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Introduction

assessed by a survey conelating site and dieback

impact, or researched using specific trials. The

information on site behaviour can then be used to

prescribe management for that situation on a

particular site.

Already in the northern jarrah forest the site

classification by Havel (1975a) is being used to make

decisions on land use priorities, management of the

jarrah dieback disease problem, logging and

regeneration requirements and fauna and flora

management. It was obvious to managers that this

information was essential for the southern forest

areas also. A particular concern was regeneration

requirements of different sites, and this aspect has

been emphasised in this study.

As the following discussions show, the study area in

the southern jarrah forest differs considerably from

that of the north as described by Havel (1975a),

particularly in the greater variability and mosaic of

soils and geology. The early work of Diels (1906)

recognised, apart from the more obvious east-west

trend, a north-south trend in species distribution

within ihe jarrah forest and in the structure and

composition of the forest. McArthur and Clifton
(1975) commented that the area they studied

contains soils and soil-landscape units which have

been recognised for many years as unusual in

Western Australia and this was one of the reasons

for their survey. Both McArthur and Clifton (1975)

and Havel (1975a) recognised soils and landscape

position as important factors, along with climate, in

influencing vegetation upon which recent site

classification studies have been based.

Climate, though it differed significantly, showed a

gradation fron the coast to the north-east similar to

the northern forest's west to east trend. Because of

climatic differences and the significant changes in

soils and geology, however, it was obvious that the

site classification for the north could not be overlaid

on the southern forest areas.

A separate classification system was necessary. This

study set out to provide such a system. One which

could be used to categorise, describe and identify

units of land relevant to the management decisions

to be made with whatever detail was required. The

area classified must relate to the management issues

such as dieback, silviculture and regeneration, and

respond in predictable ways to the management

prescribed.

This paper describes the study area (Fig. 1) in

comparison with the northern jarrah forest, the

procedures used to assess and analyse the

differences within the southern forest, and the

results obtained. The results include the description

of site types defined from the survey.
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Description of the Study Area

Geology, Topography And
Drainage Features

These features have been described in detail by

McArthur and Clifton (1975) for the majority of the

study area, but a brief description is provided here

The study area is the southern extremity of the Great

Plateau (Jutson 1934), and has a basement ol

Precambrian gneissic rocks (McArthur and Clifton

1975). The gneiss varies in composition, the rock

types consisting of acid to basic banded gneisses and

granulites which are predominantly metamorPhic'

Cope (1975) has subdivided the Plateau along a

hingeline, the Jarrahwood axis, in the vicinity of

Manjimup. To the north is the Darling Plateau, an

ancient erosional surface with an average height in

that vicinity of 300 m above sea level with much

laterisation occurring during the Tertiary period'

The Darling Plateau extends north through the

northern jarrah forests. The area to the south,

covering much of thc study area, is known as the

Ravensthorpe RamP.

The Ramp is characterised by the gently sloping

nature of the dissected lateritic surface The

remnanf5  o l  lhe  Id te r i l l c  dur ic rus l  a re  commut t  in

the northern sector at 280 m above sea level around

Manjimup, and decreasing in occurrence to the

south and in altitude to almost rnerge with the

laterit ic remnants of the Blackwood Plateau as the

Darling Fault to the west of the area loses definition'

The lateritic renlnants are rnuch less common than

on the Darling ScarP to the north The remnants

appear to pass below the sandy coastal plain at Mt

Chudalup at the southcrn edge of the study area'

These basic differences in geology and

geomorphology between northern and southern

jarrah forest result in differences in proportion and

distribution of similar sites, and to some extent rn

the nature of sites between north and south.

The two maior drainage systems in the area are the

Warren-Tone and the Frankland Rivers The latter

only drains Parts of the eastern cxtremities of the

study area around Lake Muir. Both drainage

systems tap the broad Tertiary alluvial f lats which

extend onto the Ravensthorpe Ramp from the

north-east (Wild and Walker 1984) This gives these

streams the characteristic sequence o{ valley forms

of the major northern rivers, with broad sluggish

drainage in their upper reaches through to more

deeply incised valleys of rejuvenated channels in the

Pemberton landform (McArthur and Clifton 1975)

They become sluggish and swampy again as they

pass through the coastal sands and estuarine

deposits. Drainage is generally south-westerly but is

apparently influenced by the underlying geology

and perhaps earlier Tertiary drainage Patterns,
causing many rightangled lurns and horseshoe

bends.

The Gardner drainage system rises in the steeply

dissected Pemberton landform north-west of

Northcliffe, and is much shorter than the two former

systems. It does not extend back to tap the earlier

drainage deposits of the Darling Plateau, and is a

younger stream. It also flows generally

south-westerly and becornes very sluggish through

the coastal belt. The mouth has been deflected

eastwards by sand accumulations as have many of

the other streams. The Shannon and Deep drainage

systems are of intermediate size rising in the flatter

less dissected landscape of the Nyamup and

Balbarup landforms (McArthur and Clifton 1975),

with swanpy headwaters. Only the northern

portions of their basins are in the study area.

There are also two very small streams, the Meerup

and Doggerup Creeks, entirely within the coastal

belt. They run in very broad poorly defined channels

through swampy sands and estuarine deposits. Like

the major streams they run south westerly to the

coast.

Climate

The climate of the area has been generally described

as mediterranean, but with strong oceanic and

topographical influences. The distribution of many

of the climatic features follows the coastline as it

swings eastward along the south-coast creating a

north-east to south-west Pattern rather than the west

to east trends of the northern forest

Tire small changes in latitude cause marked

differences in sorne features. The growing season

opens mid February in the extreme south, but not

until the end of March at ManjimuP or mid April in

the Armadale area in the north. The length of

growing season ranges from ten months to seven

and a half months to six months respectivcly

(Bureau of MetcorologY 1965).
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Description of the Study Area

gullies, and the stunted jarrah and paperbark
and sedgelands of the broader drainage lines in
the south.

2. The Darling system is the jarrah area of dissected
country east of the escarpment and its
associations with marri, W.A. blackbutt (8.
patens) and W.A. flooded gum (E. rirdis). There
are also flats with paperbarks (Melaleu<ct sp.)
and banksias (Ban&sia sp.).

3. The Jingalup system occurs in the north-east
where wandoo appears in the valleys and lower
slopes. In wetter areas swamp yate (8.

ottidentolis) occurs and flooded gum is found
along the main streams. Jarrah is still dominant
on the lateritic ridges.

4. The Scott River system is the extensive area of
seasonally wet flats south of the karri forest.
Here there is a mixture of low jarrah woodland,
stunted jarrah, paperbarks, banksias and
sedgelands in the wetter flats. There are also
many swamps and small lakes. There are small
rises of open jarrah forest, but more commonly
occurring are narrow sandy ridges of banksia
Iow woodland.

5. Along the coast is the Boranup system. On the
inland side of stabilised dunes occur stands of
karri, jarrah, marri, yate and bullich. Much of the
dunes are covered with peppermint (Agonis

flexuosa). On the foredunes and recent dunes are
heaths, shrublands and grasslands. There are
also extensive areas of unstabilised dunes.

Management of the southern forest for recreation
planning, logging, dieback disease and fire
management is already at a more detailed level than
these vegetation units would allow. They cover too
many vegetation complexes and do not provide any
detail of the character of the units to assist with a
system of management. The aim of this study was to
classify the vegetation into associations which could
provide useful indications of site characteristics such
as productivity, regeneration capacity and dieback
susceptibility, for units of sufficient detail to be
useful for current management needs. By the
methods used it was also intended to determine the
environmental and edaphic factors which affect the
distribution and abundance of species and
determines their site preferences. This would
provide the clues to a site's characteristics such as
soil development, drainage, moisture and fertility, to
assist in decision making for that site's management.
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Methods

Field Measurements
and Observations

After selection of the sample points in the office they
were located by compass and chain in the field.
Circular plots were established around the point.
The plots were tied in to a relocatable point and
marked with a centre peg for easy relocation.

At each plot the following details were recorded:

Vegetation

The abundance of each indicator species present was
estimated using a five-point cover rating (Havel
1975a) within a 20 m radius. Tree species abundance
was considered over a larger radius within the site
tyPe.

Structure

Structural measurements were taken to relate to
types, to aid in the description of site characteristics

and in the formation of management guidelines.

Numbers of each tree species were tallied

throughout the 20 m radius by sapling, pole and tree
size classes and the basal area of each species was
measured using a wedge prism.

Cutting history was recorded by assessing stump
numbers and size, estimating age, and later checking
office records. This was also used to Bive some
indication of whether there had been adequate time
f^ , ,^^1.-^---+

The codominant height, percentage canopy cover
and scrub height were measured and an estimate of
percentage scrub cover was made.

Regeneration

A detailed assessment of regeneration was required
to identify problem sites and correlate reSeneration
potential with other site characteristics. With jarrah
it is impotant to specify what class of regeneration
is concerned because of the long development times
involved. Five classes of reSeneration were tallied
over 60 m'by species.

The classes were:

seedling - generally less than 1-year-old with no
lignotuber as yet and often with cotyledons
remaining.

lignotuberous seedling - an established seedling, still
retaining the original shoot and the lignotuber
presenr.

lignotuberous coppice - generally older regeneration
which has recoppiced from the lignotuber after
damage such as fire, or insect attack and may have a
few shoots.

incipient lignotuber - a well established lignotuber
with multiple stems, but generally less than 1 m tall
with no specific leader and likely to remain
dormant.

dlnamic lignotuber - generally greater than 1 m tall
and having developed a main leader, indicating that
it will grow on to the sapling stage.

Site Records and Descriptions

The aspect, topographical position, slope and litter
depth were recorded for each plot. Time since the
last burn was estimated and later checked against
office records. The average annual rainfall for the
area was also noted from meteorological maps. The
number of fauna habitable tree hollows was also
noted to assist with fauna studies in relation to site
tyPe.

The occurrence and impact of dieback disease was
rated after an extended version of that described by
Brandis (1983), viz:

(0) nil dieback
(1) isolated Indicator Species Deaths (ISD's),low

probability of dieback association.
(2) scattered ISD's.
(3) groups or clusters of ISD's.
(4) Multiple ISD's - a number of species involved,

high probability of dieback association.
(5) gap development - paucity of susceptible

species in large gap with some ISD pattern
around edge.

(6) overstorey expression - Iow, "L-2 deaths per
hectare

(7) overstorey expression - moderate, <5 deaths
per hectare.
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Results

Data Analvsis

This section provides an outline of the techniques
used to analyse and interpret the data, and discusses
the interpretation of species and plot distribution in
terms of the environmental trends revealed by the
analysis.

The methods used to analyse vegetation associations
have been reviewed and described by Havel (1975a).
Some of these techniques as well as more recent
developments, as described below, were used in the
data analysis for this study. Principal component
analysis (PCA) provided the basis for the definition
of the site types but other techniques provided
additional assistance and information. Although, as
Havel describes, there are some discrete associations
of species to be found, the changes in species
composition form a continuum and thus ordination
is the only alternative to provide an integrated
picture of the relationships and by which the factors
governing those changes can be interpreted. The
ordination of species places them in a matrix
showing each species in relation to others. This
linking is the basis for understanding which
environmental factors control the species
distribution.

Havel mentions the ordination technique has
disadvantages, for example, the ordination does not
provide discrete site type categories. However, the
ordination matrix can be subjectively subdivided to
give useful classes. The advantage is that this can be
done to provide classes which represent suitable
management units. The units can then be adjusted
or redivided for new management interests or
increased management intensity if necessary.

The second difficulty is in extending the survey and
ilcluding new samples. However, recent correlation

1,2

techniques allow association of new samples to the
existing data where they best fit.

Preliminarv Analvsis

1. The first step in the data analysis used
'Condescriptive' and'Frequencies' programs of
the SPSS system which provide simple statistics
such as means, minima and maxima. This helped
in checking for errors in the data and vsas also
used to reduce the number of species by
excluding rare and very common species.

Such species tend to make processing and
interpretation more complicated because they
can give high correlations but are often poor site
indicators. Some species, like jarrah, can be
significant in their absence, so commonness is
not necessarily an indication of a poor indicator
species. Some familiarity with the species
concerned is therefore necessary in species
selection-

2. The program RECAV, a form of Reciprocal
Averaging as described by Hill (1958), was used
initially to ordinate the data. However, it did not
give a very good separation of the species.
Nearly all species were clustered at one end of
each axis with only a few at the other extreme.
This made it di{ficult to interpret the
relationships and subdivide the framework into
groups. The poor results using RECAV may
have been due in part to some loss of resolution
when species records were pooled for plots in
what appeared to be similar sites. This was
necessary to reduce the data base to a more
manageable size required for the program.
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Results

square root and fourth root transformations.

Because the matrix congested on the positive end of

the second component axis, the square root

transformation helped to disperse these points and

draw in the points on the negative end. The fourth

root transformation made the distribution too

segmented but did help to identify the -C2 group

which was separated out in some analyses to further

d isperse  the  ar ray  on  Lhe +C2 ar is .

The grouping of species confirmed some

associations observed in the field and revealed new

perceptions as well. Species preferring gravelly or

sandy soils, fertile or infertile soils, dry or moist sites

and so forth could be identified. Relative positions

of species and their site preferences could be seen

from the model and the closeness of their

associations was shown in the correlation matrix.

Strong negative correlations were also useful in the

interpretation of site preferences.

The plots of species on the components are shown in

Figures 2 and 3. The distribution of species on axis 1

and 2 (Fig. 2) of the framework shows the main

extensions on the +C1 and -C2. These correspond to

species of the gravelly sites and the low rainfall

eastern sites respectively. At the intersection of the

axes are the species preferring sandy sites and

outside these in -C1/+C2 quadrant are the species of

the more fertile loams.

The distribution of species on C3 and C4 (Fig.3) has

an elliptical shape with an apex on the +C4

representing species on sandy sites. On the C3 the

drier and wetter sites are at the +C3 and -C3

respectively. These interpretations are based on

knowledge gained in the field, of species occurences

crystalised by examining species correlations and

distribution on the axes, together with data from

Havel's analysis (Havel 1975a) where species were

sirnilar.

Relationships of species distribution with

environmental gradients were not easily interpreted,

particularly on the C3 and C4 axes, and there

appeared to be a mixture of factors influencing the

distribution on these axes which made

interpretation difficult. These first four components

accounted for only 25 per cent of the total variation

in the data.

A limitation of the species ordination was that a

species is represented only by a point in the matrix

so there is no indication of how widely it occurs in

the matrix or how reliably it occurs. To overcome

this limitation an ordination of the plots was used.

Distribution of Plots

To ordinate the plots the program FACVA (Havel

1975a) was used. This uses the same ordination
matrix and derives plot co-ordinates from the

conbined species co.ordinates and their relative

abundance value on each plot. Thus the plots are

positioned in the component space based on their

similarities or dissimilarities with each other. Since

the object of the study was to define biologically

similar sites, ordination of the plots enables

definition of site types based on similar groups of

sites rather than species.

A plot model (Plate 2) was constructed using these

co-ordinates, for use as a visual aid in the

identification of groups of plots, or types.

Component 4 was used as the third dimension in the

model as component 3 tended to separate out one

group of plots with little differentiation in the rest. A

range of colours was used to segment the C3 scores

on the model as a fourth dimension. Using the

model it was possible to see the position of plots and

their grouping and relate this to {eatures of the

model observed in the field. This gave a better

appreciation of the environmental influences

determining the distribution of the plots.

However, the interpretation of the model was not

straight forward, and C3 and C4 still did not show a

clear separation of environmental factors which

could not be recognised. There is always the

prospect of the PCA analysis deriving abstract axes,

and this may be why environmental relationships

are difficult to establish. There are some aberrations

of the method (Austin and Noy-Meir 1971) which

can make interpretation of the data more difficult

with complex models.

Because the survey covered such a wide range of

sites and environmental conditions and used a large

number of indicators it would have been difficult to

derive a simple model. This creates some difficulties

in understanding the features of the continuum

along an axis but the grouping of plots is still

distinct. The features of the types can still be

identified.
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Results

Figure 2
Distribution of indicotor species within the component spoce
derived by principol component onolysis - oxes C1 ond C2

Figure 3
Distribution of indicotor species within ihe component spoce
derived by principol component onolysis - oxes C3 ond C4
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Results

The distribution of plots in the comPonent space

confirmed the same observations made with the

species ordinations, but provided additional detail

because of the plot information available. This

information is presented in the summary of

component axes in the next section.

Interpretation of Ecological Trends

To be able to identify and describe the groups or

clusters of plots as types, it was necessary to better

understand both the environmental factors involved

and the site preferences of the indicator species. The

CORD program developed by Havel (1975a) was

used for this purpose.

This program divides the plot co-ordinate matrix

into a specified array size for each combination of

component axes. The species scores, or any other

parameter recorded on the plots, can then be

allocated to the array using their scaled component

scores and the average value calculated for each

position in the array. Figure 4 shows an example of

the type of output produced.

The CORD illustration of a species distribution helps

to refine the interpretation of a species' site

preference and the environmental relationships are

revealed.

Widely occurring species with little site preference

would show records over much of the CORD array

while a site specific indicator will be restricted to a

small segment of the array. A species may be

confined on one component axis but dispersed on

others. This would help determine the

environmental relationships influencing that

component from knowledge of the species'

occurrence in the field. This interpretation of

components is reinforced by comparing a number of

species with limited distribution at each end of each

component axes.

The average score of the species indicates how

abundant it is on a site and also the reliability of its

occurrence is evident by the uniformity of the scores.

Thus CORD shows how good (reliable and site

specific) a particular species is as an indicator. This

then deterrnines which species are used to identify

site conditions or types. Appendix II shows the

0  +C l
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+4.4

-ct 0

0
-c4
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Results

Definition of Types

The purpose of this survey was to identify

management units. For management purposes they

are generally related to the structural and physical

parameters measured, because they determine

which sites need to be managed differently for

silvicultural or dieback hygiene requirements for

example.

Using species to identify sites, it would have been

possible to delineate many sites which differed in

some characteristic. But then it would make using

the system too complicated and the delineations

would not have been relevant for management.

From the experience of previous classifications in

Western Australian forests, the features of the plot

ordination model itself, and the clustering and

correlation analysis carried out, it appeared that

about twenty types could be defined.

The features of the model (Plate 2) provided some

convenient segregation of the continuum but
generally some breakup of the large clusters was
necessary. Preliminary segmentation was

accomplished by eye from the model, and then

groups which were too large and heterogeneous
were examined in more detail, using CORD and
possible differences in management significance
determined from species indications. This was

assisted by using the clustering results to identify
the loci of high correlation clusters. A Discriminant
Analysis (SPSS system program) was also run
which, based on species correlators, indicated that

89 per cent of samples had been allocated to the
appropriate group. Those which were different were
checked in more detail to decide on the best

allocation.

Once the model had been segmented the
characteristics of each group were listed. These

descriptions included features of topography,
moisture and drainage, soil, stand structure, fertility

and others. They were used as the basis of
discussions on the significance for management and
ease of recognition and mapping. In comparing

some of these groups it was decided that some
divisions were too fine and the distinctions were

not relevant to management needs. These groups

were thus combined and a total of seventeen site

classes were described. These descriptions are

presented in Appendix III. There are some

similarities of some sites with those of Havel (1975a),

and those of Christensen (1980) are also related in

less detail, but the classification is essentially

different.

Site Factors

The principal outcome of this study was the
understanding of environmental influences on the
forest as discussed under Data Analysis. The

derivation of site types and the results in this aspect

are detailed in Appendix III as type descriptions
presented in a user oriented format. However, other
more specific results can also be extracted from the

survey data.

The sample point physical data of the survey were
analysed using CORD, in the same way as the

vegetation, to explore trends within the plot array.
These were also checked using the Spearman

correlation results (component axes compared with
parameter values). Since the samples were not

statistically representative for any site type or
management influences (such as burning and

logging), the values recorded can only be considered
as indications. In general the results refer to trends
observed and the high or low values are relevant

only to the range of samples taken.

Dieback

Where plots were specifically selected in dieback
areas there were some severe impact ratings
recorded and as would be expected, there was a
relatively high incidence of dieback. In plots from
the rest of the survey, however, both the incidence
and impact of dieback were very low (impact ratings
generally only 1 or 2, see Methods).

The most serious impact of dieback was recorded on
plots which occurred in types P and S. Other lower
levels of impact were recorded in plots which
occurred in types K, T, V and G. (see Appendix III).

The main occurrence of dieback was in the +C1, +C2
and +C4 areas of the ordination which are the less
fertile, higher rainfall and more poorly drained sites.
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Results

drainage (Fig. 19). Steepest slopes of 5o-12o occurred
in the more fertile -C1 / +C2 ouadrant while other
areas generally ranged from 0o-6o

No significant trends were interpreted from the burn
age or season and litter depth records.

Rainfall values were lower in the -C1 and -C2. The
number of fauna hollows generally showed little
variation and no trends were evident.

Recordings of drainage features, rock outcrops and
insect damage were not encountered often enough
to discern trends.

Soil Analysis

The fertile sites, -C1,/+C2 quadrant, tended to be less
acid, generally pH 5.5 to 6.8, and the +C4 more
poorly drained sites were more acid, generally less
than pH 5.5 (Figs 20 and 21). The most acid soils of
pH 4 to 4.7 were types R, I, S and A. Heavily cut
over plots of the same site type tended to be more
acidic. The more fertile types Q, K and T have less
acid (nearly neutral) soils.

Sites on the -C3 axes showed the strongest trend in
gravel content, with little or no gravel (Fig.22). Of
the +C3-axes sites, types Z, S and T generally had
gravel content in excess of 50 per cent.

The organic carbon analysis values were higher in
the fertile types, the -C1. / -C2 hald of the array
(Fig. 23) and particularly the -C1l-C4 quadrant
@ig. 2q, with values generally of 2.0 per cent or
more. Types I, S and X, which are probably the least
fertile, had the lowest organic carbon contents of
around 1.2 per cent.

Levels of nitrogen were generally lower (less than
0.1 per cent total) in the +C'l / +C2 sandy gravels
(Fig. 25). Higher values occurred in the fertile well
drained loams of the -C1l-C4 quadrant (Fig. 26) and
also in the heavier soils of the more eastern plots on
the -C2.

Plots in the -C1l-C4 fertile soils and also plots in the
-C'l / +Cg had the highest levels of phosphorus,
generally above 40 ppm (Fig. 27). These same trends
were also evident for potassium (Fig. 28).

Results for cation exchange capacity, magnesium
and calcium were not available for all plots but the
trends were toward higher values in the -C1/-C4

quadrant and for the more eastern sites with heavier
soils.

A11 values for total soluble salts were very low,
mostly below the 0.01 per cent level of resolution of
the analysis so that no trends were evident.

22
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Results

Figure | |
CORD output of jonoh soplings on oxes

Cl ond C4

Figur€ 13
CORD output of jorroh bosol oreo on oxes

Cl ond C4

Figure 15'. , CORD outpul of conopy cover on oxes
Cl ond C4

Figure 12
CORD output of jorroh poles on oxes Cl ond C4

Flgure 14
CORD output of moni bosol oreo on oxes

Cl ond C4

Figule 16
CORD output of codominont height on oxes

Cl ond C4
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Results

Figure 23
CORD output of orgonic corbon content on

oxes Cl ond C2

Figule 25
CORD output of totol nitrogen on oxes

Cl ond C2

Figure 27
CORD output of phosphorus content on oxes

C'l ond C4

Figure 24
CORD output of orgonic corbon content on

o x e s C l o n d C 4

Figure 26
CORD output of totol nitrogen on oxes

Cl ond C4

Figure 28
CORD output of potossium content on oxes

Cl ond C4
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Discussion

which favour activity of the fungus are improved
(Shea 1975). In type S these conditions are more
localised and patchy, being related to minor
topography, drainage and geological features, which
Schuster (1978) also concluded to be significant. The
pathogen may then spread from these loci of
infection to the less favourable surrounds assisted
by its modification of site conditions or disturbance.

Christensen (1975) in a study of southern forest
types found that these lateritic soils, typical of type
S, have an extended period of susceptibility which
include short periods during the winter. Due to
lower percentage vegetation cover, logging and
indeed the impact of the pathogen itself, soil
temperatures increase more rapidly while soil
moisture remains above field capacity (Shea 1975).

Another important component of the pathogenicity
and impact on these sites of types R and S is their
infertility. Incidence of dieback has been noted
occurring at lower than expected levels on more
fertile soils by Batini (1973) and Havel (1975b) in the
northern jarrah forest. Higher levels of nutrients and
of the cation.exchange capacity (C.E.C.) of the soil
help the host to resist attack, and incidence of the
pathogen is reduced (Heather 1979). Types R and S
were relatively low in nutrition and C.E.C. Similar
results were found by McArthur and Clifton (1975)

for these soils. Bellamy et nl. (-197-l), and Boughton
etsl. (7978), related calcium in particular to the
hindrance of the pathogens activity.

The region of the plot ordination where most
dieback occurred was the +Cl,/+C2/+C4 which are
the less fertile, high rainfall, poorly drained sites
where types P, R and S occur. Other types which
had only low or nil dieback impact and also occur in
this segment of the ordination matrix are types N, I
and B. These have been suggested in the type
descriptions as likely to show rnoderate impact.

Types V and F are marginal to this region of the
ordination and may also develop moderate dieback
impact in some instances because of the susceptible
site conditions. Types of the lower rainfall segments,
-C2 which may aiso develop moderate impact are
types Y and A since they are moisture gaining sites
low in the topography, also correlated by Schuster
(1978) with dieback impact.

In any dieback risk situation the influence of
disturbance must also be considered. Batini (1973)

and Havel (1975b) noted an increased incidence of
dieback associated with disturbance, but as
discussed by Schuster (1978) the influence of logging
and other treatments (Shea 1979) can make a site
more susceptible to the pathogen (Christensen 1975)
and hence alter the impact class. Major disturbances
such as mining and roading which affect hydrology
have a more marked effect.

Dieback incidence and levels of impact may increase
in southern forests as management becomes more
intensive (particularly in the low to moderate impact
categories since they occur on the larger portion of
the forest). Schuster (1978) also noted the occurrence
of dieback on karri soil types which can act as
inoculurn sources for spread of the disease into more
susceptible jarrah types. The same situation applies
for types A, B and F, which have a low component
of jarrah, where impact may only be exhibited as
low. These Iatent infection reservoirs have important
relevance for hygiene management in the southern
forest.

A more thorough investigation of dieback in relation
to site types similar to that done by Schuster (1978)

is necessary to clarify these relationships. This
should include reference to understorey species
which may affect a sites susceptibility or resistance
to disease (Shea and Malajczuk 1977) and can be
considered in management of the site (Shea 1979;
Shea et al . 1979) .

Regeneration

To discuss the regeneration of jarrah, the various
stages of development must be considered (see

Methods), since they have different potentials for
growth (Abbott and Loneragan 1984) and
significance for management (Bradshaw 1986).
Although in some situations seedfall may be an
important source of regeneration the bulk of
replacement growing stock for recruitment into the
overstorey comes from the lignotuberous pool
(Schuster 1980).

Seedling numbers were very variable both on the
survey plots and within types. The lower numbers
of subsequent regeneration stages indicates a high
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Discussion

more susceptible to burning, but also the faster
progression from the seedling stage to sapling.

Site Characteristics

The results indicated that type P, (and to a lesser
extent I) which represent poorly drained podzols,
was generally well stocked with high basal areas.
This indicates that their potential productivity is
good but considering the site conditions the growth
rates are probably slower than better quality site
types with similar values.

These better sites, type Q, U, and K, were also more
heavily cut over. Thus the basal areas for these types
as well as types V, T, N and X which had higher
marri and karri components, would be somewhat
understated when just comparing jarrah basal area
on type P.

Unfortunately, there were very few permanent
inventory plots which could provide growth data to
obtain representative figures for tyPes.
Consequently comments regarding growth Potential
have been inferred from other factors such as soil
nutrients, texture and drainage.

Although type P is also dieback susceptible it does
represent a significant portion of the forest and is
therefore an important resource which must receive
consideration in research of silvicultural techniques
to improve growth potential in timber Production
areas.

The best development of jarrah was on the gravelly
soils but perhaps only because of its replacement by
karri and marri on more fertile loamier soils.
Blackbutt showed its dual character, replacing jarrah

at both ends of the site quality range.

Soil

The bimodal distribution of blackbutt appears to
have some explanation in the analysis of soil
nutrients. The organic carbon content seems to hold
the key.

Carbon content is lowest in the infertile types I and
X and highest in the fertile types Q, U, T and K.
However, there are also high values in type B sites,
the poor blackbutt flats. The high organic carbon
content of these soils helps in nutrient retention on
these sites. The better quality sites have inherently
fertile soils and high levels of all nutrients examined
whereas the poorly drained infertile sands of type B
did have relatively high levels of nitrogen. This
possibly arises from the fixirlg capacity of the
legurne Pultenaea retit'ulata whlch is abundant on
type B.

The carbon content may be high on type B because
of lower frequency of burning and faster
decomposition and leaching rates in the moist
conditions.

Clay can also act as colloidal material in aiding
nutrient retention and the clayey soils in Type A also
show high nitrogen contents. On some of these sites
blackbutt rnay also occur.

It appears therefore that nitrogen levels may be the
important discriminator of blackbutt distribution
and other soil nutrient and drainage features
determine the quality of the stand.

Nutrient levels generally were relatively high in the
more eastern types, Other factors such as rainfall
must therefore be limiting productivity on these
sites. Eastern types in the northern jarrah also are
generally considered to be o{ lower productivity
(Abbott and Loneragan 1983).

Variable carbon values were probably related to
both burning and cutting history. Sites which were
heavily cut over had carbon values up to twice that
of similar uncut sites. Cutting provides a boost of
nutrient rich litter unlike normal senescent litter.

Thus the relationships between litter fall,
accumulation, cutting and burning are important
considerations for managing nutrient conservation
(Hingston et a|.7979).
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Appendix I

Survey Species List

List of indicator species used in the survey and

described in this publication. At each sample point

an atea of twenty metres radius was searched for

An i go z antho s fI ats id u s
Astartea fascicularis
Astroloma ciliatum
Astroloma epacridis
Astroloma pallidum
Baeckea camphorosmae
Banksia attenuata
Banksia grandis
Banksia ilicifolia
Banksia littoralis
Banksia quercifolia
Banksia sphaerocarpa
Beaufortia decussata
Beaufortia sparsa
B ill ar dier a fI or ib u n d a
Boronia crenulata
Boronia denticulata
Boronia graciliPes
Boronia spathulata
Bossiaea eriocarpa
Bossiaea laidlawiana
Bossinea linophylla
Bossiaea ornata
Bossiaea webbii
Bruchysema latifolium
Brachysema praemorsum
Burtonia scabra
Callistemon speciosus

each species and its relative abundance recorded'

An asterisk denotes those used in the analysis as

described in the text.

Calothamnus lateralis
Chor il aena qu e r c i f o I ia
Chorizema ilicifolium
Clematis pubescens
Conospermum caeruleum
Conospermum flexuosum
Crowea angustifolia
Cyathochaeta aaenacea
Dampieru alata
D asy po gon b r om e I ii f o I i us
Dasypogon hookeri
Darwinia citriodora
Darwinia oederoides
Darwinia aestita
Daaiesin alt ernifolia
Daaiesia cordata
Dinnella reuoluta
Dodonaen ceratocarPa
Dodonaea ttiscosa
(Syn D. attenuata)
Drosera gigantea
Dryandra armata
Dryandrabipinnatifida
Dryandra carduacea
Dryandra formosa
Dryandra nioea
Dryandra sessilis
Eriostemon spicatus

Acacia alata
Acacin browniana
Acacia dioergens
Acacia drummondii
Acacia extensa
Acacia myrtifolia
Acacia neroosa
Acacia pentadenia
Acacia pulchella
Acacia saligna
Acacia stenoptera
Acacia urophylla
Adenanthos barbigetus
Adenanthos cuneatus
Adenanthos meisneri
Adenanthos oboaatus
Agonis flexuosa
Agonis hypericifolia
Agonis linearifolia
Agonis parz.ticeps
AII o c asu ar in s d e c u s s at a
(Syn Casuarina)
AIlo c asu ar i n a ft as e rian a
(Syn Casuarina)
Allocasuarina humilis
(Syn Casuarina)
Anarthria prolifera
Anarthria scabra

i i
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Appendix II

Diagrammatic Representation of Indicator Species

Examples of species which showed a good

correlation with component axes. (Listed alphabet-

ically by axes C1 & C2, C1 & C3 and C1 & C4)

These figures provide some selected examples to
illustrate the types of disiribution of species

+Cl

Acacia alata

+C2

Bossiaea linophylla

occurrences in the analysis matrix (see text). They
were used to decide which species were good
indicators (tighi or confined clusters) and determine

the factors inlluenchg species distribution along the
component axes.

Acacia urophylla

+Cl

Clematis pubescens
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Leucopo gon rerticilbtus

Acacia brcwniana

AlIo ca suar ina decus s at a

Pte diumesculentum

1 2 3 4 5
+Cl

Acacia pulchella

Anigozanthos flauidus
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2

1

'cl - -z -- 1
4 +cl

-1

Pteridium esculentumP e t r o phil e dio er si f olia

Pultenea reticulata Adenanthos oboaatus

Agonis paroiceps Anigozanthos flaoidus
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Appendix III

forest structure classification) are included to

enhance the impression of each type (Table IIIa).

loble lllo
A,P.l. Types

SPECIES HEIGHT CLASSES

J Jorroh A+ 30 m +
M Morri A 25-29 m
K Korr i  B+ 2O-24m
W Wondoo B 15 - l9 m
Bbt Blockbutt C <15 m

Southern farrah Site
Classification

ryPE S

1. General Description - Good to medium quality
(API type fMB+), predominantly jarrah forest of
lower fertility on gravelly podzols often with much
surface laterite rock. These sites are variable in the
understorey, stand structure and drainage (Plate
III(i), p.52).

2. Occurrence - These sites are generally found in
moderately dissected landscape on the uplands and
slopes of higher rainfall areas. This type is
widespread where lateritic rernnants remain. Type S
may occur on landform types BEy, CRy, Ky, Ly,
MTy, MTbr, COy and TRc.

3. Soils - The soils are mostly brownish-yellow
loamy sands with about 50 per cent lateritic gravel
and some stone in the profile, changing to a
brownish-yellow light clay at about 500 mn. Soils
can tend to greyish sandier textures irt depressions
and concave slopes, with less gravel.

4. Indicator Species - Banksia grandis, Bossiaea
Iinophylla, Boronia gracilipes, Gompholobium oaatum,
Greaillea bretticuspis, Hakea amplexicaulis, Hoztea
chorizemifolia, H. elliptica, Leptotllaria cunninghamii,
Leucopogon aerticillatus, Macrozamiu riedlei, Persoonia
longifolia, Petrophile diuersifolia, Podoca:us
drouynianus, Sphaerolobium medium and Xanthorrhoea
gracilis are all generally present.

Others which are cofilmon on some sites are Acacia

brouniana, A. myrtifolia, A. pulchella, Agonis
hypericifolia, Bossiaea laidlawinna, B. olnatn, Crouea
angustifolia, Hakea lasianthoides, Isopogon
sphnerocephalus, Lechenaultia biloba, Loxocarya

fasciculata, Patersonia umbrosa, Pteridium esculentum
and. Xanthorrhoea pr eissii.

In water gaining or wetter sites with impeded
drainage, soils will be moister and species such as
Adenanthos obouatus, Agonis paraiceps, Kingia australis

and Leucopogon concinnus can occur .

5. Management - These sites have moderate Browth
potential. Regeneration numbers are normally
adequate, but may be low on sites with dense scrub.
Dieback symptoms occur on these sites and the
impact may be more serious in moist situations such
as depressions or concave slopes.

TYPE I

1. General description - Good quality forest (API

types JMB+/A) with tall undergrowth of medium

density on well drained and moderately fertile,

gravelly duplex soils (Plate III(ii), p.53).

2. Occurrence - These sites are common and can
cover large areas of the uplands and slopes in
medium to high rainfall areas of moderate
dissection. Type T may occur on landform types
BEy, BEb, PP, CRy, Ky, Ly, MTy, MTb, COy,Y2,Y3,

51 and 52.

3. Soils - The soils have a dark grey-brown sandy
loam surface with some gravel changing to a
generally yellow or brownish clay at a depth of
about 650 mm. There can be considerable laterite
rock on some sites.

4. Indicator Species - Species to be found on these
sites are Clematis pubescens, Hakea amplericaulis,

Hovea elliptica, Leucopogon vertitilldtus, Matrozamia
r iedlei, P er soonia longifo lia, P odocarpus drouynianus
and Pteridium es.ulentum. Others which commonly
occur are Acacia alata, A. browniana, A. pulchella,

Banksia grandis, Hovea chorizemifolia, Leucopogon
propinquus, Patersonid umbrosa and. Xanthorrhoea
gracilis. Agonis parviceps, Bossiqea laidlqwianq, B.
linophylla, B. ornqta, Leptomaria cunninghamii and
Sphaerolobium median rnay occur on some sites.
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Appendix III

3. Soils - Generally the soils are yellow-brown or

red-brown sandy loams sometimes gravelly, over
reddish-yellow light clays at about 750 mrn, with

gravel increasing with depth.

4. Indicator Species - These sites have less Acacla

alata, Clemqtis pubescens, Horea elLiptica and.

Leutopogon propinquus than type Q, whereas Acacia
pulchella, Bossiaea linophylla, Leucopogon capitellatus,

Patersonia umbrosa and Tremandra stelligerq become

more common. Pteridium esculentum, Macrozamia

rietlLei and Persoonia longfolia should also occur.

5. Management - Regeneration is usually adequate

on these sites. Dieback symptoms may occur but the

impact should normally be very low to low. These

sites have very good growth potential. Silvicultural

treatments will show good results. Though the areas
involved are small and possibly not manageable as

separate units, they often merge with other good
sites such as Q and T.

TYPE V

1. General Description good quality forest (API

types JMB+/A) on long sandy slopes of moderate

fertility but less well drained and therefore moist
(Plate III(vi), p.54).

2. Occurrence - Type V is generally on the slopes of

moderately dissected country in a wide range of

rainfall areas and can occur in large units. This type

may occur on landform types BEy, BEb, Ky, Ly,

MTy, COy and COb.

3. Soils - The soils have a brown or yellow sandy

loam or loamy sand surface often with a small

amount of gravel or quartz grit, changing at around

600 mm to brownish-yellow or orange sandy clays

and becoming light or medium clay with depth.

Variable amounts of gravel and/or quartz material

occur, generally increasing with depth.

4. Indicator Specles - At'aciq extensa, A. pulchella and

A. urophylla can occur on these sites, and also Agorls

fleruosa where sandier soils occur. Bossiaea
linophylla and CLematis pubescens are generally very
common. Leu.opogon propinquus, L. verticillatus,

Mqcrozqmia riedlei and Persoonia ktrgrlo/ra should be

prcsent. Hqkea lissocarpha, H. ruse'ifolia, Leucopogon

australis and Pteridium esculentum lr.ay occur.

5. Management - These sites can be moist and there

is risk of dieback infection which may have a low to
moderate impact. There is usually adequate
regeneration on this type and it has moderate to
good growth potential.

WPE X

1. General Description - Low to moderate quality
forest (API type IMB) with dense understorey on

deep sands of ridges and slopes of lower fertility
(Plate III(vii), p.54).

2. Occurrence - These sites are in the high rainfall

coastal areas of low to moderate dissection. They

generally occupy small but scattered areas in moist

sites. Type X may occur on landform types COy,

COp, COd, Q, A and F{A.

3. Soils - The deep sandy soils have some organic
matter accumulation in the surface which is

generally a grey sand and overlying a leached white
sand. There may be some quartz grit and rounded
pebbles through the profile (800 mm +).

4. Indicator Species - Acacla myrtifolia, Anigozanthos

flavidus, Dasypogon bromeliifolius, Leucopogon
propinquus, Macrozamia riedlei, Persoonia longifolia
arrd Pteridium esculentum should all be present.
Agonis Jlexuosa, Bossiaea linophylla, Hovea elliptica and

Xanthorrhoed preissii are generally present also.
Acacia browniana, A. pulchella, Anarthriq scabru,
Banksia grandis, Clematis pubescens and Tremandra
stelligera are common.

5. Management - These infertile sites have low

growth potential. The moist, infertile soils may be
susceptible to dieback but the impact should be low.
Regeneration numbers may be low and can be

diJficult to establish in these hear.y scrub types.

ryPE N

1. General Description - Low to moderate quality
forest (API type JMB) with tall dense undergrowth,
particularly tea-tree (Agori.r parviteps), on infertile
podzols, generally on wet poorly draining uplands
and slopes. Type N includes sites where karri may
be present in low numbers (Plate III(viii), P.54).
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Appendix III

3. Soils The soils are generally a dark grey or grey

sand, sometimes loamy sand, overlying sand, often

brownish yellow, becoming paler with depth, often

with quartz grit and rubble. Frequently it becornes a

sandy clay at about 1000 mm which may be overlain

by a gravel layer or an organic stained hardpan.

4. Indicator Species Agoals parviceps is generally

prominent on these sites. Atatia ^tensa, Leu(opogon

dt.t stl-d I i s, M au o.dm i a r i e d I e i, and P e r soo nia kt n g, iJb I ia

should be present. Bosl/de./ linophyllu, Banksia
q to  . l i J .  HL1hL l  u rs t i la l i t .  Lo . \ t "  d t \ .1  la "  i ,  t la t t .  L .

JTeruov and Potkttarpus tlrouvnianus commonly

occur.

This type covers a range of similar sites which may

occur in different situations and spccies such as

At acia m,-rtijdlid, Adenanthos obr^'utus, Andrthriq
prolifera, A. stdbr(r, Agottis Jlettutsa, All.ttasuerittq

fi'aseriana, Anigo.dtlthos Jlatidus, Banksia iliLifolia.

B ontnitr spathulata, D as,t po gon brome I iifoli us, K ingia

oustrdlis, Lepidosperma d gtlstotun, Leutoltogo

cttncinuus, Melaleuto thymoides, Pulte ed reti(uIdt.r,

Sutev)la stridta, Thomasia grandi.floru, Xuttthorrhoee
preissii, and Xylomelum octidentale may occur.

5. Management - These infertile sites have low

growth potential. Because of the infertile soils they

may be affected by dieback and the impact can be

moderate to high. Regeneration numbers on this

type are often low and would be difficult to

establish.

WPE I

1. General Description - Low to medium quality

forest (API type JMB) on moist poorly drained sites

with gravelly duplex soils in high rainfall areas
(Plate III(xi), p.55)

) Occrrrrence Tr np I is more common in lhe

southern high rainfall areas in moderately dissected

landscape than it is elsewhere. It generally occurs on

lower slopes but also on uplands where drainage is

impeded. Type I may occur on landform types CRy,

CRd, Kp, Lp, MTp, COy, COp, COd, and TRc.

3. Soils - There is generally a shallow sandy surface

over a clayey sand (sometimes sandy loam) with

some quartz grit and small amounts of gravel

increasing with depth to about 50 per cent. This

changes to a sandy clay or clay at about 300 mm or

Iess with about 30 per cent latedtic gravel.

4. Indicator Species Acacia hrcv'nionu and ,4.qorls

paniteps dominate, Banksia grandis, Kitlgia qusttalis,

Leuutpogon austrulis, L. toncit tus, Matro:amia riedlei,

Petrcphile diversilblia and Podocarpus drttuyniunus

should be present. Agori.r hyper iJolia, Bossiaea

linop h," I la, Gompholobiun otdtum, H akea amp le.ticauli s,

H. lasianthoides, Horea chorizemifolid, H.ellipli(a,

Leptonnria tunninghamii, Leu<opogon verti(illdtus,

Lo.tocarya Jqs(i(ulata, Persoonio bngilblia and

Xtnt  ht  t  t  h '  t t  , . t  r t  Lh l / i . '  d  rc (  ommon.

5. Managemcnt - These sites may carry good timber

volumes but have only low to moderate growth

potential. The sitcs are similar to Type P but rnoister.

Dieback symptoms are likely to occur and the

impact may be low to moderate or possibly worse

with opening up of the stands and disturbance.

Some sites may lack adequate regeneration.

ryPE B

1. General Description Poor quality blackbutt and
jarrah forest (API type JBbtC) on seasonally wet

infertile sands on flats and along drainage lines.

Marri is not common on these sites and there is

usually a hear,ry .crub l;yer. Drainage is very poor
(Plate III(xii), p.55).

2. Occurrence - This type does not occupy large

areas but is common in the moderate to high rainfall
areas of low to moderate dissection. Type B may
occur on landform types COd, CM,CA, HA, 53 and

s4.

3. Soils - These soils consist of coarse grey sands,

often with quartz material, sometimes over a light

clay or more often deeper sands with an organic
hardpan.

4. Indicator Species - Agonis parviceps dominates,
Pultenea reti.ulata and Kingia azsrralls should be
pf esefft . A de nant ho s o b ori at us, L e p t o mar i a c u nni n g hamii
a\d Xanthorrhoea prcissii are common. Aracia

hfttwniqna, A. pentadenia, Leucopogon australis,
L. con<innus, Persoonia longfolia and. Podotttrpus
drouynianus may alut ottur.
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Appendix III

Boroniaspathulnfa, Dryandta bipinnatif ida and

Xanthorrhoes preissii tnay occur and Llypocnlymma

angustilolitLm may occur in moisler sites such as

below rock outcrops.

5. Management These sites have low to moderate

growth potential Regeneration numbers are

generally adequate on this type, and dieback

disease expression is uncommon.

WPE Y

1. Ceneral Description - Moderate quality forest
(API type JMB) in the eastern broad flat drainage

lines on sandy soils. Drainage is impeded and these

sites can become very wet in winter due to the low

dissection of the landscape (Plate III(xvi), p.56).

2. Occurrence - These sites are widespread in the

low rainfall eastern forests but cover restricted areas.

Type Y may occur on landform types BEy, PP, Ly,

Lp, MTp, CM and 52.

3. Soils - Soils are a black or dark grey clayey sand

in the upper profi le. At about 500 mm there is

generally a heavy layer of lateritic gravel in a

yellowish or pale brown coarse sandy clay.

4. lndicator Species - Bossiuea linophu"llu, B ornota,

Hakea lissocotphd, Hrpoul|ntnq d guslilbliunl,

Leutoltogon proytinquus and lofo(.r7ra .fascituldta
should be present. A..r( i.r e\teDSL1, Asttoloma (i l iotunt,

B o r o n ia qt a thu I a ta, M a t ro -t nt i u r i e cl I e i and T r'- ntt I i u nt

/er1ly'rlirdr may also occur.

5. Management - This type has a low growth

potential and regeneration may be inadequate on

some sites. This type may be susceptible to dieback

because of the moister soils, but the imPaci should

be low.

ryPE A

1. General Description - Flats and broad drainage

lines, with Eucahlptus radls on shallou' soils with

impeded drainage. Some jarrair occurs on the

fringes and E. decipiens may occur on low gravelly

rises. Some blackbutt may also occur on better sites
(Plate III(xvii), p.56).

Occurrence These sites cover small areas scattered

throughout the north-eastern low rainfall parts of

the study area with low dissection They also

include the associated open swamPy areas. Type A

may occur on landform types Ls, CM, CA, 52, and

s3.

3. Soils - There is a yellowish brown sandy clay

loam surface, generally with little or no gravel/

changing gradually to a light brown fine sandy clay

Ioam, often gravelly, over a shallow laterite or clay

impeding layer.

4. Indicator Species - Acacia saligna, Allotasuarina

humilis, Astrdoma ciliatunt, Loxocarya fastitulata,
Melaleuca preissiuna and M. viminea should be

present. Bantsia littoralis, Boronia spathulatd and

Xanthorrhoeu prcis.rii may occur.

5. Management - This type has a low growth

potential and regeneration is usually sparse. These

sites are wet and sticky in winter and may be

potential dieback inoculum sources. The impact of

dieback on these sites would be low.

Plote l l l( i)
Type S
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Plote l l l(vi)
Type V

Plote lll(viiD
Type N

Plole l l l(vi i)
Type X

Plofe l l l( ix)
Type P
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Plote lll(xiv)
Type Z

Plote lll(xvi)
Type Y

Plole lll(xv)
Type M

Plole l l l(xvii)
Type A
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Appendix V

LINDESAY, Hills; >60 m relief, rockv cresis, smooth flonks,
| | n a:.^ni+6 ^, ,i^r^^

Lp Shollow gritty yellow duplex soilsr J-Bu woodlond.
Ly Grovelly yellow duplex soils with loteritei J-M forest,
Ls Leoched sonds ond podzols; Tt heoth ond J woodlond,

GARDNER. Coostol hills ond heodlonds 60 m relief, sieep irregulor rocky crests
ond upper slopes seporoted by smooth sondy trocts.

G Gg Gronite ouicrop.
Gs Leoched sonds ond podzols; mollee-heoth.

BARROW, Hills ond ridges, >60 m relief, crests of gronite, gently sloping flonks,

BA BAg Gronite outcrop.
BAf Yellow duplex soils, sonds, grovels; J-lV-Yf forest.

MATTABAND, Hills ond hilly terroin. 20-60 m reliefi scottered gronite,

MT MTy Grovelly yellow ond yellow duplex soibi J-lVl-Ty forest.
MTb Brown grovelly duplex soilsi K-M-Ty-J foresi.
MTp Shollow gritty yellow duplex soilsi J woodlond,
MTd Sondy yellow duplex soilsi J-M forest.

PILLENORUP. Hills of gronite with o fringe of sedimentory rocks, <60 m reliefi rounded crests
ond smooth gentle slopesi some gronite.

PN Grovelly yellow duplex soils, sonds ond loterite; J M-Y low forest.

COLLIS. Low hills ond low hilly terroin. 20 m relief ,

CO COy Grovelly yellow duplex soilsi J-lVl forest.
COb Brown grovelly duplex soilsj M-J-K forest.
COp Shollow gritty yellow duplex soilsj J-Bu woodlond,
COd Sondy yellow duplex soilsj N/l-J forest.

SWAMPYTERRAIN

CAMBELLUP, Ploins with droinoge floors, swomps ond low rises,
CM Yellow solonetzic soils ond podzols on floorsj Bb-Ys-Y thickets ond lvlel woodlond.

Shollow solonetzic soils in swompsi mvrtoceous heoth.
Grovelly yellow duplex soils on risesi lvl foresti Ho scrub.

SIDCUP. Shollow norrow deoressions.

SC Humus Dodzolsi lvlel woodlond.

CALDYANUP. Ploins with droinoge floors, ond low rises,

CA Yellow solonetzic soils; Ho scrub, Mel woodlond.
Humus podzolsj Kg sedgelonds, Tt heoth.
Reddish yellow eorthsi Ho scrub.
Grovelly yellow duplex soils on rises; M forest, Ho scrub,

PINGERUP. Poorly droined ploins ond droinoge zones, some swomps,

Pl Humus ond peoty podzolsi Kg sedgelond; Tl heofh.
Peot in swompsi Wt thickets.
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Appendix V

TRENT. Flot topped hills. <40 m relief, gently sloping flonks,

TR TRc Grovelly yellow duplex soils ond loterite on crestsi J-lVl forest.
TRs Leoched sonds with iron oon on flonksi J-Sh woodlond,

SWAMPYTERRAIN

BOULONGUP. Brood, shollow, poorly droined depressions in ploteou surfoce;
complex of swomps, lokes, low loteritic rises, lunettes ond hummocks,

BO Yellow solonetzic soils in swompsi Ys-l\,4el thickets, reeds,
Podzols in sondsi J B Sh woodlond.

FERNLEY, Gently unduloting sondy ierroin,
F Sondy or grovelly yellow duplex soils on risesi J-Bu woodlond.

Humus podzols in brood depressions; Kg sedgelond, Tt heoth.

Units Developed In Coastal Aeolian And Fluviatile Sediments

SWAMPYTERRAIN

BLACKWATER. Ploins with hummocks, lineor dunes ond swamps.
BW BWp Humus podzols on ploinsi Kg sedgelonds, Tt heoth.

Peot in swompsj Wt thickets,
Podzols on dunesi B woodlond,

BWo Shollow gleyed duplex soilsi Mel woodlond.
Podzols on dunes; B-Sh woodlond.

OWINGUP, Ploins with swomps, lunettes ond dunes.
OW Yellow solonetzic soils, orgonic looms ond djotomoceous eorthsj Wt-Mel thickets.

Tt heoth ond reeds Podzols on dunesj B-Sh woodlond.

KORDABUP. Brood droinoge floors in lower reoches of sireoms.

KO Humus podzolsi Tt scrub ond Kg sedgelond.

WALPOLE, Flot to gently sloping benches; some shollow dissections,

WA Podzols ond deep sands; Tt scrub, Sh woodlond ond Kg sedgelond.

DUNE SYSTEMS

D'ENTRECASTEAUX. Brood ridges of limestone. often >100 m relief; unduloting crests;
sieep scorps to seoword; much limestone outcrop.
E Podzols ond shollow brown sondsi PD-B scrub.

MEERUP. Porobolic dunes.
M My Colcoreous sondj Pp heolh ond woodlond.

l\4c Colcoreous sond wiih shollow leochingi Pp woodlond,
Mp Podzols over colcoreous sond; B-Bu-Y woodlond,
lvls Podzols in siliceous sondi B-Bu-Y-Sh woodlond.
Mu Unstoble sond.
Mf Podzols on interdune ploinsi B-Bu-Y woodlond.
Mr Beoch ridges; Pp heoth ond B woodlond.
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Appendix V

M
K
Bb
BU

Y S

Tr
Ty
Ab

sh
HO

Pp
TT

Kg

Mel

JOrron
Morri
Korri
Blockbuit
Bul l ich
Yote
Swomp Yote

Red Tingle
Yellow Tingle
Albony Blockbutt
Wondoo
Sheook
Hokeo

Peppermint
Teotree

Wottle
KOngoroo gross

Poperborks

Bonksio

E. marginata
E.calophylla
E.diaersicolor
E. patens
E. megacnrpa
E. cornuta
E .occidentalis
E. decipiens
E.jacksoni
E .guilfoylei
E. staeri
E. uandoo
AII o c a su a r in a fr a s er ana
Hakea aaria
H. ambigua
Agonis flexuosa
Agonis paraiceps
A.linearifolia
Agonis juniperina
Eaandra aristata
Anqrthria scabra
Melqleucq cuticularis
M.teretifolia
M.rhaphiophylk
Banksin attenuata
B. grandis
B. illicifolia
B. querctfolia
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Appendix VI

Agonis hypericifolia
Sandy gravels or sands in higher rainfall areas with
drainage slightly better than A. parviceps sites.

Agonis lineait'olia
Creek banks and valley bottoms, generally on loamy
soils. Associated with fresh ground water.

Agonis paraiceps
Any soil type with impeded drainage but very
common on sands over clay or rock or gravelly soils
over concreted laterites. Not generally present in
low rahfall areas.

AlIo cn s uar in a de cu s s a t a
Sandy or loamy sand surfaced soils in high rainfall
areas, frequently seasonally wet.

AIIo ca suar in a fr a s er i ana
Drier sands, frequently with laterrte.

Allotasuarina humilis
Lower rainfall areas with shallow soil layer
frequently over laterite and often seasonally wet or
waterlogged (subject to heary grazing).

Anarthria prolifera
Open forest on moist sandy soils

Anarthria scabra
Sands in moderate to high rainfall areas on damp
thtough to wet sites.

Anigozanthos flaaidus
Favoured by disturbance, generally on sands or
sandy loams in moister situations.

Astlolotna ciliatufi
Gravelly sandy loams in moderate to low rainfall
areas with better fertility.

Astroloma pallidum
Gravelly sandy loams in low to moderate rainfall
areas on drier sites.

Banksia attenuats
Deep sands - a species of lirnited distribution in
suwey area (more common in coastal areas).

Bankia grandis
Throughout area but lower numbers in karri loams
and wandoo sites and higher numbers in gravels or
moderate rainfall sandy loams.

Banksia ilicifolia
Damp sands on slopes, and sands in drainage lines
but not gravelly soils.

Banksia littoralis
Swampy or poorly drained sites.

Beaufortia sparsa
Damp humic sands.

B illar di e r a f lor ib u nda
Better fertility, sandy loams.

Boronia gracilipes
Higher rainfall areas, sandy loam surface less well
drained, duplex soils.

Boronia spathulata
Sandy or sandy loam surface, less well drained sites
with shallow clayey subsoil in all rainfall areas.

Bossiaea laidlawiana
Medium to higher rainfall areas on moist sites with
sandy loam surface and reasonable drai.nage and
fertility.

Bossinea linophylla
Widespread in low to medium rainfall areas on
sands or gravelly sandy loams with reasonable
drainage but lower fertility.

Bossinea ornata
Common in drier sites on ridges and well drained
slopes.

Chorizema ilicifolium
Larger flowered form in karri types on more fertile
sandy or sandy loam surfaced soils, sometimes
seasonally wet. Jarrah forests form in medium
rainfall areas on more fertile gravelly sandy loams.

Clematis pubescens
Not usually found on very dry, infertile or poorly
drained sites. Abundance of plants increases with
fertiJity and moisture availability
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Appendix VI

Hibbertia glaberrima
All areas on grey sandy lateritic gravels.

H omalo sp e r m um t'ir mum (3y n Lepto spermum)
Wet sites often with surface water in winter.

Hoaea chorizemifoli.a
All areas on lateritic gravels.

Houea elliptica
On all except poorly drained sites in heavy rainfall
and not on dry sites in medium rainfall. Best
development on fertile well drained soils.

Hy p o caly m ma a n g u s t i f oI iu m
In medium to low rainfall areas on poorly drained
sites with sandy loam surfaces.

Hypocdymma robustum
Scarp area only on moist sandy gravels.

I s o p o go n sp ha er o c ep ha I u s
Medium to hear.y rainfall areas on sandy gravels.

lohnsonia lupulina
Sandy surface soils in medium to high rainfall areas.

Kingia australis
Medium to high rainfall areas on sandy surface
poorly drained soils, generally seasonally wet
because of shallow clay or hard pan.

I-a s iop et a I um f Io r ib undum
Moist sites in medium to high rainfall areas,
generally on sandy soils in the jarrah forest.

Lep ido s p er ma an gu s t n tum
Moist upland sandy soils.

Le p t o mer ia c u n nin gh amii
Sandy loam uplands in medium rainfall areas.

Leucopogon australis
Sandy surface watergaining sites, but generally not
waterlogged.

kucopogon concinnus
Sandy loam or loamy surface often seasonally wet or
high rainfall areas.

Leucopogon oboaatus (Syn. L. revolutus)
Wet sandy soils.

Leucopogon propinquus
Sandy loam with reasonable fertility and moisture.

Leucopo gon pulchellus
Sandy or loamy surface in medium to low rainfall
areas, shallow soils over granite or clay.

Leu c o p o go n zt e r t i c iII at u s
Reasonably fertile and moist soils in all areas,
reaches best development in higher rainfall, well
drained duplex soils.

Logania aaginalis
Medium and higher rainfall, more fertile types of
sandy loam surface soils.

Loxocarya fasciculata
More open sites, often seasonally wet.

Loxocarya flexuosa
More open moister sites.

Mauozamin riedlei
Found throughout, but rare on dry laterites or in
heary undergrowth on fertile, better sites.
Maximum numbers on deeper sandy profiles in
better rainfall areas.

Melaleuca preissiana
Widespread on swampy clayey soils or swampy
sands.

Melaleuca thymoidrs
On grey sands except flats where sandy surface soil
is frequently humic.

Melaleuca uiminea
Lower rainfall areas on seasonally swampy shallow
soils over laterite.

Mirbelia dilatata
On sandy loam soils in moist sites.
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