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1. 
1. SUrt4ARY 

The following options are based primarily on the occurrence of rare 
and restricted species and the representation of complexes and 
site-vegetation types in reserves: 

The Canning option is considered least desirable as it 
invol ves a severe impact on a gazetted rare species with a 
limited range of occurrence, as well as intrusion into an A
class reserve for conservation. In addition it severly affects 
several other restricted species with preference for low lying 
sites. 

On a qualitative basis. the Mundaring option is considered to 
be the second least desirable option, as it would adversely 
affect a poorly represented vegetation complex and several 
unusual variants of site-vegetation types which are 
inadequately represented elsewhere. In addition it would 
adversely affect several restricted species which it shares 
with the regions to the north-west and north-east, where there 
is a high proportion of alienated land. 

On the same basis, the South Canning option is considered to 
be the third least desirable option. The bulk of the 
vegetation complexes and site-vegetation types present in it 
are adequately to amply represented in adjacent reserves. 
However, it does have a strong adverse impact on one 
restricted species (Hibbertia nymphaea) that would be near 
total and another species (Tetratheca nuda) would be strongly 
affected by inundation to optimum and maximum levels. 

However, if the total number of pl ant species, the range of 
vegetation complexes and the total area affected are 
considered, then the order of priorities for South Canning and 
Mundaring would be altered. 

The North Dandalup option is considered to have the least 
adverse effect from the conservation aspect, as distinct from 
the forestry vi ewpoi nt. The domi nant vegetat i on comp 1 ex and 
its component site-vegetation types are now amply represented 
in the Lane-Poole Reserve to the south as well as the 
Serpentine Reserve and the Monadnock Reserve to the north. 
The secondary vegetation compl ex (Hel ena M/H) and the 
component site-vegetation types (R,G) are well represented in 
the existing system of reserves. Only one restricted species 
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has been found to be strongl y affected by the proposed 
inundation, the remaining ones being predominantly upland 
species. The intrusion into the C-class reserve with vesting 
for dual purpose would be best resolved by excising the small 
segment likely to be affected by the proposed dam, and by 
giving the bul k of the reserve more appropriate status and 
vesting (A-class reserve for conservation of flora and fauna). 

Therefore in summary, the preferred option appears to be North 

Dandalup. 

2. LIST OF PARTICIPANTS 

The Flora and Vegetation Studies, described in this document were 
coordinated by Mr l.R. Pound, Principal Project Consultant for the 
Western Australian Water Authority. 

Leader of the Studies: Mr J.J. Havel - M.Sc., Dip.For., Dip.Ed. 
Havel Land Consultants 

Soil Scientist: Mr W.M. McArthur, M.Sc. 

Botanists: Dr E.M. Mattiske - B.Sc. (Hons.) Ph.D. 
Mrs B.L. Koch - B.Sc. (Hons.) 
Miss C.D.M. Keating - B.Sc. 

System Analyst: Mr D.A. Devereux - B.Sc. Hons. (Comp. Sc.) 

Data Analysts: Mr P.O. Havel, B.Sc., M.App.Sc., Dip.Ed., 
Grad.Dip.Appl.Sc. 
Mr J.T. Droge, Assoc.Dip.Agr., Dip.Teaching. 

Other participants are listed in the Acknowledgements section of 
t his report. 

3. 
3. 

OBJECTIVES 

The objectives of the study were defined by the Water Authority of 
Western Australia as follows: 

A. To describe the flora and vegetation of the four project 
sites, including: 

a) Collation of existing information on the flora and 
vegetation. 

b) Assessment of additional information required to achieve 
the broader objective. 

c) Desk, field and laboratory investigations to supplemnent 
existing knowledge. 

B. To prepare the botanical data summaries and report as a basis 
for assisting in the multi-objective analysis of the 
alternative water supply sources, to choose the option which 
best balances the technical, economic, social and 
environmental considerations. 

a) Evaluate absolute and relative importance of each source 
location. 

b) Predict impacts (positive and negative) of development of 
each alternative, including loss of rare or endangered 
species or poorly represented communities. 

c) Suggest ways of mitigating impacts in the design and 
construction phase by appropriate management of the 
operational project. 

d) Identify further work required on each source should it 
be chosen for development. 

C. To prepare a report documenting the choice of the source 
proposed for development, detailing the flora and vegetation 
values of each of the alternative locations, the impacts which 
would most likely result from the development of each source, 
their significance and an indication of management options for 
those impacts. 

As a result of the interaction between the various participants in 
the study the specifications were subsequently modified to consider 
not just one level of inundation for each dam proposal, but 
several. The chief effect of this modification has been the need 
for a greater degree of vertical control in the studies. 
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4. 

INTRODUCTION 

On current estimates the growth in demand for water from the public 
supply system in the Perth-Mandurah region is anticipated to exceed 
existing and planned supply capacities in the early 19:0

I

s. As a 
consequence the Water Authori ty of Western Aus.tra 11 a has. b~en 
addressing conservation measures of current supp11es and revlewlng 
possible new major water supply sources. Among these is .the 
proposed expansion to the Gnangara Groundwater Scheme. Deta1 1 ed 
planning is well underway for this supply. An ERMP (Dames and 
Moore 1986) for that Scheme has been prepared for the Water 
Autho;ity and has been submitted to the E.P.A. which rel eased the 
document for public comment during its evaluation of the project. 

A review by the Water Authority of the water supply situation has 
identified the need to consider a hills reservoir as the most 
appropriate next major source of water for the perth~Mandurah 
region. The al ternatives suggested were the construct10n of new 
dams at South Canning or North Dandalup, or raising the dam walls 
and thereby raising the capacity of Mundaring or Canning Dams. 
Whilst other technical and economic considerations are underway, 
the Water Authority believes it appropriate to evaluate the 
alternatives in the broader perspective of environmental costs and 
benefits. The following report forms part of the environmen:al 
study and assesses the flora and vegetation of the four potent1al 

project sites. 

These four project sites are located within the region known as the 
Northern Jarrah Forest (Figure 1.) There is a significant 
variation of landscapes, topography, soils and climatic conditions 
between the four project sites. This range in conditions was 
recognized by the early settl ers and by the natural ists. Many of 
the gravelly or rocky soils which dominate.the st~dy ar.eas were 
considered unsuitabl e for cu1 ti vation. Th1s comb1ned w1th early 
recognition of the timber values, has resulted in relatively little 
clearing in the catchments under consideration. I.n fact, only 
small pockets have been cleared in the past for agncultural ~nd 
sil vicu1 tural purposes (e.g. pine pl antations in the Mundarlng 

catchment). 

In recent decades, as the population of Perth has increased,. there 
have been growing demands placed on the resources with1n the 
Northern Jarrah Forest (Havel, 1975c). These have led to a greater 
awareness of the natural resources and the need to manage the 

nati ve speci es. 

5. 
4.1 Previous Botanical Studies 

Diels (1906) carried out the first major study that related to the 
Northern Jarrah Forest, although others have attempted broad-scale 
assessments of the flora (see review by Genti 11 i, 1979). One of 
the achievements of Diels included the subdivision of the State 
into three botanical provinces based on the seasonality of rainfall 
(Beard, 1979). The four project sites are located within the 
Darling District of the Southwestern Province. 

In addition to this broad-scale work, Diels (1906) was also one of 
the first who attempted to establish relationships between the 
plant distributions and the underlying environmental conditions. 
For example he related the distribution of Jarrah to the 750 mm 
isohyet and the Sheoak (Al locasuarina fraseriana) to the sandy 
soils on the Darling Plateau. Further observations were made on the 
distribution patterns of the smaller perennials. As a plant 
geographer Diels was also interested in endemism, although he 
identified only a few endemics amongst the 815 'plant species which 
he recorded in the Jarrah forest. 

Williams in 1932 and 1945 carried out intensive studies near 
Darlington and Beraking. These were located within the more 
dissected section of the Darling Plateau. Williams had 
considerable success in relating the vegetation to underlying 
environmental conditions. For example, for the western section of 
the Northern Jarrah Forest he expanded on the relationships between 
particular species and soil types, indicating that Eucalyptus 
marginata (Jarrah) occurred on the laterites and Eucalyptus wandoo 
(Wandoo) favoured soils derived from dolerite dykes. 

Gardner (1942), Genti 11 i (1947) and Lange (1960) expanded on the 
earl ier work, by correl ating pl ant distributions to underlying 
conditions and in particular climatic variations in the region. 

The next major contribution was that of Speck (1952, 1958), who 
defined a series of formations, alliances and associations for the 
vegetation in the region. One of the aspects highlighted by his 
studies was the continuum concept, where species and groups of 
species have dissimilar distribution patterns, with vegetation in 
the field being mixtures of varying proportions of continuity and 
discontinuity. This multi-dimensional nature of the vegetation 
led to some confusion when vegetation mapping was attempted. 
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Havel (1975a,b) was the first to carry out detailed quantitative 
ecological studies within the Northern Jarrah Forest. Havel 
included site characteristics in his determination of groupings or 
site-vegetation types. Findings indicated a close relationship 
between plant species groupings and site conditions. Havel's 
classification and subdivision of the vegetation in the Northern 
Jarrah Forest has been tested in a variety of studies, both on a 
deta i 1 ed 1 oca 1 sca 1 e (e.g. the hygi ene mappi ng current 1 y underway 
in the Department of Conservation and Land Management) and on a 
broad-scale through the System 6 or Darling System mapping (Hedd1e 
et a1., 1980a). This latter work incorporated the site-vegetation 
types of Havel (1975 a,b) into the definition of a series of 
vegetation complexes. The mapping of the Darling System was 
carried out as part of a data gathering exercise to review the 
adequacy of conservation reserves throughout the area. 

There is evidence to suggest that the vegetation is dynamic, and 
over longer periods the floristic composition of the forests has 
been vari ab 1 e (Churchill, 1961; Churchi 11,1968). Further, recent 
drought years appear to have affected some native communities (e.g. 
the apparent drought deaths on the sha 11 ower soi 1 s near grani te 
outcrops). Other influences such as fire and diseases are also 
recognized as major determinants of the species distributions in 
different areas of the Northern Jarrah Forest (Shea, 1975; Havel, 
1979). Therefore in any review of the native plant communities it 
is important to recognize that these influences may affect the 
floristic and structural composition of the communities under 
investigation. 

Although these studies have highlighted some of the regional trends 
and plant distribution patterns it is only in a few specific areas 
that detailed investigations have been carried out on the flora 
and more specifically the rare, restricted or endemic species in 
the Northern Jarrah Forest. The recent review of the Perth flora 
has assisted in bridging this gap on the known flora of the western 
section of the Darling Plateau (Marchant et a1., 1987). In 
addition, many of the specific environmental studies undertaken for 
proposed projects or developments have highlighted distrib~tions ~f 
rare and restricted species. Such studies have ass1sted 1n 
assessing the reviews on rare and restricted species published by 
Rye and Hopper (1981), Patrick and Hopper (1982), Rye (1982), 
Barrett (1982), Gi 11 en (1982)and Anon (1985). The recent p~p:r 
by Hedd1e and Marchant (1983) summarized some of the spec1f1C 
information available on the rare and restricted species on the 

7. 

shallow soils associated with the Darling Scarp, although many are 
also known to extend onto similar soils on the Helena and Murray 
1 andforms. 

4.2 Resources 

In planning the investigations, the primary consideration was the 
availability of relevant existing information. 

There is only one source of information that covers all four 
proposal s, namely the Atl as of Natural Resources Dar1 ing System 
Western Australia (Department of Conservation and Environment, 
1980), which in addition to verbal description provides 1:250,000 
scale maps of 

a) Geology and Mineral Resources 
b) Landforms and Soils 
c) Vegetation 
d) Land Use 

Of particul ar rel evance are b) and c), the authors of which 
(McArthur, Mattiske (nee Heddl e) and Havel) are participating in 
current investigations. The vegetation has also been mapped in 
greater detail for several smaller areas within the Canning and 
South Canning proposals by Havel (1975b), based on a system of 
vegetation classification developed for the Northern Jarrah Region 
(Havel 1975a). The Atl as of Natural Resources formed the basis of 
the major efforts to put conservation and land use in the region on 
a factual and logical basis. The first of these, the System 6 
Study, was organized by the Environmental Protection Authority to 
develop a system of parks and nature reserves (Environmental 
Protection Authority, 1983). The second, carried out by the 
Darl ing Range Study Group (1982), was commissioned by the State 
Government of Western Australia to assist in the resolution of land 
use conflicts in the region. Although the investigations continued 
subsequently, these have as yet not been publ ished, and the two 
earlier major studies, together with the Atlas of Natural Resources 
and Havel's (1975a,b) publications remain the main source of 
information for the region. 

The implication of this for the evaluation of the four alternative 
~ater supply sources is that the overall assessment of the impact, 
1n both relative and absolute terms, can only be carried out at the 
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scale of 1:250,000. To achieve greater detail, new and more 
detailed studies would be required other than for those portions of 
the Canning catchment mapped by Havel. Havel's studies also 
established that, except for extreme sites, such as rock outcrops 
and treeless swamps, aerial photo interpretation of floristic types 
is only feasible where a dense network of ground surveys is 
available. This is because the canopy of the forest is relatively 
uniform and does not provide a ready basis for the mapping of great 
floristic variety in the shrub storey, which reflects lIore 
accurately the variation in site conditions. 

The earl ier studies of Havel have al so shown that locally the 
strongest, the most consistent and most predictable source of 
variation in vegetation is topography, so that in the investigation 
of individual dam sites the sampl ing system should be designed 
across the contours. For comparison between dam sites, and to a 
lesser degree within the more extensive dam sites, cli.atic 
variation must also be reflected in the sampling design. Finally, 
the geomorphologic work of Churchward and McArthur (1980) has 
demonstrated that within any river system there is a predictable 
pattern of va 11 ey shapes determi ned by di stance from the Dar1 ing 
Scarp, so that any sampling system must take these into account. 

4.3 Selection of Approach 

In light of the available information for the region, it w~s 
proposed to the Water Authority of Western Australia that the maln 
thrust of the investigation would be across-the-valley survey 
transects, spaced along the valleys so as to sample maximum 
climatic and geomorphological variation, and supplemented by photo-
interpretation. 

The observations along the transect were to be spaced SOm apart, 
this spacing chosen being considered appropriate to the relatively 
steep nature of river valleys and the denser vegetation. Havel 
(1975b) found observations 100m apart appropriate to the uplands, 
where the rate of change is relatively slow, but not to the 
valleys, where it is rapid. 

In the initial stages, an attempt was made to supplement the 
surveys along the transects with quadrats. The latter would have 
made possible a better quantitative assessment of individu~l 
species, but this was abandoned when it was realized that thlS 
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method was too slow, given the magnitude of the task and imminent 
end of the flowering season. Furthermore, the quadrats failed to 
pick up the less common species, and were thus unsuitable for the 
detection of the rare and endangered species. 

The decision to use across the valley transects was subsequently 
vindicated by the need to consider several levels of inundation for 
each proposed dam site. 

In the initial proposal to the Water Authority of Western 
Australia, a three stage sampling proposal was outlined, whereby 
the first stage wou1 d samp1 e on1 y the extremes and the middl e of 
each dam site. These would subsequently be supplemented by 
additional transects providing increasingly closer coverage as time 
and finance permi tted. 

It was necessary to carry out all stages virtually concurrently 
because: 

a) The limited flowering season dictated early completion of the 
field studies; 

b) Access limitations such as forest quarantine regulations, and 
the need to use boats, meant that -repeated entries into some 
areas were out of the question. 

The effect of these changes has been that on one hand, a better 
coverage of rare species was obtained at the optimum time, but on 
the other hand, a massive load of identifications and verifications 
was generated which delayed the commencement of data analysis. A 
larger and broader, though by no means excessive data base has 
resulted. 

Ultimately, 66 transects were surveyed, consisting of 520 
observation locations. These were distributed between the damsites 
as follows: 

Mundaring - 21 transects, 116 observation locations. 
Canning 17 transects, 78 observation locations 
South Canning 18 transects, 242 observation locations. 
North Dandalup 10 transects, 84 locations. 

The location of transects within the dam sites is shown in Figures 
2 to 5. The information recorded at each observation location is 
described in section S.1.3 and illustrated in Appendix G. 
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10. 
5. METHODS 

5.1 Field Studies 

5.1.1 Reconnaissance 

A broad-scale reconnaissance of the four project sites was 
carried out in conjunction with other members of the 
biological study group. These initial inspections were 
followed by discussions between the various groups involved in 
the biological studies . 

5.1.2 Aerial Photo Interpretations 

Aerial photo interpretation was based on recent {9.2.1986} 
colour photographs of the region, at the sca 1 e of 1:20,000. 
At this scale, crowns of the individual isolated large trees 
can be seen, but smaller trees and shrubs cannot. It is also 
impossible to identify individual tree species as all the 
dominants are Eucalypts with crowns of similar colour and 
form. It is, however poss i b 1 e to assess the hei ght and 
density of the tree stratum, and cl assify it into broad 
classes. 

It is an excellent scale for the mapping of landforms as it is 
poss i b 1 e to observe steepness and confi gurati on of the 
landscape component without losing the overall context within 
the 1 andscape. 

However, as with the vegetation, there are limits to the 
detail that can be mapped. Whilst it is possible to map rock 
outcrops, chiefly by reference to the reduced height and 
density of the cover, it is difficult to identify the 
composition of the outcrop, except perhaps on the margins of 
dams, where dolerite dykes are identifiable by the strongly 
coloured red earths derived from them. 

Two different approaches were used in the mapping of the four 
alternatives. The raising of existing dams, where the area 
affected is generally a narrow ribbon on the periphery of the 
dam, has been mapped largely from the ecological viewpoint, as 
the affected area belongs largely to one geomorphological unit 
(>98%) . 
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The categories used were: 

a) Vegetation of the stream-lines and flood-plains (A, C). 
b) Vegetation of the river terraces, valley floors and mild 

lower slopes (B, 0, E, J, Q, Wand V). 
c) Vegetation of the steeper but not rocky mid and upper 

slopes and up 1 ands (H, L, M, 0, R, S, T, U and Z). 
d) Vegetation of steep, rocky slopes (G, R). 

In the case of Mundaring, a further category covering the 
exotic pine plantations was included. The mapping was largely 
restricted to the area of likely impact. 

The areas likely to be affected by the building of completely 
new dams (South Canning, North Danda 1 up) were mapped from a 
geomorphological viewpoint. In this case the categories used 
were the primary geomorphological categories: 

a) Dwellingup uplands (D). 
b) Shallow valley divides within the uplands (S). 
c) Yarragil - broad, shallow valleys with streams and swamps 

in western zone (Yg), sometimes dry (Yg-Dry). 
d) Pindalup - broad, shallow valleys and swamps in the 

eas tern zone (Pn), sometimes dry (Pn-Dry). 
e) Valley floors of the deeply dissected Murray-type valleys 

(Myf) • 
f) Non-rocky slopes of the Murray-type valleys (Mys). 
g) Steep rocky slopes, mainly in the Murray-type valleys 

(R). 
h) Low, mildly sloping lateritic remnants within major 

valleys (OW). 
i) Short, gentle slopes of the Myara-type valleys (Mas). 
j) Narrow zone of low relief and swampy terraces in Myara

type valleys (Maf). 
k) Steep, rocky terrain of the Darling Scarp (OS). 
1) Steep rocky slopes of the Helena Valley (H)(R). 

Several of the above categories occupied only a minute 
proportion of the total area mapped, and are not referred to 
subsequently. The Myara valley type could not be used in 
regional evaluation, as this is a new type not covered by the 
System 6 studies (Environmental Protection Authority, 1983) 
and subsequent quantitative analyses of the adequacy of 
representation in reserves. 
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5.1.3 Transects and Site Recordings 

Botanical Parameters 

Plant community studies were based primarily on the abundance 
rating of tree and understorey species. Data for trees were 
recorded in circular sites within 25m radius of the 
observation point, while all other species were recorded in 
circular sites within 20m radius of the observation point. 

All field observations, other than plant identifications, were 
coded in the field. For plants, only the rating was coded in 
the field, so that identification and verification could be 
completed before coding of the species identity. 

The following range of botanical data was collected for each 
site or observation point: 

TREES 

a) Height 
Tall (Greater than 30m) 
Medi um (IS-30m) 
Low (Less than 15m) 
Absent 

b) Density 
Dense 
Medium 
Low 
Absent 

c) Condition (Scale of 1 to 4, from no apparent disturbance 
to total destruction) 

Healthy 
Mildly disturbed 
Strongly disturbed 
Completely destroyed 



TREES (Cont.) 

d) Cause of Disturbance 
Dieback (caused by Phytophthora cinnamomi) 
Clearing (for roads, dams or exotic plantations) 
Logging 
Flooding 
Wildfires 
Drought 

e) Time Since Disturbance 
Stumps decayed 
Stumps solid, no bark 
Stumps solid, with bark 
Stumps absent 

f) Composition 

13. 

Ranking of trees was based on the previous system of 
Havel (1975a) on an area of 25 metre radius from the 
observation point, as follows: 

o - Absent 
1 - One or two trees 
2 - Three to five trees 
3 - Greater than five trees, but less than a third of the 

total 
4 - Greater than a third of the trees, but less than 

ha 1 f of the tota 1 
5 - Greater than half of the total 

UNDERGROWTH SPECIES 

Ranking of undergrowth species was based on the previous 
system of Havel (1975a) on an area of 20 metres radius from 
the observation points, as follows: 

o - Absent 
1 - Very rare - seen only after careful search 
2 - Present, observable, but in small numbers only 
3 - Common locally, but not uniformly over the whole 

area 
4 - Common over the whole area 
5 - Completely dominating undergrowth 

14. 
Physical Parameters 

The following range of physical parameter were recorded for 
each observation point and summarized on field sheets. 

TOPOGRAPHY 
a) Position 

Streambank 
Valley Floor 
Lower Slope 
Mid-slope 
Upper Slope 
Crest 

b) Slope 
Level or Mild (Less than or equal to 40 ) 

Moderate (5-80 ) 

Steep (9-140) 
Very Steep (Greater than or equal to 150) 

ROCK OUTCROPS 

a) Composition 
Laterite 
Granite 
Dolerite 
Absent 

b) Extent 
Massive 
Frequent 
Rare 
Absent 

SOILS 

a) Colour 
Black 
Grey 
Yellow 
Brown 
Red 



SOILS (cont.) 

b) Texture 
Clay 
Clay-loam 
Loam 
Sandy-loam 
Sand 
Gravel 

5.2 Plant Identifications 

15. 

All botanical specimens collected during the survey were identified 
in the Western Austral ian Herbarium by reference to the Flora of 
the Perth Region (Marchant et al., 1987), Key to the Western 
Austra 1 i an Wi 1 dfl owers (81 ada 11 and Gri eve, 1974,1980,1981,1982) 
and the Census of the Vascular Plants of Western Australia (Green, 
1985). All identifications were checked against the herba~ium 
collection. For taxa currently under review the advice of 
specialist taxonomists was sought. Voucher specimens will be 
incorporated into the herbarium collection. The total taxonomic 
i nformat ion, inc 1 udi ng the fami 1 y numeri ca 1 code as used in the 
herbarium and the species numerical code used in the analysis of 
the data, has been incorporated into a computer-based species 
register. For coll ections made in the course of surveys there is 
also reference to locations along the transect at which it was 
first found, as well as a reference to the herbarium collection. 

5.3 Data Preparation and Analysis 

5.3.1 Preliminary Processing of Survey Data 

On completion of the survey, all transects were plotted on 
1:25,000 contour maps produced by the former Forests 
Department, and made available by the mapping branch of the 
Department of Conservation and Land Management. As the 
compass and abney surveys have limitations as to the vertical 
accuracy, particularly in steep densely covered valleys, the 
contour maps were taken as the final authority where 
discrepancies occurred. The choice of maps was determined by 
their availability at the time of survey, and by tying of the 
transects to road junctions and reference trees, only 
available on Forests Department maps. 
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The transect profiles were then completed on fine (Imm) meshed 
graph paper on the scales of 1:5,000 horizontally and 1:1,000 
vertically. The valley profiles are thus exaggerated 
vertically, facilitating the assessment of the impact of 
inundation. 

Each observation location along the transect was given a 
unique sequence number to facilitate the tying together of all 
the sources of information in subsequent analysis. The 
sequence numbers were allocated in blocks per damsite, 
al lowing for some expansion for data base, and early 
separation of the four dam sites. 

5.3.2 Analysis of Vegetation 

There were two main lines of investigation 

( i) For site-vegetation types Rand G, considered to be 
inadequately defined by earl ier studies. These are 
characteristic of rocky outcrops and are quite extensive, 
and floristically the richest in the four alternative 
areas considered for dam construction. 

(ii) For the data set as a whole, including types R & G. 

5.3.2.1 Detailed Analysis of Rocky Sites 

For the subdivision of the Rand G types, the aim was to 
review the classification of Havel (1975a,b) and provide 
additional indicators of the various shallow soils and rock 
outcrop areas within the Northern Jarrah Forest. This was 
cons i dered necessary as Ha ve 1 (1975 a,b) on 1 y defi ned these 
types in broader terms, with a 1 imited range of species (72-
130), most of which do not occur on the outcrops. More recent 
studies by Heddle for Worsley Alumina Pty. Ltd. (Worsley 
Alumina Pty. Ltd., 1985) indicated the range of communities 
which may occur on shallow soils and outcrops. 

The data collected on these rocky sites was extracted for the 
four project sites and reanalysed using the Minimum Spanning 
Tree (M.S.T.) programme EM420, which is based on the publ ished 
work of Rohl f (1973). The techniques associated with the 
del ineation of cl usters or groups of entities with simi 1 ar 
composition have been reviewed by other workers (Sneath and 
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Soka 1, 1973; Anderberg, 1973). The di stance measure used in 
the Q-mode analyses (to create a matrix of similarity 
coeffi c i ents between samp 1 es or plots) was one mi nus cos i ne 
theta (1-cosine a). The results were summarized in the form of 
Minimum Spanning Trees and Single Linkage Dendrograms. Such an 
approach was adopted by Heddle in earlier studies carried out 
at Boddington for Worsley Alumina Pty. Ltd. (Worsley Alumina 
Pty. Ltd., 1985). 

The data matrices for the various proposed alternative project 
sites differed significantly. This related to the variations 
in structural and floristic composition of the communities, 
thereby reflecting the differences in underlying topography 
soil sand cl imate at the four project sites. Therefore the R 
and G types were initially reviewed for each area as follows: 

a) Each Project Area - All Rand G Sites x all plant species. 
Mundaring 71 sites x 252 plant species 
Canning - 34 sites x 194 plant species 
South Canning - 29 sites x 173 plant species 
North Dandalup - 34 sites x 179 plant species. 

b) Each Project Area - All Rand G sites x all species which 
were present in more than 5% of the sites for each 
project area. 
Mundaring - 71 sites x 177 plant species 
Canning - 34 sites x 161 plant species 
South Canning - 29 sites x 144 plant species 
North Dandalup - 34 sites x 150 plant species. 

c) Each Project Area - All Rand G sites x all species which 
were present in more than 5% of all sites for the project 
areas. This excluded species which might only have 
occurred at one project area. 
Mundaring - 71 sites x 119 plant species 
Canning - 34 sites x 109 plant species 
South Canning - 29 sites x 99 plant species 
North Dandalup - 34 sites x 103 plant species. 

These results were then reviewed and summarized by site. The 
large geographical variation between the four project areas 
was reflected in the decrease of species in the last series of 
ana 1 yses. The fi na 1 seri es of runs then extracted these 
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groupings and compared findings between the four areas. These 
will be discussed in greater detail in the following sections. 

5.3.2.2 Broad Analysis of the Entire Data Base 

For the data base as a whole, the aim was basically the survey 
of the area, classification of the observations in terms of 
existing ecological classifications, and the correlation of 
all observations, whether of individual species or of whole 
pl ant communities, to the proposed engineering works so that 
their impact could be assessed. The following steps were 
taken. 

(a) Establishment of a register of all species, glvlng their 
scientific, common names (if available) and field 
descriptions, the family to which they belonged, their 
code for computer analysis, the collector, the collection 
number, and the location where the species was collected 
(Appendix A.). This was based on the adaptation of the 
programme OMNIS, and coul d be retrieved on either 
scientific name, species code or family code. The species 
register was built up as identification of the specimens 
in the herba ri urn proceeded. The fi rs t eighteen code 
numbers were allotted to trees known to occur in the four 
survey areas, and a further 73 numbers to species 
identified by Havel and Heddle in their earlier studies 
as reliable indicators of site conditions. The remaining 
400 code numbers were al located in course of the 
herbarium studies. 

(b) Establishment of a register of observations, giving the 
cod e n u m b era n d 1 0 cat ion i n term s 0 fda m sit e, t ran sec t , 
transect segment and location along the transect, again 
using a modification of programme OMNIS. Information 
coul d be retrieved either on code or on location 
(Append i x F 1.). 

(c) The two regi sters were then used to bui 1 d up an 
integrated geographic, taxonomic and ecological data 
base, again using the programme OMNIS, in which each 
occurrence of a given species could be retrieved in terms 
of the location, and each location could be described in 
term s 0 f the s p e c i e soc cur r i n g 0 nit (A p pen d i x F 3. ). A 
separate data base was bui 1 t for each of the four 



19. 

a 1 ternati ve dam sites. By further cross referencing of 
stored data it is also possible to determine the physical 
environment for each location and natural and man-made 
events such as wildfires or logging, which were likely to 
have influenced the occurrence of the various species at 
that location. For rapid evaluation of the rarity or 
frequency of all the species, provision is made for the 
summary of observations in terms of the number of times 
within each damsite that the species was observed. 

For the less common species (that is those observed less 
than 10 times per damsite) provision was made for the 
ennumeration of all locations in which each was found. 

(d) As the next step, each location was provisionally 
cl assified in terms of Havel's (1975a,b) cl assification, 
using not only the original 21 site-vegetation types, but 
also an additional type defined subsequently by Mattiske 
& Associates, (1983) and all the relevant combinations of 
these, ego AC. As Havel's classification is really an 
economic subdivision of a multi-dimensional continuum, 
such combinations are quite appropriate where finer 
ecological definition is needed. 

(e) This provisional allocation made it possible to describe 
each primary or derived (combination) type found in a 
damsite, by summing up observations for all locations 
fall ing into the same type, using yet another 
modification of the OMNIS programme (Appendix F6.). Each 
type is described in terms of the component species, 
giving the number of locations in which that species has 
occurred. As the description comprises all species and 
not mere 1 y the i ndi cators, much broader desc ri pt i on of 
the type is possible. Some recombination of the less 
common types became necessary at this stage. 

(f) By using the valley profiles, each location was also 
rel ated to the various engineering options such as the 
raising of an existing dam wall, or the building of a new 
dam, to various levels (App. C). This has made it 
possible to define the impact of the various options in 
terms of the site-vegetation types inundated by them 
(Appendix F4.). Yet another modification of OMNIS 
prov i ded for the summati on of the impact over a 11 the 

(g) 

20. 

locations affected by a particular engineering option in 
terms of the individual species. 

Although the comparison of the various outputs of the 
OMNIS programme makes possible some assessment of the 
ecological patterns, ego by comparing the number of times 
that a species occurs in a given site-vegetation type 
with the total number of occurrences of that species in 
the data base as a whole, it is essentially a broadscale 
summation approach. To obtain a finer definition of the 
ecological patterns, the OMNIS data base programme was 
combined with a modified EXCEL spreadsheet programme 
(Appendix G.). This combination is capable of refining 
the ecological gradients observed along a transect by 
combining previous studies with the new data sets, and 
expanding the known ecological relationships by inclusion 
of the new and rarer species. The process is simi 1 ar to 
the European Zurich-Montpellier system for the study of 
plant communities, as used locally by Bridgewater (1981). 
This makes it possible to assess the vulnerability of a 
rare species to inundation, not merely directly through 
its location on the survey transects, but also indirectly 
through its association with site-vegetation types 
subject to inundation. It provides 1 inkage between the 
detailed observations along a limited number of transects 
and the broadsca 1 e coverage of the area in-between 
transects by photo interpretation, which in itself is 
incapable of providing information on individual species. 

In this stage of data analysis, which is much more labour 
intensive and time consuming than that based on OMNIS 
alone, the indicator species with known ecological 
behaviour are used as condensation nucl ei around which 
the 1 ess common and 1 ess known species are aggregated. 
The result is a set of ecological groupings of varying 
amp 1 i tudes, from groups wi th na rrower amp 1 itudes than 
Havel's indicators, to species of very broad ampl itudes. 
It is the species which have narrow ampl itudes and are 
limited in their occurrence to ~hose types, and those 
positions of the 1 andscape most affected by inundation, 
which are of greatest concern. 
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2:1. 

5.4 Assessment of I~acts 

By the use of the reports produced by the OMNIS programme it is 
possible to examine the impact of the various levels of inundition 
on the individual plant species and on site vegetation-types. ]his 
can be further refined by using the tables produced by the ElCEl 
programme. It is, however possible that a particular specfes mas 
not been recorded on any of the survey transects, or durfnt the 
initial reconnaissance, even though it does Occur within the SW!'Y'ey 
area. In such a case no refinement of analysis would help. lih~'en 
the extent of the field work the probability of this occurri~ is 
not great, though it cannot be dismissed entirely. 

The comparison of impact at the broader level of veget.t.ion 
complexes was achieved by computer-based overlay of the maps of the 
proposed dams and the maps of vegetation complexes of Heddle et al. 
(1980a), at the full supply level of inundation only. (Table 61). 

RESULTS 

6.1 Landforms and S011s 

In the western part of the Darl ing Pl ateau, inc1 uding areas 
affected by the four different dam options, it has been shown 
(Havel, 1975a,b; Heddle et a1., 1980a) that native vegetation is 
closely related to soils, topography and hydrology. It is therefore 
relevant to consider the pattern of soils as a framework for 
vegetation studies. 

Since the project involves inundation, attention has been focussed 
on the valleys and, as shown by mapping in the Darling System 
(Churchward and McArthur, 1980), these have an orderl y change in 
form with distance downstream. The valleys in the head waters are 
broad and sha 11 ow and become more deep 1 y entrenched westward and 
are deepest where they pass through the Darling Scarp onto the 
coastal plain. Each unit has characteristic soils which vary in 
response to slope, relief and lithology. Figure 6 and 7 shows 
genera 1 i sed sequences of soi 1 s based on deta; 1 ed stud; es in the 
Wungong Brook catchment (Churchward and Batini, 1975). Similar 
soil-topographic relationships have been shown for the Murray River 
catchment (McArthur et al., 1977). 
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