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PLATES
(Between Pages 58 and 59)

Four-dimensional model of ecological relationships in the
northeln jarr-ah region
(a) Site-vegetation TYPe O
(b) Site-vegetation TYPe Q
(a) Site-vegetation TYPe Y
(b) Site-vegetation TYPe C

(a) site-vegetation TYPe A
(b) Site-vegetation 

'rYPe J

ERRATUM

In Figure 20, Luginia tea@ac is erroneously shown as the key indicator for

fype F, when it should be shown as the kev indicator for Tvpe J'



'uorlEcollE 
IBn?c€ uo pu€ uorJel€dald uo luads oulrl aql m .{Uarqc

peraJrp pu€ 'atqrsEoJ punoj erel\ saqc€oldd€ aerqq ItV 
.luew8pnt ugurnq

,{q pu€ 8uD{€ru uorsrcep pasEq-ra?ndruoc ,{q 'EulqcJEur 
l€nsr^ fq paldtuol?E

sBnd. sluaru;as urnnurluoc aql 01 'uorsrcatd 
Jo rapJo ra$ol 9 Jo ,{Iluonbes

-uoc pue sdadJrls al€cs-o8.r€I rxolJ polrtap,suollEd.rasqo aau Jo uol.J€collv
'suolllpuoc 

lE4uauluorl^ue 8ur.{Ireprn aql pu€ sarcads rol€clpur lueuoduloc
s1r Jo swral uI paugep sE^\ lualu8as qrEg Surdd€ur plog Jo asodtnd aql ro}
sluaru8as 6I olur ,{p]1rlcofqns dn ue{orq s€.{! urnnurluoc aqJ -sorceals Jol€c]pur
s9 ussoqc €Jold sarcads 99 'lunnulluoc 

lBuorsuaurp-lnoJ ts urqlrr[ sorcads
snollp^ aql Jo Jnor^€qaq aql Jo 8ul?sa1 aql Surdlo,rur .suoll€urlxoldal€ arltsset
-cns Jo ssacoJd € ,{g al€udorddB qsBal aq ol punoJ s€r!L ,uorl€cgrss€Ir crlaql
-ouow a^ls$rp J€Incllred ur'uorlEcurssEIc urnnurluoc lBuolsuolutp-4lnut
€ ,{lesolc }sour alErulxordd€ 01 punoJ sBrd uor8al eq1 Jo uortela8a,l aqI

Jd,{} Jrlsr{lflod e^rJElauoISSE puE cr}eqlouour adrsl,\rp qlocl Jo uot+
-€cglssBlc lecrraurnu.tq ra}1€I oql 'srsdl€u€ 

luauodllloc l€drruual Jo suEelu .tq
posIIEu€ s€r,\ reurrol aqJ. El€p o^rl€Jrl€nb pue o^rl€lrJuEnb qloq olur ,surEJB
-o.rd Jalnduroc drErlrxn€ Jo su€aur ,{q 'pel]a^uor s€r\ BlBp cts€q aqJ

'sarnlBaI

crqdEpa pu€ ,rqd€.r8odo1 pol€lcoss€ Jo uorldrlcs3p E pu€ slBrp€nb orleur
-auo 'uealxrs uo sarcads qJeq puB qn.rqs lEluueted IIE Jo -re^oc Jo alelurlsa u€
'€qgl 

0 uo s3rcads oa.r1 lI€ Jo uorl€.ralllnue saJe I€s€q olalduro, E pa,llo^ur lold
uoIl€AJaSqO qCBg lueurA8€Ugru 1S3JOJ 01 lUedalal uorl€urroJul ostE lnq €l€p
I€crSoloca dluo 1ou Eurp{ar.{ Jo otqEd€c slold uor?€d.rasqo ozt pasrlduroc sts€q
€t€p aqJ, uol?Plo8erl. snoua€Ipur aql Jo uorlEcgrss€I, puB uorlBurpJo qloq 5ur
-urquoc qc€ordd€ olqrxag E lcolas o? pasn se,r's€osla,ro pup I"roI qloq'sarpnls
olq€rEdr oc Jo puB uor8ar aql uI {ro,\,| l€crSoloco lsEd Jo .4al^o.r V gIIEJlsnV

urelsal1l\ Jo 1se.4\-qlnos eq1 ur rur{ 009 0T Jo uo,rFal palsoroJ € Jo luauro8€u€ru
punos aql roJ sls€q € s€ pou8rsep sB^\ paqrrcsap dpn?s l€rr8oloca eqJ

IUVI{I,{NS



SITE-VEGETATION MAPPING IN THE NORTIIERN JARRAH FORtrST

1DARLING RANGE)

1. DEFINITION OF SITE-VEGETATION TYPES'

INTR,ODUCTION

I n t e r m s o f b a s r c c o n c e p E a n d t e c h n i q u e s ' t h e p r o j e c t d e s c r i b e d h e l e i s
an extension of an earl ier si te study on the Si{an coastal Plain (Eavel '  1968)'

Howeve l , i i d r f f e l s f r om i tma lKed l y i n thecomp lex i t yo fenv i ronmen tand in
the variety of land uses.

Theeax l i e r s tudydea l tw i t h theeco log i ca lbas i so fp inep lan t i ng ,and l i t t l e
c o n s i d e r ' a t i o n w a s g i v e n t o a l t e r n a i i v e f o l l n s o f l a n c l u s e . B y c o n t l a s i ' t h i s
aitoy "ou"ra an area renowed as a soul'ce oi plime hardwood timber for over

u ""r'rtnry. It also contain$ lhe catchments of a1l the streams which currently

;;;t i;" domestic, inclustrial and ilrigation requirements of the southern

ooriion of weste'-n Australia. Scattered through the area are exotic planta-

;ions of both Pt?xlLs radiat.l a\d Pinus 1)inaster ' established with varyins degrees

of success. Virtuatly the entire area is unclel long-term tenement for bauxite

mining. As the nearest area of hilly, forested countrv' it is beinP used for

.""."uiiott bv the residents of ihe Perth Metropolitan Alea In addiiion' ti

a c t s a s t h e l a s t l e f u g e f o r ' n a t r v e f a u n a a n d f l o l a t h l e a t e n e d b y a g l i c u l t u f a l
clearing, both on the coastal plain in the west and in the wheatbelt jn the east'

Al1 these land uses are strongly interrelated The relationships range

from direct conflict, such as ihat bet$een metropolitan water supply and

water-based recreation, to relaiively peaceful co_existence' such as that belween

ha rdwood  s t l \ i cu l l u re  and  \ \ a l e r  l L l pp l y

Thus it seemed desirable to extend the investigation to cover all the rnter_

acting forms of land use. at least in so far as they influence forestry one

i m m e d i a t e i m p l i c a t i o n o f t h i s d e c i s i o n i s t h a t t h e n a t i v e v e g e t a t i o n c e a s e s
to be merely a means ol assessing productivity. and warrants study for its own

sake. Ttris is because it is the basis of several Jorms of land use (hardwood

silviculture, recleatron, conservarlon of flora and fauna)' and has consrderable

bearing on othels (water catchments, rehabilitation of mined areas)'

whilst the necessaly changes in objecLives and methods may insure a wlder

applicabiiity of the survey and its lesults, they bling in a very real danger

that the ecological complexrtv will defv simplification and will diffuse the

effort to the point of inefi€ctiveness rt was this considelation that influenced

many of the decisions made in the course of the investigations'

Finatly. it must be stressed that the investigation has a definite applled

bias. It is undertaken to provide a basis for rational land use and to speed

up the survey of natural resources This influences the entire approach to

the problem. in particular the location of sample areas: wlth few excepl'rons'

these are tied to pilot plois of exotics or vield plots of native species

The few exceptions are chiefly remaining areas of virgin forest capable of

providing information on the ofiginal stlucture of the tree stratum Never-

ih"t""., it is hoped that the investigation will also provide information of

scientific interesi.

The  i n \esL iga t i on  has  becn  d i \ i ded  i n to  l l : r ' ee  sec t i ons :

(1) Definition of site-vegetation types'

(2) Location and mapping of si te-vegetation tvpes'

(3) Relat ionship of si te-vegetation types io tand uti l izat ion'

Each will be the subject of a separate Western Australian Forests Depart-

men l  Bu ] l e l  i n .
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All detailed fleld lvork 'was located within the alea designated as State

Forest, which folms a solid block broken only near its southern end along

the main road to collie by a corddor of private farms No sampling vtas

carded oui in the outliers of State Forest in ihe agricultural country to the

north and east, such as Julimar and Dryandra, as these are ecologically quite

difielent from ihe main block Administratively the area is divided from

- ]

r .  1

, t ,  L ' l  a

i l
Fisure 2

Map of the northern larrah region, showine towns, I&uwavs, maln roeds and power
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Darling Scarp. The rainfall map (see Fig. 3), based on Bureau of Meieorologv

.u-rn-i"" OSOS, fSOO a and b), shows the overall picture' The highest

rainfall is recorded in tlte north-western sector at Churchman's Brook' where

the special topographical configuration boosts the annual average to 139? mm

Other areas of high rainfall (over 1250 mm) occur between Dwellingup and

CoUie. The usual pattern is a rise in Iainfall from 1000 mm along the

Eigure 3

Ileinfair map of tbe northern larlah reslon
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requiring a dlop of 250 mm in annual rainfall to aflect it markedly A drop

of 50omm would be needed to change the vegetation to that of a desert

Gentilli (194?) also claimed recorded evidence of an increase in average annual

rainfall of approximately 120 mm over the past century

Physiography, geomorphology anal geology

The features of the northern quarter have r-ecently been reviewed by

Mutcahy et aI ig12). Whele necessary, older sources are used in extending

the description to the southern poltion.

The ar-ea is locallv known as the Dalling Range. This is some$hat

misleading, as it is merely the south-western margin of the Great Plateau of

Western Australia. The telm "Range" presumably arises from consideration

of the dissection of the plateau margin bv reiuvenated drainage following an

epeirogenic uplift of the Plateau in relation to the narrow coastal plain to

the uest of it. The timing of the uplift has been the subject of much

discussion: whereas Jutson (1934) postulated two majol uplifts in the

Pleistocene, Mulcahy €f al postulated several successive smaller uplifts The

Plateau margin now consists of deeply incised valleys separated by bload

uplands, but eastwards the dissection becomes progressively less pronounced

The highest remnants of the Plateau reach 400 metres, but evidence of former

levels is to be found in several monaclnocks which reach up to 582 metres'

The westeln margin of the Darling Range is formed by the Darling Fault

Scarp, which bifurcates to the south and to the north of the survev area, but

within the area is a single north-south trending escarpment The eastern

malgin of the Darling Range is fal less clear cut. In the north and easi, it

is formed by the Avon Valley, ancl in the south-east by the Blackwood River

and its northern tributary, the Flillman F,iver.

The central portion of the Darling Range is cut by the MuIIay River'

and its tlibutaries (Ilotham, Bannistel, Cl'ossman and Williams) spread on

bo the main Plateau so that there is no clear demarcation The Avon Valley

coincicles partialy with a zone ol seismic activity desclibed as the Yandanooka-

Cape Riche Lineament. The Swan Coastal Plain and the Avon and Blackwood

Valleys thus teDd to act as local base levels for all ihe streams draining the

Darlilg Range-

In addition to the thlee major rivers aheadv mentioned, all of which

originate in the drv, agdcultuml belt east of the survey area, and as a

consequence have brackish water, there are several smaller rivers :lhese are

restricted for' the whole of their course to the forested' high-rainfall portion

of the area, ancl thus have fresh water. Most of these have been dammed'

and are the principal sources of domestic, rural and industrial water in western

Australia. They flow only intelmittently, in $inter and spring (May to

November). Their valleys mostly change from broad' shallow' mature forms

in the head Naters to deeply-incised, young, forms near the Darling Scalp

The dominant rock tvpe of the Darling Range is granite, in ihe form of

batholiths, dykes and sills, which penetrate the older Precambdan whitestones'

greenstones, schists ancl gneisses (see Fig 4). The granite itsell is penetrated

by later doledte and epidiorite dykes. Although these rocks underlie the entire

Plateau. they are only exposed on the escarpment in river valleys

incised into the Plateau and on residual monadnocks allove the plateau over
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Soils

The systematic account of the soiis of Western Ausiralia began with

Prescott (1931), who described as azonal the ferruginous and aluminous gravels

so pr'evalent in south-westeln Australia lle considered them to be the remains

oi u. o,t"i"t-tt B horizon of a soi1. This recognition made it possible to look

for a soil which fitted the concept of the great soil groups This he found

on exposures of country rock below the laterite-capped Plateau

This concept \tas further elaborated by Teakle (1938)' who considered the

survey area to be part of his zone of grey, yellow and red podzoiised soils

of the temperate sclerophvll forest delineated by the 620mm isohyet IIe

distinguished these soils from nolthern tempelate podzols bv the lack of

surface humus accumulation and relatively poor development of some other

podzol featules. He recognized the occunence of acidic' red ealths and

solods, as $e]l as the eallier-mentioned glavels, within the same zone'

Withi.n this broad area he delincated the Darling Peneplain R'egion' which

covers most of the survey area He desclibed it as a dissected granitic

peneplain, Nhose former lateritic surface had been broken by erosion into

i".tueir]ot" gravel. He considered the description of a tvpical soil plofile

of the region imllossible, but refelred to such common features as clayey'

yellorvish sulsoil, grey ancl red mottling in the B horizon and the sandv and/or

gravelly surface.

The eastern palt of the alea falls tithin Teakle's Dwalda R'egion of the

zone of red-brown earths of the eucalyptus-acacia \voodland' occurring between

the 380 and 620mm isohvets. He descl ibed the tvpical soi l  as a led-broNn

horizon overlying a reddish clay B horizon On the broad uplancls \tithin

this zone, felluginous gravels persrst

Smith (1952) considerccl the soils in greater detail He disagleed with

Ieakle (1938) on the use of the term podzol' claiming that manv of the

sandy-gr'avetly soils ol the region had too low a content ol organic matter'

ana snoutO be more properly callecl sanc'ly laterites or laterites' rathel than

o"Ar"X. "" also renamed Teakle's red-blo{tn €arths non-calcic brown

eartns, on the grounds that thev lacked one oi the chief distinguirhing Jeatules

of the true r'ed-b1own earths' namely the accumulation of calcium in the B

]]orizon. He renamed the zone $ithin which the bulk of the survey alea

,r""r,ta r" the zone of poclzols, laterites ancl south-western brown soils-

In classifying the soils, he made use of soil lamilies' defined as a group

01 r'elated soil se.ies The iamilies were grouped into three major groups

p e c i a l f e r s ' p e d o c a l s a n d p e a t y s o i l s ' F o I ' m a p p i n g p u l p o s e s , t h e S o i ] s w e r e
grouped into soil combinations, and thes3 in turn into soil zones lt is

impossibte to deal in detail with Smith's classification' as no attempt had

been made to map the soils $ithin the present survey alea lnstead' they

were grouped into ihree main combinations-Darling in the west' Avon in the

north-east and Jingalup in the south-east Some of the families of r'elelance

a re :

Plantagenet (humus Podzols)
Mungite (meadow Podzols)
Willbay (deep sandy Podzols)
Kordabup ( iron Podzols)
Wakundup (south-western laterites)

Scotsdale (stony blown soi ls)
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SECTION II

REVIDW OF ECOLOGICAL WORII

A review of pasi work is full oi pitfalls, such as going too far into the

pa"t on one hand, and downgrading past wo'_k as {orthless in the light ol

orre'" pre"ent knowledge on the other hand Yet the extraction of ('orthwhile

infolmation is essential il futile Iepetition is to be avoided

It is fortunate that "backcrouncl noise", either in the form of information

unsuppolted by sound observations or the reitelation of eallier work ib

latner rare in the ecological litelatule of the south-west of Western Australia'

Presumably this rs because the task is so large' and the lvorkels have been so

fern .

Early plant geography bY Diels

The ear'lv work of Diels (1906) was essenliallv a studv ol the plant

geography of the region He gathered a realth of data' and hiehliehted

ihe relationship between plants and envilonment The tall trees with their

vertical leaves, the strongly-developecL understoley of hald-leaved shrubs and

the substitution of pelennial Cyperaceae and Restionaceae for annrlal helbs

and grasses add up to a vegetation type lvhich has no counteLpart' in othel

regions with a Mediterlanean climate These outstanding features were

u"!J to .f"n.ta Diels' sclerophyu forest folmation The floristic ricbness oi the

vegetation, particularly on the cxtensive, infertile, sandy and gravelly soils'

\ras emphasized.

Turning specilically to tne iarraj' lEucatuptus margiwlta\ iorest Diels

de l i nea ted i t by tn "?so . - i sohye t 'He lecogn i sec i t ha tedaph i ca l l y - f avou rab le
sites compensate for' lower' Iainfall in the most easterly exlension of the specles'
jar.,rfr is associated with gravelly uplands. but its extension on to the sandv

"ouatrrt ptnit-t, with a corresponding reduclion in structure from tall forest to

w o o d l a n d , l v a s f e c o g n i s e d ' A m o n g t h e o u t s t a n d i n g f e a t u r e s o f t h e f o r e s t .
D i e t s l i s t s i t s g r e y , d u u a p p e a i a l l c e e x c e p t i n v a l l e y s ; t h e p u r i t v o f i t s
overstoley that, apart from ma'_ri  \Eucaluptl ls cataphallQ) '  no species enters

into; the uniformity of the small-tree undelstoley' resiricted to eucalvllt

Legenelation ancl a fe\\' Ploteaceous species; and the diversity of ihe shrubbv

glound vegetation. which contrasts so stronglv with ihe flol'isiic paucitv of the

tlee strata.

In dealing with indiviclual tlee species, he associated malli with moist'

fertile sites, sheoak (cosxdrx?za, Iraseridnal with sandy solls' Banksid grqndis

$'ith gravelly uplands, Melarletco preissi1na and Banlds'Ld liltor@lis,with s\i''amps'

o.ra -Jotrt tio aitenuota and, Bc,nksia metuziesii \\rlh deep sands of fhe eastern

species, $'andoo (EuccLLllpnLs &o?rdoo) was consiclered to be Iestdcted to heavv-

ii"iurea "ols underlain by clay, altelnately wet in winter anat baked hard

in summer, Lnd Cdsuarind huegelidn& to glanite outcrops These \tele raiher'

gene ra l i zec l conc lus ions ,Nh i chcou ldbemaderead i l ybyanyoneacqua in tedw i th
ihe folest. Neveltheless. they wele virtually over'looked in subsequent yeals

nu"r] ,ro"" sur_prising $as his percepiion of the distribution patlelns of the

smaller perennials lle assocrared the genera Petroptzile and lsopogoa with

sandy glavels, Gastl olobiltm i\'ith dry glavels' a:nd Vilninqrid' Clactium (syn

B(tume , Baronia, .4sl:arrea and Ago?ris $ith s$'amps Of the families he

consiOerea Epaclidaceae to be most lestricted by extelnal conditions but
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In Holland's (1953) study of eucatvpt distribution patl'er'ns' no new wolK

was reported, apart fr'om one transeci and one small pot trial The iransect

spanned the topographicat gradient from lateritic upland to wet alluvium'

inat r.om jarrah through wandoo and malri io flooced glJtr ( Eucdlaptus ruelb) '

F,elative1y few associate species wele named Marri was considered to be

^.,:" n""iff" in its hlbitat requirements than jar-rah' which was consideled

to be incapable of competing on goocl soils and to have a natrow tolelance

io -oi.tut" fluctuations. A novel idea was the recognition of eroded vallevs

as migration routes The present distribution of species was consideled to

be the result of past expansions and contlactions Presumably this v"as based

ln stucLies in the southel'n Eremean region as no detailed evidence was

pr€sented lor the jar'r'ah reglon

Later svnecological studies by Speck

The next study of south-western veg€tation was that of Speck (1958)'

\ r howorkedw i th i n the f rameworkes tab l i shedbyD ie l s ,bu t i n t l oducedseve la l
new metnoas and ideas. Althouch his lvork was not strictlv quantitative'

gleater detaits are incorporated, palticularly on Diels' Ir$'in Botanical District'

i.o* fri" data he attempted a classification of plani communities usins the

nomenc la tu reo fBead leanc l cos t iD (1952 ) , s l i gh t l ymod i f l ed io l l oca l cond i t i ons
but retaining the emphasis on structure as the fir'st critelion ol classification'

irr"* lno:o" formations wele described: forest, woodland and scrub The

latter' $as definecl as depauperate trees or shlubs in a continuous stratum

with suboldinate sluub layel but poorly-developed herb stratum The thlee

formaiions were further subdivided into 24 subformations and 62 plant

communiiies, largely. though not exclusively, described as associations The

association was deflned as a climax community in which the dominant stratum

exhibited a quantitativelv uniform composition throughout its ranse The

dominants were used as the chalactedstic species The associations were

g.o"p"O lv structule into formations, and by similalities in both floristic

composition and structure into alliances The use of proflle diagrams to

iuJrate tne structure of plant communities was one major advance on the

1nork of Diels

Although Speck rejected the use of edaphic complexes (for example' the

swamp formation oi Diels) as classification units' he lecognized their usefulness

in mapping. In order to cope witb unmappable combinations of associations'

t-r" ara"a tfte concept ol "vegetation system"' defined as aD area of counily

in wnicn tnere was a definite pattern of associations and alliances determined

iry u "o-putunt" pattern of soils and topography ln this aspect he came

u""u "loa" to the land system concept ploposed by christian and Stewart

{ 1 9 5 3 ) .

Within the survey al'ea, Speck recognized two vegeiation systems of

these, the Dalling System, which covers the Darling Scarp and the western

ma.gin of the Plateau, contains some youthful streams and has an annual

ial"lrff "f over B90mm. The Bannisier Svstem, $'hich was restricted to

in" "uat"ttl margin ol the area, away flom the scalp' lacks youibful streams

r"O t-tua u" annual rainfall of between 500 and 1000 mm Each has a set

ot lfu"i "o^-""tties ranging fto]Ji. l!'e Euc(ll1lptus ltuqrginata to Eucdluptus

".t"iiiit. high forest lo Eucaluptus '--oadoo lvoodlands However' whereas the

p^tii"" S""t"- \I,as describecl as the "pdme" iauah forest' the Bannistei-
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Soil surveyors of the Forests Department usually lecorded' in the coulse

of their work. plants considered io be associated \!ith a particular site or soil

i"o". in" to.k hu" ,l"u"" been brought up to a stage ol clear'-cut conclusions

"iiilr," to those of williams. The reasons for' this wele the less-detailed and

i""l_"orr.i"t"r]t """ording, the milder. environmental gr-adients, and ihe tess-atrrupi

vegeiational changes

Studv of tree distlibution bv Lange

Yet another Ielevant studv is that of Lange (1960)'  who attempted to

relate climatic and edaphic factols to distdbution of tree species in the

Narr'ogin dist ct. Although his study area was east of the Darlins R'ange'

many ot tne tlee species studied by him occul 1vithin the survey alea and

itr"it oi"ttitlttiott in a clr'ier' climate thro{s considerable light on theil site

lequirements. Lange lound that the 500 mm isohvet was the main dividinc

line between the western species chal-acteristic of acid' latelitic soils and

h i g h e l l a i n f a l l , s u c h a s E ? l , c . , l E p t u s c a l o p h a l l t | ' E u c ( I l a p t u s m d r g l n t l l a '
Eicatuptus rud'is, Bo,trksi/rl grandis ar'td Nulltsia floribllnd'a' and the eastern

specie's_ chalacteristic of the calcareous, alkaline soils of the dry rnland such

as EuccLluptus sulmonapll'loiQ arrd Eucalaptus longicornis' Elowever'' a numbeL

of tree species. namely Eucaluptus uIndoo' Euccttlptus lotaphleba' EucallJptus

irt ing"i", Acacia acwtuinatcl a:ncl CcLsuarina lLuegeliana straddle the 500mm

isohyet. whenevel lne wesrer-rl species occur east of the dividing line' ii is

i"uuaiutfv as outliels on deep lateritic soils or on sandy soils in moistule-

gui.rittg i"p""""io"s He attributed the disiunct occun'ence of the western

"o""i"" t" an aricl peliod in the late Quaternarv' as postulated bv Crocker

iisig). Th" overall effect of incleased ariclity .n'as the contraction of these

species to favourairle sites

Palynological studies bv Churchill

Past climatic fluctuations were the subiect of palynological investigations

by Churchi l l  (1961, 1968). who was concefned pl imari iy with the vegetation of

theextremesouth-west, inpart icularthebalancebetweenEucaluptusmo"rgin@to"
Euco,Iuptus calaplryllct ^ad Eucql?rptus dibersicolor' He found that the preseni

aistribution was largely determined by the rainfall of the wett[sl and driest

months of the year-, indicating that availabilitv of water was a major influence'

By contrast, no such relationship with temperature data was found Major

changes  i n  po l l en  spec t l a  \ ve re  da ted  t o  3000  BC,1200  BC '  AD  400  and

A.D. 1200. IIe conclucled that a driel climate, favouring the increase of

E. c.Llaphalld at the expense of E diDersicolor (now lalgely restricted to high-

rainfall areas along the south-westeln and southeln coast) probably occulred

between 3000 and 5000 B.C.'  and between A'D 500 and 1200- Moister

climatic conditions favouling E dil)ersicolar probably occurred prior to 3000

B.C., between 500 B.C. and A.D. 500 and from AD. 1500 onwards The

incoi_polation of charcoal in the peat deposits indicated that fire has been

palt of the envilonmental complex for at least 7 000 yeals The thlee species

discussed appear to have vely wide eclaphic tolerances within the high-rainfall

belt. Churchill's conclusions about t'he northern limits of E mclrginata alrcl

E. ce,loplTulltl on ihe coastal plain were too sweeping, in that ihey ignored

some of the less-accessible outliels. As a result, he tended to underestimate

the ameliorating effect of shallow ground $ater and high olganic matter in

strongly-leached sands.
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in its lignotubel and extending its root system. Development oi a vigorous

dynamic shoot only occurs when the overstorey is reduced by natural deaths

or logging. The initiat establishment of the seedling is favoured bv ba ng of

the soil by fires. Once established, the seedling can survive fires satisfactorily

bv viltue of the lignotuber, \thich s€lv€s as a source of new growing points'

The nutritional requirements of jarlah have been under investigation on

several occasions. It is, fol' instance, possible to bypass the lignotuberous

semi-dormancy by heavv feltilization of planted seedlings kepi free of

competition. Heavy nitrogen and phosphate feltilization of young jarrah

stands results in a spectacular increase in density of foliage and in diameter

increment. Some of the associated undergrowth species, in particular Pterialium

esculentum, inclease their relative cover; others. such as Lasio'petcllurn

floribund,um, decrease (Kimber, 1976)

Studies of the effect of ffr€ on vegetatiorr

The influence of fire on Austlalian vegetation has been discussed by

Beacue (1940) and Mount (1964). Their studies leferled, on the whole, to a'

mcister and less seasonal climate than that of the survey ar€a' but many of

their conclusions are still relevant Gardner (195?)' in dealing pdmarily with

the vegetation of south-western Austratia, concluded that fires have been

influencing local vegetation for a vely long time and that it is in fact
pyrophilous. This is reflected in undergi_ound woody stocks, in the structule

of fruits and in the mode of germination of the seeds The response of local

flora to recurrent flres or to their absence indicates that the latter may have

an adverse efiect in that it leads to the locking up of a nutrient supplv in

$-oody alebris, $hich in the local dry climate does not decompose sufficiently

rapiclly. Specht et aL (.1958) stressed the resistance of the vegetation on

infertile soils in the mediter'ranean Iegion of southern Australia to flequent

firing and its capacity to legenelate readily from underglound rootstocks,

epicormic buds or seed.

The palt. piayed by flre in the jarlah forest has been discussed by Wallace
( 1966) , who postulated that the fir'es prior to European settlement were relatively

mild. but covered lalge areas each summer. By contrasi' the posi-settlement

fires. which consumed logging debris. tended to be mor'e intense- The more

recent scheme of rotational presc bed bulning tends to restore the folmer

situation.

Peet (19?1) studied the impact of f i res on ihe undergrowth of the jarrah

forest at Dwetlingup. He concluded tilat mild fires encourage a more varied
ground flora. whereas hot, wild fl1es decrease the variety, and increase the
proportion of ihree leguminous fire-weeds, Bossxaed aquilolium, Acacia strigosa

a\d, Acaciel pulchetla. However, there was no evidence that a single NiIdRre

eliminates any species, nor do the fire-weeds disappear entirely under a
prescribed burning regime.
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(1960) developed an integlated approach incolporating the assessment of
both physiographic and biotic features, which resulted in the deflnition of
'total type'. A 'total type' was deflned as a palticular folest iype growing

on a particular physiogra,phic site type. A similar. combination of environmenial
and biot ic-factors was also implici t  in the work of Pogrebnjak (1955) and
whit iaker'  (1956). The former used an edaphic net, which was a combination
of edaphic factors and associated vegetation types. The iechniques of re-
lating vegetation to environment 'were greatly elaborated by Loucks (1962),

Waring and Major (1964), Bakuzis (1969) and Pluth and Arneman (1965).

All these implied a bettel knowledge of the efiects of environment than is
available locally. The concept llas taken further in the biogeocoenose concepts
of Sukachev (1954), where not only the environmental factors of the site
and the biologioal communities associated with them were considered as a
single complex, but also their mutual interactions. The same reasoning lay
behind the ecosystem theory pioneered by Tansley (1920). Integlat ion of
environmental and biotic factols is no doubt desirable for a proper under-
standing of the forest complex. I{o$'ever, mapping of all relevant (Sukachev's)
pa |ame tF rs  i s  ou l  o I  t he  ques t i on .

Consideration of both environmental and biotic factors from the very
beginning of classif icat ion, as by Walker and Wehrhahn (19?1) and Norris
and Barkham (19?0), has further l imitat ions. Because the two factors are
considered concurrently, one cannot be used as a check on conclusions based
on a study of the other'. whereas a purely vegetational classiflcation can
be compared with environmental data to test whethel the hvpotheses put

foluard regarding the influence of environment on vegetation are valid.
thls is no longer possible if environmental factors have been used in the
construction of the classification. It is also likelv that urhele there is any
scope for subjectifity. the implicit assumptions Iegarding the effeci of environ-
ment on vegetation $,ill influence the conclusions. A further point ol local
importance is that it is easier to pr.ocule vegetational data than enf ironmental
data, which is often based on long-telm records (climate) oI on laboratory
investigation (soi ls).  Final iy, the biological signif icance of phvsical factors
is rarely known (Webb, 1969). I t  is therefole considered preferable to bring
environment and vegetation together as a result of the investigations, rathel
than to use their relationship as a starting poini.

Use of environmental features only

If it is decided to carry out the initial classification on eithel an environ-
mental oI vegetational basis, separately, rather than in combination, there slill
lemains the choice oi which one of the two methocis is to serve as the basis
of classiflcation. This $as the essential difference betNeen the a.pproaches oI
Coile (1952) and Cajander (1926), boih of which have had manv fol lowers.
It  was pointed out by Havel (1968) and Jones (1969) that the past success
of these diametricalty-opposed systems depended largerly on the characteristics
of the regions in which they were app[€d. Cajander's use of vegetation as
an integrator and indicator of environmental conditions has been most suc-
cessful in regions lvith relatively simple and undisturbed vegetation. limiting
climatic 01' edaphic conditions and lack of detailed data on environment,
such as northeln Europe, northern Asia and Canada. (Daubenmire, 1961).
Coile's approach has been successfully applied in regions with a disturbed,
cornplex vegetation, favourable environmental conditions and ready availability

26



LZ

e^rlBll1u?nb sppts osIB aJg 01 anp 3cuEqJnlslc snol]\qo ,{rod 1ou sr atuBqrnl
-srp Sulllnsar aW'ouo|LasDJt puLJDnsoC pue slpubra Dlslluog se qcns soaJl

r{arolsrapun Jo lualllalola^ap rol€er8 aq1 !uorJ }JBd€ 
'po:J 'adllcalos ftlsoul

uosq 'Ja^ar\oq 's€q 3uI33oI oqJ, ;uI88oI JO ,{JnJUeC € trq uOr}BlO5O.{ an,Ilgll

Jo ecu?qrnlsrp aql aq plno, Suldd€lu uollEqaSe^ ol {cEqr!\BJp snorJas V uoll
-EteFa^ uEq4 aqrrcsap o+ pu€ aldluBs 01 lIncE:Ip oroul orB'ssau.Iuols puB qldop

lEA.r€ rleqt Jo €snEtaq 'qc!qr!\ 'slros uo pasEq -{orl.lns fu€ Jo an4 oq€ aq
plno.{\ srqJ, osro^lp dlSulpuodsarroc aq ol paltadx3 oq pFo, uoll€le8a^ os pu€

"(qal€r8odo1 pu€ trEolo€; 'alEurllc sll ul xalduoc ololq JEJ sr 1I 
'uI€Id 

I€1SBO'
eql worJ sroJrp €er€ tro^rns eq! qclql. ur slcaclsE luBtgluSls l€.ro^os el€ 3laql

ssapqlJolaN asn pu€l Sulcuanulll .roltBJ 9 s€ Jlas?I uollEleaa^ aql raprsuoc

ox paeu aql ([I) pu€ sdEur IIo Jo )Ia€I 3l-1tr (M '(896I 'Ia,\€H) uI€Id lEls€ot
fqJ€au 3q1 uo poqlad srql Jo uollEclldd€ InJssatcns eql (I) :dq parnoAsJ snql sI

da^rns slql .roJ uollEcglss€lc Jo slseq aql sP uollelJ8e^ Io JJueldaJJE aqJ

IIuo seJnl€oJ l€r1o!!?13.3e^ Jo ssfl

'a8Bur€p lq8norp lu€lrulocuot qlrr lsBd oql uI palueld uaaq uello a,4.aq

sllos olrlral 1nq lAoIIBqs .tla^lssotxg paplo^" dll€luJou ar€ asaqJ pu9 'suorl

-ECUrCadS a.lBqdsoqd aql 134!u o1 SuIu€J sllos loJ trtrlod ou s[ oraqJ Jnoloc Ilos
uo pas€q sI 1ualussossE 

'saldul€s 
iBI?Iul worj u€dv odols Jo ssaudo3ls ol

pelEIaJ lli€nsn s-I qclqnd. 'IIos 
Jo qldep olenbop€ puB unu 09/r Jo ssecxa ur

II€Jul€r Isnuu€ uE qlld. s€aJ€ ol polclllsar fll€rurou ar" suollElusld 'salnl€a]

I€crsdqal JoJ lsrxa suollBcglcads Suqlulrl ou q5noqllv uoIJallJJ € osIE sI 'oza
'!u d d OgU a,loqE Jo la^al al€qdsoqd V $lcoJ clqdrour€leul ro sno3uEl als€q

luorJ pa^rrap sllos u.{{olq pue peJ ol palcl:rlsal 0q pFoqs suoll€lutsld ,lD??rrr

sr1?r?d l€ql s! '(t96I) 89 ullaltnE 1uaul.l€doo slsarod UBII€.llsnV ulalsal! aql

uI pal€ls s€ ',{tIIoaI 
IelueuFBdoo ?qI uoi8or oql ulqtlrlA sBsl€ uollEluEld Jo

uollsaullap Jo slseq aql uaaq s€q qc€olddts i€luatquorl,{ua aql ssoFqlro^eN
'luauorns€aru paI!€lap

pu€ rlro,{\ drol€.Ioq€I Jo lunoul€ a^ltrqlqord € ?noqlrrl\ al€cs p€olq ts uo 1I
dldalts 01 alqlssodur oq llrls plno]!\ 1r 

';ulllepolx I€cl.rldrxa ro s-rs.{l€un uorsso.l8ol

olalrllnlu raqlra Jo suEaru trq pedola.{ap acl plnoc luatuuorldua pu€.{ll]1llcnpold

uaa,rl3q dlqsuol?€Ier plI€I € JI uo^o snqJ pefe,l..lns oq ol B3r€ aql Jo {lnq 3ql

.toJ slslxa uollEruJoJul qcns ou 'pasEq sI tra^rns €I-Jl qclq^\ uo slold oq1 Jo
qc€e ]oJ sIclEII€^€ elr €1€p clqdElSodol pue clqd€pa olcl€'raplsuoc qsnoqllv
'plartr do.rc l€rnllnclrE€ Jo €1?p IEluauuo.rFua cIsEq ruolJ uollcrpo.Id eq1
.roJ Iapour ts podolaaap oqr!\'(896I) xIN -{q pasluSocar sB^\ uoltqlrull sIqI

'€x€p 
Jo :lt€I aqt .{q papnlcaJd sl dolrns luoJlnc aql ol uoll€c

-IIddB rraql lnq 
's1dIua1l€ alq€llsep elelA sorpnls qlog ,qlxalduloc alq€rEdu.lot

Jo Iapour 3 uI suolXrpuoc Iscl8oloroolaul o'+ PlolpoJ s24!d Jo dll^llcnpord atuaq
pu€ slsaqlutrsoloqcl aq1 pal€Ial !896Ir pBaCUueC tunlsru8€ul pu€ rrrnltl€c
'snioqalsoqal llos Jo anIBI e^rlcaga pu€ llos Jo olunlo^ Ielo] 01 IaA€rB Jo oll€I
'selrlll€cl IIOS JO.131OUI€rp uBalrl S€ S.IOIC€J Clqd€pa qCnS SolEJOdrOtUI qrlqd
'sai"l\ qlnos l\aN uI suorlElu€Id DLD!.pDr Snu?d JOJ Iepoul xolduroc € podola,\ap

.{ll€nlr€ (1,96I) allue5 pu" sfolqclurnH 'rlsndou.l?zC qlr! orA lu€Id 01 ocuB^olor

u,{ou{ Sul,{Eq srolr€J l"+uoluuolrlua 01 palElar sr ,{lr^llcnpold qcrqiA ul slapour

I€clrldrue Jo uolltnllsuoc oql papusluuloce.r (896I) ospl pu€ (t96I) I>ls.{loul€zC

fnq 
'suorssarSer aldlllntu Jo esn oql uo pallor fIaSreI (r96T) Siad puE

(996T '296I) uos{r€r'(1196l) anlllooc '(€q6T) roqc€lunqts pue slroc ,{q {Jo^\
laqlJnL{ sal€ls paqruo ure}s€e oql s€ qcns 'luoluuorl^uo uo tsq€p pallBlap Jo



Chcice oI aFpropriate method of alescribing v€getation

The next decision to be made concerns the selection of the approprraie
method ror' classification ol vesetation. A review of the literatule on this
topic is entirely beyond the scope of this Bulletin, and in any case is quite
unnecessary. An excel lent Ieview by Whittaker (1962) aheady exists. As
regards coverage, it is only deficient with respect to Russian literature in
this field, a deficiency which is made up lor by a detailed though totally
uncri t ical review of Russian folest typology by Svoboda (1949). Whittaker's
review will thus be taken as a stariing point, except where the special relevance
of an ear'lier paper to forest site classification justifies its detailed
reconsideration.

Whittaker's review emphasrzes the early development of separate tradi-
tions, difiering in their views on both the theory and practice of classifica-
tion of natural communities. This is more than just history, for the various
sources of argument ale relevant in any present-day selection of methods.
So far. the term "classiflcation" has been used rather loosely to desclibe any
efiort to give a. condensed systematized account oJ the vegeta,tion of a given

area. One of the basic arguments has been whether or not ii is in fact possible

to classify vegetation in the narrow sense of dividing it into more or less
homogeneous class?s $hich differ sufficiently fr'om each othel to be considered
distinct. This cannot be separated from the questron of level of classification,
in that homogeneity can be expected to decrease as the size of the area to
be classifled increases. Closely related to the question of size is ihe question
ol what parameter is to be used as the basis of classif icat ion. I f  the considela-
tion is restricted to vegetation alone, a decision must be made as to what
aspect of vegetation is to be used-its f lor ist ic composit ion, i ts st lucture or
i ts mor?hology. I1 the ans$er is composit ion, should i t  be measured quali t-

atively (by the plesence oI absence ol the species) or quantitatively (by the
ploportion ol the total alea which they cover) or by some delived parameter
(such as theil abundance or constancy) ? Fulther, what stratum of vegetation
is to be used?

There is little point in detailing Whittaker"s "ecology of ecological tradi-
tions", except in so far as a knowledge of the physical and intellectual
environment which led to the development of a. particular approach may help
in selecting an approach which is best suited to local conditions.

Br.iefly, the lalge contiguous arca of forest dominated by one or two tree
species, containing a varied understoley vegetation, can be expected to f i t
the techniques of Cajander (1926) and I lvessalo (1929) better than those of
Braun-Blanquet (1932). The applicabi l i ty of the former' is reinforced by the
var.iation in understorey appealing to be continuous lather than discreet. and
its relatively undisturbed siate. The broad-scale approach of the Norih
Amedcan school (Weaver and Clements, 1938), rvi th i ts accent on cl lmate,
physiognomy and dynamics, has litUe application in this relatively small-scale
study of a near-stable forest formation. IIowever, it was well suited for the
earl ier '  woIk of Sp€ck (1958), rn'hich dealt wi ih a much la,rger region in less
detail and $hich spanned a much wider climatic and physiognomic lange,

rather than qualitative changes. Relevant to both is the relative paucity of
seral species in the area. Local disturbance by disease is the most serious
obstacle.
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and in that the inter-connection between ihem would normally be determined
by envilonmental control rather than by any desire for simple and easy clas-
sification. The problem of allocating new obselvations remains.

Final Selection

The Ieasoning underlying ihe selection of a method can thus be summed
uD as fol lows:

(1) The need to consider several forms of Iand r.se precludes any cla.ssifica-
t ion based on a single parametei.

(2) The initial use of a combined vegetation-site approach is r-iot desir-
able, as no check would then be available on assumptions regarding
their inte!- rela l ionship. In any case, environmenlal da{a is more
difficult to obtain alrd at this stage is dimcult to interplet biologically.

(3) Any classlfication primadly based on environment would be handi-
capped by the lack of environmental daia (e.g. detai led soi l  maps).

(4) Vegetation thus offers the best basis for classification, both as an
integlatol and indicator of environmental factors. and as a factor
in land use in its own light. This is particular']y so because the
vegetation is relatively undisturbed. and the relationship between soils
and vegetation has aheady been demonstlated in a small portion of
Ine area.

(5) The pl'esent knowledge of vegetation indicates that it is neiiher one
indivisible continuum, nor a mosaic of discrete units. The option
should thus be left open for both ordination and hierarchical clas-
sification.

(6) Inasmuch as past studies using physiognomic and structural
approaches tended to view the vegetation of the alea as one or at the
most two formations, ovelwhelmingly dominated by one tree species,
this apploach cannot be used for mole detailed classification. The
flolistic composition of the understorey thus appears to be the best
basis of classiflcation.

(?) Because the only successful attempt to relate vegetation to soil \tas
the detai led quanti tat ive approach of Wiuiams (1932), this wi l l  be
followed in the curlent studv.
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As the question of "absolutes" no longer adses, the key quality of the
approach chosen should be its plofltability or utility, that is whether its product
fulfils the purpose of the study. It is also desirable that it should be economic.
Most programs are economic short cuts which fall short of the ideal
solution, namely the comparison of every individual with every other individual
on the basis of all theil observable characters. In this palticular study, the
purpose is twofold to deflne vegetatron types which can be assumed to be
biologicaUy equivalent irrespective of wher-e they occul within the survey alea,
and to elucidate th? reason for their occurlence in terms of controlling
environmental factors. This points to t$o further chalacteristics considered
by Wiuiams to be d€sirable in any classification: stability and genetic basis.
By stability is meant the capacity to absorb the addition of new information
or the alteration of or'lginal information without major disturbance. By
genetic basis is meant the ability io reflect the underlying generative system,
such as the climate or the soil.

Similarly, if it is accepted that no classiflcation can be completely objective,
it is possible to increase the effciency of the approach by judicious selection
of parameters. Williams advocated the use of the simplest possible characters
that lend thernselves to ready d€finition and obselvation. In his view. any
classification using charactels that are difficult to obselve was infeliol or
sub-optimal when compared to a classification based on readily observable
characters. Nor did he see any objection to an emcient classification based on
a sma1l number of chalacters which are well chosen, even if chosen subjectively.
Both Williams (1966) and cibbons e, {rl (1968) advocated interactions between
m€n and ccmputers to increase the effciency of both.

Comparison of available computer programs

An important economic factor in the selection of programs is their
availability. Locally-available programs can often be Iun more cheaply,
especially if the user is part of the organization owning the computer. Ready
accessibility maximizes opportunity for interaction, and avoids dimculties in
specifying what is to be done.

Th€r'e are numerous criteria by which computer programs used for the
synecological study of vegetation can be compared (Williams and Lance, 1965,
1968). Perhaps the greatest polar'lty arises out of the acceptance or rejection
of the continuum concept.

O  rd i  no  I  i on  us ing  euan l i l o l i np  da lo .

The plotagonists of the former (Goodau, 1954a; Boyce, 1969; Whittaker,
1951) advocated the use of some lorms of factol analysis of quantitative data.
The commonest of these is principal component analysis, the essence of which
i$ the allangement of vegetation in relation to axes (components). These
axes may or may not lend themselves to hypothetical interpretation in terms
of environmental factols. To facilitate the interpretation, provision usually
exists (e.g. Varimax of Cooley and Lohnes, 1962) for rotation of the axes, so
as to maxirnise the coincidence between the position of the axes and the
distlibution of species within the component space. In eariier publications
(Goodall ,  1954a; Havel, 1968), the term ' factol analysis'  has been used whele
'principal component analysis' would have been mole appropriate and more
acculate,
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williams. 1966). It retains two of the weaknesses of ASSo. One of these is the
formation of a heter_ogeneous residual group. the members of \thich only
share the absence of all the species used as criteria Jor division The other
is the danger of misclassiflcation due to an abertant occurlence of one of the
species (Sneath, 1969).

The plogram DIVINFRE is a modification of DMNF designed to

ovelcome these defects, though at the cost of much heavier computationaL load
and reduction in the number of plots and/or species that can be handled.
creater group homogeneity is achieved by compaling each plot with the
groups of plots created by the first run of the plogram, and allocating it to
a group which it resembles most closely, which in most cases is the group to
which it originaliy belonged. However, in this process some groups, especially
the hetelogeneous residual groups mentioned above, disappear. Plois Nhich
do not resemble any of the revised gloups (the number of which is limited by
prior definition) are placed in a Ienegade group. The re-allocation process

can be Iepeated several iimes. Possibly the most selious drawback of the
proglam is the loss of simplicity and speed in allocating new observalrions
to the existing classification.

The program CLASS was also developed by Lance and Wil l iams 11967b).
Its aim is to fuse individuals (plots) into clearly denned groups by agglomeration
based on all characters. Provision exists for a choice between several similality-
measures and sorting-strategies, of which squared Euclidean distance and
flexible strategy $,ere chosen. There is also plovision for' varying the
ciustering tendency. An intelmedlate level of clustering tendency,
found applicable to most data, was chosen. The obvious advantage
of the polythetic approach is that divisions have a nuch broader basis than
in the case of the monothetic apploach, and misclassifications described in
the pleceding palagraph ar'e much less likely to occur. The main disadvantage
is t-hat the simplicity and speed of a monothetic divisive apploach is lost, and
allocation of new plots to an existing classification can be cumbersome. The
capacity of CLASS in ter-ms of plots and species iends to be less than that ol
DIVINFRE.

NormcLL dn(l im)erse anall tsis.

For' simplicity. the discussion so far has been limited to ordiDatron or
classlfication oi individuals. lvhich in the case of ecological data are plots
(sites), on the basis ol the species occurring on them. However, most of the
methods described can also be used for ordinating or classifying species
(attributes) in terms of the plots on $hich they occur (willians and Lanbert,
1961a). In tilis case. the classification of individuals is described as normal, the
classification oi attributes as inverse.

Wil l iams and Lambert (1961b) have combined normal and inverse
association analysis into nodal analysis, (thich aims at determining how the
various species groups are linked to plot groups. The flrst stage of ihe method
is a two-way table in which the species groups ar'e arranged vertically and
the ploi groups horizontally. By a further stage of leflnement, each of the
species-plot combinations, named nodum, is rearranged in such a vay that
it is defined by a plot containing the gleatest number of ihe species within
the species groups and by a species present in the greatest number of plots

within the plot gloup. In this respect, nodal analysis couid be ol considerable
use in defining site-vegetation types. Although it is not directly related fn
the nodum concept of Poore (1962), there is some similal i ty of pulpose.
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(3) In the case of vilgin areas. the plot was subjectil'ely chosen so as

to lepresent the area in terms of density of the overstorey. where

the virgin alea. was more extensive and variable, several plots were

chosen to cover: the full range of variation.

Iiecording of measurements anal observations

In all cases. the dimensions of the vegetation plots wele 40 m x 40 m
(0.16ha). establ ished acculately by compass and chain with diagonals as

check. within the plot, a total enumeration of all tree species was carlied

out. Those trees gleater than ?.5cm diameter al breast height (d.bh ) were

measured, but all small trees and saplings below this diameter were merely

Iecoldeal by numbers. Where any tlees had been removed sufficiently recenily

lor the re-occupation of the space by the ingrowth of saplings and suckers

to be unlikely, diameters of the lemoved trees were also measured and

included. This was assessed by ihe condition of the stump and closure

ol the canopy. In adclition, the maximum height, co-dominani height and

average length of bole were measuled for' the stand as a rn'hole

Within the larger plot. sixieen, one-square-metre quadrats wele estarr-

lished on a 5 m x 5 m grid. and the cover contribution of each perennial

shrub and herb species was assessed. The restliction to perennials was

necessitated by the fact that by mid-summer all annuals had died and

shrivelled up, making identification diffcult ii not impossible. It will be

recalled from earlier accounts (Diels, 1906) ihat in most of the area annuals

are a, vely minor proportion of ihe vegetation, particularly in terms of cover.

Although the covet on individual sub-plots was expressed as a percentage

of the area of the sub-p]ot, the summation of the percentage ovel sixteen
quadrais oJ equal size pi 'ovided a potential range f iom 0 to 1600 and could

thus be vlrtually considered a continuous valiable. In quadrats with both

tatl shrubs and low shrubs or herbs, the sum of covet pelcentages for all

species lrequently exceeded 100.

The establishnent and assessment took place in three stages:

a  249  p lo t s  bY  March  1968 .

(b) a further 46 Plots bY MaY 1969:

(c) a final 25 plots by January 1971, bringing the total to 320 plots.

This replesents a total enumelation of al l  trees on 51.8ha and cover

assessment of al l  species on 5120 one-metre square quadlats. As the average

occullence of shrub and perennral species per plot was approximately 30,

the final data pool complised app,-oximatelv 9 600 individual recolds of

shrubs and perennial herbs. To this could be added apptoximately 1500

individual recolds of trees when the census of species was carried out on

the fiIst 295 plots, 364 shrubs and pelennial herb species and 18 tree species

had been recolded rithin the plots out of approximateiv 600 species aol-

lected duling the Ieconnaissance and the survey lt is not claimed that

this mass of data gave a total coverage of the area; however, it appears

at least to offer' a solid basis for the analvsis of vegetation The disiribu-

tion of the plots Nithin the survey area is given in Figure 5
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In addition to detailed laboratory analyses of topsoil, field soil moistule
sampling of 1?1 northern plots was carried out in the spring of 19?0. On
this occasion, the airn was to determine depth to ground water table (c.\tr.T.),

depth to the wettest horizon (where c.W.T. could not bc leached) and Eoil
moisture at 30 cm intervals down to G.W.T. oI to the iimit of penetrability.
Although the $inter of 1970 was not particularly $'et, the rains continued
throughout the early part of the spring when moisture sampling was in
process, and so the observations represented the end of the winter moisture
legime. In addition, determination of soil moisture chalacteristics was carlied
out by the method developed by Fawcett and Coll is-ceorge (1967), which
gave a laboratory approximation of field capaciLy, wilting point and moisture-
holding capacity of the soil

The fleld Jorms wele designed on the basis of previous experience. The
basic principle was that no data processing should take place in the field,
assessors merely recording all measurements. In the case of tree data, the
form ptovided for ihe recording of the plot number, species code number,
maximum height, co-dominant height, average length of bole, number of
sapl ings under ?.5cm d.b.h. and gir ih at breast height (g.b.h.) of individual
large trees with a precision of apploximatelv 1cm in diameter. The number
of trees that could be recorded for any one species on one plot was quite
fiexible.

In ttre case of shrub and herb data, the form provided for the name of
the species. plot numbet, species code number and individual records of
cover on each of the sixteen quadlats. In plactice. only the name of the
species. or reference to its botanical collection (if it could not be immediately
identifled) was recorded. Coding was carried out in the office when all
provisional identifications v,'ere completed and the full species list was avail-
able.
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floating point variables. All twenty-one tree species could be punched on a

single card for. each plot. The program was code-named STROP (Summary

of Tree Plot data).

(2) Processing of raw shrub data Jor plincipal componeni analysis was

even simpler. in that the summing up and avera,ging of individual quadlat

entries 'was all that was necessary for a given sp€cies ploi record. I{owever,

only a portion of the surveyed species could be used in any one analysis:
it $'as necessary to build in flexibility. This was achieved by enumelating
ihe code numbers of species which it was desired to sum up, by specifying

their sequence lor output, and by creating a corresponding set of auays in

the memory. As the species recold was read by the compuier. it6 code number

\^,as compared with the specifled code list. Species not coniained in the

list wele ignored. I'or those in the list, the summing up and averaging was

callied out, and the result stoled in the memory array Upon completion

of plot data, the average shlub cover was output i}l a ays of tweniy species'
prececled by ploi number. Each array of twenty occupied one punch car_d and

formed an independent unit suitable for use as a. sel of quantitative floating
point variables. The program was code-named SPLOTS (Summarv of PLOT
Shrub data).

(3) I'r'om previous expelience with divisive monothetic classification in
general, and the program ASSO in palticular, it was realised that the best result

could be expected if all very rare or very common species were excluded from

the input, as they iended to be sepalated out in the inverse analysls into

meaningless, heterogeneous groups (Havel, 1968). Thus the flrsi stage in the
plocessing of qualitative data was an ass€ssment oi the Ielative abundance
of the var-ious species. This was achieved by summing up ihe individual counts
within zL computer memoly arlay that contained every species code number.

The program $as code-named NoSPOC (Number Of SPecies OCcurrences),
and the results are shown in Figure 6.

(4) The conversion of the raw data to qualitative data suitable for input

on the Canberr'a classificatoly proglams n€eded to confolm to two requue_

ments: restrictions as to what species were to be used, and the format specified

whilst provision existed in the canberra proglams to mask any specres

out of the species anay, it was obviously inemcient to include those specres
which were unlikely to be used. An auay of new code numbers, restricied to
130 species of medium Jrequency of occurlence, was established and matched
with the corlesponding species code numbers used on the field sheets. This
matching and eliminating of species proglam \vas code-named CONVEG
\CONver i i on  o l  VECe la (  i on  da  1a  j .

The net resuli of the plocesses describeci above led not only to simpli-
fication but also to loss of infolmation. This was particularly so vith the
CONVEG pr'ogram, where the quantitative assessment of cover on sixteen
quadrats was couapsed into a single qualitative Iecord of the particular

species presence- The discarding in the array specification, of those species
too raie. too common or too diffcult to identify was also a major loss of
information. HoweveI, it is doubtful if at present any compuiel program, except
the simplest monothetic divisive one, could cope with a potential pool of 364
shrub species on 320 plots or 5120 quadrats. It is even less likely that the
full number of species could ever be used as indicatols in an applied survey.
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Eucalaptus ml.rginal:d was positiveiy colrelated \iJith Ad,enanthos barbigerL,
Bossiaea ornata, Mocroaatmia ried.lei, Lasiopetcllum floribundum, Leucopogon
capitell(1.tus, Leucopogon rerticillatus, Hibbertid montdna a\d. Houeg
chorizemilolia,, all of which were common on lateritic uplands in the high to
medium-rainfal l  zone.

Adenanthos oboDar@ was strongly correlated \\iLh Dasupogon bromelide-
Jolius, Leptosperm.utu ellipticum, Laginia tenaE, Po,tersonia occident&Zia, Pet-
roplLile linedris, Hakea cero,taphulld and Melaleltaa pre*si&na, all normally
Iound on moist, leached sandy podzols. All but one member of the latter group
I Ha.lceq) were also found in analogous positions within the Bassendean Dune
System on the coastal plaln in the earl ier study (t lavel,  1968).

Some negative colrelat ions wer.e also highly informative. Eucaluptus
marginata was negativ€ly colrelated .rlit}l Hapocql?Jmma qngustiloliltltr, a co]r-
trast between well-dlained, infelt i le glavels and moist,  loamy, fert i le soi ls.
At this stage it could be concluded that several groups of positively corlelated
species existed, and that these could be related to the more extreme habitats-
It was also possible to reject sevelal species which app€ared unlikely to selve
as indicators. This was particularly important because the number of species
had to be reduced so that principal component analysis could be completed.

The analysis was repeated \irith a progressively smaller numbel of pecies
untii, at 55 species, the luu output, comprising means, standard deviations,
correlation matlix, nolmal component loadings and rotated component load-
ings, was obtained. The flrst four components accounted for only 25 per cent
of the total variation in the vegetation data, the nlst twelve components for
50 per cent and the f lrst twenty-f ive components for '?5 per cent.

Distribution ol species uithirl component space.

The nolmal Ioadings of the 55 species on the flr'st four components were
ihen plotted to obtain a picture of theil inter-relationships. The Iesults ate
shown in Figures ? and 8. It will be seen that they form essentially two
triangles, the apices of which ar'e formed by the groups of strongly inter,-
correlated species discussed earlier', that is the species of the well-drained.
infertile, lateritic glavels; those of the moist. neutral, fertile loams of the lower
slopes; those of the dry sandy gravels; and those of the moist, strongly-leached,
acid sands. In the centre of the triangles ale found the species which either
occupy intermediate ha.biiats, or whose relationship to site is not immediatelv
obvrous,

However', as the purpose of the study was to find indicatols capable of
deflning biologically-equivalent sites, it was desirable to extend the analysis
to the ordination ol plots. This was accomplished by developing a minol
program (FACVA) capable of comblning the loadings of the species on the
component axes with their covel or basal area values on individual plots to
obtain scores vhich could be used as plot co-ordinates. The program was
a local adaption of the Cooley & Lohnes (1962) program. Essential ly, the
plot co-ordinate (score) on any one component axis is the sum, for al l  species,
of the products of thetu loadings on that component and the deviation of their
cover value on that plot from their mean cover value in the study as a whole.
It is thus a summation of the trends of aU individual species occurdng on
that plot.
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Figure ?
Dist l ibu ' ion o_ indr.s. ror  cp. . ic !  wirhrn.omponenr spa.e derr \ed by pr in. ipat  , .urupouF,r .!nary.rs nrct  approx:hat1on.  normal  toadirgs b5 rree and "hrub ipp. ie: .  componen,s

7 .  A d e n a n t h o s  b a t b t o e r u
2 Adenanthas  obo i to
3. Asanis lirearilolia
4. Baeckea cdmoharasmae
5. Bosstoeo aqLilolium
6, Bossiaea arnatd
7. Bossiaea pLlchela
A. qasuarina lLuntilis
L CanospernlLnt staechad,is

L0. Dampiela alatd
11.  Das !paqa bromel iae  la t lus
12 Dar iesn  pec t ina ta
13.  Dar ies ia  tanq i to l ia
14. Macrazamia rie.llci
l t  ry lpDcat lmma antus t i lo t ia
r b .  t s a p o o o n  d u o l u s
l'1. Kingia australis
ra. KLn2ecL micromera
19. LasiapetalLn lloribundum
20.  Lep idasDetma a t rous ta tum
21.  aeptoco lp rs  5 .a r iosu  s
2 2 .  L e p t L s p e r m u m  e l h u t i c u m
23.  Leucapaoan uer t i c i l l a tus
24. Leuccpogan corclatus
25. Lalnandra sonderii
26- Latnandrd, cdespitosa
2'1. Laracarud jdsciculata
2a. Loracalld cinerea

29. LAginia tenaa
30. LUsinema ciliatLm
31. Mesomeld,ena tetragora
32. Patersania occictentalis
33. Patetsania rud,is
34. PlLlllLanthLs callcinus
35. Petrapllile linedris
36. Pteridium escutentLm
37. SplLderalobilm ned,ium
sa- Stirlingid latiloLia
?9- Stuphetia tenuifiora
40. SlnaplLea petioldris
41. GreDiuea uilsanii
42. Grebilea pulchella
43. Hakea cl/clocarpa
44. Hdkea cerctapiLlUd

46. Haked, lissacdrplLa
47. Haked, rLsciJolia
44. EllcalAptus margind,ta
49. Eucallptus calaptLulla
5Q. Eucaluptus pcLtens
5r. ELcalvptLs uan{l,oo
52. Bdnksia grandis
53. xl elaleLca Freissiand
54. NLlts,ia floribLtuda
55. CasLarina lraseriarq,

As soon as the program was operational, testing of species commenced.
In addition to the 20 tlee species and ?2 shrub species aheady cited, a further
40 shrub species were converted from raw daia. and testecl. As four of these
were duplicates of species already assessed, the totai number of species tested
was 128.
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Distribution ol tree species

L  Banks ia  a t tenuata
2. BcLnksicL grandis
3. BanksitL tittarali.s
4. Casuarina, Jraseriana
5. EucalaptLs calaphElla
6. EucallFtus mcLrgirdta
'1, ELcaluptus megdcdfpa

a. Eucaluptus patens
9. Eucal.ltptus uandoo

70. Mel,aleucd prcissiana
lL Melaleuca rlLaF hioplLllla
12. Nultsia fLaribun.ld
\3. Persoonia elLiPtica
14. Persoonia LangiJalia

Figurc 9
within comFonent spac€-normal l.adings, based on 14 tree

species, conponents I and 2.

Of the twenty tree specjes allocated in the data input, only fourteen
occurled sumciently frequently within the plots to be useful in analysis. These
were subjected to principal component analysis, and both normal and varimax
ioadings were dedved. Plotting of the loadings :ndicated that the vaximax
loadines would be much easier to interplet than the normal loadings (see

Figs.9, 10). The species with ihe hichest posit ive loading on the f lrsi  com-
ponent were Persaanid latugiJolia, Banksio' gtdlLd,is, Eucalvptus mdrgiult(L a\d.

EuccLlaptus c(1,Ioph!Ild,. The only species with a high negative ioading on the

first component was Eucaluptus uarldoo. Tt.e polarity here was €ssentially

due to the difierence between lateritic gravels in ihe high-rainfall zone and

loams in the lower-rainfall zone. Three species had a high positive loading

on the s€cond component: Meraleucct rhophiophrJllct' Metaleuca preissidnd ar.d'

Bd,nksiat littoralis. All axe species occurdng in excessively wet sites. No species

had a high negative loading on the second factor. In essence, there was thus

a iriangle with ihe above three groups of species forming its apices with the

resi of the tlee speci€s neal the centle.
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l'igure 1l
Distributlon of ecotogical sampre plots within component framework deriled by prrn-

cipal component a;alysis of 14 tree species va max scores, compoDents 1 and 2

The plot co-ordinate system fol the first two components was also useo
to test the associat ion of trees with undelstorey species. The understorey
species with clear'-cut adherence to one of the extlemes were:

+F1 -F1

Pterid.ium esculelLtum Hdkeq lissocarplTt[
Lasiopetd,lum floribundum Gdstralobiuln calacinllm
Leucapagoncapitel latus Hqkeqprostrata
Leuca\,ogonpropinquus Hibbert icLltnedtd
Lama,tudrcL san(lerii
Acacicl str igosd
Acacia urophulla

Bassiae(L ol'no.ttL
Macrozamia r ied,lei

Hakeq cera,taplTlllla
Ho"kecL tatriaL

L epta sp er mum el l ipt icunl
Mesomelaena tetragona

Ad,enanthosbarbigerq H!)pocalammcLangustiJol ium
Bossiqea aquilal iulrL Leptccarpus scdriasus

In some respects, this ordination based on trees only appeared quite
promising. However'. most of the trends observed in ordination of soil data

and cover values of ground storey species refelTed to extremes, not only ol

I

1 I
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Figure 12

Distr ibut ionof indicatolspecieswith incomponentspaceder ived'bypl in.c lpatcomponenl
a'i?,"rvs'i:ieioria-;prtio;imai1on, vedmax loa.rings, 55 shrub and trce species' componen[s

I  and 2.

,o ^'; ':;, ".rJ"

L. Ad.enantlLas barbisera
2. AdenantlLos abaDatL
3. Asanis linearifalicL
4. Baeckea, campkorosnde
5. Bosstaea aqliiolium
6. Conoqernunl staeclLadis
'1 ,  DdmPiera  a la ta
8. Daslposon bromeliaejolius
9. DaDiesia Pectinata

70. Datiesia longiJolid
L7- Macraz&mia ried,Iei
12. Ea p o c al1/ rnm a an I ustil alium
13. Isapagalx d.ubi.us
74. Kingi& aLstral'is
15. Kunzea mlcronefa
16. LasiapetalLln llaribLntuLm
17. Lepidosperna angustdtLm
\A. LeptocaryLs scari.asus
19- Leptospern n ellipticum
20. LeclLenaultia biloba
2L. LeLcapaqan capitellahls
22. LeLLcapogon orlcedrus
23. Leucapagan Proplnqulls
24, Leuc.pagan rerticillatus
25, Mesomelaena tetraqona
26. P atersani& occicLentalis
27, Potersania rudis
28. Ph.llantlLus cawcinLs

29, PteridiLm escLlentum
30. SplLaerolobbln medirn
3r. stiflingia Ldtilolia
32. Stlphelia tenLifard
33- Sltnaphea Petiolafis
34. Trlmalium lediJoliun
35. Trlnd.Ii.um spatlLulatLn
36. Hakea cAclacarpa
3'1. Hakea cerdtaplLllla
3a. Haked raria
39. Hakea Lissocarpha
40, DiuuUniq c'inercLscens
41, Diplolaena .lrulnnondii
42. Le9taneritl cLnninghamii
43, It ibbert'ict lilleata
44. EibbertLa PatrlstacttYa
45. Eucdl,uptus mqrIinata
46. EucalAptls celoPLLlILL
47. Eucalgptus patens

4a. EucalYptus wandoo
49. Banksia grclndis

50. MelcLleLcd Preissldnd
51. N11ltsid fl aribund d.
52. qasudrina lraseriana
53. Banksia attenuata
54. Persoo ia elliptica
55. Banksia Littaralis
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steep (in local sense), gravelly slopes, and high negative values with
gravel-free, near-level depressions. It agrees well with fleld observations

reported earlier. There is, however, a second group of edaphic palameters

which is also highly significantly correlated with scores on the first component.

These inctude cation exchange capacity of ihe topsoil (CEc), percentage

saturation of the CEC, and levels of calcium. phosphorus and potassium in

the soil This was not anticipated. The multiple correlation coemcient for

the regression of component 1on maximum slope, percentage of gravel,

percentage saturation of the cation exchange capacity and level of calcium is

0 .633 .

component 2 is highly signiflcantly (in a statistical sense) related io

several edaphic parameters, such as the percentage of silt and clay (r: -.330)

and levels of nit logen, calbon, phospholus and calcium (r '333, -.356,

.304 and -.305 respectively). Ii thus reflects the texture of the soil and the

resuliing capacity of the soil to hold nutrients The multiple correlation

coemcient for the regression of factor 2 on these flve soil parameters is 0.400.

The high positive values of component 2 would be expected to be associated

with light-textured, sandy soils, a fact well supported bv fleld observations

The relationship between componeni 2 and climatic palameters, suggested by

the easterly occurrence of plots with high scores on +F2, could noi be tested

bv couelation because quantitative climatic data were not available for

indivldual p1ots.

Componeni 3 is highly significantly correlated with percentage of gravel
(r = +.402), maximum slope lr:  +.330), percentage saturation of the cation

exchange capacity (r - l- .34?) and soi l  reaction expressed as pH (r +.324\.
The multiple corr.elation coefficient fol the reglession of factor' 3 on these iour
parameters is 0.511. High negative values on factor 3 would thus be associated
\rith non-gravelly. acid, strongly-leached soils in level deplessions. This
aglees well  with f leld observationr.

Component 4 is most strongly related to soil fer'tility: phosphorus
(r '  - .383), nitrogen (r .  - .361), potassium (r =- .344), calcium
(r -.315) and cation exchange capacity (r - .309). AII of the above
correlations are highly significant. The multiple couelation coemcient for the
regression of factor' 4 on these five soil parameters is 0.411. A second group of
edaphic palameters, reflecting moisture-holding capacity of the soils, is also
highly signincantly correlated with component 4. These include field capacity
(r :  - .351) and avai lable moisture (r - - .240). The most l ikely explanation
is that hich negative scor-es on component 4 are associated with heavier-
textured, younger soils with a good capacity to hold both nutrients and
moisture. This is strongly supported by field obselvations reported earlier.

Thele is also a strong mutual correlation between individual environmental
parameters. For instance, soil reaction (pH) is highly signiflcantly correlated
with percentage saturation of the cation exchange capaciiy (r +.456),
potassium (r:  +.345) and calcium (r:  +.369). This could be expected
from a basic knowiedge of soil chemistry, in that acid soils tend io be more
strongly leached than neutral or basic soils. The somewhat weaker, but still
signiflcant, relationship of pI{ to maximum slope (r +.348) presumably
leflects a stlong geomolphological control of soil formation. All parameters
reflecting the fertility of the soil (cation exchange capacity, percentage
saturation of CEC, vadous nutrient levels) are Dot only mutually strongly
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The component space delineated by negative scores on components 2 and 4 is
cbatactetized by soils with high levels of phospholus, potassium, calcium and
magnesium, high cation exchange capacity, high fleld capacity and high
wilting point. In certain environmental parameters, -F1 x -F3 and -F2 x
-F4 combinations appear diametlically opposite to each other, but this is not
true of aU palameters.

There is also an indication that vegetation responds to the sum total of
environmental factols, rathel than to precise levels of individual factors. For
instance. plot 166 is placed into the -F2 x -F4 segment of component space,
despite relatively low levels of calcium and phosphate. This appears to be
compensated by higher values of magnesium and high cation exchange capacity.

Both the mathematical and graphical approaches ihus point io a relatively
complex, highly-interlelated environment-vegetation complex that defies further
simpliRcation.

Coping uith the com.plerita ol the Degeta,tion model.

It was obvious at this stage that all foul components would need to be
considered concurrently to arr-ive at a valid definition of a plot or site. The
immediate problem was how io cope with such complexity, inasmuch as there
were only three physical space dimensions which could be used in the
construction of a model. colour afiorded an opportunity to add yet another
dimension. A preliminary r'un on the CORD program using varimax
scores indicated that the scores on the second component were least continuous,
and hence easiest to subdivide. The range of scores on this component was
therefore broken into lour segments, to be represented by blue, green, yellow
and red, to give a visual illusion of progression fr'om moist (-I'2) to dry
(+F2) sites, which this component appears to reflect. The remaining three
componenis were used as the three dimensions of physical space. A model
using perspex plastic as a base plane was constructed in which plot scores on
the flrst component were plotted left to right, scores on the third component
from front to back, and scores on the fourth component were represented by
the length of colouled plastic rods projecting above and below the base plane
(See Plate 1).

Separate models wele constructed for the northern and southern sectors.
There were two reasons for this. Firstly, by now the number of plots had
dsen to 320, and any model incorporating all of these would have been too
complex. Secondly, the preliminary run on the CORD program indicated
that there rvas a far greater range in the scores for the northern sector.
perhaps reflecting a greater environmental range (Fig. 14). To incorporate
boU:t sets ol data in one co-ordinate iramework would therefore have been
unwise.

However, subsequeni work made it possible to obtain an adequate scheme
of classification even for the southern sector. The gravels of the high rainfaU
zone near Dwellingup have been subjected to detailed sampling and analysis
aimed at relating incremeni rates of iarrah to site factors and understorey
vegetation. In addit ion, an area of 62.2km'zof virgin forest east of Harvey
and norih oJ Collie was surveyed during 19?2, thus giving an opportunity to
sample types inadequately covered in ihe initial sampling. The survey indicated
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which the main factors do not act independently. Many potential combinations
are missing. There are, for instance, no plois in the combination hiCh +F1
by high -F3, or any of their permutations with F2 and F4. In terms of
geomorphology, a residual leached sandplain on an upland, well-drained surface
in the high-rainfall zone near the escarpment is a virtual impossibility, as it
would irave been removed long ago by erosion. Similarly, there are no plots
in the combination high -F1 by high +F2 because an excessively-drained
droughty swamp is also a physical impossibility. The1e is no combinaiion of
high -F3 with either high +F4 or high -F4. Leached, acid sands can be
neithel highly fertile nor phosphate fixing.

A similal model, based on component loadings, was also constlucted for the
55 species used in the analysis. It not only makes it possible to relate these
species to each other, it also helps in visualizing what species contribute to a
particular clustel of plots, because the axes and colour scheme, though not
the dimensions, of the plot and species models are identical.

A model of plot distribution for the southern sector resembled the model
for the northern sector, but with reduced dimensions on all except the first
component. There was an overwhelming predominance of blue and green
coiours, indicating thai gravels and sands from the eastern, low-rainfall zone
wele either noi adequately sampled or did not exist. The former is irue of
the Harvey Division, whele they are very remote from the centre of
administlation, and still lar.gely untouched. The latter is true of the
Dwellingup Division, whele ihe eastern region lies largely outside State Forest.
and is strongly dissected by the tlibutaries of the Murrav River-

Subd,il)ision ol the contirruum into segments.

The difficulties in mapping a vegetational continuum have aheady been
briefly refel.I.ed to in the review of ecological theories and methods. The
subdivision of the continuum into segments for the putpose of mapping and
descdption was suggested by creig-Smith (1964).

This suggestion has ah'eady been successfully implemented in an eallier
study of a simple two-dimensional continuum on the sands of the coastal
plain (Havel, 1968). Its implementation in the present study was made
difficult by the fact that here the vegetational continuum has four dimensions.
Without the model described earlier it would have been utterly impossible to
keep track of four dimensions concurrenuy. With te help of the model, the
impossibility was changed into a refined form of mental self_torture, as the
task had some resemblance to dividing up a bowl of soup with the aid of a
carving knife. Although some fairiy well-defined clusters of plots could be
recognized, there were invariabiy some transitional plots on or near the
interface between iwo segments.

The difficulty of dealine with continua increases rapidly with the rncrease
in dimension. In a uni-dimensional continuum, tlte division into segments
amounts to placing a dividing point on the line representing the continuum.
In a two-dimensional continuum. each segment is a plane surface delineaied
by a minimum of three straight lines. A segment of a three-dimensional
continuum is a solid delineated by a minimum of four triangular, or six
rectangular, plane sudaces. In a four-dimensional continuum it becomes a
mull i- l .oloured th l  ee-d im en5ional mir.ase.
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The need io consider the ultimate practical application of the study
imposed a limit on the number of segments thai could be recognized. Experience
in earliel site mapping on an ecologtcal basis indicated that not many more
than twenty types could be handled by the field stafi. Ultimaieiy, nineteen
segments lvere deflned for the northern sector. FoI convenience. they were
identified by a letter of the alphabet. At this stage, it $'as realized that the
continuum apploach, whilst giving an excellent undelstanding of relationships
between plots and species, also fulfilled ever.y apprehension about difficulties
in adopting i t  for practical use.

FiLaI testitrg oJ ind,icator species.

At this stage it \ras desilable to car'r'y out a final testing of specres as !o
theit behavioul within the component framework, so as to determine for which
pari of the continuum they could be used as indicators, and how nar.rowly or
broadly they rcflected it. A preliminary run on the CORD progl,am
hiehlighted the problem encountered ear'lier, namely that plots of extreme
habitats are so distant from the central clustel of more "normal" plots that
they cannot be oldinated on the same scale. The separation of these plots
was not considered altogether desirable, because the cor'ltinuum could then
not be seen as a whole. To pull in the outside plots, and to sepalate the
inner cluster, the co-ordinates wele convelted to square r.oots, and the
ordination $'as based on these. The Iesult was most satisfactory. as can be
seen in Figur'e 15. To obtain a close link between the four-dimensional model
and the t\\,o-dimensional flat diagrams pr'oduced by the CORD program, one
diagram \i' as based on the first and thir'd comllonent, and thus matched
the holizontal distlibution of the plots on the perspex plane. The other
diagram incorpol_ated the foulth component as the vertical dimension.
couesponding to its vertical representation in the nodel. and the second
.omponenL  an  l he  ho | i zon l c l  d imens ion .

The ful l  set of 128 species 1\,as now processed by the proglam.
Similalities appeared between the various species, and were used in substituting
a small numbel of species groups for' the large number of individual species.
These species groups had an almost identical ecological behavioul.. thus
plesumably Ieflecting a preference for the same combination of environmental
f  actoIs.

Formation oJ indicqtor groups.

For ease of reference. the gloups were given mnemonic code names,
compatible with possible future use in FORTRAN proglamming. The names
were abbreviations of habitat characteristics as understood from field
observation. Bdef descriptions of the groups and their location in the
component frame\rork are given in Appendixes 2 and 3.

Species not included in ihe enumeration are those having too broad or.
too indefinite rangesj or fitting in gr.oups ah'eady amply represented. such as
SANLEA. On the othel hand, several species which had not been fully tested
within the component framework have been added to some ol the small species
groups because they have been obselved to be constantly associated with them.

58



afr 6 A

a, a2

t;3d

:--

..:

't

-T

;o



.^,

. ; 3 3 . i

. - ' : .8

9 ! E=*

$ i " . s

' = : : :

v



e

t" E <

!;:rt

-o.o.

3 j 3



^^. PLATE 4,
(a) Sitc-vegelat ion Type A. Low, open

overstorey of paperbark (Melaleuca
preissiana) and swamp banksia lra,krra
Iittorulis)i^ a shallow depr€ssion in low
rainfall zone.

(b) Site-vegetation Type J. Low, open
overstorey of Banksia attenuala and
Nuttsia lbribunda on deep, leach€d sands
in low rainfall zone. v
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To iacilitate linkage lletween the definition of siie-vegetation groups and

tneir subsequent fleld mapping, the latter has been somewhat anticipated here

rru-ir"i"ai"* a description of topographical position. some appreciation of the

edaphic valiation between segments can be obtained from Table 1'

Southern Sector-The scheme suiiable for the northern sector did not appear

iu y suitable for the southern sector' on one hand' manv of t'he drier

""".'-'",-'." """n as Y' M. L' J, F wele largely unrepresented in the southel.n

4"i", ln"*n they have been subsequenuy located in broad-scale survevs on

the other hand, there was an excessively large group of plots falling in or

around segments P, S and T, which lequires subdivision

Frincipal component analysis of plot data collected on upland gravels

within the high-rainfall zone near Dwellingup revealed that there is a broad

o"i""il" "r unlersto.ey species. resulting in two main groups of species:

Grarrp t. Pterid'iu1tu esculetutu.tu, Clematis p bescens' LeucoPogotl

Derticillatus, LeLcopogon c(ipitell(ttus' Lasiopetalu'iL

floribllndum and partiaUy Trlltucllium Led'iJ oliultl ' Persoonid

Longilolia, Xanthosit:t candid'd' Leptomeria cunninglTdmii'

Group 2. Bosside4 orncda, Caathach'Lete cldnd estituo ' Conostulis

setigero' ScaeDoLcL striatcl' LepidNpermtL aTLgustdturn'

DampiercL lineo'ris ^nd to a lesser e.xLerrt' Tetrdthecd Diminea'

Acarcia drumnlondii and Leucopog on'pr oprnquus'

The first group consrsls essentially of indicators of group T' oi hish-rainfall

lateritic uplancls with loamy gravels' and is thus aheady covered The second

;l;;;t; affinities with indicators of Group P' but lacks such clear-cut

inoi"uto." as GreDiLIed wilsonii ^nd Ad endnthos bQrbigertl ln fact many of

ilrr" *""*" preseni were tested lor their indicator value' but were reiected

because of their broad range ol occuuence lt is therefore necessary io

delineate a new caiegory, segmeDt O, which is defined by lack of the more

outstanding indicators which clefine other segments' rather than bv any

clear-cut indicatols of iLs own. It also difiers from P in a somewhat lower

score on the seconcl component' and can thus be viewed as the most central'

o r a l t e r n a t r v e l y t h e l e a s t d i s t i n c t , o f a l l s i t e - v e g e t a t i o n t v p e s l n t e r m s o f
environment, it again largely corresponds to P, being characteristic of sandy'

gravelly colluvium in minor valleys and deplessions $ithin the lateritic uplands'

iut ctiffering from F in moister' possibly slighily cooler' climate- The

possibitity of edaphic clifferences cannot, ho$ever' be ruled out altogether'

as the region within which it occurs is on the whole more stronglv dissected

rhan lhe noflbern '  Kelmscot I  -Mundaring '  region

Examples oi some of the vegetation segment's are shown in Plates 2' 3 and 4

Numerical classifi cation

The option lor convelitng raw plant data to qualitative data for use with

classificatory programs was now used lt 'ffas reasoned that' in vrew of

the complex nature of the vegetation, the simplistic approach of the

classiflcatory programs to subdivision might be appropriaie'
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Figur€ 1?

DiasEmmatic representation of the subdivision proce'lule of the lormal morothetlc

iiJii""'"i"iilnJ.i." iprogram DIvrNF l?2 prots, 130 species). rhe upper nDmber rerers

;; ;;;;.;;-;" "h"..;; .; the in.ricator species on which e partrcurar surcdivision was

;".i;. n"""""* ls indicated bv plus, abserlce bv ninus Lower numler rcfeF to number

.ipiit" ""-p"r"i"e the sroup. 
'rhe inalicator species used in the subdivision process are:

7 .  H ibber t ia  l ined ta

39. Daxiesie Pectinata
60, GreDiIIecL uilsonta
69. Hibbertia huegelii
'16. Hored. trisPerma
93, L!1inia tendr

103. Meton€ioezo sP. nov

IIt. PhalldntlLus callcinus
122. StyplLeli.t tenuillara

25. CasLarina tasenana
5Q. EucalAptus udnd oo

64. Hakea lissocarpha

75. HaDed, cilorizemilatia
92. Leucapogan Prcpinquus

\02. Mesarnelaerd tetrogona

1I0- Pcltersanid rudis

tla. Pteridium es.llentLn

123. sllraphea Petiolaris

The invelse information analysis indicated that, despite the prior

elimination of the least common and the most common species, ihe tendency

to separate out ttre rare and common species persisted' There was a

pronounced chaining on the negative side, and ihe species groups resulting

from eight or nine negative answers were strongly heterogeneous They

were composed of species with widely-differing habitat preferences, having

nothing in common except their relative rarity. Thus Banksiq' attenuata'

typical of deep, dry, leached sands, a"nd Agonis lineo,rilolia, typical of moist'

alluvial loams. were thrown together. Similarly, ai the other exlreme' Hakea

IissoccLrpha a\d. Conostalis setigera fiere placed in the same group solely

because ihey'were the mosi common of the 130 species used, though they have

dissimilar habitat Preferences.
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Neveltheless, several species groups were composed of species with similar
habitat pleferences:

(a) Moist.  leached sands.
(b) Fert i le loams.
(c) Dry, sandy gravels of the eastern zone.
(d) Moist. loamy gravels of the western zone.
(e) Moist, sandy gravels of the western zone.
(f) Moist, Ioamy sands and sandy loams.

Several plot groups were likewise cleally defined, and couesponded well
with segments of the continuum based on the principal component analysis.
Othel plot groups \r'ere more loose, and some were completely heterogeneous in
terms of the species occurring in them.

on the whole, the gr'oups $/ere looser and Iess well deflned than those
derived by principal component analysis, a conclusion shared with Young &
Watson (19?0). The inter '-relat ionshrps between groups were dif fcult  to see.
On the positive side, twice the numbel of species Nere analysed, including
some whose value as indicators had been initially overlooked because of their
insignificant appearance, such as aozJea chorizemiJalia D.nd Gomphalobium
knishticLnum. The speed of processing 'was very much greater, and the
collection of purely qualitative field data would also be much less labo ous.
The combined normal and inverse analysis for 130 species is shown in Figule 18.

The invelse analysis of 55 species was by far the most plomising of all
the lnlormation analyses (Table 2). With the sole exception of one
heterogeneous group of Iare species, the remaining groups, usually composed
of 2 to 4 species, checked fair']y well both with fleld observations and with
or'dination on principal componen*, analysis. Normal analysis based on 55
species likern''ise gave a better glouping of plots.

Shor.tly afterwards. a visit to Canberra provided an oppoltunity to classify
the same set of 130 species on 172 plots by means of two further progfams
alleadv described earlier', the modified version of the divisive monothetic
infolmation analysis incorpolating a provision for revision of groups
(DMNFRE), and polythetic agglomerative analysis (CLASS) . Both
plcgrams were used with the fuu set of 130 species and the reduced sets
ol 55 and 18 species. To minimize cost, the inveise analysis was only carried
out for the full set of 130 species on the CLASS program, and not at all on
DIVINFRE.

Progro,m DMNFRE The sequence of divisions, and the species on which
these were based, was the same for normal analysis on DIVINFRE as for
DIVINF (e.c. Mesomelaend tetrdgona, Ho7)ed, chorizemilolia, Cdsua.rin(L
fraseridnd. Pdtersomia rudb, Luginia tenar, Eucalupttrs udnd,oo, Pterid.iunl.
esculentunr and oihers). However, the grouping of plots was markediy altered
by t$'o levision cycles- The heterogeneous groups disappeared and there was
malked improvement in the homogeneity of the revised groups.

The decrease in the number of species used in the analysis appeared io
have led to a loss of some ol this homogeneity, presumably because the
revision took place on a narrower basis. However, strongly-defined groups,
palticularly those occurring on loamy gravels in the high-rainfall zone,
retained their integrity. The price for' ihe imurovement gained by revision
was the loss of simplicity in the divisive process.
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Two-way table of ecoloeical saDple prots and lndicator species, aFanged in groups olx
the basis ol asslomeratlve Dorythetlc lnformation ana,rysh (proexaE CI-ASS, 172 plot6, lru
specl€s). Each coluEn repiesants an lndlvldual indlcetor specles; eacb tow refeN to an
lirdlviduar prot. The pre6ence oJ a species ln a padlcular plot is indicated lrv a dot. Plot
slouDs derived bv Dormal analysis are delineeted by horizo!Lal llnes; species groups

derived by lnvelse analysrs are delrneated try lertical Unes
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3. ALLOCATION OF NEW OBSERVATIONS TO SEGMENTS

OF TIIE CONTINUUM DEFINED BY PR,INCIPAL COMPONENT
ANALYSIS

Nature of ilata collected on broaal-scale surveys

The precision data collection for the initial study of the vegeiation (total

enumeration of all trees by diamete!, and cover estimate of all undergrowth

species avelaged over 16, one-square_metre quadrats) could noi be maintained

in any broad-scale survey. For this pulpose, all that could be done at any

one observaiion point rvould be some quantitative estimate of the occurrence

of selected species with proven indicator value. Furtllermore, for ease of

booking of observations in the fleld, and for subsequent processing, all

information for- one observation point should not occupy more than one line'

To satisfy these restraints, a fleld booking sheet was designed on which

ihe observation point was identified by six co-ordinates. As any data entered

in the last two spaces ol a punch card caused dimculties in processing on the

local computer, the last three spaces were left blank on the remaining 71

spaces (80-6-3), the indicator species'were arranged in their atphabetical order'

one space per species. Their occurrence was rated on a scale 0 to 5, defined

separately for trees, shrubs and perennial hefbs.

Rating of tlees was based on an alea of 40 metre radius from the

observation point, and took the following form:

0 - Absent.
1- One or two trees.
2 - Three to flve trees.
3-More than five irees, but contributing less than one third of total

stand.
4 - Between one third and one half of total stand.
5 -More than one half of total stand.

Rating of unclei_growth species was based on an alea of 20 metre radius

lrom the observation point, and took the following torm:

0 - Absent.
1-Very rare-seen only after calelul search
2 - Present, observable. but in small numbers only
3-Common local lv. but not uniformly over the hole area.
4 - Common over the whole area.
5 - Completely dominating undergrowth.

The ratings do not conform to any standard vegetation parameter, such as

cover clensity, frequency or abundance. They may approximate curtis and

Mclntosh's (1951) imlrortance value, but $ere not derived bv detailed combining
of relative frequency, relative density and relative dominance. They were

deviseC to give rapid estimates of the relative impoltance of all ?1 species at

an observation point. In practice, an expelienced observer was able to carry

out 15 io 25 such observations per day, spread along a thlee to five kilometre

traverse. Allowing for travel to the survey area' locaiion of tlaverse and other

ancillary tasks, each observation averages 15 minutes.

Given these basic data, the main task was the allocation of any observation

to an appropriate segment of the continuum Ther'e was quite a considerable

range ol alternatives. 'fhe difference between the survey data and the data

?0
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Figure 20

Table of indicator speclcs used in allocatioD of new lield observatlons to

ipriiop"i.t" site-vege;tion tvpes bv matchtns Three levels of occurrence are
)se.l as iouolvs:

a) completcly blaDk spccies should be abs€nil

b) outline only species should be present, but absence rlot criticali

c) outline flued species should be prescnl.
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u rLderluin g r e(8 oning.

The essence of the approactr was the use oI the knowledge of where

the valious segmeDts and ihe valious species groups fit within the component

framework.

The Iogic of the approach can be simply illustrated by reference to one

of the more extreme vegetation types, the indicatols of which are Meloleuca

preissiano ^\d Banksia lirrorolis (VERWET) a d Leptocarp&s scorios's and

Leptospernum el l ipt icultu (BROWET). The steps taken would be:

(a) Groups VERWET and BRoWET indicate that the observation

belongs to extreme -F1.

(b) The only segment in that part of the continuum is segment A, and

the observation is therefore placed into it.

This is of course an extremely simple example

Progr(LnL ALLOT.

The program code-named ALLOT consisted of t'wo main sections ln

the first of these, the individual species were fiIst agglomerated inio small
groups charactefized by similar patterns of occurrence' and these were in

turn agglomerated into larger and larger groups. The agglomeration
progressed along the component axes, until ultimately there were two large
groups, with positive and negative trends, for each of the four components.

The progress of the agglomeration is best seen in Figures 21 atad 22 Att'er

each agglomeration, the groups became noi only larger but also less

homogeneous, so that collectively they became broader, less-precise indicaiors

ol a palticular trend: such as a trend towards waterlogging along the first

component axis, towards leaching along the third component axis and towards

increasing fertility along the fourth component axis.

o
V

O

Figure 21

DDeram iltustmtins the first stage of allocation of new observation to site-vegeta'tron" 
rJpes bv Ihpir ie of  'ompu'e_ proeram ALT O-f

l
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output of the program was so designed that ]e logic of al1 successlve

decisions could be retraced in the case of a misallocation, and the err'or

corrected. Misallocations were detected by comparing the actual species array

with the species array applopriate to the segment into which the observation

was placed. The amendecl plogram was then used for the next r'un, and

any misallocations detected by it were once more collected. :Chere were

several sources of misallocation. The flrst decision sought overwhelming

tendency in one direction or another', for example overwhelmingly (4 to 1)

more indicaio$ of well drained than of waierlogged sites The subsequent

decision allowed for plogressively less overwhelmrng trends, and the ratios

wele decreased to 2 to 1. Ultimate]y, the decision was merely more of one

than the other, that is any departure from the 1 to 1 ratio. It was found thai

this assumption was too glib, and the ratios had to be repeatedlv adjusted.
It was also found necessary to base some decisions solely on the presence ol

the key indicators, in that some of the best indicators tended to be swamped
if compared with their mole common antagonist from the opposite end of

the continuum. The fact that the segments were not precisely defined
caiegories also created many difficulties. As the process approached the centle
of the continuum, it was increasingly necessary to allow for the possibility

that the earlier decision did not exactly coincide with the interface between
two segments, so that. atthough the bulk of the plots had been placed in the

conect segmeDts, the remainder would need to be allowed ior in subsequent
decisions. Thus, with successive runs the precision of allocation increased,

but so also did the complexity of the proglam At times, the couections
created more misallocations than they avoided. and had to be toned down The
development of ihe program came nearer to the human-computer interaction
advocated by Wil l iams (1966) and Gibbons €t dZ (1968) than any other part

of this study.

E\aluation ol the progratu.

Finally, when the misallocations appeared to have Ieached a virtually
iueducible level, the remaining five-sixths of the survey data were processed,

and the results enteled on the survey framework. It resulted in a very
satisfactory representation of the vegetation distribution, as will be discussed
in the section dealing with siie-vegetation mapping (Havel, 19?5). To that
exient the program was successful, but the expenditure of time involved in
converting human judgement into a plecise set of decision sequences was
excessive. It could only be justified if subsequen y the program could be
used for a very lalge batch of data. For a limited batch of data, the allocation
could be carried out more rapidly by experienced technical personnel withoui
the added expense of computer time. It supports the claims of Williams and
cibbons e, ol that human judgement will be hardest to replace by computers.

?6
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S?ecies (Nalne)

46 Petrophile stri,ohl
41 Pitnelia stnueolens
48 Plerid,i ,m esculentum .. .

54 fryrnakurL spatkulatwn
55 CoMstylis ocul,eata,
58 \ Xanthnrfinea pretssii ....
57 Dryandra sessili8
58 Gtistrolobiun calgcinum .-.-
59 | ereoil,trea, wil,sonii... ....
60 ereviuea, pulcheua
6t I Eakea cyclocarpa.... ....
62 | Eakea ceratopkalla
63 Eakea mAo,
64 Hakea Li8rocarpha
65 Hahea ruscifol,ia .... ....
66 | EokPa wnnukrta, .... ....

On 55 speci€g On 14 hees
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+
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4 I
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68 Eibbqtia monta a ....
69 Eibbe,tta huegeli,i.... ....
10 Hiberti&Ii,neala .... ....

67 I Eemisen'ie plitzetii,

7l I Eibbertia Eubrd.ginata ....
72 I Eot)ed, chofizeniJol,ia

Al I Eibbertia omplerinulis ....

9I Hibbefti& plystoahga ....
92 | Pelrophila ma.rosla,chlJa ....
gB I Janksonia Bletnbergiana ....

a2 Xa,ntharrhou grucil,is ...
83 Calrst* d,ioi,ca
84 | Cgathochaate cltundesfina ....
85 | Greai.Il.ea sE Lapkeae
86 I Iapidospemra tenue ....
81 Di,Ilnllnia cinera,scens ....
ag Dipl,olaena miarocepka.l,a

var. ilrwmmondi,i
ag 1 Ledoneri,a cunni,Wka,nii
90 Ei,bbertia tineataa

73 Astrol,oma cill,ia,tMn
74 Astrol,oma pa.l,hdum ....
75 | ScaeDola striata .... ....
16 | Xanthosia cand;da ....

Ia hgantua ni'ed,
19 ?etrariopsis octand,ra .-.-
80 | Kennedia prostra,ta ....

77 tlompkolabiummo,rEinat n

+
+

+

+ +  I  + +
+

+:+

+ +
+

as I Bphaerotibiu,n ,ned,i.u,n ....
50 I Stirl.insia L'tifotia
5I Btypkelia temijc,ra
52 Slrlaphaa petiolar'is ....52 S!flLaphaa petiolafis ...
53 \ lrryrutliwn tuniJol.iwn ...

+ +

+

9t I Boronia spatkuhtrr
95 Acar;apuhhel, la.. . .  . . . .
96 | Hibbe i,a lasiopus ....
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APPENDIX 2

Enumeration of indicator gloups

(D Dasapogon brorneli.teJolius, Ad'enantllos obo'oto SAnds' Moist' heavy

ORGanic matter incorporation in topsoil-SAMORG'

(2) Banksid o'ttenuata, Caustis d'ioica' Conospermum stoechadis' Hibbertia

pol\stdchad, Lellcopogon cord'atus, Nuutsid floribundd' Pot?rsonia

occid,entalis. SANds, strongly LEAChed-SANLEA

(y Hakeat caclocqrpa, Isapagon (Iubius, Sphaerolobiultl nlediuln' Stirlinqia

t(LtiJotia. EAstern Gravelly SANdS-EAGSAN

Stirlingia tatiJotia' had a somewhat nan'ower range on the second

component, not occurring on plots with high +F2 It was included here

to avoid creating too many groups

G) Daaiesia pectiTLqta. Hdkea ruscilolia DF'Y SAndy Gravels-DR'YSAG'

l5) Casuarina hurtLili.\, DiltwaniQ cinerascens DRy soils of lNtermediate

FertiliIY-DRINF.
(6 )Acac i . l ' s t r i gos ( I 'Pa te rsonu l ru ( l i s ,P ime leaSuaDo lens 'S t l phe l i a tenu i f l o fa .

DF,Y GR,AVEIS-DRYGRA.
(1) Casuarina Jr.Lseric;na, Greaillect wilsonii' SANdv GR'Avels' medium Iainfall

zone-SANGF,A.
(8) Jarlah lEucalEptus m&rgindta) has, ln view of its importance' been

r-etained as a group, though its lvide range of occurrence makes it ol

Iimited use as an indicator. There ale several underctoley species' such

^s Hibbertio montanal a'IId Xanthorrhoea g/ociili's, $hose range ls very

similar.
(9) Marri (Eucalur)tus calaphullal has been retained for the same Ieasons as

E. marginqtq. Understorey species vith a comparable range of occuuence

ate Bossicrca ornata, Dr\and'ra ni\ea and Xqnthorrkoea preissii'

llu Ad.enmthos btlrbigera, B1nksio' grand'is, Honed chorizemiJoli'|" Persoonict

longilalia. GRAvels in MEDium rainfall zone-GF'AMED

il Ac.tcia urophatld, Bossi(lea aquLloliultu. Ltlsiopetalu'tu floribundultu'

GRAvels in HIch Rainfau zone-GRAHIR.

172) Leucopogon capiteJlotus ' Leucopogon propinquus ' Macroz(LnLia riedlei'

Phalldnthus cL\acituus, TrAmalium Ledilalium FREsh GRAvels (maximum

development on admixture of lateritic gravels and fresh soils developed

flom under-lying rocks)-I'REGRA

.'B)Leucopogo?L l)erticillatus, Pteridium esculentultu EIgh rainfall'

predominanUy GRAvelly soils-tIIGIiA. Pteridiuln differs slightlv from

Leucor)ogon in that it has a broader edaphic fange' extending frlrther on

to fert i le soits (hieh-F4).

(.14) Hakea lissacarphd. (Kennedia coccined appeats to have a comparable

range, but has not been fully tested) BF'Oad tendency towards histrer

FERTiI i IY- BROFER.
(15) Wandoo (Euca'luptus ?rondoo) retained as a separate gloup because 01

its overall importance; closely resembles BROFER'

116)Diplolaenad,runlmond,i i ,Hibbert i&I ineateL,Gdstrolobiuncal?Jcinl lmDP"y
FERtile soils-DRYFEEa. Gostrolobillnl c1ll|cinum has a bloader range

than the otber two species, and is intermediate between gl'oups DRINF'

BR,OFER, ADd DRYFER,.
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APPENDD( 3

Diagrammatic representation of indicator
groups wittri1t component space
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APPENDIX 4

Enumeration ol continuum segments (site-vegetation types) in terms of

composition, structure and environmental features.

SEGMDNT A CO-ORDINATDS high - X'1, lov - X'2, high - F3, low :t F4-

PLOTS (r47) (8r, 85, 71, 93)

{a) INDICATOR SPECIES
GR,OIJPS INDIVIDUAL SPECIES

VERWET .... Melalex.ca preis,tiarw, Banksia li'ttoralis, Eakea cetatophElln, Halcea Mtr;e

BROWET .... Leptocarpus scariosua, I'epl@perrMtmetrtri@i'aunx.
BROMO -.-. Meitornelaern tetrogona, BAnapked petiolaris' Lepiilospema angwtatum.

Loss consi8tently :
SAMORG .... Ad,ennnthasabobata, Da,sw)ogotubrometriaeJalius,
x'nRMO .... .... Hgpoco'lgmma angustifokum, Eu.ntrw)tus patew, Aca'cia este,M

SANLEA .... Lgginia tenaa

(b) TREE STRATUM

GENERAL: Sperse, low stand

COMPOSITION: Melal,euca, prei$itrla,
P4lens.

IiANGE MEAN
(m,/ha) .... 1'-20 13

... .  . . . .  16-23 l9
Euaal,yptlts calopkAlla, Eucatryptus

BASAL AR,EA
HEIGHT (m)

Barrk$i.& littoml,is,

{c) TOPOGRAPHICAL AND GEOGRAPEICAL POSITION

CURVATUnE: Concave
GENERAL: Brcad heads of valleys

ln ea,st€rn zone

SLOPE (degrees) ....

ROCK OUTCROPST Nil

RAliGE MEAN
. . . .  0 3  2

(d) soIL
GENERAL: Grcy sand over pale yellow or paLe btour sand, often cLay or o-rganic-iron hardpa'n
at depth. Ploti4T ditrers rirarkidly in having much hea'ier texture and iF not included in
following figures.

PFYSICAL PR,OPIR,TIES (TOPSOIL)
RANGEMEAN R,ANGEMEAN

GRAVEL % .... .. . . Nil x'rELD 0APACTTY (%) . 3J 5

srLT + OLAY (%) .... 2-13 ? wrLTrNe PorlIT (%) ... l-3 2

DEPTH TO WATER TABLE 0-I5 .... AVATL. MOTSTURE (%) 2 4 3

0r{EMICAL PROPERTTES (TOPSOIL)

prr
N%
P (rp-) . .
K (me%)

R,ANGE MEAN
....  5.1-5.5 5'4 IXCH. Ca(m€%) ..
.... 0.02-'0 11 0 05 IXCH. Mg(ne%)

. 8 S0 15 C. E.c. (mc%)
... .  0.02-0.53 0.16 SATURATTON (%)

. . . .  0 .? -3 .7  1 .5

. . . .  0 . 4  2 . 1  0 . 9

. . . .  6 .5  10 .3  8 .2

.... 22-68 37

(e) BROAD DESCRIPTION
!\'et,leacbed aoid sande. wa,Lerlogged in wintFr. underla,in by impermeablo-horizon
pi"iilz aiS"* trom lbe remaiiler both in eoile a,nd in v'gpGtion. and is included so]oly lo
nrinimize Lhc number ofgrou!€. lt sbares wirb ihem (bP very wel, sire coDalil,ions.
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SEGMDNT D CO-ORDINATES high - Fl, low + F2, F3, x'4.

PLOTS 80, 57, 50, 76, 72,63,73,158, a2,77,66,102.

(a) IIDICATOR SPECIES
GB,OUPS

BROWET
BR,OMO

BR,OX'EM
FER,MO

Less col$istently :
BROX'ER
DF,YSAG
WETAL

INDIYIDUAL SPECIES

LeptocvIrus scai oslts, Leptospennum etrtr i@icum-

Mesonelnena tetraguna, Sgnaph peiiolaris, Lepidaspermn anMtatum'
Kinqio oustralis.

Darry)iera ato,ta, lo leslerr Aegrce Bacclae@ co'napkorosrnae.

Eypocal,yrnrna an4wtiJol;,um' Acaoid ertensa, Eotue Eucolgllus patew-

Eahea Li.ssocarN)ka ,

Dabies;a pectinatut

Agon* Iinea JoIi6

(b) TREE STRATUIiI

GENERAL: Vadable, frequentlY af'
RANGE MEAN

BASAL AREA (n'lha.) .... 11-38 2r
fected bv dieba'ck 

HDT*ET (m) ... 16-9g 24

COMPOSITION: P catraptus m{trginata, Iuco'luptus cahpkylla' slight admixture of Eucatrw)tu's
pa,tens

(0) TOPOGRAPHICAL AND GEOGBAPHICAL POSNION
R,ANGE MNAN

SLOPI (degrees) ]-3 2

ROCK OUTCROPS: Isolated outcmps of second-
ary latedtic ircnstone

(d) soIL
GENERAL: Orange-brorn loamy sands end sandy loa,ms over sandy clay or seconda'ry lateritio

PEYSICAL PROPER,TIES (TOPSOIL)

CURVATURX: ConoaYo

GENERAL: Lower slopeB and floors
of valleys

R,ANGE MEAN
GRAVEL % .... .... 0-26 I l

SILT + CLAY (%) .... 4-23 t+

DEPTH TO WATER, 2 90 ..
TABLE (cm)

CHEMICAL PR,OPERTIES (TOPSO[)

B,ANGT MEAN
x'rELD CAPACTTY (%) 2 33 15
wrLTINc POrNT (%) |  t2 6
AVAIL. MOISTURE (%) >23 I

EXCH. Ca(me%) .. . .  0.4-3.4 1.3
EXCH. Mg(meolo) . . . .  01-3 1 0.9
C.E.C. (me%) .. . .  . . . .  0.1 l  4 0'7
SATURATION (%) .... lH8 36

F,ANGE MNAN
. . . .  5 .4 -6 .4  6 .0
... .  0.03-o. 16 0.09
.... 5-97 24
. . . .  0 .01  { . 40  0 .18

(6) BROAD DESCRIPIIOI{
Oranse-brown loaml sa,nds or sendy loems, oYer imp€rmeable horizon, on lower slopes and va'lloy
fl oorsl seaeonally waterlogged.
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SEGIIENT lV a]O-ORDINATES lo1{ - Fl, low - X'2, low + 13, low - X'4.

PLOI'S 65,45,36, l ]8, r70, r49,90.

(a) INDICATOn SPECIES
GROUPS INDTVIDUAL SPTCI!]S

BROIIO .... ... Lep;d,ost)errrn angustatum, Mesomelaentl tetragond, Slnaphea peti,oldris.
BROI'ER Eakea lissocarphd,.
X'EliMO ... HlJpa.a4Jmrna angustiJolium, Eucal,yptus patens, Acacia e?:tensa.

Less consistently :
BROWET ... Leptaanput'scarioslLs, Leato,'permum elli?ticlLn.
BROFENI .. . Dtrmpiera alata.

(b) TREE STRATUM 
R,ANGU MEAN

GENEF,AL: Moderatellr dense, of BAS.{L .{RDA (m'lha) ... 2a 5a 33
medium height

HEIGHT (m) . . .  . . . .  18-32 27

(-TOMPOSITION: Equal admixiure of ,?.calyptw marginata, EuculgptlLs culophglla a.nd IxLcaIW-

(c) TOPOGRAPEICAL AND GEOGRAPHICAL POSITION
ItA)iGE MI]AN

CURVATURU: Concave SLOPE (degrces) .. t ,t 3

GENERAL: Lox'er Eloles and valley ROCK OUII'CROPS: Rare, occo.sio.fllly granite

(d) so[
GENERAL: Yellow brovn or orange'browr sardy loams to loans occasiouatly with lateritio
gravel, especinlly in the subsoil.

PHYSICAT, PROPEIiTIES (TOPSOIL)
RANCItr MEAN RANGE MDAN

cRAVrrL % ...  . .  0 26 14 X'IELD CAPACTTY (%) 3 35 16
sr],lt + 0LAY (9/o) .. r3 20 12 1YTLTTNG POrNT (%) l-12 6
DEPTH 'lO WATllR 27-90 .... ,{.vArL. MOrSTURD ('/o) r 22 I

TABLE (cm)

OHDMTCAL PnOPERTTDS (TOPSOIL)
RANGE }IEAN

pH 5 5-6.3 6.0 DXCH. Ca(rne%) .. . .  1.0 6.4 3.5
N% . . .  . . . .  . . . .  0 .05 -0 .34  0  14  DXCH.  Mg(ne%)  . . . .  0  7  5  4  l ' 9
P (ppln) 12 66 36 c.E.C. (me%) .. . .  . . . .  ? 0-23 0 10'6
K (me%) .. .  . . . .  0 25 0 86 0 58 SATUIiATION (%) .. . .  33 67 55

(e) BROAD DESCRIPTION
Moist sandy toamE on lo$'R slopes and valley flools, lvith tendency to excessive weines8 in
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SEGMdNT F CO-ORDINATES low + Fl, low + tr'2, low + x'3, low + F4'

PIOTS 4, 5, a, 25, 127, r29.

(a) I{DICATOR SPECIES
GROUPS INDI''{DUAL SPECIES

EAGSAN .... .... Btirlingia, IatWIia.
BROWET .... Lepta.arpu,s'co,r'iosus
SANLEA .... .... Nx|gtsia froribunda, Caust'is dioica,

L€sE consi8tently :
BROI {O . . . .
DR,YSAG

.... M esornelaerw, tetrdgana.

.... Davies,;a pectinata.

(b) TREE STRATUM

GENERAL: Low, medium density

COMPOSITION: E ucalE ptw marg innta

BASAL AREA (m'lha.)
I{EIGHT (m)

RANGE MEAN
....  748 2l
. . .  t5-21 20

a,lmosi without admixture or second siorey.

(o) mPOCRAPHICAL AND GEOCRAPIIICAL POSITION

CURVATTTRE: Unifom to concaY€

GENEB,AL: Lowex slopes and broad
upland depressions

R,ANGE MEAN
SLOPE (deglees) .... .... | 2 I

ROCK OUTCROPS: Nil

(d) soIL
GENERAL: C.oa,rse grey sand over yellov sa,nd.

PHYSICAL PR,OPERTIES (TOPSOIL)
R,ANGE MEAN

GRAVEL % ... .  . .  Ni l
srLT + CLAY (%) .... 2-8 3
DEPTH TO WATER > I5O

TABLE (cm)

CI{EMICAL PR,OPER,TIES (TOPSOIL)

FIELD CAPACITY (%)
wrl,TING POrNT (%)
AVATL. MOTSTURE (%)

RANGE MEAN
....  4 5-6.1 56 EXCH. Ca(me%)
.. 0 01-0.01 0 02 EXCE. Me(me%)
... 646 l9 c.E.c. (neol.) ....
. . . .  0.0?-c.24 015 SATURATION (%) .. . .

R,ANGE MEAN
2-5 3
1 l

l 3  2

0 .4 -2 .7  1 .5
0 .  I  0 . 7  0 . 4
0.6-15.5 5 2

22-65 40

(e) BROAD DESCRIPTION
Mild lv s loDins sand pla ins.  qeneral lv  on lorver d lop"s of  broad FastFrn vsl leys.
laaifionai in"aicatori not fully teited, but fodd quite consistently a& LlFinerna ailiatum,
G ompholobi,Mn tornentosum, Bossiaea' eriocarpa, C atrytrir fl atescens.
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SEGIfENT H. CO'ORDINATES low + x't, high + tr'2, low + F3, low + I'4,

PLOTS (r24,99,  108,  153) ( r23,  ?0,62,91,44,  l l7 ,  100,87) (105,  14,6 '  135,  106,  41,  56,  53,  98)

(a) IIDICATOR SPECIES
GROUPS INDI\,'IDUAL SPECIES

BROMO .... .... Mcsomelaena tetragan !', Bynapkea petiol.Lr';f' Lepidaspetma otLgaslatwn.

EAGSAN ... ... Btirlingia latifoti&, Blrhnetolobiurn lnediu,n' Hakea cvclocarpa, Isopogon
dubirc

DRYSAG .... Dau;'estio' pectinata, Hakea nnciJolia,

DIiYGRA . . Btlilrhekt' terwiflDta\ Paterson'ia rurlis, Acaci"x strigos'1'

Less consiBt€nUj' :

BROFER Ha,lrea lissocarptul

BIiOX'EM .... BaeckeacamphorBmae.

SANGRA .... Casuarina fra"seriana

(b) TREE STRATUM

GENETiAL: Variable

COMPOSITION: Overwhelmingly llucalgptus marginata' little DlrcQlltptw cala:pkgUa, soure
second Etorey of Cdsuo'rina Jruseriana and Bank"sia grandis.

(c) TOPOGRAPHICAL AND GEOGRAPqICAL POSITION

R,ANGE MEAN
B-{SAL AREA (m:/ha) .... 2 57 2s
HEIGHT {m) .. . .  l9 33 25

RANGE MEAN
x'rELD CAPACTTY l%) 2 15, 12
WTLTING POrNT (%) l-9 8
AYATL. MOTSTURE (9./o) I 6 4

EXCH. Mg(neo/") . . .  0 1-4 4 0 9
C.E.C. (rne%) .. . .  3 2-29 3 8 2
SATURATION (%) .. . .  Ir-94 4r

CURVATURE: Unifbrm io concave

GENERAL: Lower and middle sloPe
in mildly undulaiing landscaPe,

RANGE MEAN
GRAVEL % ...  0 7r 24
srLT + cL-a.Y (%) .... 2-r5 I
TEPTH 1 'O  WATER 90

TABLE (cn)

CHEMICAL PROPERTIES (TOPSOIL)

IiANGE MEAN
sLoPD (desrees) . . .  1-16 3

ROCK OUTCROPS: Occasional low outcropping
of lateritio ironstone.

(d) sorl,
GENDRAL: Yellow-grey sand or loamy sand merging into lateritic gaYel ai depth.

PEYSICAL PROPER,TIES (TOPSOIL)

pH

P (pp-)
K (me%)

R,ANGE }IEAN
. . . .  4 .9  6 . , 1  6 .0
. .  0 .02 -0 .  t 0  0 .05

3 r00 28
0 05 I 20 0.21

(e) BROAD DESCRIPTION

Clra,vellv sands in low-rainfall zone.
This larse srouD ofDlots could be{ ther subdivided into threo subgrouls, as indicated by
brackets'ab"orel Th€ tusi of these, charaaLarized,by Sti'rl,i,ngialadlolta, tends toward segment F;

the Eecond, charactedzed by -4t€somel^zna tetragana.lends toward Begmend E. The third has no
deffnite hend.
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SDGMDNT Z CO-OF,DINATES low * Il, low + F2, low + tr'3, low + x'4.

PLOTS {151 )  (37 ,  19 ,  , 46 ,  13 ,9 ,23 ,  l 8 ) .

(a) INDICATOR SPECIES
GR,OUPS INDIVIDUAI, SPECIES

X'B,EGB,A .... Pkgl,Iantlnn cal,ucinus, Maoozamia riedlei, Leacopogon capitelldlus, Lelcopo-
gon proprnquus.

.... H ahea, l,fusocarpha.

.... BtAphel,ia terLui,flora, Patersonda rud"is, Aca4id strigosa.

less consistently :
BROMO .... Lepidosperrna angustdturn, Lechenaultia biloba, Slinaphea petiotraris

BROX'EB,
DF,YGRA

(b) TREE STRATUM

GENERAL: Op€n forest
RANGE

BASAL AREA (m'lha) .... 1r-62
HEIGHT (m) .. . .  . . . .  20 32

COMPOSITI ON r Chie fly Ewat4ptus marg;,not/l with admixture of trc alyptus calopkylla,
storey largely misEing.

MEAN
29

Second

(c) TOPOGRAPHICAL AND CEOGRAPqICAL POSITION

CURVATURE: Mainly uniform

GENERAL: Mainiy valley slopeg

SLoPn {degrees) ....
R,ANGE MEAN

. . . .  2 a  5

ROCK OUTCROPS: Varia,ble with none to hea,l,T
ironstone and occa,sional granite.

(d) soIL
GENEF,AL: Grey-brown loamy sands io sandy loa,ms vith modeiate io heavv admixtirre of
lat€ritic gravel, frequently over base of gmvel in clay matrix.

PHYSICAL PR,OPERTIES (TOPSOIL)
R,ANGE MEAN RANGE MEAN

GnAVEL % .... 30 75 50 x'rELD CAPACTTY (%) 6-18 12

SILT + CLAY (%) .... ?.13 1O WILTING POINT {%) 2J 4

DEPTH TO WATEIT, >90 .... AVAIL. MOTSTURE (%) 4-10 6
TABLE (cm)

CIIEMICAL PR,OPER,TIES (TOPSOIL)
R,ANGE MEAN

. .  5 .6 -6 .1  5 ' 9  EXCF.  Ca (me%)  .  0  7  $ ' 4  4  9

.. 0'03-0'18 0 10 IXCH. Mg(meolo) .  0'2 21 r '4
.. . .  3 143 58 C.E.C. (meo/") . .  4 3-l7 l  r1'9

.. . .  0.05-0.99 o.24 SATURATION (%) .. . .  15-87 56

(o) BROAD DESCRIPTION
Tbis sesmcnl is representative of upper slopes snd uplands in nrFdium to low'rainfall zone.
The co;pos; j ion oi  the soi l  and ihe-combjn;r ion of  the indica,{or  groups indioa.res tbat  i t  i3  a
d er equival€nt of segment S.

Plot  l6 l ,  wt i i .b v i r tual ly  doublF.  ibe bassl  a lea range lor  tb is scgmenl ,  bao been placed bore
a,]t hougb ir has a very poor derelopmont ol Ibe hcy gmup. DR YC RA simply becs'usc it would

be too'small a g"oop-oir its own oi even in combinetion with plot l5o from segment S, whiah
rcsembles it in meny respects.
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SEGMENT T CO-ORDINATES high + Fr, high + I'2, high + F3, medium to high + F4.

PLOTS (r72,  168,  162,  16?) (157,  140'  1, t2,  132,  l l l ) .
(a) INDICATOR SPECIES

GR,OUPS INDIVIDUAL SPTCIES

HIGRA .... Lulcapason DerticilLltus, Pteridium esculPntum, Clematis pubes.ens.

FREGRA ... Ma,crozamia riedlei, Leucoposon capitellatus, Leucapagon propinql'us, Phgl-
lanthus calyairtur

GRAHIR .. . Acaua laophlJlla, LcLsiopetalum foribundutn, Boss'iaea aquiJoliLm

L€ss consistentlY :

FEHIRA.. .  . .  Char izemai l ic l fot i lLm.
GII,AMED Banlrs;asrandis,Adenanthosbarbigera.

FEIiMO .... Iucatryptus patens.

DRYGRA .... BtyplLelia tenuillara, Acaaia sbisosa, Patt\sarLta rudis.

BROFEIi ... Eakea litso&rpha.

COIPOSITTON: Eucalyptus rnaryin Lta with moderato ^dmixL]JJe of EucalAptus cahpkytrl,a, i^
felv plots aiso Eltcalltptlts patens, second storcy ot Banksia srandis' Persooni.l longiJolia.

(b) TREE STRATUM

GENERAL: Tali, dense strnd

CURVATUIE: Mainly convex

GENERAL: Lrpper slotcs and ridges
in strongly dissected, high-rainfall

(o) TOPOGRAPHICAL AND GEOARAPI CAL POSITION

IiANGE MEAN
BASAL AREA (m'lha) 2t341 35
HEIGHT (m) . 29-39 33

SLOPE (desrces) . .
RANGE MEAN

II,OCK OUTCROPS: Heavy massive lateritic iron'
stone, occasionai gmnite and epidio te.

ITANGE MEAN
GRAVEL  % . . .  . . .  3 -84  44
srLT + OLAY (%) .. .  9 46 25
DEPTH TO WATER . I  \ , : ,

TABLE (cm) .. .  90

cEEr{rcAL PROPnliTrES (']'OPSOTL)

(d) sorl
GENERAL: Orange io brown gravel with snndy loam to loam matrix, in a few ma,rginal cases
loam with mediun gravel.

PHYSICAL PROPERTIDS (TOPSOIL)
IiANGE }IEAN

FrDLD CAPACITY (%) rr-23 16
WTLTING POrNT (%) s 14 8
AYATL. MOISTURE (?1,) 5 rr 8

E X C H .  C a ( l n e % )  . . . . 2 3 1 4  1  ? 3
EXCH. Ms(me%) .. . .  l2-5 8 2 5
C.E.C. (Ine%) .. .  .  .  6.5-25.9 14 8
SATUnATION (%) .. . .  45-80 70

?H
N%
P (ppm)
K (mc%)

IiANGE }IEAN
.  5 8 6 9  6 . 1
... .  0.06-0.30 0 14
. . . .  t 0  188  89
. . .  0 . 2 0  r  . 0 4  0 . 6 0

(e) BROAD DESoRIPTIoN
In the nodhern poftion of ihe janah forcst, this segment is very much rest cted to the slopes of
the strongly dis;cted high-rainfall vestem zon€. 

"By 
contrasi, it js more brcadly distd6uted

in the southe portion.
The segment can be subdividod into tlvo groups, one charactedzed by the l/eser'ce of AderLantho|
barbigera, ̂]:j. Leptanxeria cunninghamii, h.aring a lower silt and clay tiaction.
The ;ther is chriracterizecl by tire absence oi Adenanthas and some occure.cs of EucalEptus
patens, and, Ahorizem.L i.Iicifoiurn having a markedly higher sili and clay fraction and high€r
fertility. It has a strong a,frnity to Segment U.
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SEGMENT R CO-OBDINATES medium + Fl, lo\t - x'2, high + x'3' low - la.

PLOTS 17 ,95 ,  13 r .  l l 0 ,  lO ,53 .  16 .

(a) INDICATOR SPEoIES
GR,OUPS INDIVIDUAL SPECIES

x'REGRA . Ttymalium LeJifolinm, Phytrl'anthat .calgcinNts, Matazamia riedlai, Leucopo-
llo n td pt totult u *. Le ut opogott ptopt nq u u e

BROI'ER, .... Ed,kea lis8ocarphtl'

Common species of
broad distribution
pattems:.... ... Hibbertia hgpeicoirl'es, Hibbefti.a rwntuna, DrE.uL.4ra rri\ea' GteuiUea'

sunapneae.

Less consistently :
BROMO .. . .... Lepid,ospcirtud angustatum, Lechenautrtid biloba.

DRYGRA .... Styphelic, tenuif"on, Patersonia Ndh, Acacio' strigostL.

GRAMED .... Adcnanthosba.rbigera, Leptameria cunninghdmii,

(b) TREE STRATUM

GENERAL: Open forest, inegular
stocking

RANGE MEAN
BASAL AREA (m'lha) .... 10-38 2I

HEIGHT (m) .. . .  . . . .  16-30 26

COMPOSITION: iMainly Euctlllptus rn !'rsinata wiLh admixtuxe of Euc.llYptus catraphglla.

(o) TOPOCRAPHICAL AND GEOGRAPHICAL POSITION
RANGD MEAN

SLOPE: (degrees) .... .... I I 5

ROCK OUTCROPS: Variable, fxom non€ to heevy.

(d) soIL
GENERAL: Grey to brown sandy Ioam to sandy clay rFith admixture of lateritic gravel

PHYSICAL PROPERTIES (TOPSOIL)
R,ANGE MEAN

GRAVEL o/o .. . .  . . . .  32,66 58
SILT + CLAY (%) .. . .  9-20 15
DEPTH TO \'\"ATER 90

TABLE (cln)

CHEMICAL PROPERTIES (TOPSOIL)

CURVATURE: Uniform or conca,ve

GENERAL: Valley slopes, frequently
in proximity to gronite outcrops

R,ANGD MEAN
FIELD CAPACTTY (%) 20-37 28
wrLTrNe PoINT (%) 8-21 15
AYATL. MOISTURE (%) ll-15 13

pE
N% . . . .
P (ppnt
K (me%)

RANGE MEAN
. . . .  5 .2 -6 .3  5 ,9
. . . .  0 .03  0 .54  0 .19
... .  12-209 80
. . . .  0 .08  { . 82  0 .40

ExcE. ca(Ine%)
EXCH. Mg(me%)
c.E.c. (me%) .. . .
SATURATION( 9/o )

. . .  r . 3 - 1 6 . 8  1  3

. . . .  0 . 6  6 . 9  2 . 4

. . . .  6 .3  39 .0  18 .5

... .  33-79 60

(o) BROAD DESCnIPTION
Gravels with loamy to cleyey matrix, occurring chiefly on iower and niddle slopes of Yalleys,
probably representing admixiure ofthe ironetoni gravel and kaolinitic cJay from the old lateritic
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SEGMENT M CO-ORDINATES low + X'1,lov + F2,low + F3, medium + n'4

PLOTS (30, 24,42) (r,  29, 12) (33, r21, 32) (r5, 136, 34, 2l)

(a) INDICATOR SPECIES
GR,OUPS INDIVIDUAL SPECIES

BROFER,
FREGRA

Eucalyptus uandoo.
.... H a,kea tr issoaarpha.
... M acrozam,ie ried,Iei.

Other common species, not tested fully by CORD progra,m, include :

Acaria pulckella, Loxoccaya Jlezuo:a, Kennedia Prcstrcrttl. Ptilatus manglesi'i.

L€ss consistently :

DRYX'ER .... Gd,strolobi,umca,l,!.inum.
x'ERMO ... . . Hypocalyrnrna anglLstifolillm, Eucdlyptu' patens.

BROFEII .... Baeclcea campthc,rosmae, Darnp'iera atrata.

DRYGRA ... Pater9onio, rudis.

B,ANGE I'IEAN
. . .  5 -19  t 2

HDIGHT (n) . . . .  . . . .  21 37 21
COMPOSITION: Laryely Euca,l,Apt .s lbandao witld occaFior',l Eucalltptxls ?.ri€ns at lover anal

Eucalyfnus wlrginata at upper range of occurrence. Second siorey missing.

(o) TOPOGRAPHICAL AND GEOGRAPEICAL POSITION
II,ANGE MEAN

SLOPE (degrees) .... .... 2-9 4

ROCK OUTCROPS: Either none or scattered imn-

(b) TREE STRATUM

GENERAL: OIen stand
height

of medium BASAL AREA (in'lha)

CURVATURE: Unifom to concave.

GENERAL: Valley slopes in middle
a,nd upper reaches of valley in dry

(d) soIL
GDNERAL: Brown sandy loam to loam over yellow or red-brown clay loam

PFYSICAL PROPERTIES (TOPSOIL)
RANGE MEAN

GRAVEL 9/o ..  . . . .  6-73 44
srLT + OLAY (./"J . . .  12 27 t8
DEPTI{ TO WATER, With one ex-

ception >90

RANGE MEAN
FrELD CAPACTTY (%) 7 27 l9
MLTTNG POrNT (%) 2-ll 7
AYATL. MOISTURE(%) 4-rB ll

TABLE (cm)

CHEMICAL PROPER,TIES {TOPSOIL)

pH
N% . . . .
P (pp'11)

K (me%)

R,ANGE MEAN
. . . .  5 .5 -6 .6  6 .3
. . .  0 .04 -0 .29  0 .16
.... 43 262 r28
. . .  0 .22 , r . 21  0 .75

ExcH. ca(me%)
EXCH. Ms(rne%)
c.E.c. (me%) .. .
SATUR,ATION (%)

. . 2 9 - 1 4  I  7 . 4

. . . .  0 . 8  3 . 0  1 . 8

. . . .  7 .5 - r8 .8  12 .8

. . 48-95 75

(o) BROAD DESCRIPTION
Loams with medium to heavy admixture of lateritic grevel, occul ng chiefy on Ytltey siopes in

Oi both edaphic a,nd topographic cha,racteristics and in terms of vegeiation it ftpr€sents a dder
equivalent oi R. This large segment could be subdivided on the occurrence of M atozan ia
ri;d,le,i ^tid H|poco,Ign nn angustiloli,um, bnt t,he advaniage of this iE difrculi to assess.
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SEGMENT Y CO-OF,DINATES low - X'1, low + X'2, lov + X'3, low - tr'4.

PLOTS ro3, tO4, rrg, Bt,20, 122.

(a) INDICATOR SPECIES
GR,OUPS

ElLcalypta,s unnd,oo.
BRO!'EB, .... Hakar lissocarpha.

FDRMO .... .... Egpocalgmma, angustiJoliwrtu.

BROX'EM .... Baeckea, carrytkorosm,ae, Dampiera al,.Ltd,. ,

Dx,Ytr'ER, .... H,ibbertial,ineota,Gastrol,obi,un,cdl,ycinurn.
BROMO .... .... Mesomel,aena tetragana, Lep'idBperma angagtaturn-

Occasiona,lly
SANLEA .... .... Eibbertia polystclckya

INDIYIDUAL SPECIES

(b) TREE STRATUM

GENERAL: Open stand of medium
height

RANGE MEAN
BASAL AREA \m'/ba) .... 7 20 13

I{EIGIIT (m) .... .... 20 31 2i

COMPOSITION: Eucatryptus uand,oo virtua,lly without any associat€s or second storcy.

le) TOPOGRAPHICAL AND GEOGRAPEICAL POSITION
R,ANGE MEAN

SLOPI (degrees) . . .  . . .  1-5 3

IiOCK OUTCROPS: Nil
CURYATURE: Concave

GDNEIiAI: Yalley flools and lower
slopes

(d) sorL
GENERAL: Yellow-grey sandy loam to sandy clay over pale yellow or grey sandy cley st
va,xying depth.

PIIYSICAL PROPERTIES (TOPSOII.)

RANGE MEAN
GRAVEL % .... .... 0-27 r0
SILT + CLAY (%) .... 12-25 19
DEPTII TO WATER, 15 and abovo

TABLE (cm)

CIIEMICAL PROPEB,TIES (TOPSOIL)

R,ANGE MEAN
FrELD CAPACITY (%) 7,33 14
wrLTrNG POINT (%) 2-9 4
AVAIL. I{OISTURE (%) 4-23 I

xxcE. ca(meo/o) .... 2.3-5.7 3.9
EXCH. Mg(meolo) .... 1.0-2.7 L-7
C.E.C. (nre%) .... .... 7.2 r4.7 10.?
SATURATTON (%) .... 44 A2 60

pII
N% . . . .
P (ppm)
K (me%)

R,ANGE MEAN
. . . .  5 . 8  6 . 3  6 . 1
. . . .  0 .0H .34  0 .12
. . t4-85 56
. . . .  0 .17 -1 .36  0 .60

(o) BROAD DESCRIPTION
Pa,le loamy soils which become hard and crusted in su]Imer and waierlogged in winter, occurring
in broad valleys in eaetem dry zone.
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Eucaluptus cam.aldulensis De]nr'. Hemigetuia p/ifaelii S.Moore
Eucallptus c( aphlll(l P".Br. Hibberttd d,mple coalis Steud.
Euco"laptus clecipiens EndI. Hibbertiq llapericoides (DC ) Benth.
Eucd,luptus d.ecurDa F. ::|trneIl. Hibbertia hLegelii (Endl.) F.MueU.
Eucdluptus d,h)ersicolor F. Muelt. Hibbertid lasiopus Be']t'b

Eucatuptus alrummondii Be:,ll.n. Hibbertia linedtd SLevd.

Eucc|Iltptus haematoxulan ][/Iaij'elr Hibbertia montana Steud.

Eucalaptus kingsmillii Maiden and I'Iibbertia polustackSld Benth.

Blakely Hibbertia subDaginatd (Steud ) F-Muel1.

E caluptus laeliae Podget' ar'd Hoaed chorizemilolio (Sweet) DC.

Chippendale Ho'ea trisperna Berllh.

E ucctl! ptl1s lane-poolei ]\4aid.ei
Eucalaptus longicarnis F. Muell.
E uc o,L?J ptus 1 or.ophleb q Benl}].
E uc alu ptus m@cr oc drp a Tfoold.
Eucaluptus margin(Ltd sm.
EuccLlaptus ntegocarpa F. ][{'ue\\.
Eucal! ptus occid.en talis E]rd7.
E uc o,Is- ptus ?rarens Benth.
E ucdl! ptus Plo.tu Pus Tloak.
Eucaluptus r l ' l .dis Endl.
Eucalaptus salmonopll loia F.MrJelI.  Lasiapetaltnl f lor ib ndultu Benth- r+l i

Eucaluptus saZtbris F.Muell. Lectuenaultid btlobo Lindl

Euco,Luptus tetragona (R.Br.) F Muell. Lepidosperrncl atugrlstat[m P'Br'

Eucaluptus zrarndoo Blakely Lepidospermd scob/4m Nees

Gastrolobium calucir l l tm Ber, lr ' .  LepidospermatenueBertth.

Gompholobium knightidnum Lindl. Lepid'osperm a' tetraquetrum Nees

Gompholobium mdrgirLdtum R"Br. Leptocarpus scdrios?rs R.Br.

Gampholobiuln polamorphum P".Bt- Leptomeria cunntnglLdmii Miq.

Grel) i l leo,bipitunati fr .d.dP".Bt. Leptospernunlel l ipt icl t lnEndl.

GreDil lead.iaersiJal iarMeissn. Leucopogoncapitel latusDC.

Gre\illeo, pulchellQ. Meissrl Leucopagon coldot?rs Sond

GreDilled sllnapho,ea F.-B:t. Leucapogotu onEcedros Sond.

Grel) i l ledui lsorLi iA.CvrlrL LeucopogonpropinquusP"Br'

Hakeatl i tuplericdul isI l .Br. Leucopogont)ert ici l latusP".Bt.

Hakea cer@taplL!)- l la (Sm.) R.Br. Lomandra caespitos(L (Benth.) Ewali

Hakeaco rAm.bosa I l .B r .  Lomand , raend l i c l Le r i i (F .Mue l l . )

Ha,keo caclacarpg. Lir'dl. Ewart

H@ke.L el l ipt ica (Sm.) RBr'.  LomanaLra porpurea (Endl ) Ewart

Haked lo,siantlLa ttr.Br. Lomandra sozderii (F.Muell.) Ewart

Ho,kecL lissocarpha Tl'.Bt. LoxocarAa cinerea R.Bt:

Hake(t nralgituato' Il.Br. Lorocarlla Jasciculdtcl (R.Br') Benth.

Hakea prostrdta P".Bt. Lorocarva tellrosa (R.81 ) Benth

Haked triJurcatcL (Sm.) R.Br' Luginid, tenol P"Br.

Hakea ufLd.ulata El.Br. LAsituema ciliatum R.Br.

Hakea 1)aria P".Br. Macrozo,mia riedlei (Gavd.)

Ifel ipterum cotulo (Benth.) DC. CA. Gardn

Helipterum lnenglesii (Lindl.) Benth. Melctleuca preissioz., Schau

,,",, As in the case oJ 1 (previous page) Lasiopetalum lloribunduln Benth. has

been subdivided rnbo Lasiopetalum floribund'u1tu Benth. and Lasiopetalun

oldbratum S. Palrst'.

H apocaluitumq angustiJ oliuln EIldI.
H apacolvm.ma cord.iJ olium (Lehrr,. \

Schau.
Isapogon dubius (R.Br.) Druce
I s op o g an sphaer o c ephalus Lirrdl.
J ctcks onia st enb er g iana }jneg.
K ennedi a, c o ccin ea V ent,.
K etunealicL pr $tr a{,a P".Bt.
K in g iq au str o,Iis P".Br.
Kunzea micronerd schau.
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