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SUMMAR,Y

Spatial relationships between various land parameters in the northern
jarrah region were studied in four test areas apanning the main east-west
environmenta,l gradient in the region. Each test area was a catchment of a
minor stream, ranging in size from 1823 to 2 789 ha. They were surveyed on
a gdd pattern. At each erid point, records were made ol topogra,phic
parameters, rock outcrops, topsoil, timber stand parameters and composibion
of the vegetation. On this basis, a number of m..ps were produced, and
these were combined by mea.ns of a. computer program (MIADS) to determine
the joint occurrences of the various parameters. The ratio of observed
occurrence to occurence expected if the parameters were totally unlelated
was used as a measure of the strelgth of the relationship. In general, stlong
relationships were found between the various parameters. This indicates tha.t
the l-egion is a sirongly integrated continuum with a high degree of predict-
abiliiy, so ihat both ordination of the vegetation and geomorphological
classiflcation of the landscape can be used Jor land-use planning on an
ecological basis.



6

'8uldd€ur

aultnor roJ sls€q al"nbap€ uE papl^oid sadfl uoll€lo8e^-aJls 1€qq. paumss€

eq uaql plnoc l! 
'or1(\l aql uoandlaq ecu€IJB^-oc lualcurns ua^lC .{Iel€lBdas

padd€ru dlluanbosqns eroitr asaql pu€ 'popJocaJ olend. slol€clpu! o^llela8e,'\
pu€ scrlslraqcEr?qc oqls qloq JI poJa.{su€ aq ,{luo ptnoc llllod puoDas oqI,

'azrs al€nbap€ Jo s€aJ€ alarrqp sB luaql d€ru o? alqlssod 11 o{€I-u 01
pal€€aJBB" dlluarcg:ns puno] eq ptnoc odBcspu"I aql ulqllA\ saddl lBnpl^Ipul
aqq. Jo eruarJncao oql JI paJand.su€ dlo^rllsod 0q plnoa lulod lsrg oqJ,

',{SoloqdJoruoaB dU€Icedsa'soloqd-,IIE uo pa^Jasqo nllpEar
salnlEoJ urorJ par.raJq oq ptnoc saddl Jo acuoJ.rncco 0q1 raqlaqr!\ (')

'.{Ie^I1€u.I31I€

Jo 'snodrns punorS 01 uorlElaJd.relul-oloqd Jo oltEl qalq € q1r.4\
.{Iq€JaJaJd '.tlpid€J flluafcrgns padd€ur aq plnot sad,tl oql roqlaq& (t)

'oc€ds 
I€g:r

ulqll,{\ pII€^ or€ sdlqsuoll€Ior uorl€la5a^-elrs palarparcl aql raqlaqa (z)
'oJEds 

IEo.r Lr! lsrxa sed,{l uorl€leS01l.-alrs aq} roqloqiA (I)

:Jo suorlsanb aql ol sraidsrr€ 0q1 epl,{ord ol posn oq ueq? plnoc
'ac€J.rns puel oql Jo soldurEs elqEoS€u€ru 8u!Ja4oc 's{a^rns 

lsal eqJ, sBoJ€ qseq
palcalos 8u!{a^Jns ]{q uol8a.r aloqia. 0q1 Jo ec€Jrns puEI aql puE sadd? Ite.rlsq€
osaql uaaalaq d€3 aql o8plrq 01 drEssacau serd qI 'uol8ar oql Io asn pu€I aq1
SuIuu€Id uJ esn Ircllc€Jd ot soddl uoll"loBa^-alls aql qnd 01 rapro uI

SNrddvl^tr NorJv.luSu^-srrs do ^rrTarsvud ,qo Jss T

'acEds

IUOUOduIOC padr.rAp dlIECrlErUOqlEur Oql uO.rJ lCUrlSIp SE ot€ds I€er Ul pelslxe
liaq1 1€ql Joord ou s€I\ aroql 'fIIEI?luI o3u€1t SulI.rEc[ 6q1 Jo odecspu€I
aql ulqll,{\ sadnl uorlcla8a^-olls aql }o acuarrncco aql qnoqP e8Els srql 1€
pe.rralul ocl plnor Surqlou .ro alllI slql Jo ]\{eld uI slold 1uBlslp dllEcrqd€r5ca8

]o Joqunu a8rEl € Jo sls,{l€ue uB ruoJJ pa^!.rop 'uollcE.rlsq€ uE -{la.raru
'a3€1s srql 01 dn 's€r\ odIl uorl€la8a^-elrs qcEo +Eq? pasrl€a.r 0q puoqs 1I

'srrlslia1c€r€qc alls puB
seltads JolEcrpul -{aJolsrapun'scllslralc€-r€qc pu€ls 4sa.roJ Jo srurel ur peqlJrsap
se.u addl uorlela8ad-olrs qmE urnpou € ro slold Jo .ralsnlr ts sE ,{Io,\rlEurallE
ro 'runnulluoc 

l€uolsuarulp-lJlnul aq4 Jo ?uatu8as € sE pa,\1.eld sE,[ ad{4
alrs qc€g srsdlEuE luouoduoc IEdrculrd uo pasEcl >uorr\oru€.rl I"uorsuorurp
-rllnul € Jo su€aul nq Jaqlo qa€o 01 pal€lar a.rel\ asaql sadd+ uorl€la8a^
-alls InISuru€aru ,tll€clSolorq lo uolllugsp puB uollcalap aq1 qql.{\ pauracuoc
IllrBurr.rd eJaI\ (916I 'Ia,{EH) 

98 urlefing ur peqrpsep suorl€8r]sa^ul eqJ,

NOIISOOO':IINI

I NOIICSS

ssd^.l NorlvJucs^-sIrs do pNrddvr l cNv NoIJvcoT e

(scNvu {)NITgvo) rssuod Hv':ruvf N':rsHJuoN
SHJ NI 5NI'IdVIAtr NOITVTSCS-4.-SIIS



The answel to the third question could only be found by using the ground

sulvey as ground truth, against which the reliabilitv of photo-intelpletation

could be tested. This would be accomplished by comparing maps based
predominantly on ground suiveys with those plepared by photo-interpretation

alone.

A posit ive ans$er to the fourth question $,ould be plovided bv thj
repeated occurrence of each type on a characteristlc portion of the landscape.
fn a way, this has already been partially anti4ipated, for example by refer-
ring Type T to upper slopes and ridges in the high-lainfall zone and Type
L to lower slopes and valley floors in ihe low-rainfall zone. However, tbese
observations. based on a small  numbel of sample plots and some prel iminary
teconnaissance, require more thorough confirmation before they can be
accepted as a conceptual basis for lalge-scale surveys.

The test area, approa.ch is not ne$' (Thomas, 1969), and has been local ly
applied by Havel (1968) on the coastal plain.

2. LAND CLASSIFICATION TECHNIQUES

The need lor a test survey is also indicated by a review of the relevant
l i terature on large-sca1e land classif lcat ion. Mabbutt (1968) dist inguishes
thlee main apploaches genetic, land system and parametric.

Genetic approach

The genetic apploach zrttempts to ar'r'ive at distinctive land units by
subdivisions based on supposedly causal environmental iactors. As such it
is logicai and hiera.r'chical. It was also hoped that it would be univelsally
applicable. This hope has been shown to have rather shaky foundations
because the environmental Jactors do not operate in the same mode, oI at
the same level, throughout their whole lange. Equauy serious is the fact
that first subdivisions are very general, and this vagueness is, of necessity,
transfeued to lower- levels of subdivisions. The genetic approach lacks precision
for mole detailed suNeys. Its main usefulness is in providing world-wide
comparison of more detai led local or Iegional surveys. This is essential ly
all thai it could be used for in this pi-oject. Even if the biological significance
of the various causal environmental factors $as fully understood, its detailed
application would be hampeled by lack of maps and data.

Parametric appfoach

The palametric approach lesembles the genetic approach in that the
units are arrived at by a, process of subdivision oD the basis of envir-onmental
attributes, bui substitutes detailed obsefvation and measurement for logical
derivation and specificaiion. It is stiU in the experimental stage. Its
feasibility is dependent on the Lvailability of complex equipment such as
sensors and compute$ for the collection and analysis of data. The main
example of the parametric approach is the work of Speight and his associates
(Speicht, 1968, 1969; Scott and Speight, 19?1; Scott and Austin, 19?1).
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Relationships between lanalscape features

cibbons et @1. (1968) point out that one of the major steps in the land

system approach, namely the recognition of areas of high co-vzlriance' is one
function in which replacement of humans by computer's is least likely to

occur, because it involves judgement, intuition and purposive inJol'mation
seeking.

They also examine the land system apploach from the viewpoint of

desirable critefia, such as pledictiveness, teliability ,.nd relevancy, and point

out that use-relevani features may not always be correlated $ith visible

features. By contlast, Lacate (1965) emphasises that forn and structure oj

the terrain serve as an integrating f lamewolk for. soi ls and vegetation

Ignatyev (1968) supports the claim ihat the land system approach is less

labolious than separate mapping of individual attlibutes and their' subsequen+,

combination into a mult i-pulpose map.

Robertson e, dl.  (1968) consider the land system appl 'oach as approprDte

to the f lrsi  stage of lancl-use planning onlv. Thomas (1969) sees this method

as the best means of g€neralization and small-scale mapping. He considels

the knowledge of landfor'm genesis essential to the correct prediction of its

occutrence, and recommends that the fundamentat principles must be fir'st

wolked out through the survey of sample areas Geomorphology is seen by

him as the most suitable basis for land sulveys because i t  is ]€ast modif led

by human activity, and because landform patterns can be readily seen on

small-scale photos. The use of geomorphology as the basis for soil and land-use

mapping is also Advocated by Bl idges (1967).

Beckett (1968) points out the necessity for ground checks $'I lere del ineation

of land systems is based primali ly on photo-interpretat ion. The unwallanted

assumption on correlation betNeen mappable and use-relevant features is also

cri t icized by Benn and Grabau (1968). Both Benn and Grabau and Dufi : '
(1965) Iook on mapping zrnd classif icat ion as the subdivision o{ a physic_

glaphic continuum into classes.
Ruxton (1968) considels that the land svstem approach is l ikely to be mcst

successful $here pareni rock, cl imate and rel ief ale unifolm. Under these

condit ions, the system is apploaching the steady state,4nd good predict ion

is pcssible.

Conalitions governing the feasibility of the land sJstexn approach

All  the above experiences with the iand system approach can l le sum-

marised as fol lo( 's.
(1) The land system approach is suited for '  the early shages of land-

use planning, but may lack precision for detailed surveys'
(2) The viewing of the landscape as an integlated whole, comprisinB

climate, topoglaphy, soils and vegetation, which can be recognised

on air photos, provicles a means of lapid mapping over large

areas,
(3) The assumption ihat there is integration between the various

components should not be taken fcr' granted but should be

subjected to test.
(4) Besi results are obtained where the development of the landscape

ls understood, that is i f  the sulvey is based on geomolphoiogy

(5) Besi results may be expecied in older tandscapes approaching

equilibrium.
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head-ofi and capture the older north-south sireams. He also considered the
granitic monadnocks, such as Mt. Dale and Mt. Cooke, to be remnants of
an earlier cycle of elosion. Accolding to Jutson, there would be flve main
sulfaces:

(1) the Iesidual monadnocks,
(2) the former peneplain, now a plateau.

a3) the otder shallow north-south drainage system,
(4) the younger. east-\rest, deeply incised drainage system,
(5) the Scalp, r'esulting flom sever'al movements

Playford (1954) postulated that latel izat ion cccurred after '  upl i l t  and
dissection. He based this on the obselvation of laterite occurrences fr'om
60 to 300 m altitude in the Geraldton District.

Mulcahy

Mutcahy et aI. 17912) claim that taterite pallid zones up to 30 m in depth
occur under all landscape elements, with the exception of the most deepl-l
ancl sharply incised valleys and some monadnock summits and slopes Within
the north-eastern sectol of the survey area they Iecognize the follo$Iing units.

(1) Latel i te-mantled uplands, a temnant of the Gleat Plateau, found

in the form of ridge tops and summits. The ironstone gravels and
boulders occuuing there $er.e often found to be composed of
recemented fragments, and therefore were of a detrital nature
The shallow depressions within the upland ale mostly filled lvith
pisolitic ironstone gravels or yello$,-brown sands. The entire unit
is underlain by a deep pal l id zone.

(2) The Goonaping Valley unit replesents flat-fooled vallevs of the
divides, which predate the uplift. The soils ar'e flequently latelitic
podzols (grey sands over feuuginous gravels and pal1id clays) or
deep podzolized sands. The val leys are set 30-60m into the
upland, and are deeply weathered undelneath.

(3) The Beraking Sulface consists of some$'hat narrower but still
flat-floored valleys, downstream fr'om 2. The soils in this unit
are chrefly sands over dense, domed clays, presumably of solonetzic
origin, usually poorly drained.

(4) The Nockine Sulface consists of long gentle 5-10' slopes, between
3 and 1. The soils here ale chiefly colluvial sands and ironstone
gravels ovel deep pallid zones. At the upper limit of the Sulface.
near its junction with the lateritic uplands, thele may be a small
scarp with exposule of pallid zone clays or undeliying rock.

(5) Dissected Iateritic siopes ale a complex of valley spurs capped
with lateritic ii_onstone gravel and moderate slopes on which
patlid zone clays and outcrops of fresh rock ar'e inter-mixed. The
soils are chiefly yellow podzolics. The type occurs below 1 and 2
and above 3, and is in some rvays analogous to 4. The dissected
slopes reflect greater erosional activity, and generally occur vhere
there is a greater altitudinal gap between the lateritic upland
and the Beraking Surface.
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The flrst of these, the Darling Valley form, is described as being broad

and shallow, 150 m wide and 25 m deep on average, with the valley floor about

som wide and side slopes of 5-8' I t  is possible to lelate i t  to the Beraking

Valley of Mulcahy et aI. ahe second valley form of Finkl, named Balingup, is

described as 300m wide and 50-150m deep, with 15-20' slopes and val ley f loors

80 m wide. It tends to occur below the Darling valley form The Balingup Vallev

form of Finkl is probably sufnciently broadlv defined to include both the

Darling Valley form and the dissected lateritic slopes. The B dgetown Vallev

folm, the ttr ird described by Finkl,  is YeIy much wider (1600-2000m) and

cleeper'  (250-300m). I ts slopes ale steep, ranging from 15 to 40' I ts val lev f loor

is also much wider- and terraced. It is Iestricted to the main river valley and

the lowel reaches of its main tributaries.

In view of the much smaller size of the Eelena. Valley, as compared with

ihe Blackwood, the ccuespondence between these two valley forms of Mulcahy

et e.I. ar\d Finkl respectivelv is only partial.

On the basis of his investigatlon, Finkl hypothestzes a three-stage uplift

resulting in the development of ihe Darling, Balingup and Blidgetown Valley

forms. The deep lateri te weathering occurred when the landscape was aheady

moderately dissected with slopes up to 10'. This undulating, laterized land-

scape was further dissected by the erosional processes which are still operating

at present, but the major landscape featu-res have rema,ined practicauy

uncha.nged.

on the basis of this hvpothesis, Finkl then attempted to predict the

distribution of various soil types within the landscape, and concluded that

the prediction was likely to be more successful on the stable Darling Plateau

than on the dissected landscape. on the Plateau, the usual sequence of soil

characteristics from the ridges to the vallevs is an increase in the depth

of the $avel materiaLs over the deep weathering zone, and increasing flneness

of materials towalds the centre of the vallev.

on the dissected surfaces, there is less gr'avel, but the overall situation

is extremely complex, complicated not only by difierences in parent materials

but also by stump features and infilled valleys. These features indicate
great instability, and hence poor predictability. on the steeper slopes, the

deep-we4thering zones (mottled and pallid zones) are less likely to occur'.

Significance of geonorphological.stuahes

The similarity oJ the conclusions reached by Finkl and Mulcahy et o,.

is encouraging, particularly as they are derlved from the two extremes of

the survey area. rt indicates that there is a lecurr'ent pattern of iopography

and soil throughout the whole region.

The second conclusion that can be reached lrom the above studies is

thai there is a need for a simple classification of ihe soils of the region

The thirty-seven soil types of Finkl, added to those aheady enumerated by

Northcote et &1, (1961) and Smith (1952), create a powerful argument for

some standardization of notnenclature. particularly Jor the rathel unique

latediic soils. To a lesser degree, this is also true of geomorphological

nomenclature, in that virtuaUy every new study creates a new set of names of
purely local slgniflcance, despite obvious similarlties
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Figure ?
Exampte of booking sheets for vesetation and environmental features.

Actual survey

Tlle survey team consisted of two men, one of rn'hom set out the line
using a Suunto hand compass, and recorded environmental features and
tree straium. The other assisted with distance measulements using a b
chain (100 metre) steel band, and recorded the occurrence of plant indicators.
The data were lecorded on booking sheets designed for use $,ith computers.
The details oi the vegetation booking sheet have already been discussed.

Environmental data recolded $'ere as follows:
(1) Slope in degrees along the suryey 1ine.
(2) M4ximum slope.
(3) Slope curvature.
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Example of input form {or map dlsplay system.
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Flgure 5
Exampte ol output irom progra,m coNTAB.

Ttre application of the survey and analysis metlod to the indtvldual test
areas will now be discussed,
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Slope in the Ashendon Test Area.
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This can be readily interpreted in terms of Mulcahy e, or.'s geomorphological
postulate, in that the most recent dissection, leading io the uncovering of
fresh rock, occurred largely below the levet of the main plateau at 305 m. The
only exceptions are epidioritic floaters on the highest part of the landscape.
Similarly, deposition, burying the laterite ironstone, or its removal by dissection,
has chiefly occurred below 305 m altitude. However, outcrops of lateritic
ironstone are found as low as 213 m. and its observed occurrence between 244
and 305m is close to the expected occurrence. This agrees with Mulcahy
et or.'.t postulate that laterization took place in a pa.rtia.liy dissected landscape.
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Figure I
Occurence of rcck outcrops in the Ashendor test Areft.

Yo
i



I8

aloqE punoJ sr ur€ol oN scuattnrco pelradxs oq1 Jo qlJg-euo fruo $ urq88
pu€ got uaeAgaq acuerJncco pa^Jasqo aqJ. ur 90C a^oq€ ecueunrco pelcadxe
aql ,aol3q puE 'urtlz aolecl acuerrncco pelcadxa oql o^oqE Jncco suEorl
'ur9€t puts ttz ueendloq ldacxa oJaq^{,tJa^a ocueJrncco Jo la^al palcadxa
aql ,$olaq srncco urgol .{pu€s ur gt€ pu€ got uaoaleq acuarrnrco polredxa aql
aaoq€ rncco faqJ urgtt a^oqts ults8e puE ru ttz pu€ toz uoardloq oruoJJncco
polcadxa aq1 A\oloq rncco spu"S s.trolloJ sts pazltEtuums .{Ealrq aq uEc (OI
'3!{) arnlxel Itos ocEJJns pu€ sauoz I€ulpn1r1lts uee^qeq drqsuorq€lar oqtr.

\

\
xlulvH rhvot ,rntrt ^nor* 

f s

'?arv 
lsal uoptaqsv eql uqlra ssdXl ernlya+ Iros Jo uollnqutsld

0t 3rn€!.{

s:ul:ho1)

Of, l

ffi
[]]]]+IE

N
ffi 0 NlSil

-r3AVU3 
HntOlh - O NVS

14 vo t 11t Is

HVOt rO NVS



335 m. Sandy gravels are markedly below the expected occurlence below 2?4 m,
and above the expected occurrence between 274 and 335m. Ileavy ironstone
gravels $ith sandy matrix are below the €xpected occurrence below 2?4 m, and
above the expected occurrence above 305m. HeaLY ironstone gravels with
loamy ma,trix occur markedly above the expected occurrence between 213 and
2?4 m, and below the expected occurrence above 305 m.
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Fisure 1l
Occuuerce of tree species in the Ashendon Test Area.

(a) Area in Nt\icn Eucaluptus caloplLlua totn! a sigDmcant component.
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resulting from spiUing of the lateritic mantle on to the erosional landscape,
occur chiefly below the level of the laterite-manued uplands (30bm). The
loams are largely confined to the dissected landscape below 274m.

The landscape elements so far discussed are essentially physical in natur.e,
but the altitudinal zonation is also reflected in the distribution of tree species
(Fig. 11). In ihe Ashendon area, jarrah is the overwhelming domrnanr over
most of the landscape. It is absent only from the wettest and most fertile
soils. For ihis reason, its distdbution has not been mapped. yarri (EucslEptus
p.Ltens) and Inarri (EucalEptus calophAlla) reach their optimum development

I
CASUAR NA FRASERIANA

EUCALYPTUS PATEN S

Figure 1l
Occurrcnce of tree species in the Ashendon Test Ar€a.

(c) casllari|ra jtaseriana ^n.1 EucaLlptus poters, at eu levels of occurrence.
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Efrect of slope

Inasmuch as slope is apparently related to altitude, it would be expected
that most if not aU of the elements related to altitude would also bear some
lelationship to slope. This is in fact the case. For instance, granitic outcrops
occur at almost twice and epidiorite at almost thlee times the expected
occurrence ou the steep (B'+) slopes. Outcrop-free surfaces occur at almost
twice the expected occurrence in near-level depressions, but only at one fifth
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Figu.e 13
Occurence ol dieback dlsease caused by Phutophthor& cinnamont in the AsheDdon
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Dieback-afiected stands occur at twice the expected occurrence on sandy
loams and loams; at two-thtds on gravels wiih sandy ntatrix a,nd at one
half on gravels with loahy matrix.

Marli forms a significant (more than one third) portion of the forest
stands on moist sa.nds, sandy Ioams and loams, but is of only minor importance
on the heavy lateritic gravels. Yani is almost excluslvely conflned to loams.
and its edaphic range is virtually the exact opposite of that of sheoak, vhich
is mainly confined to sands, sandy gravels and heavy gravels with sandy matrix.
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Distdbution ol site-vegetation type6 witbin the Ashendon Test Area.
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TABLE 3
Relationships between site-vegetation types and timber stand parameters, Ashendon Test Area

(Ratio ol observed to expected joint occurrences).

Site-Vegetation Type

Timber Stand Parameters

I

c D W Q R T S I P

Stand Basal Area (m'/ha)*
a 2  2 9  2 7  3 l  t 5
, r ' 2 - r 8  4  2 8  4 t  r ' t  0 4
1 8 . 4 2 7 . 6 . . .  0 6  0 . 9  0 9  1 5

> 2 ' , 7 . 6  . . .  0 3  0  0 . 3  0 6
Dieback Occurrence

Dieback synptoms present . . . .  2 7 3'8 2 6 1' l
D ieback  symp ioms  absen i  . .  05  0 l  05  09

i l

2 . 4
0
I 3
0 4

1 . 3
0 . 9

o . 4
0 . 1
1 . 2
1 . 3

0 . 5
t . z

0 . 4
o . '7
l . t

0 4
t . z

1 2
l 4
0 9
0 9

0 . 9

The dominant type of the Ashendon Test Area is Type S (Plate 1),
whose chief indicators are Banksia grdnd.is, Persoonia longiloli(t and solne
Casuarino Jrq,seriana in the second storey and Aatretuanthos barbigercl, Horecl
chorieemilolia, Lo"siopetdluitu fl.oribundum, Macrazamia ried,lei, Phgllatuthus cal-
Acinus, Leucopogan capitellatus, Leucopogon propinquus, Actlcia preissiqna,
Staphelia tenuifl.orct qnd, Pe.tersonia rz.Zis in the shrub stlatum. It covers most
of the laterite-mantled upla.nds above 2?4m. characterized by gentle slopes
and near-level plateaus, heavy outcrops of lateritic ironstone and gravelly
soils with sandy matrix. The stands have a moderately dense upper storey
consisiing overwhelmingly of jarrah with a light (one-third) admixture of
mani. The average height oJ the upper canopy is 30m, and the basal area
stocking is largely above 18 m2lha. It is, as yet, only weakly affected by
dleback ( less than half of expected occunence).

The second most common type is Type P, which differs from S chiefly
in tlre relative absence of Macroeclmiq ried,Iei, PhullqntlLus calycinus,
Leucopogon cq,pitellcttus al]d. Leucopogon propinquus, in the flequeni occurrence
oI Lepidospermd angustd,turtu al]d, creaillea uilsonii, and in the greater
development of Cdsuarino Jrq.seridna in the second storey. It flanks Type S
on the downslope, occupying mostly the gentle lower slopes i{ithin the uplands,
mantled by colluvium of sandy gravels and glavelly sands. It occurs
principally between 2?4 and 335 m above sea level. The stands are comparable
with Type S in height, but the stocking tends to be markedly more variable,
the observed values being near the expected occunence for all basal area
classes. There is a considerably higher incidence of dieback (1.5 times the
expected occurrence), which at least partially accounts for the variable
stocking.

Type S, and to a lesser extent Type P, occupy the bulk of the laierite-
mantled uplands.

The remaining types are much more restricted in occurrence, and tend
to occupy relatively narrowly deflned environmental niches.

Type T resembles Type S in many respects. It shares with it Mqcro?amia
riedlei, Acacia, preiasiana, Leucopogon cdpitella,tus, Leucopogon propinquus,
Lasiopetalurn fl.oribund,um and Pkgllqntkus calucinus, but Ad.enqnthos bq,rbigerq,
Stgphelia tenuifl.ora a\d Patersonia r&dis tend to be replaced by Leucopogon
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Jarrah has ceased to be a maior component. This has led to a depression
in ttre stocking, and even the height, of the stand, which is now generally very
open (<18.4m'lha). The Type occurs on val ley f loors and lower slopes,
mainly between 2?4 and 335m above sea level, and is chiefly associated with
moist to wet sandy loams and loams (three times the expected occuuence),
which are frequently underlain by impervious clay or secondary laterite.

Type W resembles D in many respects. In fact, in vj.ew of their proximity,

similarity and generally restricted occurrence, Types C, D and W could be
considered minor components of a vaUey complex. Type W difiers from D
in the greaier occurrence of yafti, Hgpocdlamme o"ngustilolium alrd Hakecl
Iissocarphat and iesser occulrence of Leptoco,rpus scdliosas and Leptospermurtu
ellipticum, suggesting somewhat drier and more feriile soils. Like D, it occurs
chiefly on mild lower slopes and valley floor-s. Also like D it has been largely
decimated by dieback (2.5 t imes the expected occurrence), and the iree
stratum is now very open, generally below 9.2 m2lha. There is an indica.tion
of a recent build up in the proportion of malri. Types C, D and a portion
ol W thus constitute the vegetation types of the Beraking Surface.

OnIy a lew restricted occulrences of Type R were observed in the
Ashendon Test Area, although it appears to be quite common ln the
surrounding landscape, in particular on the eastern slopes of the main rivel
valley. Its chief indicators are ?ru?tuo,Iiu1tL led.iJoliunl, Phull(nrtlLus cala-
cinus, Macroeania ried,Iei, Leucopogon c@pitellatus, Leucopogon propinQuus

and Hakeo lissocarpha. other species found in it are those of very broad
edaphic tolerances, such as Hibbertiq hapericoid,6, Hibbertid montana ar]d
Drgc!,ndro, rrioed. Species of Types P and S, such as Lepidosperma angu'tclturtx
and Aalenanthos bl.rbigera, also often extend into it.

Type R, generally forms a fringing transition zone between the almost bare
granitic outcrops and the laterite-mantled slopes. MaIIi is a prominent

asscciate of jarrah in the overstorey. Because it is a transition type in a
rather steep environmental gradient, it varies markedly in height and density
of the tree stratum. The soils are an admixture of lateriiic ironstone, gravels,

kaolinitic clays of the pallid zone and sandy loams which are the products

of granite weathering. It occurs chiefly beti{een 2?4 a.nd 335m above sea
level.

Types W, R and parts of Type P compdse the vegetation of the Nockine
Surface.

The picture that emerges from the above examination of the Ashendon
Test Area is one of a highly integrated landscape, whose components are
strongly correlated. The correlation is reflected in the relatively small number
of site-vegetation types describ€d. Most of the possible combinations of envi-
ronmental factors do not occur at all, thus leading to a considerable simplifica-
tion in the or€rall view of the landscape.

The environmental patterns can generally be explained in terms of the
geomorphologica.l surfaces of Mulcahy et aL \19'12) and Finkl (1971b).

2. COOKE TEST AR,EA
Loca,tion

The second test area. Cooke. covers 2234ha. It is dominated in virtually
every respect by the large monadnock of Mt. Cooke, which rises more than
200m above the general level of the Darling Plateau (Fig. 15).
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Topogralrhy, geomorph,ology anil climate
The altitudinal range extends from 274m above sea level in th€ valley

of the Canning River in the east to 583 m above sea, level at the summit
of Mt. cooke. An unnamed tributary of the canning which drains the western
slopes of the monadnock leaves the survey area a.t 305 m above sea level
and joins the river a.pproximat€ly 16 km downstream. It is a rather sluggish
stream, flowing in a broad, open swampy valley. The minor creeks which
cascade down the western slopes of the monadnock lose their identiiy on the
lower slopes and floor of ihis valley. By contrast, most of the creeks drain-
ing th€ eastern slopes of the monadnock retain their identity ultil thev join

a tributary of the canning which enters the are& from ihe south and flows
generally northwards in a broad, open valley parallel to the river. It joins

the river via a deeper east-west valley following a sharp right-angled turn.
This suggests a capiure oJ the S-N stream by the W-E siream, which, by
virtue of its shorter rout€ to the Canning River, possessed a gleater erosive
capacrty.

The geomorphology of the area, particularly of the western portion, does
not lend itself io description in the terminology of either Finkl (1971b) or
Mulcahy et aI. (1912). The fomer did not encounter any monadnocks in his
survey area. The latter encountered Mt. Dale along the western perimeter
of their area, but beyond describing it as a high-level granitic residual
flanked by gravelly and sandy deposits did not discuss it any further, Yet
monadnocks (Mt. Dale, Eagle Eill, Mi. Randall, Mt. Cuthbert, Mt. Vincent,
Mt. Cooke and Mt. Solus) dominate the landscape of the Kelmscott Division
and the Canning and Serpentine catchments.

The geomorphic surJaces that can be recognised on and around the monad-
nocks are as follows:

(a) Th€ mildly sloping summit areas, beadng evidence of past lateri-
za.l10n.

(b) The steeply sloping 8-40' cresis and upper flanks, with thin
freshly-formed soils and excessively drained. extensive rock out-
crops.

(c) Undulating lower flanks dissected by modelately deeply incised
crceks, with moderate 5-16' slopes and strong evidence of lateri-
zation in the Jorm of ironstone outcrops and gravels, adequately
but not excessively drained.

(d) Piedmont with mild 0-4" slopes, covered by deep depcsits of sands,
sandy gravels and sandy loams, frequentiy inadequately drained.

Category (a) could for practical purposes, possibly be included in laterite-
mantled uplands, in that it does not differ from them markedly except in
a.ltitude, and is not suffciently extensive to warranlr a separate category. It
is absent from some of the monadnocks and occurs as only small disiunct
areas on others.

Category (b) bear:s a certain resemblance to the Helena Surface of
Mulcahy €, ol. However, it belongs to a much earlier cycle of eroslon, and
occurs above not below the extensive latedte-maniled uplands. The name
Cooke Surface is proposed (with relucta,nce) for this category.

Category (c) can probably be retained within Mulcahy e, or.'$ laterite-
mantled upland even though the presence of extensive fresh rock outcrops
above it, and of steeply incised creeks within it, sets it somewhat apart.
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The integration and correlation of landscape elements will be discussed
somewhat more briefly than for the Ashendon Area.

Iffect of altituale

In view of the greater altitudinal range, the altitudinal stratincation had
to be altered, the fiye categories being (Fig. 16):

(a) below 305m above sea level,

(b) 305-366 m,

(c) 367-42? m,

(d) 428-4BB m,

(e) above 488 m.

Steep slopes in excess of 16" are chiefly found at the higher altitudes,
above 366 m, whereas geutle slopes of less than 4q are largely absent above
this altitude (Fig. 1?).
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366m. Yarri  has a discontinuous appearance in val leys below 36?m, but
recurs as isolated tiees around granitic outcrops near the crest of ihe
monadnock, above 42? m.
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the cooke Test Area.

The occuuence of dieback (Fig.21) is largely connned to below 36?m.
There are, however, very considerable areas below this altitude as yet noi
afiected by the disease. This, togethel with ihe lower perceniage (15.5 per
cent) of affected area compared with Ashendon, suggests that the disease has
not as yet covered all the ecologically predisposed areas.

Effect of slope

There is also a sirong relationship between slope and other landscape
elements. Outcrops of late tic ironstone exceed the expected occurrence on
medium slopes of less ihan 9', fall sllghtly below ii on steep slopes of 9-16'
and plummet to less than one quarter on very steep slopes above 16', By
contrast, granitic and epidioritic outcrops exceed the expected occurr.ence on
steep and very steep slopes above 8", but fail to reach it on genile slopes belolq
9". Outcrop-free surfaces exceed the expected occurrence on gentle slopes
(less than 5'), and are virtually absent on slopes over B',



6t

'aro3alEc odols "9I-"6 oql Jo dl€ruouE luar€ddB aI{I s3lJo8altst adols €ql Jo '{u€

u! ecuarrncco polcadxo aql urorJ ,{Ipa:Il€ur lJEdap lou op 8ur>lcols altstpeu
-Jalur qll]!\ spu€1s .9I-6 Jo sadols daels pu€ .9I le^o sadoF dl01s '{JaA qll'lt\

pe1tslcossE -{uerqc oJE eaJ€ I"s?cl eqlzu z 6 uEql ssal qll.ll, spuEls pa{colsrapun

f,lSuoJls sadols "B-9 al€Japolu uo atuarrncco paqcadxa aql l€ou Jo 1E pu€

sadols "9I-6 deels uo acuaJrnrco polcadxe aql atldll t€ Jncto'aJ€I trIa^ll€lal el€

qcrq^\ 'eq/zru 
8 98 ra^o €al€ I€sEq e qllrld. spu€ls pa)ico1s dl!^Eaq trJaA (zz 3!'{)

trlrsuep pu€ls puE adols u3olLloq dlqsuolJBlel 8uolls ,{I.rIEJ € $ araqJ
'.9I puP ,g ura.\\]3q JJuJrrnJJo pllJodx;

oql pootxo xIJlEr -{pues qqIA\ sIa E.lS dAtsaII .8 pue ,g uaar$1aq ecuerrncco

pelcodxa aq1 ocl^\l 1€ rncco pue'.6 uEql ssol Jo sadols qlr^!.{galqc pal€IcossE

aJB XIrltsrU .4(uEOI qllnA sla]!?r3 f,J!€?H '.g U€q} SSaI JO SadOlS AIIUaF uo Jncco

osls op treql qanoqll€ '.9I pu€ .g uear!\taq sadols qll^t pe1€Icoss€ '{lur€ru

arB sru€ol -dIIaABJB 'lsErluoc -dg '.6 utsql ssal Io s?aiols uo luesq" '{lIPn94^

arE puE '.8 
JO SSeCXa UI SAalOlS UO lU?UrdOIaAep urnurlx€ur 4aq1 qcEal sutso']

',B 01 "9 ]O SOaIOIS e1€r3pour UO aCUaJrncco polcodxa oq1 paecxo puE '"8 
JO

ssocxe u! saaloF luol] luasqts -dlaBJ€I el€ spu€s -{IIod€tO '8 Ja^o sedols doals

dJoa pu€ dao?s uo -[Iuo ocuaJJncco palcedxa eql paocxa 1nq 
'salro8alSc adoF

Ilts uI Jntco sur€ol fpu"S asuas elnlosq€ puB a^rltsIal aql uI qloq sec€IJns

Ia,rel-r"au qld\ pa1€rcossts -{I8ulruloq^rJo^o olB sur?ol 'qIIs puE sputsS

Jo sl3^3l fl€ lE
oopu|n srflnloong -{aroFra^o aql Jo luauoduroc que.sruars € s? ,nfr1ldo|Dc sudnlDrng I.E)

'E3rv +sar a.,roor "" 
r;'":i';i"'" 

arrr ro rrudrrnrJo

l st!.L I l,lo'l l,

\'
2

v'1'tlHdotvl

\2,^
v

f--:-l
snld^rvln3 I tl

cNlDll I
<a

---
- Hl

F(le E \ e1:
= E Fl
= " &''.1 =eE"l
E =52 I

/.1 |

-w ts -/ 
^ I

z/ -l

I



z a

ffi

N
F- ---i

F_l

CASUAR NA FRASER]ANA

EUCALYPTUS PATENS

BANKS A L  T IORALIS

EUCALYPTUS LAELIAEK LOMEIRES

l
Figure  20

Occurrence of tree species in the cooke Test Area.
lb) Banksitl srandis, casuarina lraseridna, EucatyptLs patens, Bdnksia /ittoralir and

EucaLlptus laellae, at ai levels of occurrence,

which exceeds the expected occurrence for both the very heavily stocked and
the strongly understocked slands, is probably due to the fact that logging has
Ieft this categoly largely untouched. where the stand is virgin jauah on
deeper soils, it is heavily stocked. On shallow podzolic soils over granlte,
janah is replaced by open stands of the Dar'ling Range ghost gvm ( Eucdlqptus
Iaeliae). T}:.e very steep slopes in excess of 16' \vith very shallow soils are
almost exclusively occupied by the latter species oI ar'e completely treeless,
hence the uniformly low density. Areas cleared for- establishment of planta-
tions were treated as a separate basal area category, Nhich was largely conflned
bo gentle slopes of less than 5".

The observed dieback occurrence is greatly below the expected occurrence
(one flfteenth) for all slopes above 4'. It is twice the expected occurrence
on gentle slopes ol less than 5'. It occupies 36 per cent of the total area
within this category. This also represents 98 per cent of the total occurr-ence
of dieback in the test area. The impact of dieback is not strongly reflected
in basal ar'€a values because much of the dieback-afiected area has aheady
been, or is in the process oJ being, reforested with exotic pines. and has been
treated as a separate category.

The influence of slope is also very obvious in the location of roads. The
Albany Highway, which iorms the westeln boundary of the test area. is here
entirely connned to gentle slopes of less than 5'. The major arterial roads,
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Figule ?2
Patterns of stand alensity (in terms oI basar area) in the Cooke Test Area.

Very heavily stock€d stands wiih basal alea ovet 36.8m'2/ha exceed the

expected occurrences only on loams, gravelly loams, gravelly sands and heavy
gravels with loamy matrix. They approach the expected occurrences on
heavy gravels with sandy matrix, but fau below them on sands, sandy loams
and silty loams. Areas cleared for plantations because the original hardwood
stands were decimated by dieback occur overwhelmingly on sands. Poorly
stocked stands with basal area Iess than 9.2 m'lha occur at above the expected
occurrences on sandy loams and loams, presumably because of the prevalent

shallow depth associated with these soil types.

The seeming anomaly of loams, which support both very heavily and very
poorly stocked stands, lies in the dichotomy between fertility and depih. Loams
of adequate depth support the besi forest siands; however, very lrequently
loams are too shallow and the stands ar'e coDespondingly lightly stocked.
Poorly stocked stands with basal areas of 9.2-18.4m'lha occur at well above
the expected occurrence on sands, partly because sands are often associated
with a seasonally high ground-water table, partly because of the past deci-
mation by dieback. I leavi ly stocked stands (basal area of 2?.6-36.8m'/ha)
occur most extenslvely, and above the expected occulrence, on healy gravels

with sandy matrix.
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So far, the monadnock and the easiern uplands have been left largely

unaffected.

The dieback situation has been discussed here in greater detail because

the patterns are still developing, and the mode of dispersioD is still traceable

By contrast, in Ashendon dieback has affected all susceptible areas, and the

history of its introduction is no longer traceable. In Leona and Flint there

ar'e as yet no occurrences of dieback.

Site-vegetation types anal their relationships to other lanalscape elements

The relationships of site-vegetation types to environmental and stand
par&meters are summarized in Tables 4 and 5.

The dominant site-vegetation type of the Cooke Test Area, (Fig. 23) is
Type P, already described for the Ashendon Area. On the western slopes
of the monadnock it is restricted to a narrow zone of heavy lateritic gravels

with sandy matlix, but it is very widespread east of the monadnock, where
it occupies the bulk of the laterite-mantled uplands. It occurs here chieflv
on gentle to l]1oderate slopes up to B', on soils ranging JIom sands through

sandy loams and. gravelly sands to heavy ironstone gravels with sandy matrix,

alI of lvhich are either the original Iateritic mantle or colluvials derived from
it. Jauah is the dominant species of the tree stlatum, maui being only

a minor associate. The understorey of sheoak and bull banksia, is well
developed. Th€ bulk of Type P stands have basal areas between 18.4 and
36.8m,/ha, though densities above and below this figure do occur. The stands

falling below this average are chiefiy those affected by dieback. The height
of the tree canopy ranges from 22 to 39 m, with an average of approximately
27  m .

The second n1.ost widespread and extensive site-vegetaiion type in the
area is Type H, which shares with P such indicators as Dariesi:d pectindta,

Hqked rusciloli(t, Lepid,osperma angustatum, Mqomelclena tetrqgatua, Staphelia
tenLiflora, Patersonia rutlis a,nd Acacicl strigosq. It difiels from it in the
much poorel development of second storey species, in pariicular Cdsuarina

lraseriana, and in the telative absence of Adenanthcs barbigera, and Grerillea

uilsanii, w)lic}f tend to be replaced by StirlirLgia ldtilalicL, Sphaerolobium
tued,ium, HakecL clclocdrpa and Isopogon d'ubius. I]re dominant tree species

i! jauah, although on the topographicallv low sites marri is ojten an

importani associate. The changes in indicator species suggest a shift iowards
the dry end of the continuum, due to eittrer the lower rainfall or the sandier

texture of the topsoil. or a combination of both. This is also reflected ln the

lower density and height of the tree stratum. In the western occuuences of
Type II (or more precisely the transitional Type JH, which is largelv below
and adjacent to P, and on sandier soils) the incidence of dieback tends to
'be high. In the eastern occuuences, where H tends to replace P on the
gently sloping uplands with sandy gravels, dieback incidence is very low

The third major type within ihe Cooke Test Area is Tvpe G, which is
really a localized but important variant of Type R, already descdbed. It
largely coincides with the steep cooke Surface characterised by frequent
granite and epidiorite rock outcrops and fresh, loamy, shallow soils. It is

more correctly a complex of types ranging from lichen-covered rocks, ihrough
Bctaa nitida herbflelds on thin soil veneers, througtr largely treeless thickets

ot Greuitlea bipinndtifida, Hakecl elliptica, Hake@ ulldulbta, Hake.t trilurcata,



araqnd. {lrlrq€Ir€^€ 4ualqnu pu€ arnlsroru uI luaura^orddl pasrlBrol ol palnqlrll€
ocl uEc slqJ pu€Idn pellutsul-elrralEl aql pu€ ecElJns e{ooc 0q1 Jo ec€Jlaqul
0q1 Suofr .{Iltsrrp€rods rtrcco-sua)soqnd sx+DuLaXC puP. unlualncsa tutulp!.tald
'sny)IlNcflJaa uoaod,ocnal-sJoleclpu! Jalqc slr q8noql '{roup€uour eq1 Jo {utsg
urals€a-qqnos eql uo laaJc " Jo pEoq pa.ralloqs € u! €ar" flelus euo sB padd€ru
eq fluo plnoc 1I palcrrlsor orolu ua^s sI J addJ Jo acuorrncco eqJ,
'lr roJ ,{rp oo1 pu€ toq ool er€ 'uns uoouralJ€ aql ol pasodxo 'suollrsod osaql

4"qq 1so33ns 01 uaas plnoa{ srluEu uJajs?rd pu€ uraqFou aql uo suolllsod
snoSol"u€ ruorJ ocuasqE sll €arts 4sal oql urqlrr!\ spuels lsolltsl pu€ lsosuap
aqq Jo eluos qllnd. seprcuroc 1I lsaJc sll uo Ear€ Ia el ll€lus € pu€ s>lcoup?uo{u
oql Jo s{u€u urels€3 pue uraqlnos oql uo sIaABrS puB sur€ol iIIod"rS ol
palcrrlsar araq sI'€orv uopuoqsv oq1 ur ?uauluord os sr qcrqL. 'S eddJ

'sllos Jadaep pu€ sadols rapllu uo 'odoisuidop 
5

surotp€ 1I urnl€Jls aa4 uJ€ur-qEJr€l aq1 Jo luaudoF^op J0110q ,{q pue wn8

1SOq3 O8uts?I AUrIrtsC JO aCUaSqe eql trq 'SdOrC?nO >ICOj 3AlSUalXa JO {CAI P ,{q
paslralc€JEqc s! puE ':| ruorj adfl olEr€dos € s? paur€}ar uaoq seq € adfl

'trlrsJe^rp l€rnlcnrls 4EeJ3 atldsep '.{I3lBl€dos luaql
dgru o1 olqtssodull 1I a{Eur 'aJnlx-rurrolur olBclrtul Jlaql pll€'sluauoduroc

Itsnpr^rpur eq1 Jo ozrs llEurs eqJ (t 01EId) sFos radaap l?qaauos 3ql uo
q€rJ€! pu€ IJJaU Jo arnlxFup€ uE qlIA\ wn8 lsoq8 a8u€tl SuIIr"C Jo puElpoora
,$oI uado uE ol 'salcads bcTLaLbLaW puB o?cDcv I€JaAes puB DqalJDcoss.NI DaqoH

'€arv lser a{ooC aqt utqtla sad& uorr€1oaa^-al]s Jo uollnqlJts]q

rZ arft3!.{

stttlNol])
ffi

I

E_-l

r--

l::rl

Cr.llgll

mffin
Ill|||

%
m

\,,^
v



the runoff from the rocky slope seeps inio the deep laterite soils. Podocarpus

d,rouvnio,na, a shrubby gymnosperm which reaches its optimum development

in the cool moist region 300 km to the south, occurs as a r€lict outiier along

the same interface.
Gravelly soils on the moderately steep northern and western flanks of

the monadnocks, from which Type S is absent, are occupied bv Type Z. This

type, which can be regar-ded as the dry-climate equivalent of S, shares with
it such indicators as Mo,cro?ami.L ried,lei, PlTEllantll.us calucinus, Leucapogon

capitellatus alrd Leucopogon prapinquus, but difiers flom it in poor develop-

ment or complete absence of the undersiorey species such as bull banksia and

sheoak, and replacement of Adetudnthos barbigera ar.,d Leucopogon Derticillatus
by Stu)heliq, tenuiflord,, AccLcia preissielncL, Patersonia t&riis and Petrophile

str iata.
Type z a.lso occurs on the gently sloping upland surlaces in the eastern

portion of the area, where it is chiefly associated with gravelly loams and
heavy gravels ivith loamy matdx. rn both height and density of the tree
stratum it falls below S, having an averagB codominant height of only 25 m
and basal area of less than 18.4 m'/ha. It is as yet relatively free flom
dieback.

Types P, I1, S, T and Z between them occupy the laterite-mantled
uplands. Type R is a tlansitioD between them and Type G, which occupies
the Cooke Surface. Types P and II also extend on to the upper levels of the
Randall Surface of the piedmont zone. Type Z also extends on to the upper
levels of the Nockine Surface of the eastern valleys.

The weitest, low-Iying poltion of the Randall Surface is occupied by
Type A, whose chief indicators are the trees Melo,leuca preissiatucl and, Banksia
littordlis, l}l.e shrubs Ildtued ceratophulla, Hakea Dqria, Leptospermun ellipti-
cum, Astarteo Jasciculdris a d SunaplTea petiolaris a17d the perennial sedges
and rushes Leptocorpus sc&rios11s, Mesanlelaena tetragontL and Lepidosperm.a
atugustatunt. The type generally occuts on seasonally wet, leached grey soils
over clay or organic-iron hardpan and on flat, poorly drained floors of valleys.
Where the valleys steepen slightly and the sandy surface horizon over clay
becomes shallow€r, wandoo tends to enter into the tree stratum, and severa.l
shtlubby Mel(tleucd, species enter into the shrub stratum. This represents a
swing towards Type Y, and should perhaps be mapped as a separate type,
Type AY. For the sake of simplicity, A and AY ha,ve been mapped together,
as neither is veljr extensive.

The tree stratum is generally low (average height 13 m) and open (basal

area of less than 18.4m'/ha). The poor development oJ the iree stratum is
largely atiribuiable to poor internal drainage and seasonal waterlogging and
flooding.

The shrub stratum is eenerally well developed, tall and dense_ Although
the type normally occurs within the dieback-affected zone, the effect of the
disease is generally not pronounced, even ihough swamp banksia and the
Ildked species are susceptibl€ to the disease. It seems that the site is too
wet for optimum development of the causative fungus. A ser-ious problem
observed within this type in the Cooke Area is the dse of t.t'e saline ground-
water table to the surlace iollowing the destruction of vegetation upslope.

T"ype A is frequently flanked by Type B, which shares with it the indicators
Mesonwlaena tetragono, Lepid,osperftua ongustatum, Leptoc(lrpus scdriosus and
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generally easterly direciion. The Leona Test Area is 3 km to the north-east

of the eastern boundary of the Cooke Test Area, and approximately 15km
to the south-east of the Ashendon Test Area. It extends eastwards from the

Canning River Ior approximately B km.

Topo€irrphy, geomorphology a,nal climate

The topography is on the whole rather gentle (Figs. 24, 25). In three-
quarters of the area, the slopes are less than 5' (Fig.26), either in the lorm
of broad, open valleys or mildly undulating uplands. In addition to the major
divide, there are several minor divides separating the smaller creeks draining
the area. These have generally slightly steeper (5-8') slopes. The only steep
slopes (9-16') found in the area are the flanks of these minor divides facing
either the main tributaries or the river itself.
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The area is geomorphologically rather simple. The divides belong to
Mulcahy e, al.'s (1972) laterite-mantled upland. They occur almost entirely
above 305 m above sea level. Small enclaves of the Goonaping Surface are
scattered among the uplands, but its main development is a fes/ kilometres to
the north. The vaueys, which occur mainly below 305 m, are of the Beraking
type, with slopes belonging to the Nockine Suface, and valley floors belonging
to the Belaking Surface. Within the Leona Area, the proportion of outcrop-
free surface is very high (Fie.27). The outcrops of lateritic ironstone are
almost €ntirely associated wiih the maior divide on the eastern boundary

r , , : ? l
K LOMiTRE5



t9

'ac"JJns aul{Erag aql

JO sUOrlJOd Ja^\ol Aql .{dnCco qcrqnd stuEol f,lls pu€ sur€ol -{pu€s (q)
'ac€JJns auplcoN

aq1 Jo suorlJod Ja^\oI 3q1 pu€ 'ac€JJns 8up{"Jag aql Jo suollJod

roddn oq4 'ocEJJns Surd€uooc aql uo .{lul€ur rncco qc[q,{l 'sputss (€)

:(Bz 31,{) ar€ paJalunocue saJnlxal os acEIJns ul€ul oqJ
qlos

'esJnoc rJutserls oqt Jo sJalJ"nb o,!r1 opplur aql ur lsEal pu€ raF€nb Jeddn
aq4 ur 4selsaJ8 sr lI€J oqJ 4uac Jad Z'T Jo !u{/ur ZT lnoq" sI IIEJ o8€ra^E
s1! lgql os 'ru 

99t flol€utlxoJddts 1€ luearls ltullstp € sts su€eq fJqnqlJl ul€Ilt
aqJ apl^rp oql Jo qurod qsaq8lq aqt 1€ ruTlt 01 Ja^IJ oql uo 111692 luorJ
'urzgT sr aBUEJ Isupnllll? eql tser€ aql ulqql^\ 'ru!u 

0gl o1 rlru gl8 01 urlLop
paiaoJJ€u aq dlqrssod plnoc srqJ, 1s€a aq1 q lllru 929 ol lsaa aql q !u!u 000 I
urorJ sI uol?€Iodratu! .{q paulqqo a8u€r p€orq aqtr, 'ls€a aq1 uI {alJe^og pu€

uol{oorg pus 'lso^\ oql uI uI"C SuIuuEc pu€ al"pqgrJ€f uooal?q uorl€lodlalur
uB Suloq d€lu l€la:tqosl oql'u^\ou{un qa8rtsI sI "aJ€ slql u-l IIEJUI€.r aI{I

'tseJv 
tsal, €uoa.t aqt q sdorclno ]cor lo acuarrncoo

lZ alnrld

l 53!1lNOl )

--\

tlr8l.ivr StSllJ{

,ro" t ro, ffi

ONTDX

rN:- /

4..

\ry

'8ulpaaJoJd sr sautslnqr4 lsoll€urs aql ,{q uolsoJa e^IlcE sJoqr!,j
pu€ radaals l€qideruos er€ sodols aql aJoq^\ 'sapr^rp eql Jo sulSr€ru uJelsa^\
eql uo sal"Icuo IlEurs sts ,{gerqc 'ecuarrncco palclrlsaJ,{JaA B a,t€q sdoJtlno
clllrolplde pu€ cr1!u"rE oqJ. saprrrrp IEurolul roullu oq1 Jo aluos r{1$l puB



(c) Gravelly sands. gravelly loams and heavy gravels wiih loamy
matrix, which occupy the upper portions of the Nockine SurJace
and lower portion of the laterite-mantled uplands.

(d) Heavy gravels with sandy matrix which cover the bulk of the
Iateri te-mantled uplands.
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Dlstribution of soil texture tJpes wi'hin the Leona Test Area.

Although deep soil pits were not dug during this extensive multiple-pulpose
survey, it is known from pilot plot assessmeni and detailed minor surveys
that whereas the sands oI the Goonaping Surface are relatively deep, those
of the Beraking Sulface tend to be shallower and overlie dense clays.

Forest stands

The vegetation of the area has as yet been little disturbed, because logging
has been rather selective and light. The heaviest-stocked stands invariably
occur on the latelite-mantled uplands, where the basal area ranges from 18.4
to just over 27.6m'/ha (Fig.29). On the Nockine Surface, the basal ar€a is
mostly beiween 9.2 and 18.6m"/ha. on the Beraking Sudace it is mostly
below 9.2 m'lha. As a broad generalization, the d€nslty of the stands decreases
with descent into the valleys, the cause being decreasing depth of solum above
an impeding layer, which in this low-rainfall area is critical, Low stocking
is also found on and around the granitic outcrops, where soils are also shallow.
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Distrlbution ", "**u""".ut*"1#"i1-itnin tr'" Leona Test Arca

Type P, which dominates the cooke Test Area, is far less common here'

It is almost entirely restlicted to the north$estern sector, where it occupies

the moderately sloping stable lateritic uplands with gravellv soils Type S'

which dominates the Ashendon Test Ar.a' is here restricted to moderate upland

slopes and somewhat heavier-iextured soils, especially heavy gravels with loamv

texture. It appears to be more common on souther'ly exposures, but is not

confined to them. Type T is entilely allsent

Type Z is the second most extensive site-v€getation type in the Leona

Area rt occurs almost exclusively on the laterite-mantled upland surface'

mainly on heavy glavels but also on gravelly sandy loams, particularly in

association with minor granitic outcrops.

Types H, P, S and Z are thus the main types of the laterite-mantled

uplands. Of these, S and P are restdcied to the moister western portion,

whereas II and z occur throughout and are more extenslYe'

The characteristic type ol the Goonaping Suface is Tvpe J, brieflv referled

to in the description of the Cooke Test Area (Plate ?). It wiU be discussed

more Jully here. Its chief indicators are Conospermum stoechadis, Hibbertid

polystach!4, Nuatsiq floribundd, Sunaphea petiolaris' Mesomelaena tetragona'

Lepialospernl,a (tngustatun, Leptocarpus acariosus, Patersonia rudis' Staphelia

tenuifl,arT, Stirlingict lqtilol,icl, Isopagotu d,ubius ' SplLaerolobium mediultl ' B&ecke"

cclmphorosrtuae dnal DampierT qldta. Ihe tree storey is dominated by jarrah,

and is usually liehtly stocked. An associate of jarrah, but never verv prominent,

is madi. occasionallv varri and wandoo also intrude into it. on the higher
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patterns or staDd densrty ,,. ,""TlTi i1*, **, r. the Frint rcst Area.

Apart from a depression of height on granitic outcrops and poorly drained
soils, there is no consistent major valiation. Over much of the dissected
suface the height of the canopy ranges from 13 to 1Bm. On patts of the
lateri te-mantled uplands i t  occasional ly reaches 22m, but mostly ranges
between 15 and 21 m.

Jarrah retains its domjnance only on the laterite-mantled uplands, where
it occurs largely \\,ithout any understorey species. Marri accompanies jaryah,
but reaches impoftance only locally, in moister depressions. Once again, these
two species have been omitted from the tree species map (FiC. 38), which deals
only with species of a moIe restlicted occurrence.

On the upper portion of the dissected slopes, jarrah and marri tend to
share dominance $ith wandoo. On lower slopes, jarah is Iargeiy phased out,
and wandoo becomes dominant. Along the moist to wet valley floors, wandoo
is accompanied by yarri and flooded gum. On the very shallow soils on and
around rock outcrops, glanite sheoak accompanies or completely displaces
wandoo.

Site-vegetatrion types

The dominant type within the area is Type M, which occupies most
of the dissected slopes (Fig.39 and Plate 9). The tree stratum ranges from
pure vandoo to various admixiules of wandoo, jarrah and malli. Some of the
valley spurs and the transition zone between the uplands and the dissected

14
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slopes b€long to Type Z, differing from M chiefly in the absence of wandoo
The transitional Type I{M is also common along the upland-slope ilrterface.
The bulk of the la,terite-mantled uplands is of Type H, except for some minor

depressions in which the transitional Type JII is found. It is possible that

these occurrences represent small remnants of ihe Goonaping Surface within

the uplands.

Although ihe localized occurrences of granite sheoak have not been
mapped as a separate type, they should perhaps be considered as the climatic

vadant of Type G, and as this is in turn closely related to R, it is the extreme
variat ion of R, (Plate 10).

Th€ valleys chiefly belong to Type Y, but there are two Iocalized

occunences of Type L, distinguished from Y chiefly by the presence of
Diploldena lnicrocephala !ar. drumltuo11dii and a strong development of Hibbertid
Iineata. Type L is mainly associated with brown silty loams of high fertility,
and tends to occur downslope flom outcrops of epidiorite.

HumaD impact

Human impact in the area is very minor. :lhe Iightness and selectivity
of past logging has aheady been referred to. With the exception of the
Metro Road, which is a plimary arterial all-weather road, the construction
of all other roads has not involved any major earth moving. All loads tend
to descend steeply from the laterite-mantled uplands on to the dissected
slopes and then use the somewhat milder slopes of the valleys. This pre-

disposes them to excessive wetness and a, tendency to bog during the wet
winter pedod, when ail roads except Metro Road are impassable to oldinaly-
drive vehicles.

There is as yet no evidence of dieback in the alea. R'emoteness, lack
of human activity and drier climate are plesumably contributing factors.

Along the banks of one of the creeks, which enters the test area, from
adjacent cleared agricultural land, there is salt damage in the form of death
of the vegetation and accelerated erosion of the bared, deflocculated soil. In
midsummer ihe surface of the affected soil is covered by salt encrustation

'16
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rigure 41
:fopog"aphic, edaphic and vegetatlonal transect throusb the southern sector of the
Ashendon Te6t Area,. (Irate tic uplanft and Beraklng-type vaUeJ In hlgh-ralnfaU zone).
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Fl8ure 42
TopoaBphlc, edapblc &Dd vegetatlonal tramect thlougb the vr$tern secto! o! Cooke

Test Area,. (Pleauront ln mediuD-lalnfaU ,one).
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Figure 45

ToooeraDhic. eclaDblc and vesetatlonal transect through tbe western sector of l,eona
ies-t irea.. lr-aterttic uplands and Beralins-tvpe vauev ir moderatelv lo\v minfarr)

risure 46
'Topographlc, edaphic and veeetatlonal transect throush the eastern sector of Leona Test

Ar:ea. (Latelitic uplanals wlth Goonapirg-type depresslons ir low-Ialnfall zone).
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because boih areas are modelately strongly dissected and therelorc possess
the comparable range of edaphic val iat ion. Types which are mainly restdcted
to the Ashendon Area are T, Q, D and to a lesser extent al$o W and C.

T, W and C only occul as small  enclaves in the Cooke Area (Fig. 23);
Q and D are entirely restricted to the Ashendon Area. AII are compietely
absent from the Leona (Fig. 31) and Fl int Areas (Fig. 39). Without exception,
all are associated with valley slopes and floor's. By contrast, the types with
widel distribution, that is Types P and S. ale associated with the laterite-
maniled uplands.

The types lalgely restricted to the I'lint Area (Fig. 39) ale Y and L,
and to a lessel extent M. Type L is entilely confined to the Flint Area,
though this may be somewhat misleading, as a comparable combination of
edaphic and topographic factols does not occul on the neighbouling Leona
Area (Fig. 31). Type Y extends in an unchanged form to Leona, but further
west occurs only as the transitional Type AY. Both L and Y are associated
with valley floors and lower slopes. Type M of the dissected slopes is the
dominant type in Flint, and occurs on a progressively decreasing scale in
Leona and eastern Cooke. It is totallv absent in Ashendon.

Types II and z and the transitional Types JH and AY ale more $ride-
splead. The first two are associated with uplands, the third with minol
upland depressions and the fourth with waterlogged, seasonally flooded valley
floors. Types II and z are quite extensive in the Leona Area. and a1e
moderately common in the Cooke Area. The transitional Types JH and AY
occupy narro\{ environmental niches in both Leona and Cooke.

The lessened climatic influence on uplands. characterized by deep lat'erite
soi ls, agrees well  with the obseNations of Lange (1960). The behaviour of
jarrah on valley slopes with tluncated proflles is also consistent with the above
conclusions. In the high rainfall of the Ashendon Area. (Figs. 14, 40, 41),
jarrah desc€nds on to the shallower loamy soils ol the Darkin Surface. In the
low rainfal l  of the Fl int Area (Figs. 39, 4?), jarrah is largely absent from
the shallower, loamier soils of the dissected slopes, where it is replaced by
$.andoo. It is also replaced by wandoo on the vely shallow loamy soils of the
steep Helena Surface in the north-west (Mundaring), but less so in the cooler
moister south-west (Coll ie). The most complete replacement of jarrah by
wandoo occuls on the Beraking Surface, with its heavy clay subsoils ai shaUow
depth (Figs. 31, 39).

Overall. the main effect of incleasing climatic dryness is to accentuate
the difference in the moisture-storing capacity of the shallow loamy soils of
the erosional surfaces and the deep gravelly soils of the stable uplands. The
most extreme cases appear to be the major qualitative change on 1e shallow
sandy loams near granitic outcrops, occupied by a jarrah-marui mixture in
Ashendon (Fics. 14. 40), by the DaIIing Range ghost gw (Euce.Iaptus lael,iae)
in Cooke (Figs. 23, 43) and by granite sheoa"k lcasuarincL huegeliana) rn lIiIlt
(Figs. 39. 4?). The most gradual change occurs on the deep lateritic soils
of the uplands, where it is quantitative ra,ther tllan qualitative. Throughout
the entile range from the 1 250 mm annual rainfall in Ashendon (Figs. 40, 41)
to 625mm in Fl int (Fig.4?), jarrah remains the dominant tree species. The
reduction in rainfall is reflected in reduction of height and density of the
stand and in the progressive disappearance of the understorey of sheoa,k and
bull  banksia (Figs. 40,41,46). In the val leys, the change is intermediate, in
that yarri grows on moist alluvium throuehout the full range. but its chief
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deep, leached sands, have a much poorer capaciiy to co-exist with jarrah'

and are thus restricted to the dry eastern zone where they partially

or completely displace iarrah on Types J and F, generailv occupving the

Goonaping Surface. However, they do occur in a moister cooler climate on

edaphically more exireme sites on the coastal plain, on the Blackwood Plateau

and in the Collie Basin. Banksi@ ilicilalia is restricted to moist' leached, deep

sands. chiefly in the collie Basin, but also in some small outliers further north

B@nksio, prionotes is restricted io the extreme north-east of the region, to site-

vegetation Type J.

The second group contains species with a malked bias t'owards the drier
conditions of the east and north. Within this overall bias they are generally

associated with rL particular set of edaphic condiiions. For instance, Casuclrina
obesa, which enters the survey area on the lowest part of the Goonaping
Surface at the head of the Darkin River, occurs there on solodic soil of a
type uncommon in the Darling Range. It is an extreme form of Type Y.
Acacia acuminattt,, which also enters the survey area only in the Dalkin Valley,
is confined to moderately fertile but shallow loams on the vallev floor in
Type L. Euc&laptus drumlnotudii and, Santaltln o,cum.ineLtum appear to be
restricted to heavy-textured kaolinitic clays, occuuing on the sulface in the
vicinity of granitic outclops in an extreme form of Type G. Similar sites are
occupied by the mallee Eucalapt s aLecur'q. The prevalence of CcLsuarina
hregelialna, on the sandy loams and loams on and around rock outcl'ops has
already been refened to. EucalEptus accedens ls chiefly associated \tith deep
Iatedtic soils and lateritic breakaways, where it sometimes accompanies and
sometimes replaces jarrah in the dry north-east. The associated site-vegeta-
tion Typ€s are }I, M and Z- Acdcicl, microbatrutl occasionally forms a 1ow, open
undelstorey io wandoo in Type Y on sandv soils with clav subsoil. AII the

above sp€cies, including $andoo, largely occur east oJ the Mt. Cooke-Mt Dale

chain cf monadnocks. The only exception to this is occasional occurl€nces
of wandoo ard. CasLarina huegelianq on the thin soils of the Elelena Surface.
All species have their centre of distribution east of the survey area, in the
agricultulal region. With the single exception of Eucdluptus qccedens, L.ney

are associated with soils that have some impedence to root penetration in the

subsoil ,  such as impervious clay or massive rock. In low-rainfal l  zones, where
Euccllapt'tts dccedezs replaces jarrah. the two species are of comparable size,

and are at thei|western and eastern liDr.its of distribution (i e. at theil

optimum and minimum) respectively. Eucdlyptus decipiens enters the suryey

area from the south-east. i{here it occurs sporadicauy on Types M and Y.

The third group contains species with an equally definite bias towards the
cooler. moister conditions of the south-w€st. Of f]nese, XElomelum occiaLentdle
extends southwards from the Selpentine River, west of the chain of monad-
nocks. The leached, pale sandy nature oJ the soils and the low, level, poorly

dra.ined locations associated with its occurence suggest that ihese are the
rvesternmost remnants of the Goonaping Sudace. Together with a lelatively
high lainfall, ihe site virtually duplicates the environmental conditions of the
Blackwood Plateau, where the species has its cent!€ ol distribution. The
associated site-vegetation Type is B

Euc(1'uptus megacclrpq and, Albi?,zia lopll'cmtkq occur with increasing
frequency south and Nestward from Mundaring (Fig.41). They are general ly

associated with loamy soils on the maxgins of swamps or near ill-defined
headwaters of creeks, in Types C, D and W. Banksicl littoralis var. sernituuda,
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SECTION V

CONCLUSIONS

It is now appropriate to retur-n to questions posed at the beginning of
this Bulletin. It is possible to say that the site-vegetation types do exist in
real space. Wide variations exist in the actual areas occupied by the vadous
types. Types S. P and TI, characteristic of the laterite-mantl€d uplands, ale
more extensive than the rest (Figs. 14, 23.31,39). The next most extensive
group of types is M, Z and Y, occurring on dissected lateritic slopes and on
the Beraking and Nockine Surfaces. Othel types are locally important, such
as Type Q on the Darkin Surface in the west, Type T on the laieriies of the
western high-rainfaU zone, Type J on the Goonaping Surface and Types A, B
and E on the Randall Surface. Types C and W are consistently associated
with vaUey floors, but the totai area occupied by them is noi great. Types
R, D and L have a very localized and restricted occurrence. Types F and U
have not been encountered at atl This is due to inadequate coverage by the
test areas, as F has been observed during bload-scale reconnaissance. It was
found necessary to establish an additional type, Type G. to account for' the
vegetation and sites of the Cooke Surface. Several transitional types were
also used io deal with locatly impoliant depaltures from existing iypes.

It is also possible to confirm that site-vegeiation relationships are valid

vithin real space. Types A, B, D, E and W are invariably found on water-
gaining sites, and Types T, S, P and z on uplands. Types S, P and II are
consistently associated with porous, infertile iateritic gravels, whereas Types Q
and L are restricted to fertile, heavier-textured loams and Types B, E and J

to Ieach€d sands. Types H, L and Y have just as definite a bias towards
eastern low-r'ainfall conditions (Figs. 31, 39) as Tvpes Q, D and T have towards
western, high-rainfaU condit ions (Fig. 14). within the Tvpes T, S, P and H.

characterized by a high positive score on the fourth factor (indicative ol
phosphate-fixing lateritic gravels), the s€quence for the second factor is the

same (T-S-P-EI) as the west-east sequence which the second factor reflects

Finally. there is adequate evidence that the occurrences of site-vegetation
types can be related to g€omorphic surfaces visible on small-scale aerial
photographs.

Thus the laterite-mantl€d uplancis ale mainly occupied bv Tvpes S and P
in the high-rainfal l  western zone (Figs. 1,4,43,44) by P and H in the medium-
rainfal l  central zones (Figs. 23, 43,44) and by H in the dly eastern zone (Figs.

46 .  47 ) .

The Darkin Surface in the wet western zone (Figs. 14, 40) is occupied by
T, Q and C aranged in a topoglaphic sequence. The Nockine Surface in the
same area is occupi€d by Types P, F, and W, which could be separated on
ihe basis of slope and topographic sequence. In the dry eastern zone (Figs.

45.46,41) the same surface is occupi€d by H, Z and M, again separable on
the basis of topographical position and slope. The dissecied lateritic slopes
in the eastern zone (Flg. 4?) are occupied by z, M and Y in a predictable
pattern. The Goonaping Surlace in the east is largely occupi€d by Types
J and JH (Fig. 46). The Cooke Surface (Fig.43) is largely occupied by
Type G, with smalle! occurrences of R and Z. The Randall  Surface (Fig. 42)
has a predictable sequence of Types AY, B, E, J and II, reflecting varving
moisture regimes determined by topographic position.
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APPENDIX 2

Grouping of plant speci€s in south-weste'-n Austral ia on the basis of their

geographical d str ibution, as mapped by Churchi l l  (1961).

(a.) Species conflned to cco1, moist south-westeln coast (the karr i

tegiar.) Eucaluptus diDersicolor ' Cqsuarincl (lecusstLtcl' Agonis

i uniperincL, Chorilden(L quel' ctlolid

(b) Species confined to the karri region and the wet western edge

of the Great Plateau between Collie and Mundaring-Bossiaeo'

aauiJ olium, E u c a"u ptus lneg d car p d, B anksi d r er ticillq ta, O rllobium

lanceold,tum .
(c) Species confined to the karr i  r 'egion, the western edge of the

Great Flat€au, the lower' west coast and adiacent Blackwood

Pl^t'eat-Tramaiium spatkulItum' Agonis |ineclriJolia' Albizaia

lopllantha, H akecl qmplericctulis.

(d) Species of thl karr i  region and the Blacl iwood Flateau' with

small outliefs along the western edge of the Great Plaieau-

Kingia o,ustr/J,lis, Aganis pdrDiceps, Hokeo ltlsictnthI ' PoCocarpus

clrauAniana.
(e) Species of the kalr i  region. the Blackwood Plateau, the western

eclge of the Great Plateau and the coastal plain south of Perth-

XalallLeluln occid'entale, Ad'en&nthas oboData, Pteridiun esculenturn

(f) Species of the southern ancl western jarrah folest, the Blackwood

Plateau ancl the karli region-XaTLtlTorrhoea grdcilb, Leutopagon

nert ici l lQ.tus, Bossiaeo i inaplLal iQ

(g) Species occul ying most of the area south-wesi of the l ine from

Albany to Gingin, \vith a fe\t small outliners to the east and

north (palticularly Mt. Lgseur)--8x'c"t'uptus mqr ginatd' Eucaluptus

ctltophullct, Eucaluptus patetus, Casuarina Jrlserlatua' Banksia

grqnd is, Banksio, littoralis.
(h) Speci€s occurring virtually throughout the south-west region from

Kalba1fi to Alha'r1v-Macroea.r,ia reidlei' Bdnksid &ttenucttI'

Xanthorrhaeo preissii, Dradndrcl floribund"o ' syn. D ses3ilis' Hdkea

prostrdta, Eucalgptus rzdis (absent. south coast) Acacxa cAano-
phlJlla, Melateucd rhaplliophallq,, Mel&leucc! pqn)iflora syr. M

Preissiana, N uatsia lloribundd.

It will be seen that up to this point the groups increasingly occupy larger

proportions of the south-west region by advancing into the drier' hotter" conti-

nental north-east
(i) Species occuning throughout the whole of the south-Ytest region

with the exception of the high-rainfall area oJ the karri and

jalrah region and the Blackwood Pl2.teav-Cusu(Lrina gl1'[c& syll'

C. obesa, Htlkecl trilurcdto', Acdcia nicrobotrua, Melalelnd unci-

natct.
(j) Species differing from (i) only in that they extend west through

ihe Avon Valley and south along the Dar'ling Scarp for varying

distances, but are absent from the coastal plai'-Eucalaptus

uandoo, Borua niti(td, Cclsuarind huegeliLna, SantqluJtu acu?tui||-

atltrtL, Acaciq acunindta.
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Clemo,tis pubescens :F,]ueg Go?n'pkolobium kTLLghtxcLILum LinaI'

Codonocclrf)us cotinilolius (Desf.t GoltupholooNunl llLargltLul'u L F"jlr"

F. Muell. 
t'to Lpllorcotum poIATn orplluln P"Br'

Conospermum stoechddis E:ndl. Grea 'rccL biPinnatxfiad H"Bt'

conospermutL trir)Lin?:r1)iu1tu Il BI GreDiLLea diDersiJai?o l\lleissn'

ConostUlis acxlleat(- 17. Br. Grelluea pulcheLlcl ]tleissr.l

conostlJlis setigerL ra Bt. GreDiLIecL suncLphecle P"'Br '

cuqthochaete clo,nd,estina R. Br. Grctilled uilsonii A' cvrr']'

D.Llnpiera a!(r,ra r'ildr. 
Hokea amprericaul* rl'Bt '

D(rltLpiera Linearis Ea. Bt. 
Hakeo cer(ltoPlLull4 (sm ) RBr'

D@slpogon bromeliaeiotius P". Br' Hakea cora7tub6a P"Bt'

Dnl) iesialorlgiJori .LBent]1. 
Hokeacaclocarp(tLi]3dl '

Da1)iesiapectino,taLrDdT. . EZIZZ\X:,#:,:Y*."'"'
DaaiesiT pollplTulld Benth ex Llndr' 

;-;-- li""i",olrn" R.5".
Doriesio. ,rreissii Meissn. Hake& narginq,ta Ea.Bt.
DaDiesio. rhombitolid Meissn. Hcrkecl l]/rostrata Ea.Br.
Dil lulnia cinerascens R. Br. Hakea tr i turcata (Sm.r R.Br,
Diplol(rena ,rLicrocephala Bartl var' Hctkea ndulatd P".Bt.

d,runmondii Benlh Htlkea Daria Tt.Br.
Dru anaLr o biqitunqtifid,a P".Br.

Druqnd,ra nirea P'.Br.

Draclnd,rtL sessitis (Knight) Domin

Euca laP tus  dccedens  w  v .  r r uzs '

Eucqlaptus 0 string ens 'rtr.traid.en

EucalAptus cdmald ulensis Del'rr^'

E ucatuptus cdlo\ll'ulla P".Bt.

Elt calaptus deciqiens E']dl.

Euc(tluptus ilecuroa F. ]I.trruell'

Eucalaptus aliDersicolor F. MueU'

E uc@IlJptus d'rultunondii BenL}].

E ucal a pl u s h armo lox alon Maider'

Eu ra lup lus  k i ngsm i l l i i  Ma iden  and

BlakelY

Eucaluptus ldeliae Podget an.d

Chippendale

E cqlaptus tane-Poolei Malderr

Eucataptus longicornis F. MueU'

E uc al u ptus lor oqhleb a Beljlb'

EucaLluptus ltl,qcrocclr Pa ]look.
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Plate 1

Ashenilon Test Area, stable lateritic uplands Selectivelv losged forest of Tvpe S
dominated bv Eucallptus mafglnata
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Ash€nilon 'fest Area, Beraking vauey type- Revegetation of dleback-Iavaged forest oI
Type D by Eucalgptlls calopllulla a\d EuccLllptus ,negacarpa.



ti6

'(p adir't aollao| snxdnloong.]o purrpoo.{ uado pua salrsqqnrqs dq papunolns do$lno clxtu€rp actsJrns atooc i€arv lsa.I, artooc
t at€Id

1,q',
a



nF

i .ts:
tr.]

8
a

F



IO
I

q

s
o

:3

d E



-

ap.

F6(,F



t0
T

d
3

3
E

ts

E
0

q

.t
4

!
i.

o
:i

 -



-

!tiliF
c

t
3

E
F

F
I



.r
t€

J
lr

n
v

 u
rs

l'
a

t 
a

o
tu

u
d

 l
u

€
E

u
ra

^
o

9
 ,N

M
o

!s
 

f,
 w

v
fl

lt
,M

 
t\

It
_

9
1

1
6

/6
a

a
l0

l

F
]

^
z

i9 F
l




