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ABSTRACT

Using the Braun-Blanque ard ordination techniques nine dry-gras communiy
types were recognized on Oahy seva of which were dominatel by exotc grasse
ard two by native grasses Heteropogoji contortus ard Eragrostis variabilis. The
communiy types occurel in summer-drought summer-dry ard humid climates The
distribution of certan communiy types coud be correlatel directly with rainfal ard
sol pH. In the summer-droughclimate the occurrene of the communiy types was
relatel to topography wind exposure rockines of the land surfa@ and stonines
of the soil. The nine communiy types were na relatel to the establishd soi series
organc matte contert ard wate retainirg capaciy of the surfa@ soils

Three distind soil-wate regimes were recognized in five communiy types
drought dry ard wet types Seasonavariatiors in soil-wate conten were correlatel
closely with the rainfal pattern

The introduction ard sprea of exotic specis resultel in a gradua disappearare
of the native gras communities in the summer-droughzone In the summer-dy zone
Grevillea robusta trees ard Melinis minutiflorw gras mas were invading the
Rhynchelytrunrepens community Andropogonvirginicus, introducel in 1932 formed
a wide sprea herbaceaosicommuniy in the humid zone In sone places this communiy
was invadel by Dicranopteris linearis fem mats ard trees of Acacia koa or
Metrosideroscollina. Fire in boh the summer-dy ard humid zones maintainel ard
extendd the gras communities
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1. INTRODUCTION

1.1. Purpose and scope of study

The current natura vegetatio of Oahlu consiss structuraly of
grass scrib ard fored communities For the purpoe of this study a
dry-gras communiy is definal as ary grass-dominatenatura vegetation
in which the dry shod mas of the grasse is dominam throughot the
year. This distinguishe the dry-gras communiy from the predominantt
green Brachiaria mutica gras communiy tha occupie certan moig
area in the lowlands of Oahy ard from the introducel Melinis minutiflora
gras communiy. which currenty occus mosty only in smal patch
communities Lawn gras ard introducel pastue coves are exclude
becaus they are considerd cultivated ard na naturd communities

Almog all dry-gras communities contan sone woody plants usualy
shruls up to 2 m tall. A communiy is acceptd as a dry-gras communiy
for this study if the scatterd woody plart cove is les than 40 percem
in an area of 100 squae meters

Dry-gras communitis occu throughot Oahy from se levd to
the highe$ mountan crest The extert varies consideralyl from a few
squae metes to large tract of severd hectares
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However within the dry-gras communiy covere by this definition,
there are consideratd floristic ard dynamc variations

No comprehense study of the gras communities on Oahu has been
mace o far. The native gras communitis are disappearig due to
iInvasian by exotc specis ard human disturbance At the sane time,
nev grass communitis dominatel by Andropogon virginicus hawe
developd within the lag 40 years It appearedtherefore of value to
stud/ the dry-gras communiy in detail The objectives of this
iInvestigation are to study the dry-gras communities on Oahu throughot
ther rang to:

1. determie ther structue ard floristic composition which will
be the bass of the subsequenobjective

2. develp a communiy classificatim which will be usefu for
mappirg ard subsequen bio-environmenta studies ard

3. explan the communiy patten in terms of environmenth
parametes ard dynamc relationshig for gainig an under
standirg of the relative stability ard permaneng of the dry-gras
communities on Oahu

12 Reviev of literatue

Mog of the native vegetatio of Oalu has been alteral by man
(Fosberg 1961) excep abowe an elevation of 500 m ard on very ste@
slopes Fosbeg statel that in the humid zore the origind vegetatio types
tha reman were the cloud foress on the top of the mountan ranges
Metrosideroscollina rain forests sone Acaciakoaforess and vegetatio
on the ste@ slopes composd mainly of Dicranopterislinearis. In the dry
lowland zone Egler (1947 notel that relicts of the native gras com
munities formed by Heteropogoncontortusard Eragrostisvariabilis were
still found Mary exotc plants which were introducel mainly after the
arrival of the European in 1778 hawe becone naturalizel (Egler, 1947
ard nov form severd distind plart communities For example Egle
notel tha Leucaenadeucocephalascrib ard Prosopispallida fores were
the mog wide-spred exotc woody plart communities in the arid pars
of the island The coasth lowlands plains ard hillsides in the arid are&
were one occupiel by native gras communitiss dominatel by Heteropogon
contortus (Egler, 1947 Hatheway 1952 Rock 1913 Vogl, 1969)

Egler (1939 1947 notel tha the relicts of the Heteropogon
contortus communities were still presen in the Leucaenaleucocephala



372 REINWAKDTIA [vOL. 8

scruh but Rhynchelytrumrepens, an introducel grass was fourd
associaté with it in the more moid pat of the arid areas

Egle (1939 ard Hosala (1937 statel tha the comma exotc plart
communitis in the wette regiors were the Psidium cattleianumard
Psidium guajava scrubs On the othe hand they did na recod the
occurrene of the Andropogon virginicugras community althoudh Rota
(1968 ard Whitney e al. (1939 pointed ou tha this gras was
introducel in 1932
. . The classificatios of the Hawaiian vegetatio by Hillebrard (1887
1889 ard Rok (1913 were base mainly on physiognomy altitude ard
climate Hosala (1937 segregai the native ard exotic plart communities
on Oahlu into six vegetatio zones This zonatiom constitutel the bass
for the later ard more refinad classificatios (Ripperton & Hosaka 1942
Hosala & Ripperton 1955 of the Hawaiian vegetation in which five
vegetatio zones were recognized thoudh certan zones were furthe
subdivided The mean annué rainfal ard altitude were the man criteria
used Eglea (1939 1947 recognize two maja zones the pluviotropicd
and xerotropich zones with furthe subdivisios in eat zore tha
essentiall followed Hosakas (1937 scheme Krajina (1963 retainel
the five maja vegetatio zones of Ripperton ard Hosalka (1942) bu
segregateé the Hawaiian vegetatio into fourteen biogeoclimatt zones
of which only nine occu on Oahu Ead zore has sever distind habitas
which are unde the contrd of eithe topographic geologc or biotic factor.
He statel tha climat was the mog importart controlling facta of the
zonation Krajinas zonatio is more usefl than Eglers (1939 1947)
becaue his zones are floristically ard edaphicall more closey defined
Knap (1965 briefly describd the Hawaiian vegetatioo ard divided it
into four zones In his schene the vegetatio of Oalu consiss of two
zones only, the rainfore$ ard dry zones He al recognize ard briefly
describd a numbe of communities including gras communities

Othea works on the vegetatio of Oahu are locd studies in physic
graphicalyy restrictel areas McCaughg (1917 macdce a descriptie
accoun of the vegetatio of Mana valley, in which he recognizd eight
vegetation types His stud/ was base on nine years field observation
Hosala (1937 studi@ the phytosociology ecology distribution ard
successiorlarelatiors of various plant communitis alorg the Kipapa
Gulch Grasse tha were noted by Hosala to be abundatin the dry ard
humid zones were Heteropogon contortus, Rhynchelytrum, repens,
Paspahimconjugatumard Paspalumorbicidare. Andropogorvirginicus
was na recorde in his study Egle (1947 recognize seven maja
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communities in the non-maritine vegetatio of the xerotropich zone
Heteropogoncontortus communities were reportel by Egle to occu in
his makaj middle ard maula koa haok zones Rhynchelytrum repens
communities in the moig part of his maula koa haok zone ard Chloris
barbata communities in his maka koa haok zone Egle statel tha thee
gras communitis were rathe unstable as there was an indication of
invasion by woody speciesPaspalum orbicular&eommunities on the othe
hand were found outsice the arid area a highe elevations Egle (1942
alo pointed ou tha in successionachangs the exotc specis were
pioneers while the natives were aggressig arrivak in the later stages
He predictel that the native specis would eventualy push the exotics out
Hathewy (1952) who describe sorre rare native dry foress in northwes
Oahy supportd Eglers prediction He reportel tha certan native woody
specis were invadirg the Rhynchelytrumrepens ard Leucaena leuco-
cephalacommunities in tha area

De Ausen (1966) in a stud/ of the coasth ecosystemsrecognize
thirteen ecosysten classes of which two were dominatel by Chloris
barbata. Her ecosystm classs wete related to rainfall, drough patterns
wind, suf ard exposure A recen study mack by Vog (1969) deat
with the role of fire in the evolution of the Hawaiian flora ard vegetation
Vog statel tha Heteropogoncontortus, Eragrostis variabilis ard othe
native specie occurrirg in dry area were resistan to fire, ard tha
fire was the facta responsit@ for maintainirg native gras communities

The abowe accoum indicates tha the previows ecologich works hawe
concentrateé on classifyirg the Hawaiian vegetatio or have bee detailel
studies in restrictel geograple areas This stud/ todk a somewha
differert approab by beirg islard wide but restrictel in detal to a
particula structurd community namey the dry-gras communiy as
defined earlier

2. GEOGRAPH AND GENERA. ENVIRONMENT OP OAHU

2.1 Geograph

The six man Hawaiiaa Islands whos landmas coves 6348 squae
miles are locatel betwe@ the longitudes from 160 to 154 W, ard the
latitudes from 22 to 19 N, in which they occupy a narrav zore extending
from NE to SW, 430 miles long Oalu is the third larges$ (640 squae
miles) of the six main islands.
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2.2. Geology and soils

The islard of Oalu is composd of the remnang of volcanc domes
that were formed during the Pliocere (Stearns 1966) The® hawe bea
mud faulted ard eroded resultirg in the presentwo, strongy dissected
roughly paralle] mountan ranges The® are the Koolau Rang on the
eas side of the islard ard the Waian& Rang on the weg side The
highes elevation Mt. Kaak in the Waian@ Range is 1227 m aboe se
level The Punchbowl Diamord Head Koko Heal ard the Koko Crates
were ash cones formed during the late Pleistocea (Stearns 1966) The
dominan geomorphologidafeatures of Oatu today are the ste@ cliffs
facing the ocean ard the gentle slopes descendig to the interior plain,
the Schofietl plateau The interior plain separate the two mountan
ranges A dominan featue is al the coasth plains tha exterd to
the north ard souh of the Schofietl plateau

Stears (194Q 1969 statel that the mountan range were composd
of basaltt pahoehe ard aa laves with deposis of pyroclastc materials
sud as cinder pumices spatter tuff and breccia Thee were formed
primarily during the maja ard secondar eruptiors in the Tertialy ard
Pleistocer periods respectively The lava flows which were issuel from
the Koolau mountan range extendd into the Schofietl plateau Red
limestore alternatirg with beds of clay, tuff ard alluvium, is fourd alorg
the coasth marghn of the island This limestore formatian varies in width
from a few fed to as mud as five miles & Ewa Unconsolidated recert
marire sediments mainly sand occu nea the beach Unconsolidatd
recent calcareos dunes of saml blown inland ard unconsolidate recert
non-calcareas deposits mainly younge alluvium, may alo be fourd on
the coasth area

A variely of soils has developd from the surfa@ geologicé deposits
Cline @ al. (1955 reportel fourteen Gred Sol Grougs on Oahu Azond
soils mainl Lithosok (rocky soils) cove abou three quartes of the
land surfa@ primarily in mountainos areas Latosos are the dominar
zond soils on Oahu The® sois haw low silica ard bag contents low
silica-sesquioxid ratios ard we&k profiles

2.3. Climate

The following accoun is basé largely on the articles by Blumenstok
& Price (1967 ard Price (1966)

Oahu has an oceart climate but ruggel topograply cause unequé
distribution of rainfal ard temperatug gradients resultirg in a gred
diversity of climatic conditions
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The northeastrade-wing tha blow from the regian of high pressue
(the Pacifc High) are a maja climatic contrd ove the island During
the perial of May throudh Septembethe trade-wird influene dominates
From Octobe throudh April the trade-wing blow less regularly During
this periad southey winds (Kona winds may preval especialf
in January

The mean annua rainfal on Oalu varies from 58 mm on the coas
of the Waian& plain (leewad sice of the Waian@ Rang¢ to 6138 mm
on the mountan cre¢ a Kahara (Koolau Range) This gred variation
of rainfal is due to the topograply of the island The orientation of the
Waiana ard Koolau Rangs is roughly parallé in a northwes to southeas
direction The range are almog a right angles to the direction of the
trade-winds thus the Waian& Range shelterd by the Koolau Range
receives mud less rainfall. The trade-wing bring only a moderag rainfal
during summey but from Octobe throudh March the averag rainfal
IS higheg becaus of the storms The contras betwea the rainy seaso
ard dry summe is velty pronouncd in low rainfal are& a low elevations
bu les s0 in high rainfal area a high elevations

The differene betwe@ the mean summe ard winter temperaturg
Is very smal in Hawaii Belov 163 m the temperatue range does na
exced 5° C. The smal temperatue range throughot the yea are the
resut of slight variatiors in monthl sola radiation ard becaus of the
oceart influence The mean annu& temperatug in the coasth area on
the windwad ard leewad sides is 24 C. The temperatue lapse rate on
the leewad sice is 0.7 C pe 10 m, ard on the windwad sice is 0.8 C
pa 1M meters

3. FLORISTIC RELATIONSHIPS

This sectim is concernd with the variatiors in specie composition
structurd characteristis ard classification of the dry-gras communities

3.1 METHODS

3.1.1 Vegetatim samplirg

The field work bega with a thoroudn reconnaissanc¢evhich included
the ue of air photos It was fourd tha the dry-gras communities are
structuraly ore of the maja vegetation types The dry-gras communities
occu throughot the islard of Oalu from sea levd to abodu 10 m
elevation therely cutting throucgh al recognize vegetatio zones
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Sampé plots were establishd whereve accessild dry-gras com
munities occurred The samplig purpog was to include a mary
communiy variatiors as possibé ard to distribute the vegetatio sampls
S0 tha ther was a geographs balane in samplirg locations In all, 1%
plots were establishd (Fig. 1) ard usel in this study

The size of eat sampé plot was arbitrarily chose as 10 sq meters
The minimd area was establishé by the neste plot technige (Can &
Castrqg 1959 Ellenberg 1956 to insule tha the sampé plot siz was
adequate A minimd area is definal as the smalles area that contairs
a near-complet representatio of the specis of the community By usirg
Cains (1939 criteria of near-complet specis representatignit was fourd
that the minimd area of the dry-gras communities was only 15 — 20 sq
meters Cains criterion designate as minimd area the poirt on the
species-am@ curve whee an increag of 10% in the sampé area yields
only 10% more species The 1M sg m quadra usa for al sampé plots
was therefore mud greate than the minimd area required

The vegetatio sampls or releves were analyzel by the Zurich-
Montpelliee metha (Braun-Blanquet 1964 Becking 1957 Ellenberg
1956 Poore 1955) This was essentiall a specis list method whese the
main emphas was placa&l on a compleé specis record Emphass was
alo placel on the quantiy of eah specis present but not throud
countirg of individuas or dired measuremednof cover Instea the
guantiy of ead specis was estimate by a cover-abundargcrating scale
The scab usal was tha of Braun-Blanque (1964)

Notes on the clumpirg tendeng ard vigor of ead specis were al®
mace qualitatively if thee were unusual The avera@ heigh of eat
speciesexcludirg the seedlingswas measuredin addition the percentag
of cove of al trees ard shrubs herbs ard bare grourd was estimate
separately Ead releve analyss was supplement with notes on location
altitude topographt position slope wind exposue ard landform

Vegetatim samplirg was carried out in the summes (dry seasons
of 1965 196 ard 1968 The plots were checke for seasorafloristic
changs during the following winters (rainy seasons)

3.1.2 Analyss of dag

3.1.2.1. Constructionof the synthesistables

The plots were divided in two groups accordig to their occurrence
in the dry or subhumil to humd regions The two regiors are separatg
by the 10 mm isohyd of mean annua rainfall. Sine the dry regim




AT

saaquTy 00l agqy oy 3ajan sandng TReld Apniz s Jo wopnqraEp (eangduafood ayy Nupwoys oyeg go diegg T T

(EELES ok R .11 55 (DO 150 .11 [SaEE
T L T T T T i T i ,_
a¥ i aNDwYIid s
= avaH oNON ; At 4
A ‘ag
HILYED ONON
=) vB-E0 R e ie-0 & F010A-LEEL VE NINTOHGH
= ;
S te ANAVANN L o t1-ca'se've 1 vie
-q o r
5 E .__n_.._u YT sorgs | . A
- ; .w_ ._u.._r id AWV
= coviefesis ‘D i
B EETE T L A 3_
m .___n._:_; i 5 s
= I 250 MY = 14
. 3 m e i INHYIY M
I
= = P
A_h.m_.. EUhl = wHY Y W
" ai'a Lo .
k-1 L INTHIRM i
-
=
P
Ea
=
m FHYHYE \EoE
g B Td wHIVAPSE
% ; YOTIYMYN
= L]
sl
.._q.-u_-._._gjn .n_..p
M ELLL'99
sz-ec” 2 a2
-
3 “rp-mBIlLL L
L] W R o temBr L A
.n#-_._ 31 INEN S SN




378 REINWARDTIA [VOL. 8

(less then 100 mm mean annu# rainfall) correspons roughly with the
leewad side of the Waian& Rang ard partly with the leewad Koolau
Range the dry regian plots are referrel to, for convenienceas the leewad
group ard those from the subhumil to humid area (more than 100 mm
mean annud rainfall) as the windwad group In eat growyp the plots
were arranged in a tabula manner All specie wer listed alphabeticall
on the left of the table The plot numbes were arrangéd alorg the top
Thus verticaly eat columm representg ore vegetation plot In this way
the specis can be checkd easil for ther presene in the vegetatio plots
Specis tha showe similar distributiors or amplitude acros the series
of plots in the table were placal togethe in the specis column Thereafter
plots tha containel the® specis were movel ard groupel together The
orde of specis ard plots was rearrangd severé times to improwe the
grouping This led to the formatian of the "blocks' (Tables | ard II)
which displayel the specis tha were usel for distinguishiy vegetatio
units. The® specis were called differentid speciesThe differentid specis
were selectd purely on a floristic bass withou referene to environment

3.1.2.2.0rdination: plot arrangement accordintp totalfloristic similarity

In the synthess tables (Braun-Blanquet 1969 the vegetatio plots
were arrangd in groups on the bass of partid floristic similarity, namey
differentid speciesThe® providel the bass for recognizimg the vegetatio
types An attemp to groy the vegetation plots accordimg to ther totd
floristic similarity was also macde by mears of ordination The ordinatian
methal of Bray & Curtis (1957 as describd by Newsone & Dix (1969
was used Fa this, similarities betwea plots were compute usirg the
formula (Bray & Curtis 1957 Greig-Smith 1969

2w

|S = ——— x 100/
(a+b)
wher IS = index of similarity,

a — sum of relative cover of al specis in the first plot unde
comparison

b = sun o relative cove of all specis in the secod plot,

w = sum of the lowe relative cove for eat specis in the two
plots if a specis occus in only ore of the plots its lower
relative cove is O.
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Relative cove is definal as the cove of ore specis expresse as
a percentag of the totd cove of al specis in ore plot Relatie cove
is usal in the formula for eag of computation sine in this cag (a + b)
IS always 200 Therefore the index reducs to IS = w. The values of w
for al the plots were compiled in a matrix. Sine the measue of quantiy
of a specis in the plots was estimatd by the Braun-Blanque cover
abundane scale eat scak was first transforme into percentage as
ollows: +=0.1%; 1=5%;, 2=175% 3=375% 4=629 amd
5= 87.896 (Braun-Blanquet1964 Etter, 1948) The cove value for eah
specis in eat plot was further converte into relative cover as mentionel
above

The two-dimensionk ordination diagrans for the plots of the leewad
groyp ard the windwad groy were constructd following the procedue
describe by Newsone & Dix (1968) This procedue is a modification
of Bray & Curtis (1957 ard Beals (1960 methods The modification
relates to the selectim of the referene plots for the ordination axes
As in the earlie methods the objectiwe is to obtan an unbiasd selectim
of floristically extrene plots for ead axis However a nen criterion is
incorporate that safeguard agains selectig referene plots tha are
floristically totally unrelatel to the red of the vegetatim samples The
criterion is tha ary referene plot mug shae a leag three similarity
indices of 50% or greate with al othe plots unde comparison

3.2 RESULTS AND DISCUSSION

The dry gras communities on Oaltu are here divided into two maja
groups a leewad groyp (Tabke I) ard a windwad groy (Tabk II).
The leewad groyp occurreél on the hillsides ard flatlands of the dry
lowlands mostly on the leewad side or in the rain shadw portiors of
the Waiana ard Koolau Ranges This area is definal as havirg a mean
annuéa rainfal of less than 10® millimeters The dry-gras communities
in this rainfal zore occurrel alorg the leewad ard the northwes$ side
of the Waian@& Rang ard the southeaisside of the Koolau Rang (Fig. 1).
Altitudinally the dry-area communities occurrel from abod 2 m abowe
sa levd to the positicn of the 100 mm isohye which range upward
from se levd to 790 meters

The dry-gras communitis in the subhumi ard humd area
(windwad group occurrel on the slopes of both the Koolau ard Waiana
Rangeswhee the annu& rainfal exceed 10 millimeters The dry-gras
communities were found on abandone fields steg slopes in opening
amorg wood/ vegetatio or in burned-ove fored land
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In-al 18l specis were recorded Of these 35 were gras specis
(5 native 30 exotic) 89 othe herbaceos specis including ferns (34
native 55 exotig ard 57 wood/ specis (2 native 35 exotic) Amorg
the native grasses only Heteropogon contortus (Egler, 1947 ard
Eragrostis variabilis (Rotar, 1968 are currenty dominant

The leewad ard windwad communiy grougs are divided into units
basel on the specis composition The® are abstrat units which are
here referral to as communiy types

In the synthess tables (Tables | ard 11) a communiy type is definel
by a singke specie or a combinatim of specis tha haw a restrictel
range of distribution ove the entire dry-gras plots

Table | shovs the completd synthess table of the dry area communiy
comple (leewad group) The specis distributel throughot the dry-area
gras communiy are listed unde the specis growp 2. Six communiy types
are recognize by hierarchicé subdivisions The specis groy 3 contairs
differentid specie of the Heteropogoncontortus-Rhynchelytrum repens
communiy type In mary plots Rhynchelytrumrepensis an importan
associatewhere it occus with a cove value of 2 (i.e, 5— 25% cove)
or more The distributiond range of the specis groyp 3 extend into the
Eragrostis variabilis communiy type which is separateé from the
Heteropogon contortus-Rhynchelytrum repermmuniy type by the
specis growp 4. The specis groyp 5 separatefour othe communiy types
from the Heteropogoncontortus-Rhynchelytrum reperssd Eragrostis
variabilis communiy types The® are the Chloris barbatacommuniy type,
the Dichanthium aristatum communiy type the Trichachne insularis
communiy type ard the Panicummaximumcommuniy type The® four
communiy types are separaté from one anothe on the bass of a singe
dominan specis only, in eadl case Theg are the specis shown by
single specis blocks on the right side of Tabke I. The specis groyp 1 are
ubiquitows species preseh in both the dry ard humd climates (see al©
specis groyp 1 in Tabke I1).

The two communiy types identified by the specis groyp 3 ard 4
occurr@l on the hillsides wherea the four communiy types identified
by the specis groyp 5 were fourd on the flatland or on gentk slopes
a the foat of the hills.

Table Il shows the complete synthess table of the windward grouy
communiy complex The specis groyp 2 occus throughotithis area Three
communiy types hawe beea identified the Rhynchelytrumrepenscom
munity type by the specis growp 6, the Andropogornvirginicus communiy
type by the specis groyp 3, ard the Melinis minutiflora communiy type




1972 KARTAWINATA et al: Grass communitieson Oahu 381

by ore dominan cove of Melinis minutiflora in only ore plot (No. 36).
This type of communiy was na samplée by more plots becaus the Melinis
minutiflora cove is only margina to the definition of the dry-gras com:
munity as given earliet The specis groyp 4 ard 5 represen further
subdivisiors of the Andropogorvirginicus communiy type The specis of
growp 4 were fourd in the plots locatel a altitudes abowe 400 m in the
Metrosideroszore of Krajina (1963) ard thos in the specis groyp 5
occurr@ in very wet almos bogy habitats alo in the rainfores zone
Except for plot no. 66 the plots containirg the specis of groyp 5 hawe
poorly drainal soils Therefore the® two subdivisiors refled importart
habita differences

The resuls of relewe arrangemetnon the bass of the totd floristic
similarity are plotted in the form of two-dimensiona ordination on
Figs 2 & 4. The groupirg of the plots can be considerd as indicatirg
communiy types It is similar to the groupirg in the synthess tables
Figure 2 shovs the plots from the dry area (leewad group) They are
segregate into seve groups recognizd by seven dominarm species i.e,
Heteropogon contortus, Rhynchelytmm repend:ragrostis variabilis,
Chloris barbata, Dichanthiumaristatum.

The ordination diagran (Fig. 2) correlats with topographt gradient
in tha the plots from the flatlands are locatel to the left of the diagram
thoe from the hillsides to the right ard the ones occurrirg on gente
slopes in the center The boundaris betwea them are indicatel by sold
lines The diagran alo separate plots dominatel by exotc ard native
species The separatig line is indicatel by a dashe line. To the left of
the line are plots which are dominatel by exotc grasse ard to the right
are plots dominatel by native grasses

Fig. 4 shows the clusterirg of the plots from the windwaid group
Two clustes are evident ore with Rhynchelytrunrepensdominane ard
the othe with Andropogonvirginicus. Ore plot (No. 36) is dominatel by
Melinis minutiflora. The® two clustes ard ore isolatel plot constitue
the three communiy types prevalen in the subhumil ard humd areas
Three plots (No. 17, 35 ard 42 in Tabk 1I) unde Rhynchelytrunrepens
contan Andropogon virginicusard ore (No. 22 in Tabk Il) contairs
Heteropogoncontortus.The® plots are treatel as parts of the Rhynchely-
trum. repenscluste becaus they haw greate affinity to the plots of
this cluste than thoe of the Andropogon virginicuscluster Ore plot
(No. 14 a the top center has a high proportion of Setaria geniculaia
and Paspaiunorbiculare.This plat is included in the Andropogorvirginicus
cluste becaus Setariageniculaiaand Paspaiumorbiculare rarely form
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arecurrirg community Fig. 5 shows tha Setaria geniculatard Paspalum
orbiculare are importart associate of the Andropogon virginicus
community

The orde of the plots of the leewad groy in the ordination diagran
is nat relatel to the environmenthafactors studied i.e, sol pH, organc
matter wate retention capaciy ard rainfall. In the windwad group
the orde of the plots on the X-axis from left to right (Fig. 4) can be
correlatel with rainfal ard sol pH. The arrangemenof the plots alorg
the Y-axis does na indicak ary known correlation with environmenta
factors

The classification of the dry-gras communities in the dry area in six
communiy types agres in genera with Eglers (1947 classification of
the arid southeasOaltu vegetation Egle (1947) however differentiatel
betweea Heteropogon contortusgrassland of the maka koa haole
middle koa haok amd maula koa haok zones This is primarily a
geographs separation Floristicaly ard structuraly the Heteropogon
contortus communitis shav little differen@ in the® three geograplo
subdivisions He considerd the Trichachne insularis ard Panicum
maximumcommunities as phass or asped of the Prosopispallida forest
Melinis minutiflora was reportel by Egle (1947 to be spreading The
Andropogon virginicus communiy was na reportel in Eglers (1947)
or Hosakas (1937 study Evidently this species which was introducel
in 192 (Rotar 1968 Whitney et al, 1939) had na escapé cultivation
a tha time. Sine then it has sprea so mud tha it is nov the mog
dominan gras cove on the windward side

Formerly, Paspalum orbicularecommuniy was reportel by Egle
(1947 ard Hosala (1937 to be a maja gras communiy in the humd
area In the presen study it is still preseh but rarely dominarn in the
Andropogonvirginicus ard Rhynchelytrum repensommunities It seens
that Paspalum orbiculare has largely been replacel by Andropogon
virginicus ard Rhynchelytrumrepens. Paspalum orbiculare is alo an
importart invade on burned-ove foreg land roadcus ard landslides

Although the plots can be classifiel into communiy types the
floristic'data (Tabke | ard Il) indicake tha the distributiond range of
mog specie embrae severbd communiy types This is al©o shown in
the ordination diagrans (Figs 3 ard 5). The totd floristic compositio
shows a continud chang from ore plot to anothey therefore indicating
the communiy types are na completey discontinuous

The specis usa for distinguishig the communiy types (i.e,
differentid speciey may be usel as diagnostt specis only for Oahu
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The classificatim may na be applicabé to the othe Hawaiian islands

The following description relates to the gener& characteristis of
the variows dry-gras communiy types as segregai in the \w'o synthess
tables The sequene of the descriptim is as follows:
I. Leewad communiy types (Tabke I).

1. Heteropogoncontortus-Rhynchelytrum repens.

2. Eragrostis variabilis.

3. Chloris barbata.

4. Dichanthium aristatum.

5. Panicum maximum.

6. Trichachneinsularis.

II. Windwad communiy types (Tabk I1).

7. Andropogonvirginicus with its two variatiors in wette ard
highe areas Andropogon virginicus-Metrosiderosrugosa ard
Andropogonvirginicus-Dissotisplumosa.

8. Rhynchelytrumrepens.

9. Melinis minutiflora.

3.2.1 Heteropogon contortus-Rhynchelytrum repensommuniy type
(Table 1, 42 ploty

The Heteropogoncontortus-Rhynchelytrumnepens communiy type
occus on lands betwea outcroppimg bluffs on the slopes of the Koolau
anmd Waian& ranges The substrag@ may be basal lava flows (Stearns
1940 on Waianae Koolau ard Lanika or cinde core materia (Stearns
1969 on Koko Crater Koko Heal ard Diamord Head In mog areas
the communiy type is representg only by patche of a few hundred
squae meters On slopes with finely weatherd substrate ard fewe
rok outcros the communiy may cove a few thousad squae meters
The communitis form mosais amorg the Leucaenaleucocephalaard
Acacia farnesianacommunities or band betwea& lava outcrops

Although in mog plots Heteropogoncontortusis dominar in cover
in sone plots it becoms subdominah where Rhynchelytrumrepensis
dominant Ou of 42 Heteropogoncontortus plots (Tabke 1), 18 haw
values for Rhynchelytrunrepens,of 2 or more (i.e, & leas 5— 25%
cover) The® plots occu in the highe rainfal area sut as Lanikai,
the eas$ facing slopes of the hill & Makapw amd Koko Head Thus
they form a variation of the Heteropogon contortus-Rhynchelytrum
repenscommuniy type in more moid habitats

The Heteropogoncontortus-Rhynchelytrum repermmuniy type
shows a stratification in plart height The first stratum with a heigh
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of ove 50 cm consiss of scatterd wood/ plans sud as Leucaena
leucocephalaard Acaciafarnesiana.ln the secod stratun which range
betwea 15 ard 50 cm, in addition to Heteropogon coniortusid Rhyn-
chelytrumrepens,Sidafallax, Waltheria indica, Cassialeschenaultiana
ard Bidenspilosa are the mog comma species Plant less than 15 cm
tall tha constitue the third stratun are Emilia sonchifolia, Euphorbia
hirta, Ageratum conyzoides,Desmodiumtrifiorum, etc In mary plots
during the wet season Emilia sonchifoliamay becone dominan in the
third stratum

Fifty nine percem of the specis in this communiy type are
perenniad ard the reqd are annuals Although the communiy type as
a whole is dominatel by perennials annuas may becone dominan in
the third stratum during the rainy season

Soils unde this communiy type are shallav (5— 60 cm deep ard
rocky. Dark Magnesim Clays are prevalem in the communities a Kaera
Point Kahe Poirt ard Makapuy Red Deset Soils & Koko Heal ard
on the oute slopes of Koko Crate ard Diamord Head ard Low Humic
Latosok the reg of the dry area In mary plots soils hawe a thick laye
(abou 10 cm) of gras litter. In sone plots a powdey ash-like dry
humus laye is present especiall where Leucaena leucocephalia high
in cova value The averagedeph of the man rhizosphee is 14 cm
rangirg from 10 to 40 centimeters

3.2.2 Eragrostis variabilis communiy type (Tabke I, 8 plotg

The Eragrostisvariabilis communiy type occus in the sane climatic
ard geographt area as the Heteropogon contortus-Rhynchelytruspens.
communiy type The individud communities of the® communiy types
often occu adjaceh to or may intergrag with ore anothey bu the
Eragrostisvariabilis communities are on the steepe slopes On southeas
Oatu the Eragrostisvariabilis communities are always fourd on the eas
to northeas facing slopes tha are expose to strorg winds In addition
to Eragrostis variabilis, Fimbrystylis pycnocephalaard Lipochaeta
integrifolia are particulary characteristi for this community

In mog case this communiy type consis$ of three strata Eragrostis
variabilis, Lantanacamara, CassialeshenaultianaWaltheriaindica ard
Leucaenaleucocephalaare the specis of the first stratum The averag
height of the stratun is 40 cm The secod stratun range in heigh
from 10 to 30 cm, consistig of Sida fallax, Emilia sonchifolia, Bidens
pilosa, Rhynchelytrum repenard Heteropogoncontortus. In the third
stratun which is less than 10 cm height the mog commam specis are
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Euphorbiahirta, creepimg Lipochaetaintegrifolia, Desmodmntriflorum,
Fimbrystylis pycnocephalaard Ageratumconyzoides.The® specis are
growing betwea Eragrostis variabilisbunche on very shallav soils tha
are a few cn deg or directy on exposd sot weatheriig rocks Sida
fallax, fourd in all eight Eragrostisvariabilis plots assume a creepim
habt on rocky habitats

Certan othe woody specis are found occasionajl in this communiy
type Thee include low-branchd shrubs sud as Indigofera suffruticosa,
Stachytarphetajamaicensis, Phaseolus lathyroides, Plucheaodorata,
Tephrosiapurpurea, a vine Passiflorafoetida ard a stuntel native tree
Santalumellipticum which is found however only in ore plot (No. 95
a Diamord Head In addition othe grasse ard forbs are fourd
occasionayt sud as Trichachneinsularis, Panicumtorndum, Doryopteris
decipiensard Oxalis corniculata.

Soils unde this communiy type are usualy shallov (10 — 30 cm
deep) rocky ard mainly confinel to pockes betwe@& rocks On steg
cliffs, Eragrostis variabilisgrows on terraces tha are filled with finely
weatherd rocks Sol materia is similar to tha of the Darkk Magnesim
Clay a Makapw ard the Red Deset Sol on the slopes of the Koko Crater
The sol is often coverel with thick undecomposk gras litter (averag
thicknes of 17 cm), ard a very dark-grey brown humus laye (abou
5 cm) may be present The averag deph of the man rhizosphee is 15 cm,
rangirg from 10 to 25 m.

3.2.3 Chloris barbata communiy type (Tabke I, 11 ploty

The Chloris barbatacommuniy type is usualy found on the flatlands
in smal area in disturbel habitats The large$ communiy is fourd on
Makapw Flat betwee@ Wawamali Beatw Pak armd Makapw Point
whee it coves an area of abou 18 hectaresgradualy mergirg with the
Dichanthiumaristatum communiy type

In the westen patt of the island betwea Canp Kaera and Kaera
Point the Chloris barbatacommuniy type occus on sol pockes betwea
bouldes with Myoporum sandwicensisa native shrubly treg coverirg
abou 1% of the totd vegetatio cover

Only 28 percem of the specie preseh in this communiy type are
woody. Lipochaeta lobata ard Gossypiumtomentosumare the mog
importart native shrubs scatterd throughott mog plots while Myoporum
sandwicensisis found only a Kaena All three specis hawe a highe
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degre of frequeng ard cove than mog wood/ specis in this communiy
type Phaseoluslathyroides, a semi-woog species tends to becone
dominan in sone areas Outsice the gras communiy this specie may
form pure stands It may al® occu sparingy in the Heteropogon
contortus-Rhynchelytrumepens communiy type Sida fallax, Leucaena
leucocephala,Acacia farnesiana,Prosopis pallida are additiona woody
specia fourd in the Chloris barbatacommuniy type Desmanthus virgatus
is vety commam ard often forms pure stanéd or mixed stand with
Leucaendeucocephalautsice the gras community Desmanthuwirgatus
may occu alo in the Heteropogoncontortus-Rhynchelytrum, repens
communiy type but only sparingly Thee are no obviowss habitd
differences betwee@ communitis dominatel by Chloris barbata,
Desmanthusirgatusamd Phaseoludathyroides.The formatian of the pure
communities is apparengl attributabé to the see availability in orde
to regenera afte a disturbancelt was observd in the field tha Chloris
barbataseel did nat germinagé in the shae ard thick litter of the parert
plants Seedling of Phaseoluslathyroides ard Desmanthus virgatus,
however were commam undernedt paren plants After fire the seed
of Chloris barbata, Desmanthusvirgatus ard Phaseolus lathyroides
germinatel readiy whereve adequat sol moistue was available Fire
evidenty helpal in removirg dea gras litter ard in clearirg the sites
for Chloris barbataseed to germinate

Mog of the associaté specis in this communiy type are scattered
Ageratum conyzoidesard Phyllanthus niruri terd to aggrega in the
opening betweea gras clumps The othe herbaceos species which
occu only during the wet season are only minar componerg of the
communities

The Chloris barbata communiy type occurrirg on levd grourd or
occasionall on gentk slopes is found on sang loam to silty loam soils
of the Rad Deset Soils & Koko Head on dak brown sang loan soils
a Diamord Heal crater ard on alluvid clay soils ard shallav story
clay soils a Kaena The larges communiy occus on Lualuale clay
soi a Makapw Flat However it is restrictel to the story phag ard
shallov portion of the flatland (avera@ deph is 40 cm). The extensie
occurrene of the Chloris barbata communiy hee does na indicae ary
preferene of this communiy to this particula soil, it may occu on
ary sol on levd ground Its occurrene is relatal to disturbane rathe
than sol type The averag deph of the man rhizosphee is 14 cm
rangirg from 10 to 25 centimeter
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3.24 Dichanthiumaristatum communiy type (Tabk I, 4 ploty

The larges communiy is found on the flatland a Makapuu It
occurs in the sane area adjaceh to the Chloris barbata community
At the foat of the hill it merge with the Panicummaximumcommunity
Dichanthiumaristatum patche may al® be fourd on wet ditches alorg
the road sice in the dry zone bu otherwig Dichanthiumis only locally
importart here

Dichanthium aristatum is a bundy gras who® thick deal shoos
reman on the plants Thick litter coves the grourd betwe& bunches
Vely few specis are associaté with this community Lipochaetalobata
ard Desmanthusvirgatus are the mog comma associates Gossypium
tomentosunPhaseolus lathyroides, [pomoea cairar@ Sonchus oleraceus
may alo be present

The Dichanthium aristatumcommuniy occupis the non-stoy pha®
of the Lualuale clay soil, adjacen to the story pha® covera by Chloris
barbatacommunity The deph of the soi extend to ova 1M centimeters
The internd drainag of this soi is poa comparéd to the story phase
This appeas to caug the longe seasoriaflooding after heay rain,
which seers to limit the extert of the Chloris barbatacommuniy on this
area Dichanthiumaristatummay be bette adapte to this conditin than
Chloris barbata. The averag deph of the man rhizosphee is 24 cm,
rangirg from 15 to 35 centimeters

3.25 Panicummaximumcommuniy type (Tabk I, plots no. 63 ard 85

This communiy type was samplé only on the gentk slope a Makapw
whee it was wel developed However it occurr@ throughou the islard
in occasionapatche here ard there Panicummaximumwas introducel
to the islard in 188 (Rotar 1968 Whitney & al, 1939 as ore of the
importart forage grasses This gras escapeé from cultivation ard
establishd itsef in severa places Apparenty jt has spred to this area
only in recen years sine Egle (1947 did na repot its presene in
the Makapw area Panicummaximumlocally forms large bunchs with
vely stou roa stocks resultirg in locally deng cover It is usualy
associate with Leucaenaleucocephala.Very few species excep Sida
fallax, occu in the shae of this species The communiy merge with
Chloris barbataard Dichanthiumaristatumcommunities on the flatland

The Panicummaximumcommuniy type occupia similar soi materid
as fourd unde the Chloris barbata and Dichanthium aristatumcont
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munities At Makapw the story soils supportig the Panicummaximum
communiy are fourd in narrov ard deg crevices betwea bouldes nat

affectal by the seasonaflooding The deph of the main rhfzosphee in

the two plots is 20 centimeters

3.2.6 Trichachneinsularis communiy type (Tabk I, plots no. 31, 57
ard 59

Although Trichachneinsularis is dominam only in three plots it
occus alo in mary Heteropogon contortu€ommunities but with low
cover Whethe Trichachneinsularis occus in singke isolatel bunche
or as a closel ard wide-spred cover it is always associaté with Acacia
farnesiana. Trichachneinsularis communities occu on gentk but rocky
slopes whee soils are fourd in the pockes betwea boulders Therefore
the habitd is vely similar to tha occupiel by Panicummaximumexcep
for the differene in associateé wood/ plants Trichachneinsularis was
accidentaly introducel in 196 (Whitney & al., 1939) It is unpalatals
to cattle ard considerd a pest Egla (1947 reportel tha Trichachne
insularis was spreadig very rapidy on grazel land becaus grazirg
animabk were eliminating its competitors

Soils are always confined to narrov ard deg crevices (ova 30 cm
deep betwea large boulders The very dak grey to bladk sol materid
is similar to tha of Dakk Magnesim Clays but the texture range from
sang loan to silty clay loam It differs from the soi unde Panicum
maximumcommuniy by beirg darke in colou ard more gravelly The
averagedeph of the man rhizosphee is 12 cm rangirg from 10 to 15
centimeters

3.2.7. Andropogonvirginicus communiy type (Tabk II, 23 ploty

The Andropogonvirginicus,communiy type occus both on slope
ard on undulatirg terrain particulary on the moig windwad side
The communiy type extend from the guawa into the ohia zones Gras
clumps even exterd into the cloud zore on Mt. Kaalg abou 120 m abowe
sa level Andropogonvirginicus communities occu on abandone fields
ard in fores openings Andropogon virginicus al® forms patch
communities in Psidium guajavascrul Metrosideros-Acaciaarnd Metro-
siderosforests In sone places Andropogonvirginicus forms the gras
matrix of a savana formation with Eugeniacumini trees for exampé
at Kahalw ard Waikane It forms extensie pure gras coves a Kahuku
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The specie compositim varies from ore plot to anothe more than
in the othe large community the Heteropogon-Rhynchelytrunype
Native specis constitue only 36% Nore of than forms ary significart
cover Andropogonvirginicus was introducel in 192 (Rotar 1968
Whitney et al., 1939) but nov it dominate gras communities in the
humid climate It is a hardy perennid bunchgras with thick leaves the
majority of which stard up as dry yellow shoots giving this gras a
dry-gras habt throughot the year Spacs betwe@ bunche are usualy
coveral with thick shoa litter. However othe specis sud as Stachytar
phetajamaicensisard Cassialeschenaultianagrov betwe@a the bunche
ard are abke to reprodue by seedling even unde thick coves of
Andropogonvirginicus litter. Andropogonvirginicus itsef is unabg to
reprodue by seedling unde this situation Seedlings howevey occu
on open places undernedt the paren plans where the grourd is na
completey coverel by dea shoots

Othe gras specis commory fourd in the Andropogonvirginicus
communiy are Paspalumorbiculare, Setariageniculataard Chrysopogon
aciculatus.Paspalum orbicularevhich was introducel in the pre-Europea
times (Rotar 1968 Whitney et al., 1939 is a tufted perennia but nat
as hardy as Andropogonvirginicus. Compard to Andropogonvirginicus,
Paspalum orbiculare is mud les obviows in the community Setaria
geniculatais a rhizomatos perennié gras which is alo an importan
associat in the community In somewha shadd places (unde Eugenia
cumini), Setaria geniculatamay becone dominant for exampé in plot
No. 14 (Tabk I1). In sud situatiors Andropogonvirginicus grows with
reducel vigour.

Andropogonvirginicus grows bes on deg soils in the windwad
zone where the average heiglt of the matue plans reachs 1%
centimeters However on poorly draineal soils in Pupuka (plots no. 23,
24, 71 ard 72) it grows with lower vigour. Its avera@ height is only 65 cm
on sud wet soils In area with low rainfal of abod 10® mm (subhumidl
and on shallav soils in strongly wind-exposd positions the maximum
height does na exced 30 cm ard the cove is thin.

Floristic variatian in some plots (see specie groy 4 in Tabk I1)
is relatal to altitude ard sol condition The® plots no. 38— 41, 23 — 25
66, 71 72) occu a altitudes highe than 400 meters They are locatel
in area surroundd by forest Fore$ species suh as Metrosideros
rugosa,Cibotium chamissard Psychotriamariniana,are presehin thee
plots Grammitis tenellaard Elaphoglossumcrassifolium are epiphytc
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ferns tha occu usualy in the forest Although Metrosideros collinais
presen in othe plots a lower elevation it has highe cover-abundare
values in the® ten plots

The specis groy 5 in Tabk Il shows a still more restrictel distri-
bution associaté with very wet soils Plots 25 ard 66 are on bette drainel
but constanty moig soils Dissotis plumosa, Rhynchosporgégavarum,
Sacciolepigndica, Lycopodiiimcernuumard Machaerinaangustifoliaare
god indicatos of sud wet soils

Andropogonvirginicus constituts the first stratun in pure gras
communities In communities containirg trees ard tall shrubs Andropogon
virginicus forms the secod but still dominan stratum The first stratum
(150 cm or highe) is usualy composd of sut woody plans as Scaevola
gaudichaudiana, Wikstroemiaoahuensis,Psidium cattleianum, Psidium
guajava, Metrosideros collina, Metrosideros rugosa, Acaciakoa ard
Eugeniacumini. A third stratun (30 to 60 cm) consiss of Paspalum
orbiculare, Setariageniculata, Sphenomerichusana,Nephrolepishirsu-
tula, StachytarphetgamaicensisCassialeschenaultianard occasionally
Lantana camara. The specis comma in the fourth stratun (less than
30 cm) are Emilia sonchifolia, Centella asiatica ard Chrysopogon
aciculatus.'Indry ard extrene habitas ard in purs gras communities
the stratification may be reduce to three

The Andropogon virginicussommuniy type occus on a variey of
soils They are Lithosols Low Humic Latosols Humic Latosos ard
podzolc soils The Lithosok include the Nakaleé silty clay complex (the
rough broken land type tha occus in the Kahuku area The Lithosok
here consi$ of deepy weathed rocks with little sol material The Low
Humic Latosof occu in plots (26, 29 a the Kawailoa Fore$ Resere
ard the northwes side of the Schofietl plateau The Humic Latosot are
dominart on the slopes of the ridges a Kailua Kahalw armd Waikane
The communities on the poorly draineal soils occu on the flat portiors of
the ridge ard on the slopes in high rainfal area (with mean annua
rainfal greate than 250 mm) ard at high elevation (greate than 400 m)
in the Pupuka area Soils unde the Andropogonvirginicus communiy
type are usualy vely deg extendig to ove ore meter In Palikea
however they are only 10 — 25 cm deep The averagedeph of the man
rhizosphee is 15 cm rangirg from 10 to 30 centimeters

3.2.8 Rhynchelytrumrepenscommuniy type (Tabke II, 12 plot9y

The Rhynchelytrumrepens communiy type occus mainly on the
slopes in the subhumil areas They are fourd on abandone fields or
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recenty disturbel areas However the specis may alo be fourd in
smal colonies or growing on the roadsids in the subhumil climate

The communiy type is composd mainly of exotc species A native
speciestha constituts an importart componeh of this communiy type
in sonme stands is a creepiy shruh Osteomelesanthyilidifolia. Othe
natives sud as Bidens gracilloides, Bidens waianensis, Cocculus
ferrandianus, Dodonaea viscosa, Eragrostivariabilis, Heteropogon
contortus, Metrosideros collina, Plectranthus australis, Pteridium
aquilinumvar. decompositumikhynchospora scleroideSchiede&kialeae,
Sphenomerichusana, Wikstroemiaoahuensisard Wikstroemiavaccini-
folia may be present

The communiy type shows a stratification The first stratum
consiss mainly of tree sapling or shruls with heighs rangirg from 60
to 200 cm but they are scatterd ard do na form a closel canopy
The mog commam are Lantana camara, Psidium guajavad Schinus
terebinthifolius. In sonme plots yourg trees of Grevillea robusta are
present Native trees ard shrubs sut as Metrosideros collina ard
Wikstroemiaoahuensis,ard a woody herhy Bidens waianensismay be
encounterd in the stand locatel in more moig areas The secod stratun
is composd mainly of herbaceos specis with heighs rangirg from 30
to 60 centimeters Theg are Rhynchelytrumrepens (the dominant)
Andropogorvirginicus, CassialeschenaultianaConyzaparva, Osteomeles
anthyllidifolia, Paspalum orbiadare, Stachytarphetgamaicensis, Wal-
theria indica, Nephrolepishirsutula, Heteropogoncontortus, Pennisetum
setosum Pteridium aquilinum var. decompostitumSpathoglottis plicata
and Sphenomerichusana.ln the third stratun are specis tha are les
than 30 cm high including seedling of plans of the uppe strag sut
as CassialeschenaultianaConyzaparva ard Stachytarphetgamaicensis.
The othe commam specie are Bidens pilosa, Chrysopogonaciadatus,
Desmodiumtriflorum, Emilia sonchifoliaard Vernoniacinerea. Centella
asiatica, Phyllanthusniruri ard Richardia scabraare rare

Rhynchelytrunrepensis native to Souh Africa. It was first fourd
growing in the Hawaiian Islands in 183 (Rotar 1968 Whitney e al,
1939 ard is nowv growing throughot the islands from se leved to abou
800 meters It is a perenni& usualy with mudh branche stens tha
are often rooted at the bash nodes Branch-rootiig is the mears of
vegetatie reproductio of this species Reproduction howevey is more
effective by seeds Seedling are comma undernedt the paren plants
but they thrive bette in open places Othe seedling tha are commony
found are Emilia sonchifolia, Conyzaparva ard Stachytarphetgamai-
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censis. Seedling of CassialeschenaidtianaBidens pilosaard Psidium
guajavamay be presehn occasionally

Grevillea robusta seedling are also commam nea the parent trees
in the stand whete this specis is present

Rhynchelytrumrepenscan grow in the subhumd to dry climates
In the dry area Rhynchelytrunrepensis an importart associa of the
Heteropogoncontortus-Rhynchelytrumepenscommuniy type in which
it is presen in the plots with varying proportiors (Tabke I, Fig. 3),
but it grows with reduce vigour, where generaly the inflorescene heigh
reachs only 40 centimetersin the subhumil climat it grows with greate
vigour to an averageheight of abou 70 centimeters

The Rhynchelytrumrepens communiy type occus on Humic Fer
ruginows Latosos (at Kunid) ard the rough broken land types of the
Lithosols The latter include soils resembliig the Humic Latosos (on a
very ste@ slope a Waikang amd Daik Magnesim Clays (on avely ste@
slope aboe Kahara Bay) ard the Nakalek silty clay complex (in the
Kahuku area) In general soils unde the Rhynchelytrumrepens com
munity type are shallowe than tho® unde the Andropogon virginicus
communiy type The sol deph ranges from 15 to 10 cm with an average
of 39 centimeters The averag deph of the man rhizosphee is 18 cm
rangirg from 10 to 25 centimeters

3.2.9 Melinis minutiflora communiy type (Plot no. 37, Tabk II)

This communiy type is representé by only ore plot in this study
It is locatel adjaceh to the Rhynchelytrumrepens communiy a the
edege of Schofietl plateau This communiy type is found mainly on slopes
and develos beg in the dry to subhumil climates Ore can find patchs
of this communiy & the edge of certan Metrosideros-Acaciaforess
in the humd climat or alorg road cuts

Melinis minutiflora is an exotc specis which was introducel in 1913
(Rotar, 1968 Whitney et al., 1939) It is aggressie ard can overgrav
othe communitis or invades bare grourd in the subhumi zone It
grows in thick mas ard reproduce by rooting from the bas& nodes of
the branchesThis growth habt contribute greaty to the aggressivenas
of the species The plans form a tight ard thick cove tha makes it
impossibé for othe specis to grov underneath Certan herbaceos
specis sud as Pteridiumaquilinumvar. decompositionEmilia sonchifolia
and Conyzaparva may be presen in the openings Trees ard shrubs
which are fourd in the community apparentl grew alreag on the site
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before Melinis minutiflora becane established Occasionally Andropogon
virginicus is presehin the middle of the community perhas as aremnan
of a previots Rhynchelytrumrepens-Andropogon virginicusommunity
Since few specis are associate with Melinis minutiflora, the communiy
tends to beunistratd or bistrata if shruls and trees are present

The Melinis minutiflora releve samplé@ (plot no. 37) occus on Humic
Ferruginos Latoso| althoudn elsewhee it may be found on Humic
Latosd ard Low Humic Latosd soils The deph of the man rhizosphee
is 20 centimeters

4. ENVIRONMENTAL RELATIONSHIPS

The nine communiy types describd in the precedig section occu
in differert geograpts areas altitudes habitats topographt positiors
ard climatic regimes Certan but na all communiy patterrs are related
directly to the environmenth factors The maja controlling facta
complexas are climat ard soil. Othe factors e.g, exotc specis invasion
human activities ard fire, play an importart role in the developmenard
maintenane of certan gras communitis alsa The latter factois will
be discusséd in the sectim dealirg with dynamig relationships The
following section deat with the climatic ard edapht factois tha were
found to shav cloe relationshig to the vegetatio patterrs as isolatel
in the synthess tables ard ordination diagrams

4.1 CLIMATE

4.1.1 Methods

The climatic dal of Oalu were analyzel using Gausses' (1959
metha (Walter, 196Q Walter & Lieth, 1960 tha has been applied for
evaluatig the climate-vegetatio relationshig (Walter, 1964 Doty &
Mueller-Dombois 1966 Mueller-Dombois 1969) The metha involves
constructimm of a climat diagran (Fig. 6). The abscisa of the diagran
represerg the montts of the yea from Januay to Januay with July
in the center The left hard ordinat refers to the temperatug which is
divided into units of 10° centigrade The right hard ordinat refers to
rainfal in unit intervak of 20 mm up to 10 millimeters Above 10 mm,
the intervak are reducel to 10 percent thus ead intervd equas 200
millimeters The curves represethmean monthly values
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Data for sixteen statiors were selectd from Blumenstok & Pri
(1967 ard from a U. S. Weathe Burea repot (1965 for constructig:
the climae diagrams Eight statiors had record of mean monthy
temperature For the othe eight the mean monthly temperatue wes
calculatel by extrapolation usirg the lape rate ard altitudind differences
The averag laps rate for the windwad sice is 0.8 C/10 m ard for the
leewardside it is0.7° C/100meters.Thecalculation of the lapserate was
basel on the temperatue data from 16 stations Fourtea statiors hal
rainfal records of 30 yeas or more ard two, a Paleha ard Mt. Kaalg
had recorsg of 10 ard 15 years respectively The mean monthly rainfal
for eat station was plotted with referene to the right hard ordinae
and the mean monthly temperatue with referene to the left hard ordinate

The annud& media rainiall dat from the rainfal statiors neares
the plots were obtain@ al irom Taliaiero (19%). To investigaé the
relationshig betwea the rainfal amd vegetatioo patterns tes of
correlation betwea the rainfal values for the plots ard the coordinate
of the plots on the X- ard Y- ordination axes were made

41.2. Results and discussion

The importan featue of the climat diagran is the 1. 2 relationshp
betwea temperatue ard rainfall. Gausse (1954 suggeste tha the
potential evapotranspiratioin mm was equé to abou twice the monthy/
temperatue in degres centigrade Walter (1969 suggeste tha the
temperatue curve coud be usel as a measue of the yearly variatian in
evapotranspiratianA significart drough periad may occu wheneve the
rainfal curve undercus the temperatug curve A drough perial is shom
in Fig. 6 by the dotted field. The temperature-rainfalrelationshp agres
aloo with mog rainfal efficiengy formulaee (Mueller-Dombois 1969)
A dry perial is indicatel by a mean monthly rainfal of less than 10 mm
when the rainfal curve remairs abowe the temperatue curve A humtd
periad is indicatel by the dak field in the diagran which shows tha the
rainfal reache or exceedd 1M millimeters For instane the climae
diagran a the Waimanab weathe station (Fig. 6) has a winter humd
period fall ard spring dry periods ard a summer-droughperiod It IS
aloo generay assumd (Major, 1963 1967 Mueller-Dombois 1969
Thornthwaite 1949 tha 100 mm rainfal is equéa to the averag stora@
capaciy of the soil. Rainfal in exces of 100 mm therefore is expectd
to caug ard disappearas run-off.
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Fig. 6 The climat diagran of Waimanab weathe station 6 m aboe se level

The statiod has a mean annuad rainfal of 118 millimeters The solid bladk field

is the periad of meax monthly rainfal greate than 100 mm, indicatig a humd

period The stipled field indicates a drough period tha is when the rainfal curvwe

undercus the temperatue curve Dry periods occu when the mean monthly rainfal

is less than 10 mm, but the rainfal curwe lies abowe the temperatue curve (pat
of the hatche field).
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Three climatic zones can be recognize on Oahu from Fig. 7, dervel
on Fig. 8:

a Humid climate mean monthl rainfal throughou the yea IS
greate than 10 millimeters

b. Summer-dy climate mean monthy rainfal in summe is les
than 100 mm, but the rainfal curwe in the climae diagran
remairs abowe the temperatue cure or if the curves ae
intersecting the drough periad occurs only for a vely shot
period ard for pat of the yea the mean monthly rainfal IS
greate than 10 millimeters

c. Summer-droughclimate the mean monthly rainfal is general.
less then 100 mm ard the rainfal curve in the summe undercus
the temperatug curve resultirg in a distind drough period

Although only three climatke diagrans of Mt. Kaala Paua Fla ard
Waikare representhe humd type in Fig. 7, the generalizd humd zore
in Fig. 8 was constructd on the bass of the® three climate diagrans
ard additiona climatic datn (U. S Weathe Bureay 1965 of 14 rainfal
statiors havirg mean monthl rainfal greate than 100 millimeters

In the precedig sectim Oahu was tentativey divided into two
climatic zones i.e, dry region ard subhumil ard humd regions This
zonation was base on the 100 mm isohye¢ withou referene to the
temperatue ard seasonayl of the rainfall. The® zones were adopte for
conveniene in the initial groupirg of the vegetatio plots In the
following discussia this zonatiom is supersed# with the newvw ore
mention&l above

The distribution of the gras communities corresponde to the thres
climatic types The Andropogon virginicusommunities developd bes in
the humd climate althoudn occasionajl they occu in the wette segmen
of the summer-dy climate but usualy with reduce vigor. Paspalum
orbiculare occurrel al®o abundantl in the humid climae ard was
sparingy preseh in the summer-dy climate Rhynchelytrumre-pens
communities ard Melinis minutiflorapatche were comman in the summer
dry climate althoudn the Melinis minutiflorapatche might be fourd in
the drier patt of the humid climake alsa The area with summe drouglt
climate on Oahu coverel mostly the hillsides of the leewad Waian& ard
Koolau ranges in which Heteropogoncontortus formed the dominar
gras cover The Eragrostis variabilis, Chloris barbata, Dichanthium
aristatum, Trichachneinsularis ard Panicummaximumcommunities wele
alo fourd in the summer-droughclimate The Heteropogoncontortus
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community might be found occasionally in the summer-dry climate (i.a
no. 22, Fig. 1, at Kahuku). This was the wettest end ofHbateropogo
contortuscommunity distribution. Before the introduction of the exotic §
Rhynchelytrum repens, Heteropogon contortuas probably common
non-forested areas in the summer-dry climate. On the island ofik;
Heteropogon contortusind Andropogon virginicussommunities had simil
distributional patterns (Doty & Mueller-Dombois, 1966) as on Oahu

respect to these climatic zones.
The summer-drought climate covers the vegetation zones A and B oftRi

& Hosaka (1942) and Krajina (1963) and the xerotropical vegetatineszo
Egler (1939, 1947). In addition to grass communit&sacia farnesianaanc
Leucaena leucocephalacrubs andProsopis pallidaforests were the mc
common vegetation covers in this climate. The summer-dry cliowteide:
with the vegetation zone C and the lower phase of zone D. P&diun
guajavaand Schinus terebinthifolmaere widespread.eucaena leucocepht
may also be found in the drier part of this climate Awdcia koaforest in thi
wetter portion. The medium and high phases of the vegetation zonadide
with the humid climate, where the vegetation consisted predominar
Metrosideros collindorests andicranopteris linearidern cover.

It is evident that on Oahu the grass communities occured inealtlitmatic
types, from summer drought to humid. It was observed that this wasra
for the island of Hawaii. This agrees with Egler's (1947) olagien. Althougt
the climate is the controlling factor in the distribution of the gcassmunities
other factors such as human disturbance, fire and ability ofespwo fill ug
available niches are important. Disturbance is particularly importatie
establishment of the grass communities in the humid areas.

To investigate the relationships between the rainfall and grass wuty
pattern, annual median rainfall data from the nearest rairé&tlbiss to th
plots were obtained from Taliaferro (1959). Tests of correlation lesitwtia
rainfall values for the plots and the X and Y values of the pltasing to the
ordination diagrams were performed following the method of Bray é&ti<
(1957).

For the leeward group, no correlation (Table V) between timéataand th
order of the plots on the X- and Y- ordination axes was observes.wi:
expected since the grass communities on the leeward sideritggaccure
side by side without any indication that their differences weraelto .
rainfall gradient.
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For the windward group, there was a significant correlation (Tablen)
between the amount of rainfall and the order of the plots on thesX{aka
been shown in the ordination diagram (Fig. 4) that three commiypieg ca
be recognized, thRhynchelytrum repens, Melinis minutifloaad Andropogo
virginicus community types. The relationship between the change of the
dominance and the rainfall gradient along the X- axis is showigi 9. In thi
diagram the X-axis was divided into ten segments:-6.@.9; 10.0— 19.9

20.0— 29.9; 30.0— 39.9;
40.0— 49.9; 50.0— 59.9; 60.0— 69.9; 70.0— 79.9; 80.0— 89.9 and

90.0— 100.0. The intervals 20:6- 39.9 and 50.6— 69.9 were considered
individual units because there was only one plot in the intervals

20.0— 29.9 and 50.6— 59.9, respectively. Therefore, the number of segr
on the X-axis reduced to eight. The relative cover of the spetiie rainfa
values nearest the plots and the order of the plots on the Xvarésaverage
separately for each segment. The average rainfall syadunel the avera
relative cover of species in the segments were plottedsadgh@average orc
of the plots in each segment along the X-axis (Fig. 9).l&tioe to the rainfal
it is clear thatRhynchelytrum repenthrived best in areas with an anr
median rainfall between 1000 and 1500 mm, @&mdiropogon virginicusn
areas with a rainfall greater than 1500 millimeters. The two epelsoweve
overlapped in their distribution in the area where the rairdafietween 11(
and 2000 millimetersAndropogon virginicusdecreased in cover values
areas with very high rainfall exceeding 2500 millimeters. In thégte rainfal
areas soils tended to be boggy, where slopes were not too stee
Andropogon virginicussommunities on these boggy soils were characte
by the additional appearance Dfssotis plumosand Rhynchospora lavaru
(Table 11, plots no. 23, 24, 71 and 72) mixed with the stutadropogol
virginicus.

4.2. SOILS
4.2.1.Methods

In each vegetation plot a soil pit was dug in a portion of the ploihsitwel
covered by grass. In the rocky land surface, where vegetdigr was nc
uniformly dense, this portion usually had the deepest soil. Iitake of th
uniformly vegetated plots, a pit was dug in the center of the plot. Avsdile
description was made for each pit following the format of the Sowvey
Manual (Soil Survey Staff, 1951). Notes on variation of the soil ¢
stoniness, rooting depth and microtopography within and outside the plo
also made. This was
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particularly important in the plots located on rocky surfaces, asveaits
usually restricted to pockets or depressions between rocks or tso8tlke
samples were collected from each horizon and from the mawsgtiere.
The main rhizosphere was defined as the upper portion of the sdé phnal
contained the greatest proportion of the grass root system

Colour identifications of air-dried soils were made in the laiooyausing the
Munsell collour chart. The organic matter, soil pH and waiming
capacity of the soils from the main rhizospheres were detedmirne patter
of the grass communities was suspected to be related to dilgz®3erties.
The Walkley and Black's method (Allison, 1965) was used fomizgaatter
determination. Soil pH was determined with a Beckman Zeromaticeielry
using a 1: 1 air-dried soil: water ratio. The method of Curtis &a00{{1962)
was used in the determination of water retaining capacity. Thevaiai
retaining capacity is defined as the amount of water at saturatiorssggra
a percentage of the oven dry weight of soil.

The seasonal variation of soil-water under the dry-grass ooities was
studied at ten stations (Table IIl). Monthly samples were takem May 196
to May 1968 inclusive. It was found that a single soil moistusedepth of 2!
cm of a given month could be considered a representativeaisiure
condition for that month, as the daily variation was smaktdtion 2 (Table
[11) for instance, the moisture content to a depth of 25 cm in a drihmas

49.69 * 3.67%.
Soil moisture samples were collected from each of four deptfesa 0— 10;

10— 25; 25— 70 and 70— 100 centimeters. At stations 4, 7, 8 and 9,
samples were taken only to a depth of 50 to 70 cm, because thekisedro
limited the depth of the fine soils. For each depth range a savaple
collected. Three replicates were taken from separate boriegslatmonthly
sampling. In addition to the moisture samples, rock samples wizeted
separately to deduct the amount of moisture bound within the f@tksng
& Major, 1964) as this is unavailable to plants. This correciarecessary

since stones may hold substantial amounts of water _
(Coile, 1953; Relnhart, 1961). The soil and rock samples weectall in

friction-top cans. Upon arrival at the laboratory the samplee waighed,
oven-dried at 110° C for 48 hours and reweighed. The stones&moved
from the soil samples by screening the fine fraction througiman sieve anc
then weighed. The amount of moisture in the stone fraction wasataltudy
multiplying the weight of the stone fraction with the moisture fafctiothe
stones. The moisture factor for the stones, i.e., the weigirtef in the
stones divided by the oven-dry weight
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of the stones, was determined separately by weighing and oven-drying
separate stone samples. The amount of moisture in tHeastibn was
calculated by subtracting the amount of moisture in the stonegtiem
anmount of moisture in the combined stone-soil sample.

For each depth range bulk density was determined by the excavation
method (Blake, 1966). The method was slightly modified by using thin
plastic bags and water instead of dried sand to fill up the holes i
determining soil volume, because water was easier to measuratithn

The soil moisture content was expressed in terms of mm rainfall
equivalent (Walter, 1960). For example, for a soil that has stumnei
content of 60% (on oven-dry weight basis) and a bulk density
of 0.8, the volume of water in a 1 sq. m by 10 cm deep soil block is
0.6 x 0.8 x 100 = 48 liters or 48 mm rainfall equivalent.

For each depth range, the soil-water (moisture) contents of thizastion a
1/3 and 15 atmosphere were determined using the pressure me
apparatus. The water contents of soil at 1/3 and 15 atmosphere
considered as the estimate of water contents at field capacitpesmmner
wilting respectively (Buchman & Brady, 1964). Thorne (1949) showed adr
three Hawaiian soils, the Low Humic Latosol, Humic Ferrugincai®dol an
Brown Forest soil, the correlation between permanent wilting and meia

15 atmospheres were highly significant.
In each of the ten stations, a rain gauge was installed aclechenonthly ¢

the time of soil sampling. Daily rainfall records were also oethifrom th
rainfall stations nearest each plot station, as reported by the We&he
Bureau (1967, 1968) and in the unpublished files of the Haw&iagma
Planters Association.

4.2.2. Resultsand Discussion

4.2.2.1. Soil type

None of the nine community types recognized in this study wasctedtto i
particular soil type. Each community type may occur on a varietyoié
However, soil features such as stoniness, depth, drainage@ogtaphy, i
some cases, were important local habitat factors that segregatedask
communities. They were related to the water regime in the &mjler (193¢
1947), Hosaka & Ripperton (1955) and Krajina (1963) observed
correlations between vegetation zones and major soil groups, wheadl reac
a dominant effect on these correlations. They noted also that vetal
vegetation zone, topography, geology
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and biotic factors might be responsible for the vegetation diffesemt@sak
& Ripperton (1955) stated that the absence of correlation betweeyreagi:
of lower category and vegetation was due to the replacement o sagcie
by exotics in many areas, except in forest reserves atrlegghations.

The soils of the study plots occurred in six Great Soil GroupmiéiLatosols
Low Humic Latosols, Humic Ferruginous Latosols, Red Desert SDdsk
Magnesium Clay and Lithosols. Most of the plots occurreditio$ols whicl
include the following types: stony land, rockland, eroded land and
broken land. In many cases the A horizons of the soils werecceva®y. Th
boundaries between horizons were usually very weak. The depsu Vewir
10 cm, especially on the hillsides, to over 100 centimeters.

Shallow stony soils occurred in depressions and crevices beteees on th
hillsides in the summer-drought climate. Clieeal. (1955) classified them
rocklands and stony land types (Lithosols). These land types seghdbe
Heteropogon contortus-Rhynchelytrum repeasd Eragrostis variabili
community types as well as the shrub communitieseafcaena leucoceph:
andAcacia farnesianar Prosopis palliddorest.

The Heteropogon contortus-Rhynchelytrum repemsl Eragrostis variabili:
community types occurred on soils classified as the Low Huatmsols, Dar
Magnesium Clay and Red Desert Soils. Soils uiitfagrostis variabiliswere
shallower than those undéteteropogon contortuand generally occurred
steep slopes and in positions exposed to strong winds.

Soils under th&@richachne insulariendPanicum maximuroom
munity types differed little. UndéFrichachne insularissoils tended to
be darker and more gravelly. They were stony Lualualeistdy that
occurred on gentle slopes. The surface showed many laigemping
boulders and fine soil was confined to pockets between them.

On the flatland, the Lualualei clay stony phase supporte@ teis
barbatacommunity type and the non-stony phaseDRi@anthium
aristatumcommunity typeChloris barbatacommunities occurred also
on Red Desert Soils and alluvial soils.

In the summer-dry and humid climates, the soils varied in depth
from 1 to 100 cm and were variably stony. They merged with highly
weathered parent material on hillsides and in most cases formed
a continuous mantle over the parent rocks. Ahdropogon virginicus
community type occurred mainly on deep soils of the Humic Latosols,
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Low Humic Latosols and Nakalele silty clay complex (Lithosdlshigh
rainfall areas it occurred on boggy soils that resembled podzdli©sosteef
slopes soils under this community type were shallow and stony.

The Rhynchelytrum repercommunity type occurred on shallow and stony
Lithosols and Red Desert soils as well as on deep Humiadgteous Latosol:
Although this community type was prevalent in the summer-dry clintate,
occured occasionally in the humid climate on steep slopes whereemls
stony. In this case the high rainfall was less effective lsecthe steep slope
and stony soil produced a drier than normal habitat.Mélenis minutiflora
community type in the plot studied occurred on the Humic Ferruginous
Latosols, but elsewhere this community may be found on the Hurtusdla
also.

4.2.2.2. Soil pH

The average values of soil pH (Table 1V) from the maina$pheres formec
a gradient in relation to the grass community types.

In the summer-drought zone, there was no indication that saliff¢lences
were related to rainfall. The community types showed a smddl sezsaic
pattern unrelated to the rainfall distribution. There wasrascorrelation
between the change of the pH values among individual plots and their
arrangements along the phytosociological gradients (X- and Yatian
axes) (Table V). The mean pH values of the soils ranged fro

6.2 to 7.5. There was not clear cut difference in soil pH@neommunity
types, instead changes were gradual. The soils undBatiieum maximum,
Dichanthium aristatunandChloris barbatacommunity types had mean pH
values above 7.0. These community types were located maitiy @oastal
flatland or on gentle slopes. The flatland habitats of these coityntypes
appeared to be influenced by the seepage of sea water ands®riae
underlying coral rocks. Two plots (No. 69 and 70, Table 1) ofZhkoris
barbatacommunity types were located inside the Diamond Head Crater, v
calcium carbonate concretions were common. Hiageropogon
contortus-Rhynchelytntm repens, Eragrostis varialaihg Trichachne insularis
community types had mean pH values below 7.0. They occurrée dmllsides
or on gentle slopes at the foot of the hillsichachne insularis)where there
was no direct influence of sea water except from the salt dpyaser pH value
were perhaps related to the effect of leaching irHé&ropogon
contortus-Rhynchelytrum repeasdErgarostis variabiliscommunity types,
and
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due to high organic matter content in tfidchachne insulariscommunity
type.

In the summer-dry and humid zones the soil pH underRhgnchelytrur
repensand Andropogon virginicucommunity types differed significantly; t
pH values did not overlap. In general soils under these commypitg wer
more acid than those in the summer-drought zone. There waa significar
correlation (Table V) between the pH values of the individlatispand th
arrangements of the plots along the horizontal phytosociological graie
ordination axis), but not with the vertical gradient (Y-axis).. B shows th
the change of the soil pH along the horizontal gradient was aecoed by
change in species dominance fr&hynchelytrum reperite Andropogon virg
nicus,which was also related to the increasing annual median Itgfifg 9).
The change of soil pH was largely the result of change in raiinfall0.415
significant at the&% probability level).

It is evident that the distribution of the community types wase@l# soil pH,
especially in the summer-dry and humid zones. Similar corretatietween
plant communities and soil pH were reported by Koslowska (1934), Sslis
(1921), Wherry (1927) and Mueller-Dombois (1959). According to Pears:
(1952) soil acidity was stable in undisturbed native vegetatidhgagegetatio
and soil were in a steady state, which may be interpreted thaippty and
depletion of the hydrogen ions in the soils were in balanceran s
communities, like most grass communities in this study, soil gcithty be
unstable. Godwin and Turner (1933), Ovington (1953) and Pearsal (1952
observed that succession resulted in a change of soil acidityisTperhaps
partly due to the change of rate of the organic matter supply, vghicte of
the sources of the hydrogen ions in the soils. Pearsal (19%52yhittaker
(1970) stated that the rate of litter production differed in differemt pla
communities and the type of litter had an influence on the rate of
decomposition.

h.2.2.3. Soil organic matter

Table IV shows the mean values of the organic matter content sbitedrorn
the main rhizospheres in nine community types. There was atorshiy
between the organic matter content and the community types. Howles
mean values for the community types, except for Thehachne insulari
community type, in the summer-drought zone were
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less than 3%, whereas for those in the summer+aihamid zones were great
than 3% This agrees with Dean (1937), who reported thabtiganic matter
content in the surface Hawaiian soils in the dsaarwas less than 3% and in t
humid areas greater than 3%. There was no signtfaarelation (Table V)
between the organic matter content in the plotsthaedrrangements of the plo
along the phytosociological gradients (X- and Ydination axes). The organic
matter content in the main rhizosphere soils ic@hmunity types was low. Th
low content may be attributed to the frequent amge of fire in the grass
communities and to rapid oxidation in the warm lawd. The rate of oxidation
may be higher with higher pH, because more battetton occurs above pH €
Fire removed the accumulated litter which is onéhefpotential sources of orga
matter. Hence soils received the supply of orgamatter mainly from decaying
roots. This is typical for all grass-covered s@simphrey, 1962). Th&richachne
insulariscommunity type had a rather High content of organatter. This migt b
due to high litter production and high coverAxfacia farnesianandLeucaena
leucocepkaldgsee plots no. 31, 57 and 59, Table I). Duringditwight period the:
shrubs shed their leaves, which are an additional

source or organic matter to grass leaves and roots.

4.2.2.4. Water retaining capacity

Table IV shows that the grouping of the plots into community typesaias
related to he water retaining capacity of the surface soils. Synilaboth the
summer-drought, summer-dry and humid zones, there was no sighifica
correlation (Table V) between the order of the plots along the phytdsgical
gradients and the water retaining capacity. The mean water reteapagity
varied little from one community type to another, but showed a gaeiation
within each community type, especially in tAadropogon virginicus, Chloris
barbataandHeteropogon contortus-Rhynchelytrum repeosimunity types.
This indicates that the water retaining capacity was not a detegnf@ator in
the distribution and development of the grass communities. Alse e
water retaining capacity gives an indication of the soil texturiécr/ 1951),
it can be implied that the grass community development and digiribwas
not dependent on the soil texture.

The water retaining capacity is not a measure of soil-water stoapgeity,
because it does not include depth to bedrock or volume of soil andigiagt
are important factors in the water relations of a given location.
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4.2.2.5. Soil-water regimes

The study indicates that the present distribution of the grass woities wa
primarily conditioned by the duration and amount of water availabie
soil-water regime was related to the amount and distribution oathfalt, bu
was modified by topographic position, i.e., slope, aspect, stonaressol
depth. It will be shown under the section of dynamic relationshipstttle
establishment of various grass communities was related to thsianvo
exotic species following disturbance such as fire. However, hwhpecie
became established was determined by the water regime in theatsml$

competition among developing seedlings.
Figs. 11—14 and Table VII show the results of the monthly soil-w

samplings. These are for the ten stations described in Tabkhiee type ¢
soil-water regime in the main rhizosphere have been recognized:

1 Wet type: The amount of water in the soils was always highe
than the field capacity throughout the year (station 1, 2, 3 and.4t Big
2 Drought type: In at least three months of the year the ambur

water in the soils was below the permanent wilting percentagesféher
long soil-drought periods were evident which were interupted by sho
periods when the water content was above field capacity (stations 7,
and 10; Figs. 13 & 14).

3 Dry type: An intermediate regime between the wet and drou
types. The duration of the wilting percentage was less than three
continuous months and there were at least six months thvbesoil water
content was above the field capacity (stations 5 and 6; Fig. 12).

The wet soil-water regimes were found under #edropogon virginict
communities (stations-14). The drought soil-water regimes were undel
Heteropogon contortugstations 7 and 8)Chloris barbata (station 9) an
Dichanthium aristatungstation 10). The dry or intermediate soil-water reg
were associated with tiehynchelytrum repersommunities (stations 5 and |

U.2.2.5.a. Wet type

In the wet soil-water regime under tAedropogon virginicugover (Fig. 11
soil moisture was in excess of the field capacity not onlythe-mair
rhizosphere (6— 25 cm) but also throughout the profile to a depth of 10
(Table VII). A study of the daily rainfall patterns of
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the nearest rainfall stations (U. S. Weather Bureau, 1967, 296&)ilua ani
Kahaluu during the period of investigation showed that the averagbers c
rainless days per month was 10, ranging between 2 and 16ongest perio
continuously without rain was only 9 days, recorded in Februaahaluu
while in other months rain fell almost daily. No daily rainfall retsomwert
available for stations 3 (Pupukea) and 4 (Palikea). However, $tesens ai
located at higher elevations, therefore, rain would be expectéall tmore
frequently. Because of the higher frequency of rainfall in statanthe we
type, soils were recharged before the water was depleted betwosegrs. Thi
resulted in soils that were always wet throughout the year. In std
(Pupukea) the absolute amount of water, especially in the upper 2&as
much higher than in stations 1, 2 and 4. This was because oflegeavate
table. The upper 25 cm were always watgaked throughout tha year resull
in a bog-like situation.

Despite water being available throughout the yea depth of 75 to 100 cm in ¢
four stationsAndropogon virginicushowed seasonal drying of the shoots. Th
shoots began to dry up in November after the frgiseason was over, and by t
end of February most of the shoots were dead. €hegneen shoots began to
appear in March and reached maximum vegetative growdeptember, while
dead shoots of the previous growth remain on taetpl At this time flowers wer
produced and in October they reached the fruitiages This indicates that
seasonal drying in this species was certainly mesponse to a drought conditic
The shoot-drying is part of the life cycle, andcsiiit always occurs after seed
production each shoot is probably monocarpiedropogon virginicuss a native
of the eastern United States (Keever, 1950; Oqsti#g2), where it undergoes ¢
rest-period during the winter months in this tenapeclimate.

It is evident thatAndropogon virginicugrew best in places where water
always available throughout the year. In moderately lowatiafeas it showe
reduced growth and gave way Rhyncheiytrum repengn the eastern Unite
States it occurs in uniformly and moderately low rainfall areas (@pst®bd2
and is reported to be more drought resistant than forbs sudktes pilosu
(Keever, 1950).

The excess of water beyond the field capacity may be attrinoteshly to th

continuously humid climate, but it may also be a reflection optha wate

consumption byAndropogon virginicus.Veihmeyer (1953) showed tl

grasses extracted |-ess water from soil than woody plants. kDebois

(unpublished data) reported also that water
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loss from woody plants per unit land area was several timategtean from
Andropogon virginicusalthough according to Keever (1958)dropogon
virginicus could extract more water compared to forbs suchsésr pilosus.

Residual excess water as found underhdropogon virginicusommunities
may cause undesirable effects. Run-off and erosion megaise and the
occurrence of puddling in the subsoils may result in landslic@s.may
explain why landslides are rather common on the grassy hite ihumid
areas of Kahaluu and Waikane.

Because trees and shrubs can extract more water than gitassimid
climate, it would seem more beneficial to replace the grass oove wet
hilly areas by trees and shrubs. It will undoubtedly reduce the fieyaé
landslides and fire. Scott (1969) reported that soil avalanctangglide) was
more frequent under false staghorn fern thicket than undet.fores

4,2.2.5. b. Drought type

The drought soil-water regimes (Figs. 13 & 14) stations 7, 8, 9 and 10)
occurred in the summer-drought climate, where the mean ammiallrrange:
from 500 to 860 millimeters. The duration of the availability of soilevatas
related to topography and local variation of the rainfall distiiouti he shoot
drying was correlated with the soil drought. The soil drought ranged3rmr
11 months.

In station 7 (Makaha, Fig. 13), which was iklateropogon contortus
community, the period of available water lasted only for one maritite in
station 8 (Koko Head, Fig. 13), also unéteteropogon contortusover, wate
was available in the main rhizosphere for five months.dEg rainfall data
from the nearest rainfall stations indicated that the aeemamber of rainles:
days per month at Makaha was 24 with a range ef-12, while at Koko
Head it was 18 days ranging from 1125. At Makaha the soil-water in
September increased, but remained below the permanent wiltingagee
The increase to about 36 mm was due to the rain of about 36 mislitbatly
in the morning on the day of sampling. During the rainy period from
December through March, rain occurred more frequently. Tdieeht rainfall
was recorded in December which was reflected in the soil watesrd. The
decrease of soil water to the permanent wilting level in midalsirwas
because no rain fell between the sampling dates in Decembdaamary. In
February and March the soil was wetted, but the soil-water bagthed the
permanent
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wilting level. In February heavy rain occurred about 3 to dksdefore

the sampling date. Except for December the amount of water was below
permanent wilting level at depths between 25 and 70 cm (Table VII).

In response to the seasonal changes in soil-water, the gexitd o
Heteropogon contortuand other herbaceous species were dry between
and December. Woody species such Axsacia farnesianaand Leucaen
leucocephalashed their leaves gradually. Between August and Decembe
were completely barren. New shootsHxéteropogon contortuappeared fro
old bunches immediately after heavy rain in December, but the olchdoj:
remained on the plants. At this tirreteropogon contortuand forb seedling
were rather uncommon. However, seedlings of woody species subtaaic
farnesiana, Leucaena leucocephala, Abutilon incaramd Waltheria indici

were very common. _ _ _
Mature Leucaena leucocephaland Acacia farnesianavere resprouting al

Heteropogon contortuproduced flowers in Januaryeteropogon contorti
maintained good vegetative and reproductive growth until the end of
when the aerial parts began to dry up again. At that time uliendy stage we
already overRhynchelytrum repens) the Heteropogon contortusommunity
followed the same pattern of drying.

In station 8 at Koko Head (Fig. 13) undeirateropogon contortusommunity
soil-water in the upper 10 cm fluctuated around the permanent witirg
from April through November. The fluctuations of soil-water during pl&soc
were minor due to rather uniform rain distribution from month to m
During the rainy season from December to March, soil-water weas atov:
field capacity. Daily rainfall data from the nearest rain gaatgeortlock Roa
showed that very heavy rainfall was recorded in December an@ryaan(
light showers occurred frequently. In February no heavy shoasmrecorde:
but rain was rather evenly distributed throughout the month. Itdaaheu
every three days. The high frequency of light showers andsme@l heav
rainfall appeared to be sufficient to keep the soil moist througiheutainy
season which lasted for only four months. The solil in this statasomly 1
cm deep. Below this layer was tuff which often cracked and fornwextdl

During the dry season, where the soil moisture was fluctuating
permanent wilting percentagéjeteropogon contortuglid not dry up &
severely at Koko Head as at Makalhieteropogon contortuat Koko Hea
was able to produce new shoots and flowers whenever there \uagh
rainfall, such as in August, September and October (Fig. 13, stati
However, the main growth and flowering period from December through



1972] KAETAWINATA et al: Grass communities on Oahu

April was related to the greater availability oétkoil-water. A similar observati
was reported by Tothill (1966) who found in noridiseern Australia that tl
flowering of Heteropogon contortu®ccurred in the wet season, althougt
considered short day-length more important thahroisture. Other herbacec
species, such asmilia sonchifolia, Stachys arvensisd Hyptis pectinatawere
dead between June and November. New seedlings esk tepecies appea
immediately after heavy rainfall in December. Smatbody and semi-woot
species, such &ida fallax, Cassia leschenaultiamad Passiflora foetidga vine
remained green throughout the year, but new leaxare produced during t
rainy season. The taller shrubcacia farnesianapn the other hand, was leafles
the end of the dry season. It produced new leav&ecember and began to floy
in March.

Although Heteropogon contortusooted mainly in soil layer, its roots formn
dense mats in the cracks between blocks of tuff. The tuffldeltl substanti
amounts of water, as evident from a relatively high content of pallg
available water from 10 to 14 mm (Table VII, station 8) in tHeseil at dept
of 10— 50 centimeters. Water collected in the cracks and retainge itufi
may serve as an additional water supply to that retained in thegdper soil
This may explain why growth continued during the dry season.

The Eragrostis variabilis, Trichachne insulariand Panicum maximu
communities are expected to have soil-water conditions of the droymg
since they occurred in the same rainfall regime and on sitaifagraphir
positions as theHeteropogon contortugommunity. Under theEragrostic
variabilis community, however, the month to month soil-water content m
less than undeHeteropogon contortubecausethe Eragrostis variabili
community occurs in the areas exposed to the strong trade-winds.

Soils underChloris barbataandDichanthium aristatungFig. 14, stations 9 a
10) had greater water reserves than uridieteropogon contortug1 spite o
similar rainfall regimes. This may be attributed to their locatiorherflatlanc
which received additional water from seepage and run-off fribwe
neighboring hills. The soil under these communities was montmorillolay
with high magnesium which had a high value of potentially available
(Table VI andVIlI, stations 9 and 10). Fig. 14 indicates that soil-water |
Chloris barbatacover was much less than undchanthium aristatunctove
during the rainy season, although the soil material and rhwdeae the sam:
This may bethe
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result of the undulating land surface, allowing more suifiseepage -
accumulate in th®ichanthium aristatuncommunity.

Chloris barbatabegan to dry up in May 1967. At this time, soil water
already below the permanent wilting percentage (Fig. 14, station 9hgDuy
of the shoots continued following the gradual decrease of soil-watértha
end of the dry season in November. The shoots were dead butzbmet
were still alive. In August 1967 there was a brief period of growth

Chloris barbataproduced new shoots and even flowers, but rather spa
This was related to a shower that fall in the middle of the mémthhree
consecutive days totalling about 50 millimeters.

The growth period started in December immediately after the soilfullg:
recharged. Flowers began to appear in Janu@moris barbatareached i
maximum vegetative growth in March. In May 1968 the shoots weralstili
70% green. The soil-water was still above permanent wilting percem
contrast to May 1967 when the soil-water had just dropped belo
permanent wilting percentage (see Fig. 14, station 9). Woody spseisa
Gossypium tomentosum, Lipochaeta lobata, Phaseolus lathyrogohe
Desmanthus virgatustarted to resprout in December. In May 1968 they
still green. The flowering period dBossypium tomentosustarted in Ma
1968, that ofLipochaeta lobata, Phaseolus lathyroidesid Desmantht
virgatusin January 1968. At the beginning of the wet period, annuatedta
germinate. These includeflgeratum conyzoides, Vernonia cinerea, Sor
oleraceus, Commelina benghalensis, Boerhavia diffusa. tetrandre
Portulacca oleracea, Emilia sonchifolia, Phyllanthus niramd Echinochloi

colonum. _ _ _
Resprouting of Dichanthium aristatumfrom the old bunches star

immediately after the soil in the upper 25 cm was fully recharg&eaembel
In JanuaryDichanthium aristatunreached its full vegetative production .
began to form flowers. At the end of the study period in May 18681t 309
of the shoots turned yellow and the fruiting period was just over, b
soil-water was still far above the permanent wilting level (Fig.siatjon 10)

It become dry in June 1968.
Although the Heteropogon contortus, Chloris barbatand Dichanthiun

aristatumcommunities were found in the same climatic zone and inatme
geographic area, their soil-water relations were differététeropogo
contortus could utilize water available for a short period more effitye
Resprouting and flowering occurred after short summer showers dbe
drought periodChloris barbataand Dichanthium aristatumvere correlated
soils in which water was available for a
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longer period. Although their water regime was studied only for eiadsil,
the Dark Magnesium Clay, it is possible that the predominant recme o
Chloris barbataon flatland habitats is related to periodic seasonal inundz
Under such conditionsleteropogon contortusnay be less competitive. T
periodic seasonal inundations may explain wihloris barbata anc
Dichanthium aristatumwere dominant on the flatland and never on
hillsides, whereHeteropogon contortugzas dominant instead with occasic

plants ofChloris barbata.
Considering thaHeteropogon contortus a bunch grass, which was abl

use water very efficiently and capable of surviving prolonged pedbdsil
drought, it is ideally suited to these habitats and should be maintained
hillsides to prevent erosion.

h.2.2.5.c. Dry type

In the dry soil-water regime (Fig. 13) water content was lower tha
permanent wilting percentage only once for a short period throughe
investigation. For the rest of the year, water was alway#ablein the mai
rhizosphere. Excessive water was present for six monthsatlans5 (Kunia
there were two distinct seasons, one of low and one of high solil
condition. In station 6 (Kahuku) soil-water fluctuated from month totimok
somewhat longer period of excess water occurred from December h
February. In both stations the soil-water quantities were diresityed to th

monthly rainfall.
In station 6, where the proportion bieteropogon contortusvas high in th

Rhynchelytrum repensommunity,Heteropogon contortuandRhynchelytrur
repenswere completely dry in May, June and November 1967J, coin
with the low soil-water level. Growth occurred betwdety and October 19¢
and between January and April 1968.

The soil-water measurements were taken for one year onlyefdoher th
results only approximate the normal trend of soil-water changes. Hg
comparison between the rainfall pattern during the study period Qldvacs
Figs. 11— 14) and the long terms (16- 30 years) monthly mean raint
pattern (dashed curves) does not show too great a deviation.

5. DYNAMIC RELATIONSHIPS

In the summer-drought zones, two native and four exotic grass waity
types have been recognized on the basis of their dominant grasies
However, exotic species were present in varying proportions
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in these community types. It appeared that the two nedivenunity types
were invaded by exotic species. On the other hand, where seeéssare
available, Egler (1947) contended that native species may alsoereplatics.
This has been shown by Hatheway (1952) who noted thaetiheaena
leucocephalandRhynchelytrum repermmunities were invaded by nativ
woody species, such &anthium odoratum, Erythrina sandwicensis,
Reynoldsia sandwicensasid Sapindus oahuensi§he arid lowland vegetatio
of Oahu at one time consisted of savannahs (Hillebrand, 1888yassdamnds
(Egler, 1947; Hatheway, 1952; Rock, 1913; Vogl, 1969) which were dom
by Heteropogon contortuassociated with other native species.

In the summer-dry and humid zones, the grass cortyriypes were dominated
exclusively by exotic species, i.8elinis minutiflora, Rhynchelytrum repeasd
Andropogon virginicusThe grassy hills in the humid zone, now domindtgd
Andropogon virginicuswere formerly covered baspalum orbicularand
Setaria geniculatand in the wetter area Bospalum conjugaturtEgler, 1947;
Hosaka, 1937). In some areas there were indicati@igative as well as exotic
species were invading the grass communities. Itre@srted by Hosaka (1937)
thatDicranopteris linearisfern-mats were invading tiieaspalum orbiculare
communities with a rate of advancement of 0.9 myper. Scott (1969) reported
the invasion oDicranopteris linearison avalanche scars. The established
Dicranopteris linearisfern-mats were thought to be serai communitiesi{Enay,
1961). Fosberg stated that these communities warilelventually invaded by
native woody species, thus leading towards thékstenent of forest
communities. Among native woody tretbgt are commonly found in the
Dicranopteris linearisfern-mats, as well as in the grass communities, ar
Metrosideros collinaandAcacia koa.

Acacia koaregenerates profusely after fire (Judd, 1935) or on clearestdpre
which seems to agree with Whitesell's (1964) finding Atstcia koaseeds ca
germinate only on moist bare grounds exposed to sunlight. However,
Mueller-Dombois (1967) noted that the oty m of regeneration oAcacia
koain grass-covered areas above 1200 m elevation on Maun&lawaji, was
from sucker growth. This is a second successful reproduceetanism of
Acacia koain the grass communitie§he saplings ofAcacia koagrow rapidly.
Judd (1920) observed that the saplings became 9 m tall in 5 years, and
Whitesell (1964) reportethat, in a 12-year old plantatiodcacia koahad an
average height of 7.6 and a diameter at breast height of 10.9 centimeters
Whitesell state@lso that Acacia koa saplings werekilled by fire.
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Grevillea robusteof different size classes occurred in local clumps of a fe
trees each in thRkynchelytrum reperendMelinis minutifloracommunities &
Kunia, suggesting th&revillea robustavas invading the two grass
communities. Weblet al. 1967) reported that, in the subtropical forests in
Australia,Grevillea robustavas a heavy seed producer and had a high ra
seed germination (80%). Thus it can be implied @wavillea robustehas a
potentially strong regenerating power and is a potential invader. ldowev
Webbet al (1967) found that, in a puf@revillea robustagplantation, the
regeneration and seedling development were extremely poor. Thieytatt
these situations to unknown toxic substances exuded by theGaduitlea
robustatrees occurring in the immediate neighborhood of the seedlings,
indicating an allelopathy phenomenon (Tukey, 1969).

Fire occurred in the grass communities and in the forest aades thought t
be an important factor in establishing and maintaining the community tyg
According to Vogl (1969), 198 fires, ranging from O to 41 per year we
recorded on Oahu between 1943 and 1967. Many native Hawaiiaesspec
such a€ragrostis variabilis, Gossypium tomentosum, Heteropogon contt
andSida fallaxwere reported by Vogl (1969) to be fire resistant. Egler (1€
Fosberg (1961) and Vogl (1969) stated that fire maintained and extende:
grass communities on Oahu. It was reported also that firedptayenportant
role in maintaining théleteropogon contortugrasslands in the Pacific Islar
(Porteres, 1962), Africa (Stapples, 1926) and Australia (Moore, 196y, St
1957; Tothill, 1969).

The objective of this part of the study was to investigate the vegethémye
and the effects of fire associated with the grass communitreanderstandin
of these relationships may help to explain the origin and relatibgéitytaf the
current grass communities on Oahu.

5.1. METHODS

5.1.1. Vegetation changm the grasscommunities of the
summer -dr ought zone

The percent cover of exotic species (invaders) was used tatedhe degree
of foreign invasion into the native communities. The vegetation dat& w
examined using the method of Christensen (1963), who studied themad:
exotics into the bunchgrass vegetation of Utah. The native and egetiies
composition in seventy plots from the summer-drought zone waalyead.
The percent cover of exotic and native species
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relative to the total percent cover of all species in each plotalaslated. Tt
plots were then grouped into the following five classes according to tbeny
cover of the exotic species:-6-19.9% ; 20— 39.9%; 40—59.9% ; 60—
79.9%.; 80— 100%. For each resulting plot group the mean percent cow:
then calculated for each species and compiled in a table (Tdble VI

Leucaena leucocephala an aggressive exotic shrub (Egler, 1947) that ag
to invade the native grass communities. The trend of a speciavade ar
establish itself in a community can be shown by the numbersliwidnals ir
various size classes. Countsla&fucaena leucocephalaere made in sampl
of three stands dfleteropogon contortuon the outer slope of Koko Cra
Makapuu and Makaha) and two standsEo@grostis variabilis(on the oute
slope of Koko Crater) with 0.25 sq. m quadrats. The quadrats,n38fiai
were placed systematically after each five steps. The plangstaliged in thre
height classes: 8- 25; 25— 100; 100 + centimeters. Two standd eficaen
leucocephalaat Makapuu and Makaha were also sampled in the sameel
with 40 quadrats per stand to study the regeneration under its ade sh

5.1.2. Vegetation changein the summer-dry and humid zones
5.1.2.1. Invasion by herbaceous species

In the humid zone som&ndropogon virginicuscommunities (plots no. 10, :
23, 25 and 38) bordered theicranopteris linearisfern-mats and in tt
summer-dry zone thRhynchelytrum repen@lots no. 35 and 37) bordere
Menilis mimttifloracommunity. From casual observations these borders
continuously changing. ThBicranopteris linearifern-mats tended to adval
into the Andropogon virginicugommunities in the absence of disturbance
the Melinis minutifloracommunity tended to advance into tRaynchelytrur
repenscommunity.

The encroachment of these two species was studied in permarsent n
guadrats. Eleven quadrats (in plots no. 10, 15, 23, 25 and 38gstal#ishe
on Dicranopteris-Andropogorboundaries, and four quadrats (in plots nc
and 37) orMelinis-Rhynchelytrunboundaries. Each square meter was di\
into one hundred 10 x 10 cm subquadrats. Within each quadrat the om
cover was mapped on cross-section paper. Mapping was repeatgdse
months for two years. A quadrat that became completely cover
Dicranopterisor Melinis was extended in the direction of tBécranopterisor
Melinis movement. Fig. 15
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illustrates the technique used in recording invasion. The increaseet
occupied by Dicranopteris or Melinis for every six month period w
calculated from the map and expressed in square centimetersardd we
measured to the nearest 5 square centimeters.

5.1.2.2. Invasion by tree

In some plots there were indications thegtrosideros collina, Acacia koanc
Grevillea robustatended to invade the grass communities. The rate of iny
was studied by counting the number of seedlings in permanent los@drat
every six months for two years. Counted seedlings were taggéthisoev
arrivals and old seedlings could be recorded. Heights and diametersiba«
measured. In addition, periodic measurements of diameters é&gtitshe!
saplings occurring outside the permanent quadrats were alsoThadaurpos
of these measurements was to study the rate of diameter ghtliherease «
the saplings. A sapling was arbitrarily defined as a young treehtt ¢
diameter between 1 and 5 cm near the base. Saplings thager5 cm il
diameter were excluded due to the difficulty of measurementthaticalipers
Saplings with diameters exceeding 5 cm already showed dead baekitor
The measured saplings were tagged for remeasurement. Thetatiana
periodically measured 15 cm above the ground. This point was marke
black plastic cement. Measurements began in August 1966. Reemaasn
and seedling counts were made every 6 months over the two yieal per

For Acacia koa,30 saplings were measured and 3 permanent quadrat
established in thé&ndropogon virginicugommunity at Pupukea (plot no. 2
The permanent quadrats were established in the unshadedgrassear th
only mature tree in the stand. At the beginning of the investigatio
seedlings were present within the quadrats. The grass communityeato!
moderately well drained, dark brown to dark grey loamy clay.

Metrosideros collinaseedlings were studied at three sites, two at Pu
(plots no. 23 and 66) and one at Palikea (plot no. 39). The tiesensre als
in the Andropogon virginicusommunities.

At Pupukea, Site | was located on a steep slope with exposedjraiekd
reddish brown sandy loam soil,, which appeared to have been defiasit
road construction. The grass cover of this site was sparsélatidsidero
saplings were abundant and rather evenly distributed. Mitetesiderogree
were present in the surrounding forest. Two
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permanent quadrats for seedling counts were established @ertber of th
grass community about 5 m apart. Twenty one saplings that occurrede
the permanent quadrats were also measured for their diamdteeght. Th
tree density in different size classes (< 0.5-8-50;

1.0— 2.5; 25— 5.0; > 5.0 cm) was determined by systematic sampling
forty 0.25 sg. m quadrats which were placed at five step intervals

Site Il was located on a poorly drained, podzolized, dark gy soil witk
very dense cover dindropogon virginicugplot no. 23). The size of the gr.
community was about 500 square meters. Matdedrosiderostrees wer
present in the surrounding forest and a few stunted ones withiormaunity
Three permanent quadrats were established within the grass @bout 5 1
apart. In addition to the seedling count within the quadrats, lingsn
young trees occurring outside the quadrats were also measureainfieteti an
height.

At Palikea (Site IIl), theAndropogon virginicugover (plot no. 39) was spa
and wind-trained. The grass community was located on a steepoane)
slope. The substrate consisted of soft weathered rocks with fineenezhtiocl
fragments or soils in the pockets. Matietrosiderostrees were present in -
surrounding vegetation and a few low creeping clumpbefrosideroswere
present in the grass community mainly at the upper boundasy.pEérmanel
guadrats for seedling counts were established, two near and threel@hbt
away from theMetrosiderosclumps occurring at the upper boundary.
diameter and height of the saplings and young trees outside thenpal
guadrats were not measured, because the creeping habit oérharsd th
wind-trained upright shoots made the measurement problematic.

The Grevillea robustainvasion was studied in a denRédynchelytrum repe
community (plot no. 37) on a well-drained, red silt-loam soil. Grevillee
robustatree population in the grass community was rather dense, iogcin
local clumps of a few trees each. Sixteen saplings were medeumidmete
and height. Four permanent quadrats (Group 1) were establishebe
beginning of the study (August 1966) in the unshaded part of the arasi
between mature trees. Five additional quadrats (Group II) wiablisked i
August 1967, because most of the seedlings recorded in the prémo
guadrats had died at that time. Density of trees in differentckizses (31— 5;
5— 25; 25— 50; > 50 cm) was determined by absolute count.
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5.1.3. Effect of fire

5.1.3.1. Summer-drought zone

The Chloris barbataand Dichanthium aristatuncommunities occurred ove
large area (about 29 hectares) on Makapuu Flat between WavBeaaln Par
and Makapuu Point. Th€hloris barbatacommunity has been accident:
burned-over three times since 1965. The change fromCtileris barbat:
community to theDichanthium aristatuntommunity appeared to be relate
the rockiness of the soil, resulting in different water regimmeuthese tw
communities.

To investigate the effect of fire and the relationship betweedistiébution o
the two communities and the rockiness of the soil, the area amggles ir
spring 1968. Fig. 16 shows a sketch of the vegetation cover and tbet lai
the sampling. Sampling was carried out as follows:

1 A base line was set up along the telephone line which runs
lengthwise across the area.
2 Thirteen transects were established along this base lmtera@als

of 50 paces. Except for transect 13, all the transects wayenukcular to
the base line. The first transect was subjectively selectaetima way th:
it did not run over the edge of the community.

3 Along each transect the vegetation was sampled by the step
method (Costello & Schwan, 1946) for cover, by quadrats for freguadr
all species, and by the quarter method (Curtis & Cottam, 1962) for th
density ofGossypium tomentosuiVith the step point method the
vegetation was recorded by walking along the transect andpdirsgm
point was established at every second step. At each point, a 1@Agm
thin steel rod, with a cross bar on one end, was pushed intootinedg
Then a long fine wire was gradually lowered to the ground roenside
of the cross bar, and every species that was hit by the tip wirthevas
recorded. A given species was recorded only once at eatir@gardless
of the number of the hits the wire made on the plants of this spdtie
records were made from 200 points in each transect. The estatier of
a given species was estimated by:

the number of hits for a given species
total number of hits for all species
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and the percent surface cover of the total vegetation was
calculated by:

the total number of points with vegetation

the total number of points (= 200)
To record the frequency, a 0.25 sq. m quadrat was placed after
every 15 points along the transects. The total number of quadrats
in 13 transects was 170.

1 Preliminary observation showed tlf@bssypium tomentosum
occurred randomly in the grass community. Therefore, the derighis
species was determined by the quarter method of Curtis & Cottam (1
The quarter sampling points were made along the transects atévery
steps. At each sampling point 4 quadrants were defined by projecting
imaginary line perpendicular to the transect. In each quadradistaace
from the point to the nearest living or dead plant was measuredters.
Records of living and dead plants were kept separate so thattpercen
survival and mortality as a result of fire could be comparecer@gv
sample points were established in the entire area. The distdrales
plants, both dead and living, were summed to obtain the total distanc
average distance was calculated by dividing the total distance by the
number of plants, dead and living. The mean area (M.A.) of platjuare
meter was computed by squaring the average distance. Dengityg (mda
hectare) is assumed to be equal to 10,000/M.A. as computed from d
Curtis & Cottam (1962).

2 Depth from the surface to the rock or hardpan was mealyrec
pushing a steel rod (110 cm long) to the ground at every 30asteas
each transect resulting in 170 points in total. The average aepthich
the steel rod can be pushed before it lodges against rocke ceed as ¢
measure of comparative rockiness of the soil (Daubenmire, 1964).

5.1.3.2. Humid zone

A fire occurred also in the humid zone at Kahaluu in August 19®&8rned a
area of about 8 hectares that was covered in parts\Wiikgtroemia-Psidiul
scrub standDicranopteris-Metrosiderosvoodland andAndropogon virginict
grass cover. At the same time, about 20 hectarBscodnopteris-Metrosiderc
woodland at Kawailoa Forest Reserve, Pupukea, were also bufio
investigate the effect of fire
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on these communities, the unburned and buArattopogon virginicugrass
cover, the burnetlVikstroemia-Psidiurscrub stand anBicranop-
teris-Metrosiderosvoodland were sampled one year after the fire. For
frequency of the species the quadrat method was used. Forsq0 @25
guadrats were systematically placed in each community at itgerfva0 pace:
along the east-west compass line. The cover was estimated digtEoint
method, and the total number of points sampled was 400 in each cdynrin
Pupukea, only about one quarter of a hectare of the burned-over
Dicranopteris-Metrosiderosvoodland was sampled.

5.2. RESULTS AND DISCUSSION

5.2.1. Vegetation changes in gga&ommunities in the summer -dr ought
zone

Table VIII presents the results of grouping the plots accordingetpercent
cover of the exotic invaders. The natideteropogon contortusndEragrostis
variabilis decreased with an increase of exotic spe@essypium tomentosu
Lipochaeta lobataandMyoporum sandwicensigere native shrubs that
occurred in grass communities with a high proportion of exoticaueous
species. The absence of these species in the plots withdgoters, i.e., the
plots in the first 3 classes in Table VIII, was due to thegcsl habitat
relations. Plots with high cover of exotics (the last 2 class€&able VIII) were
located on the flatland, primarily coastal flats, where these tiative species
were found. Coastal flats were the typical habitatsipbchaeta lobata
(Degener,1957) andGossypium tomentosuiBtephen, 1964Myoporum
sandwicensishowever, was not restricted to the flatland. According to We
(1951) it occurred on the lowland hills as well as at higharagions. Howeve
on Oahu it occurred only in one location at the northwest coasthfiges
species retained a high cover value in communities with acloigér of exotic
herbs which are now dominated G¥loris barbataor Dichanthium aristatum.
The three native species did not compete for space, at leastgioowmd, with
the exotic herbaceous plants. The increase in cover byakie sgecies and tl
corresponding decrease in cover by native species applied onlylife tbems
of the closed stratuwhich was the dominant stratum in this community. C
native species showed a sudden decrease where exotic spe@enumerous
but did not completely disappear in communities with a high proportion o
exotic
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Rhynchelytrum repens, Chloris barbatadDichanthium aristatumvere the
most important invading grasses. The invasioRlmynchelytrum repens)
association with other exotics into areas covereHétgropogon contortus
andEragrostis variabiliswas prevalent on the slopes. On the flatland,
however,Chloris barbataandDichanthium aristatumvere the most prevalel
invaders. Other grass invaders wBanicum maximurand Trichachne
insularis, but they seemed to spread more slowly.

Table VIII shows that the woodyeticaena leucocephalzad low cover value
in all five classes of percent cover of exotic invaders. Wais because all th
plots, except three plots (no. 45, 48 and 57, Table I), weretedlin dry-gras
covers that showed less than 40% cover of woody plants. For theeasoe,
Prosopis pallidaan exotic woody invader (Egler, 1947), was recorded on
rarely in the grass plots. This is in part the result of the gispersal
mechanism of the seeds which are spread by cattle (Egler, S&=1vingly
after passing through their digestive tracts.

Invasion of the native grass communities by exotic grassesesemore
successful on the flatlands than on the hillsides. The possttilihe
disappearance of the native grass communities on the hillsidesedikely
attributable to the invasion by exotic shrubs and trees, sutbaasa
farnesiana, Prosopis pallidand especiallj.eucaena leucocephalaas
aggressively invading the natiteteropogon contortusndEragrostis
variabilis communities. Table IX shows that plants of different size etass
were well represented in these native grass communities ametae where the
count was made. Pure or mixed (Wibacia farnesianandProsopis pallida)
stands ot.eucaena leucocephalgere abundant in the summer-drought zot
Within the Leucaena leucocephatmmmunities Heteropogon contortuand
Eragrostis variabilisare likely to disappear because they are not shade-to

species.
Although the exotic species may be able to fill up empty nichétei native

vegetation, the rapid invasion of the latter by exotics is exdthby man's
activities. Man's activities that affect native vegetation asdltrén disturbance
include partial or complete clearing of vegetation, burning, seteemoval of
certain species, introduction of exotic plants and animals (Fpsb@$0) and i
recent years bulldozing. Thus degree of invasion, as indicate@ ipgtbent
cover of exotic invaders in a given community, may indicatel#iggee of
disturbance. However, the degree of invasion can be usetheasure of
disturbance effects only when dealing with the same vegetatidunsira
successional stage and. habitat type. The invasion of the natsse g
communities by woody
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species such aseucaena leucocephalmay not be the result of disturba
but simply normal successional change.

As a result of the invasion by exotic species, the na@eropogon contorti
and Eragrostis variabilis communities in the summer-drought zone |
changed and are still changing in their species compositioramy places th
change has led to the formation of various exotic communitigs17 shows
diagram illustrating the possible changes of the native g@ssunities int
various exotic communities. Fat arrows and thin arrows indidad@ges as
result of disturbance and normal succession, respectivelybl®arrow:
indicate reversible changes. Tt#loris barbataand Dichanthium aristatul
communities, for instance, may be invaded Byosopis pallidaif left
undisturbed, and conversely tReosopis pallidacommunity may be replac
by Chloris barbataandDichanthium aristatunafter disturbance.

A change of the native grass communities into Rig/nchelytrum repe
community occurs in more moist part of the drought zone.

It appears that the changes are leading directly or inlyiréocwards th
formation of theLeucaena leucocephalar Prosopis pallidacommunities
which seem to be the end points of the vegetational changes. Hc
Leucaena leucocephala an aggressive pioneer too (Egler, 1947). There
pure stands of this species may be considered serai commuriitie
replacement of theeucana leucocephaleommunity by others will depend
the availability of species that can survive arid conditiand can germina
and develop under the shadel@&ucaena leucocephal&owever,Leucaen
leucocephalas also able to reproduce from seeds under its own canop
evident from Table IX. Therefore, theeucaena leucocephattommunity ma
remain stable in the absence of invading species.

Field observations indicate that theucaena leucocephattommunity helps i
retaining and improving soils. Soils are usually dark because of hogganic
matter content than under grass covers. Surface soils unel@caen
leucocephalaseem also more moist than under grass covers in the saa
These soils may provide better seedbeds for the germination of gpedig
than those under grass covers. On the other hand, survivali@esditay b
poor due to root competition and shade. Where seed sourcesadebla
native species may replace exotics. Therefore, therepissaibility that th
Leucaena leucocephaleommunity may be replaced by native woody p
provided there is a seed source. In the absence of natieessje the are
studied, theLeucaena leucocephaleommunity will probably remain in tl
summer-drought zone
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for a long period of time because it can regenerate under itsavapy.

The Leucaena leucocephatammunity can develop in a grass community
if there is no grazing and also a grass fire must be almesbrine time. In tf
present investigation, where grazing was absent in the study; #reee wet
indications that_eucaena leucocephalaas aggi“essively invading (Table |
the Heteropogon contortusnd Eragrostis variabilisgrass communities. T
rate of invasion is yet to be determined.

The remants of native grass communities, composddieteropogon contortusr
Eragrostis variabilis,still exist in the summer-drought zone on Oahuwayodr he?
occur only in patches of smaller areas in contagiie exotic woody communitie
Photographic records of late 1800's and early $9@fihpiled by Scott (1968, n
espically p. 583, 675, 692, 700, 719, 791 and 8d@ate that many areas n
covered bylLeucaena leucocephaland Prosopis pallidaand urban areas wt
grass communities with scattered trees, apparesphgadingProsopis pallide
Therefore, there are reasons to believe that atiomethe arid vegetation of Og
was grassland dominated bigteropogon contortugr Eragrostis variabilis Native
trees and shrubs, such @anthium odoratum, Gossypium tomentosum, Lipoa
lobata, Myoporum sandwicensis, Erythrina sandwitens Osmantht
sandtuicensis, Reynoldsia sandivicensis, Sapindabueansis and Santalur
ellipticum, were probably scattered throughout. Most of thpseiss are still four
in the dry area and many of them are also compenehtthe semideciduo
seasonal forest (Hatheway,

1952).

5.2.2. Vegetation changes in grasscommunities in the summer-dry and
humid zones

5.2.2.1. Invasion by herbaceous plants
(i) Dicranopteris linearis

The Dicranopteris linearisfern-mats were encroaching into tAedropogol
virginicuscommunities at a steady rate. Fig. 18 shows the regressios afe
gained byDicranopteris linearison time, which was significant at the
percent level. The rate of encroachment per square metd).®&sg. m/mont
(0.6 sg. m/year) or a linear distance of 0.6 m per year.

In most casedDicranopteris lineariswas advancing actively, but in t
guadrats (in plot no. 23 at Pupuk&agranopteris linearisggrowth
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was poor, it often died back. The poor growth was probably due to the
drained soil.

The rhizomes oDicranopteris linearissend up erect stipes of the fronds.
fronds branch repeatedly forming thickets that overtop the grasshds
shading out the grass. Once the fern-mats are establishesl, almos
impossible for other autotrophic species to grow. The invasion €
Dicranopteris linearisfern-mats by native woody species seems possible
if the fern-mat breaks apart. Openings will permit seeds tmigate an
seedlings to develop. The frequent occurrence inCileeanopteris lineari:
fern-mats of woody species, commomigacia koaand Metrosideros collin:
may be explained as tree establishment before the advdbickEnopteris
linearis or concurrently with it.Acacia koaand Metrosideros collinacar
germinate best on bare moist ground when exposed to direct sunlight.

The rapid encroachment Dicranopteris linearighickets into théAndropogol

virginicus communities will eventually eliminate the latter in areas wierté
are found together. However, the total disappearance ofAtidropogo
virginicus cover is prevented by fire. Available evidence (see the s
dealing with the effect of fire) indicates that burrigidranopteris linearisdoe:
not resprout, but fire favours the regrowth Ahdropogon virginicus.A
burned-overDicranopteris linearisthicket was invaded by grasses, suc
Paspalum orbiculare, Setaria geniculatand Meiinis minutiflorain the firs
year after the fire, and later it appeared to be followedAgropogo
virginicus. Fire, therefore, not only perpetuates the grass cover buexbeayc
it also.

(i) Melinis minutiflora

The Melinis minutifloragrass-mats were encroaching into BRigynchelytrur
repens communities. The rate of encroachment varied from time to
following the fluctuation of rainfall. Fig. 19 shows the regression efdte
gained byMelinis minutifloraon time. Although the regression was signific
the growth ofMelinis was rather erratic. In some quadrats the area gaine(
months was less than in the previous 6 months record, aodeirquadrat
even showed a slight retreat. At another time (after 20 months),eheaine
was 3 to 12 times the area gained in the first six monthsefiradc growth c
Melinis was related to the fluctuation of the rainfall. The highest o growtt
occurred in the second year of observations from Septetfbéithrough Apri
1968, where the rainfall recorded was the highest.
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Although the rainfall dropped to less than 100 mm between April 196
August 1968,Melinis still increased in area. Soil might be wet enoug
maintain the Melinis growth. Soil moisture data from the neighbo
Rhynchelytrum repensommunity (Fig. 12, station 5 and Table VII) sho
that at least untill the end of May 1968 the soil moisture wadable.

Although the increase of area varied from quadrat to quaddafram time t
time, the average values showed a definite increase defiais minutiflore
cover with time. The average rate of increase per squater iwas 0.09 s
m/month (1.08 sq. m/year). This implies that out of a squarernod the
Rhynchelytrum repensover that borders thilelinis minutiflora community
Melinis minutiflora gains the whole square meter plus 0.08 sq. m eact
Thus with the annual encroachment ratevigflinis minutifloraof 1.08 m/yee
in linear distance, it would take 9.25 years to overgrow the 10 m distaa
10 x 10 sg. m of &hynchelytrum repensommunity that is bordered by
Melinis minutiflora cover. It was observed also that thkelinis minutiflore
invaded bare ground either by vegetative reproduction or by colomnizvith
seeds.

The establisheelinis minutifloracommunity forms a thick mat consisting
interwoven branches that make it almost impossible for other autoty@phte
to grow. The presence of woody plants within the community may not t
to recent invasion but rather to their establishment before thataolMeleiinis
minutiflora. Its ecologial effects are, therefore, quite analogous to thc
Dicranopteris linearis.

5.2.2.2. Invasion by trees

(i) Acacia koanvasion

Acacia koawas unable to invade the demsedropogon virginicusommunity
Acacia koaseed germinated only on moist ground that was exposed to sI
The presence ofAcacia koa saplings within theAndropogon virginicL
communities was not due to the recent invasion but rather to steidlishmer
before the arrival oAndropogon virginicuor concurrently developed with
after fire. The rate of diameter and height growthAo&cia koasaplings we
linear with time. Because of the shading effect Axfacia koaand th
Dicranopteris linearisencroachment, it can be predicted that Amelropogo
virginicus community in plot no. 25 will disappear in less than 12 years.
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During the two years of study, no seedlingsfofcia koawere recorded in tl
permanent quadrats or seen nearby, although seeds were abuodetie
parent trees surrounding the grass plot. Evidently these sesdsunable 1
germinate under the thick cover Ahdropogon virginicusField observatior
elsewhere showed that seeds readily germinated in eitheedléaest (fo
planting) or burned-over forest. In Kahaluu and Pupukea, in theetitove
forests (burned in August 1968), seeds germinated readily and ge
reached an average height of 5 cm one month after thdrfi@ne year tr
average seedling height was 101.2 cm and the average diat&fcm abo\

the ground was )
0.95 cm as calculated from 25 seedlings. In a two acre burregdramdanu

forest at Kahaluu, where two matukeacia koatrees were present, system
sampling with forty 0.25 sq. m quadrats resulted in an estimateedfirsg
density of 41,214 per hectare (16,486 per acre).

The diameter and height measurements oA8&cia koasaplings were taken
in an area of about 300 sg. m, which was covered #nanopogon virginicu
community (plot no. 25) located inMetrosideros Acaciforest opening. The
results are shown in Figs. 2021. It is evident that the relationships betwe
the diameter and height were linear with time. The rate alidmeeter
increment was 0.65 mm per month

(7.8 mm per year), and that of the height was 3.99 cm per njd8tbm pe
year). The increment of height and diameter was closelylatadeas shown |
the high correlation coefficient (r = 0.962). The average héighement per
mm diameter was 5.97 centimeters. This indicates Muatcia koagrows
rapidly and steadily, at least in the early stage of growth.

By extrapolation from the regression equationsytilaes of 10.9 cm for diame
and 7.3 m for height were obtained for the age dfygars. These values

extremely close to the values obtained by Whiteg@964) from direc
measurements of diameter and height in a 12-yehplahtation. This shows tf
the rate of the diameter and height growth unid #ge can be assumed linear \
time. Therefore, one may predict the size incrediskcacia koasaplings from th
regression equations up to 12 years. The curresinndéameter and height
Acacia koasaplings, occurring in the 300 sqg. Amdropogon virginicuplot, are¢
2.3 cm and 2 m respectively. In 12 years thesdrggpivill reach the young tri
stage with a diameter of 10.9 cm and a height ®hteters. The crown spread «
tree of this size was estimated to be about 1éhsters.

(There was a close correlation between the crown diameter and steete
of the saplings with r = 0.892). The 30 saplings will have a
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total crown cover of 300 sg. m in 12 years. However, these saplicgs on
one side of the grass community and the crown cover will shade out
approximately one half (150 sq. m) of the grass cover émgropogon
virginicus,a major species of serai communities on abandoned fields Ba
1968; Harlan, 1956; Keever, 1950; Oosting, 1942), is not a shade tgjeass
Therefore, it will die out under the shadeAafacia koaln this plot the
Andropogon virginicuEommunity was almost rectangular in shape (about
15 m) and bordered Wyicranopteris linearifern-mats on two adjacent side
facing the sides where tieacia koasaplings occurred.

Dicranopteris linearisvas advancing into th&ndropogon virginicus
community at the rate of 0.6 m per year. It was estimated thBi¢henopteris
linearis fern-mats will cover about 250 sq. m of #hedropogon virginicuglot
in 12 years from now. Therefore, after 12 yearsAhdropogon virginicus
cover on the 300 sq. m area may no longer exist. Howeveis thie only
when the growth oAcacia koaandDicranopteris linearigs maintained at the
present rate and if there are no environmental factors impedingytbwth.
Fire, for example, despite its initial effect of reducing treugd cover, therelt
favouring theAcacia koaseed germination, will favour the maintenance or
expansion of the grass community, because it would reduce thekill
establishedh\cacia koaseedlings. Observations indicate tBatranopteris
linearis fern-mats when burned did not come back one year after firgyevat
invaded by grass species (Table XXI). Fire, therefore,ertgnd the area of
the grass cover. Fire also increases the importandadrbpogon virginicusn
this grass community as the frequency and cover increasediiaf (Table
XX). The Andropogon virginicusommunity plays a role also in promoting
since it forms a continuous inflammable matrix.

(i) Metrosideros collinanvasion

Metrosideros collinavas unable to invade the demsedropogon virginicus
communities. However, it invaded several spa&msdropogon virginicus
communities occurring in moist and dry habitats with a rate of sgedli
establishment of 27.2% and 8.3%, respectively. In moist and titatsathe
diameter growth of the seedlings was slow and the height growth was. er
On the other hand, the diameter growth of the saplings in the mbitdtheas
faster than that of the seedlings. Using the regression equatithesdamete!
growth of the saplings, it is predicted that in the moist habli&itosideros
collina will replace the
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Andropogon virginicusommunity in less than 50 years, while on the b
habitat Andropogon virginicusvill remain the main cover in the commun
Because of the strong wind effeé@ndropogon virginicusn the habitat wi
remain also the dominant cover.

Table X shows data on invasionMetrosideros collinanto threeAndropogol
virginicus communities. In site Il (plot no. 23), where a poorly drainec
supported a dens&ndropogon virginicugover, no seedlings were recorde
the beginning and at the and of the observation period. In siteslll awhere
Andropogon virginicusbunches were sparse, the number of seedling:
high. The seedlings grew exposed to sunlight. No seedlings observe
under the dense cover. Observations in the surrounding foreseslsewhel
showed that seedlings were growing on dead tree trunks and eVring
trees, if these were exposed to sunlight. The three siteslogated in are:
surrounded byetrosiderodorests.

The lower percent of mortality in site | compared with site Il was iyt
attributable to better environmental conditions for seed germinatmseedlin
development. The soil at site | was deep, well-drained andastlysioist. Th
site is located in the high rainfall area, where the annualamedinfall is 330
millimeters. The higher mortality at site Il may be attributed tof#toe that th
seedlings were growing on shallow soil pockets {20 cm deep) betwe
rocks. This site is located in the lower rainfall area, whereatimeial media
rainfall is only 785 millimeters. A dry period occurs in the summer, (it is in ¢
summer-dry climate). In addition, strong winds blow throughout the atesite
[l which might have a desiccating effect on both soil and vegetdtics alsc
likely that there was a competition for water between grasshvietdbsidero
seedlings. The vegetation cover of the site was thin, where thegavegight c
the grass shootd Metrosideros collinavas only 30 centimeters.

Figs. 22 & 23 show the growth rate of thetrosideros collinaseedlings
There was a significant regression of the diameter increasm®im both site
I and lll. The diameter growth rate of the seedlings in site | wag&t
mm/month and in site Ill 0.024 mm/month. At both sites the growthwat
slow and showed the same pattern. Since site | was locateleittea habite
than site lll, factors controlling the growth rate may not be phy$azors
alone. Slow growth was perhaps due to an unknown inherent factor. Xl
shows that there was an insignificant height increase of tiokirgeein site |
while in site Il the height decreased. In site Il it was obsérthat the sho
tips often died
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back, perhaps due to the desiccating effect of wind. The presence of galls
al the tips of the seedlings would have slsu prevented the growth of the
terminal shoots, hut the seedlinge did continue growing by producing
lateral shoots. Some individuals, however, grew to 12 em in L5 years,
while others did not incresse at all. It sppearsd that individuals swerc
effected differentiy,

Figs. 24 & 25 show the diameter sand height growth of 21 saplings
of Metrosideros colling in site T, There was s significant regreszion of
the dismeter and height on time. The dismeter increaged with fime at a
constant rate of 0,29 myn/month (3.5 mm/vear) and the height 1.65 em
muonth (19.8 em/year), The diameter growth rate in saplings was faster
than in scedlings, The growih in helght of Melrogideros colling was slow
compared with Acacin Loa, There was also a atrong correlation belween
the incrense of diameter and height with a correlation coefficient of 0,942,

Tabla X1, The average height {em) growth of MWetyaaidorne eolling 2sedlings in sparse
Asidvopogor vivgihiicus conmuritivs, one neewrving on a4 desp soil at
Pupukea (site 1} wnd aoother en o yoeky and zhallew sefl at Pallkes
(si%e TIL), The figures fellowing b indicate siandard deviations,

_— -
Site 1 Bite 111
Period of Pevind of
Jneasurement Avearape heixzhl measrement Avernge haight
{montl=) (em) {munths) (om)
f 480 342 u 4.4 + 3,66
i E.I0 309 n 148 1 100
14 TAR 402 12 481 0 2.80
13 T80 = 4.005 18 440 200
2 4.35 & 2.6%

There was av zignificary, regression of the belght incresse oo tipe, with t — 1,414 <t
for gite T, and t — 2088 2 ¢, for zite TTT. The tunber of seedlings measored wes 25 in
sito T and 20 in zile 111,
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The average diameter of twenty measuredMiddrosideros collindrees in th
surrounding forest was 19 + 5 centimeters. The time required tb i€acn
diameter for saplings, now having an average diameter of 1.5Zamp
estimated by extrapolating the average diameter of the matureirtteete
regression equation Y = 0.29 X + 12.46, giving the value of timer61024..
months (51 + 19 years) at 5% probability level. This timewdation assume
that the rate of growth is constant at 0.3 mm per month. Howeveality the
rate of diameter growth may not be constant, because diameter gr
strongly influenced by density. The estimated value obtained mayba
accurate, but it may serve as a rough approximation. Tagoredhip betwee
the diameter growth and time is probably curvilinear, but with the
observation time, an estimation with curvilinear regression lmeamisleading
It is reasonable, therefore, to predict that site | will be foreste®D to 7(
years, provided the tree density remains high. At present, stedénsel
populated (Table XII) byMetrosideros collinasaplings of different si.
classes. The disappearance of Amelropogon virginicugover on this site mi
occur in a shorter time.

In site 1l where the soil was boggy throughout the year becausgefche
water table, the rate of diameter increase (Fig. 26) was only

0.14 mm/month. The height of the plants fluctuated from timente ti
(Table XIIl) because the apical shoots died back frequentlyegrowth was
continued by lateral shoots. The average height of 11 trees was only
1.04 meters. These short plants were mature as they produces flowleruit:
every yearMetrosideros collinatrees in the surrounding forest had an avel
diameter of 18.7 cm and an average height of 8.5 meters. Consitherisigw
growth rate of the trees on this site, namely only

3.5 mm diameter increment and no height growth in two years g T&lll),
and the absence of any new tree regeneration by seedling® ipears, th
Metrosiderosstand will probably stay open and stunted, whiledropogol
virginicus will remain the main cover.

(i) Grevillea robustanvasion

Grevillea robustawas invading aRhynchelytrum repensommunity with .
slow annual rate of seedling establishment, i.e., 26.5% in gteyéiar andi.€
fo in the second year. The height and diameter growth of the seeellsx
extremely slow. On the other hand, the diameter and height growtie
saplings was faster than that of the seedlings. Using the regresgiation fc
the diameter growth, it was predicted that
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Table XlI. Relative density and relative frequencyMétrosideros collina in variousize
classes in aAndropogon virginlcugommunity on a well-drained soil at Pupukea (site

Diameter classes (cm) Relative density (%) Reldteguency (%)

<0.563.5
0.5—1.016.933.8
1.0—2515.226.5
25—5.04515

>50——

Table XIll. Average height growth of 1etrosideros collinarees in a dens&ndropogol

virginicus community, occurring on boggy soil at Pupukea (site liguifes following -
indicate standard deviations

Period of Measurement Average height (mont
(cm)

0 101.8 £ 11.0
6 99.4 £ 16.4

12 102.9 + 19.8

+

20 104.6 £ 25.1
24 103.8 + 21.8

4~

the Rhynchelytrum repenand Melinis minutiflora communities would t
replaced by aGrevillea rosbustacommunity in less than 45 years, provi
that the tree density increases or remains unchanged.

Observations on th&revillea robustainvasion were carried out from Aug
1966 to August 1968 every 6 to 8 months. The results are summarizablé
XIV. In group |, where four one sq. m quadrats were establist&dut of 3!
total seedlings recorded were dead at the
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end of the first year of observation (August 1967) resulting in a htpntate
of 60.67c. At the conclusion of the study (August 1968) the staortality
increased to 90.9% and the only survivors were the new seeditgsied i
April 1968. In group Il (five additional quadrats established in Augi967
the seedling mortality one year later was 71.4%. This was highertlla:
recorded in the first year in group I.

The average diameter of 6 months old seedlings was 1.3 mm ameighewa
8.7 cm (average of groups | and Il). It was difficult to follow thewgh of the
seedlings for more than one year, sines most of the seedlidgsr#ig/ear aft:
germination. However, Table XV indicates that the growth rate afuhgving
ssedlings was extremely slow. The slow growth rate and high mprtd
seedlings may be due to a toxic substance exuded by the neighbalurit
Grevillea robustéarees

(allelopathy).

i. Table XVI shows that theRhynchelytrum repensommunity and tt
adjoiningMelinis minutifloracommunity were populated I§yrevillea robuste
The distribution of the size classes suggests that the enByesfllea robust
into the grass communities took place at different times. Sapindsyoun
trees were found within the grass communities away from the tagkedt. Thi
supports the allelopathy theory (Tukey, 1969) concerning seedling surviy

Considering thatGrevillea robustahas a high mortality and slow growth 1
of the seedlings, it may be inferred that this species is naaggressiv
invader.

Figs. 27 & 28 show that the diameter and height of saplings increasddy
with time. The average growth rate for 16 saplings was 0.72munth (8.t
mm/year) in diameter and 4.98 cm/month (60.0 cm/year) in hdipbtaverag
diameter at breast height of 10 mature trees growing at the edige gfas
community was 40.4 centimeters. Extrapolation of this value into theng
regression equation for diameter gave the estimate of time of 533183L:
months (44.5 + 3.5 years). From this, one may imply Gavillea robuste
whose current average diameter was 2.9 cm, will reach the ntegarstag
(defined as 40 cm diameter at breast height) in about 44 yearsality,
however, it may take less time.

Provided that the tree density (240/hectare, see Table XVI) remathange
or increases, one may predict that the grass community will beynsbsitie
by Grevillea robustan less than 45 years. Since the currently present g
are not shade-tolerant, most of the grass cover will probablypdiaafrom th
area. The time to reach this stage is
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Table XVI. Size class distribution dBrevillect robustain 0.5 hectareRhynchelytrur
repensandMelin'is minutifloracommunities at Kunia. The number of plants was obt
by counting all the trees within this 0.5 hectare area

Diameter classes Number of plants Percent

densi

ty
(cm) per hectare
15

72 30.0
5—25 136 56.7
13.3

25—50 32

T&gf‘nhln’%ber of tree40

perhaps shorter since the majority of the saplings and younghtrgedarge
diameters (5— 50 cm, Table XVI), than the saplings{% 5 cm in diamete
used for the camputation of the regression curves.

5.2.2.3. Conclusions

Andropogon virginicusis an exotic species of recent introduction.

development of alAndropogon virginicugommunities has taken place wit
the last 40 years. The area now occupied by this community typerababl
covered byPaspalum orbiculareand Setaria geniculataThese two grass
were present in th&ndropogon virginicuEommunities but occupied less t
10 percent of the vegetation cover. TArdropogon virginicusommunitie
were invaded by Dicranopteris linearis fern-mats, wherever the t
communities had a common boundary.

There was also an indication thatacia koawas invading theéAndropogol
virginicus communities in the koa zone which was possible with the h
fire that cleared the grass cover and exposed the ground to tigh
facilitating seed germination; Likewise,Mesideros collinaseemed to requi
exposure to light for seed germination. It entered Ahdropogon virginicu
communities when the grass cover was sparse. Therefore simepect

behaves likeAcacia koa.Under favourable environmental conditions,
Andropogon virginicushat were invaded
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by Acacia koaand Metrosideros collinaseedlings may change into forest
less than 50 years. However, the two native tree speciaiyudo not occur i
the same habitats, and their invasion is locally restricted to aveh
neighbouring native tree stands. There was evidenc&tieatllea robustavas
invading certairRhynchelytrum repersommunities locally.

The grass communities may develop from various vegetation gasresu
of fire (see section on the effect of fire). Thereafter it imagome replaced
specific woody plant communities. The kind of community that will sac
depends on the surrounding vegetation, the climate and the soil-egitee 1o
the habitat.

The possible trends of vegetation changes that lead to theopmezit o
various grass communities and the kinds of communities tatreplace the
may be diagrammatically summarized in Fig. 29. The vegetatiargebaafte
fire (described in the next section) are also included indiaigram. These &
the changes from thicranopteris linearisfern-mats to thé/lelinis minutiflore
grass communities and the Paspalum orbiculare-Setaria geniculataas
communities. Fire is also responsible for the change from
Psidium-Wikstroemiascrub tothe Paspalum orbiculare-Setaria genicul
grass communities. The replacemenPagpalum orbiculare-Setaria genicul
grass communities byAndropogon virginicuds based on a historical rec
cited earlier. Today thé*aspalum orbiculare-Setaria geniculatommunit
type is marginal in size and localized in distribution. Thange from th
Andropogon virginicuscommunities to theDicranopteris linearisfern-mat:
occurs in the koa zone, and the replacement ofAthéropogon virginicu
communities byMetrosideros collinaforests occurs in the ohia zone.
replacement of thé&khynchelytrum repensommunity byMelinis minutiflore
community occurs locally at Kunia. The dashed lines indicate hgpcal
changes from th@aspalum orbiculareommunity to théicranopteris lineari:
fern-mats and from th&revilea robustdorest tothe Melinis minutifloragras:
community.

5.2.3. Effect of fire

5.2.3.1. Chloris barbata and Dichanthium aristatum communities

In spring 1969, the vegetation on Makapuu Flat covered-829% of th
surface area. Exotic species constituted 90% of the vegetation. dtha
distribution of theChloris barbataand Dichanthium aristaturcommunitie:
was related to the rockiness of the soil. The frequency and
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cover ofChloris barbatawas greater in the twice burned community than
the community that was burned but once. The increase was acsiuedphy
prolific seed germination after fire. Native woody spedi&sssypium
tomentosum, Lipochaeta lobaaadSida fallaxresponded favourably to fire
resprouting Gossypium tomentosumad a high rate of survival which was
maintained not only by resprouting from the old burned stems but freds.s

Table XVII shows the species composition of the grass commurteyrivs of
the importance value. The importance value of each species wadeyi
summing the relative cover and frequency. The two major compguecies
wereChloris barbataandDichanthium aristatumzig. 30 shows that these
species formed a gradient in their importance values alon@ties sf
transects. To the left of the gradie@hloris barbatadominated and to the rig
Dichanthium aristatumTwo other important specieBchinochloa colonum
andPhaseolus lathyroide@ able XVII), tended to develop best to the left o
the gradient, but were sparingly present or completely absent to thelugh
native shrubGossypium tomentosuamdLipochaeta lobatavere common in
the areaGGossypium tomentoswvas more frequent in tH@hloris barbata
community, whereakipochaeta lobatdad a significantly higher importance
value in theDichanthium aristatuncommunity.

Two community types were identified along the gradient, i.e.Ctileris
barbataandDichanthium aristatuncommunity types. These community tyg
were identified earlier in the synthesis table (Table 1) adahation (Fig. 2) of
the grass communities from the summer-drought zone. In mosttbase
inter-transect similarity indices within each community type weeatgr than
40%, but between the two community types they were less than 4@%. Th
pattern of vegetation was related to the rockiness of the soitlddrease of
importance values dthloris barbatawas proportional to the increase of
rockiness, as indicated by a highly significant correlation between th
importance values and the soil depth (r = 0.695 > 0.684, correlaidicent
at the 1% level)Chloris barbatadeveloped best on shallow and rocky soils
Dichanthium aristatunibetter on deeper and non-rocky soils. The soil in all
parts of the study area was of the same type, i. e., thedleiadlay soil series
which belongs to the Dark Magnesium Clay great soil group békter
establishment ofhloris barbatain the more stony soil was probably due tc
better drainage. During the rainy season the non-rocky soil wagsaflooded
longer than the rocky soil. This was perhaps partly due to thdatmg land
surface and greater seepage from hillsides at the
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Dichanthium aristatunside of the grass flats. This condition did not favour
establishment of €hloris barbatacommunity. It was, however, favourable -
the growth oDichanthium aristatumywhose habitat normally is muddy plac
(Chippindall, 1959; Hitchcock, 1950). Soil moisture records alswet that
the soil under th®ichanthium aristatuncommunity was more moist during
the rainy season that under tBkloris barbata(Fig. 14).

Transects 1 to 6 were burned in late summer 19@@gain in the same period it
1968, transects 7, 8 and 9 in late summer 1967trandects 10 to 13 remained
unburned at least since 1965. Valid comparison éetwhe burned and unburne
transects could not be made along this series #iveckurned and unburned
transects belonged to different communities. Furtioee, the effect of fire was
complicated by the effects of inundation and swikiness, which seemed to be
controlling factor in the distribution of the tweoags communities on this grass f
However, a comparison between the 1967 and 196868 burns indicate that tl
three common species in the communi@oris barbata, Desmanthus virgatus
andPhaseclus lathyroid.gsad higher average importance values in the 1968 |
The higher number of species recorded in the 1988 (31) compared with the
1967 burn (17) was due to a higher number of cagiiable XVII). The result of
the sampling ofzossypium tomentosuisipresented in Table XVIIL." It is eviden
that theGossypium tomentosumopulation was denser in the burr@hdloris
barbatacommunity than in the unburn&lichanthium aristatuntcommunity. The
importance values dbossypium tomentosuffiable XVII) show the same patter
Living plants in Table XVIII are defined as planist were burned but were able
resprout during the growing period

(rainy season) and as plants that developed from seedBigsypium
tomentosuniad a high rate of survival after fire as is evident from

Table XVIII. Population ofGossypium tomentosuimburned and unburned grass
communities at Makapuu Flat, sampled with quarter niethdd. Number
of plants refers to the number recorded in 13 transects

Diameter classes Number of plants Percent
densi
ty
(cm) per hectare
15

72 30.0
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a low percent of mortality (24.1%). Fire burned and killed brandhesn the
rainy season new shoots developed from the base of the stripwaaring
took place 4 to 5 months later. Table XIX shows fBassypium tomentost
seeds germinated after burning.

Fire was not detrimental tGossypium tomentosuriihis was clear from tt
high rate of survival (75.9%) and from the almost unchanged frequenl
cover in the once and twice burned transects. Fire hadlereficial effect
on Gossypium tomentosurRlants regenerated by resprouting as well ¢
seed germination. They grew and developed vigorously astiedahe matui
stage in less than one year. The new plants were hediltaar the ol
unburned ones. In the absence of fire, regrowth was littlergmeductiol
seemed less vigorous.

Except for Gossypium tomentosuand Lipochaeta lobatawhich resproute
after fire, all other species reappeared through seed germin@table XIXx
shows the seedling populations of seven species that appeared fing
burned-oveChloris barbatacommunity following a heavy rainfall.

The increase of importance of the major species in the commung
probably attributable to the prolific germination of the seeds aftdiréheSee:
germination took place immediately after moisture was availaloleth¢
established, not recently burned, communi@hloris barbata did no
regenerate by seed germination but by resprouting from the otthésinTh
absence o€hloris seedlings can be attributed to

Table XIX. Seedlings density in a burné&@hloris barbatacommunity at Makapuu Pl
sampled with ten 0.25 sg. m quadrats that were systematidatigd at every ten pac
sampling was carried out one week after heavy rainfall in Dieeet967

Species Number of plantsper 100 sg. m

Diameter classes Number of plants Percent
(cm) per hectare
15

72 30.!
5—25 136 56.

13.3
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shading and lack of spadghloris barbataseed germination apparently
requires lightPhaseolus lathyroidesnd Desmanthus virgatusiowever, did
germinate in their own shade, although less prolifically thaheropen. Fire
occurred in 1966 and 1968, killirghloris barbata, Phaseolus lathyroides,
Desmanthus virgatusnd other herbaceous species. Fire also facilitated
germination by removing the accumulated dry matter. Also theenate
fertilizing effect of the ash (Ehrenreich and Aikman, 1963) ngive
enhanced the growth of the seedlings. Prolific germinatid@hddris barbata,
Desmanthus virgatusndPhaseolus lathyroidemight have been stimulated
heat generated by fire. Siegel and Smith (1969) reported thatrtheggon
rate ofLeucaena leucocephala, Desmanthus virgatu$Phaseolus
lathyroideswere stimulated 3- to 5-fold by 10 minutes exposure to 150°
centigrade. This short but high temperature exposure is the conbaioone

mi?ht expect in grassland fire.
Chloris barbatais a pioneer species on disturbed habitats. It appeared the

Chloris barbatacommunities were arrested by fire in the pioneer stageeT!
was no indication that the communities were being invadderbgopis pollide
although this species was present in the vicinity of and withindgh@munities.
Its invasion was probably prevented by recurrent fire. In adalProsopis
pallida stand, it was observed that this plant failed to resprout ancedo se
germinated one year after the fire. Therefor@rdsopis pallidavas found in ¢
Chloris barbatacommunity the community was probably exposed only to |
or spotty and quick burning fires or fire might have been absesbfoe time.
However, with a low frequency of fire one would expect a shift in the
community composition.

In the present investigation, no study on the effect of fire @éteropogon
contortusandEragrostis variabiliscommunity types was made. However,
traces of fire, in the form of charcoal in the soils andboithed grass bunche
and stems of woody plants, were found in many grass-cover&s are
suggesting that these community types are also maintained by fire.

5.2.3.1. Andropogon virginicus community, Dicranopteris-Metrosideros
woodland and Psidium-Wikstroemia scrub

Andropogon virginicusemained the dominant species, whose frequency a
cover increased after fire. Regeneration occurred by resgyariohseedlings.
On the other handgetaria geniculatand
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Paspalum orbicularedecreased in frequency and cover. Some woody s
resprouted after fire and others died. Fire transforme@sidtum-Wikstroem
scrub andicranopteris-Metrosiderogvoodland into grass communities. It
speculated that the grassy hills in the humid zone were the refudtsc
maintained by recurrent fires.

Table XX shows the species composition of the burned and unl
Andropogon virginicusommunities occurring on the same habitat. A tot
16 species were recorded in the communities. Comparison of thedban:
unburned stands shows tha&nhdropogon virginicusremained the domine
species in the communities. The frequency and covAndfopogon virginict
increased after fire, regenerating by resprouting and seedliBgslia
sonchifolia, Cassia leschenaultiarsand Chrysopogon aciculatusyhich wert
present only occasionally in the unburned community, occurred
frequently after fire although their combined cover was less 18apercen
Emilia sonchifoliaand Cassia leschenaultianaccurred mainly as seedlin
and Chrysopogon aciculatusesprouted from the old rhizome®aspalur
orbiculare, Setaria geniculatand Stachytarpheta jamaicensisyhich wert
important species in the unburned community, decreased in f@g@e
cover in the burned communitySpathoglottis plicataand Sphenomer
chusanacommon associated specieshia Andropogon virginicueommunity
did not reappear one year after the fire. There was no indicthi#i Eugenii
cumini and Metrosideros collinaree seedlings were invading the burned
Only one seedling of the shrildikstroemia oahuensgas encountered.

No quantitative assessment on the effect of fire on woody spgriEser
within or outside the grass community, was made. Observations, hg
showed thatVikstroemia oahuensis, Scaevola gaudichaudemPandanu
odoratissimusfailed to resprout after fire. Most of thdetrosideros collin
trees were dead. Those that resprouted were not completely bEurggehi:
cumini, Psidium guajava, Lantana camaad Cibothtm chamissaesproute
after fire. Acacia koaseedlings were abundant around the burned paren

that were also resprouting.
Tables XXI and XXII show that the burneBicranopteris-Metrosiderc

woodlands andPsidium-Wikstroemiascrub were dominated by grasses
herbaceous species one year after the fire. The vegetatiord @& —100%
of the total ground area. Most of the species present warticexSeve
species were common to both burrieitranopteris-Metrosiderosvoodland
and Psidium-Wikstroemiascrub. These wer&etaria geniculata, Paspall
orbiculare, Centella asiatica, Stachytarpheta jamaicensis, Erec
hierarchifolia, Emilia sonchifolisand Andropogon
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Table XXII. Percent frequency and cover of species in adalPsidium-Wikstroem
scrub community at Kahaluu

% Frequencyo Cover

Setaria geniculatg, ; .,
Paspalum orbicular®5.0 50.4
Centella as-iaticar0.0 3.3
Stachytarpheta jamaicenrss.0 8.0
Erechtites hierarchifolial0.0 1.5
Psidiiim guajava10.0 3.0

Emilia sonehifoties.0 1.0
Andropogon virginicug.5 6.5
Paspalum conjuffatura.5—
Cassia leschenaultiana- 0.5
Lantana camara— 0.5

Pandanus odoratissimus 0.3
Pteridium aquilinumvar. decompositiord.3

virginicus. The most important grasses w&etaria geniculatandPaspalur
orbiculare which were present with high frequency and cover. The decie
frequency and cover dPaspalum, orbiculareand Setaria geniculatan the
burned Andropogon virginicuscommunity was probably due to a str
competition from resprouting bunches as well as seedlingdndfopogo
virginicus. In the burned Dicranopteris-Metrosideros woodlands ar
Psidium-Wikstroemiasaub, on the other handPaspalum orbiculareanc
Setaria geniculataentered the burned sites without encountering compe
except for forbs such agrechtites hierarchifolia, Emilia sonchifoli@nc

Centella asiatica.
In the Pupukea buriMelinis minutiflorawas dominant (Table XXI) coveril

about one half of the sampled area. The invasion took place bingsedihis
species was able to invade this area in such a short periadskethe bui
was located close to an establisihdelinis minutifloracommunity.
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Andropogon virginicusvas not an important species in the developing
community, but its presence suggests that it may establish itsiedf more
advanced stage of succession as the domiAadtopogon virginicubecomes
important only in the third or fourth year of the secondary sucoessi
abandoned fields in the temperate zones on the mainland United States
(Bazzaz, 1968; Harlan, 1956; Keever, 1950; Oosting, 1942). In thenue of
Melinis minutiflorasuch as at Pupukeandropogon virginicusnay not be ab
to invade the area, because of strong competition Mefmis minutiflora
which can spread rapidly by vegetative means. The chandeslodpogon
virginicusto enter the community in the latter stage are small, becauttectk
mat-forming habit oMelinis minutiflora.

Paspalum orbiculare, Setaria geniculaeadErechtites hierarchifoliaoccurrec
not only in the open but they were also very common and grew more
vigorously underneatRandanus odoratissimasdAcacia koaThe native tre
and shrub species that appeared to invade the burned commur@tcaeia
koa, Scaevola gaudichaudiana, Metrosideros colandWikstroemia
oahuensis.

It is evident that fire could transform various vegetation typesgrass
communities. Fire paved the way for the entry of aggressiviicegrasses,
especiallyMelinis minutiflora, Paspalum orbicular@ndSetaria geniculatalt
is likely that many grassy hills in the humid area, now dominated by
Andropogon virginicuswere the results of recurrent fires. The presence o
charcoal in the soils in many study areas supports thisilspiea. Fires still
occur frequently. Before the introductionAfdropogon virginicusthe grassy
hills in the humid zone were dominated Pgspalum orbicularandSetaria
geniculata.Present observations indicate thatAmelropogon virginicus
communities are maintained and extended by fire. On the othentlaeil,
native woody species, suchAsacia koeandScaevola gaudichaudianare
present in the vicinity of the grass community, fire aids theseias to invade
the community also, by clearing the ground and providing favaairabl
conditions for seed germination. This is especially trué\t@cia koavhose
seeds germinated abundantly immediately after fire.

6. GENERAL CONCLUSIONS

The grass communities studied have been classified into omeenity
types, six occurred in the summer-drought zone, two in the sudimyeone
and one in the humid zone. The community types were identified
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by dominant and differential species and by similarity indiceed®n plots
The grouping of plots in the synthesis tables (Tables | arahdl the clusterir
of plots in two-dimensional ordinations (Figs. 2 & 4) were simHiach grou
of plots was designated as a community type. The community types wé
separated when the interplot similariy indices within each group gree
than 40% and between groups less than 40%. Although the grassicibies
were classified into community types, the distributional rasfg@any specie
embraced several community types, thus suggesting a partial cigntihtine

community types.
Certain community types were distributed along the climatic gradretitel

humid climate, théAndropogon virginicugsommunity type was prevalent an
in the summer-dry climate thdelinis minutifloraandRhynchelytrum repens
community types were present. The grass dominance chaages fr
Rhynchelytrum repens Melinis minutiflorato Andropogon virginicusvith
increasing rainfall and decreasing soil pH (Figs. 9 & 10). AdgmetheMelinis
minutiflora community is less prevalent than either of the two. In arepsndf
occurrences with either tiehynchelytrum reperend Andropogon virginicus
communities, there is evidence of encroachmenblnis minutiflora.This
species is capable of replacing either of the two commungrsyarly in the
subhumid climate. The replacement of Rigynchelytrum repercommunity
appears to be a normal successional event, that éfrth@pogon virginicus
community is related to renewed disturbance by fire. It is blestiat the
present existing distribution of the three community types witldresiderably
modified by an expansion in areaMglinis minutifloragrass cover on the
expense of th&hynchelytrum reperandAndropogon virginicuEommunity
types within the next decade. In the very high rainfall arkadropogon
virginicus occurred with reduced growth, because soils tended to be bogg

In the summer-drought zone, six community types occurkéeteropogo
contorusRhynchelytrum repens, Eragrostis variabilis, Trichachne insu
Panicum maximum, Dichanthium aristatuamd Chloris barbata communit
types. The occurrence of the six community types was related toghgraphi
position, wind exposure, the rockiness of the land surface anstahiness
the soils.

The occurrence of the nine community types was not related soilhgeries
although the great soil groups were correlated with the vegetatims zan
therefore with the climatically controlled community types. Rain&ther tha
temperature was the more important factor affecting the distribution
grass community types, both geographi
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cally and altitudinally. The grass community type distribution & ldwland:
from the leeward to the windward sides (i.e., along the daigfadient) an
the distribution from the sea level to the montain cresthenleeward sic
showed this pattern of relationship.

Soil acidity (pH) of the main rhizospheres under different canity type:
formed a gradient. The acidity gradient corresponded with theallagné&dien
also. This was expected since the soil acidity was to a gxéatt affected t
rainfall. In the summer-drought zone, the acidity gradient vedated t
topography and proximity to the sea.

No relationship between the community types and organic matter contt
water retaining capacity of the soils from the main rhizospheees abserve
The organic matter content in all community types, except inTti@hachns
insularis community type, was low (Table IV). This was perhaps due 1
frequent occurrence of fire that removed the bulk of the orgaaiter suppl
(shoot and litter). The absence of correlation between the comniyméty an
water retaining capacity suggests that the establishment of vagiais:
communities was not determined by the maximum amount of water the ¢
hold. It is also an indication that soil texture was not a ohténg factor
Water retaining capacity of soils may be used as a measutes dexture
properties of soils.

The occurrence of various community types was related to thevatl
regime. The seasonal behavior of soil-water was in a closeragnt with th
climatic pattern, in which rainfall was the governing elemerweler, th
soil-water regime showed locally significant modifications that weod
evident from the rainfall pattern. These were related to topogrpphiton an
soil depth. The modifications were closely reflected in somes grager type:
In the summer-drought climate, whéfieteropogon contortugzas dominant ¢
the hillsides, andChloris barbataand Dichanthium aristatunon the flatlanc
soils at the main rhizospheres experienced 3 to 9 months summght(Figs
11 —14). During this period, the soil-water content was lower thal
permanent wilting percentage. The amount and period of water contin
available to plants were greater on the flatlands than on tealéd| indicatin
the importance of topography as a factor affecting the soil-water regimas
conditions allow the establishment of ti&hloris barbataand Dichanthiun
aristatumcommunities. It perhaps explains wB¥loris barbataoccurred onl
sparingly and never became dominant on the hillsides. On the distlém
occurrence ofChloris barbataand Dichanthium aristatiuncommunities we
determined by the duration of the
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availability of water. It was also related to the stoninesseoédtils

(Fig. 30).

In the summer-dry climate, under thlehynchelytrum repensommunities
water was available throughout the year except for one morghilodirough
(Fig. 13). During the wet season water was in excess of figdcdg. In the
humid climate, under th&ndropogon virginicu€ommunities, soil-water w
always higher than the field capacity throughout the year {&ig.

The native grass communities once occurred over a laegeoar the lowlanc
in the dry area (summer-drought climate). Toddgteropogon contorti
communities are still quite prevalent, bHtagrostis variabilis communitie
occur only as relicts in this area. The gradual declineeoh#ttive communitie
and the emergence of exotic communities were the results ofluiction o
exotic species that invaded after disturbances. Disturbance, ipriraarthe
results of man's activities, includes fire, partial or compiitstruction of th
original vegetation and grazing. However, the invasion of esptcies did n
always follow disturbance, because some species, for exabmleaen
leucocephala,were able to fill empty niches within nativeleteropogo
contortusandEragrostis variabiliscommunities.

Heteropogon contortuand Eragrostis variabilisdecreased at the expens:
exotic invaders. On the hillsides, the prevalent grass invadas
Rhynchelytrum repensyhereas on the flatlands the prevalent invaders
Chloris barbata and Dichanthium aristatum. Panicum maximuranc
Trichachne insulariswere the dominant grass invaders on the gentle ¢
with rock outcropsLeucaena leucocephalaias an aggressive woody inva
as was evident from its size class representation in theengras:
communities. The absence of grazing and reduced burning péyiadidhe
study area aids in the rapid spread of this species.

The Andropogon virginicusommunity is a serai community prevalent in
humid zone. It developed only in the last 40 years. Under ementa
conditions favourable for its growthDicranopteris linearis invaded th
Andropogon virginicuscommunity, whenever these two communities h
common boundary. The mean rate of invasion was 60 cm perAgzaia Jco
and Metrosideros collinavere unable to invade dendadropogon virginicL
communities. In the study area, the entryAc&cia Jcoavas possible only aft
fire or some other mechanisms cleared up and exposed the
Metrosideros collinainvaded only thinly coveredAndropogon virginicL
communities surrounded by mature trees with a
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rate of seedling establishment per square meter of837.2 per year. Tl
rate of mortality ranged from 45 to 84%, depending primarily on the stdt
regime. Under favourable conditions, the diameter growth rafecatia ko
saplings was 7.8 mm/year and thaMstrosideros collina

3.5 mml/year. In the humid zone, tendropogon virginicuscommunitie
contained a large number éicacia koaor Metrosideros collinasaplings. |
was predicted that the grass community would disappear in les5Qhgear
because of the shading effect developing from the tree canohissvds als
true for theRhynchelytrum repensommunity (at Kunia), which was invac
by Grevillea robustalt may disappear in less than 45 years. The invasio
of Grevillea robustawas slow (i.e., 0.5— 2.6 seedlings/year/sq. m) witl
high seedling mortality. The sapling growth Girevillea robustawas 8.
mm/year for diameter and 60 cm/year for height. Riynchelytrum repe
community at Kunia was also invaded Bieiinis minutifloraat a rate of 1
m/year.

Fire, both in the summer-drought and humid climate, maintaine@xdadde
the grass communities. In the humid climate, fire could transftre
Dicranopteris-Metrosideroswoodland andPsidium-Wikstroemiascrub intt
grass communities. Fires paved the way for the entry of expésse:
especiallyMeiinis minutiflora, Setaria geniculatand Paspalum orbicular
There was also an indication thaindropogon virginicusmight enter th
Paspalum orbicular e-Setaria genicidatammunity in subsequent years.
likely that many grassy hills in the humid areas are the resfulecurrent fires
Present observations indicate that &mropogon virginicusommunity wa
maintained and extended by fire. However, when native woody spaaiésa
Acacia koaand Scaevola gaudichaudianayere present in the vicinity of t
grass community, fire helped them to invade the community by provic
more favourable seedbed. This was particularly trueAloacia koawhost
seeds germinated abundantly after fire.

In the summer-drought zone, the frequency and cov&@hidris barbatawas
greater in the twice burned community than in the community throuwaifiq
seed germination afer fire. Native woody speciB®ssypium tomentost
Lipochaeta lobataand Sida fallax,responded favourably to fire by resprout
Gossypium tomentosurhad a high rate of survival (76%), which
maintained not only by resprouting from the old burned stems but a
seedlings.

The development of and the possible vegetational changes ouvagias
communities in the summer-dry and humid zones are summarized
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in Fig. 29 and those in the summer-drought zone in Fig 17. At présssgms
that the vegetational changes in the summer-drought zone areyldadutly
or indirectly towards the formation of theueaena leucocephata Prosopis
pallida community, which appears to be the end point of the changes. Th
replacement of these communities will depend on the availabilgpeaxfies
that can survive arid conditions and are able to germinate &etbpgainder th
shade of_eueaena leucocephatat Prosopis pallidaConsidering that
Leueaena leucocephais able to reproduce under its own canopy, in the
absence of invading species, tl®ieaena leucocephatmmmunity will
remain in the summer-drought zone for a long time. Althougke:tbéc
species invasion was the most important factor that brought about veget:
changes, the floristic pattern of a community and the directicharige were
determined by climate (especially rainfall), soil-water regime, topograpth
the surrounding vegetation.
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