, "ticlcsced" "Coreopsis") 

C. nuecensis  1-Icllc.r of c c r t a i n  Ilawaiian au thor s  - 

Common around Kilauea a rea .  (F  6 M 80; Fosbcrg 44465) 

COSMOS BLPIWATUS Cav. ( X ,  "cosmos") 

Park res idence  a r e a .  ( F  & M 751.) 

DAHLIA CXCELSA Denth. ? ( X ,  " t r e e  Dahlia") 

I'arlc rcs idencc  a r e a .  ( F  & M 454. ( s tc r i1 .e ) )  

DN.II,IA IiINNATA Cav. (X, "dahl ia")  

D. v a r i a b i l i s  ( i l c l )  Dcsv. - 

Park res idence  a r e a .  ( F  & M 88, - 89) 

DUDAUTIA CILIOLATA (DC.) IZeck ( E ,  "ltupaila" " k i ~ ~ a o a ! ' )  

R a i l l i a r d i a  c i l i ~ o l a t a  DC. 

Raill.iard:ia c i l . i o l a t a  v a r .  ~ i ~ c r o i . ( l c s  Cmy 

R a i l l i a r d i a  - c i l i o l a t a ,  va r .  laxi. fl.ora (DC. ) Slicrf F 

R a i l l i a r d i a  ci1.iol.ata vax. Lr:i.nervia Hbd . 
Common i n  open and semi-open a r e a s  From tlic Knil Dcsert  and C1r;r:in-of- 

Cra ters  up t o  about 9500 Feet on Mauna h a .  71lc scvcral  v a r i e t i e s  (10 not  

appear t o  be natxral .  popula t ions ,  bu t  r a t l t c r  por t tons  o f  a rangc o r  

v a r i a t i o n s  i n  a sing1.c populat ion.  (I' R M 257, - 740, - 758, -)-- 7 1 ~ 3 ,  M-D 11-9; 

Stone 2972; - Marl-ey 38-11, 146-11; Fosbcrg 41772; - 1:ggler .- 45) 

DUDAUTlA LTNCARIS (Gaud. ) IZcclc (C, "hqaoa" )  

R a i l l i a r d i a  L inea r i s  Caud. 

IXJDAUTLA SCAURA (DC.) Keck ( E ,  'l<upaoa:') 

R a i l l i a r d i a  scabra  DC. 

Frequent :i.n Kilauea. rcg ion .  (I' -- R EI I.88: - 144; Ef-D iH-95, ti-45; -- 

Morley 13-11; Fosherg 44483; Cgglcr 274) 



DIJBAUTIA SCABRA v a r .  MllNROI (SherCF) Keck ( E l  

Rai l - l ia rd ia  scabra  v a r .  munroi Sllerfi' 

Kilauea Volcano, once col?.ected. 

DUIIAIJTIA X VAFRA (Deg. & Sher r f )  Keclc ( E )  

Rai l l . i a rd ia  X v a h  Deg. & Sherl'C 

Once collected on IZau s i d e  oC Kilauea.  

DIILIA J,WANICA (Bum. T.) C.  B .  Rob. ( X ,  "F lo ra ' s  pai.nt11rusl-i'~) - 

C. sonc11i:folia sensu S t .  Jolrn and o thc r  >Iawaiian au thor s  - 

i ' requent i n  open meadows near  I i i l i na  I'ali and Kipuka Nme. 

( I ?  & M 1149; Fosherg 4lS92a; Eggl.cr 159) 

CRECIITITCS FIIERACIFOZL4 (L.) RaT. (X,  'liino-hana" "i'ircwccd:') 

InTrcqueat;  near  Kipuka Nene. ( F  & M 24) 

CRCCIITITCS VAL,CRIIWIFOL,IA 1lC. (x ,  'hino-hana") 

Inf requent ;  Napau T.,ava Trces T r a i l .  ( I?  & M 1.91) 

ERICCRON 1:ARVINSIZIANJS DC.  (X, " I:leabaucl') 

1::ilauea a r e a .  (F  & M 303) 

EUPATORIUM RIPARIUM Regel (X, "spreading mist l~lower" "I-Iilo pamakani") 

Very f requent  i n  d is turbed  p l a c e s ,  on c l i f k ,  and opcn l ava  i n  wet 

a r e a s .  (F & M 581., 405 ; Cgglcr 144) 

PILAGO CALZICA 2. (X) 

Found once i.n Kau Desert .  (Eggler 160) 

GAILLARDIA PICTA Sweet ( X ,  "gail.l.ardia") 

Kilauea a r e a ,  disturbed p l a c c s .  (M-D 1-1-140) 

GAI,INSOGA PARVIFWRA Cav . (X) 

Ncar H i l i n a  P a l i ,  and Kilauca i n  weedy p l a c c s .  (F  & M 1127; 

Fagerluncl 510; Fosberg 39312) 



GERBCRA JAMCSONII B o l u s  (x)  

A r c t o t i s  gu~ilbletoui i  Hook. of Fagerlund & Mitchell .  1948. 

Volcano House garden. (F  & M 639) 

GNIIPHALIIM IIAWAIICNSE Deg. & Sherf f  ( C ,  "enaena") 

G. lutco-album sensu Hawaiian au tho r s  - 
.kh beds i n  Kau Deser t  and around Ki lauea .  (F 6 M 61, 301, 168- - -> 

s .  c o l l .  283; M-D H-326) 

GNAPHALIUM JAPONICUM Thuub . (X, "cudweed") 

Moderately dry a r e a s ,  Kilauea and Keanaltakoi Cra t e r s .  (F  & M 137, - 74) 

GNAPI.lALIUM PUlU?UT\EIIM L. ( X ,  "purple  cudweed") 

Common i.n d i s tu rbed  and d ry ,  open a r e a s .  (Baldwin & Fagerlund 72; 

F & M 297, - 73, 1053; Poinar  i n  1963) 

GNAI'NALIUM SANDWICENSE v a r .  KILAUEANUM Deg. 6 Sherf f  ( E )  

C .  luteo-album 1,. sensu some Hawaiian au tho r s  - 

A s h  beds.  ( F  &- M 773; M-D H-328; Fosberg 42080, 41774; h'cbster & 

Wilbur 1794) 

HELICHRYSUM BRACTEATUM Andr. (X, "straw flower") 

In  gardens. 

J~iYPOCiIAERIS GLABRA L. ( X ,  "smooth ca ts -ear" )  

Rare,  H i l i n a  Pali-Kipuka Nene reg ion .  (F &- M 1018) 

IIYTOCHAERIS RADICATA L. ( X ,  "gosmore" "spot ted  ca ts -ear" )  

Frequent i n  open a r e a s  From I-lilina P a l i  t o  upper s l o p e s  of Mauna Loa, 

a t  l e a s t  t o  9500 f e e t .  (F  & M 84, - -  290, 918; s .  c o l l .  424; Morley 96-H; 

M-D H-96, H-289, H-308; Poinar  i n  1963, Eggler 53) --- 
LACTUCA SATIVA L. ( X ,  "l .ettucen) 

In  gardens.  



J,IPOCIIAET/\ SUCCULENTA v a r .  DECURRENS (Gray) Sherf f  (E ,  !'nenel') 

Park IIeedquarters . (F  & M 231, - 1.316; Morley 1 - H )  

PLUCMEA ODORATA (I,.) Cass . ( X ,  "shrubl>y  leab bane") 

Frequent From s e a - l e v e l  t o  Kilauea r eg ion ,  i n  open and semi-open 

p l a c e s .  (M-D 11-117; F & M 152) 

SENECIO MII<,QJIOIDCS Otto (X, "German ivy") 

Park res idence  a r e a .  (Olson i n  1938; 1: 6 M 1.87) 

SENECIO SYLVATICUS I,. (X, "groundsel") 

Inf requent ,  i n  kipukas and on sl.opes of Mauna Loa a t  l e a s t  t o  

6600 Feet.  ( F  S M 686, - 614; Fagerlund 519; M-D H-175) 

SOLIDACO ALTISSIHA L. (X, "goldenrod") 

Kilauea a r e a ,  i n  d is turbed  p l a c e s .  ( F  & M 852) 

SONCHLiS ASPER (L. )  1- l i l . l  (X, "sow t h i s t l e " )  

I n  Kipuka I ' u a ~ ~ l u .  (2 s h e e t s ,  s. c o l l ~ ;  Larnoureux 2592) 

SONClIllS OLERACEUS L. (X- "sow t h i s t l e "  "yc!llow pualc le")  

Occasional i n  d i s tu rbed  p l a c e s .  (F  & M 361, - -  349, 245; Morley 98-1~1) - 

STOKESIA IAEVIS ( I l i l l )  Grcene ( X ,  "Stokes a s t e r " )  

Park rcs idencc  a r e a .  (F  & M 625) 

TAGETCS ERCCTA I,. (X, "Aztec marigold") 

I n  gardens.  

TACETES PATIJLA L.  ( X ,  "French marigold") 

In  gardens. 

TETR(IMO1,OlWJM HUMILE (Gray) Hbd. ( C )  

Rare; a t  Devill's Throat,  3400 f e e t .  (F R- M 42) 

TEmAMOLOI'IUM HUMILE v a r .  SKOTTSBERGII She r r f  ( E )  

Frequent,  7500 t o  9000 Cect,  on Mama Loa. ( F  & M 770; Poinar  i n  

1963; M-D 11-316, II-293) 



VERNONIA CINCRCA v a r .  PIZRVIFLORA ( B l .  ) DC . (X, "1 i t t l . e  ironweed") 

Disturbed o r  open p laccs ;  Napau T r a i l  i n  steaming a r e a ;  lava-tube 

opening a t  450 f e e t .  (s. co1.l.. 282; -- F 6 M 374, - 204, - 1.45 Cpart)) 

XANTIIIIiM STRUMARIUM L. ( X ;  "kikania" "cocklebur") 

X. ca l i forn icum Greenc - 

A t  sea  l e v e l  a t  1lal.ape. ( F  6 M 342) 

YOUNGIA JAI'ONICA (J,.) DC.  (X) 

Crcpis Japonica L. 

I n  s h e l t e r e d  d is turbed  pl-aces :in moi.st o r  wet r cg ions .  (s. c o l l .  284; 

i? 6 M 871) . . 

ZIhW1,A CLCGANS Jacq.  ( X ,  "zinn:iaM) 

In  gardens. 



E- INVERTEBRATES OTHER THAN INSECTS 

Some groups of i n s e c t s ,  - e .g . ,  - Drosophilid f r u i t  Cl ies ,  a r c  very well 

known f o r  t h e  Park, b u t  i n s o f a r  a s  t i le  r e s t  a r e  concerned and t h e  inver-  

t e b r a t e s  i n  genera l ,  only t h e  gene ra l  information f o r  t h e  S t a t e  o r  t h e  

Cen t ra l  PaciCic can be acknowledged. The genera l ly  u s e f u l  book on marine 

i n v e r t e b r a t e s  is t h a t  by Edmondson (1946), "Thc Shore and Reef Fauna ol' 

Hawaii." It a l s o  covers  t h e  shel.led molluscs ancl f i s h e s  i n  somewhat 1.ess 

d e t a i l  than  t h e  o t h e r  volumes mentioned. The bibl iography of  Edmondson's 

book inc ludes  t h e  p r i n c i p a l  r e fe rences  t o  t h e  e a r l i e r  work on Hawaii., 

though t h e r e  is e s s e n t i a l l y  noth ing  s p e c i f i c  on t h e  Park. Perhaps t h e  

most u s e r u l  r e fe rence  for  l-hc marine s h e l l e d  molluscs for  anyone i n  

Hawaii i s  t h e  ex tens ive ly  i l l u s t r a t e d  l i t t l e  book by Tinker (1958) which 

h a s  gone through several.  p r i n t i n g s  up through 1963. 

I-'- INSECTS 

ldhilc t h e  Parlc has  been t h e  s i t e  of  i n t e n s i v e  s t u d i e s  of  s p e c i a t i o n  

i n  : insects  by D r .  Elmo Hardy's (Univers i ty  o-C Hawaii) group, t h e r e  a r e  no 

p u b l i c a t i o n s  s p e c i f i c a l l y  on t h e  Park ' s  i n s e c t  rauna. The di-ri 'erent 

volumes of  Zimmeman's (194.8, e t c . )  t r e a t i s e  a r e  genera l ly  u s e f u l  Tor t h e  

i n s e c t s  i n  t h e  Parlc which belong t o  those  groups published on t h u s  Car 

( e .  g.  s e e  Hardy, 1960).  l h f o r t u n a t e l y ,  f o r  our purposes t h c  l o c a t i o n s  - - 
given a r e  t o o  gene ra l  a s  a  r u l e  f o r  c o r r e l a t i n g  i ~ n s e c t  d i s t r i b u t i o n  with 

t h e  v e g e t a t i o n a l  a r e a s  shown on t h e  photo-overlays.  These photo-overlays,  

t h e  range of  c l imates  and t h e  g r e a t  v a r i e t y  of ground cover should make 

Hawaii Volcanoes National  Park a  most d e s i r a b l e  a rea  i n  which t o  s tudy 

i n s e c t  ecology. The benign ga1.l i n f e s t a t i o n  produced by Trioza hawai iens is  

Crawford ( P s y l l i d a e )  on t h e  leaves  of Metrosideros could e a s i l y  b e  s tudied  

h e r e .  



G- VERTEBRATES OTHER THAN BIRDS 

It is r a t h e r  easy t o  cover t h e  v e r t e b r a t e  fauna of t h e  Park For s o  

l i t t l e  h a s  been done and t h e r e  a r e  s o  few v e r t e b r a t e s  a s i d e  from t h e  

av i fauna .  Thus, l eav ing  t h e  b i r d s  u n t i l  s e c t i o n  H ,  below, t h e  .fol.lowing 

is  bu t  a  guide t o  t h e  work done i n  t h e  Park o r  published f o r  t h e  i s l a n d s .  

The gene ra l  works a r e  most eminently W, A .  Bryan's (1915) "Natural History 

of  Hawaii" and t h e  in t roductory  volume of El.wood Zimmerman's (1948) 

' : Insects  oC Hawaii." These do not  t r e a t  t h e  Park s p e c i f i c a l l y ,  and a c t u a l l y  

very 1 j . t t l e  s tudy of t h e  animals o the r  t han  b i r d s  has  been e i t h e r  done o r  

publ i shed .  A survey of  t h e  Nalape-Kaoi I s l and  a rea  was promoted by t h e  

Nat ional  Park Service i n  t h e  l a t e  19401s,  b u t  no record o f  t h e  r e s u 1 . t ~  of  

t h i s  h a s  been Found. The marine f i s h e s  a r e  sp lend id ly  t r e a t e d  i n  t h e  

volume by Gosl-ine 6 Brock (1960) and e s p e c i a l  atAxntion is  c a l l e d  t o  t h e  

bibl iography i n  t h i s  book on page 4 which inc ludes  a  number of e n t r i e s  

for  papers  t r e a t i n g  t h e  e f f e c t s  of t h e  volcanic  e rup t ions  on t h e  i s l a n d  

of  Hawaii on t h e  f i s h  popula t ions .  The chap te r  on Hawaiian f i s h  ecology 

and biogeography is a  most useful.  s t a r t i n g  p l a c e  For anyone i n t e r e s t e d  i n  

t h e  f i s h  fauna of t h e  Park. The l e s s  expensive book by Tihlcer (1944) 

with i ts  many i l l u s t r a t i o n s  is s i m i l a r l y  u s e f u l  e s p e c i a l l y  f o r  t hose  who 

must r e l y  more on t h e  p i c t u r e s  than on t h e  s tandard i ch thyo log ica l  descr ip-  

t i v e  methodologies. 

The Park ' s  -Fish Fauna is not  one dcpauperized by t h e  i s l a n d ' s  f i s h -  

cnnen a s  t r u e  nea re r  populated a r e a s .  Thus h e r e  i s  an opportuni ty f o r  t h e  

n a t u r a l i s t  t o  view and s tudy Fish popula t ions  a t  t h e i r  b e s t  insolfar a s  

f i s h e s  of  t h e  non-coral reeF shores  a r e  concerned. 

I n s o f a r  a s  known t h e r e  a r e  no n a t u r a l l y  occurr ing  Fresh water ve r t e -  

b r a t e s  i n  t h e  Park and there  a r e  nea r ly  no open o r  permanent bodies of 



f r c sh  water  i n  klhich thcy could p e r s i s t .  Thc s tudy oF Hawaiian amphibians 

and r e p t i 1 . e ~  by Ol iver  & Shaw (1.953) is indispensable  For t h e s e  organisms. 

Ti~is s tudy desc r ibes  t h e  23 s p e c i e s  lcnown t o  occur i n  t h e  i s l a n d s .  Thus 

Car notllLng publ.is11ed has  come t o  our  a t t e n t i o n  specifical1.y concerning 

t h e  liark. The green t u r t l e ,  Chelonia japonica (Thunberg), is commonly 

seen  feeding i n  Sargassum patches  i n  t h e  sea  below t h e  c l i r f s  of t h c  

s h o r e l i n e .  While sea  snakes a r c  r a r e  f i n d s  i n  t h e  S t a t e ,  none has  beer  

:Found i n  t h e  Park. The g i a n t  n e o t r o p i c a l  t oad ,  - Bufo marinus L.,  may ge t  

i n t o  t h e  Park.  The smal l  l i z a r d s ,  slcinlts of t h e  fami1.y Scincidae and 

gcckos of t h e  family Gekkonidae, a r c  abunciant a t  ].east bclow t h e  r r o s t  

l i n e .  Three oC t h e  skinks and t h r e e ,  o r  possi11l.y four,  of  t h e  geckos 

a r e  cons-idered t o  be Polynesian i n  o r i g i n  b u t  only t h e  marine r e p t i 1 . e ~  

a r e  indigenous.  None OF t h e  amphibians o r  t e r r e s t r i a l .  rept7.l .e~ is cndemic 

b u t  t h e  loca l .  popula t ions  have some minor clistingui.shing c h a r a c t e r s .  

The c1omesti.cated and o t h e r  anima1.s t h a t  t r a v e l  with man have done 

g r e a t  damage i n  t h c  Park i n  t h e  p a s t .  Somc no tes  on t h i s  s u b j e c t  a r c  

s c a t t e r e d  i n  t h e  t e x t  above. Other no te s ,  i nc lud ing  i n f o m a t i o n  on t h e  

b r ing ing  of  domesticated animals t o  t h e  i s l a n d s ,  can be i'ound i n  Dcgencr's 

book (1930, ~ g . ,  p .  13)  on t h e  p l a n t s  o-f t h e  Park. Baldwin & fagerlund 

(1942) published a  s tudy on t h e  c f f e c t s  o-f rormer c a t t l e  popula t jons  and 

t h e i r  graz ing  i n  t h e  Park. See a l s o  Lamb, 1938. Perhaps two speci.es o r  

r a t s ,  a  mouse, t h e  dog and t h e  c a t  a r e  t o  be Cound wi th in  t h e  Park borders  

r e a r y  C a t t l e  were grazed i n  t h e  Park Sormerly. No s t u d i e s  of then 

have bcen made t h e r e  t o  d a t e .  Of t h e  l a r g e r  mammals, t h e  p i g s  and goa t s ,  

s t u d i e s  have been begun. 

A 2-year s tudy of  t h e  T e r a l  ani-mal popula t ions  was undertaken by t h e  

Division of  Fish and Game, S t a t e  oC Hawaii, beginning J u l y  1, 1.963. This 



2-year s tudy was intended t o  provide t h e  inrormation t h a t  would al low 

management of  t h e  p i g ,  goa t ,  sheep and cat-tle popula t ions .  Inqu i r i e s  a s  

t o  t h e  r e s u l t s  and on-going a c t i v i t i e s  on t h i s  and r e l a t e d  p r o j e c t s  should 

be  d i r ec t ed  e i t h e r  t o  t h e  Superintendent of Hawaii Volcanoes National  Park 

o r  t o  t h e  Direc tor  of Research of t h e  s t a t e  agency. I t  i s  understood t h a t  

only t h e  goat and p i g  would be  s tud ied  wi th in  t h e  Park a s  t h e r e  a r e  no 

popula t ions  of  c a t t l e  o r  sheep t h e r e  now. 

13- BIRDS 

Park b i r d s  a r c  notably of two c a t e g o r i e s :  common imports and t h e  

endemic family Drepaniidae. There is a  g r e a t  need f o r  a  thorough s tudy of  

t h i s  uniquc avifauna of t h e  Hawaii Volcanoes National  Parlc from sea  l e v e l  

t o  t h e  h ighe r  s lopes  oT Mauna Loa. Not only is t h e  opportuni ty unusual i n  

t l ~ e r e  be ing  t h e  c l i m a t i c  and vege ta t iona l  information a v a i l a b l e ,  such as  

presented  i n  t h i s  At las ,  b u t  i n  t h e r e  be ing  a v a i l a b l e  For s tudy t h e  i n t e r -  

a c t i o n s  between t h e s e  two b i r d  groups and t h e  special .  biology and ecology 

o r  t h e  drepanids.  Furthermore, t h e r e  apparent ly  does not  e x i s t  a  s imple 

up-to-date chcck l i s t  of a l l  t h e  b i r d s  t h a t  now e x i s t  i n  t h i s  f a s c i n a t i n g  

a r c a .  The p repa ra t ion  of any accura t e  and compl~ete check l is t  is dependent 

upon a  cons iderable  amount of  Field work by a  competent f i e l d  o r n i t h o l o g i s t  

and wc1.l-trained b i o l o g i s t .  

Moreover, t h e r e  does not  e x i s t  any published tl~orougli l i f e  h i s t o r y  

s t i ~ d y  on any b i r d  spec ie s  i n  t h e  Park. Note t h a t  Baldwin's paper (1953) 

i s  considered t o  be  p r imar i ly  an e c o l o g i c a l  s tudy d i r e c t e d  i n  l a r g e  measure 

toward t h e  quest ion of  evolu t ion  of t h e  Hawaiian honeycreepers .  Munro's 

(1.960) "Birds o-I? Hawaii" and t h e  a t t r a c t i v e ,  w e l l - i l l u s t r a t e d  boolcl.et 
9 d  h v y &  

a v a i l a b l e  a t  Parlc Headquarters ( B a A h ,  1961) and t h e  pamphlet by Schwartz 

& Schwartz (1949) on game b i r d s  a r e  t h e  most u s e f u l  pub l i ca t ions .  



I n  prepar ing  t11e p r d i m i n a r y  check l i s t  o f  b i r d s  of t h e  Park (Table 

V)  l a r g e l y  s i x  sources  have been r e l i e d  upon: Gar re t t  Smathers (April. 1.0, 

1963); G a r r e t t  Smathcrs (September 5 ,  1963); Dunmire (1961); Baldwin (1953); 

Munro (1960) and Bryan (1958). Lacking a t  t h i s  t ime i s  spec i - f ic  i nFomat ion  

on r ecen t  i n t roduc t ions  of game b i r d s  i n  o r  near  t h e  Park a rea  by t h e  S t a t e  

Tish 6 Game Department. Cer ta in  spec ie s  have been included i n  t h e  check 

l i s t  even though they a r e  presumed by many t o  be e x t i n c t .  It i s  n o t  s u r e  

t h a t  a l l  o-F t h e s e  s p e c i e s  a r e  i n  f a c t  c x t i n c t ,  b u t  only i n t e n s i v e  Field 

work w i l l  p rovide  t h e  necessary information on t h e i r  s t a t u s .  

I n  r e c e n t  yea r s  it has  been no-t-iccd t h a t  c e r t a i n  of t h e  n a t i v e  b i r d s  

a r e  e i t h e r  extending t h e i r  range o r  becoming more r e s t r i c t e d  i n  t h e i r  

range.  Extensions oT range a r e  coordinated l a r g e l y  with t h c  improved 

a c c e s s t b i l i t y  oC c e r t a i n  a r e a s  i n  t h e  Park and thus  r e q n i r c  Fur ther  s tudy 

becore they  can be  accepted a s  r e a l  r a t h e r  than  a s  be ing  merely improved 

observa t ion .  The nene, o r  Hawaiian goose, is n di.f:ferent s o r t  of s i t u a t i o n  

and i s  c e r t a i n l y  a  r e l i a b l e  case  wl~ere t h e r e  is  a  r e a l  i nc rease  i n  number. 

R e s t r i c t i o n s  of  range a r e  coordina te  with irlcreascd F rqucncy  oC records  

o f  competi tors  and a r e ,  un fo r tuna te ly ,  perhaps on b e t t e r  grounds. 

Dunmire's book (1.961) is very good a s  Far a s  i t  goes. The book was 

w r i t t e n  :for t h e  t o u r i s t  and genera l  pub l i c  r a t h e r  than  a s  a  s c i . c n t i f i c  

s tudy of  t h e  b i r d s  of  t h e  Park, and it incl.udes t h e  Nat ional  Park on Maui. 

It is ,  however, a  good beginning,  e x c e l l e n t  For a1.l b u t  t hose  whose f n t e r -  

e s t  i n  t h e  'birds is s t r i c t l y  p ro fes s iona l .  It is F e l t  . tha t  Dnnmire would 

b e  t h e  First t o  agree  t h a t  a  more d e t a i l e d  s tudy shonld be  preparcd ,  

e s p e c i a l l y  one r e p l e t e  with information on t h e  honeycreepers.  Thc informa- 

t i o n  on honeycreepers was in t ens i - f i ed  by t h e  resumes (Smathers,  Apr i l  l 0 ,  

1963, and September 5 ,  1963) prepared a s  pre l iminary  s t e p s  i n  t h i s  d i - rec t ion .  



Acridotheres tristis (Mynah)" 

Alauda arvensis ;Slylark)"  -- 

Al~ec to r i s  graeca (Chukar)$: 

Anas acuta  ( ?  P i n t a i l  Duck) -- 
h o u s  t e n u i r o s t r i s  (White-capped Noddy) 

Arenaria i n t e r p r e s  (Ruddy Turnstone) 

Asio fammeus (Pueo o r  Short-eared 0131.) - 
Branta sandvicens is  (Nene) 

Buteo s o l i t a r i u s  (Hawaiian Wa~d< o r  Lo) 

Carpodacus mexicanus (Nonse Finch)>* 

Chasiempis sandwichensis ( E l ~ e p i o )  

Cir idops - anna ( ?  iJ1.a-ai-hawane) 

Crocetliia - a lba  (Sandcrl.ing) 

Drepanis p a c i f i c a  ( ?  Mamo) 

Fregata minor ( ?  Fr iga te  b i r d )  

Eulica americana ( ?  Coot) 

Gal l inula  chloropils ( 7  Gall.inul~e) 

Garru1.a~ canorum (="Trochalo t e r m  ) 
( C l l f n c s c   brush - j j "  

Geopelia s t r i a t a  (Barred Dove)* 

Hemigmthous wi lsoni  (Akiapolaau) 

Heteroscclus incanum (IJandcr:ing T a t t l e r )  

Himati.one sanguinea (Apapane) 

T,eiotIlrix l u t e a  (Red-hilled L,eiotliri.x)" 

Lophortyx cal . i . fornici~s (C: l i i 'ornia  
Quail)" 

T~oxops coccinea (Alcepa) 

L,oxops maculata (Hawaii Creeper) 

Loxops v i r e n s  (halcihi . )  

Meleagris gallopavo ( T ~ r k e y ) ~ ' .  -. . -- -- 

Mimus polygl.ottos (Moclringbirc1)~'f - .  

Moho n o b i l i s  ( ?  Moho, al.so caS~l.ed - - : . a! d!l 63)  

Munia n i s a r i a  (Ricebird)"  - 
Nycticorax nyct icorax ( ?  B:l.ack- 

crowned Night Heron) 

Passer  domesticus (IIo~isc Sparrow)" - 
Phaeornis obscurus (I-1awai:ian Tlinrs 

Plmethon l e p t w u s  (Miihite-ta1l.c.d 
Tropic b i r d )  

Pluvia:L.:i.s doinin:i.ca (American Golilc 
l ? l o v c l - )  

V s i t t a c i r o s t r a  p s i t t a c c a  (Ou) 

Pterodroma &aeowgi.a (Dark-nlmpeii -- 
Richmonclena c a r d i n a 1 . i ~  (American C; 

Spatula  c lypeata  ( ?  Sliovcllcr) 

S t r ep tope l i a  ch inens is  (Spo.tl-ccl llo. - - 
2. 

Vcs t i a r i a  coccinea ( l i w i . )  

Table V .  Preliminary check l i s t  o r  tlie bircls of 
Hawaii Volcanoes National  Park, 1~965. 

d ?hose marlied with an a s t e r i s k ,  l ' $ c " ,  a r e  introdilcecl s p e c i e s .  



Smathers' l i t e r a t u r e  resumes a r e  s o l i d  c o n t r i b u t i o n s  toward a  b e t t c r  

understanding of t h e  b i r d s  i n  t h e  Park. They Corm most of what j~s sai.d 

below i n  r e s p e c t  t o  t h e  nene and t h e  honeycreepers .  

Since t h e  advent of  t h e  white  man over a  hundred b i r d s  have bcen 

introduced t o  Hawaii. These v a r i e t i e s  have come Irom a l l  over  t h e  world, 

and they  have shown vary ing  degrees o f  es tab l i shment .  The introduced 

types  have had an undes i r ab le  e f f e c t  on n a t i v e  b i r d s ,  e s p e c i a l l y  t h r  

h i g h l y  spec ia l i zed  Drepaniidae. Within t h e  t ime mentioned above, t h r e e  

endemic forms have become e x t i n c t  ( o r  a t  l e a s t  a r e  'thought t o  bc e x t i n c t )  

and probably t h e r e  a r e  o the r s  ; namely, t h e  mamo (Drepanis pac iCica) ,  oo 

(Moho - n o b i l i s ) :  which i.s n o t  a drepanid,  and moho (Peimula sandvicensis)-  

n o t  a  clrepanid e i t h e r .  

The 1Iawai.ian I s l a n d s  o f f e r  an e x c e l l e n t  oppor tuni ty  t o  s tudy on 

endemic avii!auna. A t  t h e  p r e s e n t  t ime t h e r e  a r e  over 70 s p c c i e s  o-T b i r d s  

found nowhere e l s e  i n  t h e  world. These inc lude  r a r e  endemic Forms such 

a s  t h e  hawk, crow, goose, t l ~ r u s h ,  and f l y c a t c h e r .  

While they  were mentioned, and i n  some ins t ances  given considerable 

a t t e n t i o n  by e a r l y  t r a v e l e r s ,  na tu ra l . i s t s ,  and o r n i t l ~ o l o g i s t s ,  t h e  

honeycreepers never  rece ived ,  except  i n  a  few s t u d i e s ,  t h e  a t t e n t i o n  they  

deserve and need. 

Most o r n i t h o l o g i s t s ,  c o n s c r v a t j o n i s t s ,  and n a t u r a l i s t s  agree  that:  t h e  

Hawaiian honeycreepers (Drepaniidae) a r e  on a  dec l ine .  A s  t o  what bio1.o- 

g i c a l  o r  p h y s i c a l  f a c t o r s  have con t r ibu ted  t o  t h e  dec l ine ,  s c i e n t i s t s  a r e  

n o t  i n  complete accord.  To one t l ~ i n g  they  do agree ,  more research  s t u d i e s  

must be done on Drepaniidae be fo re  a d d i t i o n a l  spec ie s  become e x t i n c t .  

P a s t  and p r e s e n t  i n v e s t i g a t i o n s  of  t h i s  i n t e r e s t i n g  family o:F b i r d s  have 

opened many new Eaccts f o r  f u t u r e  s tudy.  For example, a  s t u d e n t  i n t e r e s t e d  
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i n  avifauna cvolu t ion  w i l l  f ind  t h a t  t h e  drepanids oi-'cr a  superb example 

o P a d a p t i v e  r a d i a t i o n .  

It i s  n o t  known how long t h e  drepanids have been i n  t h e  Hawaiian 

I s l a n d s .  Their r a t e  o r  evolu t ion  s t i l l  remains unsolved. Evo lu t ion i s t s  

f ind  it most d i f f i c u l t  t o  show how divergent  Grepaniidae i s  with i t s  pre-  

drepanid pro to type .  Orten, i n  t r y i n g  t o  c o n s t r u c t  an evolving p a t t e r n ,  

t h e  s t u d e n t  i s  conscious of many in termedia te  and unsuccessfu l  groups 

t h a t  have "died-out", n o t  l eav ing  a  t r a c e .  However, most a u t h o r i t i e s  

concur t h a t  Drepaniidae arose  .from t h e  American nine-primaried passe r ines  

and possibily From a  t anage r - l ike  ances to r  (Tilraupidae). 

m e  most r ecen t  and important  ( d i r e c t e d  r e sea rch )  s t u d i e s  and inves- 

t i g a t i o n s  of  t h e  drepanids have been made by Raldwin (1953), Amadon (1950), 

and Duumire (1962). Bas ica l ly ,  t h e i r  c o n t r i b u t i o n s  a r e  i n  d i s t r i b u t i o n ,  

evolutj.on, behav io ra l  Fac tors ,  and ecology of t h e  honeycreepers.  They 

have drawn upon t h c  works of  I'erkins, Henshaw, Hunro, and o the r s  i n  t h e  

c o r r e l a t i o n  of t h c i r  f indings  and observa t ions .  Their  s t u d i e s  give us a  

g r e a t e r  knowl.edge of t h e  honeycreeper and a l s o  upon t h e  s u b j e c t  o r  fu r the r  

research  i n  t h e  o r i g i n ,  d i s t r i b u t i o n ,  and ecoloby o-f Drepaniidae. The 

works a r e  q u i t c  r e p r e s e n t a t i v e  of b a s i c  and d i r e c t e d  r e sea rch .  Also, 

the i . r  b ib l iog raph ies  a r e  a  good source f o r  t hose  i n t e r e s t e d  i n  f u r t h e r  

inqui ry  i n t o  t h e  s u b j e c t .  With t h i s  understanding,  it is tliouglit t h a t  a  

review and evalua t ion  of t h e i r  works should be r e p r e s e n t a t i v e  of  s t u d i e s  

and i n v e s t i g a t i o n s  made of  t h e  honeycreepcrs.  I t  is f u r t h e r  concluded 

t h a t  t l icse works could a c t  a s  s t a r t i n g  p o i n t s  f o r  t hose  i n t e r e s t e d  i n  

doing f u t x r e  s t u d i e s  of  t h e  Drepaniidae. 

Baldwin (1~953), knew t h e  Drepaniidae problem very wel l .  lie l i ved  

and worked i n  Hawaii Volcanoes National  Park For s e v e r a l  y e a r s ,  and 
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dur ing  t h i s  t ime h e  conducted many Cie1.d s t u d i e s  o-f t h e  Hawaiian f o r e s t  

avifauna.  Baldwin's aim was t o  gain new knowledge o r  t h e  honeycreepers '  

ecology which would con t r ibu te  t o  a  b e t t e r  understanding of t h e i r  evolut ion 

a s  an i n s u l a r  group. He invest?-gated t h e i r  behavioral. and reproduct ive  

cyc les  t o  a s c e r t a i n  how t h e s e  Factors enabled t h e  b i r d s  t o  l i v e  toge the r  

i n  t h e i r  environment. Specia l  a t t e n t i o n  was given t o  time events  of 

annual  cyc les  and seasonal  march of cnvironmcntal phenomena. I n  t h e  tiso 

of seasonal  da ta  on c l ima te ,  f lowering cyc les  of p l a n t s ,  and occurrences 

of i n s e c t s ,  h e  was a b l e  t o  compare adap ta t ions  possessed and ecologic 

n iches  occupied by s e v e r a l  spec ies .  Baldwin's work and i n v e s t i g a t i o n s  

were r e s t r i c t e d  t o  t h r e e  k inds  of drcpanids:  

1. Ves t i a r i a  coccinea - iiwi 
2 .  Himatione sanguinea - apapane 
3 .  LoxoDs v i r e n s  - amakihi 

Thcse Corms have a  resemblance t o  each o t h e r  i n  food hab? t s .  A l l  dcpcnd 

upon n e c t a r  and i n s e c t s ;  however, they  c x h i b i t  d i r f e rences  i n  o t h e r  

environmental r e l a t i o n s  and behavior.  

The environmental s t u d i e s  made by Baldwin (1953) were conducted on 

t h e  i s l a n d  o-f Hawaii, and most o-f them i n  Hawaii Volcanoes National  Park 

on t h e  f l a n k s  of Kilauea and Manna Loa volcanoes. A t r a n s e c t  was devcl- 

oped from a  minimum e leva t ion  of 2300 Feet t o  t h e  maximum e leva t ion  of 

7500 f e e t .  It was 20 mi les  long and cons is ted  of a  s e r i e s  o f  12 s t a t i o n s  

1.ocated a t  i n t e r v a l s  along its e n t i r e  1.ength. 

Survey of t h e  Environment 

A d e s c r i p t i o n  of t h e  vegeta t ion  i n  r e s p e c t  t o  t h e  avifauna i s  given 

h e r e  with notes  on t h e  p l a n t  format?.ons and the  dominant spec ies .  A t a b l e  

of p h y s i c a l  c h a r a c t e r i s t i c s  of t h e  f i e l d  p l o t s  gives a  quick reference  t o  

da ta  c o l l e c t e d  on physiographic and c l i m a t i c  f a c t o r s  b u t ,  it is t o  be 



noted,  t h e  v e g e t a t i o n a l  information i s  not  always i ~ n  agreement with t h e  

c u r r e n t  s tudy ( see  Chapter V I I  on v c g e t a t ~ o n s ) .  The avi:fauna a r e  
. . 

represented  i n  t h e  fol lowing vege ta t ion  types :  

I. - The dry Metrosideros-Sopllora forest-occupies a3.l of t h e  t r a n s e c t  

l y i n g  between 2000 t o  2300 f e e t ,  and p a r t s  up t o  4000 f e e t .  Ct~angcs i n  

avifauna were Found t o  c o r r e l a t e  w:i.t-h development of vege-tatj-on. The 

young o r  developing vege ta t ion  o f f e r s  a  v a r i e t y  of food and nes t ing  s i t e s  

f o r  i n s e c t - e a t e r s ,  nec tar - reeders ,  and seed-ca ters  (Loxops v i r cns ,  Himatione, 

Zostcrops,  E, and St rc lp topel ia ) .  

2. The wct Mctrosideros R t r e e - f e r n  Forest o r  mountain rorcst-appears 

:i.n t h e  t r a u s c c t  from 2600 t o  4000 f e e t .  ?'his f.'onnation shows ;i lowor b i r d  

polxilatio11 tlian t h e  t r ans i t i ona l . ;  ho~.icvcr, t l lc number o r  passc:r:i.ne spcc ic s  

i s  important .  This group was found t o  make up t h e  ;:]:cater p a r t  oi' t h e  

popul.ation p r e s e n t .  At o11c sta-tion on t h e  t - r a ~ i s c c t ~  nea-i? Napau Crater-, 

t h e  r a r e  P s i t t i r o s t r a  p s i t t a c c a  has  been observed r cccn t lg  by 9natlic1-s . 

i.?ronl ol~servi i t ions conlpetit lon Tor food was Fonnd l o  vary amoni: va r ious  

f o r e s t  spec ie s .  A p a t t e r n  of  v e r t i c a l  distribul:i .on was niain1:aiui:tl i n  

t h e i r  foraging a c t i v i t i e s ,  t hus  showing t h e  i'ol~:iowing n iches :  

( a )  V c s t i a r i a  and Ilimationc consume both nec ta r  and i n s c c t s  and :inhal)i.t 

t h e  same r o r c s t  l e v e l  (zone) .  t 

( b )  L o ~ o p ~  v i r c n ;  ascneds :i.nto Vi.st:i.ar:ials and lii.matione9s zo~m: consuming - 

:i.nsccl:s and nec ta r ;  t11us ecoiogica1l.y ovcrl.apping wiL1:Ii tlimn. Ilut most of 

: i s  Foraging act : iv: i t ies  a r e  i n  a  l.owc:r zone. 

( c )  10x9 macul-ata occupies about t h e  same v e r t i c a l  rangc a s  Loxops v i r c n s  - 

anti a l s o  Feeds upon aboii-t .-the samc type oF i i l s ec t s .  IIowevel-, I:,. !niiculata -. 

searches t h c  twigs ,  l a r g e r  branches, and triinlts, ~,?lic?rcas - 1,. v i r c n s  l ~ u n t s  

f:or i n s e c t s  i n  t h e  f o l i a g e  and twigs.  



(d )  Chasiempis overlaps v e r t i c a l l y  with Loxops, bu t  obta ins  i ts  food by 

d a r t i n g  a f t e r  motlxs and o t h e r  i n s e c t s  i n  f l i g h t .  

3 .  Acacia Parkland occupied p o i n t s  a long fAe t r a n s e c t  form 4200 t o  

6800 f e e t .  Fivc spec ie s  o f  drepanids were observed, and i n  one a rea  

where !\cacia koa was a s soc ia t ed  with o t h e r  t r e e s  a  s i x t h  spcc ie s ,  Loxops 

coccinea,  was p r e s e n t .  Their  d i s t r i b u t i o n  e x h i b i t s  a  p a t t e r n  cor re la te r l  

wit11 v e g e t a t i o n a l  s e r a l s .  The drcpanid popu la t ion  was denses t  a t  t h c  

edge of a kipuka r a t h e r  than i n  t h e  i n t e r i o r .  The g r e a t e r  v a r i e t y  and 

complexity of  vege ta t ion  i n  a kipnka edge must c o n t r i b u t e  t o  t h i k  dj.s-tr:i.- 

bu t ion .  

4. Metrosideros-Stypllelia sub-alpine shrub occupi.es t h e  p o s i t i o n  i'roo~ 

7000 t o  7500 f e e t .  ilimatione and Jmxops vi.rens, were found t o  be  scati:c:rcd 

throughout  t h e  . a s soc ia t ion .  S ix  avifauna s p e c i e s  were observecl and, :in 

genera l ,  t hey  resembled an e a r l y  s e r a 1  o r  t h e  dry 

a s s o c i ~ a t i o n .  

Avifauna and Weathcr along t h e  Transect  

Climatic  phenomena i n  r e fe rence  t o  t h e  avifauna a r e  manifested i l l  the 

t r a n s e c t  from low t o  h igh  e l e v a t i o n ,  corresponded t o  physiographic ?ac tors  

and prevai l - ing  winds. See Chapters 111 and I V  on, r e s p e c t i v e l y ,  wealrhcr: 

and c l ima te  f o r  our  c u r r e n t  understanding a-f t h e s e  phenomena wi th in  t h e  

Park. Weather s t a t i o n s  on t h e  i c e  s i d e  of Kilauea and Mauna Loa recordcd 

l e s s  r a i . n f a l l  t han  those  on t h e  windward s i d e .  This c o r r e l a t i o n  prcva:il.cd 

whcre t h e  t r a d e  winds l o s t  e l eva t ion  on t h e  d r i e r  leeward s i d e .  

A very i n t e r e s t i n g  a s p e c t  of  t h e  weather da t a  is prescntecl by i.nspec-t- 

:ing a i r  temperatures  a long t h e  t r a n s c c t .  A i r  temperatnres a t  t h e  uppcr 

s t a t i o n  (Kau t r a n s e c t )  e h i b i t e d  wide temperature extremes. A t  7500 feel: 

a i r  temperature reached an equil ibr ium around 76 degrees F, b u t  a t  5500 



r e c t  it r o s e  t o  94 degrees F. While one may hypothes ize  t h a t  such an 

i r r e g u l a r i t y  is a t t r i b u t e d  t o  t h e  r e l a t i v e l y  s t i l l  a i r  t rapped within 

p ro tec t ed  groves of  t r e e s  a t  5500 f e e t ,  a s  compared t o  t h e  more f r ee ly  

Clowiug a f r  on t h c  relatively open, shrubby lava f i e l d s  a t  7500 f e e t ,  

t h i s  explanat ion remains t o  be e s t a b l i s h e d .  Such a  c l i m a t i c  mani fes ta t ion  

would be of g r e a t  s i g n i f i c a n c e  i n  an approach t o  t h e  s tudy of ecotypes.  

I t  is a l s o  apparent  t h a t  such wide ranges i n  temperature and p r e c i p i t a t i o n  

appearing i n  such narrow microcl imatic  geographic l i m i t s  m e r i t s  a  thorough 

i n v e s t i g a t i o n  of meteorologica l  condi t ions .  The weather phenomena recor-  

ded t o  d a t e  w i l l  no t  permit  t l l i s .  

Flower and Nectarcous Food f o r  Birds 

'Ille pe r iods  of f lowering of  Sopl~ora and Metrosideros determine t h e  

b i r d s r  l o c a t i o n s  throughout t h e  yea r .  Observations a long t h e  t r a u s e c t  

showed seasona l  blooming. I-Iowever, both Sophora and Metrosideros produce 

some blooms througl~out  t h e  yea r  a t  a l l  e l eva t ions  i n  t h e i r  range.  For 

t h e  s t a t - i s t i c a l l y  minded, very i n t e r e s t i n g  c o r r e l a t i o n  curves can be 

devcloped from t h e  phytogeographic da ta .  One of t h e  outs tanding  signifi- 

cances o r  t h e  da ta  was a  d e r i n i t e  a l t i t u d i n a l p r o g r e s s i o n  a t  t h e  onse t  of 

flowering. For example, t h e  dura t ion  o f  f lowering pe r iods  apparent ly  

inc reases  with r i s e  i n  e l eva t ion ;  however, t h i s  s i t u a t i o n  is co r re l a t ed  

inve r se ly  with t h e  drop i n  a i r  temperature.  There was no c o r r e l a t i o n  

with r a i n c a l l  found. 

l l~ough Perlcins (1913) contended t h a t  Lobelia was a  major source of  

n e c t a r  f o r  t h e  honeycreepers,  Baldwin d i d  n o t  s e e  one lobelo id  v i s i t e d  by 

a  V e s t i a r i a  o r  any o the r  drepanid.  Perlcins thought t h a t  t h e  lobelo id-  

drepanid 's  r e l a t i o n s h i p  was s o  eco log ica l ly  bound t h a t  t h e  p o l l i n a t i o n  of 

t h e  t u b u l a r  Flowers could only t ake  p l a c e  through t h e  acti-on of  t h e s e  b i r d s .  



The ques t ion  may be ,  d t d  circ?pani.ds change t11c:i.r h a b j ~ t s  o r  goi-hcring 

u c c t a r  from t h e  lobolo ids  t o  t h a t  of Metrosidcros? Sonic botani . s t s  

t h c o r i z e  t h a t  lobcloicls prcceciecl Metrosidcros :i.n Hawaii. When bfctrosidcros 

a r r i v e d  a t  a l a t e r  d a t c  and becanlo t h e  dominant f o r e s t  t r e e ,  it ori'crod 

a new and morc ava:i.lnl)lc source oS rood, t hus  ine reas in2  the? popula1:ion 

o  F Drepaniidae. 

t h e  da ta  might be serions1.y questloncd by t h e  entomolof:ist. However. 

a  trt~mericlous moun t  of  rcli~ab1.c da ta  was asscmbl~cd, and i t s  broad t ~ p y l i -  

c a t i o n  can be  detennined From t h e  ro1.lowi~ng: 

I. I n  some ins t ances  l a r g e  n~lmhws o r  exo t i c  i n s e c t s  tire n1::i.l:i.zcd 

by honcycrccpcrs . 
2 . i n s e c t s  a r e  available ( Tor i'ood) :in qi iant i ty  i:llrougl~out t h e  yea r .  

3 .  111c rircpt~iliCls mostly e a t  smal l ,  s o  rt-bodied :i.nsects; such a s ;  

s p i d e r s ,  psocoids , p s y l l i d s  , s c a l e s ,  :L caflioypers , and 1ep:idop- 

t c r o u s  l a rvae .  Ba1.dwi.n (1953) g ives  a  1:ist  o r  tlre ecological .  

chariicter:i .stics of cad1 s p e c i e s  stuclicci. This 1.i.st shows tl ie 

n i che  oecnp-i.ed by each s p c c i c s  and how it d i r i ' c r s  w i t h  t h a t  oT 

cve:ry o t h e r  :[om. Though some of  t h o  niches overlap,  t hey  ;Arc: 

eco log ica l ly  segregated and compatible.  A L l  t h r e e  drepanids 

stuciied e a t  n e c t a r  and j.nsects and occupy t h e  samc h a b i t a t .  Yet> 

iylleir mi-nor d i r f c r e n c c s  i n  rnorpl~ology (11il.l s t r u c t u r e ,  body s i z e )  

and behavior  ( types  o r  rood taken ,  m;nmcl- o.f Feeding, e t c . )  r c -  

suit i n  d i W e r e n t  nti1.izati .on or' cnvi.roirmc!nt m a t e r i a l s .  

I ~ h y s i o l o g i e a l  Cyc1.e~ 

Using t a b l e s ,  graphs, and o the r  graphic media, Bal.clwin (1.953) c1:i.d a11 



e x c e l l e n t  job of  r e p o r t i n g  and evalua t ing  h i s  d a t a ,  something t h a t  i s  t o  

bc  g r e a t l y  appreciated by succcss ivc  s tuden t s  o r  Park b i r d s .  

Molt cyc le :  

1. Annual molt occurs bel-ween June and November. 

2. Post-juveni1.e molt l a s t s  l.ouger than  second and l a t t e r  mo1.t-s. 

A t  t h i s  t ime,  it is of  signi.fi.cance t o  po in t  o u t  t h a t  t h e  drepanid ' s  

slow fa l l -mol t  c o n t r a s t s  sharp ly  with t h e  rap id  ra l l -mol ts  i n  some northern 

passe r ine  b i r d s .  

Sliilll development: Some a u t l i o r i t i e s  coi?t:end t h a t  t h e  devc:Lopmcnt of lflrc 

s k u l l  :is an i n d i c a t o r  oC age. 

3 ~ .  I k m  co1.lected specimens, it appears  CLiat t l ic sliiill. docs not  

imricrgo double l ayc r fng  unti.?. G months a f t e r  i cav ing  t l lc  n e s t .  

2. The major i ty  of indiviclual~s develop doiib:Le layer:i.ng tliiring post-  

;juven:ilc-molt. 

Bal.dwin b e l i c v c s  t h e  s t imulns  responsi.ble f o r  n1oS.t m:'::llt bc  riil.ateii 

t o  s k u l l  development. Ilowcvcr, it appears reasonabl.~! t o  asslime t h a t  any 

two such dynamic fo rces  of devt?l~opmer~t mnst be cor~:c:Latcd t o  i n s w e  an 

equilibrium i n  g landular  runct ions .  Molt is a physiological .  a c t i v i t y ,  and 

i t  makes g r c a t  demands upon t h c  body's cmcrgy supp1.y. Slio~i:ldn't t h e r e  l ~ c  

some means o r  retardzing one pl,l-iys:iol.ogi.cal a c t i v i t y  i4ii:Lc another  :is 

expedited? It appears t h a t  we need t o  know much morc about t h e  honey- 

c r e e p e r ' s  phys io log ica l  rurictions. 

Rcproductive Cyc1.e: S u f  i c i e n t  in:Cormal-ion i s  civcn t o  cs1:al)lislr t h e  

rcproduct:i.ve per iod .  Mowcvcr, it does n o t  cover a1~7 phases oC t h e  

rcprorluctivc cyc lc .  Baldwin's ( 3 )  genczal  observations were a s  fol.l.ows: 

I.. I:n?.al-gcment oF t e s t e s  of old a d u l t  mal.cs begins :in Octol~cx, 

younger members n o t  u n t i l  J?cbruary. 



2 .  Nesting occurs between January and J u l y .  

3 .  l?ost-Iii:c?eilj.i?g dispersal bcgtns :in l a t e  summer; t h e  popnla t ion  

spreads  over t h e  Toi:est. 

1)opulat:ions and 7Chc:i.r Movements - 
A very in t e re s t : i ng  p i c t u r c  o T drcpanid d i s t r i b u t i o n  was rcweal.cd by 

I3al.ilwi.n s (1953) s tudy . 
l. Loxops v i r e n s  and Himatione sangu:i.nea werc i'ound t l~rougliout  t h e  

t r a n s e c t .  

2 .  V c s t i a r i a  was rcstr ict l :?d t o  l?orc!sts oT t h o  middle cl.evation 2nd 

parkland above. 

Tllis ci: istr: ibut~on could i n d i c a t e  tlhal: Loxops and iHimatione can t o l c r x t c  

a g r e a t e r  range of habi . ta ts  tlian VcstLaria .  Even t:hougli V c s t i a r i a  .is 

found 'n o t h e r  geographic a r e a s  oi' Hawaii, t h e r e  must: bc  pi:esc!nir i n  thc: 

h a b i t a t  c e r t a i n  b:iotic o:r pl~ysiciil .  r ac to r s .  'Thesc l i m i t i n g  Sactors  must 

be cletenninc?d by acldi t ionai  i ~ ~ v c s t i @ t f o u s .  

3 .  ill ' ter post-breeding d ispersaS,  H:i.m;itionc and V c s t i a r i a  move :i.n 

l a r g e  ni%ml>c!rs ovcr t h c  i 'o rcs ts ;  Col-1.owing t h e  Sl.ower-ihg o r  t r c e s .  

4.. I7est:i~a:r-i.a chchsts t h e  r lowers o:C bot11 9 1 o r a  - and Metrnsideros.  

It showed a g r e a t e r  propcns:i.i:y i'or Sophora t1~1nIli.mati.ono d i d ,  

and a l s o  a i .csser  rcsponsc t o  Mcti:osideros. 

5 .  H i ra t ione  and V e s t h r i a  ( s t r o n g  f l i . c r s )  s1ior-i a hi:$ dispersiil .  

r a t e :  - i . e . ,  - thev  show no srtb-speeiati.on rrom one i s l a n d  t o  

iinotlrer . However, some otlicr b i r d  s p e c i e s  : probably t h e  weak 

f l i e r s  wit11 l.ow d i s p e r s a l  r a t e s ,  exkcbi t  rac:ia:l. ihnns Crom :i.s?.and 

t o  i.sl.and. 

The c1imat:i.c mani k s t a t i o n s  , combined rd-i-ii complexity of physiography 

and p o s s i b l e  i s o l a t i o n  irllrorrgll vo lcanic  a c t i v i t y ,  could acconnt i'or Sow 



d i s p e r s a l  of many types  of I-Iawaiian p l a n t s  and animals.  It is reasonable 

t o  assume t h a t  i s o l a t e d  b i r d  co lonies  could r e a d i l y  be e s t ab l i shed  on 

mountain h e i g h t s .  Baldwin c i t e s  an i n t e r e s t i n g  example of  genet ic  

i s o l a t i o n  among t h e  finch-bil . led speci.es, P s i t t r o s t r a  b a i l l e n i ,  loca ted  

on Mauna Kea. I n  Hawaii, however, it h a s  never  been e s t ab l i shed  t h a t  

,mountain-top i s o l a t e d  co lon ie s  have been accompanied by genet ic  divergence 

t o  t h e  sub-spec i f ic  o r  s p e c i f i c  l e v e l .  

Environmental Processes and Thei r  Se lec t ive  Forces 

The phenomena of  c l ima te  throughout t h e  t r a n s e c t  were inves t iga t ed  

by Baldwinto a  l i m i t e d  degree,  and its e f f e c t  upon t h e  b i r d  l i f e  might 

b e s t  bc reprcsented  now as :  

I.. Sl.ight s easona l  change o:F c l ima te  r c s u l t s  i n  r e l a t i v e  constancy 

of  condi t ions  i n  h a b i t a t :  t h u s  caus ing  a  minor need f o r  seasonal  

b i r d  movements. 

2 .  Climatic gradients have produced markedly d i f f e r e n t  h a b i t a t s .  

3 .  Climat-ic f a c t o r s  may l i m i t  t h e  d i s t r i b u t i o n  of V e s t i a r i a .  

IIowever, s i n c e  b i r d s  a r e  mobile c r e a t u r e s ,  they  may be  l a r g e l y  

aFfected through o the r  h a b i t a t  condi t ions  more s o  than  d i r e c t l y  

by c l ima te .  

4. Storms may s t r i k e  a t  any t ime dur ing  t h e  lengthy breeding per iod .  

A t  t h e  t ime o f  t h i s  review (April 13,  1963) a  g r e a t  r a i n s t o m  is 

occurr ing  and t h e  t o t a l  r a i n f a l l  may break a l l  r eco rds  f o r  t h e  

month of Apr i l .  Its e f f e c t  upon t h e  Drcpaniidae may be  rel-'lected 

by a  decrease i n  next  y e a r ' s  popula t ion  d e n s i t y .  Severa l  Himatione 

and V e s t i a r i a  have been repor ted  i n  t h e  c o a s t a l  a r e a s  of  t h e  Park- 

probably escaping t h e  wrath o-f t h e  s t o m .  



Catacl.ysmic Fact= 

E i t h e r  man o r  na1:uiaily caused cataclysmic i 'actors can c:l.i.minnl:c-! o r  

drast:i .cally a i ' k c t  t h e  h a b i t a t ,  t h c  orgauism, o r  both .  l'hc Hawaii.an 

11irds l-iavc bccri s111.1;jcctecl t o  t h c  i'ol.l.owi.ng: 

1. Torrential storms,  i':i.oods, volcanic  a c t i v i t y ,  and ro res t  F i r c ? s  . 
2. I 'orcst  rc?moval. (l.umbering), sel .ect ive c u t t i n g  of i 'orests ,  graz:i.njl 

or! c a t t l ~ e ,  goat- and sheep-hunting, and t h e  in t roduc t ion  o r  emti.(! 

p l a n t s  and animals , i - ic11cl i .1  fo-re:i &'ri b i r d s  t h a t  Iinvc becomc 

;ihundant i n  t h e  fo res t s  . 

Evolution 

11- i~ honcycrecpcrs ' ecology, wl-iich a i  p r e s e n t  i s  not  wel~l. understood,  

may provide soinc understanding of t h e i r  evo lu t ion ;  i.c., t h e  functioni.ng 

o r  n a t u r a l  sc:Lcction and adapt ive  r a d i a t i o n .  EsscntiaL1.y we can declr~cc: 

I . Neighboring i s l a n d s  proviiicd :i.sol~ated a r e a s  o r  t h e  ostabl ishmcnt  

or d i i T e r c n t  co lonios  of  any s p e c i e s ,  ihic11 :i.n t ime may produce 

hamdi t -ary  d i  i' rercuces . 
2 .  The ci ispersal  of gene1:icall.y modified i .ndividuals  l~aclt  t o  t h e  

o r ig ina l .  col.ony o r  t o  a t h i r d  colony coulcl r e s u l t  i n  hybr id i za t ion  

s p e c i e s  could have been produced. 

Baldwin (1953) poses t h e  quesl:i.on, "Is al.:l. r a d i a t i o n  adaptive?':  111 

a  mannei: h e  contends t h a t  t oo  oCtcn t h e  e r r o r  of grouping non-aclaptivc 

t r a i t s  with ai lapt ivc i s  round. I t  woul.cl seem reasonable  t o  cons ider  t h e  

two occurr ing  t o g e t h e r ,  and i n  t jme,  through :fixat:ion, non-adapti.ve t r a i t s  

could represent pcrmancut t r a i t s .  Consider t h e  fol.:l.owin.g: 

I. Wide divergence :in pl.nrnagc col.or does not  show a  relat:i.onsliip t:o 

Cood ga the r ing  o r  p r o t e c t i o n  from p r e d a t o r s .  



2 .  Colorat ion could prove t o  be  important  f o r  spec ie s  o r  sex 

recogni t ion .  hid y e t ,  t h e  outs tanding  divergence of  c o l o r  

(Vcs t i a r i a  and Loxops) may be r l i . f f icu l t  t o  exp1ai.n by t h i s  

hypothes is .  This p a r t i c u l a r  probl-em i s  b u t  one among t h e  many 

o the r s  connected with clrepanid evo lu t ion .  

3 .  Nectar and i n s e c t  e a t i n g  a r e  t r a i t s  t h a t  presumably exis ted  i n  

t h e  immediate ances t ry  of t h e  drepanids.  This is subs tan t i a t ed  

by Iiimatione and Loxops v i r e n s  now possessing t h e s e  e a t i n g  h a b i t s ,  

and o the r  b i r d s  i n  botli sub-fainlilies having tuhul.ar to~igucs  with 

Fringed t i p s .  

Amadon first (1950) became i -n tcres ted  i n  t h e  Drepaniiilac while 

a r ranging  and combining t h e  specimens of t h i s  Family i n  t h e  Rot1isch:i.l.d 

Co:l.l.ection f o r  t h e  American Museum ol' Na-hlral H i s to ry .  P a r t  o.f h i s  m i l i t a r y  

assignment was spen t  i n  Hawaii where h e  had t h e  opportun?.ty t o  s t ~ i d y  many 

ol' t h e  drepanids i n  t l i c i r  n a t u r a l  environment. I'arl: of &:is t ime was 

spcn t  under t l ic capable @.lidancc of D r .  Paul  l~n l~ ( iwi .~~ ,  t hcn  ol' i1awai:i 

National  Park (now= I-iawaii Volcanoes Nati.onal Park) .  

A t  one time t h e  Drcpaniidae were scat-tcred (systcniat:icall.y) among 

s c v e r a l  f a m i l i e s .  DiPferent  taxonomic e n t i t i e s  were o f t cu  pl.accd among 

t h e  f inches ,  flower-pcclcers, and Austrai.?.ian lioncyeaters . l11e p rcscn t  

c l a s s i f i c a t i o n  is: 

Order: Passeriformes ( p r c h i n g  b i r d s )  

Sub-order: Passeres  

Family : Drepauiidae (IIawaiian honeycrecpers) 

The Family Drepaniidae has  been f u r t h e r  dividcd i n t o  t h e  sub-famil ics  

i lrepaniinae and Ps i tA5ros t r inae .  

With t h e  use of  t a b l e s ,  which a r c  q u i t e  comprdliensivc, hnadon ( l950) 



yivcs  mean and coei'F:ic:i.cnts O F  v a r i a t i o n s  o-? c e r t a i n  s t r u c t u r e s .  The 

males oi' Drepan:i.idae exceed females i n  s i z e .  IIowever, t h e  degree oi' 

sexual.  s i z e  dimorphism i n  di-Crerent s p e c i e s  i s  n o t  cons tan t .  

Gcograph:i.c sizc? v a r i a t i o n  witl1i.n s p e c i e s ,  i f  given su1:ficienl: 

measurements, wou1.d probably show t h a t  t h e  members of every isol.atcd 

popu:l.ation of t h e  Drepaniidae di.f .fers a t  l e a s t  s l i & t l y .  

Even though s t a t - i s t i c a l  a n a l y s i s  t ends  t o  open many avenues Tor 

Curthcr i n v e s t i g a t i o n s ,  t h e  r e l i a b i l i t y  o-E some phases o:f t h e  s t a t i s t i c s  

i s  ques t ionable .  h a d o n  is  quick t o  p o i n t  out  t h i s  p o s s i b i l i t y .  11 very 

i n t e r e s t i n g  l?l~asc of  morphological i n v e s t i g a t i o n  is presented s i n c e  %t 

was determined t h a t  irhe r a t i o  of culmen t o  wing i n  Hemingnathns proccrus 

v a r i e d  froin 0 . 6 1  t o  0 .75 .  The g r e a t  s i z e  of t h e  bi.ll., rc l .a t ivc t o  t h e  

b i r d ' s  body, docs n o t  appear t o  be an adap t ive  response.  

Mol.ts OF iinmatures and a d u l t s  rclveal t h e  c o l o r  of t h e  b e t t e r  known 

aduLt nicmbcxs o D:rc:panii.dae t o  be  very much unl?L<e t h a t  of t h e  irnrnaturcs. 

I n  t h e  sub-:Fami.ly I?Ps:itirostririae, t h e r e  i.s usual.:l.y l e s s  dii'-i.'crence i n  

t h e  a d n l t  and immahire plumage. I n  regard t o  molt o:f a d u l t s ,  it was 

found t h a t  they  mol.ted once each yea r .  Molt s t a r t s  with a drepanid once 

it is f r cad  f:roin t h e  n e s t ,  i.:f n o t  b d o r e .  The molt of t h e s e  ;juveni.l.es 

may be s o  protractcCI t h a t  b i d s  i n  p a r t i a l l y  immatnrr plumage breed. 

\ + b i l e  t h i s  work i s  a good source  f o r  molt ing d a t a  of  a l l  honeycreepers,  

Baldwin's s tudy (1953) is more contemporary Tor V e s t i a r i a ,  I-1:ihatione, - and 

T J O X O ~ S  . 
Color, c o l o r  p a t t e r n s ,  and sexua l  dimorphism i n  c o l o r  is o r  no g r e a t  

c o n t r a s t  :in most drcpanids.  The known genera, both male and Cemal~e, have 

b r i g h t l y  colored pl-urnage. IIowcver, t h e  c o l o r s  may vary sl1arpl.y with some 

memhers. ]lor example, t h e  Female Loxops maculata Flammea is brown, w11i:lk 



t h e  male is  s c a r l e t .  

The phylogenet ic  t r e n d s  i n  col.oration inves t iga t ed  brought out  t h e  

foll.owing i n t e r e s t i n g  po in t s :  

1 Himatione sanguinea is t h e  l e a s t  spec ia l i zed  i n  c o l o r  of  t h e  

drepanid s p e c i e s .  

2 .  Red c o l o r a t i o n  seems t o  be  b a s i c  i n  t h e  Farni1.y s i n c e  it a l s o  

appears i n  t h e  sub-family, P s i t t i r o s t r i n a e  ( 1 , o x o ~  - maculata 

flammea and t h r e e  r aces  o f  L o x q s  coccinea) .  

3 .  The orange wash t h a t  is occas ional ly  p resen t  i n  mal.c! Loxops 

v i r e n s  could p o s s i b l j ~  be a  throwbaclc t o  an a n c e s t r a l  typc  w-t11 

orange plumage 

'. I n  Drepaniidae t h e r e  is a 1iliyl.ogenetic t r end  toward an i.ncrease 

i n  b lack  co lo ra t ion .  Iiiinat-ione and Vest-iarja cx l l ih i t  bl.ack i n  -- 

t h e i r  wings and t a i l ,  whi1.c i.n Drepai1i.s funcrca t h e  e n t i r e  plimage 

is b lack .  

Song, Nesting, and Locomotion 

The d i v i s i o n  of t h e  Drepaniidac i n t o  two sub-rami1.i.e~ (Drcpaniinae 

and f ' s i t t i r o s t i n a e )  c o r r e l a t e s  with a  d i f f e r e n c e  i n  songs and c a l l  no te s .  

l\~arcl (1964) provides t h e  r e s u l t s  of  a  r cccn t  s tudy of  apapane (IIimationc) 

The author  a t t r i b u t e s  t h e  t runcated  primancs ol' Himatione and Ves t i a r i a  

a s  instrumcnts  of behaviora l  si@:iicancc. These s tructura: l .  condi t ions  

prodncc a  whir r ing  sound while t h e  b i r d  is i n  fl:ight and poss ib ly  i s  used 

; n  cou13A1ip o r  keeping t h e  [lock together. 

h a d o n  draws extens ive ly  upon t h e  works o i  Iialiiwin ancl I'crkins i n  
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i rhis  p]lasc of h i s  :invest:i.cati.ons. It i s  q u i t e  ev ident  t h a t  :introduced 

1,arasi tcs  and d i s e a s e s  a r e  among t h e  g r e a t e s t  dangers th rea t en ing  t h e  

honcycreepers . Tlic j.ntroduction of numerous game and o the r  type  b i r d s  

has  been a c o n s t a n t  source  of p a r a s i t e s  and d i s e a s e s .  1!hf1e t h e  i n t r o -  

tiuced spec ie s  may phys io log ica l ly  t o l e r a t e  t h e s e  organisms (some may be 

endem:ic), t h e  honeycreepers may be d r a s t i c a l l y  a f f e c t e d .  l iere is 

c e r t a i n l y  one phase of drepan7.d ecology t h a t  needs Curther s tudy .  In  

b r i d ,  t h e  i:ollowing p a r a s i t e s  and d i seases  were found :i.n t h e  i n v e s t i g a t i o n :  

P a r a s i t e s :  

Flallophaga (b i rd  l i~ce)--Pcrkins b e l i e v e s  some t o  be  endemic t o  tlrf 

Drepaniidae . 
I-Iippobosciclac (Flies)--Non-endemic s p e c i e s  found on Vestiar-ia and 

Loxops v i r e n s  . 
Cestodc-Bal.dwin round tapeworms i n  Loxops v i r e n s ,  Iiimatione, and 

Vestiar:i.a. I t  was n o t  determined whether t h i s  p a r a s i t e  had bccn 

in t roduced.  

Diseases : 

Bumb1el:oot o r  Bird Pox-It is n o t  known whether t h i s  d i sease  was 

p r c s e n t  i n  Hawaii bei'ore t h e  in t roduc t ion  of  Foreign b i r d s .  Honey- 

c reepe r s  have been s u b j e c t  t o  t h e  d i sease  For a long ti.me. The d i s e a s e  

appears  t o  prevai l .  among b i r d s  i n  t h e  r a i n  f o r e s t ,  and ou t s ide  this a rea  

most b i r d s  a r e  f r e e  o f  it. Some r e p o r t s  tend t o  :I:inlc t h e  d i sease ,  n 

fungoid growth, with domestic chickens.  However, t h i s  condi t ion  h a s  

ncver  been linlced with t h e  exterminat ion of Hawaiian b i r d s .  

Avian Malaria-Although malar ia  has  not  been dcmonstrated j~n t h c  

Drepaniidac, t h c  honeycreepers a r e  probably i n f e c t e d  w i ~ l ; h  it. I n  1941 

Baldwin round two spec ie s  o f  b i r d  malar ia  i n  introduced b i r d s  in t h e  Park.  
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Predat ion:  Severa l  p reda to r s  may be l inked  with t h e  honeycrcepers ,  

bu t  none appears t o  have been a s  e f f e c t i v e  a s  man. I t  appears t h a t  t h e  
no 

Hawaiian hawk and short-eared owl have, ,great  predatory e F e c t  on t h e s e  

b i r d s .  Since t h e  drepanids a r e  n o t  ground-dwell-ing b i r d s ,  it i s  hi.gh1.y 

ques t ionable  whether t h e  mongoose o r  Fe ra l  c a t s  have a t t r i b u t e d  great1.y 

t o  t h e i r  d e c l i n e .  

Tlle e a r l y  oi-'ten caught t h e s e  b i r d s  and plucked t h e i r  

f e a t h e r s  f o r  use i n  malcing rea ther  capes and l e i s .  The X v d s  were l a t e r  

re leased  unharmed. This b e n i ~ m  connscvationa:l. p r a c t i c e  ended when Firearms 

were introdnced t o  expedi te  t11e kat31er t r a C f i c .  Some a u ~ h o r i t i e s  contend 

t h a t  Moho n o b i 1 . i ~  may have been wiped out  on Hawaii by shootikg.  - 
Dest ruc t ion  of Fores ts :  The wide remova:l. oT n a t i v c  r o r c s t s  i n  o s t e r i n p  

agr:i.culture h a s  undoubtedly had an adverse e f f e c t  on t h e  honeycrecpers.  

The in t roduc t ion  of p i g s ,  sheep, goats:  and c a t t l ~ t !  h a s ,  :in some a r e a s ,  

had a  devas t a t ing  c f f e c t  upon t h e  popul.at:i.on. Drcpanitts a r c  c j i x i l : ~  sens:i . t ivi 

t o  h a b i t a t  changes, and i ~ n  some woodland a r e a s ,  wherc c a t t l e  have been 

introduced,  t h e  drepanids have di.sappeared . 
Ext inc t ion:  I n  regard t o  e x t i n c t i o n ,  a  l i s t  is given ot' t h e  gcographi~c 

l ~ o c a t i o n s  of t hose  honeycrecpers t h a t  a r e  now c x t i n c t .  liowcver, it is 

r e a d i l y  pointed out  t h a t  t i le p re sen t  siud:i.cs (Amadon, 1.950) o r  d i s t r ihu - t ion  

and popula t ion  dens i ty  a r e  not  complete and need f u r t h e r  a t t e n t i o n .  \$%en 

onc becomes consc:i.ous o r  t h e  numerous unexplored a rcas ,  especi.al.ly on 

liawai.i, where remnant specj-es coul~d rind suita11l.e l ~ a b i t a t s ,  iCt i s  not  

whol:Ly unreasonable t o  assume t h a t  sane s p c c i e s  rcportcri as  c:xl:inct a r e  

s t i l l  i n  ex is tcncc .  To bear  t11i.s out  Ba1.dwin red:i.scovei:cd J.'aIincria d o l e i  

on Maui.. 



Comparative Anatomy 

Insiii.'i 'icient nintc?rial and f i e l d  work l i m i ~ t e d  h a d o n ' s  (1.950) s tudy 

oi' ;miitoniy kom t h e  phyl.ogenetic s t andpo in t .  The most i n t e r e s t i n g  

o11sc~rvnt.i ons were : 

I.. Drcpanids a r e  not  r e l a t e d  t o  old-world: nec ta r - ea t ing  b i r d s  bu t  

iipparent1.y t h c i r  ances tors  came From America. 

2. The c l o s e s t  relatives of t h e  Hawaiian honeycreepers a r e  jn t h e  

group oC nine  primaried song b i r d s  which a r e  most:Ly Ameri.can. 

The 1'arul:i.clae (wood-warblers), Coerebidae (South American 

honcycreepcrs) ,  and Thraupidae ( t a n g e r s )  i n t e rg rade  and a r e  no 

more than sub- Families.  

Tlic t e n t h  primary O F  t h e  Drcpanifdae i s  v e s t i g a l .  This i s  one p a r t  

of i t s  s t r u c t u r e  connect ing it with t h e  !her:i.can group O F  ninc-p15maricd 

song b i r d s .  

I'hylogcny of t h e  Genera and t h c  l.>ami.ly 

13y consu l~ t ing  t h c  meager published iwformation, i n  comparing t h e  

Dsepcmiidae's anatomy with c lose ly  r e l a t e d  Camilies and t h e  ana lys i s  of 

t h e i r  f indings  coordinated with h i s  i n t e r p r e t a t i o n ,  h a d o n  (1~950) concludes 

t h a t  primitive drepanids were perhaps most l j ~ k e  some 01 t h e  Coerebi.dac, 

b u t  t h e  l a t t e r  may be  only thin-bil1.ed Thraupidae and many taxonom:i.sts no 

longer  rcco@izc  t h e  family Coerbidae. h a d o n  Further contends t h a t  t h e  

anatomical  clharacters involved a r e  s o  s l i g h t  and i n c o n s i s t e n t  that: t h i n -  

11i:lled Amcrican groups of ninc-primaried song b i r d s ,  such a s  1'an~l.iciee o r  

I c t e r i d a e ,  cannot be ru led  on t .  To make h i s  phylogenic explanat ion more 

e x p l i c i t ,  h e  g ives  a good diagram of t h e  phylogeny of  t h e  genera oT 

Drepaniidae. 



Real iz ing  t h e  problems t h a t  f ace  taxonomists and t o  support: h i s  

reduct ion  of Drepaniidae and r e l a t e d  f a m i l i e s  t o  sub-family s t a t u s ,  

h a d o n  admonishes comparative anatomists  a s  f'oll.ows: "Comparative 

anatomists  who sugges t  combining a l l  song b i r d s  i n t o  two o r  t h r e e  f 'amilies,  

without  a t  t h e  time providing an improved arrangement f o r  t h e  numc?rous 

sub-famil ies  and t r i b e s  t h a t  must be recognized i n  such Families,  accompl.isl1 

very l i t t l e . "  

Specia t ion  

I t  is suggested t h a t  t h e  dfPFcrences i n  degree o r  sub-speci.at:ion may 

be t h e  r e s u l t  of  clif-Cerences i n  power or' tl-ispersal. and t h a t  such an 

explanat ion should be  souglit be'ore invoking v a r i a t i o n  :in mutat:i.on r a t e s  

o r  other 11ypothct:i.cal. explanat ions .  

The author  be l i eves  t h e  diversif ' - icat ion and spec ia t ion  of somc 

Hawaiian b i r d s ,  siich a s  t b c  hawk ( a  s t r o n g  r'l.yo:), nenc goose, and clrcpanids 

l i k c  P s i t t i r o s t r a  ~ s i t t a c e a  and - Lox= iuccinea can be Ifhc r c s r d t  or' p11ys:io- 

grap11i.c f a c t o r s .  A l l  of t h e  above arc foilnd on t h e  i.sl.and o r  1lawai:i (some 

s p e c i e s  a r e  round only on t h i s  i s h n d )  which provides numerous h a b i t a t s .  

The o t h e r  i s l a n d s ,  with t h e  exception o r  Mauf, do not  aft'ord tlrc? su i t ab lc  

h a b i t a t s  For t h e s e  animals. Topographi~c Featxres ( c . 2 . :  - hi~gh vol~canoes) 

al low competing sympatric spec ie s  t o  occupy spec:i.al.izerl o r  r e s t r i c t e d  

ccol.ogical n iches .  This enviroumental. condi t ion  may explain w11.y r ive  

spec ie s  of l ' s i t t i r o s t r a  have survived on Hawaii, bu t  no more than  two on 

any o l: t l ~ e  o the r  i ~ s l ~ a n d s .  

Geologis-ts a r e  n o t  always i n  agreement a s  t o  t:lrc age of  t h e  Hawaiian 

%sl.ands--especially t h e  ma;jor e ig l l t .  IIowcvc~? s o  Far a s  spec ia t ion  is 

concerned, t h e  time f a c t o r  p re sen t s  no nra;jor problem. There its cons idcrahle  



eviclencc t h a t  s p e c i a t i ~ o n  can progress  q u i t e  r ap id ly  nnder insul.ar condi- 

t i o n s .  Though, w11il.e some da ta  i n d i c a t e  adapt ive  r a d i a t i o n  i n  t h e  

Drepaniidae has  progressed q u i t e  r a p i d l y ,  it i s  d i S S i c u l t  t o  be l i eve  t h a t  

t h e  h i s t o r y  o r  t h e  honeycreepers did n o t  begin i n  t h e  e a r l y  Pl iocene o r  

b e  fo re .  

The Hawaiian honeycreepers have o f t en  been r e f e r r e d  t o  a s  t h e  epitome 

of  adapt ive  r a d i a t i o n .  Since t h i s  r a d i a t i o n  h a s  occurred only r e c e n t l y ,  

t h i s  family afi 'ords exce l l en t  m a t e r i a l  f o r  t h e  i n v e s t i g a t i o n  of  e a r l y  

phases o-F evolu t ion .  

I n  Hawaii t h e  adapt ive  r a d i a t i o n  has  been cxpedited by: 

I.. Numerous cmpty eco log ica l  n i ches .  

2 .  Lack of co~npeti . t ion.  

3 .  The availabi.l . i ty of  a v a r i e t y  of  s u i t a b l e  environnental  nichcs . 
4. Lack o:f heavy predat ion  o r  parasil:i.sm. 

11113 occuping o r  a v a i l a b l e  niches has  produced a harmonic fauna. I n  

many ins t ances  c o n t i n e n t a l  types have a r i s e n ;  s ~ c h  a s ,  c r eepe r s ,  woodpeckers, 

f i nches ,  and t anage r s .  

A very important  s tudy,  repor ted  by William W. Dunmirc appearcd i n  

Tlie Clepaio 22(9):  65-70. This  1962 p u b l i c a t i o n  of  t h e  Hawaij. Audubon -- 

Society supplements i n  p a r t  somc of Baldwin's i n v e s t i g a t i o n s  on t h e  ecology 

o r  t h e  Drepaniidae. Dunmire, a Park N a t u r a l i s t  a t  Hawaii. Volcauocs 

Nat ional  Park, s t a r t e d  v i s i t i n g  i n  t h e  1'al.l of  1.958 most of Baldwin's 

s tudy p l o t s .  During t h e  per iod  of May 1959 through December l961. he  

made Fonnal censuses.  His i n v e s t i g a t i o n s  show q u i t c  c l e a r l y  t h a t  some 

very impori:ant changes have taken p l a c e  i n  t h e  Park i n  t h e  p a s t  12 y e a r s .  

Dunmi.rcls work i s  very e a s i l y  reviewed, and t h e  da ta  a r c  e a s i l y  

deciphered.  Tables a r c  arranged f o r  t h e  seven geographic a reas  s tud tcd ,  



wit11 t h e  dominant vege ta t ive  a s s o c i a t i o n s  l i s t e d .  For each area  Dunmire 

l is ts  t h e  number of b i r d s  seen and t h e  approximate percentages .  

Accompanying each t a b l e  is a  b r i e f  d i scuss ion  and evalua t ion  compar- 

i n g  Baldwin's f ind ings  with those  of  h i s  own. Tor exampl-e, one o-I? h i k  . . .  

t a b l e s  is:  

Kipuka Nene, e l eva t ion  3,000 f e e t  
(Upland Scrub Fores t -Trans i t iona l  Dry f o r e s t )  

4 t r i p s  (6k hours:  May 1/59; Apr i l ,  Ju ly  '60 Nov. l61.) 

Species 

Ca l i fo rn ia  quail. 
Mynah 
White- eye  
ilmalcihi 
Apapane 
Cardjnal  
Ilouse Finch 

Number -- 
1. 
6  

93 
13  

5 
1 

1.0 7 

Percent  

%?ss than  1% 

The populat ion s t r u c t u r e  has  becn g r e a t l y  modi T ied  i n  rccenl: y c a r s  

by t h e  explosive inc rease  oC exo t i c  white-eyes (%ostc!roJs) icxding :in t h i s  

l i ipnka..  . Mierc?as 13al.dwin recorded t h e s e  11:ii:tls on only some of' 11j.s t r i p s ;  

today they  a r c  ubiquj tous .  The l a r g e  nuiiiber of' housc i inchcs  i n  i h c  above 

t a b l e  is accounted f o r  by t h e  recordi.ng o-C some huge floclcs Feeding i n  t h e  

grassy f l a t s  dur ing  one t r i p .  But whil:c!-eyos iwrc  observed a t  a r a t e  of 

a t  least- 10 per  hour on every t r i p ,  and they w x c ?  Foilnd tliroughout t h e  

ki.pulcas. Durn?-re (1962) judged t h a t  t h e r e  had been a  decreasr  oT amalcihis 

s i n c e  Baldwin's s t u d i e s ,  and t h e  e l epa io ,  which were oC1:cn seen h e r e  by 

him, have apparent ly  ].eft t h e  a rea .  It semns lilcclLy t h a t  d i r e c t  competi- 

i n  From t h e  white-eye, a  b i r d  with congeneric c a t i n g  liab:i.k, h a s  

7-educed t h e  one spec-ies and el.:i.miuated t h c  o t h e r  rrom I(ipnka Ncne. Only 

4% oi' t h e  b i r d  sight:i.ngs were o r  nat:i.ve b i r d s !  

It is i n t e r e s t i n g  t n  no te  t h a t  i n  the  remaining s i x  a reas  :i.nvesti~gated 



t h e  white-eye (Zos tcrops)  has  showed a sharp inc rease  o r  r e t a ined  a domi- 

nan t  p o s i t i o n  jn  i:he coimuuity. A t  some s t a t i o n s  t h e  ou and Hawaiian 

ercepcr  were n o t  round, though they had been recorded a t  t h c s e  s t a t i o n s  by 

Bnl~clwin. The co~npe t i t i on  Tor foocl ( i n s e c t s )  between t h e  white-eye and 

Hawaiian creeper  cou1.d he3.p account f o r  t l ie l a t t e r ' s  disappearance.  

Howcwer, not  t h c  ou s i n c e  it is a Fruit: e a t e r .  Again, i n  Kipuka I'uaulu, 

Dunmire (196'2) p o i n t s  out  t h e  disappearance oC t h r e e  drepani~tls s ince  

Baldwin's observati.ons; namely amalcihi, Hawaiian c reepe r ,  and akiapolaau,  

and a t  t h e  same time t11e g rea t  i nc rease  of white-eyes. Dunmire contends 

t h a t  t h i s  negat ive  c o r r e l a t i o n  is probab1.y a t t r i b u t a b l e  t o  rood competi t ion.  

ligain, it i~s i n t e r e s t i n g  t o  compare the foraging  oT t h c  t h r e e  spec ie s .  

T!h amaltil~i t akes  i n s e c t s  from tlie h a b i t a t  p r e t t y  much i n  t h e  same h c a t i o n s  

t h a t  white-eyes t ake  t h e i r s  ( t r e e  trunlts,  l imbs,  twigs ,  e t c . ) ,  t hus  1:hei.r 

ecology over laps  and a high degree of competi t ion could e x i s t .  

1 roraging a c t i v i t i e s  of  t h e  liawaiian c reepe r  (Hemibaathus wi lsoni )  

does not  seem a t  l e a s t  i n  t h i s  w r i t e r ' s  opinion,  t o  con:l ' l ict  g r e a t l y  wtlh 

r h i t e - e y e  (Zosterous palpcbrosus)  gleaning methods. Heinfgnatlius wi lsoni  

ga the r s  i n s e c t s  somewhat i n  a woodpecker a c t i o n  by b e a t i n g  on bark and 

wood. The o r n i t l ~ o l o g i s t ,  George C .  Munro, desc r ibes  t h e  method 01.' Cood 

ga the r ing  of  t h e  Maui spec ie s  (I~Iemi~aatlius luc idus  o r f i n i s )  a s  fol lows:  

"It clri-ves t h e  :I.ower mandible i n t o  t h e  e r c v i c e s  oC t h e  bark . . . uses  : i t  

a s  a l e v e r .  Thc p i ece  which brcaks o f f  (bark)  it takcs  with both nmancliblcs 

and throws O F T ,  sweeping t h e  long upper one i n t o  t h e  c rev ices  opened ori 

t h e  branch ." /\ssi.lming t h a t  t h e r e  a r e  nnmerous mi.cro-habitats For i n s e c t s  

and t h e i r  h r v a e  i n  t h e  bark and crevi.ccs,  and t h e  g leaning  ac t i .v i . t ies  o r  

Zosterops leaves  t h e s e  i n h a b i t a n t s  untouched, it Col.lows 1:Iiat t h e  two h:i.rdsf 

ecology docs not  s e r i o u s l y  appear t o  overlap.  
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I t  is poss ib l e ,  a s  Dunmire h a s  poin ted  o u t ,  t h a t  t h e r e  may he  o t h e r  

unassessed d e l e t e r i o u s  f a c t o r s  involved,  o t h e r  than t h e  i.ncreased compe- 

t i t i o n  by more v e r s a t i l e  exo t i c  forms. I t  j.s on t h i s  l i t t l e  understood 

phase of t h e  Drepaniidae t h a t  d i r ec t ed  r e sea rch  js s o r e l y  needed. 

The Hawaiian Goose, Nene 

The dec l i~ne  of t h e  nene (Hawaiian ~ o o s e ) :  Jlranta sandwicensis,  has  

caused cons iderable  concern among c o n s e r v a t i o n i s t s .  I n  t h e  p a s t ,  t h e r e  

have been per iods  when t h e  nene near ly  passed i n t o  e x t i n c t i o n .  

Tlirough t h e  concerted e f f o r t s  o:F o r n i t h o l o g i s t s ,  conserval:ionists,  

and those  o t h e r  people having a  iceen i n t e r e s t  i n  p r o t e c t i n g  and propaga- 

t i n g  t h e  spec ic s ,  t h e  nene has  been ab le  t o  su rv ivc .  Today, t h e  animal. 

:i.s by no mcans on s a k  ground, however, i t s  i'utimci is mnch br:i.gSltcr than 

a t  anytime si.nce t h e  i n i t i a l .  dec l ine .  

As of  March 1963, t h e  nene popi~la t ior l  on t h e  i s l and  o r  1~Iawai:i. was 

l i s t e d  a s  114 b i r d s .  This t o t a l  n~~rnbcr  represcntc,l  87 pen-reared -- Dranta 

released i n t o  t h e  wi ld ,  and an est imated wild ,population of 27 b:ircSs. 

Their  p r e s e n t  geographic d i s t r i b u t i o n  :is From 5000 t o  8000 fcck on t h e  

eas t e rn  l a n k  of  Mauna Loa. l h e  popula t ion  tends  t o  s t a y  w:i.thin t h i s  

e l c v a t i o n a l  E r n i t -  t h e  year  around. I n  1962, 35 pen-rcarecl b i r d s  fro111 

Erigl.and were r e l eased  i n  lialeakala National. l'arlc i n  an c r f o r t  t o  re-cstahl:isl~ 

t h e  nene on Maui. 

The h i s t o r y  of  t h e  nene, p r i o r  t o  whi tc  man's al>pearance i n  liawaii, 

mcl s i n c e  t h a t  t ime,  :iis both i n t e r e s t i n g  and pa- the t ic .  Id11i.l.c a lew 

-:itl.mlists, s c i e n t i s t s ,  and organiza t ions  were very consc:ioiis of  i:lie 

* ' cc l in ing  Dranta popul.ation--and many O F  t l tcsc pcop:l.c made i:lic:i.r views 

publ:i.c:Ly--the major i ty  of  Hawaiians and govc?rmmcnt d r t c i n l s  took :l.itt3.e 

o r  no heed of  t h e  s i t u a t i o n .  



It i s  t h e  major purpose of  t h i s  r e p o r t  t o  l i s t ,  review, and evalna te  

t h e  work of t h e s c  pcople .  I n  doing s o ,  a  d i l i g e n t  e f f o r t  has  heen made 

t o  compile al:L h i s t o r i c  and contemporary i -nfomat ion  with t h e  research  

infol-mation available. 

licnshaw (1902) gives a  f a i r  desc r ip t ion  of  t h e  Branta h a b i t a t  and 

some minor observa t ions  of eco log ica l  s i @ i M c a n c e .  His g r e a t e s t  con- 

t r i b u t i o n  t o  nenci conservat ion was po in t ing  out  popula t ion  d i s t r i b u t i o n s  

t h a t  were bc ing  sevc r ly  a r k c t e d  by man's presence.  The lowland h a b i t a t  

was pr i .nc ipa l ly  below 1.200 -Feet, on ba r ren  lava  flows nea r  t h e  s e a ,  :in 

t h e  d i s t r i c t s  of Duna, Kana, ICau, and Kohala. These a reas  p r i o r  t o  t h e  

1.9th cccntury, and s i n c e  then ,  con ta in  most o r  t h e  human h a b i t a t i o n s .  

be l ieved  t h e  nene migrated t o  t h e  lower e l eva t ions  i n  e a r l y  Call. :for t h c  

n e s t i n g  per iod ,  and h e  pointed o u t ,  t h a t  t h i s  n e s t i n g  per iod  conf l i c t ed  

with t h e  contemporary hunt ing  laws. Ilunting was pemi t t ec l  Froni September 

I..5tli t o  Febrnnry 1st. 

Ilcnsliaw's genera l  comments (1902) about  p reda to r s ,  seasonal. r l i g h t s ,  

and game laws: shou1.d have s t imula ted  respons ib le  people i n  undertaking 

measures t o  p r o t e c t  t h e  nene. Mongooses, c a t s ,  and dogs were l i s t e d  a s  

deadly p reda to r s .  

Mi.:Ll.er (1937) procluced an excel.lcnt s tudy comparing il l~e anatomy of  

t h e  nene with t h a t  of t h e  s e v e r a l  o t h e r  spec ie s  named be1.o~. 11 good 

d e s c r i p t i o n  i s  given of  t h e  Branta t e r r e s t r i a l .  h a b i t  i n  regard t o  t h c  

muscular and ske le t a l .  clevclopment. Contrastecl with o t h e r  spec ie s  ol' Rranta, 

t h e  l e g s  of  Branta sandwicensis swing f r e e l y ,  t h e  body l a c k s  sicle t o  s i d e  

motion and t h e  t o e s  i'recd by t h e  reduct ion  of  webbihg a r e  flexible. .43:1. d 

t h e s e  add t o  t h e  anima:l.'s a b i l i t y  t o  climb, jump, and run  through brush ancl 

among t h e  broken rock, and grass  tussocks .  



l l ~ e  fol lowing spec ie s  were used f o r  comparison by M i l l e r  (1937). 

They a r e  a l l  p r imar i ly  North American, breeding  i n  Ear nor thern  l a t i t u d e s  

and, except  .for P h i l a c t e ,  migrat ing ex tens ive ly :  

I. P h i l a c t e  canagica-probably most mar:i.tirne of t h e  geese. 

2 .  Branta nigricans-with both t e r r e s t r i a l .  and marine h a b i t s .  

3. Branta canadensis  minima-primarily t e r r e s t r i a l ,  a s t r o n g  f l i e r  

and appearing t o  walk with g r e a t e r  ease  than o t h e r  races  of  

Urauta canadensis .  

4 .  ilnser a l b i f r o n s  al.bifroiis--breeds jn  grassy sandy p laces  i n  i'ht 

t e r r a i n  c l o s e  t o  water .  

5 .  Chen hyperbar-ea 11ypevl)orca-primar:i.Iy terrcst:ri ; i l .  i n  h a b i t .  

I n  comparing ~nusc le s  (bulk,  wei.gllt, and l i n e a r  measurc!rnents), musc1.e 

I'unctions, s k e l e t a l  and external .  c l i a r a c t c r i s t i c s ,  Brauta saildwicensis and 

Uvanta canadensis were found t o  be  p o s i t i v e l y  c o r r e l a t e d .  -- 

A very i n t e r e s t i n g  phase of t h e  s txdy,  and c e r t a i n l y  one t o  b r ing  

a h o i ~ t  controversy,  is concerned with comparing t h e  anatomy of a ;juvcnjle 

(z. sandwicensis) with an a d u l t .  I n  t h e  j i lvcni le  t h r e e  1-arge hind l.imb 

muscles show g r e a t  extremes. Juveni1 .e~  have a i ~ i g h c r  pcrccntagc of 

t o t a l  l e g  muscle bulk: which a r e  involved i n  powcr movements of ixnning.  

Mil1.er doesn ' t  b e l i e v e  t h i s  i s  i n d i c a t i ~ v e  of' t h e  phylogeny of t h e  TIawaiian 

Goose, l ead ing  back t o  an even more per : fec t ly  land-dwell.ing type;  b u t  

somc anatoinists and cvolut ion: is ts  migkt d i sag ree .  

Mil l .erTs work (1937) po in t s  out  t h e  need Tor Curther s txdy i n  t h e  

evoluti.on oi^ t h e  nene-emphasizing: 

3.. The web of  - 13. saudwi.censi.s i s  g r e a t l y  rcc1iicc:d. N o  0110 has  

s a t i s f a c t o r i l y  explained t h i s  c?volntionery change, Have t h e  

t o e s  become el.ongated o r  has  t h e  web been reduced because oT 



di~suse?  The reduct ion  of web o r  ex tens ion  o r  t o e s  would have a  

decided advantage fo r  t h e  animal l i v i n g  on lava  - i . - e  . wallchg,  

climbing, and i n j u r i e s  t o  web. 

2. R i r the r  evidence i s  nceded f o r  t h e  assumption t h a t  Branta sandwi- 

c e n s i s  e a r l y  diverged from t h e  h o l a r t i c  genus Branta. We c a n ' t  

general.ize by saying  t h a t  Branta is a  powerful r l i e r ;  a s  coiild 

have been t h e  a n c e s t o r a l  rorm a r r i v i n g  i n  Hawaii thousands o r  

yea r s  ago. 

3 .  We need t o  establish b e t t e r  t h e  probable rout-es t r ave led  hy t h e  

ances to r s ,  and t h e  approximate time they  arri-ved i n  t h e  islancls.  

4.. Some j u s t j f i c a t i - o n  a s  t o  why t h e  nene lias forsaken water  and 

C l i g l ~ t  t o  l i v e  on ba r ren  l ava .  

5 .  Can t h e  evolut ionary change i n  t h e  liawaiian Goose be  t r aced  t o  

sc l .ec t ion ,  ampkimixis, geographic ? . so la t ion ,  environment, o r  

or thogens is?  

Ba1.dwi.n (1945) accomplishes two very iinportant advancements i n  nene s tudy:  

First-he g ives  a good desc r ip t ion ,  with use of maps, of t h e  nene ' s  

d i s t r i b u t i o n  p r i o r  t o  1900 and a f t e r  1900. This information he lps  one t o  

s e e  t h e  o v e r a l l  p i c t u r e  of geographic s l ~ i i ' t s  i n  popula t ion  d e n s i t y .  'Ie 

es t imates  t11c nene popula t ion  i n  t h e  1700's t o  be  about 25,000 and t h e  

popul.ation, a t  t ime of h i s  s tudy,  t o  be 50 b i r d s .  Second1.y-his work 

p o i n t s  out  t h e  sharp  dec l inc  i n  t h e  nene popula t ion  and i n  some ins t ances  

makes an e.fFort t o  c o r r e l a t e  it with per iods  of  adverse elcments .  

Like Hensl-iaw (1.902) and o the r s ,  Baldwin (1945) a t t r i b u t e s  t h e  dec l ine  

d i r e c t l y  o r  i n d i r e c t l y  t o  man a s  fo1l.ows: 

D i rec t  

1. Hunting wit11 f i rearms.  



2 .  Sandalwood ga ther ing  i n  t h e  uplands.  

3 .  Ranching developments and a c t i v i t i e s .  

I n d i r e c t  

1.. Introduced animals such a s  r a t s ,  goa t s ,  sheep, c a t t l e ,  p i g s  

(new s t o c k ) ,  dogs, c a t s ,  mongooses, game b i r d s ,  and such p l a n t s  

a s  t h e  p a s t u r e  weeds and g ras ses .  

I t  is i n t e r e s t i n g  t o  no te ,  a t  t h i s  p o i n t ,  t h a t  Baldwin appears t o  

condemn most o r  a l l  pas tu re  weeds. Sonchus oleraceous,  an exo t i c  p l a n t ,  

is reli .shed h ighly  by t h e  nene f i d e  (Ilenshaw), and a t  p r e s e n t ,  i s  considered 

an important  food f a c t o r  i n  Branta ' s  ecology. 

A t  t h e  time o:f Smith's (1952) r e p o r t ,  t h e  world 's  popula t ion  of nene 

was a s  fol lows:  24 c a p t i v e s ,  33 (es t imated)  wild.  He g ives  a  b r i e f  i n t r o -  

duct ion t o  t h e  t h r e e  p r o j e c t s  c u r r e n t l y  underway t o  extend t h e  l i f e  of  t h e  

spec ie s .  These were: 

1. A nene a r m  star tecl  i n  1949 by t h e  Board of  Commissioner of  

Agr icul ture  and Fores t ry .  

2 .  A s i m i l a r  venture  ( l i k e  t h e  nene r a m )  by t h e  Severn Wildfowl. 

Trus t  a t  Slimbridge, England. 

3 .  A nene f l o c k  maintained by M r .  Herber t  Shipman a t  Keaau, Hawaii. 

Each o r  t h e s e  p r o j e c t s  p l ans  t o  r e a r  nene i n  c a p t i v i t y ,  and t o  provide 

a source  f o r  bu i ld ing  up t h e  wild popula t ion .  liri~ile t h i s  i s  a  very impor- 

t a n t  s t e p  t o  r e s t o r i n g  t h e  nene, we s t i l l  need t o  understand t h e  an imal ' s  

c c o l o ~ y ,  s o  t h a t  wild popul.ations can be  p ro tec t ed  and a s s i s t e d  i n  propa- 

gat:i on. 

An i n t e r e s t i n g  r e p o r t  i s  made of  t h e  l i f e  h i s t o r y  of  t h e  cap t ive  nene. 

Some observat ions do not  concur with e a r l i e r  s t u d i e s ,  i . c . ,  breeding and 

n e s t i n g  season.  He s t a t e s  they (nene) begin breeding i n  November. 



He s e t s  f o r t h ,  i n  t h r e e  p a r t s ,  a  sound and wel l  organized pl-an Tor 

a  nene conservat ion program: 

I. An i n t e n s i v e  eco log ica l  survey o-f t h e  Hawaiian Goose found i n  t h e  

wi ld .  ?his involves:  d i r e c t i o n  o f  f l i g h t ,  t ime of f l i g h <  and 

f l i g h t  d i s t ance ;  Cinding out  what t h e  nene a r e  doing i n  p laces  

where s ighted  (foods, predat ion ,  behavior ,  e t c  . ) ; and o t h e r  envir-  

onmental condi t ions  ( s u b s t r a t a ,  weather,  e t c  . ) . 
2 .  The product ion on nene under wire  by metl~ocls, through wh:ich t h e  

product ion p o t e n t i a l  of t h e  geese would be near ly  real. ized, hy  

p r o t e c t i o n  and s t imula t ion  o f  maximum egg product ion.  

3 .  Thc a c q u i s i t i o n ,  management, am1 re s tock ing  of  an a rea  oF ncne 

h a b i t a t  s e l ec t ed  a s  a  r e s u l t  of ecological.. survey.  

Tl~c sh idy  by Cl~der 6 Woodside (1955) appears  t o  be t h e  first dircctci l  

toward t h e  nenc ' s  ecology. I n  a  inanncr it rul.fi:l.ls an : in tegra l  p a r t  0.1: 

Smithf s (3.952) recommc!nded conservat ion p r o p a m .  The stildy extcncled Cram 
September 1956 t o  
September 1957, and was d i r e c t e d  primari ly t o  l e a r n  whdrher modern manage- 

ment could save t h e  nene. The program of s tudy  was dcf ined  around t b c  

following ob jec t ives  : 

1. Learn p resen t  s t a t u s  of  t h c  s p e c i e s  i n  t h c  wi.:Ld. 

2.  To d iscover  essential f a c t s  i n  t h e  biology ol: t h e  w i l t 1  popnlatiori 

3 .  To preparc  p r a c t i c a l  management sugges t ions .  

4. To appra i se  t h e  e f f o r t s  be ing  macle by tlic Board and -the Wildfowl 

Trus t  i n  England t o  r e a r  nene i n  c a p t i v i t y .  

13y mct11odicall.y in te rv iewing ranclic!rs, hun te r s ,  game enforcement 

of  r i c e r s ,  !'orest rangers ,  and o the r s  a s  t o  ncne si.ght:i.ngs, a  Flock 's  

breeding  ground was discovcrccl. The l o c a t i o n  was estab1:ished on t h e  

upper lands  of  t h e  Keaulloli Ranch, on t h e  e a s t e r n  sl.ope o:C Mauna Loa a t  



6500 Feet.  Families were : i .dent i ied  arid stur1:i.ed . The s l ~ o r t  range goals  

o r  t h e  research  were achieved when t h c  1ollow:ing were e s t ab l i shed :  

I. The l a y i n g  period was Pound t o  extend from October :loth t o  about 

December 1st .  There was no evidcnce o:f r e n e s t i ~ n g  i n  t h e  wi ld ,  

g.e_. , a f t e r  removal of eggs o r  young. This is j u s t  t h e  oppos i te  

i n  c a p t i v i t y .  

'2. Approxi.mately 2  young a r e  produced p e r  breeding  p a i r .  

3 .  P a r t  o r  a l l  of t h e  nenc family is vu lne rab le  t o  ground-running 

p reda to r s  o r  t h r e e  months o r  more each y e a r .  During t h i s  t ime 

t h e  a d u l t s  a r e  su'qject t o  molt ,  which renders  them f l i g h t l e s s  

f o r  4-6 weelcs. Simultaneousl .~~ t h e  young a r e  hatched and reqi l i re  

from 1.0-12 weeks of growth be fo re  they reach t h e  Fl,ving s t a g e .  

It i s  i n t e r e s t i n g  t o  no te  t h a t  i n  Hawaii Vokanoes Hatrional Pnrk 

i n  an area  adijacent t o  t h e  breeding  ground, t h e  author  found 

more wild p i g  si@s than  anywhcre e l s e  i n  t h e  i s l a n d .  Cats,  

dogs, p i g s ,  and mongooses a r e  . f e ra l  i n  t h o  d i s t r i c t .  

4.  Flocking s t a r t e d  a f t e r  Apr i l  and l a s t e d  i.nto t h e  middle of June. 

5 .  The summer flig111: season (movement t o  summer ground) extended a f t e r  

t h e  summer s o l s t i c e s  June 2 1  fiirough August (equivalent t o  wlnter-  

i n g  ground perj.od f o r  North American geese ) .  Thc b i r d s  wou1.cl Feed 

and r o o s t  at: t h e  Shipman Ranch (Puu 00) i n  tlic cvening, and during 

t h e  morning would f l y  toward t h e  s o u t h e a s t  (across  t h c  Saddlc 

Road) t o  isol.ated lava  Elows f o r  t h e i r  dai-ly a c t i v i t i e s .  

This one year  of research showed t h a t  on1.y g r e a t e r  longevity and 

1.ower a d u l t  mor t a l i t y  r a t e s  could enable t h e  nene t o  come back cven sl.owly. 

The r e s u l t s  Prom t h e  s tudy prompted t h e  Tollowing management recommendat:i.ons: 



1.. Controlled hunt ing  is needed t o  reduce p reda to r s ,  cspecial.ly of  

p i g s ,  i n  t h e  Nati.onal Park. Poisoned meat b a i t s  can he  used :in 

t h e  sma1:L isol.ated kipulras . 
2. The brc?eding ground must be  k e p t  i n t a c t  and r c l a t i v c l y  .free of 

dis turbai lce Froin September t o  Apri.1 each ycar  t o  p r o t e c t  nes t ing ,  

F l igh t l e s s  young, and molt ing p a r e n t s .  l%is w i l l  r e q u i r e  pos t ing  

t h e s e  a reas  a g a i n s t  trespassing and t h e  c l iminat i~on of  p reda to r s .  

3 .  Tile summer grourid should be  f r e e  o r  hun te r s  and dogs from Ju ly  

t o  October. 

4 .  Cstablisliimrnt of r e l e a s e  a r e a s  ad;jacent t o  breeding grounds; s o  

t h a t  pen seared  s tock  can adapt  thernsel.ves t o  n a t u r a l  condi t ions  

be-rore r u l l  r e l e a s e .  

Severa l  observat ions were made, which w i l l  requi.re r u r t h c r  research  

poss ib ly  i n  genet ics  and incubat ion.  Though females e x h i b i t  high ~fccund-ity, 

i . .  , a - f t e r  rc'mova:l. of t h e  f i r s t  egg c l u t c h e s  t o  i~ iducc  more l a y i n g  some - 
layed as many a s  4 c l u t c h e s  pe r  yca r .  Despi~te tl1i.s t h e  number o r  youn:: 

h a s  n o t  heen p e a t .  Apparent1.y t h e  f a i l u r e  i s  centered about i n f e r t i l i t y  

and poor h a t c h a b i l i t y .  

The Pohalcul.oa p r o j e c t :  i n  t h e  p a s t  8 y e a r s ,  shows egg f a i l u r e  t o  be  

39% due t o  : i n f e r t i l i t y  and la due t o  telminal.  days of development. 

These two Factors  a r e  respons ib le  f o r  halU of  t h e  fai.l.urc of t h e  neno t o  

achi.cve i t s  breeding p o t e n t i a l  i n  capt ivj- ty . 
The p o s s i b i l i t y  o-f i n f e r t i l i t y  may have a r i s e n  from imbrei.d:i.ng; since 

a l l  capt:i.vc s tock  i n  t h e  world stemmed fmin a  few o r i g i n a l  p a i r s  i n  Mr. 

Shipman's Cl.ock. It i.s hi.ghly p o s s i b l e  t h a t  t h e  cap t ives  a r c  bccomhg 

homozygous f o r  a  l~e tha l .  gene. This genet ic  rnal~ady could be respons ib le  

f o r  death a t  an e a r l y  age. S t  is diff icu1. t  1-0 dist- ing~iish such a k c t o r  



From i n f e r t i l i t y .  However, t h e r e  a r e  o t h e r  f a c t o r s  t o  cons ider  such a s  

i.mproper humidity r e l a t i o n s  dur ing  incubat ion .  

An important  suggest ion concerning po l i cy  was presented by t h e  au thors ,  

and it is worth)- of  mentioning a t  t h i s  t ime,  namely: t h e  Hawaiian and 

English (Severn Wildfowl Trus t )  p r o j e c t s  should have a  sound po l i cy  a s  t o  

t h e  d i s p o s i t i o n  of reared  b i r d s .  P a s t  records  have shown t h a t  ~ i l ~ e r e  t h i s  

was l ack ing  some f locks  were d i s s ipa ted  a s  gikfts t o  p o l i t i c a l .  Triends and 

l o s t .  

The rrui. t ion of t h c  research was r e a l i z c d  a t  t h e  c l o s e  O F  t h e  s tudy.  

I n  1.959 t h e  85th Congress passed a c t  891., whi~ch authorized t h e  U.S. Fish 

and Wi ld l i r e  Service t o  spend $15,000 a y e a r  f o r  a pcrioci of  5 years  t o  

c a r r y  out  a  program of research and managcmcut t o  in su rc  t l ~ c  preserva t ion  

and re-establ ishment  of t h e  neuc i n  i t s  Former known h a b i t a t .  Plans were 

then  made t o  extend t h e  nene p r o j c c t  an a d d i t i o n a l  5 yea r s ,  with an snnual~ 

al.lotmcnt of $25,000 p e r  annum t o  inc rease  t h e  scope of  t h e  p r o j e c t .  

Since 1.958 t h e  f e d e r a l  program has  bee11 a tremendous a i d  i n  preserv ing  

and r e -e s t ab l i sh ing  t h e  nene. 31?e yea r ly  progress  r e p o r t s  o r  t h e  Division 

oi' Fish and Game have become encouraging. Betxoen 1.959 and 1~963, 87 pen- 

reared  nenc were re leased  i n  t h e  wild.  Several. o f  t : l~ese  b i r d s  llavc bccn 

observed p a i r i n g  with w i l d  mates.  From J u l y  1963. t o  Junc 1962, 92 p reda to r s  

were destroyed (73 p i ~ g s ,  9  goa t s ,  6  c a t s ,  3 mongooses, 1 dog). The - f l i gh t  

p a t t e r n s  f o r  breeding and sunimer grounds havc remained somewhat c o n s i s t e n t .  

However, t h e r e  a r e  many problems s t i1 . l  confrontt .ng t h e  nene program. More 
. - 

rcsearch  and a d e r i n i t e  system of corl t rols  must bc developed before  t h c  

program can h i c t j . o n  a t  maximum c Cri.cicncy. 



Cha t e r  V I I -  A Vegctat-ional Background i'or A___- 
Ecological  Studies  i n  t h e  Park 

A :Lava flow des t roys  a l l  previous p o p ~ t l a t i o n s  and leaves  s t e r i l e  

unal te red  s t i l l - m o l t e n :  very h o t  magma From t h e  i n t e r i o r  of t h e  e a r t h  a s  

a  new suri 'ace. The I'irst cliange is  t h e  cool ing  oT t h i s  surFace.  A s e r i ~ e s  

of  changcs t a k i n g  many yea r s ,  hundreds o r  y e a r s  o r  perhaps hundreds oC 

centuries, and 1.ending toward a  s t a b l e  condi t ion .  This s t a b l e  condi t ion  

i s  reCerrcc1 t o  a s  t h c  d i m a x .  13ecause t h e r e  a r e  many flows of different 

ages i n  d i f r ' e r en t  c l ima tes ,  Hawaii Volcanoes National  Park is one O F  t h e  

b e s t  p l aces  i n  t h e  ~ i o r l d  t o  s tudy t h i s  phenomenon. TLlus .Car only vegeta- 

t ional .  s t u d i e s  have been undertaken wi th in  t h e  :I?arlt a s i d e  .from klie l~egi~ri- 

nings of s t u d i e s  on b i r d s :  i n s e c t s ,  goats  and p i g s .  The vegctatinnal.  

a s p e c t s  a r c  discussed under t h e  following headings.  

A- 'IICMER ELEVATIONS 

B- I<IPW!E AND SOIL RELATIONS 

C- VEGETATIONAL RESPONSES TO VOLCl\NIC ACTIVITY I N  THE CHHAIN- 

OF- CRATERS .AREA 

D- P l JU PUA'I AND TRE DEVASTATED AREA 

6- THE WETTER LOWLAND VEGETATIONS 

2'- I'OI'IIL/\TION DEVEJLPMENT ON THC J,OWLIZND 1955-LAVA Fl;OlG 

G- 'DIE SEASIDE OR M/\RINE VEGATATIONS 

Climax vege ta t ions  r e - f l e e t  t h e  end r e s u l t  of t h e  i n t e r a c t i o n  hei:wec!n 

a l l  Factors concemecl. This is such a  broad s ta tement  that- it i s  mean-ingri. 

l c s s  without  c1et:inition of  t h e  terms involved. A s  t h e  tenns  a r e  enumerated 

and dei'ined t h e  use!:ulness oi' t h e  term "climax" bccomcs l e s s  o r  a t  .].cast 

bccomes ques t ionable .  I n  each of t h e  above ca-tegories  no te s  o r  disci iss ions 

a r e  prescilted t o  provide knowl.edge of  the c u r r e n t  s t a t u s  of research  i n  



t h e  a rea  on t h e  mature ( i f  n o t  climax) vege ta t ions  and on t h e  s e r e  l ead ing  

t o  it f o m  t h e  p ioneer  new lava flow condi t ion .  

A- HIGHER ELEXATIONS 

Ever s i n c e  t h e  e a r l i e r  American and B r i t i s h  e c o l o g i s t s ,  such a s  

Cooper (1.913), Tansley (1920, 1929), Ckments (1~928) and Cowles (1~929), 

made t h e i r  pace - se t t i ng  con t r ibu t ions  i n  vege ta t ion  dynamics, t h e  sub;ject 

o:F vege ta t ion  succession and climax has  rece ived  cons idcrable  i n t e r e s t  i n  

ecology and r e l a t e d  sc iences .  According t o  Cglcr (1950), Clements has  

been recognized a s  t h e  founder of  t h e  American School. oil "Dynamic Ecolo@." 

Fiowever, s e r i o u s  con t rove r s i e s  have a r i s e n  parti .ci11~arl~y with regard t o  t h e  

climax concept .  Whittaker (1953) c a l l e d  Cl.cmentsf sys temat ic  t rea tment  

o~F a3.l vegeta t ion  u n i t s  i n  form oi' chroi ioscq~~enccs a  "temlinological. jungl~e:" 

and Cgler (1947) proposed abandonment o r  t h e  term climax al . together .  

Today t h e r e  a r e  t h r e e  preval.cnt cltmax hypotheses i n  eco:I.ogy: (:I.) 

Cl.emen1:s' (1928) monoclimax theory:  ( 2 )  t h e  pol.ycli.max theory (Tansley, 

1929; Domin, 1923; Du Rie tz ,  1900; Cain, :L947), aiid ( 3 )  Mi i t ta l te r ' s  (3.953) 

cli-max p a t t e r n  theory.  The Park i s  an i d e a l  s i t e  f o r  ca r ry ing  on cxper:i.- 

mental observa t ional  and cxpcrimental. s t u d i c s  t o  t e s t  t h e s e  difTererit  

hypotheses.  

Major cl;.F:ficulties i n  i n t e r p r e t i n g  t h e s e  c e n t r a l  ecolog:i.cal concapts 

1:i. c  :in : 

1 )  t h e  s c a r c i t y  of s tudy a reas  with known d a t e s  of s u b s t r a t a  

exposed a t  seqnential .  t ime i n t e r v a l s ,  o m  i c  r a t e s  oi' 

vcga ta t ion  change could be detennincd; 

2 )  t h e  common p a s t  tendency of overgcnera l iz ing  cc:rtain aspec ts  

of vege ta t ion  dynamics, which h a s  r e su l t ed  from prcoccupai:ion 



w i t h  vegc-tation and conscquentia:l. neg lec t  of e l abora t ion  oC 

associatcxl environments and environmental changes. 

It seems t h a t  t h e  d i f f e rences  between t h e  mono- and pol.yclimax t h e o r i e s  

cnn be resolved by ini:orn~ation on t h e  r a t e s  o r  vegeta t ion  change i n  primary 

s~iccess:i.ou. Whittaker (1953) recommended t h e  use of c e r t a i n  Feaixres of 

s t and  s t r u c h r e  i n  determining cl.imax vege ta t ion  and advocated clo;.ng away 

w i t h  c?nvi.ronmcmtal r ea tn res  a s  i n d i c a t o r s  s i n c e  they appear t o o  hypothetical. 

This ques t ion  coul~d be i 'nrther el.ucidated rrom corrc:Lating vegeta t ion  with 

topography and s o i l  development i n  primary snccess ion .  

The i?a& oi'l'ers an idea l .  s c t t i n g  f'or t h e  s tudy of vegeta t ion  ilynarnics 

For s e v e r a l  reasons.  S i tna t ed  a t  t h e  soulrh end of  t h e  i s l a n d  chaj~n is 

t h e  h r g c s t  and most r ecen t  i s l a n d ,  Hawaii, which has  s t i l ~ l .  [our a c t i v e  

volcanoes t h a t  have rnoduced a l a r g e  number o f  r ecen t  s u b s t r a t a :  whose 

d a t e s  havc been accura te ly  recorded s i n c e  1~790 (Stearns ,  1946).  The 

l a r g e s t  of t h e s e  volcanoes, Mauna Loa, has  prodnced lava  rlows t h a t  r a d i a t e  

i n  a l l  direct:i.ons and extend il-om almost 14,000 f e e t  e l eva t ion  down t o  sca  

l e v e l .  This lava rlow p a t t e r n  allows Tor comparing vege ta t ion  bc l~av io r  

under a  wide range O F  a i r  temperatures  (up t o  40 '~ )  on t h e  same s u b s t r a t e  

age. 'Illis r a t h c r  nnique a s p e c t  has  r e c e n t l y  been ernphas-ized by R r i t t c n  

(1962) .  ' i?urIfhc?~more, t h c  northwe:3t tradcwinds produce a  rathci: def: ini tc  

orograpliic r a i n f a l l  p a t t e r n  ( T a l i a f e r r o ,  1959),  r$hi.ch allows Tor compar;ng 

vcge ta t ion  behavior on t h e  same age of p a r e n t  ma te r i a l s  i n  a r i d  and humid 

c1:imates. The major types  of s u b s t r a t a  a r e  two types of lava  JTows ( j . c . ,  - - 

l!' 
roug11 l a v a ,  c a l l e d  a l a  and smooth l ava ,  cal:l.ed pahoel~oe) and two types of 

L/llic?se 1~lawai:i.an l~ava tcrnis a r e  now used i n  i n t e r n a t i o n a l  
geo~norpphological pa:rlance . 
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ash (L.s., coa r se ,  i n  form oi-' c inde r s  and pumice, and f i n e ,  i n  o m  o f  

sand and d u s t ) .  Since ash sprays  and lava  flows have o f t en  occurred a t  , . 

t h e  same t ime (Nentworth, 1.938), vegcta t iou  behavior  can be  compared 

wi th in  t h e  same c l imates  on d i f f e r e n t  p a r e n t  m a t e r i a l s  and topographies .  

The side-by-side occurrence of lava  flows of d i f f e r e n t  ages allows Tor 

comparisons of pri.mary co lon iza t ion  and success ion  wi th in  t h e  saiiie 

macroclimatic zones. The var ied  aspec ts  of secondary i.nvasion and succes- 

s i o n  of  introduced vegeta t ion  could form a numbcr o sepa ra t e  st;u.lies, bu t  

t h e s e  must be considercd within t h e  rramcworlc of primary col.onizat:ion, 

successjon and climax. 

Most cco log ica l  work i n  Hawaii. s o  Tar h a s  bec?n clevotcd t o  t h c  

classifyi . r ig  o r  broad vcgcta t ion  zones (ll i l . lel)rai~d, 1888; Rock, 3.91.3; 

Hosalta, 1937; Eglcr ,  1.939; Robyns & Lamb, 1939; Rippcrton R I:osaita, 3.942; 

and Kra j ina ,  1963).  Thrcc j.mportant ccological.  stud:i.cs werc: conccrucd with 

more l o c a l  physiographic s e c t i o n s  o f  Oahu (IIosaka, 1937; Eglcr, 7.947; and 

Iiatheway, 1952), with emphasis on descripi:i.on or' c u r r c n t  p:Laut conmunitics 

and some h i n t s  a s  t o  t h e i r  chronosequencc. A snmrnary and gcncra l  dcscrip-  

tTon  o f  t e r r e s t r i a l  ecosystems was presented by tbsbcrg  (1961). 

S tudies  d i r c c t l y  concerned with aspec ts  of.' vege ta t ion  ilynamics on 

new vol.canic m a t e r i a l  of t h e  youngc!st islaucl Hawaii were douc by Forbes 

(191.2), MacCaughey (1917), Robyns R iamb (:L939), Sltottsberg (1941) and 

Doty (1956, 1.957, 1961). Forbes conf:ined h i s  s t i ~ d i c s  t o  t h e  a r i d  region 

on t h e  1.ee siclc of Mauna Loa, where h e  made lists of p l a n t s  on Civc dated 
, .<. 

l ava  f1.ows i n  a  i'ew wcl l  descr:ibild loca t ions .  IIc o11sc:rved thak ,  cont rary  

t o  common assumption and h i s  e a r l i e r  bc?l icf ,  plant: :invasion appears t o  be 

more rap id  on pahoehoe than  on a ' a  lava .  He ascr ibed  t h i s  t o  t h e  r a s t e r  

s o i l  accumul.ation t h a t  appears i n  t h e  many s u r f a c e  cracks on t h e  smooth 
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(pahoel~oe) l ava .  Ilc fonnd tl ie same p l a n t s  on both typcs  o r  l ava ,  bu t  

c.!oncluclecl tliert r a t e s  of  vege ta t ion  clianges s r c  r a s t e r  on pahoehoe bec in~se  

of  r a s t e r  weathering t h e r e .  ?Ie reco@izeci a  cryptogam s t a g e ,  which i s  

prolonged on a ' a ,  t h e r e  p a r t i c u l a r l y  by t h e  presence of whitc  c rns tosc  

1.ichens. Ncxt, lic noted a  ;?ern s t a g e  t h a t  is accompani.ec1 by invas ion  of  

a  l x c c ,  Metrosideros polymorpha (oh ia ) .  kFter  t11:i.s h e  observed t h e  vcgc- 

t a t i o n  t o  gradua1l.y cl-iangc i n t o  t h c  type  c h a r a c t e r i s t i c  ?or the c l ima t i c  

zone. He al.so made some rcmarks about  t h c  moist :  windward s i d e  of  Mauna 

Loa, where he  noted Metrosideros t o  p e r s i s t  long  on a ' a  l a v a ,  whi.le Acacia 

koa (lcoa) is found mostly on pahoehoe. Ilowcver, d ~ e r e  i n  c c r t a i n  s i tua t : ions  - 
Acacia - koa occurs on a ' a ,  he  fhought t h i s  t o  be ra t l ic r  old (much weat1ierc:cl) 

a '  a .  Ttius, lie be l ieved  1kac:i.a k x  t o  fonn 1-he climax s t a g e .  H:i s .:I:I,~ o r  

coi:clusions w:i.irl;i regard t o  p l a n t  invasion,  succcssiou and climax on lava 

Flows on t h e  lccwarci s i d e  a r c  summarized i n  r ive  p o i n t s  a s  i ' o1 . l . o~~ :  

Appcarancc of  lower cryptogams, evcmtua1.l.y bccoming cons]-)icuoiis 

on t h e  a l a .  

Appearance o r  J'olypodiurn pellucidurn (folded o m ) ,  Sacll.cria 

cyatlieoides and Metrosideros polymorpha, &st on pahoehoe, and 

a t  a  much :Later d a t e  on a ' a .  

Gradual development o:F t h c  t y p i c a l  Fl.ora:i. a spec t s  of  t h c  immediate 

v i c i n i t y ,  i f  i n  t h c  c e n t r a l  reg ion  of an ohia o r c s t .  

Cstablishmcnt O F  t h e  F:inal n a t i v e  vegeta t ion ,  i T  i n  t h e  c e n t r a l  

reg ion  of a  lcoa f o r e s t .  

A l a t e r  s t a g e  may be  t h e  encroachmcnt of  t h e  na tu ra l i zed  i ' lora,  

duc t o  a  cliangc of condi t ions  brouglit about by human agcncy . I 1  

MacCaugliey (1917) a l s o  con:r:i.ncd h i s  s tudy t o  tllc xerophytic  reg ions .  

IIe descr ibed  a  few land i'om typcs  i n  r e l a t i o n  t o  vegeta t ion ,  presented 



:in account on t h e  a l t i t u d i n a l  ranges of s e v e r a l  lava  ].ow spec ie s  and 

maclc observat ions on t h e i r  xerophytic  l i f e  form c h a r a c t e r i s t i c s .  He 

pointed o u t  t h a t  r a t e  O F  invasion depended on two f a c t o r s :  r a i n c a l l  and 

ad;jacent vegc ta t ion  and s t a t e d  t h a t  h i s  f ind ings  co inc ide  genera l ly  with 

those  or Forbes. But he  found t h a t  l i c h e n s  occur much sooner on a 'a  than 

W I  pahoehoe, whi1.e f e r n s  and t r e e s  occur much sooner  on t h e  l a t t e r  lava  

type .  Hc i . s o  s t a t e d  general ized ages f o r  c e r t a i n  l i f e  Form t y p e s ,  b u t  

did n o t  show how t h e  ages were determined. Robyns 6- Lamb (1939) presented 

a  c l a s s i f i c a t i o n  and genera l  map of f i v e  major climax formations f o r  Hawaii, 

Foll.owjhg t h c  concepts of Clements. They emphasjzed t h a t  c l ima te  governs 

l i e  ( ' inn1 Form oC vege ta t ion ,  while  t h e  s o i l  only accounts f o r  develop- 

mental s t a g e s .  They considered,  among o t h e r s ,  A leu r i t e s  moluccana (kukui) 

t o  r ep resen t  a climax f o r e s t  and bel ieved t h e  kipuka f o r e s t s  (which a r e  

vege ta t ion  i s l a n d s  surrounded by l.ava flows) t o  bc  a t  l e a s t  one lava flow 

gcnera t i~on o l d m  than  t h e  vegeta t ion  on t h e  surrounding 1.ows. According 

t o  r ecen t  f indings (Muell.er-Dombois and Lamourenx, I n  l ' rcss),  t h e  kipuka 

f o r e s t s  r c f e r r e d  t o  by Robyns & Lamb have probably o r ig ina ted  on ash 

depos i t s ,  t h e  upper l a y e r s  of which may be  a s  r e c e n t  o r  younger than t h e  

surrounr1:ing fl.ows. This  p o i n t s  t o  an overgenera l iza t ion  of  t h e  cl imate-  

s o i l  r c l a t i o n  concept a s  used by Robyns & JJamb. Also, cursory in spec t ion  

O F  t h e  d i s t r i ~ b u t i o n  p a t t e r n s  O F  Aleur i tes  f o r e s t s  on Oahu i n d i c a t e s  t h a t  

they  cannot 1.ikcly be considered a  c l i m a t i c  climax .formation, bu t  a  

vegeta t ion  type  condit ioned mainly by s lope  seepage. According t o  Robyns 

R TJamb, wcathcring of a ' a  lava  i s  f a s t c r  (because of more s u r f a c e  area 

exposed) than of pahoehoe, an observat ion con t ra ry  t o  t h a t  o f  Forbes 

(1.912) and MacCaughey (1917). Robyns & Lamb show vege ta t ion  l is ts  from 

f i v e  d iCferent  lava flows i n  t h e  Kilauea reg ion  and concl.udcd from t h e s e  



<:list t h e  r a t e  of invasion and vegctati.oil dens i ty  inc reases  with mo:isture 

and t h a t  moisture is  more important  than age of l a v a .  They a l s o  supported 

Forbes1 i 'indings :in genexal- b u t  s a i d  t h a t  l e s s  s t r e s s  should bc  givcn t o  

t h e  f irst  (ci:yyl:ogam) anrl second ({'ern) s t a g e s  a s  succession seems t o  

s t a r t  o f f  d i rec t l -y  with h i g h e r  p l a n t s ,  while cryptogams occur consecut ive ly ,  

Tl~cy l i s t  t h e i r  observat ions of primary successior:  i n  1:he Kilauea r q i i o n  

i n  t l ~ r c e  s t q s  a s  Fol.l.ows: 

'1. Invasion o r  t h e  cracks i n  t h e  new flow by Ferns and flowering 

plant-s common t o  t h e  ad jacent  a rea ,  and s u p p o r t ~ d  by cryptogams 

especia1.l.y on t h e  a l a  l ava .  

" 2 ,  Gradual. bu i ld j~ng  up 0.f l icavicr  p l a n t  covering,  f i l l i n g  i n  bctween 

t h e  c racks ,  1,roducing a  shrub s t a g e  i n  which Dodonea v i scosa ,  

Styphel ia  tameiameia, and Metrosfcleros c o l l i n a  v a r .  po:L~morpha 

predominate. 

" 3 .  Production of a  p l a n t  community t y p i c a l  of t h e  Formation round 

on t h e  ad;jacent area."  

Robyns & La~nb a l s o  give a gene ra l  account of secondary succession i n  

t h e  lower a l t i t u d e s ,  where they observed, among o the r  t l l jngs,  t h a t  I 'rosopis 

w i l l  probahly Fonii a climax, t h a t  Leucaena may rep lace  Lantana, and t h a t  

Al.euritcs may Lollow Psidi.um guayava . --- 
I n  s p i t ~ :  oC some overgenera l iza t ions ,  which may have been t l ~ c  r e s u l t  

of t o o  h u r r i e d  observa t ions ,  t h e  paper  oT Robyns & Lamb gives  a  good ovcral.:l 

p i c t u r e  of t h e  vegeta t ion  on Hawaii, r;l~:i.cli is presented :i.n an c?xcelleni. 

Frarnewo~:l<. iIlso, t i le ailthors cleserve much c r e d i t  Tor at txmpting t o  p resen t  

thc!ir i 'indings i n  Form o r  p r i n c i p l e s .  

SliotL-sherg (1941) made a more d e t a i l e d  s tudy by :I.aying out  s i x  quadrats  

( t h e  s i z e  o.C which was not  s t a t e d )  i n  1926 on two dated lava  Clows. Ile 



l i s t e d  t h e  spec ie s  i n  each quadrat ,  counted t h e i r  i nd iv idua l s  and gave 

e x c e l l e n t  growth form clescript ions.  Fie re-examined t h e  quadrats  i n  1938 

and found t h a t  i n  one comparison p l a n t  invas ion  had progressed more r a p i d l y  

on a f a  l ava  ( a  f ind ing  :in c o n t r a s t  t o  t h a t  of Forbes),  b u t  i n  another 

compari.son pahoehoe was -favored. He then  drew a t t e n t i o n  t o  Finer h a b i t a t  

v a r i a t i o n s  on t h e  two :Lava flow types  and t o  t h e  impo:rtancc oi' seecl source 

r e l a t i o n s .  Sltottsberg a l s o  supported Forbes' earlies: i'indiiigs, t h a t  a  

d e f i n i t e  cryptogam s t a g e  can be distingxiished roliowed by a  "ern s t age .  

k h i l e  Sko t t sbe rg l s  s tudy def in i . te ly  .poi.iiteii t h e  way t o  furt l icr  

s t u d i e s  with regard t o  ( a )  a  more ac1eqi:nirc h a b i t x i  c lass: i . .~i .cat ion,  and 

(11) a  recogni t ion  o r  seed soiirce charac ter : i . s t ics ,  h i s  rcsii:ILts rxmain 

r a t h e r  inconcl.usivc, s i n c e  they a r e  bascd oii1.y on s i x  quadra ts  and a few 

gene ra l  observa t ions ,  which apparcut ly d i d  not  prov:i.clc him wi.l:h enougl~ 

r e s i i t s  1-0 formulate p r i n c i p l e s .  Doty (personci:l communicat? on) spent  

days t r y i n g  t o  r c l o c a t e  Skotirsberg's qiiadrats withho~it siiccr:ss. 

Doty (1956; 1957, 1~961.) s tudied  pl.ant invas:i.on on t h e  :1.955 :':Low r i g h t  

a r t e r  t t  had cooled t o  a i r  temperaturc.  Much of  h i s  :i.nformation is :i.ncl.iidcd 

bclow i n  re:Ference t o  populat ion establ ishment  on t h e  I.owl.arnd a reas .  illiis 

lava  Clow or ig ina ted  a t  about 1.000 Feet e l eva t ion  and ran :i.rrto t h c  sea  

presentiil;: an opportuni ty fo r  s tudying  vegc!tation dynamics ahovc! and 

below sea  level.. Me observed l i t t l e  rlii'!"c:rence i n  popul~at i~ons  on d:i.i:Fcr- 

e n t  h a b i t a t s  except i n  t h e i r  r a t e  o-F inv;ision, Lihich was on t e r r e s t r i a l .  

' , ab i t a t s  rel.atcd t o  water  a v a i l a b i l i t y  and i n  marine habi t ta ts  t o  stab.il.:i.ty 

of  siibstrcitum. On t h c  t c r r e s t r i a l  11abi.tats lic observed a soquencc! of 

First a lgae ,  then mosses, and then {:ems t h a t  a r r ived  togethen with 

hi-gher p l a n t s  and Fungi, and he noted L:i.chens to a:(-rive a s  t l ic last- group 

among t h e  p ioneers .  I n  these : k t t e r  obscrvat:i.ons h i s  fiindings co inc ide  





i n  permanent quadra ts .  

The second ques t ion  can be answered adequately only a f t e r  a  thorough 

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

with p l a n t  d i s t r i b u t i o n  and growth. It w0ul.d be  d i s i r a b l e  a l s o  t o  do a  

survey of vege ta t ion  i s l a n d s  and t o  at tempt a  c l a s s i . f i c a t i o n  oC seed 

sources .  Moreover, it would be  of i n t e r e s t  t o  s tudy invas ion  and succes- 

s i o n  not: only on a ' a  and pahoehoe lava  f lows,  b u t  a l s o  on ash deposits, 

sticli a s  c inde r  cones, ash dunes and ash blanlcet-deposi ts ,  which r ep resen t  

o t h e r  c h a r a c t e r i s t i c  land form types  on Hawaii. 

S tudies  oC vege ta t ion  on volcanjc m a t e r i a l s  i n  o t h e r  p a r t s  oC t h e  

world have centered  around t h e  Fol.l.owing ma<jor thcmcs: 

1 ~ .  Damage t o  c x i s t i h g  vege ta t ion  and i t s  rccovery aTter  v o k a n i c  

a c t i v i t y .  

2 .  New co lon ize r s .  

3 .  Invasion r a t e s  with r e s p e c t  t o  cliFf'erent mater:ial.s . 
4 .  Stages i n  succession t o  c:Limax. 

P a r t i a l  des t ruc t ion  of  c x i s t i n g  vegetati.on Crom depos i t s  o f  t h e  same 

volcanic  ma te r i a l s  was -Found t o  have a  selective eTi:c:cI: on spcc:i.es and 

s i z e  wi th in  s p e c i e s .  Egglcr (1948) observed a l ~ e t t e r  recovery oi' oaks 

than  o r  o t h c r  t r e e  spcc:i.es, and Found med:ium-s:i.zed p incs  t o  be  :'avored 

over  small- and la rge-s izcd  ones under depos i t s  o-l: ash on t h e  s lopes  oC 

C:l P a r i c u t i u ,  Mexico. Such e f f e c t s  may have cont r ibuted  t o  clii'fereilces 

i n  c n r r e n t  spec ie s  composition of vegeta t ion  islarirls on Marina Lea. 

. . ,-.~.!?gs (11.933) drew a t t e n t i o n  t o  t h e  :i.mportancc o r  disti.ngn:i.shing behieen 

hold-over p l a n t s  and new co lon ize r s  on Kataiai, Alaska. U p n  compl.ete 

d e s t r u c t i o n  o f  e x i s t i n g  pl.ant communitj~cs seeii sources Cor ncw coloniza t ion  

m y  bccomc a  1.ini:i.ting [ 'actor (Rigg, 1914; E l ,  1.963) and new s u b s t r a t e s  
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may l ack  organic n i t rogen e n t i r e l y  (Griggs, 1933; Tcznka, 1963.) o r  t h e  

l e v e l  oi' o r p n : i c  n i t rogen may be  very low (Eggler ,  1963).  From t h e s e  

s t u d i e s  it becomes apparent  t h a t  t h e  t y p e  of co lon ize r s  may be i n  p a r t  a  

fiinct:ion o C t h e  des t ruc t ion  e f f e c t s .  

Ciciggs (1.93:1) Found t h e  f i r s t  co lon ize r s  on t h e  deep ash depos i t s  on 

Kabnai t o  be l i ve rwor t s  o Jungcr-manniaccae, which apparent ly  can make 

growth on s u b s t r a t e s  almost devoid of organic n i t rogen.  Mosses and a lgae  

invaded only a f t e r  n i t rogen  l e v e l s  had increased .  A local.  i nc rease  o r  

n i t rogen  l.eve1.s on new m a t e r i a l s  was observed beneath mosses (Eggler,  1.963; 

Tagawa, :L964). I n  some t r o p i c a l  h a b i ~ t a t s  t h e  f i r s t  co lon ize r s  have been 

found t o  be  a lgae  (Trcub, 1888; Booth, 1941; Doty, 1.961). I-lowever, t h e r e  

a r e  o l~vions ly  g r e a t  diCferences wit11 regard t o  spec:i.es, popula t ion  clcnsity 

ancl h a b i t a t .  Trcub observed t h i c k  c a r p e t s  of blue-green a lgae  on t h c  new 

su1)sI:rates oC IZrakatau. S imi lar ly ,  Booth observed eomplctc coverings oC 

Myxophyccae cxtcndi.ng over hundreds of  rrcrcs on badly eroded, nm.i so i l .  i n  

t h e  sou th -cen t r a l  s t a t e s .  Doty (1961) obscweci an al.gal popnl.at-ion of 

Scytoncma on 1iai.iai.i a t  low e l eva t ions  above t h e  s a l t  spray range.  Apparen- 

t ly ,  a lgae  do not  p lay  such an important r o l e  i n  o the r  t ropica l .  h a b i t a t s .  

11asscl.o an2 Swarbrick (1960) stuclying a s e c t i o n  o r  t h e  1959 lava  flow on 

Cameroons Monntain round creeping he rbs  t h a t  were rooted :in inidisturbcd 

nei<hboring s o i l  t o  be  t h e  f i r s t  c o l o n i z e r s .  While they noted no dcCinitc: 

a l g a l  s t a g e ,  they round a lgae  t o  cover about 20% of t h e  su r face .  Thesc 

au thors  al.so drew a t t e n t i o n  t o  seasona l  v a r i a t i o n s ,  which were ]?a1:15c11:1;1r:l.y 

sl~own by mosses and herbaceous p l a n t s .  

The volcano, Salcurajima, overloolcing t h e  c i t y  of Kagoshirna, Japan, has  

erupted w:ith a l'rcquency about  l i l t s  l h a t  o r  Mauna h a  and IZilauea and 

sc:i.ent:i.Kc s t u d i o s  of  t h e  vegeta t ion  have been c a r r i e d  on s i n c e  t h e  l a s t  



major e rup t ion  i n  1914. One of  t h e  ma'in v e n t s ,  Manami-clake, h a s  been 

almost cont inous ly  a c t i v e  i n  t h e  sense t h e  1.Ialnnau11mu i s  a c t i v e ,  a t  l e a s t  

s i n c e  1956 and Tagawa (1964) has  reviewed and continued d e t a i l e d  s t u d i e s  

of t h e  v e g e t a t i o n a l  events  t o  d a t e .  Tagawa Found e a r l y  developinent 

cha rac te r i zed  by bryophytes and l i chens  and 11c drew p a r t i c u l a r  a t ten t j -on  

t o  t h e  invas iona l  dif:Cerence between bryopl~ytes  and l i c h e n s  and l ~ i ~ g h e r  

pl.ants;  t h e  cryptogams having a more u n i v e r s a l  means o r  cl:i.st~:ibuti.on and 

tl ie h ighe r  p l a n t s  be ing  more d i r e c t i o n a l l y  d i s t r i b u t e d  i'rorn seed source 

c c n t c r s .  Tezulca (1961) pointed out  t h a t  mosses and l i c h e n s  were not  

important  on Oshima and t h a t  thei.r  r o l e  a s  invaders  h a s  been exaggcra1:cxl . . 

by Clkments. He a l s o  could n o t  r c c o ~ p i z c  tl ic s o  cal.lcd "herbage" s t a g e .  

IIowevc:r, a  d i s t i n c t  herbaceous s t a g e  was reco~riiized by Tagawa (1964) on 

Sakurajima . 
Simi lar ly  a s  on Hawaii (by Forbes R Skot tsbcrg)  a  l'cm s t a g e  was 

rccognized h)- Kcay (1959) on Cameroons Mountain, wliich was w e l l  established 

14  yea r s  a ' t e r  depos i t ion  of t h e  1.922 l~ava  I'lLow i n  a  very wet regi.on. 

Shrubs became es t ab l i shed  29 yea r s  a f t e r  eruption, wlil3.e .fcrms pc:rs:isted. 

Kcay repor ted  12 s p e c i e s  of Ficus a s  p ioneer  t :rees.  - 
D i f f e r e n t  r a t e s  of :i.nvasi.on with regard t o  d i f r e r e n c c s  i n  si~hstr:ates 

werc olserved by Eggler (1.963) on 1X l ' a r i cu t in .  I ' l~ants  werc ab:Lc! t o  s t a r t  

on lava  b u t  not  on unmodified ash .  Mosses s1:arl:ccl i n  lava cracks wliere 

run-off water  accumulated. Invasion r a t c s  were :related t o  accumulation o r  

aeo l i an  ash t h a t  had s i f t e d  i n t o  craclcs r a t h e r  than  t o  e i t h c r  a l a  o r  

pal!oclioe l a v a .  He a l s o  observed f a s t e r  co lon iza t ion  oi' mosses where so i l .  

water  was l o c a l l y  augmented from condensaiion near  stcam ven t s .  Cggler 

(1941) noted,  l?.owevcr, slower vegctati.on succession on a ' a  :ih soutlicrn 

Idaho, a s  d id  Forbes (1.91.2) on Flawa:i.:i.. Tagawa (1964) a l s o  :Found more 



mosses and :lichens on rough :Lava ( a ' a )  than on smootl~ on Sakurajima. 

S tudies  t h a t  go beyond t h e  ques t ions  o f  invasion and t h e  fol lowing 

s t a g e  i n  priinary succession a r e  those  by Eggler (1941), Tezulca (1961) 

and Tagawa (1964). I n  a l l  t h r e e  of t h e s e  it was remarkable t h a t  t h c  

climax co~~imunit ies  were not  comprised of t h e  l a r g e s t  number oC spec ie s ,  

a s  h a s  commonly been assumed (Rock, 1.913; Robyns & Lamb, 1938 - c t  - a:L.). 

Eg l . e r  contributecl t h i s  t r end  t o  t h e  changing h a b i t a t s  t h a t  were more 

complex dur ing  e a r l y  s t a g e s  of  l.ava weathering ( j .~ . ,  narrow and broad 

c r e v i c e s ,  shal low and deep s o i l  pockets ,  e t c . ) ,  while a  more u n i r o m  

h a b i t a t  r e s u l t e d  a:r ter  t h e  e n t i r e  flow s u r f a c e  had weathered t o  a  c e r t a i u  

dcplli. Tagawa (1~964) gave development r a t e s  i n  yea r s  'or each s e r a 1  

s t a g e  and estimated t h a t  i t  t a k e s  700 yea r s  Tor cievelopmci?t of  t h e  cl?max 

vegetal::i.on type  . .. on Sakurajima. Mc founcl t h a t  invasion begins s lowly,  then 

changes i n c r e a s c  i n  r a t e  t o  f i n a l l y  slow down again .  Temka (1961.) corre-  

l a t e d  vegetii t ion with s o i l  clcwclopment and round t h e  vege ta t ion  climax t o  

occur much sooner t h a n  t h e  s o i l  cl.imax, al.so a  Finding cont rary  t o  common 

assumption ( e . g . ,  - - B i l l i n g s ,  1941).  However, while t h e  s tudy of t h e  

envi.ronmental Framework c l e a r l y  suppor ts  Cggler 's  conclus ions ,  Tagawa's 

and Tczulca's papers  a r e  not  t oo  c l e a r  i n  t h i s  r e spec t .  

B- I<IPUIZAS AND SOIL RELATIONS 

By D. Muellcr-Dombois 8. C.  FI. Lamoureux 

Preparations have been made i.n p a r t i c u l a r  d e t a i l  f o r  conti.mlcd s t i i i l ~ ~  

of  l(ipu1cas Puaulu and K i . .  Thus t h e  s o i l s  have been s tud ied ,  buried char- 

c o a l  dated and t h e  pl.ant-s c a r e f u l l y  1.isted wfth considerab1.e e f f o r t  being 

made t o  i ~ ~ ~ d e r s t a n d  t h e  his1:orical r eco rds .  Changes and d is turbances  O F  

d i f  ercmt k inds  wcrc considered from t h e  p o i n t  of view of  cause and cFfec t  



rel ; i t ionshi .ps .  For t h e  most p a r t  t h e  res i l1 . t~  o r  t h i s  more inteus-ive 

cons ide ra t ion  a r e  d e t a i l e d  elsewhere i n  t h e  appropr i a t e  s e c t i o n s  o f  t h i s  

At las  and most of  t h e  fol lowing t e x t  i s  be ing  published sepa ra t e ly  

(Mneller-Dombois & Lamoureux, I n  p r e s s ) .  I le tai led lists oC t l ~ c  pl.ants 

a r e  included h e r e  a s  Apppendix A,  a  sys t ema t i ca l ly  arranged check l.ist 

because of  i t s  l eng th .  

Kipuka, t h e  Hawaiian word Tor "opening," h a s  come i n t o  sci.enti.i:ic 

usage a s  a term used t o  des iguate  o lde r  a r e a s  on t h e  s lopes  of vol~canic 

mountains t h a t  have becn surrounded by more r ecen t  lava  Flows. They a r e  

common landscape Ceaiurcs on t h e  s:Lopcs o-T Maunn T m  and i(:i.:!.auea vo:l.canocs 

on t h e  i s l and  of' Hawaii, where Lhc): cain bc rcadi:l.y recogn:izcd a s  i s l~ani i s  

or denser  vegeta t ion  amongst t h e  v a s t ,  s p a r s e l y  vegetated a r c a s .  They 

range i n  s i z e  From a Tew square meters  t o  hundrcds of a c r e s .  

Kipukas a r e  of  special- i n t e r e s t  Tor s e v e r a l  reasons.  As vcgct:atioin 

isl .ands they  provide  seed source c e n t e r s  For t!ic :invasion oF ve:;ctation 

on new volcanic  m a t e r i a l .  As vcgetat:i.on i s l a n d s  l-iicy iq re sc r r l .  soniowhal: 

s i inpl . i ied  ecosystems, analogous t o  bogs o r  l a k e s ,  tli& a r e  very s u i t a h l k  

Cor s tudying  j.ntenla:L ecol.ogica1 r e l a t i o n s h i p s .  Tllc iso:Lat:i.on 01.' sma:Ll. 

popnla t ions  i n  1c:i.pukas provides unique o11poxtunitic:s :for c:vo:Liit:ioniwy 

stud:i.es . 
So :far: very i - i t t l c  ecol..ogical work h a s  llec!n done with 1iawa:i:ian 

kipukas.  Nccd Tor such work has  a r i s e n  :in !la~mi:i. Volcanoes National. ]?ark, 

d?c?rc t h e  I?ark Serv ice  i s  conl'rontcd w i t ] ?  t h e  t a s k  o f  :i.ntc!rprel::i~ng c:c:u-tail, 

,. i 'inlia Cca-hwes -to t h e  ?ark v:is:i.toi-s . 1Ci.jnika I'uaii?u, popiilarly known a s  

':iii.rd I'arl::," has  becn maclc accessible t o  l!lii:i piibl~ic Cor some tinic and -the 

nearby Kipulia K:: is  soon t o  bc opcnccl . l.'ox Irkis :retison l:he presc:nt stiiciy 

was bcf9n-i :in -tlii::sc two liipultas . 
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Rock descr:i.bed t h e  f l o r a  of  both kipukas i n  an undated manuser:i.pt 

(p-obab1.y wri.t ten around 1910) and repor ted  a few genera l  ecological .  

observa t ions .  Ilc remarked on t h e  unique and comp3.c: composition o' 

a r b o r e s c e i ~ t  spec ie s  i'rom which he  judged both ltipultas t o  be "of g r e a t  age." 

However, a s  an approximation h e  c i t e d  P ro fes so r  T.  J agga r ' s  (Geologist  a t  

t h e  Hawaii Volcano Observatorj? a t  t h a t  t ime) es t imate  wliich placed t h e  

o r i g i n  wit11:i.n t h c  C h r i s t j  on e r a  (f .%. , l e s s  t h a ~ .  2000 yea r s ) .  Rock recorded 

40 arborescent  n a t i v e  spec ie s  -forming a conlp1.e~ f o r e s t  t ype  i n  Kipuka 

I'uaulu. 0n:l.y h a l f  t h i s  number o:f t r e e  s p e c i c s  wcre found :i~n ICipulta 1 C i .  

He a l s o  noted t h e  presence o r  two vege ta t ion  types  i n  Kipulca Puaulu; a 

comp:i.ex r 'orest type  con ta in ing  many t r e e  s p e c i e s  and a Mctrosidcros- 

dominated type .  Ile be l ieved  t h a t  s o i l  cli.:fFerences were respons:ible Tor 

t h e  presence of  t h e s e  two types  of  f o r e s t .  A gene ra l  dcscri.pti.on 0.1' the 

kipuka s o i l k  is given i i i  t h e  S o i l  Survey r e p o r t  f o r  t l ic T e r r i t o r y  of 

I-Iawaii. (Cl ine  e t  a l , ,  1~955), where t h e  s o i l s  were c1assi:f:i~ed a s  Latosol ic  - - 

Brown Fores t  s o i l s  derived from two l a y e r s  o r  volcanic ash .  

Tile pri.mary ob: ject ives of t i l i s  s tudy wcre t o  cletermine t h e  f l o r a s  of 

both k ipukas ,  t o  desc r ibe  t h e  vegeta t ion  types  prcserlt i.n each,  and 1:o 

detc~mi.ne w11;it soil.-veget;ition r e l a t i o n s h i p s  exist :in t h e s e  pl.aces. 

Descript ion o ? area  

Both lkiplllcas (F ig .  21) occur a t  an e l eva t ion  oF about 1200 m on t l ~ e  

sou theas t  s l ~ o p e  of Marina Loa approxiiiiately 3 km northwest O F  Kil.auea Cra ter .  

(Aer:i.al. Jjhoto 8-0078 is b e t t e r  than  those  indexed i n  Fig.  6 f o r  t11:i.s arm). 

Tlic c e n t r a l  e l eva t ion  or Kipulia 1 C i  is about  60 m hig:her than  ' h a t  of  ICipiika 

i'uaulu. Rot11 a r e  surrounded and separa ted  by r ecen t  beds O F  rough prc1r-i.s- 

t o r k  a ' a  l a v a .  TI1ci.r boilndaries a r e  about 800 m a p a r t .  ICipulca Puaulu 

is about 40 hcc tn res  and Kipuka Ki. about 12 h e c t a r e s  i n  s i z e .  The climate. 

is charactc?rizcd by a r . ~ t l l e r  uiii:Fom~ mean annual. tcinpcrature of  16 cieg. C ,  



F i g .  21. The l o c a t i o n  and v e g e t a t i o n s  of t h e  B i r d  P a r k ,  Kipuka Puau lu ,  
and of  Kipuka K i  i n  r e f e r e n c e  t o  e l e v a t i o n  and t h e  Park  boundar ies .  One 
thousand m e t e r s  i s  3270 f e e t .  





a ground cover of  Microlepia se tosa ,  a lush  Fern up t o  1 m t a l l .  The t r e e  

l a y e r  i s  dominated by Acacia - koa and Sapindus saponar ia .  This p l a n t  

a s s o c i a t i o n  occurs on l e v e l  t o  moderately s lop ing  ground. 

SOILS 

For t h e  purpose of  cornparkg t h e  s o i l s  between t h e  two kipulcas, s o i l  

p i t s  were dug i n  each lcipuka i n  t h e  Microlepia a s soc ia t ion  near a t a l l .  

Acacia koa t r e e  i n  a l e v e l  p l a c e .  A l e v e l  p l ace  near  a t a l l k o a  t r e e  was - 
a l s o  chosen f o r  a s o i l  pi . t  i n  t h e  savannah .her comparing t h e  s o i l s  between 

t h e  f o r e s t  and savannah formation wi.tkin Kipuka Puaulu. The reason for  

choosing a l e v e l  p l a c e  was t h a t  t h e  s o i l s  h e r e  were presumably not  :i.nflu- 

enced by l a t e r a l  seepage. 

The pj.ts were each dug t o  a depth of 2 m .  Thc s o i l  hor izons  wcre 

ticscrihed (Fi.g. 22) as  t o  depth,  material., and c o l o r ,  and samples wcre 

c o l l e c t e d  o r  l abora to ry  a n a l y s i s .  31c s o i l  san1pl.e~ includcd l-:11rcc s e t s ,  

one l o r  microbio logica l  analyses (now being  conducted),  one Tor c u r r e n t  

s o i l  moisture a n a l y s i s  and one f o r  o the r  s o i l  t e s t s .  I n  addit ion,  i+c 

t h r e e  s o i l  p r o f i l e s  were prepared a s  s o i l .  monoliths a . f t c r  t h e  method of  

Smith and Moodie (1.947) :for l i ~ r t h e r  mega- and microscopic :inspection and 

a s  permament records .  

Subsequcn-t- s o i l  t e s t s  c a r r i e d  out  incluticd determinati.on of moisturc 

equ iva len t s  (by t h e  c e n t r i f u g e  inefhod), permanent w:i.lting percentages (by 

t h e  sunflower method), organic carbon (by t h e  Walldey-Bl.aclt w e  kcombustion 

mct'iiod) arid pH (by e l e c t r i c  pH meter ) .  

The s o i l s  give conv:i.ncing evidence t h a t  they  have been derived from 

volcanic  ash and n o t  from o l d ,  d i s i n t e g r a t e d  lava  a s  has  been assumed bj. 

t h e  au thors  of t h e  e a r l i e r  na tu re  t r a i l .  gui.dcs Tor Kipultn I'uau1.u. Ash 
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F i g .  2 2 .  Comparison of  h o r i z o n s  of k ipuka  s o i l s  ( K i  = 
F o r e s t  s o i l  of Kipulia K i ;  P I  = F o r e s t  s o i l  of  Kipuka P u a u l u ;  
P2 = Savannah s o i l  of  Kipuka P u a u l u ) .  C o l o r  symbols from 
Munsell  c h a r t s  r e f e r  t o  d ry  s o i l .  The nomencla ture  o f  t h e  
h o r i z o n s  i s  t h a t  of  t h e  1962 Supplement t o  A g r i c u l t u r e  Hand- 
book No. 18 of  t h e  S o i l  Survey Manual. See  T a b l c  I ,  below; 
f o r  t h e  meaning of t h e  symbols and n a t u r e  of  t h e  s o i l s .  



s t r a t a  were found t o  a depth of 2 m t o  which al.1 s o i l  p i t s  were dug and 

t h e r e  was no sign of  pa ren t  m a t e r i a l  change a t  t h i s  depth.  Rock (undated) 

ind ica t ed  t h a t  t h e  s o i l  i n  Kipuka Puaulu was nea r ly  6 m deep. The maximum 

s o i l  depth i n  Kipulca I<i i s  n o t  known. Refer  t o  Chapter V on s o i l s  and, 

e s p e c i a l l y ,  f i g .  19,  t o  r e l a t e  t h e  lcipulca s o i l s  t o  t h e  o the r s  i n  t h e  Park. 

Ash was deposi ted n o t  a t  one time b u t  i n  s e v e r a l  s t a g e s ,  probably 

extending over many hundreds of yea r s .  Corresponding ash l a y e r s  t h a t  

appear t o  have o r ig ina ted  fmm t h e  same e rup t ions  can be i'ouncl i n  a1.l 

s o i l s .  Noteworthy a r e  two t h i k  red pumice l a y e r s  t h a t  occur i n  each so i l . .  

Onc occurs  i n  t h e  lower profi1.e a t  t h e  100 cm dcpth i n  t h e  soil.. of ICi-pnka 

I < i ,  a t  1.40 cm i n  t h e  ro res t  s o i l  o l.! Ki.piika 1'uaul.u and a t  1.45 cm i n  t h e  

savannah s o i l  (F ig .  2 2 ) .  A second red pumice l a y e r  :i.s Foulid :i.n a1~1 s o i l s  

nea re r  t h c  sur-face,  a t  60 cm i n  Kipuka I Z i ,  a t  70 em i n  t h e  ro res t  so i l .  oT 

Kipulca Puaulu and a t  85 cm i n  thc! savannah s o i l .  

Ash depos i t s  were of  a t  ].east f i v e  CliTTe~xmt matcr i i i l s ;  ;I I di.~sty 

dray ash wit11 s c a t t e r e d  pebbles  up t o  5 inm i n  cliaiiictcr, a gravel.ly ash ,.. 

with b a s a l t i c  and va r ious ly  v e s i c u l a r  pebbles  up t o  1. cm i n  cliamctcr; a 

b lack  v i t r e o u s  ash ,  a yel l~ow-olive pumice and t h e  red pumice mentioned 

above. 

The r inc ,  dusty gray ash occurs a t  a dcpth ool 15 l o  20 cm f r o m  t h e  

su r face  i n  a l l  profi l .es .  I t  i s  most pronounced i n  t h e  savannah s o i l  and 

l e a s t  i n  t h e  s o i l  of ICipuka Ki. 'Ihis :layer looks l.:ilce t h e  :I.eachecl l a y e r  

ol: a podzolic  s o f l .  I-Iowcver, t h e r e  a r c  t h e e  arguments a g a i n s t  t h i s  

i~ir:,.i:~rprctat:i.on ol' i t .  F i r s t ,  t h e  l aye r  i s  b r ig l i t e s t  under savannah; which 

has  t h e  l e a s t  ac id  s u r f a c e  l a y e r  (Table I ) .  Second, it was 11ori.zontal.ly 

~ i n t i i l u o u s  only i n  Kipuka Puaulu, whereas it occurred i n  l o c a l  pockets i n  

IZipuka K i .  Third, Wentworth (1938) i n  h i s  s tudy of ash i 'oni~ations around 



Table  I .  Some p a r a m e t e r s  of  t h e  Kipuka s o i l s  

Horizon C u r r e n t  m o i s t u r e  A v a i l a b l e  Organ ic  
c o n t e n t  (%)i/ w a t e r  (%)2/  carbon (%)2/ 
Ki PI P2 K i  PI  P2 K i  P I  P2 K i  P1 P2 

F i n e  g ray  a s h  C1 21 27 30 

O l i v e  pumice A12b 5  5  
23 16 

G r a v e l l y  a s h  A13b 17 

A3 24 44 28 
A14b 58 
g r a v e l l y  a s h  A15b 19 

B1 29 44 44 
A16b 48 
g r a v e l l y  a s h  A17b 10 

Buried Al (=Alb)  40 7 5  60 

Red pumice 53 31 16 

I /  M o i s t u r e  c o n t e n t  a t  d a t e  of sampl ing ,  November 23,  1963 - 
2/ A v a i l a b l e  wa te r  = Mois tu re  e q u i v a l e n t  ( % I  - Permanent w i l t i n g  p e r c e n t a g e  - 
3 /  Walkley -Black v a l u e s  - K i  = Kipuka K i ,  F o r e s t  s o i l  
4 /  Measured e l e c t r o m e t r i c a l l y  - PI = Kipuka Puau lu ,  F o r e s t  s o i l  

P2 = Kipuka Puau lu ,  Savannah s o i l  



Kilauea C r a t e r  described a  "gray-lavender, f i n e  sand-size ash" near  t h e  

s u r f a c e  i n  s e v e r a l  p l aces  which seems t o  Fit t h i s  l a y e r .  

?he g rave l ly  ash i s  described by Wentwortli a s  " b a s a l t  i n  g lass"  and 

is w e l l  sl~own i n  t h e  savannah s o i l ,  where it r e c u r s  a s  a  t h i n  l a y e r  (usua l ly  

* 5 cm t h i c k )  a t  depths of 30, 50 and 70 em. 

Black v i t r e o u s  as11 appears a s  a 20 cm deep l a y e r  :in a l l  t h r e e  s o i l s  

kom 50-70 cm depth i n  Kipuka IZi ,  from 60-80 cm i n  t h e  f o r e s t  so i l .  oT 

Kipulca Puaulri and :from 75-95 cm i n  t h e  savannah s o i l .  I t  r e c u r s  a t  t h r e e  

p l aces  above this l a y e r  ( a t  65 em, a t  45 crn and a t  25 crn) i n  t l ~ c  savannah 

soi.3.. These blaclc l a y e r s  a r e  not  only b lack  Froin ash b u t  a l s o ,  pcrliaps 

more dominantly so: -from an ext rane ly  liigli :i.ncorporntion o r  organic carbon 

(between 10 .1  and 1.5.7%, Table I) .  

A yellow-olive pumice 1.aycr (cal.:Led " r c t i c u l i t e "  by Wentworth) is  

found i n  t h e  savannah s o i l  incorporated i n t o  l h e  bl.ac1c l ayc r  a t  25 cm 

depth . Some of t h i s  pumice occurs a l s o  :i.n both ! 'orest so:i.:l.s bencatli t h e  

f i n e  gray ash 1.aycr (C l ) ,  b u t  h e r e  :i~t i s  l.css aburtdant and :l.css well s- t ra-  

t i f i e d  (Fig.  22).  

The lower ash depos i t s ,  from t h e  thi.ck blaclc l~ayc:r (A:l.b) down, :in 

both s o i ~ l s  oF Kipulta Puaulu a r e  not  s t ra t i f i . e r1  11or:izontally~ wlicrcas t h e  

uppcr ones a r e  more o r  l e s s  hor:i.zoritally stra-ti Pied (sec  Ng. 2 2 ,  P I  and 

0 
2 )  Angles of depar ture  were between 20-30 . 'l'iis f a c t  : indicates  i l l a t  

t h e r e  have been some r e l i e f  changes t h r o u d ~ o u t  t h e  bui1.d-up o r  t h e  soi.:l. t o  

i t s  p m s e n t  su r face - l eve l .  This sugges ts  something aboini: tlhc o r i g i n  o r  

: . . ;p l in  Puauln, which may apply t o  Kipulca Ki a s  well.. It appears probablc 

t h a t  l a t e r a l  t r a n s l o c a t i o n  of ash h a s  occurrcd a f t e r  dcposi.tion a s  a r e s u l t  

o r  wind o r  water e ros ion ,  p a r t i c u l a r l ~ y  dur ing  the  ear3.y s t a g e s  when t h e  

kipuka was only spa r se ly  vege ta t ed .  
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!I s1iial.1 kipriita oF about 1 h e c t a r e  i n  t l ic  Kan Descrt  sontli oC K l ~ a u c a  

Cr;>tcr ,  wl~icl? is ;just ":irl-tlnc-making;" shows t h a t  it inas orj.ginated a s  (1 

sma l l  dune ecbsystem. Gray-hl.ack sandy ash was deposi ted h e r e  i n  a t h i n  

:l.;iycr on a :large S l a t  area o r  smooth pahoehoe lava .  Wind h a s  swept up 

rnucll of  t h i s  cis11 and re-deposi ted it a s  a dune a t  a pl.ace ~ i l ~ e r e  t h e  smooth 

l ava  was :i.nl:ercc!pted by a roiigh aa ' a  flow. Tllo ash-dune now rep resen t s  ;in 

i s l a n d  snppor t ing  a p ioneer  vege ta t ion .  lliis process i s  accumulative sincc! 

t h e  vegeta t ion:  ouce establ ishecl ,  ca tches  more e o l i a n  d e p o s i t s  and i.n t u r n  

c o n t r i b u t e s  organic ma t t e r ,  soon Forming a moisture- and nutrient-improved 

h a b i t a t  that: a l s o  d jXfers  i n  e l eva t ion  from i t s  surroundings.  It i s  q u i t e  

co~nceivable t h a t  such e lcva ted  dune ecosystems can bc suri:ounded by snb- 

sequent  lava  :Slows. S1.1~11 an occurrence: on a much l a r g e r  s c a l e ,  could 

acconn?: i'or t h e  o r i g i n  of' t h e  kipultas discusscxl he re ,  al.tlnou& aaiiditional~ 

evidence t o  support  t h i s  liypotlnc?sis must be obtained.  Al.so, many, i T not  

most, of t h e  1inw;~ii~an k:ipnltas such a s  IZj~plrka Ncne have undoubtcidly iicveloped 

mere1.y by t l ic  11is:integration -- i n  sit11 oT o l d e r  l avas ,  and t h e i r  snhsequent 

surroundi-ng by newer Flows. 

111e upper as11 depos i t s  i n  t h e  ltipulca soj1.s a r e  more o r  l e s s  1nor:izonl:al 

with r e s p c c t  t o  t h e  p resen t  soi l .  s u r f a c e ,  a So~m of dcposi.t:i.on whi.cln Powers 

(1~948) c a l k  "bl.an1cet depos i t s  . " The "blanlcct depos i t s"  i~n t h e  savannah 

s o i l  show t h a t  t h e r e  have been a t  l e a s t  9 ash depos i t s  i n  Kipuka 1'uaiil.ii 

s i n c c  cstablisllmen?: oC t h e  t h i c k  b lack  horizon (Alb) .  l l iese may not  a l l  

have been from d i f r e r e n t  e x ~ ~ l o s i o n s ,  bu t  Powers lms discovered ash Troll1 

a t  l e a s t  26 e rupt ions  i n  t h e  a rea  t h a t  a r e  l a t e r  tllnn t h e  b-i.g Kilauea ash 

explosion of 1.790. 11ne l a t e s t  recorded nea r  Kipulca Puauln was Crom t h e  

1924. e rup t ion .  1kis shows t h a t  t h e  s o i l  is not  of one (o1.d) age,  bu t  oi" 

s e v e r a l  ages Srom o lde r  t o  younger and t h e  sur'ace s o i l  may even be much 



younger than  t h e  surrounding rough a ' a  .flow, r a t h e r  than  o l d e r  a s  indica ted  

by Rock. The surrounding flow is p r e h i s t o r i c ,  t h u s  a t  ].east pre-1778. 

Fragments o f  cha rcoa l  were fouud i n  both  kipukas i n  t h e  f o r e s t  soils. 

They occurred a t  t h e  70 cm depth i n  Kipulca I Z i  and a t  80 cm i n  IZipulca 

Puaulu. This i n d i c a t e s  two r a c t s .  rirst, t h a t  t h e r e  was f i r c  i n  both 

kipukas a t  an e a r l i e r  d a t e  of t h e i r  development and second, t h a t  both had 

woody vege ta t ion  growing on them a t  t h a t  t ime.  Al~though charcoal  was not  

found i n  t h e  savannah s o i l ,  f i r e  may expla in  i t s  o r i g i n .  

I t  is i n t e r e s t i n g  t h a t  t h e  savannah so i l .  loolcs q u i t e  d i f f e r e n t  from 

t h e  f o r e s t  s o i l s ,  which i.n s p i t c  of bei.ng From two sepa ra t e  lcipulcas a r e  

s i m i l a r  i n  appearance. Both Fores t  s o i l s  a r e  deeply mclanizcxl, dark 

brown i n  c o l o r  and a r e  ra1:her uni:formly enriched wil:li organic carbon 

(Table I ) .  The savannah s o i l  shows more c l e a r l y  t h e  pa rcn t  material., 

hecaiise of  l e s s  uniform melanizat ion.  Here organ:ic carbon content  Tluc- 

t u a t c s  grea-t ly  between s o i l  hor izons .  ' I l~ese two p a t t e r n s ,  Chat :iis, t h e  

more uniform c o l o r  and organic carbon d i s t r i b u t i o n  .in t i le Sorest  s o i l s  

and t h e  g r e a t e r  v a r i a t i o n  i n  c o l o r  and organic  carbon d i s t r i b u t i o n  i n  t h e  

savannah s o i l  a r e  undoubtcdly assoc ia ted  with p a s t  :rooting zones. One 

may assume t h a t  a mixed, wcll~-stocked forcst: occupi.es s o i l  voluoic mnre 

uniTonnly than  a dominantly grass-covered savannah. The g m s s  and ground 

vege ta t ion  r o o t s  may have been more restr-iclred t o  i h e  black hor izon  zones. 

Such a concent ra t ion  jn r o o t i n g  depth was a l s o  foirnd p rcscn t ly  a t  t h e  s o i l  

su r race  O F  t h e  savannah soil . .  lliis p a t t e r n  supports  t h e  assumption t h a t  

t h c  savannah o r ig ina ted  a f t e r  t h e  f i r e  l-hat has  occurred i n  t h e  p a s t .  I t  

is  probable that- t h e  f i r e  occurred when t h e  20 cm t h i c k ,  ldmck :l.ayer, t h e  

imried A l  horj.zon ( l b )  was a t  t h e  sn r face  suppor t ing  active3.y gl-owi.ng 

vege ta t ion ,  a s  t h e  charcoal  was round ri .ght a t  :i-ts :l.ower boundary :in both 



f o r e s t  s o i l s  (F ig .  22) .  Therefore, t h e  savannah may bc  q u i t e  o ld .  l'he 

carbon-14 d a t e  of t h c  70 cm deep cha rcoa l  i n  Kipnka K i  came t o  2170 2 
2/ 200 yea r s ;  L.p,., 220 yea r s  B.C.- 

Analysis of p o t e n t i a l l y  a v a i l a b l e  water ,  organic carbon and pH show 

no s i ~ q i f i c a n t  difFcrences between t h e  savannah and f o r e s t  soi:Ls i.n Kipuka 

Puaulu s o  t h a t  n e i t h e r  soi.1 water o r  n u t r i e n t  d icrerences  can be assumed 

re spons ib le  f o r  caus ing  t h e  diCference i n  vcge ta t ion .  Moreover, t h e r e  :is 

no unique topogral i i ic  p a t t e r n  assoc ia ted  with e i t h e r  type  s o  t l i a t  t h e  

savannah o r i g i n  is not  a t t r i b u t a b l e  t o  environmental d i f f e rences  r e l a t e d  t o  

topography. 

rMRA 

Bctwcen Novcmbcr 1963 and March 1965 b o t a n i c a l  surveys wcrc made of' 

both Itipulcas. Voucher specimens have been depos i ted  i n  t h e  he-cbarium oi' 

t h e  Department of Botany, lJui.versity o:F Hawaii, and dup l i ca t e  specimens 

i n  t h e  herbarium of  Hawaii. Volcanoes National. Pa&. The p l a n t s  found a r e  

l i s t e d  i n  Appendi.x A,  wli:i.ch a l s o  inc ludes  records  Oom Rock (undated, 1.91.3), 

and Fagerlund G, Mitche l l  (1944), a s  we l l  a s  specimens i n  t h e  h e r b a r i a  or 

Hawaii Vokanocs National  Park and t h e  Bernice P. Bishop Museum, lIonolul.u, 

Hawaj-i . 
Table I1 su~nrnari~,es t h e  i n f o m a t i o n  provided i n  t h e  check l i s t  i n  

Appendix A.  I t  can be  seen t l i a t  IZipulca Miaulu now con ta ins ,  and has  con- 

t a i n e d ,  s i g n i f i c a n t l y  more spec ie s  of vascu la r  p l a n t s  than  h a s  Kipulca ICi. 

Table III providcs an anal-ysis o:f t h e  numbers of  spec ie s  common t o  botli 

kj.pulcas and of  tliose Found only i n  IZipulta Puaulu o r  Kipuka K i .  This 

i n d i c a t e s  t h a t  while  each kipuka conta ins  spec ie s  which t h e  o t h e r  does no t ,  

Kipuka Puau1.u has  s i g n i f i c a n t l y  more unique s p e c i e s  than  does Kipuka I < i .  

%/ San1pl.e GX0394, Gcochron Labora tor ies ,  Inc . 



T a b l e  11. Numbers of  s p e c i e s ,  v a r i e t i e s ,  and forms 
of  v a s c u l a r  p l a n t s  r ecorded  from Kipuka Puaulu  and Kipuka H i .  
F i g u r e s  o u t s i d e  t h e  p a r e n t h e s e s  i n c l u d e  a l l  spp.  e v e r  r ecorded .  
F i g u r e s  w i t h i n  p a r e n t h e s e s  i n c l u d e  a l l  spp.  growing n a t u r a l l y  

A l l  d a t a  

T o t a l  number of  spp.  158 (104)  

N a t i v e  spp.  86 ( 5 2 )  

N a t i v e  t r e e s  42 ( 2 1 )  

I n t r o d u c e d  spp.  72  ( 5 2 )  

Kipuka Puaulu Kipuka K i  

145 ( 9 2 )  73 ( 6 3 )  

81 ( 4 8 )  36 ( 3 0 )  

42 ( 2 1 )  15  ( 1 1 )  

64  ( 4 4 )  37 ( 3 3 )  



Table  111. D i s t r i b u t i o n  of s p e c i e s ,  v a r i e t i e s ,  
and • ’ o m s  of v a s c u l a r  p l a n t s  between Kipuka Puaulu  and 
Kipuka K i .  F i g u r e s  o u t s i d e  p a r e n t h e s e s  i n c l u d e  a l  1  spp.  
e v e r  r ecorded .  F i g u r e s  w i t h i n  p a r e n t h e s e s  i n c l u d e  a l l  
spp.  growing n a t u r a l l y  i n  1963-65. 

Common t o  Kipuka Puaulu  Kipuka K i  
both  k i p u k a s  o n l v  on ly  

T o t a l  number of  spp.  60 ( 5 1 )  8 5  ( 4 1 )  1 3  ( 1 2 )  

N a t i v e  spp.  31 ( 2 6 )  50 ( 2 2 )  5  ( 4 )  

N a t i v e  t r e e s  1 5  (1.1) 27 (10) - ( - )  

I n t r o d u c e d  spp . 29 ( 2 5 )  35 ( 1 9 )  8  ( 8 )  
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The observa t ions  recorded i n  Tables I1 and I11 and Appendix A t h u s  

agree with Rock's (1913) o r i g i n a l  observat ion t l i a t  t h e r e  a r e  more spec ie s  

i n  Kipuka I'uaulu. Tlie number of  n a t i v e  t r e e s  now growing i n  Kipulca Puaulu 

(21)  is almost twice  a s  l a r g e  a s  t l i a t  i n  Kipuka K i  ( 11 ) .  However, Rock 

repor ted  i n  1913 t h a t  t h e r e  were a t  l e a s t  40 n a t i v e  t r e e  spec ie s  growing 

:in Kipuka Puaulu. Even allowing f o r  d i f f e r e n c e s  of taxonomic opinion,  

t h e  decrease i n  number of t r e e  spec ie s  over  t h e  l a s t  50 yea r s  appcars 

q u i t e  remarkable. I n  h i s  book "Indigenous Trees of t h e  IIawaiiari I s l ands , "  

Rock (1913) shows 19 photographs o-C t r e e  s p e c i c s  i n  ICipulca l'uaulu. F i f teen  

o f  t h e s e  show b i t s  o:F landscapes and ground vcgc ta t ion ,  which a t  t h a t  t ime 

appeared badly abused by c a t t l e  grazing.  Many a r e a s  appear ba r ren  o r  

show trampled ground vege ta t ion  and s e v e r a l  p i c t u r e s  show broken-down 

t r e e s .  From t h e  pl~otograpliic record one could assume t h a t  t h e  p r c s e n t  

savannah Formation is caused e n t i r e l y  by c a t t l e  graz ing .  Ilowever, two 

photographs show d i a t  appear t o  be s e c t i o n s  of' tlie p re sen t  savcu~nali ro~ma- 

ti .on. One of t l iesc shows a densc cover o' Ptcr idium, which today is al.so 

w e l l  e s t ab l i shed  i n  tlie savannah. A s  f i r e  h a s  def%nitel.y occurrcd i n  both 

lcipukas, i.t i.s be l ieved  t h a t  Circ  may havc crea ted  openings i n  t h e  ?o res t  

t h a t  were aggravated ancl maintained by subsequent catt1.e grazing.  It 

seems probable t h a t  c a t t l e  were ,guided i n  t1icj.r g raz ing  1iab:i.t~ by t h i s  

Fire-conditioned vege ta t ion  p a t t e r n ,  as  a denser  grouud vegctat:ion would 

1.1c found i n  t h e  open,coupled  wi-tli fewer obs t ac l e s  t o  t h e  movement of 

catt3.e.  Increased cloud in t c rccp t ion  and Tog d r i p  i n  t h e  Corcst (meern, 

, 9 6 4 )  may al.so have cont r ibuted  t o  mahta in i .ng  t h e  p a t t e r n .  Tiiis is 

i.ndicatec1 by t h e  g r e a t e r  c u r r e n t  moisture content  i n  Clie lower proCi1.e 

o r  t h e  f o r e s t  s o i l  (Table I )  and t h e  loca t ion  (Kra j ina ,  1.963) o l  t l ic 

lcipukas i n  a zone o r  common cloud occurrencc. 



Tl~erc  a r e  s e v e r a l  p o s s i b l e  expl.anations f o r  t h e  l a r g e r  numbcr of  

both n a t i v e  and introducccl spec ie s  i n  Kipulia Puaulu. 

I. Tile l a r g e r  number of n a t i v e  s p c c i e s  i n  IZipuka Puaulu may be 

r e l a t e d  t o :  

( a )  T.,arger a r c a :  both kipukas a r c  s o  much Larger than t h e  "mini- 

malt'  area-size oC f o r e s t  s tand comniunities c i t e d  i n  t h e  l i t c i r a t u r c  

2. 2 .  (El lenberg ,  1956, g ives  500 m , Gain Castro,  1959, 20,000 m lor  t r o p i c a l  

r a i n  f o r e s t )  t h a t  one may th ink  t h a t  s i z e  i s  not  a  f a c t o r .  I~lowever, such 

minimal. a r ea  c a l c u l a t i o n s  a r c  based on t h e  more common s p e c i e s .  From 

t h e  records  it is q u i t e  c i c a r  t h a t  t h e  now e x t i n c t  s p e c i e s  were extremely 

a r c .  TIC smal l e r  s i z e  oC IZipuka l<i can t h e r e f o r e  be  used a s  one cxp:i.an- 

a t i o n  fo r  : i ts smal le r  number of :indigenous spec ie s .  

(b )  Greater  age: Rock (1913) believccl t h a t  Kipulca K i  was more 

r c c c n t  i n  o r i g i n  than  l'uaulu, bccause of t h e  common assumption t h a t  an 

o l ~ d c r  a rea  wou1.d have more spcc ic s .  His idea  cannot be disproved from 

c u r r c n t  cv idenic ,  bu t  one ohscrvat ion p o i n t s  i n t o  t h e  oppc,s:iic d i r e c t i o n .  

The amount O F  organic carbon d id  n o t  clecrcase i n  t h c  :lower p r o f i l e  of 

Kipulca IZ i ;  whereas it d i d  s o  i n  both s o i l s  of IZipulca I'uaulu (Tab1.e I). 

This may i.nclicate vcgc ta t ive  a c t i v i t y  a t  an e a r l i e r  d a t e  i n  IZipulta 1Z:i. 

a s  compared t o  I'uaulu. 

( c )  Crea ter  d i v c r s i f i c a t i o n  i n  h a b i t a t s  i n  Kiprrka Puau1.u is not  

expected Crom observat ions made s o  f a r .  Dot11 1cj.pukas have si.m.i.:ll.nr iropogra- 

p11:i.c v a r i a t i o n s  and deep: r i c h  s o i . 1 ~ .  Al~so: t h e  d i s t r i b u t i o n  of t r c c  

s p e c i e s  is not  a s  l i k e l y  aCCcctcd by smal l - sca le  cnviron~nentd.  v a r i a t i o n s  

a s  a r e  l~crbaceous  p l a n t s .  

( d )  D:i TCercnt dis turbance-history : l i t t l e  deCirii tc i n  tounation 

is a v i l a b l e  on dif l 'erences i.n dis t , .~rbance-l i is tory.  We only know t h a t  



t h r e e  important  d is turbance-fac tors  operated i n  both kipukas:  f i r e  c a t t l e  

graz ing  and p i g  damage. Current p i g  damage appears  t o  be  l e s s  i n  Kipnka 

I < i .  P a s t  c a t t l e  grazing a l s o  was probably l e s s  devastati.n.g h e r e .  It is 

p o s s i b l e ,  however, t h a t  f i r e  el iminated a  .few t r e e s  e i t h e r  d i r e c t l y ,  o r  

i n d i r e c t l y  by competi t ion of more aggress ive  p l a n t s  t l i a t  followed t h e  F i r e  

i n  both kipukas.  I n  t h i s  connection t h e  chance of  t l ie srnal-lcr, iso1.ated 

kipuka t o  res tock  witli r a r e  spec ie s  would b e  l e s s  than  t l i a t  of t h c  1.arger 

one whicli a l s o  may have provided a g r e a t e r  chance t o  s i rrvival  of r a r e  t r e c  

spec ie s  simply because of  i ts  l a r g e r  s i z e .  

( e )  D i f f e r e n t  r a i n f a l l  and productiv:i.ty: it was i n t e r e s t i n g  t o  

E n d  t h a t  t h e  c u r r e n t  moisture d i s t r i b u t i o n  downward i n  tl ie s o i l s  dii'Fcrcc1 

between t h e  1cf.pukas. The c u r r e n t  s o i l  water  con ten t  increased  consic1crabl.y 

i n  t l ie bottom p a r t  of  t h e  p r o f i l e  i n  Kipuka K i  and was h:i.gher than :in t h e  

soi1.s of  Kipuka P~iaulu ,  whereas t h e  upper .part  of  t h e  profi1.c was dri.ec 

than  t h a t  o-f t h e  s o i l s  :in Kipuka Puaulu. This i n d i c a t e s  a c l i f fc rent  r a i n  

shower p a t t e r n  between t h e  ki.pukas. This may be a random p a t t c r n  however, 

xihich then  would have no bear ing  on t h e  to t a l .  amount receivccl. Except 

f o r  t h e  lower p r o f i l e  p a r t s  ( B 3  and C2), t h e r e  was 1.ittl.e d i r r e rcnce  i n  

t h e  amount of  organic carbon of both f o r e s t  s o i l s ,  i n d i c a t i n g  a sim:iSar 

producti.vi.ty i n  both kipukas.  Thus, t h e  d i f f e r e n c e s  i n  number o r  spcc ic s  

cannot be  r e l a t e d  t o  d i f f e rences  i n  producti.vi.ty. 

2. The l a r g e r  number of introduced wced spec ie s  i n  ICipulta i'uaulu may 

be caused by ( a )  i ts  g rea te r  cxposnre t o  nian and cat-t-l.c and (b )  

i ts  l a r g e r  sun-exposed a rea ,  which f avor s  t h o  establ.is1iment o f  

shade-into]-erant weeds. I t  i s  i n t e r e s t i n g  t h a t  t h e  Fewer weed 

spec ie s  i n  l<ipuka K i  occupy more ground. Some of  them havc 

forned dominant communities. 



VEGETATION 

Severa l  sclf-ev:i.clcnt p l a n t  communities occur under Forest  cover .  They 

a r c  represented by n a t i v e  and introduced p l a n t s  a s  Follows: 

Nativc : 

I. Micro1epi.a a s soc ia t ion  3.  Pcyeromia pa tches  

2 .  Ncplirolepis assoc:i.ation 4. P ip turus  shrub s t r a t a  

5 .  Coprgsma t h i c k e t s  

Introduced: 

6.  Commclina associ .at ion 8. Solanum associat i -on 

7.  Rubus penetraiis associa-  9 .  Dacty1i.s pa tches  
t jo l l  

1 0 .  Coinmelina-Neplirolepis 
mixed community 

Nel3lirolcpis comniuni~tics and Dacty l i s  pa tches  a r e  conimon a l s o  :in open 

a reas .  Coprosma t h j ~ c k e t s  a r e  c h a r a c t e r i s t i c  only Cor I(ipi1lca Puaulu . Thc 

Rubus ~ n e t r a n s  and Sol.anum assoc ia t ions  a r c  c h a r a c t e r i s t i c  f o r  I(i.pula K j ~ .  - 
( h l y  one sma l l  Sola~ium patch was observed i n  Kipuaa Puaulu. The r e s t  occur 

i n  both lcip~~lcas.  Peperomia pa tches  seem t o  be establishecl on ground t h a t  

has  been ra-t-her r ecen t ly  s c a r i f i e d  by p i g s  7onni.ng h e r e  a pioneer  comrnuni.~~ 

i n  shaded I m b i t a t s .  Coprosma t h i c k e t s  a r e  l ikewise  a s soc ia t ed  with p i g  

s c a r i F i c a t i o n ,  di icl i  :i.s p a r t i c u l a r l y  pronounced under t h e  l a r g e r  S a p i n d u ~  

t r e e s  where t h e  p i g s  secm t o  scare11 o r  t h e i r  F ru i t s .  

STJiMARY AND CONCILJSIONS 

The r a c t s  secm :important: 

I. Tlie s o i l  O F  both kipukas is  from s e v e r a l  ash depos i t s .  The 

lower, slop:i.ug ones i n  Kipulca Puaulu differ i'rom t h e  iippcr ones wh:i.ch a r e  

horizontall..y s t r a t i f i  eil . 
2 .  Charcoal was found i n  both ltipukas u ~ i d e r  . fores t  i n  associai--ion 



with a  bur ied ,  b lack  su r face  hor izon ,  a t  t h e  70 cm depth i n  Kipuka K i  and 

a t  80 cm i n  Puaulu. 

3 .  The carbon-14 d a t i n g  of t h e  70 cm deep charcoal  i n  Kipulca K i  

i n d i c a t e s  a  f i r e  a t  about 220 yea r s  B.C.  

4 .  Tile f o r e s t  so i - l s  of both lcipukas were uni - fomly  melanized showing 

cons iderable  megascopic s i m i l a r i t y  and d i F e r e d  markedly from t h e  savannah 

s o i l  which showed mel-anization r e s t r i c t e d  t o  narrow l a y e r s  and which 

exposeii a  c l e a r  pa ren t  m a t e r i a l  s t rat i . : f i .cat ion.  

5 .  The s o i l .  parameters t e s t e d  -indicatc?d no s i g n i r i c a x t  diC:fi?:t:cnces 

between t h e  Fores t  and savannah s o i l  o r  Kipulca Puaulu i n  ternis oi' so i l .  

water ,  organic carbon and pH. 

6 .  The f o r e s t  s o i l ~ s  oF t h e  kipukas d i r k r e d  only i n  t h e  c u r r c n t  

s o i l  moisture d i s t r i b u t i o n  and t h e  organic carbon coutcnt  of t h e  lowe:r 

(B3 and C2) ho r i zons .  

The work s o  r a r  is only an in t roduc t ion  t o  t h e  pl.ant ecology oC 

H. dwdr:ian . "  kipulcas and po in t s  t o  t h e  need Tor 1:hc ro:l.lowing rurtlrcr r e sea rch :  

I.. Analysis of  photographs. It waul-d seem prol- ' i tablc t o  examine 

a l l .  pliotographs Rock made of  Kipnlia Puaulu and poss ib ly  r e h c a t c  some 

s p o t s  f o r  rephotographing. This could r e v e a l  c e r t a i n  i n t e r e s t i n g  succes- 

s i o n a l  changes over t h e  l a s t  50 yea r s .  

2. Current observat ion i .ndicates  reoccupat ion of  t h e  savanna11 hy 

Forest.  This appears t o  be accomplished by sucker  growth ol' Acacia - koa.  

Invasion of t r e c s  by seed seems p r a c t i c a l l y  impossible .  It ?ioul.d be  

in tc i rcs t ing  t o  s tudy t h e  r a t e  of re - invas ion ,  now, when t h e r e  :is no 

longer  i n t e r ~ f c r c n c e  by c a t t l e .  

3. Studies  o r  cl-oud i n t e r c e p t i o n .  Dif rercnccs  i n  soi l .  water  supply 

a s  a  r e s u l t  o f  fog d r i p  should be inves t iga t ed  t o  d c t c m i n c  t h c  ro1.e t h i s  



environmental f a c t o r  p lays  i n  decreasing t h e  r a t e  O F  re- invasion of 

Fores t  -i~nto t h c  savannah. 

4 .  Measuring p i g  damage. Current observat ion incl icates  t h a t  p i g s  

seems t o  a r f e c t  t h e  f o r c s t  vege ta t ion  i n  two ways: ( a )  by s c a r i f y i n g  t h e  

su r face  they e l~ imir~i r te  ground vegeta t ion  and proviclc i d e a l  sced beds Tor 

g e m i n a t i o n  of : c.g., t r e e  sced which is  :Le:ft. Many ronncrly pig-scarir ' ied 

a reas  seem t o  come back i n  t h i c k e t s  of t r e e  seec1l:ings of  Sapindus ant1 

Coprosma. (b)  :During per iods  of Cood s c a r c i t y  o r  over-population p i g s  

seem t o  gnai+ away t h e  bark of t r c e s  p a r t i c u l a r l y  Coprosma: t h u s  damaging 

them s e v c r e l j ~ ,  c . g . ,  by provid ing  entrance avenues t o  pathogens. 7hcx:i.r 

Food h a b i t s  should be  stuclied i n  connection with popula t ion  counts  t o  

exp1.a:i.n t h e i r  :i.nflucnce on vegeta t ion  p a t t e r n s .  

5 .  Quadrat s t u d i r s  of vegeta t ion  p a t t e r n s .  l l ~ e s e  should be done :in 

p a r t i c u l a r  wit11 Peperomia a s  a  probable na t ive  p ioneer  on p i g  scar:i.F:ictl 

ground; v?i.th Commeliria and Ncphrolopis mixcrd a s s o c i a t i o n s  t o  detciminc 

wl~iethcr Commelina t akes  over t h e  h a b i t a t s  occupicd by i:I~c? n a t i v e  f e rn ,  

Nephrolepis;  f~'urther,  with t h e  two weed communities fo~med by Rubus - 

penc t r ans  and Solanum pseudocapsicum t o  determine t h e i r  e f f e c t  on t h e  n a t i v e  

Microlepia a s soc ia t ion .  

6. An ecol.ogical survey of a l l .  ki.pulcas and t h e i r  surroundings shoul(1 

be  rnadc i n  an at tempt t o  a s ses s  t h e i r  development :in succession and 1i1ei.r 

in-f lucnce on t h e  vegeta t ion  o:F t h e  surrounding more r ecen t  vol~cariic 111atcr:ial. 



Appendix A.  Sys temat ica l ly  arranged check l is t  o f  t h e  vascu la r  
p l a n t  spec ie s  of Kipuka Puaulu and Kipuka Ki a s  of  May 1965. * = 
Native Hawaiian spec ie s ;  # = Native t r e e ;  -1- - Growing, apparent ly  
n a t u r a l l y ,  i n  kipulca i n  1963-65; a = Growing i n  lcipulca i n  1963-65 
only a s  ind iv idua l s  r e c e n t l y  pl.anted by National  Park Serv ice ;  h = 
Specimens, c o l l e c t e d  between 1930 and 1960, i n  he rba r i a  a t  Hawaii 
Volcanoes National  Park o r  B. P .  Bishop Museum, bu t  spec ie s  n o t  
found growing i n  lcipuka i n  1.963-65; c = Reported by Fagerlund & 
Mitche l l  ( l944) ,  bu t  no specimens a v a i l a b l e ;  d = Reported by Rock 
(undated, 1913), h u t  no more r ecen t  specimens a v a j ~ l a b l e .  

AEIARANTIIACEAE 

* # Charpentiera - obovata Gaud. 

APOCYNACCAE 

1:i.puka IZipuka 
Puaulu ICi 

* A1yxi.a ol ivaeformis Gaud. .I. 

* # Ochrosia sandwicensis A. Gray a 

ARAZIACCAC 

Brassaia  a c t i n o p l ~ y l l ~ a  F . Mue1.l. b 

j Cheirodcndron triici-vnnm (Gand . ) lIel.lcr :- 

ASPIDLl~CEAE 

* Athyrium sandwichiauum I 'rcsl.  i~ 

Cyclosorus denta tus  (Forslc.) Gliing .,. 

Cyclosorus parasj . t icus ( L .  ) Farwell 

* Cyrtomium caryotideum (Wall.. ) P r e s l .  I~ 

" Dryoptcris  glabra (Braclc.) Kuntzc b 

Dryopter is  11awaiicnsi.s ( I l i . l l~ebr .  )7:.rist + 

Dryopteris  1.ati  frons (Brack . ) 1Ziintze - i ~  

* Dryopteris  paleacea (Swartz) Chr:iLstcn- i 

sen 
* Claphoglossurn coni!orme (Swartz) Schot t  

ASPLENLACCAE 

' Aspl.enium ndianln~n-uigrum 1,. ~,~ 

" Asplenium cC. caudatnm I'orst, T.  -1. 

* Aspleniu~n rnacraei lloolc . el: Grev . c 

BLECIILNACEAE 

* Sad le r i a  cyalrheoicles 1:aul.F. t 



:\ppcndix A .  (cont inued) ICipulta Kipuka 
Puaulu 1 C i  -- 

2. j j .  '. ),. l ' e r r o t t c t i a  santlciicensis A. Gray 

COME.ICILNACEAC 

Co~mneli na diCFusa Bum. 

CrnfPOSITAE 

Achil lea rnillefol.ium L. 

Dj.dens j ~ i l o s a  I,. 

Cirsium 1 anceolatum (1,. ) H i l l .  

Erigeron a lb idus  (Wil ld.)  A.  Gray 

Erigeron canadensis 1,. 

liypochaeris r a d i c a t a  I,. 

Senccio s y l v a t i c u s  L. 

Sonchus aspi_.l̂  L. 

Sonchus oleraceus L. 

CONVOLVlJL!\CEAE 

* Ipomocii ind ica  (13ur-m.) Merr. 

CRUCIFCRAE 

Lepidium virginicum L. 

S:i.symbrium orl%cinale (1,. ) Scop . 
CYl?CR/lCCAC 

* Carcs ~nac:l.oviana D'lJrv. v a r .  sub h s c a  
7 1 3 o o t t )  IWlcenth. + 

2 Carex wal?uensis C .  11. Meyer v a r .  -- 
rubiginosa R .  W. Icrauss -C 

* Cyperus b r e v i f o l i u s  (Rottb.  ) Hasslc. + 

2 C y p c r ~ ~ s  h:il.l.ebrandij. 13oeclc . b 

9: Cypc~xs  polystachyus Rottb . 
DAVALLIACEAE 

" Nefirolepis e x a l t a t a  (I , .)  Schot t  i~ 

EPACRIDACEAE 
* StyphelLia tameiameiae (Cham. ) r .  

Muell. 



Appendix A. (cont inued) 

EUPHORBIACEAC 

Aleur i t e s  moluccana (L. ) Willd . a 

FLACOURTIACEAE 

* # Xylosma hawai iens is  Seem. v a r .  
h i l l e b r a n d i i  (Wawra) Sleumer 

GENTIRNACEAE 

Centauriurn umbellatun G i l i b  . b 

GERANIACEAC 

Geranium caro2inianum L. v a r .  
a u s t r a l c  (Ucnth. ) Fosb . i 

GRAMINEAE 

Agrost is  r e t r o f r a c t a  Nil-ld . 
Anthoxani:l~um odoraturn L. . I ~  

Briza minor 1,. -- 13 

Bromus commutatus Schrad . c 

Bromus r i g i d u s  Rot11 c 

Broinus seca l inus  1,. 11 

Bromus unio lo ides  (Wil.l.ci. ) 11. B . K .  .,~ 

Cynodon dactylon (1.) Pcrs .  .I. 

Dac ty l i s  gl~omerata I,. 

D i g i t a r i a  p ru r i ens  (Tr in . )  Buase d 

Festuca de r tonens i s  (Al.1.) Asch c t  11 
Gracbn . 

Wolcus lanai-us L. -1. 

* Panicum i:eniii~olium Hook. e t  Am. b 

Paspalum con;jugatum Berg. 2~ 

Paspalum d i l i t a t m  I'oir . ~I~ 

Paspalurn urvill.e:i. Stcud. 

Poa annua L. -- I .  

I'oa p a - t e n s i s  L. - 
S e t a r i a  genicul.atn ( 1  ) Beauv . t~ 

Sporobol~us a f r i canus  ( P o i r .  ) 
Robyns c t  Tournay L 

Stenotaphriim sticundat~lrn (Walt.)  Kunlzc b 

Unidentified g ras s  .I. 

I-IYPCRI CACEzAI: 
Hypcricum rnutilum L. .$ 

Kipuka 
K i  



Appendix A .  ( c o n t i n u e d )  

I RIDACEAE 

Kipuka 
Puaulu 

T r i t o n i a  crocosmacf l o r a  Lemoinc t 

A :IATAE 

Mentha sp .  

LAURACEAE 

P c r s c a  americana Mil 1 .  

LEGUMINOSAE 

* # Acacia koa A .  Gray + 

Desmoclium un ic ina tum ( J a c q .  DC. + 

* # Sophora c h r y s o ~ h y l l a  ( S a l i s b . )  Seem. + 

LILLACEAE 

C o r d y l i n e  t e r m i n a l i s  ( L . )  Kunth + 

* -- Smilax s a n d w i c e n s i s  Kunth d  

LOBELIACEAE 

* H Clennont ia  h a w a i i e n s i s  ( H i l l e b r . )  Rock cl 

* // Clermont ia  s p .  a  

LORANTHACEAE 

* Korthalse l1 .a  comvlanta (Van TieghS F . n ~ l . +  

LYTHRACEAE 

Cuvhea c a r t h a e i n e n s i s  ( J a c q . )  Macbride b  

Lvthrum maritimum H .  B. K .  + 

MALVACEAE 

* /I Hibiscade lphus  g i t t a r d i a n u s  Rock 

* # H i b i s c a d e l p h u s  h u a l a l a i e n s i s  Rock 

* +I Koliia r o c k i i  Lewt. 

Modiola c a r o l i n i a n a  ( L . )  G .  Don 



Appendix A .  ( c o n t i n u e d )  

MENISPERMACEAE 

* Cocculus  f e r r a n d i a n u s  Gaud. 

MORACEAE 

F i c u s  c a r i c a  L. 

MYOPORACEAE 

* // Mvopomm sandwicense  A .  Gray v a r .  
f a ~ ~ r i e i .  CLgvv. 1 Kraenz l .  

MYRSINACEAE 

* Embelia p a c i f i c a  H i l l e b r .  

* $1 Mvrsine l e s s e r t i a n a  A .  DC.  

MYRTAC EAE 

* // M e t r o s i d c r o s  polymorpha Gaud. 

Psidium c a t t l e i a n u m  S a b i n r  

Psidium ~ u a j a v a  L .  

NYCTAGINACEAE 

Kipuka 
Puaulu  

+ 

b 

+ 

+ 

+ 

4- 

& 

* ii Hcimerl iodendron brunonianum (Endl  . ) 
S k o t t s b .  + 

OLEACEAE 

* B Osmanthus sandwicens i s  ( A .  Gray) Knobl.. + 

ONAGRACEAE 

Oenothera s t r i c t a  Ledch, 

OXALIDACEAE 

O x a l i s  c o r n i c u l a t a  L .  

PAPAVERACEAE 

* Argemone g l a u c a  L .  e x  Pope 

PASSIFLORACEAE 

P a s s i f  l o r a  i i p u l a r i s  J u s s .  

K ipuka 
K i  



Appendix A .  ( c o n t i n u e d )  

Kipuka 
Puaulu 

Kipuka 
K i .- 

PHYTOLACCACEAE 

* P h y t o l a c c a  sandwicens i s  Endl .  

PIPERACEAE 

* Peperomia cookiana C .  DC.  + 

* Peperomia hypoleuca  Miq. 

* Peperomia l e p t o s t a c h y a  Hook. e t  A m .  b  

* Peperomia r e f l e x a  D i e t r .  v a r .  r e f l e x a  c  

* Peperomia r e f l e x a  D i e t r .  v a r .  p a r v i f o l i a  
C .  DC.  + 

PITTOSPORACEAE 

* # Pi t tosporum hosmeri  Rock 
v a r .  l o n a i f o l i u m  Rock 

* # Pi t tosporum hosmeri  Rock 
v a r .  s a i n t - i o h n i i  S h e r f f  

PLANTAGINACEAE 

P l a n t a g o  l a n c c o l a t a  L. 

POLYGONACEAE 

Rumex a c c t o s e l l a  L. 

POLYPODIACEAE 

* Plcopcl  t i s  t h u n b r r g i a n a  Kaulf  

PRIMULACEAE 

A n a a a l l i s  a r v c n s i s  L. 

PSILOTACEAE 

* Ps i lo tum & ( L . )  G r i s e b .  + 

PTERIDACEAE 

* Cibot ium glaucum (Smith)  Hook. e t  Am. + 



Appendix A .  , ( c o n t i n u e d )  

PTERIDACEAE ( c o n t i n u e d )  

* Cibot ium chamisso i  Kau l f .  

* Conio~ramrne p i l o s a  (Brack .  H i e r o n ,  

* M i c r o l e p i a  s e t o s a  (Smi th )  A l s t o n  

* P e l l a e a  t e r n i f o l i a  (Cav.)  L.ink 

* P t e r i d i u m  aqu i l inum ( L . )  Kuhn 

* P t e r i s  c r e t i c a  L. 

* P t e r i s  e x c e l s a  Gaud. 

RANUNCULACEAE 

Ranunculus rnur ica tus  L. 

RHAMNACEAE 

* # A l p h i t o n i a  ponderosa  H i l l e b r .  

ROSACEAE 

F r a ~ a r i a  vesca 
(Ehrh .  ) Rydb. 

L. fonna a l b a  - 

Prunus  p e r s i c a  (L . )  Uatsch 

* Rubus h a w a i i e n s i s  A .  Gray 

* Rubus m a s r a e i  A .  Gray 

Rubus p e n e t r a n s  L. H .  B a i l e y  

Rubus r o s a e f o l i u s  Smith 

RUBIACEAE 

* $1 Cdprosma cvmosa H i l l e b r .  

* # Coprosma r h y n c o c a m a  A .  Gray 

* i'i Gouldia  t e r m i n a l i s  (Hook. c t  A m . )  
H i l l e b r ,  v a r .  a n t i q u a  Fosb.  f o m a  
a n t i q u a  

* i/ Gouldia  termina1i.s  (Hook. e t  Arn.) 
H j l l e b r .  v a r .  a n t i n u a  Fosb. fomm 
acuta Fosb. 

Kipuka 
Puaulu  

Kipuka 
K i 



Appendix A .  ( c o n t i n u e d )  

Kipuka 
RUBIACEAE ( c o n t i n u e d )  Puaulu  

* if Gouldia  t e n n i n a l i s  (Hook, e t  A m . )  
H i l l e b r ,  v a r .  konaens i s  Fosb. 
forma k o n a e n s i s  b  

* # P s y c h o t r i a  h a w a i i e n s i s  ( A .  Gray)  Fosb. 
v a r .  h i l l e b r a n d i i  (Rock) Fosb. + 

RUTACEAE 

* if Faeara  d i p e t a l a  (Mannf Engl .  v a r .  
perninicarpa  (Rock) S t .  John + 

* ii Fapara rnauiense (Mann) Engl .  v a r .  
anceps  (Rock) S t .  John  b  

* B Faeara  rnaui e n s e  (Mann) jEngl. v a r .  anceps  
(Rock) S t .  John f o m a  p c t i o l u l a t u i n  
(Rock) S t .  John b  

* B Faeara  s p .  d  

* H Pclea h a w a i i c n s i s  Wawra v a r .  
pauclichauclii ( S t .  J o h n )  S tone  + 

* $1 p u a u l u e n s i s  S t .  John t 

* !I Pelca z a h l b r u c k n e r i  Rock 

* Ii Peloa s p .  

* ii- s p .  d  

Kipuka 
K i 

* i'i Pelfa s p .  

SAPINDACEAE 

* i'i Dodonaea v i s c o s a  (L.) J a c q .  
v a r .  s p a t h u l a t a  (Srn. Benth. + 

* if Sapindus  s a p o n a r i a  L .  + 

SCROPHULARIACEAE 

L i n a r i a  c a n a d e n s i s  (L.) Durnont b  

Veronica p l e b e i a  R .  B r .  + 

Veronica s e r p y l l i f o l i a  L .  + 
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Appendix A .  ( c o n t i n u e d )  

Kipuka 
Puaulu  

SOLANACEAE 

* # Nothocestrum b r e v i f l o r u m  A .  Gray b 

* i'i Nothocestrum l o n g i f o l i u m  A .  Gray d 

P h v s a l i s  p e r u v i a n a  L .  + 

Solanum pseudocapsicum L .  + 

THYMELAEACEAE 

* Wikstroemia p h i l l ~ r c a c f o l i a  A .  Gray b 

TROPHAEOLACEAE 

Tropaeolum ma-jus L. 

UMBELLIFERAE 

~ y d r o c o t y l e  s i b t h o r p i o i d e s  Lam. 
v a r .  oedipoda Deg. e t  Greenwel l  

URTICACEAE 

* # P i p t u m s  h a w a i i e n s i . ~  L&. 

* i'i Urcra s a n d v i c e n s i s  Wedd. 

VERBENACEAE 

Verbena l i t o r a l i s  H .  B. K .  

ZING1 BERACEAE 

Hedvchi.um coronarium Koenig 

Kipuka 
K i 



C- VCCCTATIONAL RESPONSES TO VOLCANIC 
ACTIVITY I N  T I C  CIIAIN-OF-CRATERS AREA 

By F. I?. fosberg & C .  11. hmoureux 

Because ol! t h e  March 1965 lava  flow, it seems wise t o  provide t h e  

fol lowing i'our c a t e g o r i e s  of no te s  c o l l e c t e d  dur ing  t h e  course of obtain-  

i h g  t h e  m a t e r i a l  f o r  t h i s  At las .  While provided by t h e  au thors  a s  in fo r -  

mation t o  be used, t h e s e  no te s  were n o t  submitted a s  a  manuscript Tor 

p u b l i c a t i o n .  Ilowever, t h e i r  p rospec t ive  va lue  t o  f u t u r e  Park s tuden t s  

h a s  l e d  t h e  c d i t o r  t o  inc lude  them. They concern fou r  p l aces  (F ig .  8 )  

al.ong t h e  Chain-of-Craters Road. Exce1.lent p l aces  f o r  o b s e ~ r v a t i o n  i-hey 

are named he re ,  t h e  Aloi h o t  s p o t ,  t h e  Puhimau study a r e a ,  t h e  Puhimau 

h o t  s p o t  and t h e  Napau Cra ter  a r e a .  

1- Vegetation of  t h e  !Uoi h o t  s p o t .  

A b r i e f  :reconnaissance was made of t h e  Aloi "hot spot'! (Fig.  8 ;  

Aer i a l  Photo 8-0068) crossed by t h e  Chain-of-Craters Road, ad jacen t  t o  

i l loi  Cra ter  i n  November 1963 and March 1964 with o t h e r  s tu t i ies  be ing  niacle 

l a t e r  (e .g . ,  - i n  March 1965). This a rea  has  enlarged s i n c e  t h e  First 

examination i n  1963, bu t  a t  t h a t  t ime Few no tes  were taken s o  no adeqirate 

comparison can be maclc. I n  March 1964 F. R .  Fosberg took d e s c r i p t i v e  notes  

and made a  l is t  oi' t h e  p l a n t s  seen ,  even though time was not  a v a i l a b l e  

f o r  a  d e t a i l e d  s tudy .  A more thorough i n v e s t i g a t i o n  with a  map showing 

t h e  stcam v e n t s ,  s o i l  temperatures  and vege ta t ion  i s  recommended a s  soon 

a s  funds and personnel  a r e  a v a i i a b l e .  

I n  March 1964 t h e r e  was an area  oi^ perhaps s e v e r a l  a c r e s  where t h c  

ground was p a r t l y  bare  and p a r t l y  covered by spa r se  vege ta t ion  with some 

clumps be ing  denser .  This was surrounded by a  zone of y e t  more dense 

vege ta t ion ,  much o:f which was dead, some o-T it apparent ly  q u i t e  "cooked" 



though n o t  y e t  decomposed. I n  t h i s  a rea  were some steam ven t s  and especi-  

a l l y  some elongate,  r a t h e r  f resh  looking c racks  rrom which steam issued  a t  

temperatures  measured between 8 1  and 86 deg. C .  There was a s l . ight  s u l -  

furous odor t o  t h e  steam i n  t h i s  a rea ,  b u t  nowhere was it s t r o n g  enough 

e i t h e r  t o  be  very uncomfortable nor  was any s u l f u r  be ing  deposi ted.  

Severa l  yea r s  ago ( a t  l e a s t  a s  r e c e n t l y  a s  November 1956 CSt. John, 

19573) Ophioglosswn nudicaulc L. . v a r .  - minus Clausen was :found i n  some 

of t h e s e  vents .  No p l a n t s  o-f t h i s  were seen dur ing  t h e  1963 v i s i t  though 

they  were looked f o r .  

The c e n t r a l ,  e s s e n t i a l l y  ha re  a rea  had t n  pl.accs l i t t l e  b u t  a t h i n  

C i l i n  of a blue-green a lga ,  Stigoncma, wi.th scattered p l a n t s  oC J?imltri.si:ylis - 
and Cyperus. Thesc ba re  a reas  may have bcen around vents  bu t  were j n s t  a s  

I.ikely t o  have bccn found a l i t t l e  way from any obvious steam. In sli~g11tI.y 

more vegetated a r e a s ,  D i g i t a r i a ,  Sacc io lcp i s ,  and Paspahm w r c ?  s c a t t c r c d  

b u t  common. Andropgon was l o c a l l y  common b u t  much oT :i.t was dead. 

Around many of t h e  ven t s ,  Euphorbik tl~ymiCol.?.a was very nhnndant b u t  n o t  

around t h e  h o t t e s t .  Arundina was local1.y common and Nephrolepis h i r s u t u l a  

even more so .  The l a t t e r  seemed t o  form s p o t s  where t h e r e  was cvidcnce 

ol' p a s t  vcgetati-on, zag., peaty a reas  support:i.ng s tubs  of old dead vege- 

t a t i o n  and sma l l  clumps of dwarfed G:Leichenia. Near some o r  t h e  ven t s  

wcrc pa tches  of Snhenomeris, always very dwarfed. Pter:i.s was found, t l ~ o ~ ~ g h  

rarcl-y,  i n  s i m i l a r  s i t u a t i o n s .  izialtheria ind ica  was genera i ly  common :i~n 

t h e  more vegetated s p o t s .  Local.ly, Lycopodiinn - ccrnuum was Found though 

.L?J :;her sma l l  and mostly vcge ta t ivc  . Small. shriibs o r  Metros? tleros wcrc 

occas?.oual i n  t h i s  a rea ,  mostly dead o r  nea r ly  s o  and in~~ch  more common 

and i n  somewhat b e t t e r  shape i n  t h e  pc r iphe ra l  a r ea .  Small p l ~ a n t s  of  

Ps:i.:Iotum i~u(lum were seen gencra1:Ly s c a t t e r c d ,  only a Tew stems a t  a t ime,  -- - 



and t h e s e  al.1 seemed to Lx: dead or dying. Not a  s i n g l e ,  hea l thy  individilal  

oC t h i k  s p e c i e s  was seen .  A few p l a n t s  were seen of  Ageratum, Cupl,ea, 

Conyza, Clapl~oglossum, Euphorbia h i r t a ,  Vernonia, Sad le r i a ,  with no obvious 

p a t t e r n  of occurrence, and one seedl.ing of  what probably i s  Gnaphal.i.um 

purpureum . 
On p a r t s  oT t h e  bare  a reas ,  Cladonia cf. rang-iferina was q u j t e  abun- 

d a n t .  I n  p l aces  t h i s  was on ground t h a t  was moist  and steamy and t h e  

l i c h e n  was then  very s o r t  and almost j e l l y - l i k e  a t  t h e  base tliougl~ appar- 

e n t l y  dry above. Vcry l o c a l l y ,  another  Cl-adonia c f .  c r i s t a t c l l a  was round. 

stereo caul^ vul.cani was l ~ o c a l l y  very coiiunon on bare  s o i l ,  bu t  i n  many 

p l a c e s  when touclied it crumbled, apparent ly dead From t h e  h e a t .  Cushions 

o f  Rhacomitrium were l o c a l l y  abundant, i n  some p laces  dying o r  dead rrom 

t h e  h e a t .  

Toward t h e  per iphery ,  vegeta t ion  gene ra l ly  becomes more abundant, 

espccia:Ll~y Gleichenia and Ncphrolep:i.s, which toge the r  Fonn l a r g e  pa tches .  

Local ly,  however, t l iesc were dead o r  dying. Mctros:i.dcros bushes were more 

common and i n  b e t t e r  condi t ion  though stil.:L o f t en  dead above and sprout ing  

o r  with dead t i p s .  Sma1.l Psidium cattleyanum 1-1.5 m t a l l ,  a l s o  p a r t l y  

dead, was loca3 l y  common. Psidium gua;java was very r a r e .  Styphelfa  

tameiameiae; Crequent1.y p a r t l y  dead, was l o c a l l y  common. Waltheria and, 

l e s s  s o ,  Stachytarpheta were Found 1ocall.y. Clumps oC Machaerina became 

common toward t h e  periphery oF t h e  a rea .  I n  opcn s p o t s ,  most oi' t h e  licrbs 

l i s t e d  above were Found a t  l e a s t  occasi.onal.ly. 

The spec ie s  Found i n  th:ik h o t  s p o t  (Table IV) a r e  an i n t e r e s t i n g  I.ot, 

t h e  ecology of wl~ich should be  s tudied  Further .  Tiley i ' a l~ l  i n t o  two n a t u r a l  

groups a s  ind ica t ed  i n  t h a t  Table. Surrounding t h e  a c t i v e l y  steaming a rea  

is  a zone of G1ei.chenj.a with s c a t t e r e d  small. Mctrosi.deros. Time h a s  not  



Table  I V .  L i s t s  of t h e  s p e c i e s  recorded i n  t h e  A l o i  h o t  
s p o t  a r e a ,  March 1 6 ,  1964. L i s t  "A" i s  of t h o s e  s e e n  i n  t h e  
more open a c t i v e l y  s teaming a r e a .  L i s t  "B" i s  of t h o s e  s e e n  
i n  t h e  p e r i p h e r a l  a r e a  dominated by l i v i n g  o r  dead v e g e t a t i o n .  
The f o l l o w i n g  a b b r e v i a t i o n s  i n d i c a t e  r e l a t i v e  abundance:  a =  
abundan t ;  l a  = l o c a l l y  abundan t ;  c  = common; I c  = l o c a l l y  common; 
o  = o c c a s i o n a l ;  r = r a r e .  

L i s t  A L i s t  B 

l a  Euphorbia t h y m i f o l i a  
l a  Sphenomeris c h i n e n s i s  
l a  Andropogon v i r a i n i c u m  
l a  C ladon ia  c f .  r a n p i f e r i n g  
l a  Rhacomitrium lanuginosum 
l a  Stiponema s p .  

c  W a l t h e r i a  i n d i c a  
c  F i m b r i s t v l i s  dichotoma 
c  Cyperus p o l y s t a c h y o s  
c  S a c c i o l e p i s  c o n t r a c t a  

Ps i lo tum nudum 
M e t r o s i d e r o s  c o l l i n a  
Arundina bambus i fo l i a  
Paspalurn o r b i c u l a r e  
D i g i t a r i a  c h i n e n s i s  
Nephro lep i s  h i r s u t u l a  
Ageratum conyzoicles 
Pityrogramma calomelanos  
G l e i c h e n i a  l i n e a r i s  v a r .  tomentosa 
Veronia  c i n e r e a  
Euphorbia hirta 
Cuphea c a r t h a g i n e n s i s  
Lycopodium cernuum 
S a d l e r i a  c v a t h e o i d e s  
Elaphoglossum r e t i c u l a t u m  

a G l e i c h e n i a  l i n e a r i s  v a r .  tomcnt 
a  Nephro lep i s  h i r s u t u l a  

l a  Androponon v i r a i n i c u m  
c  M e t r o s i d e r o s  c o l l i n a  
c  W a l t h e r i a  i n d i c a  
c  Arundfna b a m b u s i f o l i a  

I c  Psidium c a t t l e y a m m  
o  S t y p h e l i a  tameiameiae 
o  S t a c h y t a r p h c t a  dichotoma 
o  Lycopodium cernuum 
o  G l e i c h e n i a  l i n e a r i s  v a r .  l i n e a r  
o  Machaerina a n g u s t i f o l i a  
o  S p a t h o a l o t t i s  p l i c a t a  

r Convza c a n a d e n s i s  v a r ,  p u s i . l l a  
r P t e r i s  c r e t i c a  
r Gnaphalium purpureum ( ? I  



been avail.able fo r  t h e  explora t ion  or' t h i s  a r e a  Turfher. 

2- Tapgcd Mc?trosidei:os t r e e s  a t  t h e  Puhiniau s tudy a rea .  

Ten i i id iv idual  Metrosicleros t r e e s  were tagged i n  November 1.963 

1,etween t h e  cmte i -  and t h e  Cliain-of-Craters Road (F igs .  8  & 23; Aer ia l  

photo 8-0104) and no te s  taken on them t o  s t a r t  an i n v e s t i g a t i o n  on t h e  r a t e  

O F  p rogress  01' a  "di.seasen which seems t o  have caused t h e  death of a  l a r g e  

number o f  t r e e s  i n  t h e  I'uhimau Cra ter  a rea .  These t r e e s ,  re - loca ted  on 

March 16 ,  1964, were re-exam:i.ncd t o  no te  t h e i r  condi t ion  i n  comparison t o  

t h a t  four months e a r l i c r .  The following ohserva t ious  made on t e n  of  t h e s e  

nJ:e expressed i n  t enns  of comparison with t h e  condi t ion  noted and recoirded 

i n  November. 

Tree #I.. (Tag missing,  tlie Following no te s  apply only t o  a  t r e c  most 

l i k c l y  t o  have been :#I.) Loolts about a s  described i n  November, bu t  one 

l a r g e  lower branch compl~etely dead. Most twigs have 3-5 cm a [  new growth, 

b u t  leaves  on t11i.s tend t o  be small., somewl~at p a l e  and reddish .  

Tree #2. Essen t i a l ly  t h e  same a s  i n  November, bu t  many twigs show 

a s  much a s  Fi.ve o r  even e i g h t  cm of r a t h e r  p a l e  green new growth. 

Tree #3. This t r e c  has  dec l ined .  Cer t a in ly  f a r  l e s s  than one-Sifth 

of  t l ie  twigs a r e  s t i l l  1.eary. The leaves  a r e  much more brownish-red than  

green.  A few smal.1, new sp rou t s  s e v e r a l  cm :I ong show p a l e  yel.:Lowi.sh grecn 

leaves  . 
Tree #4. About t h e  same a s  i n  November, b u t  almost a1.1. twigs have 

p u t  Ior t l i  a  i'ew cni of new growth. Galls  on t h e  leaves  a r e  very numeroiis, 

even some on t h e  new growth. 

Tree #5.  Essential.1.y a s  i n  November b u t  looks genera l ly  somewliat 

l ~ e s s  h e a l t h y .  ?lie leaves  tend t o  be  spl~otcl .~ed,  t h e  o l d e r  ones tu rn ing  

r e d .  Young growtli appears on many twigs ,  b u t  tends  t o  b e  r ed ,  d is tor tec i ,  

dwar Fed ailcl gal.l.ed . 
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F i g .  23. Map of t h e  h o t  s p o t  s o u t h  of Puhi.mau C r a t e r  t o  i l l u s t r a t r  
t h e  m a j o r  more o r  l e s s  c o n c e n t r i c  v e g e t a t i o n a l  a r c a s  and tlhe t r a n s o c t  sam- 
p l e d  by v a r i o u s  p e o p l e  b e a r i n g  2lo0 from t h e  c e n t e r  of t h e  steam v e n t  zone. 
The map symbols f o r  v e g e t a t i o n  a r e  t h o s e  of t h c  vegetation mapping described 
i n  C h a p t e r  V I I I .  "An" meaning a  r a t h e r  c l o s e d  s t a n d  of  Andropoeon v i r v i n i c u s ;  
"oAn," a n  open s t a n d  of  t h e  same Andropogon; "scM," s c r u b  covcr  of  Metros id-  
c r o s  c o l i n a ;  "M(L)," M e t r o s i d e r o s  w i t h  t h e  l i c h e n ,  C l a d o n i a ,  a s  a  ground - 
c o v e r ,  and "M(G) ," M e t r o s i d e r o s  w i  tli t h e  ground covcr  l.arg<:Iy ~ 1 c : i c h c n i a .  



Tree jib. About a s  i n  November, b u t  perhaps more 1c;avcs reddish  o r  

brownisli. A few cm oL' yonng growth on many twigs ,  l a r g e  buds on some 

o t h e r s  with l a r g e  gal1.s abundant even on t h e  new growth. 

Tree #7. Essen t i a l ly  a s  i n  November, b u t  most branches have 1x11: o u t  

new growth, some a s  much a s  10 em. The new growth on some twigs tends  t o  

be  pa1.e and reddish .  

Tree ~ # S .  A cons iderable  number of  l e a v e s  have turned brown o r  r edd i sh ,  

e s p e c i a l l y  on lower and middle branches.  Some twigs havc young growth up 

t o  5-6 cm I.ong, mostly hea l thy ,  bu t  some twigs a r c  a  bi. t  pa1.c. Many 

branclic?s have well.-grown i'lower buds, s e v e r a l  inFlorescences a r e  j u s t  

s t a r t i n g  t o  Flower. 

Tree 69.  A l l .  ].eaves a r e  now dead, some oC thein s t i l l  pers i . s t ing  on 

t h e  t r e c .  The bark when c u t  appears clead and dry i n s i d e .  

Tree #:LO. This i s  s t i l l  r a t h e r  hcal thy-looking,  genera i ly  Fru i t i~~ng 

1)ut only one o r  two inflorescences s t i l l  i n  floweir. 'Ihcre i~s abundant new 

grow1-h. This i s  ratlic:~: p a l e ,  but  on npper branches seems l-iealthy. Tilt 

extremc upper twigs of' t h e  t r e e  seem not  very heal.thy a s  t h e  leaves  a r e  

ra t l ic r  small. and t h e r e  :is n o t  ~nucll young growth. The t a l l e s t  basal. shoot  

(about  3 in) h a s  i t s  young growth acu te ly  dwarfcd and i n f e s t e d  wit11 ga1.l.s; 

t h e  leaves  or.' t h i s  sliooi: a r e  a b i t  brownish, n o t  a s  1iea:LtIiy-looking a s  i n  

t h e  t r e e  i.tse:L:f. Another s f ~ m i l a r  basal.  shoot  i s  1-eddish-yellow-green, has  

1 . i t t l c  new growl31 and loolcs unhealthy. A t h i r d ,  smal.ler shoot  lias ;I r a t h c r  

rcddi.sh appearance, b u t  lias some reddish young growth; t h e  ].eaves o r  ll:i. 

lower branches o r  t h i s  shoot  a r e  tu rn ing  red on t h e  lower p a r t s  of twi.gs. 

A b r i e r  check by c u t t i n g  i n t o  tl ic bark of a  numbcr o f  t h e  non-tagged 

t r e e s  i n  t h e  a rea  shows t h a t  t h e  inne r  bark of' most i s  red and ju i cy ,  b u t  

i n  a  Few it i s  pinlcisli and tends  t o  be r a t h e r  l ~ e s s  j u i c y .  



Across t h e  road from Puhimau Cra ter ,  two rough t r a n s e c t s  were walked, 

perpendicular  t o  road,  and 100 t r e e s  checked i n  each, over 5 m t a l l .  I n  

one t h e r e  were 32, i n  t h e  o the r  28, badly diseased o r  dead t r e e s .  J u s t  . . .  

above Kokoolau Cra ter ,  two t r a n s e c t s  were walked, south of  road,  count:ing 

100 t r e e s  i n  each, over 4 rn t a l l ,  i n  open t o  semi.-open Metrosideros f o r e s t  

up t o  20 m t a l l .  I n  one of  23 t r e e s ,  10 wcrc dcad, t h e  r e s t  p a r t i a l l y  

dead, o r  had obviously-dead p a r t s .  The o t h e r  t r a n s e c t  showed 15 ari 'ected 

t r e e s ,  5 of  them dead. 

This condi t ion  seemed t o  prevai l .  genera l ly  along t h e  Chain-oi.!-Craters 

Road, worse i n  some p laces  than o the r s .  Nowhcre, howevcx, was : i t  s o  

extreme a s  h e r e ,  northwest  O F  Puhimau Cra te r .  

More such t r a n s e c t s  should be  walked i n  va r ious  p a r t s  o C  t h e  

Mctrosideros area'  o:f t h e  Park. Some t r a n s e c t s  should be  permanently 

markcd and re-examined. The method of doing rough t r a n s c c t s  is t o  walk 

with a  counter  i n  hand, c l i c k i n g  it f o r  a1.l t r e e s  over n~inimurn hc:i.ghl; 

wi th in  easy counting d i s t a n c e ,  about  10 m on e i t h e r  s i t l c j  estimati.ng 

h e i g h t  o r  dead, broken t r e e s ,  rrom di.arneters, and not ing  down t h e  t r e e s  

t h a t  a r c  dead o r  have conspicuons dcad p a r t s .  llcad twigs a r c  ikgnorcd. 

3- I'uhimau h o t  spo t .  

Along t h e  Chain-oC-Craters Road, ; just  so:~th O F  I3irhi.maii Crotcr  (fii :s.  

8  & 23; Aer ia l  Photos 8-0104 R- 8-01.06) a  c i r c u l a r  a rea  :iin t h e  vegeta t ion  

shows a s  l i g h t  spo t s  on conventional. b lack  and wllite photogra@Iis and a s  a  

dark s p o t  on inf ra- red  photographs. This i . a t t e r  darkening i n d i c a t e s  

s < , r r a c c  temperatures over 48 deg. C.  A prel.iminary s tudy oC t h i s  area 

was begun by a  rough mapping o-f t h e  vegetation (F ig .  23) and soi:l. sampling 

Tor va r ious  f a c t o r s .  This :l.atter was al.ong a  proFi1.e extending outwarcl 

rrom t h e  c e n t e r  of t h e  h o t t e s t  a rea  on a  hcaili.ng of 21.0 degrces.  



The s o i l .  sampl-ing inc:Ludcd work toward d i s t r i b u t i o n a l .  s t u d i e s  of t h e  

microorgani.sms o r  which t h e  a lga l .  work compl.eted (Table 11 i n  Chapter V I :  

above) i n d i c a t e s  i n t e r e s t i n g  and co r re l a t ed  v a r i a t i o n s .  

I n  t h e  steam vent  zone and open Andropogon (0141: oil Fig. 23) a rea  

temperatures  of  48 t o  89' C were measurecl. Much of  t h o  s o i l  i s  i h i t e  a s  

though it were ash rrom a  f i r e .  The closed Andro~ogon area  (An) is waxin 

a t  t h e  surCace, t h e  temperatures measuring 46-47' C .  The scrub Metrosidcros - 

area  has  n o n a l  su r face  temperatures ,  b u t  it is  presumed those  o.? t h e  t r e e  

r o o t  zone a r e  h igh .  ~ l c t u a l l y  some a e r i a l  photographs show a  1.arge ou te r  

contour  t o  t h i s  s p o t  not  shown i n  t h e  p r e s e n t  f i g u r e .  

4- Napua Cra ter  a rea .  

The Napau su l rur -ar l ' ec ted  a rea  (F igs .  5 & 8; Aer ia l  P l~otos  5-0026 & 

8-0028) J u s t  west of the c r a t e r ,  t h e  c r a t e r  f ' loor i t seLF,  and kipukas on 

t l ic  c r a t e r  Floor were b r i e f l y  examined i n  November, 1.963: and re-examined 

on March 1.5, :1.964, tliougli because o-f unfavorable weather perhaps c e r t a i n  

iispects w r e  n o t  s tudied  a s  c a r c F i ~ l l y ,  even a s  t h o  1.imited time avai.:l.abl.e 

would o t l~e rwise  have permi t ted .  The c r a t e r  Floor  and kipuka a reas  were 

completely covered (F ig .  5 )  by lava  e a r l i e r  dur ing  March, 9 6  one year 

l a t e r .  Tlle Fol.loiqing notes  a r e  included t o  a s s i s t  h t u r e  s tuden t s  o r  1-hc 

a r e a .  

About ,300 rn below t h e  s i d e  t r a i l  around tl ic r i m  of  Maltaopuh Cra ter  on 

t h e  Napua t r a i l ,  a  s p o t  was not iced where t h e  a:ir seemc?cI appreciably wamcr 

than  el.sew11ere. A t r a c e  of  steam could be seen and a  sma l l  a rea  of thr .  

genera l ly  l u x u r i a n t  Gleichenia t ang le  was dead o r  apparent ly  so .  T h i s  was 

only a Cew meters  ac ross .  

/l:l.ong t h c  t r a i l  a  lew dead shoots  of 18ycopodi.um cernuum were not iced 

h e r e  and t h e r e ,  b u t  most p l a n t s  of t h i s  spec ie s  seemcd hea l thy .  Short ly 



befo re  reaching t h e  pu1.u f a c t o r y ,  t h e  numbers of t h e s e  seemed t o  be  g r c a t e r .  

It is n o t  suggested t h a t  t h e s e  have died s i n c e  November, 1.963, h u t  t h a t ,  

s i n c e  a t  t h a t  t ime t h i s  spec ie s  was seen t o  be  af:fected by s o l r u r  fumes, 

more a t t e n t i o n  was paid t o  it i n  t h e  upper p a r t s  of t h e  t r a i l .  Whether o r  

n o t  t h e  dead s l ~ o o t s  i n  t h e  a rea  between Makaopuhi and t h e  pulu f a c t o r y  

were, i n  March 1964, due t o  t h e  s u l f u r  i.s hard t o  guess. Su l fu r  rumes 

undoubtedly reached hem, bu t  t h e  bulk of t h e  -odium - popula t ion  was 

c e r t a i n l y  n o t  v i s i b l y  af:fected. There was only a smal l  proport-i.on o f  dead 

o r  unhealthy-l.ooking p l a n t s .  No o the r  unusual  e:Wects werc ev ident .  

Toward Napail Cra ter  from t h e  pulu f a c t o r y ,  t h e  nnmhcr 0.7 dead Lycopodium 

shoots  increased r ap id ly  along t h c  t r a i l  and by t11c timc t ! i c  somewhat 

sma l~ le r  and more open Metrosideros Forest was reached, almost al.1. t h e  matiire 

shoots  were e i t h e r  dead o r  only had t h e  main rac1i:i.s green.  I-lowcver, numer- 

ous green,  a c t i v e l y  ggrwing shoots  were growing up from t h e  prostrate 

s t o l o n s  below. 

I n  t h e  neighborhood of t h e  pulu Factory, some -- Cibotium l'crns showed 

dead lower leaves  thoug11 t h e  newer ].eaves were heal t l ly .  Dead i'ronds wcrc 

n o t  not iced  h e r e  i n  November, 1963, but  may have been p resen t .  

I n  t h e  more open a rea  on t h e  184,O-Flow, s t a r t i n g  somewl!at c a s t  of 

t h c  pulu f ac to ry ,  n o t  much of an abnormal. appearance c0u:l.d be  sc:cn except 

Tor t h e  dead Lycopodium sltoots menti-oned above. Ihc Mctrosidc:ros t r e e s  

had l a r g e l y  recovered from t h e  p a r t i a l  cle-foliati.on obscrved i n  Novcmber 

though they  s t i l l  were a b i t  spa r se .  Al.ong t h e  t r a i l .  somewl~at below tile 

beginning o r  t h e  spa r se ,  1.840-n.ow a r e a ,  t h e r e  were many dead Fronds on 

t h e  Gleichcnia,  b u t  vfgorous, newer: :immal~sre t o  ma t i~ re  ones were abundant. 

Here, a l s o ,  Machaerina angust i . fol ia  and t h e  much r a r e r  - M .  meyenii, showed 

many dead o r  p a r t l y  dead leaves ,  b11t a l s o  many, yoring hea l thy  ones. Some 



p:Lants o r i m e r  spcc:i.cs were Flowering. J u s t  below h e r e  above t h e  s t e e p e r  

s t r e t c h  o:F t r a i l ,  t h e  sparseness of t h e  Metrosideros became more str:ik:i.ng, 

seemingly more s o  than  a s  remembered From November. '[ere al.so, about 50% 

oT tile Sronds o r  t h e  Glcicheuia were dead, t h e  r e s t  green. -- 
On t h e  zone oT s t e e p e r  s lope ,  t h e  vege ta t ion  was much l e s s  dominatctl 

by Mctrosideros. Here was a somewhat open mixture o:F Androgogon with C! 

flew o t h e r  g ra s ses ,  Machaerina, Cyperus and o t h e r  sedges,  Gleichenia,  

ilrundina, I'olypodium pellucidurn, and some s c a t t c r e d  dwar:fed Metrosideros.  

Tile Arundina seemed normal, bu t  h e r e  t h e  recovery of  Lycopodium cernuim 

Crom t h e  severe  dainagc ~ i o t e d  i n  November was much r e t a rded .  The - Andropogon 

and Qpcrus yolystachyos had both t h e  l eaves  and inll .orescences dead above. 

Sacc:i.olepis con t rac t a  showed no bad e f r c c t s .  Be:l.ow t h i s  s lope  on t h e  

rc:lat:ively level., biit s t i l l  open ground, the Glei~clicn:i.a, a t  ].east, arid 

perhaps al.so t11c T,ycopodium showed more recovery o r  :Less damage than on 

t h e  sl.ope. 

Dcyorrd t h e  Cork i n  ? h e  t r a i l  on t h e  r i g h t  branch, t h e  Forest  was much 

t a l l e r  and greener  :for a s h o r t  d i s t a n c e ,  and nothing sl~owcd much damage. 

Only t h e  Lycopodium and Gleichenia showed some dead p a r t s .  The Metrosideros 

t r e e s  h e r e  had be@n t o  show many l e a f l e s s  branches and some t r e e s  were 

completely l ea l ' l e s s  . These had dead bark,  i i lso.  In  an area  t o  tl ie i d t  o C 

t h c  t r a i l . ,  t h e r e  were many dead t r e e s  and b u t  few hea l thy  ones. Ar ter  t h i s  

and Further toward Napua Cra ter ,  t h e r e  was a s t r e t c l i  o f  t r a i l  th roupl~  Corcsl: 

t h a t  looked almost nomal.. Then an area  o-C t a l l  Mctrosicleros Corest w:i:h 

a conspic:uous nnderstory o-F Cibotium extcmled t o  t h e  edge o r  Napau Cra ter .  

The Metros:i.dcros showed l j t t l e  evidence of t h e  derol-iat:i.on evident  i n  -. 

November, 1963.  The Cibotium which had no l i v i n g  fronds then,  now a l l  had -- 
2 o r  3 f u l l y  developed grecu fronds.  I n  t h i s  a rea  Coprosma, Gouldi.a, 
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flieirodendron, Alyxia, and Pelea showed no evidence of  any damage and 

\iaccinium calycinum very l i t t l e  except t h a t  a l l .  l eaves  seem t o  be r a t h e r  

young. Broussais ia  was p u t t i n g  out  v igorous ,  young shoots  From otherwise 

l e a f l e s s  shrubs.  

Away From t h e  c r a t e r  t h e  Lycopodium cernuum was s t i l l  producing some 

new shoots ,  b u t  near  t h e  c r a t e r  none a t  a l l . .  The most p e r s i s t e n t  and 

s t r i k i n g  d f e c t s  seemed t o  be  on t h e  ep iphytcs ,  bryophytcs,  and rerals. 

A l l  bryophytes i n  t h i s  forested area  were dead (with tl ie p o s s i b l c  exception 

oC t e r r e s t r i a l  forms covered by an unusual  amount o r  clcad i'al.len 1-eaves) 

a s  were Polypodium tamariscinum, Grammitis t e n e r a ,  -~Iioglossum hir tum, 

Ilymeuopllyllum spp . , Psilotum, and Sel.aginel1.a c-C . s n z i c s i : i . .  E1.apho- 

gl~ossurn ret iculaturn,  however, had comple te l .~~ recovered and showed no 

eSrec ts  whatever; Its ].eaves were hr-igkt green, .firm, and l ea the ry :  and 

: i t s  rhizome hard and a l i v e .  Some d i s t a n c e  t o  t h e  r:i::lrl- -hwarrl -the g~i l~ch  

l ead ing  t o  t h e  c r a t e r  f l o o r ,  abundant new shoots  o f  Scl.aginel.la had 

appeared both on tlie ground and ep:ipliytically.  hbcther  t l lesc rc1,rcscntccl 

recovery o r  new spore l ings  was not  determined. 

At t h e  c r a t e r ' s  edge, t h e  m c l i a  - and Coprosma ernodcoidcs had 

produced new, vigorous,  l e a f y  shoots .  Lsaclrnc ilisticliop11y:l.l.a had resimicd 

a c t i v e  growth from i ts  stem t i p s .  Vacciniuin ancl Goiil~dia were hea l thy ,  

and t h e  Metrosideros looked almost normal~. On t h e  t r a i l ,  Youngia japonica -- 
had appeared i n  abundance. Tliere was considerable Cyper~ls po:l~yst:achyos 

and - C .  b r e v i f o l i u s  t h a t  seem almost normal. Nyp+cum was very common as  - -- 

was a broad-leafed s t e r i l e  unidentifi.c:d g r a s s .  Saccio1.ep:i.s and Paspa1~111n - 

or l~ icul .a re  were common and h e a l t h y .  Tlie Youngia was common l o c a l l y  i ~ n  t h e  -- 

:roods away from t h e  t r a i l  i n  s p o t s  t h a t  were riot too dcilsc!ly covered by 

dead leaves  , 



In t h e  gul.cli i.ead:i.ng dolm t o  t h e  c r a t e r  Cloor, t h e  damage, a s  b e f o r e ,  

sceincd t o  be gcncral.ly l e s s  conspicuous than  on t h e  f l . a t  above. Some 

bryopliytes were st i l l .  l i v i n g ,  b u t  most of  t h e  ep iphyt ic  bryophytes a s  

w e l l  a s  ep iphy t i c  Ferns were thorouglily dead. Ciboti.um froncls h e r e  were 

p a r t l y  brown bu t  not  dead. S e l a g i n e l l a ,  a l s o ,  was somewhat brown b u t  n o t  

dead. Pcpcromia and T i ~ e l y p t e r i s  seemed t o  have recovered very wel l .  

On t h e  new (7.963-) l.ava c r a t e r  f l o o r  no pl.ants had appeared (cxcepz 

a t i n y  s e e d l i n g  fouiid deep i n  a c rack  by Lamoureux). In  a  smal l  kipulca 

i n  t h i s  1.963-lava pool. clevoid of  any 1.iving p l a n t s  i n  November, s eed l ings  

o r  a number o r  spec ie s  had appearei!. Wit11 one o r  . t~<o  exceptions,  t h e  

sccd:l.irigs liavc? appeared on scorched, peaty s o i l  l y i n g  on t h e  su r face  of 

t l ic  old l ava  r a t h e r  than on t h e  1963-lava i t s e l f .  'Thcjr number, names, 

and s i z e s  a r c  1:istcd: 

1 ,Anclropogon v i r g i n i c u s  (3cm) . 
1 Conyza bonar:i.ensis? (sinall  r o s e t t c ) .  

1. C y p r u s  c .  polystachyos.  

Many Duhauti.a seabra  ( t o  1 cm). 

9 Erec l i t i tes  - valer iani . fol . ia  (very sma l l  t o  50 ern t a l l . ,  
one buddiurd . 

1 Giiaphal.:ium sandwicensc (10 crn) . 
Many -- Isaciine clistichopliylla (mostly small., one 1.0 cm) . 
Many Machacrina angus t i : fo l ia  ( smal l  t o  4 cm). 

4 P ip turus  a lb idus  ( red  veined)  ( t o  4 cm). 

I. PI.uchoa odorata  ( smal l  r o s e t t e ) .  

8 -- Rubus rosaefo%ius ( s e v e r a l  cm). 

I. Senecio s y l v a t i c a  (15 em). 

1 Unident:? Ficd pI.ant with firm, oppos i t e ,  obtuse leaves  
t o  11.5 mm long. 
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A t i n y  s a t e l l i t e  kipuka,  very near  t h e  :Large one which had apparent ly  

no l i v i n g  p l a n t s  i n  November, al.so showed some growlh. One Metrosideros 

shrub out  of  two was p u t t i n g  ori:h a  few t i n y  sp rou t s  a t  t h e  base .  l'here 

were t h r e e  Ercch t i t e s  v a l e r i a n i r o l i a  s eed l ings ,  one buclding, 25 cm t a l l ;  

one PI-uchea odorata  10 cm; a few very t i n y  Ilypericum; and many Machaerina 

a u g u s t i f o l i a  up t o  6 cm. I n  s h e l t e r e d  pl.aces and c r e v i c e s  on ol.d lava  f e r n  

gametophytes and t i n y  spore]-ings were abundant. A Few small. patches bore  

t i n y  moss p l a n t s .  

I l ~ e  l a r g e r  kipuka looked perhaps a  b i t  d r i e r  tlian i n  Novcniber, bu t  

iiiost p l a n t s  were showing some recovery except Lycopoc1i.un1. No - I;. Jihyll.antliuor 

was seen ,  and n o t  a  s i n g l e  l i v i n g  sp rou t  o r  stem oi' t h e  more abundant - I,. 

ccxuuurn was seen .  Machaeriria - a n ~ i s t i f o l i a  was a l i v e  bu t  n o t  i'l~owcr:i.ng. 

Dubautia seabra ims flowering aburidantly and V?ccinium reticuliil_ltm some- 

what l ~ e s s  so .  S typhel ia  was sending oirt some new s p r o u t s .  C:l.e:i.chcnia 

showed both dead and green fronds. 

On t h e  scorched per iphera l .  a r ea  on i h c  north s:i.dc oi' l-hc ltipuka, 

seedlings of Creck t i t e s  valer iani . fol . ia ,  J .  hi .eracih: l . ia ;  Pluclica oclorata, 

and Pip turus  a lb idus ,  a s  we l~ l  as  many t i n y  unrecognized sc:edl:i.ngs and 

sporeli .ngs had bccome es t ab l i shed .  

Almost no steam was :issuing Lrom tl~ci ncw l.ava s i i r face on t h e  c r a t e r  

r l o o r  except  along a Line s t r e t c h i n g  east-west  across  t3ic c r a t e r  t o  t h e  

 north of t h e  above mentioned kipuka.  On t h e  Fl.at ;just: west oT l-hc c r a t e r ,  

t o  t h e  nor th  of t h e  t r a i l  i n  1.iue with 131c 1.ine o r  steaming ven t s  on t h e  

::-atel: Sloor below, was a  h o t ,  ahundautl.y steaming area  whielr, juilg:i.aig by 

: i t s  vege ta t ion ,  hail n o t  been h o t  o:r a t  I.cast not: s o  h o t  f o r  very long.  

The steam From many of t h e  ven t s  was uncomi'or-tably h o t .  'lhc a:rea was 

covered by Gleichenia l i n e a n i s  and Andropogou - v i r g i n i c u s  i n  a  dense mass, 



~ i t l i  clumps o f  Macliac?rina a n g u s t i f o l i a  and a spa r se  s-t:aiid of  dwarr 

Metrosiclcros a s  we l l  a s  s c a t t e r e d  o t h e r  pl.ai?t-s incl.iidi.ng 1,ycopodium 

cernuum. The Metrosideros,  Andropogon, and Gl.eiclieuia were mostly dead, 

t l ic Machacr:i.na most1.y st i l l .  d i v e .  I n  t h e  h o t t e s t  a r e a s  t h e  Lycopodium 

was comijl.cte:ly dead, h u t  where t h e r e  was any green vegeta t ion;  t h e  maturc 

1,vcopodium shoots  we:re dead bu t  green, new sp rou t s  were growing i'roin tlic 

b a s a l  s t o l o n s .  The gas From t h e  numerous fumaroles smelled su l fureous  

b u t  n o t  stron:;:I.y s o .  This suggested t h a t  siil:rur fumes helow a c r i t i c a l  

concentrat:ion may n o t  have a se r ious  e fTec t  on Lycopodium. The dead 

shoots  inlay probably d a t e  rrom t h e  time of t h e  October e rupt ion  when 

s t r o n g e r  si1.1.fur rimes covered t h e  a r e a .  

There were numerous finnaroles i n  t h e  axca: somc pl-ocluciug j e t s  of 

imcomforta1)l.y h o t  steam, and i n  much oC t h e  area  h e r e  t h e  fumarolc!s w o : ~  

Iiotl-es-t and moslr  numerous^ t h e  vege ta t ion  was e n t i r e l y  dead, bu t  most1.y 

u o t  y e t  d is in tcgra tcc l .  imn1ediatel.y around somc. of t h c  i'umarolcs, open 

a r e a s  were begi~nning t o  appear and t h e  dead Gl~eichcnia was bccom:i.ng r a t h e r  

low. I t  scems probable t h a t  i n  t h e  near  f u t x r e ,  an open arca  simi.l.ar t o  

that- near  !\loi Cra ter  ( t h e  '11ot area" described above) may clcvelop h e r e .  

This a rea  s l~ou ld  be  accura te ly  mapped aiid clcscuibetl i n  t h e  very near  

i 'utzre and pe r iod ic  checks made on t h e  development o r  rct-t:o;rrcssion o r  t h c  

vege ta t ion .  In  Cact, it would h o  of i n t e r e s t  t o  map and describi? l h c  AJ~oi 

a rea  and any o the r  nelv warm o r  h o t  spo t s  t h a t  appeal:, a s  well. as  any a r e a s  

rdnere fumaroles occur o r  develop. Dot11 phys ioqomic  and 1.ori .s t i .c  compar- 

i sons  should thcn  be  made a t  a i r y  s h o r t  i n t e r v a l s .  Photos shoiil~tl a l s o  

be taken regpl.arly from Cixed p o i n t s .  These variably-hot  s:i.tcs a r e  unique 

s tudy a r c a s  provided jn Hawaii Vol.eanoes National. Park. 



D- PUU PUA'I AND THC DFVASTATCD AREA 

The 1959 November-December e rupt ion  i n  t h e  w a l l  of  Kilauea I k i  ( ~ i g .  

1 0 )  produced a new lava s u r f a c e  f loo r ing  t h i s  c r a t e r ,  produced t h e  c inder  

cone l'uu Pua ' i  and, beyond it, produced a s  a  shadow t o  t h i s  c inde r  cone a  

f i e l d  of  windblown ash .  The a r t i c l e  by Zahl (19.59) and i ts  accompanying 

photo record i l l u s t r a t e s  t h e  i n i t i a l  events  of  t h i s  e rupt ion .  I n  t h e  area 

a l l  organisms were destroyed o r  damaged. 

Thus, t h i s  s e c t i o n  i s  i n  t h r e e  p a r t s  descr ib ing  1) t h e  e rup t ion ,  

2) recovery of t h e  devastated area  and 3)  succession where t h e  previous 

popula t ion  was completely destroyed.  There a r e  on f:i.l.e va r ious  s e t s  of 

notes  on thcse  events  by Smathers (18-month summation, 1.963b), Wentworth 

( I n i t i a l  r e p o r t ,  1960) and Wentwortll and FIaugens (Early recovcry,  1960). 

Vcry convenient ly,  s i m i l a r  old a reas  remained undamaged nearby and t h e s e  

se rve  very w e l l  a s  c o n t r o l  a r e a s .  This s tudy has  been continued by t h e  

Univers i ty  of Hawaii. team and its no tes  a r e  on f i l e  i n  t h e  Park as  well .  

1- THE ERUPTION AND THE ORIGINAL POPULATION 

(R-om C.  K .  Wentworth's " I n i t i a l  Report") 

Kilauea I k i  is an anc ien t  p i t  c r a t e r ,  near  Kil.auea on t h e  e a s t  r i f t  

zone. Its s i d e s  a r e  s t e e p  i n  p l aces  bu t  nea r ly  everywhere w e l l  wooded. 

The major shape O F  t h e  c r a t e r  with somewhat s lop ing  s i d e s  g ives  a rough 

e s t ima te  of i t s  age a s  s e v e r a l  hundred and, probably, s e v e r a l  thousand 

yea r s .  There were very sma l l  flows down i t s  west s i d e  and i n t o  t h e  bottom 

i n  1832 and 1868. The l e s s  weathered su r faces  of  t h e  l a t t e r  flow i n  t h e  

bottom were covered with a  sca t te r j -ng  of ohia t r e e s  bu t  were l e s s  wooded 

than  t h e  s i d e s .  

The adjacent  edge of t h e  [ loor  of  Kilauea is nea r ly  ba re  of  t r e e s  but  



has  a  spa r se  s c a t t e r i n g  of slirubs and t r e e s  t h a t  have commenced s:low:l.y t o  

grow on t h e  su r face ;  t h a t  s i d e  t o  t h e  nort3r was covered by lava Flows :in 

1919. 'Ihe g r e a t e r  p a r t  O F  Kilauea i s  essenC-iall.y devoid oT t r e e s .  Othcr- 

~;:i.se, t h e  a rea  surrounding Kilauea nii i s  Forested, heav i ly  a t  t l ie e a s t  

b u t  dwindl.ing a  mmic o r  s o  west and southwest of t h e  c r a t e r .  

The 1959 erupt ion  caused var ious  k inds  of damage t o  ad jacent  ve:ict:a- 

t i o n ,  Ikon1 complete k i l l i n g  by b i i r i a l  under t h e  pooled lava i n  t h e  Kilauea 

depress ion  o r  t h e  c inde r s  of  t h e  t h r e e  hundred Toot cone, Pnu Pua ' i  ( r i g .  

10):  t o  only temporary eTSects oT  fume o r  r e t a r d a t i o n  o r  iiu,gientation i n  

re la t i .on  t o  l e s s e r  c inde r  cover over a  wide a rea .  IT t h e  n a t u r a l  i 'orest 

under t l ie e x i s t i n g  c l imate  is considered. t h e  s t o r y  o r  t h e  u l t ima te  re-  

i 'o res ta t ion  rdlich w i l l .  be r e s to red  t o  t h e  t o p  and l ~ e e  s i d e s  of t h i s  new 

cone, Puu I 'ua1i,  may be wr i t t en  a  hundrecl yea r s  hence. 

Tile vege ta t ion  and t r e e s  i n  t h e  lower 300 Feet oT t h e  i'ormer p i t  ;<ere 

id10l.l.y consumed. Around t h e  margin of  t h e  l a k e ,  ~djhere l.ava r e a c l i d  only 

diiring su rges ,  a Few t r e e  mol.ds were LeCt. !Is l~ava  rose  i n  sueeess:i.vi. 

episodes,  t r e e s  ai- t h e  margin, a l ready d r i e d  by t h e  h e a t  of' t h e  cnc ro~?chf .n~  

l ake ,  caugkt fi .re and added t h e i r  f l a r e s  t o  t h e  :Lurid scene.  Many o r  t h e  

Cires burned a s t r i p  . up . t h e  s i d e s  of t h e  c r a t e r  and threatened siirrouridin:! 

country.  Whether any cons iderable  number o f  t r e e  molds a r c  preserved 

under t h e  deeper p a r t s  of t h e  Fill .  of  lava i n  t h e  1.ake i s n o t  known; t h e i r  

p re se rva t ion  was threa tened  by t h e  vigorous remel t ing  o i  ehe lava  wh:i.c:l! 

l a t e r  enveloped them, but  it seems c e r t a i n  t h a t  some have been preservuti .  

B u r i a l  and k i l ~ l i n g  ol' vegeta t ion  over t h e  base a rea  o r  t h e  cone 

Puu Pau ' i  where t h e  th ickness  of t h e  c inde r  is over 25 i'eet is c e r t a t n .  

There seems l i t t l e  evidence t h a t  any t r e e s  snrvived a  sui-rounding cover  

o f  s o  much a s  10 f e e t .  Beyond t h e  per iphery  of  t h e  complete1.y ba re  area 
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d t h e  cone, t h e r e  begins a  b e l t  of  f a l l e n  and co.npl.ete1.y defo:Liated 

trunlts of t h e  former f o r e s t .  A few yards wide it merges outward with a  

be1.t of  t r e e  molds, followed by another  narrow b e l t  where t h e  t r e e s  a r e  

s t i l l  s t and ing  b u t  scorched and defo1:iated. Outside t h i s  be:Lt t h c  t r e e s  

have been seve re ly  excorciated by f a l l i n g  pumice and cl.ots of  l a v a ,  bu t  

t h e s e  a r e  recover ing  a s  t h e i r  t runks  a r e  heav i ly  fu r red  by a  new growth 

oS leaves  on t h e  t runl ts .  Tor montlhs t h e  tops  o-f' t h e s e  t r e e s  were covered 

with t h e  s t r i p p e d  and dead, sma l l e r  branches.  

I n  t h e  c e n t r a l  a rea  of deep bmrial ,  t h e r e  was no surv:i.va:L of  t r e e s  or  

r o o t s  o r  s eed l ings .  1-lere is an area  which we may suppose wi:Ll  be reFores1:cd~ 

perhaps with seed from t h e  surrounding undamaged country.  

Some t r e e s  and shrubs werc temporari ly 11nr:i.ed and widely dc.fo:l.:i.atod 

by mechani-cal impact From f a l l i n g  dcbr i s .  Ti~ough annual weecis, fc?rns and 

such were destroyed o r  covered a t  t h e  t imc of c rup t ion ,  many o:f Ihc t r c c s  

and 1.arger p l a n t s  a t  t h e  margin survived and rcgrew from Ill.t?:ir bur i  cd bases . 
Ferns were par t icu l .a r ly  responsive i n  recovery and showed new fronds i n  a  

few days. The cl.imate is such t h a t  vegetati .ve growth talccs pl.ace a t   all^ 

seasons .  It appears t h a t  growth OF Sern buds toward t h e  sur.facc. i n  c inder  

can c e r t a i n l y  t a k e  p l a c e  :from depths of  t h r e e  o r  r o w  f e e t .  1bfol : i~at ion 

of  l-he trunlcs o:f smal l  t r e e s  t h a t  had been excor ia ted  was a  conspiclious 

process  i n  t h e  weeks t h a t  followcd t h e  e rup t ion .  

I n  s e v e r a l  a r eas  where t h e r e  was a  heavy fa:l.l. of  s lung  cl.ots of  l a v a ,  

which mol.dcd somewliat t o g e t h e r ,  h u t  was of  lava i n s u S f i c i e n t l y  molten t o  

Tlo% as  a w11ol.e. The h e a t  of  t l i rec  of four  r c e t  of t b i s  was siir:f:icicnt t o  

burn o f t  t l lc trunlcs of 1:hc t r e e s  and Form numerous t r c c  molds. 'Ilhcse a r e  

From i.ess than  an i.nch i n  d:iametcr t o  over a  root and show tllc usual. fca- 

t u r e s  of  t h e  shape and branching of t h e  trunlcs. 'Illcre a r e ,  no doiibt, many 



of them under t h e  coverings oi: c inde r s  where t h e  lava cl.ot l ~ a y e r  l i e s  

below t h e  c inder  l a y e r .  I n  many cases  t h e  Fa:l.i.en trunlrs i.1i.e c:lk~i! t o  t h e  

mo:l~ci and show a  t a p o m 3  burnt  end with t h e  f i n a l  t i p  uriburnt b u t  brolcen. 

111 an area ad:jacent t o  t h e  impressions mo:l.ded i n  l ava ,  wlic?re t h o  

l a y e r  oC c inde r s  is biit a Cew inches tliiclc over t h e  lava  molrls, t h e  c:i.nders 

have slumped i n t o  t h e  underly:i.ng lava  mo1.d forming another  t y p e  o r  tr(3e 

mold, funnel-l:ikc :i.n Form. 

I n  a r e a s  where observat ion could be  made t h e  f a l ~ l o u t  o f  c inde r s  and 

even cobble-size blohs was a t  t h e  r a t e  of  several.  Feet oi: deptk p e r  hour 

hilt mostly i'or q u i t e  s h o r t  pe r iods .  Th:ik enviroiment a t  t h a t  t ime,  was 

untenable For humans except by inadver tance  and roiigh on t r e e s  and t h c  

few huil.rI:i.ngs i n  t h e  a r e a ,  particu1ai:l.y t:liose a t  t h e  old siiinrner camp. 

Trees were stripper1 oi: 1:Iiei.r h a v e s ,  bark and smal le r  l ~ r a n c h e s ,  and inany a r e  

now e i t h e r  11ur;.c?d o r  remain clcnuded today.  Far ther  rroin t h e  sourcc  o r  the, 

I.ava rountains,  t r c c s  were hc?avily sca r red  b u t  i h e  trimlcs retained enoi~gli 

v i t a l i t y  s o  t h a t  subsequent recovery took pl.ace i n  t h e  fonn o f  numerous 

sma l l  leaves  and then q11ickl.y a  r a t h e r  lush  Fol.iat:i.on from t h e  t runk,  

i nc lud ing  Flower buds rutiich went on i n t o  a  consp:i.cuous bl~ossoming 01 r h ~  

red l.el~ua. The furry rc fo l . ia t ion  oC t h e  lowcr ohia t runks ,  with i.ncrc!asi.ng 

lloweri.ng o f  c e r t a i n  t r e e s ,  and t h e  ba re ,  k i ~ l l e d  s l ende r  twigs a t  I-IIc! t o p  

gave a very b i z a r r e  appearance t o  many of  t h e  t r e e s .  

I n  t h e  heavy Callout a r e a s ,  Fli.ing b lobs  of s o r t  lava landed i n  t l ic 

Corks of t r e e s .  Some f'el.1 a t  once, o t h e r s  cl.iing long enough t o  sco rc !~  

t h e  t r e e  but  Cell. a f t e r  t h e  cool ing  due -to crumbling. A Few remaincxl 

draped i n  t r e c s  which s t i l l  s tand  and can be seen today.  A number oC 

l a r g e r  t r e e s  in t e rcep ted  enough c l o t s  and c inde r  t h a t  \when they f e l l .  they 

Formed a  inound on t h e  near  s i d c  of  t h e  t r e e .  



Some of  t h e  sma l l  f i r e s  t h a t  burned up t h e  i n n e r  s i d e s  of  t h c  c r a t e r  

burned s e v e r a l  months a f t e r  t h e  c l o s e  of t h e  e rup t ion .  Some even occasioned 

enough alarm t h a t  t h e  National  Park f i r e  d e p a r b ~ e n t  was c a l l e d  ou t ,  bu t  

t h e r e  was no spreading .  

A t  t imes  dur ing  t h e  e rup t ion ,  t h e  winds were a b e r r a n t  enough, o r  calm 

enough, t h a t  fumes from t h e  erupt ion  s a t  low and people l i v i n g  i n  c e r t a i n  

d i s t r i c t s  not iced  Fume damage t o  c e r t a i n  p l a n t s ,  It does n o t  seem t h a t  

t h i s  was seve re  enough o r  of long enough dura t ion  t o  cause de f inab le  

economic damage. Other e rup t ions ,  a t  c e r t a i n  t imes ,  have a f f ec t ed  p l a n t s  

enough o r  p e r s i s t e d  long enough t o  occasion crop l o s s  o r  have an appreci-  

a b l e  e f f e c t  on humans, e s p e c i a l l y  those  i n  d e l i c a t e  h e a l t h .  A t  t imes t h e  

fumes have been r e s t r a i n e d  under an inve r s ion  l a y e r  i n  t h e  atmosphere, 

and thence a t  a  gLven l e v e l  have d r i f t e d  a g a i n s t  t h e  mountains t o  make 

t h e i r  e f f e c t ,  b u t  n o t  i n  t h i s  case .  

2- RECOVERY OF THE DEVASTATED AREA 

By G a r r e t t  Smathers 

Where t h e  ash . f a l l  was l i g h t  and t h e  p l a n t s  were merely denuded o r  

s u ~ p e r f i c i a l l y  bur ied ,  t h c  woodier tcndcd t o  recover .  To be  a b l e  t o  

fol low t h e  recovcry,  a  b c l t  t r a n s e c t ,  which forms p a r t  o r  t h e  major a x i s  

of t h e  c inde r  and pumice f a l l o u t  a r e a ,  was l a i d  o u t  (F ig .  10)  t o  determine 

f l . o r i s t i c  cond i t ions  and composition r e s u l t i n g  from t h e  devas t a t ion .  Data 

From t h i s  w i l l  h e l p  i n  analyzing vege ta t ive  recovery corresponding t o  t h e  

c l i m a t i c ,  physiographic,  b i o t i c ,  and edaphic f a c t o r s  involved. This major 

t r a n s e c t  extends from a  p o i n t  near  t h e  summit of Puu Pua ' i  f o r  a  d i s t ance  

of  4800 k e t ,  200 degrees west of south ,  t o  a  high p o i n t  i n  t h e  Kau Desert.  

It h a s  been l a i d  ofl' i n  15 meter s e c t i o n s ,  each marked with a  wooden s t a k e  



about  Cour iuclles ahove ground. Four weather s ta t i -ons  were locatctl  (F jg .  

1.0), t h r e e  a t  2600 .foot : i~nterva ls  along f h i s  i.:i.ne and a .pourth j.n t h e  

c r a t e r  oT Kilauea I l i i ,  i . t s c l f .  

These s t a t i o n s  w i l l  provide d a t a  on meteorological phenomena occurr ing 

i.11 t h e  t r a n s i t i o n a l  zone between t h e  leeward and windward c l ima tes .  The 

t r a n s c c t  h a s  not  been mapped; t h u s  we do n o t  know t h e  f l o r i s t j c   composition^ 

d i s t r i b u t i o n ,  devas ta t ion  and v e g e t a t i o n a l  recovery throughout i ts 1.engtll. 

l'l~oto s t a t i o n s  were e s t ab l i shed  and near  them b i s e c t s  were madc t o  

a s c e r t a i n  methods of  recovery; a l s o  photos were mad(? o r  recovery i n  s l lc7ters  

such a s  t r e e  molds, ccaclcs, l e e  s i d e  oC t r e e s ,  t r e e  h o l e s  (both dead and 

l i v i n g  t r e e s ) ,  and s imi1 .a~  h a b i t a t s .  Other vegetat:ive mani r e s t a t i o n s  sue11 

a s  a c r i d  r o o t s  on Mctrosideros,  some over a  meter long,  ?lave been pliol-o- 

graphed . 
Four 5-by 5-meter qnadi?ats were estab:l.i.shed on t h e  s o u t l ~ e a s t  sjclc? o r  

t l ic c inde r  ral.:Loiit a r ea ,  about 500 Fect  from : i ts  per iphery .  Tl~ssc!, \when 

s u i t a b l y  mapped and checked cvcry s i x  t o  cig:liC months, should reveal. i n t e r -  

e s t i n g  a spec t s  of e a r l y  successi.ou upon pumice, c inde r s  and s p a t t e r  sub- 

s t r a t a .  These quadrats  urgent1.y need mapping and t e s t s  shoulrl ?,c rim on 

t h e  purnicc, c inde r s ,  and s p a t t e r  Tor chernica:L, b i o t i c ,  and moisture con ten t .  

The p r i m i t i v e  cilaphic coixi i t ions p r e v a i l i n g  now can t e l l  u s  a  l o t  about 

p ioneor  co lon ize r s  and t h e i r  developing associat:i .ons. 

The pumi-cc and c inde r  Cield ( t h e  a rea  wf p y r o c l a s t i c  materia:]. Fa:lLl.out) 

Tor t h e  p l a n t  e c o l o g i s t  i s  uniquc because o l  i ts geologic c o m p o s i l i o ~ ~ ~  aiitl 

geograp1lica:l p o s i t i o n  (b i sec t ed  by a r a i n  shadow). Here both iecward and 

windward c l imates  a r e  manifestcxl a t  an e l eva t ion  of  approximately 4000 Feet. 

I n  1960, t h e  photo s t a t i o n s  establ is l ie i l  t l i rougl~out  t h e  a rea  ailowcd 

some means of recording vege ta t ive  recovery and success ion .  Wh-ilc t hese  



photographs have been very u s e f n l  i n  d e p i c t i n g  recovcry of t r e e s  and shrubs 

( e s p e c i a l l y  t h e i r  f o l i a g e ) ,  they  a r e  inadequate i n  recording  p ioneer  

co lon ize r s  and a s soc ia t ion .  Also they  do n o t  permit  a  q u a n t i t a t i v e  analy- 

sis of t h e  l i f e  :forms p resen t ,  s e r a 1  compositj~on, o r  of  populat ions appear- 

i n g  on t r e e  b o l e s  and i n  t r e e  molds. 

The most remarkable a s p e c t  of  t h e  devas t a t ion ,  p l a n t  recovery and 

success ion  is  t h a t  be ing  exhib i ted  by ollia, Metrosi.deros. Nearly 100% 

o r  these  mesophytes were k i l l e d  wi th in  2500 f e e t  clownwj~nd (sonthwcst) froin 

t h e  main v e r t  by h e a t ,  excoriation, pumice and s p a t t e r  depos i t ion .  S t a r t i n g  

a t  about 75 i.iiclies of deposi.tion (downwind), t h e  first survi.vors ;ippeared 

and bccamc more nuinerons toward t h e  sout l~wcst  a s  purni.ce depos i t ion  clecl-cased. 

I n  t h e  a rea  of complete devas t a t ion ,  Mctrosj.dcros seed l ings  wo-c found grow- 

i n g  i n  t h e  protcc%ion of trec: molds and a t  t h e  lceward basc oC dead t r e e s .  

Outside t h e  a rea  of complete dcvas ta t ion ,  sp rou t s  i'rom trunlcs of  covcrcd 

t r e e s  havc pushed throng11 t h e  pnmicc. 

F ic ld  in spec t ion  of  each p1iol:o s t a t i o n  quadrant shows a high nnn~bcr oF 

exo t i c  pl.ants p r e s c n t .  A t  S t a t i o n  #:I. o f  l i n e  # I  t h e  l . i s t s  prepared show o v e r  

75% o r  t h e  p ioneer  co lon ize r s  t o  be  cxo t i c  p l a n t s .  I t  :is d i f r i c u l . t  t o  

estahl . ish w1ii.ch spec ie s  o r  taxon f i r s t  appeared. I?lii.l.e the ca:rly csta'b- 

lislimcnt o:f plioto stat:i.ons was most clcsirable,  miich val.ua1)l.c i r ~ f o ~ m a t i o i ?  

was l ~ o s t  by n o t  p l a c i n g  quadra ts  i n  each photo quadrant:. p a r t  oF 

t h e  developing s e r e  may be  secn a t  S t a t i o n  #I, l ~ j ~ n c  #l (al.ong t h e  board- 

walk).  Here Bnddleja a s i a t i c a ,  Ncphrolepis cord i i 'o l ia  anrl I<ubus rosacFol~ius ,  - --- 
:.,m.i.nated among t h e  : i n i t i a l  col .onizcrs ,  Tlic!se a r e  ( i n  1963) being repl.aced 

1;. S e t a r i a  geniclll.ata, Paspalni~l conjugatun~, C y p e ~ m  rotundus arid ilolcus 

la i ia tus .  Fo:Ll.owing? t h i s  a s soc ia t ion  endnnic and :i.iidigenous spec ie s  appca:r 

such a s  Cibotium cliamissoi., As te l i a  m c n ~ c s s i a n a ~  and rccovcr:i.ng< Metrosidcros 

col.l ina, va r .  polymorplia . 



The pinnicc and c:indc:r :'iel.cl i s  revea l ing  many i n t e r e s t i n g  phases ol: 

v e g e t a t i v e  rixcivery and sncccss ion .  Morc a t t e n t i o n  h a s  becri gi.vcn t o  this 

area  than  t h e  c r a t e r  [ loor .  Spa t t e r  pumice and c i n d e r s ,  e i t h e r  by physical. 

n a t u r e  o r  locat:i.on, a r e  he lp ing  t o  c r e a t e  numerous h a b i t a t s ,  along with 

t r e c  rnol.ds end 1.ee s i d e  of dead t r e e s .  Remarkable "migration" of  somc 

spec ie s ,  tlhough t l ie rc  may be somc ques t ion  a s  t o  cicesik, h a s  been madc t o  

s p a t t e r  a reas  and t o  those  p l aces  of  low c i n d e r  depos i t ion .  Most p l a n t s  

appearing on t h e  former substratiim have developed from dispersed disseminules  

idliil.~ on t h e  l a t t e r  buried roo t ing  systems have pushed stems tl~rougli  scvera:I. 

:iiiches o r  c inde r s  and pumice and lormed low-lying slrrubs. Ttie di .s t r ihut i .on 

appears go be c o r r e l a t e d  with p r e c i p i t a t i o n  and t h e  pliysical. na tu re  oT t h e  

s l i l~stratum. 

Most o:f t h e  p ioneer  co lon ize r s  (From seed) a r e  exo t i c  types ,  and a long 

t h e  boal-dwalc they  appear i n  g r e a t  quan t i ty .  Most r ep resen t  t h e  i.!aiiiiIies 

Cornpositae, Rosaceae, and Cramineac. Analyses o f  photo quadrants tcrids t o  

show some o  l: t h e  exo-t-ic p l a n t s  being rc:placecl by cmlanic and iridigc:nous 

speci.es. 

Oliia (Mctrosideros c o l l i n a  v a r .  polymorplia) e x h i b i t s  some very i n t e r -  

e s t i n g  a spec t s  of recovery and rees tab l i shment .  Nost not i-ceable a r c  t h a t  

branches and b ranch le t s  appear on t h e  l e e  s i d e  o f  devastated t r e e s ,  w1iil.c 

t h e i r  winclward s i d e  remains ba re .  On a  Cew t r e e s  a l l  of  t h o  eonduct:i~vc 

t i s s u c  was destroyed on t h e  windward s i d e  by {lying pumj.cc and c inde r s ,  

t h u s  leav:i.ng narrow s t r i p s  of conductive t i s s u e  on t h e  l e e  s i d e .  Tlie 

major i ty  ooT recover ing  t r e c s  were not  g r e a t l y  excoriated on t h e i r  windward 
t h e r e  

s i d e .  Uut t h e i r  buds were k i l l c d , o r  reduced i n  number by t h e  b l a s t i n g  by 

h o t  c inde r s ,  severe  des i cca t ion  by siiperhcated a i r ,  o r  a combination oC 

t h e s e  and o the r  physical. f a c t o r s  perhaps sucli a s  ac id  o r  gases.  



Ohia t r e e s ,  approximately 2400 f e e t  (downwind) From t h e  main v e n t ,  

were s t r i p p e d  of  tl1ei.r branches bu t  buds remained al.ive i n  t h e  ba rk .  

These have given r i s e  t o  numerous f o l i a t e d  branches t h a t  give t h e  t r e e s  a  

fuzzy appearance. 

ManiFestations of  t h e  devas t a t ion  wrought, e s p e c i a l l y  on l i v e  branches 

on t h e  l e e  s i d e  of t r e e s ,  t e l l  a  s t o r y  of  p r e v a i l i n g  t r a d e  winds ca r ry ing  

lava from t h e  founta in  southwestward. 

I n  a r e a s  tghere b u r i a l  was 100 inches o r  more it appears a l l  conductive 

t i s s u e  was destroyed above ground by h e a t  and excor i a t ion .  I n  a l l  proba- 

b i l i t y  t h e  roo t ing  system remained a l i v e  f o r  an extendedpeliod, b u t  died 

l a t e r  bccause o r  l ack  of Food s i n c e  t h e r e  were no l eaves .  

This hypothes is  is supported by one l a r g e  t r e e  t h a t  produced a Tew 

leaves  on i ts  l e e  s i d e  one year  a f t e r  t h e  e rupt ion .  During t h e  foll.owing 

year  a l l  t h e  leaves  disappeared and s i n c c  thcn none has  reappeared.  It 

i s  reasonable t o  assume t h a t  t h e s c  few l eaves  were unable t o m n u f a c t u r e  

t h e  amount of  Food needed. 

Some young ohias  were completely destroyed above ground; however, t h e  

roo t ing  systems apparent ly  were n o t  i n j u r e d .  I n  s e v e r a l  a r eas  t h e  under- 

ground p a r t s  have pushed stems through fou r  t o  t e n  inches of pumice and 

produced shrubs two t o  t h r e e  f e e t  h igh .  

I t  was repor ted  t h a t  wi th in  one t o  two yea r s  a f t e r  t h e  e rupt ion  t h e  

recover ing  t r e e s  produced a profuse  bloom of  lehua blossoms. Apparently 

t h i s  i n d i c a t e s  more energy a v a i l a b l e  f o r  f lower development. Hor t icu l -  

txrists o f t e n  produce a  profus ion  of blooms on shrubs by pruning twigs 

and branches,  a  process  c a r r i e d  out  by t h e  e rupt ion  :in t h i s  case .  I t  i s  

i n t e r e s t i n g  t o  no te  t h a t  t h e s e  numerous blooms produced a copious supply 

of seeds t h a t  became d ispersed  presumably throughout t h e  devas ta ted  a r e a .  



Most 0:' t h e  seeds  t h a t  have :reminated seem t o  be  i n  shel~terc!d p l accs  aiid 

a t  p r e s e n t  appear t o  have become e s t a b l i s h e d .  

Anothcr i n t e r e s t i n g  adapt ive  a b i l i t y  o f  Metrosideros, a f t e r  devas t a t ion ,  

was t h e  development of acr i .a l  r o o t s .  Seve ra l  d t h e s e  reddish woody appen- 

dages have bcen seen t o  have taken r o o t .  Most of  them hang one t o  two f e e t  

From t h e  t runks  o r  limbs and, i n  a l l o v e r  appearance, resemble wi t ches r -  

broom formations. By observing t r e e s  wi th in  and ou t s ide  t h e  devastated 

a r e a ,  it is evident  Mctrosideros is more l i k e l y  t o  dcvelop these  appendages 

a f t c r  some type  of  i n j u r y .  Those t r e e s  su rv iv ing  t h e  dcvcstat:i.ou cxhil>:i.t 

more a e r i a l  r o o t s  than those  oulsiclc t h e  f a l l o i l t  a r e a .  I t  is di:fi:icul.t 

n o t  t o  b e l i e v e  t h a t  t h e s e  a e r i a l  r o o t s  ace not  pc!ri:orming t h e  v i t a l  iunct:i.ons 

01' absorp t ion  normal t o  a e r i a l  r o o t s .  However; Rock (1.93.7) bc l i eves  i:lie-ir 

presence is dnc t o  "a 1.aw oi' h e r e d i t y ,  t h e  r c v c r t j n g  t o ,  o r  t h e  producing 

of  c e r t a i n  cha rac te r s  pecu l i a r  t o  t h e  ancestor . ' '  H c  bases t l i i ~ s  on obscr- 

v ing  Mctrosideros possess ing  a e r i a l  r o o t  i n  both mcsic and x e r i c  hab i t i i t s  

The dead a s  well. a s  t h e  l i v e  ohia i s  jhpor t au t  t o  t h e  c c e s i s  oi' many 

t a x a .  Their leeward s i d e s  provide s u i t a b l c  h a b i t a t s  :for cryptogams and 

El~oweri.ng p l a ~ i t s .  Their presence produces numerous microclimate condi t ions  

conducive t o  gmmi.nat:i.on of secds and spores ,  a s  w e l l  a s  guard:i.ng a g a i n s t  

desiccat;.on and dislodgement by t h e  p r e v a i l i n g  t r a d e  winds. 'Tlicsc micro- 

c l i m a t i c  condi t ions  a r e  a:Lso mani:fest beneath and along si.dc Fa:Llcn l~rancl ies  

and t runks .  

A t  p r e sen t  t h e  she l t e red  a r e a s  a r e  occupied by b1.acltberry (R~ibus E- 

t r a n s ) ,  b u t t e r f l y  weed (Budd1.e;ja a s i a t k a ) ,  hino-hana ( E r e c h t i t e s  v a l e r i a n i -  

Tolj~a) ,  pamakani (Eupatorium riparium) , sedge, kalulm (Cypcrus brcxi. Fol ius) ,  

sword i'ern (Nep11rol.epis c x a l t a t a )  , lcupaoa (Rail.li.arc1ia scabra)  , and s e v e r a l  

mosscs and l i c h e n s .  I4ii:l.e t h e i r  e c e s i s  may be quest ioned,  t h e  ab i l i t -y  o r  



t h e s e  forms t o  l i v e  bu t  a  s h o r t  per iod  w i l l .  d e f i n i t e l y  in f luence  t h e  

substratum. A l l  b u t  two of t h e  above mentioned a r e  e x o t i c s .  Certa:inly 

t h e s e  Soreign s p e c i e s  have t h e i r  p l a c e  i n  t h e  a l l o v e r  p l a n t  success ion .  

On t h e  moist  windward s i d e  of' one dead ohia ;  near  t h e  boariiwallc and 

wi th in  1500 f e e t  of  t h e  ven t ,  a  colony o f  s n a i l s  was i.ocal:ed. They tend 

t o  p u t  i n  t h e i r  appearance dur ing  ll.ong pe r iods  oC raj.n o r  when s u i t a b l e  

moisture is a v a i l a b l e .  Spiders  a r e  Found on many t r e e s  b u t  more o.Stcn i n  

t r e e  mo3.d~ 

Absence o r  Fungi throughout t h e  a rea  may i n d i c a t e  lii.& q u a n t i t : i s  of 

ac id  gases a t  one t ime.  Some h n g i  a r c  q11:i.t-c s u s c e p t i b l e  t o  s i i l fu r  

po:i.soning. Ilowever, on a  dead -- Acacia - 2  lcoa about 1200 i.'c!et clownwi.nd from 

tlic main v e n t ,  a  Ilasidomyccte, S c h i ~ h y l l u m  commune; was growing. Tilis 

fungus i s  common i n  temperate  reg ions  of  t h e  iinitc.tl S t a t e s .  

I'hanerophytes a r e  t h e  most obvious o a .  pl.ant Corns appearing s:incc: 

t h e  e rup t ion .  The ~na;jority of  t hese  woody forms a r c  dcvi?l.oping from o:lLil 

r o o t i n g  systems n o t  destroyed by l:11e e rup t ive  events .  l1ic:i.r :mcovc?ry :is 

dramatic especia1.ll.y when t h e  1- and :<-year d:i f fc rences  a r c  compared :i.n 

photographs. Bi.sects made approximately 5000 f e e t  from t h c  main vent  show 

t h a t  Styplielia tame-iamci.ae, Dodonea v i scosa ,  Vacci.n:i.ilm reticulainim, and 

Ra i i l . i a rd i a  :I.axiflora havc pushed t h e i r  stcms 'ilirough four  t o  s i x  :i.nclles 

of  pumice. Today, some of  t h e s e  shrubs a r c  over 1 0  decimeters  liigll . 
Most hcr l~accous  p l a n t s  havc tlcvrl~opcd f r m n  seeds .  Di.ssc?mulcs r1i.s- 

pcrscd t o  -the l e e  of t r e e s  o r  i n t o  mats o f  ground runners  (Coprosma 

i,-~~nodioicles and Commelina d i r f u s a )  have Toiind cond:i.ti.ons Savorab:l.c For -- 

cstabli.sliment and i n  most p l aces  it: appears  t h a t  snch migra t ions  liavci been 



Some of t h e  l~eewi~rd s p o t s  a r e  colonized by 1:lierophytns snch ;'s Sonclius 

ol.eraceo~is and E r e c h t i t e s  v a l e r i a n i f o l i a .  Perennia ls  s i ~ l i  ;:s Tr i ton ia  

crocosmaeflora and s e v e r a l  grasses  have snrvived Srom r o o t  s tocks  1mri.c.d 

nnder t h r e e  t o  ('our inches of  pumice. I t  i s  again i n t e r e s t i n g  t o  no te  

t h a t  most ;:13. types  of  l.ivc f'onns exhf.bi t ing recovery From old r o o t i r ~ g  

systems, bu1.b~: e t c  . , a r e  phancrophytes,  hemic ryp toph~~tes  o r  ceophytes . 
Most or' t h e  pioneer  co:l.onizers ra11 among t h e  therophytes  and chamaephph\)tes. 

Some - Rubus p l i i ~ ~ t s ,  on s p a t t e r  snbstratiim, havc devc1.oped very dark 

green leaves  which probably i n d i c a t e s  a  copious supp1.y of n i t rogen.  Tliis 

is a weak assi~mption s i n c e  most vege ta t ion  on yoring volcanic soTl  :lool.;s 

"n i t rogen poor."  Is i-t- possib3.e t h a t  t h e  dark green condi t ion  :is a t t : r i -  

bu tab le  t o  r: dense . populat ion . of' b a c t e r i a  and a rel.atec1 evail.abi.l.jt!~ oi' 

ni.trogcn? Tile g r e a t  s ter i1i l :y  ol' s p a t t e r  substratiim, produced. hy cxtremel?: 

high temperatures  a t  t h e  t ime oT as11 i'al.1: may have ravored h igh  b a c t e r i a l  

d e n s i t i e s  p r i o r  t o  l-he en t ry  of control.l.ing p reda to r s .  liowever, no h c t e r i i ! l  

counts  hnvc been made oi' t h e  s p a t t e r  t o  support. 1:h:i.s hypotlies-is. 



3- SUCCESSION ON NEW SURrACCS 

By G a r r e t t  Smathers 

Two p r i i ~ c i p a l  c a t e g o r i e s  oP su r face  were formed by t h e  1959-60 Kilauca 

nii erupt ion .  These a r e  t h e  consol idated lava su r race  Plooring of Kilauca 

Ilri  and the! ash o r  c inde r  k m i n g  I'uu P u a ' i  rind t h e  s o i l  cover nearbv. 

].?or coinpar?iti.ve purposcs, s t u d i e s  of both t h e  new f:loors of Kilauca Ilti. 

and t h e  nearby s i m i l a r  c r a t e r  l<canalcelcoi have been unclcrtaken. 

On t h c  f l o o r  of Kilauea I k i  Cra ter  four t r a n s e c t s  and 10 quadra ts  

have hem cstab1.ished t o  record and keep check on p l a n t  succcss ion .  

Pri-marily t11c quadra ts  h a w  Been loca ted  i n  such a manner a s  t o  give proper 

pc r spcc t ivc  o.? recovery dctcnnincd by p11ysiographi.c and c1imati.c inS'l.i.~enccs. 

However, o t h c r  I ~ a b ~ t a t  deterniinlng Factors,  such a s  substratum and b- io t ic  

c r r c c t s ,  have n o t  been overloolcerl . 
13ach quadrat  i s  one meter square;  and i t  h a s  been mappfd For evcry 

square  rlecimeter. Care was taltcn t o  1-ocate t h e  quadra ts  i n  r e s p e c t  t o  

c racks  and c rev ices :  microphysi.ographic f e a t u r e s  t h a t  provide  a  v a r i e t y  of  

expos i .~~es  and s h e l t e r s .  Under these  condi t ions  some knowledge s l~ou ld  be  

obtaincd t o  hc?lp c o r r e l a t e  e a r l y  p l ~ a n l  fornis wit11 t n s o l a t i o n ,  cvaporat ion,  

a i r  and su l~s t ra tum temperatures .  It :is now hoped t h a t  t h c  remapping o r  

cach quadra t  every s i x  t o  ei.ght months wi1.l be  continucd. 

To expedi te  loca t ion  of quadrats ,  they  wcrc placed on t r a n s e c t s  rc-  

l a t c d  t o  t h e  p r e s e n t  positj-on o-f t11e U.S.G.S. r a i n  gaugc. The f'our coriiers 

o-T cach quadra t  were marked with a s p o t  o r  y e l 1 . o ~  p a i n t  about two j.nches 

i n  diameter .  A map of t h e  c r a t e r  f l o o r  was preparcd,  and on it tile tran-.  

s e c t s  and qnadra ts  have been loca tcd .  

I<eanakalcoi Cra ter  Floor was s e l c c t e d  a s  t h e  c o n t r o l  a rea  fo r  s e r a l  

comparisons. Tile f l o r a  on t h e  i'loor of  t h i s  c r a t c r  now e x h i b i t s  a  compo- 



s i t i o n  and i n  d i s t r i b u t i o n  what may appear a t  a  l a t e r  s t a t e  i n  succession 

on t h e  ncw f l o o r  o f  Ki-lauea nci. It is most i n t e r e s t i n g  t o  not ice  t h e  

cracks and per iphery  of t b i s  c r a t e r  f l o o r  a l r eady  l ined  with ohia and 

o t h e r  woody p l a n t s .  This popula t ion  i s  s i m i l a r  t o  t h a t  destroyed by t h e  

lava  now covering t h c  f l o o r  of Kilauea I k i .  

The most i n t e r e s t i n g  aspec t  of  t h e  new Kilauea I k i  Cra ter  f l o o r  i s  

i ts  physiographi-c s ibmif icance .  As a type  of  land form t h i s  c r a t e r ,  l i k e  

many o t h e r s ,  may p lay  a  very important p a r t  i n  t h e  d i s t r i . bu t ion  and devel- 

opment of some Hawaiian f l o r a l  elements.  The oppor tuni ty  f o r  i s o l a t i o n  

of  a  taxon and c e n t e r  of d i s p e r s a l  of  i ts disseminules  makes t h e s e  h a b i t a t s  

important .  Kilauea I k i  evidences numerous microcl imates,  and i n  no way 

do they  r ep resen t  t o  any g rea t  e x t e n t  t h e  l o c a l  c l ima te .  The yct-continuing 

downward s ink ing  o f  t h e  f l o o r  c r e a t e s  new and v a r i u s  h a b i t a t s  i n  new 

craclcs and c r e v i c e s .  Many of  t h e s e  have come t o  s h e l t e r  mosses and Ferns. 

The sword f e r n  (Nephrolepis co rda ta )  is now found on northern exposed 

cracks  where avorab1.e microhabi ta t  condi t ions  apparent ly  p r e v a i l .  These 

l a t t e r  condi t ions  vary tremendously with t h e  degree of  i s o l a t i o n .  Severa l  

mosses have been c o l l e c t e d .  I n  one crack with a  n o r t h e a s t  exposure, on 

t h e  n o r t h e a s t  s i d e  of t h e  c r a t e r  f l o o r ,  a  spermatophytc (L~ th rum maritimum) 

gemina ted  and survivcd f o r  a  season. Its success is p a r t i a l l y  a t t r i b u t e d  

Ira dus t  and b i t s  of  organic m a t e r i a l s ,  dead p a r t s  of  p l a n t s ,  e t c . ,  t h a t  

were blown by t h c  wi-nd i n t o  t h e  c r a t e r  and l a t e r  became lodged i n  v e s i c l e s  

and recesses  of t h e  1.ava cracks .  

Ferns and mosses a r e  e x h i b i t i n g  an i n d i c a t o r  mani fes ta t ion .  In some 

p laces  observed, only on t h e  reddish f e r r i c  oxide r i c h  p a r t  of  t h e  lava  

s t r a t a  do t h e s e  e a r l y  co lonizers  appear i n  g r e a t  numbers. 

Since most of  t h e  cryptogams a r e  found on northwest t o  sou theas t  



exposed cracks ,  i n s o l a t i o n  must be  t h e  primary determining c l ima t i c  

f a c t o r .  I-lolaver, on t h e  isl-ands o r  l a r g e  b1.ocks of l ava  r i s i n g  above tl ic 

c r a t e r  i 'loor and t h e  c r a t e r  per iphery ,  t h e s e  p ioneers  may be  Found on al.l. 

quadra ts .  A v a r i e t y  of s h e l t e r  i s  produced by t h e  numerous c racks ,  c r ev ices  

and she lves  . 
Yet, t h i s  i s  n o t  t h e  complete s t o r y  because t h e  tcmperaturc of  a i r  

and t h e  su r face ,  t h e  clieniical content  oC t h e  difFcreri t  lava s t r a t a ,  t h e  

b i o t i c  and moisture content  of d u s t  Cil led v e s i c l e s ,  and o t h e r  important 

r 'actors have n o t  been explored.  One wou1.d th ink  t h a t  primary succession 

c l ~ a r a c t e r j ~ s t i c s  oi: a  xerosere  would be exh ib i t ed .  But snch i s  not  tile case  

i n  (:very l i t h o s e r e .  O m  would expect l i c h e n s  t o  be t h e  First co lon ize r s  

rol:l..owed c l o s e l y  by mosses and o t h e r  cryptogams. I n  a l l  quadrats  t hese  

[oms have appeared I'j~rst o r  s imultaneonsly w i t h  mosses. Howevcr: very 

Tc:w l i c h e n s  have been observed. Probably -the v e s i c l e s  t u  t h e  lava account 

f o r  t h i s  advanced s e r a l ;  - i . ~ .  , they  a r e  analogous t o  1.ichens i n  c o l l e c t i r g  

and ho ld ing  mois ture ,  clnst, and disseminules .  Winds blow i n  a l l  direcl:ions 

on t n e  c r a t e r  i 'loor; t h u s  i n s u r i n g  even d i s t r i b u t i o n  o r  any disseminules  

t h a t  find t h e i r  way i n t o  t h e  c r a t e r .  While t h e r e  is no slipporting clata 

p r e s e n t ,  t h e s e  winds can be very dry ,  t h u s  cairsing g r e a t  des i cca t ion  and 

k i l l i n g  o r  damaging most p l a n t  l i f e  p r e s e n t .  

ijnlilie t h e  steam cracks  dsewhere  throughout Kil.aueals summit a r e a :  

t hose  on t h e  Floor or' Kilauea I k i  r a i l  t o  prov:i.de s u i t a b l e  h a b i t a t s  i'or 

p l a n t s .  I t  is slispccted t h a t  t h e  vapors a r e  s t i l l .  t o o  ac id  t o  allow evm 

t h e    no st phys io log ica l ly  t o l ~ e r a n t  cryptogams t o  invade o r  t a k e  ho ld .  Ilic 

depos i t ion  of s u l h r  and acid s a l t s  a t  t h e s e  openings lends  support  t o  t h i s  

hypo thes i s .  

The U.S.G.S.  has  maintained a  r a i n  gauge on t h e  c r a t c r  f l o o r  (Number 1~ 



of Fig. 10) s i n c e  Apr i l  of 1960. While t h e  da ta  co l l ec ted  (Chapter 111, 

Table VI) may be r e l i a b l e  f o r  some purposes,  i t s  use f o r  b i o l o g i c a l  work 

is h igh ly  quest ionable.  It is imperat ive t h a t  maintenance of t h i s  gauge 

must become p a r t  of t h e  p r o j e c t .  Knowing t h e  annual p r e c i p i t a t i o n  of t h i s  

a rea  is t h e  h e a r t  of t h e  research .  Without t h i s  information vege ta t ive  

recovery and s o i l  development cannot be  c o r r e l a t e d  with c l ima t i c  phenomena. 

The f l o o r  of Kilauea I k i  Crater  possesses  a  h o s t i l e  c l imate ,  and only 

hardy cryptogams have been a b l e  t o  colonize  t o  any ex ten t .  It is an area  

of high a i r  and su r face  temperatures, extreme evaporation, and very s t r o n g  

l i g h t  i n t e n s i t i e s .  I n  many re spec t s  it is l i k e  a  d e s e r t  c l imate ,  though 

sub jec t  t o  g r e a t e r  F luc tua t ions .  The f e r n s  and mosses e x h i b i t  a  d i s t r i -  

but ion  t h a t  c o r r e l a t e s  with t h e i r  phys io log ica l  to l e rance  t o  t h e  harsh  

c l ima t i c  condi t ions .  

I n  a l l  p robab i l i ty ,  a s  previous ly  pointed ou t ,  recovery w i l l  no t  

e n t i r e l y  follow t h e  x e r i c  t o  mesic succession p a t t e r n  because of t h e  small. 

amounts of organic and inorganic debr i s  c o l l e c t i n g  i n  cracks  and c rev ices .  

These s h e l t e r s  can r e t a i n  t h e i r  moisture over an extended period and could 

become s u i t a b l e  h a b i t a t s  f o r  h ighe r  p l a n t  l i f e ,  such a s  ohia (Metrosideros) 

and o the r  woody and herbaceous p l a n t s .  Once e s t ab l i shed  t h e s e  p ioneers  

w i l l  f u r t h e r  modify h a b i t a t  condi t ions  and a c t  a s  cen te r s  of d i s p e r s a l  f o r  

disseminules.  The f l o o r  of Keanakakoi Cra te r ,  i n  p a r t ,  r evea l s  such a  

sequence. There Metrosideros and o the r  woody p l a n t s  have l i n e d  t h e  cracks  

and c rev ices  forming a  mosaic of vege ta t ion  upon t h e  c r a t e r  Floor. 

P lan t  succession on t h e  f l o o r  of Iii lauea I k i  Crater  is occurri-ng i n  t h e  

s h e l t e r  of craclcs and crevices .  Though t h i s  a rea  rece ives  about 73 inches 

oT r a i n  annually,  p l a n t  d i s t r i h u t i o n  is charac ter ized  by o the r  c l i m a t i c  

f a c t o r s  such a s  high i n s o l a t i o n  and t h e  l a t t e r  i n  time e-Mecting micro- 



h a b i t a t  condi t ions  such a s  moisture and h e a t .  'i11e dark co1.01: of t h e  lava 

substratum a l s o  adds t o  tI1c degree of' :i.nsol;ltion. 

E- THE WETTER LOWLP8D VEGETAllIONS 

Expecting a rlow i n  t h e  Park t o  extend t o  t h e  S.owcr e l eva t ions  some- 

t ime i n  t h e  Tll tu~x,  t h i s  in-formation from J u s t  ou t s ide  t h e  Park (Fig .  24) 

:is included h e r e  f o r  reFcrcnce t o  give tlie r eade r  some o r i e n t a t i o n  a s  t o  

t l ie n a t u r e  o r  t h e  Uoras  t h a t  wou1.d be removed, covered o r  passed t11rou;:Ii 

by such lava  flows. Two a r e  described h e r e  c u r s o r i l y .  They a r c  t h e  near- 

shore  Fores t  and t h a t  a t  t h e  900 Foot e l eva t ion  s tudied  i n  re ference  t o  

t h e  1955 Flows. Tl~e 1~955 flows cover p r e h i s t o r i c  :l.avas t l m t  o re ,  nearby, 

r a t h e r  unif.'omly popul.ated, a t  ].east quaI i ta t ivc l .y ,  r ega rd le s s  of age.  

T l ~ a t  i s  t o  say,  while  it is  obvious i n  many p laces  - tha t  one i s  a t  t h e  edge 

o r  a younger flow where it has  passcd over ;in o l d e r  :Fl.ow: a t  sncli ;i p l a c e  

t h e r e  i.s no marked v e g e t a t i o n a l  change. T o r  t h e  p resen t  purposes,  wh:icii 

a r e  rioting t h e  r i r s t  s t e p s  leading  toward t h e  c1.i.maxc.s ( i . e . ;  - i n  $:he seusc  

o F t h e i r  be:i.ng s t a b l e  communities) :i.n t l iesc d:i. FTerent reg:i.ons, two p a i r s  o C 

ad jacen t  prc11istori.c and 1955 f lows,  considered t o  be trniform :in r e spec t  l-o 

c l ima te ,  were s tud ied .  The p r e h k t o r i c  vegetat:ions a r e  taken  up first and 

then  (i.n t h e  next  s e c t i o n  1') t h e  1955 s n r k c e s .  

l- The p r e h i s t o r i c  l~owlancl fo re s t ed  sur-races a longs ide  t h e  Kii lava 

fl.ow ("A" i n  Fig.  24) about 100 meters upwind From t h e  :related s tudy s : i t m  

on 1955 lava  is predominat:ed by Metrosj.deros co1l.ina ( o l ~ i a )  running about 

6 meters  ta:Ll and averaging one f o r  every 2 .S  square  meters  oC Corcst S.Loor. 

The e l eva t ion  i.s about 90 meters .  The Frequency d i s t r i b u t i o n  o f  diameters 

i s  given i n  Figlire 25. E1.sewherc i n  t h e  isl-ands *is s p e c i ~ e s  i s  not  o r t e n  

i'ound a t  such 1.oi.i e l eva t ions .  Here :i.t commonly ~Fxencls t o  the constl:i~iic o r  

about t o  t h e  1.5-meter (50- root)  e l eva t ion  contour .  I?e:rliaps evcry t en th  t r e e  





DIAMETER IN CENTIMETERS 

Fig. 25. Histogram to show frequency distribution 
of trees of different diameters in "control" areas for 
the Kamaili and Kii study sites on the 1955 lava flows. 



is Rhus chi-nensis v a r .  sandvicens is  o r  Diospyros Ferrea,  bu t  any o the r  - 
t r e e  is  unusual.  Every 60 meters  o r  s o  one can expect t o  s e e  a  sp indly  

s e e d l i n g  of  Morinda e i t r i f o l i a  with very broad leaves  and perhaps f r u i t i n g .  

A very few guavas, Psidium guajava, and a l k o  s trawberry guava, Psiclium -- 

ca t t le ianum,  have appeared i n  t h e  a rea  and near  t h e  road mangoes, Mangifera 

i n d i c a .  Overhead t h e  f o r e s t  i s  perhaps 50 pe r  c e n t  open. 

P lan t s  t h a t  a r e  secondary i n  s i z e  i n  t h e  Corm of  shrubs o r  bushes a r c  

n o t  p a r t i c u l a r l y  common, and when p resen t  a r e  usual ly  small. Foms o:? t h e  

above spec ie s ,  with t h e  exception t h a t  t h e r c  a r e  bu t  few sma l l  p:i.aut:s o r  

oliia. One of  t h e  most common shrubs i s  a spec ies  of  i<ikstrocmia and snia:l..:i 

Forms of  t h e  above endemic - Rlius. There i.s a  sma:l.l acac ia ,  Cassia I.eschcn- -- 

a u l t i a n a ,  t h a t  i s  woody bu t  of lierb sf.ze. An occas ional  woody bushy p l a n t  

of  Jantana camara can be  Pound . 
There a r e  a  number oC v ines  which a r e  For t h c  most p a r t  herbaceous. 

Running i n t o  t h e  tops  of t h e  t r e e s  is Cassytha f i l . i o r m i s  and clinibing on 

t h i s  o r  on o t h e r  vege ta t ion  a r e  occas:i.onal plai l ts  of Pass:i.fl.ora i 'oetida 

and Cocculus ferrandianus . 
The herbs  with t h e  l i chcus  and mosses cover some n ine ty  p e r  cent  o f  

t h e  r o r e s t  fS.oor on some ol.der pahoehoe a r e a s ,  h u t  pefhaps on11.y 1.5 pe r  

c e n t  of t l ~ e  f o r e s t  f l o o r  i n  t h e  youngest p re l i i s to r f c  a ' a  a r e a s .  The f e r n  

-is e x a l t a t a  i s  predominant among t h e  herbs .  Tile p a s s  (Pas.alum), 

Stachytarpheta cayenncnsis,  Psi:l.otum nudum, wliicl~ is  dt:m on t r e e s  a s  is 

Nephrolepis,  and t h e  orchid ,  Spa thog lo t t i s  p:l..icata, make up ahout ninct:y 

p e r  c e n t  of t h e  remaining herbaceous cover .  liere and t h e r e  o the r  p l a n t s ,  

c .g . ,  Peperomia lcptostachya o r  Fi.mbr:i.stylis ~ n o c p l i a : i h ,  a r c  coimou. - - - 

They a r e  usua l ly  loca l i zed  i n  a reas  a  meter o r  two across  o r  r e s t r i c t e d  

t o  a  lcdge  o r  fo ld  i n  t h e  lava ,  otherwise they  a r c  b u t  occas ional  :i.solated 



p l a n t s ,  a s  were t h e  s c a n t  h a l f  dozen t h a l l i  seen o r  t h e  Tern, Sad l~e r i a  

cyatheoidcs.  

Tile t ops  of t h e  lava  chunks otherwise ba r ren  o f  vege ta t ion  a r c  i'or t h e  

most p a r t  covered with Campylopus exasperatuG! On t h e  r a t h e r  v e r t i c a l  s i d e s  

o f  rocks n o t  covered by h ighe r  forms of vege ta t ion  such l i chens  a s  Cladonia 

d i d p a  a r e  common. Below t h e s e  uppelmost su r faces  occur a number of !.jryo- 

phy tes ,  s.z., H~acopilum cuspidigerum, Brachiole,jeunea sanclvicensis and 

F ru l l an ia  meyeniana. The l a t t e r  two occur on t r e e s  a s  we1.l b u t  u sua l ly  

on1.y near  t h e  ground. On occasion Weisia v i r i d u l a  and BrJium megalostegiiim 

had developed i n  smal l  heav i ly  shaded upward-facing rock concav i t j e s  a t  

I c a s t  t h r e e  decimeters be1 .0~ l:l~e normal ground i.evc1.. These coucaviti .cs 

had i n  them, beneafh t h e  sma l l  moss pa tches ,  a few mil.l imeters o r  simpie 

s o i l .  Other bryophytes and l i c h e n s  a r e  abundant above t h e  ground on t h c  

t r e e s .  Stereocaulon does not  seem t o  be  p r e s e n t .  

2- 'Ihe p r e l ~ i s t o r i c  h ighe r - l eve l  Forested suri 'ace s tudied  at IZninai. i i 

("C" i n  Fig. 24) i s  n o t  g r e a t l y  d i f f e r e n t  from t h a t  s t  lZii, ol-iicr t l~arl  -in 

degree.  The e l eva t ion  is about 290 meters .  Tile same Metrosideros col.l ina 

is t h e  dominant t r e e ,  q u i t e  t o  t h e  exc lus ion  oF o the r s .  Tho :ind:ividiials 

a r e  a  l i t t l e  more c l o s e l y  spaced (one p e r  1 . 5  m2) than on t h e  o1.dcr of  the! 

two p r e h i s t o r i c  flows a t  K i i .  Also a t  Kaii~aili  they  a r e  l a r g e r  (Fig. 2 5 ) ,  

o f t e n  20 t o  35 cm i n  diameter ,  b r e a s t  h i g h ,  and 12 t o  l 8  meters  ta:I..L. I n  

a s tand  nearby occasional. specimens were es-timatecl t o  be 30 meters t a l ~ .  

The f o r e s t  i s  near ly  cl-osed over above. 

3' hie wish t o  express  our apprec ia t ion  t o  D r .  II. A .  M i l l e r ,  who 

repea tcdl j j  a s s i s t e d  us  by i d e n t i f y i n g  t h e  bryophytes,  and D r .  I .  MacKenzie 

Lamb, who i d e n t i f i e d  t h e  spec ie s  o F Stereocaulon. 



A t  t h e  bush l e v e l  t h e  space is occupied mostly by Cibotium chamissoi 

Kaulf., t h e r e  be ing  about  one f o r  each 4 m2 of f o r e s t  f l o o r .  Though t h i s  i s  

a  low e l eva t ion  f o r  t h i s  s p e c i e s ,  it was assumed t o  be  t h i s  s p e c i e s  f o r  

t h e r e  were s t i f f  blackened p r i c k l e s  on t h e  l e a f  bases  r a t h e r  t han  t h e  s o f t  

h a i r ,  t h e  pulu of - C.  splendens (Gaud.) Kra j ina ,  t h e  common lowland spec ie s .  

It is a low e l eva t ion  f o r  Metrosideros,  t o o .  The t runks  of  t h e  t r e e  f e r n s  

were o f t e n  1.25 meters t a l l  with t h e  fronds reaching  up another  1 . 5  meters.  

Figure 25 shows t h e  d i s t r i b u t i o n  of  t runk  diameters .  Guava, Psidium guajava, 

was t h e  nex t  most f requent  sma l l  t r e e  o r  l a r g e  bush. There were some woody 

p l a n t s  of o the r  spec ie s  up t o  a  meter t a l l ,  b u t  t hese  merge i n t o  t h e  herba- 

ceous cover on t h e  ground. Of t h e  herbaceous p l a n t s  on t h e  ground Stachy- 

t a r p h e t a  cayennensis ,  Oplismenus h i r t e l l u s ,  a  Cyperus s p . ,  probably one of 

t h e  many forms o f t h e  common Cyperus compressus, and t h e  weedy orchid ,  

Spa thog lo t t i s  p l i c a t a ,  were t h e  p r e v a i l i n g  cover along with s e v e r a l  grasses  

and o t h e r  he rbs ,  inc luding  E r e c h t i t e s  v a l i s n e r i a f o l i a ,  t h a t  were not  con- 

spicuous.  

The above-mentioned Cyperus was much l e s s  conspicuous h e r e  than  was 

F imbr i s ty l i s  a t  t h e  lowest e l eva t ions  a t  K i i .  Nephrolepis e x a l t a t a  and 

Psilotum nudum were absent  and t h e r e  were none of  t h e  rock l i c h e n  o r  moss 

genera s o  common a t  lower e l eva t ions  t o  b e  seen.  However, Table V ,  o the r  

genera of mosses and l i c h e n s  were abundant. No bare  rock shows. There 

was no decomposed rock s o i l  cover b u t  t h e  su r face  was thoroughly covered 

with n o t  only t h e  f lowering p l a n t s  b u t  a s  we l l  by an abundance of  t h e  

bryophytes (Table V )  and a  number of sma l l  f e r n s ,  such a s  Polypodium l i n e a r e .  
.,. 

I t  is  t o  be noted t h a t  where roads have been b u i l t  through t h i s  type  . . 

of Forest t h e  roads ides  a r e  usua l ly  l i ned  with a  dense s tand  of  - Nephrolepis 

exal- tata  though it may be q u i t e  absent  i n  t h e  woods away :from t h i s  edge 



Table  V .  L i s t  of  b ryophy tes  found i n  o r d e r  of  
t h e i r  abundance i n  t h e  f o r e s t  a t  950 f e e t  e l e v a t i o n  
a d j a c e n t  t o  t h e  Kamai l i  s t u d y  a r e a .  

Rhizogonium s p i n i f o r m e  

Leucobryum g r a c i l e  

Acroporium fusco- f  lavum 

Bazzania  d i d e r i c i a n a  

Cepha loz ia  s a n d v i c e n s i s  

Bazzania brighami 

F r u l l a n i a  a p i c u l a t a  

Odontoschisma of. s a n d v i c e n s i s  

B r a c h i o l e j e u n e a  s a n d v i c e n s i s  

Anastrophyllum e s e n b e c k i i  

Radula c o r d a t a  



e f f e c t .  I n  some p laces  what i s  taken t o  be  t h e  Cyperus mentioned above 

dominates t h e  scene r a t h e r  t han  t h e  Nephrolepis.  

F- POPULATION DEVELOPMENT ON THE LOWLmD 1955-LAVA FLOWS 

After  pre l iminary  warnings t h e  1955 e rup t ion  began a t  08:OO on February 

28 (Macdonald & Eaton, 1955) some 5 k i lometers  (F ig .  19 )  d i r e c t l y  nor th  of 

Opihikao. The v i l l a g e  of Kapoho was evacuated a s  t h e  e rup t ion  extending 

v i a  c racks  opening success ive ly  seaward and down t h e  r i f t  zone began exuding 

l ava  toward it. As Macdonald desc r ibes  t h e  event  i n  h i s  d e t a i l e d  account 

(1959) " e f f o r t s  t o  remove a l l  reasonably moveable property" were made. 

While t h e  v i l l a g e ,  u l t ima te ly ,  was n o t  destroyed u n t i l  t h e  1961 erupt ion ,  

an immense amount of m a t e r i a l  was extmded, a t  t imes a t  such r a t e s  a s  450,000 

cubic  meters  p e r  hour.  I n  a l l ,  perhaps 108 x l o 6  cubic  meters  of  m a t e r i a l  

were extruded. 

A t  va r ious  i n t e r v a l s  dur ing  t h e  fol lowing month i n  d i f f e r e n t  p laces  

t h i s  molten rock flowed down toward t h e  shore ,  (F ig .  24) reaching  it 

independently i n  t h r e e  p l aces  (Kaueleau, Keekee and Kehena); two of  t h e s e  

coalesced l a t e r  i n  p a r t .  A fou r th  flow ( K i i )  d id  n o t  q u i t e  reach t h e  s e a .  

Tile e x t e n t  of  t h e s e  is i l l u s t r a t e d  i n  Figure 24 a s  w e l l  a s  t h e  da te s  when 

they a r e  accepted a s  having become s t a b l e  su r faces .  

About one month a-Fter t h e  flows had cooled,  a s tudy of  s e v e r a l  a r eas  

was i n i t i a t e d  ("A" through "E" of  Fig. 24) and continued -for t e n  yea r s  

through March, 1965. A t  f i r s t ,  s t u d i e s  o f  t h e s e  a r e a s  were made a t  about 

2-month i n t e r v a l s .  With each v i s i t  both q u a n t i t a t i v e  and q u a l i t a t i v e  

o b s e r v a t i o n s w m  made o r  attempted. Macdonald & Katsura have published 

s t u d i e s  r evea l ing  t h e  r a t h e r  s i m i l a r  chemical compositions of t h e s e  flows, 

and i n  1959 Macdonald noted t h a t  t h e  e n t r y  i n t o  and cool.ing of  t h e  l avas  

i n  sea  water  d id  n o t  a l t e r  t h e i r  chemical na tu re  measurably. Thus, essen- 



t i a l l y ,  a  s e t  of chemically uniform s u r f a c e s  of t h e  same age Formed t h e  

s tudy s i t e s .  

The observat ions in land  away from t h e  shore l ine  were l a r g e l y  t o  provide 

a  record of  what happens up t o  t h e  four  yea r  old s t a g e s  s tud ied  by Skottsberg 

(1941). Three e l eva t ions  (Fig.  24) were inves t iga t ed  on dry l~and i n i t i a l l y :  

'IC" 290 meters  a t  Kamaili. near  I i lewa;  "B" about 108 meters a t  Ilalekatnahina 

nea r  Kapoho and "A" a t  about 90 meters  on t h e  K i i  flow. These s i t e s  have 

r a i n f a l l s  ( f i g s .  11 & 12)  es t imated ,  r e spec t ive ly ,  a t  3750 mm, 2500 mm and 

2000 mm p e r  yea r .  The temperatures a r e  l e s s  well known bu t  t h e  near-ground 

r r c e  a i r  temperatures probably do n o t  vary oi:ten a s  much a s  6 degrees From 

25 degrees C i n  vegetated a r e a s .  Other f a c t o r s  inl ' luencing t h e  b i o l o g i c a l  

events  observed on t h e s e  very young 1955 flows a r e  described bc:Low. 

The area  a t  Kamaili near  I i lewa ("C" i n  Fig. 24) i.s on t h e  lava  of' 

v e n t  a rea  "R" of Macdona1.d (See h i s  Figs.  12 e t c  . , 1959). Macdonald ' s 

i l l u s t r a t i o n s ,  (See h i s  p l a t e s  10-15, 1959) a r c  Crom a remarkable ser : ies  of 

photographs h e  madc be fo re  t h e  crack which opened began i s s u i n g  lava .  These 

i l l u s t r a t i o n s  show n o t  only t h e  cucumber p l a n t s  but  t h e  n a t i v e  f o r e s t s  both 

OF which wcre destroyed a s  t h e  lava outf low continued. During days aTter  

r a i n s  t h e r e  was a  g r e a t  d e a l  of steam i n  t h e  a i r  dur j~ng t h e  f i r s t  i ~ m  yea r s  

of  t h i s  s tudy.  This a rea  h a s  Metrosideros Corcst wi th in  about a  hunclred 

meters  of  t h r e e  s i d e s .  This f o r e s t  was descr ibed ,  above, a s  t h e  ' l i igher  

f o r e s t . "  The o t h e r  two areas  have no such moistening in f luences  nearby. 

Tor example, t h e  Malekamahina a rea  ("B" i n  F ig .  24) is 300 meters  from t h e  

surrounding sugar  cane F ie lds ,  and t h e  lcii a rea  ("A" i n  Fig.  24) i s  about: 

100 meters  i n  t h e  upwind d i r e c t i o n ,  from t h e  Metrosideros Forest described,  

above, a s  l-he "lowland f o r e s t . "  I n  o t h e r  directj .ons t h e  I<ama-il.i s tudy area 

is sc?paratcd by 300 metcrs  and -the o t h e r  two by a t  l ~ e a s t  4- ten ths  of  a  



ki lometer  of t h e  same lava  flow from t h e  f o r e s t s  and f i e l d s ,  t h e  normal 

sources  of  populants  . 
A t  t h e  lowest e l eva t ion  ("A" i n  Fig.  24)  noth ing  was observed u n t i l  

March, very nea r ly  one year  a f t e r  t h e  ELow had ceased moving. A t  t h i s  

t ime a long t h e  99-foot (30.4 meter) base  of  t h e  1Zii a r ea ,  a t  l e a s t  G 

mossy s p o t s  were found. I n  every case  t h e  moss a rea  was sharp ly  r e s t r i c t e d  

t o  one rock even though adjacent  rocks were i n  con tac t .  This moss though 

immature was j u s t  becoming fer t i le .  It appeared t o  be Campylopus densi- 

Colius. One o-f t h e  mossy a reas  was :i.rregul.arly about 3 c1ecimct:ers squarc 

I n  none of t h e s e  a reas  was any spermatophyte seen .  

These observat ions r a i s e  t h r e e  i s s u e s .  It seems un l ike ly  or cven 

i n c r e d i b l e  t h a t  a  microscopic base  Tor col.onies 15 t o  25 cni across  woii:Ld 

grow o r  t h a t  such col.onies could grow macroscopically t o  t h i s  s i z e  i n  t h c  

time between s t u d i e s ;  t l ~ u s ,  o r ~ e  is led  t o  expect t h a t  s i . ~ h  co1.on:i.c~ a r i s e  

from a  number of dissemi.nules r a t h e r  than  onc. The d i r l ' c r en t  moss co lonies  

a r e  o r t e n  t e n  meters a p a r t .  A roclc bcar ing  mosses oi'tcn may ijear t e n  pl.ants 

p e r  Five square cent imeters .  IT thesc  a rosc  from sepa ra t e  disseminul.cs, 

then  by chance, t h e  rocks between tliosc bcar ing  macroscopic mosses must 

al.so have caught disseminules .  Cacli p l a n t  appears t o  bc an intlcpc:nclc?nt, 

e r e c t  i nd iv idua l  having no rel .a t ion t o  ot l iers  t h a t  coul~cl he distinguished 

wi~llii t h e  magnif icat ion affordecl by t h e  20x l cnses  of' a  di.ssccti.n;l micro- 

scope. This lcads  t o  t h e  second ques t ion  and t h a t  i s ,  how does :it: happen 

t h a t  some chunks o:f su r face  cli.nlcer and n o t  ot l iers  have moss co lonies  on 

C-iicm? The cliemf.ca1 d i f f e r e n c e s  (Macdonald, 1.955 ; Macdonald & Katsura, 

11964) between such cl.inl<ers a r c  i n s i g n i f i c a n t  i n s o f a r  a s  analyzed, The 

water-holding p r o p e r t i e s  do n o t  seem t o  d i f f e r  s i g u i f i c a n t l y .  A t h i r d  

enigma h e r e  i s  t h a t  t h e r e  i.s no inc rease  i.11 t h e  i'reguency o:f moss col.onies 



with nearness t o  t h e  f o r e s t  on t h e  windward s i d e  of  t h e  now. I n  f a c t ,  t h e  

Srcquency of co lonies  f a l l  o f f  when inves t iga t ed  a t  d i f f e r e n t  t imes during 

t h e  first t h r e e  yea r s  o-f t h e  s tudy.  Only one Campylopus, t h e  d i F k r e n t  

s p e c i e s  Campylopus exaspera tus ,  was found i n  t h e  edge of t h e  f o r e s t ,  where 

t l ~ i s  s p e c i e s  and four  o the r  bryophytes cover a major po r t ion  of  t h e  old 

lava  and near-ground t r e e  s u r f a c e s .  

Around steam v e n t s ,  now i n a c t i v e ,  t h e  undersides of  some lava c indc r s  

wcre densely green with a c o a t i n g  of an u n i c e l l u l a r  green a l g a ,  wliich For 

convenience we c a l l  h e r e  Chlorococcum humicola. I n  order  t o  deterninc? 

whether t h e r e  was an inc rcase  with time i n  t h e  amount of greenness on t h e  

undersides of  rocks near  t h e  i n a c t i v e  steam ven t s ,  a s p e c i a l  search was 

made on Ju ly  27, 1956, and September, 1.960. There seemed t o  bc no j-ncrease 

i n  dens i ty  of t h e s e  popula t ions ;  i n  r a c t ,  t h e r e  were no v i s i b l e  popul.at:i.ons 

bcl.ow t h e  sur:face clsewl1erc on t h e  flow such as  those  of a lgac  described 

by Newhouse (1954; 46) and Doty (1954; 17) ikom ato1.l isl.and su r faces  

where moisture condi t ions  must be equal ly  s e v e r e .  These c a r l y  green al.ga1 

popula t ions  wcrc on sky-racing su r faces ,  and they  became progress ive ly  

l e s s  c o n s p i c u o ~ s  a s  t h e  yea r s  passed and were no 1-onger v i s i b l e  i n  1960. 

Some Fourteen t o  s i x t e e n  months ( J u l y ,  1956) from t h e  t ime o r  cooli.ng, 

two widely separa ted  "1.5 by 1.5 meter" boulders  were round from t h e  over- 

hanging under su r faces  of which were growing f e r n s .  These few steri1.e 

fronds were apparent ly  of  t h e  common Nephrolepis e x a l t a t a .  The l a r g e s t  

were perhaps 7 .5  cm t a l l  b u t  by f a r  t h e  most were about 2 t o  3 cm t a l l .  

There were many dead dr ied  Sronds of  t h e s e  smal.ler s i z e s .  By November lo1 

1956, a few oS t h e s e  Nepl~rolepis  t h a l l i  were f e r t i l e .  

from one of t h e  overhanging sur faccs  j u s t  described t h e r e  wcre co l l ec t ed  

a t  t h e  same t ime moss t h a l l i  and small. b i t s  oF grcyish-green hard gcl.. The 



g e l  appeared t o  be a  mixture of fungus f i laments  with Palmogloea protuberans.  

Moss t h a l l i  were wide-spread and i d e n t i f i e d  a s  juven i l e  Campylopus. S t i l l  

t h e r e  were no evidences of spermatophytes appearing on t h e  s tudy area  o r  

o t h e r  1955 flow su r faces  a t  t h i s  e l eva t ion .  

An i nc rease  i n  t h e  conspicuousness of  a l g a l  and moss co lonies  on t h e  

i n d i v i d u a l  rocks was recorded up t o  November, 1956. The occurrence of 

t h e s c  co lonies  was s o  i r r e g u l a r ,  easy t o  overlook, and in f r equen t  t h a t  any 

count  i n  t h e  s tudy area  seemed r i d i c u l o u s .  I.Jhi1.e t h e  moss co lonies  were 

more conspicuous, they  seemed t o  be s o  through increased dens i ty  r a t h e r  

t han  h e i g h t  of  t h a l l i  o r  c o l o r  change. Except near  d i s tu rbed  a reas  and 

r i g h t  a t  t h e  edges of t h e  Flows, a  moss colony could perhaps be found i n  

any t e n  t o  twenty meters  t r ave r sed .  I n  December, 1959, only one moss 

colony could be round. This colony was b u t  a  t r a c e  of t h e  l a r g e s t  observed 

s e v e r a l  t imes be fo re ,  and t h e  t h a l l i  were b u t  l i t t l e  more developed, if a t  

a l l .  Many colonies  were :found i n  September, 1960. The thal1.i  wcrc of  t h e  

same s i z e  a s  be fo re ,  bu t  perhaps t h e  co lon ie s  were sma l l e r  i n  diameter .  

I n  March, 1965, fewer t h a l l i  were p resen t  and it is  presumed t h e  v a r i a t i o n  

dur ing  t h e  p a s t  few yea r s  is f l u c t u a t i o n  r a t h e r  than  pe r iod ic  o r  s e r a 1  

change. 

The Halelcamahina s tudy area  a t  t h e  middle e l eva t ion  ("B" i n  F '  1 6 .  2 4 ) ,  

near  Kapoho, was f i r s t  v i s i t e d  i n  August, 1955, some t h r e e  months a f t e r  

t h e  lava  s u r f a c e  had cooled. A t  t h i s  t ime t h e r e  were i n  evidence a  very 

few dicotyledonous seed l ings ,  est imated a t  0.75 p e r  square  meter .  These 

wcrc i n  t h e  fo lds  oS b l i s t e r  su r faces  and absent  on t h e  s u p e r f i c i a l  sur -  

Faces of  t h e  very rough a ' a  and loose  c i n d e r s .  

Unfortunately, between t h e  t ime of  t h e  l a y i n g  out  o r  t h e  t r a n s e c t  

and t h e  second v i s i t  i n  December, 1955, a  road was b u i l t  r i g l l t  a longs ide  

t h c  previous ly  remote s tudy a rea .  Only one sma l l  dicotyledonous seed l ing  



was seen on t h e  whole s tudy arca  and noth ing  e l s e ,  e.g., t h e r e  were no 

mosses, f e r n s  o r  al.gae t o  be seen.  However, d o n g  t h e  oppos i te  s i d e  oT 

t l ie  new road t h e r e  were 4 s i m i l a r  s eed l ings  i n  one p a r t i c u l a r  square meter 

a r c a .  Nonc o r  t h e s e  seed l ings  was s u F f i c i e n t l y  l a r g e  t o  be  i d e n t i f i e d ,  

most of  them being  0.5 t o  1.0 cm i n  t h e i r  g r e a t e s t  dimension. l3y March, 

and i n  J u l y ,  1956, no seed l ings  could be founcl anywhere h e r e .  While no 

a1.ga.e o r  mosses were t o  be  seen on t h e  undisturbed su r faces  o r  on down- 

f ac i~ng  su r faces ,  ;.n c rev ices  t h e r e  were a r c a s  where many small. f e rn  thal.1.i 

could be  counted. These -Ferns i n  J u l y  had beeomc l a r g e r  b u t  many hzd be- 

come not iceably  pa1.c i n  c o l o r .  

I n  November of 1956 rerns had become abundant a s  sma l l  sporophytic 

tha1l.i on almost a l l  of  t h e  red par t ia l ly-shaded cracked su r races  beLow 

t h e  general. Tlow l e v e l .  Nothing was t o  be seen growing e i t h e r  on t h e  

ci.nc1er beds o r  on t h e  undisturbed b l i s t e r  a r ea ,  with t h e  exception ol' t e n  

t i n y  dicotyledonous seed l jngs  j.n a  deep crack  i n  one b l i s t e r  surl'ace. Some 

few mosses, a  Cyperus, and a  few dicotyledonous seed l ings  were seen on 

d i s tu rbed  bl:ister m a t o r i a l  near  t h e  road.  

Yearly i n t o  1965 Ncphrolepis has  been progressive1.y l e s s  evident.. 

Since December, 1958, such a s  t h e  Foll.owing have grown on t h e  s i t e :  

Plumeria, -- Musa, Vanda, K leu r i t e s ,  Drymari.a, J h i l i a ,  P ip tu rus ,  Nicot iana,  

Canavalia,  Leucaena, h e r a r i a  and Cyperus comprcssus. Various p l a n t i n g ~  

have been made s i n c e  then  i n  t h i s  d is turbed  a r e a ,  and t h u s  at tempting t o  

observe n a t u r a l  cvents  i.n t h i s  a rea  was d iscont inued.  

The casi ial  observat ion was made a t  t h e  Kamai1.i s i . te  t h a t  a f t e r  s i t t i n g  

on t h e  sun-waniied dry rocks,  one would rind cameras and notcboolts nnd pants  

wet on t h e  underside.  Furthermore, t h e  undersurraces o:C cave rooves were 



usua l ly  d r ipp ing  water3/ though perhaps only G t o  15 em t h i c k  and warm and 

dry on t h e  upper su r face .  'This seems t o  i n d i c a t e  t h e  rock poros i ty  is  

such t h a t  t h e  r a i n  water  i s  both caught i n  abundance and runs t?~rougl:l? 

without  most of it being  he ld  by c a p i l l a r i t y .  Several. l a r g e  gas vents  

were formed near  t h i s  middle e l eva t ion  s tudy area  a t  Halekamahina when t h e  

l o w s  were a c t i v e .  These produced steam each time t h e r e  was r a i n  dur ing  

t h e  f i r s t  yea r  o r  two of  t h e  observat ion per iod .  A s  t ime went on steaming 

was l e s s  f requent  and r i n a l l y  steam was t o  be seen only a r t e r  pe r iods  of 

very heavy r a i n .  

Apparently t h e  h e a t  i n  a  new lava bed, a t  l e a s t ,  a t  F i r s t  p revents  

t h e  water  from p e r c o l a t i n g  through and becoming l o s t  t o  t h e  p ioneer  colo- 

n i z e r s .  One would expect t h a t  o r d i n a r i l y  t h e  water i s  driven t o  t h e  su r face  

s o  slowly t h a t  when t h e  sun i s  out  and t h e  humidity :].ow, c.g., on1.y 60 t o  

75 p e r  c e n t ,  t h e  vapor i s  not  noti .ceable and most of t h e  vapor condenses 

i n  t h e  rock ,  and t h e  water not  he ld  by c a p i l l a r i t y  p e r c o l a t e s  back down 

again t o  t h e  h o t  l a v a .  A t  first even a  l i g k t  r a i n  with i t s  accompanying 

h i &  humidity br ings  clouds of  water- vapor t o  t h e  observer ' s  attention. 

With t ime t h e  e r r e c t  i s  l e s s  and t h e  depth t o  rock a s  h o t  a s  100' C g r e a t e r .  

While t h e  h o t  rock may repea tedly  r e d i s t i l l  t h e  water and t h i s  may 

promote t h e  more rap id  t r a n s f e r  of h e a t  toward t h e  su r face ,  clouds o r  

water vapor a r i s i n g  from t h e  su r face  come t o  no t i ce  only when t h e  humidity 

is  high and t h e r e  h a s  been enough r a i n  e i t h e r  t o  Ti l l .  much of t h e  rock t o  

f i e l d  capaci ty  above t h e  h o t  l a y e r  l eav ing  l i t t l e  space i n  wl?:i.clr t h e  vapors 

Such dr ippings  co l l ec t ed  i n  l eaves  and s h e l l s  wcre a  major sourcc 

of  d r ink ing  water  f o r  t h e  Polynesians i n  t h i s  d i s t r i c t .  



can expand, cool. and condense o r  enough r a i n  t o  provide more steam than 

t l le re  i s  space fo r  it  i n  t h e  rock.'/ Water e s p e c i a l l y  from l i g h t  showers 

must be merely recycled repea tedly ,  but  when t h e  [].ow cools  througl~hout t o  

temperatxres  below 10o0c., t hen  t h e  ra inwater  i n  excess of  r i e l d  capaci ty  

wou1.d p e r c o l a t e  through t o  t h e  f r e s h  water l e n s  o r  any e x i s t i n g  water 

tab1.e bclow, and perhaps be  l o s t  t o  t h e  p ioneer  p l a n t s  on t h e  su r face .  

Thus, while  a t  f irst  t h c r e  is water enough .for p l a n t s  on t h e  r e l a t i v e l y  

ba r ren  su r face  and pioneer  co lon ize r s  a r e  abundant, with time t h e  su r face  

is exposed t o  inc reas ing  dryness and t o  such an ex ten t  t h a t  q u i t e  poss ib ly  

such p l a n t s  a s  t h e  Crecht i . tes ,  which was an e a r l y  co lon ize r  and shed secds ,  

could not  p e r s i s t  o r  reproduce, e spec ia l ly  dur ing  t h c  ra i .n less  periods o  T 

two o r  t h r e e  days t o  be expected (Fig.  8 )  about once a  month. Such edaphic 

changes i n  water o r  chemical. ava i . l ab i l i t y  may a c t  a s  screening  mechanisms 

d e t e m i n i n g  e c e s i s  and, t hus ,  s epa ra t ing  mere p ioneer  co lon ize r s  from those  

p ioneers  t h a t  succeed themselves and Form a pioneer  comn~unity. 

In  t h e  immediate v i c i n i t y  of  vents  near  Ilalekamahina, h u t  n o t  a t  a l l  

a f f e c t i n g  t h c  middle e l eva t ion  s tudy area ("B" of  Fig . 24)  a t  Malel~amahina, 

t h e  a i r  and l e s s  s o  t h e  rock su r faces  were, t h u s ,  very humid, and it was 

h e r e  a  p ioncer  community was first manifes t  on t h e  1955 now.  On t h e  ou te r  

s lopes  of  t h e s e  v e r t s  f e r n s  developed i n  t h e  Folds of  some b l i s t e r s  t o  the  

s t a g e  where t h e  primary sporophyte leaves  were f u l l y  c1evel.oped August 15 ,  

5' Anothcr f a c t o r  wou1.d be t h e  steam d r i v i n g  t h e  a i r  out  of  khc slurrace 

l a y c r s  of  t h e  cool ing  flow and t h e  re -ent ry  of  t h e  a i r  as  t h e  water vapor 

decreased, an a e r a t i o n  process  t h a t  would be rcpeatcd t o  d i r k r i n g  dcgrees 

with each g r e a t e r  o r  l e s s e r  wet per iod .  





very juven i l e  l e a r y  1.i.vo:wort wcre seen and c o l l e c t e d .  

By February; 3.956: t h e  rern Nephrolepis e x a l t a t a  was much l a r g e r  b u t  

none of  t h e  t l ~ a l l i  was Cer t i l e .  There were only 3 f lowering p l a n t s  of 

E r c c h t i t c s  v a l i s n e r i a f o l i - a  l e f t  i n  t h c  s tudy a rea .  Here and t h e r e ,  mostly 

i n  t h e  c rack - l ike  Colds of lava  b l i s t e r s ,  t h e r e  were small. low dense moss 

mats oT t h e  verv common Gampylopus d c n s i f o l i u s  /\ngstrom and a few a l g a l  

s p o t s .  

I n  March, 1.956, no new f lowering p l a n t s  o r  -fern t h a l l i  were round, 

however, one f e r t i l e  Frond of Nepl~rolepis  e x a l t a t a  was col . lccted.  Mosses 

werc much more i n  evidence and seemed t o  he  e n t i r c l y  Campylopus -- d c n s i r o l i u s ,  

t h e  same spcxics  appearing l a t e r  on t h e  lowest  and d r i e s t  s tudy a r e a .  The 

only specimen oT Crecht-ites v a l i s n e r i a f o l i a  remaining was sma l l  b u t  bloomi.ng. 

Other pl.ants wcre fl.owering on t h e  eclge oC t h c  h v a  near  t h e  Forest.  TIic 

more conspi.cuons of t h e s e  wcre Coleus blumei,  Conlmel.ina d i f f u s a  Ruym.; 

Pluchea oclorata and l a r g e r  specj-mens O F  t h e  same F r e c h t i t e s .  On t h e  s tudy 

a rea  t h e  one sma l l  f e l t - l i k e  algal.  patch found, turned out  t o  be  t h e  nea r ly  

ubiqui tous  Scytonema hofmannii . 
A v i s i . t  h e r c  i n  May, 1956, revealed t h e  disappearance of t h e  l a s t  O F  

t h e  Flowering pl.ant-s Crom t h e  s tudy a r e a ,  thongh they  wcre coveri.ng over 

t h e  edges of t h e  Slow nearby. There wcre Fewer c l u s t e r s  of f e rns .  111c 

individua3.s were l a r g e r  and were prodncing sporangia.  There was more moss 

and an. abundance O F  what we took t o  bc t h e  same Scytonema h o h a n n i i .  A t  - 
t h e  t ime of t h i s  v i s i t  t h e  rock su r faces  even on t h a t  p a r t i c u l a r l y  c i l r l l  

and cloucly clay wcre dry and warm t o  t h e  hand. The Scytonema f e l t  was, 

however, coo l  and s u f r i c i e n t l y  wet t h a t  water  r an  o u t  O F  it when it was 

pressed wit11 a  r inger .  

I n  Ju ly  of 1956 t h e r e  were t e n  smal l  s eed l ings  taltcn t o  be of t h e  same 



Crech t i t e s  v a l i s n e r i a f o l i a  i n  shaded (Temp. 26' C)  b l i s t e r  fo1 .d~ .  The 

same fe rn  p l a n t s  were l a r g e r  than  before  and producing many p r o s t r a t e  

rhizomes, some 20 cm long,  a s  Holttum (1960) emphasizes a s  c h a r a c t e r i s t i c  

of  Nephrolepis h i r s u t u l a  and o t h e r  Nephrolepis spec ie s .  The Scytonema 

hofmannii on t h e  broken b l i s t e r  edges had become d i f f e r e n t i a t e d  i n  some 

p laces  e i t h e r  i n t o  dark more ge la t inous  a r e a s  o r  i n t o  browner a r e a s .  The 

browner, a s  opposed t o  t h e  dark,  a r eas  covered were of apparent ly  more 

a c t i v e l y  growing f i laments  with more h y a l i n e  sheaths.$' The sunny su r face  

of  t h e  browner Scytonema was about 28.3O C,  two degrees coo le r  t han  t h e  

non-algal  covered su r faces  ad jacent .  Campylopus exasperatus Bride1 had 

spread and t h e  t h a l l i  were much t a l l e r .  Where water  d r i p s  through t h e  

rooves of  open b l i s t e r s  onto t h e i r  f l o o r s  ge l a t inous  a l g a l  scums, l a r g e l y  

mixtures  of  Scytonema hofmannii and Stichococcus s u b t i l i s ,  were found a s  

we l l  a s  green whefts of  u n i d e n t i f i a b l e  moss protonemata. There were a l s o  

i s o l a t e d  branched s t r ands  o f  t h e  moss Rhacopilum cuspidigerum (Schwaegr.) 

M i t t .  on t h e  f l o o r s  of  t h e s c  sma l l  " b l i s t e r  caves." 

I n  November, 1956, t h e  Erech t i t e s  was a l l  dead and, indeed, only a 

s i n g l e  dead s t a l k  about 30 cm t a l l  was t o  be  found i n  t h e  s tudy a r e a .  The 

f l o o r  of  t h e  b l i s t e r  cave had a number of brown and b lackish  pa tches  n o t  

un l ike  c r u s t s  of  p a i n t .  These were taken t o  be t h e  same Scytonema hofmannii 

The browner d r i e r  m a t e r i a l  had some : h n g i  i.n t h e  shea ths .  D r .  

Francis  Drouet t e l l s  us t h i s  was not  n o t i c e a b l e  i n  t h e  former c o l l e c t i o n  

from t h e  same p l a c e .  That t h i s  d i f f e r e n c e  noted a f t e r  14  months might be  

i n c i p i e n t  l i c h e n i z a t i o n  o r ,  i n  view of t h e i r  disappearance by November 

( see  below i n  t e x t ) ,  a su f fe r ing  from fungus d i sease  a r e  appeal ing 

hypotheses.  



col.l.ected becore on t h e  broken edges o r  t h e  roof above. These broken edges 

were now populated by only t h e  b lack  Fonn o:C col.ony i'i.rst: noted :in J u l y ,  

1956. Ncphrolep:is had become conspicuous, p ro t rud ing  above t h e  genc ra l  

s u r r a c e  of t h e  flow and l i n i n g  t h e  ,folds i n  t h e  su r face .  However, Tew 

were over l O  em t a l l .  and none of t hose  i n  t h e  sma l l  i n t e n s i v e  s tudy area  

was C e r t i l c .  I n  a  smal l  kipuka about two meters  across  and 3 meters  long 

nea r  t h e  s tudy s i t e ,  Colsiis blumei Benth . , Stachytarpheta caycnnensis 

(I,. Rich.) Vahl, Commelina d i f f u s a  Bum. and l 'ipturus brighamii  Slcotts. 

were blooming. I n  March, 1965, Pluchea odorata  was blooming i n  t h i s  

kipulca and t h e r e  was no -- Coleus and 1 i t t l . e  Comrnelina, a s  thoug11 t h c  s i t e  

were? d r i e r .  

I n  t h e  s p r i n g  o r  1962, sevcn yea r s  a - r t e r  t h e  I.ava First covered t h i s  

s i t e ,  a  res tudy was made. A t  t h i s  t ime it was i n t e r e s t i n g  fro no te  the! 

shi.Pts away from t h e  pi.onecr communities and t h e  establ ishment  o r  what we 

t a k e  t o  be  t h e  fu1.l. iicvel.opmcnt of  t h c  p io iwer  commun:i.tic.s on t h e  s l i r race 

oi' t h e  rlow. Thc l .a t tc r  seems t o  be ind ica t ed  by t h e  appearance i n  some 

p laces  o r  mature ycl.lowish brown t u f t s  of! C a m ~ y l o p ~  exasperatus appc7aring 

a s  t u f t s  dominating a r e a s  b u t  a  few cent imeters  across  i n  t h e  general. Tic1.d 

3 & 7/ o  F grey Stcreocaul.on vu1can:i.- coverin[; t h e  flow su r face .  Secondary 

invaders  were bcginni.ng t o  appear.  I n s o f a r  a s  they were flowering pl.ants 

they were t h e  non-native orchicls Arundina bambusifol ia  Lincll, and Spatlio- 

g l o t t i s  p l i c a t a ,  o r  t h e  n a t i v e  Metrosideros co1.ina . 
Metrosideros p resen t s  an i n t e r e s t i n g  p i c t u r e  fo r  whi1.c on t h e  s t u +  

area  t h e r c  wcre only sma l~ l  pl.ants,  perhaps 6 t o  9 cm tal.1, unbranched and 

7 /  Stereocaulon viilcani (Dory) Ach. is accepted a s  synonymous w i . t l ~  

S  . f l av i r eagens  Guilnik . - 



with one p l a n t  v i s i b l e  p e r  9 square  meters  on t h e  average, near  t h e  s tudy 

area  wllere t h e r e  had been more d is turbance  of  t h e  1.ava a  number of  p l a n t s  

20 t o  30 cm t a l l  were t o  be found. These l a r g e r  p l a n t s  a l n o s t  a l l  show 

dead shoots  and some "runners" a s  well. a s  "adventi t ious" shoots  from t h e  

base ;  a s  though t h e  t o p s  had died back dur ing  unfavorable w?ather  and t h e  

p l a n t s  had s h o t  up from a  crown again dur ing  more favorable conclit ions. 

Indeed, most of  t h e  Metrosideros on t h e  even d r i e r  reg ions  along t h c  shore 

i ~ n  t h i s  a rea  t h a t  seem young a r e ,  i n  essence ,  s e v e r a l  i r r e g x l a r  t runks  

a r i s i n g  [ram t h e  g r o ~ n d  level .  a s  though they  had a r i s e n  from s e p a r a t e  

shoots  engendered by a  common base .  We: t h u s ,  ,presume t h e  smal.1 unbranclierl 

s eed l ings  w i l l  die-back and sp rou t  up Crorn t h e  base  on t h e  s tudy s i t c  and 

gi.ve r i s e  t o  such bushy t r e e s  a s  desc15bed. 

This pioneer  Form should !lot be t h e  unbranched t a l i  fonn o  T t r e e  t h a t  

occupics t h e  niaixrc f o r e s t  :in t h e  immedi.atc vic:in:i.ty of  t h e  1~amaiI.i. study 

a rea .  T i~e rc fo rc ,  wc assume t h a t  t h e  or:i.girial Fos:cst a t  i i ic stildy a rea ,  

rmoved by t h e  lava Flow o r  i.n t h e  land c l e a r i n g  process ,  was o r  t ~ : e e s  

t h a t  liacl grown i n  s o i l  formed F m m  prch:i.storic lava and t h a t  they wore not  

merely old t r e e s  .Formed under d i f ~ F c r e n t  c l i m a t i c  condi t ions ,  probably a s  

secondary growth. 

I n t e r e s t i n g l y  enongh on t h e  s tudy a rea  anti ncavhy t h e  Nephro:Lep:k 

sim:il.arly shows dead s - ta lks  a s  thou& ;.t had died back Crom t ime t o  time. 

These s t a l k s  o l t e n  18  cm t a l l  may, however, i n  t h e  case  oF t h i s  k r n  

r ep resen t  merely t h e  remains of fronds wl~ich wcre Fert:i.l.e and From wliicli 

the pinnu1.e~ were eventua l ly  shed.  'Ihe 1:iving Froncls i n  3.962 were oi'tcn 

only about I% cm t a l l .  and, t hus ,  s h o r t e r  -tl?an tlic dead sta:Ll<s. liiiic.thcr 

t h i s  i n d i c a t e s  seasonal.ity o r  a  d e c l i n e  i n  t h e  fern populat ion,  we cannot 

? d l .  a t  t h i s  t ime. 



While t h e  F i r s t  community t o  become es t ab l i shed  was a l g a l  and oC 

Scytoncma hofmannii , blackened a reas  of  Stigouema eventual1 y became con- 

spicuous. Sometimes low dense coa t ings  on t h e  pahoehoe a r e  Formed among 

t h e  podet ia  of  t h e  predominant s u r f a c e  organism, Sterocaulon vu lcan i ,  and 

formed s o  extens ive ly  t h a t  For a r e a s  a dccimeter  o r  so i n  e x t e n t ,  30 t o  

50 per  c e n t  of t h c  rock s u r f a c c  i.s b lack .  This ,  it would seem, wonld bc 

a replacement o r  tlie pr:i.mary blue-grccn p ionec r  co lon ize r ,  Scytoncma, 11.1) 

a secondary and morphologically more complcx co lon ize r ,  Stigonerna. 

The hypo the t i ca l  explanat ion t h a t  c u r r e n t l y  seems t o  f i t  t h e s e  obser- 

va t ions  From a l l  three a rcas  i s  t h a t  t h e r e  is se ra1  development o-T a r a t h e r  

class:i.cal. nature, with khc addi.tion t h a t  t h e r e  a r c  conspicuous e a r l y  popu- 

l a n t s  xdiicli may be ephemeral acc iden t s .  To pu t  it b r i e f l ~ y  i n  more formal. 

t enns ,  t h e r e  i s  col.oni~zati.on by a wide v a r i e t y  of  forms h u t  e c e s i s  of only 

the cryptogams t h a t  come thus  t o  e s t a b l i s h  t h e  pioneer  communities. For 

cxamp:l.e, t l ie dicotyledonous seed l ings  t h a t  i ' i r s t  appearcd on t h e  1Ial.elcan1alrina 

t r a c t  wcrc an ephemeral. populat ion a s  was Erech t i t e s  on t h e  l ~ i g h c r  a r e a .  

We would suppose t h a t  t h e  substratum is unable t o  support  t h e s e  organisms 

except driring cxceptional.ly :favorable cond i t ions ,  l a r g e l y  of mois ture .  

Since t h e s e  same organisms a r e  common and c o n s i s t e n t l y  p r c s c n t  on 

o lde r  s u r f a c e s ,  we must presume t h a t  t h e  s e r e  leads  t o  cond i t ions  si.~cli 

t h a t  a popula t ion  of them can l i v e  a l l  t h e  y c a r  around, rcproducc and thus  

be  recognizable  a s  a community. It appears t h a t  t h e  same accidents (perhaps 

wind, l a r g e l y )  depos i t  dissminules  of  both  t h e s e  flowcrfng pl.ants and Chc 

cryptogams. hrhile t h e  k r n s  appeared on w e t  a r eas  e a r l y  1.We t h e  Fl.owering 

p l a n t s ,  t hey ,  t oo ,  tended t o  drop o11t. However, some have maturcd under 

arches of  rock where one would presume t h e  evaporat ion was a t  a 1.owcr rat:<! 

tliau on t h e  open su r face .  Tke mosses, a l g a e  and e s p e c i a l l y  t h e  l i chcn ,  



Stereocaulon,  d id  n o t  form obvious macroscnpic growths s o  soon nor  s o  

o f t e n  on su r faces  exposed t o  wind and sun. With time t h e s e  have been 

s t e a d i l y  inc reas ing  i n  prominence s o  t h a t  i n  t h e  w e t t e s t  p l aces  they  

cover t h e  su r face .  

It would seem t h e  first cryptogamic communities funct ion  i n  reducing 

su r face  temperatures  and a l t e r i n g  o t h e r  condi t ions  such a s  moisture and 

t h e  chemistry of  t h e  substratum i n  such ways t h a t  t h e  more advanced s e r a 1  

elements,  f o r  example t h e  f lowering p l a n t s ,  may come t o  form a secondary 

community r a t h e r  than  continue t o  be  p r e s e n t  a s  mere ephemerals. 

It is t o  be  noted t h a t  nea r  t h e  460 meter e l eva t ion  on t h e  1952 flows 

i n  South Kona a d i f f e r e n t  moss, Rhacomitrium lanuginosum, and t h e  t r e e  

Metrosideros c o l l i n a  became w e l l  e s t ab l i shed  i n  a d d i t i o n  t o  Nephrolepis 

w i th in  two yea r s  a f t e r  t h e  flow had ceased i t s  movement. Perhaps t h e  more 

rap id  development i n  t h e  South Kona d i s t r i c t ,  a reg ion  having convect ional  

showers, was due t o  t h e  more r e g u l a r  occurrence of  r a i n .  

G- THE SEASIDE OR MARINE VEGETATIONS 

Three s i t u a t i o n s  from t h e  rocks between t h e  plant-covered a r e a s  along 

t h e  shore and t h e  open sea  provide  us  with t h r e e  c a t e g o r i e s  of  mature o r  

climax h a b i t a t  For d e s c r i p t i v e  and study purposes.  A fou r th  category is  

t h e  events  i n  t h e  development of  t hese  popula t ions  a s  they  t a k e  p l ace  on 

new shores  provided when a lava  flow flows i n t o  t h e  ocean. These we t ake  

up i n  t u r n  below under t h e s e  fou r  t i t l e s :  

(1 )  L i t t o r a l  shores  of  t h e  Park 
( a )  ?he b lack  zone 
(b )  Marine caves 

( 2 )  Pools i n  t h e  shores  of  t h e  Park 
( 3 )  I n t e r t i d a l  shores  of  t h e  Park 
(4) Populat ion development on new lava  

shores  



IJn-fortunately, t h e r e  has  been l i t t l e  s tudy of  t h e  organisms, t h e  

al.gae, t h a t  dominate t h e s e  h a b i t a t s  nor of  t h e  communities themselves. 

For t h e  I s l and  of Oahu, a  hundred and f i f t y  mi les  away, beginnings have 

been made, b u t  t h e m  a r e  no stuclies published on a lgae  f o r  t h e  Park a r e a .  

Tl~c a lgae  which dominate them belong f o r  t h e  most p a r t  t o  var ious  botanical .  

phyla ,  b u t  t o  1:hej.r s e r i o u s  modern s tuden t s  mostly they a r e  n o t  p l a n t s  and 

b o t a n i s t s  r a r e l y  recognize them. OF course, i -F one was brought up t o  b e l i e v e  

i n  t h e  d i i a l i s t i c  system of good-bad, day-night,  black-white,  e t c  . , t h e r e  

a r e  on1.y p l a n t s  and an:imals. A t  t h a t  academic l e v e l  t hese  h a b i t a t s  a r e  

dominated by p l a n t s ,  bllt such s t r ange  p l a n t s .  The Parlc docs provide a 

splendid opportuni ty for  a l g a l  s tudy.  Sc ient i i - ' i ca l ly ,  it is almost an 

unlcnowm area  except Tor t h e  prel iminary surveys c a r r i e d  ont  i n  prepar ing  

t h i s  At las .  

Though n o t  i n  r e fe rence  t o  t h e  Park t h e  marine ecological t r e a t i s e  

ed j~ ted  by Hedgpetl? (1957) would he  t h e  s i n g l e  pub l i ca t ion  of  most use t o  

a  s t u d c n t  of t h e  ecology of  t h i s  p a r t  o-f tho Parlc. However knowing t h c  

mar:i.ne a lgae  would be an e s s e n t i a l  t oo ,  ; just  a s  knowing t h e  b i r d s  o r  

i n s e c t s  woul~d be an e s s e n t i a l  t o  s tudyihg  them. 

( I )  Z d t t o r a l  shores  of t h e  Park 

(a) The b lack  zone is a community covering t h e  occas ional ly  wave- 

swept rocks and those  k e p t  f r e e  of  s o i l  by sp ray .  I n  t h e  r a i n  o r  dur:ing 

prolonged higli s u r f  and spray  pe r iods ,  t h e  black dry rocks t ake  on a  

greenish sheen and may become very sl.?clc. The ind iv idua l s  i n  th i . s  community 

a r e  inconspicuous and macroscopic and i n  abundance usua l ly  appear black o r  

grey when d ry .  Devel.oped on t h e  s o i l  and sand which accnmulates i n  low 

p l a c e s  among t h e  rocks o r  j u s t  inshore o f  them t h i s  ex tens ive  community 

t r a c e s  t h e  shore l ine  on a e r i a l  photographs ( e . g . ,  ... -- Aerial. Photo 8-0024) 



wit11 an i r r e g u l a r  b lack  1.ine. I d e a l  p l a c e s  t o  s tudy t h i s  community e x i s t  

r e a d i l y  a c c e s s i b l e  t o  t h e  Kalapana road a t  Kamoamoa and, a s  it i s  q u i t e  

i n s e n s i t i v e  t o  r a i n f a l l ,  westward throughout Puna. 

On l e s s  wave-swept rocks,  bu t  perhaps most developed i n  a reas  pro tec-  

t e d  from eros ion ,  Calo thr ix  c rus tacea  Thuret may develop s o  as  t o  be t h e  

predominating member of t h e  community. It can form a  dense, u sua l ly  green- 

i s h ,  l a y e r  of  ha i r - t ipped  f i laments  on rocks and with o r  on o t h e r  a lgae .  

This is a  very widely d i s t r i b u t e d  spec ie s  on a l l  s o r t s  of l i t t o r a l  s u b s t r a t a .  

Sometimes it i.s d i f f i c u l t  t o  d i s t i n g ~ i s h  it From t h e  usual ly-coarser  - C .  

p i l o s a  Harvey which :forms mats of c r e c t  f a s c i c l e s  of  f i laments  each of  

wliich te rminates  i n  a  hemispherical  c e l l .  Fan (1956) has  produced t h e  

most r e c e n t  comprehensive taxonomic s tudy of t h i s  genus; though t h e  ol.der 

work by Tilden (1910) is more o f t e n  used. 

Calo thr ix  p i l o s a  Thuret fonns a  Tel t  of e r e c t  f a sc i c l e s  of  Cilaments. 

Whi1.e t h e  dimensions a r e  v a r i a b l e  a t  t h e i r  c e n t e r s ,  t h e  f i laments  a r e  

o f t e n  about 20 microns i n  diameter.  The trichomes within t h e  s l ~ e a t h s ,  

which toge the r  make up t h e  f i l amen t s ,  a r e  usua l ly  bu t  l i t t l e ,  i C  a t  a l l ,  

tapered and many have a  h e t e r o c y s t  a t  t h e  middle. Since t h e  h e t e r o c y s t s  

s t i c k  t o  t h e  shca ths  and a r e  formed a t  i r r e g u l a r  d i s t ances  along t h e  

trichome, Scytonema-like branches a r e  o f t e n  Found a s  a  r e s u l t  of t h e  rorcc 

from growth i n  length  pushing t h e  trichome through t h e  sheath m a t e r i a l .  

This spec ie s  has  o-ften been i d e n t i f i e d  a s  a  Scytonema f o r  t h i s  reason.  

Thc f e l t s  may be a few mi l l ime te r s  t h i c k  and t h e  ind iv idua l  f a s c i c l e s  oC 

f i laments  v i s i b l e  t o  t h e  naked eye. Within i ts  gamut of  h a b i t a t s  t h i s  

a lga  l a r g e l y  comes t o  predominate where n o t  exposed t o  t h e  sun a l l  day, 

even appearing i n  caves where it forms a  dark  b r i g h t  green coat ing .  C .  - 

p i l o s a  is b lack  when growing on d i r e c t l y  sun-1i.t s u r f a c e s .  Actual ly,  



under t h e  m-icroscope t h e s e  co lo r s  can be seen t o  be tlie greenish c o l o r  of' 

t l ie c y t o p l a s t  masked by t h e  col.or of t h e  shea th  which becomes b e a u t i f u l ~ l y  

golden. I t  i s  t h e  presence of t h i s  c o l o r  i.n t h e  shea th  t h a t  makes t h e  

Filaments b lack  t o  t h e  naked eye.  - C. p i l o s a  may appear a  q u a r t e r  oF a mi l e  

in land  -from tlie shore a s  it does a s  an i n h a b i t a n t  of 10-year old 1.955 lava 

s u r r a c e s  a t  K i i  t o  t h e  e a s t  of t h e  Park proper .  A t  Kamoamoa, - C .  pilosa 

seems t o  be  an ever l e s s  conspicuous element i n  t h e  community in land  t o  

where it appears  only occasional.ly on sand trapped i n  c rev ices  with t h e  

%-st g ras s .  I t  is, perhaps more than anyth ing  e l s e ,  i n  t h e  above h a b i t a t  

and a s  w e l l  a s  t h e  morphol.o~y t h a t  t h i s  spec ie s  i s  d is t inguished  from - C .  

c rus tacea  . 
A txrf of  Cal.otlirix dominates some almost cons tant ly  wct:, very- 

high ti.de rocks a t  Kamoamoa and is t o  be Pound a t  many p laces  along t h e  

shores  of t h e  Park. It i s  common almost everywhere t h e  s e a ' s  spl.ash keeps 

t h e  rocks wet except during calm weather and t h e  lowest t i d e  pe r iods .  

The seaward edge of t h e  s o i l  and sand can&t i.n :Low p laces  among t h e  

ba r ren  rocks is  most o r t en  l i k e l y  t o  be dominated by a  inat of Microcoleus 

chtlionoplastes (Mert.)  Zanardini ,  a s  i s  any area  which i s  exposed t o  s t r o n g  

des i cca t ion  by being immersed i n  sea  water  Tor a  few days o r  exposed occasi.on- 

a l l y  t o  s t r o n g  s u n l i g h t  For a  Tew days between inuncrsions i n  water .  Drouet 

(1.964) h a s  published an excel.l.ently detai1.ed s tudy of t h e  morphological 

var - ia t ions ,  z.~., ecophenes, o r  t h i s  very widely d:i.stributecl s p e c i e s .  

Actual1.y t h e  spec ie s  i s  a l s o  repor ted  from d e s e r t  condi t ions  where i 'rcczing 

and 125 degree l%hrenlieit temperatures must both have been to l .e ra ted .  On 

r a t h e r  v e r t i c a l .  rocks many pl-aces elsewhere i.n Hawaii and i n  t h e  Park where 

Calo thr ix  p i l o s a  is well. cleveloped, Microcoleus chthonopl~astes  ( o r  Osci l l~a-  

t o r i a  l a e t e v i r e n s )  appears o r  can be  expected. 



At: t h e  landward edge of  t l ie bar ren  rock along t h e  shore  t h e r e  a r e  

sometimes Clat so i l .  a r eas  presumably i n  response t o  e r o s i o n a l  ma te r i a l  

be ing  depos i ted .  Perhaps it is wi.nd t h a t  then becomes f u n c t i o n a l  and erodes 

Idle Cine m a t e r i a l  s o  t h a t  i n  dry weather r a i sed  b lack  a l g a l  c r u s t s  a r e  l e f t  

on t h e  otherwise r a t h e r  f l a t  su r face .  I n  such cases  O s c i l l a t o r i a  chalybea 

Mert. has  been found t o  predominate with Microcoleus chthonoplastes  and 

Ca:Lothrix c rus t acea  a s  minor elements,  t h e  l a t t e r  a  depauperate ecophcne. 

Perliaps t h i s  i s  a  f i n a l  l e v e l  i n  leaving  t h e  sea  and t h e  typical ly-marine 

Calot:lirix i s  a t  t h e  2-andward extrcme of i t s  d i s t r i b u t i o n ,  

In  c rev ices  f a r  above t h e  s e a ,  c r e v i c e s  t h a t  may be Floored with sand 

bound by a l g a l  r:ilaments, dark red t o  brown cushions oi' Po?ys:i.phonio howei 

Holl.enberg a r e  o r t e n  Cound. The sand-bindi.ng a l ~ g a l  ri~l.aments :i.n such p laces  

a r c  usi~al.:l.y Microcoleus - chtl?onoplastcs a t  IZamoamoa bu t  may have Rhi.zocl.oni.um 

lioolteri i n  with them . Ac t x a l l y  t11i.s Rhizocl.oni.iim i s  more 1;yp:i.cal:Ly i'onnd 

:i.n s m a l l  green t u f t s  o r  whisps :i.n rock c rev iccs  hold:i.i~g a  l i t t :Le smrl anti 

exposed t o  b r i g h t e r  l.ig11t. A very i n t e r e s t i n g  al.ga, Bootilcopsis -- 11nwa:i i e u s i s ,  

G i l b e r t  has  been -Found with t h e  above Polysiphonia - near  Mc1Zcnzi.c Park t o  

t h e  e a s t  of Hawaii Volcanoes National. Park.  A d i l ~ t g e n t  search  i n  i?olysi- 

phonia liowei. habi . ta t s  within tlie Park m i g l ~ t  provide a  rcward:i.ng i'intl oi' 

t h i s  r a r e  spec ie s .  

Rock tops  near  t h e  sea  tha-t  a r e  b lack  when dry i n  t h e  sun o f t en  tlcvclop 

a green sheen when wet f o r  a  few lionrs i n  t h e  r a i n  by t h e  spray f:rom l a r g e  

waves. This green sheen :is usua1~l.y Entophysal:i.s deus ta .  i$hilc very commonly 

'::ixrid i n  with t h c  o the r  a?.gae of t h e  l i t t o r a l  coininun:i~ty it is most: conspi- 

oioiis a s  a  w:i.despread ncarl-y-unialgai  cover on smootll :i.geoiis rock s u r f k e s .  

E n t h o ~ h y s a l i s  deusta  i s  tlie most widely spread oi' al:l a lgae  on t r o p i c a l  

rock shorcs .  Orten it covers much of  file near-high-t ide :Land, : i~.e . ,  the - - 



ca lcareous  o r  l imestone m a t e r i a l s ,  of an a t o l l  isl.and wi.th a brownish 

coa t ing  a t  t h e  l c v c l s  r e g u l a r l y  immersed i n  sea water o r  with a black 

coa t ing  a t  t hose  l e v e l s  normally out  of water .  

l l ~ r t h e r  inland a smal le r  coccoid a lga  with smal le r  Anacyst is- l ikc 

cel1.s appears  h7hich actual.1.y may be h a c y s t i s  montana (T,i.ghtToot) Drouet R 

Daily.  Again Kamoamoa is a d e s i r a b l e  p l a c e  1-0 s tudy t h i s  change i n  pre- 

dominence among t h e s e  organisms whi.ch crowd t h e  roclts t h a t  a r e  otherwise 

ba r ren  i n  appearance. Also in land  Scytonema hofmannii predominates i n  any 

p ioneer  s i t n a t i o n  a s ,  f o r  example, on a r ecen t  lava fl.ow. On old flows 

t h i s  spec ie s  can be expected t o  be  replaced i n  time by such a lgae  a s  

Stigoncma. On a low F la t  p l ace  i n  t h e  l ava  i n  t h e  inshore  ha lT  of t h e  

ba r ren  shores ide  rocks a t  Kamoamoa, b lack  somewhat d e n d r i t i c  excresccnses 

one t o  one and a h a l f  cent imeters  t a l l  and with lobes a miLlimeter i n  

diameter  can be  Found. These may be Schizothr ix  the lepheroides  with a Few 

m n l t i c e l l u l a r  "eggs" of  Anacystis-Cntopl1ysa1.i~ i n  them. Chunks boil~cti  w i l l .  

come a p a r t ,  when t eased ,  i n t o  fan-shaped branching systems of shca ths  i n  

which onc o r  more trichomes can be  seen.  

(b)  In marine caves,  where only r a r e l y  can one see  without  hccomirig 

very  c l o s e l y  assoc ia ted  with t h e  s e a ,  t h e  w a l k  a r e  l i ned  with a pink c r u s t .  

This is c o r a l l i n e  a l g a l  m a t e r i a l ,  t h e  m a t e r i a l  principa1l.y r e spons ib le  for  

t h e  major f e a t u r e s  of  Cent ra l  Paci-Fic atol1.s and me- f s .  Here i n  t h c  shade 

and where o f t en  exposed t o  t h e  a i r ,  r a r e l y  is it s u f f i c i e n t l y  developed 

t h a t  one can con.fidently iden t i*  t h e  s p e c i e s .  Sometimes i n  h i g ? ~  t i d e  pools 

i n  such caves a s  one Finds a t  Kamoamoa, t h e  c o r a l l i n e s  wil.1. be  p resen t  on 

rocks t h a t  a r e  otherwise q u i t e  devoid of  o t h e r  a l g a l  o r  marine l i f e  o r  any 

macroscopic k ind .  A s  a r u l e ,  one expects  t h a t  t h e s e  a r e  c r u s t s  of Porol~i thon 

onkodes (Heydrich) F o s l i e  f o r  t h i s  is t h e  widely spread p ioneer  coral.li.ne 



c r u s t o s e  a lga  of  r e c e n t  lava  su r faces  a s  w e l l  a s  be ing  t h e  p r i n c i p a l  

b u i l d e r  of  t h e  r i d g e  a t  t h e  sea  edge of  r e e f s .  The su r face  of a  Porol i thon 

c r u s t  i s ,  l i k e  f i n e l y  f r o s t e d  g l a s s ,  n o t  glazed o r  sh iny .  Sometimes o t h e r  

c o r a l l i n e  c r u s t s  found h e r e  have a  glazed s u r f a c e  when dry and a r e  probably 

of  t h e  genus Goniolithon. 

A t  t h e  h i g h e s t  l e v e l s  during low o r  calm water  per iods  t h e  c o r a l l i n e s  

i n  t h e  poo l s  o r  on air-exposed open rocks d i e ,  l o s e  t h e i r  c o l o r  and become 

white .  Often extens ive  pa tches  of  t h i s  m a t e r i a l  cover  of fshore  rocks 

where, without  no t ing  t h e i r  eco log ica l  r e l a t i o n s h i p s  o r  biologi.ca1 o r i g i n ,  

one may be inc l ined  t o  t h i n k  of  them a s  evidence of  a  sea  b i r d  colony. 

(2)  Pools i n  t h e  shores  of  t h e  Park 

In  such cave pools  a s  mentioned above t h e r e  a r e  t r a c e s  of  t h e  a l g a l  

communities of  i n t e r t i d a l  non-cave l o c a t i o n s .  The spec ie s  a r e  usual ly  

s t e r i l e  o r  j uven i l e  t h a l l i  and s o  u n i d e n t i f i a b l e .  Lynbya a e s t u a r i i  (Mertens) 

Liebmann is perhaps t h e  most recognizable.  It forms somewhat ge la t inous  

t a n g l e s  i n  which juven i l e  t h a l l i  of  Sphacelar ia ,  Cladophora, and var ious  

f i lamentous,  sometimes Achrochaetium-like red a lgae ,  appear .  Perhaps t h e  

ge la t inous  na tu re  is provided by a  Phormidium, t h e  very s l ende r  trichomes 

o f  which a r e  common, p resen t  with t h e  above Lyngbya. 

A t  Kaena, a  p l e a s a n t  30-minute h i k e  from t h e  p l a c e  where t h e  Kalapana 

road t u r n s  inland f o r  t h e  l a s t  t ime,  t h e r e  is a d e l i g h t f u l  s e r i e s  of  t i d e -  

poo l s  and ponds with varying degrees of s a l i n i t y .  Most of  them a r e  c l o s e l y  

surrounded by t h e  f lowering p l a n t  Sesuvium portulacastrum L.  and, i n  t u r n ,  

by f l a t  sandy s p o t s  of s o i l  dominated by Portulacca o r  p lan ted  Messerschmidea 

and Cocos o r  bush-l ike sma l l  t r e e s  of  Morinda c i t r i f o l i a .  J u s t  inland where 

a  conventional  f lowering p l a n t  vege ta t ion  can be  recognized, one is i n  t h e  

summer-drought c l ima te  and, o f t en ,  a  Heteropogon grass land .  



I n  t h e  smal.l.est and most in land  of t h e  poncls a t  Kaena t h e  bottoiiis may 

be  covered with a suspended mass o-f Ci.ne material .  t h a t  i s  yellowish-l~rown 

on i t s  siirFace. Sma1.l. Fishes,  f r ightened  by t h e  shadows of an approaching 

man, d a r t  i n t o  t h i s  and i n  s t i - r r i n g  it a b i t  r e v e a l  i t s  be low-surhce  

greenness.  It i s  a combination o', l a r g e l y ,  <:he bl.ue-green a lgae  and 

diatoms t h a t  a r c  a l s o  t o  be Found i n  t h e  plankton above. Though many 

a lgae  a r e  p r e s e n t ,  only i n  i n d i v i d u a l  granules  oF t h e  material .  was any 

given spcc ie s  dominant. b o n g  t h e  blue-greens Gomphosphaeria aponina 

I(uetz., Anacystis d imidia ta  (Kuetz . ) D r .  6 Daily, Anacystis marina (liansgirg) 

D r .  & Daily, and r e p r e s e n t a t i v e s  of  Cal.othrix,Ly ngbya, Osci l l . a tor ia  , 

Hydrocoleum, and Phomidium a r e  p r e s e n t .  None of t h e s e  i s  t y p i ~ c a l  o r  o the r  

t han  a brackish  pond. A s i m i l a r  nondescript  l ist  of cliatoms could be  

presented b u t  among which some a r e  d i s t i n c t i v e ;  pcrhaps t h e  most d i s t i n c t i v e  

el.emcuts a r e  M d o s i r a  , S u r i r e l l a  and a huge Campylodiscus . 
Not t o  be overl.ooked i n  t h i s  h a b i t a t  i s  t h e  abundance of protozoans 

such a s  Arcel la  and an abundance of c i l i a t e s  and -Flagell .atcs,  many of  t h e s e  

l a t t e r  a c t u a l l y  members of  a l g a l  phyla.  

I n  t h e  ponds a t  t h e  seaward end of  t h e  s e r i e s ,  A . s . ,  t h e  more s a l i n e ,  

t h e  bottom is  covered by a genera l ly  gel-atinous c r u s t .  Nearer t h e  sea it 

i s  more nea r ly  a p l a i n  cont:i.runus browner l a y e r .  Nearer t h e  f r e s h e r  

ponds t h e  m a t e r i a l  is an i r r e @ l a r  ret iculum of  rounded lumps t h a t  a r e  

greener  on t h e  su r face .  I n  t h i s  m a t e r i a l  t h e  ge la t inous  ma t t e r  is mostly 

O F  Microcoleus ch thonoplas tes .  O s c i l l a t o r i a  and s l ende r  Calo thr ix- l ikc  

f i l amen t s  a r e  common a s  a r e  liormidium-like green a l g a l  :fi laments.  Schi~zothrix-  

l i k e  t r ic l~omes  of  t h e  Microcoleus a r e  l e s s  common a s  a r e  Gomphospheria 

aponia and Anacystis d imidia ta ,  b u t  t h e  h o s t  of  diatoms mentioned above is 

y e t  p r e s e n t .  What we i n t e r p r e t  a s  Anacvstis marina is abundant. Occasion- 

a l l y  t h a l l i  of  what seems t o  be  Mastipocoleus testarum Lagerheim, normally 



a dwel le r  i n  dead ca lcareous  ma te r i a l ,  can be round. 

Brownish scums may be round wrinkled a g a i n s t  t h e  shores ,  p ro t rud ing  

rocks and i n  t h e  narrow passageways between ponds o raga ins t  t h e  Sesuvium 

portulacastrum which c lose ly  surrounds t h e  shores .  This scum, pushed by 

t h e  wi.nd, would seem, from t h e  d e t r i t u s  i n  it and t h e  non-planktonic organ- 

:isms, t o  be ma t t e r  s t randed on t h e  i n t e r t i d a l  sandy sliore s u r f a c e s  and 

picked up -from them a s  t h e  t i d e  r i s c s .  

( 3 )  I n t e r t i d a l  shores of  t h e  Parlc 

The i n t e r t i d a l  communities vary with t h e  degree of water t u rbu lance ,  

substratum and t i d e  level.. Three comm~unity v a r i a n t s  have been recognized 

a s  those  l i k e l y  t o  be  found i n  t h e  Park by M r .  Roy Tsuda a s  1 )  pro tec ted  

coves o r  a reas  n o t  aEfected by wave a c t i o n ;  2 )  a r eas  which a r c  moc1erat:ely 

wave-washed, and 3 )  a r eas  which a r e  a r f c c t c d  by s t rong  wave a c t i o n ;  1jc::l.o~ 

t h e  high sea  c l i f f s .  A good compl~ement o r  t hese  types  is ava:il.abl~e between 

Kaimu and IZalapana ou t s ide  t h e  Park. Such a reas  a r e  oi'ten not  s a f e l y  

a c c e s s i b l e  wi th in  t h e  Park. 

One can expect t h e  rocks of p r o t e c t e d ,  o r  cahn, a reas  t o  hc dominated 

by . h a n s i a  gl.omerata C .  Ag., k a r a g o p s i s  tax i rormis  ( I l e l i l e )  Col~l .  & 

Ilarv.,  Chnoospora implexa J .  Ag., Microdictyon japonicum Sc tchc l l ,  

Polysiphonia sphacrocarpa Boerg. and Valonia aegagroyila  C.  Ag. Cspecinl~l~y 

t h e s c  can be expected t o  bc found growing i n  t i depoo l s .  Looking down from 

overhanging cl i . fFs one sees  behind ishe dark background of  t h e  ' basa l t  rocks 

young pink patches of  c o l o r f u l  c rus tose  c o r a l l i n e  al.gae wi.th 1370 a r t i c u -  

l a t e d  coral- l ines , Jan ia  c a p i l l ~ a c e a  Harvey and Jan i a  un@l.ata i'enclo. 

In  h a b i t a t  t ype  2 of moderate exposure t o  waves, Ahnfel.tia concinna 

J .  Ag. with i t s  long y e l 1 . o ~  anti maroon t h a l l ~ i  i s  Touncl assoc:iated with 

t-iij,k g r c m  and red mats o.f Gel.j.dium sp . ,  P teroc ladia  s p . ,  I~Iypnea pannosa -- 



J .  Ag., and Centroceras clavnlatum ( C .  g . )  Montagne. These spec:i.cs 

comprise t h e  major i ty  of t h e  marine popula t ion  i.n such p laces .  Higll i n  

t h c  i n t e r t i d a l  reg ion ,  howevcr, s h o r t  brown tu'ts of  Ectocarpus b r e v i a r t i -  

c u l a i u s  J .  Ag. predominate. They a r e  about  t h r e e  cent i~meters  i n  length  and 

a r e  most o f t en  seen a t tached on l a r g e  b a s a l t  bou1.clers. 0ccasj.onal thal.1.i 

of  Ci~aetomorpha antennina (Rory) Kfftzing and Chnoospora minima ( l ier ing)  

PapneEuss a r e  a l s o  t o  bc found i n  a s soc ia t ion  with t h i s  Ectocarpus. Juven- 

i l e  forms of Ulva :Fasciata D e l i l e  and a  spec ie s  of Enteromorpha, appearing 

a s  green b lades  and Filaments r e s p e c t i v e l y ,  a r e  usua l ly  p resen t  on t h e  1.ower 

po r t ion  of any wave-washed bench. Along t h c  edge o-C a wave-washed bench, 

e r e c t  greenish t h a l l i  of Po1.yopes c l a r i o n e n s i s  S. R G .  a r e  of ten  seen .  A - 

s l i p p e r y  black film ofLy,n&ya and o t h e r  blue-green a1.gae -is o f t en  p r e s e n t  

on smooth basa1.t rocks making walking very d i f  i c u l t .  

Short stubby rams of Sargassum echinocarpnm J .  Ag., juveni1.e forms of  

l 'urbinaria  orna ta  (Turner) J .  Ag., p r o s t r a t e  Forms of Zonaria var:i.egata 

(Lamx.) C.  Agardh and Ra l f s i a  pangoensis Setchell .  a r c  conspicuous i n  t i d e -  

pools  on wave-washed benches. Smallentangled t h a l l i  of Polysiphonia a r e  

a l s o  found i n  t h e  seal1.er tidcpoo1.s. The only epiphyte found thus  Ear is 

a smal l  Cctocarpus, probably - E.  ind icus  Sonder, found on Sargassum. Epiphytes 

a r e ,  howevcr, abundant on thcse  a lgae  i n  most h a b i t a t s .  

Although c o l l e c t i o n s  have n o t  been made from t h e  t h i r d  hab:i.tat s i t t i a t i o n  

i n  t h e  Paxlc, t h e  predominant Flora below t h e  hi~gh sea  c l i f f s  :is e a s i l y  recog- 

nized t o  be  t h e  co1.orful t h a l l i  of Ahn.fo1ti.a concinna J.  Ag. above sl_?iutcd 

Sargassum s c a t t e r e d  ovcr a  p inkish  c r u s t o s e  cora1.line al.gal coa t ing  covering 

of t h c  rocks .  Bclow th-i.s, spec ie s  of  Gdidium occur a s  a  rcd ish  t u r f .  

Actual.ly, :i.n re ference  t o  t i d e  o r  wavc l.evel. l i t t l e  p r e c i s e  stncly within 

t h e  Park has  been Ceasible,  A t i d e  l e v e l  o r  v e r t i c a l  d i s t r i b u t i o n  s tndy 
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does n o t  seem l i k e l y  t o  be  rewarding f o r  t h e  reason t h a t  t h e  genera l ly  

heavy wave a c t i o n  seems t o  dwarf t h e  e f f e c t s  of t h e  t i d e s .  There a r e  a l l  

degrees of b a s a l t  s u b s t r a t a ,  consol ida ted  shores  a s  c l i f f s  o r  non-consoli- 

dated hugc and r e l a t i v e l y  permanent boulders ,  o r  g rave l s ,  o r  cven r iner  

m a t e r i a l .  The smal le r  s i z e s  a r e  s o  mobile they do n o t  remain i.n one p o s i t i o n  

long cnough l o r  much i n  t h e  way of  a  popula t ion  t o  develop on them unless  

they  a r e  on r a t h e r  f l a t  bottoms a s  a r e  p r e s e n t  between t h e  i s l a n d  of Kaoi 

and t h e  Halape shore  o r  between t h e  near-shore b i l s t e r s  o f  lava  and t h e  

shore  a t  Kaena. 

Without going i n t o  t h e  poss ib l e  t i d e  l e v e l  re1at:ionships o f  t h e  
. . 

d i f  e r e n t ,  apparent1.y dominant spec ie s ,  t h e  highest-growing macroscopic 

a lga  may be taken a s  Ahnfel t ia  concinna. This spec ie s  (F ig .  26) forms a 

yell-ow bunchy cover on t h e  rocks with i n d i v i d u a l  fronds o f t e n  25 cent imeters  

I.ong b u t  vary ing  g r e a t l y  from p lace  t o  p l a c e .  A t  a  d i s t ance  a  zone o:f i t  

8 /  (i ' igs.  27 & 28) reminds one- very much of t h e  s i m i l a r l y  loca ted  yellow- 

brown s t r a n d s  of  - o r  P e l v e t i a  on North Temperate sho rcs .  Note (F ig .  

26) t h e  v a r i a t i o n  i n  standi.ng crop w i t h  e l eva t ion  ind ica t ed  i n  t h e  "blow 

up" o:C t h e  i n t e r t i d a l  p a r t  of  t h e  shore .  

The zone j u s t  below t h e  Ahnfel t ia  i s  genera l ly  of about  t h e  same width 

a s  t h e  f l ~ n f e l t i a  zone. It i s  usua l ly  (F ig .  27) one of s e v e r a l  s o r t s :  merely 

o r  t h e  most p a r t  b lack  rock; populated with - Ulva o r  Enteromorpha; populated 

with Ra l f s i a  above and - Ulva below, o r  l a r g e l y  dominated by c rus tose  coral l . ines.  

O F  course t h e r e  a r e  t imes when t h e r e  a r e  mixtures of a l l  t h r e e  o r  o the r  

s p e c i e s .  Caulacanthus u s t u l a t u s  occurs h c r e ,  t o o .  Sometimes t h i s  zone is 

8/ Dickie (1876) i n  w r i t i n g  of t h e  a lgae  co l l ec t ed  a t  I-tilo by H. N .  

Moseley on t h e  Challenger Expedition a l s o  mentions t h i s  resemblance. 



'Pig. 26 .  Comparison of old ( A )  and r ecen t  ( B )  igneous shores  by a  
diagrammatic p re sen ta t ion  of t h e  h o r i z o n t a l  and v e r t i c a l  d i s t r i b u t i o n a l  
f e a t u r e s  of t h e  populat ions and some geo log ica l  d e t a i l s .  
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F ig.  27. The v e r t i c a l  d i s t r i b u t i o n  p a t t e r n s  common t o  Hawai ian 
shore areas s i m i l a r  t o  those  t o  be expected w i t h i n  t he  Bark. The d i s -  
tance between t h e  t w o  h o r i z o n t a l  dark l i n e s  i n  m e t e r s  i s  e i ven  a t  the 

0 
. 

top of each s t r i p  as w e l l  as t h e  l o c a t i o n  of t h e  t w o  on Maui  i s l a n d  and 
t h r e e  on t he  i s l a n d  o f  Hawa i i .  T h i s  p rov ides  the  s c a l e  f o r  the  whole 
diagram. 



TOP OF BREAKWATER 

AHNFELTiA - 
AYNFELTIA 

ECTOCARPUS 

L 
BARREN + 

2" CORALLINE DISC: 

P!NK CORALLINES ---- PINK CORALLINE: 

Fig. 28 .  Diagram of  a l g a l  v e r t i c a l  d i s t r i b u t i o n  on a  wave-exposed 
pro , jec t ing  angle  o f  t h e  l i i l o  Breakwater i n  r e l a t i o n  t o  t h e  ad,jacent l e s s  
wave-exposed por t ions  of  t h e  same breakwater.  The diagram is e s s e n t i a l l y  
without  s c a l e .  



sirbdi-vided with t h e  rock of  t h e  lower p a r t  coated with c rus tose  c o r a l l i n e  

a lgae ,  t h e  upper p a r t  with non-cora l l ine  a lgae .  The c o r a l l i n e s ,  ].ow i n  

t h i s  zone (F ig .  27),  may be  rough-surfaced o r  produce sma1.l Porol i thon-type 

heads.  Podoscyphe, Drupa and l impets ,  when p r e s e n t ,  a r e  h e r c .  

The n e x t  zone down is comparative1.y a s  broad o r  cven broader  than  t h e  

two above toge the r .  It  is  under la in  by sniooth c rus tose  c o r a l l i n e  a lgae ,  

o f t en  covered with GeILidium o r  o the r  close:l.y r c l a t e d  gencra. I n  t l ~ e  upper 

p a r t  O F  t h i s  zone t h e  brownish genus, Sargassum, i s  common. I F  i n  a  p l ace  

where t h e  water has  a  c o n s i s t e n t  d i r e c t i o n  o r  motion, t h e  fronds w i l l .  be 

a  foot  long, bu t  a s  t h c  water  i s  more t u r b u l e n t  t h e  fronds a r e  s h o r t e r  and 

may be merely i r r c g u l a r  pa tches  o r  s t u b h l c .  At 'rhc lcwest  common 1eve:l. o r  

t h e  waves, t h e  Gelidium cover r a t h e r  abrupt1.y t cnn ina tc s .  \+hen working on 

shorc  t h e  abrupt  upper l i m i t  o:f t h i s  a lga  (':Azr i n  l7i.g. 26) can be used a s  

zcro  datum l c v e l  i n  measuring v e r t i ~ c a l  d i s t r i b u t i o n :  when ilnclex water t h e  

abrupt  lower edge can be used a s  a  convcnient zcro .  Tiio rlc~nse Col.idi.um 

cover probably r ep resen t s  a  zone betwccn mean sea  l c v c l  ancl t h e  lowest i.ow 

t i d e  l e v e l .  

The shallow water  communities a r c  dominated hy t h c  c rus tosc  c o r a l l i n e s  

extending on below t h e  Gclidfum-covcred zone ( E g s .  26 R 27) ,  o f t cn  comple- 

t e l y  covering a l l  conso1:idatecl rock su r faccs  down t o  a  depth ooT I. t o  l..S 

meters  below Low t i d e  l i n e .  They extend much fu r thc r  down ( c e r t a i n l y  t o  

a t  l e a s t  7  meters)  bu t  a s  a  t h i n  cover graduall.y hecom:ing y e t  t h i n n e r  and 

covcring t h e  su r face  l e s s  complete1.y a s  g r e a t c r  depths ase  reached. OC 

n a h ~ ~ ?  cr i is tose a lgae  a r e  sl::i.ll p rcscnt  a t  depths oC 525 r cc t  a s  dctcnnincd 

rrom cliving i n  a  research  submarine. Ilbout 2 metcrs  below t h e  hottom of 

t h e  Gelidium, an a l g a l  s tubb le  becomes dominant and i s  conspi.cuous For a t  

1.ciast 5 meters  on down. Conspicuous e1.emcnts i n  t h i s  stubh%c a r c  Dictyota 



f r i a b i l i s  and Gri :Withsia  a s  wcll. a s  t h e  sma l l  a lgae  commonly 'omd i n  t h e  

Celidium-levels and e s p e c i a l l y  we l l  developed i n  i n t e r t i d a l  pools .  

While pink c o r a l l i n e  a lgae ,  t h e  p r i n c i p a l  b u i l d e r s  of r e e f s  i n  t h e  

P a c i f i c ,  a r e  everywhere t o  be seen,  t h e  animal c o r a l s  a r c  bu t  very Few. 

Poci l lopora ,  t h e  only c o n s p i c u o ~ ~ s  c o e l e n t c r a t c  c o r a l ,  o f t en  appears about 

3 meters  below low t i d e  level.  with t h e  i n d i v i d u a l  heads being,  perhaps,  3 

meters  a p a r t  down t o  t h e  -8 meter l e v e l .  No r e a l l y  sharp  l i m i t s  below t h e  

bottom of t h e  G e l i d i m  have been observed i n  Hawaii. from t h e  r e s u l t s  of 

dredging it appears  t h a t  t h e  a l g a l  s t and ing  crop may a c t u a l l y  inc rease  

once depths below those  aFFected by wave a c t i o n  a r e  reached. 

The v e r t i c a l  range of l e v e l s  a t  which a lgae  a r e  found changes with t h e  

degree of wave a c t i o n  and t h e  a c t u a l  a lgae  p r e s e n t  may be  t h e r e  i n  r e l a t i o n  

t o  t h e  degree of popula t ion  ( s e r a l )  devel.opment o r  seasonal  progress ion .  

This l a t t e r  i s  an unknown f o r  t h e  Park communities. I n  Figure 28 t h e r e  i s  

diagrammed a  c l a s s  of events  which i s  u s e f u l  i n  Cormulating an expl.anat-ion 

of  t h e  change oC e l eva t ion  of communities with wave a c t i o n  and some events  

i n  t h e i r  development. A s  an example of use  i n  expla in ing  phenomena i n  t h e  

Park: over t h e  c e n t e r  o:f t h e  b a s a l t  'breakwater of  Hilo Harbor t h e r e  passes  

a t  t imes a  l o t  of  g rave l  a s  evidenced by a  l a r g e  p i l e  of fresh appearance 

on t h e  i.nner s i d e  and t h e  growth oC t h i s  p i l e  with t ime.  Wave a c t i o n  h a s  

been seen t o  be deF in i t e ly  l e s s  t o  t h e  r i g h t  and l e f t  of t h e  cen te r  of  t h e  

a r e a .  !Vhe upward s h i f t i n g  of horizons o r  zones i l l u s t r a t e d  ( f i g .  28 )  i s  

apparent ly  i n  r e l a t i o n  t o  t h e  g r e a t e r  wave a c t i o n  a t  t h j s  p l ace  dlong ilic 

breakwater.  The c h a r a c t e r i s t i c s  of t h e  populati.on ind ica t ed  a t  t h e  r;.ght 

and l e f t  ends of  t h e  diagram a r e  c o n s i s t e n t ,  r e spec t ive ly ,  toward shore  and 

t h e  sea .  These condi t ions ,  shoreward and seaward, a r e  thought t o  r ep resen t  

t h e  s t a b l e  community, o r  climax, condi t ions  r e l a t i v e  t o  t h e  c e n t r a l  reg ion .  



The - Ulva and Ectocarpus popula t ions  a t  t h e  cen te r  of  t h e  diagram would seem 

t o  r ep resen t  discl imax o r  subclimax condi t ions  depending upon t h e i r  o r i g i n .  

Subsequent examinations of  t h i s  p l ace  lead  us  t o  p r e f e r  t h e  term discl imax 

a s  app l i cab le  i n  t h i s  and some o the r  s i t u a t i o n s  where t h e  same a lgae  have 

been observed t o  appear a f t e r  a  d is turbance  oi-' t h e  climax populat ion.  I n  

another  connection Randall  (1958) has  ind ica t ed  phenomena poss ib ly  of  t h i s  

s o r t  i n  connection with an h y p o t h e t i c a l  explanat ion f o r  some poison f i s h  

o c c ~ ~ r r e n c e s  . 

(4) Populatj-on development on new l ava  shores .  

Sooner o r  l a t e r  it can be expected t h a t  within t h e  Park a  lava  flow 

w i l l  reach t h e  s e a .  I n  order  t o  provide  information t o  be used i n  i n t e r -  

p r e t i n g  t h e  events  t h a t  w i l l  fol low and provide  a  @ide  Tor s t u d i e s  of  

t h e s e  events  an e x t r a c t  of t h e  r e s u l t s  of  a  study made on t h e  1955 lava 

where it went i n t o  t h e  sea  a  few miles  t o  t h e  e a s t  o-F t h e  Park is included 

h e r e .  I t  is a l s o  hoped t h i s  w i l l  be useFd i n  i n t e r p r e t i n g  phenomena con- 

cern ing  t h e  p r e s c n t  mature popula t ions  on p r e h i s t o r i c  su r faces  i n  t h e  Park. 

I n  t h e  Hawaiian I s l ands  t h e r e a r e  h i s t o r i c  lava  flows i n  t h e  i n t e r t i d a l  

reg ions  dated :from about 1750 down t o  t h e  p r e s e n t .  None of t h e s e  has  q n i t e  

t h e  same popula t ion  on it a s  is t o  be found on t h e  ad jacent  probably much 

o l d e r  undated o r  p r e h i s t o r i c  lava  shores.  This i s  a  problem f o r  i n  s t u d i e s  

elsewhere observat ions i n  t h e  i n t e r t i d a l  reg ion  have led  t o  t h e  expecta t ion  

onlj, about  f i v e  o r  s i x  yea r s  a r e  requi red  f o r  t h e  "climax" s i t u a t i o n  t o  

become es t ab l i shed .  Indeed some have s a i d  t h a t  i n  t h e  case  of i n t e r t i d a l  

popula t ions  t h e r e  was " d i r e c t  development" of  t h e  mature o r  "climax" 

popula t ions .  Fahey (1953) reviews t h i s  s i t u a t i o n  b r i e f l y .  

Observations on t h e  1955 lava  flow i n  t h e  s e a ,  i t s e l f ,  were made not  

only t o  provide  a  record of events  bu t  t o  provide a  s e r i e s  o f  s p e c i a l  
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observat:i.ons t o  t e s t  c e r t a i n  hypotheses concerning t h e  development of  

in tc r t : i .da l  populat ions on them. These hypothcses a r e ,  l a r g e l y y ,  t h e  scpar- 

a t i o n  and d i s t i n c t i o n  of  succession, seasona l  progress ion ,  t h e  events  oC 

zonat ion,  t h e  r e g ~ l a t j - o n  of climax formation,  and c l a s s i f i c a t i o n  oi-' t h e  

d i r f c r e n t  a lgae  and o thc r  organisms according t o  t h e  p a r t  thcy  p l an  i n  l h c  

popu la t ing  process .  Testi-ng, observa t ion  and experimentation elsewhere 

(NorthcraFt ,  1.948; Fahey 6 Doty, 1949; Fahey, 1953) have been concerned w i t h  

su r f aces  such a s  concre te ,  old rock o r  wood brought t o  t h e  sea  Tor t h e  f i r s t  

t ime,  with denuded su r faces ,  o r  (z.g., f o r  review of  s u b j e c t ,  Williams, 1.965) 

g l a s s  s l i d e s .  

The i n i t i a l  hypotheses wcre t h a t  t h i s  phenomenon oi: slow dcvelopmcnt 

of a  climax s i t u a t i o n  was r e l a t e d  t o  t h e  geographic p o s i t i o n  i n  t h e  i s l a n d s  

o r  t h e  chemical o r  phys ica l  composition of  t h e  l ava .  Thesc hypotheses were 

clestroycd by a  Sew si.mpl.e experiments and measurements. For example: chunlcs 

from recen t  and old lava  flows of d i f f e r e n t  d a t e s ,  composition and phys ica l  

su r face  were sea ted  i.n concre te  b locks ,  sometimes encloscdiri wooden Toms 

and exposed i n  t h e  s e a .  It was found t h a t  t h e  pioneer  and secondary popula- 

t i o n s  developed about t h e  same on a l l  s u r f a c e s  exposed, incl.ucling t h e  wood 

and concre te .  This i s  a  q u i t e  d i i ' e r en t  r e s u l t  from t h a t  obtained i n  

experiments with terrestr : i .a l .  forms on d i f l ' e rcn t  s u b s t r a t a .  

The 1955 lava flows r an  i n t o  tllc s ea  along a shore (Fig.  24) where there 

was very l i t t l e  sand. Shor t ly  a - f t e r  t h e  l o w s  had cool.ed, cx teus ive  beaches 

of  b lack  sand werc seen extending along t h e  shores  t o  t h e  l e f t  and r i g h t  of 

t h e  new lava  f lows.  With t ime,  a s  determi-ned by successfve  observa t ions ,  

t h i s  sand moved o f ?  o r  away ( o f t e n  moving in l and)  from t h e s e  f i r s t  i'oi-med 

beaches. 

Uniform samples o ?  t h e  water washi-ng t h e  interC-idal  su r faces  taken From 



near  t h e  1955 flows and from near  t h e  much o lde r  undated flows revealed a 

measurably l a r g e r  amount of sand and sediment i n  t h e  water from t h e  new 

flow a reas .  Erosion of t h e s e  1955 shores h a s  been high and, i n  some cases ,  

s e v e r a l  meters of t h e  new lava  su r face  have been removed i n  b u t  a  few months. 

I n  pass ing ,  it may be  noted t h a t  t h e  Honolcua 1950 l ava  flow a t  Hookena, 

Hawaii, was s o  worn back by l a t e  1955 t h a t  i n  many p laces  t h e  p r e h i s t o r i c  

:Elow under it was again exposed t o  the  s e a .  

A d i f f e r e n t  hypothesis  f i n a l l y  arose  a f t e r  following t h e  populat ions 

on t h e s e  1955 i n t e r t i d a l  lava  flow surfaces  f o r  some t ime.  This is t o  t h e  

e f f e c t  t h a t  t h e  su r face  would have t o  become so  s t a b i l i z e d  t h a t  it would 

remain e f f e c t i v e l y  cons tant  f o r  a t  l e a s t  t h e  f i v e  o r  s i x  years  one can 

expect  it takes  a  climax populat ion t o  appear.  I t  seems t r u e  t h a t  wherever 

a  dated flow is no t  y e t  worn back t o  t h e  genera l  c o a s t  l i n e ,  it does not  

bea r  a  sere-wise advanced populat ion.  

Somewhat s i m i l a r  s ta tements  can be made i n  regard t o  t h e  presence of 

b lack  sand. Where black sand is  p resen t  nearby i n  quan t i ty ,  t h e  populat ions 

tend t o  be immature. Rigg (1914) and Dawson (1954: 10)  both comment on t h e  

denuding a c t i o n  of such volcanic pumice and sand on nearby populat ions.  

In our case ,  no such observat ion of t h e  removal of old nearby populat ions 

h a s  been made. We do note  t h a t ,  a s  indica ted  by t h e  c o n t r a s t  i n  Figure 

26 ,  t h e r e  is a change i n  t h e  rocks on t h e  bottom. Not only with time have 

t h e  rocks i n  t h e  sea  o f f  t h e  Kehena flow become smal ler ,  more c lose ly  

packed and more rounded, they have a l s o  become more completely populated, 

l a r g e l y  by c rus tose  a lgae .  Early v i s i t s  t o  t h e  a rea  were marked by notes  

of t h e  frequency s tones  were seen thrown by wave a c t i o n  h ighe r  and beyond 

t h e  sp lash  of t h e  water i t s e l f .  Likewise i n  sk in  and SCUBA diving ,  moving 

s tones  were o f t en  seen.  The author observed s tones ,  adjudged t o  be of 7 



t o  12 cent i ineter  dimensions, i n  t h e  turbul-ent 

t h e  bottom dur ing  a  period o:F unusually rough 

water .3 t o  .7  meters  ofT 

s e a s  whi1.e swimming under 

t h e  l a r g e  waves a- f te r  having been washed o f f  t h e  s tudy a r e a .  The author  

has  n o t  heen i n  t h e  water a t  t h i s  p l a c e  under such rougll s ea  condi t ions  

du r ing  t h e  l a s t  few yea r s ,  bu t  t h e  impression i s  t h a t  t h e  bottom, which 

is  of  c l o s e l y  packed s tones ,  i s  of Fewer and more uniCormly densc boulders 

n o t  moving a s  f r e e l y  a s  they d id  during t h e  first two yea r s  of  t h e  s tudy.  

A t  t h e  time of our observat ions i n  June,  1955, one of t h e  clominant 

a lgae  on t h e  1955 l avas  was Liagora maxima. It was p resen t  both on pre- 

h i s t o r i c  lava near  t h e  1955 Keckce flow and on t h e  1955 Kehcna flow. This 

a lga  was much l e s s  evident  i.n December (1955) than  -it had been e a r l i e r  i n  

June and Aumst ,  and by February and March (1.956) none was seen a t  a l l .  

Ilor,~eoer, i n  May and i n  J u l y  (1956) it was again abundant. This we regard 

a s  a  inani:fcstation of s easona l  progress ion  o r  p e r i o d i c i t y  r a t h e r  than a s  

p ioneer  co lon iza t ion  without  c c e s i s .  

Our s tudy has  hccn rewarding i n  connection wit11 t h c  obta in ing  of 

observa t ions  t h a t  bear  on t h e  problem o f  d is t in@ish: ing  s e r a 1  progress ion .  

A s  i l l u s t r a t c d  f o r  t h e  Kaueleau s tudy s i t e  ("En i n  Fig.  24)  a t  "A" i n  Figure 

29 t h e  f irst  macroscopic populant  on th(? newly cooled lava  was f i h c  green 

s t r a n d s  O F  Cnteromorpha. Speci-Tically t h i s  green a:Lgal. inater ial  i s  not  

i d e n t i f i a b l e  f u r t h e r  than  t o  genus a t  t h i s  t ime.  Theso popula t ions  were 

vcry hard  t o  reach c o n s i s t e n t l y  f o r  measurement o r  col l .ect ion.  

Subsequent more c o n s i s t e n t  s tudy was poss ib l e  when por t ions  O F  t h c  Flow 

s u r f a c e  broke away and disappeared.  I n  t h e s e  cases  r ega rd le s s  o r  timc of 

yea r  o r  v e r t i c a l  posi t i -on :in t h e  i n t e r t i d a l  reg ion ,  t h c  same Cnteromorpha 

appears  a s  a  f i n e  h a i r - l i k e  r a t h e r  uni:fonn coa t ing  on such " i k s h "  su r faces .  

Cer ta in ly  t h i s  p a r t i c u l a r  phenomenon is one of d isc l imax i n  cons idera t ion  

of  t h e  whole a rea ,  y,:t on t h e  p a r t i c u l a r  f resh  lava  s i x r a c e s  t h e  Cnti?romorpha 





is a p ioneer .  I n  ti.me t h e  Enteromorpha matures i n t o  isol.ated t u F t s  o-F 

mature t h a l l i  t h a t  may eventually become somewhat brownish with t h e  develop- 

ment of ep iphyt ic  diatoms and then  d isappears  a s  succession t akes  p l a c e .  

Ectocarpus b rev ia r t i cn la l l i s  can be  expected t o  appear ("B" and "C" i n  

F ig .  29) s h o r t l y  a r t e r  t h e  Enteromorpha h a s  appeared and with i t  d i s t r j ~ b u -  

tional1.y bu t  a l s o  a lone  a t  still.  h ighe r  i n t e r t i - d a l  l e v e l s  a s  wel l .  While 

t h e  jWcocarpus a t  f i r s t  may be  d i f - fuse ly  spread over t h e  su r faces ,  i n t e r -  

mixed with t h e  h a i r - l i k e  coa t ing  of  Enteromorpha, it t o o  f i r s t  becomes 

r e s t r i c t e d  t o  sma l l  t u f t s  and t h e s e  become fewer and l a r g e r  a s  t ime goes 

on. I n  age t h e  lower t u f t s  O F  Ectocarpus may become intermixed w i i h  a 

Cladophora, t h e  t u f t s  o:f whicl~ o t h e r  1-han fo r  c o l o r  a r c  q u i t e  sirnil.ar 

macroscopical ly.  

A s  time goes on, t h e  p ioneers  become replaced by o the r  a lgae  and 

zonat ion (F ig .  29) becomes evident  and more s t a b l e  as  longer- l ived organisms 

appear.  While t h e  Ectocarpus, a l l  t h e  time it remains, is t h e  h i g h e s t  

macroscopic a lgae ,  a blue-green coa t ing  began t o  appear ("D" i n  Fig. 29) 

conspicuously on t h e  rocks above t h e  Ectocarpus i n  December, 1955, s i x  

months a:Fter t h e  flows had cooled h e r e .  Ide have gained t h e  impression t h a t  

with excessive abrasion dur ing  s torms,  many o-f t h e  zoned organisms a r e  

removed. In  Fact, s o  many may he removed i r r e g u l a r l y  and replaced by  pioneers  

( e . g . ,  t h e  Enteromorpha i n  "D" o:f Fig. 29) t h a t  zonat ion becomes obscured. - - 

I t  wou1.d seem t h i s  d i s c l i m a t i c  process  i s  r e l a t e d  t o  t h a t  which holds  some 

a r e a s  (P ig .  28) i n  subcli.max condi t ion  semipermanently . 
Tl~e s e r i e s  of  events  i l l u s t r a t e d  i ~ n  F i ~ Q r e  29 was progress ivc .  The 

bluc-green popula t ion  gradua1l.y became more dense s o  t h a t  it could be  readi.1.y 

de tec ted  i n  its 1.ower reaches even when d r y .  A t  rirst it was seen a s  a 

blue-green sheen only when wet. L i t t o r i n a  pintarlo became progressivc1.y more 



abundant a s  t h i s  happened. Lower down t h e  same events  were - t rue f o r  t h e  

high-growing l impets ,  - Helcioniseus exa ra tus .  Ra l f s i a  and t h e  c rus tose  

c o r a l l i n e s  appeared a s  smal l  spo t s  over  a  wide v e r t i c a l  range,  became 

l a r g e r ,  tended t o  completely cover t h e  su r face  i n  a  smal le r  v e r t i c a l  range, 

and became C e r t i l e .  The c o r a l l i n e s  o f t en  developed erumpent edges where 

ad jacen t  c r u s t s  closed toge the r .  The e a r l y  populants Estocarpus, (lmoospora 

and t h e  var ious  Chlorophyta by March, 1965, were no longer  obvious except 

i n  an occas ional  s p o t  where a  chunk of  l ava  had broltcn away. While not  

a c t u a l l y  measured, it seems c l e a r  t h a t  t h e  bottom depth ai1;jacent .to t h e  

ICehena and ICaueleau flows has  increased .  

The finger-shaped p o i n t  of rock a t  Kehena ("D" i n  .. r'i gure 24)  some 7 

meters  broad, perhaps 4 meters t h i c k  which j u t t e d  i n t o  t h o  sca  some 20 

meters  and bore  t h e  su r face  repea tedly  s t u d i e d ,  photograpl?eci and incasured 

complctely disappeared e a r l y  i n  1961. Perhaps t h i s  is rel.atcx1 :in p a r t  t o  

i t s  be ing  undermined a s  t h e  depth a longs ide  increased.  Evcn bcrorc  t h a t  

t ime d i s c l i m a t i e  cvcnts  had d is rupted  t h e  s tndy and such cl.imax genera a s  

Sargassum never d id  develop t h e r e .  Other s i z e a b l e  p~wtruss:i .ons and seaward 

f aces  of  t h e  1.955 lava  f1.ows were noted t o  have disappeared between v : i s i t s .  

As a r e s u l t  i n  1.965 t h e s e  flows a r e  hard1.y i i r r c g i ~ l a r i t i e s  i n  t h e  o u t l i n e  

of  t h e  shore .  Undoubtedly, thi .s  rapicl wearing bacli of t h e  ('lows i:o t h e  

genera l  isl.anc1 contour is a major reason f o r  t h e  lack  o r  bays :in t h i s  

younger p a r t  of Hawaii. 

I n  t h e  s e r i e s  of  phenomena observed, we f e e l  t h e r e  was dcmonstratcd 

p:e~:al progress ion  a s  Sargassum e c h i n o c a r ~ u s ,  - S. oblxsifol ium and t h e  

c rus tose  c o r a l l i n e  a1.gae became we3.1. e s t ab l i shed  only dur:ing t h e  sccond 

yea r  o r  observat ion oC t h e  1955 Clow s u r r a c e s .  S?.m:i.larly i n  t ime Cora l l ina  - 
., d .' . =:-I w.i~censis became p r e s e n t  as  dense f e r t i l e  hemispheres at: ICehena, as  did - 



occas ional  t u f t s  of Alsidium sp.  and 1,ophosiphonia v i l lum a t  t h e i r  charac- 

t e r i s t i c  hi.gli e l e v a t i o n s .  l 'h is  s e r a 1  progress ion ,  while  it has  r e s u l t e d  

i n  popula t ions  having some of t h e  more conspicuous a lgae  and animals o f  t h e  

climax s i t u a t i o n ,  h a s  not  y e t  progressed very Far e i t h e r  q u a l i t a t i v e l y  o r  

q u a n t i t a t i v e l y .  On more p ro tec t ed  l e s s  abraided a r e a s  and i n  poo l s  t h e  

popula t ions  a r e  much more advanced toward t h e  climax s i . tua t ion  and t h e  

s t and ing  crop i s  h i g h c r .  

No one has  y e t  been success fu l  i n  determining t h e  p r e c i s e  q u a n t i t i e s  

oT d lgac  on a  rough nea r ly  perpendicular  i n t c r t i d a l  shore  exposed t o  t h e  

: fu l l  sweep of t h e  s u r f ,  bu t  comparat5ve observa t jons  show t h a t  thoug11 Forms 

conspicuous i n  climax populat ions a r e  p r e s e n t  and f e r t i l e ,  f o r  example, 

c r u s t o s e  c o r a l l i n e  a lgae ,  t11e cover was still  (March, 1965) n o t  a s  dcnse 

a s  it was on t h e  p r e h i s t o r i c  shores .  I t  does seem l i -ke ly  t h a t  a s  t h e  s e r e  

moves toward t h e  climax s i t u a t i o n  a  h i g h e r  s tanding  crop is maintajned, 

thoudl  p r o d u c t i v i t y  may be 1.owcred. 

Cer ta in  qual i t i . es ,  .:., t h e  red a l g a l  spec ie s  Ahn~fe1tj.a concinna, 

c o e l e n t e r a t e  c o r a l s ,  and t h e  brown a l g a l  genus Ral:fsia,  were absent  dur ing  

t h e  f i r s t  year  of observat ion a t  Kehena and Kaueleau. O f  t h e s e  dur ing  t h e  

second year  sma l l  patches of Ra l f s i a  appeared. Ahnfel t ia  was First noted 

i n  December, 1959, about four  and a h a l f  yea r s  a f k e r  t h e  su r face  had cooled. 

E a r l i e r ,  t h e s e  two q u a l i t i e s  had been found spa r se ly  devdoped on t h e  sur -  

f a c e s  o flows .five years  old el.sewhere ( t h e  1950 Flows). By April.; 1962, 

7 t o  8 cm t a l l  t u f t s  o f  . l hn fe l t i a  concinna were conspicuous on t h e  1.955 

Kaueleau l ava  -flow study p o i n t .  This a l g a  while  not  forming a baud was 

q u i t e  abundant, though not  f requent  elsewhere. Much of t h e  rlow surPace 

inl.and rrom t h e  stiidy p o i n t  was gone by March, 1965. It was l a r g e l y  1.oose 

c l i n k e r  m a t e r i a l ,  b u t  some o-f t h e  cl-inkers o r  chunks removed must have 



weighed a t  l e a s t  a  met r ic  t o n .  This removal i s  s l i g h t  i n  comparison t o  t h e  

complete removal of  most of t h e  s tudy p o i n t  a t  t h e  Kehena s i t e .  There 

between two v i s i t s  t h e  whole sma l l  s o l i d  rock peninsula disappeared except 

f o r  t h e  t i p  which remains a s  an i s o l a t e d  i s l e t  perhaps 2 meters  i n  diameter 

and cons tan t ly  washed over by t h e  waves a t  high t i d e .  

It can be s t a t e d  h e r e  t h a t  t h e  idea  of  Fi;hey, Nor thcraf t ,  and o tbe r s ,  

t h a t  t h e  pioneer  organisms, s.g., Enteromorpha and Ectocarpus, may be 

occas ional  organisms i n  climax s i t u a t i o n s  seems t o  be borne out  by our 

observa t ions .  To t h i s  group we would add Polysiphonia. Enteromorpha, 

which was t h e  p r i n c i p a l  macroscopic p ioneer ,  has  become r e s t r i c t e d  t o  but  

a  few s p o t s  on some of t h e  population-wise most advanced su r faces .  I t  

appears  i n  abundance, however, a s  a  p ioneer  coa t ing  over any new su r face  

such a s  is formed when a  p i e c e  of t h e  flow is broken away by t h e  waves. 

Ectocarpus b r e v i a r t i c u l a t u s ,  on t h e  o the r  hand, may remain a s  a  r a t h e r  

r e g u l a r l y  p r e d i c t a b l e  populant  of t h e  h i g h e s t  i n t e r t i d a l  rcg ions  f o r  a t  

l e a s t  a  yea r .  It is much l e s s  conspicuous on o lder  su r faces  and absent  f o r  

t l ic most p a r t  where Ahnfel t ia  concinna is abundant on p r e h i s t o r i c  rlows. 

It is t o  be noted t h a t  t h e  more permanent c rus tose  co lon ize r s ,  e . g . ,  - 

R a l r s i a  and t h e  c rus tose  c o r a l l i n e s ,  appear a s  small  spo t s  and grow s o  as  

t o  occupy most of  t h e  su r face .  I n  doing s o ,  they leave  l e s s  and l e s s  

space  f r e e  on which t h e  frondose e a r l i e r  more conspicuous o r  dominant and 

shor t - l i ved  populants  can grow. 

Should a  lava  flow e n t e r  t h e  sea  wi th in  t h e  Park a  photo s e r i e s ,  

i nc lud ing  v e r t i c a l  a e r i a l  views, should be  made a t  i n t e r v a l s  such a s  one 

week f o r  -the f i r s t  few months and a  b i o l o g i c a l  s tudy begun a t  once t h a t  

can be c a r r i e d  on i n t e n s i v e l y  f o r  a t  l e a s t  f i v e  yea r s .  Planning f o r  such 

a  s tudy should be  done i n  advance f o r  such a  s tudy could become a  b i o l o g i c a l  

c l a s s i c .  



Chapter V I I I -  The Vegetation Map and Vegetation P r o f i l e s  

By Die ter  Mueller-Dombois 

U t i l i z i n g  t h e  a e r i a l  p h o t o c a p h s  discussed above i n  Chapter I a 

vegeta t ion  map has  been prepared f o r  t h e  Park a r e a  on a s c a l e  of approx- 

imately 1:12,000, t h e  s c a l e  of t h e  a e r i a l  photographs themselves. The 

mapping was done on t r anspa ren t  p l .as t ic  overlays i n  t h e  form of 53 shee t s  

each 27  x 27  inches i n  s i z e  with t h e  d e t a i l s  i n  a  polygonal a r e a  se l ec ted  

s o  t h a t  t h e  53 provide complete coverage of t h e  Park. 

I n  pre l iminary  form t h e  d i f f e r e n t  types  of vegeta t ion  were f i r s t  

ou t l ined  by F. R.  Fosberg u t i l i z i n g ,  indoors,  t h e  f i e l d  knowledge h e  had 

accumulated through h i s  yea r s  of experience with vegeta t ions .  The pre- 

l iminary vegeta t ion  u n i t s  s o  mapped were s tudied  and checked ou t  i n  t h e  

f i e l d  by t h e  w r i t e r  and modified a s  necessary.  From t h e  53 f in i shed  maps 

a r ev i sed ,  p a r t i a l l y  new, c l a s s i f i c a t i o n  of t h e  vegetat ion u n i t s  was de- 

veloped. Abbreviations of t h e  names of t h e  predominant p l a n t s  i n  t h e s e  

u n i t s  provided (Table I) t h e  symbols used on t h e  maps and i n  t h e  t e x t  

below. Table 11 reviews t h e  c l a s s i f i c a t i o n .  Perhaps even more u s e f u l l y ,  

a  s e r i e s  of vegeta t ion  p r o f i l e s  (Figs.  30-34) r e l a t e d  t o  c l imate ,  topog- 

raphy and s o i l s  was prepared.  Figure 18 shows t h e  loca t ions  of t h e  pro- 

f i l e s  which a r e  r e fe r red  t o  a s  Transects  1 through 5 i n  t h e  t e x t  below. 

Fie ld  mapping involved c o r r e l a t i n g  ground condit ions with t h e  

p a t t e r n s  found on t h e  photographs. This was done by exploring a l l  unknown 

photographic p a t t e r n s  i n  t h e  f i e l d  and by running t r a n s e c t s  throu& those  

a reas  t h a t  showed a maximum of v a r i a t i o n  i n  p a t t e r n  on t h e  photographs. 

m e  vegeta t ion  types were defined by physiognomic and f l o r i s t i c  c r i t e r a  

and i n  some ins tances  i n  r e l a t i o n  t o  topographic: and s u b s t r a t e  f e a t u r e s .  

Ext rapola t ion  was kep t  t o  a  minimum i n  t h e  more accessBile  a r e a s ,  where a l l  



Table I.  Symbols used i n  the  vege ta t ion  map f o r  Hawaii Volcanoes 
National Park. The symbols a r e  l a rge ly  abbrev ia t ions  of t h e  gener ic  
names of spec ies .  For example, a  f r o n t  svmbol "OM," i nd ica t ing  open 
Metrosideros f o r e s t  might be combined with a n  a t t r i b u t e  svmbol, such a s  
" (Sa)"  i n d i c a t i n g  a  s c a t t e r i n g  of Sapindus occurred with t h e  Metrosideros.  
Often more than one f r o n t  o r  a t t r i b u t e  symbol i s  combined. I n  use and 
i n  the  fol lowing a lphabe t i c  l i s t  the  a t t r i b u t e  symbols a r e  enclosed i n  
parentheses ,  These symbols were recorded on t h e  t r anspa ren t  over lays  
made t o  correspond t o  the  a e r i a l  photographs descr ibed  i n  Chapter I. 

(Ac)- 

AcSaM- 

( a d ) -  

A l -  

(A1)- 

An- 

(An) - 

ash-  

( a s h ) -  

C -  

(C)-  

Ch- 

c l f -  

Sca t te red  Acacia b. 

Mixed Acacia &--Sapindus-Metrosideros f o r e s t .  

Admixed t r e e s  i n  lower s t o r y  (Mvrsine l e s s e r t i a n a ,  

Mvoporum, Coprosma rhvnchocama, Cheirodendron, 

w, e t c .  and arborescent  shrubs (P ip tu rus ,  e t c .  ) .  

Fores t  dominated by Aleu r i t e s  moluccana. 

Sca t te red  Aleu r i t e s .  

Andropogon grass land  ( inc ludes  A. v i r g i n i c u s  and 

A.  p lomeratus) .  - 
Andropogon. 

Ash depos i t s  with l i t t l e  o r  no vegeta t ion .  

Much barren ash.  

Cibotium f o r e s t .  

Cibotium. 

Dense Chrvsopoaon-Cynodon grass land  on loes s - l ike ,  

yellow ash (Puu Kaone). 

Closed mixed lowland f o r e s t ,  mostly fragmented by 

urbaniza t ion  and s t rong ly  modified and va r i ab le  from 

t r e e  p l an t ing  ( M a n ~ i f e r a ,  Samanea. A l e u r i t e s ,  -, 

Pandanus, Psidium guaiava,  Thespesia ,  Schinus, e t c . )  



T a b l e  I .  ( c o n t i n u e d ) .  

c l s -  

CM - 

E- 

( E l -  

( e ) -  

f u -  

( G I -  

H -  

(H)- 

( i ) -  

i t -  

( i t ) -  

(L) 

( 1 s ) -  

I s i -  

(M) - 

Closed lowland s c r u b ,  m o s t l y  low-growing. 

C losed  M e t r o s i d e r o s  f o r e s t .  

E r a g r o s t i s  t e n e l l a  g r a s s l a n d .  

Abundant a n n u a l s ,  E r a g r o s t i s  t e n e l l a  and 

R u l . b o s t y l i s  c a p i l l a r i s .  

Abundant e p i p h y t e s  ( A s t e l i a ,  F r e y c i n e t i a ,  

Che i rodendron ,  mosses and l i v e r w o r t s ) .  

Fumarole a r e a s  wi th  dwarf s h r u b s ,  Andropogon 

v i r ~ i n i c u s ,  Nephro lep i s ,  G l e i c h e n i a ,  and 

b a r r e n  ground.  

G l e i c h e n i a .  

Heteropogon g r a s s l a n d .  

Heteropogon c o n t o r t u s .  

I n t r o d u c e d  s h r u b  (Psidium g u a i a v a ,  S t a c h y t a r p h e t a  

i a m a i c e n s i s ,  Lan tana ,  C a s s i a  s p p . ,  Solanum s p p . ,  e t c . ) .  

S tand composed of  i n t r o d u c e d  t r e e s .  

I n t r o d u c e d  t r e e s  ( E u c a l y p t u s ,  J a c a r a n d a ,  e t c , ) .  

L ichens  (Cladon ia  s p p . ,  S t e r e a s a d o n ,  e t c .  1. 

Sprawling o r  s h o r t  lowland s r u b  ( W a l t h e r i a ,  r" 
Osteomeles ,  C a s s i a  l e s c h e n a u l  t i a n a ,  I n d i g o f e r a ,  

P s i l o r h e m a ,  e t c . ) .  

Mixed lowland s c r u b  composed l a r g e l y  of i n t r o d u c e d  

s p e c i e s .  

S c a t t e r e d ,  o l d  M e t r o s i d e r o s .  
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T a b l e  I .  ( c o n t i n u e d ) .  

MAc- 

MAI- 

(Me)- 

mx- 

(mx)- 

( N ) -  

n s -  

( n s ) -  

o- 

o l f -  

o l s -  

OM - 

P  - 

( p o i k )  

G 
Mixed M e t r o s i d e r o s - ~ c a g i a  koa f o r e s t .  

Mixed M e t r o s i d e r o s - A l e u r i t e s  f o r e s t  ( t h e  l a t t e r  

s c a t t e r e d )  w i t h  o t h e r  mesophy t ic  f o r e s t  t r e e  s p e c i e s  

(Myrs ine  l e s s e r t i a n a ,  Santa lum,  e t c . ) .  

Mixed Metrosideros-Di.ospvros f o r e s t ,  a lmos t  a lways  open,  

wi th  o t h e r  d r y l a n d  f o r e s t  s p e c i e s  (Ant idesma,  Canthium, 

e t c .  1 .  

Abundant M e l i n i s  p a t c h e s .  

Mixed g r a s s l a n d  (mxg = g r a z e d ) .  

Mixed g r a s s  ( above  4000 f e e t  el. e v a t i o n )  . 
Nephro lep i s  p a t c h  communities on a ' a  l a v a .  

N a t i v e  s h r u b s  ( i n c l u d e s  S t y p h e l i a ,  Vacci.nium, Dodonaea, 

Dubau t i a ,  Coprosma crnoclcoides ,  M e t r o s i d e r o s ,  

Myopomm, Wikst roemia ,  Sophora ,  e t c . ) .  

Na t ive  s h r u b  ( S t y p h e l i a ,  Dodonaea, e t c . ) .  

Open ( o n l y  use.d i n  c o m b i n a t i o n s ) .  

Open mixed 1.owland f o r e s t ,  mos t ly  fragmented by 

u r b a n i z a t i o n  and s t r o n g l y  modi f i ed  and v a r i a b l e  from 

t r e e  p l a n t i n g  (Manz i fe ra ,  Sarnanea, A l e u r i t e s ,  w; 
Pandanus,  Psidiurn gua j a m ,  T h e s p e s i a ,  S c h i n u s ,  e t c .  1. 

Open lowland s c r u b ,  most1.y low-growi-ng. 

Open M e t r o s i d e r o s  f o r e s t .  

P r o s o p i s  f o r e s t .  

P o i k i l o p h y d r o u s  ( i . e . ,  x e r o p h y t i c )  p l a n t s  and a n n u a l s  - - 

(Kau D e s e r t ) .  



T a b l e  I .  ( c o n t i n u e d )  

r- 

(R) -  

( r ) -  

rb-  

( S a ) -  

s d -  

(scM)- 

( S o t -  

s p r -  

( s p r ) -  

( T I -  

x-  

( X I -  

Lava f lows  wi th  l i t t l e  o r  no v e g e t a t i c n  

( r  f o r  r o c k l a n d ) .  

S c a t t e r e d  Rhacomitrium moss.  

Much b a r r e n  l a v a .  

Lava f l o w s ,  comple te ly  b a r r e n  (summit of Mauna Loa down 

t o  11,000 f e e t ,  and f u r t h e r  down where i n d i c a t e d ) .  

S c a t t e r e d  Sap indus .  

M e t r o s i d e r o s  s c r u b .  

M e t r o s i d e r o s  s c r u b .  

S c a t t e r e d  Sophora.  

S a l t - s p r a y  and o t h e r  s h o r e  communities.  

S a l t - s p r a y  and o t h e r  s h o r e  communities.  

T r i c h o l a e n a  repens .  

C l e a r e d  o r  s t r o n g l y  d i s t u r b e d  a r e a s  t h a t  have n o t  been 

l e f t  f o r  long enough t o  e s t a b l i s h  a  r e c o g n i z a b l e  

v e g e t a t i o n  t y p e s .  

Much modi f i ed  by man. 



major v a r i a t i o n s  were  inves t iga t ed .  I n  t h e  l e s s  a c c e s s i b l e  a reas ,  which 

involved about 20% o f  t h e  t o t a l ,  vege ta t ion  was determined by matching 

photographic p a t t e r n s .  I n d i r e c t  mapping was necessary f o r  t h e  h ighe r  

a l t i t u d e  vege ta t ion  on Mauna Loa, where vege ta t ion  cover is n o t  dense 

enough t o  show on t h e  photos. Here topographic l i n e s  and s u b s t r a t e  types  

were matched t o  approximate t h e  c o r r e c t  vege ta t ion  l i m i t s .  

The symbols used (Table I )  on t h e  vege ta t ion  maps prepared a s  overlays 

of  t h e  a e r i a l  photographs (Chapter I, above) a r e  derived from t h e  names of  

genera o r  o the r  predominant su r face  cover .  They a r e  usua l ly  i n  two p a r t s ,  

a f r o n t  symbol of  l e t t e r s  i n d i c a t i n g  t h e  more obvious s tand  o r  su r face  

Pcatures  and an a t t r i b u t e  symbol added i n  parentheses a f t e r  t h e  rront t  

symbol. The a t t r i b u t e  symbol denotes  a f i n e r  v a r i a t i o n .  More sys t ema t i ca l ly ,  

a f r o n t  symbol i n d i c a t e s  a major cover typc ,  an a t t r i b u t e  symbol, a breakdown 

wi th in  t h e  cover type ,  commonly recognized by a change i n  t h e  subdominant 

s p e c i e s .  For example, oM(C) s t ands  f o r  open Metrosideros f o r e s t  with Cibo- - 
t ium, and oM(G) s t ands  f o r  open Metrosideros f o r e s t  with Glcichenia.  There - 
a r e  29 f r o n t  symbols. The 28 a t t r i b u t e  symbols provide f u r t h e r  charac tcr -  

i z a t i o n .  Symbols denoting a s p e c i e s  a r e  c a p i t a l i z e d  abbrevia t ions  oT t h e  

generic  name. Symbols denoting o t h e r  v e g e t a t i o n a l  o r  s u r f a c e  f e a t u r e s  

a r e  a l s o  s i m i l a r  simple abbrevia t ions ,  b u t  i n  lower case .  

TOPOGRAPHIC VEGETATION PROFILES 

The vege ta t ion  p r o f i l e  diagrams (Figs .  30-34) a r e  intended f o r  map 

i n t e r p r e t a t i o n  a s  we l l  a s  f o r  a c l a s s i f i c a t i o n  of t h e  vege ta t ion  i n  t h e  

Park. The diagrams fol low t h e  t r a n s e c t  l i n e s  1-5 shown on t h e  o r i e n t a t i o n  

map (F ig .  18)  i n  t h e  chapter  on c l imate .  Their l oca t ion  was se l ec t ed  t o  

g ive  t h e  maximum o f  information about t h e  arrangement of  t h e  vege ta t ion  

cover i n  t h e  Park a s  permit ted by t h e  chosen geographic s c a l e .  



The segments shown by s e q u e n t i a l  

l i n e s  on each p r o f i l e  diagram p o r t r a y  

i n  t h e  Park. However, s e v e r a l  o r  t h c  

numbers and v e r t i c a l  s e p a r a t i o n  

t h e  more important  vege ta t ion  types  

s e p a r a t e l y  numbered p r o f i l e  segments 

r e p r e s e n t  t h e  same vege ta t ion  type .  For example, segment 12 on Figure 30, 

segment 8  on Figure 32, and segment 7  on Figure 33 r ep resen t  t h e  closed 

Metrosideros-Cibotium f o r e s t  t ype .  The same app l i e s  t o  o t h e r  geographic- 

a l l y  widely d i s t r i b u t e d  o r  Frequently r e c u r r i n g  types ,  :.%., t o  t h e  Hetero- 

pogon grassland type ,  which r e c u r s  on t h r e e  p r o f i l e s  (segment 2, F i g  32, 

segment 2 ,  Fig.  33, segments 1 and 3 ,  F ig .  34) and even twice  on one 

p r o f i l e  (F ig .  34). Therefore, t h e  t o t a l  number of  p r o f i l e  segments, 47, 

i s  g r e a t e r  than  t h e  number of  vege ta t ion  types  recognized, 31. 

The p r o f i l e  segments co inc ide  c l o s e l y  t o  t h e  vege ta t ion  u n i t s  recog- 

nized on t h e  map s h e e t s .  However, t h e  degree o-C abstract i .on h a s  been 

c a r r i e d  a  l i t t l e  f u r t h e r  on t h e  p r o f i l e  diagrams t o  e l imina te  unnecessary 

d e t a i l .  For example, t h e  mixed Acacia - koa-Sapindus f o r e s t  (segment 9 on 

Fig.  30 and se@nent 8  on Fig. 31) ,  which h e r e  r ep resen t s  t h e  vege ta t ion  

type  of Kipuka Puaulu (Bird Park),  sl~ows a s  two types  on t h e  map s h e e t ,  a  

c losed  mixed Acacia - koa-Sapindus f o r e s t  [map symbol A c ~ a ~ ( a d ) l  and an open 

mixed Acacia - lcoa-Sapindus f o r e s t  ( o r  savannah) with Metrosideros map symbol. C 
mx-AcSaM]. Both types  appear on a e r i a l  photo 8-0079. Another example may 

be  i l l u s t r a t e d  by r e f e r r i n g  t o  t h e  p r o f i l e  diagram F i y r e  34, segment 5 .  

Here t h e  diagram r e f e r s  t o  only one type ,  t h e  mixed lowland scrub ,  map symbol. 

l s ( i j .  On a e r i a l  photos 14-0016 and 6-16 t h e  type  is . fur ther  subdividrd i n t o  - 
open lowland scrub  pymbol  o l s ( i ) ]  and c losed  lowland scrub symbol cls(i .)] .  t 
There a r e  numerous o t h e r  examples. The f i n e r  v a r i a t i o n s  recognized by f i n e r  

t ype  des ignat ions  on t h e  vege ta t ion  over lays  would n o t  add any r e l evan t  

in-formation t o  t h e  p r o f i l e  diagrams. Therefore,  they a r e  omit ted.  



The numbered segments shown on t h e  profi1.e cliagrams and t h e  vcgeta-. 

ti.on types  t h a t  they  r ep resen t  a r e  r e l a t e d  primari1.y t o  s ibrn i f icant  va r i a -  

t i o n s  i n  macroclimate, b u t  i n  p a r t  al.so t o  v a r i a t i o n s  i n  s u b s t r a t e  and 

s t and  development. The l a t t e r  two v a r i a t i o n s  occur wherrver t h e r e  i s  more 

than  one vege ta t ion  type  wi th in  a  c l imate  type.  

The c l imate ,  s u b s t r a t e  and stand s t r u c t u r e  r e l a t i o n s h i p s  a r e  presented 

a s  simple, : fac tua l  r e l a t i o n s h i p s .  They do n o t  i.nip:Ly any causal. rel-at ion-  

s h i p .  Tl~e establ ishment  of cause and c r l e c t  r e l a t i o n s h i p s  r equ i ros  f t i r ther  

s tudy.  

I n  order  t o  F a c i l i t a t e  map i n t e r p r e t a t i o n  each vege ta t ion  type  name 

w-ill  be supplied with t h e  map symbol. i n  t h e  fo1.l.ow:ing cliscussion of t h e  

p r o f i l e  diagrams. They a r e  arranged alphabet;.cal.ly i n  Tab1.e I and sys1:em- 

a t i c a l l y  i n  Table 11. 

Vegetation types  along t h e  e a s t  s lope  of Maur~a Loa, Transect 1 (1'i.g. 1 ~ 8 ) .  

Pro ri1.e diagram Fignre 30. 

The vege ta t ion  was explored on a  two-day f i e l d  t r i p  (Au@st 1~7/18, 

1965) t h a t  began h a m  t h e  summit of  Manna Loa. Transect: 1 Iol~l~ows t h c  

approximate course of  t h e  Mauna Loa Park Trail. From 12,000 t o  6600 f e e t  

e l eva t ion .  From t h e  6600 f o o t  eleva-t:ion on down it i'ol.:l.ows a  s t r a i g h t -  

l i n c  course independent of any road o r  t r a i l .  t o  3900 f e e t .  The area  i s  

covered by a e r i a l  photos 4-0015, 6-01-24, 2-0081, 4-0038, 5-001.4, 4-0066 

and 8-0079, 

Tl~e vegeta t ion  types  a r e  portrayed on t h e  p r o f i l e  diagram Figure 30, 

segments 1-1.2. The vegcta t iou  type  1.imits and I i o r i s t i c  records  were 

,il-iecked with an a l t i m e t e r .  The d iscuss ion  Foll.ows the number sequence oF 

t h e  p r o r i l e  segnents  on F i@re  30. 

Segment 1 (E'ig. 3 0 ) .  IJnvegetated s.l-one d e s e r t ;  map symbol. - rb; a e r i a l  
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Fig. 30. P r o f i l e  of vegeta t ion  types on t h e  e a s t  s lope  of 
Mauna Loa from 12,000 f e e t  down t o  3900 f e e t  on p r e h i s t o r i c  and 
dominant s u b s t r a t e s ,  22 mi les  from Ohaku 0 Hanalei over Puu Ulaula,  
Kipuka Puaulu (segment 9) t o  Kilauea I k i  surroundings. This  i s  
Transect 1 of t h e  t e x t  and Figure 18. 



photos 1-0090, 1-0092, 1-0094, 4-0015, 4-0017, 4-0019. 

The upper e a s t  s lope  of Mauna Lea, from i ts  summit a t  13,676 down 

t o  l.l,000 f e e t ,  can be  c l a s s i f i e d  a s  unvegetated s tone  d e s e r t .  Only a 

s i n g l e  bunch g rass  of Deschampsia nubigena was noted on t h e  t r a i l  a t  11,400 

f e e t .  Here it was t h r i v i n g ,  apparently with good v igor ,  on an area  strewn 

with ol ive-black pumice c o n s i s t i n g  of 0.5 t o  3 cm diameter fragments. The 

a i r  temperature a t  noon (12:30 p.m.) was 12.5' C, t he  s o i l  temperature 

(I. cm i n  t:he olive-black pumice) was 28' C on a b r i g h t ,  sunny day (August 

17, 1.965). In s p i t e  of i t s  complete bareness of vegeta t ion ,  t h e  s tone  

d e s e r t  a rea  is r a t h e r  co1.orful-glisteniilg, greenish-black pahoehoe (smooth, 

ropy l ava )  interchanges with s t ee l -g ray ,  o l d e r  pahoehoe and with buff -  

co lored ,  more weathered old prehi . s tor ic  pahoehoe t h a t  appears a s  white 

f i e 1 . d ~  on t h e  a e r i a l  photos (e .g . ,  - photos 4-0015, 4-0017 & 6-0124). Illso, 

b lack  and dark-brown a ' a  (coarse,  c l i n k e r - E k e )  lava  occurs he re  and t h e r e .  

I n  additi.on, one f i n d s  l o c a l  a reas  of reddish pumice and c inder  ( t h a t  a l s o  

appear a s  w1ii.t-e f l e c k s  on t h e  a e r i a l  photos) and a reas  o f  olive-hl.ack pumice 

and ash .  Other s i g n s  of l i f e  besides t h a t  one clump of grass  were t h e  oc- 

c a s i o n a l e b i u m  - seeds t h a t  d r i f t e d  i n  t h e  af ternoon upwinds wi th in  10 m 

he igh t  across  t h e  bar ren  lava  f i e l d s  and h e r e  and t h e r e  old horse  droppings 

along t h e  t r a i l .  These were completely bleached and straw-li .ke showing no 

s i g n s  of decomposi.tion through microorganisms. (No o1.d hor se  droppings 

were s i g l ~ t e d  below 1.0,000 f e e t . )  

Segment 2 (Fig .  30).  Rhacomitrium moss type ;  map symbol &; a e r i a l  

photos 6-0124, 6-0126, 6-0128, 7-0014, 11.-0007. 

The type i s  composed of small  ( 4  x 10 cm), whitish-gray cushions of 

Rhacomitrium lanuginosum var .  pruinosum t h a t  a r e  no t  r e a d i l y  noticed a s  

they a r e  found only on north-facing cracks of t h e  buff-col.ored, p r e h i s t o r i c  

pahoehoe lava and i n  she l t e red  b l i s t e r - h o l e s .  The cushions a r e  extremely 



s c a t t e r e d .  Many nor th- fac ing  lava  cracks a r e  ba r ren .  Occasionally denser  

co lon ie s  can be  observed i n  a s soc ia t ion  with gypsum c r y s t a l s .  The First 

cushion-colony was observed a t  1.1,000 f e e t  j u s t  below Dewey's cone ( ae r i a l .  

photo 11-0007, where overlooking a l a r g e r  a r e a ,  Rhacomitrium c o l ~ l d  be  seen 

h e r e  and t h c r e  c l i n g i n g  t o  t h e  nor th- fac ing  cracks .  Apparently, t h i s  moss 

h a s  been observed r i g h t  on t h e  summit of  Mauna Loa (Bartram, 1933). This 

i s  a. noteworthy record t h a t  would i n d i c a t e  i ts  d i s t r i b u t i o n  continues 

through t h e  s tone  d e s e r t .  However, i f  it does, it c e r t a i n l y  cannot be  

considered a s  forming a vege ta t ion  type  above 11,000 f e e t ,  where t h e  w r i t e r  

d id  n o t  s e e  any specimens. It is important  t o  n o t e  t h a t  Rhacomitrium was 

found only i n  t h e  c racks  of  t h e  o ld ,  buff-colored pchoehoe a t  11,000 f e e t .  

From 10,500 f e e t  on down it was noted a l s o  i n  t h e  cracks of more r ecen t ,  

dark-gray pahoehoe and on dark-brown a ' a .  

A t  3:30 p.m. a sudden Tog appeared from t h e  no r th  t h a t  reduced t h e  

v i s i b i l i t y  t o  10 m d i s t ance .  It l a s t e d  only Cor h a l f  an hour .  I t  is pos- 

s i b l c  t h a t  a s h o r t  a f te rnoon Tog is a r a t h e r  r e g ~ r l a r  phenomenon i n  t h c  

Rhacomitrium moss type ,  which seems probable from t h e  d iscuss ion  of wind 

movements a t  t h e  Mauna Loa Observatory by P r i ce  & Pales (1963). 

Fosberg (1959) found a t  t h i s  e l e v a t i o n a l  range along t h e  I<ul.ani 

Maulca Road i n  t h e  somewhat moikter  no r theas t  s lope  a rea  two o t h e r  p l a n t s  

i n  isol .a ted deep c racks ,  t h e  fern I'ellaea t e r n i f o l i a ,  and t h e  grass  Trisetum 

glomeratum. 

Scgment 3 (F ig .  30) .  Sca t t e red ,  low ylobous scrub  type;  map symbol -- : r (ns) ;  

a e r i a l  photos 2-0081, 4-0038, 11-0007. 

This type  s t a r t s  a t  1.0,000 f e e t  and extends down t o  8500 Feet .  It 

c o n s i s t s  of  only two shrubs,  Vaceinium re t i cu la tum and Styphel ia  d o u g h s i i .  

These shrubs occur first a s  sma l l  (up t o  30 cm t a l l ) ,  gnarled ind iv idua l s  



with loose ,  cushion- l ike  crowns. The term cushion app l i e s  h e r e  and i n  t h e  

fol lowing u n i t  d e s c r i p t i o n s  only t o  t h e  semi-globose crown shape of  t h e  

shrubs and does n o t  imply a t i g h t n e s s  o r  dens i ty  f e a t u r e  of t h e  crown h a b i t .  

The d i s t r i b u t i o n  of t h e  shrubs,  from 10,000 t o  9400 f e e t ,  is extremely 

s c a t t e r e d .  

They occur a t  d i s t ances  of  about 50 t o  100 m a p a r t  only i n  t h e  c racks  

of  t h e  buff-colored and s tee l -gray  pahoehoe lava  and on red pumice. The 

l a t t e r  s u b s t r a t e  is only of  very r e s t r i c t e d  d i s t r i b u t i o n .  The o l d e r  a 'a  

flows a t  t h i s  e l eva t ion  a r e  s t i l l  bar ren ,  except  f o r  t h e  presence of  

Rhacomitrium lanuginosu~n va r .  jminosum t h a t  cont inues a l s o  through t h i s  

shrub type  i n  t h e  north-facing pahoehoe cracks .  Trisetum glomeratum dom- 

i n a t e s  a s  a s c a t t e r e d  t h i n  bunch g ras s  on t h e  few sma l l  a r e a s  strewn with 

c inde r  and red pumice. However, t h e s e  a r e a s  a r e  t o o  smal l  f o r  r ecogn i t ion  

a s  a s e p a r a t e  type  on t h i s  s c a l e .  

Other components i n  t h e  s c a t t e r e d  scrub  type  inc lude  t h e  g r a s s ,  

Deschampsia nubigena (only where t h e r e  is an accumulation of  f i n e  m a t e r i a l s ) ,  

t h e  :Ferns, Pe l l aea  t e r n i f o l i a  and Aspleniwn trichomanes, t h e  composites,  

Tetramolopium humile,  Gnaphalium sandwicensium v a r .  kilaueanum, Hypochaeris 

r a d i c a t a ,  and Carex wahuensis va r .  rubiginosa ( i n  a she l t e red  b l i s t e r - h o l e ) .  

A l l  of  t h e s e  a r e  extremely spa r se ly  d i s t r i b u t e d  i n  t h e  c racks  of t h e  o ld ,  

buf C-colored pahoehoe. 

S o i l  temperature ( 1  cm deep i n  red pumice) a t  10,000 f e e t  was 0' C 

a t  7:30 a.m. on a warm, sunny, summer morning(August 18,1965). 

Segment 4 (Fig.  30).  Open t o  closed cushion scrub  type;  map symbol - >  ns .  

a e r i a l  photos 2-0081, 4-0036, 4-0038, 5-0035. 

A t  8500 f e e t  shrubs began r a t h e r  suddenly t o  grow t a l l e r  (up t o  75 

crn) and t o  be  more densely d i s t r i b u t e d ,  q._e., a t  every 5-10 m .  They a l s o  



tended t o  occur i n  clumps of s e v e r a l  (about  3 o r  more) ind iv idua l s  w i t h  

2 combinecl crown coverages of  1-3 m . 'Illis change occurred on t h e  same 

s u b s t r a t e ,  - i . e . ,  - t h e  p r e h i s t o r i c ,  bufi'-colored pahoehoe, while on t h e  o l d e r  

a t a  l ava ,  a t  p a r a l l e l  e l eva t ions ,  s l ~ r u b  growth appeared t o  be a s  s p a r s e  a s  

i n  t h e  previous type  (segnent  3,  Fig.  30) on pahoehoe. I n  add i t ion  new 

shrub s p e c i e s  appeared, Dodonaea v i scosa ,  a t  8400 f e e t ,  Coprosma ernodeoides 

a t  8250 f e e t ,  Dubautia c i l i o l a t a  v a r .  l a x i f l o r a  a t  8150 f e e t .  A t  8400 f e c t ,  

t h e  w r i t e r  noted t h e  first l i chens ,  an Usnea c l i n g i n g  t o  t h e  branches of  a 

shrub and a minute specimen of  a green Cladonia. This observat ion di'fers 

from t h a t  made on t h e  nor th  s lope  o:f Mauna Loa, where a few coloni-es o f  

Stereocaulon were noted on lava  a t  t h i s  e l e v a t i o n a l  range. However, t h e  

absence of  l i c h e n s  above t h i s  a rea  i s  remarkable a s  the: upper vegc ta t ion  

has  been described formerly a s  a moss-lichen type  (Robyns & Iamb, 1939).  

Another noteworthy f e a t u r e  i n  t h i s  type  was t h e  occnrrcnce of Trisetuin 

$lomeraturn i n  a s soc ia t ion  with t h e  shrub co lon ie s ,  commonly Coming a t h i n  

f r i n g e  around t h e s e ,  where apparent ly  wind-borne Finer s o i l  p a r t i c l e s  and 

l i t t e r  had accumulated. 

The sudden change i n  shrub s i z e  and dens i ty  on t h e  same s u b s t r a t e  

seems t o  i n d i c a t e  a r a t h e r  sudden change i n  c l ima te  beginning with t h i s  

t ype .  From c a l c u l a t i o n s  of  d a i l y  temperature F luc tua t ions ,  combined with 

t h e  sma l l  annual  range, it is q ~ ~ i t e  conceivable t h a t  t h e  e f r e c t  of noc tu rna l  

ground f r o s t  suddenly d isappears  a t  a b o i ~ t  t h i s  e l e v a t i o n a l  range ( e . g . ,  - - 

8100 Feet) .  Thus, a change i n  c l imate  type  has  been ind ica t ed  ;.t t h i s  

p o i n t  on F i y r e  30. 

Segment 5 (F ig .  30) .  Cushion shrubs with s c a t t e r e d  Metrosideros; mrp 

symbol - ns(M); a e r i a l  photos 4-0038, 5-0012, 5-0035. 

This can a l s o  he ci l l led t h e  t imber l i n e  type  which extends From 81.00 



down t o  7500 f ee t .  Metrosideros c o l l i n a  appears  suddenly a s  a  full-grown 

- t ree  (3-5 m t a l l )  a t  8100 . fee t .  M e t r o s i d l  was n o t  seen among t h e  shrubs 

oF t h e  previous  type ,  which would i n d i c a t e  t h a t  it does n o t  form an a l p i n e  

"krummholz." Ins tead  it s t ands  o u t  a s  a  d i s t i n c t  t r e e  occurr ing  i n  a  

wide:Ly s c a t t e r e d  formation of one i n d i v i d u a l  a t  every 100 t o  200 m .  The 

t r e e s  showed a  s l i g h t  up-slope lean  and shrub growth was d i s t i n c t l y  denser  

and tal.l.er beneath t h e  t r e e s  indica-t ing a  fog d r i p  e f f e c t .  Metrosideros 

~ p p e a r e d  t o  be  c o r r d a t e d  i.n t h i s  t ype  with o l d ,  brown a f a  l a v a ,  r a t h e r  than  

with pahoehoe. However, t h i s  observat ion needs f u r t h e r  checking. A'a lava 

became d i s t i n c t l y  more dominant a t  8100 Feet and p reva i l ed  from h e r e  on down 

t o  3900 Feet. A t  t h e  same time a  marc advanced degree of  s:irface weathering 

was noted,  a s  evidenced by t h e  somewhat smoother edges o f  t h e  a ' a  chnnks 

and t h e  presence of  shallow pockets with f i n e r  s o i l .  The s t r o n g  white-black 

c o l o r  c o n t r a s t  on t h e  a e r i a l  photos,  s o  c h a r a c t e r i s t i c  f o r  t h e  upper s lope  

a r e a ,  a l s o  d isappears  abrupt ly  s t  about t h e  8100 f e e t  e l e v a t i o n .  

Other new components i n  t h i s  t y p e  were t h e  shrubs ,  Coprosma montana 

and Dubautia scab ra ,  and t h e  f e r n s ,  Pter idium aquilinum v a r .  decompositum 

and Asplenium adiantum-nigrum. An i n t e r e s t i n g  a s s o c i a t e  observed a t  8100 

Feet was Argyroxyphium sandwicense (s i lversword)  t h a t  occurred h e r e  i n  a  

l o c a l  depress ion  with t h r e e  o r  fou r  ind iv idua l s .  One o f  t h e s e  was flower- 

i n g  and 170 cm t a l l .  While t h e s e  appeared t o  be of  na tura l .  d i s t r i b u t i o n ,  

only one o the r  specimen planted a t  10,035 f e e t  was observed a long t h e  

Cransect .  Thus, s i lversword h a s  a wide a l t i t n d i n a l  range a s  was noted 

a l r eady  by N a r t t  K. Neal (1941) and t h u s  can ha rd ly  be  used For a  f i n e  

d i s t i n c t i o n  of  t h e  a l t i t u d i n a l  vege ta t ion  types  on M;luna Loa, except i n  a 

negat ive  way due t o  i ts  extreme ra reness .  

Segment 6 (Fig.  30).  Open Metrosideros-Sophora f o r e s t ;  map symbol oM(So-ns); - 
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a e r i a l  photos 5-0012, 5-0035. 

This upper subalp ine  Forest  extends from 7500 down t o  6600 f e e t  

e l e v a t i o n .  It has  been observed only on a ' a  lava  showing a reasonable 

degree of  su r face  weathering. The pockets  between t h e  a ' a  chunks were 

f i l l e d  with s o i l  and t h e  rock i t s e l f  could be  broken a p a r t  by k i ck ing  with 

t h e  f o o t .  I n  c o n t r a s t  t o  t h e  preceding two types ,  however, t h e  type  boundary 

i s  l e s s  sharp .  This t y p e  is p a r t i c u l a r l y  cha rac te r i zed  by r e l a t i v e l y  denser  

t r e e  growth, with t h e  ind iv idua l s  from 10 t o  50 m a p a r t  a s  opposed t o  ? 

d e n s i t y  of  100 t o  200 m/individual  i n  t h e  preceding t imber l ine  type .  Tree 

h e i g h t  i nc rease  was n o t  s o  pronounced, b u t  t r e e  h e i g h t  averaged 5 m .  

Sophora chrysophylla  occurred h e r e  a s  a s c a t t e r e d  t r e e ,  first noticed a t  

6900 f e e t .  Coprosma montana assumed t r e e  s t a t u r e ,  growing up t o  3 m t a l l ,  

b u t  occas ional ly  t h e s e  shrubs were t a l l e r  (up t o  1 .5  o r  occas ional ly  2 m) 

and tended t o  f i l l - i n ,  -Forming t h e  main ma t r ix  in s t ead  of t h e  ba r ren  rock 

ma t r ix  o f  t h e  preceding types .  Thus t h e  tendency of  shrub clumping beneath 

i n d i v i d u a l  t r e e s ,  s o  c h a r a c t e r i s t i c  f o e  t h e  timber l i n e  type  (segment 5 ) ,  

appeared l o s t .  Pteridium became denser  and Deschampsia nubigena more common. 

Noteworthy new components bes ides  Sophora were t h e  shrub,  Geranium cuneatum 

v a r .  3po leucum ( a t  7500 f e e t )  and an occas ional  Luzula hawai iens is .  

Segment 7 (F ig .  30) .  T a l l  cushion scrub  savannah with s c a t t e r e d  Acacia - lcoa 

co lon ie s ;  map symbol mx-ns (AcSoM); a e r i a l  photos 4-0066, 5-0014. 

This type  occurs from 6600 down t o  about  5000, o r  i n  p l a c e s  t o  4200 

f e e t .  I t  occurs  on s o i l  vary ing  From about  10-50 cm deep and whi.ch appears 

t o  be i n  p a r t  der ived  -- i n  s i t u  from weathered a ' a  lava  and i n  p a r t  From ash .  

A s i g n i f i c a n t  d i f f e r e n c e  from t h e  preceding  type  is t h e  abundance o~C mixed 

h i g h - a l t i t u d e  grasses  t h a t  form t h e  mat r ix .  These a r e  composed 1.argely OF 

Deschampsia nubigena, Trisetum glomeratum, Hol.cus l ana tns  , htlioxantum 

odoraturn, Festuca ernoides , Eragros t i s  a t r o p i o i d e s  and Paspalum u rv i  1.1 ei . 



They commonly e x h i b i t  a  tussock- l ike  h a b i t  whwe n o t  t o o  dense.  Thei.r 

gene ra l  h e i g h t  is about 75 cm t o  1 m ,  A dominant component i n  t h e  herb 

l a y e r  i s  Pteridium aquilinum v a r .  decompositum. Other common herbaceous 

pl.an.ts a r e  Luzula hawai iens is  and h p o c h a e r i s  r a d i c a t a .  There appears t o  

he  no ground exposed. The type  t r a n s i t i o n  is very abrupt ,  which may be 

c o r r e l a t e d  with t h e  sudden d i f f e r e n c e  i n  s u b s t r a t e .  The same shrubs of  t h e  

preceding u n i t  cont inue t o  form a ma;jor element i n  t h e  vege ta t ion .  )lowever, 

they  occur i n  patch-communities from but  a  few meters square t o  s e v e r a l  

1.00 in2 i n  s i z e .  The dominant shrubs a r e  Styp11el.ia and Dodonaea which a r e  

commonly 1 . 5  t o  2 m t a l l ,  with dense g lobu la r  crowns. A t h i r d  major e le -  

ment i s  Acacia - koa t h a t  grows h e r e  i n  c i r c u l a r  o r  e l i p t i c  co lon ie s  of  30-100 

in i n  di.ameter. These co lonies  usua l ly  c o n s i s t  of  one o r  two c e n t r a l  t r e e s  

with rel.at.i.vely l a r g e  t runk diameters  of 70-100 cm and maximum crown he igh t s  

o r  15 in. Tile t runks  a r e  commonly baarled a t  about b r e a s t  h e i g h t  and t h e  

upper t runk p a r t  may then spread l i k e  a  branch. Smaller koa t r e e s  a r e  

a s soc ia t ed  w i t h  t h e  Fringe area  o f  t h e  co lon ie s .  The crown-outline of t hese  

koa co lon ie s  i s  umbrella-shaped. Occasional dead branches a r e  heavi1.y 

covered with Usnea. I n  add i t ion  widely-scat tered s i .ngle t r e e s  of Metro- 

s i d e r o s  and Sophora occur t h a t  a r e  usua l ly  n o t  t a l l e r  than  5 t o  1.0 m .  

This type ,  whi.ch appears t o  correspond t o  t h e  mountain parkland Fonn~ t ion  

oF Robyns & Lamb (1.939), can be  viewed a s  a  complex of  t h r e e  types ,  grass- 

l and ,  shrubland,  and f o r e s t ,  lfowever, t h e i r  p a t t e r n  i.s r a t h e r  di.Wuse and 

t:he communities a r e  genera1 . l~  t o o  smal.1. f o r  s e p a r a t e  mapping on t h e  s c a l e  

of 1:12,000 used. 

Segment- 8 (F ig .  30).  Mixed Acacia - koa-Sapindus t r e e  savannah; map symbol 

mx-kSaM; a e r i a l  photos 4-0066, 8-0079. 

This  type  begins a t  about 5000 and extends down t o  4000 f'eet. I t  



occurs on t h e  same well-weathered substratum and s o i l .  The main d i f f e r -  

ence from t h e  preceding type  i s  t h e  absence of  t h e  t a l l  cushion shrub 

communities. Ins tead  r e l a t i v e l y  t a l l  (15-25 m )  , s c a t t e r e d  and r a t h e r  

i s o l a t e d  t r e e s  a r e  found growing among t a l l  g ra s ses ,  l a r g e l y  composed o f  

t h e  same s p e c i e s  a s  of  t h e  preceding type.  The tussock-habit  i s  2bsent 

and Pteridium aquilinum appears  t o  be  even more abundant. Occasional. 

shrubs ,  a 2-3 m t a l l  Dodonaea o r  even a P ip tu rus  may be found, b u t  they 

a r e  r a t h e r  i n s i g n i f i c a n t  components. A new t r e e  component i s  Srpindus 

saponar ia  growing with b e a u t i f u l ,  h igh ,  umbrella-shaped crowns. Acacia - koa 

i n d i v i d u a l s  dominate and seem t o  f ind  t h e i r  eco log ica l  optimum i n  t h i s  type  

t o g e t h e r  with t h e  Sapindus. Sca t t e red ,  t a l l  Metrosideros i s  p r e s e n t  a s  

we l l  a s  Sophora, which never  seems t o  g e t  as t a l l .  a s  t h e  o t h e r  t h r e e .  

Segment 9 (F ig .  30) .  Mixed -- Acacia koa-Sapindus f o r e s t  with lower-story 

t r e e s  and arborescent  shrubs ;  map symbol AcScM (ad) ;  ~ e r i a l .  photo 8-0079. 

This i s  t h e  closed Forest  t ype  o f  Iiipulca Puaulu (Bird Park) ,  which 

i s  however a l s o  represented by Kipuka K i  and o the r s  i n  t h e  summer-dry 

c l ima te  on deeply weathered s o i l .  The s o i l  h e r e  i s  composed o f  deep (up 

t o  6 m)  vo lcanic  ash ,  probably of  dune o r i g i n  (Muell.er-Dombois & Lpmoureux, 

1964), and it is much enriched with organic  c o l l o i d s .  These closed Forest 

t ypes  occur usua l ly  e s  i s l a n d s  ( k i ~ u k a s )  throilghout t h e  same e l eva t iona l  

range a s  t h e  preceding savannah type ,  s . ~ . ,  between 5000 and 4000 f e e t .  

However, t h i s  p a r t i c u l a r  kipulca ( ~ u a u l u )  ranges From about  4200 t o  3900 f e e t  

e x h i b i t i n g  a broadly undula t ing  secondary topography. A l l  p receding  types  

occurred on t h e  t y p i c a l l y  smooth, gent ly-s loping  eas t - f l ank  o r  Mauna Loa 

showing no pronounced secondary topography. The t a l l e r  t r e e s  (20-30 m) 

a r e  dominantly of  Acacia - koa,  Sapindus and Metrosideros.  A well-devel.oped 

lower t r e e  l a y e r  (of  2-10 m h e i g h t )  comprises n number o-F t r e e  spec ie s  



among which Myrsine l e s s e r t i a n a ,  Coprosma rhynchocarpa, Myoporum sandwicense, 

l 'sychotria hawai iens is ,  Osmanthus sandwicensis and Sophora chrysophylla  a r e  

t h e  most common. Severa l  spec ie s  of  a r e  a l s o  p resen t .  An ~ b u n d a n t  

a rborescent  shrub,  which dominates t h i s  s t ra tum l o c a l l y ,  i s  Pip turus  

a lb idus .  The understory i n  t h e  l e s s  dense p a r t s  of  t h e  f o r e s t  is comprised 

l a r g e l y  of  a n a t i v e  Fern, Microlepia s e t o s a ,  There a r e  s e v e r a l  noteworthy 

patch comnunities beneath t h e  t r e e  canopy. Of p a r t i c u l a r  i n t e r c s t  a r e  t h e  

Peperomia coolciana pa tches  on pig-scarif i .ed ground, and t h e  introduced 

p l a t s  now forming communities such a s  t h e  two shrubs,  Rubus penetrans and 

Solanum pseudocapsicum, and t h e  he rb ,  Commelina d i f r u s a .  The o l d e s t  t r e e s  

a r e  p a r t l y  covered wi.th ep iphyt ic  mosses. 

An open f o r e s t  (Acacia h, S?pindus, Metrosideros)  o r  savannah 

occurr ing  i n  a ta l l -grass-Pter id ium matr ix  occurs wi th in  t h i s  kipuka. I t  

corresponds c l o s e l y  t o  t h e  preceding type,  bu t  h e r e  it a l s o  grows on t h e  

deep ash so:i:L. The lcipulca is surrounded i n  i ts  upper p a r t  by a Metrosideros 

f o r e s t  b e l t  on more r e c e n t  a ' a .  

S e p e n t  10 (F ig .  30).  Open Metrosideros-lichen Forest with n a t i v e  low - - 
shrubs ;  map symbol. OM ( L n s ) ;  a e r i a l .  photo 8-0079. 

An abrupt  change occurs from t h e  kipuka f o r e s t  t o  t h i s  open f o r e s t  

on ol.d, b u t  l i t t l e -wea the red ,  pahoehoe. Here Metrosideros grows i n  t h e  

o ld  pahoehoe cracks ,  t h a t  appear t o  l a r g e l y  control .  t h e  dens i ty  of s tock-  

i n g .  The t r e e s ,  though appearing o l d ,  a r e  r a t h e r  s h o r t  (3-10 m). The 

depress ions  between t h e  outcropping convex pahoehoe blocks a r e  covered 

with Finer s0i.l and ash ,  about 10-30 cm deep. This F iner  m z t e r i a l  i s  s t i l l  

r e l a t i v e l y  coa r se  tex tured  and suppor ts  only r poor growtli of  l i chens  

(Cladonia spp . and Stereocaulon)  grasses  and herbs  ( e  - .g. , s c a t t e r e d ,  s h o r t  

Pter idium, Bulbos ty l i s  c a p i l l a r i s ) .  Also, mostly i n  a s s o c i a t i o n  with t h e  -- 



c racks ,  low (up t o  l m t a l l )  shrubs grow, s i ~ c h  a s  Dodonaea v i scosa ,  

S typhel ia  tamaiamaia, Dubautia scabra and Coprosma ernodeoides (c reeping  

h a b i t ) .  

Segment 11 (Fig .  30).  Open Metrosideros-Gleichenia Forest;  map symbol. 

oM(G); a e r i a l  photo 8-0079. 

This f o r e s t  appears  j u s t  e a s t  oT t h e  previous type ,  and a t  t h e  same 

e l e v a t i o n  (3900 -Feet), b u t  where -the c l ima te  changes r a t h e r  suddenly rrom 

summer-dry t o  humid (near  t h e  M i l i t a r y  Camp). There is a broader  t r a n s i t i o n  

zone than  between t h e  two preceding types .  This i s ,  however, somewhat 

obscured by a l a r g e  fumarole a rea  (&) west of Psrlc headquar te rs  and much 

modif ica t ion  by man. However, t h e  type  is evident  i n  l e s s  d is turbed  a reas .  

I t  c o n s i s t s  o f  a s t and  O F  pure  Metrosideros s i m i l a r  t o  t h e  preceding type,  

b u t  i n s t e a d  of  l i c h e n s  and s c a t t e r e d  he rbs  and shrubs t h e  assoc ia ted  vege- 

t a t i o n  is l a r g e l y  Formed by matted t h i c k e t s  of  t h e  Fern, Gleichenia ] . inearis .  

I n  p l a c e s  n o t  dominated by t h i s  c reeping  fern  one can f ind  Dianel la ,  I-Iedyotis 

cen t r an tho ides ,  Lycopodium cemuum and t h e  t a l l  g ra s s ,  Andropogon v i rg in ic i i s .  

This  f o r e s t  t y p e  is considered t o  be  2 developmental v a r i a t i o n  O F  t h e  

montane r a i n  f o r e s t ,  which is exemplified by t h e  next  t ype .  

Segment 12 ( ~ i g .  30).  Closed Metrosideros-Cibotium f o r e s t ;  map symbol. 

cM(C); a e r i a l  photo 8-0106. - 
This is t h e  dominant montane r a i n  f o r e s t  type i n  t h e  Park. I t  is  

cha rac te r i zed  by a pure  s tand  oi-' r e l a t i v e l y  even-sized Metrosideros t r e e s ,  

with diameters  a t  b r e a s t  h e i g h t  of 40-65 cm and uniform crown-canopy 

h e i g h t s  ranging between 14  and 20 m.  The branches a r e  more crowded on t h e  

upper one-third of  t h e  bo le  and grow a t  s t e e p  angles  upward i n t o  a some- 

what umbel-shaped crown. Tree b o l e s  a r e  r a t h e r  naked and r a r e l y  covered 

with ep iphytes .  A d i s t i n c t  second t r e e  l a y e r  is formed by t h e  t r e e  fe rn  



(Cibotium spp.) t h a t  grows h e r e  t o  a r e l a t i v e l y  uniform crown h e i g h t  o f  

about 2-5 m. The Cibotium understory is c h a r a c t e r i s t i c a l l y  r a t h e r  dense 

and, i n  t h i s  a rea  (2.~. , near  Kilauea Iki ), commonly mixed with t h e  o t h e r  

t a l l  t e r n ,  Sad le r i a  cyatheoides (which is however n o t  a t r e e  f e rn ) .  Where 

t h e r e  is an i n t e r r u p t i o n  i n  t h e  Cibotium canopy, t h e r e  is usua l ly  some 

t r e e  rern regenera t ion ,  b u t  a v a r i e t y  of  l e s s  dominant spec ie s  can be  found. 

These inc lude  t h e  sma l l  and extremely s c a t t e r e d  t r e e s  Myrsine l e s s e r t i a n a ,  

I l e x  anomala, Coprosma montana and Gouldia t e r m i n a l i s ,  t h e  shrubs Wikstro- - 
emia Vxcinium calycinum, Pip turus  a lb idus ,  Cyrtandra p l a typhy l l a ,  t h e  -> 

herbs  Grhnia gahniaeformis,  - Briza - 2  minor Isachne d i s t i chophy l l a ,  Lycopodium 

cernuum, Hedyotis cent ranthoides  and Peperomia spp. Epiphytic mosses and 

f e r n s ,  such a s  Acroporium fusco-flavum and Elaphoglossum re t icu la tum can be 

-found on t h e  lower t runks  o f  Metrosideros.  

Vegetat ion types  along south-north t r a n s e c t s  through t h e  Park. Transects  

2 ,  3 and 4 (Fig .  18) .  P r o f i l e  diagrams Figures 31, 32 and 33. 

Three roughly p a r a l l e l  south-north t r a n s e c t s  ( f o r  l o c a t i o n  see  Fig.  13 ,  

i n  chap te r  on c l imate)  a r e  represented a s  topographic vegeta t ion  p r o f i l e s  

(F igs .  31-33). l h e s e  can be  used i n  c a t e g o r i z i n g  t h e  vege ta t ion  rrom sea  

l e v e l  t o  mid-a l t i tudes  o f ,  e .g . ,  5000 f e e t .  They a l s o  se rve  t o  i l l u s t r a t e  - - 
t h e  v a r i a t i o n s  from west t o  e a s t  across  t h e  main area of t h e  Park along 

t h e  south  and sou theas t  s lopes  o f  Kilauea.  

Transect  2, from sea  l e v e l  t o  5000 f e e t  through Kau Deser t .  For 

l o c a t i o n  s e e  map, F igure  18.  The t r a n s e c t  i s  portrayed by p r o f i l e  diagram 

Figure 31. Of t h e  eleven p r o f i l e  segments shown, only seven (numbers 1-6 

and 11)  r ep resen t  new vege ta t ion  types  t h a t  have not  a l ready been described 

be fo re  i n  t h e  d iscuss ion  of  Trensect 1. The d iscuss ion  :follows i n  sequence 

of  t h e  p r o f i l e  segments shown on Figure 31. 



41.1. 

Segment 1 (Fig.  31) .  S a l t  spray  and o t h e r  shore communities; map symbol 

r ( s p r )  and x r ;  211  s e r i a l  photos showing s h o r e l i n e  ( see  Chapt. I ,  Fig. 6 ) .  

This  type  encompasses s e v e r a l  d i s t i n c t  communities t h a t  occur on t h e  

narrow s t r i p  of  land along t h e  c o a s t l i n e  tM marks t h e  seaward boundary of  

t h e  Park. They a r e  described i n  d e t a i l  i n  Chapter V I I ,  above. The reason 

f o r  t r e a t i n g  t h i s  zone a s  one type  is simply a  ma t t e r  of convenience f o r  

t h e  vege ta t ion  p a t t e r n i n g  is t o o  sma l l  f o r  t h e  s c a l e  o f  mapping used. The 

predominantly c o a s t a l  s a l t - sp ray  zone i s  comprised of l ava  ba r ren  of  macro- 

scop ic  vege ta t ion  and o f t e n  ending i n  c l i f f s  v e r t i c a l  t o  t h e  water  1.ine. 

These c l iFFs  extend above sea  l e v e l  from a  few f e e t  t o  about 50 f e e t  and 

bea r  only a Few h ighe r  p l a n t s .  These a s  found on t h e  sa l t - swept  c l i f f  

f a c e s  o r  i n  t h e  extremely s c a t t e r e d ,  s o i l - f i l l e d  cracks  a r e ,  Tor exampl.e, 

For tu laca  cyanospema and F imbr i s ty l i s  c m .  However, t h i s  area i s  densely 

covered by a  t h i n  coa t ing  of  a lgae .  

I n  a  few p l a c e s ,  where t h e  lava  sur-face is r i g h t  a t  s ea  l e v e l  o r  

even somewhat submerged and covered with sand of  c o r a l  and lava  o r i g i n ,  

t h e r e  a r e  a few s c a t t e r e d  s t r a n d  c o r n u n i t i e s  with t h e  t r a i l i n g  Ipomoea 

pes-caprae and occas ional  i n d i v i d u a l s  of  t h e  t r e e ,  Tournefort ia  a rgentea .  

These occur on somewh~t e leva ted  sand,  whereas F few ha lophy t i c  communities, 

dominated by Sesuvium por tu lacas t rum,  a r e  found on patchy sand : f l a t s  t h z t  

a r e  p e r i o d i c a l l y  inundated with t h e  incoming t i d e .  These more dense1.y 

vegeta ted  communities a r e  designated by t h e  s y m b o l x r  on t h e  map s h e e t s .  

(The only Prosopis  ja l1. ida s t and  i n  t h e  Park is e t  Keauhou Landing ;.erial. 

photo 8-0102 . It h a s  been mapped s e p a r a t e l y  m d  designated by t h e  symbol.. 

P,) - 
Segment 2 (Fig.  31). E rag ros t i s  - t e n e l l a  grass land;  map symbol Li F ( r ) .  e e r i a l  

photos cover ing  t h e  shore  ( see  Fig. 6 i n  Chapt. I ) .  



Fig. 31.  South-north p r o f i l e  of vegeta t ion  types i n  the  
wes t -cent ra l  a rea  of the  Park from sea  l e v e l  t o  50u0 f e e t ,  i .g.,  
for  17  mi les  from the  shore (segment 1)  through Hi l ina  ~ a l i - ( s e g -  
inent 3 ) ,  t h e  Kau Desert (segment 6) and Kipuka Puaulu (segment 8) 
t o  t h e  Kilauea Forest  Reserve (segment 11) .  This i s  Transect  2 
o f  t h e  t e x t  and Figure 18. 

APPROX. MEAN ANNUAL AIR TEMPERATURES 

23OC : 14•‹C 

OUGHT 
:R- DRY SUMMER- ORQUGHT CLIMATE 
!ATE WITH STRONG WINDS SUMMER-DRY WITH HUMID S-ORY FREQUENT !..OW CLOUDS TRANSITION 

I I N 
6 7 1 8 ' 9 / 1 0  / I I  

! I 

" ANNUALS IERAGROSTIS T E N E U A . A . 0 . )  A.112 XF90"l r l lC  .?ERFNYIALS -. 
7 MEiROSiDEROS -X '.y-' ACACjA KOA 

(j3 DlOSPIROS 'F S W i i  T R E S  AND OIRBORESCENT SHRUBS (MYUSINE,  
COPROSMCI, i O + O R i i M ,  PIPTURUS , A 0  1 

Y NATIVE SHRUBS IDODONAEA, STYPHELIPI. A 0 1 

7 ARDROPOGON SPP, T CIBOTIUM - LiCUEkS ON i S i - s O i ~  POCKETS ON P l r O E W  
SIGH-ALTITilOE GRASSES !OLSCd4\IPSIA,HOLCLi5, IVTHOXANTHuM, ICLAOONiA. STEilEOCflilLON j 
TR!SETUM, ?ASPALUM, A . 0 )  

ASH DUNES 



This is one of  t h e  two dominant dry g r a s s  types  of  t h e  c o a s t a l  hwland  

a r e a .  The o t h e r  i s  Heteropogon con to r tus ,  shown on t h e  remaining p ro - f i l e  

diagrams, Figures 32-34. Most of  t h e  a rea  between t h e  s a l t - s p r a y  zone and 

t h e  f o o t  of  H i l ina  P a l i  is segment 2  i n  Figure 31, E rag ros t i s  t e n e l l a  

grass land .  I t  g ives  a  straw-yellow hue t o  t h i s  a rea  dur ing  t h e  summer- 

drought season.  However, i ts  cover is r e l a t i v e l y  t h i n .  The grass  is 

confined t o  t h e  a s h - f i l l e d  depressions t h a t  occur a s  patchy f l a t s  between 

t h e  outcropping pahoehoe mounds. An equa l ly  abundant, b u t  l.ess conspicuous 

a s s o c i a t e  is t h e  annual  Bulbos ty l i s  c a p i l l a r i s .  The very s i m i l a r  Fimbris- 

tylis hawai iens is  is l e s s  common. A poiki lohydrous l i ve rwor t ,  t h a t  i n  

dr ied-up condi t ion  dur ing  t h e  summer-drought season looks l i k e  s p o t t y  

c r u s t a t i o n s  of  s a l t ,  grows i n  sma l l  pa tches  beneath t h e s e  two annuals .  

Another a s s o c i a t e  i s  a  t i n y  legume, Desmodium t r i f l o r u m ,  which forms small  

r o s e t t e s  a t  t h e  s u r f a c e  t h a t  remain green dur ing  t h e  summer. The dens i ty  

o f  t h e  Erag ros t i s  t e n e l l a  grassland i s  r e l a t e d  t o  t h e  a v a i l a b i l i t y  of ash 

pockets  o r  depress ions .  I n  t h e  very r a r e l y  exposed s o i l - : f i l l e d  pahoehoe 

c racks  (which c o n s t i t u t e  a  d i f f e r e n t  h a b i t a t  type) ,  one r inds  occas ional ly  

t h e  g ras ses  Chrysopogon a c i c u l a k s ,  Chlor i s  i n f l a t a  and Heteropogon A con- 

t o r t u s .  

A sma l l  a r ea  of  e s p e c i a l l y  dense g ras s  cover occurs  e a s t  of  t h i s  

t r a n s e c t  on Puu Kaone ( a e r i a l  photos 8-0073, 8-0102), which remains green 

dur ing  t h e  summer-drought season. It occurs  on deep, yellow, l o e s s - l i k e  

ash and is comprised l a r g e l y  of  Chrysopogon a c i c u l a t u s  and Cynodon dac ty lon .  

I n  c e r t a i n  a reas  it is heav i ly  mixed with t h e  sma l l  legume shrub,  Indigo- 

f e r a  s u f f r u t i c o s a .  This grassland h a s  been mapped s e p a r ~ t e l y  with ti-he - 
symbol - Ch. I t  is t h e  c e n t r a l  ga ther ing  p l a c e  fo r  t h e  goat  herds  t h a t  roam 

p a r t i c u l a r l y  throu@ segments 2-5 on Fignre 3 1  and segnents  2-4 on Figure 32. 



Segment 3 (F ig .  31). Very open Metrosideros-Diospyros Forest;  map symbol 

w; a e r i a l  photos 8-0073, 8-0102, 8-0070. 

This  extremely open f o r e s t  type  occurs  on t h e  s t e e p  s lope  of  t h e  

I l i l i n a  P a l i  where t h e  t r e e s  grow si.ngly o r  i n  sma l l  groups on almost ba r ren ,  

col.l.uvial a ' a .  Both t r e e  spec ie s  have d i s t i n c t l y  sc lerophyl lous  f o l i a g e  

and r a t h e r  broad and open crowns. The t r e e s  a r e  r e l a t i v e l y  s h o r t  (5-8 m), 

branchy and have t h i c k  t runks  (30-50 cm) and a somewhat corky and s c a l y  

bark .  Nr t ive  shrubs a r e  conspicuously r a r e ,  a  few s c a t t e r e d  smal l  i n t r o -  

duced shrubs a r e  Found near  t h e  lower end of  t h e  s lope ,  such a s  Waltheria 

ind ica  v a r .  americana and Pluchea odora ta .  Widely s c a t t e r e d  herbaceous -- 
p l a n t s  a r e  found throughout t h e  type.  These inc lude  t h e  two f e r n s ,  Dory- 

o~l :c r j . s  decora and Pityrogramma calomelanos, and t h e  composite Ageratum .-l.'--" 

c o n ~ o i d e s  e t c  . - -3 

Segment 4 (Fig.  31) .  Andropogon grass land;  map symbol An(M); a e r i a l  photos 

4-0060, 4-0068, 8-0075. 

This dense tal.1.-grass type  extends from t h e  t o p  of  Hikina P a l i  ( a t  

about  2000 f e e t  e l e v a t i o n )  t o  t h e  southern  edge of  t h e  IZau Desert  (seg- 

ment 5 ) .  The name-giving g ras s  inc ludes  two spec ie s ,  hdropogon glomerata 

and _A. v i r p i n i c u s .  The first i s  t h e  more dominant. An a d d i t i o n a l  dominant 

component i s  Pteridium aquilinum v a r .  decomposi.tum. Occasionally pa tches  

o f  t h e  c reeping  molasses grass  (Melinis  m i n u t i f l o r a )  have gained l o c a l  

dominance. A few s c a t t e r e d  n a t i v e  shrubs of Dodonaea and Styphel ia  a r e  

a l s o  p resen t .  Metrosideros t r e e s  a r e  conspicuous, bu t  they  a r e  of  very 

i r r e g u l a r  d i s t r i b u t i o n .  They occur as  widely s c a t t e r e d  s i n g l e  t r e e s  and 

i n  :form of  Larger north-south o r i en ted ,  open t r e e  co lonies .  Tl~e l a t t e r  

may, i n  some cases ,  r ep resen t  kipukas ( i s l a n d s  of  remnant vege ta t ion ) .  

However, t h e  spec ie s  composition i n  t h e s e  open t r e e  co lon ie s  d i f f e r s  b u t  



l i t t l e  from t h e  r e s t  of t h e  a r e a .  The main undergrowth is t h e  Andropogon. 

Of p a r t i c u l a r  i n t e r e s t  is t h e  abrupt  boundary of  t h i s  grassland t o  

t h e  no r th ,  where it is Fringed by a  s e r i e s  of  ash dunes. Also h e r e  one 

f i n d s  l i t t l e  d i f f e r e n c e  i n  spec ie s  composition, bu t  t h e  vege ta t ion  d i f f e r s  

cons iderably  i n  s t r u c t u r e .  The dunes a r e  occupied by more o r  l e s s  open 

Metrosideros pa tch  f o r e s t s  with Andropogon undergrowth and a :few s c a t t e r e d  

n a t i v e  shrubs .  Some of  t h e  dunes a r e  up t o  10 m h igh .  Here one can f i n d  

snags o f  Metrosideros t h a t  may have been k i l l e d  a s  a  r e s u l t  of t h e  e o l i a n  

sand- l ike  ash d e p o s i t s  i nc reas ing  i n  depth r ap id ly .  Fa l l en  t r e e s ,  i n  p1-aces 

where t h e  dunes have been r ipped open by winds from t h e  Kau Desert,  show 

l a y e r s  of  adventious r o o t s  from t h e  base  o f  t h e  stem upwards; a s  though they  

had formed as  a  r e s u l t  of  l o c a l l y  inc reas ing  depths  of  t h e  dune depos i t s .  

The dune Cringe is c o r r e l a t e d  a l s o  with F chenge i n  s lope  (Fig.  31.). I t  is  

conceivable t h a t  t h e  sonthwest blowing winds :from t h e  liau Desert  l o s t  

v e l o c i t y  r a t h e r  suddenly a t  t h e  po in t  o r  s l o p e  inc rease .  Thus, t h e  dime 

f r i n g e  can be considered a s  condit ioned p r i m a r i l y  through topography, 

r a t h e r  t han  vege ta t ion .  The t h r e e  described cover v a r i a t i o n s ,  open 

Andropogon grass land ,  Andropogon-Metrosideros savannah and Metrosideros- 

Andropogon pa tch  f o r e s t s  t h a t  a r e  h e r e  t r e a t e d  a s  one type  have been mapped 

ss s e p a r a t e  e n t i t i e s  wherever p o s s i b l e .  

Segment 5 (Fig.  31) .  Metrosideros scrub  f o r e s t ;  map symbol scM(r); a e r i a l  

photos 4-0062, 4-0064, 8-0075, 8-0077. 

This open scrub  Forest  forms a broad f r i n g e  a t  t h e  south ,  e a s t  and 

nor th  s i d e s  of  t h e  Kau Desert  and can be  considered a s  semi-desert  vegeta- 

t i o n .  It occurs only on old pahoehoe. The western f r i n g e  area  of t h e  Kau 

Desert  is formed by a  s i m i l a r  Metrosideros scrub  f o r e s t ,  which however occurs 

on a ' a  l ava .  Though not  shown sepa ra t e ly  on Figure 31, i ts  d i s t r i b u t i o n  i s  
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very much l i k e  segment 9 .  The major d i f f e r e n c e  is i n  t h e  s tock ing  dens i ty  

oi' --- Mckrosideros, which on pahoehoe is extremely open (vary ing  from 20-60 m 

d i s k m c e  between i n d i v i d u a l s ) .  Here t h e  t r e e s  a r e  found only i n  t h e  broader  

and deeper pahoelioe c racks .  Shallower c racks  z r e  vegetated with n a t i v e  

shrubs of  predominantly S typhel ia  tameiameiae and Dodonaea v i scosa ,  occas- 

i.on~3.l.y a l s o  with smal l  Metrosideros of shrub s t s t n r e .  Most of  t h e  su r face  

ma-trix i s  ba r ren  exposed pahoehoe l ava .  S t a b i l i z e d ,  F l a t  ash pockets  i n  

depress ions  h e r e  and t h e r e  a r e  covered with a  s p a r s e  cover o f  Bulbos ty l i s  

cap:i.i..:l.aris. The southern boundary o-f t h i s  s tand  is Formed by t h e  f r inge  .. 

o:F dunes discussed before ,  which causes an abrupt  change i n  vege ta t ion .  

'I'iie boundary t o  t h e  nor th  is more gradual  and a t r a n s i t o r y  n a t i v e  scrub  

type  h a s  been recognized on t h e  map s h e e t s  i n  which Metrosideros, i f  p resen t  

a t  a l l ,  h a s  l o s t  i ts  t r e e  s t a t u r e  e n t i r e l y .  

Segment 6 (Fig.  31) .  Extremely s p a r s e  d e s e r t  vegeta t ion;  map symlml 

I - I )  -- a e r i a l  photos 4-0064, 8-0077. 

This type  r ep resen t s  t h e  c e n t r a l  a r ea  of t h e  Kau Desert  which c o n s i s t s  

of' nlinost bar ren  lava with s h i f t i n g  ash dunes t h a t  a r e  extremely spa r ing ly  

vegeta ted  with annuals and mostly poikiloliydrous pe renn ia l s .  Dwarfed 

woody pl.ants of Styphel ia  and Dodonaea a r e  found occas ional ly  i n  lava  

cracks .  The poi1cil.ohydrous pe renn ia l s  on s h i F t i n g  ssh dunes inc lude  

Cy,erns ~ o l y s t a c h y o s ,  E rag ros t i s  v a r i a b i l i s ,  Gnaphalium sandwicense v a r .  J-- 

Itil.a.neauum, Euphorbia h i r t a ,  Cenchrus echina tns  v a r .  l i i l l e b r a n d i i ,  S i lene  

s t r u t l i i o l o i d e s  and Cynodon dac ty lon .  Only one annual was noted,  Agrost is  -- 

menaces. The absence of  Bulbos ty l i s  c a p i l l a r i s  was r a t h e r  s t r i k i n g  ;.s - 

t l~ i s  ~ n n u a l  i s  otherwise d i s t i n c t l y  a s soc ia t ed  with ash d e p o s i t s  i n  summer- 

dry and -drought c l imates  ( e . g . ,  - - segment 2 ,  F ig .  31). However, it seems 

-to o c c w  only when ash depos i t s  a r e  we l l  s t a b i l i z e d .  Many of  t h e s e  p l a n t s  



were p a r t l y  bur ied  i n  t h e  sand-l ike,  s h i f t i n g  ash .  This f a c t  may provide 

an explanat ion  f o r  t h e  bareness of  t h i s  a r e a .  Not necessa r i ly  t h e  young 

age of  t h e  s u b s t r a t e  (much of  t h e  sand- l ike  ash was deposi ted a s  a r e s u l t  

of  t h e  1924 Kilauea explosion) ,  bu t  t h e  i n s t a b i l i t y  of  t h e  s u b s t r a t e  

appears  t o  be  a major f a c t o r  i n  t h i s  d e s e r t  formation,  which h e r e  is corre-  

l a t e d  with a pronounced summer-drought du r ing  which des i cca t ion  by t h e  

t r a d e  winds appear  t o  have a s t r o n g  e f f e c t .  They apparent ly  unload t h e i r  

mois ture  b e f o r e  reaching  t h e  Kau Desert ,  where they  sweep ac ross  with 

unimpeded v e l o c i t y  a s  evidenced p a r t i c u l a r l y  by t h e  frequency of dunes 

found a t  t h e  southwest s i d e  of t h e  Kau Deser t .  SuLfir fumes from Halemaumau, 

a t  t h e  no r th  end of Karl Desert ,  may be  a c o n t r i b u t i n g  f a c t o r .  K i l l i n g  of 

p l a n t s  occurs  only a r e l a t i v e l y  s h o r t  d i s t a n c e  downwind rrom o t h e r  cons tan t ly  

fuming a r e a s  i n  t h e  Park. 

Segment 7 (Fig.  31). Open Metrosideros-lichen f o r e s t  with n a t i v e  low 

shrubs;  map symbol OM ( L n s ) ;  a e r i a l  photos 4-0064, 8-0077. 

This type  has  a l ready been described a s  segment 10 on Figure 30. 

A t  i t s  southern  connect ion t o  t h e  Kau Deser t ,  it coinc ides  more c1osel.y 

with t h e  Metrosideros scrub  f o r e s t  descr ibed  ?s segment 5 of  Figure 31. 

On t h e  map s h e e t ,  t h e  two v a r i a t i o n s  have been mapped a s  such. However, 

t h e  t r a n s i t i o n  is very gradual .  The boundary between summer-drought m d  

summer-dry c l ima te  seems t o  approximately co inc ide  with t h e  p o i n t s  of  

depa r tu re  i n  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 .  The s t r u c t u r a l  v a r i a t i o n  

i s  shown mainly by a gradual  decrease i n  t r e e  h e i g h t  and wider spac ing  of 

t r e e s  and shrubs  and t h e  : F l o r i s t i c  v a r i a t i o n  by t h e  gradual  disappearance 

of  l i chens  i n  t h e  southern v a r i a t i o n .  

Segment 8 (F ig .  31).  Mixed Acacia - koa-Sapindus f o r e s t  with lower-story 

t r e e s  and a r b o r e s c e n t s h r ~ b s ;  map symbol AcSaM (ad); a e r i a l  photo 8-0079. 



This is t h e  major vege ta t ion  type  of  Kipuka Puaulu shown a s  segment 

9 on Figure 30, and described above. 

Segment 9 (F ig .  31). Open Metrosideros-native shrub f o r e s t ;  map symbol 

OM ( n s ) ;  a e r i a l  photo 8-0079. 

This f o r e s t  occurs on a ' a  l ava  t h a t  forms t h e  north w a l l  around 

Kipuka Puaulii. The t r e e  1.ayer is comprised only of  Metrosideros and t h e  

assoc;.ated shrubs a r e  mainly SSyphelia and Dodonaea. The Corest is very 

s i m i l a r  t o  segment 7 (Fig.  31) on pahoehoe, however it l a c k s  t h e  1i.chen 

and grass-covered ash pockets  arid shows denser  s tock ing  i n  p a r t s .  The 

same type  marks a l s o  t h e  western border  oi-' t h e  Kau Desert ,  where i;- extends 

on t h e  l a t e  p r e h i s t o r i c  Keamoku a ' a  flow along t h e  Kona Highway. Here  

Mctrosideros is ,  however, more of  a shrub i n  s t a t u r e .  

Se~qnent 10 (F ig .  31) .  Open Acacia koa graz ing  savimnah; map symbol mxg-AcM; 

a e r i a l  photo 8-0079. 

This is a v a r i a t i o n  of t h e  type  represented by segment 8 ,  I?i@ire 30, 

described above. The area  l i e s  ou t s ide  t h e  Park boundary, where it is  used 

f o r  c a t t l e  graz ing .  The g ras s  composition is depauperated and h e r e  domi- 

nated by Antl~oxantum odoratum. Severa l  snagged and f a l l e n  Acacia - koa t r e e s  

were noted.  A subdominant t r e e  component is Mctrosideros and poss ib ly ,  

el.sewhere b u t  n o t  on t h i s  p r o f i l e ,  Sapindus. 

Segnent 11 (Fig .  31) .  Mixed Acacia - koa-Metrosideros Forest with arborcs-  

cne t  shrubs and Cibotiuin; map symbol AcM (ad-C); a e r i a l  photo 8-008l. 

This type  r ep resen t s  a t r ans i t i . on  form between t h e  typf.cal Acacia koa - 
r o r e s t  and t h e  Metrosideros r a i n  Fores t .  Neither of  t h e s e  l a t t e r  i s  shown 

on t h i s  p r o f i l e  because t h e  t y p i c a l  Acacia koa Corest (wi thout  Cibotium) 

occurs above t h i s  zone ( i . e . ,  - - From about 5000 t o  6000 f c e t ,  upper Kilauea 

Fores t  Reserve and ou t s ide  t h e  Reserve),  and t h e  t y p i c a l  Mctrosi.deros r a i n  



f o r e s t  occurs below t h i s  zone (from about 4500 f e e t  downward). This 

Acacia koa-Metrosideros f o r e s t  with Cibotium is w e l l  represented  south of - 
Kulani Pr i son  Camp. It occurs on r e l a t i v e l y  deep, well-weathered s o i l .  

The upper t r e e  canopy is  dominated by t a l l  (20-30 m), full-crowned Acacia 

koa t r e e s  with l a r g e  (80-150 cm) t runk d iameters .  Metrosideros,  though - 
n o t  s o  l a r g e  i n  crown diameter  is s i m i l a r l y  t a l l .  A second t r e e  l a y e r  is 

dominated by t r e e  f e rns  (Cibotium spp . ) ,  b u t  con ta ins  a l s o  a number of  

o t h e r  sma l l e r  t r e e s ,  such a s  Myrsine l e s s e r t i a n a ,  Myoporum sandwicense and 

Coprosma spp.  Occasional openings i n  t h e  t r e e  canopy a r e  covered with 

mixed g ras ses .  

Transect  3 ,  from sea  l e v e l  a t  Apua Po in t  t o  3000 f e e t  through Alae 

c r a t e r .  The t r a n s e c t  covers most of  t h e  e a s t - c e n t r a l  a rea  of  t h e  l'ark 

no r th  and south of  t h e  Chain-of-Craters Road. For l o c a t i o n  s e e  map, 

F igure  18.  The t r a n s e c t  i s  por t rayed  by p r o f i l e  diagram Figure 32. The 

lower l e t  s i d e  of  t h i s  p r o f i l e  diagram (segments 1-4) shows s i m i l a r i t y  t o  

t h e  lower le f t -hand s i d e  (segments o f  Figiire 3 1  (Transect  2 ) .  Also, 

t h e  humid montane r a i n  f o r e s t  on t h e  upper right-hand s i d e  of Figure 32 h a s  

a l r eady  been introduced by two types  (segments 11 and 12)  on Figure 30 

(Transec t  1 ) .  Therefore, i n  s p i t e  of  t h e  11 d i v i s i o n s  shown on Figure 32, 

t h e  p r o f i l e  in t roduces  only t h r e e  e n t i r e l y  new types .  These a r e  represented 

by segments 2 ,  5 and 11. The d i scuss ion  fol lows again t h e  sequence ind ica t ed  

by t h e  segment numbers on t h e  profi1.e diagram Figure 32. 

Segment 1 (Fig.  32) .  S a l t  spray  and o t h e r  shore  communities; map symbol 

r ( s p r )  and z; a e r i a l  photo 8-0070. 

For d e s c r i p t i o n  s e e  above under Transec t  2 .  It may be noted t h a t  ;.n 

unusual ly  broad s t r a n d  community (& can be  seen near  Apua Po in t ,  the 

s t a r t  o f  t h i s  p r o f i l e .  



Fig. 32.  South-north profile of vegetation types i n  east-central 
area of the Park f rom sea level to 3000 feet ,  16 miles (from Apua 
Point through Alae Crater to  Olaa Forest Reserve). This is  Transect 
3 of the text and Figure 18. 
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Segment 2 (Fig.  32) .  Heteropogon grass land;  map symbol W(r); a e r i a l  

photo 8-0070. 

mis  is n o t  a  homogeneous vege ta t ion  type ,  bu t  it is d i s t i n c t  from 

t h e  o-ther c o a s t a l  lowland dry-grass types ,  t h e  E r a g r o s t i s  t e n e l l a  grassland 

(Fig .  31, segment 2 ) .  The main e c o l o g i c a l  d i f f e r e n c e  is t h e  absence of  

ash pockets  on t h e  pahoehoe, which i n  t h i s  t ype  exposes more s o i l - f i l l e d  

c racks  t h a t  a r e  t h e  p a r t i c u l a r  h a b i t a t  of  Heteropogon con to r tus .  But 

s e v e r a l  o t h e r  g ra s ses  a r e  found h e r e  a s  w e l l ,  such a s  Chrysopogon a c i c u l a t u s ,  

Sporobolus d iander ,  Chlor i s  i n f l a t a ,  Tricholaena repens ,  DFctyloctenium 

aegyptium, and o t h e r  he rbs  such a s  F i m b r i s t y l i s  cymosa, Fhnilia javanica and 

Por tu laca  cyanosperma. Various low shrubs  may be  found i n  a s soc ia t ion  with 

t h e  he rbs ,  such a s  W?ltheria ind ica  v a r .  americana, Pluchea odorata ,  Cassia 

l e schenau l t i ana ,  - C ,  b i c a p s u l a r i s ,  Osteomeles a n t h y l l i d i f o l i a  and Indigo- 

f e r a  s u f f r u t i c o s a .  Depending on t h e  number of  a v a i l a b l e  c racks ,  age of  - 
pahoehoe and va r ious  o t h e r  f a c t o r s ,  which inc lude  t h e  goa t  browsing p res su re  

i n  t h i s  a rea ,  t h e  Heteropogon grass land  may vary from extremely t h i n  cover ,  

where most of t h e  s u r f a c e  is bar ren  lava  fmap symbol r(lli] t o  a  r e l a t i v e l y  

dense cover ,  i n  which t h e  introduced,  thin-stemmed and low-growing l e y m i -  

nous shrubs (Cassia  and Indigofera)  may become r a t h e r  dense [map symbol 

~ ( l s i ) ] .  

Segment 3 (Fig.  32 ) .  Very open Metrosideros-Diospyros Fores t ;  map  symbol^ 

MD(rl; a e r i a l  photo 8-0070. 

See previous d e s c r i p t i o n  under Transect  2 .  Here, t h e  area of t h i s  

s l o p e  t y p e  is l o c a l l y  n o t  a s  l a r g e  a s  t h a t  on Hi l ina  P a l i  (Fig.  31, segment 

3 ) .  Thus it is symbolized only by one sc l e rophy l lous  t r e e ,  Metrosideros, 

on t h e  c o l l u v i a l  a ' a  s lope .  The r e l a t i v e  abundance of  Diospyros v a r i e s  

from p l a c e  t o  p l a c e  wi th in  t h e  type  and t h e r e  a r e  a r e a s  where i t  i s  d i f f i c u l t  



t o  l o c a t e  an ind iv idua l .  

Segment 4 (Fig .  32) .  Andropogon grass land;  map symbol. h ( n s - i ) ;  a e r i ? l  

photos 8-0068, 8-0070. 

See d e s c r i p t i o n  above under Transect 2 .  I n  t h i s  a rea  of  t h e  Prrk 

tlie Andropogon grass]-and v a r i e s  i n  t h a t  t h e r e  i s  no dime Fringe s t  i ts  

nor thern  border .  Al.so, Metrosideros, a s  t r e e s ,  is ?].most absent ,  i n s t ead  

shrubs a r e  more p r e v a l e n t .  I t  is i n t e r e s t i n g  t h a t  introduced shrubs have 

penet ra ted  i n t o  t h i s  type ,  apparent ly from t h e  low]-and a r e a s ,  while  t:l~e,v 

% r e  r a r e l y  round h ighe r  up i n  t h e  next  t ypes .  The introduced shrubs in-  

c lude  Lantana camara, Psidiu~n guajava and -beta jamaicensis .  The 

n a t i ~ v e  shrubs a r e  mostly represented by Dodonaea, Wikstroemia, S t y p h c l i ~  

and Myoporum. Tlie thick-mat Forming g ras s ,  Mel in is ,  i s  p a r t i c u l a r l y  

"advancing" i n  t h i s  a rea  of t h e  type .  Where this type  is grazed by c r r t t l e  

(Ainahois Ranch) Sporobohs  a f r i canns  bcc:omcs dominant i n  p l ace  o r  .\nindro- 

-. 
Sebment 5 (F ig .  32) .  Open Metrosideros-iindropogon r a r e s t  wit11 n a t i v e  

slirubs; map symbol. oM(ns-An) ; a e r i a l  photo 8-0068. 

This type  can a l s o  be  ca l l ed  tlie s easona l  evergreen f o r e s t ,  sirice 

it occurs i n  t h e  sunmer-dry cl.imal:e. It is, next  t o  t h e  montane r a i n  

f o r e s t ,  t h e  most dominant Forest  type i n  t l ie  P ~ r k  t h a t  extends,  with some 

s t ruc -h i r e1  v a r i a t i o n s  from t h e  Andropogori-[~rassland a t  2000 Cect t o  t h e  

Metrosideros-Gl~eiche?iia r a i n  f o r e s t  r t  aboii-I: 3000 Teet, near  l;hc Cna:i.n- 

or -Cra ters  Road. J.?rom west t o  e a s t  i t  extends From t h e  Fri.nge f o r e s t  

-?iind Kaii Desert: (segpcn-L-s 5 rnc1 7 on J3.g. 31) t o  i iem t h e  southward 

s:l.opirig p a r t  of  t h e  Kalapana ~ o a d  (sontli of' Malcopishi. C r a t e r ) .  

Tile forest:  is  composed of pure  Metrosjderos i n  t h e  t r e e  l a y e r ,  wl~ich 

: ,a r ' ?s  i n  s i z e  and dens i ty  with degree of  weatliering oT t h e  s n h s t r a t e .  On 



more s t r o n g l y  weathered pahoehoe, t h e  t r e e s  a r e  a s  ta1.l a s  i n  t h e  ad jacen t  

r a i n  f o r e s t  t o  t h e  nor th  and they form, occas iona l ly ,  r e l a t i v e l y  closed 

s t ands .  More dominant is an open growth p a t t e r n ,  where t h e  spaces between 

t h e  t r e e s  (about 5-10 m a p a r t )  a r e  occupied by e loose  growth of n a t i v e  

shrubs ,  such a s  S typhel ia  tameiameiae, Dodonaea v iscosa ,  Wikstroemia 

sandwicensis  and Dubautia scabra .  The h e r b  l a y e r  is d i s t i n c t l y  dominated 

by hdropogon spp. ,  where h e r e  t h e  more p r e v a l e n t  spec ie s  is - A ,  v i r g i n i c u s  

r a t h e r  than - A. glomeratus.  Other, commonly a s soc ia t ed  he rbs  a r e  Ga.hnia 

gahniaeformis,  S i l ene  g a l l i c a  and Sporobolus a f r i canus .  

I n  a l l  p l aces  v i s i t e d ,  pahoehoe l ava  was found t o  c rop  out  a t  t h e  

s u r f a c e ,  t hus  f i n e  s o i l  occurs only i n  c racks  and t h e  more o r  l e s s  deep 

(20-40 cm) depress ions  between t h e  outcropping mounds. I n  these  pockets  

t h e  s o i l  i s  formed p r imar i ly  from coarse ,  sand-grained a sh .  Such ash 

pockets  a r e  o f t e n  occupied by Bulbos ty l i s  c a p i l l a r i s ,  and occas ional ly  

by l i c h e n s  i n  very open p laces .  

I n  s p i t e  of  a  s i m i l a r  t r e e  s tand  t h e  type  is w e l l  d i s t ingu i shab le  

from t h e  r a i n  f o r e s t  by t h e  complete absence of  Gleichenia and Cibotium 

and t h e  prevalence of  Andropogon. 

Segment 6  (Fig.  32) .  Disturbed Metrosideros scrub  Fores t  with Gleichenia 

and Andropogon pa tches ;  map symbol s c M ( G h )  ; e e r i a l  photos 8-0068, 8-0066. 

This f o r e s t  occurs  along t h e  Chain-of-Craters Road around Alae 

Cra te r  ( t h e  c r a t e r  is ind ica t ed  by a  depress ion  of  Fig. 32). The d i s tu rbed  

cond i t ion  is caused i n  p a r t  by a  f i r e  t h a t  went through t h i s  p a r t i c u l a r  a rea  

about  30 yea r s  ago, i n  p a r t  by t h e  proximity of  fumarole a r e a s  and s c a t t e r e d ,  

i n d i v i d u a l  steam ven t s  and i n  p a r t  by r e l a t i v e l y  r ecen t  lava  f lows.  The 

t y p e  r e c u r s  a s  segment 9 (Fig.  32) f a r  w i th in  t h e  humid montane r a i n  f o r e s t  

c l ima te ,  where t h e  d is tvrbance  i s  p r i m a r i l y  due t o  t h e  recency O F  t h e  under- 

l y i n g  s u b s t r a t e .  From ex t r apo la t ion  of  r e l a t i v e l y  undisturbed types  i n  t h e  
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v i c i n i t y  it became c l e a r  t h a t  t h i s  t ype  (segment 6 ,  Fig.  32) can be  consi- 

dered a s e r a 1  form of t h e  humid montane r a i n  Fores t .  It i s  cha rac te r i zed  

by s c a t t e r e d  sma l l  (1-5 m) Metrosideros t r e e s ,  some of  which a r e  sp rou t s  

rrom stumps. Also, sma l l e r  s eed l ings  may be p resen t .  The ground cover is 

dominated by t h i c k e t s  of  t h e  c reeping  f e r n ,  Gleichenia l i n e a r i s ,  and by 

pa tches  oC Andropogon v i r g i n i c u s .  Other common p l a n t s  a r e  Lycopodium 

cernuum, Machaerina a n g u s t i f o l i a ,  - C ~ r e x  wahuensis v a r .  rubig inosa ,  Isechne 

d i s t i c h o p h y l l a  and Briza mi.nor. The Gleichenia cover i n  t h i s  t ype  is some- -- 
what s i m i l a r  t o  t h e  Gleichenia mats found a t  mid-~].ope on t h e  windward 

r idges  of Oahu. However, eco log ica l ly  t h e  two Gleichenia a r e a s  a r e  q u i t e  

d i f i e r e n t ,  with t h e  main physiognomic d i f f e r e n c e  being t h e  much g r e a t e r  

frequency of  Metrosideros t r e e s  i n  t h e  Hawaii Volcanoes Nat ional  Park type  

(segments 6 and 9 ,  Fig.  32) .  The Gleichenia i t s e l f  i s  d i f f e r e n t  i n  t h e  

Park, be ing  G. l i n e a r i s  v a r .  tomentosa. 

Segment 7 (F ig .  32). Open Metrosideros-Cibotium-Gleichenia f o r e s t ;  map 

symbol oM(c-G); a e r i a l  photo 8-0066. 

Th5.s type  i s  of  wide-spread occurrence i n  t h e  continuously humid 

montane r a i n  f o r e s t  c l ima te  and it can be  considered an in termedia te  devel- 

opmental form between t h e  d is turbed  Metrosideros-Gleicl~enia scrub  f o r e s t  

t ype  (se@ent  6) and t h e  closed Metrosideros-Cibotium -- Forest (sebment 8 ) .  

Its major c l l a r a c t e r i s t i c s  a r e  t h e  open growlrh of Metrosideros t r e e s  (5-15 m 

? p a r t ) ,  t h e  dense patch formations of  Gleichenia i n  t h e  openings, and t h e  

abundance of t r e e  f e r n s  (Cibotium spp . ) .  The t a l l e r  Cibotium ind iv idua l s  

(1.5-3 m) a r e  roughly equal  i n  number t o  t h e  Metrosideros t r e e  ind iv idua l s .  

I n  tl1i.s type  Gleichenia can o f t e n  be  seen t o  have grown i n t o  t h e  lower 

crowns of  t h e  Metrosideros t r e e s  (up t o  h e i g h t s  of  3-5 m). Other common 

a s s o c i a t e s  inc lude  Vaccinium calycinum, Wikstroemia s p . ,  and Sadl.eria 



cyatheoides i n  t h e  shrub l a y e r ,  and 1,ycopodium - cernuum, Isachne d i s t i c h o -  

p h y l l a  and Hedyotis centhranthoides  i n  t h e  herb  l aye r  toge the r  with t h e  

dominant Gleichenia.  

Segment 8 (F ig .  32).  Closed Metrosideros-Cibotium f o r e s t ;  map symbol 

m; a e r i a l  photos 8-0064, 8-0066. 

This i s  t h e  same a s  segment 12 on Figure  30. For d e s c r i p t i o n  s e e  

d iscuss ion  under Transect  2 ,  above. 

Segment 9 (F ig .  32) .  Disturbed Metrosideros scrub  f o r e s t  with Gleichenis  

and Andropogon pa tches ;  map symbol ScM(G-An); a e r i a l  photo 8-0066. 

This type  is t h e  same a s  represented  by segment 6 on Figure 26. 

However, steam ven t s  a r e  absent  i n  t h i s  z.rea near  t h e  Volcano Road. Ins tead  

t h e  d i s tu rbed  condi t ion  is p r imar i ly  caused by t h e  recency of t h e  lava sub- 

s t r a t e  and, i n  p a r t ,  l o c a l l y  aggravated by t h e  cleari-ng of  vege ta t ion  For 

land  development. Andropogon v i r g i n i c u s  cover dominates l o c a l l y  over 

Gleichenia i n  t h e  most r e c e n t l y  d i s tu rbed  a r e a s .  

Segment 10 (Fig .  32). Open Metrosideros-Cibotium f o r e s t ;  map symbol ..,--.-> oM(C). 

a e r i a l  photos 8-0062, 8-0064. 

The spac ing  of Metrosideros compares very c l o s e l y  t o  t h e  open growth 

described f o r  segment 7 (F ig .  32).  However, t h e  in t e rven ing  spaces between 

t b e  t r e e s  a r e  f i l l e d  with dense growths 0.f Cibotium, while  Gleichenia is 

very r a r e  o r  absent .  Other occas ional  components i n  t h e  t r e e  f e r n  1.ayer a r e  

P ip turus ,  Cyrtandra and Myoporum. The h e r b  1.ayer is very poor1.y represented 

because o f  t h e  dense shade beneath t h e  Cibotium fronds.  This t y p e  occr:rs 

on shal low s o i l  pockets  on pahoehoe a s  w e l l  a s  on deeper s o i l  Formed from 

well-weathered ash .  It seems t o  r e p r e s e n t  s l a t e r  developmental. rorm of 

segment 8 ,  i n  which s e v e r a l  Metrosideros t r e e s  have d ied ,  broken down and 

been replaced by Cibotium. This type  is found only no r th  of  t h e  Vol.ceno 

Road, - i . . ,  - ou t s ide  t h e  Park boundary. 



Segment 1.1 (F ig .  32 ) .  Cibotium Forest: with s c a t t e r e d  ol~d Metrosideros 

t r e e s  t h a t  a r e  covered with ep iphytes ;  map symbol C(M"); ae r i a l .  photos 

8-0062, 8-0064. 

This type  is  cha rac te r i zed  by a d i s t i n c t  cover-dominance of Cibotinm, 

which h e r e  a t t a i n  occasional1.y a h e i g h t  of  4-8 m, and by t h e  presence O F  

s c a t t e r e d ,  o f t e n  very t a l l  (20-25 m ) ,  Metrosideros t r e e s .  ?I l~ese have 

commonly a spl . i t  lower " trunk,"  which i n d i c a t e s  t h a t  they genninated oil 

h i g h e r  ob jec t s  ( ~ ~ s u a l l y  t r e e  Ferns) and then  s e n t  t h e i r  r o o t s  downward i n t o  

t h e  so i l . .  The t r e e - f e r n  s ~ i b s t r a t e s  a r e  sti1.l a1.ive i n  inany cases ,  as  

Eletrosideros c o l l i n a  does n o t  i'orm m anastornozing r o o t  system eround t h e  

s ' t b s t r a t e -hos t  a s  does Metrosideros rohusta  i n  New Zea:l.ancl (Wal.terl 1~964). 

There a r e  a l s o  many t r e e s  i n  - th i s  t ype  t h a t  geminat-cd hi i:he s o i l ,  md 

even sma l l e r  t r e e s  can be Sound i n  t h i s  same category.  The 1.attc:r may have 

gemina ted  i n  open pl.aces c rea t ed  by t h e  brealtdown oS over-matiire Metrosidcr- 

o s ,  which gave t h e  seed l ings  a chance t o  grow tliroiigl~ t h c  C:i.boti.iim l a y e r  - 

befo re  t h e  t r e e  canopy overhead c losed .  Gcnni.nation on l?:i.ghc:r ob;jecks 

t h a t  provide s u F r i c i e n t  l i g h t  For growth For t h e  obvio i~s ly  s h a d e - i r t o l e r a n t  

Metrosideros,  shows a remar1tabl.e adapta t ion  t o  siirvival. i n  densely vegeta ted ,  

o ld  s t a n d s .  Anot11er important: character is1: ic  i s  t h e  abimdance oC vasci;l.nr 

ep iphytes ,  such a s  Astel.ia menzies:i.ana -) Frcyc ine t i a  --7 arborca Pepero~iiia spp.  - - 

and Cheirodendrou t r i g y n ~ ~ m .  The l a t t e r  :its a l s o  foiind a s  a so i l - roo ted  t r e c  

i n  more open p l a c e s .  In  ad t l i t ion ,  t runks  and branches O F  -the olcl, t:al.l. 

Met1:osidcros t r e e s  a r e  oi-ten covered with ep:i.pliyl:i.c rerns and bryoyihptes, 

t h e  l .al: ter may o:Ften provide s ~ i i t a b l e  h a b i t a t  condi t ions  For t h e  vascular  

euipl iytes .  Even a - t ree  fern and, in  s e v e r a l  ca ses ,  a sml.1. Metrosi~deros 

t r e c  were observed t o  have grown epiphytical.:i.y on old Met:rosidcros t r e e s .  

Si.1~11 o1.d t r e e s  typica1l.j) havc r a t k e r  ror::$, s ca ly  bark ,  ;ei:ial. r o o t s  ~1 .ong 



t h e  t r u n k ,  and o f t e n  enormous branches t h a t  though crooked have some hor i -  

z o n t a l  segments which a r e  p a r t i c u l a r l y  crowded with ep iphytes .  There a r e  

many o t h e r  sma l l  t r e e s  and arborescent  shrub spec ie s  i n  t h i s  t ype ,  bu t  

t hey  a r e  n o t  dominant. Among t h e s e  a r e  Myrsine I .esser t iana ,  Coprosma 

rhynchocarpa, P ip tnrus  a lb idus ,  Pi.ttosporum s p . ,  Myoporum sandwicense, 

Pelea s p .  and Cyrtandra. Occasional pa tches  o r  i nd iv idua l s  o-f t h e  n a t i v e  - 
palm, P r i t c h a r d i a ,  can be found. Wherever t h i s  s t m d  was observed, it 

occurred on deep, melanized s o i l  from well-weathered a sh .  

Transect  4,  from sea  l e v e l  t o  2500 Feet  through Naulu Fores t  t o  

Napau Cra te r .  For l o c a t i o n  s e e  map, Figure 18.  The t r a n s e c t  i s  portrayed 

by p r o f i l e  diagram Figure 33. The di.agram shows seven p ro f i - l e  segments. 

Segments 1 and 2 r ep resen t  t h e  same vege ta t ion  type  a s  segments 1. and 2 

on Figure  32 (Transec t  3 )  and segment 7 r ep resen t s  t h e  same humid r a i n  

f o r e s t  t ype  a s  segment 8 on Figure 32 and segment 12 on Figure  30 (Transect  

1). Segments 3-6 (F ig .  33) r ep resen t  new type  v a r i a t i o n s  found i n  t h i s ,  

more e a s t e r n  p a r t  of  t h e  Park. The d iscuss ion  foll.ows t h e  segnent  number 

i n d i c a t e d  on t h e  p r o f i l e  diagram Figure 33. 

Segment 1 (Fig. 33).  S a l t  spray  and o t h e r  sho re  communities; map symbol 

r ( s p r ) ;  a e r i a l  photo 8-0024. 

For d e s c r i p t i o n  s e e  Transect  2,  above. 

S e ~ m e n t  2 (Fig.  33) .  Heteropogon grass land;  map symbol aer ia l .  photo 

8-0024. 

For d e s c r i p t i o n  s e e  Transect  2,  above. 

Segment 3 (Fig.  33) .  Heteropogon grass land  with low shrubs;  map symbol 

( I s - i )  a e r i a l  photo 8-0024. 

This type  d i f f e r s  from t h e  previous type  p a r t i c u l a r l y  i n  t h e  preval-  

ence of  low, spreading  shrubs t h a t  occur t o g e t h e r  h e r e  with t h e  g ras ses ,  

i nc lud ing  Heteropogon con to r tus  and o t h e r s ,  such a s  Chrysopogon a c i c u l a t u s  
______) 



Fig. 33. South-north profile of vegetation types i n  the eastern 
area of the Park from sea level  to  2500 feet ,  an area 7 miles long 
extending from Kealakwo through the Naulu Forest to  Napau Crater. 
This i s  Transect 4 of Figure 18 and the text .  
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Sporobolus d i ande r ,  Tricholaena repens,  Chlor i s  i n f l a t a ,  The shrubs c o n s i s t  

OF such n a t i v e  s p e c i e s  a s  Osteomeles a n t h y l l i d i f o l i a ,  Canthium odoraturn, 

S typhel ia  and Dodonaea. The f i r s t  two a r e  t y p i c a l  lowland spec ie s ,  whereas 

t h e  o the r  two a r e  d i s t r i b u t e d  over  a wide range o f  a l t i t u d e .  Most of  t h e  

shrubs  a r e ,  however, introduced spec ie s  t h a t  have t h e i r  range dominantly i n  

t h e  h o t  lowland. These inc lude  Waltheria ind ica  v a r .  americana, Pluchea 

odora ta ,  Indigofera  s u f f r u t i c o s a  and Cessia l e schenau l t i ana .  Another 

c h a r a c t e r i s t i c  of  t h i s  type,  a p a r t  from t h e  presence of a s c a t t e r e d  shrub 

component, is a c l o s e r  v e g e t a t i v e  cover.  The outcropping ba r ren  pahoehoe 

mounds, s o  conspicuous i n  t h e  Heteropogon grass land  t y p e ,  a r e  mostly hidden 

h e r e  beneath t h e  v e g e t a t i v e  cover .  The ecol.ogica1 d i f  erence is a t t r i .bu t -  

a b l e  p r imar i ly  t o  e h ighe r  degree of  weathering g iv ing  r i s e  t o  l a r g e r  s o i l  

pockets  t h a t  can s t o r e  more r a i n  water.  The somewhat h i g h e r  r a i n f a l l  may 

a l s o  c o n t r i b u t e  t o  t h e  d i f f e rence ,  a s  t h i s  t ype  i s  t r a n s i t i o n a l  t o  more 

h e a v i l y  vegetated types  (segment 4, Fig.  33, and segment 5 ,  Fig.  34) i n - t h e  

summer-dry c l ima te .  This t ype  is found only on pahoehoe lava  and not  on 

a ' a .  

Segment 4 (Fig.  33).  Metrosideros-Diospyros mixed :Forest with patchy 

s t ands  o f  A leu r i t e s ;  map symbol MD(Al-ns-i-An-N); a e r i a l  photo 8-0024. 

This type  i s  q u i t e  v a r i a b l e ,  forming open t o  s c a t t e r e d  Metrosideros- 

Diospyros f e r r e a  s t ands  with e i t h e r  grassy undergrowth dominated by 

Andropogon v i r g i n i c u s  (symbol - An) and mixtures  o f  n a t i v e  (ns ,  - - -  i . e . , Styphel ia  , 
Dodonaea) and introduced shrubs (2, i.~., Lantana camara, Stachytarpheta 

jamaicensis ,  and sma l l  Psidium guajava, o r  occurr ing  on almost bar ren  

c o l l u v i a l  a ' a  l ava  s u r f a c e s  with pa tch  co lon ie s  of  t h e  f e rn ,  Nephrolepis 

e x a l t a  (symbol - N) ,  o r  t h i r d l y ,  forming c losed  pa tch - fo res t s  dominated by 

Aleu r i t e s  moluccana (symbol Al). Wherever permi t ted  by t h e  s c a l e ,  t h e s e  



v a r i a t i o n s  were mapped s e p a r a t e l y .  The p r o f i l e  diagram emphasizes p a r t i -  

c u l a r l y  t h e  l a t t e r  v a r i a t i o n  (Aleu r i t e s  pa tch  f o r e s t ) ,  a s  t h i s  r e p r e s e n t s  

t h e  more obvious v a r i a t i o n .  The a rea  is known a s  Naulu Fores t .  The type  

r e p r e s e n t s  t h e  eastward cont inuat ion  of  t h e  p a l i  vege ta t ion  type  on co l lu -  

. . v i a l  a ' a  lava  shown f i r s t  a s  segment 3  on Figures 3 1  & 32. 

Here Aleu r i t e s  occurs (segment 4, F ig .  33) a s  a  new element, which 

becomes s t i l l  more abundant Further  e a s t  i n  t h e  more humid c l ima te  (no t  

shown on p r o f i l e  diagrams). The most wes ter ly  Aleu r i t e s  t r e e  was spo t t ed  

near  Transect 3 ( i n  t h e  e a s t - c e n t r a l  p a r t  of  t h e  P:,rk). A few s c a t t e r e d  

ind iv idua l s  and groups occur between Transects  3  m d  4. Comparison of  t h e  

h a b i t a t s  of  A leu r i t e s  with those  on Oshu may be i n  o rde r .  On Oehu pure  

pa tch  communities of A leu r i t e s  a r e  found around t h e  i s l a n d  from mid-a l t i tudes  

(about 1800 Ceet) downward i n  deep r a v i n e s .  They form l a r g e r  s t a n d s  on t h e  

windward than on t h e  leeward s i d e ,  b u t  they  a r e  always r e s t r i c t e d  t o  

r av ines .  Here, on t h e  more r e c e n t  s u r f a c e s  i n  t h e  Park t h e r e  a r e  no such 

r av ines .  However, both h a b i t a t s  have t h r e e  th ings  i n  common, t h e  upper 

a l t i t u d i n a l  l i m i t ,  t h e  s lope ,  and t h e  coa r se ,  s tony su r face .  While t h e  

s tones  a s  such do n o t  appear t o  have any causa t ive  r e l a t i o n  t o  Aleu r i t e s ,  

t h e  seepage water  occurr ing  i n  t h e s e  h a b i t a t s  appears t o  be  s i g n i f i c a n t .  

A s o l i d  core  o f  lava  i s  always found beneath t h e  coarse  a ' a  rubble  su r race  

a t  about I m depth.  While i n  t h e  gulches on Oahu most seepage water  may 

run s u p e r f i c i a l l y ,  h e r e  (segment 4 ,  Fig.  33) it is probably provid ing  

subsu r face - i r r iga t ion .  A c l o s e r  i n v e s t i g a t i o n  of  t h e s e  r e l a t i o n s h i p s  would 

be  d e s i r a b l e .  Obviously, t h e  inc reas ing  nbundance O F  A leu r i t e s  towards 

t h e  more humid c l ima te  eastward shows another  moisture r e l a t i o n s h i p  (which 

may a c t  through more abundant seepage) and t h e  a l t i t u d i n a l  r e l a t i o n ,  Trom 

about 1800 f e e t  downward, i n d i c a t e s  a  r e l a t i o n  t o  3 mean a i r  temperature 
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of about  20' C upwards. Al-eurites can h a r d l y  be  expected t o  eventua l ly  

form a climax Formation a s  was suggested by Robyns & Lmb (1939). 

Beside t h e  t h r e e  main t r e e  components, Metrosideros, Diospyros and 

A l e u r i t e s ,  t h e r e  a r e  s e v e r a l  o t h e r  woody s p e c i e s  found h e r e .  These inc lude  

Canthium odoratum, Myoporum sandwicense, Bobea t imonioides,  Alphitonia 

ponderosa, Antidesma pulvinatum, Myrsine . . l e s s e r t i a n a  and - M .  sandwicensis.  

A more complete l i s t  i s  shown i n  "Guide t o  t h e  Kalapana-Chain-of-Craters 

Road," a mimeographed pub l i ca t ion  of Hawaii Volcanoes National  Park. 

Segment 5 (Fig.  33) .  Shrubland with Andropogon and s c a t t e r e d  o ld  Metrosi- 

de ros ;  map symbol ns(i-An-M); a e r i a l  photos 8-0024, 8-0026. 

This  type  is r e l a t e d  t o  t h e  Andropogon grass land  (segment 4 on Fig.  

32 & 33). However, t h e  shrub component is dominant over  t h e  g ras s  i n  t h i s  

type .  The shrubs a r e  comprised mainly of  Dodonaea and Styphel ia ,  b u t  

i n d i v i d u a l s  of  t h e  introduced shrubs,  Lantana, Stachytarpheta and Psidium 

y a j a v a  a r e  h e r e  Found t o  reach t h e i r  upper  a l t i t u d i n a l  invasion l i m i t s  

except  f o r  some l o c a l l y  d is turbed  p laces  h i g h e r  up, - e . .  near  fumaroles.  

The shrub l a y e r  forms local1.y-impenetrable t h i c k e t s .  A t h i r d  component is 

represented  by s c a t t e r e d  old Metrosideros t r e e s  (20 m t a l l )  with l a r g e  

globose crowns (10-15 m i n  diameter)  t h a t  were i n  full bloom throughout 

t h e  summer-dry season of  1965. Many of  t h e s e  t r e e s  have died and occur 2s 

snags i n  t h i s  t y p e ,  and t h e r e  seems t o  be  no s e e d l i n g  reproduct ion o f  

Metrosideros h e r e .  

Segment 6 (Fig.  33) .  Open Metrosideros-Gleichenia-Andropogon f o r e s t ;  

map symbol oM(G-An); a e r i a l  photo 8-0026. 

This f o r e s t  occurs a l i t t l e  no r th  b u t  p a r t i c u l a r l y  south of  t h e  o ld  

Kalapana T r a i l .  I t  h a s  t h e  c h a r a c t e r i s t i c s  of  a t r a n s i t i o n  f o r e s t  between 

t h e  humid montane r a i n  - fores t  (segnent  7 of  Figs.  32 & 33) and t h e  evergreen 



seasona l  f o r e s t  (segment 5 ,  F?.g. 32) .  I n  s p i t e  of t h e  Fac-t t h a t  i t s  dom- 

i n a n t  components (Metrosideros,  Gleichenia and hdropogon) a r e  t h e  same a s  

i n  t h e  d is turbed  r a i n  o r e s t  (segments 6 & 9 ,  Fig.  32) ,  i t s  c h a r a c t e r  is 

q u i t e  d i f f e r e n t .  

The g ras s ,  Andropogon v i r g i n i c u s ,  forms pure patch communities up 

t o  10 x 20 m across  and t h e  same a p p l i e s  t o  t h e  Gleichcnia mats beneath 

t h e  t r e e s ,  which sometimes may even be  l a r g e r .  P ig  s c a r i f i ~ c a t i o n  was 

observed t o  be p a r t i c u l a r l y  p reva len t  i n  t l i i s  a re?  and it f s  p o s s i b l e  <:hat: 

t h e  two herbaceolis patch communities Corm a p a t t e r n  t h a t  i s  r e l a t e d  t o  p i g  

damage. Wliere t h e  same degree O F  pi.g scar iF i .ca t ion  occllrs i n  t h e  t r u e  

humid montane r a i n  f o r e s t ,  t h e  sea r iF ied  ground i h  soon i.nvsded by e i t h c r  

Peperomia i n  shaded p laces  o r  by Gleichenia i n  more open p l a c e s .  -- An&- 

i s  not  foirnd upon such small-scale  d i s tu rbances .  However, i n  t1l:i.s type 

(seggment 6 ,  Fig. 33) hdropogon - t akes  a s t r o n g  Footh01.d. This appears t o  

be  r e l a t e d  t o  a c e r t a i n  reduct ion  i n  srimmor-rainfall i n  t l i k  zone. 

I n  ~ d d i t i o n  t o  Metrosideros occasionalLy one c?n "inci an ind:ividual. 

of  Santalum e l l ip t i cum v a r ,  pan icuh tum i n  t h i s  type ,  wl~ich may be or: t r e e  

o r  slirub s t a t u r e .  Other common shrubs a r c  Vaccinium calycinum, Co~rosma 

meiizi.esii., Dodonaea v iscosa  and Styphel ia  - tameiameiae. Common he rbs  i n  

add i t ion  t o  hdropogon and Clei.clienia a r e  Machaerina imgusti. l'ol.i.a, lili~mclio- -- -- 

s c l e r o i d e s  and Gahnia gahniae t o m i s .  

Segment 7 (F ig .  33) .  Closed Metrosideros-Cibotiiim Forest;  mail symbol 

cM(C); a e r i a l  photo 8-0026. - 

?'itis i s  the same a s  sc~ghiciit: 8 on Fi.;3irc 32 and s e ~ m e n t  1% on F;gcire 

3 0 .  f o r  d e s c r i p t i o n  s e e  above under d iscuss ion  of Transect  2 .  

Vegetation types  i n  t h e  c o a s t a l  lowland, e a s t -  ~ r t  oF t h e  Prirk. Transect  5 ---c -- 

( F i  ,;. 1-8). P r o f i l e  diagram Figure 34,  



WARM-TROPICAL ZONE ( 23'C APPROX. MEAN ANNUAL AIR TEMPERATURE) 
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'Y: METROSiDEROS I SCLEROPHILLOVS FORM ) 

LOW, SPREADING SHRUBS PLUCHEA, WALTHERlA,OSTEOMELES, CANTHIUN, A 0  

Y ARBORESCENT SHRUBS: DIOSPYROS, SCHINUS, CUNTHIUM , WIKSTROEMIA . PSIDIUM GUAYAVA. A.O. 

T ?AND*NUS. COCOS :<, ' A I E U R l l E S ,  MANGIFERA, SAMANEA, A.O. - fir? L A W  

- ?AHOEHOE LAVA 

Fig. 34. Profile of vegetation types inland of the salt-spray 
zone in  the eastern lowland area of the Park from Kaena (SW) to  
Kalapana ( N E ) ,  a distance of 10 miles at  elevations of between 30-60 
feet .  This i s  Transect 5 of Figure 18 and the text .  



Transect  5 extends along t h e  c o a s t a l  lowland from Kaena t o  Kalapana 

(i 'or l.ocation s e e  map, Fig.  18 ) .  The p r o f i l e  di.agram on Figure 34 po r t r ays  

t h e  i.owl.and vege ta t ion  types  a s  they occur along t h i s  t r a n s e c t  i n  r e l a t i o n  

lro a change i n  c l ima te  from summer-drought t o  humid. There a r e  no s i g n i f i -  

c a n t  v a r i a t i o n s  i n  e l eva t ion ,  and t h e  mean annual a i r  temperature i s  thus  

E k e w i s e  r a t h e r  cons tan t .  

'The major lowland types  i n  t h e  wes t -cent ra l  (E rag ros t i s  t e n e l l a  

grass land ,  segment 2 on Fig.  31) and t h e  e a s t - c e n t r a l  a r ea  (Heteropogon 

grassl.and, sebment 2 on Figs .  32 & 33) o f  t h e  Park have a l ready been 

described i n  t h e  d iscuss ion  of Transects  2 and 3 .  These two grassland 

types  occur i n  a  d i s t i n c t l y  warm, t r o p i c a l  summer-drought c l ima te .  A more 

i n t e r e s t i n g  v a r i a t i o n  i n  t h e  same c l imate  i s  t h e  s c a t t e r e d  Metrosideros 

s t and  which is shown on Figure 34 a s  segment 2 .  Therefore,  Transect 5 ,  

though on1.y s h o r t  (10 mi l e s )  encompasses t h e  major vege ta t ion  v a r i a t i o n s  

i n  t h e  c o a s t a l  lowland in land  of  t h e  seashore  communities. 

The d iscnss ion  Follows i n  order  of  t h e  s i x  p r o f i l e  segments shown 

011 Figure 34. 

Sehment 1 (Fig.  34).  Heteropogon grass land;  map symbol. w; a e r i a l  photos --- 
inc111d:ing t h e  shore .  

For d e s c r i p t i o n  s e e  discussi.on of  Transect  2,  above. 

Sehment 2 (F ig .  34) .  Sca t te red  old Metrosideros on nea r ly  ba r ren  a l a  -- 
l ava ;  map symbol - r(M) ; a e r i a l  photos inc lud ing  t h e  shore .  

This type  r ep resen t s  a  remarkable v a r i a t i o n  i n  t h e  lowland vegeta t ions  

of  t h e  summer-drought cli.mate. I t  shows a c l o s e  r e l a t i o n s h i p  t o  t h e  p a l i  

t ype  (segnient 3 ,  F igs .  3 1  & 32) .  I t  is q u i t e  p o s s i b l e  t h a t  Diospyros 

f e r r e a  may be  p r e s e n t  a s  well., bu t  Metrosideros is d e f i n i t e l y  by Far t h e  -- 
more p r e v a l e n t  t r e e .  H e r e . i t h a s  extremely sc lerophyl lous  l e a v e s .  The 



t ype  is found wherever old a f a  lava  extends ,  o f t en  i n  f i n g e r - l i k e  

p a t t e r n s ,  i n t o  t h e  c o a s t a l l o w l a n d  area  which is otherwise dominated by 

pahoehoe. Thus, t h e  type  occurs  a l s o ,  fir example, below Hi l ina  P a l i  

( n e a r  Transect  2 )  and between Transects  3 and 4 .  

Tree growth on ;.'a can be explained by t h e  Cact t h a t  a  s o l i d  1.ava 

co re  is always assoc ia ted  with and under t h e  coa r se ,  c l i n k e r - l i k e  a ' a  

rubb le  a t  a  depth of about l m  o r  s o .  This  s o i l d  l ava  core  a c t s  as  an 

impervious base  on which r a i n  water  c o l l e c t s  m d  does n o t  evaporate .  

Metrosideros seed l ings  may become es t ab l i shed  i n  moist  y e a r s ,  when rapid  

ex tens ion  of  i t s  r o o t s  i n t o  t h e  mois t  zone above t h e  impervious l a y e r  is 

pe rmi t t ed .  

Grasses do not  g e t  e s t ab l i shed  on t h i s  m a t e r i a l  a s  t h e i r  f i b rous  

r o o t  system i s  not  sdapted t o  growth i n  such coarse  m a t e r i a l .  Their  

t y p i c a l l y  i n t e n s i v e  r o o t  system does not  extend very deep and it would 

r a p i d l y  be des icca ted  on t h i s  s u b s t r a t e .  Grasses a r e  b e t t e r  ~ d a p t e d  t o  

growth i n  shallow s o i l - f i l l e d  cracks on pahoehoe, which cracks  ? r e  much 

t o o  sma l l  a  h a b i t a t  f o r  Metrosideros t r e e s .  Seedl ings t h a t  do appear soon 

p e r i s h  because of  l ack  of  s o i l  water .  However, one can observe Metrosideros 

t r e e s  widely s c a t t e r e d  on pahoehoe o u t s i d e  t h e  a ' a  a r e a s ,  p a r t i c u l a r l y  ?long 

t h e  summer-drought c l ima te  of  t h i s  t r a n s e c t .  This is r e l a t e d  t o  a d i s t i n c t  

v a r i a t i o n  i n  t h e  pahoehoe l ava ,  which seems t o  be only l o c a l .  Nere t h e  

pahoehoe s u r f a c e  forms a very uneven microtopography. Surface rock p l a t e s  

have been pushed toge the r  r e s u l t i n g  i n  sma l l  h i l l s  ( 2  m o r  s o  h igh)  t h a t  

have cracked open a t  t h e  apex. On t h e s e  smal l  h i l l s ,  Metrosideros t r e e s  

a r e  sometimes found t h a t  have extended t h e i r  r o o t s  i n t o  those  deep c racks ,  

a t  t h e  bottom of  which r a i n  water is he ld  by a  s o l i d  1.ava core  s i m i l a r  t o  

t h a t  beneath t h e  a ' a  su r face .  



Segment 3  (F ig .  34).  Heteropogon grass land;  map symbol H(r); a e r i a l  photos 

8-0020, 8-0024. 

This is a  recurrence  of segment 1 on t h e  very same s u b s t r a t e .  For 

d e s c r i p t i o n  s e e  d iscuss ion  under Transect  2 ,  above. 

Segment 4  (F ig .  34).  Heteropogon - grassland wi.th low shrubs;  map symbol 

( 1 - i  a e r i a l  photos 8-0020, 8-0024. 

This is t h e  same a s  segment 3 on Figure 33. For d e s c r i p t i o n  s e e  

d iscuss ion  under Transect  2 ,  above. 

Segment 5 (Fig.  34) .  Mixed lowland sc rub ;  map symbol is(l); a e r i a l  photos 

8-0020, 8-0024, 14-0016, 6-16. 

This type  is formed on much t h e  same well-weathered pahoehoe sub- 

s t r a t e  a s  segment 4. The inc rease  i n  dens i ty  m d  shrub s i z e  is obviously 

r e l a t e d  t o  an inc rease  i n  r a i n f a l l  from a summer-drought t o  a summer-dry 

c l ima te .  

The dominant n a t i v e  shrubs a r e  Canthium odoratum, Wikstroemia 

p h i l l y r a e f o l i a ( ? )  and Diospyros f e r r e a  (shrub s t a t u r e ) .  I n  additi.on t h e r e  

a r e  many introduced shrubs such a s  Schinus t e reb in th i : fo l in s ,  Eugenia cumini, 

Psidium guajava and Pluchea odorata .  Also, s e v e r a l  of  t h e  smal le r  shrubs 

of  t h e  preceding type  a r e  p r e s e n t .  l h e  t a l l e r  shrubs a r e  From 2-5 m t a l l ,  

u sua l ly  showing globose crowns. Grasses a r e  r a r e ,  bu t  Chrysopogon, 

Trichloaena and Sporobolus diander  can b e  round i n  openings between t h e  

shrubs.  However, shrub dens i ty  throughout most of t h e  type  is such t h a t  

t h e  crowns a r e  j u s t  touching each o the r .  R u s ,  t h e r e  a r e  no t h i c k e t s  and 

t h e  type  is  e a s i l y  a c c e s s i b l e .  

S e p e n t  6 (F ig .  34) .  Mixed lowland i 'orest ;  map symbol - I f ;  a e r i a l  photos 

14-0016, 6-16. 

This type  occurs near  t h e  eas t e rn  Park border  and mostly o u t s i d e  t h e  



Park near  t h e  v i l l a g e  of Kalapana. It occurs  i n  t h e  humid t o  subhumid 

r a i n - f o r e s t  c l imate ,  bu t  t h e  f o r e s t  is much in t e r rup ted  and r e s t r i c t e d  t o  

s t and  fragments a s  a r e s u l t  of urban development. With few exceptions t h e  

f o r e s t  is comprised of  introduced,  probably,  mostly p lanted  t r e e s .  These 

a r e  d i s t r i b u t e d  i n  patch : forests  s o  t h p t  t h e  dominant t r e e s  vary From 

patch t o  pa tch .  The more common t r e e s  a r e  Mangifera ind ica ,  Samanea 

-, Aleur i t e s  moluccana, Cocos n u c i f e r a ,  Pandanus and Thespesia.  

6- Summary. The vege ta t ion  types  o f  Hawaii Volcanoes National  

Psrk have been described on t h e  b a s i s  of  f i v e  vegeta t ion  p r o f i l e s  (F igs .  

30-34) intended a s  an i n t e r p r e t a t i o n  of  t h e  vege ta t ion  map t h a t  was pre-  

pared from p l a s t i c  over lays  on 53 a e r i a l  photos a t  an approximate s c a l e  

o f  1:12,000. There is some overlap of vege ta t ion  types  on t h e  f i v e  pro- 

f i l e  diagrams. A s  reviewed i n  t a b u l a r  summaries (Tables I & 1 1 ) ,  t h e  map 

symbols a r e  explained i n  t h e  form of  a legend,  and each type  is shown a s  

one o r  more segments along t h e  p r o f i l e  diagrams and i d e n t i f i e d  by t h e  

appropr i a t e  map symbol i n  t h e  t e x t .  References t o  a e r i a l  photographs s r e  

provided t o  : f a c i l i t a t e  t h e i r  order ing  and use .  



T a b l e  11. The v e g e t a t i o n  t y p e s  of  Hawaii Volcanoes 
N a t i o n a l  Park  as t h e s e  u n i t s  a r e  d i s t i n g u i s h e d  on t h e  f i v e  v e g e t a -  
t i o n  p r o f i l e s  ( F i g s .  30-34) and d i s c u s s e d  i n  t h e  t e x t .  

CLIMATE VEGETATION TYPE MAP SYMBOL PROFILE & 
SEGMENT 

Dry c l i m a t e  w i t h  Rhacomitrium moss t y p e  r ( R )  F i g .  3C, 
n i g h t - f r o s t  n e a r  Seg. 2 - 
s u r f a c e .  Vegeta- 
t i o n  t y p e s  on S c a t t e r e d ,  low globous  r ( n s )  F i g .  30,  
u p p e r  e a s t  s l o p e  s c r u b  Seg. 3  
o f  Mauna Loa. 
E lev .  8500-11,000 
f e e t .  F i g u r e  30. 

Summer-dry c l i m a t e  
w i t h  f r e q u e n t  c l o u d s  
n e a r  ground.  Down- 
s l o p e  c o n t i n u a t i o n  
on e a s t  s l o p e  of  
Mauna Loa. E lev .  
3900-8500 f e e t .  
F i g u r e s  30 & 31. 

Open t o  c l o s e d  g lobous  ns  
s c r u b  

~ L o b o u s  s h r u b  wi th  ns(M) 
s c a t t e r e d  M e t r o s i d e r o s  

Open M e t r o s i d e r o s -  oM(So-ns) 
S o ~ h o r a  f o r e s t  

Tti11 globous  s h r u b  mx-ns(AcSoM1 
savannah w i t h  
s c a t t e r e d  Acacia  
koa c o l o n i e s  

Mixed Acacia  koa- mx-AcSaM 
Sapindus  t r e e  
savannah 

F i g .  30,  
Seg. 4  

F ig .  30,  
Seg.  5 

F i g .  30,  
Seg. 6 

F i g .  30,  
Seg. 7 

F ig .  30,  
Seg. 8 ;  
F i g .  31,  
Seg. 1 0  

Mixed Acacia  u- AcSaM(ad) F i g .  30,  
Sapindus  f o r e s t  wi th  Seg . 9 ; 
l o w e r - s t o r y  t r e e s  and F i g .  31,  
a r b o r e s c e n t  s h r u b s  Seg. 8 

Open M e t r o s i d e r o s - l i c h e n  oM(L-17s) F i g .  30,  
f o r e s t  w i t h  n a t i v e  low Seg. 1 0 ;  
s h n t b s  Fig .  31,  

Seg. 7 

Open M e t r o s i d e r o s -  oM( n s )  F ig .  31,  
n a t i v e  s h r u b  f o r e s t  Seg. 9  



Table IT.. ( c o n t i n u e d )  

CLIMATE VEGETATION TYPE MAP SYMBOL PROFILE & 
SEWENT 

F i g .  31 ,  
Seg. 1 1  

Humid t o  summer-dry 
t r a n s i t i o n  c l imate  
above montane ra in  
f o r e s t  i n  Kilauea 
Forest Reserve,  
lower e a s t  s lope o f  
Mauna Loa. Elev .  
5000 f e e t .  Figure 
31. 

Mixed Acacia kqp- AcM(ad-C) 
Metrosideros f o r e s t  
w i th  arborescent  
shrubs and Cibotium 

Humid montaue ra in  
f o r e s t  c l ima te  i n  
nor thern  part o f  
Park,  from Chain- 
o f -Craters  Road i n  
nor th  and beyond 
northern Park 
boundary. Elev .  
from below 5000 
f e e t  a t  lower e a s t  
s lope  on Mauna Loa 
t o  2500 f e e t  a t  
Napau c r a t e r .  
Figures 30 ,  32 & 33. 

Closed Metrosideros- c M ( C )  
Cibotium f o r e s t  

F i g .  30 
Seg. 1 2 ;  
F i g .  32 ,  
Seg. 8 ;  
F i g .  3 3 ,  
Seg. 7 

Open Metrosideros- oM(G) 
Gleichenia f o r e s t  

F i g .  30 
Seg. 1 1  

Open Metrosideros- oM(C-G) 
Cibotium-GLeichenia 
f o r e s t  

F i g .  32 
Seg. 7 

Disturbed Metrosideros scM(G-An) 
scrub f o r e s t  w i th  
Gleichenia and 
Androponon patches 

F i g .  32, 
Segs. 6 

& 9 

Open Metrosideros- O M (  C ) 
Cibotium f o r e s t  

F i g .  32 
Seg. 10 

Cibotium f o r e s t  w i th  C ( M e )  
sca t tered  old 
Metrosideros t h a t  
a re  covered w i t h  
ep iphytes  

F i g .  32 
Seg. 1 1  

Humid t o  summer-dry 
t r a n s i t i o n  c l imate  
below montane ra in  
f o r e s t  i n  eas t e rn  
part  o f  Park. Elev.  
about 2000 f e e t .  
Figure 33. 

Open Metrosideros- oM(G-An) 
Gleichenia-  
Andropogon f o r e s t  

Fig. 33 
Seg. 6 



T a b l e  11. ( c o n t i n u e d )  

CLIMATE 

Summer-dry c l i m a t e  
of  mid-a1 ti t u d e s  
on s o u t h  s l o p e  
of  K i l a u e a .  E lev .  
1000-3000 f e e t .  
F i g u r e s  31,  32 & 
33. 

VEGETATION TYPE MAP SYMBOL PROFILE & 
SEGMENT 

Open Met ros ide ros -  oM(ns-An) F i g .  32,  
Andropogon f o r e s t  Seg. 5  
w i t h  n a t i v e  s h r u b s  

Andropogon g r a s s  l and  An(M) and F i g .  31, 
An( n s - i  Seg.  4 ;  

F i g .  3 2 ,  
Seg.  4 

Shrubland wi th  ns(i-An-M) F i g .  33 
Andropopon and Seg. 5 
s c a t t e r e d  o l d  
M e t r o s i d e r o s  

Met ros ide ros -  MD(A1-ns-i-An-N) F i g ,  1 3  
Diospyros  mixed Seg. 4 
f o r e s t  w i t h  pa tchy  
s t a n d s  o f  A l e u r i t e s  

Very open Met ros ide ros -  MD(r) F i g .  31,  
Diospyros  f o r e s t  Seg. 3 ;  

F i g .  32 
Seg. 3  

Summer-drough t Extremely s p a r s e  r -ash(po ik1  F i g .  31 
c l i m a t e  a t  mid- d e s e r t  v e g e t a t i o n  Seg.  6 
a l t i t u d e s  w i t h  
s t r o n g  winds i n  
w e s t - c e n t r a l  p a r t  
of P a r k .  E lev .  
2500-3500 f e e t .  
F i g u r e  31. 

Wann-tropical. c l i m a t e  Era- tcnel.1.a E (  r )  F i g .  31 
i n  c o a s t a l  lowland gra.ss l and  Seg. 2  
from summer-drought 
( w e s t )  t o  subhumid I&l&eropogon g r a s s l a n d  H (  r )  ; r (H)  ; F i g .  3 2 ,  
( e a s t ) .  F i g u r e s  31,  and R ( l . s i )  Seg.  2 ;  
32 ,  3 3 ,  & 34. F i g .  33,  

Seg.  2 ;  
F i g .  34,  
Segs .  1  & 3 

H e t e r o p o ~ ~  g r a s s l a n d  H (  I s - i f  
w i t h  low s h r u b s  

F i g .  33,  
Seg.  3 ;  

S c a t t e r e d  o l d  M e t r o s i d e r o s  r(M) 
on n e a r l y  b a r r e n  a l a  l a v a  

F i g .  34,  
Seg. 2  



T a b l e  11. ( c o n t i n u e d )  

CLIMATE VEGETATION TYPE MAP SYMBOL PROFILE & 
SEGMENT 

Mixed lowland s c r u b  I s ( i )  Fig .  3 4 ,  
Seg. 5 

Mixed lowland f o r e s t  I f  F ig .  3 4 ,  
Seg. 6 

S a l t  s p r a y  and o t h e r  r( s p r )  F i g .  3 1 ,  
s h o r e  communities and  s p r  Seg.  1 ;  

F ig .  32 
Seg. 1 ;  
F ig .  3 3 ,  
Seg. 1  



Chapter IX- Bibliography 

The fol lowing l i s t  o f  l i t e r a t u r e  h a s  been prepared a s  a  guide. 

The use r  w i l l  f i nd  it s h o r t  i n  e n t r i e s  concerning t h e  geologica l  

a spec t s  o f  t h e  Park. The splendid annotated bibl iography by Macdonald 

(1947) covers  t h i s  s u b j e c t  f o r  t h e  i s l a n d  up i n t o  1946. The lists of 

l i t e r a t u r e  i n  t h e  papers on t h e  Pa rk ' s  more r e c e n t  geology which a r e  

c i t e d  should s a t i s f y  most o f  t h e  b i o l o g i s t ' s  needs. Natural. His tory  

Bu l l e t in  No. 5 issued by t h e  Hawaii National  Park and Western Museum 

Laboratories  i n  1940 is another  extens ive  source of u s e f u l  b ib l iographic  

information. Miss Margaret Titcomb of t h e  B. P. Bishop Museum and D r .  

D ie t e r  Mueller-Dombois both have cont r ibuted  f u r t h e r  u s e f u l  l ists of 

b ib l iographic  m a t e r i a l  f o r  which we a r e  t i ~ a n k f u l .  

An e f f o r t  has  been made t o  inc lude  some of t h e  l e s s  w e l l  known 

minor pub l i ca t ions  a s  a ma t t e r  of record and a t  t h e  same time a number 

of t h e  very e a r l y  and t h e  more genera l ly  informative o r  bas i c  puhlica-  

t i o n s  even though n o t  s p e c i f i c a l l y  b i o l o g i c a l  b u t  r e fe r red  t o  i n  t h e  

t e x t .  I n  some f i e l d s  it has  n o t  been poss ib le  t o  be  thorough, e . ~ . ,  i n  - 
t h e  f i e l d s  o f  i n v e r t e b r a t e  zoology and cryptogamic botany, b u t  i n  such 

f i e l d s  t h e  p r i n c i p a l  works f o r  t h e  Park o r  t h e  i s l a n d s  a r e  given with 

t h e  hope t h a t  i n t e r e s t e d  ind iv idua l s  w i l l  f i nd  it e a s i e r  t o  begin t h e  

work of determining t h e  s t a t u s  o f  t h e  Park 's  b i o t a  i n  such f i e l d s  from 

t h e  p a r t i c u l a r  few s t a r t i n g  po in t s  given. 

Actual ly t h e  hope is t h a t  through t h e  s t imulus of t h i s  At las ,  o r  

d a t a  assemblage, s c i e n t i f i c  work i n  t h e  d i f f e r e n t  f i e l d s  of biology and 

ecology w i l l  be  encouraged and t h a t ,  a s  a r e s u l t ,  t h i s  f i r s t -gene ra t ion  

e f f o r t  w i l l  soon be  f a r  outdated. 
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Chapter X- Generic Index t o  Organisms Known :From t h e  Park 

The fol lowing a l p h a b e t i c a l  l ist  of  genera i s  an index t o  t h e  

organisms known t o  occur i n  t h e  Park a s  recorded i n  t h e  t e x t  of t h i s  

Atlas  o r  i n  t h e  pub l i ca t ions  l i s t e d  with t h e  p a r t i c u l a r  name. An 

a s t e r i s k  (*) before  a generic  name means t h a t  t h e  organism is re-  

corded from nea r ,  b u t  n o t  w i th in ,  t h e  Park. The c i t a t i o n s  which 

fol low a generic  name lead t o  t h e  b ib l iography,  t h e  previous chapter  

o f  t h i s  l k l a s ,  o r  t o  t h e  chapters  within t h e  Atlas  where t h e  record 

may be  found. One c i t a t i o n ,  t h c  yea r  d a t e  of  which i s  Sollowed by 

an a s t e r i s k ,  is given a s  a useSxl  gene ra l  reference :For t h e  genus 

and does n o t  n e c e s s a r i l y  r e f e r  t o  t h e  Parlc. I n  parentheses  fol .10~- 

i n g  each gener ic  e n t r y  a r e  one o r  more words provid ing  c l u e s  a s  t o  

t h e  k ind  ol: organism t o  which t h e  generic  name a p p l i e s  and, i n  some 

c a s e s ,  t o  a r e fe rence  where it is mentioned i n  t h e  t e x t  above o r  

t o  o t h e r  supplementary information.  

Abrus (p l an t ) :  Stone, 1959; Neal, 1965." 

Abutilon ( p l a n t ) :  Fagerlund & Mitche l l ,  1944; Fagerlund, 1947; 
Degener, 1930; Stone, 1959; Neal, 1965.* 

Acacia ( p l a n t ) :  Fagerlund & Mitche l l ,  1944; Rock, undated; Botany 
group, 1963; Fagerlund, 1947; Mueller-Dombois & 
Lamonreux, 1964 unpubl.; Degener, 1930; Neal, 
1965." (Chapts. V I ,  D; V I I ,  A, B, D ;  VII I . )  

Acalypha (p l an t ) :  Stone, 1959; Neal, 1965.* 

Acanthospermum (p lan t ) :  Fagerlund 6. Mitche l l ,  1944; Fagerlund, 
1947; Neal, 1965.^ 

Acetabular ia  ( a lga ) :  Dawson, 1956." (&ap t .  V I ,  A.) 

Achi l lea  ( p l a n t ) :  Fagerlund & Mitche l l ,  1944; Fagerlund, 1947; 
Neal, 1965." (Chapts. V I ,  D: V I I ,  B.) 



A c r i d o t h e r e s  ( b i r d ) :  Munro, 1960.* (Chap t .  V I ,  H .  

Acroporium (moss ) :  Bar t ram,  J u n e  1933.* (Chap t s .  V I ,  C; V I I ,  E ;  V I I I . )  

Adiantum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; Nea l ,  1965." 
(Chap t .  V I ,  D.) 

A ~ a p a n t h u s  ( p l a n t ) :  Fager lund ,  1947;  W .  F. H i l l e b r a n d ,  1888." 
(Chap t .  V I ,  D . )  

( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  1.959; 
Nea l ,  1965." (Chap t .  V I ,  D.) 

Ageratum ( p l a n t ) :  

A o r o s t i s  ( p l a n t ) :  

A h n f e l t i a  ( a l g a ) :  

Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  
1965.* ( C h a p t s .  V I ,  D ;  V I I ,  B ;  V I I I . )  

Smith ,  1964." ( C h a p t s .  V I ,  A ;  V I I ,  G . )  

A i r a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; - 
A .  S .  Hi tchcock ,  1935." (Chap t .  V I ,  D . )  

Aluda ( b i r d ) :  Munro, 1960.* (Chap t .  V I ,  H . )  

Alcfa ( p l a n t ) :  W i l l i s ,  1960.* (Chap t .  V I ,  D . )  

A l e c t o r i s  ( b i r d ) :  Munro, 1960.* ( C h a p t .  V I ,  H . )  

A l e u r i t e s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947;  
Degener,  1930; S t o n e ,  1959; Neal ,  1965;*Degener, 

1930.* ( C h a p t s .  V I ,  D; V I I ,  H ,  F;  V I I I . )  
All ium ( ~ l a n t ) :  Nea l ,  1965." (Chap t .  V I ,  D.) 

A l ~ h i t o n i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Degener,  1930; S t o n e ,  
1959; Neal ,  1965.* ( C h a ~ t s .  V I ,  D ;  V I I ,  B ;  V I I I . )  

A l p i n i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  
1965.* (Chap t .  V I ,  D . )  

Als id ium ( a l g a ) :  Dawson; H .  K y l i n ,  1956.* :"apt. V I I ,  G.) 

Al thaea  ( p l a n t ) :  Nea l ,  1965.* (Chap t .  V I ,  D . )  

A lyx ia  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted ;  S t o n e ,  1959; 
Neal ,  1965." ( C h a ~ t s .  V I ,  D; V I I ,  B ,  C . )  

Amansia ( a l g a ) :  McCaughney, 1918.* ( C h a p t s .  V I ,  A; V I I ,  G . )  

Amaranthus ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  
1965." (.Chapt. V I ,  D . )  



Amphidium (moss) :  Bartram, June  1933." (Chap t .  V I ,  C. 

Amsinckia ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal,  
1965." (Chapt .  V I ,  D.) 

Anabaena ( a l g a ) :  P r e s c o t t ,  ::.?51.* (Chapt .  V I ,  A . )  

A n a c v s t i s  ( a l g a ) :  P r e s c o t t ,  1951." (Chapt.  V I ,  A . )  

A n a ~ a l l i S  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  
1959; Nea l ,  1965." (Chap t s .  V I ,  D; V I I ,  B . )  

Ananas ( p l a n t ) :  Degener,  1930; Neal ,  1965.X 

Anas ( b i r d ) :  Munro, 1960.X (Chapt .  V I ,  H . )  - 
Anastrophvl lum (moss ) :  M i l l e r ,  1963; ( C h a p t .  V I I ,  E.) 

Andropogon ( p l a n t ) :  Nea l ,  1965" H i l l e b r a n d ,  1888." (Chap t s .  V I ,  D; 
V I I ,  c ;  V I I I . )  

Anemone ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  
1965." (Chap t .  V I ,  D.) 

Anoec toch i lus  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965"; 
H i l l e b r a n d ,  1888." (Chap t .  V I ,  D.) 

Anous ( b i r d s ) :  Munro, 1960." (Chapt .  V I ,  H . )  

Anser ( b i r d ) :  Munro, 1960*. (Chap t .  VS, H . )  - 
Anthemis ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944,  Fager lund ,  1947; Nea l ,  

1965.* (Chap t .  VS, D . )  

Anthoxanthum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
Hitchcoclc, 1935." (Chap t s .  V I ,  D; V I I ,  B; V I I I . )  

Antidesma ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; Neal ,  1965"; 
H i l l e b r a n d ,  1888." ( C h a p t s .  V I ,  D ;  V I I I . )  

An t i r rh inum ( p l a n t ) :  Neal ,  1965." (Chap t .  V I ,  D . )  

Apium ( p l a n t ) :  Neal ,  1965." (Chapt .  V I ,  D . )  

A r a u c a r i a  ( p l a n t ) :  Fager lund ,  1947; Nea l ,  1965." (Chap t .  V 1 ,  D.) 

A r c e l l a  ( s h e l l e d  amoeba): Kudo, 1960." ( C h a p t .  V I I ,  G . )  

A r c t o t i s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965.* (Chapt .  
VS, D . )  

A r d i s i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965." (Chap t .  V I ,  D . )  



A r e n a r i a  ( b i r d ) :  Munro, 1960." ( C h a p t .  V I ,  H.) 

Arge~none i p l a n t ) :  Fager lund  & M i t c h e l l ,  1944; Degener ,  1930; Nea l ,  1965.X 
(Chap t s .  V I ,  D ;  V I I ,  B . )  

b r o x i p h i u r n  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Degener ,  1930; Neal ,  
1965.X ( C h a p t s .  V I ,  D; V I I I . )  

Ar ternis ia  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965." H i l l e b r a ~ d ,  
1888." (Chapt .  V I ,  D.) 

A r t o c a w  ( p l a n t ) :  Fager lund h M i t c h e l l ,  19Ut;  Degener,  1930;  S tone ,  
1959; Nea l ,  1965."; N i l l e b r a n 3 ,  1888." (Chap t .  V I  , D . )  

Arund inc  ( p l a n t ) :  Nea l ,  1965." ( C h a p t s .  V I ,  D; V I I ,  C ,  F . )  

A r u n d i n a r i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  19&/r; Fager lund ,  19&7; - - - - - .- - 
Neal ,  1965." (Chap t .  V I ,  D . )  

A s a r i n a  ( p l a n t ) :  Nca l ,  1965." (Chap t .  V I ,  D . )  -- 
A s c l e j - i i s  ( p l a n t ) :  Fagerluiid & M i t c h e l l ,  1944; F a g e r l u n d ,  19ii7; S t o n . ,  

1959; Neal ,  1965."; H i l l e b r a n d ,  1.888." ( C h a p t .  V1,D.l 

A s i a  r l :  Munro: 1960." (Chap t ,  V I ,  I % . )  - 
A s p a r a ~ o p s i s  ( a l g a ) :  Dawsm, Oc t .  1954." (Chapt .  V I 1 , G .  

A s p r u  ( p l a n t ) :  Neal., 1965."; F l i l l e b r a ~ d ,  1'388.* (Cha? t .  V I ,  D . )  

&leni_u;" ( p l a n t ) :  Fager lund & M i t c ! i ~ l l ,  19L4; Rock, unda ted ;  S t o n e ,  
1959; Nea l ,  1965."; Ni l l eb ra : id ,  1888." (Chap t s .  V I ,  
D ;  V I I ,  B ;  VIII,) 

A s t e l i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Smnthers ,  1963b; Degzner,  
1930; Nea l ,  1965;" H i l l e b r a x l ,  1888," ( C h a p t s .  V I ,  D ;  
V I I ,  D ;  V I I I . )  

As& ( p l a n t ) :  Neal ,  1965*; I l i l l e b r a n d ,  1888." (Chap t .  V I ,  D . )  

Athvrium ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal , 1965": I I i l l eb ra ;?d ,  
1888." (Chap+:. V I I ,  8 . )  

a i p l a n t ) :  Fag-r lund & M i t c h e l l ,  194G; Fager lund ,  1947; H i l l e b r a n d ,  
1888." (Chaac,  V I ,  D.) 

Axonopus ( p l a n t )  : Fager lund & M j t c h e l l  , 194!+; F a ~ e r l u n d ,  19G7 ; I i i t chcock ,  
1935.X ( C h a p t .  V I ,  D . )  

Bazzania  (moss) :  M i l l e r ,  1963." (Chap t .  V I I ,  E ,  1 -- 



Begonia ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965." (Chapt .  V I ,  D . )  

Beta ( ~ l a n t ) :  Nea l ,  1965."; H i l l e b r a n d ,  1888." (Chapt .  V I ,  D . )  -> 

Bidens  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Degener ,  1930; 
S t o n e ,  1959; Nea l ,  1965."; H i l l e b r a n d ,  1888," (Chap t s .  
V I ,  D; V I I ,  B . )  

( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; Neal ,  1965.*; 
H i l l e b r a n d ,  1888.* ( C h a p t s .  V I ,  D ;  V I I I )  

Boerhavia  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; S tone ,  1959; Nea l ,  1965.* 
(Chapt .  V I ,  D . )  

Boodlea (alga): T a y l o r ,  1950.X (Chap t .  V I ,  A . )  

Boodleopsis  ( a l g a ) :  G i l b e r t ,  1965." (Chap t .  V I I ,  G . )  

B o t r y d i o p s i s  ( a l g a ) :  Smith ,  1950." (Chapt .  V I ,  A . )  

B o u g a i n v i l l e a  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965." 
(Chapt .  V I ,  D.) 

B r a c h i o l e j e u n e a  (moss ) :  M i l l e r ,  1963." (Chapt .  V I I ,  E.) 

Brachvmenium (moss) :  Bartram, J u n e ,  1933." (Chapt .  V 1 ,  C . )  

Bran ta  ( b i r d ) :  Lamoureux (App. B ) ,  1963; Munro, 1960.* (Chapt .  V I ,  H . )  

B r a s s a i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965." (Chap t s .  V I ,  
D; V I I ,  B . )  

B r a s s i c a  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; F a g e r l u n d ,  1947; Nea l ,  
1965."; H i l l e b r a n d ,  1888." (Chap t .  V I ,  D.) 

B r i z a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Fager lund ,  1947;  H i l l e b r a n d ,  
1888." ( C h a p t s .  V I ,  D;  V I I ,  B ;  V I I U  

Bromus ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947;  H i l l e b r a n d ,  
1888." ( C h a p t s .  V I ,  D ;  V I I ,  B . )  

B r o u s s a i s i a  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Degener,  1930; S t o n e ,  
1959; Neal ,  1965; H i l l e b r a n d ,  1888.k ( C h a p t s .  
V I ,  D ;  V I I ,  C . )  

B r o u s s o n e t i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  
1965."; H i l l e b r a n d ,  1888." (Chap t .  V I ,  D . )  

Brugmansia ( p y a n t ) :  Degener , l930;  Nea l ,  1965." 

BCvum (moss ) :  Bartram, J u n e ,  1933." (Chap t .  V I I ,  E . )  



Buddle ja  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Smathers ,  196313; F a g e r l u n d ,  
1947; Neal ,  1965." (Chap t s .  V I ,  D; V I I ,  D . )  

Bufo ( f a a d ) :  (Chap t .  V I ,  G . )  - 
B u l b o s t y l i s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  

1959; Willis, 1960." ( C h a p t s .  VT., D ;  V I I I . )  

Buteo ( b i r d ) :  Munro, 1960.* (Chapt .  V I ,  H . )  - 
Buxus ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965." (Chapt .  V I ,  D . )  - 
C a e s a l p i n i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; Nea l ,  1965." 

(Chap t .  V I ,  D . )  

Ca janus ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944,  Fager lund ,  1947; Degener,  
1930; Neal ,  1965."; H i l l e b r a n d ,  1880." (Chap t .  V I ,  D . )  

Caladium ( ~ l a n t ) :  Degenr.r, 1930; Nca l ,  1965.*; H i l l c b r a n d ,  1888." 

C a l i p i d i a  ( p l a n t ) :  Rock, unda ted ,  Unpub. m s ;  Degener,  1930.* ( R e f .  t o  
on ly  1. 

h C a l l i s t e m o n  ( p l a n t ) :  Neal ,  1965." (Chap t .  VI ,  D . )  

* C a l o p h ~ l l u m  ( p l a n t ) :  Nea l ,  1965.* H i l l e b r a n d ,  1888." 

C a l o t h r i x  ( a l g a ) :  Snith,  1950."; P r e s c o t t ,  1951.* ( C h a p t s .  V I ,  A ;  V I I ,  G.) 

C a l ~ m p e r e s  (moss) :  Botany g r o u p ,  1963; Bartram, J u n e ,  1933.* 

Camel l i a  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965."; H i l l e b r a n d ,  
1888." (Chapt .  V I ,  D . )  

C a r n ~ y l o d i s c u s  ( a l g a ) :  Smi th ,  1950." (Chap t .  V Z Z ,  G . )  

Campylonus (moss ) :  Bar t ram,  June ,  1933." (Chapt .  V I ,  C . )  

C a n a v a l i a  ( p l a n t ) :  Neal ,  1965.*; H i l l e b r a n d ,  1888." (Chap t .  V I I ,  E.) 

Canna ( p l a n t ) :  Fagcr lund & M i t c h e l l ,  1944; Fagcr lund ,  1947; Meal, 1965." - 
H i l l e b r a n d ,  1888." (Chap t .  V I ,  D.) 

Canthium ( p l a n t ) :  Fagcr lund & M i t c h e l l ,  1944; S t o n c ,  1959; Nea l ,  1965."; 
H i l l c b r a n d ,  1888." (Chap t s .  V I ,  D; VIII.) 

C a n p a r i s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965."; H i l l c b r a n d ,  
1888." (Chap t .  V I ,  D . )  

Capsicum ( p l a n t ) :  S t o n e ,  1959; H i l i e b r a n d ,  1888." 



Cardamine ( p l a n t )  : Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  
1965; H i l l e b r a n d ,  1888." (Chap t .  V I ,  D.) 

Grdiospemum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947 
S t o n e ,  1959; Nea l ,  1965." H i l l e b r a n u ,  1888.x 
(Chapt .  V I ,  D . )  

Carex  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Rock, unda ted .  Unpubl. ms; - 
S t o n e ,  1959; H i l l e b r a n d ,  1888.* (Chap t s .  V I ,  D ;  V I I ,  8 ;  
VIII. ) 

C a r i c a  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Fager lund ,  1947; Neal ,  1965.X -- 
H i l l e b r a n d ,  1888.* (Chap t .  V I ,  D . )  

Carpodacus ( b i r d ) :  Munro, 1960." (Chap t .  V I ,  H . )  

C a s s i a  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  
1959; Neal ,  1965.*; H i l l e b r a n d ,  1888." (Chap t s .  V I ,  D; 
V I I ,  E; V I I I . )  

Cassv tha  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Degener,  1930; S t o n e ,  1959; 
Nea l ,  1965"; H i l l e b r a n d ,  1888." ( C h q t s .  V I ,  D ;  V I 1 , E . l  

C a t h a r a n t h u s  ( p l a n t ) :  Neal ,  1965*; H i l l e b r a n d ,  1888." (Chapt .  V I ,  D.) 

C a t i l l a r i a  ( l i c h e n ) :  Magnusson & Zahlbruckner ,  I I : 1 0 ,  1944; ( C h q t .  V 1 , B . )  

Cau lacan thus  ( a l g a ) :  Boergesen,  1940-57." (Chapt .  V I I ,  G . )  

Cenchrus  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  1965." 
H i l l e b r a n d ,  1888." (Chap t s .  V I ,  D ;  V I I L . )  

C e n t a u r e a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  
1965" H i l l c b r a n d ,  1888.* (Chap t .  V I ,  D. )  

Centaurium ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  
1959; Nea l ,  1965.* (Chapt .  V I ,  D; V I I ,  B . )  

C e n t e l l a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; F a g e r l u n d ,  1947; Nea l ,  1965.* 
(Chapt .  V I ,  D.) 

C e n t r o c e r a s  ( a l g a ) :  Dawson, Oc t .  1954." (Chapt .  V I I ,  G . )  

Cepha loz ia  (moss) :  M i l l e r ,  1963." ( C h a p t .  V I I ,  E.) 

Ceras t ium ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; H i l l e b r a n d ,  
1888*; Nea l ,  1965.* (Chapt .  V I ,  D . )  

Cera todon  (moss) :  Bar t ram,  June  1933.* (Chap t .  V I ,  C . )  



Cestrum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947;  Nea l ,  1965*; 
H i l l e b r a n d ,  1888.* (Chapt .  V I ,  D . )  

C h a e t o m o r ~ h a  ( a l g a ) :  Smith,  1950.* (Chapt .  V I I ,  G . )  

C h a r p e n t i e r a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. 
ms; Nea l ,  1965*; H i l l e b r a n d ,  1888.h ( C h a ~ t s .  V I ,  
D ;  V I I ,  B . )  

Chasiempis  ( b i r d ) :  Smathers ,  1963a,  Unpubl. r e p o r t ;  Munro, 1960." 
( C h a p t .  V I ,  H.) 

Cheirodendron ( ~ l a n t ) :  Fager lund 6 M i t c h e l l ,  1944; Rock, unda ted .  Unpub. 
ms; F a g e r l u n d ,  1947; S t o n e ,  1959; Neal ,  1965*; 
H i l l e b r a n d ,  1888.X (Chap t s .  V I ,  D ;  V I I ,  B, C; V I I I . )  

C h e l o n i a  ( t u r t l e ) :  C a r r  & I n g l e ,  1959.* (Chapt .  V I ,  G . )  

Chen ( b i r d ) :  Munro, 1960.h (Chap t .  V I ,  H . )  - 
Chenopodium ( p l a n t ) :  Fager lund  & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  

1965*; H i l l e b r a n d ,  1888.* (Chap t .  V I ,  D . )  

Chlamydomonas ( a l g a ) :  Smi th ,  1950.* (Chapr .  V I ,  A . )  

C h l o r e l l a  ( a l g a ) :  Smi th ,  1950.* (Chap t .  V I ,  A.) 

C h l o r i s  ( p : a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947;  S t o n e ,  1959; 
Nea l ,  1965"; H i l l e b r a n d ,  1888.* (Chap t s .  V I ,  D ;  V I I I . )  

Chlorococcum ( a l g a ) :  Smith ,  1950.* ( C h a ~ t s .  V I ,  A; V I I ,  F . )  

C h l o r o s a r c i n a  ( a l g a ) :  Smith ,  1950.* (Chapt .  V I ,  A . )  

C h l o r o s a r c i n o p s i s  ( a l g a ) :  Smith ,  1950." (Chapt .  V I ,  A . )  

Chnoospora ( a l g a )  : T a y l o r ,  1960.* (Chapt. V I I ,  G .  ) 

Chroococcus ( a l g a ) :  Smi th ,  1950.* (Chap t .  V I ,  A . )  

Chrvsanthemum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
Nea l ,  1965.h (Chapt .  V I ,  D . )  

Chrysoporon ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund,  1947; S t o n e ,  
1959; H i l l e b r a n d ,  1888.* (Chap t s .  V I ,  D; VIII.) 

Cibot ium ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. ms; 
Smathers ,  1963b; Lamoureux (App.B), 1963;  Botany g r o u p ,  
1963; Degener,  1930;  S t o n e ,  1959; Neal ,  1965*; 
H i l l e b r a n d ,  1888.% ( C h a p t s .  V ,  E ;  V I ,  D ;  V I I ,  B,  C ,  D ,  
E; V I I I . )  



C i r i d o p s  ( b i r d ) :  Chapt .  V I ,  H 

C i r s ium ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, undated.  Unpub. ms; 
Fager lund,  1947;  Neal ,  1965.* ( C h a ~ t s .  V I ,  D; V I I ,  B . )  

C i s s u s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944,  Neal ,  1965.* (Chap t .  V I ,  D.) 

C i t r u s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Fager lund,  1947; S t o n e ,  1959; 
Nea l ,  1965?; H i l l e b r a n d ,  1888.* (Chapt .  V I ,  D . )  

Cladium ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  S t o n e ,  1959; Neal ,  1965.* 
H i l l e b r a n d ,  1888.* 

C l a d o n i a  ( l i c h e n ) :  Botany g roup ,  1963; Magnusson & Zahlbruckner ,  11: 21, 
1944.x (Chap t s .  V I ,  B;  V I I ,  C ;  V I I I . )  

Cladpphora ( a l g a ) :  T a y l o r ,  1950.* ( C h a ~ t s .  V I ,  A; V I I ,  G.) 

Clermoni ia  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, undated.  Unpub. ms; 
Degener,  1930; Neal ,  1965*; H i l l e b r a n d ,  1888.x  
( C h a ~ t s .  V I ,  D; V I I ,  B . )  

Coccocarp ia  ( l i c h e n ) :  Magnusson & Zahlbruckner ,  I: 7 7 ,  1943.* (Chap t .  
V I ,  B.1 

Coccu lus  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpubl. m s ;  
S t o n e ,  1959; Nea l ,  1965.* (Chap t s .  V I ,  D ;  V I I ,  B ,  E . )  

Cocas ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Fager lund ,  1947; Degener, 1930; 
S t o n e ,  1959; H i l l e b r a n d ,  1888.* ( C h a ~ t s .  V I I ,  G ;  V I I I . )  

Codium ( a l g a ) :  Egerod,  1952.* (Chapt .  V I ,  A . )  

C o i x  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  1965"; - 
H i l l e b r a n d ,  1888.* (Chapt .  V I ,  D .  

Co leus  ( p l a n t ) :  Nea l ,  1965.* ( C h a ~ t s .  V I ,  D;  V I I ,  F . )  

Collema ( l i c h e n ) :  Magnusson 6 Z a h l b r u c k n e r ,  I: 61,  1943.* (Chapt .  V 1 ,  B . )  

C o l o c a s i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  
1965"; H i l l e b r a n d ,  l888.*  

Colpomenia ( a l g a ) :  T a y l o r ,  1960.* (Chap t .  V I ,  A . )  

C o l u b r i n a  c p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Degener,  1930; Nea l ,  1965"; 
H i l l e b r a n d ,  1888.X (Chap t .  V I ,  D . )  

Commelina ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. m s ;  
Smathers ,  1963b; Mueller-Dombois & Lamoureux, 1964,  
unpub. m s ;  S t o n e ,  1959;  Nea l ,  1965*; H i l l e b r a n d ,  1888.* 
( C h a ~ t s .  V I ,  D; V I I ,  B ,  D ,  E, F; V I I I . )  



Coniogramme ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; H i l l e b r a n d ,  1888." 
(Chapt .  V I I ,  B.) 

Conyza ( p l a n t ) :  Neal ,  1965"; H i l l e b r a n d ,  1888.* (Chap t s .  V I ,  D; V I I ,  
C . )  

Coprosma ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. ms; 
Smathers ,  1963b; Botany g r o u p ,  1963; Fager lund ,  1947 ; 
Mueller-Dombois & Lamoureux, 1964; unpubl .  ms; Degener,  
1930;  S t o n e ,  1959; Neal ,  1965"; H i l l e b r a n d ,  1888.* 
( C h a p t s .  V I ,  D; V I I ,  B, C ,  D; V I I I . )  

Cor_a l l ins  ( a l g a ) :  T a y l o r ,  1960.* (Chap t .  V I I ,  G . )  -. 

C o r d i a  ( p l a n t ) :  Fagcr lund  & M i t c h e l l ,  1944; Nea l ,  1965*; H i l l e b r a n d ,  1888.* 
( C h a p t .  V I ,  D.) 

C o r d v l i n e  ( p l a n t ) :  Fsgerlund & M i t c h e l l ,  1944; F a g e r l u n d ,  1947; Degcner,  
1930;  S t o n e ,  1959;  Neal ,  1965*; H i l l e b r a n d ,  1888.h 
(Chap t s .  V I ,  D; V I I ,  B . )  

C o r e o p s i s  ( p l a n t ) :  Fagcr lund & M i t c h e l l ,  1944; Rock, u n d a t e d .  Unpub. m s ;  
Fager lund ,  1947; Neal ,  1965*; H i l l e b r a n d ,  1888." 
(Chapt .  V I ,  D . )  

Coronopus ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; F a g e r l u n d ,  1947; Neal ,  
1965." (Chapt .  V I ,  D . )  

Cosmos ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965'; H i l l e b r a n d ,  
1888.* (Chapt .  V I ,  D.) 

C o t o n e a s t e r  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; F a g e r l u n d ,  1947; Nea l ,  
1965.* (Chap t .  V I ,  D.) 

C o t u l a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965.* (Chapt .  V I ,  D . )  

C r o c e t h i a  ( b i r d ) :  Munro, 1960.* (Chap t .  V I ,  H.) 

C r o t a l a r i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; F a g e r l u n d ,  1947; S t o n e ,  
1959; Neal, 1965." (Chap t .  V I ,  D . )  

Cryptomeria  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
Nea l ,  1965." (Chap t .  V I ,  D.) 

Cucumis ( p l a n t ) :  Nea l ,  1965.* (Chapt .  V I ,  D . )  

C u c u r b i t a  ( p l a n t ) :  Nea l ,  1965.X (Chap t .  V I ,  D.) 

Cunninphamia ( p l a n t ) :  Fager lund & M i t c h e l l ,  1 9 4 4 , ;  Neal ,  1965.* (Chapt .  
V I ,  D .  ) 



Cuphea ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Fager lund ,  1947; S t o n e ,  1959; 
Neal ,  1965.X (Chap t s .  V I ,  D; V I I ,  B . ,  C . )  

Cuscu ta  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965.* (Chap t .  V I ,  D .  

Cvanea ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Degener,  1930; Nea l ,  1965." 
(Chap t .  V I ,  D . )  

C y a n i s t i c t a  ( l i c h e n ) :  Magnmson & Z a h l b r u c k e r ,  I:  8 6 ,  1943.* 
(Chapt .  111, B.) 

Cyathodes  ( p l a n t ) :  Degener ,  1930; H i l l e b r a n d ,  1888." (Chapt .  V I ,  D . )  

C v c l o s o r u s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; Nea l ,  1965.* 
(Chap t s .  V I ,  D ,  V I I ,  B . )  

Cydonia ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  1965.* 
(Chap t .  V I ,  D.) 

C v l i n d r o c a p s a  ( a l g a ) :  P r e s c o t t ,  1951.h (Chapt .  V I ,  A . )  

Cynodon ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, undated.  Unpub. m s ;  
Botany group,  1963;  Fager lund ,  1947; S t o n e ,  1959; Neal ,  
1965.* (Chap t s .  V I ,  D; V I I ,  B;  V I I I . )  

Cvnoglossum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  
1965." (Chapt .  V I ,  D . )  

Cyperus  c p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. m s .  
Srnathers,  196313; Botany g r o u p ,  1963;  Fager lund ,  1947; 
S t o n e ,  1959; Nea l ,  1965." ( C h a p t s .  V I I ,  B,  C ,  D; V I I I . )  

C v r t a n d r a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Botany g roup ,  1963; 
S t o n e ,  1959;  Nea l ,  1965.x (Chapt .  V I ,  D; V I I I . )  

Cyrtornium ( p l a n t )  : Fager lund  & M i t c h e l l ,  1944; H i l l e b r a n d ,  1888.* 
(Chap t .  V I I ,  B . )  

C v t i s u s  ( p l a n t ) :  Fager lund ,  & M i t c h e l l ,  1944; Neal ,  1965.* (Chap t .  VI,U.) 

D a c t v l i s  ( ~ l a n t )  : Fager lund & M i t c h e l l ,  1944; F a g e r l u n d ,  1947; Muell e r -  
Dornbois & Larnoureux, 1964, unpub. m s ;  Lawrence, 1951*, 
(mere ly  m e n t i o n e d ) ;  Hi tchcock ,  1935." (Chap t s .  V I ,  
D ;  V I I ,  B.) 

Dactv loc ten ium ( p l a n t ) :  Hi tchcock ,  1935." (Chapt .  V I I I . )  

D a h l i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965.X (Chap t .  V I ,  D.) 

Daucus ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; F a g e r l u n d ,  1947; Neal ,  1965.* 
( C h a p t .  V I ,  D . )  



Delphinium ( p l a n t ) :  Nea l ,  1965.* ( C h a p t .  V I ,  D.) 

Deschampsia ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
H i l l e b r a n d ,  1888.k (Chap t s .  V I ,  d ;  V I I I . )  

Desmathus ( ~ l a n t ) :  S tone ,  1959; Nea l ,  1965.* 

Desmodium ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; F a g e r l u n d ,  1947; S t o n e ,  
1959; Neal ,  1965.* (Chap t s .  V I ,  D; V I I ,  B; V I I I . )  

D i a n e l i a  - - . ( p l a n t ) :  Fagerlund & M i t c h e l l ,  1944; S t o n e ,  1959; Nea l ,  1965." 
(Chaptc.  V I ,  D; V I I I . )  

D ian thus  ( p l a n t )  : Fager lund & M i t c h e l l ,  1944; F a g e r l u n d ,  1947 ; Neal ,  
1965.x (Chapt .  V 1 ,  D . )  

D i c r a n o p t e r i s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Degener ,  1930; S t o n e ,  
1959; Neal ,  1965.* (Chap t .  V I ,  D . )  

Dicranum (moss) :  Bartrarn, June  1933.* (Chapt .  V I ,  C . )  

D i c t y o s p h a e r i a  ( a l g a ) :  Egerod,  1952.* (Chap t .  V I ,  A . )  

D i c t y o t a  ( a l g a ) :  T a y l o r ,  1950.*(Chapt. V I I ,  G 3  

D i e i t a l i s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965.* (Chap t .  V I ,  D 3  

D i g i t a r i a  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  
1959; Nea l ,  1965.* ( C h a p t s .  V I ,  D; V I I ,  B, C . )  

Diociea  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965.* (Chap t .  V I ,  D.) 

Dioscorea  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  
1959; Nea l ,  1965.* (Chapt.  V I ,  D.) 

Diospvros  ( p l a n t )  : Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947 ; S t o n e ,  
1959; Nea l ,  1965." (Chap t s .  V I ,  D; V I I ,  E; V I I I . )  

Diplazium ( p l a n t ) :  Fagerlund & M i t c h e l l ,  1944; Rock, undated.  Unpub. m s ;  
Nea l ,  1965.* ( C h a p t .  V I ,  D . )  

D i s t i c h o ~ h ~ l l u m  (moss) :  Bar t ram,  June  1933.* ( C h a p t .  V I ,  C . )  

Dodonaea ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. rns; 
Smathers ,  1963b; Degener ,  1930; S t o n e ,  1959; Nea l ,  1965.* 
(Chap t s .  V l ,  D; V I I ,  A ,  B ,  D ;  V I I I . )  

Do l i chos  ( p l a n t ) :  Fagerlund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  
1965.* (Chapt .  V I ,  D . )  



D o r y o p t e r i s  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; H i l l e b r a n d ,  
1888." (Chap t s .  V I ,  D ;  V I I I . )  

D o v v a l i s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944,  Fager lund ,  1947; Nea l ,  
1965." (Chapt .  V I ,  D . )  

Dracaena ( p l a n t ) :  Nea l ,  1965.* (Chap t .  V I ,  D . )  

Drepan i s  ( b i r d )  : Smathers ,  1963a; Unpub. r e p o r t ;  Munro, 1960.* (Chapt .  
V I ,  H.) 

Drupa ( m o l l u s c ) :  Edmondson 1946." ( C h a p t .  V I I ,  G . )  

D r v n a r i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. ms; 
Fager lund ,  1947; S t o n e ,  1959; Nea l ,  1965.X ( C h a ~ t s .  
V I ,  D ;  V I I ,  E . )  

D r v o p t e r i s  ( p l a n t ) :  Fager lund ,  & M i t c h e l l ,  1944; Rock, undated.  Unpub. m s ;  
Fager lund ,  1947; Neal ,  1965." (Chap t .  V I I ,  B . )  

Dubaut ia  ( p l a n t ) :  Botany g roup ,  1963; N e a l ,  1965." ( C h a p t s .  V I ,  A ;  
V I I ,  C; V I I I . )  

Ech inoch loa  ( p l a n t ) :  Fager lund & M ; t c h c l l ,  1944; Fager lund ,  1947; Nea l ,  
1965.X ( C h a p t .  V I ,  D . )  

Ec toca rpus  ( a l g a ) :  Ddwson, 1956.*(Chapts.  V I ,  A ;  V I I ,  G . )  

Edwardsia ( p l a n t ) :  Degener,  1930; Nea l ,  1965." 

*Elaca*nus =,?Elaeagnus Nea l ,  1965." 

E laeaanus  ( p l a n t ) :  Neal., 1965.* (Chapt .  V I ,  D . )  

Elaphoalossum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Botany group.  1963; 
S t o n e ,  1959; H i l l e b r a n d ,  1888." (Chap t s .  V I ,  D ;  
V I I ,  B ,  c ;  V I I I . )  

E l e o c h a r i s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nca l ,  1965.* (Chapt .  V I ,  
n .1  

E l e u s i n e  ( p l a n t ) :  Fager lund & H i t c h e l l ,  1944; F a g e r l u n d ,  1947; S t o n e ,  
1959; Neal ,  1965." (Chap t .  V I ,  D.) 

E l ~ m u s  ( p l a n t ) :  Hi tchcock ,  1935." ( C h a p t .  V I ,  D.) 

Embelia ( ~ l a n t ) :  Fager,und & M i t c h e l l ,  1944;  Rock, unda ted .  Unpub. ms; 
N e a l ,  1965.* ( C h a p t s .  V I ,  D ;  V I I ,  B . )  

E m i l i a  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Fager lund ,  1947; S t o n e ,  1959 ;  
Nea l ,  1.965.* ( C h a ~ t s .  V I ,  D ;  V I I  F ;  V I I I . )  



Enteromorpha ( a l g a ) :  T a y l o r ,  1950.* (Chap t .  V I I ,  G . )  

E n t o p h y s a l i s  ( a l g a ) :  Drovet  & D a i l y ,  1956.* (Chap t s .  V I ,  A ;  VII . ,  G . )  

E p i l o b i m  ( p l a n t ) :  Fager lund ,& M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  
1965.*(Chapt. V I ,  D; V I I I . )  

E r a g r o s t i s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947 ; S t o n e ,  
1959; Nea l ,  1965.* (Chap t s .  V I ,  D ;  V I I I . 1  

E r e c h t i t e s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Smathers ,  1963b; - 
Fager lund,  1947; Nea l ,  1965.* ( C h a p t s .  V L ,  D; 
V I I ,  C ,  D ,  E,  F . )  

E r i g e r o n  ( p l a n t ) :  Fager lund h M i t c h e l l ,  1944; F a g e r l u n d , l 9 4 7 ;  S t o n e ,  
1959; Nea l ,  1965." (Chap t s .  V I ,  D; VII, B . )  

E r i o b o t r y a  ( p l a n t ) :  Fagel-lund & M i t c h e l l ,  1944; N(,al,  1965." (Chap t .  
V I ,  D . )  

E r i o d e m a  ( l i c h e n ) :  Magnusson & Zahlbruckncr ,  I : 7 8 ,  1943.* (Chap t .  V 1 , B . )  

Erodium ( p l a n t ) :  Fager lund & Mi t c h c l l ,  1 9 4 4  F a g c r l u n d ,  1947; Nea l ,  1965.* 
(Chapt. V I ,  D . )  

E ry t l i r aea  ( p l a n t ) :  Rock, unda ted .  ilnpub. ms; Nea l ,  1965.* 

E r y t h r i n a  ( ~ l a n t ) :  Fagcr lund & Mitchell, 1944; S t o n e ,  1959;  Nca l ,  1965." 
(Chapt .  V T ,  D . )  

E ~ t h r o t r i c h i a  ( a l g a ) :  T a y l o r ,  1950." (Chapt .  V I ,  A . )  

E s c a l l o n i a  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fagcr lund ,  1947; Neal ,  
1965.* (Chapt .  V I ,  D. )  

E s c h s c h o l t z i a  ( p l a n t ) :  Nea l ,  1965.* (Chap t .  VI, D . )  

E u c a l y p t u s  ( p l a n t ) :  Fager lund S Mitchell, 1944; Fager lund ,  1947; Neal ,  
l.965.* (Chap t s .  V I ,  D; VIII.) 

E u c a p s i s  ( a l g a ) :  Smith ,  1950.* ( C h a p t .  V I ,  A . )  

Eugenia ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fagcr lund ,  1947; S t o n e ,  
1959; Nnal,  1965." ( C h a p t s .  1'1, D ;  VIII.) 

Kupatorium ( p l a n t ) :  Fagcr lund & M i t c h f l l . ,  1944; Smathnrs ,  1963b; Lamoureux - 
(App.B),  1963; Fagcr lund ,  1947; Degener,  1930; Neal ,  
1965.* ( C h a p t s .  S I ,  D; V I L ,  D . )  

Luph0rbi.a ( p l a n t ) :  Fager lund & M i t c h e l l ,  1.944; Fager lund ,  1947; S t o n e ,  
1959; N e a l ,  1965.* (Chap t s .  V I ,  D ;  V I I ,  C; V I I I . )  



Eurya ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; H i l l e b r a n d ,  1888." (Chapt  
V I ,  D.) 

Exocarpus ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; H i l l e b r a n d ,  1888." 
(Chap t .  V I ,  D.) 

Fa- ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965." (Chap t s .  V I ,  - 
D ,  V I L ,  B . )  

F e s t u c a  ( p l a n t ) :  Fager lund & Mi. tche l l ,  1944;  Fager lund ,  1947; H i l l e b r a n d ,  
1888.* ( C h a p t s .  V I ,  D; V I I ,  B ;  VIII.) 

F i c u s  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Hi l l eb i -and ,  
1888.x  (Chap t s .  V I ,  D ;  V i I ,  A.) 

F i l a p o  ( p l a n t ) :  Willis, 1960*. (Chap t .  V I ,  D . )  

F i r n b r i s t y l i s  ( p l a n t ) :  Fager lund & M i t c h e l l . ,  1944; S t o n e ,  1959; H i l l e -  
b rand ,  1888." ( C h a p t s .  V I ,  D ;  V I I ,  .C;  V I I I . )  

F r a e a r i a  ( p l a n t ) :  Fager iund & M i t c h e l l ,  1944; H i l l e b r a n d ,  1888.* (Chap t s .  
V i ,  D ;  V I I ,  B . )  

F r e e s i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Neal ,  1965.X (Chap t .  V 1 , D . I  

F r e a a t a  ( b i r d ) :  Munro, 1960.h (Chap t .  V I ,  A . )  

F r e y c i n e t i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Degener,  1930; S t o n e ,  
1959; Neal ,  1965." ( C h a ~ t s .  VI ,  D; VIII.) 

Fuchs ia  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Fager lund ,  1947; Neal ,  1965." 
(Chapt .  VI ,  D . )  

Fucus ( a l g a ) :  Smith ,  1964.X (Chap t .  V I I ,  G.)  

F u l i c a  ( b i r d ) :  Munro, 1960." (Chap t .  V I ,  H . )  

Gahnia ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Degener,  1930; S t o n e ,  1959; 
H i l l e b r a n d ,  1888." ( C h a p t s .  V I ,  D ;  V I I I . )  

G a i l l a r d i a  ( ~ l a n t ) :  Nea l ,  1965.* (Chap t .  V I ,  D.) 

Ga l insoga  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947 ; Neal ,  
1965;  (Chapt .  VI ,  D . )  

G a l l i n u l a  ( b i r d ) :  Munro, 1960." (Chap t .  V I ,  H . )  

G a r r u l a x  ( b i r d ) :  Munro, 1960.* (Chap t .  V I ,  H .  

G a s t r i d i u m  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
Hi tchcock ,  1935.k ( C h a p t .  V 1 ,  D.) 



Gelidium ( a l g a ) :  Loomis, 1960." (Chap t .  V I I ,  G . )  

G e o p e l i a  ( b i r d ) ;  Munro, 1960." (Chap t .  V I ,  H.) 

Geranium ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. m s .  
Fager lund ,  1947; Degener ,  1930; Neal ,  1965." 
( C h a p t s .  V I ,  D ;  V I I ,  B ;  V I I I . )  

Gerbera  ( p l a n t ) :  Neal ,  1965.* (Chap t .  V I ,  D . )  

G l a d i o l u s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  
1965.* (Chapt .  V I ,  D.) 

G l e i c h e n i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944,  Botany g roup ,  1963; S t o n e ,  
1959; Nea l ,  1965." (Chap t s .  V I ,  D; V I I ,  C; V I I I . )  

G l o e o c v s t i s  ( a l g a ) :  Smith ,  1950.h ( C h a p t .  V I ,  A . )  

Cnaphalium ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  
1965.* (Chap t s .  V I ,  D ;  V I I ,  C ;  V I I I , )  

Gomphoswhaeria ( a l g a ) :  Smi th ,  1950.* Drouet  & D a i l y ,  1956." (Chap t .  V I ,  A ;  
V I I ,  G . )  

G o n i o l i t h o n  ( a l g a ) :  T a y l o r ,  1950." (Chap t .  V I I ,  G.) 

Gossvpium ( p l a n t ) :  Degener,  1930; N e a l ,  1965." 

Gould ia  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. m s .  
Botany g r o u p ,  1963; Fager lund ,  1947; S t o n e ,  1959; 
Neal ,  1965." ( C h a p t s .  V I ,  D ;  V I I ,  B ,  C ;  V I I I . )  

Grammit is  ( p l a n t ) :  Botany g roup ,  1963;  H i l l e b r a n d ,  1888." (Chap t s .  V I ,  D; 
V I I ,  C . )  

( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  
1965.* (Chap t .  V I ,  D . )  

G r i f f i t h s i a  ( a l g a ) :  T a y l o r ,  1950." (Chap t .  V I I ,  G . )  

Gvmnopramrne ( p l a n t ) :  Rock, undated Unpub. ms; H i l l e b r a n d ,  1888.* 

Gvnopoaon ( p l a n t ) :  Degener,  1930." 

Hap los tachvs  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1565.h (Chapt .  
V I ,  D . )  

Hebe ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965.* (Chapt .  V I ,  D . )  - 
Hedera ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; & a l ,  1965.* (Chap t .  V I ,  D . )  



Hedvchium ( p l a n t ) :  Fager lund & M ' t c h e l l ,  1944; Fager lund ,  1947; Dcgener,  
1930; Neal ,  1965.* ( C h a p t s .  V I ,  D; V I I ,  B . )  

H e d ~ o t i s  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Botany g r o u p ,  1963; S t o n e ,  
1959; Neal ,  1965.X ( C h a p t s .  V I ,  D; V I I I . )  

He imer l iodendron  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965.* 
(Chap t s .  V I ,  D; V I I ,  B.) 

H e l c i o n i s c u s  (mol . lusc) :  Edinondson, 1946.h (Chap t .  V I I ,  G . )  

H e l i o t r o p i u m  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965.* 
(Chap t .  V I ,  D.) 

Helichrqsum ( p l a n t ) :  Neal ,  1965." (Chap t .  V I ,  D . )  

Hemeroca l l i s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1944; 
Nea l ,  1965.X (Chap t .  V I ,  D.) 

Hemignathus ( b i r d ) :  Smathers ,  1963a,  Unpub. r e p o r t ;  Munro, 1960." 
(Chap t .  V I ,  H . )  

Hemitrema ( a l g a ) :  Dawson, 1957." (Chapt .  V I ,  A . )  

Hesperocnide  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965." (Chapt 
V I ,  D . )  

H e t e r o c e n t r o n  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
Neal ,  1965.* (Chap t .  V I ,  D . )  

He te rococcus  ( a l g a ) :  F r i t s c h ,  1961; (Chap t .  V I ,  A . )  

Heteropogon ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
Degener,  1930; S t o n e ,  1959; H i l l e b r a n d ,  1888." 
( C h a ~ t s .  V I ,  D ;  V I I ,  G ;  V I I I . )  

H e t e r o s c e l u s  ( b i r d ) :  Munro, 1960.h (Chap t .  V I ,  H.) 

H i b i s c a d e l p h u s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Rock, unda ted .  
Unpub. m s ;  Lamoureux (App . B )  , 1963; Degener,  
1930; S t o n e ,  1959 ;  Neal ,  1965.h ( C h a p t s .  V I ,  
D ;  V I I ,  B . )  

H i b i s c u s  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Degener,  
1930; S t o n e ,  1959; Neat, 1965.X (Chap t .  V I ,  D.) 

Himat ione ( b i r d ) :  Smathers ,  1963a,  unpub. r e p o r t ;  Munro, 1960.* (Chap t .  
V I ,  H . )  

Hippeastrum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; N e a l ,  1965.* (Chapt .  
V I ,  D . )  



Holcus ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Smathers ,  1963b; Fager lund ,  
1947; H i l l e b r a n d ,  1888.* (Chap t s .  V I ,  D ;  V I I ,  B,  C ,  
V I I I "  

Homaliodendron (moss ) :  Bar t ram,  June  1933.* (Chap t .  V 1 ,  C.) 

Hordeum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Lawrence, 
1951.* (ment ioned o n l y ) ;  Hi tchcock ,  1935.* (Chap t .  
V I ,  D.) 

Homidium ( a l g a ) :  Smith ,  1950.* (Chap t .  V I ,  A . )  

Hunnemannia ( p l a n t ) :  Fager lund 61 M i t c h e l l ,  1944; Neal ,  1965.*(Chapt.  
V I ,  D . )  

Hvdranaea ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965.X (Chap t .  V I ,  
D . )  

Hvdrocoleum ( a l g a ) :  P r e s c o t t ,  1951.* (Chap t .  V I I ,  G . )  

Hvdroco ty le  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  
1965.* ( C h a ~ t s .  V I ,  D ;  V I I ,  B . )  

Hymenophvllum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; Neal ,  
1965.* ( C h a ~ t s .  V I ,  D; V I I ,  C . )  

Hvparrhenia  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Hi tchcock ,  1935.* 
(Chap t .  V I ,  D.) 

Hypericum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  
1965.* ( C h a p t s .  VI ,  D ;  V I I ,  B ,  C . )  

Hvpnea ( a l g a ) :  T a y l o r ,  1950.* ( C h a ~ t s .  V I ,  A ;  V I I ,  G , )  

Hypochacr is  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Smathers ,  1963b; 
Fager lund ,  1947; Neal ,  1965.* (Chap t s .  V I ,  D ;  
V I I ,  B; V I I I . )  

I b e r i s  ( ~ l a n t ) :  Nea l ,  1965.* (Chap t .  V I ,  D.) 

I l e x  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  1959; 
Nea l ,  1965.e (Chap t s .  V I ,  D; V I I I . )  

I m p a t i e n s  ( p l a n t s ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965.* (Chapt .  
V I ,  D . )  

I n d i g o f e r o  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  
1959;  Neal ,  1965.* (Chap t s .  V I ,  D; V I I I . )  

Impomoea ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; Nea l ,  1965.X 
( C h a p t s .  V I ,  D ;  V I I ,  B ;  V I I I . )  



I r i s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Fager lund ,  1947; Neal,  1965." - 
(Chapt .  V I ,  D . )  

I s a c h n e  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Botany g roup ,  1963; S t o n e ,  
1959; Degener,  1946." ( C h a p t s .  V I ,  D; V I I ,  C; VIII.) 

Isotoma ( p l a n t ) :  Degener ,  1930.X 

J a c a r a n d a  ( ~ l a n t ) :  Neal ,  1965." ( C h a ~ t s .  V I ,  D; V I I I I . )  

Jacquemont ia  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; Nea l ,  
1965." (Chapt .  V I ,  D . )  

Jsnia ( a l g a ) :  T a y l o r ,  1950." (Chap t s .  V I ,  A ;  V I I ,  G . )  

Jasminum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965." (Chapt .  V I ,  
D.) 

J a t r o p h a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  
1965." (Chap t .  V I ,  D.) 

Juncus ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944 ;  Fager lund ,  1947; Neal ,  1965." 
(Chap t .  V I ,  D.) 

J u n i p e r u s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  
1965." (Chap t .  V I ,  D . )  

J u s t i c i a  ( p l a n t ) :  Fager lund 6 M i t c h e l l ,  1944; Neal ,  1965." (Chap t .  V I ,  
D . )  

Kadua ( ~ l a n t ) :  Nea l ,  1965." (Chapt .  V I ,  D.) - 
"Kalanchoe ( p l a n t ) :  Nea l ,  1965." (Chapt .  V I ,  D.) 

Kniphof ia  ( ~ l a n t ) :  Neal ,  1965." (Chapt .  V I ,  D . )  

K o e l e r i a  ( p l a n t ) :  Rock, undated.  Unpub. m s ;  H i t chcock ,  1935." 

*- ( p l a n t ) :  Nea l ,  1965." (Chapt .  V I ,  D . )  

K o r t h a l s e l l a  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965." (Chap t s  
V I ,  D ;  V I I ,  B.) 

Labord ia  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965." (Chapt .  V I ,  
D . )  

Lac tuca  ( p l a n t ) :  Neal ,  1965." (Chap t .  V I ,  D.) 

L a c u l i a  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944. (Chap t .  V I ,  D . )  

*Lampranthus ( p l a n t ) :  Neal ,  1965." 

Lantana ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Degener,  
1930; S t o n e ,  1959; Neal ,  1965." (Chapts.VI,D; VII,A,E; V I I I . )  



L a s t r e a  ( p l a n t ) :  (Chapt .  V I ,  D.) 

La thvrus  ( p l a n t ) :  Neal ,  1965." (Chap t .  V I ,  D . )  

Laurenc ia  ( a l g a ) :  Yamada,l931." (Chap t .  V I ,  A . )  

Lecanidium ( l i c h e n ) :  (Chap t .  V I ,  B . )  

Lecanora ( l i c h e n ) :  Magnusson & Zahlbruckner ,  1944." (Chap t .  V I ,  B . )  

L e i o t h r i x  ( b i r d ) :  Munro, 1960." ( C h a p t o  V I ,  H.) 

Leonurus ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  
1965.h (Chapt .  VI, D . )  

Lepidium ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  
1965.* ( C h a p t s .  V I ,  D; V Z I ,  B . )  

L e ~ t o s ~ e r m u m  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea1,1965.* (Chap t .  
V I ,  D . )  

Leucacna ( p l a n t ) :  Pager lund h M i t c h e l l ,  1.944; Fa'agerlund, 1947 ;  S t o n e ,  
1959; Nca l ,  1965.h (Chap t s .  V I ,  D; V I I ,  A ,  F . )  

Leucobryum (moss) :  Ber t ram,  1933.X ( C h a p t s .  V I ,  C; V I I ,  E.) 

L i a p o r a  ( a l g a ) :  Abbot t ,  1945.* (Cliapt. V I I ,  G . )  

Ligustrum ( p l a n t ) :  Fagerluncl & M i  L c h c l l ,  1944; Nea l ,  1965." (Chap t .  
V I ,  D . )  

L i l ium ( p l a n t ) :  Neal ,  1965." (Chapt .  V L ,  D . )  

L i n a r i a  ( F  

L i n d e r n i a  

L i n o c i e r a  

a n t ) :  Fager lund & M i t c h e l l ,  1944; Fags r iund ,  1947; Neal ,  
1965.* (Chap t s .  VI ,  D; VT.T., B . )  

p l a n t ) :  Fager lund ,  1947; Nea l ,  1965.* ( C h a p t .  V I ,  D . )  

p l a n t ) :  Neal ,  1965." (Chap t .  VI, D.) 

Linum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea1,1965:k 

L i p a r i s  ( p l a n t ) :  Fagcr lund 61 Mitchcxll ,  1944; Degener,  1930; Nca l ,  1965.* 
(Chapt .  V I ,  D . )  

I i p o l a e t a  ( p l a n t ) :  Fagcr lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. 
ms; Neal ,  1965.* (Chap t .  V I ,  D . )  

L i t t o r i n a  ( a n i m a l ) :  T i n k e r ,  1958;*(Chapt.  V I I ,  G ,  

L o b e l i a  ( p l a n t ) :  Degener,  1930; Neal ,  1965." 

L o b u l a r i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  
1965.X (Chap t .  V L ,  3 . 1  



Lolium ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947,  (Cbap t .  
V I ,  D . )  

Lon ice ra  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Fager lund ,  1947; Neal ,  
1965." (Chap t .  V I ,  D.) 

Lophortyx ( b i r d ) :  Munro, 1960." (Chapt .  V I ,  H.) 

Lophosiphonia  ( a l g a ) :  Smith ,  1964." (Chap t .  V I I ,  G . )  

( b i r d ) :  Smathers ,  1963a,  Unpub. r e p o r t ;  Munro, 1960." (Chap t .  
V I ,  H . )  

L u c u l i a  ( ~ l a n t ) :  Nea l ,  1965." (Chapt .  V I ,  D . )  

L u n u l a r i a  (moss):  (Chap t .  V I ,  C . )  

Lupinus ( p l a n t ) :  Nea l ,  1965." (Chap t .  V I ,  D . )  

Luzula  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Nea l ,  1965." (Chape .VT,  D; 
V I I I  . ) 

Lycopers icon  ( p l a n t ) :  Nea l ,  1965." (Chap t .  V I ,  D . )  

Lycopodium ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. 
ms; Botany g r o u p ,  1963;  Degener,  1930; S t o n e ,  1959; 
Nea l ,  1965.* (Chap t s .  V I ,  D ;  V I I ,  C; V I I I . )  

Lyngbya ( a l g a ) :  Smith ,  1950." ( C h a p t s .  V I ,  A ;  V I I ,  G . )  

L ~ s i m a c h i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965." (Chap t .  
V I ,  D . )  

Lythrum ( ~ l a n t ) :  Fager lund  & M i t c h e l l ,  1944,  Smathers ,  1963b , ;  Fager-  
l u n d ,  1947; S t o n e ,  1959; Neal ,  1965." ( C h a p t s .  V I ,  D;VII ,  
B,  D.1 

Maba ( p l a n t ) :  Nea l ,  1965." (Chapt.  V I ,  D = Diospyros )  

Macadamia ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  
1965." (Chapt .  V I ,  D.) 

Machaer ina  ( p l a n t ) :  Botany g roup ,  1963; ( C h a ~ t s .  V I ,  D ;  V I I ,  C ;  V I I I . )  

Macromitrium (moss):  Bartram, 1933." (Chap t .  V I ,  C . )  

Malva ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947;  Degener,  
1930; Nea l ,  1965." ( C h a p t .  V I ,  D . )  

Malvastrum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
Degener,  1'330; S t o n e ,  1959; Neal ,  1965.* (Chapt .  
V I ,  D.) 



Mangi fe ra  ( p l a n t )  : Fager lund  & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  
1959;  Neal ,  1965.* ( C h a p t s .  V I ,  D; V I I ,  E; VIII.) 

M a r a t t i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965." (Chap t .  V I ,  
D.) 

M a s t i e o c o l e u s  ( a l g a ) :  T i l d e n ,  1910.* (Chap t s .  V I ,  A ;  V I I ,  G.) 

M a t t h i o l a  ( p l a n t ) :  Nea l ,  1965.* (Chap t .  V I ,  D . )  

Maurandva ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947;  Neal ,  
1965.x (Chapt .  V I ,  D , )  

Medicago ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund,  1947; Neal, 
1965,* (Chapt .  V I ,  D , )  

Meealospora  ( l i c h e n ) :  Magnusson & Zahlbruckner ,  1944.x (Chap t ,  V I ,  B . )  

Mela leuca  ( p l a n t ) :  Neal ,  1965.h (Chap t .  V I ,  D . )  

M e l e a ~ r i s  ( b i r d ) :  Munro, 1960.X (Chap t .  V I ,  H.) 

M u  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  1959; 
Nea l ,  1965." (Chapt .  VI,  D.) 

M e l i l o t x s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Fager lund ,  1947; Nea l ,  
1965.* (Chapt .  V I ,  D.) 

M e l i n i s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; H i t c h -  
cock,  1935." ( C h a p t s .  V I ,  D; V I I I )  

M e l o s i r a  ( a l g a ) :  P r e s c o t t ,  1951.* (Chap t .  V I I ,  G.)  

Mentha ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  1965.* 
(Chap t .  V I ,  D o )  

Merremia ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  
1959; Neal ,  1965.* (Chap t .  V I ,  D . )  

Mesembrvanthemum ( p l a n t ) :  Neal ,  1965." (Chapt .  V I ,  D . )  

Messerschmidia  ( p l a n t ) :  Fager lund  & M i t c h l l ,  1944; S t o n e ,  1959; Neal ,  
1965.* (Chap t s .  V I ,  D ;  V I I ,  G o )  

M e t r o s i d e r o s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. 
ms; Smathers ,  1963b; Botanv erouw. 1963: F a e e r L  . - . .  " 
lurid, 1947; Degener,  1930; S tone ,  1959; Nea l ,  1965.* 
(Chap t s .  V ,  E; V I ,  C ,  D ,  F, H; V L I ,  A ,  B ,  C ,  D ,  E, 
F;  V I I I . )  

M i c r o c o l e u s  ( a l g a ) :  P r e s c o t t ,  1951.* (Chap t s .  V I ,  A; V L I ,  G.)  



M i c r o d l c t ~ o n  ( a l g a ) :  Dawson, J a n .  1956." Vol.  X ,  No, l . " ( C h a p t .  V I I ,  G . )  

Micro laena  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944. (Chapt .  VI, D.) 

M i c r o l e p i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Mueller-Dombois & 
Lemoureux, 1964 unpub.; Nea l ,  1965." (Chapt .  V I ,  
D; V I I ,  B; V I I I . )  

*Microsorium ( p l a n t ) :  S tone ,  1959; Neal ,  1965." 

M i c r o t h e l i a  ( l i c h e n ) :  Magnusson & Zahlbruckner ,  : I 0  1943." (Chapt .  
V I ,  8.) 

Mimosa ( p l a n t ) :  S t o n e ,  1959; Neal ,  1965." (Chapt .  V I ,  D.) 

M- ( b i r d ) :  Munro, 1960." (Chap t .  V I ,  H.) 

M i r a b i l i s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Fager lund ,  1947,  S t o n e ,  
1959;  Nea l ,  1965." ( C h a p t .  V I ,  D.) 

Modiola ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Fager lund ,  1947; Neal ,  
1965." (Chap t s .  V I ,  D ;  V I I ,  B.) 

Moho ( b i r d ) :  Smathers ,  1963a,  Unpub. r e p o r t ;  Munro,1960.* (Chapt .  V I ,  H.) - 
Morinda ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Degener,  1930; S t o n e ,  1959; 

Nea l ,  1.965." ( C h a ~ t s .  V I ,  D; V I I ,  G ,  E.) 

M- ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Fager lund ,  1947; Nea l ,  1965." 
(Chap t .  V I ,  D o )  

*Mucuna ( p l a n t ) :  S t o n e ,  1959; Neal ,  1965." (Chapt .  V I ,  D . )  

Muehlenbeckia ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
Neal ,  1965.* (Chap t .  V I ,  D , )  

M& ( b i r d ) :  Munro, 1960." (Chap t ,  V I ,  H.) 

M- ( ~ l a n t ) :  Degener ,  1930; Neal ,  1965." (Chap t .  V I I ,  F . )  

Mvoporum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Degener ,  1930; S tone ,  
1959; Nea l ,  1965." (Chap t s .  V I ,  D ;  V I I ,  B; V I I I . )  

Myosot is  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  
1965." (Chapt .  V I ,  D.) 

Mvrica ( p l a n t ) :  Nea l ,  1965." (Chap t .  V I ,  D,) 

Mvrsine  ( p l a n t )  : Fager lund & M i t c h e l l ,  1944;  Botany g roup ,  1963; 
Fager lund ,  1947; S t o n e ,  1959,  Neal ,  1965.*; (Chap t s .  
V I ,  D ;  V I I ,  B; V I I I . )  



Nannoch lo r i s  ( a l g a ) :  Smith ,  1950." (Chap t .  V I ,  A , )  

N a r c i s s u s  ( p l a n t ) :  Neal ,  1965." (Chap t .  V I ,  D.) 

Nas tu r t ium ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S tone ,  
1959; Nea l ,  1965." 

N e o c h l o r i s  ( a l g a ) :  (Chapt. V I ,  A . )  

N e o t t o p t e r i s  ( p l a n t ) :  S t o n e ,  1959; H i l l e b r a n d ,  1888.* 

N e p h r o l e ~ i s  ( p l a n t ) :  Neal ,  1965*; Fager lund  & M i t c h e l l ,  1944; Rock, 
unda ted .  Unpub. m s ;  Smathers ,  1963b; F a g e r l u n d ,  
1947; Mueller-Dombois & Lamoureux, 1964,  unpub. 
m s ;  Degener,  1930;  S t o n e ,  1959. (Chap t s ,  V I ,  D; 
V I I ,  B,  C ,  D ,  E ,  F;  V I I I . )  

Ne~hroma ( l i c h e n ) :  Magnusson & Zahlbruckner ,  1 : 9 3 ,  1943.* (Chapt .  V I ,  
B . )  

Neraudia  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; H i l l e b r a n d ,  1888." 
(Chapt .  V I ,  D.) 

? N e r t e r a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; H i l l e b r a n d ,  1888." 
(Chap t ,  V I ,  D,)  

N e s t e e i s  ( p l a n t ) :  (Chapt .  V I ,  D.) 

Netrium ( a l g a ) :  Smith ,  1950,* (Chap t .  V I ,  A . )  

Nicandra  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965." 

N i c o t i a n a  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S tone ,  
1959,  Nea l ,  1965.* (Chap t s .  V I ,  D ;  V I I ,  F . )  

Nostoc ( a l g a ) :  Smith ,  1950." (Chap t .  V I ,  A . )  

Nothocestmm ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, u n d a t e d .  Unpub. 
ms; Neal ,  1965." (Chapt .  V I ,  D.) 

Noto t r i ch ium ( p l a n t ) :  Nea l ,  1965." (Chap t .  V I ,  D.) 

N v c t i c o r a x  ( b i r d ) :  Munro, 1960.* (Chap t .  V I ,  H.) 

O k e l l u l a r i a  ( l i c h e n ) :  Magnusson & Zahlbruckner ,  1943." (Chapt .  V I ,  B.)  

Ochrosia ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. m s ;  

Odontoschisma ( b r y o p h t e ) :  (Chap t .  VLI, . M i l l e r ,  1963." 



Oenothera  ( p l a n t ) :  Fagerlund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  
1965.* (Chap t s .  V I ,  D ;  VLI, B . )  

O o c y s t i s  ( a l g a ) :  Smith ,  1950.* (Chapt .  V I ,  A.) 

O p e r c u l i n a  ( ~ l a n t ) :  Neal ,  1965.* (Chap t .  V I ,  D . )  

Oph iodema ( p l a n t ) :  Degener, 1930.x (Chap t .  V 1 ,  D . )  

O p h i o ~ l o s s u m  ( p l a n t ) :  Fagerl.und & M i t c h e l l ,  1944; Botany g roup ,  
1963; Neal ,  1965.* (Chap t s .  V I ,  D; V I I ,  C . )  

Oplismenus ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
S t o n e ,  1959; Neal ,  1965.* (Chap t s .  V I ,  D ;  
V I I ,  E . )  

Op tun ia  ( p l a n t ) :  Fager lund ,  1947; Neal ,  1965." 

Oreobolus  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944. (Chapt .  V I ,  D . )  

Or thocarpus  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
Nea l ,  1.965.* (Chapt .  V I ,  D.) 

O s c i l l a t o r i a  ( a l g a ) :  Smith ,  1950.X ( C h a p t s .  V I ,  A ;  VI I ,  G . )  

Osrnanthus ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, undated.  
Unpub. ms.;  Nea l ,  1965.* (Chap t s .  VI, D ;  V I I ,  B; 
VIII. 

Osteomeles  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Degener,  1930; S t o n e ,  
1959; Nea l ,  1965.* ( C h a p t s .  VI, D; V I I I . )  

O x a l i s  ( p l a n t )  : Fager lund & M i t c h e l l ,  1944;  Fager lund ,  1947; S t o n e ,  
1959; Neal ,  1965.* ( C h a p t s .  V I ,  D ;  V I I ,  B . )  

Pad ina  ( a l g a ) :  T a y l o r ,  1960.* (Chapt .  VI,  A.) 

P a l m e l i a  ( a l g a ) :  Smith ,  1950." (Chapt .  V I ,  A.) 

Pa lmer ia  ( b i r d ) :  Munro, 1960.X (Chapt .  V I ,  H.) 

Palrnogloea ( a l g a ) :  Drouet  & D a i l y ,  1956.* (Chap t .  V I I ,  F . )  

Pandanus ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Degener,  1930,  S t o n e ,  
1959; Nea l ,  1965." ( C h a p t s .  V I ,  D ;  V I I I . )  

Panicum ( p l a n t )  : Fager lund & M i t c h e l l ,  1944;  Rock, unda ted .  Unpub. 
ms; Fager lund ,  1947; Nea l ,  1965.* (Chapt .  V I I ,  B.) 

P a n n a r i a  ( l i c h e n ) :  Magnusson & Zahlbruckner ,  1943.* (Chapt .  V I ,  B.) 

P a r i t i  ( p l a n t ) :  Degener,  1930.* (Chapt .  V I ,  D.) 



P a r m e l i a  ( l i c h e n ) :  Magnusson & Zahlbruckner ,  1944." (Chap t .  V I ,  B.  ) 

P a s p a l m  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Smathers ,  1963b; Botany 
g r o u p ,  1963; Fager lund ,  1947; S t o n e ,  1959; Nea l ,  
1965." ( C h a ~ t s .  V I ,  D; V I I ,  B ,  C ,  D ,  E ;  V I I I . )  

P a s s e r  ( b i r d ) :  Munro, 1960." (Chapt .  V I ,  N.) 

P a s s i f l o r a  ( ~ l a n t ) :  Fager lund & M i t c h e l l  
Degener,  1930; Stone 
VI; D; V I I ,  B ,  E.) 

P a s t i n a c a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  
1965." (Chap t .  V 1 ,  D .  

Pe largonium ( p l a n t ) :  Fager lund & M i t c h e l  
V I ,  D.) 

1944; Fager lund ,  1947; 
1959; Nea l ,  1965.X (Chap t s .  

1944; Fager lund ,  1947; Nea l ,  

, 1944; Nea l ,  1965." (Chapt .  

P e i e a  ( p l a n t ) :  Fager lund & Mitchcl  I ,  1944; Rock, unda ted .  Unpub. m s ;  
Degener ,  1930; S t o n e ,  1959; Nea l ,  1965." (Chap t s .  I V ,  
D ;  V I I ,  B ,  C ;  V I I I . )  

P e l l a e a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda tcd .  Unpub. ms; 
Degener,  1.930; S t o n e ,  1959; Nea l ,  1965." (Chapt .  V I ,  
D; V I I ,  B ;  V I I I . )  

P e l v e t i a  ( a l g a ) :  Smith ,  1964." (Chap t .  V I I ,  G . )  

Pcnnise tum ( p l a n t ) :  Fagcr lund & M i L c h e l l ,  1944; Fagcr lund ,  1947; Neal ,  
1965." 

Pennu la  ( b i r d ) :  Smathers ,  196%; Unpub. r e p o r t ;  Munro, 1960." 

Penstemon ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965.X (Chapt .  
V I ,  D . )  

P e n t a s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965." (Chap t .  V I ,  D . )  

Peoeromia ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. 
ms; Mueller-Domb0i.s & Lamoureux, 1964,  unpub. ms; 
Degener,  1930;  S t o n e ,  1959; Nea l ,  1965.X (Chap t s .  
V I ,  D; V I I ,  B ,  C ,  E ;  V I I I . )  

P e r r o t t e t i a  ( p l a n t ) :  Fager lund & M i t c h e l l . ,  1944; Rock, unda ted .  Unpub. 
ms; Degener,  1930;  Neal ,  1965." (Chap t s .  V I ,  D ;  
V i I ,  B . )  

P e r s e a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fagcr lund ,  1947; S t o n c ,  
1959; Ncal ,  1965." (Chap t s .  V I ,  D; V I I ,  B.) 

P e r t u s a r i a  ( l i c h e n ) :  Magnusson & Zahl.bruclmer, 1944.X (Chapt .  V I ,  R , )  



P e t r o s e l i n u m  ( p l a n t ) :  Neal ,  1965.* (Chap t .  V I ,  D . )  

P h a e o r n i s  ( b i r d ) :  Munro, 1960." (Chap t .  V I ,  H.) 

Phaethon ( b i r d ) :  Munro, 1960.* (Chapt .  V I ,  H.) 

P h a i u s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  19G4; Fager lund ,  1947,  S t o n e ,  
1959; Neal ,  1965.* (Chap t .  V I ,  D . )  

P h a l a r i s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Fager lund ,  1947; Nea l ,  
1965.* (Chapt .  VI,  D . )  

Phaseo lus  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  
1959; Nea l ,  1965." (Chap t .  V I ,  D . )  

P h a s i a n u s  ( b i r d ) :  Munro, 1960." (Chapt .  VI,  H . )  

P h i l a c t e  ( b i r d ) :  Munro, 1960.* (Chap t .  V I ,  H . )  

Philade- ( p l a n t ) :  Neal ,  1965." (Chap t .  V I ,  D.) 

Phleurn ( p l a n t ) :  Fager lund & M i t c h e l l ,  194'4; Fager lund ,  1947; Lawrence, 
19 j1 .*  (mention,ed on1.y); Hi tchcock ,  1935.Y (Chap t .  V I ,  
D . )  

P h l o x  ( p l a n t ) :  Fager lund & M i t c h e l l ,  19%4;  Neal ,  1965." (Chapt .  V I ,  D.) -- 
Phonnidiuin ( a l g a ) :  Smith ,  1950." (Chap t .  V I ,  A; V I I ,  G . t  

Phomiuin ( p l a n t ) :  Fager lund ,  1947; Neal ,  1965." (Chap t .  V I ,  D . )  

& l l o s t e ~ i ~  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1.944; S t o n e ,  1959; N l a ? ,  
1965.* (Chapt .  V I ,  D . )  

P h v s a l i s  ( p l a n t ) :  F a g r l u n d  & M i t c h e l l ,  9  Fager lund ,  1947; Degener ,  
1.930; Nea l ,  1965." (Chap t .  V I ,  D ;  V I I ,  B . )  

P h y t o l a c c ~  ( p l a n t ) :  F a ~ e r l u n d  & M i t c h n l l ,  9  Neal ,  1965." (Chap t .  
V I ,  D;  V I I ,  B . )  

P i l e a  ( p l a n t ) :  F a p r l u n d  61 M i t c h e l l ,  9  Nea l ,  1965." (Chap t .  V I ,  D.) - 
P i n n u l a r i a  ( a l g a ) :  Smith ,  1950.* (Chapt .  VI, A . )  

P i p t u r u s  ( p l a n t )  : Fager lund & M i t c h e l l ,  194!+; Mueller-Dorn'zois & Lanoureux,  
1964; unpub. n s ;  Degener ,  1930; S t o n e ,  1959; Neal ,  
1965." (Chap t s .  V I ,  D; V I I ,  B ,  C ,  F; V I Z I . )  

P i s o n i a  - ( a l g a ) :  T a y l o r ,  1950." (Chap t .  VI ,  A . )  

Pisum ( p l a n t ) :  Nea l ,  1965,* (Chapt .  V I ,  D . )  



pit he cell obi^ ( p l a n t ) :  Neal ,  1965.* (Chaa t .  V I ,  D.) - 
Pi thzcoLobiun  ( p l a n t ) :  Fager lund ,  1947; Nea l ,  1965.* 

P i t t o s m  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. 
ms; S t o n e ,  1959; Neal ,  1965." (Chap t s .  V I ,  D ;  

V I I ,  B ;  V I I I . )  

P i u o x ~ + ~ g  f p l a a t ) :  Fager iund & M i t c h e l l ,  1944; Fagcr lund ,  1947; -- 
Degener, 1939; S t o n e ,  1953 ; Neal ,  1965.* (Chap:. 
V I ,  D; V I I ,  B;  V I I I . )  

P l a n t a z ~  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, u n d a t e d .  Unp,~b.  ms; 
Fager lund ,  1947; Degener,  1930; S t o n e ,  1959; Nea!, 
1965.* ( C h a p ~ s ,  VI ,  D ;  V I I ,  B . )  

P l e c t o n e n a  (a lga! :  Smith ,  1950.h (Chap t .  I V ,  A .  

P l a c t r a n t h u s  ( p l a n t ) :  Fager lund & M i t c h e i l ,  1944; Fagerlun.3,  1947; 
S t o n e ,  1951; Neal ,  1365,* (Chap t .  V I ,  D.) 

P l e c t r o n i a  Nea l ,  1965.k (Chap t .  V I ,  D . )  - -. . - . - - - - - .- 
P l e o a e l e  ( p l a n t ) :  S:on~:, 1953; Fager lund 4 ? i t c h e l l ,  1940; Nea!. L965.* 

(Chap t .  V I ,  D . )  
P l e o p e l t i s  ( p l a n t ) :  S t o n e ,  1959; N e a l ,  1965.* (Chap:. V I L ,  B . )  

P luchea (p la .1 t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  19L.7; S t o n e ,  
1959; Neal,  1965.* ( C h a ~ t s .  V I ,  D ;  V I I ,  C ,  F ;  V I I I . )  

Plumbago ( p l a n t ) :  N e a l ,  1965.k (Chap t .  V I ,  D . )  

P lumer ia  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; F a g e r l u n d ,  1947; Neal ,  
1965.h ( C h a ~ t s .  V I ,  D; V I I ,  F . )  

P l u v i a l i s  ( b i r d ) :  Munro, 1960.* (Chap t .  V I ,  H.) 

Poa - ( p l a n t ) :  Fager lund  & M i t c h e l l ,  1944; F a g e r l u n d ,  1947; Neal ,  1965.X 
( C h a ~ t s .  V I ,  D; V I I ,  B.) 

P o c i l l o p o r a  ( c o r a l ) :  Edmondson, 1946.* (Chap t .  V I I ,  G . )  

Podocarpus ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  
1965.X (Chap t .  V I ,  D . )  

Podoscyphe ( a l g a ) :  (Chap t ,  V I I ,  G.) 

Polvcarpon  ( p l a n t ) :  N e a l ,  1965.X (Chapt .  VI,  D .  

P o l v c v s t i s  ( a l g a ) :  Smith,  1950.X (Chap t .  V I ,  A . )  

Po lyopes  ( a l g a ) :  K y l i n ,  1956." (Chap t .  V I I ,  G . )  



Polypodium f p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Botany g r o u p ,  1963,  
Fager lund ,  1947 ; Degener ,  1930; S t o n e ,  1959 ; 
Neal ,  1965.* ( C h a ~ t s .  V I ,  D ;  V I I ,  A ,  C ,  E.) 

Polvponon ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Hi tch-  
cock ,  1935.X (Chapt .  V I ,  D . )  

Polypremum ( p l a n t ) :  W i l l i s ,  1960.h (Chap t .  V I ,  D . )  

P o l y s i p h o n i a  ( a l g a ) :  H o l l e n b e r g ,  i961.X (Chapt .  V I ,  A; V Z I ,  G . )  

Polv t r i chum (moss) :  Bartram, J u n e  1933." (Chapt .  V I ,  C . )  

P o r o l i t h o n , ( a l g a ) :  T a y l o r ,  1950.X ( C h a p t s .  V I ,  A ;  V I I ,  G . )  

P o r t u l a c a  ( p l a n t ) :  Fager lund  & M i t c h e l l ,  1944; Fager lund ,  1947;  S tone ,  
1959; Neal ,  1965.* ( C h a ~ t s .  V I ,  D ;  V I I ,  G ;  V L I I . )  

P r i t c h a r d i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965.X (Chapt .  
V I ,  D; V I I I . )  

Priva ( p l a n t ) :  H i l l e b r a n d ,  1888.* (Chap t .  V I ,  D . )  

P r o s o p i s  ( ~ l a n t ) :  Fager lund 6 M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  
1959; Nea l ,  1965.* (Chap t .  V I ,  D; V I I ,  A ;  V I I I . )  

P runus  ( ~ l a n t ) :  Fager iund  & M i t c h e l l ,  1944;  Fager lund ,  1947; Nea l ,  
1965.* ( C h a ~ t s .  V I ,  D; V I I ,  B . )  

Pseudomorus ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965.h (Chapt .  
V I ,  D. )  

Ps idium ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947,  Degener,  
1930; S t o n e ,  1959; N e a l ,  1965.X (Chap t s .  V I ,  D ;  V I I ,  
A ,  B,  C ,  E; V I I I . )  

Ps i lo rhegma ( ~ l a n t ) :  H i l l e b r a n d ,  1888.*(Chapt. V I I I . )  

P s i l o t u m  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. m s ;  
Degener,  1930; S t o n e ,  1959; Neal., 1965.X (Chapt .  V I ,  
D; V I I ,  B, C ,  E . )  

P s i t t a c i r o s t r a  ( b i r d ) :  Munro, 1960." (Chap t .  V I ,  H.) 

P s y c h o t r i a  ( p l a n t ) :  Nea l ,  1965.* ( C h a ~ t s .  V I ,  D ;  V I I ,  B ;  V I I I . )  

P t e r i d i u n ~  ( p l a n t ) :  Fager lund & M i t c h e l l  , 1944; Rock, unda ted .  Unpub. m s ;  
Mueller-Dombois & Lamourcux, 1964,  unpub. ms; S t o n e ,  
1959; Nea l ,  1965," ( C h a p t s .  V I ,  D ;  V I I ,  B ;  V I I I . )  

P t e r i s  ( p l a n t ) :  Fagerlurid & M i t c h e l l ,  1944; Rock, u n d a t e d .  Unpub. m s . ;  
Fager lund ,  1947; Degener,  1930; Nea l ,  1965.* 
( C h a p t s .  VI, D ;  VII, B ,  C.)  

P t e r o c l a d i a  ( a l g a ) :  K y l i n ,  1956.X ( C h a p t .  V I I ,  G . )  



Pterodroma ( b i r d ) :  Munro, 1965.* (Chapt .  V I ,  H .  

P u e r a r i a  ( p l a n t ) :  Neal ,  1965.* (Chap t .  V I I ,  F. 

P y r a c a n t h a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  19658 (Chap t .  
U I ,  D . )  

P y r e n u l a  ( l i c h e n ) :  Magnusson & Zahlbruckner ,  3 1943.* (Chapt .  V I ,  B.) 

Radula ( b r y o ~ h t e ) :  M i l l e r ,  1957.* (Chap t .  V I I ,  E . )  

R a i l l a r d i a  f ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Smathers ,  1963b; Fager-  
l u n d ,  1947; Degener ,  1930;  S t o n e ,  1959; H i l l e b r a n d ,  
1888." (Chap t s ,  V I ,  D; V I I ,  D . )  

Raimannia ( p l a n t ) :  Degener,  1930; Nea l ,  1965." (Chap t .  V I ,  D.) 

R a l f s i a  ( a l g a ) :  Smi th ,  1964.* (Chap t .  V I I ,  G , )  

Ramalina ( l i c h e n ) :  Magnusson&ZahIbruckner, 111: 2 ,  1945.* (Chapt .  V I ,  B . )  

Ranunculus ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
H i l l e b r a n d ,  1888.* (Chap t s .  V I ,  D ;  V I I ,  B.) 

Raphanus ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; 
1965.* (Chap t .  V I ,  D , )  

Fager lund ,  1947; Nea l ,  

Rauvo l f i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; Nea l ,  1965.* 
(Chapt .  V I ,  D . )  

Reseda ( p l a n t ) :  Neal ,  1965.* (Chapt.  V I ,  D.) 

Reyno lds ia  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; Neal ,  
1965.* (Chapt .  V I ,  D . )  

Rhacomitrium (moss) :  Botany group,  1963;  Bar t ram,  June  1933; Chapt .  V I ,  
C; V I I  , C ,  F; VI IL) .  

Rhacopilum (moss) :  Bartram, June  1933." (Chap t .  V I I ,  E ,  F . )  

Rheum ( p l a n t ) :  Nea l ,  1965.* (Chapt .  V I ,  D.) 

Rhizoclonium ( a l g a ) :  T a y l o r ,  1960.*(Chapt. V I ,  A ;  V I I ,  G . )  

R h i z o ~ o n i u m  (moss): Bar t ram,  June 1933.* (Chap t .  V I I ,  E.) 

Rhododendron ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965.* (Chap t .  
V I ,  D.) 

Rhus ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; Neal ,  1965.k - 
(Chapts.  V I ,  D; V I I ,  E . )  



Rhynchospora ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
S t o n e ,  1959; H i l l e b r a n d ,  1888." (Chap t .  V I ,  D ;  
V I I I .  

R i c h a r i d a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; F a g e r l u n d ,  1947; Neal ,  
1965.* (Chap t .  V I ,  D.) 

Richmondena ( b i r d ) :  Munro, 1960.* (Chap t ,  V I ,  H.) 

R i c i n u s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  F a g e r l u n d ,  1947; S t o n e ,  
1959; Nea l ,  1965,* (Chap t .  V I ,  D . )  

*Rockia ( p l a n t ) :  Nea l ,  1965,* 

R o l l a n d i a  ( p l a n t ) :  Degener,  1930; Nea l ,  1965.* 

Rosa ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  1965." - 
(Chap t .  V I ,  D . )  

Rosenvingea ( a l g a ) :  Dawson, 1954.* (Chapt .  V I ,  A . )  

R u b u s ( ~ 1 a n t ) :  Neal ,  1965*; Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  - 
Unpub. ms; Smathers ,  1963b; Lamoureux (App.B), 1963; 
Fager lund ,  1947; Mueller-Dombois & Lamoureux, 1964; 
unpub. m s ;  Degener,  1930; ( C h a p t s .  V I ,  D;  V I I ,  B:  C, 
D; V I I I . )  

Rumex ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. 
m s . ;  Fager lund ,  1947; Degener,  1930; Nea l ,  1965." 
(Chap t s .  V I ,  D; V I I  B.) 

Saccharum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Degener,  1930; Neal ,  
1965.* (Chap t .  V I ,  D.) 

S a c c i o l e p i s  f p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
S t o n e ,  1959; Hi tchcock ,  1935". (Chap t .  V I ,  D; 
V I I ,  C . )  

S a d l e r i a  ( ~ l a n t f :  Fager lund & M i t c h e l l ,  1944; Lamoureux ( ~ p p .  B ) ,  1963; 
Degener,  1930; S t o n e ,  1959; Neal ,  1965.* (Chap t .  V I ,  
D ;  V I I ,  A ,  B ,  C ,  E ;  V I I I . )  

S a l v i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  
1959; Nea l ,  1965." (Chap t .  VS, D.) 

Samanea ( p l a n t ) :  S t o n e ,  1959; Neal ,  1965.* (Chap t .  V I I I . )  

Sambucus ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1955.* (Chap t .  V I ,  
D .  

Santalum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Degener,  1930; S t o n e ,  
1959; Nea l ,  1965,* (Chap t .  V I ,  D; V I I I . )  

Sapindus  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, undated.  Unpub. m s ;  
Botany g r o u p ,  1963; Muel ler-Dombois & Lamoureux, 1964,  
m s ;  Degener,  1930; Nea l ,  1965.X (Chap t s .  V I ,  D ;  V I I ,  
B; V I I I . )  



S a r ~ a s s u m  ( a l g a ) :  Lemmeman, 1905." (Chap t s .  V I ,  A ,  G ;  V I I ,  G.)  

Scab iosa  ( p l a n t ) :  Nea l ,  1965." (Chap t .  V I ,  D . )  

Scaevola  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Degener,  1930; S t o n e ,  
1959; Nea l ,  1965." (Chapt .  V I ,  D . )  

Scenedesmus ( a l g a ) :  Smi th ,  1950." (Chap t .  V I ,  A.) 

Sch inus  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fagcr iund ,  19h7; S t o n e ,  
1959; Nea l ,  1965.* ( C h a p t s .  V I ,  D; V I . I I . 1  

Schizophvllum ( f u n g u s ) :  Smathers ,  1936b; T a y l o r ,  1950." (Chap t .  V I I ,  D . )  

S c h i z o t h r i x  ( a l g a ) :  T i l d e n ,  1910." (Chap t s .  V I ,  A; V I I ,  G.)  

S c ~ t o n e m a  ( a l g a ) :  T i l d e n ,  1910." ( C h a p t s .  V I ,  A ;  V I I ,  A ,  F, G.) 

S e c a l e  ( p l a n t ) :  Fagcr lund & M i t c h e l l ,  1944; Fagcr lund ,  19Li7; Lawrence, 
1951." (ment ioned o n l y ) ;  Hi tchcock ,  1935." 

S e l a p i n e l l a  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Botany g roup ,  1963; 
Fagcr lund ,  1947;  Nea l ,  1965." ( C h a p t s .  V I ,  D; V I I ,  C . )  

?Sempervivum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  19&7;  Neal ,  
1965." (Chap t .  V I ,  D . )  

Scnec io  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, undatcici. Unpub. m s ;  
Fager lund ,  1947; Degener,  1930; Nea l ,  1.965." ( C h a p t s .  
V I ,  D ;  V I I ,  R ,  C , )  

Sesban ia  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; Nca l ,  1965." 
( C h a p t o  V I ,  D . )  

Sesuvium ( p l a n t ) :  Fager lund & Mitchc i  l ,  1944; S t o n e ,  1959; Nea l ,  1965." 
(Chap t s .  V I ,  D; V I I ,  G ;  V I I I . )  

S e t a r i a  ( ~ l a n t ) :  Fagcr lund 6 M i t c h c l l ,  19Li4; Smathers ,  l963b;  Fagcr-  
l u n d ,  1947; Neal ,  1965." ( C h a p t s .  V I ,  D; V I I ,  B,  D . )  

S i c y o s  ( p l a n t ) :  Fagerlund & M i t c h e l l ,  1944; S t o n e ,  1959; Ncal ,  1965." 
(Chap t .  V I ,  D . )  

S ida  ( p l a n t ) :  Fager lund & Mi t c h e l l ,  1944; Fager lund ,  1947; Dcgener,  1930; - 
S t o n e ,  1959; Neal ,  1965," (Chapt .  V I ,  D.) 

S i l c n e  ( ~ l a n t ) :  Fagcr lund & M i ~ c h e l l ,  1944; Fager lund ,  1947; Dcgcner.  
1930; Neal ,  1965." ( C h a p t s .  V I ,  D; V I I I . )  

Sisvmbrium ( p l a n t ) :  Fager lund & M i t c h c l l ,  1944; Fagcr lund ,  1947; Nea l ,  
1965." ( C h a p t s .  V I ,  D ;  V I I ,  0 . )  



S i s y r i n c h i u m  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
Dege-ner, 1930; Nea l ,  1965.X (Chap t .  V I ,  D . )  

Smilax ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Rock, unda ted .  Unpub. ms; 
S t o n e ,  1959;  Neal ,  1965.X (Chap t s .  V I ,  D ;  V I I ,  B.)  

Solanum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Muel le r -  
Dombois & Lamoureux, 1964,  unpub. m s ;  Degener,  1930; 
S t o n e ,  1959; Nea l ,  1965.* (Chap t s .  V I ,  D; V I I ,  B; 
V I I I .  

S o l i d a g o  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  
1965.* (Chapt .  V I ,  D . )  

Sonchus ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Smathers ,  1963b; Fager lund ,  
1947; Neal ,  1965.* ( C h a p t s .  V I ,  D ,  H ;  V I I ,  B,D.) 

Sophora ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted ,  Unpub. 
m s . ;  Fager lund ,  1947; S t o n e ,  1959; Neal ,  1965.* 

(Chap t s .  V 1 ,  D ,  H ;  V L I ,  B; V I I I . )  

S p a t h o g l o t t i s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
S tone ,  1959; Nea l ,  1965.* (Chap t .  V I ,  D ;  
V I I ,  C ,  E ,  F . )  

S p a t u l a  ( b i r d ) :  Munro, 1960;* (Chap t .  V I ,  H . )  

S p e c u l a r i a  ( p l a n t ) :  Lawrence, 1951." (ment ioned o n l y ) .  (Chapt .  V I ,  D.) 

S p e n n o l e p i s  f ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; Nea l ,  
l965.x  (Chap t .  V I ,  D.) 

S p h a c e l a r i a  ( a l g a ) :  T a y l o r ,  1960.* (Chap t .  V I ,  A ;  V I I ,  G . )  

Sphenomeris ( p l a n t ) :  S t o n e ,  1959; Nea l ,  1965.* ( C h a p t s .  ',JI, D ;  V I 1 ,  C . )  

S p i r a e a  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965.* ( C h a p t ,  V I ,  D . )  

Sporobolus  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; F a g e r l u n d ,  1947; S t o n e ,  
1959; Nea l ,  1965." (Chap t s .  V I ,  D; V I I ,  B ;  V I I I . )  

S t a c h v t a m h e t a  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
S tone ,  1959; Nea l ,  1965.h ( C h a p t s .  V I ,  D; 
V I I ,  C ,  E ,  F; V I I I . )  

S t e l l a r i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947 ; Neal ,  
1965.x (Chapt .  V I ,  D.) 

S t e n o ~ v n e  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; Nea l ,  1965." 
(Chapt .  V I ,  D . )  

StenoIoma ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  S t o n e ,  1959; Neal ,  1965.* 

Stenotaphrum ( p l a n t ) :  Fager lund  & M i t c h e l l ,  1944; Fager lund ,  1947; 
Neal., 1965.* (Chap t .  V I ,  D; V I I ,  B . )  



S t e r e o c a u l o n  ( l i c h e n ) :  Botany g r o u p ,  1963; Magnusson, I I : 3 6 ,  !944.* 
(Chap t s .  V I ,  8 ;  V I I ,  C ,  E ,  F ;  V I I I . )  

S t i c h o c o c c u s  ( a l g a ) :  Smi th ,  1950." ( C h a ~ t s .  V I ,  A ;  V I I ,  F . )  

S t i c h o g l o e a  ( a l g a ) :  (Chapt .  V I ,  A.) 

S t i c t i n a  ( l i c h e n ) :  Magnusson, I : 8 5 ,  1943.* (Chapt .  V I ,  B . )  

S t i c t o c a r d i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
Neal ,  1965." (Chap t .  V I ,  Do)  

S t i ~ o n e m a  ( a l g a ) :  Smi th ,  1950." ( C h a ~ t s .  V I ,  A; V I I ,  C ,  F ,  G.)  

S t o k e s i a  ( p l a n t ) :  Fager lund  & M i t c h e l l ,  1944; Fager lund ,  1947;  Nea l ,  
1965." ( C h a p t .  V I ,  D . )  

S tonogvlodon ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; H i l l e b r a n d ,  1888.* 
(Chapt .  V I ,  D . )  

S t r a u s s i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. 
m s ;  Degener,  1930;  S tone ,  1959; Nea l ,  1965." 

S t r e p t o p e l i a  ( b i r d ) :  Munro, 1960." (Chapt .  V I ,  H.) 

S t r e p t o s o l e n  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965." (Chapt .  
V I ,  D . )  

S t y l u r u s  ( p I a n t ) : ~ e g e n e r ,  1946." (Chap t .  V I ,  D.) 

S t y p h e l i a  ( p l a n t ) :  Neal ,  1965"; Fager lund  & M i t c h e l l ,  1944; Rock, 
undated.  Unpub. m s ;  Smathers ,  1963b; Botany group,  
1963; Fager lund ,  1947; S tone ,  1959. (Chap t s .  V I ,  
D ;  V 1 1 ,  A ,  B,  C,  D; V I I I . )  

S u r i r e l i a  ( a l g a ) :  Smi th ,  1950." (Chap t .  V I I ,  G . )  

S u t t o n i a  ( p l a n t ) :  Degener,  1930; Nea l ,  1965.* (Chapt .  V I ,  D.) 

Symploca ( a l g a ) :  Smi th ,  1950." (Chap t .  V I ,  A.) 

T a e t s i a  ( ~ l a n t ) :  Degener,  1930." (Chap t .  V I ,  D.) 

T a a e t e s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965.X (Chap t .  
V I ,  D , )  

Tamarindus ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S tone ,  
1959; Neal,  1965." (Chapt .  V I ,  D.) 

T e c t a r i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; (Chap t .  V I ,  D . )  

T e ~ h r o s i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; Neal ,  1965." 
(Chapt .  V I ,  D.) 



T e t r a c y s t i s  ( a l g a ) :  (Chap t .  V I ,  A . )  

T e t r a g o n i a  ( p l a n t ) :  Nea l ,  1965.X (Chapt .  V I ,  D . )  

Tetramolopium ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965.* 
(Chap t .  V I ,  D . )  

T e t r a p l a s a n d r a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959;  Nea l ,  
1965.* (Chap t .  V I ,  D . )  

T h e l y p t e r i s  ( p l a n t ) :  H i l l e b r a n d ,  1888.X ( ~ h a p t s .  V I ,  D; V I I ,  C , )  

Thespes ia  ( p l a n t ) :  Fager lund 6 M i t c h e l l ,  1944; Degener,  1930; S t o n e ,  
1959; Nea l ,  1965.X ( C h a p t s .  V I ,  D; V I I I . )  

Thuidium (moss):  Bar t ram,  June  1933.* (Chap t .  V I ,  C . )  

Thuia ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  
1965.X (Chap t .  V I ,  D.) 

Tibouchina  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Lamoureux (App.B) ,  -- 
1963; Fager lund ,  1947;  Degener,  1930;  Neal ,  1965.X 
(Chap t .  VI, D . )  

T i n r i d i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Nea l ,  1965." (Chap t .  
V I ,  D.) 

T o l y p i o c l a d i a  ( a l g a ) :  Dawson, 1956.* ( C h a p t .  V I ,  A . )  

T o u r n e f o r t i a  ( ~ l a n t ) :  Nea l ,  1965.* ( C h a p t s .  V I ,  D; V I I I . )  

T r e m a t o l o b e l i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  I965.* 
(Chap t .  V I ,  D.:  

T r i c h o l a e n a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
Nea l ,  1965.* ( C h a p t s .  V I ,  D; V I I I . )  

Trichomanes ( p l a n t ) :  Fager lund & M i t c h e l l ,  1.944; Nea l ,  1965.* (Chapt .  
V I ,  D . )  

T r i f o l i u m  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  
1965.X (Chapt .  V I ,  D . )  

T r i o d a n i s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fagcr lund ,  1947; Neal ,  
1965.h (Chapt .  V I ,  D.) 

T r i o z a  ( i n s e c t ) :  Zimmeman, 1948*. (Chap t .  V I ,  F . )  

Tr i se tum ( p l a n t ) :  FagerIund & M i t c h e l l ,  1944; H i l i e b r a n d ,  1888.* 
( C h a p t s .  V I ,  D; VIII.) 

T r i t i c u m  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Fager lund ,  1947; (Chap t .  
V I ,  D . )  



T r i t o n i a  ( p l a n t ) :  Fagei-lund & M i t c h e l l ,  1944; Smathers ,  1963b; Fager-  
l u n d ,  1947; Degener,  1930; Nea l ,  1965." (Chap t s .  
V I ,  D ;  V I I ,  B ,  D.) 

Trochalopterum = G a r r u l a x  ( b i r d ) :  Munro, 1960.X 

Tropaeolum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  
I965.X (Chap t s .  V I ,  D; V I I ,  B.) 

T u r b i n a r i a  ( a l g a ) :  T a y l o r ,  1950.* (Chapt .  V I ,  A ;  V I I ,  G . )  

Ulva ( a l g a ) :  Smith ,  1950.k (Chapt .  V I I ,  G.) - 
Uncin ia  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Degener,  1930;  H i l l e b r a n d ,  

1888." (Chap t .  V I ,  D . )  

Urera  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. m s ;  - 
H i l l e b r a n d ,  1888.* (Chap t s .  V I ,  D ;  V I I ,  B . )  

Usnea ( l i c h e n ) :  Magnusson, I I I : 1 9 ,  1945." (Chap t s .  V I ,  B; V I I I . )  

Vaccinium ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Smathers ,  1963b; 
Botany g roup ,  1963; Fager lund ,  1947 ; Degener,  1930; 
S t o n e ,  1959; Nea l ,  1965.* ( C h a ~ t s .  V I ,  D; V I I ,  C ,  
D ;  V I I I . )  

V a l o n i a  ( a l g a ) :  Egerod,  1952." ( C h a ~ t s .  V I ,  A ;  V I I ,  G.) 

Vanda ( p l a n t ) :  Neal ,  1965.* (Chapt ,  V I I ,  F.) 

Vandenboschia ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; Hubbard, 
1952.* (Chapt .  V I ,  D . )  

Verbascum f ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965." (Chapt .  V I ,  
D .  ) 

Verbena ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  
1959,  Neal ,  1965." ( C h a ~ t s .  V I ,  D; V I I ,  B.) 

Vernonia  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  
1959,  Neal ;  1965.* (Chap t s .  V I ,  D ;  V I I ,  C . )  

Veronica  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  
1965.x ( C h a p t s .  VI ,  D; V I I ,  B . )  

V e s t i a r i a  ( b i r d ) :  Smathers ,  1963a; Unpub. r e p o r t ;  Munro, 1960." 
(Chap t .  V I ,  H.) 

V i c i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  1965.* - 
(Chap t .  V I ,  D.) 

Vinca ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965.* (Chapt*  V I ,  D . )  - 



V i n c e n t i a  ( p l a n t ) :  Degener,  1930; H i l l e b r a n d ,  1888.k 

Vio la  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  1965.* 
(Chap t .  V I ,  D . )  

V i s ~ u m , ( ~ l a n t ) :  Degener,  1930; Nea l ,  1965.* (Chapt .  V I ,  D . )  

V i t i s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  1965.* 
(Chapt .  V I ,  D o )  

Vrvdaazvnea ( p l a n t ) :  Degener, 1930.* 

W a l t h e r i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  
1959; Nea l ,  1965.* ( C h a p t s .  V I ,  D; V I I ,  C; V I I I . )  

Watsonia ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965.* (Chap t .  V I ,  
D.) 

Weis ia  (moss):  Bartram, June  1933.* (Chap t .  V I I ,  E.) 

Wikstroemia ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Degener,  1930; S t o n e ,  
1959; Nea l ,  1965.* ( C h a p t s ,  V I ,  D ;  V I I ,  B,  E;  V I I I . )  

W i s t e r i a  f p l a n t ) :  Neal ,  1965.* (Chap t .  VI ,  D.) 

Xanthium ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  
1959; Neal ,  1965.X (Chap t .  V I ,  D , )  

X a n t h o r i a  ( l i c h e n ) :  Magnusson, I I 1 : 4 1 ,  1945." (Chapt .  V I ,  B.) 

Xylosma ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. ms; 
S t o n e ,  1959; Neal ,  1965.x (Chap t s .  V I ,  D; V I I ,  B . )  

Youngia ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund,  1947; S t o n e ,  
1959; Nea l ,  1965.* Chap t s .  V I ,  D; V I I ,  C . )  

Yucca ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  1965.* 
(Chapt .  V I ,  D . )  

Z a n t e d e s c h i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
Neal ,  1965.* (Chap t .  V f ,  D . )  

Zanthoxylum ( ~ l a n t ) :  Nea l ,  1965.* (Chap t .  V I ,  D . )  

Z i n n i b e r  ( p l a n t ) :  Degener,  1930; Neal ,  1965.* 

Z i n n i a  (. ,plant): Nea l ,  1965.* (Chapt .  V I ,  D . )  

Zonar ia  ( a l g a ) :  Doty and Newhouse, 1966* (Chap t .  V I I ,  G . )  

Z o s t e r o p s  ( b i r d ) :  Smathers ,  1963a,  Unpub. r e p o r t ;  Munro, 1960.* (Chapt .  
V I ,  H.) 





The s o i l .  sampl-ing inc:Ludcd work toward d i s t r i b u t i o n a l .  s t u d i e s  of t h e  

microorgani.sms o r  which t h e  a lga l .  work compl.eted (Table 11 i n  Chapter V I :  

above) i n d i c a t e s  i n t e r e s t i n g  and co r re l a t ed  v a r i a t i o n s .  

I n  t h e  steam vent  zone and open Andropogon (0141: oil Fig. 23) a rea  

temperatures  of  48 t o  89' C were measurecl. Much of  t h o  s o i l  i s  i h i t e  a s  

though it were ash rrom a  f i r e .  The closed Andro~ogon area  (An) is waxin 

a t  t h e  surCace, t h e  temperatures measuring 46-47' C .  The scrub Metrosidcros - 

area  has  n o n a l  su r face  temperatures ,  b u t  it is  presumed those  o.? t h e  t r e e  

r o o t  zone a r e  h igh .  ~ l c t u a l l y  some a e r i a l  photographs show a  1.arge ou te r  

contour  t o  t h i s  s p o t  not  shown i n  t h e  p r e s e n t  f i g u r e .  

4- Napua Cra ter  a rea .  

The Napau su l rur -ar l ' ec ted  a rea  (F igs .  5 & 8; Aer ia l  P l~otos  5-0026 & 

8-0028) J u s t  west of the c r a t e r ,  t h e  c r a t e r  f ' loor i t seLF,  and kipukas on 

t l ic  c r a t e r  Floor were b r i e f l y  examined i n  November, 1.963: and re-examined 

on March 1.5, :1.964, tliougli because o-f unfavorable weather perhaps c e r t a i n  

iispects w r e  n o t  s tudied  a s  c a r c F i ~ l l y ,  even a s  t h o  1.imited time avai.:l.abl.e 

would o t l~e rwise  have permi t ted .  The c r a t e r  Floor  and kipuka a reas  were 

completely covered (F ig .  5 )  by lava  e a r l i e r  dur ing  March, 9 6  one year 

l a t e r .  Tlle Fol.loiqing notes  a r e  included t o  a s s i s t  h t u r e  s tuden t s  o r  1-hc 

a r e a .  

About ,300 rn below t h e  s i d e  t r a i l  around tl ic r i m  of  Maltaopuh Cra ter  on 

t h e  Napua t r a i l ,  a  s p o t  was not iced where t h e  a:ir seemc?cI appreciably wamcr 

than  el.sew11ere. A t r a c e  of  steam could be seen and a  sma l l  a rea  of thr .  

genera l ly  l u x u r i a n t  Gleichenia t ang le  was dead o r  apparent ly  so .  T h i s  was 

only a Cew meters  ac ross .  

/l:l.ong t h c  t r a i l  a  lew dead shoots  of 18ycopodi.um cernuum were not iced 

h e r e  and t h e r e ,  b u t  most p l a n t s  of t h i s  spec ie s  seemcd hea l thy .  Short ly 



befo re  reaching t h e  pu1.u f a c t o r y ,  t h e  numbers of t h e s e  seemed t o  be  g r c a t e r .  

It is n o t  suggested t h a t  t h e s e  have died s i n c e  November, 1.963, h u t  t h a t ,  

s i n c e  a t  t h a t  t ime t h i s  spec ie s  was seen t o  be  af:fected by s o l r u r  fumes, 

more a t t e n t i o n  was paid t o  it i n  t h e  upper p a r t s  of t h e  t r a i l .  Whether o r  

n o t  t h e  dead s l ~ o o t s  i n  t h e  a rea  between Makaopuhi and t h e  pulu f a c t o r y  

were, i n  March 1964, due t o  t h e  s u l f u r  i.s hard t o  guess. Su l fu r  rumes 

undoubtedly reached hem, bu t  t h e  bulk of t h e  -odium - popula t ion  was 

c e r t a i n l y  n o t  v i s i b l y  af:fected. There was only a smal l  proport-i.on o f  dead 

o r  unhealthy-l.ooking p l a n t s .  No o the r  unusual  e:Wects werc ev ident .  

Toward Napail Cra ter  from t h e  pulu f a c t o r y ,  t h e  nnmhcr 0.7 dead Lycopodium 

shoots  increased r ap id ly  along t h c  t r a i l  and by t11c timc t ! i c  somewhat 

sma l~ le r  and more open Metrosideros Forest was reached, almost al.1. t h e  matiire 

shoots  were e i t h e r  dead o r  only had t h e  main rac1i:i.s green.  I-lowcver, numer- 

ous green,  a c t i v e l y  ggrwing shoots  were growing up from t h e  prostrate 

s t o l o n s  below. 

I n  t h e  neighborhood of t h e  pulu Factory, some -- Cibotium l'crns showed 

dead lower leaves  thoug11 t h e  newer ].eaves were heal t l ly .  Dead i'ronds wcrc 

n o t  not iced  h e r e  i n  November, 1963, but  may have been p resen t .  

I n  t h e  more open a rea  on t h e  184,O-Flow, s t a r t i n g  somewl!at c a s t  of 

t h c  pulu f ac to ry ,  n o t  much of an abnormal. appearance c0u:l.d be  sc:cn except 

Tor t h e  dead Lycopodium sltoots menti-oned above. Ihc Mctrosidc:ros t r e e s  

had l a r g e l y  recovered from t h e  p a r t i a l  cle-foliati.on obscrved i n  Novcmber 

though they  s t i l l  were a b i t  spa r se .  Al.ong t h e  t r a i l .  somewl~at below tile 

beginning o r  t h e  spa r se ,  1.840-n.ow a r e a ,  t h e r e  were many dead Fronds on 

t h e  Gleiclicnia, b u t  vfgorous,  newer: :immal2sre t o  ma t i~ re  ones were abundant. 

Here, a l s o ,  Machaerina an@st i . fo l ia  and t h e  much r a r e r  - M .  meyenii, showed 

many dead o r  p a r t l y  dead leaves ,  b11t a l s o  many, yoring hea l thy  ones. Some 



p:Lants o r i m e r  spcc:i.cs were Flowering. J u s t  below h e r e  above t h e  s t e e p e r  

s t r e t c h  o:F t r a i l ,  t h e  sparseness of t h e  Metrosideros became more str:ik:i.ng, 

seemingly more s o  than  a s  remembered From November. '[ere al.so, about 50% 

oT tile Sronds o r  t h e  Glcicheuia were dead, t h e  r e s t  green. -- 
On t h e  zone oT s t e e p e r  s lope ,  t h e  vege ta t ion  was much l e s s  dominatctl 

by Mctrosideros. Here was a somewhat open mixture o:F Androgogon with C! 

flew o t h e r  g ra s ses ,  Machaerina, Cyperus and o t h e r  sedges,  Gleichenia,  

ilrundina, I'olypodium pellucidurn, and some s c a t t c r e d  dwar:fed Metrosideros.  

Tile Arundina seemed normal, bu t  h e r e  t h e  recovery of  Lycopodium cernuim 

Crom t h e  severe  dainagc ~ i o t e d  i n  November was much r e t a rded .  The - Andropogon 

and Qpcrus yolystachyos had both t h e  l eaves  and inll .orescences dead above. 

Sacc:i.olepis con t rac t a  showed no bad e f r c c t s .  Be:l.ow t h i s  s lope  on t h e  

rc:lat:ively level., biit s t i l l  open ground, the Glei~clicn:i.a, a t  ].east, arid 

perhaps al.so t11c T,ycopodium showed more recovery o r  :Less damage than on 

t h e  sl.ope. 

Dcyorrd t h e  Cork i n  ? h e  t r a i l  on t h e  r i g h t  branch, t h e  Forest  was much 

t a l l e r  and greener  :for a s h o r t  d i s t a n c e ,  and nothing sl~owcd much damage. 

Only t h e  Lycopodium and Gleichenia showed some dead p a r t s .  The Metrosideros 

t r e e s  h e r e  had be@n t o  show many l e a f l e s s  branches and some t r e e s  were 

completely l ea l ' l e s s  . These had dead bark,  i i lso.  In  an area  t o  tl ie i d t  o C 

t h c  t r a i l . ,  t h e r e  were many dead t r e e s  and b u t  few hea l thy  ones. Ar ter  t h i s  

and Further toward Napua Cra ter ,  t h e r e  was a s t r e t c l i  o f  t r a i l  th roupl~  Corcsl: 

t h a t  looked almost nomal.. Then an area  o-C t a l l  Mctrosicleros Corest w:i:h 

a conspic:uous nnderstory o-F Cibotium extcmled t o  t h e  edge o r  Napau Cra ter .  

The Metros:i.dcros showed l j t t l e  evidence of t h e  derol-iat:i.on evident  i n  -. 

November, 1963.  The Cibotium which had no l i v i n g  fronds then,  now a l l  had -- 
2 o r  3 f u l l y  developed grecu fronds.  I n  t h i s  a rea  Coprosma, Gouldi.a, 



flieirodendron, Alyxia, and - Pelea showed no evidence of  any damage and 

Vaccinium calycinum very l i t t l e  except t h a t  a l l .  l eaves  seem t o  be r a t h e r  

young. Broussais ia  was p u t t i n g  out  v igorous ,  young shoots  From otherwise 

l e a f l e s s  shrubs.  

Away Crom t h e  c r a t e r  t h e  Lycopodium ccrnuum was s t i l l  producing some 

new shoots ,  b u t  near  t h e  c r a t e r  none a t  a l l .  The most p e r s i s t e n t  and 

s t r i k i n g  d f e c t s  seemed t o  be  on t h e  ep iphytes ,  bryophytcs,  and Cerals. 

A l l  bryophytes i n  t h i s  forested area  were dead (with tl ie p o s s i b l c  exception 

oC t e r r e s t r i a l  forms covered by an unusual  amount o r  dead i'al.len 1-eaves) 

a s  were Polypodium tamariscinum, Grammitis t e n e r a ,  m~hoglossum hir tum, 

Ilymeuopllyllum spp . , Psiloturn, and Sel.aginel1.a c-C . s n z i c s i : i . .  E1.apho- 

gl~ossurn ret iculaturn,  however, had comple te l .~~ recovered and showed no 

eSrec ts  whatever; Its ].eaves were hr-igkt green, .firm, and l ea the ry :  and 

: i t s  rhizome hard and a l i v e .  Some d i s t a n c e  t o  t h e  r igh t  -hwarrl -the g~i l~ch  

l ead ing  t o  t h e  c r a t e r  f l o o r ,  abundant new shoots  o f  Scl.agiiiel.la had 

appeared both on tlie ground and ep:ipliytically.  hbcther  t l lesc rc1,rcscntccl 

recovery o r  new spore l ings  was not  determined. 

At t h e  c r a t e r ' s  edge, t h e  m c l i a  - and Coprosma ernodcoidcs had 

produced new, vigorous,  l e a f y  shoots .  Lsaclrnc ilisticliop11y:l.l.a had resimicd 

a c t i v e  growth from i ts  stem t i p s .  Vacciniuin ancl Goiil~dia were hea l thy ,  

and t h e  Metrosideros looked almost normal~. On t h e  t r a i l ,  Youngia japonica -- 
had appeared i n  abundance. Tliere was considerable C y p e r ~ ~ s  po:I~yst:achyos 

and - C .  b r e v i f o l i u s  t h a t  seem almost normal. Nyp+cum was very common as  - -- 

was a broad-leafed s t e r i l e  unidentifi.c:d g r a s s .  Saccio1ep:i.s and Paspal~um - 

or l~ icul .a re  were common and h e a l t h y .  Tlie Youngia was common l o c a l l y  i ~ n  t h e  -- 

:roods away from t h e  t r a i l  i n  s p o t s  t h a t  were riot too dcilsc!ly covered by 

dead leaves  , 



In t h e  gul.cli i.ead:i.ng dolm t o  t h e  c r a t e r  Cloor, t h e  damage, a s  b e f o r e ,  

sceincd t o  be gcncral.ly l e s s  conspicuous than  on t h e  f l . a t  above. Some 

bryopliytes were st i l l .  l i v i n g ,  b u t  most of  t h e  ep iphyt ic  bryophytes a s  

w e l l  a s  ep iphy t i c  Ferns were thorouglily dead. Ciboti.um froncls h e r e  were 

p a r t l y  brown bu t  not  dead. S e l a g i n e l l a ,  a l s o ,  was somewhat brown b u t  n o t  

dead. Pcpcromia and T i ~ e l y p t e r i s  seemed t o  have recovered very wel l .  

On t h e  new (7.963-) l.ava c r a t e r  f l o o r  no pl.ants had appeared (cxcepz 

a t i n y  s e e d l i n g  fouiid deep i n  a c rack  by Lamoureux). In  a  smal l  kipulca 

i n  t h i s  1.963-lava pool. clevoid of  any 1.iving p l a n t s  i n  November, s eed l ings  

o r  a number o r  spec ie s  had appearei!. Wit11 one o r  . t~<o  exceptions,  t h e  

sccd:l.irigs liavc? appeared on scorched, peaty s o i l  l y i n g  on t h e  su r face  of 

t l ic  old l ava  r a t h e r  than on t h e  1963-lava i t s e l f .  'Thcjr number, names, 

and s i z e s  a r c  1:istcd: 

1 ,Anclropogon v i r g i n i c u s  (3cm) . 
1 Conyza bonar:i.ensis? (sinall  r o s e t t c ) .  

1. C y p r u s  c .  polystachyos.  

Many Duhauti.a seabra  ( t o  1 cm). 

9 Erec l i t i tes  - valer iani . fol . ia  (very sma l l  t o  50 ern t a l l . ,  
one buddiurd . 

1 Giiaphal.:ium sandwicensc (10 crn) . 
Many -- Isaciine clistichopliylla (mostly small., one 1.0 cm) . 
Many Machacrina angus t i : fo l ia  ( smal l  t o  4 cm). 

4 P ip turus  a lb idus  ( red  veined)  ( t o  4 cm). 

I. PI.uchoa odorata  ( smal l  r o s e t t e ) .  

8 -- Rubus rosaefo%ius ( s e v e r a l  cm). 

I. Senecio s y l v a t i c a  (15 em). 

1 Unident:? Ficd pI.ant with firm, oppos i t e ,  obtuse leaves  
t o  11.5 mm long. 
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A t i n y  s a t e l l i t e  kipuka,  very near  t h e  :Large one which had apparent ly  

no l i v i n g  p l a n t s  i n  November, al.so showed some growlh. One Metrosideros 

shrub out  of  two was p u t t i n g  ori:h a  few t i n y  sp rou t s  a t  t h e  base .  l'here 

were t h r e e  Ercch t i t e s  v a l e r i a n i r o l i a  s eed l ings ,  one buclding, 25 cm t a l l ;  

one PI-uchea odorata  10 cm; a few very t i n y  Ilypericum; and many Machaerina 

a u g u s t i f o l i a  up t o  6 cm. I n  s h e l t e r e d  pl.aces and c r e v i c e s  on ol.d lava  f e r n  

gametophytes and t i n y  spore]-ings were abundant. A Few small. patches bore  

t i n y  moss p l a n t s .  

I l ~ e  l a r g e r  kipuka looked perhaps a  b i t  d r i e r  tlian i n  Novcniber, bu t  

iiiost p l a n t s  were showing some recovery except Lycopoc1i.un1. No - I;. Jihyll.antliuor 

was seen ,  and n o t  a  s i n g l e  l i v i n g  sp rou t  o r  stem oi' t h e  more abundant - I,. 

ccxuuurn was seen .  Machaeriria - a n ~ i s t i f o l i a  was a l i v e  bu t  n o t  i'l~owcr:i.ng. 

Dubautia seabra ims flowering aburidantly and V?ccinium reticuliil_ltm some- 

what l ~ e s s  so .  S typhel ia  was sending oirt some new s p r o u t s .  C:l.e:i.chcnia 

showed both dead and green fronds. 

On t h e  scorched per iphera l .  a r ea  on i h c  north s:i.dc oi' l-hc ltipuka, 

seedlings of Creck t i t e s  valer iani . fol . ia ,  J .  hi .eracih: l . ia ;  Pluclica oclorata, 

and Pip turus  a lb idus ,  a s  we l~ l  as  many t i n y  unrecognized sc:edl:i.ngs and 

sporeli .ngs had bccome es t ab l i shed .  

Almost no steam was :issuing Lrom tl~ci ncw l.ava s i i r face on t h e  c r a t e r  

r l o o r  except  along a Line s t r e t c h i n g  east-west  across  t3ic c r a t e r  t o  t h e  

 north of t h e  above mentioned kipuka.  On t h e  Fl.at ;just: west oT l-hc c r a t e r ,  

t o  t h e  nor th  of t h e  t r a i l  i n  1.iue with 131c 1.ine o r  steaming ven t s  on t h e  

::-atel: Sloor below, was a  h o t ,  ahundautl.y steaming area  whielr, juilg:i.aig by 

: i t s  vege ta t ion ,  hail n o t  been h o t  o:r a t  I.cast not: s o  h o t  f o r  very long.  

The steam From many of t h e  ven t s  was uncomi'or-tably h o t .  'lhc a:rea was 

covered by Gleichenia l i n e a n i s  and Andropogou - v i r g i n i c u s  i n  a  dense mass, 



~ i t l i  clumps o f  Macliac?rina a n g u s t i f o l i a  and a spa r se  s-t:aiid of  dwarr 

Metrosiclcros a s  we l l  a s  s c a t t e r e d  o t h e r  pl.ai?t-s incl.iidi.ng 1,ycopodium 

cernuum. The Metrosideros,  Andropogon, and Gl.eiclieuia were mostly dead, 

t l ic Machacr:i.na most1.y st i l l .  d i v e .  I n  t h e  h o t t e s t  a r e a s  t h e  Lycopodium 

was comljl.ctely dead, h u t  where t h e r e  was any green vegeta t ion;  t h e  maturc 

1,vcopodium shoots  we:re dead bu t  green, new sp rou t s  were growing i'roin tlic 

b a s a l  s t o l o n s .  The gas From t h e  numerous fumaroles smelled su l fureous  

b u t  n o t  stron:;ly s o .  This suggested t h a t  siil:rur fumes helow a c r i t i c a l  

concentrat:ion may n o t  have a se r ious  e fTec t  on Lycopodium. The dead 

shoots  inlay probably d a t e  rrom t h e  time of t h e  October e rupt ion  when 

s t r o n g e r  si1.1.fur rimes covered t h e  a r e a .  

There were numerous finnaroles i n  t h e  axca: somc pl-ocluciug j e t s  of 

imcomforta1)l.y h o t  steam, and i n  much oC t h e  area  h e r e  t h e  fumarolc!s w o : ~  

Iiotl-es-t and moslr  numerous^ t h e  vege ta t ion  was e n t i r e l y  dead, bu t  most1.y 

u o t  y e t  d is in tcgra tcc l .  imn1ediatel.y around somc. of t h c  i'umarolcs, open 

a r e a s  were begi~nning t o  appear and t h e  dead Gl~eichcnia was bccom:i.ng r a t h e r  

low. I t  scems probable t h a t  i n  t h e  near  f u t x r e ,  an open arca  simi.l.ar t o  

that- near  !\loi Cra ter  ( t h e  '11ot area" described above) may clcvelop h e r e .  

This a rea  s l~ou ld  be  accura te ly  mapped aiid clcscuibetl i n  t h e  very near  

i 'utzre and pe r iod ic  checks made on t h e  development o r  rct-t:o;rrcssion o r  t h c  

vege ta t ion .  In  Cact, it would h o  of i n t e r e s t  t o  map and describi? l h c  AJ~oi 

a rea  and any o the r  nelv warm o r  h o t  spo t s  t h a t  appeal:, a s  well. as  any a r e a s  

rdnere fumaroles occur o r  develop. Dot11 phys ioqomic  and 1.ori .s t i .c  compar- 

i sons  should thcn  be  made a t  a i r y  s h o r t  i n t e r v a l s .  Photos shoiil~tl a l s o  

be taken regpl.arly from Cixed p o i n t s .  These variably-hot  s:i.tcs a r e  unique 

s tudy a r c a s  provided jn Hawaii Vol.eanoes National. Park. 



D- PUU PUA'I AND THC DFVASTATCD AREA 

The 1959 November-December e rupt ion  i n  t h e  w a l l  of  Kilauea I k i  ( ~ i g .  

1 0 )  produced a new lava s u r f a c e  f loo r ing  t h i s  c r a t e r ,  produced t h e  c inder  

cone l'uu Pua ' i  and, beyond it, produced a s  a  shadow t o  t h i s  c inde r  cone a  

f i e l d  of  windblown ash .  The a r t i c l e  by Zahl (19.59) and i ts  accompanying 

photo record i l l u s t r a t e s  t h e  i n i t i a l  events  of  t h i s  e rupt ion .  I n  t h e  area 

a l l  organisms were destroyed o r  damaged. 

Thus, t h i s  s e c t i o n  i s  i n  t h r e e  p a r t s  descr ib ing  1) t h e  e rup t ion ,  

2) recovery of t h e  devastated area  and 3)  succession where t h e  previous 

popula t ion  was completely destroyed.  There a r e  on f:i.l.e va r ious  s e t s  of 

notes  on thcse  events  by Smathers (18-month summation, 1.963b), Wentworth 

( I n i t i a l  r e p o r t ,  1960) and Wentwortll and FIaugens (Early recovcry,  1960). 

Vcry convenient ly,  s i m i l a r  old a reas  remained undamaged nearby and t h e s e  

se rve  very w e l l  a s  c o n t r o l  a r e a s .  This s tudy has  been continued by t h e  

Univers i ty  of Hawaii. team and its no tes  a r e  on f i l e  i n  t h e  Park as  well .  

1- THE ERUPTION AND THE ORIGINAL POPULATION 

(R-om C.  K .  Wentworth's " I n i t i a l  Report") 

Kilauea I k i  is an anc ien t  p i t  c r a t e r ,  near  Kil.auea on t h e  e a s t  r i f t  

zone. Its s i d e s  a r e  s t e e p  i n  p l aces  bu t  nea r ly  everywhere w e l l  wooded. 

The major shape O F  t h e  c r a t e r  with somewhat s lop ing  s i d e s  g ives  a rough 

e s t ima te  of i t s  age a s  s e v e r a l  hundred and, probably, s e v e r a l  thousand 

yea r s .  There were very sma l l  flows down i t s  west s i d e  and i n t o  t h e  bottom 

i n  1832 and 1868. The l e s s  weathered su r faces  of  t h e  l a t t e r  flow i n  t h e  

bottom were covered with a  sca t te r j -ng  of ohia t r e e s  bu t  were l e s s  wooded 

than  t h e  s i d e s .  

The adjacent  edge of t h e  [ loor  of  Kilauea is nea r ly  ba re  of  t r e e s  but  



has  a  spa r se  s c a t t e r i n g  of slirubs and t r e e s  t h a t  have commenced s:low:l.y t o  

grow on t h e  su r face ;  t h a t  s i d e  t o  t h e  nort3r was covered by lava Flows :in 

1919. 'Ihe g r e a t e r  p a r t  O F  Kilauea i s  essenC-iall.y devoid oT t r e e s .  Othcr- 

~;:i.se, t h e  a rea  surrounding Kilauea nii i s  Forested, heav i ly  a t  t l ie e a s t  

b u t  dwindl.ing a  mmic o r  s o  west and southwest of t h e  c r a t e r .  

The 1959 erupt ion  caused var ious  k inds  of damage t o  ad jacent  ve:ict:a- 

t i o n ,  Ikon1 complete k i l l i n g  by b i i r i a l  under t h e  pooled lava i n  t h e  Kilauea 

depress ion  o r  t h e  c inde r s  of  t h e  t h r e e  hundred Toot cone, Pnu Pua ' i  ( r i g .  

10):  t o  only temporary eTSects oT  fume o r  r e t a r d a t i o n  o r  iiu,gientation i n  

re la t i .on  t o  l e s s e r  c inde r  cover over a  wide a rea .  IT t h e  n a t u r a l  i 'orest 

under t l ie e x i s t i n g  c l imate  is considered. t h e  s t o r y  o r  t h e  u l t ima te  re-  

i 'o res ta t ion  rdlich w i l l .  be r e s to red  t o  t h e  t o p  and l ~ e e  s i d e s  of t h i s  new 

cone, Puu I 'ua1i,  may be wr i t t en  a  hundrecl yea r s  hence. 

Tile vege ta t ion  and t r e e s  i n  t h e  lower 300 Feet oT t h e  i'ormer p i t  ;<ere 

id10l.l.y consumed. Around t h e  margin of  t h e  l a k e ,  ~djhere l.ava reacliid only 

diiring su rges ,  a Few t r e e  mol.ds were LeCt. !Is l~ava  rose  i n  sueeess:i.vi. 

episodes,  t r e e s  ai- t h e  margin, a l ready d r i e d  by t h e  h e a t  of' t h e  cnc ro~?chf .n~  

lalie,  caugkt fi .re and added t h e i r  f l a r e s  t o  t h e  :Lurid scene.  Many o r  t h e  

Cires burned a s t r i p  . up . t h e  s i d e s  of t h e  c r a t e r  and threatened siirrouridin:! 

country.  Whether any cons iderable  number o f  t r e e  molds a r c  preserved 

under t h e  deeper p a r t s  of t h e  Fill .  of  lava i n  t h e  1.ake i s n o t  known; t h e i r  

p re se rva t ion  was threa tened  by t h e  vigorous remel t ing  o i  ehe lava  wh:i.c:l! 

l a t e r  enveloped them, but  it seems c e r t a i n  t h a t  some have been preservuti .  

B u r i a l  and k i l ~ l i n g  ol' vegeta t ion  over t h e  base a rea  o r  t h e  cone 

Puu Pau ' i  where t h e  th ickness  of t h e  c inde r  is over 25 i'eet is c e r t a t n .  

There seems l i t t l e  evidence t h a t  any t r e e s  snrvived a  sui-rounding cover  

o f  s o  much a s  10 f e e t .  Beyond t h e  per iphery  of  t h e  complete1.y ba re  area 
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d t h e  cone, t h e r e  begins a  b e l t  of  f a l l e n  and co.npl.ete1.y defo:Liated 

trunlts of t h e  former f o r e s t .  A few yards wide it merges outward with a  

be1.t of  t r e e  molds, followed by another  narrow b e l t  where t h e  t r e e s  a r e  

s t i l l  s t and ing  b u t  scorched and defo1:iated. Outside t h i s  be:Lt t h c  t r e e s  

have been seve re ly  excorciated by f a l l i n g  pumice and cl.ots of  l a v a ,  bu t  

t h e s e  a r e  recover ing  a s  t h e i r  t runks  a r e  heav i ly  fu r red  by a  new growth 

oS leaves  on t h e  t runl ts .  Tor montlhs t h e  tops  o-f' t h e s e  t r e e s  were covered 

with t h e  s t r i p p e d  and dead, sma l l e r  branches.  

I n  t h e  c e n t r a l  a rea  of deep bmrial ,  t h e r e  was no surv:i.va:L of  t r e e s  or  

r o o t s  o r  s eed l ings .  1-lere is an area  which we may suppose wi:Ll  be reFores1:cd~ 

perhaps with seed from t h e  surrounding undamaged country.  

Some t r e e s  and shrubs werc temporari ly 11nr:i.ed and widely dc.fo:l.:i.atod 

by mechani-cal impact From f a l l i n g  dcbr i s .  Ti~ough annual weecis, fc?rns and 

such were destroyed o r  covered a t  t h e  t imc of c rup t ion ,  many o:f Ihc t r c c s  

and 1.arger p l a n t s  a t  t h e  margin survived and rcgrew from Ill.t?:ir bur i  cd bases . 
Ferns were par t icu l .a r ly  responsive i n  recovery and showed new fronds i n  a  

few days. The cl.imate is such t h a t  vegetati .ve growth talccs pl.ace a t   all^ 

seasons .  It appears t h a t  growth OF Sern buds toward t h e  sur.facc. i n  c inder  

can c e r t a i n l y  t a k e  p l a c e  :from depths of  t h r e e  o r  r o w  f e e t .  1bfol : i~at ion 

of  l-he trunlcs o:f smal l  t r e e s  t h a t  had been excor ia ted  was a  conspiclious 

process  i n  t h e  weeks t h a t  followcd t h e  e rup t ion .  

I n  s e v e r a l  a r eas  where t h e r e  was a  heavy fa:l.l. of  s lung  cl.ots of  l a v a ,  

which mol.dcd somewliat t o g e t h e r ,  h u t  was of  lava i n s u S f i c i e n t l y  molten t o  

Tlo% as  a w11ol.e. The h e a t  of  t l i rec  of four  r c e t  of t b i s  was siir:f:icicnt t o  

burn o f t  t l lc trunlcs of 1:hc t r e e s  and Form numerous t r c c  molds. 'Ilhcse a r e  

From i.ess than  an i.nch i n  d:iametcr t o  over a  root and show tllc usual. fca- 

t u r e s  of  t h e  shape and branching of t h e  trunlcs. 'Illcre a r e ,  no doiibt, many 



of them under t h e  coverings oi: c inde r s  where t h e  lava cl.ot l ~ a y e r  l i e s  

below t h e  c inder  l a y e r .  I n  many cases  t h e  Fa:l.i.en trunlrs i.1i.e c:lk~i! t o  t h e  

mo:l~ci and show a  t a p o m 3  burnt  end with t h e  f i n a l  t i p  uriburnt b u t  brolcen. 

111 an area ad:jacent t o  t h e  impressions mo:l.ded i n  l ava ,  wlic?re t h o  

l a y e r  oC c inde r s  is biit a Cew inches tliiclc over t h e  lava  molrls, t h e  c:i.nders 

have slumped i n t o  t h e  underly:i.ng lava  mo1.d forming another  t y p e  o r  tr(3e 

mold, funnel-l:ikc :i.n Form. 

I n  a r e a s  where observat ion could be  made t h e  f a l ~ l o u t  o f  c inde r s  and 

even cobble-size blohs was a t  t h e  r a t e  of  several.  Feet oi: deptk p e r  hour 

hilt mostly i'or q u i t e  s h o r t  pe r iods .  Th:ik enviroiment a t  t h a t  t ime,  was 

untenable For humans except by inadver tance  and roiigh on t r e e s  and t h c  

few huil.rI:i.ngs i n  t h e  a r e a ,  particu1ai:l.y t:liose a t  t h e  old siiinrner camp. 

Trees were stripper1 oi: 1:Iiei.r h a v e s ,  bark and smal le r  l ~ r a n c h e s ,  and inany a r e  

now e i t h e r  11ur;.c?d o r  remain clcnuded today.  Far ther  rroin t h e  sourcc  o r  the, 

I.ava rountains,  t r c c s  were hc?avily sca r red  b u t  i h e  trimlcs retained enoi~gli 

v i t a l i t y  s o  t h a t  subsequent recovery took pl.ace i n  t h e  fonn o f  numerous 

sma l l  leaves  and then q11ickl.y a  r a t h e r  lush  Fol.iat:i.on from t h e  t runk,  

i nc lud ing  Flower buds rutiich went on i n t o  a  consp:i.cuous bl~ossoming 01 r h ~  

red l.el~ua. The furry rc fo l . ia t ion  oC t h e  lowcr ohia t runks ,  with i.ncrc!asi.ng 

lloweri.ng o f  c e r t a i n  t r e e s ,  and t h e  ba re ,  k i ~ l l e d  s l ende r  twigs a t  I-IIc! t o p  

gave a very b i z a r r e  appearance t o  many of  t h e  t r e e s .  

I n  t h e  heavy Callout a r e a s ,  Fli.ing b lobs  of s o r t  lava landed i n  t l ic 

Corks of t r e e s .  Some f'el.1 a t  once, o t h e r s  cl.iing long enough t o  sco rc !~  

t h e  t r e e  but  Cell. a f t e r  t h e  cool ing  due -to crumbling. A Few remaincxl 

draped i n  t r e c s  which s t i l l  s tand  and can be seen today.  A number oC 

l a r g e r  t r e e s  in t e rcep ted  enough c l o t s  and c inde r  t h a t  \when they f e l l .  they 

Formed a  inound on t h e  near  s i d c  of  t h e  t r e e .  



Some of  t h e  sma l l  f i r e s  t h a t  burned up t h e  i n n e r  s i d e s  of  t h c  c r a t e r  

burned s e v e r a l  months a f t e r  t h e  c l o s e  of t h e  e rup t ion .  Some even occasioned 

enough alarm t h a t  t h e  National  Park f i r e  d e p a r b ~ e n t  was c a l l e d  ou t ,  bu t  

t h e r e  was no spreading .  

A t  t imes  dur ing  t h e  e rup t ion ,  t h e  winds were a b e r r a n t  enough, o r  calm 

enough, t h a t  fumes from t h e  erupt ion  s a t  low and people l i v i n g  i n  c e r t a i n  

d i s t r i c t s  not iced  Fume damage t o  c e r t a i n  p l a n t s ,  It does n o t  seem t h a t  

t h i s  was seve re  enough o r  of long enough dura t ion  t o  cause de f inab le  

economic damage. Other e rup t ions ,  a t  c e r t a i n  t imes ,  have a f f ec t ed  p l a n t s  

enough o r  p e r s i s t e d  long enough t o  occasion crop l o s s  o r  have an appreci-  

a b l e  e f f e c t  on humans, e s p e c i a l l y  those  i n  d e l i c a t e  h e a l t h .  A t  t imes t h e  

fumes have been r e s t r a i n e d  under an inve r s ion  l a y e r  i n  t h e  atmosphere, 

and thence a t  a  gLven l e v e l  have d r i f t e d  a g a i n s t  t h e  mountains t o  make 

t h e i r  e f f e c t ,  b u t  n o t  i n  t h i s  case .  

2- RECOVERY OF THE DEVASTATED AREA 

By G a r r e t t  Smathers 

Where t h e  ash . f a l l  was l i g h t  and t h e  p l a n t s  were merely denuded o r  

s u ~ p e r f i c i a l l y  bur ied ,  t h c  woodier tcndcd t o  recover .  To be  a b l e  t o  

fol low t h e  recovcry,  a  b c l t  t r a n s e c t ,  which forms p a r t  o r  t h e  major a x i s  

of t h e  c inde r  and pumice f a l l o u t  a r e a ,  was l a i d  o u t  (F ig .  10)  t o  determine 

f l . o r i s t i c  cond i t ions  and composition r e s u l t i n g  from t h e  devas t a t ion .  Data 

From t h i s  w i l l  h e l p  i n  analyzing vege ta t ive  recovery corresponding t o  t h e  

c l i m a t i c ,  physiographic,  b i o t i c ,  and edaphic f a c t o r s  involved. This major 

t r a n s e c t  extends from a  p o i n t  near  t h e  summit of Puu Pua ' i  f o r  a  d i s t ance  

of  4800 k e t ,  200 degrees west of south ,  t o  a  high p o i n t  i n  t h e  Kau Desert.  

It h a s  been l a i d  ofl' i n  15 meter s e c t i o n s ,  each marked with a  wooden s t a k e  



about  Cour iuclles ahove ground. Four weather s ta t i -ons  were locatctl  (F jg .  

1.0), t h r e e  a t  2600 .foot : i~nterva ls  along f h i s  i.:i.ne and a .pourth j.n t h e  

c r a t e r  oT Kilauea I l i i ,  i . t s c l f .  

These s t a t i o n s  w i l l  provide d a t a  on meteorological phenomena occurr ing 

i.11 t h e  t r a n s i t i o n a l  zone between t h e  leeward and windward c l ima tes .  The 

t r a n s c c t  h a s  not  been mapped; t h u s  we do n o t  know t h e  f l o r i s t j c   composition^ 

d i s t r i b u t i o n ,  devas ta t ion  and v e g e t a t i o n a l  recovery throughout i ts 1.engtll. 

l'l~oto s t a t i o n s  were e s t ab l i shed  and near  them b i s e c t s  were madc t o  

a s c e r t a i n  methods of  recovery; a l s o  photos were mad(? o r  recovery i n  s l lc7ters  

such a s  t r e e  molds, ccaclcs, l e e  s i d e  oC t r e e s ,  t r e e  h o l e s  (both dead and 

l i v i n g  t r e e s ) ,  and s imi1 .a~  h a b i t a t s .  Other vegetat:ive mani r e s t a t i o n s  sue11 

a s  a c r i d  r o o t s  on Mctrosideros,  some over a  meter long,  ?lave been pliol-o- 

graphed . 
Four 5-by 5-meter qnadi?ats were estab:l.i.shed on t h e  s o u t l ~ e a s t  sjclc? o r  

t l ic c inde r  ral.:Loiit a r ea ,  about 500 Fect  from : i ts  per iphery .  Tl~ssc!, \when 

s u i t a b l y  mapped and checked cvcry s i x  t o  cig:liC months, should reveal. i n t e r -  

e s t i n g  a spec t s  of e a r l y  successi.ou upon pumice, c inde r s  and s p a t t e r  sub- 

s t r a t a .  These quadrats  urgent1.y need mapping and t e s t s  shoulrl ?,c rim on 

t h e  purnicc, c inde r s ,  and s p a t t e r  Tor chernica:L, b i o t i c ,  and moisture con ten t .  

The p r i m i t i v e  cilaphic coixi i t ions p r e v a i l i n g  now can t e l l  u s  a  l o t  about 

p ioneor  co lon ize r s  and t h e i r  developing associat:i .ons. 

The pumi-cc and c inde r  Cield ( t h e  a rea  wf p y r o c l a s t i c  materia:]. Fa:lLl.out) 

Tor t h e  p l a n t  e c o l o g i s t  i s  uniquc because o l  i ts geologic c o m p o s i l i o ~ ~ ~  aiitl 

geograp1lica:l p o s i t i o n  (b i sec t ed  by a r a i n  shadow). Here both iecward and 

windward c l imates  a r e  manifestcxl a t  an e l eva t ion  of  approximately 4000 Feet. 

I n  1960, t h e  photo s t a t i o n s  establ is l ie i l  t l i rougl~out  t h e  a rea  ailowcd 

some means of recording vege ta t ive  recovery and success ion .  Wh-ilc t hese  



photographs have been very u s e f n l  i n  d e p i c t i n g  recovcry of t r e e s  and shrubs 

( e s p e c i a l l y  t h e i r  f o l i a g e ) ,  they  a r e  inadequate i n  recording  p ioneer  

co lon ize r s  and a s soc ia t ion .  Also they  do n o t  permit  a  q u a n t i t a t i v e  analy- 

sis of t h e  l i f e  :forms p resen t ,  s e r a 1  compositj~on, o r  of  populat ions appear- 

i n g  on t r e e  b o l e s  and i n  t r e e  molds. 

The most remarkable a s p e c t  of  t h e  devas t a t ion ,  p l a n t  recovery and 

success ion  is  t h a t  be ing  exhib i ted  by ollia, Metrosi.deros. Nearly 100% 

o r  these  mesophytes were k i l l e d  wi th in  2500 f e e t  clownwj~nd (sonthwcst) froin 

t h e  main v e r t  by h e a t ,  excoriation, pumice and s p a t t e r  depos i t ion .  S t a r t i n g  

a t  about 75 i.iiclies of deposi.tion (downwind), t h e  first survi.vors ;ippeared 

and bccamc more nuinerons toward t h e  sout l~wcst  a s  purni.ce depos i t ion  clecl-cased. 

I n  t h e  a rea  of complete devas t a t ion ,  Mctrosj.dcros seed l ings  wo-c found grow- 

i n g  i n  t h e  protcc%ion of trec: molds and a t  t h e  lceward basc oC dead t r e e s .  

Outside t h e  a rea  of complete dcvas ta t ion ,  sp rou t s  i'rom trunlcs of  covcrcd 

t r e e s  havc pushed throng11 t h e  pnmicc. 

F ic ld  in spec t ion  of  each p1iol:o s t a t i o n  quadrant shows a high nnn~bcr oF 

exo t i c  pl.ants p r e s c n t .  A t  S t a t i o n  #:I. o f  l i n e  # I  t h e  l . i s t s  prepared show o v e r  

75% o r  t h e  p ioneer  co lon ize r s  t o  be  cxo t i c  p l a n t s .  I t  :is d i f r i c u l . t  l:o 

estahl . ish w1ii.ch spec ie s  o r  taxon f i r s t  appeared. I?lii.l.e the ca:rly csta'b- 

lislimcnt o:f plioto stat:i.ons was most clcsirable,  miich val.ua1)l.c i r ~ f o ~ m a t i o i ?  

was l ~ o s t  by n o t  p l a c i n g  quadra ts  i n  each photo quadrant:. p a r t  oF 

t h e  developing s e r e  may be  secn a t  S t a t i o n  #I, l ~ j ~ n c  #l (al.ong t h e  board- 

walk).  Here Bnddleja a s i a t i c a ,  Ncphrolepis cord i i 'o l ia  anrl I<ubus rosacFol~ius ,  - --- 
:.,m.i.nated among t h e  : i n i t i a l  col .onizcrs ,  Tlic!se a r e  ( i n  1963) being repl.aced 

1;. S e t a r i a  geniclll.ata, Paspalni~l conjugatun~, C y p e ~ m  rotundus arid ilolcus 

la i ia tus .  Fo:Ll.owing? t h i s  a s soc ia t ion  endnnic and :i.iidigenous spec ie s  appca:r 

such a s  Cibotium cliamissoi., As te l i a  m c n ~ c s s i a n a ~  and rccovcr:i.ng< Metrosidcros 

col.l ina, va r .  polymorplia . 



~; 337 

The pinnicc and c:indc:r :'iel.cl i s  revea l ing  many i n t e r e s t i n g  phases ol: 

v e g e t a t i v e  rixcivery and sncccss ion .  Morc a t t e n t i o n  h a s  becri gi.vcn t o  this 

area  than  t h e  c r a t e r  [ loor .  Spa t t e r  pumice and c i n d e r s ,  e i t h e r  by physical. 

n a t u r e  o r  locat:i.on, a r e  he lp ing  t o  c r e a t e  numerous h a b i t a t s ,  along with 

t r e c  rnol.ds end 1.ee s i d e  of dead t r e e s .  Remarkable "migration" of  somc 

spec ie s ,  tlhough t l ie rc  may be somc ques t ion  a s  t o  cicesik, h a s  been madc t o  

s p a t t e r  a reas  and t o  those  p l aces  of  low c i n d e r  depos i t ion .  Most p l a n t s  

appearin;? on t h e  former substratiim have developed from dispersed disseminules .  

idliil.~ on t h e  l a t t e r  buried roo t ing  systems have pushed stems tl~rougli  scvera:I. 

:iiiches o r  c inde r s  and pumice and lormed low-lying slrrubs. Ttie di .s t r ihut i .on 

appears go be c o r r e l a t e d  with p r e c i p i t a t i o n  and t h e  pliysical. na tu re  oT t h e  

s l i l~stratum. 

Most o:f t h e  p ioneer  co lon ize r s  (From seed) a r e  exo t i c  types ,  and a long 

t h e  boal-dwalc they  appear i n  g r e a t  quan t i ty .  Most r ep resen t  t h e  i.!aiiiiIies 

Cornpositae, Rosaceae, and Cramineac. Analyses o f  photo quadrants tcrids t o  

show some o  l: t h e  exo-t-ic p l a n t s  being rc:placecl by cmlanic and iridigc:nous 

speci.es. 

Oliia (Mctrosideros c o l l i n a  v a r .  polymorplia) e x h i b i t s  some very i n t e r -  

e s t i n g  a spec t s  of recovery and rees tab l i shment .  Nost not i-ceable a r c  t h a t  

branches and b ranch le t s  appear on t h e  l e e  s i d e  o f  devastated t r e e s ,  w1iil.c 

t h e i r  winclward s i d e  remains ba re .  On a  Cew t r e e s  a l l  of  t h o  eonduct:i~vc 

t i s s u c  was destroyed on t h e  windward s i d e  by {lying pumj.cc and c inde r s ,  

t h u s  leav:i.ng narrow s t r i p s  of conductive t i s s u e  on t h e  l e e  s i d e .  Tlie 

major i ty  ooT recover ing  t r e c s  were not  g r e a t l y  excoriated on t h e i r  windward 
t h e r e  

s i d e .  Uut t h e i r  buds were k i l l c d , o r  reduced i n  number by t h e  b l a s t i n g  by 

h o t  c inde r s ,  severe  des i cca t ion  by siiperhcated a i r ,  o r  a combination oC 

t h e s e  and o the r  physical. f a c t o r s  perhaps sucli a s  ac id  o r  gases.  



Ohia t r e e s ,  approximately 2400 f e e t  (downwind) From t h e  main v e n t ,  

were s t r i p p e d  of  tl1ei.r branches bu t  buds remained al.ive i n  t h e  ba rk .  

These have given r i s e  t o  numerous f o l i a t e d  branches t h a t  give t h e  t r e e s  a  

fuzzy appearance. 

ManiFestations of  t h e  devas t a t ion  wrought, e s p e c i a l l y  on l i v e  branches 

on t h e  l e e  s i d e  of t r e e s ,  t e l l  a  s t o r y  of  p r e v a i l i n g  t r a d e  winds ca r ry ing  

lava from t h e  founta in  southwestward. 

I n  a r e a s  tghere b u r i a l  was 100 inches o r  more it appears a l l  conductive 

t i s s u e  was destroyed above ground by h e a t  and excor i a t ion .  I n  a l l  proba- 

b i l i t y  t h e  roo t ing  system remained a l i v e  f o r  an extendedpeliod, b u t  died 

l a t e r  bccause o r  l ack  of Food s i n c e  t h e r e  were no l eaves .  

This hypothes is  is supported by one l a r g e  t r e e  t h a t  produced a Tew 

leaves  on i ts  l e e  s i d e  one year  a f t e r  t h e  e rupt ion .  During t h e  foll.owing 

year  a l l  t h e  leaves  disappeared and s i n c c  thcn none has  reappeared.  It 

i s  reasonable t o  assume t h a t  t h e s c  few l eaves  were unable t o m n u f a c t u r e  

t h e  amount of  Food needed. 

Some young ohias  were completely destroyed above ground; however, t h e  

roo t ing  systems apparent ly  were n o t  i n j u r e d .  I n  s e v e r a l  a r eas  t h e  under- 

ground p a r t s  have pushed stems through fou r  t o  t e n  inches of pumice and 

produced shrubs two t o  t h r e e  f e e t  h igh .  

I t  was repor ted  t h a t  wi th in  one t o  two yea r s  a f t e r  t h e  e rupt ion  t h e  

recover ing  t r e e s  produced a profuse  bloom of  lehua blossoms. Apparently 

t h i s  i n d i c a t e s  more energy a v a i l a b l e  f o r  f lower development. Hor t icu l -  

txrists o f t e n  produce a  profus ion  of blooms on shrubs by pruning twigs 

and branches,  a  process  c a r r i e d  out  by t h e  e rupt ion  :in t h i s  case .  I t  i s  

i n t e r e s t i n g  t o  no te  t h a t  t h e s e  numerous blooms produced a copious supply 

of seeds t h a t  became d ispersed  presumably throughout t h e  devas ta ted  a r e a .  



Most 0:' t h e  seeds  t h a t  have :reminated seem t o  be  i n  shel~terc!d p l accs  aiid 

a t  p r e s e n t  appear t o  have become e s t a b l i s h e d .  

Anothcr i n t e r e s t i n g  adapt ive  a b i l i t y  o f  Metrosideros, a f t e r  devas t a t ion ,  

was t h e  development of acr i .a l  r o o t s .  Seve ra l  d t h e s e  reddish woody appen- 

dages have bcen seen t o  have taken r o o t .  Most of  them hang one t o  two f e e t  

From t h e  t runks  o r  limbs and, i n  a l l o v e r  appearance, resemble wi t ches r -  

broom formations. By observing t r e e s  wi th in  and ou t s ide  t h e  devastated 

a r e a ,  it is evident  Mctrosideros is more l i k e l y  t o  dcvelop these  appendages 

a f t c r  some type  of  i n j u r y .  Those t r e e s  su rv iv ing  t h e  dcvcstat:i.ou cxhil>:i.t 

more a e r i a l  r o o t s  than those  oulsiclc t h e  f a l l o i l t  a r e a .  I t  is di:fi:icul.t 

n o t  t o  b e l i e v e  t h a t  t h e s e  a e r i a l  r o o t s  ace not  pc!ri:orming t h e  v i t a l  iunct:i.ons 

01' absorp t ion  normal t o  a e r i a l  r o o t s .  However; Rock (1.93.7) bc l i eves  i:lie-ir 

presence is dnc t o  "a 1.aw oi' h e r e d i t y ,  t h e  r c v c r t j n g  t o ,  o r  t h e  producing 

of  c e r t a i n  cha rac te r s  pecu l i a r  t o  t h e  ancestor . ' '  H c  bases t l i i ~ s  on obscr- 

v ing  Mctrosideros possess ing  a e r i a l  r o o t  i n  both mcsic and x e r i c  hab i t i i t s  . 
The dead a s  well. a s  t h e  l i v e  ohia i s  jhpor t au t  t o  t h e  c c e s i s  oi' many 

t a x a .  Their leeward s i d e s  provide s u i t a b l c  h a b i t a t s  :for cryptogams and 

El~oweri.ng p l a ~ i t s .  Their presence produces numerous microclimate condi t ions  

conducive t o  gmmi.nat:i.on of secds and spores ,  a s  w e l l  a s  guard:i.ng a g a i n s t  

desiccat;.on and dislodgement by t h e  p r e v a i l i n g  t r a d e  winds. 'Tlicsc micro- 

c l i m a t i c  condi t ions  a r e  a:Lso mani:fest beneath and along si.dc Fa:Llcn l~rancl ies  

and t runks .  

A t  p r e sen t  t h e  she l t e red  a r e a s  a r e  occupied by b1.acltberry (R~ibus E- 

t r a n s ) ,  b u t t e r f l y  weed (Budd1.e;ja a s i a t k a ) ,  hino-hana ( E r e c h t i t e s  v a l e r i a n i -  

Tolj~a) ,  pamakani (Eupatorium riparium) , sedge, kalulm (Cypcrus brcxi. Fol ius) ,  

sword i'ern (Nep11rol.epis c x a l t a t a )  , lcupaoa (Rail.li.arc1ia scabra)  , and s e v e r a l  

mosscs and l i c h e n s .  I4ii:l.e t h e i r  e c e s i s  may be quest ioned,  t h e  ab i l i t -y  o r  



t h e s e  forms t o  l i v e  bu t  a  s h o r t  per iod  w i l l .  d e f i n i t e l y  in f luence  t h e  

substratum. A l l  b u t  two of t h e  above mentioned a r e  e x o t i c s .  Certa:inly 

t h e s e  Soreign s p e c i e s  have t h e i r  p l a c e  i n  t h e  a l l o v e r  p l a n t  success ion .  

On t h e  moist  windward s i d e  of' one dead ohia ;  near  t h e  boariiwallc and 

wi th in  1500 f e e t  of  t h e  ven t ,  a  colony o f  s n a i l s  was i.ocal:ed. They tend 

t o  p u t  i n  t h e i r  appearance dur ing  ll.ong pe r iods  oC raj.n o r  when s u i t a b l e  

moisture is a v a i l a b l e .  Spiders  a r e  Found on many t r e e s  b u t  more o.Stcn i n  

t r e e  mo3.d~ 

Absence o r  Fungi throughout t h e  a rea  may i n d i c a t e  lii.& q u a n t i t : i s  of 

ac id  gases a t  one t ime.  Some h n g i  a r c  q11:i.t-c s u s c e p t i b l e  t o  s i i l fu r  

po:i.soning. Ilowever, on a  dead -- Acacia - 2  lcoa about 1200 i.'c!et clownwi.nd from 

tlic main v e n t ,  a  Ilasidomyccte, S c h i ~ h y l l u m  commune; was growing. Tilis 

fungus i s  common i n  temperate  reg ions  of  t h e  iinitc.tl S t a t e s .  

I'hanerophytes a r e  t h e  most obvious o a .  pl.ant Corns appearing s:incc: 

t h e  e rup t ion .  The ~na;jority of  t hese  woody forms a r c  dcvi?l.oping from o:lLil 

r o o t i n g  systems n o t  destroyed by l:11e e rup t ive  events .  l1ic:i.r :mcovc?ry :is 

dramatic especia1.ll.y when t h e  1- and :<-year d:i f fc rences  a r c  compared :i.n 

photographs. Bi.sects made approximately 5000 f e e t  from t h c  main vent  show 

t h a t  Styplielia tame-iamci.ae, Dodonea v i scosa ,  Vacci.n:i.ilm reticulainim, and 

Ra i i l . i a rd i a  :I.axiflora havc pushed t h e i r  stcms 'ilirough four  t o  s i x  :i.nclles 

of  pumice. Today, some of  t h e s e  shrubs a r c  over 1 0  decimeters  liigll . 
Most hcr l~accous  p l a n t s  havc tlcvrl~opcd f r m n  seeds .  Di.ssc?mulcs r1i.s- 

pcrscd t o  -the l e e  of t r e e s  o r  i n t o  mats o f  ground runners  (Coprosma 

i,-~~nodioicles and Commelina d i r f u s a )  have Toiind cond:i.ti.ons Savorab:l.c For -- 

cstabli.sliment and i n  most p l aces  it: appears  t h a t  snch migra t ions  liavci been 



Some of t h e  l~eewi~rd s p o t s  a r e  colonized by 1:lierophytns snch ;'s Sonclius 

ol.eraceo~is and E r e c h t i t e s  v a l e r i a n i f o l i a .  Perennia ls  s i ~ l i  ;:s Tr i ton ia  

crocosmaeflora and s e v e r a l  grasses  have snrvived Srom r o o t  s tocks  1mri.c.d 

nnder t h r e e  t o  ('our inches of  pumice. I t  i s  again i n t e r e s t i n g  t o  no te  

t h a t  most ;:13. types  of  l.ivc f'onns exhf.bi t ing recovery From old r o o t i r ~ g  

systems, bu1.b~: e t c  . , a r e  phancrophytes,  hemic ryp toph~~tes  o r  ceophytes . 
Most or' t h e  pioneer  co:l.onizers ra11 among t h e  therophytes  and chamaephph\)tes. 

Some - Rubus p l i i ~ ~ t s ,  on s p a t t e r  snbstratiim, havc devc1.oped very dark 

green leaves  which probably i n d i c a t e s  a  copious supp1.y of n i t rogen.  Tliis 

is a weak assi~mption s i n c e  most vege ta t ion  on yoring volcanic soTl  :lool.;s 

"n i t rogen poor."  Is i-t- possib3.e t h a t  t h e  dark green condi t ion  :is a t t : r i -  

bu tab le  t o  r: dense . populat ion . of' b a c t e r i a  and a rel.atec1 evail.abi.l.jt!~ oi' 

ni.trogcn? Tile g r e a t  s ter i1i l :y  ol' s p a t t e r  substratiim, produced. hy cxtremel?: 

high temperatures  a t  t h e  t ime oT as11 i'al.1: may have ravored h igh  b a c t e r i a l  

d e n s i t i e s  p r i o r  t o  l-he en t ry  of control.l.ing p reda to r s .  liowever, no h c t e r i i ! l  

counts  hnvc been made oi' t h e  s p a t t e r  t o  support. 1:h:i.s hypotlies-is. 



3- SUCCESSION ON NEW SURrACCS 

By G a r r e t t  Smathers 

Two p r i i ~ c i p a l  c a t e g o r i e s  oP su r face  were formed by t h e  1959-60 Kilauca 

nii erupt ion .  These a r e  t h e  consol idated lava su r race  Plooring of Kilauca 

Ilri  and the! ash o r  c inde r  k m i n g  I'uu P u a ' i  rind t h e  s o i l  cover nearbv. 

].?or coinpar?iti.ve purposcs, s t u d i e s  of both t h e  new f:loors of Kilauca Ilti. 

and t h e  nearby s i m i l a r  c r a t e r  l<canalcelcoi have been unclcrtaken. 

On t h c  f l o o r  of Kilauea I k i  Cra ter  four t r a n s e c t s  and 10 quadra ts  

have hem cstab1.ished t o  record and keep check on p l a n t  succcss ion .  

Pri-marily t11c quadra ts  h a w  Been loca ted  i n  such a manner a s  t o  give proper 

pc r spcc t ivc  o.? recovery dctcnnincd by p11ysiographi.c and c1imati.c inS'l.i.~enccs. 

However, o t h c r  I ~ a b ~ t a t  deterniinlng Factors,  such a s  substratum and b- io t ic  

c r r c c t s ,  have n o t  been overloolcerl . 
13ach quadrat  i s  one meter square;  and i t  h a s  been mappfd For evcry 

square  rlecimeter. Care was taltcn t o  1-ocate t h e  quadra ts  i n  r e s p e c t  t o  

c racks  and c rev ices :  microphysi.ographic f e a t u r e s  t h a t  provide  a  v a r i e t y  of  

expos i .~~es  and s h e l t e r s .  Under these  condi t ions  some knowledge s l~ou ld  be  

obtaincd t o  hc?lp c o r r e l a t e  e a r l y  p l ~ a n l  fornis wit11 t n s o l a t i o n ,  cvaporat ion,  

a i r  and su l~s t ra tum temperatures .  It :is now hoped t h a t  t h c  remapping o r  

cach quadra t  every s i x  t o  ei.ght months wi1.l be  continucd. 

To expedi te  loca t ion  of quadrats ,  they  wcrc placed on t r a n s e c t s  rc-  

l a t c d  t o  t h e  p r e s e n t  positj-on o-f t11e U.S.G.S. r a i n  gaugc. The f'our coriiers 

o-T cach quadra t  were marked with a s p o t  o r  y e l 1 . o ~  p a i n t  about two j.nches 

i n  diameter .  A map of t h e  c r a t e r  f l o o r  was preparcd,  and on it tile tran-.  

s e c t s  and qnadra ts  have been loca tcd .  

I<eanakalcoi Cra ter  Floor was s e l c c t e d  a s  t h e  c o n t r o l  a rea  fo r  s e r a l  

comparisons. Tile f l o r a  on t h e  i'loor of  t h i s  c r a t c r  now e x h i b i t s  a  compo- 



s i t i o n  and i n  d i s t r i b u t i o n  what may appear a t  a  l a t e r  s t a t e  i n  succession 

on t h e  ncw f l o o r  o f  Ki-lauea nci. It is most i n t e r e s t i n g  t o  not ice  t h e  

cracks and per iphery  of t b i s  c r a t e r  f l o o r  a l r eady  l ined  with ohia and 

o t h e r  woody p l a n t s .  This popula t ion  i s  s i m i l a r  t o  t h a t  destroyed by t h e  

lava  now covering t h c  f l o o r  of Kilauea I k i .  

The most i n t e r e s t i n g  aspec t  of  t h e  new Kilauea I k i  Cra ter  f l o o r  i s  

i ts  physiographi-c s ibmif icance .  ils a type  of  land form t h i s  c r a t e r ,  l i k e  

many o t h e r s ,  may p lay  a  very important p a r t  i n  t h e  d i s t r i . bu t ion  and devel- 

opment of some Hawaiian f l o r a l  elements.  The oppor tuni ty  f o r  i s o l a t i o n  

of  a  taxon and c e n t e r  of d i s p e r s a l  of  i ts disseminules  makes t h e s e  h a b i t a t s  

important .  Kilauea I k i  evidences numerous microcl imates,  and i n  no way 

do they  r ep resen t  t o  any g rea t  e x t e n t  t h e  l o c a l  c l ima te .  The yct-continuing 

downward s ink ing  o f  t h e  f l o o r  c r e a t e s  new and v a r i u s  h a b i t a t s  i n  new 

craclcs and c r e v i c e s .  Many of  t h e s e  have come t o  s h e l t e r  mosses and Ferns. 

The sword f e r n  (Nephrolepis co rda ta )  is now found on northern exposed 

cracks  where avorab1.e microhabi ta t  condi t ions  apparent ly  p r e v a i l .  These 

l a t t e r  condi t ions  vary tremendously with t h e  degree of  i s o l a t i o n .  Severa l  

mosses have been c o l l e c t e d .  I n  one crack with a  n o r t h e a s t  exposure, on 

t h e  n o r t h e a s t  s i d e  of t h e  c r a t e r  f l o o r ,  a  spermatophytc (L~ th rum maritimum) 

gemina ted  and survivcd f o r  a  season. Its success is p a r t i a l l y  a t t r i b u t e d  

Ira dus t  and b i t s  of  organic m a t e r i a l s ,  dead p a r t s  of  p l a n t s ,  e t c . ,  t h a t  

were blown by t h c  wi-nd i n t o  t h e  c r a t e r  and l a t e r  became lodged i n  v e s i c l e s  

and recesses  of t h e  1.ava cracks .  

Ferns and mosses a r e  e x h i b i t i n g  an i n d i c a t o r  mani fes ta t ion .  In some 

p laces  observed, only on t h e  reddish f e r r i c  oxide r i c h  p a r t  of  t h e  lava  

s t r a t a  do t h e s e  e a r l y  co lonizers  appear i n  g r e a t  numbers. 

Since most of  t h e  cryptogams a r e  found on northwest t o  sou theas t  



exposed cracks ,  i n s o l a t i o n  must be  t h e  primary determining c l ima t i c  

f a c t o r .  I-lolaver, on t h e  isl-ands o r  l a r g e  b1.ocks of l ava  r i s i n g  above tl ic 

c r a t e r  i 'loor and t h e  c r a t e r  per iphery ,  t h e s e  p ioneers  may be  Found on al.l. 

quadra ts .  A v a r i e t y  of s h e l t e r  i s  produced by t h e  numerous c racks ,  c r ev ices  

and she lves  . 
Yet, t h i s  i s  n o t  t h e  complete s t o r y  because t h e  tcmperaturc of  a i r  

and t h e  su r face ,  t h e  clieniical content  oC t h e  difFcreri t  lava s t r a t a ,  t h e  

b i o t i c  and moisture content  of d u s t  Cil led v e s i c l e s ,  and o t h e r  important 

r 'actors have n o t  been explored.  One wou1.d th ink  t h a t  primary succession 

c l ~ a r a c t e r j ~ s t i c s  oi: a  xerosere  would be exh ib i t ed .  But snch i s  not  tile case  

i n  (:very l i t h o s e r e .  O m  would expect l i c h e n s  t o  be t h e  First co lon ize r s  

rol:l..owed c l o s e l y  by mosses and o t h e r  cryptogams. I n  a l l  quadrats  t hese  

[oms have appeared I'j~rst o r  s imultaneonsly w i t h  mosses. Howevcr: very 

Tc:w l i c h e n s  have been observed. Probably -the v e s i c l e s  t u  t h e  lava account 

f o r  t h i s  advanced s e r a l ;  - i . ~ .  , they  a r e  analogous t o  1.ichens i n  c o l l e c t i r g  

and ho ld ing  mois ture ,  clnst, and disseminules .  Winds blow i n  a l l  direcl:ions 

on t n e  c r a t e r  i 'loor; t h u s  i n s u r i n g  even d i s t r i b u t i o n  o r  any disseminules  

t h a t  find t h e i r  way i n t o  t h e  c r a t e r .  While t h e r e  is no slipporting clata 

p r e s e n t ,  t h e s e  winds can be very dry ,  t h u s  cairsing g r e a t  des i cca t ion  and 

k i l l i n g  o r  damaging most p l a n t  l i f e  p r e s e n t .  

ijnlilie t h e  steam cracks  dsewhere  throughout Kil.aueals summit a r e a :  

t hose  on t h e  Floor or' Kilauea I k i  r a i l  t o  prov:i.de s u i t a b l e  h a b i t a t s  i'or 

p l a n t s .  I t  is slispccted t h a t  t h e  vapors a r e  s t i l l .  t o o  ac id  t o  allow evm 

t h e    no st phys io log ica l ly  t o l ~ e r a n t  cryptogams t o  invade o r  t a k e  ho ld .  Ilic 

depos i t ion  of s u l h r  and acid s a l t s  a t  t h e s e  openings lends  support  t o  t h i s  

hypo thes i s .  

The U.S.G.S.  has  maintained a  r a i n  gauge on t h e  c r a t c r  f l o o r  (Number 1~ 



of Fig. 10) s i n c e  Apr i l  of 1960. While t h e  da ta  co l l ec ted  (Chapter 111, 

Table VI) may be r e l i a b l e  f o r  some purposes,  i t s  use f o r  b i o l o g i c a l  work 

is h igh ly  quest ionable.  It is imperat ive t h a t  maintenance of t h i s  gauge 

must become p a r t  of t h e  p r o j e c t .  Knowing t h e  annual p r e c i p i t a t i o n  of t h i s  

a rea  is t h e  h e a r t  of t h e  research .  Without t h i s  information vege ta t ive  

recovery and s o i l  development cannot be  c o r r e l a t e d  with c l ima t i c  phenomena. 

The f l o o r  of Kilauea I k i  Crater  possesses  a  h o s t i l e  c l imate ,  and only 

hardy cryptogams have been a b l e  t o  colonize  t o  any ex ten t .  It is an area  

of high a i r  and su r face  temperatures, extreme evaporation, and very s t r o n g  

l i g h t  i n t e n s i t i e s .  I n  many re spec t s  it is l i k e  a  d e s e r t  c l imate ,  though 

sub jec t  t o  g r e a t e r  F luc tua t ions .  The f e r n s  and mosses e x h i b i t  a  d i s t r i -  

but ion  t h a t  c o r r e l a t e s  with t h e i r  phys io log ica l  to l e rance  t o  t h e  harsh  

c l ima t i c  condi t ions .  

I n  a l l  p robab i l i ty ,  a s  previous ly  pointed ou t ,  recovery w i l l  no t  

e n t i r e l y  follow t h e  x e r i c  t o  mesic succession p a t t e r n  because of t h e  small. 

amounts of organic and inorganic debr i s  c o l l e c t i n g  i n  cracks  and c rev ices .  

These s h e l t e r s  can r e t a i n  t h e i r  moisture over an extended period and could 

become s u i t a b l e  h a b i t a t s  f o r  h ighe r  p l a n t  l i f e ,  such a s  ohia (Metrosideros) 

and o the r  woody and herbaceous p l a n t s .  Once e s t ab l i shed  t h e s e  p ioneers  

w i l l  f u r t h e r  modify h a b i t a t  condi t ions  and a c t  a s  cen te r s  of d i s p e r s a l  f o r  

disseminules.  The f l o o r  of Keanakakoi Cra te r ,  i n  p a r t ,  r evea l s  such a  

sequence. There Metrosideros and o the r  woody p l a n t s  have l i n e d  t h e  cracks  

and c rev ices  forming a  mosaic of vege ta t ion  upon t h e  c r a t e r  Floor. 

P lan t  succession on t h e  f l o o r  of Iii lauea I k i  Crater  is occurri-ng i n  t h e  

s h e l t e r  of craclcs and crevices .  Though t h i s  a rea  rece ives  about 73 inches 

oT r a i n  annually,  p l a n t  d i s t r i h u t i o n  is charac ter ized  by o the r  c l i m a t i c  

f a c t o r s  such a s  high i n s o l a t i o n  and t h e  l a t t e r  i n  time e-Mecting micro- 



h a b i t a t  condi t ions  such a s  moisture and h e a t .  'i11e dark co1.01: of t h e  lava 

substratum a l s o  adds t o  tI1c degree of' :i.nsol;ltion. 

E- THE WETTER LOWLP8D VEGETAllIONS 

Expecting a rlow i n  t h e  Park t o  extend t o  t h e  S.owcr e l eva t ions  some- 

t ime i n  t h e  Tll tu~x,  t h i s  in-formation from J u s t  ou t s ide  t h e  Park (Fig .  24) 

:is included h e r e  f o r  reFcrcnce t o  give tlie r eade r  some o r i e n t a t i o n  a s  t o  

t l ie n a t u r e  o r  t h e  Uoras  t h a t  wou1.d be removed, covered o r  passed t11rou;:Ii 

by such lava  flows. Two a r e  described h e r e  c u r s o r i l y .  They a r c  t h e  near- 

shore  Fores t  and t h a t  a t  t h e  900 Foot e l eva t ion  s tudied  i n  re ference  t o  

t h e  1955 Flows. Tl~e 1~955 flows cover p r e h i s t o r i c  :l.avas t l m t  o re ,  nearby, 

r a t h e r  unif.'omly popul.ated, a t  ].east quaI i ta t ivc l .y ,  r ega rd le s s  of age.  

T l ~ a t  i s  t o  say,  while  it is  obvious i n  many p laces  - tha t  one i s  a t  t h e  edge 

o r  a younger flow where it has  passcd over ;in o l d e r  :Fl.ow: a t  sncli ;i p l a c e  

t h e r e  i.s no marked v e g e t a t i o n a l  change. T o r  t h e  p resen t  purposes,  wh:icii 

a r e  rioting t h e  r i r s t  s t e p s  leading  toward t h e  c1.i.maxc.s ( i . e . ;  - i n  $:he seusc  

o F t h e i r  be:i.ng s t a b l e  communities) :i.n t l iesc d:i. FTerent reg:i.ons, two p a i r s  o C 

ad jacen t  prc11istori.c and 1955 f lows,  considered t o  be trniform :in r e spec t  l-o 

c l ima te ,  were s tud ied .  The p r e h k t o r i c  vegetat:ions a r e  taken  up first and 

then  (i.n t h e  next  s e c t i o n  1') t h e  1955 s n r k c e s .  

l- The p r e h i s t o r i c  l~owlancl fo re s t ed  sur-races a longs ide  t h e  Kii lava 

fl.ow ("A" i n  Fig.  24) about 100 meters upwind From t h e  :related s tudy s : i t m  

on 1955 lava  is predominat:ed by Metrosj.deros co1l.ina ( o l ~ i a )  running about 

6 meters  ta:Ll and averaging one f o r  every 2 .S  square  meters  oC Corcst S.Loor. 

The e l eva t ion  i.s about 90 meters .  The Frequency d i s t r i b u t i o n  o f  diameters 

i s  given i n  Figlire 25. E1.sewherc i n  t h e  isl-ands t h i s  s p e c i ~ e s  i s  not  o r t e n  

i'ound a t  such 1.oi.i e l eva t ions .  Here :i.t commonly ~Fxencls t o  the constl:i~iic o r  

about t o  t h e  1.5-meter (50- root)  e l eva t ion  contour .  I?e:rliaps evcry t en th  t r e e  



Fig. 24. Map of  t h e  1955 - .a flow j u s t  t o  t h e  e a s t  of  t h e  Park 
and on which popula t ion  events  d v e  been followed a t  t h e  s i t e s  labe led  
A D .  The t imes ind ica t ed  a t  t h e  seaward ends of t h e  major flows a r e  
t h e  day t h e  flow stopped moving a t  i ts  seaward end. 



DIAMETER IN CENTIMETERS 

Fig. 25. Histogram to show frequency distribution 
of trees of different diameters in "control" areas for 
the Kamaili and Kii study sites on the 1955 lava flows. 



is Rhus chi-nensis v a r .  sandvicens is  o r  Diospyros Ferrea,  bu t  any o the r  - 
t r e e  is  unusual.  Every 60 meters  o r  s o  one can expect t o  s e e  a  sp indly  

s e e d l i n g  of  Morinda e i t r i f o l i a  with very broad leaves  and perhaps f r u i t i n g .  

A very few guavas, Psidium guajava, and a l k o  s trawberry guava, Psiclium -- 

ca t t le ianum,  have appeared i n  t h e  a rea  and near  t h e  road mangoes, Mangifera 

i n d i c a .  Overhead t h e  f o r e s t  i s  perhaps 50 pe r  c e n t  open. 

P lan t s  t h a t  a r e  secondary i n  s i z e  i n  t h e  Corm of  shrubs o r  bushes a r c  

n o t  p a r t i c u l a r l y  common, and when p resen t  a r e  usual ly  small. Foms o:? t h e  

above spec ie s ,  with t h e  exception t h a t  t h e r c  a r e  bu t  few sma l l  p:i.aut:s o r  

oliia. One of  t h e  most common shrubs i s  a spec ies  of  i<ikstrocmia and snia:l..:l 

Forms of  t h e  above endemic - Rlius. There i.s a  sma:l.l acac ia ,  Cassia I.eschcn- -- 

a u l t i a n a ,  t h a t  i s  woody bu t  of lierb sf.ze. An occas ional  woody bushy p l a n t  

of  Jantana camara can be  Pound . 
There a r e  a  number oC v ines  which a r e  For t h c  most p a r t  herbaceous. 

Running i n t o  t h e  tops  of t h e  t r e e s  is Cassytha f i l . i o r m i s  and clinibing on 

t h i s  o r  on o t h e r  vege ta t ion  a r e  occas:i.onal plai l ts  of Pass:i.fl.ora i 'oetida 

and Cocculus ferrandianus . 
The herbs  with t h e  l i chcus  and mosses cover some n ine ty  p e r  cent  o f  

t h e  r o r e s t  fS.oor on some ol.der pahoehoe a r e a s ,  h u t  pefhaps on11.y 1.5 pe r  

c e n t  of t l ~ e  f o r e s t  f l o o r  i n  t h e  youngest p re l i i s to r f c  a ' a  a r e a s .  The f e r n  

-is e x a l t a t a  i s  predominant among t h e  herbs .  Tile p a s s  (Pas.alum), 

Stachytarpheta cayenncnsis,  Psi:l.otum nudum, wliicl~ is  dt:m on t r e e s  a s  is 

Nephrolepis,  and t h e  orchid ,  Spa thog lo t t i s  p:l..icata, make up ahout ninct:y 

p e r  c e n t  of t h e  remaining herbaceous cover .  liere and t h e r e  o the r  p l a n t s ,  

c .g . ,  Peperomia lcptostachya o r  Fi.mbr:i.stylis ~ n o c p l i a : i h ,  a r c  coimou. - - - 

They a r e  usua l ly  loca l i zed  i n  a reas  a  meter o r  two across  o r  r e s t r i c t e d  

t o  a  lcdge  o r  fo ld  i n  t h e  lava ,  otherwise they  a r c  b u t  occas ional  :i.solated 



p l a n t s ,  a s  were t h e  s c a n t  h a l f  dozen t h a l l i  seen o r  t h e  Tern, Sad l~e r i a  

cyatheoidcs.  

The tops  of t h e  lava  chunks otherwise ba r ren  o f  vege ta t ion  a r c  i'or t h e  

most p a r t  covered with Campylopus exasperatuG! On t h e  r a t h e r  v e r t i c a l  s i d e s  

of rocks n o t  covered by h ighe r  forms of vege ta t ion  such l i chens  a s  Cladonia 

d i d p a  a r e  common. Below t h e s e  uppelmost su r faces  occur a number of  !.jryo- 

phy tes ,  s.z., H~acopilum cuspidigerum, Brachiole,jeunea sanclvicensis and 

F ru l l an ia  meyeniana. The l a t t e r  two occur on t r e e s  a s  we1.l b u t  u sua l ly  

on1.y near  t h e  ground. On occasion Weisia v i r i d u l a  and BrJium megalostegiiim 

had developed i n  smal l  heav i ly  shaded upward-facing rock concav i t j e s  a t  

I c a s t  t h r e e  decimeters be1 .0~ l:l~e normal ground i.evc1.. These coucaviti .cs 

had i n  them, beneafh t h e  sma l l  moss pa tches ,  a few mil.l imeters o r  simpie 

s o i l .  Other bryophytes and l i c h e n s  a r e  abundant above t h e  ground on t h c  

t r e e s .  Stereocaulon does not  seem t o  be  p r e s e n t .  

2- 'Ihe p r e l ~ i s t o r i c  h ighe r - l eve l  Forested suri 'ace s tudied  at IZninai. i i 

("C" i n  Fig. 24) i s  n o t  g r e a t l y  d i f f e r e n t  from t h a t  s t  lZii, ol-iicr t l~arl  -in 

degree.  The e l eva t ion  is about 290 meters .  Tile same Metrosideros col.l ina 

is t h e  dominant t r e e ,  q u i t e  t o  t h e  exc lus ion  oF o the r s .  Tho :ind:ividiials 

a r e  a  l i t t l e  more c l o s e l y  spaced (one p e r  1 . 5  m2) than on t h e  o1.dcr of  the! 

two p r e h i s t o r i c  flows a t  K i i .  Also a t  Kaii~aili  they  a r e  l a r g e r  (Fig. 2 5 ) ,  

o f t e n  20 t o  35 cm i n  diameter ,  b r e a s t  h i g h ,  and 12 t o  l 8  meters  ta:I..L. I n  

a s tand  nearby occasional. specimens were es-timatecl t o  be 30 meters t a l ~ .  

The f o r e s t  i s  near ly  cl-osed over above. 

3' hie wish t o  express  our apprec ia t ion  t o  D r .  II. A .  M i l l e r ,  who 

repeatcdl j?  a s s i s t e d  us  by i d e n t i f y i n g  t h e  bryophytes,  and D r .  I .  MacKenzie 

Lamb, who i d e n t i f i e d  t h e  spec ie s  o F Stereocaulon.  



A t  t h e  bush l e v e l  t h e  space is occupied mostly by Cibotium chamissoi 

KaulF., t h e r e  be ing  about  one f o r  each 4 m2 of f o r e s t  f l o o r .  Though t h i s  i s  

a  low e l eva t ion  f o r  t h i s  s p e c i e s ,  it was assumed t o  be  t h i s  s p e c i e s  f o r  

t h e r e  were s t i f f  blackened p r i c k l e s  on t h e  l e a f  bases  r a t h e r  t han  t h e  s o f t  

h a i r ,  t h e  pulu of - C.  splendens (Gaud.) Kra j ina ,  t h e  common lowland spec ie s .  

It is a low e l eva t ion  f o r  Metrosideros,  t o o .  The t runks  of  t h e  t r e e  f e r n s  

were o f t e n  1.25 meters t a l l  with t h e  fronds reaching  up another  1 . 5  meters.  

Figure 25 shows t h e  d i s t r i b u t i o n  of  t runk  diameters .  Guava, Psidium guajava, 

was t h e  nex t  most f requent  sma l l  t r e e  o r  l a r g e  bush. There were some woody 

p l a n t s  of o the r  spec ie s  up t o  a  meter t a l l ,  b u t  t hese  merge i n t o  t h e  herba- 

ceous cover on t h e  ground. O f  t h e  herbaceous p l a n t s  on t h e  ground Stachy- 

t a r p h e t a  cayennensis ,  Oplismenus h i r t e l l u s ,  a  Cyperus s p . ,  probably one of 

t h e  many forms o f t h e  common Cyperus compressus, and t h e  weedy orchid ,  

Spa thog lo t t i s  p l i c a t a ,  were t h e  p r e v a i l i n g  cover along with s e v e r a l  grasses  

and o t h e r  he rbs ,  inc luding  E r e c h t i t e s  v a l i s n e r i a f o l i a ,  t h a t  were not  con- 

spicuous.  

The above-mentioned Cyperus was much l e s s  conspicuous h e r e  than  was 

F imbr i s ty l i s  a t  t h e  lowest e l eva t ions  a t  K i i .  Nephrolepis e x a l t a t a  and 

Psilotum nudum were absent  and t h e r e  were none of  t h e  rock li.chen o r  moss 

genera s o  common a t  lower e l eva t ions  t o  b e  seen.  However, Table V ,  o the r  

genera of mosses and l i c h e n s  were abundant. No bare  rock shows. There 

was no decomposed rock s o i l  cover b u t  t h e  su r face  was thoroughly covered 

with n o t  only t h e  f lowering p l a n t s  b u t  a s  we l l  by an abundance of  t h e  

bryophytes (Table V )  and a  number of sma l l  f e r n s ,  such a s  Polypodium l i n e a r e .  

I t  is  t o  be noted t h a t  where roads have been b u i l t  through t h i s  type  

of  f o r e s t  t h e  roads ides  a r e  usua l ly  l i ned  with a  dense s tand  of  - Nephrolepis 

e x a l t a t a  though it may be q u i t e  absent  i n  t h e  woods away from t h i s  edge 



Table  V .  L i s t  of  b ryophy tes  found i n  o r d e r  of  
t h e i r  abundance i n  t h e  f o r e s t  a t  950 f e e t  e l e v a t i o n  
a d j a c e n t  t o  t h e  Kamai l i  s t u d y  a r e a .  

Rhizogonium s p i n i f o r m e  

Leucobryuin g r a c i l e  

Acroporium fusco- f  lavum 

Bazzania  d i d e r i c i a n a  

Cepha loz ia  s a n d v i c e n s i s  

Bazzania brighami 

F r u l l a n i a  a p i c u l a t a  

Odontoschisma of. s a n d v i c e n s i s  

B r a c h i o l e j e u n e a  s a n d v i c e n s i s  

Anastrophyllum e s e n b e c k i i  

Radula c o r d a t a  



e f f e c t .  I n  some p laces  what i s  taken t o  be  t h e  Cyperus mentioned above 

dominates t h e  scene r a t h e r  t han  t h e  Nephrolepis.  

F- POPULATION DEVELOPMENT ON THE LOWLmD 1955-LAVA FLOWS 

After  pre l iminary  warnings t h e  1955 e rup t ion  began a t  08:OO on February 

28 (Macdonald & Eaton, 1955) some 5 k i lometers  (F ig .  19 )  d i r e c t l y  nor th  of 

Opihikao. The v i l l a g e  of Kapoho was evacuated a s  t h e  e rup t ion  extending 

v i a  c racks  opening success ive ly  seaward and down t h e  r i f t  zone began exuding 

l ava  toward it. As Macdonald desc r ibes  t h e  event  i n  h i s  d e t a i l e d  account 

(1959) " e f f o r t s  t o  remove a l l  reasonably moveable property" were made. 

While t h e  v i l l a g e ,  u l t ima te ly ,  was n o t  destroyed u n t i l  t h e  1961 erupt ion ,  

an immense amount of m a t e r i a l  was extmded, a t  t imes a t  such r a t e s  a s  450,000 

cubic  meters  p e r  hour.  I n  a l l ,  perhaps 108 x l o 6  cubic  meters  of  m a t e r i a l  

were extruded. 

A t  va r ious  i n t e r v a l s  dur ing  t h e  fol lowing month i n  d i f f e r e n t  p laces  

t h i s  molten rock flowed down toward t h e  shore ,  (F ig .  24) reaching  it 

independently i n  t h r e e  p l aces  (Kaueleau, Keekee and Kehena); two of  t h e s e  

coalesced l a t e r  i n  p a r t .  A fou r th  flow ( K i i )  d id  n o t  q u i t e  reach t h e  s e a .  

Tile e x t e n t  of  t h e s e  is i l l u s t r a t e d  i n  Figure 24 a s  w e l l  a s  t h e  da te s  when 

they a r e  accepted a s  having become s t a b l e  su r faces .  

About one month a-Fter t h e  flows had cooled,  a s tudy of  s e v e r a l  a r eas  

was i n i t i a t e d  ("A" through "E" of  Fig. 24) and continued -for t e n  yea r s  

through March, 1965. A t  f i r s t ,  s t u d i e s  o f  t h e s e  a r e a s  were made a t  about 

2-month i n t e r v a l s .  With each v i s i t  both q u a n t i t a t i v e  and q u a l i t a t i v e  

o b s e r v a t i o n s w m  made o r  attempted. Macdonald & Katsura have published 

s t u d i e s  r evea l ing  t h e  r a t h e r  s i m i l a r  chemical compositions of t h e s e  flows, 

and i n  1959 Macdonald noted t h a t  t h e  e n t r y  i n t o  and cool.ing of  t h e  l avas  

i n  sea  water  d id  n o t  a l t e r  t h e i r  chemical na tu re  measurably. Thus, essen- 



t i a l l y ,  a  s e t  of chemically uniform s u r f a c e s  of t h e  same age Formed t h e  

s tudy s i t e s .  

The observat ions in land  away from t h e  shore l ine  were l a r g e l y  t o  provide 

a  record of  what happens up t o  t h e  four  yea r  old s t a g e s  s tud ied  by Skottsberg 

(1941). Three e l eva t ions  (Fig.  24) were inves t iga t ed  on dry l~and i n i t i a l l y :  

'IC" 290 meters  a t  Kamaili. near  I i lewa;  "B" about 108 meters a t  Ilalekatnahina 

nea r  Kapoho and "A" a t  about 90 meters  on t h e  K i i  flow. These s i t e s  have 

r a i n f a l l s  ( f i g s .  11 & 12)  es t imated ,  r e spec t ive ly ,  a t  3750 mm, 2500 mm and 

2000 mm p e r  yea r .  The temperatures a r e  l e s s  well known bu t  t h e  near-ground 

r r c e  a i r  temperatures probably do n o t  vary oi:ten a s  much a s  6 degrees From 

25 degrees C i n  vegetated a r e a s .  Other f a c t o r s  inl ' luencing t h e  b i o l o g i c a l  

events  observed on t h e s e  very young 1955 flows a r e  described bc:Low. 

The area  a t  Kamaili near  I i lewa ("C" i n  Fig. 24) i.s on t h e  lava  of' 

v e n t  a rea  "R" of Macdona1.d (See h i s  Figs.  12 e t c  . , 1959). Macdonald ' s 

i l l u s t r a t i o n s ,  (See h i s  p l a t e s  10-15, 1959) a r c  Crom a remarkable ser : ies  of 

photographs h e  madc be fo re  t h e  crack which opened began i s s u i n g  lava .  These 

i l l u s t r a t i o n s  show n o t  only t h e  cucumber p l a n t s  but  t h e  n a t i v e  f o r e s t s  both 

OF which wcre destroyed a s  t h e  lava outf low continued. During days aTter  

r a i n s  t h e r e  was a  g r e a t  d e a l  of steam i n  t h e  a i r  dur j~ng t h e  f i r s t  i ~ m  yea r s  

of  t h i s  s tudy.  This a rea  h a s  Metrosideros Corcst wi th in  about a  hunclred 

meters  of  t h r e e  s i d e s .  This f o r e s t  was descr ibed ,  above, a s  t h e  ' l i igher  

f o r e s t . "  The o t h e r  two areas  have no such moistening in f luences  nearby. 

Tor example, t h e  Malekamahina a rea  ("B" i n  F ig .  24) is 300 meters  from t h e  

surrounding sugar  cane F ie lds ,  and t h e  lcii a rea  ("A" i n  Fig.  24) i s  about: 

100 meters  i n  t h e  upwind d i r e c t i o n ,  from t h e  Metrosideros Forest described,  

above, a s  l-he "lowland f o r e s t . "  I n  o t h e r  directj .ons t h e  I<ama-il.i s tudy area 

is sc?paratcd by 300 metcrs  and -the o t h e r  two by a t  l ~ e a s t  4- ten ths  of  a  



ki lometer  of t h e  same lava  flow from t h e  f o r e s t s  and f i e l d s ,  t h e  normal 

sources  of  populants  . 
A t  t h e  lowest e l eva t ion  ("A" i n  Fig.  24)  noth ing  was observed u n t i l  

March, very nea r ly  one year  a f t e r  t h e  ELow had ceased moving. A t  t h i s  

t ime a long t h e  99-foot (30.4 meter) base  of  t h e  1Zii a r ea ,  a t  l e a s t  G 

mossy s p o t s  were found. I n  every case  t h e  moss a rea  was sharp ly  r e s t r i c t e d  

t o  one rock even though adjacent  rocks were i n  con tac t .  This moss though 

immature was j u s t  becoming fer t i le .  It appeared t o  be Campylopus densi- 

Colius. One o-f t h e  mossy a reas  was :i.rregul.arly about 3 c1ecimct:ers squarc 

I n  none of t h e s e  a reas  was any spermatophyte seen .  

These observat ions r a i s e  t h r e e  i s s u e s .  It seems un l ike ly  or cven 

i n c r e d i b l e  t h a t  a  microscopic base  Tor col.onies 15 t o  25 cni across  woii:Ld 

grow o r  t h a t  such col.onies could grow macroscopically t o  t h i s  s i z e  i n  t h c  

time between s t u d i e s ;  t l ~ u s ,  o r ~ e  is led  t o  expect t h a t  s i . ~ h  co1.on:i.c~ a r i s e  

from a  number of dissemi.nules r a t h e r  than  onc. The d i r l ' c r en t  moss co lonies  

a r e  o r t e n  t e n  meters a p a r t .  A roclc bcar ing  mosses oi'tcn may ijear t e n  pl.ants 

p e r  Five square cent imeters .  IT thesc  a rosc  from sepa ra t e  disseminul.cs, 

then  by chance, t h e  rocks between tliosc bcar ing  macroscopic mosses must 

al.so have caught disseminules .  Cacli p l a n t  appears t o  bc an intlcpc:nclc?nt, 

e r e c t  i nd iv idua l  having no rel .a t ion t o  ot l iers  t h a t  coul~cl he distinguished 

wi~llii t h e  magnif icat ion affordecl by t h e  20x l cnses  of' a  di.ssccti.n;l micro- 

scope. This lcads  t o  t h e  second ques t ion  and t h a t  i s ,  how does :it: happen 

t h a t  some chunks o:f su r face  cli.nlcer and n o t  ot l iers  have moss co lonies  on 

C-iicm? The cliemf.ca1 d i f f e r e n c e s  (Macdonald, 1.955 ; Macdonald & Katsura, 

11964) between such cl.inl<ers a r c  i n s i g n i f i c a n t  i n s o f a r  a s  analyzed, The 

water-holding p r o p e r t i e s  do n o t  seem t o  d i f f e r  s i g u i f i c a n t l y .  A t h i r d  

enigma h e r e  i s  t h a t  t h e r e  i.s no inc rease  i.11 t h e  i'reguency o:f moss col.onies 



with nearness t o  t h e  f o r e s t  on t h e  windward s i d e  of  t h e  now. I n  f a c t ,  t h e  

Srcquency of co lonies  f a l l  o f f  when inves t iga t ed  a t  d i f f e r e n t  t imes during 

t h e  first t h r e e  yea r s  o-f t h e  s tudy.  Only one Campylopus, t h e  d i F k r e n t  

s p e c i e s  Campylopus exaspera tus ,  was found i n  t h e  edge of t h e  f o r e s t ,  where 

t l ~ i s  s p e c i e s  and four  o the r  bryophytes cover a major po r t ion  of  t h e  old 

lava  and near-ground t r e e  s u r f a c e s  

Around steam v e n t s ,  now i n a c t i v e ,  t h e  undersides of  some lava c indc r s  

wcre densely green with a c o a t i n g  of an u n i c e l l u l a r  green a l g a ,  wliich For 

convenience we c a l l  h e r e  Chlorococcum humicola. I n  order  t o  deterninc? 

whether t h e r e  was an inc rcase  with time i n  t h e  amount of greenness on t h e  

undersides of  rocks near  t h e  i n a c t i v e  steam ven t s ,  a s p e c i a l  search was 

made on Ju ly  27, 1956, and September, 1.960. There seemed t o  bc no j-ncrease 

i n  dens i ty  of t h e s e  popula t ions ;  i n  r a c t ,  t h e r e  were no v i s i b l e  popul.at:i.ons 

bcl.ow t h e  sur:face clsewl1erc on t h e  flow such as  those  of a lgac  described 

by Newhouse (1954; 46) and Doty (1954; 17) ikom ato1.l isl.and su r faces  

where moisture condi t ions  must be equal ly  s e v e r e .  These c a r l y  green al.ga1 

popula t ions  wcrc on sky-racing su r faces ,  and they  became progress ive ly  

l e s s  c o n s p i c u o ~ s  a s  t h e  yea r s  passed and were no 1-onger v i s i b l e  i n  1960. 

Some Fourteen t o  s i x t e e n  months ( J u l y ,  1956) from t h e  t ime o r  cooli.ng, 

two widely separa ted  "1.5 by 1.5 meter" boulders  were round from t h e  over- 

hanging under su r faces  of which were growing f e r n s .  These few steri1.e 

fronds were apparent ly  of  t h e  common Nephrolepis e x a l t a t a .  The l a r g e s t  

were perhaps 7 .5  cm t a l l  b u t  by f a r  t h e  most were about 2 t o  3 cm t a l l .  

There were many dead dr ied  Sronds of  t h e s e  smal.ler s i z e s .  By November 10 ,  

1956, a few oS t h e s e  Nepl~rolepis  t h a l l i  were f e r t i l e .  

from one of t h e  overhanging sur faccs  j u s t  described t h e r e  wcre co l l ec t ed  

a t  t h e  same t ime moss t h a l l i  and small. b i t s  oF grcyish-green hard gcl.. The 



g e l  appeared t o  be a  mixture of fungus f i laments  with Palmogloea protuberans.  

Moss t h a l l i  were wide-spread and i d e n t i f i e d  a s  juven i l e  Campylopus. S t i l l  

t h e r e  were no evidences of spermatophytes appearing on t h e  s tudy area  o r  

o t h e r  1955 flow su r faces  a t  t h i s  e l eva t ion .  

An i nc rease  i n  t h e  conspicuousness of  a l g a l  and moss co lonies  on t h e  

i n d i v i d u a l  rocks was recorded up t o  November, 1956. The occurrence of 

t h e s c  co lonies  was s o  i r r e g u l a r ,  easy t o  overlook, and in f r equen t  t h a t  any 

count  i n  t h e  s tudy area  seemed r i d i c u l o u s .  I.Jhi1.e t h e  moss co lonies  were 

more conspicuous, they  seemed t o  be s o  through increased dens i ty  r a t h e r  

t han  h e i g h t  of  t h a l l i  o r  c o l o r  change. Except near  d i s tu rbed  a reas  and 

r i g h t  a t  t h e  edges of t h e  Flows, a  moss colony could perhaps be found i n  

any t e n  t o  twenty meters  t r ave r sed .  I n  December, 1959, only one moss 

colony could be round. This colony was b u t  a  t r a c e  of t h e  l a r g e s t  observed 

s e v e r a l  t imes be fo re ,  and t h e  t h a l l i  were b u t  l i t t l e  more developed, if a t  

a l l .  Many colonies  were :found i n  September, 1960. The thal1.i  wcrc of  t h e  

same s i z e  a s  be fo re ,  bu t  perhaps t h e  co lon ie s  were sma l l e r  i n  diameter .  

I n  March, 1965, fewer t h a l l i  were p resen t  and it is  presumed t h e  v a r i a t i o n  

dur ing  t h e  p a s t  few yea r s  is f l u c t u a t i o n  r a t h e r  than  pe r iod ic  o r  s e r a 1  

change. 

The Halelcamahina s tudy area  a t  t h e  middle e l eva t ion  ("B" i n  F '  1 6 .  2 4 ) ,  

near  Kapoho, was f i r s t  v i s i t e d  i n  August, 1955, some t h r e e  months a f t e r  

t h e  lava  s u r f a c e  had cooled. A t  t h i s  t ime t h e r e  were i n  evidence a  very 

few dicotyledonous seed l ings ,  est imated a t  0.75 p e r  square  meter .  These 

wcrc i n  t h e  fo lds  oS b l i s t e r  su r faces  and absent  on t h e  s u p e r f i c i a l  sur -  

Faces of  t h e  very rough a ' a  and loose  c i n d e r s .  

Unfortunately, between t h e  t ime of  t h e  l a y i n g  out  o r  t h e  t r a n s e c t  

and t h e  second v i s i t  i n  December, 1955, a  road was b u i l t  r i g l l t  a longs ide  

t h c  previous ly  remote s tudy a rea .  Only one sma l l  dicotyledonous seed l ing  



was seen on t h e  whole s tudy arca  and noth ing  e l s e ,  e.g., t h e r e  were no 

mosses, f e r n s  o r  al.gae t o  be seen.  However, d o n g  t h e  oppos i te  s i d e  oT 

t l ie  new road t h e r e  were 4 s i m i l a r  s eed l ings  i n  one p a r t i c u l a r  square meter 

a r c a .  Nonc o r  t h e s e  seed l ings  was s u F f i c i e n t l y  l a r g e  t o  be  i d e n t i f i e d ,  

most of  them being  0.5 t o  1.0 cm i n  t h e i r  g r e a t e s t  dimension. l3y March, 

and i n  J u l y ,  1956, no seed l ings  could be founcl anywhere h e r e .  While no 

a1.ga.e o r  mosses were t o  be  seen on t h e  undisturbed su r faces  o r  on down- 

f ac i~ng  su r faces ,  ;.n c rev ices  t h e r e  were a r c a s  where many small. f e rn  thal.1.i 

could be  counted. These -Ferns i n  J u l y  had beeomc l a r g e r  b u t  many hzd be- 

come not iceably  pa1.c i n  c o l o r .  

I n  November of 1956 rerns had become abundant a s  sma l l  sporophytic 

tha1l.i on almost a l l  of  t h e  red par t ia l ly-shaded cracked su r races  beLow 

t h e  general. Tlow l e v e l .  Nothing was t o  be seen growing e i t h e r  on t h e  

ci.nc1er beds o r  on t h e  undisturbed b l i s t e r  a r ea ,  with t h e  exception ol' t e n  

t i n y  dicotyledonous seed l jngs  j.n a  deep crack  i n  one b l i s t e r  surl'ace. Some 

few mosses, a  Cyperus, and a  few dicotyledonous seed l ings  were seen on 

d i s tu rbed  bl:ister m a t o r i a l  near  t h e  road.  

Yearly i n t o  1965 Ncphrolepis has  been progressive1.y l e s s  evident.. 

Since December, 1958, such a s  t h e  Foll.owing have grown on t h e  s i t e :  

Plumeria, -- Musa, Vanda, K leu r i t e s ,  Drymari.a, J h i l i a ,  P ip tu rus ,  Nicot iana,  

Canavalia,  Leucaena, h e r a r i a  and Cyperus comprcssus. Various p l a n t i n g ~  

have been made s i n c e  then  i n  t h i s  d is turbed  a r e a ,  and t h u s  at tempting t o  

observe n a t u r a l  cvents  i.n t h i s  a rea  was d iscont inued.  

The casi ial  observat ion was made a t  t h e  Kamai1.i s i . te  t h a t  a f t e r  s i t t i n g  

on t h e  sun-waniied dry rocks,  one would rind cameras and notcboolts nnd pants  

wet on t h e  underside.  Furthermore, t h e  undersurraces o:C cave rooves were 



usua l ly  d r ipp ing  water3/ though perhaps only G t o  15 em t h i c k  and warm and 

dry on t h e  upper su r face .  'This seems t o  i n d i c a t e  t h e  rock poros i ty  is  

such t h a t  t h e  r a i n  water  i s  both caught i n  abundance and runs t?~rougl:l? 

without  most of it being  he ld  by c a p i l l a r i t y .  Several. l a r g e  gas vents  

were formed near  t h i s  middle e l eva t ion  s tudy area  a t  Halekamahina when t h e  

l o w s  were a c t i v e .  These produced steam each time t h e r e  was r a i n  dur ing  

t h e  f i r s t  yea r  o r  two of  t h e  observat ion per iod .  A s  t ime went on steaming 

was l e s s  f requent  and r i n a l l y  steam was t o  be seen only a r t e r  pe r iods  of 

very heavy r a i n .  

Apparently t h e  h e a t  i n  a  new lava bed, a t  l e a s t ,  a t  F i r s t  p revents  

t h e  water  from p e r c o l a t i n g  through and becoming l o s t  t o  t h e  p ioneer  colo- 

n i z e r s .  One would expect t h a t  o r d i n a r i l y  t h e  water i s  driven t o  t h e  su r face  

s o  slowly t h a t  when t h e  sun i s  out  and t h e  humidity :].ow, c.g., on1.y 60 t o  

75 p e r  c e n t ,  t h e  vapor i s  not  noti .ceable and most of t h e  vapor condenses 

i n  t h e  rock ,  and t h e  water not  he ld  by c a p i l l a r i t y  p e r c o l a t e s  back down 

again t o  t h e  h o t  l a v a .  A t  first even a  l i g k t  r a i n  with i t s  accompanying 

h i &  humidity br ings  clouds of  water- vapor t o  t h e  observer ' s  attention. 

With t ime t h e  e r r e c t  i s  l e s s  and t h e  depth t o  rock a s  h o t  a s  100' C g r e a t e r .  

While t h e  h o t  rock may repea tedly  r e d i s t i l l  t h e  water and t h i s  may 

promote t h e  more rap id  t r a n s f e r  of h e a t  toward t h e  su r face ,  clouds o r  

water vapor a r i s i n g  from t h e  su r face  come t o  no t i ce  only when t h e  humidity 

is  high and t h e r e  h a s  been enough r a i n  e i t h e r  t o  Ti l l .  much of t h e  rock t o  

f i e l d  capaci ty  above t h e  h o t  l a y e r  l eav ing  l i t t l e  space i n  wl?:i.clr t h e  vapors 

Such dr ippings  co l l ec t ed  i n  l eaves  and s h e l l s  wcre a  major sourcc 

of  d r ink ing  water  f o r  t h e  Polynesians i n  t h i s  d i s t r i c t .  



can expand, cool. and condense o r  enough r a i n  t o  provide more steam than 

t l le re  i s  space fo r  it  i n  t h e  rock.'/ Water e s p e c i a l l y  from l i g h t  showers 

must be merely recycled repea tedly ,  but  when t h e  [].ow cools  througl~hout t o  

temperatxres  below 10o0c., t hen  t h e  ra inwater  i n  excess of  r i e l d  capaci ty  

wou1.d p e r c o l a t e  through t o  t h e  f r e s h  water l e n s  o r  any e x i s t i n g  water 

tab1.e bclow, and perhaps be  l o s t  t o  t h e  p ioneer  p l a n t s  on t h e  su r face .  

Thus, while  a t  f irst  t h c r e  is water enough .for p l a n t s  on t h e  r e l a t i v e l y  

ba r ren  su r face  and pioneer  co lon ize r s  a r e  abundant, with time t h e  su r face  

is exposed t o  inc reas ing  dryness and t o  such an ex ten t  t h a t  q u i t e  poss ib ly  

such p l a n t s  a s  t h e  Crecht i . tes ,  which was an e a r l y  co lon ize r  and shed secds ,  

could not  p e r s i s t  o r  reproduce, e spec ia l ly  dur ing  t h c  ra i .n less  periods o  T 

two o r  t h r e e  days t o  be expected (Fig.  8 )  about once a  month. Such edaphic 

changes i n  water o r  chemical. ava i . l ab i l i t y  may a c t  a s  screening  mechanisms 

d e t e m i n i n g  e c e s i s  and, t hus ,  s epa ra t ing  mere p ioneer  co lon ize r s  from those  

p ioneers  t h a t  succeed themselves and Form a pioneer  comn~unity. 

In  t h e  immediate v i c i n i t y  of  vents  near  Ilalekamahina, h u t  n o t  a t  a l l  

a f f e c t i n g  t h c  middle e l eva t ion  s tudy area ("B" of  Fig . 24)  a t  Malel~amahina, 

t h e  a i r  and l e s s  s o  t h e  rock su r faces  were, t h u s ,  very humid, and it was 

h e r e  a  p ioncer  community was first manifes t  on t h e  1955 now.  On t h e  ou te r  

s lopes  of  t h e s e  v e r t s  f e r n s  developed i n  t h e  Folds of  some b l i s t e r s  t o  the  

s t a g e  where t h e  primary sporophyte leaves  were f u l l y  c1evel.oped August 15 ,  

5' Anothcr f a c t o r  wou1.d be t h e  steam d r i v i n g  t h e  a i r  out  of  khc slurrace 

l a y c r s  of  t h e  cool ing  flow and t h e  re -ent ry  of  t h e  a i r  as  t h e  water vapor 

decreased, an a e r a t i o n  process  t h a t  would be rcpeatcd t o  d i r k r i n g  dcgrees 

with each g r e a t e r  o r  l e s s e r  wet per iod .  





very juven i l e  l e a r y  1.i.vo:wort wcre seen and c o l l e c t e d .  

By February; 3.956: t h e  rern Nephrolepis e x a l t a t a  was much l a r g e r  b u t  

none of  t h e  t l ~ a l l i  was Cer t i l e .  There were only 3 f lowering p l a n t s  of 

E r c c h t i t c s  v a l i s n e r i a f o l i - a  l e f t  i n  t h c  s tudy a rea .  Here and t h e r e ,  mostly 

i n  t h e  c rack - l ike  Colds of lava  b l i s t e r s ,  t h e r e  were small. low dense moss 

mats oT t h e  verv common Gampylopus d c n s i f o l i u s  /\ngstrom and a few a l g a l  

s p o t s .  

I n  March, 1.956, no new f lowering p l a n t s  o r  -fern t h a l l i  were round, 

however, one f e r t i l e  Frond of Nepl~rolepis  e x a l t a t a  was col . lccted.  Mosses 

werc much more i n  evidence and seemed t o  he  e n t i r c l y  Campylopus -- d c n s i r o l i u s ,  

t h e  same spcxics  appearing l a t e r  on t h e  lowest  and d r i e s t  s tudy a r e a .  The 

only specimen oT Crecht-ites v a l i s n e r i a f o l i a  remaining was sma l l  b u t  bloomi.ng. 

Other pl.ants wcre fl.owering on t h e  eclge oC t h c  h v a  near  t h e  Forest.  TIic 

more conspi.cuons of t h e s e  wcre Coleus blumei,  Conlmel.ina d i f f u s a  Ruym.; 

Pluchea oclorata and l a r g e r  specj-mens O F  t h e  same F r e c h t i t e s .  On t h e  s tudy 

a rea  t h e  one sma l l  f e l t - l i k e  algal.  patch found, turned out  t o  be  t h e  nea r ly  

ubiqui tous  Scytonema hofmannii . 
A v i s i . t  h e r c  i n  May, 1956, revealed t h e  disappearance of t h e  l a s t  O F  

t h e  Flowering pl.ant-s Crom t h e  s tudy a r e a ,  thongh they  wcre coveri.ng over 

t h e  edges of t h e  Slow nearby. There wcre Fewer c l u s t e r s  of f e rns .  111c 

individua3.s were l a r g e r  and were prodncing sporangia.  There was more moss 

and an. abundance O F  what we took t o  bc t h e  same Scytonema h o h a n n i i .  A t  - 
t h e  t ime of t h i s  v i s i t  t h e  rock su r faces  even on t h a t  p a r t i c u l a r l y  c i l r l l  

and cloucly clay wcre dry and warm t o  t h e  hand. The Scytonema f e l t  was, 

however, coo l  and s u f r i c i e n t l y  wet t h a t  water  r an  o u t  O F  it when it was 

pressed wit11 a  r inger .  

I n  Ju ly  of 1956 t h e r e  were t e n  smal l  s eed l ings  taltcn t o  be of t h e  same 



Crech t i t e s  v a l i s n e r i a f o l i a  i n  shaded (Temp. 26' C)  b l i s t e r  fo1 .d~ .  The 

same fe rn  p l a n t s  were l a r g e r  than  before  and producing many p r o s t r a t e  

rhizomes, some 20 cm long,  a s  Holttum (1960) emphasizes a s  c h a r a c t e r i s t i c  

of  Nephrolepis h i r s u t u l a  and o t h e r  Nephrolepis spec ie s .  The Scytonema 

hofmannii on t h e  broken b l i s t e r  edges had become d i f f e r e n t i a t e d  i n  some 

p laces  e i t h e r  i n t o  dark more ge la t inous  a r e a s  o r  i n t o  browner a r e a s .  The 

browner, a s  opposed t o  t h e  dark,  a r eas  covered were of apparent ly  more 

a c t i v e l y  growing f i laments  with more h y a l i n e  sheaths.$' The sunny su r face  

of  t h e  browner Scytonema was about 28.3O C,  two degrees coo le r  t han  t h e  

non-algal  covered su r faces  ad jacent .  Campylopus exasperatus Bride1 had 

spread and t h e  t h a l l i  were much t a l l e r .  Where water  d r i p s  through t h e  

rooves of  open b l i s t e r s  onto t h e i r  f l o o r s  ge l a t inous  a l g a l  scums, l a r g e l y  

mixtures  of  Scytonema hofmannii and Stichococcus s u b t i l i s ,  were found a s  

we l l  a s  green whefts of  u n i d e n t i f i a b l e  moss protonemata. There were a l s o  

i s o l a t e d  branched s t r ands  o f  t h e  moss Rhacopilum cuspidigerum (Schwaegr.) 

M i t t .  on t h e  f l o o r s  of  t h e s c  sma l l  " b l i s t e r  caves." 

I n  November, 1956, t h e  Erech t i t e s  was a l l  dead and, indeed, only a 

s i n g l e  dead s t a l k  about 30 cm t a l l  was t o  be  found i n  t h e  s tudy a r e a .  The 

f l o o r  of  t h e  b l i s t e r  cave had a number of brown and b lackish  pa tches  n o t  

un l ike  c r u s t s  of  p a i n t .  These were taken t o  be t h e  same Scytonema hofmannii 

The browner d r i e r  m a t e r i a l  had some : h n g i  i.n t h e  shea ths .  D r .  

Francis  Drouet t e l l s  us t h i s  was not  n o t i c e a b l e  i n  t h e  former c o l l e c t i o n  

from t h e  same p l a c e .  That t h i s  d i f f e r e n c e  noted a f t e r  14  months might be  

i n c i p i e n t  l i c h e n i z a t i o n  o r ,  i n  view of t h e i r  disappearance by November 

( see  below i n  t e x t ) ,  a su f fe r ing  from fungus d i sease  a r e  appeal ing 

hypotheses.  



col.l.ected becore on t h e  broken edges o r  t h e  roof above. These broken edges 

were now populated by only t h e  b lack  Fonn o:C col.ony i'i.rst: noted :in J u l y ,  

1956. Ncphrolep:is had become conspicuous, p ro t rud ing  above t h e  genc ra l  

s u r r a c e  of t h e  flow and l i n i n g  t h e  ,folds i n  t h e  su r face .  However, Tew 

were over l O  em t a l l .  and none of t hose  i n  t h e  sma l l  i n t e n s i v e  s tudy area  

was C e r t i l c .  I n  a  smal l  kipuka about two meters  across  and 3 meters  long 

nea r  t h e  s tudy s i t e ,  Colsiis blumei Benth . , Stachytarpheta caycnnensis 

(I,. Rich.) Vahl, Commelina d i f f u s a  Bum. and l 'ipturus brighamii  Slcotts. 

were blooming. I n  March, 1965, Pluchea odorata  was blooming i n  t h i s  

kipulca and t h e r e  was no -- Coleus and 1 i t t l . e  Comrnelina, a s  thoug11 t h c  s i t e  

were? d r i e r .  

I n  t h e  s p r i n g  o r  1962, sevcn yea r s  a - r t e r  t h e  I.ava First covered t h i s  

s i t e ,  a  res tudy was made. A t  t h i s  t ime it was i n t e r e s t i n g  fro no te  the! 

shi.Pts away from t h e  pi.onecr communities and t h e  establ ishment  o r  what we 

t a k e  t o  be  t h e  fu1.l. iicvel.opmcnt of  t h c  p io iwer  commun:i.tic.s on t h e  s l i r race 

oi' t h e  rlow. Thc l .a t tc r  seems t o  be ind ica t ed  by t h e  appearance i n  some 

p laces  o r  mature ycl.lowish brown t u f t s  of! C a m ~ y l o p ~  exasperatus appc7aring 

a s  t u f t s  dominating a r e a s  b u t  a  few cent imeters  across  i n  t h e  general. Tic1.d 

3 & 7/ o  F grey Stcreocaul.on vu1can:i.- coverin[; t h e  flow su r face .  Secondary 

invaders  were bcginni.ng t o  appear.  I n s o f a r  a s  they were flowering pl.ants 

they were t h e  non-native orchicls Arundina bambusifol ia  Lincll, and Spatlio- 

g l o t t i s  p l i c a t a ,  o r  t h e  n a t i v e  Metrosideros co1.ina . 
Metrosideros p resen t s  an i n t e r e s t i n g  p i c t u r e  fo r  whi1.c on t h e  s t u +  

area  t h e r c  wcre only sma l~ l  pl.ants,  perhaps 6 t o  9 cm tal.1, unbranched and 

7 /  Stereocaulon viilcani (Dory) Ach. is accepted a s  synonymous w i . t l ~  

S  . f l av i r eagens  Guilnik . - 



with one p l a n t  v i s i b l e  p e r  9 square  meters  on t h e  average, near  t h e  s tudy 

area  wllere t h e r e  had been more d is turbance  of  t h e  1.ava a  number of  p l a n t s  

20 t o  30 cm t a l l  were t o  be found. These l a r g e r  p l a n t s  a l n o s t  a l l  show 

dead shoots  and some "runners" a s  well. a s  "adventi t ious" shoots  from t h e  

base ;  a s  though t h e  t o p s  had died back dur ing  unfavorable w?ather  and t h e  

p l a n t s  had s h o t  up from a  crown again dur ing  more favorable conclit ions. 

Indeed, most of  t h e  Metrosideros on t h e  even d r i e r  reg ions  along t h c  shore 

i ~ n  t h i s  a rea  t h a t  seem young a r e ,  i n  essence ,  s e v e r a l  i r r e g x l a r  t runks  

a r i s i n g  [ram t h e  g r o ~ n d  level .  a s  though they  had a r i s e n  from s e p a r a t e  

shoots  engendered by a  common base .  We: t h u s ,  ,presume t h e  smal.1 unbranclierl 

s eed l ings  w i l l  die-back and sp rou t  up Crorn t h e  base  on t h e  s tudy s i t c  and 

gi.ve r i s e  t o  such bushy t r e e s  a s  desc15bed. 

This pioneer  Form should !lot be t h e  unbranched t a l i  fonn o  T t r e e  t h a t  

occupics t h e  niaixrc f o r e s t  :in t h e  immedi.atc vic:in:i.ty of  t h e  1~amaiI.i. study 

a rea .  T i~e rc fo rc ,  wc assume t h a t  t h e  or:i.girial Fos:cst a t  i i ic stildy a rea ,  

rmoved by t h e  lava Flow o r  i.n t h e  land c l e a r i n g  process ,  was o r  t ~ : e e s  

t h a t  liacl grown i n  s o i l  formed F m m  prch:i.storic lava and t h a t  they wore not  

merely old t r e e s  .Formed under d i f ~ F c r e n t  c l i m a t i c  condi t ions ,  probably a s  

secondary growth. 

I n t e r e s t i n g l y  enongh on t h e  s tudy a rea  anti ncavhy t h e  Nephro:Lep:k 

sim:il.arly shows dead s - ta lks  a s  thou& ;.t had died back Crom t ime t o  time. 

These s t a l k s  o l t e n  18  cm t a l l  may, however, i n  t h e  case  oF t h i s  k r n  

r ep resen t  merely t h e  remains of fronds wl~ich wcre Fert:i.l.e and From wliicli 

the pinnu1.e~ were eventua l ly  shed.  'Ihe 1:iving Froncls i n  3.962 were oi'tcn 

only about I% cm t a l l .  and, t hus ,  s h o r t e r  -tl?an tlic dead sta:Ll<s. liiiic.thcr 

t h i s  i n d i c a t e s  seasonal.ity o r  a  d e c l i n e  i n  t h e  fern populat ion,  we cannot 

? d l .  a t  t h i s  t ime. 



While t h e  F i r s t  community t o  become es t ab l i shed  was a l g a l  and oC 

Scytoncma hofmannii , blackened a reas  of  Stigouema eventual1 y became con- 

spicuous. Sometimes low dense coa t ings  on t h e  pahoehoe a r e  Formed among 

t h e  podet ia  of  t h e  predominant s u r f a c e  organism, Sterocaulon vu lcan i ,  and 

formed s o  extens ive ly  t h a t  For a r e a s  a dccimeter  o r  so i n  e x t e n t ,  30 t o  

50 per  c e n t  of t h c  rock s u r f a c c  i.s b lack .  This ,  it would seem, wonld bc 

a replacement o r  tlie pr:i.mary blue-grccn p ionec r  co lon ize r ,  Scytoncma, 11.1) 

a secondary and morphologically more complcx co lon ize r ,  Stigonerna. 

The hypo the t i ca l  explanat ion t h a t  c u r r e n t l y  seems t o  f i t  t h e s e  obser- 

va t ions  From a l l  three a rcas  i s  t h a t  t h e r e  is se ra1  development o-T a r a t h e r  

class:i.cal. nature, with khc addi.tion t h a t  t h e r e  a r c  conspicuous e a r l y  popu- 

l a n t s  xdiicli may be ephemeral acc iden t s .  To pu t  it b r i e f l ~ y  i n  more formal. 

t enns ,  t h e r e  i s  col.oni~zati.on by a wide v a r i e t y  of  forms h u t  e c e s i s  of only 

the cryptogams t h a t  come thus  t o  e s t a b l i s h  t h e  pioneer  communities. For 

cxamp:l.e, t l ie dicotyledonous seed l ings  t h a t  i ' i r s t  appearcd on t h e  1Ial.elcan1alrina 

t r a c t  wcrc an ephemeral. populat ion a s  was Erech t i t e s  on t h e  l ~ i g h c r  a r e a .  

We would suppose t h a t  t h e  substratum is unable t o  support  t h e s e  organisms 

except driring cxceptional.ly :favorable cond i t ions ,  l a r g e l y  of mois ture .  

Since t h e s e  same organisms a r e  common and c o n s i s t e n t l y  p r c s c n t  on 

o lde r  s u r f a c e s ,  we must presume t h a t  t h e  s e r e  leads  t o  cond i t ions  si.~cli 

t h a t  a popula t ion  of them can l i v e  a l l  t h e  y c a r  around, rcproducc and thus  

be  recognizable  a s  a community. It appears t h a t  t h e  same accidents (perhaps 

wind, l a r g e l y )  depos i t  dissminules  of  both  t h e s e  flowcrfng pl.ants and Chc 

cryptogams. hrhile t h e  k r n s  appeared on w e t  a r eas  e a r l y  1.We t h e  Fl.owering 

p l a n t s ,  t hey ,  t oo ,  tended t o  drop o11t. However, some have maturcd under 

arches of  rock where one would presume t h e  evaporat ion was a t  a 1.owcr rat:<! 

tliau on t h e  open su r face .  Tke mosses, a l g a e  and e s p e c i a l l y  t h e  l i chcn ,  



Stereocaulon,  d id  n o t  form obvious macroscnpic growths s o  soon nor  s o  

o f t e n  on su r faces  exposed t o  wind and sun. With time t h e s e  have been 

s t e a d i l y  inc reas ing  i n  prominence s o  t h a t  i n  t h e  w e t t e s t  p l aces  they  

cover t h e  su r face .  

It would seem t h e  first cryptogamic communities funct ion  i n  reducing 

su r face  temperatures  and a l t e r i n g  o t h e r  condi t ions  such a s  moisture and 

t h e  chemistry of  t h e  substratum i n  such ways t h a t  t h e  more advanced s e r a 1  

elements,  f o r  example t h e  f lowering p l a n t s ,  may come t o  form a secondary 

community r a t h e r  than  continue t o  be  p r e s e n t  a s  mere ephemerals. 

It is t o  be  noted t h a t  nea r  t h e  460 meter e l eva t ion  on t h e  1952 flows 

i n  South Kona a d i f f e r e n t  moss, Rhacomitrium lanuginosum, and t h e  t r e e  

Metrosideros c o l l i n a  became w e l l  e s t ab l i shed  i n  a d d i t i o n  t o  Nephrolepis 

w i th in  two yea r s  a f t e r  t h e  flow had ceased i t s  movement. Perhaps t h e  more 

rap id  development i n  t h e  South Kona d i s t r i c t ,  a reg ion  having convect ional  

showers, was due t o  t h e  more r e g u l a r  occurrence of  r a i n .  

G- THE SEASIDE OR MARINE VEGETATIONS 

Three s i t u a t i o n s  from t h e  rocks between t h e  plant-covered a r e a s  along 

t h e  shore and t h e  open sea  provide  us  with t h r e e  c a t e g o r i e s  of  mature o r  

climax h a b i t a t  For d e s c r i p t i v e  and study purposes.  A fou r th  category is  

t h e  events  i n  t h e  development of  t hese  popula t ions  a s  they  t a k e  p l ace  on 

new shores  provided when a lava  flow flows i n t o  t h e  ocean. These we t ake  

up i n  t u r n  below under t h e s e  fou r  t i t l e s :  

(1 )  L i t t o r a l  shores  of  t h e  Park 
( a )  ?he b lack  zone 
(b )  Marine caves 

( 2 )  Pools i n  t h e  shores  of  t h e  Park 
( 3 )  I n t e r t i d a l  shores  of  t h e  Park 
(4) Populat ion development on new lava  

shores  



IJn-fortunately, t h e r e  has  been l i t t l e  s tudy of  t h e  organisms, t h e  

al.gae, t h a t  dominate t h e s e  h a b i t a t s  nor of  t h e  communities themselves. 

For t h e  I s l and  of Oahu, a  hundred and f i f t y  mi les  away, beginnings have 

been made, b u t  t h e m  a r e  no stuclies published on a lgae  f o r  t h e  Park a r e a .  

Tl~c a lgae  which dominate them belong f o r  t h e  most p a r t  t o  var ious  botanical .  

phyla ,  b u t  t o  1:hej.r s e r i o u s  modern s tuden t s  mostly they a r e  n o t  p l a n t s  and 

b o t a n i s t s  r a r e l y  recognize them. OF course, i -F one was brought up t o  b e l i e v e  

i n  t h e  d i i a l i s t i c  system of good-bad, day-night,  black-white,  e t c  . , t h e r e  

a r e  on1.y p l a n t s  and an:imals. A t  t h a t  academic l e v e l  t hese  h a b i t a t s  a r e  

dominated by p l a n t s ,  bllt such s t r ange  p l a n t s .  The Parlc docs provide a 

splendid opportuni ty for  a l g a l  s tudy.  Sc ient i i - ' i ca l ly ,  it is almost an 

unlcnowm area  except Tor t h e  prel iminary surveys c a r r i e d  ont  i n  prepar ing  

t h i s  At las .  

Though n o t  i n  r e fe rence  t o  t h e  Park t h e  marine ecological t r e a t i s e  

ed j~ ted  by Hedgpetl? (1957) would he  t h e  s i n g l e  pub l i ca t ion  of  most use t o  

a  s t u d c n t  of t h e  ecology of  t h i s  p a r t  o-f tho Parlc. However knowing t h c  

mar:i.ne a lgae  would be an e s s e n t i a l  t oo ,  ; just  a s  knowing t h e  b i r d s  o r  

i n s e c t s  woul~d be an e s s e n t i a l  t o  s tudyihg  them. 

( I )  Z d t t o r a l  shores  of t h e  Park 

(a) The b lack  zone is a community covering t h e  occas ional ly  wave- 

swept rocks and those  k e p t  f r e e  of  s o i l  by sp ray .  I n  t h e  r a i n  o r  dur:ing 

prolonged higli s u r f  and spray  pe r iods ,  t h e  black dry rocks t ake  on a  

greenish sheen and may become very sl.?clc. The ind iv idua l s  i n  th i . s  community 

a r e  inconspicuous and macroscopic and i n  abundance usua l ly  appear black o r  

grey when d ry .  Devel.oped on t h e  s o i l  and sand which accnmulates i n  low 

p l a c e s  among t h e  rocks o r  j u s t  inshore o f  them t h i s  ex tens ive  community 

t r a c e s  t h e  shore l ine  on a e r i a l  photographs ( e . g . ,  ... -- Aerial. Photo 8-0024) 



with an i r r e g u l a r  b lack  1.ine. I d e a l  p l a c e s  t o  s tudy t h i s  community e x i s t  

r e a d i l y  a c c e s s i b l e  t o  t h e  Kalapana road a t  Kamoamoa and, a s  it i s  q u i t e  

i n s e n s i t i v e  t o  r a i n f a l l ,  westward throughout Puna. 

On l e s s  wave-swept rocks,  bu t  perhaps most developed i n  a reas  pro tec-  

t e d  from eros ion ,  Calo thr ix  c rus tacea  Thuret may develop s o  as  t o  be t h e  

predominating member of t h e  community. It can form a  dense, u sua l ly  green- 

i s h ,  l a y e r  of  ha i r - t ipped  f i laments  on rocks and with o r  on o t h e r  a lgae .  

This is a  very widely d i s t r i b u t e d  spec ie s  on a l l  s o r t s  of l i t t o r a l  s u b s t r a t a .  

Sometimes it i.s d i f f i c u l t  t o  d i s t i n g ~ i s h  it From t h e  usual ly-coarser  - C .  

p i l o s a  Harvey which :forms mats of c r e c t  f a s c i c l e s  of  f i laments  each of  

wliich te rminates  i n  a  hemispherical  c e l l .  Fan (1956) has  produced t h e  

most r e c e n t  comprehensive taxonomic s tudy of t h i s  genus; though t h e  ol.der 

work by Tilden (1910) is more o f t e n  used. 

Calo thr ix  p i l o s a  Thuret fonns a  Tel t  of e r e c t  f a sc i c l e s  of  Cilaments. 

Whi1.e t h e  dimensions a r e  v a r i a b l e  a t  t h e i r  c e n t e r s ,  t h e  f i laments  a r e  

o f t e n  about 20 microns i n  diameter.  The trichomes within t h e  s l ~ e a t h s ,  

which toge the r  make up t h e  f i l amen t s ,  a r e  usua l ly  bu t  l i t t l e ,  i C  a t  a l l ,  

tapered and many have a  h e t e r o c y s t  a t  t h e  middle. Since t h e  h e t e r o c y s t s  

s t i c k  t o  t h e  shca ths  and a r e  formed a t  i r r e g u l a r  d i s t ances  along t h e  

trichome, Scytonema-like branches a r e  o f t e n  Found a s  a  r e s u l t  of t h e  rorcc 

from growth i n  length  pushing t h e  trichome through t h e  sheath m a t e r i a l .  

This spec ie s  has  o-ften been i d e n t i f i e d  a s  a  Scytonema f o r  t h i s  reason.  

Thc f e l t s  may be a few mi l l ime te r s  t h i c k  and t h e  ind iv idua l  f a s c i c l e s  oC 

f i laments  v i s i b l e  t o  t h e  naked eye. Within i ts  gamut of  h a b i t a t s  t h i s  

a lga  l a r g e l y  comes t o  predominate where n o t  exposed t o  t h e  sun a l l  day, 

even appearing i n  caves where it forms a  dark  b r i g h t  green coat ing .  C .  - 

p i l o s a  is b lack  when growing on d i r e c t l y  sun-1i.t s u r f a c e s .  Actual ly,  



under t h e  m-icroscope t h e s e  co lo r s  can be seen t o  be tlie greenish c o l o r  of' 

t l ie c y t o p l a s t  masked by t h e  col.or of t h e  shea th  which becomes b e a u t i f u l ~ l y  

golden. I t  i s  t h e  presence of t h i s  c o l o r  i.n t h e  shea th  t h a t  makes t h e  

Filaments b lack  t o  t h e  naked eye.  - C. p i l o s a  may appear a  q u a r t e r  oF a mi l e  

in land  -from tlie shore a s  it does a s  an i n h a b i t a n t  of 10-year old 1.955 lava 

s u r r a c e s  a t  K i i  t o  t h e  e a s t  of t h e  Park proper .  A t  Kamoamoa, - C .  pilosa 

seems t o  be  an ever l e s s  conspicuous element i n  t h e  community in land  t o  

where it appears  only occasional.ly on sand trapped i n  c rev ices  with t h e  

%-st g ras s .  I t  is, perhaps more than anyth ing  e l s e ,  i n  t h e  above h a b i t a t  

and a s  w e l l  a s  t h e  morphol.o~y t h a t  t h i s  spec ie s  i s  d is t inguished  from - C .  

c rus tacea  . 
A txrf of  Cal.otlirix dominates some almost cons tant ly  wct:, very- 

high ti.de rocks a t  Kamoamoa and is t o  be Pound a t  many p laces  along t h e  

shores  of t h e  Park. It i s  common almost everywhere t h e  s e a ' s  spl.ash keeps 

t h e  rocks wet except during calm weather and t h e  lowest t i d e  pe r iods .  

The seaward edge of t h e  s o i l  and sand can&t i.n :Low p laces  among t h e  

ba r ren  rocks is  most o r t en  l i k e l y  t o  be dominated by a  inat of Microcoleus 

chtlionoplastes (Mert.)  Zanardini ,  a s  i s  any area  which i s  exposed t o  s t r o n g  

des i cca t ion  by being immersed i n  sea  water  Tor a  few days o r  exposed occasi.on- 

a l l y  t o  s t r o n g  s u n l i g h t  For a  Tew days between inuncrsions i n  water .  Drouet 

(1.964) h a s  published an excel.l.ently detai1.ed s tudy of t h e  morphological 

var - ia t ions ,  z.~., ecophenes, o r  t h i s  very widely d:i.stributecl s p e c i e s .  

Actual1.y t h e  spec ie s  i s  a l s o  repor ted  from d e s e r t  condi t ions  where i 'rcczing 

and 125 degree l%hrenlieit temperatures must both have been to l .e ra ted .  On 

r a t h e r  v e r t i c a l .  rocks many pl-aces elsewhere i.n Hawaii and i n  t h e  Park where 

Calo thr ix  p i l o s a  is well. cleveloped, Microcoleus chthonopl~astes  ( o r  Osci l l~a-  

t o r i a  l a e t e v i r e n s )  appears o r  can be  expected. 



At: t h e  landward edge of  t l ie bar ren  rock along t h e  shore  t h e r e  a r e  

sometimes Clat so i l .  a r eas  presumably i n  response t o  e r o s i o n a l  ma te r i a l  

be ing  depos i ted .  Perhaps it is wi.nd t h a t  then becomes f u n c t i o n a l  and erodes 

Idle Cine m a t e r i a l  s o  t h a t  i n  dry weather r a i sed  b lack  a l g a l  c r u s t s  a r e  l e f t  

on t h e  otherwise r a t h e r  f l a t  su r face .  I n  such cases  O s c i l l a t o r i a  chalybea 

Mert. has  been found t o  predominate with Microcoleus chthonoplastes  and 

Ca:Lothrix c rus t acea  a s  minor elements,  t h e  l a t t e r  a  depauperate ecophcne. 

Perliaps t h i s  i s  a  f i n a l  l e v e l  i n  leaving  t h e  sea  and t h e  typical ly-marine 

Calot:lirix i s  a t  t h e  2-andward extrcme of i t s  d i s t r i b u t i o n ,  

In  c rev ices  f a r  above t h e  s e a ,  c r e v i c e s  t h a t  may be Floored with sand 

bound by a l g a l  r:ilaments, dark red t o  brown cushions oi' Po?ys:i.phonio howei 

Holl.enberg a r e  o r t e n  Cound. The sand-bindi.ng a l ~ g a l  ri~l.aments :i.n such p laces  

a r c  usi~al.:l.y Microcoleus - chtl?onoplastcs a t  IZamoamoa bu t  may have Rhi.zocl.oni.um 

lioolteri i n  with them . Ac t x a l l y  t11i.s Rhizocl.oni.iim i s  more 1;yp:i.cal:Ly i'onnd 

:i.n s m a l l  green t u f t s  o r  whisps :i.n rock c rev iccs  hold:i.i~g a  l i t t :Le smrl anti 

exposed t o  b r i g h t e r  l.ig11t. A very i n t e r e s t i n g  al.ga, Bootilcopsis -- 11nwa:i i e u s i s ,  

G i l b e r t  has  been -Found with t h e  above Polysiphonia - near  Mc1Zcnzi.c Park t o  

t h e  e a s t  of Hawaii Volcanoes National. Park.  A d i l ~ t g e n t  search  i n  i?olysi- 

phonia liowei. habi . ta t s  within tlie Park m i g l ~ t  provide a  rcward:i.ng i'intl oi' 

t h i s  r a r e  spec ie s .  

Rock tops  near  t h e  sea  tha-t  a r e  b lack  when dry i n  t h e  sun o f t en  tlcvclop 

a green sheen when wet f o r  a  few lionrs i n  t h e  r a i n  by t h e  spray f:rom l a r g e  

waves. This green sheen :is usua1~l.y Entophysal:i.s deus ta .  i$hilc very commonly 

'::ixrid i n  with t h c  o the r  a?.gae of t h e  l i t t o r a l  coininun:i~ty it is most: conspi- 

oioiis a s  a  w:i.despread ncarl-y-unialgai  cover on smootll :i.geoiis rock s u r f k e s .  

E n t h o ~ h y s a l i s  deusta  i s  tlie most widely spread oi' al:l a lgae  on t r o p i c a l  

rock shorcs .  Orten it covers much of  file near-high-t ide :Land, : i~.e . ,  the - - 



ca lcareous  o r  l imestone m a t e r i a l s ,  of an a t o l l  isl.and wi.th a brownish 

coa t ing  a t  t h e  l c v c l s  r e g u l a r l y  immersed i n  sea water o r  with a black 

coa t ing  a t  t hose  l e v e l s  normally out  of water .  

l l ~ r t h e r  inland a smal le r  coccoid a lga  with smal le r  Anacyst is- l ikc 

cel1.s appears  h7hich actual.1.y may be h a c y s t i s  montana (T,i.ghtToot) Drouet R 

Daily.  Again Kamoamoa is a d e s i r a b l e  p l a c e  1-0 s tudy t h i s  change i n  pre- 

dominence among t h e s e  organisms whi.ch crowd t h e  roclts t h a t  a r e  otherwise 

ba r ren  i n  appearance. Also in land  Scytonema hofmannii predominates i n  any 

p ioneer  s i t n a t i o n  a s ,  f o r  example, on a r ecen t  lava fl.ow. On old flows 

t h i s  spec ie s  can be expected t o  be  replaced i n  time by such a lgae  a s  

Stigoncma. On a low F la t  p l ace  i n  t h e  l ava  i n  t h e  inshore  ha lT  of t h e  

ba r ren  shores ide  rocks a t  Kamoamoa, b lack  somewhat d e n d r i t i c  excresccnses 

one t o  one and a h a l f  cent imeters  t a l l  and with lobes a miLlimeter i n  

diameter  can be  Found. These may be Schizothr ix  the lepheroides  with a Few 

m n l t i c e l l u l a r  "eggs" of  Anacystis-Cntopl1ysa1.i~ i n  them. Chunks boil~cti  w i l l .  

come a p a r t ,  when t eased ,  i n t o  fan-shaped branching systems of shca ths  i n  

which onc o r  more trichomes can be  seen.  

(b)  In marine caves,  where only r a r e l y  can one see  without  hccomirig 

very  c l o s e l y  assoc ia ted  with t h e  s e a ,  t h e  w a l k  a r e  l i ned  with a pink c r u s t .  

This is c o r a l l i n e  a l g a l  m a t e r i a l ,  t h e  m a t e r i a l  principa1l.y r e spons ib le  for  

t h e  major f e a t u r e s  of  Cent ra l  Paci-Fic atol1.s and me- f s .  Here i n  t h c  shade 

and where o f t en  exposed t o  t h e  a i r ,  r a r e l y  is it s u f f i c i e n t l y  developed 

t h a t  one can con.fidently iden t i*  t h e  s p e c i e s .  Sometimes i n  h i g ? ~  t i d e  pools 

i n  such caves a s  one Finds a t  Kamoamoa, t h e  c o r a l l i n e s  wil.1. be  p resen t  on 

rocks t h a t  a r e  otherwise q u i t e  devoid of  o t h e r  a l g a l  o r  marine l i f e  o r  any 

macroscopic k ind .  A s  a r u l e ,  one expects  t h a t  t h e s e  a r e  c r u s t s  of Porol~i thon 

onkodes (Heydrich) F o s l i e  f o r  t h i s  is t h e  widely spread p ioneer  coral.li.ne 



c r u s t o s e  a lga  of  r e c e n t  lava  su r faces  a s  w e l l  a s  be ing  t h e  p r i n c i p a l  

b u i l d e r  of  t h e  r i d g e  a t  t h e  sea  edge of  r e e f s .  The su r face  of a  Porol i thon 

c r u s t  i s ,  l i k e  f i n e l y  f r o s t e d  g l a s s ,  n o t  glazed o r  sh iny .  Sometimes o t h e r  

c o r a l l i n e  c r u s t s  found h e r e  have a  glazed s u r f a c e  when dry and a r e  probably 

of  t h e  genus Goniolithon. 

A t  t h e  h i g h e s t  l e v e l s  during low o r  calm water  per iods  t h e  c o r a l l i n e s  

i n  t h e  poo l s  o r  on air-exposed open rocks d i e ,  l o s e  t h e i r  c o l o r  and become 

white .  Often extens ive  pa tches  of  t h i s  m a t e r i a l  cover  of fshore  rocks 

where, without  no t ing  t h e i r  eco log ica l  r e l a t i o n s h i p s  o r  biologi.ca1 o r i g i n ,  

one may be inc l ined  t o  t h i n k  of  them a s  evidence of  a  sea  b i r d  colony. 

(2)  Pools i n  t h e  shores  of  t h e  Park 

In  such cave pools  a s  mentioned above t h e r e  a r e  t r a c e s  of  t h e  a l g a l  

communities of  i n t e r t i d a l  non-cave l o c a t i o n s .  The spec ie s  a r e  usual ly  

s t e r i l e  o r  j uven i l e  t h a l l i  and s o  u n i d e n t i f i a b l e .  Lynbya a e s t u a r i i  (Mertens) 

Liebmann is perhaps t h e  most recognizable.  It forms somewhat ge la t inous  

t a n g l e s  i n  which juven i l e  t h a l l i  of  Sphacelar ia ,  Cladophora, and var ious  

f i lamentous,  sometimes Achrochaetium-like red a lgae ,  appear .  Perhaps t h e  

ge la t inous  na tu re  is provided by a  Phormidium, t h e  very s l ende r  trichomes 

o f  which a r e  common, p resen t  with t h e  above Lyngbya. 

A t  Kaena, a  p l e a s a n t  30-minute h i k e  from t h e  p l a c e  where t h e  Kalapana 

road t u r n s  inland f o r  t h e  l a s t  t ime,  t h e r e  is a d e l i g h t f u l  s e r i e s  of  t i d e -  

poo l s  and ponds with varying degrees of s a l i n i t y .  Most of  them a r e  c l o s e l y  

surrounded by t h e  f lowering p l a n t  Sesuvium portulacastrum L.  and, i n  t u r n ,  

by f l a t  sandy s p o t s  of s o i l  dominated by Portulacca o r  p lan ted  Messerschmidea 

and Cocos o r  bush-l ike sma l l  t r e e s  of  Morinda c i t r i f o l i a .  J u s t  inland where 

a  conventional  f lowering p l a n t  vege ta t ion  can be  recognized, one is i n  t h e  

summer-drought c l ima te  and, o f t en ,  a  Heteropogon grass land .  



I n  t h e  smal.l.est and most in land  of t h e  poncls a t  Kaena t h e  bottoiiis may 

be  covered with a suspended mass o-f Ci.ne material .  t h a t  i s  yellowish-l~rown 

on i t s  siirFace. Sma1.l. Fishes,  f r ightened  by t h e  shadows of an approaching 

man, d a r t  i n t o  t h i s  and i n  s t i - r r i n g  it a b i t  r e v e a l  i t s  be low-surhce  

greenness.  It i s  a combination o', l a r g e l y ,  <:he bl.ue-green a lgae  and 

diatoms t h a t  a r c  a l s o  t o  be Found i n  t h e  plankton above. Though many 

a lgae  a r e  p r e s e n t ,  only i n  i n d i v i d u a l  granules  oF t h e  material .  was any 

given spcc ie s  dominant. b o n g  t h e  blue-greens Gomphosphaeria aponina 

I(uetz., Anacystis d imidia ta  (Kuetz . ) D r .  6 Daily, Anacystis marina (liansgirg) 

D r .  & Daily, and r e p r e s e n t a t i v e s  of  Cal.othrix,Ly ngbya, Osci l l . a tor ia  , 

Hydrocoleum, and Phomidium a r e  p r e s e n t .  None of t h e s e  i s  t y p i ~ c a l  o r  o the r  

t han  a brackish  pond. A s i m i l a r  nondescript  l ist  of cliatoms could be  

presented b u t  among which some a r e  d i s t i n c t i v e ;  pcrhaps t h e  most d i s t i n c t i v e  

el.emcuts a r e  M d o s i r a  , S u r i r e l l a  and a huge Campylodiscus . 
Not t o  be overl.ooked i n  t h i s  h a b i t a t  i s  t h e  abundance of protozoans 

such a s  Arcel la  and an abundance of c i l i a t e s  and -Flagell .atcs,  many of  t h e s e  

l a t t e r  a c t u a l l y  members of  a l g a l  phyla.  

I n  t h e  ponds a t  t h e  seaward end of  t h e  s e r i e s ,  A . s . ,  t h e  more s a l i n e ,  

t h e  bottom is  covered by a genera l ly  gel-atinous c r u s t .  Nearer t h e  sea it 

i s  more nea r ly  a p l a i n  cont:i.runus browner l a y e r .  Nearer t h e  f r e s h e r  

ponds t h e  m a t e r i a l  is an i r r e @ l a r  ret iculum of  rounded lumps t h a t  a r e  

greener  on t h e  su r face .  I n  t h i s  m a t e r i a l  t h e  ge la t inous  ma t t e r  is mostly 

O F  Microcoleus ch thonoplas tes .  O s c i l l a t o r i a  and s l ende r  Calo thr ix- l ikc  

f i l amen t s  a r e  common a s  a r e  liormidium-like green a l g a l  :fi laments.  Schi~zothrix-  

l i k e  t r ic l~omes  of  t h e  Microcoleus a r e  l e s s  common a s  a r e  Gomphospheria 

aponia and Anacystis d imidia ta ,  b u t  t h e  h o s t  of  diatoms mentioned above is 

y e t  p r e s e n t .  What we i n t e r p r e t  a s  Anacvstis marina is abundant. Occasion- 

a l l y  t h a l l i  of  what seems t o  be  Mastipocoleus testarum Lagerheim, normally 



a dwel le r  i n  dead ca lcareous  ma te r i a l ,  can be round. 

Brownish scums may be round wrinkled a g a i n s t  t h e  shores ,  p ro t rud ing  

rocks and i n  t h e  narrow passageways between ponds o raga ins t  t h e  Sesuvium 

portulacastrum which c lose ly  surrounds t h e  shores .  This scum, pushed by 

t h e  wi.nd, would seem, from t h e  d e t r i t u s  i n  it and t h e  non-planktonic organ- 

:isms, t o  be ma t t e r  s t randed on t h e  i n t e r t i d a l  sandy sliore s u r f a c e s  and 

picked up -from them a s  t h e  t i d e  r i s c s .  

( 3 )  I n t e r t i d a l  shores of  t h e  Parlc 

The i n t e r t i d a l  communities vary with t h e  degree of water t u rbu lance ,  

substratum and t i d e  level.. Three comm~unity v a r i a n t s  have been recognized 

a s  those  l i k e l y  t o  be  found i n  t h e  Park by M r .  Roy Tsuda a s  1 )  pro tec ted  

coves o r  a reas  n o t  aEfected by wave a c t i o n ;  2 )  a r eas  which a r c  moc1erat:ely 

wave-washed, and 3 )  a r eas  which a r e  a r f c c t c d  by s t rong  wave a c t i o n ;  1jc::l.o~ 

t h e  high sea  c l i f f s .  A good compl~ement o r  t hese  types  is ava:il.abl~e between 

Kaimu and IZalapana ou t s ide  t h e  Park. Such a reas  a r e  oi'ten not  s a f e l y  

a c c e s s i b l e  wi th in  t h e  Park. 

One can expect t h e  rocks of p r o t e c t e d ,  o r  cahn, a reas  t o  hc dominated 

by . h a n s i a  gl.omerata C .  Ag., k a r a g o p s i s  tax i rormis  ( I l e l i l e )  Col~l .  & 

Ilarv.,  Chnoospora implexa J .  Ag., Microdictyon japonicum Sc tchc l l ,  

Polysiphonia sphacrocarpa Boerg. and Valonia aegagroyila  C.  Ag. Cspecinl~l~y 

t h e s c  can be expected t o  bc found growing i n  t i depoo l s .  Looking down from 

overhanging cl i . fFs one sees  behind ishe dark background of  t h e  ' basa l t  rocks 

young pink patches of  c o l o r f u l  c rus tose  c o r a l l i n e  al.gae wi.th 1370 a r t i c u -  

l a t e d  coral- l ines , Jan ia  c a p i l l ~ a c e a  Harvey and Jan i a  un@l.ata i'enclo. 

In  h a b i t a t  t ype  2 of moderate exposure t o  waves, Ahnfel.tia concinna 

J .  Ag. with i t s  long y e l 1 . o ~  anti maroon t h a l l ~ i  i s  Touncl assoc:iated with 

t-iij,k g r c m  and red mats o.f Gel.j.dium sp . ,  P teroc ladia  s p . ,  I~Iypnea pannosa -- 



J .  Ag., and Centroceras clavnlatum ( C .  g . )  Montagne. These spec:i.cs 

comprise t h e  major i ty  of t h e  marine popula t ion  i.n such p laces .  Higll i n  

t h c  i n t e r t i d a l  reg ion ,  howevcr, s h o r t  brown tu'ts of  Ectocarpus b r e v i a r t i -  

c u l a i u s  J .  Ag. predominate. They a r e  about  t h r e e  cent i~meters  i n  length  and 

a r e  most o f t en  seen a t tached on l a r g e  b a s a l t  bou1.clers. 0ccasj.onal thal.1.i 

of  Ci~aetomorpha antennina (Rory) Kfftzing and Chnoospora minima ( l ier ing)  

PapneEuss a r e  a l s o  t o  bc found i n  a s soc ia t ion  with t h i s  Ectocarpus. Juven- 

i l e  forms of Ulva :Fasciata D e l i l e  and a  spec ie s  of Enteromorpha, appearing 

a s  green b lades  and Filaments r e s p e c t i v e l y ,  a r e  usua l ly  p resen t  on t h e  1.ower 

po r t ion  of any wave-washed bench. Along t h c  edge o-C a wave-washed bench, 

e r e c t  greenish t h a l l i  of Po1.yopes c l a r i o n e n s i s  S. R G .  a r e  of ten  seen .  A - 

s l i p p e r y  black film ofLy,n&ya and o t h e r  blue-green a1.gae -is o f t en  p r e s e n t  

on smooth basa1.t rocks making walking very d i f  i c u l t .  

Short stubby rams of Sargassum echinocarpnm J .  Ag., juveni1.e forms of  

l 'urbinaria  orna ta  (Turner) J .  Ag., p r o s t r a t e  Forms of Zonaria var:i.egata 

(Lamx.) C.  Agardh and Ra l f s i a  pangoensis Setchell .  a r c  conspicuous i n  t i d e -  

pools  on wave-washed benches. Smallentangled t h a l l i  of Polysiphonia a r e  

a l s o  found i n  t h e  seal1.er tidcpoo1.s. The only epiphyte found thus  Ear is 

a smal l  Cctocarpus, probably - E.  ind icus  Sonder, found on Sargassum. Epiphytes 

a r e ,  howevcr, abundant on thcse  a lgae  i n  most h a b i t a t s .  

Although c o l l e c t i o n s  have n o t  been made from t h e  t h i r d  hab:i.tat s i t t i a t i o n  

i n  t h e  Paxlc, t h e  predominant Flora below t h e  hi~gh sea  c l i f f s  :is e a s i l y  recog- 

nized t o  be  t h e  co1.orful t h a l l i  of Ahn.fo1ti.a concinna J.  Ag. above sl_?iutcd 

Sargassum s c a t t e r e d  ovcr a  p inkish  c r u s t o s e  cora1.line al.gal coa t ing  covering 

of t h c  rocks .  Bclow th-i.s, spec ie s  of  Gdidium occur a s  a  rcd ish  t u r f .  

Actual.ly, :i.n re ference  t o  t i d e  o r  wavc l.evel. l i t t l e  p r e c i s e  stncly within 

t h e  Park has  been Ceasible,  A t i d e  l e v e l  o r  v e r t i c a l  d i s t r i b u t i o n  s tndy 
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does n o t  seem l i k e l y  t o  be  rewarding f o r  t h e  reason t h a t  t h e  genera l ly  

heavy wave a c t i o n  seems t o  dwarf t h e  e f f e c t s  of t h e  t i d e s .  There a r e  a l l  

degrees of b a s a l t  s u b s t r a t a ,  consol ida ted  shores  a s  c l i f f s  o r  non-consoli- 

dated hugc and r e l a t i v e l y  permanent boulders ,  o r  g rave l s ,  o r  cven r iner  

m a t e r i a l .  The smal le r  s i z e s  a r e  s o  mobile they do n o t  remain i.n one p o s i t i o n  

long cnough l o r  much i n  t h e  way of  a  popula t ion  t o  develop on them unless  

they  a r e  on r a t h e r  f l a t  bottoms a s  a r e  p r e s e n t  between t h e  i s l a n d  of Kaoi 

and t h e  Halape shore  o r  between t h e  near-shore b i l s t e r s  o f  lava  and t h e  

shore  a t  Kaena. 

Without going i n t o  t h e  poss ib l e  t i d e  l e v e l  re1at:ionships o f  t h e  
. . 

d i f  e r e n t ,  apparent1.y dominant spec ie s ,  t h e  highest-growing macroscopic 

a lga  may be taken a s  Ahnfel t ia  concinna. This spec ie s  (F ig .  26) forms a 

yell-ow bunchy cover on t h e  rocks with i n d i v i d u a l  fronds o f t e n  25 cent imeters  

I.ong b u t  vary ing  g r e a t l y  from p lace  t o  p l a c e .  A t  a  d i s t ance  a  zone o:f i t  

8 /  (i ' igs.  27 & 28) reminds one- very much of t h e  s i m i l a r l y  loca ted  yellow- 

brown s t r a n d s  of  - o r  P e l v e t i a  on North Temperate sho rcs .  Note (F ig .  

26) t h e  v a r i a t i o n  i n  standi.ng crop w i t h  e l eva t ion  ind ica t ed  i n  t h e  "blow 

up" o:C t h e  i n t e r t i d a l  p a r t  of  t h e  shore .  

The zone j u s t  below t h e  Ahnfel t ia  i s  genera l ly  of about  t h e  same width 

a s  t h e  f l ~ n f e l t i a  zone. It i s  usua l ly  (F ig .  27) one of s e v e r a l  s o r t s :  merely 

o r  t h e  most p a r t  b lack  rock; populated with - Ulva o r  Enteromorpha; populated 

with Ra l f s i a  above and - Ulva below, o r  l a r g e l y  dominated by c rus tose  coral l . ines.  

O F  course t h e r e  a r e  t imes when t h e r e  a r e  mixtures of a l l  t h r e e  o r  o the r  

s p e c i e s .  Caulacanthus u s t u l a t u s  occurs h c r e ,  t o o .  Sometimes t h i s  zone is 

8/ Dickie (1876) i n  w r i t i n g  of t h e  a lgae  co l l ec t ed  a t  I-tilo by H. N .  

Moseley on t h e  Challenger Expedition a l s o  mentions t h i s  resemblance. 



'Pig. 26 .  Comparison of old ( A )  and r ecen t  ( B )  igneous shores  by a  
diagrammatic p re sen ta t ion  of t h e  h o r i z o n t a l  and v e r t i c a l  d i s t r i b u t i o n a l  
f e a t u r e s  of t h e  populat ions and some geo log ica l  d e t a i l s .  
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F ig.  27. The v e r t i c a l  d i s t r i b u t i o n  p a t t e r n s  common t o  Hawai ian 
shore areas s i m i l a r  t o  those  t o  be expected w i t h i n  t he  Bark. The d i s -  
tance between t h e  t w o  h o r i z o n t a l  dark l i n e s  i n  m e t e r s  i s  g iven a t  the 

top of each s t r i p  as w e l l  as t h e  l o c a t i o n  o f  t h e  t w o  on Maui  i s l a n d  and 
t h r e e  on t he  i s l a n d  o f  Hawa i i .  T h i s  p rov ides  the  s c a l e  f o r  the  whole 
diagram. 
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Fig. 28 .  Diagram of  a l g a l  v e r t i c a l  d i s t r i b u t i o n  on a  wave-exposed 
p m j e c t i n g  angle o f  t h e  Hi lo  Breakwater i n  r e l a t i o n  t o  t h e  adljacent l e s s  
wave-exposed por t ions  of  the  same breakwater.  The diagram is e s s e n t i a l l y  
without  s c a l e .  



sirbdi-vided with t h e  rock of  t h e  lower p a r t  coated with c rus tose  c o r a l l i n e  

a lgae ,  t h e  upper p a r t  with non-cora l l ine  a lgae .  The c o r a l l i n e s ,  ].ow i n  

t h i s  zone (F ig .  27),  may be  rough-surfaced o r  produce sma1.l Porol i thon-type 

heads.  Podoscyphe, Drupa and l impets ,  when p r e s e n t ,  a r e  h e r c .  

The n e x t  zone down is comparative1.y a s  broad o r  cven broader  than  t h e  

two above toge the r .  It  is  under la in  by sniooth c rus tose  c o r a l l i n e  a lgae ,  

o f t en  covered with GeILidium o r  o the r  close:l.y r c l a t e d  gencra. I n  t l ~ e  upper 

p a r t  O F  t h i s  zone t h e  brownish genus, Sargassum, i s  common. I F  i n  a  p l ace  

where t h e  water has  a  c o n s i s t e n t  d i r e c t i o n  o r  motion, t h e  fronds w i l l .  be 

a  foot  long, bu t  a s  t h c  water  i s  more t u r b u l e n t  t h e  fronds a r e  s h o r t e r  and 

may be merely i r r c g u l a r  pa tches  o r  s t u b h l c .  At 'rhc lcwest  common 1eve:l. o r  

t h e  waves, t h e  Gelidium cover r a t h e r  abrupt1.y t cnn ina tc s .  \+hen working on 

shorc  t h e  abrupt  upper l i m i t  o:f t h i s  a lga  (':Azr i n  l7i.g. 26) can be used a s  

zcro  datum l c v e l  i n  measuring v e r t i ~ c a l  d i s t r i b u t i o n :  when ilnclex water t h e  

abrupt  lower edge can be used a s  a  convcnient zcro .  Tiio rlc~nse Col.idi.um 

cover probably r ep resen t s  a  zone betwccn mean sea  l c v c l  ancl t h e  lowest i.ow 

t i d e  l e v e l .  

The shallow water  communities a r c  dominated hy t h c  c rus tosc  c o r a l l i n e s  

extending on below t h e  Gclidfum-covcred zone ( E g s .  26 R 27) ,  o f t cn  comple- 

t e l y  covering a l l  conso1:idatecl rock su r faccs  down t o  a  depth ooT I. t o  l..S 

meters  below Low t i d e  l i n e .  They extend much fu r thc r  down ( c e r t a i n l y  t o  

a t  l e a s t  7  meters)  bu t  a s  a  t h i n  cover graduall.y hecom:ing y e t  t h i n n e r  and 

covcring t h e  su r face  l e s s  complete1.y a s  g r e a t c r  depths ase  reached. OC 

n a h ~ ~ ?  cr i is tose a lgae  a r e  sl::i.ll p rcscnt  a t  depths oC 525 r cc t  a s  dctcnnincd 

rrom cliving i n  a  research  submarine. Ilbout 2 metcrs  below t h e  hottom of 

t h e  Gelidium, an a l g a l  s tubb le  becomes dominant and i s  conspi.cuous For a t  

1.ciast 5 meters  on down. Conspicuous e1.emcnts i n  t h i s  stubh%c a r c  Dictyota 



f r i a b i l i s  and Gri :Withsia  a s  wcll. a s  t h e  sma l l  a lgae  commonly 'omd i n  t h e  

Celidium-levels and e s p e c i a l l y  we l l  developed i n  i n t e r t i d a l  pools .  

While pink c o r a l l i n e  a lgae ,  t h e  p r i n c i p a l  b u i l d e r s  of r e e f s  i n  t h e  

P a c i f i c ,  a r e  everywhere t o  be seen,  t h e  animal c o r a l s  a r c  bu t  very Few. 

Poci l lopora ,  t h e  only c o n s p i c u o ~ ~ s  c o e l e n t c r a t c  c o r a l ,  o f t en  appears about 

3 meters  below low t i d e  level.  with t h e  i n d i v i d u a l  heads being,  perhaps,  3 

meters  a p a r t  down t o  t h e  -8 meter l e v e l .  No r e a l l y  sharp  l i m i t s  below t h e  

bottom of t h e  G e l i d i m  have been observed i n  Hawaii. from t h e  r e s u l t s  of 

dredging it appears  t h a t  t h e  a l g a l  s t and ing  crop may a c t u a l l y  inc rease  

once depths below those  aFFected by wave a c t i o n  a r e  reached. 

The v e r t i c a l  range of l e v e l s  a t  which a lgae  a r e  found changes with t h e  

degree of wave a c t i o n  and t h e  a c t u a l  a lgae  p r e s e n t  may be  t h e r e  i n  r e l a t i o n  

t o  t h e  degree of popula t ion  ( s e r a l )  devel.opment o r  seasonal  progress ion .  

This l a t t e r  i s  an unknown f o r  t h e  Park communities. I n  Figure 28 t h e r e  i s  

diagrammed a  c l a s s  of events  which i s  u s e f u l  i n  Cormulating an expl.anat-ion 

of  t h e  change oC e l eva t ion  of communities with wave a c t i o n  and some events  

i n  t h e i r  development. A s  an example of use  i n  expla in ing  phenomena i n  t h e  

Park: over t h e  c e n t e r  o:f t h e  b a s a l t  'breakwater of  Hilo Harbor t h e r e  passes  

a t  t imes a  l o t  of  g rave l  a s  evidenced by a  l a r g e  p i l e  of fresh appearance 

on t h e  i.nner s i d e  and t h e  growth oC t h i s  p i l e  with t ime.  Wave a c t i o n  h a s  

been seen t o  be deF in i t e ly  l e s s  t o  t h e  r i g h t  and l e f t  of t h e  cen te r  of  t h e  

a r e a .  !Vhe upward s h i f t i n g  of horizons o r  zones i l l u s t r a t e d  ( f i g .  28 )  i s  

apparent ly  i n  r e l a t i o n  t o  t h e  g r e a t e r  wave a c t i o n  a t  t h j s  p l ace  dlong ilic 

breakwater.  The c h a r a c t e r i s t i c s  of t h e  populati.on ind ica t ed  a t  t h e  r;.ght 

and l e f t  ends of  t h e  diagram a r e  c o n s i s t e n t ,  r e spec t ive ly ,  toward shore  and 

t h e  sea .  These condi t ions ,  shoreward and seaward, a r e  thought t o  r ep resen t  

t h e  s t a b l e  community, o r  climax, condi t ions  r e l a t i v e  t o  t h e  c e n t r a l  reg ion .  



The - Ulva and Ectocarpus popula t ions  a t  t h e  cen te r  of  t h e  diagram would seem 

t o  r ep resen t  discl imax o r  subclimax condi t ions  depending upon t h e i r  o r i g i n .  

Subsequent examinations of  t h i s  p l ace  lead  us  t o  p r e f e r  t h e  term discl imax 

a s  app l i cab le  i n  t h i s  and some o the r  s i t u a t i o n s  where t h e  same a lgae  have 

been observed t o  appear a f t e r  a  d is turbance  oi-' t h e  climax populat ion.  I n  

another  connection Randall  (1958) has  ind ica t ed  phenomena poss ib ly  of  t h i s  

s o r t  i n  connection with an h y p o t h e t i c a l  explanat ion f o r  some poison f i s h  

o c c ~ ~ r r e n c e s  . 

(4) Populatj-on development on new l ava  shores .  

Sooner o r  l a t e r  it can be expected t h a t  within t h e  Park a  lava  flow 

w i l l  reach t h e  s e a .  I n  order  t o  provide  information t o  be used i n  i n t e r -  

p r e t i n g  t h e  events  t h a t  w i l l  fol low and provide  a  @ide  Tor s t u d i e s  of  

t h e s e  events  an e x t r a c t  of t h e  r e s u l t s  of  a  study made on t h e  1955 lava 

where it went i n t o  t h e  sea  a  few miles  t o  t h e  e a s t  o-F t h e  Park is included 

h e r e .  I t  is a l s o  hoped t h i s  w i l l  be useFd i n  i n t e r p r e t i n g  phenomena con- 

cern ing  t h e  p r e s c n t  mature popula t ions  on p r e h i s t o r i c  su r faces  i n  t h e  Park. 

I n  t h e  Hawaiian I s l ands  t h e r e a r e  h i s t o r i c  lava  flows i n  t h e  i n t e r t i d a l  

reg ions  dated :from about 1750 down t o  t h e  p r e s e n t .  None of t h e s e  has  q n i t e  

t h e  same popula t ion  on it a s  is t o  be found on t h e  ad jacent  probably much 

o l d e r  undated o r  p r e h i s t o r i c  lava  shores.  This i s  a  problem f o r  i n  s t u d i e s  

elsewhere observat ions i n  t h e  i n t e r t i d a l  reg ion  have led  t o  t h e  expecta t ion  

onlj, about  f i v e  o r  s i x  yea r s  a r e  requi red  f o r  t h e  "climax" s i t u a t i o n  t o  

become es t ab l i shed .  Indeed some have s a i d  t h a t  i n  t h e  case  of i n t e r t i d a l  

popula t ions  t h e r e  was " d i r e c t  development" of  t h e  mature o r  "climax" 

popula t ions .  Fahey (1953) reviews t h i s  s i t u a t i o n  b r i e f l y .  

Observations on t h e  1955 lava  flow i n  t h e  s e a ,  i t s e l f ,  were made not  

only t o  provide  a  record of events  bu t  t o  provide a  s e r i e s  o f  s p e c i a l  
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observat:i.ons t o  t e s t  c e r t a i n  hypotheses concerning t h e  development of  

in tc r t : i .da l  populat ions on them. These hypothcses a r e ,  l a r g e l y y ,  t h e  scpar- 

a t i o n  and d i s t i n c t i o n  of  succession, seasona l  progress ion ,  t h e  events  oC 

zonat ion,  t h e  r e g ~ l a t j - o n  of climax formation,  and c l a s s i f i c a t i o n  oi-' t h e  

d i r f c r e n t  a lgae  and o thc r  organisms according t o  t h e  p a r t  thcy  p l an  i n  l h c  

popu la t ing  process .  Testi-ng, observa t ion  and experimentation elsewhere 

(NorthcraFt ,  1.948; Fahey 6 Doty, 1949; Fahey, 1953) have been concerned w i t h  

su r f aces  such a s  concre te ,  old rock o r  wood brought t o  t h e  sea  Tor t h e  f i r s t  

t ime,  with denuded su r faces ,  o r  (z.g., f o r  review of  s u b j e c t ,  Williams, 1.965) 

g l a s s  s l i d e s .  

The i n i t i a l  hypotheses wcre t h a t  t h i s  phenomenon oi: slow dcvelopmcnt 

of a  climax s i t u a t i o n  was r e l a t e d  t o  t h e  geographic p o s i t i o n  i n  t h e  i s l a n d s  

o r  t h e  chemical o r  phys ica l  composition of  t h e  l ava .  Thesc hypotheses were 

clestroycd by a  Sew si.mpl.e experiments and measurements. For example: chunlcs 

from recen t  and old lava  flows of d i f f e r e n t  d a t e s ,  composition and phys ica l  

su r face  were sea ted  i.n concre te  b locks ,  sometimes encloscdiri wooden Toms 

and exposed i n  t h e  s e a .  It was found t h a t  t h e  pioneer  and secondary popula- 

t i o n s  developed about t h e  same on a l l  s u r f a c e s  exposed, incl.ucling t h e  wood 

and concre te .  This i s  a  q u i t e  d i i ' e r en t  r e s u l t  from t h a t  obtained i n  

experiments with terrestr : i .a l .  forms on d i f l ' e rcn t  s u b s t r a t a .  

The 1955 lava flows r an  i n t o  tllc s ea  along a shore (Fig.  24) where there 

was very l i t t l e  sand. Shor t ly  a - f t e r  t h e  l o w s  had cool.ed, cx teus ive  beaches 

of  b lack  sand werc seen extending along t h e  shores  t o  t h e  l e f t  and r i g h t  of 

t h e  new lava  f lows.  With t ime,  a s  determi-ned by successfve  observa t ions ,  

t h i s  sand moved o f ?  o r  away ( o f t e n  moving in l and)  from t h e s e  f i r s t  i'oi-med 

beaches. 

Uniform samples o ?  t h e  water washi-ng t h e  interC-idal  su r faces  taken From 



near  t h c  1955 flows and from near  t h e  much o ldc r  undated flows revealed a 

measurably l a r g e r  amount of sand and sediment i n  t h e  water rrom t h e  new 

flow a reas .  Erosion of t h e s e  1955 shores h a s  been high and, i n  some cases ,  

s e v e r a l  meters of t h e  new lava  su r face  have been removed i n  b u t  a  few months. 

I n  pass ing ,  it may be  noted t h a t  t h e  Honolcua 1950 l ava  flow a t  Hookena, 

Hawaii, was s o  worn back by l a t e  1955 t h a t  i n  many p laces  t h e  p r e h i s t o r i c  

:Elow under it was again exposed t o  the  s e a .  

A d i f f e r e n t  hypothesis  f i n a l l y  arose  a f t e r  fol lowing t h e  populat ions 

on t h e s e  1955 i n t e r t i d a l  lava  flow su r faces  f o r  some t ime.  This is t o  t h e  

e f f e c t  t h a t  t h e  su r face  would have t o  become so  s t a b i l i z e d  t h a t  it would 

remain e f f e c t i v e l y  cons tant  f o r  a t  l e a s t  t h e  f i v e  o r  s i x  years  one can 

expect  it takes  a  climax populat ion t o  appear.  I t  seems t r u e  t h a t  wherever 

a  dated flow is no t  y e t  worn back t o  t h e  genera l  c o a s t  l i n e ,  it does not  

bea r  a  sere-wise advanced populat ion.  

Somewhat s i m i l a r  s ta tements  can be made i n  regard t o  t h e  presence of 

b lack  sand. Where black sand is  p resen t  nearby i n  quan t i ty ,  t h e  populat ions 

tend t o  be immature. Rigg (1914) and Dawson (1954: 10)  both comment on t h e  

denuding a c t i o n  of such volcanic pumice and sand on nearby populat ions.  

In our case ,  no such observat ion of t h e  removal of old nearby populat ions 

h a s  been made. We do note  t h a t ,  a s  indica ted  by t h e  c o n t r a s t  i n  Figure 

26 ,  t h e r e  is a change i n  t h e  rocks on t h e  bottom. Not only with time have 

t h e  rocks i n  t h e  sea  o f f  t h e  Kehena flow become smal ler ,  more c lose ly  

packed and more rounded, they have a l s o  become more completely populated, 

l a r g e l y  by c rus tose  a lgae .  Early v i s i t s  t o  t h e  a rea  were marked by notes 

of t h e  Frequency s tones  were seen thrown by wave a c t i o n  h ighe r  and beyond 

t h e  sp lash  of t h e  water i t s e l f .  Likewise i n  sk in  and SCUBA diving ,  moving 

s tones  were o f t en  seen.  The author observed s tones ,  adjudged t o  be of 7 



t o  12 cent i ineter  dimensions, i n  t h e  turbul-ent 

t h e  bottom dur ing  a  period o:F unusually rough 

water .3 t o  .7  meters  ofT 

s e a s  whi1.e swimming under 

t h e  l a r g e  waves a- f te r  having been washed o f f  t h e  s tudy a r e a .  The author  

has  n o t  heen i n  t h e  water a t  t h i s  p l a c e  under such rougll s ea  condi t ions  

du r ing  t h e  l a s t  few yea r s ,  bu t  t h e  impression i s  t h a t  t h e  bottom, which 

is  of  c l o s e l y  packed s tones ,  i s  of Fewer and more uniCormly densc boulders 

n o t  moving a s  f r e e l y  a s  they d id  during t h e  first two yea r s  of  t h e  s tudy.  

A t  t h e  time of our observat ions i n  June,  1955, one of t h e  clominant 

a lgae  on t h e  1955 l avas  was Liagora maxima. It was p resen t  both on pre- 

h i s t o r i c  lava near  t h e  1955 Keckce flow and on t h e  1955 Kehcna flow. This 

a lga  was much l e s s  evident  i.n December (1955) than  -it had been e a r l i e r  i n  

June and Aumst ,  and by February and March (1.956) none was seen a t  a l l .  

Ilor,~eoer, i n  May and i n  J u l y  (1956) it was again abundant. This we regard 

a s  a  inani:fcstation of s easona l  progress ion  o r  p e r i o d i c i t y  r a t h e r  than a s  

p ioneer  co lon iza t ion  without  c c e s i s .  

Our s tudy has  hccn rewarding i n  connection wit11 t h c  obta in ing  of 

observa t ions  t h a t  bear  on t h e  problem o f  d is t in@ish: ing  s e r a 1  progress ion .  

A s  i l l u s t r a t c d  f o r  t h e  Kaueleau s tudy s i t e  ("En i n  Fig.  24)  a t  "A" i n  Figure 

29 t h e  f irst  macroscopic populant  on th(? newly cooled lava  was f i h c  green 

s t r a n d s  O F  Cnteromorpha. Speci-Tically t h i s  green a:Lgal. inater ial  i s  not  

i d e n t i f i a b l e  f u r t h e r  than  t o  genus a t  t h i s  t ime.  Theso popula t ions  were 

vcry hard  t o  reach c o n s i s t e n t l y  f o r  measurement o r  col l .ect ion.  

Subsequent more c o n s i s t e n t  s tudy was poss ib l e  when por t ions  O F  t h c  Flow 

s u r f a c e  broke away and disappeared.  I n  t h e s e  cases  r ega rd le s s  o r  timc of 

yea r  o r  v e r t i c a l  posi t i -on :in t h e  i n t e r t i d a l  reg ion ,  t h c  same Cnteromorpha 

appears  a s  a  f i n e  h a i r - l i k e  r a t h e r  uni:fonn coa t ing  on such " i k s h "  su r faces .  

Cer ta in ly  t h i s  p a r t i c u l a r  phenomenon is one of d isc l imax i n  cons idera t ion  

of  t h e  whole a rea ,  y,:t on t h e  p a r t i c u l a r  f resh  lava  s i x r a c e s  t h e  Cnti?romorpha 



Fig. 29. Populat ion changes in t ime on a v e r t i c a l  1955 lava  s u r f a c e  
extruded i n t o  t h e  s e a  and observed a s  fol lows:  A a t  Kaueleau, VI-21-1955; 
B a t  Kehena, XII-30-1958; a t  Kaueleau respect ively---  C ,  VIII-15-1958;-' 
D ,  XII-21-1955; E, 111-24-1956; F, V-16-1956; G,  VII-14-1956; H ,  VIII-18-1956; 
I, XI-10-1956; J ,  IV-20-1957; K ,  XII-30-1958. 
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is a p ioneer .  I n  ti.me t h e  Enteromorpha matures i n t o  isol.ated t u F t s  o-F 

mature t h a l l i  t h a t  may eventually become somewhat brownish with t h e  develop- 

ment of ep iphyt ic  diatoms and then  d isappears  a s  succession t akes  p l a c e .  

Ectocarpus b rev ia r t i cn la l l i s  can be  expected t o  appear ("B" and "C" i n  

F ig .  29) s h o r t l y  a r t e r  t h e  Enteromorpha h a s  appeared and with i t  d i s t r j ~ b u -  

tional1.y bu t  a l s o  a lone  a t  still.  h ighe r  i n t e r t i - d a l  l e v e l s  a s  wel l .  While 

t h e  jWcocarpus a t  f i r s t  may be  d i f - fuse ly  spread over t h e  su r faces ,  i n t e r -  

mixed with t h e  h a i r - l i k e  coa t ing  of  Enteromorpha, it t o o  f i r s t  becomes 

r e s t r i c t e d  t o  sma l l  t u f t s  and t h e s e  become fewer and l a r g e r  a s  t ime goes 

on. I n  age t h e  lower t u f t s  O F  Ectocarpus may become intermixed w i i h  a 

Cladophora, t h e  t u f t s  o:f whicl~ o t h e r  1-han fo r  c o l o r  a r c  q u i t e  sirnil.ar 

macroscopical ly.  

A s  time goes on, t h e  p ioneers  become replaced by o the r  a lgae  and 

zonat ion (F ig .  29) becomes evident  and more s t a b l e  as  longer- l ived organisms 

appear.  While t h e  Ectocarpus, a l l  t h e  time it remains, is t h e  h i g h e s t  

macroscopic a lgae ,  a blue-green coa t ing  began t o  appear ("D" i n  Fig. 29) 

conspicuously on t h e  rocks above t h e  Ectocarpus i n  December, 1955, s i x  

months a:Fter t h e  flows had cooled h e r e .  Ide have gained t h e  impression t h a t  

with excessive abrasion dur ing  s torms,  many o-f t h e  zoned organisms a r e  

removed. In  Fact, s o  many may he removed i r r e g u l a r l y  and replaced by  pioneers  

( e . g . ,  t h e  Enteromorpha i n  "D" o:f Fig. 29) t h a t  zonat ion becomes obscured. - - 

I t  wou1.d seem t h i s  d i s c l i m a t i c  process  i s  r e l a t e d  t o  t h a t  which holds  some 

a r e a s  (P ig .  28) i n  subcli.max condi t ion  semipermanently . 
Tl~e s e r i e s  of  events  i l l u s t r a t e d  i ~ n  F i ~ Q r e  29 was progress ivc .  The 

bluc-green popula t ion  gradua1l.y became more dense s o  t h a t  it could be  readi.1.y 

de tec ted  i n  its 1.ower reaches even when d r y .  A t  rirst it was seen a s  a 

blue-green sheen only when wet. L i t t o r i n a  pintarlo became progressivc1.y more 



abundant a s  t h i s  happened. Lower down t h e  same events  were - t rue f o r  t h e  

high-growing l impets ,  - Helcioniseus exa ra tus .  Ra l f s i a  and t h e  c rus tose  

c o r a l l i n e s  appeared a s  smal l  spo t s  over  a  wide v e r t i c a l  range,  became 

l a r g e r ,  tended t o  completely cover t h e  su r face  i n  a  smal le r  v e r t i c a l  range, 

and became C e r t i l e .  The c o r a l l i n e s  o f t en  developed erumpent edges where 

ad jacen t  c r u s t s  closed toge the r .  The e a r l y  populants Estocarpus, (lmoospora 

and t h e  var ious  Chlorophyta by March, 1965, were no longer  obvious except 

i n  an occas ional  s p o t  where a  chunk of  l ava  had broltcn away. While not  

a c t u a l l y  measured, it seems c l e a r  t h a t  t h e  bottom depth ai1;jacent .to t h e  

ICehena and ICaueleau flows has  increased .  

The finger-shaped p o i n t  of rock a t  Kehena ("D" i n  .. r'i gure 24)  some 7 

meters  broad, perhaps 4 meters t h i c k  which j u t t e d  i n t o  t h o  sca  some 20 

meters  and bore  t h e  su r face  repea tedly  s t u d i e d ,  photograpl?eci and incasured 

complctely disappeared e a r l y  i n  1961. Perhaps t h i s  is rel.atcx1 :in p a r t  t o  

i t s  be ing  undermined a s  t h e  depth a longs ide  increased.  Evcn bcrorc  t h a t  

t ime d i s c l i m a t i e  cvcnts  had d is rupted  t h e  s tndy and such cl.imax genera a s  

Sargassum never d id  develop t h e r e .  Other s i z e a b l e  p~wtruss:i .ons and seaward 

f aces  of  t h e  1.955 lava  f1.ows were noted t o  have disappeared between v : i s i t s .  

As a r e s u l t  i n  1.965 t h e s e  flows a r e  hard1.y i i r r c g i ~ l a r i t i e s  i n  t h e  o u t l i n e  

of  t h e  shore .  Undoubtedly, thi .s  rapicl wearing bacli of t h e  ('lows i:o t h e  

genera l  isl.anc1 contour is a major reason f o r  t h e  lack  o r  bays :in t h i s  

younger p a r t  of Hawaii. 

I n  t h e  s e r i e s  of  phenomena observed, we f e e l  t h e r e  was dcmonstratcd 

p:e~:al progress ion  a s  Sargassum e c h i n o c a r ~ u s ,  - S. oblxsifol ium and t h e  

c rus tose  c o r a l l i n e  a1.gae became we3.1. e s t ab l i shed  only dur:ing t h e  sccond 

yea r  o r  observat ion oC t h e  1955 Clow s u r r a c e s .  S?.m:i.larly i n  t ime Cora l l ina  - 
., d .' . =:-I w.i~censis became p r e s e n t  as  dense f e r t i l e  hemispheres at: ICehena, as  did - 



occas ional  t u f t s  of Alsidium sp.  and 1,ophosiphonia v i l lum a t  t h e i r  charac- 

t e r i s t i c  hi.gli e l e v a t i o n s .  l 'h is  s e r a 1  progress ion ,  while  it has  r e s u l t e d  

i n  popula t ions  having some of t h e  more conspicuous a lgae  and animals o f  t h e  

climax s i t u a t i o n ,  h a s  not  y e t  progressed very Far e i t h e r  q u a l i t a t i v e l y  o r  

q u a n t i t a t i v e l y .  On more p ro tec t ed  l e s s  abraided a r e a s  and i n  poo l s  t h e  

popula t ions  a r e  much more advanced toward t h e  climax s i . tua t ion  and t h e  

s t and ing  crop i s  h i g h c r .  

No one has  y e t  been success fu l  i n  determining t h e  p r e c i s e  q u a n t i t i e s  

oT d lgac  on a  rough nea r ly  perpendicular  i n t c r t i d a l  shore  exposed t o  t h e  

: fu l l  sweep of t h e  s u r f ,  bu t  comparat5ve observa t jons  show t h a t  thoug11 Forms 

conspicuous i n  climax populat ions a r e  p r e s e n t  and f e r t i l e ,  f o r  example, 

c r u s t o s e  c o r a l l i n e  a lgae ,  t11e cover was still  (March, 1965) n o t  a s  dcnse 

a s  it was on t h e  p r e h i s t o r i c  shores .  I t  does seem l i -ke ly  t h a t  a s  t h e  s e r e  

moves toward t h e  climax s i t u a t i o n  a  h i g h e r  s tanding  crop is maintajned, 

thoudl  p r o d u c t i v i t y  may be 1.owcred. 

Cer ta in  qual i t i . es ,  .:., t h e  red a l g a l  spec ie s  Ahn~fe1tj.a concinna, 

c o e l e n t e r a t e  c o r a l s ,  and t h e  brown a l g a l  genus Ral:fsia,  were absent  dur ing  

t h e  f i r s t  year  of observat ion a t  Kehena and Kaueleau. O f  t h e s e  dur ing  t h e  

second year  sma l l  patches of Ra l f s i a  appeared. Ahnfel t ia  was First noted 

i n  December, 1959, about four  and a h a l f  yea r s  a f k e r  t h e  su r face  had cooled. 

E a r l i e r ,  t h e s e  two q u a l i t i e s  had been found spa r se ly  devdoped on t h e  sur -  

f a c e s  o flows .five years  old el.sewhere ( t h e  1950 Flows). By April.; 1962, 

7 t o  8 cm t a l l  t u f t s  o f  . l hn fe l t i a  concinna were conspicuous on t h e  1.955 

Kaueleau l ava  -flow study p o i n t .  This a l g a  while  not  forming a baud was 

q u i t e  abundant, though not  f requent  elsewhere. Much of t h e  rlow surPace 

inl.and rrom t h e  stiidy p o i n t  was gone by March, 1965. It was l a r g e l y  1.oose 

c l i n k e r  m a t e r i a l ,  b u t  some o-f t h e  cl-inkers o r  chunks removed must have 



weighed a t  l e a s t  a  met r ic  t o n .  This removal i s  s l i g h t  i n  comparison t o  t h e  

complete removal of  most of t h e  s tudy p o i n t  a t  t h e  Kehena s i t e .  There 

between two v i s i t s  t h e  whole sma l l  s o l i d  rock peninsula disappeared except 

f o r  t h e  t i p  which remains a s  an i s o l a t e d  i s l e t  perhaps 2 meters  i n  diameter 

and cons tan t ly  washed over by t h e  waves a t  high t i d e .  

It can be s t a t e d  h e r e  t h a t  t h e  idea  of  Fi;hey, Nor thcraf t ,  and o tbe r s ,  

t h a t  t h e  pioneer  organisms, s.g., Enteromorpha and Ectocarpus, may be 

occas ional  organisms i n  climax s i t u a t i o n s  seems t o  be borne out  by our 

observa t ions .  To t h i s  group we would add Polysiphonia. Enteromorpha, 

which was t h e  p r i n c i p a l  macroscopic p ioneer ,  has  become r e s t r i c t e d  t o  bu t  

a  few s p o t s  on some of t h e  population-wise most advanced su r faces .  I t  

appears  i n  abundance, however, a s  a  p ioneer  coa t ing  over any new su r face  

such a s  is formed when a  p i e c e  of t h e  flow is broken away by t h e  waves. 

Ectocarpus b r e v i a r t i c u l a t u s ,  on t h e  o the r  hand, may remain a s  a  r a t h e r  

r e g u l a r l y  p r e d i c t a b l e  populant  of t h e  h i g h e s t  i n t e r t i d a l  rcg ions  f o r  a t  

l e a s t  a  yea r .  It is much l e s s  conspicuous on o lder  su r faces  and absent  f o r  

t l ic most p a r t  where Ahnfel t ia  concinna is abundant on p r e h i s t o r i c  rlows. 

It is t o  be noted t h a t  t h e  more permanent c rus tose  co lon ize r s ,  e . g . ,  - 

R a l r s i a  and t h e  c rus tose  c o r a l l i n e s ,  appear a s  small  spo t s  and grow s o  as  

t o  occupy most of  t h e  su r face .  I n  doing s o ,  they leave  l e s s  and l e s s  

space  f r e e  on which t h e  frondose e a r l i e r  more conspicuous o r  dominant and 

shor t - l i ved  populants  can grow. 

Should a  lava  flow e n t e r  t h e  sea  wi th in  t h e  Park a  photo s e r i e s ,  

i nc lud ing  v e r t i c a l  a e r i a l  views, should be  made a t  i n t e r v a l s  such a s  one 

week f o r  -the f i r s t  few months and a  b i o l o g i c a l  s tudy begun a t  once t h a t  

can be c a r r i e d  on i n t e n s i v e l y  f o r  a t  l e a s t  f i v e  yea r s .  Planning f o r  such 

a  s tudy should be  done i n  advance f o r  such a  s tudy could become a  b i o l o g i c a l  

c l a s s i c .  



Chapter V I I I -  The Vegetation Map and Vegetation P r o f i l e s  

By Die ter  Mueller-Dombois 

U t i l i z i n g  t h e  a e r i a l  p h o t o c a p h s  discussed above i n  Chapter I a 

vegeta t ion  map has  been prepared f o r  t h e  Park a r e a  on a s c a l e  of approx- 

imately 1:12,000, t h e  s c a l e  of t h e  a e r i a l  photographs themselves. The 

mapping was done on t r anspa ren t  p l .as t ic  overlays i n  t h e  form of 53 shee t s  

each 27  x 27  inches i n  s i z e  with t h e  d e t a i l s  i n  a  polygonal a r e a  se l ec ted  

s o  t h a t  t h e  53 provide complete coverage of t h e  Park. 

I n  pre l iminary  form t h e  d i f f e r e n t  types  of vegeta t ion  were f i r s t  

ou t l ined  by F. R.  Fosberg u t i l i z i n g ,  indoors,  t h e  f i e l d  knowledge h e  had 

accumulated through h i s  yea r s  of experience with vegeta t ions .  The pre- 

l iminary vegeta t ion  u n i t s  s o  mapped were s tudied  and checked ou t  i n  t h e  

f i e l d  by t h e  w r i t e r  and modified a s  necessary.  From t h e  53 f in i shed  maps 

a r ev i sed ,  p a r t i a l l y  new, c l a s s i f i c a t i o n  of t h e  vegetat ion u n i t s  was de- 

veloped. Abbreviations of t h e  names of t h e  predominant p l a n t s  i n  t h e s e  

u n i t s  provided (Table I) t h e  symbols used on t h e  maps and i n  t h e  t e x t  

below. Table 11 reviews t h e  c l a s s i f i c a t i o n .  Perhaps even more u s e f u l l y ,  

a  s e r i e s  of vegeta t ion  p r o f i l e s  (Figs.  30-34) r e l a t e d  t o  c l imate ,  topog- 

raphy and s o i l s  was prepared.  Figure 18 shows t h e  loca t ions  of t h e  pro- 

f i l e s  which a r e  r e fe r red  t o  a s  Transects  1 through 5 i n  t h e  t e x t  below. 

Fie ld  mapping involved c o r r e l a t i n g  ground condit ions with t h e  

p a t t e r n s  found on t h e  photographs. This was done by exploring a l l  unknown 

photographic p a t t e r n s  i n  t h e  f i e l d  and by running t r a n s e c t s  throu& those  

a reas  t h a t  showed a maximum of v a r i a t i o n  i n  p a t t e r n  on t h e  photographs. 

m e  vegeta t ion  types were defined by physiognomic and f l o r i s t i c  c r i t e r a  

and i n  some ins tances  i n  r e l a t i o n  t o  topographic: and s u b s t r a t e  f e a t u r e s .  

Ext rapola t ion  was kep t  t o  a  minimum i n  t h e  more accessBile  a r e a s ,  where a l l  



Table I.  Symbols used i n  the  vege ta t ion  map f o r  Hawaii Volcanoes 
National Park. The symbols a r e  l a rge ly  abbrev ia t ions  of t h e  gener ic  
names of spec ies .  For example, a  f r o n t  svmbol "OM," i nd ica t ing  open 
Metrosideros f o r e s t  might be combined with a n  a t t r i b u t e  svmbol, such a s  
" (Sa)"  i n d i c a t i n g  a  s c a t t e r i n g  of Sapindus occurred with t h e  Metrosideros.  
Often more than one f r o n t  o r  a t t r i b u t e  symbol i s  combined. I n  use and 
i n  the  fol lowing a lphabe t i c  l i s t  the  a t t r i b u t e  symbols a r e  enclosed i n  
parentheses ,  These symbols were recorded on t h e  t r anspa ren t  over lays  
made t o  correspond t o  the  a e r i a l  photographs descr ibed  i n  Chapter I. 

(Ac)- 

AcSaM- 

( a d ) -  

A l -  

(A1)- 

An- 

(An) - 

ash-  

( a s h ) -  

C -  

(C)-  

Ch- 

c l f -  

Sca t te red  Acacia b. 

Mixed Acacia &--Sapindus-Metrosideros f o r e s t .  

Admixed t r e e s  i n  lower s t o r y  (Mvrsine l e s s e r t i a n a ,  

Mvoporum, Coprosma rhvnchocama, Cheirodendron, 

w, e t c .  and arborescent  shrubs (P ip tu rus ,  e t c .  ) .  

Fores t  dominated by Aleu r i t e s  moluccana. 

Sca t te red  Aleu r i t e s .  

Andropogon grass land  ( inc ludes  A. v i r g i n i c u s  and 

A.  p lomeratus) .  - 
Andropogon. 

Ash depos i t s  with l i t t l e  o r  no vegeta t ion .  

Much barren ash.  

Cibotium f o r e s t .  

Cibotium. 

Dense Chrvsopoaon-Cynodon grass land  on loes s - l ike ,  

yellow ash (Puu Kaone). 

Closed mixed lowland f o r e s t ,  mostly fragmented by 

urbaniza t ion  and s t rong ly  modified and va r i ab le  from 

t r e e  p l an t ing  ( M a n ~ i f e r a ,  Samanea. A l e u r i t e s ,  -, 

Pandanus, Psidium guaiava,  Thespesia ,  Schinus, e t c . )  



T a b l e  I .  ( c o n t i n u e d ) .  

c l s -  

CM - 

E- 

( E l -  

( e ) -  

f u -  

( G I -  

H -  

(H)- 

( i ) -  

i t -  

( i t ) -  

(L) 

( 1 s ) -  

I s i -  

(M) - 

Closed lowland s c r u b ,  m o s t l y  low-growing. 

C losed  M e t r o s i d e r o s  f o r e s t .  

E r a g r o s t i s  t e n e l l a  g r a s s l a n d .  

Abundant a n n u a l s ,  E r a g r o s t i s  t e n e l l a  and 

R u l . b o s t y l i s  c a p i l l a r i s .  

Abundant e p i p h y t e s  ( A s t e l i a ,  F r e y c i n e t i a ,  

Che i rodendron ,  mosses and l i v e r w o r t s ) .  

Fumarole a r e a s  wi th  dwarf s h r u b s ,  Andropogon 

v i r ~ i n i c u s ,  Nephro lep i s ,  G l e i c h e n i a ,  and 

b a r r e n  ground.  

G l e i c h e n i a .  

Heteropogon g r a s s l a n d .  

Heteropogon c o n t o r t u s .  

I n t r o d u c e d  s h r u b  (Psidium g u a i a v a ,  S t a c h y t a r p h e t a  

i a m a i c e n s i s ,  Lan tana ,  C a s s i a  s p p . ,  Solanum s p p . ,  e t c . ) .  

S tand composed of  i n t r o d u c e d  t r e e s .  

I n t r o d u c e d  t r e e s  ( E u c a l y p t u s ,  J a c a r a n d a ,  e t c , ) .  

L ichens  (Cladon ia  s p p . ,  S t e r e a s a d o n ,  e t c .  1. 

Sprawling o r  s h o r t  lowland s r u b  ( W a l t h e r i a ,  r" 
Osteomeles ,  C a s s i a  l e s c h e n a u l  t i a n a ,  I n d i g o f e r a ,  

P s i l o r h e m a ,  e t c . ) .  

Mixed lowland s c r u b  composed l a r g e l y  of i n t r o d u c e d  

s p e c i e s .  

S c a t t e r e d ,  o l d  M e t r o s i d e r o s .  
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T a b l e  I .  ( c o n t i n u e d ) .  

MAc- 

MAI- 

(Me)- 

mx- 

(mx)- 

( N ) -  

n s -  

( n s ) -  

o- 

o l f -  

o l s -  

OM - 

P  - 

( p o i k )  

G 
Mixed M e t r o s i d e r o s - ~ c a g i a  koa f o r e s t .  

Mixed M e t r o s i d e r o s - A l e u r i t e s  f o r e s t  ( t h e  l a t t e r  

s c a t t e r e d )  w i t h  o t h e r  mesophy t ic  f o r e s t  t r e e  s p e c i e s  

(Myrs ine  l e s s e r t i a n a ,  Santa lum,  e t c . ) .  

Mixed Metrosideros-Di.ospvros f o r e s t ,  a lmos t  a lways  open,  

wi th  o t h e r  d r y l a n d  f o r e s t  s p e c i e s  (Ant idesma,  Canthium, 

e t c .  1 .  

Abundant M e l i n i s  p a t c h e s .  

Mixed g r a s s l a n d  (mxg = g r a z e d ) .  

Mixed g r a s s  ( above  4000 f e e t  el. e v a t i o n )  . 
Nephro lep i s  p a t c h  communities on a ' a  l a v a .  

N a t i v e  s h r u b s  ( i n c l u d e s  S t y p h e l i a ,  Vacci.nium, Dodonaea, 

Dubau t i a ,  Coprosma crnoclcoides ,  M e t r o s i d e r o s ,  

Myopomm, Wikst roemia ,  Sophora ,  e t c . ) .  

Na t ive  s h r u b  ( S t y p h e l i a ,  Dodonaea, e t c . ) .  

Open ( o n l y  use.d i n  c o m b i n a t i o n s ) .  

Open mixed 1.owland f o r e s t ,  mos t ly  fragmented by 

u r b a n i z a t i o n  and s t r o n g l y  modi f i ed  and v a r i a b l e  from 

t r e e  p l a n t i n g  (Manz i fe ra ,  Sarnanea, A l e u r i t e s ,  w; 
Pandanus,  Psidiurn gua j a m ,  T h e s p e s i a ,  S c h i n u s ,  e t c .  1. 

Open lowland s c r u b ,  most1.y low-growi-ng. 

Open M e t r o s i d e r o s  f o r e s t .  

P r o s o p i s  f o r e s t .  

P o i k i l o p h y d r o u s  ( i . e . ,  x e r o p h y t i c )  p l a n t s  and a n n u a l s  - - 

(Kau D e s e r t ) .  



T a b l e  I .  ( c o n t i n u e d )  

r- 

(R) -  

( r ) -  

rb-  

( S a ) -  

s d -  

(scM)- 

( S o t -  

s p r -  

( s p r ) -  

( T I -  

x-  

( X I -  

Lava f lows  wi th  l i t t l e  o r  no v e g e t a t i c n  

( r  f o r  r o c k l a n d ) .  

S c a t t e r e d  Rhacomitrium moss.  

Much b a r r e n  l a v a .  

Lava f l o w s ,  comple te ly  b a r r e n  (summit of Mauna Loa down 

t o  11,000 f e e t ,  and f u r t h e r  down where i n d i c a t e d ) .  

S c a t t e r e d  Sap indus .  

M e t r o s i d e r o s  s c r u b .  

M e t r o s i d e r o s  s c r u b .  

S c a t t e r e d  Sophora.  

S a l t - s p r a y  and o t h e r  s h o r e  communities.  

S a l t - s p r a y  and o t h e r  s h o r e  communities.  

T r i c h o l a e n a  repens .  

C l e a r e d  o r  s t r o n g l y  d i s t u r b e d  a r e a s  t h a t  have n o t  been 

l e f t  f o r  long enough t o  e s t a b l i s h  a  r e c o g n i z a b l e  

v e g e t a t i o n  t y p e s .  

Much modi f i ed  by man. 



major v a r i a t i o n s  were  inves t iga t ed .  I n  t h e  l e s s  a c c e s s i b l e  a reas ,  which 

involved about 20% o f  t h e  t o t a l ,  vege ta t ion  was determined by matching 

photographic p a t t e r n s .  I n d i r e c t  mapping was necessary f o r  t h e  h ighe r  

a l t i t u d e  vege ta t ion  on Mauna Loa, where vege ta t ion  cover is n o t  dense 

enough t o  show on t h e  photos. Here topographic l i n e s  and s u b s t r a t e  types  

were matched t o  approximate t h e  c o r r e c t  vege ta t ion  l i m i t s .  

The symbols used (Table I )  on t h e  vege ta t ion  maps prepared a s  overlays 

of  t h e  a e r i a l  photographs (Chapter I, above) a r e  derived from t h e  names of  

genera o r  o the r  predominant su r face  cover .  They a r e  usua l ly  i n  two p a r t s ,  

a f r o n t  symbol of  l e t t e r s  i n d i c a t i n g  t h e  more obvious s tand  o r  su r face  

Pcatures  and an a t t r i b u t e  symbol added i n  parentheses a f t e r  t h e  rront t  

symbol. The a t t r i b u t e  symbol denotes  a f i n e r  v a r i a t i o n .  More sys t ema t i ca l ly ,  

a f r o n t  symbol i n d i c a t e s  a major cover typc ,  an a t t r i b u t e  symbol, a breakdown 

wi th in  t h e  cover type ,  commonly recognized by a change i n  t h e  subdominant 

s p e c i e s .  For example, oM(C) s t ands  f o r  open Metrosideros f o r e s t  with Cibo- - 
t ium, and oM(G) s t ands  f o r  open Metrosideros f o r e s t  with Glcichenia.  There - 
a r e  29 f r o n t  symbols. The 28 a t t r i b u t e  symbols provide f u r t h e r  charac tcr -  

i z a t i o n .  Symbols denoting a s p e c i e s  a r e  c a p i t a l i z e d  abbrevia t ions  oT t h e  

generic  name. Symbols denoting o t h e r  v e g e t a t i o n a l  o r  s u r f a c e  f e a t u r e s  

a r e  a l s o  s i m i l a r  simple abbrevia t ions ,  b u t  i n  lower case .  

TOPOGRAPHIC VEGETATION PROFILES 

The vege ta t ion  p r o f i l e  diagrams (Figs .  30-34) a r e  intended f o r  map 

i n t e r p r e t a t i o n  a s  we l l  a s  f o r  a c l a s s i f i c a t i o n  of t h e  vege ta t ion  i n  t h e  

Park. The diagrams fol low t h e  t r a n s e c t  l i n e s  1-5 shown on t h e  o r i e n t a t i o n  

map (F ig .  18)  i n  t h e  chapter  on c l imate .  Their l oca t ion  was se l ec t ed  t o  

g ive  t h e  maximum o f  information about t h e  arrangement of  t h e  vege ta t ion  

cover i n  t h e  Park a s  permit ted by t h e  chosen geographic s c a l e .  



The segments shown by s e q u e n t i a l  

l i n e s  on each p r o f i l e  diagram p o r t r a y  

i n  t h e  Park. However, s e v e r a l  o r  t h c  

numbers and v e r t i c a l  s e p a r a t i o n  

t h e  more important  vege ta t ion  types  

s e p a r a t e l y  numbered p r o f i l e  segments 

r e p r e s e n t  t h e  same vege ta t ion  type .  For example, segment 12 on Figure 30, 

segment 8  on Figure 32, and segment 7  on Figure 33 r ep resen t  t h e  closed 

Metrosideros-Cibotium f o r e s t  t ype .  The same app l i e s  t o  o t h e r  geographic- 

a l l y  widely d i s t r i b u t e d  o r  Frequently r e c u r r i n g  types ,  :.%., t o  t h e  Hetero- 

pogon grassland type ,  which r e c u r s  on t h r e e  p r o f i l e s  (segment 2, F i g  32, 

segment 2 ,  Fig.  33, segments 1 and 3 ,  F ig .  34) and even twice  on one 

p r o f i l e  (F ig .  34). Therefore, t h e  t o t a l  number of  p r o f i l e  segments, 47, 

i s  g r e a t e r  than  t h e  number of  vege ta t ion  types  recognized, 31. 

The p r o f i l e  segments co inc ide  c l o s e l y  t o  t h e  vege ta t ion  u n i t s  recog- 

nized on t h e  map s h e e t s .  However, t h e  degree o-C abstract i .on h a s  been 

c a r r i e d  a  l i t t l e  f u r t h e r  on t h e  p r o f i l e  diagrams t o  e l imina te  unnecessary 

d e t a i l .  For example, t h e  mixed Acacia - koa-Sapindus f o r e s t  (segment 9 on 

Fig.  30 and se@nent 8  on Fig. 31) ,  which h e r e  r ep resen t s  t h e  vege ta t ion  

type  of Kipuka Puaulu (Bird Park),  sl~ows a s  two types  on t h e  map s h e e t ,  a  

c losed  mixed Acacia - koa-Sapindus f o r e s t  [map symbol A c ~ a ~ ( a d ) l  and an open 

mixed Acacia - lcoa-Sapindus f o r e s t  ( o r  savannah) with Metrosideros map symbol. C 
mx-AcSaM]. Both types  appear on a e r i a l  photo 8-0079. Another example may 

be  i l l u s t r a t e d  by r e f e r r i n g  t o  t h e  p r o f i l e  diagram F i y r e  34, segment 5 .  

Here t h e  diagram r e f e r s  t o  only one type ,  t h e  mixed lowland scrub ,  map symbol. 

l s ( i j .  On a e r i a l  photos 14-0016 and 6-16 t h e  type  is . fur ther  subdividrd i n t o  - 
open lowland scrub  pymbol  o l s ( i ) ]  and c losed  lowland scrub symbol cls(i .)] .  t 
There a r e  numerous o t h e r  examples. The f i n e r  v a r i a t i o n s  recognized by f i n e r  

t ype  des ignat ions  on t h e  vege ta t ion  over lays  would n o t  add any r e l evan t  

in-formation t o  t h e  p r o f i l e  diagrams. Therefore,  they a r e  omit ted.  



The numbered segments shown on t h e  profi1.e cliagrams and t h e  vcgeta-. 

ti.on types  t h a t  they  r ep resen t  a r e  r e l a t e d  primari1.y t o  s ibrn i f icant  va r i a -  

t i o n s  i n  macroclimate, b u t  i n  p a r t  al.so t o  v a r i a t i o n s  i n  s u b s t r a t e  and 

s t and  development. The l a t t e r  two v a r i a t i o n s  occur wherrver t h e r e  i s  more 

than  one vege ta t ion  type  wi th in  a  c l imate  type.  

The c l imate ,  s u b s t r a t e  and stand s t r u c t u r e  r e l a t i o n s h i p s  a r e  presented 

a s  simple, : fac tua l  r e l a t i o n s h i p s .  They do n o t  i.nip:Ly any causal. rel-at ion-  

s h i p .  Tl~e establ ishment  of cause and c r l e c t  r e l a t i o n s h i p s  r equ i ros  f t i r ther  

s tudy.  

I n  order  t o  F a c i l i t a t e  map i n t e r p r e t a t i o n  each vege ta t ion  type  name 

w-ill  be supplied with t h e  map symbol. i n  t h e  fo1.l.ow:ing cliscussion of t h e  

p r o f i l e  diagrams. They a r e  arranged alphabet;.cal.ly i n  Tab1.e I and sys1:em- 

a t i c a l l y  i n  Table 11. 

Vegetation types  along t h e  e a s t  s lope  of Maur~a Loa, Transect 1 (1'i.g. 1 ~ 8 ) .  

Pro ri1.e diagram Fignre 30. 

The vege ta t ion  was explored on a  two-day f i e l d  t r i p  (Au@st 1~7/18, 

1965) t h a t  began h a m  t h e  summit of  Manna Loa. Transect: 1 Iol~l~ows t h c  

approximate course of  t h e  Mauna Loa Park Trail. From 12,000 t o  6600 f e e t  

e l eva t ion .  From t h e  6600 f o o t  eleva-t:ion on down it i'ol.:l.ows a  s t r a i g h t -  

l i n c  course independent of any road o r  t r a i l .  t o  3900 f e e t .  The area  i s  

covered by a e r i a l  photos 4-0015, 6-01-24, 2-0081, 4-0038, 5-001.4, 4-0066 

and 8-0079, 

Tl~e vegeta t ion  types  a r e  portrayed on t h e  p r o f i l e  diagram Figure 30, 

segments 1-1.2. The vegcta t iou  type  1.imits and I i o r i s t i c  records  were 

,il-iecked with an a l t i m e t e r .  The d iscuss ion  Foll.ows the number sequence oF 

t h e  p r o r i l e  segnents  on F i@re  30. 

Segment 1 (E'ig. 3 0 ) .  Ilnvegetated s.l-one d e s e r t ;  map symbol. - rb; a e r i a l  
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Fig. 30. P r o f i l e  of vegeta t ion  types on t h e  e a s t  s lope  of 
Mauna Loa from 12,000 f e e t  down t o  3900 f e e t  on p r e h i s t o r i c  and 
dominant s u b s t r a t e s ,  22 mi les  from Ohaku 0 Hanalei over Puu Ulaula,  
Kipuka Puaulu (segment 9) t o  Kilauea I k i  surroundings. This  i s  
Transect I of the  t e x t  and Figure 18. 



photos 1-0090, 1-0092, 1-0094, 4-0015, 4-0017, 4-0019. 

The upper e a s t  s lope  of Mauna Lea, from i ts  summit a t  13,676 down 

t o  l.l,000 f e e t ,  can be  c l a s s i f i e d  a s  unvegetated s tone  d e s e r t .  Only a 

s i n g l e  bunch g rass  of Deschampsia nubigena was noted on t h e  t r a i l  a t  11,400 

f e e t .  Here it was t h r i v i n g ,  apparently with good v igor ,  on an area  strewn 

with ol ive-black pumice c o n s i s t i n g  of 0.5 t o  3 cm diameter fragments. The 

a i r  temperature a t  noon (12:30 p.m.) was 12.5' C, t he  s o i l  temperature 

(I. cm i n  t:he olive-black pumice) was 28' C on a b r i g h t ,  sunny day (August 

17, 1.965). In s p i t e  of i t s  complete bareness of vegeta t ion ,  t h e  s tone  

d e s e r t  a rea  is r a t h e r  co1.orful-glisteniilg, greenish-black pahoehoe (smooth, 

ropy l ava )  interchanges with s t ee l -g ray ,  o l d e r  pahoehoe and with buff -  

co lored ,  more weathered old prehi . s tor ic  pahoehoe t h a t  appears a s  white 

f i e 1 . d ~  on t h e  a e r i a l  photos (e .g . ,  - photos 4-0015, 4-0017 & 6-0124). Illso, 

b lack  and dark-brown a ' a  (coarse,  c l i n k e r - E k e )  lava  occurs he re  and t h e r e .  

I n  additi.on, one f i n d s  l o c a l  a reas  of reddish pumice and c inder  ( t h a t  a l s o  

appear a s  w1ii.t-e f l e c k s  on t h e  a e r i a l  photos) and a reas  o f  olive-hl.ack pumice 

and ash .  Other s i g n s  of l i f e  besides t h a t  one clump of grass  were t h e  oc- 

c a s i o n a l e b i u m  - seeds t h a t  d r i f t e d  i n  t h e  af ternoon upwinds wi th in  10 m 

he igh t  across  t h e  bar ren  lava  f i e l d s  and h e r e  and t h e r e  old horse  droppings 

along t h e  t r a i l .  These were completely bleached and straw-li .ke showing no 

s i g n s  of decomposi.tion through microorganisms. (No o1.d hor se  droppings 

were s i g l ~ t e d  below 1.0,000 f e e t . )  

Segment 2 (Fig .  30).  Rhacomitrium moss type ;  map symbol &; a e r i a l  

photos 6-0124, 6-0126, 6-0128, 7-0014, 11.-0007. 

The type i s  composed of small  ( 4  x 10 cm), whitish-gray cushions of 

Rhacomitrium lanuginosum var .  pruinosum t h a t  a r e  no t  r e a d i l y  noticed a s  

they a r e  found only on north-facing cracks of t h e  buff-col.ored, p r e h i s t o r i c  

pahoehoe lava and i n  she l t e red  b l i s t e r - h o l e s .  The cushions a r e  extremely 



s c a t t e r e d .  Many nor th- fac ing  lava  cracks a r e  ba r ren .  Occasionally denser  

co lon ie s  can be  observed i n  a s soc ia t ion  with gypsum c r y s t a l s .  The First 

cushion-colony was observed a t  1.1,000 f e e t  j u s t  below Dewey's cone ( ae r i a l .  

photo 11-0007, where overlooking a l a r g e r  a r e a ,  Rhacomitrium c o l ~ l d  be  seen 

h e r e  and t h c r e  c l i n g i n g  t o  t h e  nor th- fac ing  cracks .  Apparently, t h i s  moss 

h a s  been observed r i g h t  on t h e  summit of  Mauna Loa (Bartram, 1933). This 

i s  a. noteworthy record t h a t  would i n d i c a t e  i ts  d i s t r i b u t i o n  continues 

through t h e  s tone  d e s e r t .  However, i f  it does, it c e r t a i n l y  cannot be  

considered a s  forming a vege ta t ion  type  above 11,000 f e e t ,  where t h e  w r i t e r  

d id  n o t  s e e  any specimens. It is important  t o  n o t e  t h a t  Rhacomitrium was 

found only i n  t h e  c racks  of  t h e  o ld ,  buff-colored pchoehoe a t  11,000 f e e t .  

From 10,500 f e e t  on down it was noted a l s o  i n  t h e  cracks of more r ecen t ,  

dark-gray pahoehoe and on dark-brown a ' a .  

A t  3:30 p.m. a sudden Tog appeared from t h e  no r th  t h a t  reduced t h e  

v i s i b i l i t y  t o  10 m d i s t ance .  It l a s t e d  only Cor h a l f  an hour .  I t  is pos- 

s i b l c  t h a t  a s h o r t  a f te rnoon Tog is a r a t h e r  r e g ~ r l a r  phenomenon i n  t h c  

Rhacomitrium moss type ,  which seems probable from t h e  d iscuss ion  of wind 

movements a t  t h e  Mauna Loa Observatory by P r i ce  & Pales (1963). 

Fosberg (1959) found a t  t h i s  e l e v a t i o n a l  range along t h e  I<ul.ani 

Maulca Road i n  t h e  somewhat moikter  no r theas t  s lope  a rea  two o t h e r  p l a n t s  

i n  isol .a ted deep c racks ,  t h e  fern I'ellaea t e r n i f o l i a ,  and t h e  grass  Trisetum 

glomeratum. 

Scgment 3 (F ig .  30) .  Sca t t e red ,  low ylobous scrub  type;  map symbol -- : r (ns) ;  

a e r i a l  photos 2-0081, 4-0038, 11-0007. 

This type  s t a r t s  a t  1.0,000 f e e t  and extends down t o  8500 Feet .  It 

c o n s i s t s  of  only two shrubs,  Vaceinium re t i cu la tum and Styphel ia  d o u g h s i i .  

These shrubs occur first a s  sma l l  (up t o  30 cm t a l l ) ,  gnarled ind iv idua l s  



with loose ,  cushion- l ike  crowns. The term cushion app l i e s  h e r e  and i n  t h e  

fol lowing u n i t  d e s c r i p t i o n s  only t o  t h e  semi-globose crown shape of  t h e  

shrubs and does n o t  imply a t i g h t n e s s  o r  dens i ty  f e a t u r e  of t h e  crown h a b i t .  

The d i s t r i b u t i o n  of t h e  shrubs,  from 10,000 t o  9400 f e e t ,  is extremely 

s c a t t e r e d .  

They occur a t  d i s t ances  of  about 50 t o  100 m a p a r t  only i n  t h e  c racks  

of  t h e  buff-colored and s tee l -gray  pahoehoe lava  and on red pumice. The 

l a t t e r  s u b s t r a t e  is only of  very r e s t r i c t e d  d i s t r i b u t i o n .  The o l d e r  a 'a  

flows a t  t h i s  e l eva t ion  a r e  s t i l l  bar ren ,  except  f o r  t h e  presence of  

Rhacomitrium lanuginosu~n va r .  jminosum t h a t  cont inues a l s o  through t h i s  

shrub type  i n  t h e  north-facing pahoehoe cracks .  Trisetum glomeratum dom- 

i n a t e s  a s  a s c a t t e r e d  t h i n  bunch g ras s  on t h e  few sma l l  a r e a s  strewn with 

c inde r  and red pumice. However, t h e s e  a r e a s  a r e  t o o  smal l  f o r  r ecogn i t ion  

a s  a s e p a r a t e  type  on t h i s  s c a l e .  

Other components i n  t h e  s c a t t e r e d  scrub  type  inc lude  t h e  g r a s s ,  

Deschampsia nubigena (only where t h e r e  is an accumulation of  f i n e  m a t e r i a l s ) ,  

t h e  :Ferns, Pe l l aea  t e r n i f o l i a  and Aspleniwn trichomanes, t h e  composites,  

Tetramolopium humile,  Gnaphalium sandwicensium v a r .  kilaueanum, Hypochaeris 

r a d i c a t a ,  and Carex wahuensis va r .  rubiginosa ( i n  a she l t e red  b l i s t e r - h o l e ) .  

A l l  of  t h e s e  a r e  extremely spa r se ly  d i s t r i b u t e d  i n  t h e  c racks  of t h e  o ld ,  

buf C-colored pahoehoe. 

S o i l  temperature ( 1  cm deep i n  red pumice) a t  10,000 f e e t  was 0' C 

a t  7:30 a.m. on a warm, sunny, summer morning(August 18,1965). 

Segment 4 (Fig.  30).  Open t o  closed cushion scrub  type;  map symbol - >  ns .  

a e r i a l  photos 2-0081, 4-0036, 4-0038, 5-0035. 

A t  8500 f e e t  shrubs began r a t h e r  suddenly t o  grow t a l l e r  (up t o  75 

crn) and t o  be  more densely d i s t r i b u t e d ,  q._e., a t  every 5-10 m .  They a l s o  



tended t o  occur i n  clumps of s e v e r a l  (about  3 o r  more) ind iv idua l s  w i t h  

2 combinecl crown coverages of  1-3 m . 'Illis change occurred on t h e  same 

s u b s t r a t e ,  - i . e . ,  - t h e  p r e h i s t o r i c ,  bufi'-colored pahoehoe, while on t h e  o l d e r  

a t a  l ava ,  a t  p a r a l l e l  e l eva t ions ,  s l ~ r u b  growth appeared t o  be a s  s p a r s e  a s  

i n  t h e  previous type  (segnent  3,  Fig.  30) on pahoehoe. I n  add i t ion  new 

shrub s p e c i e s  appeared, Dodonaea v i scosa ,  a t  8400 f e e t ,  Coprosma ernodeoides 

a t  8250 f e e t ,  Dubautia c i l i o l a t a  v a r .  l a x i f l o r a  a t  8150 f e e t .  A t  8400 f e c t ,  

t h e  w r i t e r  noted t h e  first l i chens ,  an Usnea c l i n g i n g  t o  t h e  branches of  a 

shrub and a minute specimen of  a green Cladonia. This observat ion di'fers 

from t h a t  made on t h e  nor th  s lope  o:f Mauna Loa, where a few coloni-es o f  

Stereocaulon were noted on lava  a t  t h i s  e l e v a t i o n a l  range. However, t h e  

absence of  l i c h e n s  above t h i s  a rea  i s  remarkable a s  the: upper vegc ta t ion  

has  been described formerly a s  a moss-lichen type  (Robyns & Iamb, 1939).  

Another noteworthy f e a t u r e  i n  t h i s  type  was t h e  occnrrcnce of Trisetuin 

$lomeraturn i n  a s soc ia t ion  with t h e  shrub co lon ie s ,  commonly Coming a t h i n  

f r i n g e  around t h e s e ,  where apparent ly  wind-borne Finer s o i l  p a r t i c l e s  and 

l i t t e r  had accumulated. 

The sudden change i n  shrub s i z e  and dens i ty  on t h e  same s u b s t r a t e  

seems t o  i n d i c a t e  a r a t h e r  sudden change i n  c l ima te  beginning with t h i s  

t ype .  From c a l c u l a t i o n s  of  d a i l y  temperature F luc tua t ions ,  combined with 

t h e  sma l l  annual  range, it is q ~ ~ i t e  conceivable t h a t  t h e  e f r e c t  of noc tu rna l  

ground f r o s t  suddenly d isappears  a t  a b o i ~ t  t h i s  e l e v a t i o n a l  range ( e . g . ,  - - 

8100 Feet) .  Thus, a change i n  c l imate  type  has  been ind ica t ed  ;.t t h i s  

p o i n t  on F i y r e  30. 

Segment 5 (F ig .  30) .  Cushion shrubs with s c a t t e r e d  Metrosideros; mrp 

symbol - ns(M); a e r i a l  photos 4-0038, 5-0012, 5-0035. 

This can a l s o  he ci l l led t h e  t imber l i n e  type  which extends From 81.00 



down t o  7500 f ee t .  Metrosideros c o l l i n a  appears  suddenly a s  a  full-grown 

- t ree  (3-5 m t a l l )  a t  8100 . fee t .  M e t r o s i d l  was n o t  seen among t h e  shrubs 

oF t h e  previous  type ,  which would i n d i c a t e  t h a t  it does n o t  form an a l p i n e  

"krummholz." Ins tead  it s t ands  o u t  a s  a  d i s t i n c t  t r e e  occurr ing  i n  a  

wide:Ly s c a t t e r e d  formation of one i n d i v i d u a l  a t  every 100 t o  200 m .  The 

t r e e s  showed a  s l i g h t  up-slope lean  and shrub growth was d i s t i n c t l y  denser  

and tal.l.er beneath t h e  t r e e s  indica-t ing a  fog d r i p  e f f e c t .  Metrosideros 

~ p p e a r e d  t o  be  c o r r d a t e d  i.n t h i s  t ype  with o l d ,  brown a f a  l a v a ,  r a t h e r  than  

with pahoehoe. However, t h i s  observat ion needs f u r t h e r  checking. A'a lava 

became d i s t i n c t l y  more dominant a t  8100 Feet and p reva i l ed  from h e r e  on down 

t o  3900 Feet. A t  t h e  same time a  marc advanced degree of  s:irface weathering 

was noted,  a s  evidenced by t h e  somewhat smoother edges o f  t h e  a ' a  chnnks 

and t h e  presence of  shallow pockets with f i n e r  s o i l .  The s t r o n g  white-black 

c o l o r  c o n t r a s t  on t h e  a e r i a l  photos,  s o  c h a r a c t e r i s t i c  f o r  t h e  upper s lope  

a r e a ,  a l s o  d isappears  abrupt ly  s t  about t h e  8100 f e e t  e l e v a t i o n .  

Other new components i n  t h i s  t y p e  were t h e  shrubs ,  Coprosma montana 

and Dubautia scab ra ,  and t h e  f e r n s ,  Pter idium aquilinum v a r .  decompositum 

and Asplenium adiantum-nigrum. An i n t e r e s t i n g  a s s o c i a t e  observed a t  8100 

Feet was Argyroxyphium sandwicense (s i lversword)  t h a t  occurred h e r e  i n  a  

l o c a l  depress ion  with t h r e e  o r  fou r  ind iv idua l s .  One o f  t h e s e  was flower- 

i n g  and 170 cm t a l l .  While t h e s e  appeared t o  be of  na tura l .  d i s t r i b u t i o n ,  

only one o the r  specimen planted a t  10,035 f e e t  was observed a long t h e  

Cransect .  Thus, s i lversword h a s  a wide a l t i t n d i n a l  range a s  was noted 

a l r eady  by N a r t t  K. Neal (1941) and t h u s  can ha rd ly  be  used For a  f i n e  

d i s t i n c t i o n  of  t h e  a l t i t u d i n a l  vege ta t ion  types  on M;luna Loa, except i n  a 

negat ive  way due t o  i ts  extreme ra reness .  

Segment 6 (Fig.  30).  Open Metrosideros-Sophora f o r e s t ;  map symbol oM(So-ns); - 
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a e r i a l  photos 5-0012, 5-0035. 

This upper subalp ine  Forest  extends from 7500 down t o  6600 f e e t  

e l e v a t i o n .  It has  been observed only on a ' a  lava  showing a reasonable 

degree of  su r face  weathering. The pockets  between t h e  a ' a  chunks were 

f i l l e d  with s o i l  and t h e  rock i t s e l f  could be  broken a p a r t  by k i ck ing  with 

t h e  f o o t .  I n  c o n t r a s t  t o  t h e  preceding two types ,  however, t h e  type  boundary 

i s  l e s s  sharp .  This t y p e  is p a r t i c u l a r l y  cha rac te r i zed  by r e l a t i v e l y  denser  

t r e e  growth, with t h e  ind iv idua l s  from 10 t o  50 m a p a r t  a s  opposed t o  ? 

d e n s i t y  of  100 t o  200 m/individual  i n  t h e  preceding t imber l ine  type .  Tree 

h e i g h t  i nc rease  was n o t  s o  pronounced, b u t  t r e e  h e i g h t  averaged 5 m .  

Sophora chrysophylla  occurred h e r e  a s  a s c a t t e r e d  t r e e ,  first noticed a t  

6900 f e e t .  Coprosma montana assumed t r e e  s t a t u r e ,  growing up t o  3 m t a l l ,  

b u t  occas ional ly  t h e s e  shrubs were t a l l e r  (up t o  1 .5  o r  occas ional ly  2 m) 

and tended t o  f i l l - i n ,  -Forming t h e  main ma t r ix  in s t ead  of t h e  ba r ren  rock 

ma t r ix  o f  t h e  preceding types .  Thus t h e  tendency of  shrub clumping beneath 

i n d i v i d u a l  t r e e s ,  s o  c h a r a c t e r i s t i c  f o e  t h e  timber l i n e  type  (segment 5 ) ,  

appeared l o s t .  Pteridium became denser  and Deschampsia nubigena more common. 

Noteworthy new components bes ides  Sophora were t h e  shrub,  Geranium cuneatum 

v a r .  3po leucum ( a t  7500 f e e t )  and an occas ional  Luzula hawai iens is .  

Segment 7 (F ig .  30) .  T a l l  cushion scrub  savannah with s c a t t e r e d  Acacia - lcoa 

co lon ie s ;  map symbol mx-ns (AcSoM); a e r i a l  photos 4-0066, 5-0014. 

This type  occurs from 6600 down t o  about  5000, o r  i n  p l a c e s  t o  4200 

f e e t .  I t  occurs  on s o i l  vary ing  From about  10-50 cm deep and whi.ch appears 

t o  be i n  p a r t  der ived  -- i n  s i t u  from weathered a ' a  lava  and i n  p a r t  From ash .  

A s i g n i f i c a n t  d i f f e r e n c e  from t h e  preceding  type  is t h e  abundance o~C mixed 

h i g h - a l t i t u d e  grasses  t h a t  form t h e  mat r ix .  These a r e  composed 1.argely OF 

Deschampsia nubigena, Trisetum glomeratum, Hol.cus l ana tns  , htlioxantum 

odoraturn, Festuca ernoides , Eragros t i s  a t r o p i o i d e s  and Paspalum u rv i  1.1 ei . 



They commonly e x h i b i t  a  tussock- l ike  h a b i t  whwe n o t  t o o  dense.  Thei.r 

gene ra l  h e i g h t  is about 75 cm t o  1 m ,  A dominant component i n  t h e  herb 

l a y e r  i s  Pteridium aquilinum v a r .  decompositum. Other common herbaceous 

pl.an.ts a r e  Luzula hawai iens is  and h p o c h a e r i s  r a d i c a t a .  There appears t o  

he  no ground exposed. The type  t r a n s i t i o n  is very abrupt ,  which may be 

c o r r e l a t e d  with t h e  sudden d i f f e r e n c e  i n  s u b s t r a t e .  The same shrubs of  t h e  

preceding u n i t  cont inue t o  form a ma;jor element i n  t h e  vege ta t ion .  )lowever, 

they  occur i n  patch-communities from but  a  few meters square t o  s e v e r a l  

1.00 in2 i n  s i z e .  The dominant shrubs a r e  Styp11el.ia and Dodonaea which a r e  

commonly 1 . 5  t o  2 m t a l l ,  with dense g lobu la r  crowns. A t h i r d  major e le -  

ment i s  Acacia - koa t h a t  grows h e r e  i n  c i r c u l a r  o r  e l i p t i c  co lon ie s  of  30-100 

in i n  di.ameter. These co lonies  usua l ly  c o n s i s t  of  one o r  two c e n t r a l  t r e e s  

with rel.at.i.vely l a r g e  t runk diameters  of 70-100 cm and maximum crown he igh t s  

o r  15 in. Tile t runks  a r e  commonly baarled a t  about b r e a s t  h e i g h t  and t h e  

upper t runk p a r t  may then spread l i k e  a  branch. Smaller koa t r e e s  a r e  

a s soc ia t ed  w i t h  t h e  Fringe area  o f  t h e  co lon ie s .  The crown-outline of t hese  

koa co lon ie s  i s  umbrella-shaped. Occasional dead branches a r e  heavi1.y 

covered with Usnea. I n  add i t ion  widely-scat tered s i .ngle t r e e s  of Metro- 

s i d e r o s  and Sophora occur t h a t  a r e  usua l ly  n o t  t a l l e r  than  5 t o  1.0 m .  

This type ,  whi.ch appears t o  correspond t o  t h e  mountain parkland Fonn~ t ion  

oF Robyns & Lamb (1.939), can be  viewed a s  a  complex of  t h r e e  types ,  grass- 

l and ,  shrubland,  and f o r e s t ,  lfowever, t h e i r  p a t t e r n  i.s r a t h e r  di.Wuse and 

t:he communities a r e  genera1 . l~  t o o  smal.1. f o r  s e p a r a t e  mapping on t h e  s c a l e  

of 1:12,000 used. 

Segment- 8 (F ig .  30).  Mixed Acacia - koa-Sapindus t r e e  savannah; map symbol 

mx-kSaM; a e r i a l  photos 4-0066, 8-0079. 

This  type  begins a t  about 5000 and extends down t o  4000 f'eet. I t  



occurs on t h e  same well-weathered substratum and s o i l .  The main d i f f e r -  

ence from t h e  preceding type  i s  t h e  absence of  t h e  t a l l  cushion shrub 

communities. Ins tead  r e l a t i v e l y  t a l l  (15-25 m )  , s c a t t e r e d  and r a t h e r  

i s o l a t e d  t r e e s  a r e  found growing among t a l l  g ra s ses ,  l a r g e l y  composed o f  

t h e  same s p e c i e s  a s  of  t h e  preceding type.  The tussock-habit  i s  2bsent 

and Pteridium aquilinum appears  t o  be  even more abundant. Occasional. 

shrubs ,  a 2-3 m t a l l  Dodonaea o r  even a P ip tu rus  may be found, b u t  they 

a r e  r a t h e r  i n s i g n i f i c a n t  components. A new t r e e  component i s  Srpindus 

saponar ia  growing with b e a u t i f u l ,  h igh ,  umbrella-shaped crowns. Acacia - koa 

i n d i v i d u a l s  dominate and seem t o  f ind  t h e i r  eco log ica l  optimum i n  t h i s  type  

t o g e t h e r  with t h e  Sapindus. Sca t t e red ,  t a l l  Metrosideros i s  p r e s e n t  a s  

we l l  a s  Sophora, which never  seems t o  g e t  as t a l l .  a s  t h e  o t h e r  t h r e e .  

Segment 9 (F ig .  30) .  Mixed -- Acacia koa-Sapindus f o r e s t  with lower-story 

t r e e s  and arborescent  shrubs ;  map symbol AcScM (ad) ;  ~ e r i a l .  photo 8-0079. 

This i s  t h e  closed Forest  t ype  o f  Iiipulca Puaulu (Bird Park) ,  which 

i s  however a l s o  represented by Kipuka K i  and o the r s  i n  t h e  summer-dry 

c l ima te  on deeply weathered s o i l .  The s o i l  h e r e  i s  composed o f  deep (up 

t o  6 m)  vo lcanic  ash ,  probably of  dune o r i g i n  (Muell.er-Dombois & Lpmoureux, 

1964), and it is much enriched with organic  c o l l o i d s .  These closed Forest 

t ypes  occur usua l ly  e s  i s l a n d s  ( k i ~ u k a s )  throilghout t h e  same e l eva t iona l  

range a s  t h e  preceding savannah type ,  s . ~ . ,  between 5000 and 4000 f e e t .  

However, t h i s  p a r t i c u l a r  kipulca ( ~ u a u l u )  ranges From about  4200 t o  3900 f e e t  

e x h i b i t i n g  a broadly undula t ing  secondary topography. A l l  p receding  types  

occurred on t h e  t y p i c a l l y  smooth, gent ly-s loping  eas t - f l ank  o r  Mauna Loa 

showing no pronounced secondary topography. The t a l l e r  t r e e s  (20-30 m) 

a r e  dominantly of  Acacia - koa,  Sapindus and Metrosideros.  A well-devel.oped 

lower t r e e  l a y e r  (of  2-10 m h e i g h t )  comprises n number o-F t r e e  spec ie s  



among which Myrsine l e s s e r t i a n a ,  Coprosma rhynchocarpa, Myoporum sandwicense, 

l 'sychotria hawai iens is ,  Osmanthus sandwicensis and Sophora chrysophylla  a r e  

t h e  most common. Severa l  spec ie s  of  a r e  a l s o  p resen t .  An ~ b u n d a n t  

a rborescent  shrub,  which dominates t h i s  s t ra tum l o c a l l y ,  i s  Pip turus  

a lb idus .  The understory i n  t h e  l e s s  dense p a r t s  of  t h e  f o r e s t  is comprised 

l a r g e l y  of  a n a t i v e  Fern, Microlepia s e t o s a ,  There a r e  s e v e r a l  noteworthy 

patch comnunities beneath t h e  t r e e  canopy. Of p a r t i c u l a r  i n t e r c s t  a r e  t h e  

Peperomia coolciana pa tches  on pig-scarif i .ed ground, and t h e  introduced 

p l a t s  now forming communities such a s  t h e  two shrubs,  Rubus penetrans and 

Solanum pseudocapsicum, and t h e  he rb ,  Commelina d i f r u s a .  The o l d e s t  t r e e s  

a r e  p a r t l y  covered wi.th ep iphyt ic  mosses. 

An open f o r e s t  (Acacia h, S?pindus, Metrosideros)  o r  savannah 

occurr ing  i n  a ta l l -grass-Pter id ium matr ix  occurs wi th in  t h i s  kipuka. I t  

corresponds c l o s e l y  t o  t h e  preceding type,  bu t  h e r e  it a l s o  grows on t h e  

deep ash so:i:L. The lcipulca is surrounded i n  i ts  upper p a r t  by a Metrosideros 

f o r e s t  b e l t  on more r e c e n t  a ' a .  

S e p e n t  10 (F ig .  30).  Open Metrosideros-lichen Forest with n a t i v e  low - - 
shrubs ;  map symbol. OM ( L n s ) ;  a e r i a l .  photo 8-0079. 

An abrupt  change occurs from t h e  kipuka f o r e s t  t o  t h i s  open f o r e s t  

on ol.d, b u t  l i t t l e -wea the red ,  pahoehoe. Here Metrosideros grows i n  t h e  

o ld  pahoehoe cracks ,  t h a t  appear t o  l a r g e l y  control .  t h e  dens i ty  of s tock-  

i n g .  The t r e e s ,  though appearing o l d ,  a r e  r a t h e r  s h o r t  (3-10 m). The 

depress ions  between t h e  outcropping convex pahoehoe blocks a r e  covered 

with Finer s0i.l and ash ,  about 10-30 cm deep. This F iner  m z t e r i a l  i s  s t i l l  

r e l a t i v e l y  coa r se  tex tured  and suppor ts  only r poor growtli of  l i chens  

(Cladonia spp . and Stereocaulon)  grasses  and herbs  ( e  - .g. , s c a t t e r e d ,  s h o r t  

Pter idium, Bulbos ty l i s  c a p i l l a r i s ) .  Also, mostly i n  a s s o c i a t i o n  with t h e  -- 
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c racks ,  low (up t o  l m t a l l )  shrubs grow, s i ~ c h  a s  Dodonaea v i scosa ,  

S typhel ia  tamaiamaia, Dubautia scabra and Coprosma ernodeoides (c reeping  

h a b i t ) .  

Segment 11 (Fig .  30).  Open Metrosideros-Gleichenia Forest;  map symbol. 

oM(G); a e r i a l  photo 8-0079. 

This f o r e s t  appears  j u s t  e a s t  oT t h e  previous type ,  and a t  t h e  same 

e l e v a t i o n  (3900 -Feet), b u t  where -the c l ima te  changes r a t h e r  suddenly rrom 

summer-dry t o  humid (near  t h e  M i l i t a r y  Camp). There is a broader  t r a n s i t i o n  

zone than  between t h e  two preceding types .  This i s ,  however, somewhat 

obscured by a l a r g e  fumarole a rea  (&) west of Psrlc headquar te rs  and much 

modif ica t ion  by man. However, t h e  type  is evident  i n  l e s s  d is turbed  a reas .  

I t  c o n s i s t s  o f  a s t and  O F  pure  Metrosideros s i m i l a r  t o  t h e  preceding type,  

b u t  i n s t e a d  of  l i c h e n s  and s c a t t e r e d  he rbs  and shrubs t h e  assoc ia ted  vege- 

t a t i o n  is l a r g e l y  Formed by matted t h i c k e t s  of  t h e  Fern, Gleichenia ] . inearis .  

I n  p l a c e s  n o t  dominated by t h i s  c reeping  fern  one can f ind  Dianel la ,  I-Iedyotis 

cen t r an tho ides ,  Lycopodium cemuum and t h e  t a l l  g ra s s ,  Andropogon v i rg in ic i i s .  

This  f o r e s t  t y p e  is considered t o  be  2 developmental v a r i a t i o n  O F  t h e  

montane r a i n  f o r e s t ,  which is exemplified by t h e  next  t ype .  

Segment 12 ( ~ i g .  30).  Closed Metrosideros-Cibotium f o r e s t ;  map symbol. 

cM(C); a e r i a l  photo 8-0106. - 
This is t h e  dominant montane r a i n  f o r e s t  type i n  t h e  Park. I t  is  

cha rac te r i zed  by a pure  s tand  oi-' r e l a t i v e l y  even-sized Metrosideros t r e e s ,  

with diameters  a t  b r e a s t  h e i g h t  of 40-65 cm and uniform crown-canopy 

h e i g h t s  ranging between 14  and 20 m.  The branches a r e  more crowded on t h e  

upper one-third of  t h e  bo le  and grow a t  s t e e p  angles  upward i n t o  a some- 

what umbel-shaped crown. Tree b o l e s  a r e  r a t h e r  naked and r a r e l y  covered 

with ep iphytes .  A d i s t i n c t  second t r e e  l a y e r  is formed by t h e  t r e e  Fern 



(CibotLum spp.) t h a t  grows h e r e  t o  a r e l a t i v e l y  uniform crown h e i g h t  o f  

about 2-5 m. The Cibotium understory is c h a r a c t e r i s t i c a l l y  r a t h e r  dense 

and, i n  t h i s  a rea  ( s . ~ . ,  near  Kilauea Iki .) ,  commonly mixed with t h e  o t h e r  . . 

t a l l  f e r n ,  Sad le r i a  cyatheoides (which is however n o t  a t r e e  Fern). Where 

t h e r e  is an i n t e r r u p t i o n  i n  t h e  Cibotium canopy, t h e r e  is usua l ly  some 

t r e e  f e rn  regenera t ion ,  b u t  a v a r i e t y  of  l e s s  dominant spec ie s  can be  found. 

These inc lude  t h e  sma l l  and extremely s c a t t e r e d  t r e e s  Myrsine l e s s e r t i a n a ,  

I l e x  anomala, Coprosma. montana and Gouldia t e r m i n a l i s ,  t h e  shrubs Wikstro- - 
emia Veccinium calycinum, Pip turus  a lb idus ,  Cyrtandra p l a typhy l l a ,  t h e  -> . . 

herbs  Grhnia gahniaeformis,  - Briza - 2  minor Isachne d i s t i chophy l l a ,  Lycopodium 

cernuum, Hedyotis cent ranthoides  and Peperomia spp. Epiphytic mosses and 

f e r n s ,  such a s  Acroporium fusco-flavum and Claphoglossum re t icu la tum can be 

found on t h e  lower t runks  o f  Metrosideros.  

Vegetat ion types  along south-north t r a n s e c t s  through t h e  Park. Transects  

2 ,  3 and 4 (Fig .  18) .  P r o r i l e  diagrams Figures 31, 32 and 33. 

Three roughly p a r a l l e l  south-north t r a n s e c t s  ( f o r  l o c a t i o n  see  Fig.  13 ,  

j n  chap te r  on c l imate)  a r e  represented a s  topographic vegeta t ion  p r o f i l e s  

( r i g s .  31-33). l h e s e  can be  used i n  c a t e g o r i z i n g  t h e  vege ta t ion  from sea  

l e v e l  t o  mid-a l t i tudes  o f ,  e .g . ,  5000 f e e t .  They a l s o  se rve  t o  i l l u s t r a t e  - - 
t h e  v a r i a t i o n s  from west t o  e a s t  across  t h e  main area of t h e  Park along 

t h e  south  and sou theas t  s lopes  o f  Kilauea.  

Transect  2, from sea  l e v e l  t o  5000 f e e t  through Kau Deser t .  For 

l o c a t i o n  s e e  map, F igure  18.  The t r a n s e c t  i s  portrayed by p r o f i l e  diagram 

Figure 31. Of t h e  eleven p r o f i l e  segments shown, only seven (numbers 1-6 

and 11)  r ep resen t  new vege ta t ion  types  t h a t  have not  a l ready been described 

be fo re  i n  t h e  d iscuss ion  of  Trensect 1. The d iscuss ion  :follows i n  sequence 

of  t h e  p r o f i l e  segments shown on Figure 31. 
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Segment 1 (Fig.  31) .  S a l t  spray  and o t h e r  shore communities; map symbol 

r ( s p r )  and x r ;  211  s e r i a l  photos showing s h o r e l i n e  ( see  Chapt. I ,  Fig. 6 ) .  

This  type  encompasses s e v e r a l  d i s t i n c t  communities t h a t  occur on t h e  

narrow s t r i p  of  land along t h e  c o a s t l i n e  tM marks t h e  seaward boundary of  

t h e  Park. They a r e  described i n  d e t a i l  i n  Chapter V I I ,  above. The reason 

f o r  t r e a t i n g  t h i s  zone a s  one type  is simply a  ma t t e r  of convenience f o r  

t h e  vege ta t ion  p a t t e r n i n g  is t o o  sma l l  f o r  t h e  s c a l e  o f  mapping used. The 

predominantly c o a s t a l  s a l t - sp ray  zone i s  comprised of l ava  ba r ren  of  macro- 

scop ic  vege ta t ion  and o f t e n  ending i n  c l i f f s  v e r t i c a l  t o  t h e  water  1.ine. 

These c l iFFs  extend above sea  l e v e l  from a  few f e e t  t o  about 50 f e e t  and 

bea r  only a Few h ighe r  p l a n t s .  These a s  found on t h e  sa l t - swept  c l i f f  

f a c e s  o r  i n  t h e  extremely s c a t t e r e d ,  s o i l - f i l l e d  cracks  a r e ,  Tor exampl.e, 

For tu laca  cyanospema and F imbr i s ty l i s  c m .  However, t h i s  area i s  densely 

covered by a  t h i n  coa t ing  of  a lgae .  

I n  a  few p l a c e s ,  where t h e  lava  sur-face is r i g h t  a t  s ea  l e v e l  o r  

even somewhat submerged and covered with sand of  c o r a l  and lava  o r i g i n ,  

t h e r e  a r e  a few s c a t t e r e d  s t r a n d  c o r n u n i t i e s  with t h e  t r a i l i n g  Ipomoea 

pes-caprae and occas ional  i n d i v i d u a l s  of  t h e  t r e e ,  Tournefort ia  a rgentea .  

These occur on somewh~t e leva ted  sand,  whereas F few ha lophy t i c  communities, 

dominated by Sesuvium por tu lacas t rum,  a r e  found on patchy sand : f l a t s  t h z t  

a r e  p e r i o d i c a l l y  inundated with t h e  incoming t i d e .  These more dense1.y 

vegeta ted  communities a r e  designated by t h e  s y m b o l x r  on t h e  map s h e e t s .  

(The only Prosopis  ja l1. ida s t and  i n  t h e  Park is e t  Keauhou Landing ;.erial. 

photo 8-0102 . It h a s  been mapped s e p a r a t e l y  m d  designated by t h e  symbol.. 

P,) - 
Segment 2 (Fig.  31). E rag ros t i s  - t e n e l l a  grass land;  map symbol Li F ( r ) .  e e r i a l  

photos cover ing  t h e  shore  ( see  Fig. 6 i n  Chapt. I ) .  



Fig.  31. South-north p r o f i l e  of vege ta t ion  types  i n  t h e  
wes t -cent ra l  a r ea  of t h e  Park from sea  l e v e l  t o  50u0 f e e t ,  & . g . ,  
for  17 mi les  from t h e  shore (segment 1)  through Hi l ina  P a l i  (seg- 
inent 3 ) ,  t h e  Kau Desert (segment 6) and Kipuka Puaulu (segment 8)  
t o  t h e  Kilauea Forest  Reserve (segment 11) .  This  i s  Transect  2 
of t h e  t e x t  and Figure 18. 

APPROX. MEAN ANNUAL AIR TEMPERATURES 

23OC ' , 14•‹C 

(i3 DiOSPlROS ' y  SMALL TREES AND AR8ORESCENT SHRUBS (MYRS1NE. 
COPROSMCI, MlOPORiiM, PIPTURUS , A 0  I 

Y NATIVE SHRUBS (DODONAEA, STYPHELIPI. A 0 1 
T CIBOTIUM 

7 ANDROPOGON SPP - LICUEkS ON A S ~ - S O I L  POCKETS ON P I " I O E W  
I SIGH-ALTITilOE GRASSES !DLSC~A\IPSIA,HOLCUS, IVTHOXANTHUM, lCLAOONi4. STEREOCLWLON i 

TRZSETUM, PASPALUM, 4 . 0 )  
ASH DUNES 



This is one of  t h e  two dominant dry g r a s s  types  of  t h e  c o a s t a l  hwland  

a r e a .  The o t h e r  i s  Heteropogon con to r tus ,  shown on t h e  remaining p ro - f i l e  

diagrams, Figures 32-34. Most of  t h e  a rea  between t h e  s a l t - s p r a y  zone and 

t h e  f o o t  of  H i l ina  P a l i  is segment 2  i n  Figure 31, E rag ros t i s  t e n e l l a  

grass land .  I t  g ives  a  straw-yellow hue t o  t h i s  a rea  dur ing  t h e  summer- 

drought season.  However, i ts  cover is r e l a t i v e l y  t h i n .  The grass  is 

confined t o  t h e  a s h - f i l l e d  depressions t h a t  occur a s  patchy f l a t s  between 

t h e  outcropping pahoehoe mounds. An equa l ly  abundant, b u t  l.ess conspicuous 

a s s o c i a t e  is t h e  annual  Bulbos ty l i s  c a p i l l a r i s .  The very s i m i l a r  Fimbris- 

tylis hawai iens is  is l e s s  common. A poiki lohydrous l i ve rwor t ,  t h a t  i n  

dr ied-up condi t ion  dur ing  t h e  summer-drought season looks l i k e  s p o t t y  

c r u s t a t i o n s  of  s a l t ,  grows i n  sma l l  pa tches  beneath t h e s e  two annuals .  

Another a s s o c i a t e  i s  a  t i n y  legume, Desmodium t r i f l o r u m ,  which forms small 

r o s e t t e s  a t  t h e  s u r f a c e  t h a t  remain green dur ing  t h e  summer. The dens i ty  

o f  t h e  Erag ros t i s  t e n e l l a  grassland i s  r e l a t e d  t o  t h e  a v a i l a b i l i t y  of ash 

pockets  o r  depress ions .  I n  t h e  very r a r e l y  exposed s o i l - : f i l l e d  pahoehoe 

c racks  (which c o n s t i t u t e  a  d i f f e r e n t  h a b i t a t  type) ,  one f i n d s  occas ional ly  

t h e  g ras ses  Chrysopogon a c i c u l a k s ,  Chlor i s  i n f l a t a  and Heteropogon A con- 

t o r t u s .  

A sma l l  a r ea  of  e s p e c i a l l y  dense g ras s  cover occurs  e a s t  of  t h i s  

t r a n s e c t  on Puu Kaone ( a e r i a l  photos 8-0073, 8-0102), which remains green 

dur ing  t h e  summer-drought season. It occurs  on deep, yellow, l o e s s - l i k e  

ash and is comprised l a r g e l y  of  Chrysopogon a c i c u l a t u s  and Cynodon dac ty lon .  

I n  c e r t a i n  a reas  it is heav i ly  mixed with t h e  sma l l  legume shrub,  Indigo- 

f e r a  s u f f r u t i c o s a .  This grassland h a s  been mapped s e p a r ~ t e l y  with ti-he - 
symbol - Ch. I t  is t h e  c e n t r a l  ga ther ing  p l a c e  fo r  t h e  goat  herds  t h a t  roam 

p a r t i c u l a r l y  throu@ segments 2-5 on Fignre 3 1  and segnents  2-4 on Figure 32. 



Segment 3 (F ig .  31). Very open Metrosideros-Diospyros Forest;  map symbol 

w; a e r i a l  photos 8-0073, 8-0102, 8-0070. 

This  extremely open f o r e s t  type  occurs  on t h e  s t e e p  s lope  of  t h e  

I l i l i n a  P a l i  where t h e  t r e e s  grow si.ngly o r  i n  sma l l  groups on almost ba r ren ,  

col.l.uvial a ' a .  Both t r e e  spec ie s  have d i s t i n c t l y  sc lerophyl lous  f o l i a g e  

and r a t h e r  broad and open crowns. The t r e e s  a r e  r e l a t i v e l y  s h o r t  (5-8 m), 

branchy and have t h i c k  t runks  (30-50 cm) and a somewhat corky and s c a l y  

bark .  Nr t ive  shrubs a r e  conspicuously r a r e ,  a  few s c a t t e r e d  smal l  i n t r o -  

duced shrubs a r e  Found near  t h e  lower end of  t h e  s lope ,  such a s  Waltheria 

ind ica  v a r .  americana and Pluchea odora ta .  Widely s c a t t e r e d  herbaceous -- 
p l a n t s  a r e  found throughout t h e  type.  These inc lude  t h e  two f e r n s ,  Dory- 

o~l :c r j . s  decora and Pityrogramma calomelanos, and t h e  composite Ageratum .-l.'--" 

c o n ~ o i d e s  e t c  . - -3 

Segment 4 (Fig.  31) .  Andropogon grass land;  map symbol An(M); a e r i a l  photos 

4-0060, 4-0068, 8-0075. 

This dense tal.1.-grass type  extends from t h e  t o p  of  Hikina P a l i  ( a t  

about  2000 f e e t  e l e v a t i o n )  t o  t h e  southern  edge of  t h e  IZau Desert  (seg- 

ment 5 ) .  The name-giving g ras s  inc ludes  two spec ie s ,  hdropogon glomerata 

and _A. v i r p i n i c u s .  The first i s  t h e  more dominant. An a d d i t i o n a l  dominant 

component i s  Pteridium aquilinum v a r .  decomposi.tum. Occasionally pa tches  

o f  t h e  c reeping  molasses grass  (Melinis  m i n u t i f l o r a )  have gained l o c a l  

dominance. A few s c a t t e r e d  n a t i v e  shrubs of Dodonaea and Styphel ia  a r e  

a l s o  p resen t .  Metrosideros t r e e s  a r e  conspicuous, bu t  they  a r e  of  very 

i r r e g u l a r  d i s t r i b u t i o n .  They occur as  widely s c a t t e r e d  s i n g l e  t r e e s  and 

i n  :form of  Larger north-south o r i en ted ,  open t r e e  co lonies .  Tl~e l a t t e r  

may, i n  some cases ,  r ep resen t  kipukas ( i s l a n d s  of  remnant vege ta t ion ) .  

However, t h e  spec ie s  composition i n  t h e s e  open t r e e  co lon ie s  d i f f e r s  b u t  



l i t t l e  from t h e  r e s t  of t h e  a r e a .  The main undergrowth is t h e  Andropogon. 

Of p a r t i c u l a r  i n t e r e s t  is t h e  abrupt  boundary of  t h i s  grassland t o  

t h e  no r th ,  where it is Fringed by a  s e r i e s  of  ash dunes. Also h e r e  one 

f i n d s  l i t t l e  d i f f e r e n c e  i n  spec ie s  composition, bu t  t h e  vege ta t ion  d i f f e r s  

cons iderably  i n  s t r u c t u r e .  The dunes a r e  occupied by more o r  l e s s  open 

Metrosideros pa tch  f o r e s t s  with Andropogon undergrowth and a :few s c a t t e r e d  

n a t i v e  shrubs .  Some of  t h e  dunes a r e  up t o  10 m h igh .  Here one can f i n d  

snags o f  Metrosideros t h a t  may have been k i l l e d  a s  a  r e s u l t  of t h e  e o l i a n  

sand- l ike  ash d e p o s i t s  i nc reas ing  i n  depth r ap id ly .  Fa l l en  t r e e s ,  i n  p1-aces 

where t h e  dunes have been r ipped open by winds from t h e  Kau Desert,  show 

l a y e r s  of  adventious r o o t s  from t h e  base  o f  t h e  stem upwards; a s  though they  

had formed as  a  r e s u l t  of  l o c a l l y  inc reas ing  depths  of  t h e  dune depos i t s .  

The dune Cringe is c o r r e l a t e d  a l s o  with F chenge i n  s lope  (Fig.  31.). I t  is  

conceivable t h a t  t h e  sonthwest blowing winds :from t h e  liau Desert  l o s t  

v e l o c i t y  r a t h e r  suddenly a t  t h e  po in t  o r  s l o p e  inc rease .  Thus, t h e  dime 

f r i n g e  can be considered a s  condit ioned p r i m a r i l y  through topography, 

r a t h e r  t han  vege ta t ion .  The t h r e e  described cover v a r i a t i o n s ,  open 

Andropogon grass land ,  Andropogon-Metrosideros savannah and Metrosideros- 

Andropogon pa tch  f o r e s t s  t h a t  a r e  h e r e  t r e a t e d  a s  one type  have been mapped 

ss s e p a r a t e  e n t i t i e s  wherever p o s s i b l e .  

Segment 5 (Fig.  31) .  Metrosideros scrub  f o r e s t ;  map symbol scM(r); a e r i a l  

photos 4-0062, 4-0064, 8-0075, 8-0077. 

This open scrub  Forest  forms a broad f r i n g e  a t  t h e  south ,  e a s t  and 

nor th  s i d e s  of  t h e  Kau Desert  and can be  considered a s  semi-desert  vegeta- 

t i o n .  It occurs only on old pahoehoe. The western f r i n g e  area  of t h e  Kau 

Desert  is formed by a  s i m i l a r  Metrosideros scrub  f o r e s t ,  which however occurs 

on a ' a  l ava .  Though not  shown sepa ra t e ly  on Figure 31, i ts  d i s t r i b u t i o n  i s  
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very much l i k e  segment 9 .  The major d i f f e r e n c e  is i n  t h e  s tock ing  dens i ty  

oi' --- Mckrosideros, which on pahoehoe is extremely open (vary ing  from 20-60 m 

d i s k m c e  between i n d i v i d u a l s ) .  Here t h e  t r e e s  a r e  found only i n  t h e  broader  

and deeper pahoelioe c racks .  Shallower c racks  z r e  vegetated with n a t i v e  

shrubs of  predominantly S typhel ia  tameiameiae and Dodonaea v i scosa ,  occas- 

i.on~3.l.y a l s o  with smal l  Metrosideros of shrub s t s t n r e .  Most of  t h e  su r face  

ma-trix i s  ba r ren  exposed pahoehoe l ava .  S t a b i l i z e d ,  F l a t  ash pockets  i n  

depress ions  h e r e  and t h e r e  a r e  covered with a  s p a r s e  cover o f  Bulbos ty l i s  

cap:i.i..:l.aris. The southern boundary o-f t h i s  s tand  is Formed by t h e  f r inge  .. 

o:F dunes discussed before ,  which causes an abrupt  change i n  vege ta t ion .  

'I'iie boundary t o  t h e  nor th  is more gradual  and a t r a n s i t o r y  n a t i v e  scrub  

type  h a s  been recognized on t h e  map s h e e t s  i n  which Metrosideros, i f  p resen t  

a t  a l l ,  h a s  l o s t  i ts  t r e e  s t a t u r e  e n t i r e l y .  

Segment 6 (Fig.  31) .  Extremely s p a r s e  d e s e r t  vegeta t ion;  map symlml 

I - I )  -- a e r i a l  photos 4-0064, 8-0077. 

This type  r ep resen t s  t h e  c e n t r a l  a r ea  of t h e  Kau Desert  which c o n s i s t s  

of' nlinost bar ren  lava with s h i f t i n g  ash dunes t h a t  a r e  extremely spa r ing ly  

vegeta ted  with annuals and mostly poikiloliydrous pe renn ia l s .  Dwarfed 

woody pl.ants of Styphel ia  and Dodonaea a r e  found occas ional ly  i n  lava  

cracks .  The poi1cil.ohydrous pe renn ia l s  on s h i F t i n g  ssh dunes inc lude  

Cy,erns ~ o l y s t a c h y o s ,  E rag ros t i s  v a r i a b i l i s ,  Gnaphalium sandwicense v a r .  J-- 

Itil.a.neauum, Euphorbia h i r t a ,  Cenchrus echina tns  v a r .  l i i l l e b r a n d i i ,  S i lene  

s t r u t l i i o l o i d e s  and Cynodon dac ty lon .  Only one annual was noted,  Agrost is  -- 

menaces. The absence of  Bulbos ty l i s  c a p i l l a r i s  was r a t h e r  s t r i k i n g  ;.s - 

t l~ i s  ~ n n u a l  i s  otherwise d i s t i n c t l y  a s soc ia t ed  with ash d e p o s i t s  i n  summer- 

dry and -drought c l imates  ( e . g . ,  - - segment 2 ,  F ig .  31). However, it seems 

-to o c c w  only when ash depos i t s  a r e  we l l  s t a b i l i z e d .  Many of  t h e s e  p l a n t s  



were p a r t l y  bur ied  i n  t h e  sand-l ike,  s h i f t i n g  ash .  This f a c t  may provide 

an explanat ion  f o r  t h e  bareness of  t h i s  a r e a .  Not necessa r i ly  t h e  young 

age of  t h e  s u b s t r a t e  (much of  t h e  sand- l ike  ash was deposi ted a s  a r e s u l t  

of  t h e  1924 Kilauea explosion) ,  bu t  t h e  i n s t a b i l i t y  of  t h e  s u b s t r a t e  

appears  t o  be  a major f a c t o r  i n  t h i s  d e s e r t  formation,  which h e r e  is corre-  

l a t e d  with a pronounced summer-drought du r ing  which des i cca t ion  by t h e  

t r a d e  winds appear  t o  have a s t r o n g  e f f e c t .  They apparent ly  unload t h e i r  

mois ture  b e f o r e  reaching  t h e  Kau Desert ,  where they  sweep ac ross  with 

unimpeded v e l o c i t y  a s  evidenced p a r t i c u l a r l y  by t h e  frequency of dunes 

found a t  t h e  southwest s i d e  of t h e  Kau Deser t .  SuLfir fumes from Halemaumau, 

a t  t h e  no r th  end of Karl Desert ,  may be  a c o n t r i b u t i n g  f a c t o r .  K i l l i n g  of 

p l a n t s  occurs  only a r e l a t i v e l y  s h o r t  d i s t a n c e  downwind rrom o t h e r  cons tan t ly  

fuming a r e a s  i n  t h e  Park. 

Segment 7 (Fig.  31). Open Metrosideros-lichen f o r e s t  with n a t i v e  low 

shrubs;  map symbol OM ( L n s ) ;  a e r i a l  photos 4-0064, 8-0077. 

This type  has  a l ready been described a s  segment 10 on Figure 30. 

A t  i t s  southern  connect ion t o  t h e  Kau Deser t ,  it coinc ides  more c1osel.y 

with t h e  Metrosideros scrub  f o r e s t  descr ibed  ?s segment 5 of  Figure 31. 

On t h e  map s h e e t ,  t h e  two v a r i a t i o n s  have been mapped a s  such. However, 

t h e  t r a n s i t i o n  is very gradual .  The boundary between summer-drought m d  

summer-dry c l ima te  seems t o  approximately co inc ide  with t h e  p o i n t s  of  

depa r tu re  i n  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 .  The s t r u c t u r a l  v a r i a t i o n  

i s  shown mainly by a gradual  decrease i n  t r e e  h e i g h t  and wider spac ing  of 

t r e e s  and shrubs  and t h e  : F l o r i s t i c  v a r i a t i o n  by t h e  gradual  disappearance 

of  l i chens  i n  t h e  southern v a r i a t i o n .  

Segment 8 (F ig .  31).  Mixed Acacia - koa-Sapindus f o r e s t  with lower-story 

t r e e s  and a r b o r e s c e n t s h r ~ b s ;  map symbol AcSaM (ad); a e r i a l  photo 8-0079. 



This is t h e  major vege ta t ion  type  of  Kipuka Puaulu shown a s  segment 

9 on Figure 30, and described above. 

Segment 9 (F ig .  31). Open Metrosideros-native shrub f o r e s t ;  map symbol 

OM ( n s ) ;  a e r i a l  photo 8-0079. 

This f o r e s t  occurs on a ' a  l ava  t h a t  forms t h e  north w a l l  around 

Kipuka Puaulii. The t r e e  1.ayer is comprised only of  Metrosideros and t h e  

assoc;.ated shrubs a r e  mainly SSyphelia and Dodonaea. The Corest is very 

s i m i l a r  t o  segment 7 (Fig.  31) on pahoehoe, however it l a c k s  t h e  1i.chen 

and grass-covered ash pockets  arid shows denser  s tock ing  i n  p a r t s .  The 

same type  marks a l s o  t h e  western border  oi-' t h e  Kau Desert ,  where i;- extends 

on t h e  l a t e  p r e h i s t o r i c  Keamoku a ' a  flow along t h e  Kona Highway. Here  

Mctrosideros is ,  however, more of  a shrub i n  s t a t u r e .  

Se~qnent 10 (F ig .  31) .  Open Acacia koa graz ing  savimnah; map symbol mxg-AcM; 

a e r i a l  photo 8-0079. 

This is a v a r i a t i o n  of t h e  type  represented by segment 8 ,  I?i@ire 30, 

described above. The area  l i e s  ou t s ide  t h e  Park boundary, where it is  used 

f o r  c a t t l e  graz ing .  The g ras s  composition is depauperated and h e r e  domi- 

nated by Antl~oxantum odoratum. Severa l  snagged and f a l l e n  Acacia - koa t r e e s  

were noted.  A subdominant t r e e  component is Mctrosideros and poss ib ly ,  

el.sewhere b u t  n o t  on t h i s  p r o f i l e ,  Sapindus. 

Segnent 11 (Fig .  31) .  Mixed Acacia - koa-Metrosideros Forest with arborcs-  

cne t  shrubs and Cibotiuin; map symbol AcM (ad-C); a e r i a l  photo 8-008l. 

This type  r ep resen t s  a t r ans i t i . on  form between t h e  typf.cal Acacia koa - 
r o r e s t  and t h e  Metrosideros r a i n  Fores t .  Neither of  t h e s e  l a t t e r  i s  shown 

on t h i s  p r o f i l e  because t h e  t y p i c a l  Acacia koa Corest (wi thout  Cibotium) 

occurs above t h i s  zone ( i . e . ,  - - From about 5000 t o  6000 f c e t ,  upper Kilauea 

Fores t  Reserve and ou t s ide  t h e  Reserve),  and t h e  t y p i c a l  Mctrosi.deros r a i n  



f o r e s t  occurs below t h i s  zone (from about 4500 f e e t  downward). This 

Acacia koa-Metrosideros f o r e s t  with Cibotium is w e l l  represented  south of - 
Kulani Pr i son  Camp. It occurs on r e l a t i v e l y  deep, well-weathered s o i l .  

The upper t r e e  canopy is  dominated by t a l l  (20-30 m), full-crowned Acacia 

koa t r e e s  with l a r g e  (80-150 cm) t runk d iameters .  Metrosideros,  though - 
n o t  s o  l a r g e  i n  crown diameter  is s i m i l a r l y  t a l l .  A second t r e e  l a y e r  is 

dominated by t r e e  f e rns  (Cibotium spp . ) ,  b u t  con ta ins  a l s o  a number of  

o t h e r  sma l l e r  t r e e s ,  such a s  Myrsine l e s s e r t i a n a ,  Myoporum sandwicense and 

Coprosma spp.  Occasional openings i n  t h e  t r e e  canopy a r e  covered with 

mixed g ras ses .  

Transect  3 ,  from sea  l e v e l  a t  Apua Po in t  t o  3000 f e e t  through Alae 

c r a t e r .  The t r a n s e c t  covers most of  t h e  e a s t - c e n t r a l  a rea  of  t h e  l'ark 

no r th  and south of  t h e  Chain-of-Craters Road. For l o c a t i o n  s e e  map, 

F igure  18.  The t r a n s e c t  i s  por t rayed  by p r o f i l e  diagram Figure 32. The 

lower l e t  s i d e  of  t h i s  p r o f i l e  diagram (segments 1-4) shows s i m i l a r i t y  t o  

t h e  lower le f t -hand s i d e  (segments o f  Figiire 3 1  (Transect  2 ) .  Also, 

t h e  humid montane r a i n  f o r e s t  on t h e  upper right-hand s i d e  of  Figure 32 h a s  

a l r eady  been introduced by two types  (segments 11 and 12)  on Figure 30 

(Transec t  1 ) .  Therefore, i n  s p i t e  of  t h e  11 d i v i s i o n s  shown on Figure 32, 

t h e  p r o f i l e  in t roduces  only t h r e e  e n t i r e l y  new types .  These a r e  represented 

by segments 2 ,  5 and 11. The d i scuss ion  fol lows again t h e  sequence ind ica t ed  

by t h e  segment numbers on t h e  profi1.e diagram Figure 32. 

Segment 1 (Fig.  32) .  S a l t  spray  and o t h e r  shore  communities; map symbol 

r ( s p r )  and z; a e r i a l  photo 8-0070. 

For d e s c r i p t i o n  s e e  above under Transec t  2 .  It may be noted t h a t  ;.n 

unusual ly  broad s t r a n d  community (& can be  seen near  Apua Po in t ,  the 

s t a r t  o f  t h i s  p r o f i l e .  



Fig. 32.  South-north profile of vegetation types i n  east-central 
area of the Park f r om sea level to 3000 feet ,  16 miles (from Apua 
Point through Alae Crater to  Olaa Forest Reserve). This is  Transect 
3 of the text and Figure 18. 
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Segment 2 (Fig.  32) .  Heteropogon grass land;  map symbol W(r); a e r i a l  

photo 8-0070. 

mis  is n o t  a  homogeneous vege ta t ion  type ,  bu t  it is d i s t i n c t  from 

t h e  o-ther c o a s t a l  lowland dry-grass types ,  t h e  E r a g r o s t i s  t e n e l l a  grassland 

(Fig .  31, segment 2 ) .  The main e c o l o g i c a l  d i f f e r e n c e  is t h e  absence of  

ash pockets  on t h e  pahoehoe, which i n  t h i s  t ype  exposes more s o i l - f i l l e d  

c racks  t h a t  a r e  t h e  p a r t i c u l a r  h a b i t a t  of  Heteropogon con to r tus .  But 

s e v e r a l  o t h e r  g ra s ses  a r e  found h e r e  a s  w e l l ,  such a s  Chrysopogon a c i c u l a t u s ,  

Sporobolus d iander ,  Chlor i s  i n f l a t a ,  Tricholaena repens ,  DFctyloctenium 

aegyptium, and o t h e r  he rbs  such a s  F i m b r i s t y l i s  cymosa, Fhnilia javanica and 

Por tu laca  cyanosperma. Various low shrubs  may be  found i n  a s soc ia t ion  with 

t h e  he rbs ,  such a s  W?ltheria ind ica  v a r .  americana, Pluchea odorata ,  Cassia 

l e schenau l t i ana ,  - C ,  b i c a p s u l a r i s ,  Osteomeles a n t h y l l i d i f o l i a  and Indigo- 

f e r a  s u f f r u t i c o s a .  Depending on t h e  number of  a v a i l a b l e  c racks ,  age of  - 
pahoehoe and va r ious  o t h e r  f a c t o r s ,  which inc lude  t h e  goa t  browsing p res su re  

i n  t h i s  a rea ,  t h e  Heteropogon grass land  may vary from extremely t h i n  cover ,  

where most of t h e  s u r f a c e  is bar ren  lava  fmap symbol r(lli] t o  a  r e l a t i v e l y  

dense cover ,  i n  which t h e  introduced,  thin-stemmed and low-growing l e y m i -  

nous shrubs (Cassia  and Indigofera)  may become r a t h e r  dense [map symbol 

~ ( l s i ) ] .  

Segment 3 (Fig.  32 ) .  Very open Metrosideros-Diospyros Fores t ;  map  symbol^ 

MD(rl; a e r i a l  photo 8-0070. 

See previous d e s c r i p t i o n  under Transect  2 .  Here, t h e  area of t h i s  

s l o p e  t y p e  is l o c a l l y  n o t  a s  l a r g e  a s  t h a t  on Hi l ina  P a l i  (Fig.  31, segment 

3 ) .  Thus it is symbolized only by one sc l e rophy l lous  t r e e ,  Metrosideros, 

on t h e  c o l l u v i a l  a ' a  s lope .  The r e l a t i v e  abundance of  Diospyros v a r i e s  

from p l a c e  t o  p l a c e  wi th in  t h e  type  and t h e r e  a r e  a r e a s  where i t  i s  d i f f i c u l t  



t o  l o c a t e  an ind iv idua l .  

Segment 4 (Fig .  32) .  Andropogon grass land;  map symbol. h ( n s - i ) ;  a e r i ? l  

photos 8-0068, 8-0070. 

See d e s c r i p t i o n  above under Transect 2 .  I n  t h i s  a rea  of  t h e  Prrk 

tlie Andropogon grass]-and v a r i e s  i n  t h a t  t h e r e  i s  no dime Fringe s t  i ts  

nor thern  border .  Al.so, Metrosideros, a s  t r e e s ,  is ?].most absent ,  i n s t ead  

shrubs a r e  more p r e v a l e n t .  I t  is i n t e r e s t i n g  t h a t  introduced shrubs have 

penet ra ted  i n t o  t h i s  type ,  apparent ly from t h e  low]-and a r e a s ,  while  t:l~e,v 

% r e  r a r e l y  round h ighe r  up i n  t h e  next  t ypes .  The introduced shrubs in-  

c lude  Lantana camara, Psidiu~n guajava and -beta jamaicensis .  The 

n a t i ~ v e  shrubs a r e  mostly represented by Dodonaea, Wikstroemia, S t y p h c l i ~  

and Myoporum. Tlie thick-mat Forming g ras s ,  Mel in is ,  i s  p a r t i c u l a r l y  

"advancing" i n  t h i s  a rea  of t h e  type .  Where this type  is grazed by c r r t t l e  

(Ainahois Ranch) Sporobohs  a f r i canns  bcc:omcs dominant i n  p l ace  o r  .\nindro- 

-. 
Sebment 5 (F ig .  32) .  Open Metrosideros-iindropogon r a r e s t  wit11 n a t i v e  

slirubs; map symbol. oM(ns-An) ; a e r i a l  photo 8-0068. 

This type  can a l s o  be  ca l l ed  tlie s easona l  evergreen f o r e s t ,  sirice 

it occurs i n  t h e  sunmer-dry cl.imal:e. It is, next  t o  t h e  montane r a i n  

f o r e s t ,  t h e  most dominant Forest  type i n  t l ie  P ~ r k  t h a t  extends,  with some 

s t ruc -h i r e1  v a r i a t i o n s  from t h e  Andropogori-[~rassland a t  2000 Cect t o  t h e  

Metrosideros-Gl~eiche?iia r a i n  f o r e s t  r t  aboii-I: 3000 Teet, near  l;hc Cna:i.n- 

or -Cra ters  Road. J.?rom west t o  e a s t  i t  extends From t h e  Fri.nge f o r e s t  

-?iind Kaii Desert: (segpcn-L-s 5 rnc1 7 on J3.g. 31) t o  i iem t h e  southward 

s:l.opirig p a r t  of  t h e  Kalapana ~ o a d  (sontli of' Malcopishi. C r a t e r ) .  

Tile forest:  is  composed of pure  Metrosjderos i n  t h e  t r e e  l a y e r ,  wl~ich 

: ,a r ' ?s  i n  s i z e  and dens i ty  with degree of  weatliering oT t h e  s n h s t r a t e .  On 



more s t r o n g l y  weathered pahoehoe, t h e  t r e e s  a r e  a s  ta1.l a s  i n  t h e  ad jacen t  

r a i n  f o r e s t  t o  t h e  nor th  and they form, occas iona l ly ,  r e l a t i v e l y  closed 

s t ands .  More dominant is an open growth p a t t e r n ,  where t h e  spaces between 

t h e  t r e e s  (about 5-10 m a p a r t )  a r e  occupied by e loose  growth of n a t i v e  

shrubs ,  such a s  S typhel ia  tameiameiae, Dodonaea v iscosa ,  Wikstroemia 

sandwicensis  and Dubautia scabra .  The h e r b  l a y e r  is d i s t i n c t l y  dominated 

by hdropogon spp. ,  where h e r e  t h e  more p r e v a l e n t  spec ie s  is - A ,  v i r g i n i c u s  

r a t h e r  than - A. glomeratus.  Other, commonly a s soc ia t ed  he rbs  a r e  Ga.hnia 

gahniaeformis,  S i l ene  g a l l i c a  and Sporobolus a f r i canus .  

I n  a l l  p l aces  v i s i t e d ,  pahoehoe l ava  was found t o  c rop  out  a t  t h e  

s u r f a c e ,  t hus  f i n e  s o i l  occurs only i n  c racks  and t h e  more o r  l e s s  deep 

(20-40 cm) depress ions  between t h e  outcropping mounds. I n  these  pockets  

t h e  s o i l  i s  formed p r imar i ly  from coarse ,  sand-grained a sh .  Such ash 

pockets  a r e  o f t e n  occupied by Bulbos ty l i s  c a p i l l a r i s ,  and occas ional ly  

by l i c h e n s  i n  very open p laces .  

I n  s p i t e  of  a  s i m i l a r  t r e e  s tand  t h e  type  is w e l l  d i s t ingu i shab le  

from t h e  r a i n  f o r e s t  by t h e  complete absence of  Gleichenia and Cibotium 

and t h e  prevalence of  Andropogon. 

Segment 6  (Fig.  32) .  Disturbed Metrosideros scrub  Fores t  with Gleichenia 

and Andropogon pa tches ;  map symbol s c M ( G h )  ; e e r i a l  photos 8-0068, 8-0066. 

This f o r e s t  occurs  along t h e  Chain-of-Craters Road around Alae 

Cra te r  ( t h e  c r a t e r  is ind ica t ed  by a  depress ion  of  Fig. 32). The d i s tu rbed  

cond i t ion  is caused i n  p a r t  by a  f i r e  t h a t  went through t h i s  p a r t i c u l a r  a rea  

about  30 yea r s  ago, i n  p a r t  by t h e  proximity of  fumarole a r e a s  and s c a t t e r e d ,  

i n d i v i d u a l  steam ven t s  and i n  p a r t  by r e l a t i v e l y  r ecen t  lava  f lows.  The 

t y p e  r e c u r s  a s  segment 9 (Fig.  32) f a r  w i th in  t h e  humid montane r a i n  f o r e s t  

c l ima te ,  where t h e  d is tvrbance  i s  p r i m a r i l y  due t o  t h e  recency O F  t h e  under- 

l y i n g  s u b s t r a t e .  From ex t r apo la t ion  of  r e l a t i v e l y  undisturbed types  i n  t h e  
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v i c i n i t y  it became c l e a r  t h a t  t h i s  t ype  (segment 6 ,  Fig.  32) can be  consi- 

dered a s e r a 1  form of t h e  humid montane r a i n  Fores t .  It i s  cha rac te r i zed  

by s c a t t e r e d  sma l l  (1-5 m) Metrosideros t r e e s ,  some of  which a r e  sp rou t s  

rrom stumps. Also, sma l l e r  s eed l ings  may be p resen t .  The ground cover is 

dominated by t h i c k e t s  of  t h e  c reeping  f e r n ,  Gleichenia l i n e a r i s ,  and by 

pa tches  oC Andropogon v i r g i n i c u s .  Other common p l a n t s  a r e  Lycopodium 

cernuum, Machaerina a n g u s t i f o l i a ,  - C ~ r e x  wahuensis v a r .  rubig inosa ,  Isechne 

d i s t i c h o p h y l l a  and Briza mi.nor. The Gleichenia cover i n  t h i s  t ype  is some- -- 
what s i m i l a r  t o  t h e  Gleichenia mats found a t  mid-~].ope on t h e  windward 

r idges  of Oahu. However, eco log ica l ly  t h e  two Gleichenia a r e a s  a r e  q u i t e  

d i f i e r e n t ,  with t h e  main physiognomic d i f f e r e n c e  being t h e  much g r e a t e r  

frequency of  Metrosideros t r e e s  i n  t h e  Hawaii Volcanoes Nat ional  Park type  

(segments 6 and 9 ,  Fig.  32) .  The Gleichenia i t s e l f  i s  d i f f e r e n t  i n  t h e  

Park, be ing  G. l i n e a r i s  v a r .  tomentosa. 

Segment 7 (F ig .  32). Open Metrosideros-Cibotium-Gleichenia f o r e s t ;  map 

symbol oM(c-G); a e r i a l  photo 8-0066. 

Th5.s type  i s  of  wide-spread occurrence i n  t h e  continuously humid 

montane r a i n  f o r e s t  c l ima te  and it can be  considered an in termedia te  devel- 

opmental form between t h e  d is turbed  Metrosideros-Gleicl~enia scrub  f o r e s t  

t ype  (se@ent  6) and t h e  closed Metrosideros-Cibotium -- Forest (sebment 8 ) .  

Its major c l l a r a c t e r i s t i c s  a r e  t h e  open growlrh of Metrosideros t r e e s  (5-15 m 

? p a r t ) ,  t h e  dense patch formations of  Gleichenia i n  t h e  openings, and t h e  

abundance of t r e e  f e r n s  (Cibotium spp . ) .  The t a l l e r  Cibotium ind iv idua l s  

(1.5-3 m) a r e  roughly equal  i n  number t o  t h e  Metrosideros t r e e  ind iv idua l s .  

I n  tl1i.s type  Gleichenia can o f t e n  be  seen t o  have grown i n t o  t h e  lower 

crowns of  t h e  Metrosideros t r e e s  (up t o  h e i g h t s  of  3-5 m). Other common 

a s s o c i a t e s  inc lude  Vaccinium calycinum, Wikstroemia s p . ,  and Sadl.eria 



cyatheoides i n  t h e  shrub l a y e r ,  and 1,ycopodium - cernuum, Isachne d i s t i c h o -  

p h y l l a  and Hedyotis centhranthoides  i n  t h e  herb  l aye r  toge the r  with t h e  

dominant Gleichenia.  

Segment 8 (F ig .  32).  Closed Metrosideros-Cibotium f o r e s t ;  map symbol 

m; a e r i a l  photos 8-0064, 8-0066. 

This i s  t h e  same a s  segment 12 on Figure  30. For d e s c r i p t i o n  s e e  

d iscuss ion  under Transect  2 ,  above. 

Segment 9 (F ig .  32) .  Disturbed Metrosideros scrub  f o r e s t  with Gleichenis  

and Andropogon pa tches ;  map symbol ScM(G-An); a e r i a l  photo 8-0066. 

This type  is t h e  same a s  represented  by segment 6 on Figure 26. 

However, steam ven t s  a r e  absent  i n  t h i s  z.rea near  t h e  Volcano Road. Ins tead  

t h e  d i s tu rbed  condi t ion  is p r imar i ly  caused by t h e  recency of t h e  lava sub- 

s t r a t e  and, i n  p a r t ,  l o c a l l y  aggravated by t h e  cleari-ng of  vege ta t ion  For 

land  development. Andropogon v i r g i n i c u s  cover dominates l o c a l l y  over 

Gleichenia i n  t h e  most r e c e n t l y  d i s tu rbed  a r e a s .  

Segment 10 (Fig .  32). Open Metrosideros-Cibotium f o r e s t ;  map symbol ..,--.-> oM(C). 

a e r i a l  photos 8-0062, 8-0064. 

The spac ing  of Metrosideros compares very c l o s e l y  t o  t h e  open growth 

described f o r  segment 7 (F ig .  32).  However, t h e  in t e rven ing  spaces between 

t b e  t r e e s  a r e  f i l l e d  with dense growths 0.f Cibotium, while  Gleichenia is 

very r a r e  o r  absent .  Other occas ional  components i n  t h e  t r e e  f e r n  1.ayer a r e  

P ip turus ,  Cyrtandra and Myoporum. The h e r b  1.ayer is very poor1.y represented 

because o f  t h e  dense shade beneath t h e  Cibotium fronds.  This t y p e  occr:rs 

on shal low s o i l  pockets  on pahoehoe a s  w e l l  a s  on deeper s o i l  Formed from 

well-weathered ash .  It seems t o  r e p r e s e n t  s l a t e r  developmental. rorm of 

segment 8 ,  i n  which s e v e r a l  Metrosideros t r e e s  have d ied ,  broken down and 

been replaced by Cibotium. This type  is found only no r th  of  t h e  Vol.ceno 

Road, - i . . ,  - ou t s ide  t h e  Park boundary. 



Segment 1.1 (F ig .  32 ) .  Cibotium Forest: with s c a t t e r e d  ol~d Metrosideros 

t r e e s  t h a t  a r e  covered with ep iphytes ;  map symbol C(M"); ae r i a l .  photos 

8-0062, 8-0064. 

This type  is  cha rac te r i zed  by a d i s t i n c t  cover-dominance of Cibotinm, 

which h e r e  a t t a i n  occasional1.y a h e i g h t  of  4-8 m, and by t h e  presence O F  

s c a t t e r e d ,  o f t e n  very t a l l  (20-25 m ) ,  Metrosideros t r e e s .  ?I l~ese have 

commonly a spl . i t  lower " trunk,"  which i n d i c a t e s  t h a t  they genninated oil 

h i g h e r  ob jec t s  ( ~ ~ s u a l l y  t r e e  Ferns) and then  s e n t  t h e i r  r o o t s  downward i n t o  

t h e  so i l . .  The t r e e - f e r n  s ~ i b s t r a t e s  a r e  sti1.l a1.ive i n  inany cases ,  8,s 

Eletrosideros c o l l i n a  does n o t  i'orm m anastornozing r o o t  system eround t h e  

s ' t b s t r a t e -hos t  a s  does Metrosideros rohusta  i n  New Zea:l.ancl (Wal.terl 1~964). 

There a r e  a l s o  many t r e e s  i n  - th i s  t ype  t h a t  geminat-cd hi i:he s o i l ,  md 

even sma l l e r  t r e e s  can be Sound i n  t h i s  same category.  The 1.attc:r may have 

gemina ted  i n  open pl.aces c rea t ed  by t h e  brealtdown oS over-matiire Metrosidcr- 

o s ,  which gave t h e  seed l ings  a chance t o  grow tliroiigl~ t h c  C:i.boti.iim l a y e r  - 

befo re  t h e  t r e e  canopy overhead c losed .  Gcnni.nation on l?:i.ghc:r ob;jecks 

t h a t  provide s u F r i c i e n t  l i g h t  For growth For t h e  obvio i~s ly  s h a d e - i r t o l e r a n t  

Metrosideros,  shows a remar1tabl.e adapta t ion  t o  siirvival. i n  densely vegeta ted ,  

o ld  s t a n d s .  Anot11er important: character is1: ic  i s  t h e  abimdance oC vasci;l.nr 

ep iphytes ,  such a s  Astel.ia menzies:i.ana -) Frcyc ine t i a  --7 arborca Pepero~iiia spp.  - - 

and Cheirodendrou t r i g y n ~ ~ m .  The l a t t e r  :its a l s o  foiind a s  a so i l - roo ted  t r e c  

i n  more open p l a c e s .  In  ad t l i t ion ,  t runks  and branches O F  -the olcl, t:al.l. 

Met1:osidcros t r e e s  a r e  oi-ten covered with ep:i.pliyl:i.c rerns and bryoyihptes, 

t h e  l .al: ter may o:Ften provide s ~ i i t a b l e  h a b i t a t  condi t ions  For t h e  vascular  

euipl iytes .  Even a - t ree  fern and, in  s e v e r a l  ca ses ,  a sml.1. Metrosi~deros 

t r e c  were observed t o  have grown epiphytical.:i.y on old Met:rosidcros t r e e s .  

Si.1~11 o1.d t r e e s  typica1l.j) havc r a t k e r  ror::$, s ca ly  bark ,  ;ei:ial. r o o t s  ~1 .ong 



t h e  t r u n k ,  and o f t e n  enormous branches t h a t  though crooked have some hor i -  

z o n t a l  segments which a r e  p a r t i c u l a r l y  crowded with ep iphytes .  There a r e  

many o t h e r  sma l l  t r e e s  and arborescent  shrub spec ie s  i n  t h i s  t ype ,  bu t  

t hey  a r e  n o t  dominant. Among t h e s e  a r e  Myrsine I .esser t iana ,  Coprosma 

rhynchocarpa, P ip tnrus  a lb idus ,  Pi.ttosporum s p . ,  Myoporum sandwicense, 

Pelea s p .  and Cyrtandra. Occasional pa tches  o r  i nd iv idua l s  o-f t h e  n a t i v e  - 
palm, P r i t c h a r d i a ,  can be found. Wherever t h i s  s t m d  was observed, it 

occurred on deep, melanized s o i l  from well-weathered a sh .  

Transect  4,  from sea  l e v e l  t o  2500 Feet  through Naulu Fores t  t o  

Napau Cra te r .  For l o c a t i o n  s e e  map, Figure 18.  The t r a n s e c t  i s  portrayed 

by p r o f i l e  diagram Figure 33. The di.agram shows seven p ro f i - l e  segments. 

Segments 1 and 2 r ep resen t  t h e  same vege ta t ion  type  a s  segments 1. and 2 

on Figure  32 (Transec t  3 )  and segment 7 r ep resen t s  t h e  same humid r a i n  

f o r e s t  t ype  a s  segment 8 on Figure 32 and segment 12 on Figure  30 (Transect  

1). Segments 3-6 (F ig .  33) r ep resen t  new type  v a r i a t i o n s  found i n  t h i s ,  

more e a s t e r n  p a r t  of  t h e  Park. The d iscuss ion  foll.ows t h e  segnent  number 

i n d i c a t e d  on t h e  p r o f i l e  diagram Figure 33. 

Segment 1 (Fig. 33).  S a l t  spray  and o t h e r  sho re  communities; map symbol 

r ( s p r ) ;  a e r i a l  photo 8-0024. 

For d e s c r i p t i o n  s e e  Transect  2,  above. 

S e ~ m e n t  2 (Fig.  33) .  Heteropogon grass land;  map symbol aer ia l .  photo 

8-0024. 

For d e s c r i p t i o n  s e e  Transect  2,  above. 

Segment 3 (Fig.  33) .  Heteropogon grass land  with low shrubs;  map symbol 

( I s - i )  a e r i a l  photo 8-0024. 

This type  d i f f e r s  from t h e  previous type  p a r t i c u l a r l y  i n  t h e  preval-  

ence of  low, spreading  shrubs t h a t  occur t o g e t h e r  h e r e  with t h e  g ras ses ,  

i nc lud ing  Heteropogon con to r tus  and o t h e r s ,  such a s  Chrysopogon a c i c u l a t u s  
______) 



Fig. 33. South-north profile of vegetation types i n  the eastern 
area of the Park from sea level  to  2500 feet ,  an area 7 miles long 
extending from Kealakwo through the Naulu Forest to  Napau Crater. 
This i s  Transect 4 of Figure 18 and the text .  
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Sporobolus d i ande r ,  Tricholaena repens,  Chlor i s  i n f l a t a ,  The shrubs c o n s i s t  

OF such n a t i v e  s p e c i e s  a s  Osteomeles a n t h y l l i d i f o l i a ,  Canthium odoraturn, 

S typhel ia  and Dodonaea. The f i r s t  two a r e  t y p i c a l  lowland spec ie s ,  whereas 

t h e  o the r  two a r e  d i s t r i b u t e d  over  a wide range o f  a l t i t u d e .  Most of  t h e  

shrubs  a r e ,  however, introduced spec ie s  t h a t  have t h e i r  range dominantly i n  

t h e  h o t  lowland. These inc lude  Waltheria ind ica  v a r .  americana, Pluchea 

odora ta ,  Indigofera  s u f f r u t i c o s a  and Cessia l e schenau l t i ana .  Another 

c h a r a c t e r i s t i c  of  t h i s  type,  a p a r t  from t h e  presence of a s c a t t e r e d  shrub 

component, is a c l o s e r  v e g e t a t i v e  cover.  The outcropping ba r ren  pahoehoe 

mounds, s o  conspicuous i n  t h e  Heteropogon grass land  t y p e ,  a r e  mostly hidden 

h e r e  beneath t h e  v e g e t a t i v e  cover .  The ecol.ogica1 d i f  erence is a t t r i .bu t -  

a b l e  p r imar i ly  t o  e h ighe r  degree of  weathering g iv ing  r i s e  t o  l a r g e r  s o i l  

pockets  t h a t  can s t o r e  more r a i n  water.  The somewhat h i g h e r  r a i n f a l l  may 

a l s o  c o n t r i b u t e  t o  t h e  d i f f e rence ,  a s  t h i s  t ype  i s  t r a n s i t i o n a l  t o  more 

h e a v i l y  vegetated types  (segment 4, Fig.  33, and segment 5 ,  Fig.  34) i n - t h e  

summer-dry c l ima te .  This t ype  is found only on pahoehoe lava  and not  on 

a ' a .  

Segment 4 (Fig.  33).  Metrosideros-Diospyros mixed :Forest with patchy 

s t ands  o f  A leu r i t e s ;  map symbol MD(Al-ns-i-An-N); a e r i a l  photo 8-0024. 

This type  i s  q u i t e  v a r i a b l e ,  forming open t o  s c a t t e r e d  Metrosideros- 

Diospyros f e r r e a  s t ands  with e i t h e r  grassy undergrowth dominated by 

Andropogon v i r g i n i c u s  (symbol - An) and mixtures  o f  n a t i v e  (ns ,  - - -  i . e . , Styphel ia  , 
Dodonaea) and introduced shrubs (2, i.~., Lantana camara, Stachytarpheta 

jamaicensis ,  and sma l l  Psidium guajava, o r  occurr ing  on almost bar ren  

c o l l u v i a l  a ' a  l ava  s u r f a c e s  with pa tch  co lon ie s  of  t h e  f e rn ,  Nephrolepis 

e x a l t a  (symbol - N) ,  o r  t h i r d l y ,  forming c losed  pa tch - fo res t s  dominated by 

Aleu r i t e s  moluccana (symbol Al). Wherever permi t ted  by t h e  s c a l e ,  t h e s e  



' v a r i a t i o n s  were mapped s e p a r a t e l y .  The p r o f i l e  diagram emphasizes p a r t i -  

c u l a r l y  t h e  l a t t e r  v a r i a t i o n  (Aleu r i t e s  pa tch  f o r e s t ) ,  a s  t h i s  r e p r e s e n t s  

t h e  more obvious v a r i a t i o n .  The a rea  is known a s  Naulu Fores t .  The type  

r e p r e s e n t s  t h e  eastward cont inuat ion  of  t h e  p a l i  vege ta t ion  type  on co l lu -  

. . 
v i a l  a ' a  lava  shown f i r s t  a s  segment 3  on Figures 3 1  & 32. 

Here Aleu r i t e s  occurs (segment 4, F ig .  33) a s  a  new element, which 

becomes s t i l l  more abundant Further  e a s t  i n  t h e  more humid c l ima te  (no t  

shown on p r o f i l e  diagrams). The most wes ter ly  Aleu r i t e s  t r e e  was spo t t ed  

near  Transect 3 ( i n  t h e  e a s t - c e n t r a l  p a r t  of  t h e  P:,rk). A few s c a t t e r e d  

ind iv idua l s  and groups occur between Transects  3  m d  4. Comparison of  t h e  

h a b i t a t s  of  A leu r i t e s  with those  on Oshu may be i n  o rde r .  On Oehu pure  

pa tch  communities o f  A leu r i t e s  a r e  found around t h e  i s l a n d  from mid-a l t i tudes  

(about 1800 f e e t )  downward i n  deep r a v i n e s .  They form l a r g e r  s t a n d s  on t h e  

windward than on t h e  leeward s i d e ,  b u t  they  a r e  always r e s t r i c t e d  t o  

r av ines .  Here, on t h e  more r e c e n t  s u r f a c e s  i n  t h e  Park t h e r e  a r e  no such 

r av ines .  However, both h a b i t a t s  have t h r e e  th ings  i n  common, t h e  upper 

a l t i t u d i n a l  l i m i t ,  t h e  s lope ,  and t h e  coa r se ,  s tony su r face .  While t h e  

s tones  a s  such do n o t  appear t o  have any causa t ive  r e l a t i o n  t o  Aleu r i t e s ,  

t h e  seepage water  occurr ing  i n  t h e s e  h a b i t a t s  appears t o  be  s i g n i f i c a n t .  

A s o l i d  core  o f  lava  i s  always found beneath t h e  coarse  a ' a  rubble  su r race  

a t  about I m depth.  While i n  t h e  gulches on Oahu most seepage water  may 

run s u p e r f i c i a l l y ,  h e r e  (segment 4 ,  Fig.  33) it is probably provid ing  

subsu r face - i r r iga t ion .  A c l o s e r  i n v e s t i g a t i o n  of  t h e s e  r e l a t i o n s h i p s  would 

be  d e s i r a b l e .  Obviously, t h e  inc reas ing  nbundance of A leu r i t e s  towards 

t h e  more humid c l ima te  eastward shows another  moisture r e l a t i o n s h i p  (which 

may a c t  through more abundant seepage) and t h e  a l t i t u d i n a l  r e l a t i o n ,  From 

about 1800 f e e t  downward, i n d i c a t e s  a  r e l a t i o n  t o  a mean a i r  temperature 



431 

of about  20' C upwards. Al-eurites can h a r d l y  be  expected t o  eventua l ly  

form a climax Formation a s  was suggested by Robyns & Lmb (1939). 

Beside t h e  t h r e e  main t r e e  components, Metrosideros, Diospyros and 

A l e u r i t e s ,  t h e r e  a r e  s e v e r a l  o t h e r  woody s p e c i e s  found h e r e .  These inc lude  

Canthium odoratum, Myoporum sandwicense, Bobea t imonioides,  Alphitonia 

ponderosa, Antidesma pulvinatum, Myrsine . . l e s s e r t i a n a  and - M .  sandwicensis.  

A more complete l i s t  i s  shown i n  "Guide t o  t h e  Kalapana-Chain-of-Craters 

Road," a mimeographed pub l i ca t ion  of Hawaii Volcanoes National  Park. 

Segment 5 (Fig.  33) .  Shrubland with Andropogon and s c a t t e r e d  o ld  Metrosi- 

de ros ;  map symbol ns(i-An-M); a e r i a l  photos 8-0024, 8-0026. 

This  type  is r e l a t e d  t o  t h e  Andropogon grass land  (segment 4 on Fig.  

32 & 33). However, t h e  shrub component is dominant over  t h e  g ras s  i n  t h i s  

type .  The shrubs a r e  comprised mainly of  Dodonaea and Styphel ia ,  b u t  

i n d i v i d u a l s  of  t h e  introduced shrubs,  Lantana, Stachytarpheta and Psidium 

y a j a v a  a r e  h e r e  Found t o  reach t h e i r  upper  a l t i t u d i n a l  invasion l i m i t s  

except  f o r  some l o c a l l y  d is turbed  p laces  h i g h e r  up, - e . .  near  fumaroles.  

The shrub l a y e r  forms local1.y-impenetrable t h i c k e t s .  A t h i r d  component is 

represented  by s c a t t e r e d  old Metrosideros t r e e s  (20 m t a l l )  with l a r g e  

globose crowns (10-15 m i n  diameter)  t h a t  were i n  full bloom throughout 

t h e  summer-dry season of  1965. Many of  t h e s e  t r e e s  have died and occur 2s 

snags i n  t h i s  t y p e ,  and t h e r e  seems t o  be  no s e e d l i n g  reproduct ion o f  

Metrosideros h e r e .  

Segment 6 (Fig.  33) .  Open Metrosideros-Gleichenia-Andropogon f o r e s t ;  

map symbol oM(G-An); a e r i a l  photo 8-0026. 

This f o r e s t  occurs a l i t t l e  no r th  b u t  p a r t i c u l a r l y  south of  t h e  o ld  

Kalapana T r a i l .  I t  h a s  t h e  c h a r a c t e r i s t i c s  of  a t r a n s i t i o n  f o r e s t  between 

t h e  humid montane r a i n  - fores t  (segnent  7 of  Figs.  32 & 33) and t h e  evergreen 



seasona l  f o r e s t  (segment 5 ,  F?.g. 32) .  I n  s p i t e  of t h e  Fac-t t h a t  i t s  dom- 

i n a n t  components (Metrosideros,  Gleichenia and hdropogon) a r e  t h e  same a s  

i n  t h e  d is turbed  r a i n  o r e s t  (segments 6 & 9 ,  Fig.  32) ,  i t s  c h a r a c t e r  is 

q u i t e  d i f f e r e n t .  

The g ras s ,  Andropogon v i r g i n i c u s ,  forms pure patch communities up 

t o  10 x 20 m across  and t h e  same a p p l i e s  t o  t h e  Gleichcnia mats beneath 

t h e  t r e e s ,  which sometimes may even be  l a r g e r .  P ig  s c a r i f i ~ c a t i o n  was 

observed t o  be p a r t i c u l a r l y  p reva len t  i n  t l i i s  a re?  and it f s  p o s s i b l e  <:hat: 

t h e  two herbaceolis patch communities Corm a p a t t e r n  t h a t  i s  r e l a t e d  t o  p i g  

damage. Wliere t h e  same degree O F  pi.g scar iF i .ca t ion  occllrs i n  t h e  t r u e  

humid montane r a i n  f o r e s t ,  t h e  sea r iF ied  ground i h  soon i.nvsded by e i t h c r  

Peperomia i n  shaded p laces  o r  by Gleichenia i n  more open p l a c e s .  -- An&- 

i s  not  foirnd upon such small-scale  d i s tu rbances .  However, i n  t1l:i.s type 

(seggment 6 ,  Fig. 33) hdropogon - t akes  a s t r o n g  Footh01.d. This appears t o  

be  r e l a t e d  t o  a c e r t a i n  reduct ion  i n  srimmor-rainfall i n  t l i k  zone. 

I n  ~ d d i t i o n  t o  Metrosideros occasionalLy one c?n "inci an ind:ividual. 

of  Santalum e l l ip t i cum v a r ,  pan icuh tum i n  t h i s  type ,  wl~ich may be or: t r e e  

o r  slirub s t a t u r e .  Other common shrubs a r c  Vaccinium calycinum, Co~rosma 

meiizi.esii., Dodonaea v iscosa  and Styphel ia  - tameiameiae. Common he rbs  i n  

add i t ion  t o  hdropogon and Clei.clienia a r e  Machaerina imgusti. l'ol.i.a, lili~mclio- -- -- 

s c l e r o i d e s  and Gahnia gahniae t o m i s .  

Segment 7 (F ig .  33) .  Closed Metrosideros-Cibotiiim Forest;  mail symbol 

cM(C); a e r i a l  photo 8-0026. - 

?'itis i s  the same a s  sc~ghiciit: 8 on Fi.;3irc 32 and s e ~ m e n t  1% on F;gcire 

3 0 .  f o r  d e s c r i p t i o n  s e e  above under d iscuss ion  of Transect  2 .  

Vegetation types  i n  t h e  c o a s t a l  lowland, e a s t -  ~ r t  oF t h e  Prirk. Transect  5 ---c -- 

( F i  ,;. 1-8). P r o f i l e  diagram Figure 34,  
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Fig. 34. Profile of vegetation types inland of the salt-spray 
zone in  the eastern lowland area of the Park from Kaena (SW) to  
Kalapana ( N E ) ,  a distance of 10 miles at  elevations of between 30-60 
feet .  This i s  Transect 5 of Figure 18 and the text .  
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Transect  5 extends along t h e  c o a s t a l  lowland from Kaena t o  Kalapana 

(i 'or l.ocation s e e  map, Fig.  18 ) .  The p r o f i l e  di.agram on Figure 34 po r t r ays  

t h e  i.owl.and vege ta t ion  types  a s  they occur along t h i s  t r a n s e c t  i n  r e l a t i o n  

lro a change i n  c l ima te  from summer-drought t o  humid. There a r e  no s i g n i f i -  

c a n t  v a r i a t i o n s  i n  e l eva t ion ,  and t h e  mean annual a i r  temperature i s  thus  

E k e w i s e  r a t h e r  cons tan t .  

'The major lowland types  i n  t h e  wes t -cent ra l  (E rag ros t i s  t e n e l l a  

grass land ,  segment 2 on Fig.  31) and t h e  e a s t - c e n t r a l  a r ea  (Heteropogon 

grassl.and, sebment 2 on Figs .  32 & 33) o f  t h e  Park have a l ready been 

described i n  t h e  d iscuss ion  of Transects  2 and 3 .  These two grassland 

types  occur i n  a  d i s t i n c t l y  warm, t r o p i c a l  summer-drought c l ima te .  A more 

i n t e r e s t i n g  v a r i a t i o n  i n  t h e  same c l imate  i s  t h e  s c a t t e r e d  Metrosideros 

s t and  which is shown on Figure 34 a s  segment 2 .  Therefore,  Transect 5 ,  

though on1.y s h o r t  (10 mi l e s )  encompasses t h e  major vege ta t ion  v a r i a t i o n s  

i n  t h e  c o a s t a l  lowland in land  of  t h e  seashore  communities. 

The d iscnss ion  Follows i n  order  of  t h e  s i x  p r o f i l e  segments shown 

011 Figure 34. 

Sehment 1 (Fig.  34).  Heteropogon grass land;  map symbol. w; a e r i a l  photos --- 
inc111d:ing t h e  shore .  

For d e s c r i p t i o n  s e e  discussi.on of  Transect  2,  above. 

Sehment 2 (F ig .  34) .  Sca t te red  old Metrosideros on nea r ly  ba r ren  a l a  -- 
l ava ;  map symbol - r(M) ; a e r i a l  photos inc lud ing  t h e  shore .  

This type  r ep resen t s  a  remarkable v a r i a t i o n  i n  t h e  lowland vegeta t ions  

of  t h e  summer-drought cli.mate. I t  shows a c l o s e  r e l a t i o n s h i p  t o  t h e  p a l i  

t ype  (segnient 3 ,  F igs .  3 1  & 32) .  I t  is q u i t e  p o s s i b l e  t h a t  Diospyros 

f e r r e a  may be  p r e s e n t  a s  well., bu t  Metrosideros is d e f i n i t e l y  by Far t h e  -- 
more p r e v a l e n t  t r e e .  H e r e . i t h a s  extremely sc lerophyl lous  l e a v e s .  The 



t ype  is found wherever old a f a  lava  extends ,  o f t en  i n  f i n g e r - l i k e  

p a t t e r n s ,  i n t o  t h e  c o a s t a l l o w l a n d  area  which is otherwise dominated by 

pahoehoe. Thus, t h e  type  occurs  a l s o ,  fir example, below Hi l ina  P a l i  

( n e a r  Transect  2 )  and between Transects  3 and 4 .  

Tree growth on ;.'a can be explained by t h e  Cact t h a t  a  s o l i d  1.ava 

co re  is always assoc ia ted  with and under t h e  coa r se ,  c l i n k e r - l i k e  a ' a  

rubb le  a t  a  depth of about l m  o r  s o .  This  s o i l d  l ava  core  a c t s  as  an 

impervious base  on which r a i n  water  c o l l e c t s  m d  does n o t  evaporate .  

Metrosideros seed l ings  may become es t ab l i shed  i n  moist  y e a r s ,  when rapid  

ex tens ion  of  i t s  r o o t s  i n t o  t h e  mois t  zone above t h e  impervious l a y e r  is 

pe rmi t t ed .  

Grasses do not  g e t  e s t ab l i shed  on t h i s  m a t e r i a l  a s  t h e i r  f i b rous  

r o o t  system i s  not  sdapted t o  growth i n  such coarse  m a t e r i a l .  Their  

t y p i c a l l y  i n t e n s i v e  r o o t  system does not  extend very deep and it would 

r a p i d l y  be des icca ted  on t h i s  s u b s t r a t e .  Grasses a r e  b e t t e r  ~ d a p t e d  t o  

growth i n  shallow s o i l - f i l l e d  cracks on pahoehoe, which cracks  ? r e  much 

t o o  sma l l  a  h a b i t a t  f o r  Metrosideros t r e e s .  Seedl ings t h a t  do appear soon 

p e r i s h  because of  l ack  of  s o i l  water .  However, one can observe Metrosideros 

t r e e s  widely s c a t t e r e d  on pahoehoe o u t s i d e  t h e  a ' a  a r e a s ,  p a r t i c u l a r l y  ?long 

t h e  summer-drought c l ima te  of  t h i s  t r a n s e c t .  This is r e l a t e d  t o  a d i s t i n c t  

v a r i a t i o n  i n  t h e  pahoehoe l ava ,  which seems t o  be only l o c a l .  Nere t h e  

pahoehoe s u r f a c e  forms a very uneven microtopography. Surface rock p l a t e s  

have been pushed toge the r  r e s u l t i n g  i n  sma l l  h i l l s  ( 2  m o r  s o  h igh)  t h a t  

have cracked open a t  t h e  apex. On t h e s e  smal l  h i l l s ,  Metrosideros t r e e s  

a r e  sometimes found t h a t  have extended t h e i r  r o o t s  i n t o  those  deep c racks ,  

a t  t h e  bottom of  which r a i n  water is he ld  by a  s o l i d  1.ava core  s i m i l a r  t o  

t h a t  beneath t h e  a ' a  su r face .  



Segment 3  (F ig .  34).  Heteropogon grass land;  map symbol H(r); a e r i a l  photos 

8-0020, 8-0024. 

This is a  recurrence  of segment 1 on t h e  very same s u b s t r a t e .  For 

d e s c r i p t i o n  s e e  d iscuss ion  under Transect  2 ,  above. 

Segment 4  (F ig .  34).  Heteropogon - grassland wi.th low shrubs;  map symbol 

( 1 - i  a e r i a l  photos 8-0020, 8-0024. 

This is t h e  same a s  segment 3 on Figure 33. For d e s c r i p t i o n  s e e  

d iscuss ion  under Transect  2 ,  above. 

Segment 5 (Fig.  34) .  Mixed lowland sc rub ;  map symbol is(l); a e r i a l  photos 

8-0020, 8-0024, 14-0016, 6-16. 

This type  is formed on much t h e  same well-weathered pahoehoe sub- 

s t r a t e  a s  segment 4. The inc rease  i n  dens i ty  m d  shrub s i z e  is obviously 

r e l a t e d  t o  an inc rease  i n  r a i n f a l l  from a summer-drought t o  a summer-dry 

c l ima te .  

The dominant n a t i v e  shrubs a r e  Canthium odoratum, Wikstroemia 

p h i l l y r a e f o l i a ( ? )  and Diospyros f e r r e a  (shrub s t a t u r e ) .  I n  additi.on t h e r e  

a r e  many introduced shrubs such a s  Schinus t e reb in th i : fo l in s ,  Eugenia cumini, 

Psidium guajava and Pluchea odorata .  Also, s e v e r a l  of  t h e  smal le r  shrubs 

of  t h e  preceding type  a r e  p r e s e n t .  l h e  t a l l e r  shrubs a r e  From 2-5 m t a l l ,  

u sua l ly  showing globose crowns. Grasses a r e  r a r e ,  bu t  Chrysopogon, 

Trichloaena and Sporobolus diander  can b e  round i n  openings between t h e  

shrubs.  However, shrub dens i ty  throughout most of t h e  type  is such t h a t  

t h e  crowns a r e  j u s t  touching each o the r .  R u s ,  t h e r e  a r e  no t h i c k e t s  and 

t h e  type  is  e a s i l y  a c c e s s i b l e .  

S e p e n t  6 (F ig .  34) .  Mixed lowland i 'orest ;  map symbol - I f ;  a e r i a l  photos 

14-0016, 6-16. 

This type  occurs near  t h e  eas t e rn  Park border  and mostly o u t s i d e  t h e  



Park near  t h e  v i l l a g e  of Kalapana. It occurs  i n  t h e  humid t o  subhumid 

r a i n - f o r e s t  c l imate ,  bu t  t h e  f o r e s t  is much in t e r rup ted  and r e s t r i c t e d  t o  

s t and  fragments a s  a r e s u l t  of urban development. With few exceptions t h e  

f o r e s t  is comprised of  introduced,  probably,  mostly p lanted  t r e e s .  These 

a r e  d i s t r i b u t e d  i n  patch : forests  s o  t h p t  t h e  dominant t r e e s  vary From 

patch t o  pa tch .  The more common t r e e s  a r e  Mangifera ind ica ,  Samanea 

-, Aleur i t e s  moluccana, Cocos n u c i f e r a ,  Pandanus and Thespesia.  

6- Summary. The vege ta t ion  types  o f  Hawaii Volcanoes National  

Psrk have been described on t h e  b a s i s  of  f i v e  vegeta t ion  p r o f i l e s  (F igs .  

30-34) intended a s  an i n t e r p r e t a t i o n  of  t h e  vege ta t ion  map t h a t  was pre-  

pared from p l a s t i c  over lays  on 53 a e r i a l  photos a t  an approximate s c a l e  

o f  1:12,000. There is some overlap of vege ta t ion  types  on t h e  f i v e  pro- 

f i l e  diagrams. A s  reviewed i n  t a b u l a r  summaries (Tables I & 1 1 ) ,  t h e  map 

symbols a r e  explained i n  t h e  form of  a legend,  and each type  is shown a s  

one o r  more segments along t h e  p r o f i l e  diagrams and i d e n t i f i e d  by t h e  

appropr i a t e  map symbol i n  t h e  t e x t .  References t o  a e r i a l  photographs s r e  

provided t o  : f a c i l i t a t e  t h e i r  order ing  and use .  



T a b l e  11. The v e g e t a t i o n  t y p e s  of  Hawaii Volcanoes 
N a t i o n a l  Park  as t h e s e  u n i t s  a r e  d i s t i n g u i s h e d  on t h e  f i v e  v e g e t a -  
t i o n  p r o f i l e s  ( F i g s .  30-34) and d i s c u s s e d  i n  t h e  t e x t .  

CLIMATE VEGETATION TYPE MAP SYMBOL PROFILE & 
SEGMENT 

D r y  c l i m a t e  w i t h  Rhacomitriurn moss t y p e  r ( R )  F i g .  3C, 
Seg. 2 n i g h t - f r o s t  n e a r  

s u r f a c e .  Vegeta- 
t i o n  t y p e s  on S c a t t e r e d ,  low globous  r ( n s )  
u p p e r  e a s t  s l o p e  s c r u b  
o f  Mauna Loa. 
E lev .  8500-11,000 
f e e t .  F i g u r e  30. 

Summer-d ry c l  ima te  Open t o  c l o s e d  g lobous  n s  
w i t h  f r e q u e n t  c l o u d s  s c r u b  
n e a r  ground.  Down- 
s l o p e  c o n t i n u a t i o n  GLobous s h r u b  wi th  ns(M) 
on e a s t  s l o p e  of  s c a t t e r e d  M e t r o s i d e r o s  
Mauna Loa. E lev .  
3900-8500 f e e t .  Open M e t r o s i d e r o s -  oM(So-ns) 
F i g u r e s  30 & 31. S o ~ h o r a  f o r e s t  

T a l l  g lobous  s h r u b  mx-ns(AcSoM1 
savannah w i t h  
s c a t t e r e d  Acacia  
koa c o l o n i e s  - 

Mixed Acacia  koa- rnx-AcSaM 
Sapindus  t r e e  
savannah 

Mixed Acacia  u- AcSaM(ad) 
Sapindus  f o r e s t  wi th  
l o w e r - s t o r y  t r e e s  and 
a r b o r e s c e n t  s h r u b s  

Open M e t r o s i d e r o s - l i c h e n  oM(L-Iw) 
f o r e s t  w i t h  n a t i v e  low 
s h n t b s  

Open M e t r o s i d e r o s -  oM( n s )  
n a t i v e  s h r u b  f o r e s t  

F i g .  30,  
Seg. 3  

F i g .  30,  
Seg. 4  

F ig .  30,  
Seg.  5 

F i g .  30,  
Seg. 6 

F i g .  30,  
Seg. 7 

F ig .  30,  
Seg. 8 ;  
F i g .  31,  
Seg. 1 0  

F i g .  30,  
Seg. 9 ; 
F i g .  31,  
Seg. 8 

F i g .  30,  
Seg. 1 0 ;  
Fig .  31,  
Seg. 7 

F ig .  31,  
Seg. 9  



Table IT.. ( c o n t i n u e d )  

CLIMATE VEGETATION TYPE MAP SYMBOL PROFILE & 
SEWENT 

F i g .  31 ,  
Seg. 1 1  

Humid t o  summer-dry 
t r a n s i t i o n  c l imate  
above montane ra in  
f o r e s t  i n  Kilauea 
Forest Reserve,  
lower e a s t  s lope o f  
Mauna Loa. Elev .  
5000 f e e t .  Figure 
31. 

Mixed Acacia kqp- AcM(ad-C) 
Metrosideros f o r e s t  
w i th  arborescent  
shrubs and Cibotium 

Humid montaue ra in  
f o r e s t  c l ima te  i n  
nor thern  part o f  
Park,  from Chain- 
o f -Craters  Road i n  
nor th  and beyond 
northern Park 
boundary. Elev .  
from below 5000 
f e e t  a t  lower e a s t  
s lope  on Mauna Loa 
t o  2500 f e e t  a t  
Napau c r a t e r .  
Figures 30 ,  32 & 33. 

Closed Metrosideros- c M ( C )  
Cibotium f o r e s t  

F i g .  30 
Seg. 1 2 ;  
F i g .  32 ,  
Seg. 8 ;  
F i g .  3 3 ,  
Seg. 7 

Open Metrosideros- oM(G) 
Gleichenia f o r e s t  

F i g .  30 
Seg. 1 1  

Open Metrosideros- oM(C-G) 
Cibotium-GLeichenia 
f o r e s t  

F i g .  32 
Seg. 7 

Disturbed Metrosideros scM(G-An) 
scrub f o r e s t  w i th  
Gleichenia and 
Androponon patches 

F i g .  32, 
Segs. 6 

& 9 

Open Metrosideros- O M (  C ) 
Cibotium f o r e s t  

F i g .  32 
Seg. 10 

Cibotium f o r e s t  w i th  C ( M e )  
sca t tered  old 
Metrosideros t h a t  
a re  covered w i t h  
ep iphytes  

F i g .  32 
Seg. 1 1  

Humid t o  summer-dry 
t r a n s i t i o n  c l imate  
below montane ra in  
f o r e s t  i n  eas t e rn  
part  o f  Park. Elev.  
about 2000 f e e t .  
Figure 33. 

Open Metrosideros- oM(G-An) 
Gleichenia-  
Andropogon f o r e s t  

Fig. 33 
Seg. 6 



T a b l e  11. ( c o n t i n u e d )  

CLIMATE 

Summer-dry c l i m a t e  
of  mid-a1 ti t u d e s  
on s o u t h  s l o p e  
of  K i l a u e a .  E lev .  
1000-3000 f e e t .  
F i g u r e s  31,  32 & 
33. 

Summer-drough t 
c l i m a t e  a t  mid- 
a l t i t u d e s  w i t h  
s t r o n g  winds i n  
w e s t - c e n t r a l  p a r t  
of P a r k .  E lev .  
2500-3500 f e e t .  
F i g u r e  31. 

Wann-tropical. c l i m a t e  
i n  c o a s t a l  lowland 
from summer-drought 
( w e s t )  t o  subhumid 
( e a s t ) .  F i g u r e s  31,  
32,  3 3 ,  & 34. 

VEGETATION TYPE MAP SYMBOL PROFILE & 
SEGMENT 

Open Met ros ide ros -  oM(ns-An) F i g .  32,  
Andropogon f o r e s t  Seg. 5 
w i t h  n a t i v e  s h r u b s  

Andropogon g r a s s  l and  An(M) and F i g .  31, 
An( n s - i  Seg.  4 ;  

F i g .  3 2 ,  
Seg.  4 

Shrubland wi th  ns(i-An-M) F i g .  33 
Andropupon and Seg. 5 
s c a t t e r e d  o l d  
M e t r o s i d e r o s  

Mei ros ide ros -  MD(A1-ns-i-An-N) F i g ,  1 3  
Diospyros  mixed Seg. 4 
f o r e s t  w i t h  pa tchy  
s t a n d s  o f  A l e u r i i e s  

Very open Met ros ide ros -  MD(r) F i g .  31,  
Diospyros  f o r e s t  Seg. 3 ;  

F i g .  32 
Seg. 3  

Extremely s p a r s e  r -ash(po ik1  F i g .  31 
d e s e r t  v e g e t a t i o n  Seg.  6 

Era- t e n e l  15 E(  r) F j g .  31 
g r a s s l a n d  Scg. 2  

Heteropoaon g r a s s l a n d  H (  r); r (H)  ; F i g .  3 2 ,  
and R ( l . s i )  S e e .  2 ;  -. 

F i g .  33,  
Seg.  2 ;  
F i g .  34,  
Segs .  1  & 3  

H e t e r o p o ~ ~  g r a s s l a n d  H (  I s - i f  
w i t h  low s h r u b s  

S c a t t e r e d  o l d  M e t r o s i d e r o s  r(M) 
on n e a r l y  b a r r e n  a l a  l a v a  

F i g .  33,  
Seg.  3 ;  

F i g .  34,  
Seg. 2  



T a b l e  11. ( c o n t i n u e d )  

CLIMATE VEGETATION TYPE MAP SYMBOL PROFILE & 
SEGMENT 

Mixed lowland s c r u b  I s ( i )  Fig .  3 4 ,  
Seg. 5 

Mixed lowland f o r e s t  I f  F ig .  3 4 ,  
Seg. 6 

S a l t  s p r a y  and o t h e r  r( s p r )  F i g .  3 1 ,  
s h o r e  communities and  s p r  Seg.  1 ;  

F ig .  32 
Seg. 1 ;  
F ig .  3 3 ,  
Seg. 1  



Chapter IX- Bibliography 

The fol lowing l i s t  o f  l i t e r a t u r e  h a s  been prepared a s  a  guide. 

The use r  w i l l  f i nd  it s h o r t  i n  e n t r i e s  concerning t h e  geologica l  

a spec t s  o f  t h e  Park. The splendid annotated bibl iography by Macdonald 

(1947) covers  t h i s  s u b j e c t  f o r  t h e  i s l a n d  up i n t o  1946. The lists of 

l i t e r a t u r e  i n  t h e  papers on t h e  Pa rk ' s  more r e c e n t  geology which a r e  

c i t e d  should s a t i s f y  most o f  t h e  b i o l o g i s t ' s  needs. Natural. His tory  

Bu l l e t in  No. 5 issued by t h e  Hawaii National  Park and Western Museum 

Laboratories  i n  1940 is another  extens ive  source of u s e f u l  b ib l iographic  

information. Miss Margaret Titcomb of t h e  B. P. Bishop Museum and D r .  

D ie t e r  Mueller-Dombois both have cont r ibuted  f u r t h e r  u s e f u l  l ists of 

b ib l iographic  m a t e r i a l  f o r  which we a r e  t i ~ a n k f u l .  

An e f f o r t  has  been made t o  inc lude  some of t h e  l e s s  w e l l  known 

minor pub l i ca t ions  a s  a ma t t e r  of record and a t  t h e  same time a number 

of t h e  very e a r l y  and t h e  more genera l ly  informative o r  bas i c  puhlica-  

t i o n s  even though n o t  s p e c i f i c a l l y  b i o l o g i c a l  b u t  r e fe r red  t o  i n  t h e  

t e x t .  I n  some f i e l d s  it has  n o t  been poss ib le  t o  be  thorough, e . ~ . ,  i n  - 
t h e  f i e l d s  o f  i n v e r t e b r a t e  zoology and cryptogamic botany, b u t  i n  such 

f i e l d s  t h e  p r i n c i p a l  works f o r  t h e  Park o r  t h e  i s l a n d s  a r e  given with 

t h e  hope t h a t  i n t e r e s t e d  ind iv idua l s  w i l l  f i nd  it e a s i e r  t o  begin t h e  

work of determining t h e  s t a t u s  o f  t h e  Park 's  b i o t a  i n  such f i e l d s  from 

t h e  p a r t i c u l a r  few s t a r t i n g  po in t s  given. 

Actual ly t h e  hope is t h a t  through t h e  s t imulus of t h i s  At las ,  o r  

d a t a  assemblage, s c i e n t i f i c  work i n  t h e  d i f f e r e n t  f i e l d s  of biology and 

ecology w i l l  be  encouraged and t h a t ,  a s  a r e s u l t ,  t h i s  f i r s t -gene ra t ion  

e f f o r t  w i l l  soon be  f a r  outdated. 



A b b o t t ,  I s a b e l l a  A .  1945. The genus  L iagora  (Rhodophyceae) i n  Hawaii .  
B e r n i c e  P. Bishop Museum, Occ. Pap. 18(10) :  145-169. 

Ainswor th ,  G .  C. 1963.  D i c t i o n a r y  o f  t h e  Fungi .  5 t h  E d i t i o n ,  
Commonwealth Mycological  I n s t . ,  K e w ,  v i i i  + 547 pp .  

Alexander ,  W .  D .  1891.  A B r i e f  H i s t o r y  o f  t h e  Hawaiian Peop le .  
New York. 316 pp. 

Alexander ,  W .  D .  1892.  The Ascent  of  Mauna Kea, Hawaii .  P a c i f i c  
Commercial A d v e r t i s e r  16(3175) :  . 1 ,  S e p t .  14.  Hawaiian 
G a z e t t e  27(38):  7 ,  S e p t .  20. R e p r i n t e d  i n  a b r i d g e d  form 
u n d e r  t h e  t i l e  of  " S c i e n t i f i c  E x p e d i t i o n  t o  Mauna Kea" 
i n  The F r i e n d  50: 74-75. 

Amadon, Dean. 1950.  The Hawaiian Honeycreepers  (Aves D r e p a n i i d a e ) .  
B u l l e t i n  of t h e  American Museum of  N a t u r a l  H i s t o r y  95(4) :  
155-262. 

Anonymous. 1886. The g r e a t  vo lcano  of K i l a u e a  i n  t h e  Hawaiin I s l a n d s ;  
a  s k e t c h  of a  f l y i n g  t r i p  from San F r a n c i s c o  t o  Honolulu. . .  
w i t h  a v i s i t  t o  t h e  g r e a t e s t  a c t i v e  vo lcano  i n  t h e  world .  

Anonymous. 1886. The panorama of  K i l a u e a ,  t h e  g r e a t  Hawaiian vo lcano ;  
w i t h  a  f u l l  d e s c r i p t i o n  and photograph view; a l s o  a  s k e t c h  
o f  t h e  a r t i s t  J u l e s  T a v e r n i e r .  Honolulu .  

Anonymous. 1887.  Volcano o f  K i l a u e a ,  Hawaiian (Sandwich) I s l a n d s ;  
t h e  g r e a t e s t  n a t u r a l  wonder on t h e  e a r t h ;  what p e o p l e  say  
who have  v i s i t e d . . . O c e a n i c  Steamship  Company. The d a t e  o f  
p u b l i c a t i o n  i s  u n c e r t a i n .  

Anonymous. 1904.  F o r e s t s  of t h e  Hawaiian I s l a n d s .  
F o r e s t r y  and I r r i g .  10: 361-365 (Aug.) ,  i l l u s .  

Anonymous. 1909. E a r l y  tobacco  c u l t u r e  i n  Hawaii. A b r i e f  h i s t o r i c  
s k e t c h .  Hawaiian Almanac and Ann., 1910: 111-117. 

Anonymous. 1916a. E x p l o r a t i o n  and f i e l d  work of  t h e  Smi thson ian  I n s t i -  
t u t i o n  i n  1916. Smithsn.  Misc. C o l l s .  66(17)  (pub .  2438): 
1 3 4  p p . ,  i l l u s .  

Anonymous. 1917a. B o t a n i c a l  e x p l o r a t i o n s  i n  t h e  Hawaiian I s l a n d s .  
Smithsn.  Misc. C o l l s .  66(17)  (pub.  2438):  59-73, i l l u s .  

Anonymous. 1930.  E x p l o r i n g  H a w a i i ' s  n a t u r a l  b o t a n i c a l  g a r d e n s .  
M i d - P a c i f i c  Mag. 40: 317-322, ( O c t . ) ,  i l l u s . ,  map. 

Anonymous. 1931-1953. Hawaii Na tu re  Notes .  The p u b l i c a t i o n s  of  t h e  
N a t u r a l i s t  D i v i s i o n ,  Hawaii N a t i o n a l  P a r k  and t h e  Hawaii 
N a t u r a l  H i s t o r y  A s s o c i a t i o n  1: 1-7; 2: 1-3; 3: 1-3; 4: 1-3; 
5: 1-2. 

Anonymous. 1937. Uncle Sam's tame v o l c a n o  ... incomparable  Hawaii 
N a t i o n a l  Park . . .The S a l e s  B u i l d e r ,  A p r i l .  



Anonymous. 1940. ~ B i . b l i o g r a p h y  of  p u b l i s h e d  a r t i c l e s  r e f e r r i n g  t o  Hawaii 
Na t iona l  P a r k  Memeographed, Hawaii Na t iona l  P a r k ,  N a t u r a l  H i s t o r y  
B u l l e t i n  No. 

Arno ld ,  Harry  L.  1.944. Poisonous  P l a n t s  of  Hawaii .  Tongg P u b l i s h i n g  
Company, Honolulu.  

A u l t ,  W .  U . ,  and o t h e r s .  1961. Lava t e m p e r a t u r e s  i n  t h e  1959 K i l a u e a  erup-  
t i o n  and c o o l i n g  l a k e .  Geol .  Soc. America, B u l l .  72:  791-794. 

Bade, Will iain F r c d e r i . ~ .  1922. H a l e a k a l a  and K i l a u e a .  S i e r r a  Club B u l l .  
1 1 ( 3 ) :  231-243. 

Baker ,  E. P.  1,891.. Note on t h e  r e c e n t  e r u p t i o n  of K i l a u e a ,  Hawaii .  
Am. .!our, of  S c i .  41(3):.  443-444. 

Baker ,  E .  P.  1891.  Volcano of K i l a u e a ,  Hawaii .  Am. J o u r .  of S c i .  41(3) :  
8 0 ,  336-337. 

Raker ,  E. P. 1891. Volcano of K i l a u c a .  Am. J o u r .  of Sc i .  42(3) :  77.  

Baldwin, Paul. H.  1940. Enviro~unenta l .  r e l a t i o n s h i p s  of  b i r d s  i n  t h e  K i l a u e a  
s e c t i o n ,  Hawaii Na t iona l  P a r k .  Hawaii N a t i o n a l  P a r k ,  Nat.  H i s t .  
B u l l .  6 ,  mimeographed. 

B a l d ~ i n ,  Paul  14. 1941. C h e c k l i s t  of  t h e  b i r d s  of  t h e  Hawaii Na t iona l  P a r k ,  
Kilauea-Mauna Loa s e c t i o n ,  wi th  remarks on t h e i r  p r e s e n t  s t a t u s  
and a  f i e l d  key f o r  t h e i r  i d e n t i f i c a t i o n .  U. S. Dept.  of  I n t e r i o r ,  
Nat.  P a r k  S e r v i c e  Haw. Nat. P a r k ,  N a t u r a l  H i s t .  B u l l .  7 .  

Bal.dwi.n, Paul  1-1. 1945. The Hawaiian goose ,  i t s  d i . s t r i b u t i o n  and r e d u c t i o n  
i n  numbers. The Condor 47: 27-37. 

Baldwin, Paul  I I .  1953. Annual c y c l e ,  environment and  e v o l u t i o n  i n  t h e  
Hawailan honc?ycreeper (Aves: D r e p a n i i d a e )  . U n i v e r s i t y  of C a l i f .  
P u b l s .  2001. 52:  285-398. 

Baldwin,  Paul  H . ,  and G .  0. Fager lund .  1943. The e f f e c t  o f  c a t t l e  g r a z i n g  
on Koa r e p r o d u c t i o n  i n  Hawaii Na t iona l  Pa rk .  E c o l .  24(1) :  118-122. 

B a l l a r d ,  S t a n l e y  S . ,  and John H.  Payne.  1939. P r e l i m i n a r y  a n a l y s e s  of  
K i l a u e a  s o l f a t a r i c  g a s e s .  P r o c .  Haw. Acad. S c i . ,  1 3 t h  Meeting 
1937-38: 5-6. 

Rart.ram, E. B. 1933.  Manual of  Mawai.i.an mosses.  Bishop Mus. B u l l .  101: 
1-275. 

Beach, A r t h w  R . ,  and W i l l a r d  H .  E l l e r .  1939. A s t u d y  of t h e  magne t i c  
p r o p e r t i e s  of  K i l a u e a  rock.  P roc .  Haw. Acad. S c i . ,  1 3 t h  Meeting 
1937-38: 16.  



Bessey,  E. A. 1950.  Morphology and Taxonomy of  Fungi .  
The B l a k i s t o n  Company, P h i l a d e l p h i a ,  x i i  + 791 p p .  

B i l l i n g s ,  W .  D .  1941. Q u a n t i t a t i v e  c o r r e l a t i o n s  between v e g e t a t i o n a l  
changes  and s o i l  development.  Ecology 22: 448-456. 

Bingham, Hiram. 1847. A r e s i d e n c e  of  twenty-one y e a r s  i n  t h e  Sandwich 
I s l a n d s .  N e w  York and H a r t f o r d ,  Conn.,  377-379, 386-393, 
(2nd ed.  1848,  3 r d .  ed .  1855) .  

Bishop,Sereno E.  1892. K i l a u e a  i n  A p r i l  1892.  
Am. J o u r .  of  S c i .  4 4 ( 3 ) :  207-210. 

Blomberg, N . ,  and W .  E. Holmes, 1959.  The ca rbon-n i t rogen  r a t i o s  i n  some 
Hawaiian s o i l s . .  Hawaii A g r i c .  Expt.  S t a .  Tech. P r o g r e s s  Repor t  
122. 

Bloxam, Andrew. 1925.  Dia ry  of  Andrew Bloxam, n a t u r a l i s t  of t h e  "Blonde," 
on h e r  t r i p  from England t o  t h e  Hawaiian I s l a n d s ,  1824-25. 
B.  P .  Bishop Museum Spec.  Pub. 10: 63-69. 

Blurnenstock, D .  I. 1961 . .  C l i m a t e s  of  t h e  s c a t e s ,  Hawaii .  U .  S .  Dept .  of 
Commerce, Weather Bureau,  Washington,  D .  C. (pamphlet  20 p p . )  
Cl imatography of  t h e  Uni ted  S t a t e s  No. 60-51. 

Boergesen,  F. 1913.  The Mar ine  Algae  of  t h e  Danish  West I n d i e s  
Dansk Botan i sk  Archiv  v o l s .  1-9 ( v a r i o u s  numbers) .  

Boergesen,  F. 1918. The Marine  Algae  of  t h e  Danish West I n d i e s .  P a r t  4. 
Rhodophyceae. Dansk Bot.  ArKiu. 3 ( 1 ) :  1-504. 

Boergesen,  F. 1929.  Notes  on t h e  v e g e t a t i o n  a t  Dwarka on t h e  west  c o a s t  
of  I n d i a ,  wi th  r e f e r e n c e  t o  Raunlt iaer '  s " l i f  e-forms" and s t a t i s t i -  
c a l  methods.  J o u r .  of t h e  I n d i a n  B o t a n i c a l  S o c i e t y  8 :  1-18. 

Boergesen,  F. 1940-57. Some mar ine  a l g a e  from M a u r i t i u s .  Det Kong. 
Danske Videnskabernes  S e l s k a b ,  B i o l .  Medd. v o l s .  15-22 
( v a r i o u s  p a r t s ) .  

Booth,  W.  E. 1941. Algae  a s  p i o n e e r s  i n  p l a n t  s u c c e s s i o n  and t h e i r  
impor tance  i n  e r o s i o n  c o n t r o l .  Ecology 22: 38-46. 

Brigham, W.  T. 1868c. C a t a l o g  of works p u b l i s h e d  a t  o r  r e l a t i n g  t o  t h e  
Hawaiian I s l a n d s .  (Compl ie r . )  Hawaiian Club P a p e r s ,  Boston: 63-115. 

Brigham, Wil l iam T. 1887. K i l a u e a  i n  1880.  Am. J o u r .  of  S c i .  3 4 ( 3 ) :  19-27. 

Brigham, Wil l iam T. 1891. On t h e  r e c e n t  e r u p t i o n  of K i l a u e a .  Am. J o u r .  of 
S c i .  4 1 ( 3 ) :  507-510. 

Brigham, Wil l iam T. 1909.  Volcanoes of  K i l a u e a  and  Mauna Loa on t h e  i s l a n d  
o f  Hawai i ,  t h e i r  v a r i o u s l y  r e c o r d e d  h i s t o r y  t o  t h e  p r e s e n t  t ime .  
Bern. Pau.  Bish .  Mus. Mem. 2 ( 4 ) :  222 pp.  



Brigham, W%lliam T.  191.5. The p i t  c r a t e r s  i n  Puna. 
M i d - P a c i f i c  Mag. 10: 131-135 ( A u g . ) ,  i l l u s .  

B r i t t e n ,  E. J .  1962. Hawaii a s  a n a t u r a l  l a b o r a t o r y  f o r  r e s e a r c h  on 
c l i m a l e  and p l a n t  r e sponse .  P a c i f i c  S c i e n c e  1 6 ( 2 ) :  160-169. 

13rotherus ,  V .  F. 1927. Hawaiian mosses .  Bern ice  Pauah i  Bishop Mus. 
B u l l .  40: 30 p p . ,  i l l u s .  

Brown, Er t ies t  W .  1925. T ida l  o s c i l l a t i o n s  i n  Balemaumau, t h e  l a v a  p i t  of  
K i l a u e a .  Am. J o u r .  of S c i .  9 ( 5 ) :  95-112. 

Brown, F. B.  H .  1921. O r i g i n  of t h e  Hawaii.an f l o r a .  
1 s t  P a n - P a c i f i c  S c i .  Cong. P r o c . ,  B. P. Bishop Mus. Spec. Pub. 
7 ( 1 ) :  131-142. 

Bryan,  E. H . ,  3 r .  1929. The background of  Hawaiian botany.  
Mid-Pac. Mag. 37: 33-40 ( J a n . ) ,  i l l u s .  

Rryan,  E. H . ,  J r .  1958. Check l i s t  and summary of Hawaiian b i r d s .  
H o n o l u l . ~ ,  Books a b o u t  Hawai i ,  28 pp.  

Bryan,  L. W .  1932. The Hi10 F o r e s t  P r e s e r v e .  R e p r i n t e d  from t h e  nawai ian  
P l a n t e r s '  Record 36: 279-321 ( J a n .  1. 

Bryan,  Will iam Alanson.  1903. Hawaiian b i r d s  i n  t h e  c r a t c r  of  Ki lauea .  
Condor 5: 79 .  

Bryan,  W .  A .  1915, N a t u r a l  H i s t o r y  of  Hawaii .  
Hawaiian G a z e t t e  Co.,  L t d . ,  Honolulu.  596 pp.  

Ruck, P .  N. 1953. E x p l o r e r s  of t h e  P a c i f i c .  
Bern ice  P .  Bishop Museum, S p e c i a l  P u b l i c a t i . o n  43. 

Byron, George A .  ( l a r d ) .  1826. Voyage of  H .  M .  S .  Blonde t o  t h e  Sandwich 
Zsla t ids ,  i n  t h e  y e a r s  1824-25. (Compiled by Mrs. Maria  Graham 
C a l l c o t t  from t h e  n o t e s  and d i a r i e s  of v a r i o u s  menibers of t h e  
e x p e d i , t i o n . ) .  London, 181-190. 

C a i n ,  S ,  A .  1947. C h a r a c t e r i s t i c s  of  n a t u r a l  a r e a s  and f a c t o r s  i n  t h c i r  
development. Eco l .  Monographs 17: 185-200. 

C a i n ,  S .  A . ,  and G.  M .  d e  O l i v e i r a  C a s t r o .  1959. Manual of  v e g e t a t i o n  
a n a l y s i s .  Harper  and B r o t h e r s ,  Pub. New York. 325 pp.  

Campbell ,  D .  H .  1920. Some b o t a n i c a l  and env i ronmenta l  a s p e c t s  of Hawaii .  
Eco l .  1: 257-269. 

Campbell ,  1). 11, 1934. E x o t i c  v e g e t a t i o n  of t h e  P a c i f i c  r e g i o n s .  P roc .  
F i f t h  Pac .  S c i e n c e  Congress  1:  785-790. 



C a r r ,  A r c h i e ,  and Rober t  M .  I n g l e .  1959.  The g r e e n  t u r t l e  ( C h e l o n i a  mydas 
i n  F l o r i d a .  B u l l .  of Mar. S c i .  of  t h e  Gulf  and Car ibbean  

9 ( 3 ) :  315-320. 

C a s t r o ,  Nash. 1953. The l and  of  P e l e ,  a  h i s t o r i c a l  s k e t c h  of  Hawaii 
N a t i o n a l  P a r k ,  Hawaii Na tu re  Notes  5 ( 2 ) .  

Caum, Edward L. 1930. New Hawaiian p l a n t s .  Bern ice  P. Bishop Mus., 
Occas iona l  P a p e r s  9 :  1-30 ( S e p t 3 ,  i l l u s .  

C h r i s t e n s e n ,  C a r l .  1925.  Revised l i s t  of Hawaiian P t e r i d o p h y t a .  
B e r n i c e  P. Bishop Mus. B u l l .  25: 30 p p . ,  b i b l i o g .  

C l a r k e ,  F. L. 1886. K i l a u e a ,  Hawaii .  Am. J o u r .  of  S c i .  3 2 ( 3 ) :  236 

Clements ,  F. E. 1928.  P l a n t  s u c c e s s i o n  a n d  i n d i c a t o r s .  
The H .  W .  Wilson Co., N. Y .  C i t y .  453 pp.  

C lements ,  F. E . ,  and C o r n e l i u s  L. Shear .  1954.  The Genera o f  Fungi .  
Hafner  P u b l .  Co., New York, i v  + 496 pages  and 58 p l a t e s .  

C l ine . ,  M .  G . ,  fi a. 1955. S o i l  su rvey  of  t h e  T e r r i t o r y  o f  Hawaii .  
U .  S o  D.  A .  i n  c o o p e r a t i o n  w i t h  Hawaii Agr ic .  Expt .  S t a ,  S o i l  
Survey S e r i e s  1939,  No. 25. 644 p p , ,  p l u s  maps. 

Coan, T i t u s .  1856,  On K i l a u e a .  Am. J o u r .  S c i ,  21(2) :  100-102 

Coan, T i t u s .  1858. On t h e  vo lcano  of  K i l a u e a ,  Hawaii. 
Am.  J o u r .  S c i .  2 5 ( 2 ) :  136,  151. 

Coan, T i t u s .  1863. On t h e  p r e s e n t  c o n d i t i o n  of  t h e  c r a t e r  of K i l a u e a  on 
t h e  i s l a n d  of H a w a i i .  Am. J o u r .  S c i .  3 5 ( 2 ) :  296. 

Coan, T i t u s .  1864. Volcano of  K i l a u e a ,  Hawaii .  (1863)  Am, J o u r .  S c i .  
3 7 ( 2 ) :  415-417. 

Coan, T i t u s .  1869.  Notes on t h e  r e c e n t  v o l c a n i c  d i s t u r b a n c e s  of  Hawaii. 
A m ,  J o u r .  S c i .  4 7 ( 2 ) :  89-98. 

Coan, T i t u s .  1870. The vo lcano  of K i l a u e a ,  and g r e a t  e a r t h q u a k e  waves. 
Am. J o u r .  S c i .  4 9 ( 2 ) :  269-271. 

Coan, T i t u s .  1880.  Recent  a c t i o n  of  Mauna Loa and K i l a u e a .  
Am. J o u r .  S c i .  2 0 ( 3 ) :  71-72. 

Coan, T i t u s .  1882. L i f e  i n  Hawaii. New York, 340 pp.  

Coan, T i t u s  Munson. 1853. Notes on K i l a u e a  and t h e  r e c e n t  e r u p t i o n  of 
Mauna Loa. Am. J o u r .  S c i .  1 5 ( 2 ) :  63-65. 



Coan, T i t u s  Munson. 1854. On t h e  p r e s e n t  c o n d i t i o n  of  t h e  c r a t e r  of  K i l a u e a ,  
Hawaii .  Am. J o u r ,  S c i .  1 8 ( 2 ) :  96-98. 

Coan, T i t u s  Munson. 1871. On K i l a u e a  and Mauna Loa. Am. J o u r .  S c i .  2 ( 3 ) :  
454-456. 

Coan,  T i t u s  Munson. 1879,  On a r e c e n t  s i l e n t  d i s c h a r g e  of  K i l a u e a .  
Am. J o u r .  S c i .  1 8 ( 3 ) :  227-228. 

Coan, T i t u s  Munson. 1910.  E r u p t i o n s  of K i l a u e a  i n  1855.  
S c i e n c e  32: 716-718. 

Cooper ,  W .  S .  1913. The c l imax  f o r e s t  of  Isle Roya le ,  Lake S u p e r i o r ,  and 
i t s  development.  Bot.  Gaz. 55: 1-44,  115-140, 189-235. 

Copeland,  Edwin B. 1947. Genera F i l i c u m .  Waltham, Mass. 

Cowles,  H. C .  1929. The s u c c e s s i o n  p o i n t  of  view i n  f l o r i s t i c s .  
P roceed .  I n t e r n .  Congress of  P l a n t  S c i e n c e ,  I t h a c a  1: 687-689. 

Cox, J .  B. 1924. P e r i o d i c  f l u c t u a t i o n s  of  r a i n f a l l  i n  Hawaii .  
Am. Soc. C i v i l  Eng. T r a n s .  87: 461-491. 

Crampt ion,  Henry E. 1910. Two a c t i v e  vo lcanoes  of  t h e  South S e a s .  
Am. Mus. J o u r .  1 0 ( 6 ) :  171-180. 

C r o s s ,  W .  1915. Lavas o f  Hawaii and t h e i r  r e l a t i o n s .  U. S .  Geol.  Survey 
P r o f .  Paper  88 .  97 pp. 

C u r t i s ,  George C a r r o l l .  1913. Work go ing  on a t  K i l a u e a  vo lcano .  
S c i e n c e ,  n . s .  38: 355-358. 

Dana, James Dwight. 1846. On t h e  vo lcanoes  of  t h e  moon. (compar ison w i t h  
K i l a u e a ) .  Am. J o u r .  S c i .  2 ( 2 ) :  335-348. 

Dana, James Dwight. 1868. Recent e r u p t i o n  of  Mauna Loa and K i l a u e a .  
Am. J o u r .  S c i ,  46(2) :  105-123. 

Dana, James Dwight. 1886. E r u p t i o n  a t  K i l a u e a ,  Hawai i ,  i n  March 1886. 
Am. Jour .  S c i .  31(3) :  397-398. 

Dana, James Dwight. 1887. Volcan ic  a c t i o n .  Am. J o u r .  S c i .  3 3 ( 3 ) :  102-115. 

Dana, James Dwight. 1887a. K i l a u e a .  Am. J o u r .  S c i .  3 3 ( 3 ) :  239-240. 

Dana, James Dwight. 1889. Recent o b s e r v a t i o n s  of M r .  Frank S. Dodge of 
t h e  Hawaiian Government Survey on Halemaumau and i t s  d e b r i s -  
cone.  Am. J o u r .  S c i .  37(3) :  48-50. 

Dana, James Dwight. 1891. E r u p t i o n  of K i l a u e a .  Am. Jour .  S c i .  4 1 ( 3 ) :  516. 
(From D a i l y  P a c i f i c  Commercial A d v e r t i s e r . )  



Dawson, E. Yale .  1954. Marine  p l a n t s  i n  t h e  v i c i n i t y  of t h e  I n s t i t u t e  
Oceanographique de  Nha Trang,  V i e t  Nam.  P a c i f i c  S c i e n c e  8 ( 4 ) :  
371-481. 

Dawson, E. Yale .  1956.  Some mar ine  a l g a e  of  t h e  S o u t h e r n  M a r s h a l l  I s l a n d s .  
P a c i f i c  S c i e n c e  1 0 ( 1 ) :  25-65. 

Dawson, E. Yale.  1957.  An a n n o t a t e d  l i s t  of  m a r i n e  a l g a e  from Eniwetok 
A t o l l ,  M a r s h a l l  1 s l a n d s . P a c i f i c  S c i e n c e  1 1 ( l ) :  92-132. 

Dean, L .  A .  1937.  The e f f e c t  of  r a i n f a l l  on ca rbon  and n i t r o g e n  c o n t e n t s  
and  C/N r a t i o s  of  Hawaiian s o i l s .  S o i l  S c i .  63: 95-105. 

Dean, L. A .  1939. The e f f e c t  o f  r a i n f a l l  on ca rbon  and n i t r o g e n  c o n t e n t s ,  
and  c a r b o n n i t r o g e n  r a t i o s  of  Hawaiian s o i l s .  Hawaii Agr ic .  Expt .  
S t a .  Tech. P a p e r  No. 15. 

Degener ,  O t t o .  1930. I l l u s t r a t e d  g u i d e  t o  t h e  more common o r  noteworthy 
f e r n s  and f l o w e r i n g  p l a n t s  of  Hawaii  N a t i o n a l  P a r k ,  w i t h  d e s c r i p -  
t i o n s  of a n c i e n t  Hawaiian cus toms,  and a n  i n t r o d u c t i o n  t o  t h e  
g e o l o g i c  h i s t o r y  of  t h e  i s l a n d s .  Honolulu ,  Honolulu S t a r  B u l l .  
312 p p . ,  i l l u s . ,  maps. 

Degener ,  O t t o .  1945, P l a n t s  of  Hawaii N a t i o n a l  P a r k  i l l u s t r a t i v e  of p l a n t s  
and  customs of  t h e  South  Seas .  Honolulu S t a r  B u l l .  Honolulu ,  
Hawai i ,  1945. 

Degener ,  O t t o .  1946. F l o r a  Hawai iens i s .  Books 1-4,  5 and 6 t o  d a t e .  
P u b l i s h e d  by t h e  a u t h o r .  

D i b b l e ,  Sheldon.  1843. A h i s t o r y  of t h e  Sandwich I s l a n d s .  
Laha ina luna ,  Hawai i ,  451 pp. R e p r i n t e d  Honolulu ,  1909.  

Dodge, F. S .  1887. Repor t  t o  P r o f .  W .  D .  Alexander. . .made Nov. 1 5 t h  on t h e  
Survey of  K i l a u e a  i n  t h e  l a s t  week of September and f i r s t  of 
O c t o b e r  1886. Am. J o u r .  S c i .  33(3) :  98-101. 

Dodge, F. S .  1893. K i l a u e a  i n  August ,  1892. Am. J o u r .  S c i .  4 5 ( 3 ) :  241-246. 

Dodge, F. S .  1894. The c o n d i t i o n  of  K i l a u e a ,  March 3 0 t h ,  1892. 
Am. J o u r .  S c i .  48(3) :  78-79. 

D o e r r ,  John  E. ,  Jr .  1933a. Tree  molds i n  t h e  Volcano Golf Course .  
Hawaii N a t l .  Pa rk  Nat. Notes 3: 3-8 ( J a n - F e b . ) ,  i l l u s .  

D o e r r ,  John  E. ,  Jr. 1933b. F o s s i l  f e r n s .  Hawaii N a t l .  Pa rk  Nat. Notes 3: 
15-16 (Mar-Apri l ) ,  i l l u s .  

Domin, K .  1923. Is t h e  e v o l u t i o n  of  t h e  e a r t h ' s  v e g e t a t i o n  t e n d i n g  towards  
a smal l  number of c l i m a t i c  f o r m a t i o n s ?  Acta Dot. Bohemica 2: 54-60. 



Doty,  M .  S .  1956/57.  N a t u r a l  p o p u l a t i o n s  of  t h e  1955 Puna l a v a  f l o w s .  
A b s t r a c t .  Repr in ted  from Proceed .  Hawai i.an Acad. S c i .  32nd Ann. 
Mee t ing ,  p u b l i s h e d  by U n i v e r s i t y  of  Hawaii .  

Doty ,  M .  S .  1961. Lava f l o w  p i o n e e r  p o p u l a t i o n s .  I n  "Guide t o  Excurs ion  111. 
'Tenth P a c i f i c  S c i e n c e  Congress" (by F. ~ . ? o u b e r g ) :  139-144. 

Iksty,  M .  S . ,  and J .  Newhouse. 1.966. Three  new s p e c i e s  of  Phaeophyta  from 
Hawaii. Occas iona l  P a p e r s  of  B.  P .  Bishop Museum 2 3 ( 9 ) :  139-146. 

Douglas ,  David.  1834. E x t r a c t  from a p r i v a t e  l e t t e r  a d d r e s s e d  t o  C a p t a i n  
S a b i n e .  Royal Geogr.  Soc. Jour .  4: 333-334. 

Douglas ,  David.  1837. J o u r n a l :  Magazine of  Zoology and Botany 1: p .  582 e t  
s e q .  (Not  s e e n .  Republ ished i n  v a r i o u s  l a t e r  s o u r c e s ;  s e e  
Douglas ,  1914) .  

Douglas,  David.  1.838. G r e a t  c r n t e r  on t h e  summit of  Mauna Lon. 
Hawalian S p e c t a t o r  1 ( 2 ) :  98-103. 

Douglas ,  David.  1914.  J o u r n a l  k e p t  by David Douglas d u r i n g  h i s  t r a v e l s  i n  
North America,  1833-1837. London, p .  298-317. 

Drouo t ,  P ,  1964. Ecophenes of  Mi c roco l  e u s  c h t h o n o ~ l a s t e s .  Revue Algol.ogique 
VZI(4) :  315-324. 

Droue t ,  F . ,  & W .  A .  D a i l y .  1956. R e v i s i o n  of  t h e  CoccoLd Myxophyceae. 
B u t l e r  IJniv. Bot.  S t u d .  1 x 1 :  218 pp .  

Uutimire., WLl l iam W .  1961. B i r d s  of the. Na t iona l  P a r k s  i n  Hawaii.. 
Hawaii Nat. Hist. Ass. 36 pp .  

Dutmire ,  Williarn W .  1961. P r e g r h e  f a l c o n  i n  IIawali Na t iona l  P a r k .  
E l e p a f o  21(11) :  80-81. 

Dunmire, Will lam W, 1962. Bird  p o p u l a t i o n s  ill Hawaii Volcanoes Nat-ional 
Pa rk .  E l e p a l o  22(9) :  65-70. 

Du R i e t z ,  G .  X. 1930. C l a s s i f i c a t i o n  and nomencla ture  of V e g e t a t i o n .  
P roceed .  V .  I n t e r n .  Bot. Congress ,  Cambridge: '72-77. 

DuLlotu, C .  E. 1884. Hawaiian vo lcanoes .  U .  S.  Geol .  Survey ,  4 t h  Ann. 
Rept:  75-219. 

Edmutxlson, C h a r l e s  Howard. 1946. Reef and s h o r e  fauna of  Hawaii, B.  P.  
Bishop Museum s p e c i a l  p u b l i c a t i o n  22,  381 pp. * 

Egerod,  t o i s  Eubnnk. 1952,  An a n a l y s i s  of t h e  skphonous Chlorophycophyta 
wi th  s p e c i a l  r e f e r e n c e  t o  t h e  S i p h o n o c l a d a l e s ,  S i p h o n a l e s ,  and 
D a s y c l a d a l e s  of Hawaii. IJniv. of C a l i f ,  P u b l . ,  Bot. 25(5) :  325-454, 
p l s .  29-42, 23 f i g s .  



E g g l e r ,  W .  A .  1941.  Pr imary s u c c e s s i o n  of  v o l c a n i c  d e p o s i t s  i n  s o u t h e r n  
I d a h o .  Ecol . Monographs 3: 277-298. 

E g g l e r ,  W .  A .  1948. P l a n t  communities i n  t h e  v i c i n i t y  o f  t h e  vo lcano  EL 
P a r i c u t i n ,  Mexico, a f t e r  two and a h a l f  y e a r s  of  e r u p t i o n .  
Ecology 29( 4) : 415-436. 

E g g l e r ,  W .  A. 1963.  P l a n t  l i f e  of  P a r i c u t i n  Volcano,  Mexico, e i g h t  y e a r s  
a f t e r  a c t i v i t y  ceased .  The American Mid l .  N a t u r a l i s t  6 9 ( 1 ) :  39-68. 

E g l e r ,  F. E. 1939.  V e g e t a t i o n  zones of  Oahu, Hawai i .  Empire F o r e s t r y  J o u r .  
18:  44-57. 

E g l e r ,  Frank E. 1940. A key t o  t h e  common Leguminosae o f  t h e  Hawaiian I s l a n d s  
based upon c h a r a c t e r s  of f r u i t  and l e a f .  N e w  York S t a t e  C o l l e g e  
of F o r e s t r y .  Syracuse .  

E g l e r ,  F. E. 1941. Unrecognized a r i d  Hawaiian s o i l  e r o s i o n .  
S c i e n c e  94(new s e r . ) :  513-514, Nov. 28. 

E g l e r ,  F.  E. 1942.  I n d i g e n e  v e r s u s  a l i e n  i n  t h e  development of  a r i d  Hawaiian 
v e g e t a t i o n .  Eco l .  23. 14-23. 

E g l e r ,  F. E. 1947.  Ar id  s o u t h e a s t  Oahu v e g e t a t i o n ,  Hawaii .  Eco l .  Monographs 
17: 383-435. 

E g l e r ,  F. E. 1950. A commentary on American p l a n t  e c o l o g y ,  based on t e x t -  
books of  1947-1949. P roceed .  V I I  I n t e r n .  Bot.  Congress ,  Stockholm, 
Phytogeography,  S e s s i o n  3. 

Ekern,  Paul  C .  1964.  D i r e c t  i n t e r c e p t i o n  of c loud  w a t e r  on L a n a i h a l e ,  Hawaii .  
S o i l  S c i e n c e  S o c i e t y  of  America,  P roceed ings  28(3) :  419-421. 

E l d e r ,  Wil l iam H . ,  and David H .  Woodside. 1958. Biology and management of  
t h e  Hawaiian goose .  T r a n s a c t i o n s  of t h e  Twenty- th i rd  North 
American W i l d l i f e  Confe rence ,  March 3 ,  4 and 5 ,  1958. W i l d l i f e  
Management I n s t i t u t e ,  Wire Bldg . ,  Washington 5 ,  D .C .  

E l l e n b e r g ,  H .  1956. Grundlagen d e r  V e g e t a t i o n s g l i e d e r u n g .  I .  T e i l .  Aufgaben 
und Methoden d e r  Vege ta t ionskunde .  
V e r l a g  Eugen Ulmer S t u t t g a r t .  1 3 6 . ~ ~ .  

E l l i s ,  Wil l iam.  1825. A j o u r n a l  of  a t o u r  a round  Hawai i ,  t h e  l a r g e s t  of  t h e  
Sandwich I s l a n d s .  Boston,  264 pp. R e p r i n t e d  i n  p a r t  i n  Am. J o u r .  
S c i .  1 1 ( 1 ) :  7-36, 1826. 

E l l i s ,  Wil l iam.  1826. N a r r a t i v e  of  a t o u r  th rough  Hawai i ,  o r  Owhyee, w i t h  
remarks  on t h e  H i s t o r y ,  t r a d i t i o n s ,  manners ,  customs and language 
of  t h e  i n h a b i t a n t s  of  t h e  Sandwich I s l a n d .  442 pp. London. 
( R e p r i n t e d  i n  Honolulu i n  1917 a n d ,  f i d e  Macdonnald ( 1 9 4 7 ) ,  i t  
i n c l u d e s  t h e  same m a t e r i a l  as i n  t h e  1825 p u b l i c a t i o n . ) .  



E l l i s ,  Will iam. 1826a.  On t h e  burn ing  chasms of Ponohohoa, i n  Hawaii ..... 
Edinburgh J o u r .  of S c i . ,  1 s t  s e r . ,  5 ( 1 ) :  303. 

E l l i s ,  Wil l iam.  1827. On t h e  Volcano of K i l a u e a ,  Hawaii ..... 
Edinburgh J o u r .  of  S c i . ,  1 s t  s e r . ,  6 ( 1 ) :  151. 

E l l i s ,  Wil l iam.  1831. P o l y n e s i a n  Resea rches  d u r i n g  a  r e s i d e n c e  of n e a r l y  
e i g h t  y e a r s  i n  t h e  S o c i e t y  and Sandwich I s l a n d s .  2  v o l s . ,  1829. 
(Second e d i t i o n ,  i n  4  v o l s . ,  1831,and a  t h i r d  e d i t i o n  i n  1853 . ) .  

Emerson, Joseph S .  1887. K i l a u e a  a f t e r  t h e  e r u p t i o n  of March, 1886; 
communications t o  W .  P .  Alexander .  Am. J o u r .  S c i .  3 3 ( 3 ) :  87-95. 

Emerson, J .  S. 1902.  Some c h a r a c t e r i s t i c s  of Kau. A m .  J o u r .  S c i .  1 4 ( 4 ) :  
431 -439. 

Evans ,  A .  W .  1900. The Hawaiian H a p a t i c a e  of  t h e  t r i b e  J u b u l o i d e a e .  
T r a n s .  C o n n e c t i c u t  Acad. 10: 387-462. 

Fager lund ,  G .  0 .  1942. Mauna Loa e rup i ion- - - I942  e d i t i o n .  
P a r a d i s e  of t h e  P a c i f i c  5 4 ( 7 ) :  6-8,  30. 

Fager lund ,  G .  0. 1944.  Output  changes  i n  Ki lauea  steam v e n t s .  
Volcano L e t t e r  no.  485: 1 - 2 ,  July-September.  

F a g e r l u n d ,  G .  0 .  1945.  A f lood-deve loped  chasm o v e r  a  b u r i c d  Caul t .  
Volcano L e t t e r  no. 488: 1 - 2 ,  Apr i l - June .  

F a g e r l u n d ,  G .  0. 1947. The E x o t i c  P l a n t s  of Hawaii Na t iona l  Pa rk .  
Na tu ra l  H i s t o r y  B u l l .  no. 10: 62 pp. 

Fager lund ,  G .  0 .  and A r t h u r  L. M i t c h e l l .  1944. A c h e c k l i s t  of t h e  p l a n t s ,  
Hawaii N a t i o n a l  P a r k ,  Kilauea-Mauna Loa S e c t i o n ,  w i t h  a  d i s c u s s i o n  
of  t h e  v e g e t a t i o n .  N a t u r a l  H i s t o r y  Bul l .  no.  9 ,  Hawaii Nat ional  
Park:  75 p p .  

Fan,  K .  C .  1956. R e v i s i o n  of C a l o L h r i x  Ag. Revue Algologiquf  3: 154-178. 

Ferguson,  J .  B.  1919. The o x i d a t i o n  of l a v a  by s team.  Washington Acad. 
S c i .  J o u r .  9: 539-546. 

F i e l d ,  J u l i a ,  and Henry F i e l d .  1965.  S c i e n t i f i c  Use of  Natural .  Areas 
Symposium. 103 pp.  (A resume of  a  symposium h e l d  a s  p a r t  n f  
t h e  X V I  I n t e r n a t i o n a l  Congress  of  Zoology i n  Washington,  D. C. ,  
i n  1 9 6 3 . ) .  

F i n c h ,  R .  H .  1925. A s h a r p  t r a n s i t i o n  from f o r e s t  t o  d e s e r t .  The Volcano 
L e t t e r ,  March 26,  1925. 

F i n c h ,  R .  H .  1947. K i l a u e a  i n  1790 and  1823. Volcano L e t t e r  no. 496. 
( O t h e r  a r t i c l e s  i n  Volcano L e t t e r  no t  i i s t e c l ,  a s  t h e  whole c o n t e n t  
i s  K i l a u e a ,  e t c . ) .  



F i n c h ,  R .  H .  1947.  The mechanics  of t h e  e x p l o s i v e  e r u p t i o n  of  K i l a u e a  i n  
1924. P a c i f i c  Sc ience  1: 237-240. 

F i n c h ,  R.  H . ,  and 0 .  H.  Emerson. 1925. S u l p h a t e  d e p o s i t s  i n  l a v a  t u b e s .  
Am. J o u r .  S c i .  1 0 ( 5 ) :  39-40. 

F i s h e r ,  W .  A . ,  R .  M .  Moxham, F. P o l c y n ,  and  G .  H .  Land i s .  1964.  
I n f r a r e d  s u r v e y s  of  Hawaiian vo lcanoes .  S c i e n c e  146(3645) :  
733-742. 

F o r b e s ,  C h a r l e s  N .  1912. P r e l i m i n a r y  o b s e r v a t i o n s  concern ing  t h e  p l a n t  
i n v a s i o n  on some of t h e  l a v a  f l o w s  of Mauna Loa,  Hawaii .  
B e r n i c e  P.  Bishop Mus., Occas iona l  P a p e r s  5 ( 1 ) :  18-23 ( D e c . ) .  

F o r b e s ,  C h a r l e s  N .  1914.  P l a n t  i n v a s i o n  on l a v a .  M i d - P a c i f i c  Mag. 7 :  
361-365 ( A p r i l ) ,  i l l u s .  

F o r b e s ,  C h a r l e s  N.  1921.  S a l i e n t  f e a t u r e s  of Hawaiian botany.  
P r o c .  F i r s t  Pan-Pac. S c i .  Congress .  Bern ice  P. Bishop Museum 
Sp. Pub. No. 7 ,  P a r t  1:  128-130. 

F o r b e s ,  C h a r l e s  N .  --- . Notes on t h e  n a t u r a l i z e d  f l o r a  of  t h e  Hawaiian 
I s l a n d s .  

F o r b e s ,  Ka te  Marc ia .  1915. Volcano. K i l a u e a .  31 pp.  Honolulu.  

Fosberg ,  F. R .  1937.  Immigrant p l a n t s  i n  t h e  Hawaiian I s l a n d s .  I .  
Univ.  of  Hawaii Occ. Paper  No. 32. 

Fosberg ,  F. R .  1959.  Upper l i m i t s  of  v e g e t a t i o n  on Mauna Loa,  Hawai i .  
Ecology 40: 144-146. 

Fosberg ,  F. R . ,  p r e p .  by 1961. Guide t o  Excurs ion  111, Ten th  P a c i f i c  Sc ience  
Congress .  Tenth Pac .  S c i .  Cong and Univ. of Hawaii :  207 pp.  

F o s t e r ,  Z .  C .  1939. S o i l s  of  Hawaii .  Hawaii  T e r r i t o r i a l  P l a n n i n g  Board,  
1 s t  P r o g r e s s  Rept:  57-81. 

Fowler ,  Rober t  L. 1937. Key t o  f e r n s ,  Kilauea-Mauna Loa s e c t i o n ,  Hawaii 
Na t iona l  Pa rk .  Mimeographed a t  H a w a i i  Na t iona l  P a r k ,  Hawaii .  

Fowler ,  R .  L. 1940. Annota ted l i s t  o f  f e r n s  of  t h e  Kilauea-Mauna Loa s e c t i o n  
of  Hawaii Na t iona l  P a r k .  American Fern  J o u r n a l  30(l .) :  9-18. 

F r i e d l a n d e r ,  Bened ic t .  1895. Der Vulkan K i l a u e a  a u f  Hawaii .  
Himmel und Erde 8 ( 1 ) :  38 pp .  ; r e p r i n t e d  i n  G e s e l l ,  U r a n i a  zu 
B e r l i n ,  Sammlung no. 38,  1896; review i n  Na tu re  53: 490-491, 
March 26, 1896. 

F u l l e r ,  Andrew. 1948.  A t r i p  t o  K i l a u e a  (May 1877) .  Hon. Adv. O c t .  1 7 ,  1948 
( . . . a c c o u n t  found among t h e  e f f e c t s  o f  Cap t .  Andrew F u l l e r ,  t h e  
s k i p p e r  of  t h e  b a r k  D.  C .  Murray i n  1877 .... 1. 



Germain, H .  1964.  Nav icu la  s c h r o e t e r i  M e i s t e r .  Revue Algologique V I I ( 4 ) :  
295.  

G i f r o r d ,  W .  M .  1918.  Some o b s e r v a t i o n s  on Hzwaiian f o r e s t s  and f o r e s t  
c o v e r .  The Hawaiian P l a n t e r ' s  Record 1 8 :  515-538. 

G i l b e r t ,  Wil l iam J.  1965.  C o n t r i b u t i o n  t o  t h e  r n ~ r i n e  Chlorophyt;  o r  
Hawai i ,  11, A d d i t i o n a l  Records  . TJac . S c i  . , 1 9 ( 4 )  : 482-492 

G i l l  i n  a .  1925.  A s  t h e  v o l c a n o  o f  I(i1ailea looked i n  1840.  
( C l i p p i n g ,  Honol r~ lu  Star- bull^. May 30,  1 9 2 5 ) .  

I 
Ginsburg-Ard:e, F.; e t  E. ,P. Palminha.  1.964. Ex tens ion  d e  l ' a i r e  d e  

r e p a r t i t i o n  d e  C o e l o t h r i x  i r r e w l a r i s  (Rhodophyc6e-Champiac6e). 
Revue Algologique V I I ( 4 ) :  325-331. 

Goodrich,  Joseph .  1.826. N o t i c e  o r  t h e  vol.c,?nic c h e r a c t e r  o r  t h e  I s l a n d  o ?  
Hawai i .  h. J o u r .  S c i .  l.l.(l): 2-7. 

Goodr ich,  Joseph .  1829,  (On Kilauca  and Maiina LO;. .) 
Am. J o u r .  S c i .  IG(1.): 3&-347. 

Goodrich,  t Josep l~ .  :L833. Vo1.canocs and v o l c a n i c  phenomena o ?  Hawai.j 
(Owyliee). Am. J o u r .  S c i .  25(1) :  199-203. 

Gos l ine ,  Wil l iam A . ,  znd Vernon E. D ~ o c k .  1960.  Handbook o r  '1;lwaiian 
F i s h e s .  I x  t 372 p p .  l in iv .  o r  1iawai.i. P r e s s ,  Hono?.ul.i~. 

C r i T f i n ,  A .  P .  C .  1898.  L i s t  0.' hoolcs r e l . a t i n g  t o  1Iawa:ii. Government 
P r i n t i n g  OTfice,  Washington, 26 pp .  

Gr iggs ,  R. F. 1933.  The c o l o n i z a t i o n  o f  t h e  Katmai a s h ,  a new and i n o r g a n i c  
" s o i l . "  Am. J o u r .  o f  Botany 20: 92-1.13. 

Crosvenor ,  G i l b e r t .  1924.  The Hawaiian Ts lands .  N y t i o n a l  Ccogr. Mag. 
45(2)  : 115-238. 

Gru ia ,  L.  1964.  Un norrveau g e n r e  cavernico1.e d c  ~ ~ a n o p i i ~ c k e  de Roumanie, 
I a l o m i t z i a  c a v e r n i c o l a  , n . g . ,  nov.  s p  . Revue Algologique 
V I I ( 4 ) :  290-294. 

H a  . L. 1916.  The r o r c s t s  o f  t h e  Hiwai ian  J s l anc l s .  Mid-Pac. M;g. 12 :  
457-463. 

Hzrdy, D. Elmo. 1955.  New H ~ w a i i a n  S c i a r i d a e  ( D i p t e r a ) .  Univ. o r  Hawaii 
Agri. Exp. S t a .  Tech. p a p c r  no.  360. P r e s e n t e d  a t  t h e  mee t ing  
o f  Nov. 1 4 ,  1955,  1 . k ~ .  , 1Iawai.i.au Entomologi.ca1 S o c i e t y .  

Hardy, Elmo, 1960.  D i p t e r a :  Nematocc~:a-Br~chycer;. ( e x c e p t  J l o l i c h o p o d i d ~ e ) ,  
v o l .  1.0 i n  E. C .  Zimmcmlan: I n s e c t s  o f  Hrwai i .  Univ,  o f  Hawaii - 
P r e s s .  



H a r t t ,  C .  G . ,  and M .  C .  Neal .  1940.  The p l a n t  ecology of Mauna Kea, Hawaii .  
Ecology 21: 237-266. 

H e s s e l o ,  H .  N .  and J .  T. Swarbr ick .  1960. The e r u p t i o n  of  t h e  Cameroons 
Mountain i n  1959.  J o u r .  of  t h e  West A f r i c a n  Sci. Assoc.  6 ( 2 ) :  
96-101. 

Hatheway, W .  H .  1952. Composit ion of  c e r t a i n  n a t i v e  d r y  f o r e s t s :  Mokule ia ,  
Oahu. T. H.  Eco l .  Monographs 22: 153-168. 

Hawaii N a t u r a l  H i s t o r y  A s s o c i a t i o n .  1961. Kipuka Puau lu ,  s e l f - g u i d i n g  n a t u r e  
t i  Hawaii Volcanoes N a t i o n a l  P a r k ,  Na t iona l  P a r k  S e r v i c e .  
Unnumbered pamphlet .  1 0  pp.  

Hawaii N a t i o n a l  Pa rk  and  Western  Museum L a b o r a t o r i e s .  1940. B ib l iography  
Hawaii N a t i o n a l  P a r k .  N a t u r a l  H i s t o r y  Bul l .  no. 5 ,  56 pp.  

Hedgpeth,  J o e l  W.  1957.  (Ed.)  T r e a t s e  on Marine  Ecology and Pa leoeco logy .  
Vol .  1.  Ecology.  The G e o l o g i c a l  S o c i e t y  of America Memoir 67: 
V i i i  + 1.296 pp .  

Henshaw, H. W .  1902. B i r d s  of t h e  Hawaiian I s l a n d s ;  b e i n g  a complete  l i s t  
of t h e  b i r d s  of t h e  Hawaiian p o s s e s s i o n s ,  wi th  n o t e s  on t h e i r  
h a b i t s .  H .  T. Thos & G .  Thrum, Honolulu.  

H i l l e b r a n d ,  Wm. 1956. The r e l a t i o n  of f o r e s t r y  t o  a g r i c u l t u r e .  Hawaii 
P l a n t e r ' s  Record 22: 174-200. 

H i l l e b r a n d .  W .  F. 1888. Die  V e g e t a t i o n s f o r m a t i o n e n  d e r  Sandwich I n s e l n .  
Bat .  J a h r b .  9 :  305-314. 

H i l l e b r a n d ,  W .  F.  1888.  F l o r a  of t h e  Hawaiian I s l a n d s .  New York,  Westennann. 
673 pp . ,  i l l u s . ,  map. 

Hinds ,  N .  E. A .  1931. The r e l a t i v e  a g e s  of  Hawaiian Landscapes.  
C a l i f o r n i a  Univ.  Dept .  Geol.  S c i .  B u l l .  20: 143-260. 

H i t c h c o c k ,  A .  S.  1917. B o t a n i c a l  e x p l o r a t i o n s  i n  t h e  Hawaiian I s l a n d s .  
Smithsn.  I n s t n .  Misc.  C o l l .  (Pub.  2438) 66: 59-73, i l l u s .  

H i t c h c o c k ,  A .  S .  1919 F l o r a l  a s p e c t s  of t h e  Hawaiian I s l a n d s .  
Smithsn.  I n s t n .  Ann. Rept.  ( 1 9 1 7 ) :  449-462, i l l u s .  

H i t c h c o c k ,  A .  S .  1922. G r a s s e s  of  Hawai i .  Bern ice  P.  Bishop Mus., Memoirs 
8: 101-105. 

H i t c h c o c k ,  A .  S. 1935. Manual of  g r a s s e s  o f  t h e  Uni ted  S t a t e s .  
Govt.  P r i n t i n g  O f f i c e ,  Washington.  USDA Misc.  P u b l .  200. 

H i t c h c o c k ,  C .  A .  1888. G e n e s i s  of  t h e  Hawaiian I s l a n d s .  ( a b s t . )  
Am.  Assoc.  Adv. S c i .  P roc .  36: 222-223. 



Hitchcock, C. H .  1909. The volcano Kilauea. Bull .  Am. Geogr. Soc. 
41: 684-691. 

Hollenberg, G. J .  1961. The genus Polys i  honia ,  P a r t  5 ( i n  co l labor-  
a t i o n  with E. Yale D a w s o ~ ~ N a t ~ i r a l i s t ,  2(6):  
345-375, 7 p l s .  

Hosaka, C. Y. 1937. Ecological  and f l o r i s t i c  s t u d i e s  i n  Kipapa Gulch, 
O ~ h u .  Occ. Pap. Bishop Mus. 13: 175-232. 

Hosaka, C .  Y.  1.945. Noxious weeds of  Hawaii. (Published a s  s e p a r a t e  
s h e e t s  by Board of Commissioner of  Agr icul ture  and Fores t ry ,  
Honolulu. ) . 

Hosaka, E .  Y . ,  and J .  C .  Ripperton. 1944. Leymes of  t h e  Hawaiian ranges.  
H E W .  Agr. Expt. S t a .  Bull .  93. 

Hough, G .  J . ,  and H .  G .  Byers. 1937. Chemical and phys ica l  s t u d i e s  of  
c e r t a i n  Hawaiian s o i l  p r o f i l e s .  U .  S.  Dept. of Agri. Tech. Bull .  
584, 26 pp. 

Hough, G.  J., P. L. Gile  and Z .  C .  Fos t e r .  1941. Rock weathering and  soil^ 
p r o f i l e  development i n  t h e  Hawaiian I s l a n d s .  11. S. Dept. Agri. 
Tech. Bull .  752: 44 pp. 

House of  Representa t ives .  1916. A hea r ing  be fo re  t h e  Committee on t h e  
Public  Lmds . House of Representa t ives ,  Sixty- fourth Congress, 
F i r s t  Session,  on 11. R .  9525. A b i l l  t o  e s t a b l i s h  ? n a t i o n a l  
park i n  t h e  Te r r i to ry  of Hawaii. February 3 ,  191.6. N?shington 
Government P r i n t i n g  OTCice. 30 pp.  

Hubbard, Douglas 1.1. 1952. Ferns of Hawaii Nationon;l Park. 
Hawaii Natiiral  His tory  Associat ion,  Vol. (I): 40 pp.  

Hubbard, Douglas H . ,  and Vernon R .  Bender, Jr. 1960. T r a i l s i d e  p l a n t s  o r  
Hawaii. National  P ~ r l c .  Hawaii Natura l  History Association 
(pamphlet).  

Islam, A .  K .  M .  N .  1964. roiind i n  C p s t  
Pakis tan .  Revue 

Jaggar ,  Thomas A . ,  Jr .  1912. The c r o s s  of  Hawaii; a disci iss ion of t h e  age 
of  Kilauea. Annual of Hon. Chamber of  Commerce. 12 pp. 

J ~ g g a r ,  Thomas A , ,  Jr. 1917. Live ? ' a  lava a t  K i l m e a .  Jou r .  Washington 
Acad. Soc. 7(9):  241-243. 

Jaggar ,  Thomas A . ,  Jr. 1917. Volcanologic i n v e s t i g a t i o n s  a t  Kilauea.  
h. Jour .  Sc i .  44(4):  161-220. 

Jaggar,  Thomas A . ,  Jr .  1921. When Kilauea was dangerous. Paradise of' 
t h e  P a c i f i c  34(12): 77-79. 



J a g g a r ,  Thomas A . ,  J r .  1934. The new o u t b r e a k  of K i l a u e a ,  1934. P a r a d i s e  
of t h e  P a c i f i c  46(10) :  5-11. 

J a g g a r ,  Thomas A . ,  J r .  1947.  O r i g i n  and development o f  c r a t e r s .  Geol.  Sac .  
of  America,  Mem. 21. 

J a g g a r ,  Thomas A . ,  J r .  1949. Steam b l a s t  v o l c a n i c  e r u p t i o n s :  a s t u d y  of  
M t .  ~ e l f ' e i n  M a r t i n i q u e  a s  type  vo lcano .  Rep t .  Haw. Volcano Observa- 
t o r y ,  4 t h  S p e c i a l .  

J a g g a r ,  Thomas A . ,  and R. H .  F inch.  1924.  The e x p l o s i v e  e r u p t i o n  of Ki lauea  
i n  Hawai i ,  1924. Am. J o u r .  S c i .  8 ( 5 ) :  353-374. 

J a r v i s ,  J .  J .  1844. Scenes  and s c e n e r y  i n  t h e  Sandwich I s l a n d s  ... 
Boston,  224-258. 

J o n e s ,  A u s t i n  E. 1935. A s e i s m o l o g i c  s t u d y  of  t h e  K i l a u e a  e r u p t i o n ,  1931-32. 
Univ.  of  Hawaii Research P u b l i c a t i o n s  No. 9 :  60 p p .  

J o n e s ,  A u s t i n  E. 1937. Ground-surface d i s p l a c e m e n t s  and e a r t h q u a k e s  a t  
K i l a u e a ,  Hawai i ,  f i r s t  h a l f - y e a r ,  1935. 
B u l l .  S e i s m o l o g i c a l  Soc. of America 27: 113-138; ( a b s t . )  Haw. Acad. 
S c i .  P roc .  f o r  1935,  B.  2 .  Bishop Mus., Spec.  Pub. 30: 9-10,  1937. 

J o n e s ,  A .  E. 1943.  C l a s s i f i c a t i o n  o f  l a v a  s u r f a c e s .  Am. Geophys. Union,  
T r a n s .  o f  1943,  p t .  1: 265-268. 

J o n e s ,  S .  B. 1942.  Lags and ranges  of  t e m p e r a t u r e  i n  H a w a i i .  Annuals ,  
Assoc.  Amer. Geog. 31: 68-97. 

J o n e s ,  S. B.  and R.  B e l l a i r e .  1937. The c l a s s i f i c a t i o n  of  Hawaiian c l i m a t e s :  
A comparison of t h e  ~ g p p e n  and T h o r n t h w a i t e  sys tems .  
Geog. Rev. 27: 112-119. 

J u d d ,  C .  S .  1919. The kukui  o r  c a n d l e n u t  t r e e .  Hawaiian F o r e s t e r  and 
A g r i c u l t u r i s t  16: 222-223, i l l u s .  

J u d d ,  C .  S .  1921. K i l a u e a  N a t i o n a l  Pa rk  t r e e s .  Haw. F o r e s t e r  and A g r i c u l -  
t u r i s t  14: 255-260. 

J u d d ,  C .  S .  1933.  F o r e s t  n o t e s .  Hawaii N a t l .  Pk. Nat .  Notes  3: 17-18 
( M a r - A p r i l ) ,  i l l u s .  

K a h l ,  E r i c h .  1912. Honolulu d a s  P a r a d i s e  i m  S t i l l e n  Ozean; e i n e  R e i s e  u e h e r  
New York, Ch icago ,  San F r a n c i s c o  nach dem Feuersee-Vulkan K i l a u e a .  
Schweinfur t .  

K a n e s h i r o ,  Y . ,  Y .  Matsusaka and G .  D .  S h e m a n .  1951. Seasona l  v a r i a t i o n  i n  
pH of  Hawaiian s o i l s .  Hawaii Agr ic .  Expt .  S t a .  Tech.  B u l l .  no. 14.  

Keay, R. W .  J .  1959. Lowland v e g e t a t i o n  on t h e  1922 l a v a  f l o w ,  Cameroons 
Mountain.  J o u r .  Eco l .  47: 25-29. 



K e l l e y ,  Edward G .  1841. Remarks on t h e  g e o l o g i c a l  f e a t u r e s  of  t h e  i s l a n d  
of  Owyhee o r  Hawaii .  .. from s t a t e m e n t s  made by C a p t a i n  Chase ,  of 
t h e  s h i p  C h a r l e s  C a r r o l l ,  and C a p t a i n  P a r k e r ,  of t h e  s h i p  Ocean.. 
. .1838.  Am. J o u r .  S c i .  4 0 ( 1 ) :  117-122. 

K e l l e y ,  W .  P. 1914.  The o r g a n i c  n i t r o g e n  of  Hawaiian s o i l s .  Hawaii  Agr ic .  
Expt .  S t a .  B u l l .  no. 33. 

K e l l e y ,  W .  P.  1915. Ammonification and n i t r i f i c a t i o n  i n  Hawaiian s o i l s .  
Hawaii A g r i c .  Exp t .  S t a .  B u l l .  no. 37. 

K e l l e y ,  W .  P . ,  W .  McGeorge and A .  R .  Thompson. 1915. The s o i l s  of  t h e  
Hawaiian I s l a n d s .  Hawaii A g r i c .  Expt.  S t a .  B u l l .  40: 35 pp .  

K r a j i n a ,  V .  J .  1963. B i o g e o c l i m a t i c  zones on t h e  Hawaiian I s l a n d s .  
Newsletter of  t h e  Hawaiian B o t a n i c a l  S o c i e t y  2 (7 ) :  93-98.  

Krivoy, H .  L . ,  and J .  P.  Eaton.  1961. P r e l i m i n a r y  g r a v i t y  su rvey  of Ki lauea  
v o l c a n o ,  Hawaii .  U .  S. Geo l .  Survey P r o f .  P a p e r ,  424-D, no. 360. 

Kudo, R .  R .  1960. P ro tozoo logy .  C h a r l e s  C .  Thomas, P u b l i s h e r ,  S p r i n g f i e l d ,  
I l l .  966 pp. 

Lamb, Samuel H .  1936. The t r e e s  of  t h e  Kilauea-Mauna Loa s e c t i o n ,  H a w a i i  
Na t iona l  Pa rk .  Hawaii N a t i o n a l  Pa rk  Na tu ra l  H i s t o r y  B u l l e t i n  2 .  

Lamb, S. K .  1938. W i l d l i f e  problems i n  Hawaii Na t iona l  P a r k .  T r a n s .  
T h i r d  North Am. W i l d l i f e  Conf . :  597-602. 

Lemmennann, E .  1905.  Die  a l g e n f l o r a  d e r  Sandwich-Inseln .  Bot.  J a h r b .  35: 
607-663. L i s t i n g  of 51 p h y t o p l a n k t o n .  

Leopold ,  L. B. 1951. Hawaiian c l i m a t e :  i t s  r e l a t i o n  t o  human and p l a n t  
geography.  Met. Monographs 3: 1-6 .  

L ibbey ,  Wi l l i am,  J r .  1894. Gases i n  K i l a u e a .  Am. J o u r .  of  S c i .  4 7 ( 3 ) :  
371-372. 

Long, Oren E. 1961. Changing t h e  d e s i g n a t i o n  of  t h a t  p o r t i o n  o f  t h e  Hawaii 
Na t iona l  P a r k  on t h e  i s l a n d  of Hawai i ,  i n  t h e  S t a t e  of  Hawaii ,  
t o  Hawaii Volcanoes N a t i o n a l  P a r k .  
S e n a t e ,  U. S . ,  8 7 t h  C o n g r e s s ,  1st  S e s s i o n ,  Repor t  no. 272, Calen-  
d a r  no. 44. 

Lyman, C h e s t e r  S .  1849. O b s e r v a t i o n s  on t h e  "o ld  c r a t e r "  a d j o i n i n g  Ki lauea  
(Hawai i )  on t h e  e a s t .  Am. J o u r .  of  S c i .  7 ( 2 ) :  287. 

Lyman, C h e s t e r  S. 1851. On t h e  r e c e n t  c o n d i t i o n  of  K i l a u e a ,  i n c l u d i n g  a 
l e t t e r  from Rev. T. Coan. A m .  J o u r .  S c i .  1 2 ( 2 ) :  75-82.  

Lyon, H .  L. 1919. Some o b s e r v a t i o n s  on t h e  f o r e s t  problems of  Hawai i .  
The Hawaiian P l a n t e r ' s  Record 21: 289-300. 



Lyon, H .  L .  1922. Hawaiian f o r e s t s .  The Haw. F o r e s t e r  and A g r i c u l t u r i s t  
19: 159-162. 

Lyon, H .  L .  1926. E x o t i c  t r e e s  i n  Hawai i .  The Hawaiian P l a n t e r ' s  Record 
30: 255-258. 

Lyons,  A .  B. 1896. Chemical composi t ion of Hawaiian s o i l s  and of  t h e  rocks  
from which they have been d e r i v e d .  Am. J o u r .  S c i .  2 ( 4 ) :  421-429. 

MacCaughey, Vaughan. 1912.  The kuku i  f o r e s t s  of  Hawai i .  P a r a d i s e  o f  t h e  
P a c i f i c :  21-22 ( J a n . ) ,  i l l u s .  

MacCaughey, Vaughan. 1916. The t r e e  f e r n s  of  Hawai i .  Am. B o t a n i s t  22: 1-9 
( J a n . ) .  

MacCaughey, Vaughan. 1917. V e g e t a t i o n  o f  Hawaiian l a v a  f l o w s .  
B o t a n i c a l  G a z e t t e  44: 386-420. 

MacCaughey, Vaughan. 1918-1919. H i s t o r y  of b o t a n i c a l  e x p l o r a t i o n  i n  Hawaii .  
Hawaiian F o r e s t e r  and A g r i c u l t u r i s t  15: 388-396 ( S e p t .  1918) ;  
pp .  417-429 (Oc t .  1918) ;  pp.  508-510 (Dec. 1 9 1 8 ) ;  16: 25-28 
( J a n .  1 9 1 9 ) ;  pp.  49-54 (Feb .  1 9 1 9 ) .  

Macdonald, G .  A .  1941.  Lava f l o w s  i n  e a s t e r n  Puna. Volcano L e t t e r  no. 474: 
1 -3 ,  October-DecemSer. 

Macdonald,  G .  A .  1943. The 1942 e r u p t i o n  of  Mauna Loa, Hawaii .  
Am. J o u r .  S c i .  241: 241-256; r e p r i n t e d  i.n Smithsonian I n s t .  Ann. 
Rept. f o r  1943: 199-212, 1944. 

Macdonald,  Gordon A .  1944. S o l f a t a r i c  a l t e r a t i o n  of rocks  a t  K i l a u e a  vo lcano .  
Am. J o u r .  S c i .  242: 496-505. 

Macdonalci, Gordon A .  1944. The 1840 e r u p t i o n  and c r y s t a l  d i f f e r e n t i a t i o n  i n  
t h e  K i l a u e a  magma column. Am. J o u r .  S c i .  242: 177-189; a l s o  pp. 
625-629 d i s c u s s i o n .  

Macdonald,  Gordon A .  1944.  Unusual f e a t u r e s  i n  e j e c t e d  b l o c k s  a t  K i l a u e a  
vo lcano .  Am. J o u r .  S c i .  247.:, 322-326. 

Macdonald,  G .  A .  1945.  S t r u c t u r e  of a a  f lows .  ( A b s t r . )  Geol .  Soc. American 
B u l l .  56: 1179-1180. 

Macdonald,  G .  A .  1946.  Pe t rography  of Hawaii ~ S t e a r n s  and Macdonald, 
"Geology and Ground-Water Resources  of t h e  I s l a n d  of  Hawaii." 
B u l l .  Hawaii Div. of  Hydrography no. 9: 187-208. 

Macdonald, Gordon A .  1955. D i s t r i b u t i o n  of a r e a s  of  p n e u m a t o l y t i c  d e p o s i -  
t i o n  on t h e  f l o o r  of K i l a u e a  c a l d e r a .  The Volcano L e t t e r  No. 528. 



Macdonald,  Gordon A .  1956. The 1955 e r u p t i o n  of K i l a u e a  vo lcano ,  
Haw. Acad. S c i .  P roc .  31: 8. 

Macdonald,  G .  A .  Pe t rography  o f  t h e  i s l a n d  of  Hawai i .  
U. S.  Geol.  Survey,  P r o f e s s i o n a l  Paper  214. I n  p r e p a r a t i o n .  

Macdonald,  G .  A . ,  and J .  P.  Eaton.  1955.  The 1955 e r u p t i o n  of Ki lauea  
vo lcano .  Volcano L e t t e r s  529 and 530. 

Macdonald, G .  A . ,  and J .  P .  Ea ton .  1957.  Hawaiian vo lcanoes  d u r i n g  1954. 
U. S. Geol .  Survey B u l l .  1061-8, pp.  17-72. 

Macdonald, Gordon A . ,  and Douglas H .  Hubbard. 1965. Volcanoes of Hawaii 
Na t iona l  Pa rk .  Hawaii N a t u r a l  H i s t o r y  A s s o c i a t i o n .  52 pp.  
( E a r l i e r  c d i t i o n s  of t h i s  b o o k l e t ,  a v a i l a b l e  a t  Pa rk  Headquar te r s  
f o r  one d o l l a r ,  werc i n  1951. and 1 9 6 1 . ) .  

Macdonald, Gordon A . ,  and Takashi  K a t s u r a .  1961. V a r i a t i o n  i n  t h e  l a v a  of 
1959 e r u p t i o n  i n  Ki lauea  Iki . .  P a c i f i c  S c i e n c e  15: 358-369. 

Macdonald, J .  M .  1889. The g r e a t  vo lcano  of K i l a u e a ,  Hawaiian I s l a n d s .  
Honolulu .  W i l d e r ' s  Steamship  Co. ,  32 pp.  

Magnusson, Adolph Hugo. 1955. A c a t a l o g u e  of t h e  Hawaiian l i c h e n s .  
Arkiv f g r  Bo tan ik ,  S e r i e  2 ,  3( 1 0 ) :  223-402, 8 p l a t e s .  

Magnusson, A .  H . ,  and A .  Zah lb ruckner .  1943. Hawaiian l i c h e n s  I .  The f a m i l -  
l i e s  V e r r u c a r i a c e a e  t o  Pe l  t i ~ g e r a c c a e .  Arkiv  f o r  Botanik  Vol. 31A, 
no. 1 ,  96  pp.  

Magnusson, A .  H . ,  and A .  Zah lb ruckner .  1944.  Hawaiian l i c h e n s  11. The 
f a m i l i e s  Lec ideaccae  t o  P a t m e l i a c e a e .  Arkiv  f o r  Botanik  Vol. 31A, 
no.  6 ,  109 pp. 

Magnusson, A .  H . ,  and A .  Zah lb ruckner .  1945.  Hawaiian l i c h e n s  L A I .  The 
f a m i l i e s  Usneaccae t o  P h y s i a c r a c  ( a n d )  i n d e x .  Arkiv f o r  Botanik 
Vol. 32A, no. 2 ,  89 pp.  

Mann, Horace.  1866a.  (On d e n u d a t i o n  observed i n  t h e  rocks  of  t h e  Hawaiian 
I s l a n d s . )  Boston Soc. Nat .  H i s t .  P roc .  10:  232-234. 

Mather ,  S. T. 1927. Volcanic  phcnomcna and gorgeous  v e g e i a t i o n  i n  Hawaii 
Na t iona l  Pa rk .  School L i f e  12: 116-118. 

Maxwell, W .  1898. Lavas and s o i l s  o f  t h e  Hawaiian I s l a n d s .  I n v e s t i g a t i o n s  
of  t h e  Hawaiian Experiment S t a t i o n  anti Laboratories. Hawaiian 
Sugar  P l a n t e r s  A s s o c i a t i o n ,  186 p p . ,  Honolulu ,  r c p r i n t e d ,  1905. 

McGeorge, W .  T. 1917. Composit ion of  Hawaiian s o i l  p a r t i c l e s .  Hawaii 
Agr ic .  Exp t .  S t a .  B u l l .  42,  1.2 pp .  



Meinecke,  E .  P.  1932. P l a n t  l i f e  i n  H a w a i i  N a t i o n a l  Pa rk .  (Typed p a p e r  i n  
Hawaii Na t iona l  Pa rk  f i l e s ) .  

Menz ies ,  A .  1907. An e a r l y  a s c e n t  of  Mauna Loa. Hawaiian Annual f o r  
19085 99-112. 

Menzies ,  A. 1909. Ascent  of  Mount H u a l a l a i .  Hawaiian Annual f o r  1910: 
72-89. 

M i l l e r ,  Alden.  1937. S t r u c t u r a l  m o d i f i c a t i o n  i n  t h e  Hawaiian goose .  (Neso- 
chen s a n d v i c e n s i s )  a s t u d y  i n  a d a p t i v e  e v o l u t i o n .  
U n i v e r s i t y  of C a l i f o r n i a  P r e s s .  

CP 

M i l l e r ,  H .  A .  1957.  A p h y t o g e r o g r a p h i c a l  s t u d y  of Hawaii2 H e p a t i c a e .  
S t a n f o r d  U n i v e r s i t y  P u b l i c a t i o n  no. 20(459) :  140 pp.  

M i l l e r ,  H.  A .  1963. Notes on Hawaiian H e p a t i c z e  V. C o l l e c t i o n s  from 
r e c e n t  Swedish e x p e d i t i o n s .  Ark iv  f o r  Botanik  5 ( 2 ) :  489-531. 

M i l l e r ,  H .  A . ,  C .  E, B. Bonner and H. B i s c h l e r .  1963.  S t u d i e s  i n  Le jeuneaceae  
V .  Mic ro le jeunea  i n  P a c i f i c  Ocean ia .  Nova Hedwigia 4: 551-560, 

Moomaw, B.  F. 1938.  The rocks  and m i n e r a l s  of  t h e  Kilauea-Mauna Loa s e c t i o n ,  
Hawaii  Na t iona l  Pa rk .  N a t u r a l  H i s t o r y  Bul l  no. 3 ,  Hawaii 
N a t i o n a l  Pa rk .  

Moseley,  H .  N .  1879.  Notes by a n a t u r a l i s t  on t h e  C h a l l e n g e r .  London, 
500-503. 

Mueller-Dombois D . ,  and C .  H .  Lamoureux. 1964. S o i l - v e g e t a t i o n  r e l a t i o n s h i p s  
i n  Hawaiian k i p u k a s .  Unpublished manuscr ip t .  Mimeographed 
Univ. o f  Hawaii .  

Munro, George,  C .  1960. B i r d s  of Hawaii .  192 pp. C h a r l e s  E .  T u t t l e  Co. 
(Bridgeway P r e s s ) ,  Tokyo, Japan.  

Nakuina,  Emma M .  1893. Anc ien t  Hawaiian w a t e r  r i g h t s .  Hawaiian Annual. f o r  
1894: 79-84. 

N a t i o n a l  P a r k  S e r v i c e .  1931.  C i r c u l a r  of  g e n e r a l  i n f o r m a t i o n  r e g a r d i n g  Hawaii 
Na t iona l  Pa rk .  

N a t i o n a l  Pa rk  S e r v i c e .  1950. Areas  a d m i n i s t e r e d  by t h e  National. P a r k  S e r -  
v i c e ,  June  30, 1950. U. S.  Dept .  of t h e  I n t e r i o r .  

Nea l ,  M a r i e  C .  1929. I n  Honolulu g a r d e n s .  Bern ice  P.  Bishop Museum 
S p e c i a l  Pub. 13. 

Neal Marie C .  1965.  I n  Gardens of Hawaii .  Bern ice  P.  Biahop Museum 
P u b l i c a t i o n  50. 924 pp. 



Norton,  L. W.,De.Vis-  1922. The s u b - c r a t e r s  of Hawaii .  P a r a d i s e  of  t h e  
P a c i f i c  35(12) :  75-79. 

Norton,  L .  W .  d e  V i s - .  1924. H a w a i i ' s  s u p e r  vo lcano .  The P a c i f i c ,  Feb.1 ,  
1924. 

Norton,  L .  W .  de  Vis-. 1937. La s c i e n c e  sauve une v i l l e .  La Revue 
Colombienne, Mai 2(9) :  6-7 ,  15.  

O l i v e r ,  James A . ,  and C h a r l e s  E .  Shaw. 1953. The amphibians  and r e p t i l e s  
of t h e  Hawaiian I s l a n d s .  Zoologica  3 8 ( 2 ) :  65-95. 

Olson ,  Gunder E i n e r .  1941. The s t o r y  of  t h e  Volcano House. H i l o .  

Pa lmer ,  Mervin.  1959. Algae i n  w a t e r  s u p p l i e s .  P u b l i c  H e a l t h  S e r v i c e  
Pub l .  #657. 

Payne,  John H . ,  and S t a n l e y  S. B a l l a r d .  1940.  The i n c i d e n c e  of  hydrogen 
s u l f i d e  a t  K i l a u e a  s o l f a t a r a  p r e c e d i n g  t h e  1940 Mauna Loa 
v o l c a n i c  a c t i v i t y .  S c i e n c e  92(2384) :  218-219. 

P e r k i n s ,  R.  C .  L. 1903. V e r t e b r a t a ,  pp. 365-466, David Sharp ( e d i t o r ) ,  
Fauna H a w a i i e n s i s .  Cambridge 3 n i v .  P r e s s .  Val .  1 ,  P a r t  I V .  

P e r r e t ,  F.  A .  1913. Some Ki.lauean e j e c t a m e n t a .  Am.  J o u r ,  S c i .  3 5 ( 4 ) :  611- 
618. 

P e r r e t ,  F. A .  1913. Some Ki lauean  f o r m a t i o n s .  Am. J o u r .  S c i .  36(4) :  151-159 

P e r r e t ,  F. A .  1913. S t ~ b s i d e n c e  phenomena a t  Ki lauca  i n  t h e  summer of 1911. 
Am.  J o u r ,  S c i .  3 5 ( 4 ) :  469-476. 

P e r r e t ,  F. A .  1913. The c i r c u l a t i n g  system i n  t h e  Halemaumau l a v a  l a k e  
d u r i n g  t h e  summer of 1911.  Am.  J o u r .  S c i .  3 5 ( 4 ) :  337-349. 

P e r r e t ,  F .  A .  1913. The l a v a  f o u n t a i n s  of  K i l a u c a .  Am. J o u r .  S c i .  35(4):  
139-148. 

P e r r e t ,  F. A .  1913. Volcan ic  r e s e a r c h  a t  K i l a u e a  i n  t h e  summer of  1911; 
w i t h  a  r e p o r t  by A l b e r t  Brun on t h e  m a t e r i a l  t aken  d i r e c t l y  from 
"Old F a i t h f u l  ." Am. Jour .  S c i .  36(4) :  475-488. 

Pope,  Willis T. 1929. Maual of  wayside p l a n t s  o f  Hawai i .  Honolulu Adver- 
t i s e r  Pub l .  Co. 

Powers,  H .  A .  1946.  The t i d a l  wave of  A p r i l  1 ,  1946.  Volcano L e t t e r  no. 491: a 

1-3,  January-March. 

Powers,  H .  A .  1948. A chronology of t h e  e x p l o s i v e  e r u p t i o n s  of  K i l a u e a .  
P a c i f i c  S c i e n c e  2 (4 ) :  278-292. 



P o w e r s , ,  S idney.  1920.  A l a v a  tube  a t  K i l a u e a .  Hawaiian Volc.  Obs. B u l l .  
8: 46-49. 

Powers,  W .  E. and C .  K .  Wentworth. 1941. A i r  movements and wea the r  i n  
t h e  Mauna Kea--Mauna Loa s a d d l e ,  Hawaii .  B u l l .  A m e r .  M e t e r o l o g i -  
c a l  Soc. 22: 6-13. 

P r e s c o t t ,  G .  W .  1951. Algae of t h e  w e s t e r n  G r e a t  Lakes a r e a .  Cranbrook 
I n s t i t u t e  of S c i e n c e  B u l l .  31 ,  x I I I  + 946 pp.  

P r i c e ,  S . ,  and J .  C .  P a l e s .  1963. Mauna Loa O b s e r v a t o r y ;  t h e  f i r s t  f i v e  
y e a r s .  Monthly Weather Review 91(10-12) :  665-680. 

Ramsbottom, John.  1953. Mushrooms and T o a d s t o o l s .  C o l l i n s  C l e a r  Type P r e s s ,  
London, x i v  + 306 pp .  

R i c h t e r ,  D .  H .  and J .  P .  Eaton.  1960. The 1959-60 e r u p t i o n  of  K i l a u e a  v o l -  
cano. The New S c i e n t i s t  7: 994-997. 

R i c h t e r ,  D .  H . ,  and J .  P.  Eaton.  1961. The 1959-1960 e r u p t i o n  of  Ki lauea  
vo lcano  ( r e p r i n t  of  same a r t i c l e  a s  R i c h t e r  and Ea ton ,  1960) .  
Ann. Rept.  Smithsonian I n s t .  1960: 349-355. 

R i c h t e r ,  D.  H . ,  W .  U .  A u l t ,  J .  P.  Eaton and J .  G .  Moore. 1964.  The 1961 
e r u p t i o n  of  Kil 'auea vo lcano  Hawai i .  U .  S .  G e o l o g i c a l  Survey 
P r o f e s s i o n a l  P a p e r  474-D, 34  pp.  

Rig@,, B. G .  1914. The e f f e c t s  of t h e  Katmai e r u p t i o n  on mar ine  v e g e t a t i o n .  
S c i e n c e  N .  S .  40 (1032) :  509-513. 

R i p p e r t o n ,  J .  C . ,  and E. Y .  Hosaka. 1942.  V e g e t a t i o n  zones of Hawaii.. 
Hawaii A g r i c .  Exper.  S t .  B u l l .  89: 1-60. 

Robyns, W . ,  and S.  H .  Lamb. 1939. P r e l i m i n a r y  e c o l o g i c a l  su rvey  of t h e  
I s l a n d  of  Hawaii .  B u l l .  J a r d .  Bot.  Brux. 15: 241-293. 

Rock, Joseph  F. 1911. A s y n o p s i s  of  t h e  Hawaiian f l o r a .  Hawaiian 
Almanac and Ann. (1912) :  82-91,  i l l u s .  

Rock, Joseph  F. 1913. The f e r n s  of  Hawai i .  The Fr iend :  28-30, 40 f F e b . 1 .  

Rock, J .  F. 1913. The ind igenous  t r e e s  of t h e  Hawaiin I s l a n d s .  Honolulu .  
518 pp.  (Book p u b l i s h e d  under  p a t r o n a g e .  ) 

Rock, Joseph  F. 1917.  The o h i a  l e h u a  t r e e s  of Hawaii .  T e r r i t o r y  o f  Hawaii 
Board of A g r i c u l t u r e  and F o r e s t r y  B u l l e t i n  4. 

Rock, Joseph  F. 1920. The leguminous p l a n t s  of  Hawaii .  Exp t .  S t a .  of t h e  
Haw. Sugar  P l a n t e r ' s  Assoc. Honolulu .  



Rock, J .  F .  Undated.  Kipuka Puau la  n e a r  t h e  Volcano of  K i l a u e a ,  Hawaii .  
( P u a u l p  i n  t i t l e ,  Puau lg  i n  t e x t )  Unpub. m a n u s c r i p t .  
( T y p e w r i t t e n )  5  pp.  Botany Dept .  Univ. of  Hawaii .  

Ruhle ,  George C .  1959. A gu ide  f o r  t h e  H a l e a k a l a  s e c t i o n ,  I s l a n d  of  
Maui,  Hawaii .  Hawaii N a t u r a l  H i s t o r y  A s s o c i a t i o n ,  V i  + 9 4  pp.  

Russ ,  G .  W .  1929. A s t u d y  of  t h e  n a t u r a l  r e g e n e r a t i o n  i n  some i n t r o d u c e d  
s p e c i e s  of  t r e e s .  The Haw. F o r e s t e r  and A g r i c u l t u r i s t  26: 117-124. 

S t .  John,  H .  1957. Notes on Hawaiian t e r r e s t r i a l  s p e c i e s  of  O p h i o ~ l o s s u m .  
Am. Fern  J o u r .  47: 74-76. 

S t .  J o h n ,  Haro ld ,  and E .  Y .  Hosaka. 1932. Weeds of t h e  p i n e a p p l e  f i e l d s  
of  t h e  Hawaiian I s l a n d s .  Univ. of  Haw. Res. Pub l .  6 .  

S a s t r a p r a d j a ,  Did in .  1965.  A s t u d y  of  v a r i a t i o n s  i n  wood anatomy of 
Hawaiian M e t r o s i d e r o s  ( M y r t a c e a e ) .  T h e s i s .  

S a t o ,  H .  H .  1965. D e s c r i p t i o n  of Ohaikea s e r i e s ,  Kapapala s e r i e s ,  Heake 
s e r i e s ,  Puaulu  s e r i e s .  I n  s e p a r a t e  m a n u s c r i p t s .  U .  S. D .  A .  
S o i l  C o n s e r v a t i o n  S e r v i c e ,  H i l o ,  Hawaii .  

S a y l e s ,  Rober t  W .  1918. A n a t u r a l i s t i c  model of  Ki lauea  v o l c a n o ,  Hawaii .  
Geo l .  Review 5: 38-43. 

S c h u l z ,  P.  E .  1941. An o u t l i n e  of  t h e  known , ? r u p t i o n s  of t h e  vo lcanoes  
Ki lauea  and Mauna Loa, w i t h  a  b r i e f  i n t r o d u c t i o n  a s  t o  t h e  p r o b a b l e  
composi t ion and s t r u c t u r e  of t h e  e a r t h .  Na tu ra l  H i s t o r y  B u l l .  
no .  8 ,  Hawaii Na t iona l  P a r k .  

Schwabe, G .  H .  1964. Uber O s c i l l a t o r i a  a c u t i s s i m a  Kuff .  Revue Algologique 
V I I ( 4 ) :  296-303. 

Schwar tz ,  C .  W .  and E .  R .  Schwartz .  1949. A r e c o n n a i s s a n c e  of  t h e  game 
b i r d s  i n  Hawaii .  168 pp.  D i v i s i o n  of  F i sh  and Game, Board of  
Commissioners of  A g r i c u l t u r e  and F o r e s t r y ,  Honolulu ,  Hawaii .  

Segawa, S o k i c h i .  1957. Coloured i l l u s t r a t i o n s  of  t h e  seaweeds of  Japan  
Revised e d i t i o n .  x v i i i  + 175 pp .  

Sheepshanks ,  John (Bishop of  Norwich). 1909.  A b ishop i n  t h e  rough.  
London. Typed copy of pp.  184-192 o n l y .  ( A  j o u r n a l  w r i t t e n  
i n  A p r i l ,  1866- a  copy i s  a t  t h e  Volcano House).  

Shepherd,  John .  1840.  (On Ki lauea  Volcano.  London Atheneum: 909,  Nov. 14.  

Sherman, G .  D .  1950.  The g e n e s i s  and morphology of Hawaiian f e r r u g i n o u s  
l a t e r i t e  c r u s t s .  P a c i f i c  Sc ience  4: 315-322. 

S i l l i m a n ,  Benjamin. 1829. (On v o l c a n i c  rocks  from Hawai i . )  Am.  J o u r .  S c i .  
1 6 ( 1 ) :  347-350. 



S i l l i m a n ,  Benjamin. 1831. Hawaii (Owhyee), and i t s  v o l c a n i c  r e g i o n s  and 
p r o d u c t i o n s . .  . . Am. J o u r .  S c i .  2 0 ( 1 ) :  228-229. 

S k o t t s b e r g ,  C a r l .  1930.  The f l o r a  of t h e  h i g h  Hawaiian v o l c a n o e s .  F i f t h  
I n t .  Bot.  Congress ,  Cambridge: 16-23. 

S k o t t s b e r g ,  C a r l .  1941.  P l a n t  s u c c e s s i o n  on r e c e n t  l a v a  f lows  i n  t h e  i s l a n d  
of  Hawai i .  G o t t e b o r g s  Kungl . Vetenskap-och V i t t e r h e t s s a m h a l l e s  
Hand l inger  S j a t t e  f o j d e n ,  s e r .  B . ,  Bd. 1 ,  no. 8: 32 pp .  

S k u j a ,  H .  1964.  Wei te res  z u r  Kenn tn i s  d e r  ~ ~ s s w a s s e r h o d o ~ h ~ c e e n  d e r  
Ga t tung  Nothocladus .  Revue Algo log ique  V I I f 4 ) :  304-314. 

Smathers ,  G a r r e t t A .  1963. A review and e v a l u a t i o n  of s t u d i e s  and r e p o r t s  
o f  t h e  Hawaiian goose  ( n e n e ) .  8  pp.  t y p e s c r i p t  on f i l e  a t  HVNP. 
( W r i t t e n  A p r i l  1 0 ,  1963,  and l a r g e l y  i n c o r p o r a t e d  i n  t h e  b e s t  of  
t h e  c h a p t e r  on b i r d s ,  above.  1. 

Smathers ,  G a r r e t t A .  1963.  A review and e v a l u a t i o n  of  s t u d i e s  and i n v e s t i g a -  
t i o n s  of  t h e  Hawaiian h o n e y c r e e p e r s  ( D r e p a n i i d a e ) .  
17 pp .  t y p e s c r i p t  on f i l e  a t  HVNP. ( W r i t t e n  September 5 ,  1963,  
and  l a r g e l y  i n c o r p o r a t e d  i n  t h e  t e x t  of t h e  c h a p t e r  on b i r d s ,  
above.  ) . 

Smi th ,  G i l b e r t ,  M .  1950.  The f r e s h - w a t e r  a l g a e  of  t h e  Uni ted  S t a t e s .  
Second e d i t i o n .  v i i  + 719 pp.  McGraw-Hill Book Co. I n c .  New York. 

Smith ,  G i l b e r t  M .  1964. Marine  Algae of  t h e  Monterey P e n i n s u l a  C a l i f o r n i a .  
( 3 r d  p r i n t ) .  S t a n f o r d  U n i v e r s i t y  P r e s s .  622 pp.  

Smi th ,  J. Donald.  1952. The Hawaiian goose  ( n e n e )  r e s t o r a t i o n  program. 
The J o u r n a l  of W i l d l i f e  Management 1 6 ( 1 ) :  1-9 ,  1  p l .  

S m i t h ,  W .  H . ,  and C .  D .  Moodie. 1947. C o l l e c t i o n  and  p r e s e r v a t i o n  of s o i l  
p r o f i l e s .  S o i l  S c i e n c e  64: 61-69. 

S t e a r n s ,  H .  T .  192513. The e x p l o s i v e  phase  of  K i l a u e a  Volcano,  Hawai i ,  i n  
1924.  B u l l .  v o l c a n o l o g i q u e ,  2' a n n . ,  n o s .  5-6: 193-208; ( a b s t . )  
Z e i t s .  f .  Vu lkano log ie ,  Bd. 1 0 ,  H e f t  1: 46-47, 1926.  

S t e a r n s ,  H .  T .  1926. The Keaiwa o r  1823 l a v a  f low from K i l a u e a  V ~ l c a n o ,  
Hawaii .  J o u r .  Geology 34: 336-351; ( a b s t . )  Z e i t s c h .  f u r  
Vulkano log ie ,  Bd. 10: 273-1926. 

S t e a r n s ,  H .  T. 1926s .  O r i g i n  of t h e  vo lcanoes  of Mauna Loa and K i l a u e a .  
( a b s t . )  Geol.  Soc.  America B u l l .  37: 150-151. 

S t e a r n s ,  H .  T .  1946. Geology of  t h e  Hawaiian I s l a n d s .  U .  8 .  Geol .  Siirvey, 
B u l l e t i n  8 .  106 pp.  

S t e a r n s ,  H .  T. and  W .  0 .  C l a r k .  1930. Geology and w a t e r  r e s o u r c e s  of t h e  Kau 
d i s t r i c t ,  Hawaii .  U .  S. Geo l .  Survey ,  Water-Supply P a p e r  616: 
194  pp.  



S t e a r n s ,  H .  T. and G.  A .  Macdonald. 1946. Geology and ground-water  
r e s o u r c e s  of  t h e  i s l a n d  o f  Hawaii .  Hawaii Div .  of  Hydrography 
B u l l .  9: 363 pp. 

S t e v e n s ,  F. L .  1913. The f u n g i  which cause  p l a n t  d i s e a s e .  The Macmillan 
C o . ,  New York, i x  + 754 p a g e s .  

S t e v e n s ,  F. L. 1925. Hawaiian Fungi .  B. P .  Bishop Museum B u l l e t i n  1 9 ,  
i i  + 189 pp.  

S t e w a r t ,  C h a r l e s  Samuel. 1826. Volcano of  Ki rauea .  Am J o u r .  S c i .  11(11: 
362-376. 

S t e w a r t ,  C .  S. 1827.  Account of a n  a s c e n t  t o  t h c  c r a t e r  of  t h e  g r e a t  
vo lcano  of Ki rauea .  Edinburgh New P h i l o s o p h i c a l  J o u r .  3: 
45-60. 

S t e w a r t ,  C .  S .  1828. J o u r n a l  of  a  r e s i d e n c e  i n  t h e  Sandwich I s l a n d s ,  d u r i n g  
t h e  y e a r s  1823,  1824,  and 1825. 2nd e d . ,  London, p .  373-389. 

S t e w a r t ,  C h a r l e s  1831. Hawaii (Ovyhee) and i t s  v o l c a n i c  r c g i o n s  and p ro -  
d u c t i o n s . .  . n o t i c e s  from a  l e t t e r  a d d r e s s e d  t o  t h e  e d i t o r . .  . n o t i c e s  
of  K i l a u e a  and of  t h e  c o n t i g u o u s  r e g i o n . .  . C h a r l e s  S t e w a r t .  A m .  
J o u r .  S c i .  20(1) :  228-248. 

S t e w a r t ,  C .  S .  1831. N o t i c e s  of  Ki rauea  and of  t h e  conLiguous r e g i o n .  
Am.  J o u r .  S c i .  20(1) :  229-243. 

S t e w a r t ,  C .  S .  1833. A v i s i t  t o  t h c  South Seas .  New York, 2: 71-85. 

S t o n e ,  Benjamin. C .  1959. Na tu ra l  and c u l t u r a l  h i s t o r y  r e p o r t  on t h c  
Kalapana e x t e n s i o n  of  t h c  Ilawaii Na t iona l  Pa rk .  Vo1. I1 Natura l  
H i s t o r y  R e p o r t ,  Botany. Bern ice  P.  Bishop Museum, Honolulu ,  67 pp. 
(mimeo). 

S t o n e ,  J .  B.  1926. The Kca.iwa f low of  1823,  Hawaii .  Am.  J o u r .  S c i .  11.(5):  
434-440. . ~ 

S t o n e ,  John B.  1926.  Thc p r o d u c t s  and s t r u c t u r e  of K i l a u e a .  Bishop 
Museum Bul I .  53: 59 pp .  

S t o n e ,  J .  B.  1926a.  Thr p r o d u c t s  and s t r u c t u r e  of K i l a u e a .  B. P.  Bishop 
Mus. B u l l .  33: 59 pp . ,  2  p l .  7  f i g .  

Swinda le ,  L .  D . ,  and G .  D. Shennan. 1364.  Hawaiian s o i l s  from v o l c a n i c  
a s h .  F.A.O., Worlrl SoiLl Resources  14: 36-49. 

Tagawa, H .  1964. A s t u d y  of t h e  v o l c a n i c  v e g e t a t i o n  i n  Sakur j ima ,  s o u t h -  
wes t  Japan .  I .  Dynamics of v e g e t a t i o n .  Memoirs of  t h c  F a c u l t y  
of  S c i e n c e ,  Kyushu U n i v e r s i t y ,  S e r i c s  E ( B i o l o g y )  3 ( 3 - 4 ) :  165-228. 

T a l i a f e r r o ,  Will iam J . ,  p r e p .  by 1959. R a i n f a l l  of  t h e  Hawaiian I s l a n d s .  
Hawaii. Water A u t h o r i t y ,  H o n o l u l u :  394 pp.  



Tanada,  T. 1951. Some of t h e  p r o p e r t i e s  of  Hawaiian s o i l  co l . lo ids .  J o u r .  
S o i l  S c i .  2 ( 1 ) :  84-96. 

T a n s l e y ,  A .  G .  1920.  The c l a s s i f i c a t i o n  of v e g e t a t i o n  and t h e  c o n c e p t s  o f  
development.  J o u r .  of  Ecology 8: 118-149. 

T a n s l e y ,  A .  G .  1929.  Succcss ion ,  t h e  concep t  and i t s  v a l u e .  Proceed.  
I n t e r n .  Congress of P l a n t  S c i e n c e ,  I t h a c a  1: 677-686. 

T a y l o r ,  Will iam Randolph. 1950. P l a n t s  of  B i k i n i  and o t h e r  Northern  
M a r s h a l l  I s l a n d s .  xv + 227 + i .  U n i v e r s i t y  of Michigan 
P r e s s ,  Ann Arbor,  Michigan.  

T a y l o r ,  Wil l iam Randolph. 1960. Marine  a l g a e  of t h e  E a s t e r n  T r o p i c a l  and 
S u b t r o p i c a l  C o a s t s  o f  t h e  Americas.  U n i v e r s i t y  of Michigan 
P r e s s ,  Ann Arbor.  870 pp.  

Tezuka,  Y .  1961.  Development of v e g e t a t i o n  i n  r e l a t i o n  t o  s o i l  f o r m a t i o n  
i n  t h e  v o l c a n i c  i s l a n d  of  Oshima, I z u ,  Japan .  Japanese  J o u r .  
o f  Botany 1 7 ( 3 ) :  371-496. 

Thomas, W .  S tephen .  1952. Volcanoes a r e  l i v i n g  museums. Mimeographed. 

Thrum, Thomas G.  1886. K i l a u e a :  a n  i d e a l  vo lcano  t r i p  t o  Ki lauea  d u r i n g  
i t s  q u i e s c e n t  p e r i o d ,  March 1886. 

Honolulu:  16 p p . ;  r e p r i n t e d  i n  condensed form i n  Hawaiian 
Annual f o r  1887: 66-74. 

Thrum, Thomas G.  1928. P u l u ,  i t s  r i s e  and d e c l i n e .  Hawaiian Annual,  1929. 
Thos. G .  Thrum, P u b l i s h e r ,  Honolulu .  

T h u r s t o n ,  L. A .  1894. L e t t e r  t o  t h e  A d v e r t i s e r .  P a c .  Comm. Adv., May 29,  
1894; a l s o  i n  S c i e n c e ,  1908,  pp.  19-20. 

T h u r s t o n ,  L. A .  1894. The r e c e n t  e r u p t i o n  i n  t h e  c r a t e r  of Ki lauea .  
Am.  J o u r .  S c i .  48(3) :  338-342. 

Thurs ton ,  L .  A .  1917. G r e a t  mys te ry  of  t h e  vo lcano  l i e s  i n  i s l a n d .  
C l i p p i n g ,  March. 

T i l d e n ,  J o s e p h i n e  1910. Minnesota Algae .  The MYXOPHYCEAE of  North America 
and a d j a c e n t  r e g i o n s  i n c l u d i n g  C e n t r a l  America,  Green land ,  Bermuda, 
t h e  West I n d i e s  and Hawaii .  Repor t  of t h e  su rvey  b o t a n i c a l  s e r i e s  
V I I I .  Vol. I ,  M i n n e a s p o l i s ,  Minn. 

T i n k e r ,  Spencer  W .  1944. Hawaiian F i s h e s .  403 pp. Tongg Pub l .  Co. Honolulu.  

T i n k e r ,  Spencer  W .  1958. P a c i f i c  Sea S h e l l s .  240 pp .  C h a r l e s  E. T u t t l e  
Company, Tokyo, Japan .  

Treub ,  M .  1888. Not ice  s u r  l a  n o u v e l l e  f l o r a  de  Kraka tau .  Ann. J a r d .  
Bat .  Bu i t enzorg  7:  221-223. 



T u r n b u l l ,  John. 1805. A voyage a round  t h e  world.  Vol. 2: 88-89. 

T u r n e r ,  W .  S. 1858. The Volcanoes  of  Hawai i .  N a t i o n a l  Mag: 120-127, 
February .  

Vancouver, George ( C a p t a i n ) .  1798.  A voyage of d i s c o v e r y  t o  t h e  n o r t h  
P a c i f i c  Ocean. London, Vol.  3 : ' 8 .  

van S l y k e ,  L. L .  1887.  O b s e r v a t i o n s  o f . . . o n  K i l a u e a  i n  J u l y  1886. 
Amer. J o u r .  S c i .  33( 3 )  : 95-98.  

Waesche, Hugh K .  1942. Ground t i l t  a t  K i l a u e a  vo lcano .  J o u r .  of  Geology 
50: 643-661. 

Wagner, W .  H . ,  J r .  1950. F e r n s  n a t u r a l i z e d  i n  Hawaii .  Occas iona l  P a p e r s  
of  B e r n i c e  P.  Bishop Museum, Vol. XX(8). Honolulu .  

Walker,  R.  1912. The vo lcano  of today and twenty-four  y e a r s  ago.  P a r a d i s e  
of  t h e  P a c i f i c  2 5 ( 8 ) :  16-22. 

W a l t e r ,  H .  1957. Wie kann man den Klimatypus a n s c h a u l i c h  d a r s t e l l e n ?  
Die Umschau i n  Wissenschaf t  und Technik ,  H e f t  24: 751-753 

W a l t e r ,  H .  1964.  Die  V e g e t a t i o n  d e r  Erde  i n  gko-phys io log i scher  Betrachtung.  
Band I: Die  t r o p i s c h e n  und s u b t r o p i s c h e n  Zonen. Second e d i t i o n ,  
VEB Gustav F i s h e r  V e r l a g ,  J e n a ,  592 pp.  

Ward, W .  V.  1964. The songs  of  t h e  apapane.  The L i v i n g  B i r d ,  T h i r d  Annual, 
C o r n e l l  Lab. of O r n i t h o l o g y :  97-117. 

Wentworth, C .  K .  1936.  Geomorphic d i v i s i o n s  of  t h e  I s a l n d  o f  Hawaii. 
Univ. Hawaii Occ. Pap. 29: 1-15. 

Wentworth, C .  K .  1938. Ash f o r m a t i o n s  on t h e  i s l a n d  of  Hawai i .  3rd  Spec. 
Rpt .  Hawai i .  Volcano Observa to ry  v i i i  + 183 p p . ,  Honolulu.  

Wentworth, C h e s t e r  K .  1953. A sugges ted  e x p l a n a t i o n  of  t h e  a l t e r a t i o n  
of  a c t i v i t y  between two v e n t s  a t  K i l a u e a  vo lcano .  
Volcano L e t t e r  no. 522: 1-2 .  

Wentworth, C h e s t e r  K .  1957. Impact s c a r s  a t  Ki lauea .  P a c i f i c  Sc ience  X I ( 4 ) :  
363-369. 

W e s t e r v e l t ,  W .  D .  1908.  E a r l y  h i s t o r i c  Hawaiian l a v a  f l o w s .  P a r a d i s e  
of  t h e  P a c i f i c  21(11) :  11-15. 

W e s t e r v e l t ,  Wil l iam Drake. 19C9. Changes i n  t h e  l o c a t i o n  of Ki lauea  c r a t e r .  
P a r a d i s e  of  t h e  P a c i f i c  22(1) :  13-15; 2 2 ( 2 ) :  13-16. 

Whitney,  H .  M .  1877.  A new and remarkable  o u t b r e a k  i n  Kealakekua Bay. 
Hawaiian G a z e t t e  13191: 3 ,  Feb. 28. 



Whitney,  L. D . ,  E .  Y .  Hosaka and J .  C .  R i p p e r t o n .  1939. G r a s s e s  oE 
t h e  Hawaiian ranges .  Hav. A g r i .  Expt .  S t a .  B u l l .  no. 82. 

Whittalker,  R.  H .  1953. A c o n s i d e r a t i o n  of  c l k n a x  theory:  t h e  c l imax  
a s  a p o p u l a t i o n  and p a t t e r n .  Eco l .  Monographs 23: 41-78. 

W i l d e r ,  G e r r i t  P.  1911. F r u i t s  o: t h e  Hawaiian I s l a n d s .  Haxa i i an  
G a z e t t e  Co . ,  L td .  Honolulu .  

W i l d e r ,  G e r r i t  P.  1932. E a r l y  p l a n t  l i f e  of  t h e  Hawaiian I s l a n d s ,  
M i d - P a c i f i c  Mag. 46: 3-17 ( J u l y ) ,  i l l u s .  

Wi lde r  Stealnship Companji. 1885. I n f a n n a t i o n  f o r  t o u r i s t s .  Honolulu .  

Wi lkes ,  C h a r l e s .  1845. N a r r a t i v e  of t h e  Uni ted  S t a t e s  E x p l o r i n g  Exp?- 
d i t i o n ,  1838-1842. P h i l a d e l p h i a ,  Voi. 4: 87-231. 

W i l l i s ,  J .  C .  1960. D i c t i o n a r y  of  t h e  Flowering P l a n t s  and F e r n s .  
Cambridge U n i v e r s i t y  P r e s s ,  752 pp.  

Wilson,  R.  M .  1927. Summary of  t h e  J u l y ,  1927,  e r u p t i o n  of  Ki lar lea ,  
Hava i i an  Volc. Obs. B u l l .  15: 52-59. 

Wi l son ,  R .  M .  1935. Ground s u r f a x  movements a t  Ki lauea  Volcano, 
Hawzaii. Univ. of  Hawaii Research P u b l s .  no. 10:  56 p? .  

Wilson W .  F. 1919. Dagi3 Douglas,  b o t a n i s t  a t  Hawaii .  Honolulu ,  
8 3  PP. 

Wilson,  W .  F. 1922.  With Lord Byron a t  t h e  Sandwich I s l a . lds  i n  1525,  
be ing  e x t r a c t s  from t h e  d i a r y  of  James Macrae. Honolulu ,  75 pp. 

Wingate ,  E .  G .  1931a.  Puna s h o r e l i n e  s u b s i d e n c e .  Volcano L e t t e r  no.  
361: November 26. 

Wood, H.  0 .  1917. On c y c l i c a l  v a r i a t i o n s  i n  e r u p t i o n  a t  K i l a u e a .  Ha:g. 

Volcano Observa to ry  Repor t  No. 2: 59 pp. 

Wr igh t ,  George M . ,  e t  a l .  1933. (Fauna of Hawaii Na t iona l  P a r k ) .  
I n  T h e i r :  Fauna of t h e  N a t i o n a l  P a r k s  oE t h e  Uni ted  S t a t e s :  - 
140.Dept.  I n t . ,  Natl. Pa rk  S e r v . ,  C o n t r i b s .  of W i l d l i f e  S u r v . ,  
Fauna s e r .  1 .  Washington,  Govt ,  p r i n t .  o f f .  

Yanada, Yukio. 1931. Notes on L a u r e n c i a ,  wi th  a s p e c i a l  r e f e r e n c e  t o  
t h e  J a p a n e s e  s p e c i e s .  Univ. o f  C a l i f o r n i a  Pub l .  i n  Bo;., 
1 6 ( 7 ) :  185-310, p l s .  1-30,  20 f i g s .  i n  t e x t .  

Z a h l ,  Pau l  A .  1959. Volcan ic  f i r e s  of  t h s  50 th  s t a t e :  Hawaii N a t i o n a l  
P a r k .  N a t i o n a l  Geographic  Magazine 115: 793-823. 



Zimmennan, Elwood C u r t i s .  1948-1960. I n s e c t s  of  Hawai i .  U n i v e r s i t y  of  
Hawaii P r e s s .  Honolulu.  Vols .  1-8 & 10.  Vol. 1 -  I n t r o d u c t i o n .  
G e o l o g i c a l  h i s t o r y  of  Hawai i ;  d e r i v a t i o n ,  d i s p e r s a l  and d i s t r i -  
b u t i o n ,  e v o l u t i o n  and development ,  a n a l y s e s  and summaries of  t h e  
b i o t a .  Vol.  2- APTERYGOTA t o  THYSANOPTERA. Vol. 3- HETEROPTERA 
( 1 9 4 8 ) .  Vol. 4- HOMOPTERA: AUCHENORHYNCHA (1948) .  Vol. 5 -  
HOMOPTERA: STERNORHYNCHA. Vol.  6- EPHEMOROPTERA - NEUROPTERA - 
TRICHOPTERA and Supplement t o  v o l s ,  1-5 ( 1 9 5 7 ) .  Vo1. 7- 
MACROLEPIDOPTERA. Vol. 8-LEPIDOPTERA: PYRALIODEA ( 1 9 5 8 ) .  
Vol. 10- DIPTERA: NmATOCERA - BRACHYCERA ( e x c e p t  Dol ichopod idae)  
by D.  Elmo Hardy (Zimmrnnan, e d . )  ( 1 9 6 0 ) .  I n  p r e p a r a t i o n ,  1965: 
Val .  9 ,  LEPIDOPTERA; Vol. 1 1 ,  DIPTERA: BRACHYCERA - DOLICHOPODIDAE, 
PHORIDAE, LONCHOPTERIDAE; Vol.  1 2 ,  DIPTERA: DROSOPHILIDAE; 
Vol. 13- DIPTERA: CYCLORRHAPA ( e x c e p t  D r o s o p h i l i d a e ) .  



Chapter X- Generic Index t o  Organisms Known :From t h e  Park 

The fol lowing a l p h a b e t i c a l  l ist  of  genera i s  an index t o  t h e  

organisms known t o  occur i n  t h e  Park a s  recorded i n  t h e  t e x t  of t h i s  

Atlas  o r  i n  t h e  pub l i ca t ions  l i s t e d  with t h e  p a r t i c u l a r  name. An 

a s t e r i s k  (*) before  a generic  name means t h a t  t h e  organism is re-  

corded from nea r ,  b u t  n o t  w i th in ,  t h e  Park. The c i t a t i o n s  which 

fol low a generic  name lead t o  t h e  b ib l iography,  t h e  previous chapter  

o f  t h i s  l k l a s ,  o r  t o  t h e  chapters  within t h e  Atlas  where t h e  record 

may be  found. One c i t a t i o n ,  t h c  yea r  d a t e  of  which i s  Sollowed by 

an a s t e r i s k ,  is given a s  a useSxl  gene ra l  reference :For t h e  genus 

and does n o t  n e c e s s a r i l y  r e f e r  t o  t h e  Parlc. I n  parentheses  fol .10~- 

i n g  each gener ic  e n t r y  a r e  one o r  more words provid ing  c l u e s  a s  t o  

t h e  k ind  ol: organism t o  which t h e  generic  name a p p l i e s  and, i n  some 

c a s e s ,  t o  a r e fe rence  where it is mentioned i n  t h e  t e x t  above o r  

t o  o t h e r  supplementary information.  

Abrus (p l an t ) :  Stone, 1959; Neal, 1965." 

Abutilon ( p l a n t ) :  Fagerlund & Mitche l l ,  1944; Fagerlund, 1947; 
Degener, 1930; Stone, 1959; Neal, 1965.* 

Acacia ( p l a n t ) :  Fagerlund & Mitche l l ,  1944; Rock, undated; Botany 
group, 1963; Fagerlund, 1947; Mueller-Dombois & 
Lamonreux, 1964 unpubl.; Degener, 1930; Neal, 
1965." (Chapts. V I ,  D; V I I ,  A, B, D ;  VII I . )  

Acalypha (p l an t ) :  Stone, 1959; Neal, 1965.* 

Acanthospermum (p lan t ) :  Fagerlund 6. Mitche l l ,  1944; Fagerlund, 
1947; Neal, 1965.^ 

Acetabular ia  ( a lga ) :  Dawson, 1956." (&ap t .  V I ,  A.) 

Achi l lea  ( p l a n t ) :  Fagerlund & Mitche l l ,  1944; Fagerlund, 1947; 
Neal, 1965." (Chapts. V I ,  D: V I I ,  B.) 



A c r i d o t h e r e s  ( b i r d ) :  Munro, 1960.* (Chap t .  V I ,  H .  - 
Acroporium (moss ) :  Bar t ram,  J u n e  1933.* (Chap t s .  V I ,  C; V I I ,  E ;  V I I I . )  

Adiantum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; Nea l ,  1965." 
(Chap t .  V I ,  D.) 

A ~ a p a n t h u s  ( p l a n t ) :  Fager lund ,  1947;  W .  F. H i l l e b r a n d ,  1888." 
(Chap t .  V I ,  D . )  

( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  1959; 
Nea l ,  1965." (Chap t .  V I ,  D.) 

Ageratum ( p l a n t ) :  Fager lund ,  1947; N e a l ,  1965." ( C h a p t s .  V I ,  D ;  
V I I ,  c ;  V I I I . )  

A o r o s t i s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; F a g e r l u n d ,  1947; Nea l ,  
1965.* ( C h a p t s .  V I ,  D ;  V I I ,  B ;  V I I I . )  

A h n f e l t i a  ( a l g a ) :  Smith ,  1964." ( C h a p t s .  V I ,  A ;  V I I ,  G . )  

A i r a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; - 
A .  S .  Hi tchcock ,  1935." (Chap t .  V I ,  D . )  

Aluda ( b i r d ) :  Munro, 1960.* (Chap t .  V I ,  H . )  

Alcfa ( p l a n t ) :  W i l l i s ,  1960.* (Chap t .  V I ,  D . )  

A l e c t o r i s  ( b i r d ) :  Munro, 1960.* ( C h a p t .  V I ,  H . )  

A l e u r i t e s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947;  
Degener,  1930; S t o n e ,  1959; Neal ,  1965;*Degener, 

1930.* ( C h a p t s .  V I ,  D; V I I ,  H ,  F;  V I I I . )  
All ium ( ~ l a n t ) :  Nea l ,  1965." (Chap t .  V I ,  D.) 

A l ~ h i t o n i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Degener,  1930; S t o n e ,  
1959; Neal ,  1965.* ( C h a ~ t s .  V I ,  D ;  V I I ,  B ;  V I I I . )  

A l p i n i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  
1965.* (Chap t .  V I ,  D . )  

Als id ium ( a l g a ) :  Dawson; H .  K y l i n ,  1956.* :"apt. V I I ,  G.) 

Al thaea  ( p l a n t ) :  Nea l ,  1965.* (Chap t .  V I ,  D . )  

A lyx ia  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted ;  S t o n e ,  1959; 
Neal ,  1965." ( C h a ~ t s .  V I ,  D; V I I ,  B ,  C . )  

Amansia ( a l g a ) :  McCaughney, 1918.* ( C h a p t s .  V I ,  A; V I I ,  G . )  

Amaranthus ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  
1965." (Chap t .  V I ,  D . )  



Amphidium (moss) :  Bartram, June  1933." (Chap t .  V I ,  C. 

Amsinckia ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal,  
1965." (Chapt .  V I ,  D.) 

Anabaena ( a l g a ) :  P r e s c o t t ,  ::.?51.* (Chapt .  V I ,  A . )  

A n a c v s t i s  ( a l g a ) :  P r e s c o t t ,  1951." (Chapt.  V I ,  A . )  

A n a ~ a l l i S  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  
1959; Nea l ,  1965." (Chap t s .  V I ,  D; V I I ,  B . )  

Ananas ( p l a n t ) :  Degener,  1930; Neal ,  1965.* 

Anas ( b i r d ) :  Munro, 1960.X (Chapt .  V I ,  H . )  - 
Anastrophvl lum (moss ) :  M i l l e r ,  1963; ( C h a p t .  V I I ,  E.) 

Andropogon ( p l a n t ) :  Nea l ,  1965" H i l l e b r a n d ,  1888." (Chap t s .  V I ,  D; 
V I I ,  c ;  V I I I . )  

Anemone ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  
1965." (Chap t .  V I ,  D.) 

Anoec toch i lus  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965"; 
H i l l e b r a n d ,  1888." (Chap t .  V I ,  D.) 

Anous ( b i r d s ) :  Munro, 1960." (Chapt .  V I ,  H . )  

Anser ( b i r d ) :  Munro, 1960". (Chap t .  VS, H . )  - 
Anthemis ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944,  Fager lund ,  1947; Nea l ,  

1965.* (Chap t .  VS, D . )  

Anthoxanthum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
Hitchcoclc, 1935." (Chap t s .  V I ,  D; V I I ,  B; V I I I . )  

Antidesma ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; Neal ,  1965"; 
H i l l e b r a n d ,  1888." ( C h a p t s .  V I ,  D ;  V I I I . )  

An t i r rh inum ( p l a n t ) :  Neal ,  1965." (Chap t .  V I ,  D . )  

Apium ( p l a n t ) :  Neal ,  1965." (Chapt .  V I ,  D . )  

A r a u c a r i a  ( p l a n t ) :  Fager lund ,  1947; Nea l ,  1965." (Chap t .  V 1 ,  D . )  

A r c e l l a  ( s h e l l e d  amoeba): Kudo, 1960." ( C h a p t .  V I I ,  G . )  

A r c t o t i s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965.* (Chap t .  
VS, D . )  

A r d i s i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965." (Chap t .  V I ,  D . )  



A r e n a r i a  ( b i r d ) :  Munro, 1960." ( C h a p t .  V I ,  H.) 

Arge~none i p l a n t ) :  Fager lund  & M i t c h e l l ,  1944; Degener ,  1930; Nea l ,  1965.X 
(Chap t s .  V I ,  D ;  V I I ,  B . )  

b r o x i p h i u r n  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Degener ,  1930; Neal ,  
1965.X ( C h a p t s .  V I ,  D; V I I I . )  

Ar ternis ia  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965." H i l l e b r a ~ d ,  
1888." (Chapt .  V I ,  D.) 

A r t o c a w  ( p l a n t ) :  Fager lund h M i t c h e l l ,  19Ut;  Degener,  1930;  S tone ,  
1959; Nea l ,  1965."; N i l l e b r a n 3 ,  1888." (Chap t .  V I  , D . )  

Arund inc  ( p l a n t ) :  Nea l ,  1965." ( C h a p t s .  V I ,  D; V I I ,  C ,  F . )  

A r u n d i n a r i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  19&/r; Fager lund ,  19&7; - - - - - .- - 
Neal ,  1965." (Chap t .  V I ,  D . )  

A s a r i n a  ( p l a n t ) :  Nca l ,  1965." (Chap t .  V I ,  D . )  -- 
A s c l e j - i i s  ( p l a n t ) :  Fagerluiid & M i t c h e l l ,  1944; F a g e r l u n d ,  19ii7; S t o n . ,  

1959; Neal ,  1965."; H i l l e b r a n d ,  1.888." ( C h a p t .  V1,D.l 

A s i a  r l :  Munro: 1960." (Chap t ,  V I ,  I % . )  - 
A s p a r a ~ o p s i s  ( a l g a ) :  Dawsm, Oc t .  1954." (Chapt .  V I 1 , G .  

A s p r u  ( p l a n t ) :  Neal., 1965."; F l i l l e b r a ~ d ,  1'388.* (Cha? t .  V I ,  D . )  

&leni_u;" ( p l a n t ) :  Fager lund & M i t c ! i ~ l l ,  19L4; Rock, unda ted ;  S t o n e ,  
1959; Nea l ,  1965."; Ni l l eb ra : id ,  1888." (Chap t s .  V I ,  
D ;  V I I ,  B ;  VIII,) 

A s t e l i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Smnthers ,  1963b; Degzner,  
1930; Nea l ,  1965;" H i l l e b r a x l ,  1888," ( C h a p t s .  V I ,  D ;  
V I I ,  D ;  V I I I . )  

As& ( p l a n t ) :  Neal ,  1965*; I l i l l e b r a n d ,  1888." (Chap t .  V I ,  D . )  

Athvrium ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal , 1965": I I i l l eb ra ;?d ,  
1888." (Chap+:. V I I ,  8 . )  

a i p l a n t ) :  Fag-r lund & M i t c h e l l ,  194G; Fager lund ,  1947; H i l l e b r a n d ,  
1888." (Chaac,  V I ,  D.) 

Axonopus ( p l a n t )  : Fager lund & M j t c h e l l  , 194!+; F a ~ e r l u n d ,  19G7 ; I i i t chcock ,  
1935.X ( C h a p t .  V I ,  D . )  

Bazzania  (moss) :  M i l l e r ,  1963." (Chap t .  V I I ,  E ,  1 -- 



Begonia ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965." (Chapt .  V I ,  D . )  

Beta ( ~ l a n t ) :  Nea l ,  1965."; H i l l e b r a n d ,  1888." (Chapt .  V I ,  D . )  -> 

Bidens  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Degener ,  1930; 
S t o n e ,  1959; Nea l ,  1965."; H i l l e b r a n d ,  1888," (Chap t s .  
V I ,  D; V I I ,  B . )  

( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; Neal ,  1965."; 
H i l l e b r a n d ,  1888." ( C h a p t s .  V I ,  D ;  V I I I )  

Boerhavia  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; S tone ,  1959; Nea l ,  1965." 
(Chapt .  V I ,  D . )  

Boodlea (alga): T a y l o r ,  1950.X (Chap t .  V I ,  A . )  

Boodleopsis  ( a l g a ) :  G i l b e r t ,  1965." (Chap t .  V I I ,  G . )  

B o t r y d i o p s i s  ( a l g a ) :  Smith ,  1950." (Chapt .  V I ,  A . )  

B o u g a i n v i l l e a  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965.X 
(Chapt .  V I ,  D.) 

B r a c h i o l e j e u n e a  (moss ) :  M i l l e r ,  1963." (Chapt .  V I I ,  E.) 

Brachvmenium (moss) :  Bartram, J u n e ,  1933." (Chapt .  V 1 ,  C . )  

Bran ta  ( b i r d ) :  Lamoureux (App. B ) ,  1963; Munro, 1960.* (Chapt .  V I ,  H . )  

B r a s s a i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965." (Chap t s .  V I ,  
D; V I I ,  B . )  

B r a s s i c a  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; F a g e r l u n d ,  1947; Nea l ,  
1965."; H i l l e b r a n d ,  1888." (Chap t .  V I ,  D.) 

B r i z a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Fager lund ,  1947;  H i l l e b r a n d ,  
1888." ( C h a p t s .  V I ,  D;  V I I ,  B ;  V I I U  

Bromus ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947;  H i l l e b r a n d ,  
1888." ( C h a p t s .  V I ,  D ;  V I I ,  B . )  

B r o u s s a i s i a  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Degener,  1930; S t o n e ,  
1959; Neal ,  1965; H i l l e b r a n d ,  1888.k ( C h a p t s .  
V I ,  D ;  V I I ,  C . )  

B r o u s s o n e t i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  
1965."; H i l l e b r a n d ,  1888." (Chap t .  V I ,  D . )  

Brugmansia ( p y a n t ) :  Degener , l930;  Nea l ,  1965." 

BCvum (moss ) :  Bartram, J u n e ,  1933." (Chap t .  V I I ,  E . )  



Buddle ja  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Smathers ,  196313; F a g e r l u n d ,  
1947; Neal ,  1965." (Chap t s .  V I ,  D; V I I ,  D . )  

Bufo ( t o a d ) :  (Chap t .  V I ,  G . )  - 
B u l b o s t y l i s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  

1959; Willis, 1960." ( C h a p t s .  V T ,  D ;  V I I I . )  

Buteo ( b i r d ) :  Munro, 1960.* (Chapt .  V I ,  H . )  - 
Buxus ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965." (Chapt .  V I ,  D . )  - 
C a e s a l p i n i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; Nca l ,  1965." 

(Chap t .  V I ,  D . )  

Ca janus ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944,  Fagcr lund ,  1947; Degener,  
1930; Neal ,  1965."; H i l l e b r a n d ,  1880." (Chap t .  V I ,  D . )  

Caladium ( p l a n t ) :  Degenr r ,  1930; Nca l ,  1965.*; H i l l c b r a n d ,  1888." 

C a l i ~ i d i a  ( p l a n t ) :  Rock, unda ted ,  Unpub. ms; Dcgcner,  1930.* ( R e f .  Lo 
on ly  1. 

h C a l l i s t e m o n  ( p l a n t ) :  Neal ,  1965." (Chap t .  VI ,  D . )  

* C a l o p h ~ l l u m  ( p l a n t ) :  Nea l ,  1965.* H i l l e b r a n d ,  1888." 

C a l o t h r i x  ( a l g a ) :  Snith,  1950."; P r e s c o t t ,  1951.* ( C h a p t s .  V I ,  A ;  V I I ,  G.) 

C a l ~ m p e r e s  (moss) :  Botany g r o u p ,  1963; Bartram, J u n e ,  1933." 

Camel l i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965."; H i l l e b r a n d ,  
1888." (Chapt .  V I ,  D . )  

C a r n ~ y l o d i s c u s  ( a l g a ) :  Smi th ,  1950." (Chap t .  V Z Z ,  G . )  

Campylonus (moss ) :  Bar t ram,  June ,  1933."   chap^. V I ,  C . )  

C a n a v a l i a  ( p l a n t ) :  Neal ,  1965.*; H i l l e b r a n d ,  1888." (Chap t .  V I I ,  E.) 

Canna ( p l a n i f :  Fager lund & M i t c h e l l ,  1944; Fagcr lund ,  1947; Meal, 1965." - 
H i l l e b r a n d ,  1888." (Chap t .  V I ,  D.) 

Canthium ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; Nea l ,  1965."; 
H i l l e b r a n d ,  1888." (Chap t s .  V I ,  D; VIII.) 

% 

C a n p a r i s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; N r a l ,  1965."; H i l l c b r a n d ,  
1888." (Chap t .  V I ,  D . )  

Capsicum ( p l a n t ) :  St-onc, 1959; H i l i e b r a n d ,  1888." 



Cardamine ( p l a n t )  : Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  
1965; H i l l e b r a n d ,  1888." (Chap t .  V I ,  D.) 

Grdiospemum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947 
S t o n e ,  1959; Nea l ,  1965." H i l l e b r a n u ,  1888." 
(Chapt .  V I ,  D . )  

Carex  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Rock, unda ted .  Unpubl. ms; - 
S t o n e ,  1959; H i l l e b r a n d ,  1888.* (Chap t s .  V I ,  D ;  V I I ,  8 ;  
VIII. ) 

C a r i c a  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Fager lund ,  1947; Neal ,  1965.X -- 
H i l l e b r a n d ,  1888." (Chap t .  V I ,  D . )  

Carpodacus ( b i r d ) :  Munro, 1960." (Chap t .  V I ,  H . )  

C a s s i a  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  
1959; Neal ,  1965.*; H i l l e b r a n d ,  1888." (Chap t s .  V I ,  D; 
V I I ,  E; V I I I . )  

Cassv tha  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Degener,  1930; S t o n e ,  1959; 
Nea l ,  1965"; H i l l e b r a n d ,  1888." ( C h q t s .  V I ,  D ;  V I 1 , E . l  

C a t h a r a n t h u s  ( p l a n t ) :  Neal ,  1965*; H i l l e b r a n d ,  1888." (Chapt .  V I ,  D.) 

C a t i l l a r i a  ( l i c h e n ) :  Magnusson & Zahlbruckner ,  I I : 1 0 ,  1944; (Chapt .  V 1 , B . )  

Cau lacan thus  ( a l g a ) :  Boergesen,  1940-57." (Chapt .  V I I ,  G . )  

Cenchrus  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  1965." 
H i l l e b r a n d ,  1888." (Chap t s .  V I ,  D ;  V I I L . )  

C e n t a u r e a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  
1965" H i l l c b r a n d ,  1888.* (Chap t .  V I ,  D. )  

Centaurium ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  
1959; Nea l ,  1965.* (Chapt .  V I ,  D; V I I ,  B . )  

C e n t e l l a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; F a g e r l u n d ,  1947; Nea l ,  1965.* 
(Chapt .  V I ,  D.) 

C e n t r o c e r a s  ( a l g a ) :  Dawson, Oc t .  1954." (Chapt .  V I I ,  G . )  

Cepha loz ia  (moss) :  M i l l e r ,  1963." ( C h a p t .  V I I ,  E.) 

Ceras t ium ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; H i l l e b r a n d ,  
1888*; Nea l ,  1965.* (Chapt .  V I ,  D . )  

Cera todon  (moss) :  Bar t ram,  June  1933." (Chap t .  V I ,  C . )  



Cestrum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947;  Nea l ,  1965*; 
H i l l e b r a n d ,  1888.* (Chapt .  V I ,  D . )  

C h a e t o m o r ~ h a  ( a l g a ) :  Smith,  1950.* (Chapt .  V I I ,  G . )  

C h a r p e n t i e r a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. 
ms; Nea l ,  1965*; H i l l e b r a n d ,  1888.h ( C h a ~ t s .  V I ,  
D ;  V I I ,  B . )  

Chasiempis  ( b i r d ) :  Smathers ,  1963a,  Unpubl. r e p o r t ;  Munro, 1960.* 
( C h a p t .  V I ,  H.) 

Cheirodendron ( ~ l a n t ) :  Fager lund 6 M i t c h e l l ,  1944; Rock, unda ted .  Unpub. 
ms; F a g e r l u n d ,  1947; S t o n e ,  1959; Neal ,  1965*; 
H i l l e b r a n d ,  1888.X (Chap t s .  V I ,  D ;  V I I ,  B, C; V I I I . )  

C h e l o n i a  ( t u r t l e ) :  C a r r  & I n g l e ,  1959.* (Chapt .  V I ,  G . )  

Chen ( b i r d ) :  Munro, 1960.h (Chap t .  V I ,  H . )  - 
Chenopodium ( p l a n t ) :  Fager lund  & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  

1965*; H i l l e b r a n d ,  1888.* (Chap t .  V I ,  D . )  

Chlamydomonas ( a l g a ) :  Smi th ,  1950.* (Chapr .  V I ,  A . )  

C h l o r e l l a  ( a l g a ) :  Smi th ,  1950.* (Chap t .  V I ,  A.) 

C h l o r i s  ( p : a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947;  S t o n e ,  1959; 
Nea l ,  1965"; H i l l e b r a n d ,  1888.* (Chap t s .  V I ,  D ;  V I I I . )  

Chlorococcum ( a l g a ) :  Smith ,  1950.* ( C h a ~ t s .  V I ,  A; V I I ,  F . )  

C h l o r o s a r c i n a  ( a l g a ) :  Smith ,  1950.* (Chapt .  V I ,  A . )  

C h l o r o s a r c i n o p s i s  ( a l g a ) :  Smith ,  1950." (Chapt .  V I ,  A . )  

Chnoospora ( a l g a )  : T a y l o r ,  1960.* (Chapt. V I I ,  G .  ) 

Chroococcus ( a l g a ) :  Smi th ,  1950.* (Chap t .  V I ,  A . )  

Chrvsanthemum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
Nea l ,  1965.h (Chapt .  V I ,  D . )  

Chrysoporon ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund,  1947; S t o n e ,  
1959; H i l l e b r a n d ,  1888.* (Chap t s .  V I ,  D; VIII.) 

Cibot ium ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. ms; 
Smathers ,  1963b; Lamoureux (App.B), 1963;  Botany g r o u p ,  
1963; Degener,  1930;  S t o n e ,  1959; Neal ,  1965*; 
H i l l e b r a n d ,  1888.% ( C h a p t s .  V ,  E ;  V I ,  D ;  V I I ,  B,  C ,  D ,  
E; V I I I . )  



C i r i d o p s  ( b i r d ) :  Chapt .  V I ,  H .  

C i r s ium ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, undated.  Unpub. ms; 
Fager lund,  1947;  Neal ,  1965.* ( C h a ~ t s .  V I ,  D; V I I ,  B . )  

C i s s u s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944,  Neal ,  1965.* (Chap t .  V I ,  D.) 

C i t r u s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Fager lund,  1947; S t o n e ,  1959; 
Nea l ,  1965?; H i l l e b r a n d ,  1888.* (Chapt .  V I ,  D . )  

Cladium ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  S t o n e ,  1959; Neal ,  1965.* 
H i l l e b r a n d ,  1888.* 

C l a d o n i a  ( l i c h e n ) :  Botany g roup ,  1963; Magnusson & Zahlbruckner ,  11: 21, 
1944.x (Chap t s .  V I ,  B;  V I I ,  C ;  V I I I . )  

Cladpphora ( a l g a ) :  T a y l o r ,  1950.* ( C h a ~ t s .  V I ,  A; V I I ,  G.) 

Clermoni ia  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, undated.  Unpub. ms; 
Degener,  1930; Neal ,  1965*; H i l l e b r a n d ,  1888.x  
( C h a ~ t s .  V I ,  D; V I I ,  B . )  

Coccocarp ia  ( l i c h e n ) :  Magnusson & Zahlbruckner ,  I: 7 7 ,  1943.* (Chap t .  
V I ,  B.1 

Coccu lus  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpubl. ms; 
S t o n e ,  1959; Nea l ,  1965.* (Chap t s .  V I ,  D ;  V I I ,  B ,  E . )  

Cocas ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Fager lund ,  1947; Degener, 1930; 
S t o n e ,  1959; H i l l e b r a n d ,  1888.* ( C h a ~ t s .  V I I ,  G ;  V I I I . )  

Codium ( a l g a ) :  Egerod,  1952.* (Chapt .  V I ,  A . )  

C o i x  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  1965"; - 
H i l l e b r a n d ,  1888.* (Chapt .  V I ,  D .  

Co leus  ( p l a n t ) :  Nea l ,  1965.* ( C h a ~ t s .  V I ,  D;  V I I ,  F . )  

Collema ( l i c h e n ) :  Magnusson 6 Z a h l b r u c k n e r ,  I: 61,  1943.* (Chapt .  V 1 ,  B . )  

C o l o c a s i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  
1965"; H i l l e b r a n d ,  l888.*  

Colpomenia ( a l g a ) :  T a y l o r ,  1960.* (Chap t .  V I ,  A . )  

C o l u b r i n a  c p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Degener,  1930; Nea l ,  1965"; 
H i l l e b r a n d ,  1888.X (Chap t .  V I ,  D . )  

Commelina ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. m s ;  
Smathers ,  1963b; Mueller-Dombois & Lamoureux, 1964,  
unpub. m s ;  S t o n e ,  1959;  Nea l ,  1965*; H i l l e b r a n d ,  1888.* 
( C h a ~ t s .  V I ,  D; V I I ,  B ,  D ,  E, F; V I I I . )  



Coniogramme ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; H i l l e b r a n d ,  1888." 
(Chapt .  V I I ,  B.) 

Conyza ( p l a n t ) :  Neal ,  1965"; H i l l e b r a n d ,  1888.* (Chap t s .  V I ,  D; V I I ,  
C . )  

Coprosma ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. ms; 
Smathers ,  1963b; Botany g r o u p ,  1963; Fager lund ,  1947 ; 
Mueller-Dombois & Lamoureux, 1964; unpubl .  ms; Degener,  
1930;  S t o n e ,  1959; Neal ,  1965"; H i l l e b r a n d ,  1888.* 
( C h a p t s .  V I ,  D; V I I ,  B, C ,  D; V I I I . )  

Cor_a l l ins  ( a l g a ) :  T a y l o r ,  1960.* (Chap t .  V I I ,  G . )  -. 

C o r d i a  ( p l a n t ) :  Fagcr lund  & M i t c h e l l ,  1944; Nea l ,  1965*; H i l l e b r a n d ,  1888.* 
( C h a p t .  V I ,  D.) 

C o r d v l i n e  ( p l a n t ) :  Fsgerlund & M i t c h e l l ,  1944; F a g e r l u n d ,  1947; Degcner,  
1930;  S t o n e ,  1959;  Neal ,  1965*; H i l l e b r a n d ,  1888.h 
(Chap t s .  V I ,  D; V I I ,  B . )  

C o r e o p s i s  ( p l a n t ) :  Fagcr lund & M i t c h e l l ,  1944; Rock, u n d a t e d .  Unpub. m s ;  
Fager lund ,  1947; Neal ,  1965*; H i l l e b r a n d ,  1888." 
(Chapt .  V I ,  D . )  

Coronopus ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; F a g e r l u n d ,  1947; Nea l ,  
1965." (Chapt .  V I ,  D . )  

Cosmos ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965'; H i l l e b r a n d ,  
1888.* (Chapt .  V I ,  D.) 

C o t o n e a s t e r  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; F a g e r l u n d ,  1947; Nea l ,  
1965.* (Chap t .  V I ,  D.) 

C o t u l a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965.* (Chapt .  V I ,  D . )  

C r o c e t h i a  ( b i r d ) :  Munro, 1960.* (Chap t .  V I ,  H.) 

C r o t a l a r i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; F a g e r l u n d ,  1947; S t o n e ,  
1959; Neal, 1965." (Chap t .  V I ,  D . )  

Cryptomeria  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
Nea l ,  1965." (Chap t .  V I ,  D.) 

Cucumis ( p l a n t ) :  Nea l ,  1965.* (Chapt .  V I ,  D . )  

C u c u r b i t a  ( p l a n t ) :  Nea l ,  1965.X (Chap t .  V I ,  D.) 

Cunninphamia ( p l a n t ) :  Fager lund & M i t c h e l l ,  1 9 4 4 , ;  Neal ,  1965.* (Chapt .  
V I ,  D .  ) 



Cuphea ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Fager lund ,  1947; S t o n e ,  1959; 
Neal ,  1965.X (Chap t s .  V I ,  D; V I I ,  B . ,  C . )  

Cuscu ta  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965.* (Chap t .  V I ,  D .  

Cvanea ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Degener,  1930; Nea l ,  1965." 
(Chap t .  V I ,  D . )  

C y a n i s t i c t a  ( l i c h e n ) :  Magnmson & Z a h l b r u c k e r ,  I:  8 6 ,  1943.* 
(Chapt .  111, B.) 

Cyathodes  ( p l a n t ) :  Degener ,  1930; H i l l e b r a n d ,  1888." (Chapt .  V I ,  D . )  

C v c l o s o r u s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; Nea l ,  1965.* 
(Chap t s .  V I ,  D ,  V I I ,  B . )  

Cydonia ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  1965.* 
(Chap t .  V I ,  D.) 

C v l i n d r o c a p s a  ( a l g a ) :  P r e s c o t t ,  1951.h (Chapt .  V I ,  A . )  

Cynodon ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, undated.  Unpub. m s ;  
Botany group,  1963;  Fager lund ,  1947; S t o n e ,  1959; Neal ,  
1965.* (Chap t s .  V I ,  D; V I I ,  B;  V I I I . )  

Cvnoglossum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  
1965." (Chapt .  V I ,  D . )  

Cyperus  c p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. m s .  
Srnathers,  196313; Botany g r o u p ,  1963;  Fager lund ,  1947; 
S t o n e ,  1959; Nea l ,  1965." ( C h a p t s .  V I I ,  B,  C ,  D; V I I I . )  

C v r t a n d r a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Botany g roup ,  1963; 
S t o n e ,  1959;  Nea l ,  1965.x (Chapt .  V I ,  D; V I I I . )  

Cyrtornium ( p l a n t )  : Fager lund  & M i t c h e l l ,  1944; H i l l e b r a n d ,  1888.* 
(Chap t .  V I I ,  B . )  

C v t i s u s  ( p l a n t ) :  Fager lund ,  & M i t c h e l l ,  1944; Neal ,  1965.* (Chap t .  VI,U.) 

D a c t v l i s  ( ~ l a n t )  : Fager lund & M i t c h e l l ,  1944; F a g e r l u n d ,  1947; Muell e r -  
Dornbois & Larnoureux, 1964, unpub. m s ;  Lawrence, 1951*, 
(mere ly  m e n t i o n e d ) ;  Hi tchcock ,  1935." (Chap t s .  V I ,  
D ;  V I I ,  B.) 

Dactv loc ten ium ( p l a n t ) :  Hi tchcock ,  1935." (Chapt .  V I I I . )  

D a h l i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965.X (Chap t .  V I ,  D.) 

Daucus ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; F a g e r l u n d ,  1947; Neal ,  1965.* 
( C h a p t .  V I ,  D . )  



Delphinium ( ~ l a n t ) :  Nea l ,  1965.* (Chap t .  V I ,  D.) 

Deschampsia ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
H i l l e b r a n d ,  1888.k (Chap t s .  V I ,  d ;  V I I I . )  

Desmathus ( p l a n t ) :  S tone ,  1959; Nea l ,  1965.* 

Desmodium ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; F a g e r l u n d ,  1947; S t o n e ,  
1959; Nea l ,  1965.* ( C h a p t s .  V I ,  D ;  V I I ,  B; V I I I . )  

D i a n e l i a  - - . . ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; Neal ,  1965." 
(Chaptr .  V I ,  D; V I I I . )  

D ian thus  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; F a g e r l u n d ,  1947; Nea l ,  
1965.x (Chapt .  V I ,  D . )  

D i c r a n o p t e r i s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Degener ,  1930; S t o n e ,  
1959; Neal ,  1965.* (Chapt .  V I ,  D . )  

Dicranum (moss ) :  Bar t ram,  June  1933.* (Chapt .  V I ,  C . )  

D i c t y o s p h a e r i a  ( a l g a ) :  Egerod,  1952.* (Chapt .  V I ,  A . )  

D i c t y o t a  ( a l g a ) :  T a y l o r ,  1950.*(Chapt. V I I ,  G 3  

D i ~ i t a l i s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965.* (Chap t .  V I ,  D.) 

D i g i t a r i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  
1959; Nea l ,  1965.* ( C h a p t s .  V I ,  D; V I I ,  B, C . )  

Diociea  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965.* (Chap t .  V I ,  D . )  

D ioscorea  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  
1959; Neal ,  1965.* (Chapt.  V I ,  D . )  

Diospvros  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  
1959; Nea l ,  1965." ( C h a p t s .  V I ,  D; V I I ,  E; V I I I . )  

Diplazium ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. ms; 
Nea l ,  1965.* (Chap t .  V I ,  D . )  

D i s t i chophy l lum (moss) :  Bar t ram,  J u n e  1933.* ( C h a p t .  V I ,  C.)  

Dodonaea ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. ms; 
Smathers ,  1963b; Degener ,  1930; S t o n e ,  1959; Neal ,  1965.* 
(Chap t s .  V I ,  D; V I I ,  A ,  B ,  D ;  V I I I . )  

Do l i chos  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  
1965.* (Chapt .  V I ,  D.) 



D o r y o p t e r i s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; H i l l e b r a n d ,  
1888." (Chap t s .  V I ,  D ;  V I I I . )  

Dovya l i s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944,  Fager lund ,  1947; Nea l ,  
1965." (Chapt .  V I ,  D . )  

Dracaena ( p l a n t ) :  Nea l ,  1965.* (Chap t .  V I ,  D . )  

Drepan i s  ( b i r d )  : Smathers ,  1963a; Unpub. r e p o r t ;  Munro, 1960." (Chapt .  
V I ,  H.) 

Drupa ( m o l l u s c ) :  Edmondson 1946." ( C h a p t .  V I I ,  G . )  

D r v n a r i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. m s ;  
Fager lund ,  1947; S t o n e ,  1959; Nea l ,  1965.X (Chap t s .  
V I ,  D ;  V I I ,  E . )  

D r v o p t e r i s  ( p l a n t ) :  Fager lund ,  & M i t c h e l l ,  1944; Rock, undated.  Unpub. m s ;  
Fager lund ,  1947; Neal ,  1965." (Chap t .  V I I ,  B . )  

Dubaut ia  ( p l a n t ) :  Botany g roup ,  1963; N e a l ,  1965." ( C h a p t s .  V I ,  A; 
V I I ,  C; '"'111.1 

Ech inoch loa  ( p l a n t ) :  Fager lund & M ; t c h c l l ,  1944; Fager lund ,  1947; Nea l ,  
1965.X ( C h a p t .  V I ,  D . )  

Ec toca rpus  ( a l g a ) :  Ddwson, 1956.*(Chapts.  V I ,  A; V I I ,  G . )  

Edwardsia ( p l a n t ) :  Degener,  1930; Nea l ,  1965.* 

*Elaca*nus =,?Elaeagnus ( p l a n t ) :  Nea l ,  1965." 

E laeaanus  ( p l a n t ) :  Ncal ,  1965." (Chapt .  V I ,  D . )  

Elaphoglossum ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Botany group.  1963; 
S tone .  1959: H i l l e b r a n d .  1888." (Chap t s .  V I .  D:  

E l e o c h a r i s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nca l ,  1965.* (Chapt .  V I ,  
D . )  

E l e u s i n e  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; F a g e r l u n d ,  1947; S t o n e ,  
1959; Neal ,  1965," (Chap t .  V I ,  D.) 

Elvmus ( p l a n t ) :  Hi tchcock ,  1935." ( C h a p t .  V I ,  D.) 

Embelia ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Rock, unda ted .  Unpub. ms; 
N e a l ,  1965." ( C h a p t s .  V I ,  D ;  V I I ,  B . )  

E m i l i a  ( p l a n t ) :  Fager lund  & M i t c h e l l ,  1944;  Fager lund ,  1947; S t o n e ,  1959;  
Nea l ,  1965." ( C h a p t s .  V I ,  D ;  V I I  F ;  V I I I . )  



Enteromorpha ( a l g a ) :  T a y l o r ,  1950.* (Chap t .  V I I ,  G . )  

E n t o p h y s a l i s  ( a l g a ) :  Drovet  & D a i l y ,  1956.* (Chap t s .  V I ,  A ;  VII . ,  G . )  

E p i l o b i m  ( p l a n t ) :  Fager lund ,& M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  
1965.*(Chapt. V I ,  D; V I I I . )  

E r a g r o s t i s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947 ; S t o n e ,  
1959; Nea l ,  1965.* (Chap t s .  V I ,  D ;  V I I I . 1  

E r e c h t i t e s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Smathers ,  1963b; - 
Fager lund,  1947; Nea l ,  1965.* ( C h a p t s .  V L ,  D; 
V I I ,  C ,  D ,  E,  F . )  

E r i g e r o n  ( p l a n t ) :  Fager lund h M i t c h e l l ,  1944; F a g e r l u n d , l 9 4 7 ;  S t o n e ,  
1959; Nea l ,  1965." (Chap t s .  V I ,  D; VII, B . )  

E r i o b o t r y a  ( p l a n t ) :  Fagel-lund & M i t c h e l l ,  1944; N(,al,  1965." (Chap t .  
V I ,  D . )  

E r i o d e m a  ( l i c h e n ) :  Magnusson & Zahlbruckncr ,  I : 7 8 ,  1943.* (Chap t .  V 1 , B . )  

Erodium ( p l a n t ) :  Fager lund & Mi t c h c l l ,  1 9 4 4  F a g c r l u n d ,  1947; Nea l ,  1965.* 
(Chapt. V I ,  D . )  

E ry t l i r aea  ( p l a n t ) :  Rock, unda ted .  ilnpub. ms; Nea l ,  1965.* 

E r y t h r i n a  ( ~ l a n t ) :  Fagcr lund & Mitchell, 1944; S t o n e ,  1959;  Nca l ,  1965." 
(Chapt .  V T ,  D . )  

E ~ t h r o t r i c h i a  ( a l g a ) :  T a y l o r ,  1950." (Chapt .  V I ,  A . )  

E s c a l l o n i a  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fagcr lund ,  1947; Neal ,  
1965.* (Chapt .  V I ,  D. )  

E s c h s c h o l t z i a  ( p l a n t ) :  Nea l ,  1965.* (Chap t .  VI, D . )  

E u c a l y p t u s  ( p l a n t ) :  Fager lund S Mitchell, 1944; Fager lund ,  1947; Neal ,  
l.965.* (Chap t s .  V I ,  D; VIII.) 

E u c a p s i s  ( a l g a ) :  Smith ,  1950.* ( C h a p t .  V I ,  A . )  

Eugenia ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fagcr lund ,  1947; S t o n e ,  
1959; Nnal,  1965." ( C h a p t s .  1'1, D ;  VIII.) 

Kupatorium ( p l a n t ) :  Fagcr lund & M i t c h f l l . ,  1944; Smathnrs ,  1963b; Lamoureux - 
(App.B),  1963; Fagcr lund ,  1947; Degener,  1930; Neal ,  
1965.* ( C h a p t s .  S I ,  D; V I L ,  D . )  

Luph0rbi.a ( p l a n t ) :  Fager lund & M i t c h e l l ,  1.944; Fager lund ,  1947; S t o n e ,  
1959; N e a l ,  1965.* (Chap t s .  V I ,  D ;  V I I ,  C; V I I I . )  



Eurya ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; H i l l e b r a n d ,  1888." (Chap t .  
V I ,  D.) 

Exocarpus ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; H i l l e b r a n d ,  1888." 
(Chap t .  V I ,  D.) 

Fa- ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965." (Chap t s .  V I ,  - 
D ,  V I L ,  B . )  

F e s t u c a  ( p l a n t ) :  Fager lund & Mi. tche l l ,  1944;  Fager lund ,  1947; H i l l e b r a n d ,  
1888.* ( C h a p t s .  V I ,  D; V I I ,  B ;  VIII.) 

F i c u s  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Hi l l eb i -and ,  
1888.x  (Chap t s .  V I ,  D ;  V i I ,  A.) 

F i l a p o  ( p l a n t ) :  Willis, 1960*. (Chap t .  V I ,  D . )  

F i r n b r i s t y l i s  ( p l a n t ) :  Fager lund & M i t c h e l l . ,  1944; S t o n e ,  1959; H i l l e -  
b rand ,  1888." ( C h a p t s .  V I ,  D ;  V I I ,  .C;  V I I I . )  

F r a e a r i a  ( p l a n t ) :  Fager iund & M i t c h e l l ,  1944; H i l l e b r a n d ,  1888.* (Chap t s .  
V i ,  D ;  V I I ,  B . )  

F r e e s i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Neal ,  1965.X (Chap t .  V 1 , D . I  

F r e a a t a  ( b i r d ) :  Munro, 1960.h (Chap t .  V I ,  A . )  

F r e y c i n e t i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Degener,  1930; S t o n e ,  
1959; Neal ,  1965." ( C h a ~ t s .  VI ,  D; VIII.) 

Fuchs ia  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Fager lund ,  1947; Neal ,  1965." 
(Chapt .  VI ,  D . )  

Fucus ( a l g a ) :  Smith ,  1964.X (Chap t .  V I I ,  G.)  

F u l i c a  ( b i r d ) :  Munro, 1960." (Chap t .  V I ,  H . )  

Gahnia ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Degener,  1930; S t o n e ,  1959; 
H i l l e b r a n d ,  1888." ( C h a p t s .  V I ,  D ;  V I I I . )  

G a i l l a r d i a  ( ~ l a n t ) :  Nea l ,  1965.* (Chap t .  V I ,  D.) 

Ga l insoga  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947 ; Neal ,  
1965;  (Chapt .  VI ,  D . )  

G a l l i n u l a  ( b i r d ) :  Munro, 1960." (Chap t .  V I ,  H . )  

G a r r u l a x  ( b i r d ) :  Munro, 1960.* (Chap t .  V I ,  H . )  

G a s t r i d i u m  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
Hi tchcock ,  1935.k ( C h a p t .  V 1 ,  D.) 



Gelidium ( a l g a ) :  Loomis, 1960." (Chap t .  V I I ,  G . )  

G e o p e l i a  ( b i r d ) ;  Munro, 1960." (Chap t .  V I ,  H.) 

Geranium ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. m s .  
Fager lund ,  1947; Degener ,  1930; Neal ,  1965." 
( C h a p t s .  V I ,  D ;  V I I ,  B ;  V I I I . )  

Gerbera  ( p l a n t ) :  Neal ,  1965.* (Chap t .  V I ,  D . )  

G l a d i o l u s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  
1965.* (Chapt .  V I ,  D.) 

G l e i c h e n i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944,  Botany g roup ,  1963; S t o n e ,  
1959; Nea l ,  1965." (Chap t s .  V I ,  D; V I I ,  C; V I I I . )  

G l o e o c v s t i s  ( a l g a ) :  Smith ,  1950.h ( C h a p t .  V I ,  A . )  

Cnaphalium ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  
1965.* (Chap t s .  V I ,  D ;  V I I ,  C ;  V I I I , )  

Gomphoswhaeria ( a l g a ) :  Smi th ,  1950.* Drouet  & D a i l y ,  1956." (Chap t .  V I ,  A ;  
V I I ,  G . )  

G o n i o l i t h o n  ( a l g a ) :  T a y l o r ,  1950." (Chap t .  V I I ,  G.) 

Gossvpium ( p l a n t ) :  Degener,  1930; N e a l ,  1965." 

Gould ia  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. m s .  
Botany g r o u p ,  1963; Fager lund ,  1947; S t o n e ,  1959; 
Neal ,  1965." ( C h a p t s .  V I ,  D ;  V I I ,  B ,  C ;  V I I I . )  

Grammit is  ( p l a n t ) :  Botany g roup ,  1963;  H i l l e b r a n d ,  1888." (Chap t s .  V I ,  D; 
V I I ,  C . )  

( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  
1965.* (Chap t .  V I ,  D . )  

G r i f f i t h s i a  ( a l g a ) :  T a y l o r ,  1950." (Chap t .  V I I ,  G . )  

Gvmnopramrne ( p l a n t ) :  Rock, undated Unpub. ms; H i l l e b r a n d ,  1888.* 

Gvnopoaon ( p l a n t ) :  Degener,  1930." 

Hap los tachvs  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1565.h (Chapt .  
V I ,  D . )  

Hebe ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965.* (Chapt .  V I ,  D . )  - 
Hedera ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; & a l ,  1965.* (Chap t .  V I ,  D . )  



Hedvchium ( p l a n t ) :  Fager lund & M ' t c h e l l ,  1944; Fager lund ,  1947; Dcgener,  
1930; Neal ,  1965.* ( C h a p t s .  V I ,  D; V I I ,  B . )  

H e d ~ o t i s  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Botany g r o u p ,  1963; S t o n e ,  
1959; Neal ,  1965.X ( C h a p t s .  V I ,  D; V I I I . )  

He imer l iodendron  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965.* 
(Chap t s .  V I ,  D; V I I ,  B.) 

H e l c i o n i s c u s  (mol . lusc) :  Edinondson, 1946.h (Chap t .  V I I ,  G . )  

H e l i o t r o p i u m  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965.* 
(Chap t .  V I ,  D.) 

Helichrqsum ( p l a n t ) :  Neal ,  1965." (Chap t .  V I ,  D . )  

Hemeroca l l i s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1944; 
Nea l ,  1965.X (Chap t .  V I ,  D.) 

Hemignathus ( b i r d ) :  Smathers ,  1963a,  Unpub. r e p o r t ;  Munro, 1960.X 
(Chap t .  V I ,  H . )  

Hemitrema ( a l g a ) :  Dawson, 1957.* (Chapt .  V I ,  A . )  

Hesperocnide  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965.X (Chap t .  
V I ,  D . )  

H e t e r o c e n t r o n  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
Neal ,  1965.* (Chap t .  V I ,  D . )  

He te rococcus  ( a l g a ) :  F r i t s c h ,  1961; (Chap t .  V I ,  A . )  

Heteropogon ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
Degener,  1930; S t o n e ,  1959; H i l l e b r a n d ,  1888.h 
( C h a ~ t s .  V I ,  D ;  V I I ,  G ;  V I I I . )  

H e t e r o s c e l u s  ( b i r d ) :  Munro, 1960.h (Chap t .  V I ,  H.) 

H i b i s c a d e l p h u s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Rock, unda ted .  
Unpub. m s ;  Lamoureux (App . B )  , 1963; Degener,  
1930; S t o n e ,  1959 ;  Neal ,  1965.h ( C h a p t s .  V I ,  
D ;  V I I ,  B . )  

H i b i s c u s  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Degener,  
1930; S t o n e ,  1959; Neat, 1965.X (Chap t .  V I ,  D.) 

Himat ione ( b i r d ) :  Smathers ,  1963a,  unpub. r e p o r t ;  Munro, 1960.* (Chap t .  
V I ,  H . )  

Hippeastrum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; N e a l ,  1965.* (Chapt .  
V I ,  D . )  



Holcus ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Smathers ,  1963b; Fager lund ,  
1947; H i l l e b r a n d ,  1888.* (Chap t s .  V I ,  D ;  V I I ,  B,  C ,  
V I I I "  

Homaliodendron (moss ) :  Bar t ram,  June  1933.* (Chap t .  V 1 ,  C.) 

Hordeum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Lawrence, 
1951.* (ment ioned o n l y ) ;  Hi tchcock ,  1935.* (Chap t .  
V I ,  D.) 

Homidium ( a l g a ) :  Smith ,  1950.* (Chap t .  V I ,  A . )  

Hunnemannia ( p l a n t ) :  Fager lund 61 M i t c h e l l ,  1944; Neal ,  1965.*(Chapt.  
V I ,  D . )  

Hvdranaea ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965.X (Chap t .  V I ,  
D . )  

Hvdrocoleum ( a l g a ) :  P r e s c o t t ,  1951.* (Chap t .  V I I ,  G . )  

Hvdroco ty le  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  
1965.* ( C h a ~ t s .  V I ,  D ;  V I I ,  B . )  

Hymenophvllum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; Neal ,  
1965.* ( C h a ~ t s .  V I ,  D; V I I ,  C . )  

Hvparrhenia  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Hi tchcock ,  1935.* 
(Chap t .  V I ,  D.) 

Hypericum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  
1965.* ( C h a p t s .  VI ,  D ;  V I I ,  B ,  C . )  

Hvpnea ( a l g a ) :  T a y l o r ,  1950.* ( C h a ~ t s .  V I ,  A ;  V I I ,  G , )  

Hypochacr is  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Smathers ,  1963b; 
Fager lund ,  1947; Neal ,  1965.* (Chap t s .  V I ,  D ;  
V I I ,  B; V I I I . )  

I b e r i s  ( ~ l a n t ) :  Nea l ,  1965.* (Chap t .  V I ,  D.) 

I l e x  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  1959; 
Nea l ,  1965.e (Chap t s .  V I ,  D; V I I I . )  

I m p a t i e n s  ( p l a n t s ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965.* (Chapt .  
V I ,  D . )  

I n d i g o f e r o  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  
1959;  Neal ,  1965.* (Chap t s .  V I ,  D; V I I I . )  

Impomoea ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; Nea l ,  1965.X 
( C h a p t s .  V I ,  D ;  V I I ,  B ;  V I I I . )  



I r i s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Fager lund ,  1947; Neal,  1965.* - 
(Chapt .  V I ,  D . )  

I s a c h n e  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Botany g roup ,  1963; S t o n e ,  
1959; Degener,  1946." ( C h a p t s .  V I ,  D; V I I ,  C; VIII.) 

Isotoma ( p l a n t ) :  Degener ,  1930.X 

J a c a r a n d a  ( ~ l a n t ) :  Neal ,  1965." ( C h a ~ t s .  V I ,  D; V I I I I . )  

Jacquemont ia  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; Nea l ,  
1965." (Chapt .  V I ,  D . )  

Jsnia ( a l g a ) :  T a y l o r ,  1950.* (Chap t s .  V I ,  A ;  V I I ,  G . )  

Jasminum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965.* (Chapt .  V I ,  
D.) 

J a t r o p h a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  
1965." (Chap t .  V I ,  D.) 

Juncus ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944 ;  Fager lund ,  1947; Neal ,  1965.k 
(Chap t .  V I ,  D.) 

J u n i p e r u s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  
1965.* (Chap t .  V I ,  D . )  

J u s t i c i a  ( p l a n t ) :  Fager lund 6 M i t c h e l l ,  1944; Neal ,  1965." (Chap t .  V I ,  
D . )  

Kadua ( ~ l a n t ) :  Nea l ,  1965." (Chapt .  V I ,  D.) - 
"Kalanchoe ( p l a n t ) :  Nea l ,  1965.* (Chapt .  V I ,  D.) 

Kniphof ia  ( ~ l a n t ) :  Neal ,  1965.X (Chapt .  V I ,  D . )  

K o e l e r i a  ( p l a n t ) :  Rock, undated.  Unpub. m s ;  H i t chcock ,  1935." 

*- ( p l a n t ) :  Nea l ,  1965." (Chapt .  V I ,  D . )  

K o r t h a l s e l l a  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965." ( C h a p t s .  
V I ,  D ;  V I I ,  B.) 

Labord ia  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965." (Chapt .  V I ,  
D . )  

Lac tuca  ( p l a n t ) :  Neal ,  1965." (Chap t .  V I ,  D.) 

L a c u l i a  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944. (Chap t .  V I ,  D . )  

*Lampranthus ( p l a n t ) :  Neal ,  1965." 

Lantana ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Degener,  
1930; S t o n e ,  1959; Neal ,  1965.* (Chapts.VI,D; VII,A,E; V I I I . )  



L a s t r e a  ( p l a n t ) :  (Chapt .  V I ,  D.) 

La thvrus  ( p l a n t ) :  Neal ,  1965." (Chap t .  V I ,  D . )  

Laurenc ia  ( a l g a ) :  Yamada,l931.* (Chap t .  V I ,  A . )  

Lecanidium ( l i c h e n ) :  (Chap t .  V I ,  B . )  

Lecanora ( l i c h e n ) :  Magnusson & Zahlbruckner ,  1944." (Chap t .  V I ,  B . )  

L e i o t h r i x  ( b i r d ) :  Munro, 1960." (Chap t .  V I ,  H.) 

Leonurus ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  
1965.h (Chapt .  VI, D . )  

Lepidium ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  
1965.* ( C h a p t s .  V I ,  D; V Z I ,  B . )  

L e ~ t o s ~ e r m u m  ( p l a n t ) :  Fager lund & M i t c h c l l ,  1944; Nea1,1965.* (Chap t .  
V I ,  D . )  

Leucacna ( p l a n t ) :  Pager lund h M i t c h e l l ,  1.944; Fa'agerlund, 1947 ;  S t o n e ,  
1959; Nca l ,  1965.h (Chap t s .  V I ,  D; V I I ,  A ,  F . )  

Leucobryum (moss) :  Ber t ram,  1933.X ( C h a p t s .  V I ,  C; V I I ,  E.) 

L i a p o r a  ( a l g a ) :  Abbot t ,  1945.* (Cliapt. V I I ,  G . )  

Ligustrum ( p l a n t ) :  Fagerluncl & M i  L c h c l l ,  1944; Nca l ,  1965." (Chapt .  
V I ,  D . )  

L i l ium ( p l a n t ) :  Neal ,  1965." (Chapt .  V L ,  D . )  

L i n a r i a  ( p l a n t ) :  Fager lund & M i t c h r l l ,  1944; Fager lund ,  1947; Neal ,  
1965.* (Chap t s .  VI ,  D; V T T ,  B . )  

L i n d e r n i a  ( p l a n t ) :  Fager lund ,  1947; Nea l ,  1 9 6 5 . ~  ( C h a p t .  V I ,  D . )  

L i n o c i e r a  ( p l a n t ) :  Neal ,  1965." (Chap t .  \/I, D.) 

Linum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal,1965:k 

L i p a r i s  ( p l a n t ) :  Fagcr lund 61 Mitchcxll ,  1944; Dcgener,  1930; Nca l ,  1965.* 
(Chapt .  V I ,  D . )  

I i p o l a e t a  ( p l a n t ) :  Fagcr lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. 
ms; Neal ,  1965.* (Chap t .  V I ,  D . )  

L i t t o r i n a  ( a n i m a l ) :  T i n k e r ,  1958;*(Chapt.  V I I ,  G ,  

L o b e l i a  ( p l a n t ) :  Degener,  1930; Neal ,  1965." 

L o b u l a r i a  ( p l a n t ) :  Fagi.rlund & M i t c h ~ l l ,  1944;  Fagcr lund ,  1947; Nea l ,  
1965.X (Chap t .  V L ,  3 . 1  



Lolium ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947,  ( C b a p t .  
V I ,  D . )  

Lon ice ra  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Fager lund ,  1947; Nea l ,  
1965." (Chap t .  V I ,  D.) 

Lophortyx ( b i r d ) :  Munro, 1960." (Chapt .  V I ,  H.) 

Lophosiphonia  ( a l g a ) :  Smith ,  1964." (Chap t .  V I I ,  G . )  

( b i r d ) :  Smathers ,  1963a,  Unpub. r e p o r t ;  Munro, 1960." (Chap t .  
V I ,  H . )  

L u c u l i a  ( ~ l a n t ) :  Nea l ,  1965." (Chapt .  V I ,  D . )  

L u n u l a r i a  (moss):  (Chap t .  V I ,  C . )  

Lupinus ( p l a n t ) :  Nea l ,  1965." (Chap t .  V I ,  D . )  

Luzula  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Nea l ,  1965." (Chape .VT,  D; 
V I I I  . ) 

Lycopers icon  ( p l a n t ) :  Nea l ,  1965." (Chap t .  V I ,  D . )  

Lycopodium ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. 
ms; Botany g r o u p ,  1963;  Degener,  1930; S t o n e ,  1959; 
Nea l ,  1965.* (Chap t s .  V I ,  D ;  V I I ,  C; V I I I . )  

Lyngbya ( a l g a ) :  Smith ,  1950." ( C h a p t s .  V I ,  A ;  V I I ,  G . )  

L ~ s i m a c h i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965." (Chap t .  
V I ,  D . )  

Lythrum ( ~ l a n t ) :  Fager lund  & M i t c h e l l ,  1944,  Smathers ,  1963b , ;  Fager-  
l u n d ,  1947; S t o n e ,  1959; Neal ,  1965." ( C h a p t s .  V I ,  D;VII ,  
B,  D.1 

Maba ( p l a n t ) :  Nea l ,  1965." (Chapt.  V I ,  D = Diospyros )  

Macadamia ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  
1965." (Chapt .  V I ,  D.) 

Machaer ina  ( p l a n t ) :  Botany g roup ,  1963; ( C h a ~ t s .  V I ,  D ;  V I I ,  C ;  V I I I . )  

Macromitrium (moss):  Bartram, 1933." (Chap t .  V I ,  C . )  

Malva ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947;  Degener,  
1930; Nea l ,  1965." ( C h a p t .  V I ,  D . )  

Malvastrum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
Degener,  1'330; S t o n e ,  1959; Neal ,  1965.* (Chapt .  
V I ,  D.) 



Mangi fe ra  ( p l a n t )  : Fager lund  & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  
1959;  Neal ,  1965.* ( C h a p t s .  V I ,  D; V I I ,  E; VIII.) 

M a r a t t i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965." (Chap t .  V I ,  
D.) 

M a s t i e o c o l e u s  ( a l g a ) :  T i l d e n ,  1910.* (Chap t s .  V I ,  A ;  V I I ,  G.) 

M a t t h i o l a  ( p l a n t ) :  Nea l ,  1965.* (Chap t .  V I ,  D . )  

Maurandva ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947;  Neal ,  
1965.x (Chapt .  V I ,  D , )  

Medicago ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund,  1947; Neal, 
1965,* (Chapt .  V I ,  D , )  

Meealospora  ( l i c h e n ) :  Magnusson & Zahlbruckner ,  1944.x (Chap t ,  V I ,  B . )  

Mela leuca  ( p l a n t ) :  Neal ,  1965.h (Chap t .  V I ,  D . )  

M e l e a ~ r i s  ( b i r d ) :  Munro, 1960.X (Chap t .  V I ,  H.) 

M u  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  1959; 
Nea l ,  1965." (Chapt .  VI,  D.) 

M e l i l o t x s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Fager lund ,  1947; Nea l ,  
1965.* (Chapt .  V I ,  D.) 

M e l i n i s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; H i t c h -  
cock,  1935." ( C h a p t s .  V I ,  D; V I I I )  

M e l o s i r a  ( a l g a ) :  P r e s c o t t ,  1951.* (Chap t .  V I I ,  G.)  

Mentha ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  1965.* 
(Chap t .  V I ,  D o )  

Merremia ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  
1959; Neal ,  1965.* (Chap t .  V I ,  D . )  

Mesembrvanthemum ( p l a n t ) :  Neal ,  1965." (Chapt .  V I ,  D . )  

Messerschmidia  ( p l a n t ) :  Fager lund  & M i t c h l l ,  1944; S t o n e ,  1959; Neal ,  
1965.* (Chap t s .  V I ,  D ;  V I I ,  G o )  

M e t r o s i d e r o s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. 
ms; Smathers ,  1963b; Botanv erouw. 1963: F a e e r L  . - . .  " 
lurid, 1947; Degener,  1930; S tone ,  1959; Nea l ,  1965." 
(Chap t s .  V ,  E; V I ,  C ,  D ,  F, H; V L I ,  A ,  B ,  C ,  D ,  E, 
F;  V I I I . )  

M i c r o c o l e u s  ( a l g a ) :  P r e s c o t t ,  1951.* (Chap t s .  V I ,  A; V L I ,  G.)  



M i c r o d l c t ~ o n  ( a l g a ) :  Dawson, J a n .  1956." Vol.  X ,  No, l . " ( C h a p t .  V I I ,  G . )  

Micro laena  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944. (Chapt .  VI, D.) 

M i c r o l e p i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Mueller-Dombois & 
Lemoureux, 1964 unpub.; Nea l ,  1965." (Chapt .  V I ,  
D; V I I ,  B; V I I I . )  

*Microsorium ( p l a n t ) :  S tone ,  1959; Neal ,  1965." 

M i c r o t h e l i a  ( l i c h e n ) :  Magnusson & Zahlbruckner ,  1 0  1943." (Chapt .  
V I ,  8.) 

Mimosa ( p l a n t ) :  S t o n e ,  1959; Neal ,  1965." (Chapt .  V I ,  D.) 

M- ( b i r d ) :  Munro, 1960." (Chap t .  V I ,  H.) 

M i r a b i l i s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Fager lund ,  1947,  S t o n e ,  
1959;  Nea l ,  1965." ( C h a p t .  V I ,  D.) 

Modiola ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Fager lund ,  1947; Neal ,  
1965." (Chap t s .  V I ,  D ;  V I I ,  B.) 

Moho ( b i r d ) :  Smathers ,  1963a,  Unpub. r e p o r t ;  Munro,1960.* (Chapt .  V I ,  H.) - 
Morinda ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Degener,  

Nea l ,  1,965." ( C h a ~ t s .  V I ,  D; V I I ,  G ,  

M- ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Fager lund ,  
(Chap t .  V I ,  D o )  

*Mucuna ( p l a n t ) :  S t o n e ,  1959; Neal ,  1965." (Chapt .  V I ,  

1947; Nea l ,  1965." 

Muehlenbeckia ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
Neal ,  1965.* (Chap t .  V I ,  D , )  

M& ( b i r d ) :  Munro, 1960." (Chap t ,  V I ,  H.) 

M- ( ~ l a n t ) :  Degener ,  1930; Neal ,  1965." (Chap t .  V I I ,  F . )  

Mvoporum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Degener ,  1930; S tone ,  
1959; Nea l ,  1965." (Chap t s .  V I ,  D ;  V I I ,  B; V I I I . )  

Myosot is  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  
1965." (Chapt .  V I ,  D.) 

Mvrica ( p l a n t ) :  Nea l ,  1965." (Chap t .  V I ,  D,) 

Mvrsine  ( p l a n t )  : Fager lund & M i t c h e l l ,  1944;  Botany g roup ,  1963; 
Fager lund ,  1947; S t o n e ,  1959,  Neal ,  1965.*; (Chap t s .  
V I ,  D ;  V I I ,  B; V I I I . )  



Nannoch lo r i s  ( a l g a ) :  Smith ,  1950." (Chap t .  V I ,  A , )  

N a r c i s s u s  ( p l a n t ) :  Neal ,  1965." (Chap t .  V I ,  D.) 

Nas tu r t ium ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S tone ,  
1959; Nea l ,  1965." 

N e o c h l o r i s  ( a l g a ) :  (Chapt. V I ,  A . )  

N e o t t o p t e r i s  ( p l a n t ) :  S t o n e ,  1959; H i l l e b r a n d ,  1888.* 

N e p h r o l e ~ i s  ( p l a n t ) :  Neal ,  1965X; Fager lund  & M i t c h e l l ,  1944; Rock, 
unda ted .  Unpub. m s ;  Smathers ,  1963b; F a g e r l u n d ,  
1947; Mueller-Dombois & Lamoureux, 1964,  unpub. 
m s ;  Degener,  1930;  S t o n e ,  1959. ( C h a ~ t s ,  V I ,  D; 
V I I ,  B,  C ,  D ,  E ,  F;  V I I I . )  

Ne~hroma ( l i c h e n ) :  Magnusson & Zahlbruckner ,  1 : 9 3 ,  1943.* (Chapt .  V I ,  
B . )  

Neraudia  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; H i l l e b r a n d ,  1888." 
(Chapt .  V I ,  D.) 

? N e r t e r a  ( p l a n t )  : Fager lund & M i t c h e l l ,  1.944; Hi1 l e b r a n d ,  1888.* 
(Chap t ,  V I ,  D,)  

N e s t e e i s  ( p l a n t ) :  (Chapt .  V I ,  D.) 

Netrium ( a l g a ) :  Smith ,  1950,* (Chap t .  V I ,  A . )  

Nicandra  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965." 

N i c o t i a n a  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S tone ,  
1959,  Nea l ,  1965.* (Chap t s .  V I ,  D ;  V I I ,  F . )  

Nostoc ( a l g a ) :  Smith ,  1950." (Chap t .  V I ,  A . )  

Nothocestmm ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, u n d a t e d .  Unpub. 
ms; Neal ,  1965." (Chapt .  V I ,  D.) 

Noto t r i ch ium ( ~ l a n t ) :  Nea l ,  1965." (Chap t .  V I ,  D.) 

N v c t i c o r a x  ( b i r d ) :  Munro, 1960.* (Chap t .  V I ,  H.) 

O k e l l u l a r i a  ( l i c h e n ) :  Magnusson & Zahlbruckner ,  1943." (Chapt .  V I ,  B.)  

Ochrosia ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. m s ;  

Odontoschisma ( b r y o p h t e ) :  (Chap t .  VLI, E . ;  M i l l e r ,  1963." 



Oenothera  ( p l a n t ) :  Fagerlund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  
1965.* (Chap t s .  V I ,  D ;  VLI, B . )  

O o c y s t i s  ( a l g a ) :  Smith ,  1950.* (Chapt .  V I ,  A.) 

O p e r c u l i n a  ( ~ l a n t ) :  Neal ,  1965.* (Chap t .  V I ,  D . )  

Oph iodema ( p l a n t ) :  Degener, 1930.x (Chap t .  V 1 ,  D.) 

O p h i o ~ l o s s u m  ( p l a n t ) :  Fagerl.und & M i t c h e l l ,  1944; Botany g roup ,  
1963; Neal ,  1965.* (Chap t s .  V I ,  D; V I I ,  C . )  

Oplismenus ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
S t o n e ,  1959; Neal ,  1965.* (Chap t s .  V I ,  D ;  
V I I ,  E . )  

Op tun ia  ( p l a n t ) :  Fager lund ,  1947; Neal ,  1965." 

Oreobolus  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944. (Chapt .  V I ,  D . )  

Or thocarpus  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
Nea l ,  1.965.* (Chapt .  V I ,  D.) 

O s c i l l a t o r i a  ( a l g a ) :  Smith ,  1950.X ( C h a p t s .  V I ,  A ;  VI I ,  G . )  

Osrnanthus ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, undated.  
Unpub. ms.;  Nea l ,  1965.* (Chap t s .  VI, D ;  V I I ,  B; 
VIII. 

Osteomeles  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Degener,  1930; S t o n e ,  
1959; Nea l ,  1965.* ( C h a p t s .  VI, D; V I I I . )  

O x a l i s  ( p l a n t )  : Fager lund & M i t c h e l l ,  1944;  Fager lund ,  1947; S t o n e ,  
1959; Neal ,  1965.* ( C h a p t s .  V I ,  D ;  V I I ,  B . )  

Pad ina  ( a l g a ) :  T a y l o r ,  1960.* (Chapt .  VI,  A.) 

P a l m e l i a  ( a l g a ) :  Smith ,  1950." (Chapt .  V I ,  A.) 

Pa lmer ia  ( b i r d ) :  Munro, 1960.X (Chapt .  V I ,  H.) 

Palrnogloea ( a l g a ) :  Drouet  & D a i l y ,  1956.* (Chap t .  V I I ,  F . )  

Pandanus ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Degener,  1930,  S t o n e ,  
1959; Nea l ,  1965." ( C h a p t s .  V I ,  D ;  V I I I . )  

Panicum ( p l a n t )  : Fager lund & M i t c h e l l ,  1944;  Rock, unda ted .  Unpub. 
ms; Fager lund ,  1947; Nea l ,  1965.* (Chapt .  V I I ,  B . )  

P a n n a r i a  ( l i c h e n ) :  Magnusson & Zahlbruckner ,  1943.* (Chapt .  V I ,  B.) 

P a r i t i  ( p l a n t ) :  Degener,  1930.* (Chapt .  V I ,  D.) 



P a r m e l i a  ( l i c h e n ) :  Magnusson & Zahlbruckner ,  1944." (Chap t .  V I ,  B.  ) 

P a s p a l m  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Smathers ,  1963b; Botany 
g r o u p ,  1963; Fager lund ,  1947; S t o n e ,  1959; Nea l ,  
1965." ( C h a p t s .  V I ,  D; V I I ,  B ,  C ,  D ,  E ;  V I I I . )  

P a s s e r  ( b i r d ) :  Munro, 1960." (Chapt .  V I ,  N.) 

P a s s i f l o r a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
Degener,  1930; S t o n e ,  1959; Nea l ,  1965.X ( C h a ~ t s .  
V I ,  D; V I I ,  B ,  E.) 

P a s t i n a c a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  
1965." (Chap t .  V 1 ,  D . )  

Pe largonium ( p l a n t ) :  Fager lund & M i t c h e l l . ,  1944; Nea l ,  1965." (Chapt .  
V I ,  D.) 

P e i e a  ( p l a n t ) :  Fager lund & Mitchcl  I ,  1944; Rock, unda ted .  Unpub. m s ;  
Degener ,  1930; S t o n e ,  1959; Nea l ,  1965." (Chap t s .  I V ,  
D ;  V I I ,  B ,  C ;  V I I I . )  

P e l l a e a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda tcd .  Unpub. ms; 
Degener,  1.930; S t o n e ,  1959; Nea l ,  1965." (Chapt .  V I ,  
D; V I I ,  B ;  V I I I . )  

P e l v e t i a  ( a l g a ) :  Smith ,  1964." (Chap t .  V I I ,  G . )  

Pcnnise tum ( p l a n t ) :  Fagcr lund & M i L c h e l l ,  1944; Fagcr lund ,  1947; Neal ,  
1965." 

Pennu la  ( b i r d ) :  Smathers ,  196%; Unpub. r e p o r t ;  Munro, 1960." 

Penstemon ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965.X (Chapt .  
V I ,  D . )  

P e n t a s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965." (Chap t .  V I ,  D.) 

Peoeromia ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. 
ms; Mueller-Domb0i.s & Lamoureux, 1964,  unpub. ms; 
Degener,  1930;  S t o n e ,  1959; Nea l ,  1965.X (Chap t s .  
V I ,  D; V I I ,  B ,  C ,  E ;  V I I I . )  

P e r r o t t e t i a  ( p l a n t ) :  Fager lund & M i t c h e l l . ,  1944; Rock, unda ted .  Unpub. 
ms; Degener,  1930;  Neal ,  1965." (Chap t s .  V I ,  D ;  
V i I ,  B . )  

P e r s e a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fagcr lund ,  1947; S t o n c ,  
1959; Ncal ,  1965." (Chap t s .  V I ,  D; V I I ,  B.) 

P e r t u s a r i a  ( l i c h e n ) :  Magnusson & Zahl.bruckner, 1944.X (Chapt .  V I ,  R , )  



P e t r o s e l i n u m  ( p l a n t ) :  Neal ,  1965.* (Chap t .  V I ,  D . )  

P h a e o r n i s  ( b i r d ) :  Munro, 1960." (Chap t .  V I ,  H.) 

Phaethon ( b i r d ) :  Munro, 1960.* (Chapt .  V I ,  H.) 

P h a i u s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  19G4; Fager lund ,  1947,  S t o n e ,  
1959; Neal ,  1965.* (Chap t .  V I ,  D . )  

P h a l a r i s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Fager lund ,  1947; Nea l ,  
1965.* (Chapt .  VI,  D . )  

Phaseo lus  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  
1959; Nea l ,  1965." (Chap t .  V I ,  D . )  

P h a s i a n u s  ( b i r d ) :  Munro, 1960." (Chapt .  VI,  H . )  

P h i l a c t e  ( b i r d ) :  Munro, 1960.* (Chap t .  V I ,  H . )  

Philade- ( p l a n t ) :  Neal ,  1965." (Chap t .  V I ,  D.) 

Phleurn ( p l a n t ) :  Fager lund & M i t c h e l l ,  194'4; Fager lund ,  1947; Lawrence, 
19 j1 .*  (mention,ed on1.y); Hi tchcock ,  1935.Y (Chap t .  V I ,  
D . )  

P h l o x  ( p l a n t ) :  Fager lund & M i t c h e l l ,  19%4;  Neal ,  1965." (Chapt .  V I ,  D.) -- 
Phonnidiuin ( a l g a ) :  Smith ,  1950." (Chap t .  V I ,  A; V I I ,  G . t  

Phomiuin ( p l a n t ) :  Fager lund ,  1947; Neal ,  1965." (Chap t .  V I ,  D . )  

& l l o s t e ~ i ~  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1.944; S t o n e ,  1959; N l a ? ,  
1965.* (Chapt .  V I ,  D . )  

P h v s a l i s  ( p l a n t ) :  F a g r l u n d  & M i t c h e l l ,  9  Fager lund ,  1947; Degener ,  
1.930; Nea l ,  1965." (Chap t .  V I ,  D ;  V I I ,  B . )  

P h y t o l a c c ~  ( p l a n t ) :  F a ~ e r l u n d  & M i t c h n l l ,  9  Neal ,  1965." (Chap t .  
V I ,  D;  V I I ,  B . )  

P i l e a  ( p l a n t ) :  F a p r l u n d  61 M i t c h e l l ,  9  Nea l ,  1965." (Chap t .  V I ,  D.) - 
P i n n u l a r i a  ( a l g a ) :  Smith ,  1950.* (Chapt .  VI, A . )  

P i p t u r u s  ( p l a n t )  : Fager lund & M i t c h e l l ,  194!+; Mueller-Dorn'zois & Lanoureux,  
1964; unpub. n s ;  Degener ,  1930; S t o n e ,  1959; Neal ,  
1965." (Chap t s .  V I ,  D; V I I ,  B ,  C ,  F; V I Z I . )  

P i s o n i a  - ( a l g a ) :  T a y l o r ,  1950." (Chap t .  VI ,  A . )  

Pisum ( p l a n t ) :  Nea l ,  1965,* (Chapt .  V I ,  D . )  



P i t h e c e l l o b i ~  ( p l a n t ) :  Neal ,  1965." (Cha?t .  V I ,  D.) - 

P i t h z c o L o b i ~ n  ( p l a n t ) :  Fager lund ,  1947; Nea l ,  1965.* 

P i t tosporurn  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. 
m s ;  S t o n e ,  1959;  Nea l ,  1965." ( C h a p t s .  V I ,  D ;  

V I I ,  B; VIII.) 

f p l a a t ) :  Fager iund & M i t c h e l l ,  1944; Fagcr lund ,  1947; 
Degener,  1930;  S t o n e ,  1953; Nea l ,  1965." (Chap:. 
V I ,  D; V I I ,  B;  V I I I . )  

P l a n t a z ~  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, mlda ted .  Unpub. ms; 
Fager lund ,  1947; Degener,  1930; S t o n e ,  1959; Neal ,  
1965.* ( C h a p ~ s ,  V I ,  D ;  V I I ,  B . )  

Plectont?na (a lga ! :  Smith ,  1950." (Chap t .  I V ,  A .  

P l a c t r a n t h u s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; F a g e r l u n 3 ,  1947; 
S t o n e ,  1957; Neal., 1365,* ( C h a p t .  V I ,  D . )  

P l e c t r o n i a  ( p l a n t ) :  Neal ,  1965." (Chap t .  V I ,  D . )  - -. - - - - - - - 
Pleoinele  ( ~ l a n t ) :  S ton? ,  1953; Fager lund 5 M i t c h e l l ,  194i1; Nea l .  L955."  

(Chap t .  V I ,  D . )  
P l e o p e l t i s  ( p l a n t ) :  S t o n e ,  1959; N e a l ,  1965.k (Chap:. V I E ,  B . )  

P luchea ( p l a ~ t )  : Fager lund & M i t c h e l l ,  1944; Fager lund ,  19L.7; S t o n e ,  
1959; Neal ,  1965." ( C h a p t s .  V I ,  D ;  V I I ,  C ,  F ;  V I I I . )  

Plumbago ( p l a n t ) :  N e a l ,  1965." (Chap t .  V I ,  D . )  

P lumer ia  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  
1965." ( C h a p t s .  V I ,  D; V I I ,  F . )  

P l u v i a l i s  ( b i r d ) :  Munro, 1960." (Chap t .  V I ,  H.) 

Poa ( p l a n t ) :  Fager lund  & M i t c h e l l ,  1944; F a g e r l u n d ,  1947; Neal ,  1965.* - 
(Chap t s .  V I ,  D; V I I ,  B . )  

P o c i l l o p o r a  ( c o r a l ) :  Edmondson, 1946.X (Chapt .  V I I ,  G . )  

Podocarpus  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  
1965.X (Chapt .  V I ,  D.) 

Podoscyphe ( a l g a ) :  (Chap t ,  V I I ,  G . )  

Po lyca rpon  ( p l a n t ) :  Nea l ,  1965." (Chapt .  V I ,  D .  

P o l y c y s t i s  ( a l g a ) :  Smith ,  1950." (Chap t .  V I ,  A . )  

Po lvopes  ( a l g a ) :  K y l i n ,  1956.h (Chap t .  V I I ,  G.) 



Polypodium f p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Botany g r o u p ,  1963,  
Fager lund ,  1947 ; Degener ,  1930; S t o n e ,  1959 ; 
Neal ,  1965.* ( C h a ~ t s .  V I ,  D ;  V I I ,  A ,  C ,  E.) 

Polvponon ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Hi tch-  
cock ,  1935.X (Chapt .  V I ,  D . )  

Polvpremum ( p l a n t )  

P o l y s i p h o n i a  ( a l g a  

Po lv t r i chum (moss)  

P o r o l i t h o n ,  ( a l g a ) :  

P o r t u l a c a  ( p l a n t ) :  

W i l l i s ,  1960.h (Chap t .  V I ,  D . )  

: H o l l e n b e r g ,  i961.X (Chapt .  V I ,  A; V Z I ,  G . )  

Bartram, J u n e  1933." (Chapt .  V I ,  C . )  

T a y l o r ,  1950.X ( C h a ~ t s .  V I ,  A ;  V I I ,  G . )  

Fager lund  & M i t c h e l l ,  1944; Fager lund ,  1947;  S tone ,  
1959; Neal ,  1965.* ( C h a ~ t s .  V I ,  D ;  V I I ,  G ;  V L I I . )  

P r i t c h a r d i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965.X (Chapt .  
V I ,  D; V I I I . )  

Priva ( p l a n t ) :  H i l l e b r a n d ,  1888.* (Chap t .  V I ,  D . )  

P r o s o p i s  ( ~ l a n t ) :  Fager lund 6 M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  
1959; Nea l ,  1965.* (Chap t .  V I ,  D; V I I ,  A ;  V I I I . )  

P runus  ( ~ l a n t ) :  Fager iund  & M i t c h e l l ,  1944;  Fager lund ,  1947; Nea l ,  
1965.* ( C h a ~ t s .  V I ,  D; V I I ,  B . )  

Pseudomorus ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965.h (Chapt .  
V I ,  D. )  

Ps idium ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947,  Degener,  
1930; S t o n e ,  1959; N e a l ,  1965.X (Chap t s .  V I ,  D ;  V I I ,  
A ,  B,  C ,  E; V I I I . )  

Ps i lo rhegma ( ~ l a n t ) :  H i l l e b r a n d ,  1888.*(Chapt. V I I I . )  

P s i l o t u m  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. ms; 
Degener,  1930; S t o n e ,  1959; Neal., 1965.X (Chapt .  V I ,  
D; V I I ,  B, C ,  E . )  

P s i t t a c i r o s t r a  ( b i r d ) :  Munro, 1960." (Chap t .  V I ,  H.) 

P s y c h o t r i a  ( p l a n t ) :  Nea l ,  1965.* ( C h a ~ t s .  V I ,  D ;  V I I ,  B ;  V I I I . )  

P t e r i d i u n ~  ( p l a n t ) :  Fager lund & M i t c h e l l  , 1944; Rock, unda ted .  Unpub. m s ;  
Mueller-Dombois & Lamourcux, 1964,  unpub. ms; S t o n e ,  
1959; Nea l ,  1965," ( C h a p t s .  V I ,  D ;  V I I ,  B ;  V I I I . )  

P t e r i s  ( p l a n t ) :  Fagerlurid & M i t c h e l l ,  1944; Rock, u n d a t e d .  Unpub. m s . ;  
Fager lund ,  1947; Degener,  1930; Nea l ,  1965.* 
( C h a p t s .  VI, D ;  VII, B ,  C.)  

P t e r o c l a d i a  ( a l g a ) :  K y l i n ,  1956.X ( C h a p t .  V I I ,  G . )  



Pterodroma ( b i r d ) :  Munro, 1965.* (Chapt .  V I ,  H .  

P u e r a r i a  ( p l a n t ) :  Neal ,  1965.* (Chapt .  V I I ,  F 

P y r a c a n t h a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  19658 (Chapt .  
U I ,  D . )  

P y r e n u l a  ( l i c h e n ) :  Magnusson & Zahlbruckner ,  3 1943.* (Chapt .  V I ,  B.) 

Radula ( b r y o ~ h t e ) :  M i l l e r ,  1957.* (Chap t .  V I I ,  E . )  

R a i l l a r d i a  f ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Smathers ,  1963b; Fager-  
l u n d ,  1947; Degener ,  1930;  S t o n e ,  1959; H i l l e b r a n d ,  
1888." (Chap t s ,  V I ,  D; V I I ,  D . )  

Raimannia ( p l a n t ) :  Degener,  1930; Nea l ,  1965." (Chap t .  V I ,  D.) 

R a l f s i a  ( a l g a ) :  Smi th ,  1964.* (Chap t .  V I I ,  G , )  

Ramalina ( l i c h e n ) :  Magnusson&ZahIbruckner, 111: 2 ,  1945.* (Chapt .  V I ,  B . )  

Ranunculus ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
H i l l e b r a n d ,  1888.* (Chap t s .  V I ,  D ;  V I I ,  B.) 

Raphanus ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  
1965.* (Chap t .  V I ,  D , )  

Rauvo l f i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; Nea l ,  1965.* 
(Chapt .  V I ,  D . )  

Reseda ( p l a n t ) :  Neal ,  1965.* (Chapt.  V I ,  D.) 

Reyno lds ia  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; Neal ,  
1965.* (Chapt .  V I ,  D . )  

Rhacomitrium (moss) :  Botany group,  1963;  Bar t ram,  June  1933; Chapt .  V I ,  
C; V I I  , C ,  F; VI IL) .  

Rhacopilum (moss) :  Bartram, June  1933." (Chap t .  V I I ,  E ,  F . )  

Rheum ( p l a n t ) :  Nea l ,  1965.* (Chapt .  V I ,  D.) 

Rhizoclonium ( a l g a ) :  T a y l o r ,  1960.*(Chapt. V I ,  A ;  V I I ,  G . )  

R h i z o ~ o n i u m  (moss): Bar t ram,  June 1933.* (Chap t .  V I I ,  E.) 

Rhododendron ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965.* (Chapt  
V I ,  D.) 

Rhus ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; Neal ,  1965.k - 
(Chapts.  V I ,  D; V I I ,  E . )  



Rhynchospora ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
S t o n e ,  1959; H i l l e b r a n d ,  1888." (Chap t .  V I ,  D ;  
V I I I .  

R i c h a r i d a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; F a g e r l u n d ,  1947; Neal ,  
1965.* (Chap t .  V I ,  D.) 

Richmondena ( b i r d ) :  Munro, 1960.* (Chap t ,  V I ,  H.) 

R i c i n u s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  F a g e r l u n d ,  1947; S t o n e ,  
1959; Nea l ,  1965,* (Chap t .  V I ,  D . )  

*Rockia ( p l a n t ) :  Nea l ,  1965,* 

R o l l a n d i a  ( p l a n t ) :  Degener,  1930; Nea l ,  1965.* 

Rosa ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  1965." - 
(Chap t .  V I ,  D . )  

Rosenvingea ( a l g a ) :  Dawson, 1954.* (Chapt .  V I ,  A . )  

R u b u s ( ~ 1 a n t ) :  Neal ,  1965*; Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  - 
Unpub. ms; Smathers ,  1963b; Lamoureux (App.B), 1963; 
Fager lund ,  1947; Mueller-Dombois & Lamoureux, 1964; 
unpub. m s ;  Degener,  1930; ( C h a p t s .  V I ,  D;  V I I ,  B:  C, 
D; V I I I . )  

Rumex ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. 
m s . ;  Fager lund ,  1947; Degener,  1930; Nea l ,  1965." 
(Chap t s .  V I ,  D; V I I  B.) 

Saccharum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Degener,  1930; Neal ,  
1965.* (Chap t .  V I ,  D.) 

S a c c i o l e p i s  f p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
S t o n e ,  1959; Hi tchcock ,  1935". (Chap t .  V I ,  D; 
V I I ,  C . )  

S a d l e r i a  ( ~ l a n t f :  Fager lund & M i t c h e l l ,  1944; Lamoureux ( ~ p p .  B ) ,  1963; 
Degener,  1930; S t o n e ,  1959; Neal ,  1965.* (Chap t .  V I ,  
D ;  V I I ,  A ,  B ,  C ,  E ;  V I I I . )  

S a l v i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  
1959; Nea l ,  1965." (Chap t .  VS, D.) 

Samanea ( p l a n t ) :  S t o n e ,  1959; Neal ,  1965.* (Chap t .  V I I I . )  

Sambucus ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1955.* (Chap t .  V I ,  
D .  

Santalum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Degener,  1930; S t o n e ,  
1959; Nea l ,  1965,* (Chap t .  V I ,  D; V I I I . )  

Sapindus  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, undated.  Unpub. m s ;  
Botany g r o u p ,  1963; Muel ler-Dombois & Lamoureux, 1964,  
m s ;  Degener,  1930; Nea l ,  1965.X (Chap t s .  V I ,  D ;  V I I ,  
B; V I I I . )  



S a r ~ a s s u m  ( a l g a ) :  Lemmeman, 1905." (Chap t s .  V I ,  A ,  G ;  V I I ,  G.)  

Scab iosa  ( p l a n t ) :  Nea l ,  1965." (Chap t .  V I ,  D . )  

Scaevola  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Degener,  1930; S t o n e ,  
1959; Nea l ,  1965." (Chapt .  V I ,  D . )  

Scenedesmus ( a l g a ) :  Smi th ,  1950." (Chap t .  V I ,  A.) 

Sch inus  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fagcr iund ,  19h7; S t o n e ,  
1959; Nea l ,  1965.* ( C h a p t s .  V I ,  D; V I . I I . 1  

Schizophvllum ( f u n g u s ) :  Smathers ,  1936b; T a y l o r ,  1950." (Chap t .  V I I ,  D . )  

S c h i z o t h r i x  ( a l g a ) :  T i l d e n ,  1910." (Chap t s .  V I ,  A; V I I ,  G.)  

S c ~ t o n e m a  ( a l g a ) :  T i l d e n ,  1910." ( C h a p t s .  V I ,  A ;  V I I ,  A ,  F, G.) 

S e c a l e  ( p l a n t ) :  Fagcr lund & M i t c h e l l ,  1944; Fagcr lund ,  19Li7; Lawrence, 
1951." (ment ioned o n l y ) ;  Hi tchcock ,  1935." 

S e l a p i n e l l a  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Botany g roup ,  1963; 
Fagcr lund ,  1947;  Nea l ,  1965." ( C h a p t s .  V I ,  D; V I I ,  C . )  

?Sempervivum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  19&7;  Neal ,  
1965." (Chap t .  V I ,  D . )  

Scnec io  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, undatcici. Unpub. m s ;  
Fager lund ,  1947; Degener,  1930; Nea l ,  1.965." ( C h a p t s .  
V I ,  D ;  V I I ,  R ,  C , )  

Sesban ia  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; Nca l ,  1965." 
( C h a p t o  V I ,  D . )  

Sesuvium ( p l a n t ) :  Fager lund & Mitchc i  l ,  1944; S t o n e ,  1959; Nea l ,  1965." 
(Chap t s .  V I ,  D; V I I ,  G ;  V I I I . )  

S e t a r i a  ( ~ l a n t ) :  Fagcr lund 6 M i t c h c l l ,  19Li4; Smathers ,  l963b;  Fagcr-  
l u n d ,  1947; Neal ,  1965." ( C h a p t s .  V I ,  D; V I I ,  B,  D . )  

S i c y o s  ( p l a n t ) :  Fagerlund & M i t c h e l l ,  1944; S t o n e ,  1959; Ncal ,  1965." 
(Chap t .  V I ,  D . )  

S ida  ( p l a n t ) :  Fager lund & Mi t c h e l l ,  1944; Fager lund ,  1947; Dcgener,  1930; - 
S t o n e ,  1959; Neal ,  1965," (Chapt .  V I ,  D.) 

S i l c n e  ( ~ l a n t ) :  Fagcr lund & M i ~ c h e l l ,  1944; Fager lund ,  1947; Dcgcner.  
1930; Neal ,  1965." ( C h a p t s .  V I ,  D; V I I I . )  

Sisvmbrium ( p l a n t ) :  Fager lund & M i t c h c l l ,  1944; Fagcr lund ,  1947; Nea l ,  
1965." ( C h a p t s .  V I ,  D ;  V I I ,  0 . )  



S i s y r i n c h i u m  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
Dege-ner, 1930; Nea l ,  1965.X (Chap t .  V I ,  D . )  

Smilax ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Rock, unda ted .  Unpub. ms; 
S t o n e ,  1959;  Neal ,  1965.X (Chap t s .  V I ,  D ;  V I I ,  B.)  

Solanum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Muel le r -  
Dombois & Lamoureux, 1964,  unpub. m s ;  Degener,  1930; 
S t o n e ,  1959; Nea l ,  1965.* (Chap t s .  V I ,  D; V I I ,  B; 
V I I I .  

S o l i d a g o  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  
1965.* (Chapt .  V I ,  D . )  

Sonchus ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Smathers ,  1963b; Fager lund ,  
1947; Neal ,  1965.* ( C h a p t s .  V I ,  D ,  H ;  V I I ,  B,D.) 

Sophora ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted ,  Unpub. 
m s . ;  Fager lund ,  1947; S t o n e ,  1959; Neal ,  1965.* 

(Chap t s .  V 1 ,  D ,  H ;  V L I ,  B; V I I I . )  

S p a t h o g l o t t i s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
S tone ,  1959; Nea l ,  1965.* (Chap t .  V I ,  D ;  
V I I ,  C ,  E ,  F . )  

S p a t u l a  ( b i r d ) :  Munro, 1960;* (Chap t .  V I ,  H . )  

S p e c u l a r i a  ( p l a n t ) :  Lawrence, 1951." (ment ioned o n l y ) .  (Chapt .  V I ,  D.) 

S p e n n o l e p i s  f ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; Neal ,  
l965.x  (Chap t .  V I ,  D.) 

S p h a c e l a r i a  ( a l g a ) :  T a y l o r ,  1960.* (Chap t .  V I ,  A ;  V I I ,  G . )  

Sphenomeris ( p l a n t ) :  S t o n e ,  1959; Nea l ,  1965.* ( C h a p t s .  ',JI, D ;  V I 1 ,  C . )  

S p i r a e a  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965.* ( C h a p t ,  V I ,  D . )  

Sporobolus  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; F a g e r l u n d ,  1947; S t o n e ,  
1959; Nea l ,  1965." (Chap t s .  V I ,  D; V I I ,  B ;  V I I I . )  

S t a c h v t a m h e t a  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
S tone ,  1959; Nea l ,  1965.h ( C h a p t s .  V I ,  D; 
V I I ,  C ,  E ,  F; V I I I . )  

S t e l l a r i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947 ; Neal ,  
1965.x (Chapt .  V I ,  D.) 

S t e n o ~ v n e  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; Nea l ,  1965." 
(Chapt .  V I ,  D . )  

StenoIoma ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  S t o n e ,  1959; Neal ,  1965.* 

Stenotaphrum ( p l a n t ) :  Fager lund  & M i t c h e l l ,  1944; Fager lund ,  1947; 
Neal., 1965.* (Chap t .  V I ,  D; V I I ,  B . )  



S t e r e o c a u l o n  ( l i c h e n ) :  Botany g r o u p ,  1963; Magnusson, I I : 3 6 ,  !944.* 
(Chap t s .  V I ,  8 ;  V I I ,  C ,  E ,  F ;  V I I I . )  

S t i c h o c o c c u s  ( a l g a ) :  Smi th ,  1950." ( C h a ~ t s .  V I ,  A ;  V I I ,  F . )  

S t i c h o g l o e a  ( a l g a ) :  (Chapt .  V I ,  A.) 

S t i c t i n a  ( l i c h e n ) :  Magnusson, I : 8 5 ,  1943.* (Chapt .  V I ,  B . )  

S t i c t o c a r d i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
Neal ,  1965." (Chap t .  V I ,  Do)  

S t i ~ o n e m a  ( a l g a ) :  Smi th ,  1950." ( C h a ~ t s .  V I ,  A; V I I ,  C ,  F ,  G.)  

S t o k e s i a  ( p l a n t ) :  Fager lund  & M i t c h e l l ,  1944; Fager lund ,  1947;  Nea l ,  
1965." ( C h a p t .  V I ,  D . )  

S tonogvlodon ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; H i l l e b r a n d ,  1888.* 
(Chapt .  V I ,  D . )  

S t r a u s s i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. 
m s ;  Degener,  1930;  S tone ,  1959; Nea l ,  1965." 

S t r e p t o p e l i a  ( b i r d ) :  Munro, 1960." (Chapt .  V I ,  H.) 

S t r e p t o s o l e n  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965." (Chapt 
V I ,  D . )  

S t y l u r u s  ( p I a n t ) : ~ e g e n e r ,  1946." (Chap t .  V I ,  D.) 

S t y p h e l i a  ( p l a n t ) :  Neal ,  1965" Fageelund & M i t c h e l l ,  1944; Rock, 
undated.  Unpub. m s ;  Smathers ,  1963b; Botany group,  
1963; Fager lund ,  1947; S tone ,  1959; (Chap t s .  V I ,  
D ;  V 1 1 ,  A ,  B,  C,  D; V I I I . )  

S u r i r e l i a  ( a l g a ) :  Smi th ,  1950." (Chap t .  V I I ,  G . )  

S u t t o n i a  ( p l a n t ) :  Degener,  1930; Nea l ,  1965." (Chapt .  V I ,  D.) 

Symploca ( a l g a ) :  Smi th ,  1950." (Chap t .  V I ,  A.) 

T a e t s i a  ( ~ l a n t ) :  Degener,  1930." (Chap t .  V I ,  D.) 

T a a e t e s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965.X (Chap t .  
V I ,  D , )  

Tamarindus ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S tone ,  
1959; Neal,  1965." (Chapt .  V I ,  D.) 

T e c t a r i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; (Chap t .  V I ,  D . )  

T e ~ h r o s i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; Neal ,  1965." 
(Chapt .  V I ,  D.) 



T e t r a c y s t i s  ( a l g a ) :  (Chap t .  V I ,  A . )  

T e t r a g o n i a  ( p l a n t ) :  Nea l ,  1965.X (Chapt .  V I ,  D . )  

Tetramolopium ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965.* 
(Chap t .  V I ,  D . )  

T e t r a p l a s a n d r a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959;  Nea l ,  
1965.* (Chap t .  V I ,  D . )  

T h e l y p t e r i s  ( p l a n t ) :  H i l l e b r a n d ,  1888.X ( ~ h a p t s .  V I ,  D; V I I ,  C , )  

Thespes ia  ( p l a n t ) :  Fager lund 6 M i t c h e l l ,  1944; Degener,  1930; S t o n e ,  
1959; Nea l ,  1965.X ( C h a p t s .  V I ,  D; V I I I . )  

Thuidium (moss):  Bar t ram,  June  1933.* (Chap t .  V I ,  C . )  

Thuia ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  
1965.X (Chap t .  V I ,  D.) 

Tibouchina  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Lamoureux (App.B) ,  -- 
1963; Fager lund ,  1947;  Degener,  1930;  Neal ,  1965.* 
(Chap t .  VI, D . )  

T i n r i d i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Nea l ,  1965." ( C h a p t .  
V I ,  D.) 

T o l y p i o c l a d i a  ( a l g a ) :  Dawson, 1956.* ( C h a p t .  V I ,  A . )  

T o u r n e f o r t i a  ( ~ l a n t ) :  Nea l ,  1965.* ( C h a p t s .  V I ,  D; V I I I . )  

T r e m a t o l o b e l i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  I965.* 
(Chap t .  V I ,  D.:  

T r i c h o l a e n a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
Nea l ,  1965.* ( C h a p t s .  V I ,  D; V I I I . )  

Trichomanes ( p l a n t ) :  Fager lund & M i t c h e l l ,  1.944; Nea l ,  1965.* (Chapt .  
V I ,  D . )  

T r i f o l i u m  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  
1965.X (Chapt .  V I ,  D . )  

T r i o d a n i s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fagcr lund ,  1947; Neal ,  
1965.h (Chapt .  V I ,  D.) 

T r i o z a  ( i n s e c t ) :  Zimmeman, 1948*. (Chap t .  V I ,  F . )  

Tr i se tum ( p l a n t ) :  FagerIund & M i t c h e l l ,  1944; H i l i e b r a n d ,  1888.* 
( C h a p t s .  V I ,  D; VIII.) 

T r i t i c u m  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944;  Fager lund ,  1947; (Chap t .  
V I ,  D . )  



T r i t o n i a  ( p l a n t ) :  Fagei-lund & M i t c h e l l ,  1944; Smathers ,  1963b; Fager-  
l u n d ,  1947; Degener,  1930; Nea l ,  1965." (Chap t s .  
V I ,  D ;  V I I ,  B ,  D.) 

Trochalopterum = G a r r u l a x  ( b i r d ) :  Munro, 1960.A 

Tropaeolum ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  
I965.X (Chap t s .  V I ,  D; V I I ,  B.) 

T u r b i n a r i a  ( a l g a ) :  T a y l o r ,  1950.* (Chapt .  V I ,  A ;  V I I ,  G.) 

Ulva ( a l g a ) :  Smith ,  1950.k (Chapt .  V I I ,  G.) - 
Uncin ia  ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Degener,  1930;  H i l l e b r a n d ,  

1888." (Chap t .  V I ,  D . )  

Urera  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. m s ;  - 
H i l l e b r a n d ,  1888.* (Chap t s .  V I ,  D ;  V I I ,  B . )  

Usnea ( l i c h e n ) :  Magnusson, I I I : 1 9 ,  1945." (Chap t s .  V I ,  B; V I I I . )  

Vaccinium ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Smathers ,  1963b; 
Botany g roup ,  1963; Fager lund ,  1947 ; Degener,  1930; 
S t o n e ,  1959; Nea l ,  1965.* ( C h a ~ t s .  V I ,  D; V I I ,  C ,  
D ;  V I I I . )  

V a l o n i a  ( a l g a ) :  Egerod,  1952." ( C h a ~ t s .  V I ,  A ;  V I I ,  G.) 

Vanda ( p l a n t ) :  Neal ,  1965.* (Chapt ,  V I I ,  F.) 

Vandenboschia ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; S t o n e ,  1959; Hubbard, 
1952.* (Chapt .  V I ,  D . )  

Verbascum f ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965." (Chapt .  V I ,  
D .  ) 

Verbena ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  
1959,  Neal ,  1965." ( C h a ~ t s .  V I ,  D; V I I ,  B.) 

Vernonia  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  
1959,  Neal ;  1965.* (Chap t s .  V I ,  D ;  V I I ,  C . )  

Veronica  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  
1965.x ( C h a p t s .  VI ,  D; V I I ,  B . )  

V e s t i a r i a  ( b i r d ) :  Smathers ,  1963a; Unpub. r e p o r t ;  Munro, 1960." 
(Chap t .  V I ,  H.) 

V i c i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  1965.A - 
(Chap t .  V I ,  D.) 

Vinca ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Neal ,  1965.* (Chapt*  V I ,  D . )  - 



V i n c e n t i a  ( p l a n t ) :  Degener,  1930; H i l l e b r a n d ,  1888.k 

Vio la  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  1965.* 
(Chap t .  V I ,  D . )  

V i s ~ u m , ( ~ l a n t ) :  Degener,  1930; Nea l ,  1965.* (Chapt .  V I ,  D . )  

V i t i s  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Nea l ,  1965.* 
(Chapt .  V I ,  D o )  

Vrvdaazvnea ( p l a n t ) :  Degener, 1930.* 

W a l t h e r i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  
1959; Nea l ,  1965.* ( C h a p t s .  V I ,  D; V I I ,  C; V I I I . )  

Watsonia ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Nea l ,  1965.* (Chap t .  V I ,  
D.) 

Weis ia  (moss):  Bartram, June  1933.* (Chap t .  V I I ,  E.) 

Wikstroemia ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Degener,  1930; S t o n e ,  
1959; Nea l ,  1965.* ( C h a p t s ,  V I ,  D ;  V I I ,  B,  E;  V I I I . )  

W i s t e r i a  f p l a n t ) :  Neal ,  1965.* (Chap t .  VI ,  D.) 

Xanthium ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; S t o n e ,  
1959; Neal ,  1965.X (Chap t .  V I ,  D , )  

X a n t h o r i a  ( l i c h e n ) :  Magnusson, I I 1 : 4 1 ,  1945." (Chapt .  V I ,  B.) 

Xylosma ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Rock, unda ted .  Unpub. ms; 
S t o n e ,  1959; Neal ,  1965.x (Chap t s .  V I ,  D; V I I ,  B . )  

Youngia ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund,  1947; S t o n e ,  
1959; Nea l ,  1965.* Chap t s .  V I ,  D; V I I ,  C . )  

Yucca ( ~ l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; Neal ,  1965.* 
(Chapt .  V I ,  D . )  

Z a n t e d e s c h i a  ( p l a n t ) :  Fager lund & M i t c h e l l ,  1944; Fager lund ,  1947; 
Neal ,  1965.* (Chap t .  V f ,  D . )  

Zanthoxylum ( ~ l a n t ) :  Nea l ,  1965.* (Chap t .  V I ,  D . )  

Z i n n i b e r  ( p l a n t ) :  Degener,  1930; Neal ,  1965.* 

Z i n n i a  (. ,plant): Nea l ,  1965.* (Chapt .  V I ,  D . )  

Zonar ia  ( a l g a ) :  Doty and Newhouse, 1966* (Chap t .  V I I ,  G . )  

Z o s t e r o p s  ( b i r d ) :  Smathers ,  1963a,  Unpub. r e p o r t ;  Munro, 1960.* (Chapt .  
V I ,  H.) 




