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Page (1iv) Table 24 Read "Facing 134"

Page (iv) Table 25 Read "138" not "137"

Facing P.52 Table 25 Delete "QOpen Forest 1" from "Whipstick

Mallee Alliance"

Facing P.52 Table 25 Read "Pultenaea" for "Pultenea"

Facing P.52 Table 25 Read “Xanthorrhoea" for "Xanthorrhea"

Page 58 Heading Read "Whipstick Mallee open scrub” for
"Whipstick Mallee gpen forest 1"

Page 61 Line 20 Read "Pultenaea" for "Pultenea"

Page 113 Line 28 Read '"predominantly"” for "predo-inantly"

Page 122 Line 22 Read "Map 7" for "Map A"

Page 130 Line &4 Read "approxzimately" for "approxijately"

Page 136 Line 52 Read “restricted" for "constricted"

Page 148 Line 23 Read "lode" for "lod"

Page 23R Line 10 Read "Cervus" for "Carvus"
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FOREWORD

The Land Conservation Aet 1970, estab-
lished the Land Conservation Council,
whose function is to "ecarry out inves-
tigations and make recommendations to
the Minister with respect to the use of
public land in order to provide for the
balanced use of land in Victoria".

This report sets out to describe and
assess the natural rescurces of the pub-
lic land in the North Central study area
and provides a factual basis on which
members of the community may base their
submissions to the Council. It ensures
that all those persons and bodles who
have an interest in the future use of
public land in this area can obtain and
study the basic information, which the
Council itself will study, and so make
informed and constructive suggestions to
the Councll for its consideration.

In making this report available, the

Land Conservation Couneil
ey St. Kilda Road
MELBOURNE 3004

government hopes that all interested
parties will be able to participate in
an informed fashion in the process of
considering how public lands should be
used. It 1s hoped that, in making sub-
missions, members of the community will
use as a basls the information provided
by this study. The Councill will make
its recommendations only after due con-
sideration of those submissions.

Demands for land for various purposes
are many and varied, some of which are
compatible and some conflicting or com-
petitive. 1t is therefore important
that decisions made are based on factual
evidence, not on subjective criteria.

Submissions are now invited and should
reach the Secretary of the Land Conser-
vation Council within 60 days of the
publication of this report, as notified
in the Victorian Government Gazette.

S5.G.McL. DIMMICK
Chairman
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LAND CONSERVATION ACT 1970

EXTRACT

Public land

Section 2.

(1)

"Puplie land" means -

(a) land which is not within a city
town or borough and is -

) unalienated land of the
Crown including land per-
manently or temporarily
reserved under section 14
of the Land Aet 1958 and
State forest;

s

{11) wvested in any publie
autherity (other than a
municipality or a sewerage
authority within the mean-
ing of the Sewerage Dist-
ricts Act 1958); or

(iii) vested in the Melbourne
and Metropolitan Board of
Works; and

(b) any other land which the Gover-
nor in Counecil declares under
sub-section (2) to be public
land for the purposes of this
Act

"Reserved forest” and "State forest®
have the same meanings as in section 3
of the Foreats Act 1958,

(2) The Governor in Council may on the
recommendation of the Minister made
after consultation with -

(a) any Minister of the Crown in
whom any land is vested; or

(b) the Minister responsible for a
public authority in which any
land is vested -

by proclamation published in the
Government Gazette declare any such
land to be public land for the pur-
poses of this Act.

Functions of the Council

Section 5.
(1) the Council shall -

{a) carry out investigations and
make recommendations to the
Minister with respect to the use
of public land in order to pro-
vide for the balanced use of
land in Victoria;



(b) make recommendations to the
Governor in Councll as to the
constitution and definition of
water supply catchment areas
under the Se¢il Conservation and
Land Utilization Aet 1958; and

(c) advise the Soil Conservation

Authority concerning policy on

the use of land (whether public

land or any other land however
vested) in any water supply
catchment area.

(2) In making any recommendation the

Council shall have regard to the
present and future needs of the
people of Victoria in relation
to -
(2) the preservation of areas which
are ecologiecally significant;
(b) the conservation of areas of
natural interest beauty or of
historical interest;

(¢) the creation and preservation of
areas of reserved forest;

(d) the creation and preservation of
areas of national parks;

(e) the creation and preservation of
areas for lelisure and recrea-
tion, and in particular of areas
close to cities and towns for
bushland recreation reserves;

(3)

(4)

(vii)

(f) the creation and preservation of
reserves for the conservation of
fish and wildlife;

(g) the preservation of species of

native plants; and

(h) land required by government de-

partments and public authorities

In order to carry out their

functions.

Where the Council recommends the
alienation of any land the recommen-
dation shall ineclude the Council's
opinion as to tbe best method of
alienating the land to ensure the
most satisfactory use and management
of the land in the public interest.

Any person or body may make submis-
sions to the Couneill as to how any
public land can be better used to
meet the needs of the people of Vie-
toria and the Council shall consider
any such submissions before making
any recommendation under paragraph
(a) of sub-section (1).

Investigations, Notices and Reports

Section 9.

(1

Y
J

The Council shall not make any
recommendation under this Act in
relation to any district or area
without a prilor investigation of the
district or area.
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(2) Before commencing any investigation

(3)

under paragraph (a) of sub-section
(1) of section 5 the Couneil shall
publish a notice in the Government
Gazette, in a newspaper circulating
throughout the State and in a news-
paper circulating particularly in or
in the vicinity of the area or dist-
rict to be investigated stating that
an investigation of the district or
area described in the notice 1s to
be carried out for the purposes of
this Act.

On completing an investigation of a
district or area under paragraph (a)
of sub-section (1) of section 5 the
Council shall -

(aj) publish a report of the invest-
igation;

(b) give notice in the Government
Gazette of the publication of
the report, the address where
copiles of the report may be
obtalined or inspected and stat-
ing that any submissions to the
Council in relation to such
report will be considered by the
Council if they are made within

60 days of such notice; and

(c) publish notice in a newspaper
circulating throughout the
State and in a newspaper cir-
culating particularly in or in
the vicinity of the area or
distrlet investigated of the

publication of the report, the
address where coples of the
report may be obtained or
inspected and stating that sub-
missions may be made to the
Council and the date before
which they should be made.

(4) The Council shall consider any sub-

missions in relation to such report
made by any person or body within
£0 days of notice being given under
paragraph (b) of sub-section (3).

Notice to be given to public depart-
ments and authorities in certain
cases.

Section 10.

(1) Not earlier than 60 days after

notice being given under paragraph
(b) of sub-section (3) of section 9,
the Council shall send a copy of its
proposed recommendations to -

(a) the Council of any municipality
in the municipal district to
which the recommendation relates
is situated;

(b} any other public authority or
government department that in
the opinion of the Council has
an interest in the area of the
proposed recommendation; and

(c) any person or body who made a
submission under section 9 -



and shall consider any submissions
received within 60 days of the send-
ing of such copy to the council,
authority, department, person or
body or in the case of a public
authority or government department
within such longer periocd as may be
agreed upon between the Minister and
the Minister administering that
department or responsible for that
authority.

(2) Where any recommendation is made to
the Minister under this Act it shall
be accompanied by a copy of any sub-
missions received from any person
body department authority or council
pursuant to the provisions of sub-
section (4) of section 9 or sub-~
section (1) of this section.

(3) Where the Councll has made a recom-
mendation to the Minister under
paragraph (a) of sub-section (1) of
section 5 the Minilster may, after he
has given not less than fourteen
days notice of his intention so to
do to the Minister administering a
government department or responsible
for a public authority recommend to

(ix)

the Governor in Councll that notice
of the recommendation or that part
of the recommendation that affects
the government department or public
authority concerned and where notice
of that recommendation or part is so
given by the Governor in Council 1t
shall be the duty of the government
department or public authority to
use all diligence and dispatch to
give effect to such recommendation
so far as it affects any land vested
in or controlled by it.

Copy of every recommendation and of
proposals to be tabled in Parliament.

Section 11.

A copy of every recommendation of the
Counecil made under sub-section (1) of
section 5 and of the proposals of the
Council submitted to the Minister
pursuant to section 7 shall be laid
before both Houses of Parliament within
fourteen days of the making thereof it
Parliament is then sitting and if
Parliament is not then sitting within
fourteen days after the meeting of
Parliament.

A copy of the Land Conservation Act 1970 can be obtained from the Government Printing

Office, 7a Parliament Place, Melbourne,
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1. AIMS AND METHODS

This report brings together information
that 1is relevant to decislons regarding
the future use of public land in the
study area.

It describes the physical nature of the
land, examines the existing and likely
forms of land use, and assesses the
hazards assoclated with these uses. The
report does not contain recommendations,
but aims at providing a factual basis on
which land use recommendations can be
formulated.

Existing information collected from pub-
lished reports, government departments,
public authorities, private organizat-
ions, and individuals has been supp-
lemented by short-term surveys of plants
and animals. Although public land has
been emphasized, the report considers
relevant aspects of all land in the
study area to place public land in per-
spective.

The text is divided into four main sec-
tions. Part I, an introductory sectilon,
sets out the aims of the study, and de-
fines and briefly describes the study
area and its history.

Part II describes the main features of
the environment for the whole study
area. Climate, geology, physiography,
solls, vegetation, fauna, water re-
sources, and land systems are described.
Maps showilng the geology, vegetatlion on
public land, land systems, and topo-
graphy and ralinfall are included.

Part III deals with the main forms of
land use that are likely to make demands
on publie land, and examines the present
levels of actlivity. Hazards associated
with these land uses, such as soll de-
terioration and fire, are also discuss-
ed. Primary productlion, minerals and
stone, and recreation are depicted in
maps for this section.

Part IV provides more detailed informat-
ion and, for convenlence, the study area
has been divided into nine blocks. The
information is set out in a consistent
format of headings, so that specific
information can be readily found and
compared with its counterpart in other
blocks or areas.

A number of appendlces 1including lists
of flora and fauna complete the report.



2. CONSERVATION PRINCIPLES

Conservation is concerned with Man's
relation to his environment. It is
often sald to be the wilse or balanced
use of resources. Because "wisom" and
"balance" are not absolute terms, the
principles set out here attempt to ex-
plain this concept.

Conservation can be consldered as an en-
deavour to anticipate and resolve con-
flicts between the individual and
scciety about the present and future use
of resources, and between compeling uses
of the same resource. The conservatlon-
ist must be aware of long-term needs and
recognize that a community requlres land
for recreation, sclentific, and aesthet-
iec purposes as well as for the produc-
tion of food, timber, and minerals or
for urban and industrial use.

Hatural Resources
Two broad classes of natural resource
may be distinguished, according to
whether they are renewable.
Non-renewable resources
The guantity of these resources does not

increase significantly with time, and
use ccnsumes them. In the last century

the expansion of Victoria's economy was
based on the exploitation of gold - a
non-renewable rescource. The oll and gas
fields of Bass Stralt provide another
example.

Conservation of a non-renewable resource
requires the best technlgues for explor-
atlon, recovery, and processing, and the
gfficient use of the end product.

Renewable rescurces

The gquantity of a renewable resource
such as timber may lncrease or decrease
with time. Animal and plant communities
and landscape fall within this category.
Abuse of these rescurces may reduce them
tc such a poor conditlon that the prae-
tical opportunity to restore them to a
desired state 1ls lost for many generat-
ions.

Conservation of renewable resources
requlres a thorough understanding of
ecological principles and development of
sound management technigues based on
those princlples. An ecosystem typical-
ly contains many interrelated compon-
gnts. A change 1n any one of these will
have effects elsewhere in the system.

In general, an ecosystem with a diverse



range of species will be better able to
adapt and absorb the impact of sudden
change - such as that caused by fire,
disease, or Man's activities - than a
simple ecosystem with few species.

Man 1s part of the ecosystem and, like
every other organism, influences and is
influenced by the cther parts. The dev-
elopment of new techniques has increased
his abllity to modify the environment.
Many new techniques have both advantages
and disadvantages. Often the disadvant-
ages are not obviously linked to the new
techniques and only emerge in the long
term - for example, the use of insecti-
ecides can increase producticn of food or
fibre dramatically, but may also reduce
the population of predatory birds and
insects and so encourage the build-up of
populations of other insect pests.

Relations Between Hesource Uses

Many uses of a resource are compatible.
They may be supplementary and add to
each other, or complementary in that one
use benefits from the other, but they
may also be competitive when an increase
in one leads to a decrease in the other.

For example, the relation between tlimber
production and picnicking within a
forest may be complementary in the sense
that picnickers gain access along tracks
and use open spaces created during tim-
ber operations. It may become competit-
ive if logging makes the forest an un-
sultable picnic area, and at other times

picnickers may present a considerable
fire risk.

In general, decisions on land use will
involve selecting major land uses for a
particular area, determining other uses
compatible with these, and specifying
the intensity of use above which they
become incompatible.

The Principles of Land Use

In the past our society has grown (and
the economic welfare of the people im-
proved) through mining, farming, timber
production, and industrial development.
These industries have usually been glven
prime importance when deciding the use
of natural resources. The present patt-
ern of land use is, of course, a result
of these past decisions.

Recently there has been greater publie
demand for a shift in emphasis towards
nature conservation and recreation as
the economlc welfare of the bulk of
soclety has improved, the need and
opportunities for outdoor recreation
have grown, and an appreciation of
nature has become more apparent.

The concept of balance is fundamental to
land use and is directly related to the
values that soclety puts on the goods
and services that the land can provide.
It also involves consideration of the
needs of all sections of society, on
both regional and State bases, as well
as those of this and future generations.



These needs should be clearly stated as
aims.

The intangible values of recreation,
aesthetics, and preservation should be
recognized by providing land for these
purposes, and by considering the lmpact
of other land uses upon them. The pres-
ervation of cutstanding natural features
should be considered.

Where several land uses are compatible,
land should be available for the most
beneficial combination of such uses. To
achieve this, it may be necessary to

cefine major aims and to assess levels
above which secondary uses are unaccept-
able,

Where land has been committed to a par-
ticular use, it should be managed so
that its capability for that use 1s not
impaired. Uncommlitted land should be
maintained in a conditien that will
allow the widest possible cholce of
future uses.

Review and reassessment of land will be-~
come necessary as soclety and technology
change.



3. THE STUDY AREA

As its name implies, the area discussed
in this report lies in the north-central
part of Victoria (see the locality plan
on page ii). It covers some 19,300 sg
km (8.5% of the area of Victoria),
including the Shires of Avoca, Bet Bet,
East Loddon, Huntly, Kara Kara, Korong,
Maldon, Marong, Metcalfe, McIvor, New-
stead, Strathfieldsaye, Talbot and
Clunes, Tullaroop, and Waranga and parts
of Stawell and Goulburn Shires. These
figures do not, however, include the
Cities of Bendigo, Maryborough, and
Castlemaine, the towns of Stawell and
St. Arnaud, or the Borough of Eaglehawk,
which together cover 132 sq km. The
study excludes these urban districts.

The boundary follows shire boundaries
except where it passes through the
Shires of Stawell and Goulburn.

While mostly hilly or undulating, the
study area does include extensive plains
in the north.

Its public land is mainly forested or,
in the north, covered with mallee veget-
ation. By contrast, virtually all the
private land is cleared and under past-
ure or crops.

5571/78=2

Publiec land

Public land occupiles some 2,900 sq km
(15% of the study area). Although con-
centrated on the wooded hilly areas,
much of it is extremely fragmented, and
only a few large consolidated blocks
remain - the Pyrenees and the Whroo--
Redcastle blocks are among the largest.

Most of it 1s reserved forest, with some
areas of protected forest. Approximate-
ly 0.5% is covered by water, predomin-
antly in storages on the Loddon, Cam-
paspe, and Goulburn systems.

Land use

Primary production has not changed sig-
nificantly in the last 30 years, apart
from a marked increase in productivity
with improved technology. Its main
forms in the study area are mixed farm-
ing and grazing on dryland farms.

The value of rural land in many areas
has been raised well above its agricul-
tural value by an increasing number of
urban residents, both local and from
outside the area, buying rural land for
leisure, hobby, or speculative purposes.



Publie land 1s used mainly for timber
and euclayptus oil production, apicult-
ure, forest grazing, and recreation.

Desplte the important role played by
gold~mining in the development of the
reglon, mining here today 1ls negligible,.
However, quarrylng and gravel extractlon
by State departments, municipal Coun-
cils, and private operators occur in
scattered locatlons throughout the area.

Six main water storages within the study
area supply water for domestlic purposes
and irrigation and are also used for
recreation.

Transport

Bendigo has become an important trans-
port centre, with links to other major
Victorian centres and to the Riverina
district in southern New South Wales.
It now forms the hub of a network of
arterial roads, including the Calder,
Loddon Valley, Midland, and McIvor High-
waye. Bendlgo is also a major Junction
in the State's rallway network, with a
heavy-duty double rail link with Mel-
bourne, and a number of radlating lines
to the north and north-west for freight
and passenger services.

The North-west Highway, through Avoca
and St. Arnaud, and the Western Highway
through Stawell serve the western part
of the study area. Other major connect-
ing routes include the Northern, Wimm-

era, and Pyrenees Highways.

Aerodromes sultable for light commercial
aireraft are located at Bendlgo, Mary-
borough, and St. Arnaud, and the area
also contains several private landing
grounds,

Power

Most of the power comes from the State's
electricity network, although a small
2~MW hydroelectric station at the Cairn
Curran Reservolr generates some power.
Bendigo 1is a major "terminal station in
the 220-kV network, while both Castle-
maine and Maryborough are linked in with
a 66-kV sub-transmission line. A sub-~
stantial network of low- and medium-
voltage lines supplles smaller centres.

Population

in 1976, the study area had a population
of approximately 107,000, or 2.95% of
that of Victoria (see Table 1). This
figure 1ncludes the populations of six
urban centres (Bendigo, Maryborough,
Castlemaine, Stawell, St, Arnaud, and
Eaglehawk - total 59,900), although
technlcally they are not part of the
study area.

The 1976 total represents an increase of
0.6% over the 1966 total, but forms a
lower proportlion of the State's populat-
ion. The effects of the rural recession
of the late 1960s have passed, however,
and both the rural and urban populations
exceed the 1971 figures, which indicated
a slump.



Table 1 7

DEMOGRAPHY
Population Average annual in- area’ Approximate population
Local-government area A 5 c crease or decrease (sq km) density (per sq km)
1966 1971 1976 1966--76 (%)
Avoca {Shire) 2,133 1,962 2,022 - 0.5 1,124 1.8
Bet Bet (Shire) 1,975 1,717 1,686 - 1.5 927 1.8
East Loddon {Shire) 1,722 1,598 1,542 - 1.0 1,194 1.3
Huntly {Shire) 2,323 2,262 2,400 + 0.3 878 2:7
Kara Kara (Shire) 1,360 1,193 1,099 - 1.9 2,293 0.5
Kereng (Shire) 3,663 3,203 3,088 - 1.5 2,385 1.3
McIvor (Shire) 1,896 1,789 1,858 - 0.2 1,453 1.3
Maldon (Shire) 1,953 1,759 1,864 - 0.4 559 3.3
Marong (Shire) 6,488 6,905 8,158 + 2.5 1,489 5.5
Metcalfe {Shire) 2,163 1,983 2,041 - 0.8 590 3.4
Newstead (Shire) 1,781 1,622 1,719 - 0.3 4osg L.2
Strathfieldsaye (Shire) 6,703 7,711 10,256 + 5.3 619 16.6
Talbot & Clunes (Shire) 1,514 1,845 1,396 - 0.8 534 2.6
Tullaroop (Shire) 1,277 1,153 1,338 + 0.5 637 2.1
Waranga (Shire) L, 506 4,333 4,187 - 0.7 1,645 2.5
Part of Stawell (Shire) 1,830 1,240 1,405 - 0.2 1,797 0.8
Fart of Goulburn (Shire) 1,560 1,700 1,750 + 1,2 goz 2.2
Total (actual atudy area) Lh nhu7 43,595 Ly, 829 + 0.7 19,335 2.5
Bendigo {City) ® 30,8086 32,007 32,573 + 0.6 32.5 1,002.2
Castlemaline (City) * 7,103 6,915 6,675 - 0.6 23.3 286.4
Maryborough (City) * 7,107 7,472 7,569 - 0.2 23.3 324.8
Stawell {Town) * 5,508 5,800 6,150 + 0.4 23.7 259.5
8t. Arnaud {Town) * 3,004 25779 2,788 - 0.7 25.4 109.7
Eaczlehawk (Borough) ® 5,230 5,383 6,447 + 2.3 14.5 Lib.g
59,759 60,356 62,200 + 0.4 142.7 452.5
Total (including maln urban
areas) 104,206 | 103,951 110,029 Av. + 0.6 19,477.7 Av. 5.5
(2.95% of
the popu-
lation of
Yictoria)

* Mot part of the study area; A Census 1966; B Census 1971; C Census 19786 (Preliminary); D Aust. Bureau of Statls-
ties 1974




"Urban Bendigo" 1is deflned in the "Viect-
orian Yearbook" (1973) as:

Bendigo City {part)
Eaglehawk Borough (part)
Marong Shire (part)

Strathfieldsaye Shire (part)

It remains the fourth-largest urban
centre in Victorla (after Melbourne,
Geelong, and Ballarat). While the pop-
ulation of Bendipgo city has not grown
markedly, several adjacent areas have
shown major increases in population.
Strathfleldsaye Shire has had a 5.3% in-
crease between 1966 and 1976, while the
Shire of Marong and Eaglehawk Borough
both show an increase of approximately
2.5% for the same perilod.

Outslde Urban Bendigo and the other
major centres, the population density 1s
relatively low. Large towns 1nclude
Heathcote, Rushworth, Avoeca, and Nagam-
bie.

Decentralization and
Industrial Development

Decentralization has not contributed
greatly to the growth of citles and
towns in the study area, but the poten-
tial 1s significant, particularly in
Bendlgo, Castlemalne, and Maryborough.
Publie land, as well as private prop-
erty, 1s likely to be required for new
residential and industrial development.

Decentralization of the population de-

pends on the avallability of employment,
which 1s provided largely by industry.
At the same time, industry is unlikely
to move to a location where labour 1s
not already plentiful. As a general
rule, therefore, decentralization will
affect only major centres.

The following factors are important:

¥ povernment incentives for decent-
ralization

availability of land and/or bulldings
avallability of appropriate labour
avallability of finance

transport costs

environmental consideratlons
availability of raw materials

W, e E X

As the largest city 1n the study area,
and the third-largest population centre
in rural Viectorla, Bendlgo has consider-
able potentlial for decentralization.

The Calder, Midland, McIvor, and Loddon
Valley Hlghways converge there. It 1s
also a major raill centre, with lines
radiating to the north-west, north, and
north-east, as well as the main Bendigo
~=Melbourne line to the south.

Although Castlemaine 1s conveniently
situated at the junctlon of the
Pyrenees and Midland Highways, and on
the Bendigo--Melbourne railway line,
1ts potential is somewhat restricted by
its proximity to the city of Bendlgo.

Maryborough 1s situated at the junection
of the Melbourne--Mildura and Castle-
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maine—--Ararat railway lines, and on the
Pyrenees Highway.
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4. HISTORY

The Aborigines

Two Aboriginal tribes are reported to
have formerly occupied the land that now
comprises the study area. To the west,
the Jaara tribe had a territory of some
15,600 sq km, extending from Stawell,
east along the Dividing Range to Kyne-
ton, north to Bald Rock (near Gunbower),
and west towards Donald.

The Ngurelban tribe occupied a triangle-
shaped area of approximately 7,800 sq km
to the east (one side of the triangle
formed the Jaara tribe boundary, and the
apex was around Euroa).

Both tribes were hunters and gatherers,
but they stayed close to permanent water
supplies. Their first contacts with
whlte colonists were tragic, although
friendly relations were established with
some early squatters. At the time of
European settlement, the Jaara tribe had
an estimated population somewhere be-
tween 1,000 and 1,300 pecple.

Aborigines continued to clash with the
colonists, and the effects of disease
and alcohol, combined with the general
destruction of thelr way of life, caused
a marked reduction in their numbers.

Today, only a few known Aboriginal
relics have survived the troublesome
colonizing days and the feverish search
for gold that immediately followed. Ex-
amples include the rock wells at Mary-
borough and Whroo, the ceremonial stone
arrangements at Carisbrook, stone axe
quarries at Mount Camel, canoe-trees and
shield trees at Barnadown, and numerous
Aboriginal middens, particularly in the
Boort area. Stone chips in the Fryers
Ridge, Cope Cope, and Mount Tarrengower
areas.

Exploration

The first Europeans to visit the area
were Hume and Hovell, who in 1824
travelled from Lake George in New South
Wales to Corio Bay, passing to the east
of the study area, and returned along
the route of the present Hume Highway.
Although they reported very favourably
on the land, it was not until 1836 that
another party, led by Major Sir Thomas
Mitchell, entered the area.

Mitchell crossed the Murray and camped
at Swan Hill in June 1836. He then
travelled to Portland, passing close to
the sites of Wedderburn, St. Arnaud, and
Callawadda. His return route took him



near the sites of Talbot, Newstead,
Castlemaine, Heathcote, and Nagambie.
Mitchell named the Loddon, Avoca, and
Lkvon Hivers after streams in England and
Ireland. He also named the Wimmera,
using a native name, and the Campaspe
and the Barnard (now known as the Coli-
ban).

In 1860 the Burke and Wills expedition
passed through the area, which was by
then extensively settled. Previously,
Burke had been the Administrator of
Castlemaine, and Wills had surveyed and
named Wedderburn.

Agricultural Settlement

The squatters

Following Major Mitchell's report,
squatters moved into the area. In 1837,
they established runs in the Goulburn
Fqlley, as far scuth as Seymour. By
1838 they had spread to the Campaspe,
and within 2 years had taken up country
a5 far west as the Pyrenees.

At this time each squatter was allowed
to occupy as much land as he could ob-
tain for a yearly payment of £10. This

meant that he did not own the land, but
occupled it under licence - it remained
Crown land.

These early squatters lived in crude
d bark huts. Runs were unfenced and sheep
anoe were tended during the day in flocks of

Sear on a tree ne
when 4borigines r

ar Carisbrock cause
emoved bark for a ¢
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some hundreds by shepherds - usually ex-
convicts or "ticket-of-leave" men. At
night the sheep were guarded in yards to
protect them from attacks by Aborigines
and wild dogs.

During the 1840s the pastoral industry
developed despite problems of fire,
disease, and a shortage of feed. Wool
cuts averaged about 2% 1lb (1.1 kg) per
head, and the wool was taken to Mel-
bourne by bullock wagon. At this time
labour was plentiful.

When the gold rush began in 1851, many
shepherds left for the gold-fields, and
the sguatters suffered an acute shortage
of labour. Problems with livestock were
aggravated by thieving and the disease
scab.

The increased mining population required
food, but this could not be fully supp-
lied by the squatters. Although they
could graze stock, squatters were not
permitted to cultivate the land, so they
could not grow crops or vegetables. A
system of selling surveyed land was
needed, and the first land (near Ben-
digo) was auctioned in 1854,

Most of this land was bought by wealthy
squatters for grazing, but small farmers
also bought land and began to grow fruit
and vegetables, grain crops, dairy
produce, poultry, ete. These early
farms were near the Campaspe, Loddon,
and Goulburn Rivers, and their
tributaries.

13

The land rush

By the late 1850s, the alluvial gold
deposits were becoming exhausted and the
miners were seeking other work; the maj-
ority wanted to become owners of land.

The auctioning system favoured the
wealthy squatters, and in 1869 Grant's
Land Aet was introduced to enable less-
wealthy individuals to select and pur-
chase up to 320 acres (130 ha) of land -
at a price of £1 per acre (approximately
$5 per ha) over a 1l0-year period. This
led to a land rush, with 4.4 million
acres (1.8 million ha) being selected in
Victoria in the next 5 years.

Agricultural methods were primitive at
this stage. Fences were made of timber,
brush, or stone. Farmers ploughed with
a single-furrow implement, and rolled
logs to level the land. They broadcast
seed by hand, and reaped with hand
sickles. Then they winnowed the grain
by throwing it in the air, letting the
wind separate seed and chaff.

The combined effects of poor soils and
dry seasons made it obvious that many of
the small holdings were too small, and
many of the original selections were
amalgamated. Much of the poorer land
reverted to grazing.

Irrigation and Water Conservation

The first water supply system in the
study area was the Coliban, which was
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large sector of the rural economy of the
study area.

Gold-mining
Discovery

Undoubtedly the settlers knew of the
existence of gold in Central Victoria in
the early 1840s. Discoveries were
recorded near Navarre and Maryborough in
1848, but the settlers, fearful of what
mining would do to their land, suppress-
ed such information.

Subsequently, however, gold discoveries
elsewhere in New South Wales (Victoria
was then not a separate colony) caused
such an exodus of gold-seekers that the
loecal authorities became alarmed and
offered a reward for anybody finding a
gold-field within 200 miles of Mel-
bourne.

One of the officlally recognized discov-
erles was made by James Esmond at Clunes
in July 1851.

Alluvial mining

Following Esmond's discovery, rich
alluvial ground was opened at Clunes and
also at Castlemaine (Mount Alexander)
along Forest Creek. By the end of
November 1851, 10,000 diggers had con-
gregated on the rich surface and shallow
deposits of Forest Creek. Other discov-
eries in the Castlemaine area were made
at Barkers, Campbells, and Fryers
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Creeks. Castlemaine was the first of
the gold-fields to achieve sensational
success, and for a time surpassed its
two rivals in Ballarat and Bendigo.

Gold had been found at Golden Point
(Bendigo) in August 1861, and by January
1852 these alluvial deposits had yielded
200,000 oz (5,700 kg) of gold.

Further discoveries and subsequent rush-
es throughout the study area followed
soon after. Alluvlial gold was discover-
ed at Amherst, Wedderburn, Mcliagul, and
Tarnagulla in 1852, at Stawell, Avoca,
Maryborough, Dunolly, Kingower, Coster-
rield, and Rushworth in 1853, and at
Alma and Maldon in 1854. The gold-
fields west of the Loddon and north of
Dunolly were particularly famous for the
number of nuggets produced.

Alluvial deposits ususally had a short
economic life, Generally the fields
soon became deserted, although fresh
discoveries and re-rushes occurred in
some areas, as happened at Dunolly on
many occasions. Alluvial gold product-
ion reached its peak in 1856. In
subsequent years it gradually declined,
until by 1878 production from quartz
reefs exceeded 1it.

Reef mining

At Bendigec, large blocks of gquartz stood
as much as 12 m above the surface. Some
showed gold, and by 1853 the first

quartz-reef mine opened at Specimen Hill
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and Victoria Hill, First attempts at
reef mining used hammers and other prim-
itive tcols to crush the guartz and sec-
ure the gold. Then "dollies™ or light
stampers, worked by hand, were used.

Working of the reefs commenced in earn-

est in 1854, when the first public batt-
ery with iron stampers was installed at

Bendigo.

At other localities the pattern was the
same, with numerous reefs being discov-
ered during and after the main rushes
for alluvial gold. At Clunes in 1857,
the Port Phillip Co. made the first
successful attempt at the deep mining of
a quartz reef.

Quartz bodies at many localities were
rapidly exhausted, but at Bendigo it was
realized that the auriferous guartz
reefs recurred as saddle reefs at rand-
om, one below the other. This discovery
led to the sinking of thousands of
shafts - the deepest to 1,407 m - by
hundred of mining companies, and the
construction of hundreds of kilometres
of levels and crosscuts.

For 100 years Bendigo was the principal
quartz-reef mining centre in Victoria,
but the last mine there closed in 1954,

Other important reef mining centres in
the study area were Castlemaine--
Chewton, Stawell, Maldon, Maryborough,
St. Arnaud, Tarnagulla, Rushworth, and
Inglewood.

Desp leads

In 1856 the "Perseverance Mine" became
the first in the study area to systemat-
ically work buried channel deposlits or
"deep leads". This ancient drainage
system lay beneath the valley of China-
man's Flat Creek.

Other north-trending leads (Alma, Timor,
Maryborough, and Lucknow) were located
in valleys beneath alluvium or basalt,
or both. Often the leads were up to

300 m wide, and specizalized egquipment
was required to deal with the weak
ground, and with the enormous quantities
of water passing through the coarse
gravels.

Dredging

From early this century, up to the
1950s, many of the old alluvial areas
were reworked by large dredges. Operat-
ions were concentrated along the Loddon
valley in the Fryerstown--Guildford--
Newstead area, and along the Avoeca River
north of the Amphitheatre. The last
major dredging operation in the study
area ceased in 1956, although a small
dredge stlll operates at Maldon.

Decline

The period 1890--1910 was characterized
by excessive payments of dividends by
successful companies, leaving insuffic-
lent funds for adequate prospecting.
When the known ore bodies were depleted,
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Timber Production

During the gold rush, much of the fores-
ted land adjacent to mining areas became
dotted with tents, huts, and shantles.

irgin stands of timber within range of
mining activities were ruthlessly ex-
ploited to provide fuel and mining tim-
ber. Subseguent regeneration of seed-
ling and ccopplice origin was also felled
as soon as it reached usable slze.

In the 1880s, the rapid expansion of the
railway system into rural Vietoria
created a demand for sleeper and heavy
construction timbers. Until 1885, when
a licence system was introduced, there
was no control on exploitation of the
box--ironbark forests. During the
1890s, regulations introduced under the
Land Aet set minimum diameters for each
species to be felled, fixed royalty
rates, and required forest produce to be
measured at the stump. Licensees vegan
thinning to favour selected trees in
1901. After the constitution of a State
Forests Department in 1908, departmental
employees contlinued this practice,

In 1918 a new Forests Act (which formed
the basis of current legislation) was
passed, constituting the Forests Comm-
ission and providing for the further
improvement and development of State
forests. Between 1928 and 1935, working
plans for forest management were prepar-
ed for 80% of the box--ironbark forest.
During these depression years, thousands
of unemployed men undertook forest work,

paid for from government funds. Thous-
ands of acres of forest thus benefitted
from silvicultural treatment at low
cost. The depression also brought a
partial revival of mining, with a
renewed demand for mining timbers, but
utilization was strictly controlled.

During World War II, fuel-wood again be-
came a source of power for industry and
transport. The armed services required
ligquid fuels, so private and commercial
vehicles were converted for gas-operat-
ion. Charcoal was prepared, using wood
from standing ring-barked trees and

from thinning operations. Vast areas of
over-stocked forests were alsec thinned
for fuel-wood by licensees, interned
aliens, and prisoners of war.

After the war, many European immigrants
to Australis on assisted passages were
required upon arrival to work for the
government for 2 years. This enabled
further forest improvement works and
fuel-wood production to be carried out.

In the last 20 years, the market for
Firewood and other forest products, such
as poles and fencing material, has dec-
li§ed as alternatives have become avail-
able,

Communication and Transport

The early settlers faced many problems
of transport and communication. Routes
originally navigable only by foot or
horse soon, howsver, became rough tracks



for drays and bullock wagons. Packhorse
mail and the famous Cobb and Co. coaches
played important roles in early communi-
cation across the area.

The expansion of mining areas provided
the impetus for the construction of many
railway lines. The Melbourne--Bendigo
line was one of the earliest in the
State, belng completed as far north as
Echuca by 1864. 1In the 1870s, the Mary-
borough--3t. Arnaud line was built.

Agricultural settlement further to the
north-west, followed by development of
the Mallee country, led to further ex-
tensions of the rallway system. In the
early 1880s the lines from St. Arnaud

to Donald, Inglewood to Wycheproof, and
Bendigo to Kerang were completed. Soon
afterwards, a cross line was built from
Inglewood to Dunolly. The Bendigo--
Heathcote link formed early in the 1890s
and the connection made to the main Mel-
bourne--Albury line resulted in Bendigo
becoming a major railway centre.

Although the railrcads remained signifi-
cant in the area, motor transport grew
in importance during the 1930s. Further
roads were developed throughout the

area to link the various rallway lines.

Local Government

Most of the local government areas with-
in the study area today were created as
districts in the early 1860s. This re-
sulted from an Aet passed in 1853, which
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allowed land-owners in any locality to
elect a District Roads Board.

Between 1864 and 1871, the proclamation
of shires eliminated rcad districts. At
the same time, several urban municipal-
ities were proclaimed in the more estab-
lished areas. Some, such as Bendigo,
have remalined and have continued to
grow, but others have subsequently had
to change their status. Graytown, a
former gold-fields borough in the pres-
ent Shire of Melvor, now has only a
dozen inhabltants.

Many of the areas currently proclaimed
as Waterworks Trusts, or water supply
districts under the control of local
government bodies, were proclaimed be-
tween 1870 and the 1900s.
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5. CLIMATE

Compared with many other parts of the
State, the study area has a relatively
uniform climate. Apart from the
Pyrenees, it has few major topographic
variations to cause marked climatic
differences between nearby sites.
Nevertheless, even fairly minor topo-
graphic features do produce differences.
For example, elevated ridges and ranges
often receive greater rainfall than sur-
rounding lower areas; on the other hand
the low-lying areas are fregquently more
prone to frost - in this case a differ-
ence in elevation of only a few metres
can make a significant difference. The
influence of latitude on climate is
superimposed on the local effects of
topography.

Because of the gentle climatic variat-
ion here, a small number of represent-
ative sites may be used to compare the
climates of different parts of the study
drea. The information in this chapter
is based mainly on eight climatologlcal
recording stations. Boort and Charlton
represent the northern parts - these two
stations just outside its northern boun-
dary have been selected in the absence
of comprehensive recording stations
within this part of the study area. 3St.

Arnaud, Bendigo, and Murchison represent
the central latitudes, while Stawell,
Avoca, and Castlemaine provide examples
of the southern parts. Meteorological
records are no longer kept at Murchison,
so figures listed for this station are
0ld; however, this Information remains
the best available for the eastern part
of the aresa.

Temperature

Table 2 shows the average maximum, min-
imum, and mean temperatures for the
eight representative recording stations.

January and February are the warmest
months, with temperatures being highest
in the north - the average maximum of
31°C at Boort compares with one of 28°9C
at Castlemaine.

Temperatures are lowest in July, with
average daily maxima for Boort and
Castlemaine respectively of 14°C and
12°C, and average minima of U49C and 2°C.

Frost

The occurrence of frost depends not only
on the temperature and humidity of the
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air, wind speed, and cloudiness, but
also on the characteristics of the par-
ticular site - its vegetation cover, its
slope, and the slope of the surrounding
1d. Susceptibility of a particular

e of ground to frost is a peculiar-

1
3

3

2

o R
o fa
Pl

ity of site; nevertheless some general
pbservations are useful.

At very low temperatures, frost causes
damage to plants and may even kill them.
The temperature at which damage occurs
depends on the plant species and the
stage of growth. For example, small
green frult of apricots and grapes may
be damaged by less than 30 minutes'
exposure to temperatures of -0.59, where
flower buds of apricots would be undam-
aged by such exposure to temperatures
down to about -4© and flower buds of
grapes could tolerate short exposure to
temperztures as low as -6.5°

Severe frosts have also caused deaths of
young lambs in the study area.

Furthermore, the temperature at ground
level may be low enough to cause severe
damage, while only a metre above the

ground no damage occurs (in frosty con-

itions ground *Erpewa ures are usually

[
i

several degrees E1Oh screen tempera-
tures - the actual difference varies
considerably). 40ﬂ5““h“ﬂ+lj it is very
difficult to define a single measurement
that reliably indicates when frost dam-
age will occur. Screen temperature is a
widely available measurement, and on of

0°C is widely accepted as 1nd1cating a
heavy ground frost and some frost effect
at one metre above the ground. Table 3
shows the average number of cccasions of
screen temperature of 0°C or less for
the eight representative recording
stations.
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Table 3

AVERAGE NUMBER OF SEVERE FROSTS (SCREEN TEMPERATURES COF 0°C OR LESS)

';:érf Jan. Fab. Mar. Apr, May JUrt. Jul. Aug. Sep. Oex. Nov. Dec. Year
Hoopo® 12 1 2] 0 0 0.1 1.7 1.8 0.7 0.3 0.1 o 0 h.T
Charlten® 7 @ Q o a a.7 4.1 L.g 1.0 1.9 G 7 0 0 15.7
5t. Arnaud 12 . 0 0 a 0.4 5.1 bl z.0 0.7 0.1 0 o 13.8
Bendigo 20 g g 0 C 02 2.1 3.1 14 0.2 0.1 a 0 £.9
Murchisan =10 G G 0 ] 0.8 155 3.3 2.7 0.2 0 1] 0 8.5
Stawell 3 0 1 0 a a 1.y L. (4 0 o 1] 0 3.0
Avoca Il g a i Q.3 1.8 55 5.8 3:5 1.6 0.5 Q Q 18.86
Castlemaine iz a 4 o 0.7 4.5 10.3 10,2 6.6 1.6 1% 0.1 a 38.1

Jan Feb. Mar. Apr. May Jun. Jul. ‘5"‘1‘5' 3ep Oet. Nov. Dec. Year

Boorc® 22 L 27 26 49 41 39 39 E a7 29 26 389
harlton® 23 2B 32 2 43 53 45 41 39 29 27 L2z

St. Arnaud gl 23 38 53 58 55 56 L8 47 3y 29 Lgg
Bendigo 35 36 ke | s3 g1 55 56 53 51 38 33 541
Murchiss 34 32 4o Lo 51 65 56 55 51 55 38 3k 551
Stawell | 25 30 30 38 54 G | 57 59 5k 50 33 32 533
Avaza 26 38 30 ‘ Lo 50 61 59 50 52 ks 38 36 537
Castlemaine 27 39 33 I 37 55 56 B0 62 57 55 4o 37 554

% Dutside the study area



Scme frosts normally occur each year in
2ll parts of the study area, although
their frequency varies greatly from
place to place (for example, Boort has
an annual average of 4.7 frosts, com-
pared with 38.1 at Castlemaine). It is
clear from Table 3 that, unlike average
temperatures, frequency of frost is not
determined mainly by latitude (compare
Boort with Charlton in the north, and
Stawell with Castlemaine in the south).

Another important factor is the period
over which frost occurs, since this may
restrict the suitability of an area for
growing frost-sensitive crops. Castle-
maine usually suffers frost on at least
one day a month for 6 months, whereas
at Boort frost occurs with this freg-
uency only for 2 months.

Rainfall

Throughout the study area rainfall is
greatest in winter (with June generally
being the wettest month) and least in
summer (the driest month usually being
January).

Average yearly rainfall ranges from
approximately 400 mm in the north to an
estimated 750 mm or more con the higher
parts of the Pyrenees (see Table 4 and
Map 2). For most of the study area it
varies between 400 mm and 500 mm, but
much of the public land, being higher
than surrounding private land, receives
greater rainfall than nearby locations.
In the absence of rainfall records with-

in the publie land, it is difficult to
estimate the magnitude of this effect.

Climate and plant growth

When discussing climate in relation to
land use it 1s necessary to consider the
influence of climate on plant growth,
since this has a direet bearing on land
use.

Cold significantly reduces plant growth;
a mean monthly temperature of 100C is
commonly accepted as the temperature
below which it is substantially reduced
and, in general, species of the temper-
ate zone produce little appreciable
ggowth when temperatures fall to about
GYC.

The effect of temperature on plant
growth is buffered to some extent by the
soll, which -~ being slow to cool or warm
up - lags behind temperature changes and
is 1ittle affected by such changes from
day to day.

From Table 2 it may be seen that the
mean monthly temperature is less than
10°C for 3 months (June, July, and
August) at most stations. At Boort it
falls below 10°C only for June and July,
whereas at Castlemaine 5 months have
mean temperatures less than 109C. Thus,
cold restricts plant growth in winter
throughout the study area.

Frost is also important. Different
plant species differ in thelr suscep-
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tibility to frost and many grown in this
areg are unlikely to suffer damage.
Some, however, such as frult trees and
grape vines, are susceptible. 3pring
frosts, occurring at a growth stage

when plants are most sensitive to frost,
may cause serious damage to agricultural
crops. Table 3 shows the extent to
which frost incidence varies from place
to place. It also indicates that spring
frosts are most frequent at Castlemaine,
Charlton, and Avoca.

Data on rainfall are readily avallable,
and the area contalns many rainfall-
recording stations. ERainfall alone is
not 2 reliable indlecator of availability

of water to plants, however, which also
depends on water loss through evapora-
tion and on site characteristics such as
soil type, slope, and aspect.

"Effective rainfall" - a wldely accepted
measure of the availabhility of moisture
to plants - is the minimum amount
necessary to start and maintain plant
growth, and can be calculated from data
cn precipitation and evaporation. Such
calculations make no allowance for site
characteristics, nor for water already
contained in the soil following a period
when rainfall exceeded evaporation.
Estimates of effective rainfall provide
a useful gulde to crop and pasture

Table 5
PERCENTAGE FREQUENCY OF FALLS OF RAIN EQUAL TC OR GREATER THAN THE "EFFECTIVE" AMOUNT
Statian Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Qet. Nov. Dec,
Booprt® 8 14 13 3l &9 87 B3 76 ug 36 19 12
Chaslton® 9 12 25 37 69 8g B6 87 67 36 16 12
St. Arnaud 12 13 25 ug 7 93 34 91 79 50 22 14
Bendigo 18 21 35 55 1 85 92 31 85 57 29 19
Murchiszon 19 19 34 kg 79 a4 93 ] 77 61 26 22
Stawell 14 13 26 59 Bg 34 1 %3 87 64 31 1§
Avaca 13 23 28 57 a8 100 g7 g5 90 60 31 28
Castlemalne g 18 33 58 Bi 92 93 93 85 62 24 a2

Qutside the study area




growth, but are less-reliable indicators
of conditions affecting other plant
species, particularly deep-rooted
perennials.

Table 5 lists the probabilities of the
actual monthly rainfall equalling or ex-
ceeding the calculated effective rain-
fall at the eight representative stat-
ions. A probability of 50% indicates an
equal chance of receiving or not receiv-
ing rainfall at least as great as the
"effective” amount during that month;
one of 25% reduces that to only a one-
in-four chance.

The table shows that all the stations

have less than an even chance of receiv-
ing effective rain in the months Novem-~
ber to March, and that this also applies
at Boort, Charlton, St. Arnaud, and Mur-
chison in April, at the first two places
in October, and at Boort in September.

Thus 1t i1s clear that throughout the
study area lack of rain will severely
restrict plant growth for substantial
periods.

As mentioned earlier, the effects of
climate are modified by the character-
istics of a particular site. Water av-
allability depends on slope and aspect,
and on soill type. Different soils

vary considerably in the amount of water
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they hold, and in their rates of water
absorption and loss.

A short growing season can be lengthened
artifiecially. Irrigation during the dry
periocd, when warm temperatures favour
plant growth, enables growth of agric-
ultural crops to continue.
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6. GEOLOGY

Geclogists divide the Earth's history of
more than 4,000 million years into four
major time units called eras - the Pre-
cambrian, the Palaeozole, the Mesozoic,
and the Cainozeic.

Events in the geological history of the
study area oc¢curred predominantly in the
Palaeozoic and Cainozoic eras. Table 6
depicts their sequential order of events
and the geological time scale.

Early in the Palaeozoic era, marine sed-
iments were laid down in a series of
fault-controlled troughs in the Tasman
Geosyncline, a large sedimentary basin
that had formed along the eastern margin
of Australia. The sediments deposited
in these troughs were progressively fol-
ded, faulted, and intruded by granite,
culminating in the middle Devonian
period. 1t is these rocks that now form
the bulk of the highlands in the study
area.

Apart from glacial activity during the
Permian, and the intrusion of dykes in
the Jurassic, the study area underwent
prolonged erosion from the middle Devon-
ian to the early Tertiary - a time span
of more than 300 million years. Many

thousands of metres of sediment and
granite were stripped away, and remnants
of 0ld erosion surfaces left scattered
throughout the highlands.

Towards the end of the Tertiary period,
large streams dissected the highlands,
and laid down gravels (deep leads) along
their valleys and into the Murray Basin
to the north.

During the Pliocene epoch the sea, inun-
dating the Murray Basin, penetrated the
study area near Stawell and lapped the
highlands around to Raywood. During and
after the retreat of the sea, streams
again flowed north, laying down extens-
ive alluvial deposits that built up the
Wimmera and Riverine Plains.

This was followed by Newer Volcanic ac-
tivity, with basaltic lava forming broad
plains and flowing along ancestral river
valleys.

At least four climatically controlled
depositional ecycles are thought to have
occurred during the Quaternary. The
most recent cycle includes the deposit-
ion of alluvial sediments up until the
present. The surface geoclogy of the
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study area is shown on the map at the The Heathcote Axis is bounded by high-
end of the report. angle reverse faults. To the east the
Stratigraphy

Cambrian

Rocks of Cambrian age are the oldest in
Victoria, and represent the initial
phase of development of the Tasman Geo-
syncline. This occcurred when extensive
voleanic activity, early in the period,
caused accumulation of at least 1,500 m
of basie lava, ash, tuff, agglomerates,
and minor intrusives called the Heath-
cote Greenstones. Within the study area
these rocks occur along a narrow belt
from Tooborac to Corop, known as the
Heathcote Axis.

By the middle Cambrian, igneocus activity
had effectively ceased. At a later date
these rocks were metamorphosed by deep
burial. To the north of Heathcote town-
ship, the Heathcote Greenstone is con-
formably overlain by the Knowsley East
Fformation, comprising shales interbedded
with thin ash beds and some tuff.

The Goldie Shale (600 m of finely bedded
black shale and mudstone) conformably
overlies the Knowsley East formation to
the north of Heathcote, but elsewhere it
unconformably overlies the Heathcote
Greenstones. In outcrop these shales
are usually bleached and silicified and
form a line of low hills making up the
western part of the Colbinabbin (or
Mount Camel) Range.
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McIvor and Mount Ida Faults bring the
Cambrian rocks into contact with Upper
Silurian--Lower Devonian rocks; to the
west the Knowsley East and Heathcote
Faults bring Cambrian rocks into contact
with Lower Ordovician slates. Faulting
has also incorporated slices of Lower to
Upper Ordovician rocks within the Cam-
brian belt.

Cambrian--Ordoviecian

The rocks in the belt from the western
boundary of the study area to east of
St. Arnaud and Avoca are bedded sand-
stones and shale. They are usually ex-
tremely weathered. Because no fossils
have been found in them, their age is
uncertain, and they are assigned a broad
Cambrian--Ordovician age.

They are separated from rocks of known
Ordovician age to the east by a wedge of
granitic and metamorphic rocks between
Charlton and Natte Yallock and by a
valley flow of basalt between Natte
Yallock and the southern boundary of the
study area.

Crdovician

Within the study area, Ordovician rocks
outcrop between Wedderburn and Burnbank
in the west and the Heathcote Axis in
the east.

Approximately 3,000 m of Ordovician
sediments were deposited in a segment of
the complex Tasman Geosyncline. The

sediments (alternating slates, sand-
stones, and siltstones) are thought to
be continental shelf deposits sub-
sequently redeposited in subsiding geo-
synclinal troughs by turbidity currents.

Dark shaly layers accumulated in the
guiescent periods, and a rich, almost
complete sequence of graptolites (ex-
tinet colonial organisms now preserved
as fossils) developed there. These
fossils have made it possible to sub-
divide the Ordovician sediments - one of
the most detailed zonal subdivisions in
the world.

The western margin of sedimentation
shifted progressively towards the east.
Unfossiliferous sediments in the west
may have provided some of the source
material for the younger Ordovician sed-
iments deposited in contracting troughs
nearer the Heathcote Axis.

Soon after deposition, the sediments
were tightly folded and converted into
low-grade metamorphics, especially
changing shale to slate.

Large-scale faults disrupted major folds
and cut out zones in the fossil se-
gquence. Some faults were active during
sedimentation, and controlled the areas
of deposition. The most important are
the Muckleford, Whitelaw, Sebastian, and
Campbelltown Faults. The Muckleford
Fault has been traced for more than 130
km, from west of Bendigo southwards. It
transects the Harcourt Batholith, where
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GEOLOGY OF THE NORTH - CENTRAL STUDY AREA:
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it is marked by a zone of crushed grano-
diorite.

Silurian--Devonian

By the end of the Ordovician period,
marine sedimentation proceeded only east
of the Heathcote £xis.

Faulting along the Axlis delineated the
margin of a rapidly subsiding trough
(Melbourne trough), in which 7,300 m of
Lower Silurian to Lower Devonian sedi-
ments were deposited in the Heathcote--
Costerfield area. Thils sequence consists
of massive sandstone, guartzite, silt-
stone, mudstone, and some conglomerate,
It contrasts markedly with thin-bedded,
tightly folded, and strongly cleaved
Ordovician sediments to the west.

One of the most complete and best-known
Silurian--Lower Devonian sequences in
the State is found between the Heathcote
Axis and the Moormboocl Fault, east of
Costerfield. Correlation of this se-
guence with sediments east of the Moorm-
bool Fault is hampered by the lack of
fossil evidence, however, and different
formation names have been given.

b

the middle Devonian, these trough

iiments were folded, faulted, and in-
ded by granite. These succn551““
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es of tectonic activity progressive-
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ed the study area.

Various dating methods have revealed two
periods of intrusion by granitic rocks

Granite tors at Mount Egbert

and associated dykes (see Table 6). The
plutons formed by these intrusions are
predominantly granlite or grancdiorite,
and vary in size from small pods 1 km

across - for example, Mount Black - to
more than 25 km in the Harcourt Batho-
1ith.

Fermian

The interval between the folding of the

Silurian--Devonian sediments and subse-

quent deposition in the Permian exceeds

100 million years. During this time ex-
tensive erosion took place
several granitic masses.

During the Permian, frigid conditilons
developed over much of Australia. Con-
| - = T = - =3 =T | & —— -— = - 1y
tinental glaciers moved from the south-



west and south-east into the study area
along fault-controlled valleys in the
Derrinal and Loddon Rilver areas.

In the Derrinal arez a glacler was con-
fined to a valley between the Kncwa1ey
East and Meadows Valley Faults. lacial
deposits (tillites) up to 75 m trick
were deposited, some of which are dis-
olayed in road cuttings on the Meclvor
Highway, and numercus glaclal erratic

ineluding "The Stranger", a
d block of pink granite.
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The thickest glacial rocks occur beneath
basalt or gravels, along the Loddon
Valley to Newbridge. Deep-lead mining
revealed many occurrences, and one bore
was abandoned after intersecting 93 m of
tillite.

Jurassic

Dark-coloured fine-grained dykes of late
Jurassic age intrude the Lower Palaeo-
zole basement rocks. These are best

the Bendigo gold-field.

Following the brief pericd of glaclal
deposlition in the Permian, erosion con-
tinued in the study area for more than
200 million y=sars. The Pyrenees are
remnants of an early Tertiary peneplain,
which had elevations exceeding 500 m.

As a result, extensive deposition ocec-
urred on the alluvizal ;la*na and delt

in the Murray Basln (forming the Henmark
group). Later, streams dissecting the
highlands lald down coarse gravels and
sands (the deep leads of the Calivil
formation) in their valleys.

In the Pliocene epoch these valleys and
their sediments were flooded by the sea
inundating the Murray Basin. As the sea
retreated, it laid down sands and =silts
called the Parilla Sands. Calivil form-



ation sediments continued to be deposit-
ed by streams flowing north, and these
in turn covered the marine deposits.

Pliocene and Pleistocene Newer Volcanics

In the Fliocene and Pleistocene epochs,
the Newer Volcanics (basalts, tuffs, and
scoria) of the Western District volecanic
province were extruded. This included
the southern part of the study area
around Clunes and Moclort, but lava
flowed north, even as far as Avonmore,
along ancestral river valleys (Bet Bet,
Loddon, Coliban, and Campaspe). Around
Moolort the basaltic flows filled the
Tertiary "deep-lead" wvalleys, before
overflowing and forming a broad plain.

Between Woodstock and Newbridge the
basalt flows gave rise to the character-
istic features of "stony rises" - a com-
bination of original flow tops, steep
flow edges, and collapsed lava tunnels.
Bald Hill near Marong - a lava cone and
the most northerly eruption point known
in Victoria - was one of the sources for
this lava.

Quaternary

Quaternary sediments form an almost con-
tinuous veneer over the older flat-lying
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Tertiary sediments of the Murray Basin.
The Shepparton formation consists of all
the older alluvial formations, which in-
fill the highland valleys and coalesce
at the highland front to form the River-
ina and Wimmera plains. Four climatic-
ally controlled depositional cycles are
thought to have occurred in thils perioed.
In the most recent cycle, modern streams
have incised into the older deposits and
laid down sediments of the Coonambidgal
formation.

Heferences

Central Planning Authority. "Resources
Survey - Central Highlands Region."
(Government Printer: Melbourne 1956.)

Douglas, J.G., and Ferguson, J.A. (Eds.)
Geology of Victoria. Special Publicat-
ion of the Geological Soeiety of Aust-
ralia No. 5, 1976.

Lawrence, C.R. Geology, hydronamics

and hydrochemistry of the southern
Murray Basin. Memoirs of the Geologieal
Survey of Vietoria No. 30, 1975.

McAndrew, J., and Marsden, M.A.H. "Reg-
ional Guide to Victorian Geology." 2nd
ed. (University of Melbourne: Mel-
bourne 1973.)



34

7. PHYSIQGRAPHY

Broadly, the study area has three main
physiographic divisions: the Western
Highlands, covering most of it; parts of
the Murray Basin plains to the north and
west; and remnant areas of undulating
plains on Newer Volcanics in the south
and centre. These divislons largely de-
pend on the geological parent materials,
discussed in the prewvious chapter.

The highlands do not have readily defin-
able boundaries with the plains, as,
with a few exceptions, they rise less
than 300 metres above sea level. The
plains extend along several of the river
valleys that cut north--south across the
study area. The Loddon River, which bi-
sects i1t, is one of the seven major
north-flowing rivers there.

Topography does not wvary greatly - the
maximum relief being 660 metres from the
highest point in the Pyrenees (Mount
Avoca, 760 m) to the plains in the north
(average elevation 100 m). The higher-
altitude areas correspond to the more-
resistant igneous and metamorphic rocks.

Murray Basin plains

Breoad plains of alluvium in the northern
part of the study area were formed on

older flat-lying Tertiary sediments of
the Murray Basin. Eastern parts of
these are known as the Riverine Flains,
and in the study area extend north from
Borung, Raywood, and Murchison. Also,
southerly extensions of the Riverine
Plains correspond to the Goulburn, Cor-—
nella, Campaspe, and Loddon alluvial
plains. All of these were laid down in
the Quaternary period by depositional
ecycles of north-flowing streams emptying
into the Murray Basin.

Modern streams, associated with the most
recent cycle, have formed flood plains
with terraces displaying entrenched
meanders, scroll patterns, etec.

Lacustrine areas with up to three assoc-
iated lunettes on thelr eastern margins
are located east of Bailieston, in the
Corop lakes area, at Cope Cope, and at
Gre Gre North. Multiple lunettes are
explained by receding shore lines, with
the oldest lunette furthest from the
lake .

The highlands
The highlands form part of the midlands

subdivision of the Western Highlands.
Topography here reflects rock type,
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Quaternary alluvial plaine near Serpentine and the Mount Camel Range near Colbinabbin

structural factors (faulting and fold-
ing), and old erosion surfaces.

The Pyrenees form the most rugged terr-
ain, with the highest point being Mount
Avoca (760 m), south-east of Landsbor-
ocugh. Comprising Cambrian to Lower Or-
dovician sediments, this range is a rem-
nant of a Cainozoic peneplain that had
elevations exceeding 900 m. The pene-
plain's development resulted from the
uplift and dissection of a dﬂeply weath-
ered plateau during the mid Tertiary.
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the earth's crust being uplifted while
others were downthrown. Bendigo is sit-
uated on one of several such blocks be-
tween the Leichardt and Whitelaw Fa
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ticularly prominent as a result of
weathering and form such peaks as Mount
Alexander and Mount Korong. Others,
like the Carapooee and Tarnagulla
plutons are topographically subdued -
forming an undulating landscape.

Prominent contact ridges occur in assoc-~
iztion with some granitic masses and are
particularly well developed around the
Natte Yallock, Tarnagulla, and Harcourt
plutons. mall resistant pods of gran-
ite and associated metamorphic aureoles
often form high points, as at Mount
Moliagul, Mount Egbert, and Mount Black.

Colluvial slope deposits, particularly
in granitic areas, are widespread and
well developed in the highlands.

The belt of soft Permian rocks around
Lake Eppalock caomprises a distinctive
area in the highlands. The smoothly
rounded slopes formed on this rock type
contrast with the adjacent rugged Ordo-
vician bedrock.

Newer Volecanics

At its northern edge, a large area of
voleanic rocks known as the Western Dis-
trict volcaniec province extends into the
southern and central parts of the study
area. Lava flows from its volcanoes
have spread along the Bet Bet, Loddon,
and Campaspe River valleys. Around
L unes, Moolort, and Eddington, the
aaaltic flows have formed a broad un-
ing plain.



Remnants of more recent flows around
Newbridge--Woodstock exhibit the charac-
teristic features of "stony rilses" - a
comblnation of original rough flow tops,
steep flow edges, and collapsed lava
tunnels.

Within the study area, 16 eruption
points have been named, and remnant vol-
cances range from 400 m high down to
hillocks of less than 15 m. Two types
of volcanic activity are represented:

¥ Tava volcanoes: repeated eruptions
of basaltiec flows with no apparent
scoria have formed low-angle lava
cones of moderate relief. Few show
any sign of a crater; most are
deeply weathered, and may appear
nothing more than insignlficant
humps - for example, Mount Moolort,
Bald Hill (Woodstock), and Two Mile
Hill.

In some areas, more-vlscous extrus-
ions have produced steep-sided hills
or lava dilscs.

¥ Scorla cones: pyroclastic activity
has constructed steep-sided scoria
cones (for example, Mount Duntrulm
or scoria cones lackling a crater
(for example, Mount Cameron and
McKinnan's H11l). Some, such as
McIvor Hill and Mount Duntrulm,
exhibit breached craters. The more
coarse the material thorn out by
the volcano, the steeper 1s the cone
that results.

Mount Moolort, an ancient voleano

Mount Greenock 1ls the only extinct vol-
cano remaining on Crown land 1n the
study area.

Drainage

Elevatlion of the highlands and retreat
of the sea durling the late Tertiary res-
ulted in the rejuvenation and alteration
of stream courses. Movement along
faults has also produced narrow valleys
on the upthrown blocks, such as that of
Bendigo Creek upstream of the Whitelaw
Fault. In addition, volcanle flows
forced the late Tertiary Avoca River to
abandon the Bet Bet valley and to take
its present course north from Archdale.

East of the Mount Ida Fault, down-fault-
ing by about 30 m during the Quaternary
restricted drainage from Cornella Creek
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and Wanalta Creek, resulting in an ex-
tensive system of lakes and marshes in
the Corop area. These lakes often dry
out during droughts, but Green's Lake
now forms part of an irrigation system.
Tilting near Bailieston 1s probably res-
ponsible for the formation of the Reedy
Lake system. Cainozoic movement on the
Whitelaw Fault has also led to the
development of Tang Tang and Winghee
swamps.

The metamorphic aureoles around granite

intrusions resist erosion and form prom-
inent ridges, and in many cases streams

are confined to the contact zone. Car-

manuel Creek in the Natte Yallock pluton
is one example.

Basaltic flows of Newer Volcaniecs have
exerted considerable influence on the
drainage in the southern part of the
study area by ponding and diverting
streams. These areas are now marked by
alluvium in which the drainage is poorly
defined, with numerous swampy areas.

Some of the major rivers - the Loddon,
Campaspe, and Coliban - still occcupy
thelir pre-basaltic valleys despite some
damming by lava flows in the past. Ac-
tive erosion by these rivers has left
scattered remnants of basalt along their
courses. Numerous lateral streams have
developed, including the Loddon River
between Newbridge and Bridgewater,

Joyce's Creek north of Campbelltown, and
Bet Bet Creek north of Lillicur. Twin
lateral streams have developed south of
Craigie.

Source-bordering dunes have developed
along Majors Creek and the Campaspe Riv-
er, from sand blown from stream-beds and
bars.

North of Serpentine, the Loddon River
fans out across a broad flood plain as
anastomosing distributaries over a clay
surface. Faulting along the Leichardt--
Leagher Fault may have played a part in
this phenomenon.
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Complex interactions between climate,
parent material, topography, and organ-
isms determine the chemical and physical
properties of most solls. The time span
during which these factors act also
affects the properties. In some envir-
onments, one or two of the soil-forming
factors may have more influence than
others.

Within the study area climatic variation
is 1limited, and soil differences relate
mainly to parent materials and topog-
raphy. The most common parent materials
are Palaeozoic slates and sandstones,
granlites, and granodiorites. These
rocks, and the alluvial deposits derived
from them, form soils of low to moderate
fertility. The more fertile soils are
limited to small areas of basalt and
Cambrian greenstone.

Unfortunately, few detailed soil surveys
have been undertaken in this area. Fur-
ther north the Department of Agriculture
has carried out detailed soil surveys on
the Riverine plain in connection with
irrigation use. These surveys extend
into the study area in the Dingee--Mysia
district and to the north-west of Rush-
worth. OSmall-scale regional soil maps
with explanatory notes covering most of
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the area have been published by the
Central Planning Authority.

The Soil Conservation Authority 1s pre-
sently conducting land system surveys in
the area. As Table 7 shows, 17 local
soll groups have been recognized, and
extrapolated across the study area by
photo-interpretation and limited field
inspections.

In the absence of a comprehensive soils
map, the land systems map does provide
some indication of soill distribution.

As indicated above, however, soils vary
markedly, with differences in relief and
drainage. Table 8 gives examples of
soil catenas (or sequences) that develop
at wvarious topographic positions on
different parent materials.

The soil group at a particular site can
therefore be deduced by determining the
likely geomorphic parent material there
from the land systems map. Then, having
determined the parent material (and
knowing the approximate topographile
position of the site), one can deduce
the 1likely soil group from Table 8.

The features of each local soil group
are discussed below. Many of the feat-
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ures present problems; examples include
the hard-setting surfaces and low per-
meabilities of the scodic duplex soils,
or the low water-holding capabilities of
stony scils and of the sand upper horiz-
ons on granitiec rocks. These are fur-
ther discussed in chapter 13 (Hazards)
and in the land system descriptions.

A glossary on pages 46--7 explains some
of the so0oil terms used in this chapter.

Local Soil Groups
Uniform soils

Pale-brown coarse sands of uniform tex-
ture occupy the steeper slopes on gran-
itic rocks, notably around Mount Alex-
ander and Mount Tarrengower. The water-
holding capacities of these loamy coarse
sands are low and drainage is excessive.
Most of the slopes with these acldie
s0ils remain largely under timber, but
cleared hills include Mount Buckrabuny-
ule, Mount Yawong, and the Dunluce area.

Grey calcareous sodic clays of uniform
texture and coarse structure occur on
relatively broad basaltic plains such as
those around Axedale and Baringhup.
These solls can become markedly gilgaied
with the hollows having loamy bleached
profiles. The cocarse blocky subsoils
are slowly permeable, which causes
waterlogging and excessive run-off
during wet periods. Cracking is obvious
when the clays dry cut. Land use on
these so0ils is chiefly grazing.

Grey-brown calcareous sodic clays of
uniform texture have developed on the
broad areas of clayey alluvium that make
up the Murray Basin plains in the north
of the study area, and in smaller areas
between bedrock outcrops, such as the
Kamarocka district and around Reedy
Lake. The profiles are slowly permeable
and usually gilgaied, and cause severe
salinity problems when irrigated.

Red calcareous sodie clays of uniform
texture occur widely on the Riverine

plain (for example, around Wychitella)
and on fans from greenstones along the

Profile of a coarse sand soil, uniform
texture



Table 7

S0IL gROUPS IN THE NORTH CENTRAL AREA
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Primary profile form

Great soil group®

Local soll group

Typical occurrence

So0l1ls of uniform
texturs

(801l profiles domin-
2ted by the mineral
fraction, with only
small differences In
texture throughout

Brown podzolie solls

Grey, brown, and red clays

Grey, brown, and red clays

Grey, brown, and red clays

Fralirie soils

Fale=brown coarse sands

Grey calcareous sodle clay
solls, coarse structure

Grey-brown calcarecus clay
golls

Red calcareous scdic clay
solls

Black eclay solls

Mount Tarrengower, Mount EKooy-
oora, and the western face of
Mount Bealiba. Cleared hills ind
clude Mount Buckrabanyule, Mount
Yawong, and the Dunluce area

Rathscar, Baringhup, Axedale,
Redesdale

Reedy Lake, Cope Cope
Whychitella

Hunnymede East,

Fedesdale, Bung Bong

Gradatlonal solls

(801l profiles domin-
éted by the mineral
fraction, gradually
begoming finer-
textured (more clayey)
with inecreasing depth)

Chocolate s0lls

Erasnozems

Leptopodzols

Leptopodzols

Leptopodzols

Leptopodzols

Red-brown shallow stony
gradational soils

Red stony gradaticnsl seolls,

fine structura
Red stony gradatilonal solls

Yellow stony gradational
solls

Yellow-red shallow stonyj
gradational solls
]

Yellow gradational soils)

Bridgewater, Woodstock North
Meunt Burramboot, Mount Camel

Ko specific sites

Metcalfe, Maldon, Fyalong

¥hroo, Bendigo, Costerfield,
Dunolly, St. Arnaud

Duplex solils

{801l profiles domin-
ated by the mineral
fraction, with a
pronounced and clear-
ly defined contrast
in texture beatween
the A and B horizons)

Lateritic podzolic solls

Red-brown earths

Solodized soclonetz

Solodic soils

Solodic solls

Solodiec solls

Mottled red-yellow duplex
s0ils with ironstone

Red calcareous sodic
duplex sc¢ils

Red sodic duplex zoils
Red sodic duplex solls,
coarse structure

Yellow sodiec duplex soils,
coarse structure

Yellow sodic duplex soils

Archdale West, Strathfleldsaye,
Navarrs

Bridgewater

Whroo, Bendigo, Costerfield,

Dunolly, St. Arnaud

Tooleen, Beallba, Wedderburn

Enowsley, Lockwood

Costerfleld, Eppalock, Navarre

Efcccrdlng to Stace gt

al {1968), excepr for leptopodzols (Hallsworth et al,

’

1953).
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Colbinabbin Range (for example, at Runf
nymede East). Although its permeability
is low, the s0ll has moderate fertility

and land use is predominantly cropping
with alternate grazing. Cultivation on
sloping fans poses a serlous sheet eros-
ion ha=ard, and severe salinity problems
can develop following irrigation.

lay solls of uniform texture

as narrow terraces beside drainage
lines. They are only slowly permeable,

which causes waterlogging and excessive
run-off during wet periods. Examples
occur at Redesdale and Bung Bong, and
the land is used mainly for grazing.

Gradational soills

Red-brown shallow stony gradational
soils occur on more-undulating parts of
the basaltic plains, such as those south
of Bridgewater. They are acldic and the
colour varies from red through brown to
grey, depending on drainage. Although
they are fertile and permeable, stones
and shallow profiles preclude cropping.

Hed stony gradational soils with fine
structure are restricted to the crest of
the Colbinabbin Range, such as on Mount
Burramboot or Mount Camel. They are
acidic, permeable, and relatively fer-
tile, but steepness and stoniness limit
land use to grazing.

Red stony gradational soils form on fans
below basaltic scarps. These are also
acidic, permeable, and relatively fer-
tile, but support cropping and grazing.

Yellow stony gradaticnal soils have
developed on fans below metamorphiec
ridges, such as at Metcalfe and Pyalong.
Soil depth and permeability are satis-
factory, but stone content limits the
waterholding capacity. Forestry and
grazing are the main land uses.

Yellow-red shallow stony gradational
g€0lls occur aon the steeper slopes under-
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S0IL CATENAS DEVELOPED ON DIFFERENT PARENT MATERIALS

Parent materilal

Topographle posgsition

Local soll group

Hazards

Grey=brown calcareous sodlc clay
solls

Red calcareous sodic clay solls
Bed calcareous sodic duplex
solls

Variable grey soils

Granite, Steep slopes Pale-brown coarse sandy solls, Moderate sheet erosion
granadlorite unifarm texture
Mld slopes Mottled red-yellow duplex solls Low=-moderate sheet erosion; low
with ironstone salting
Lower slopes Yellow sodic duplex solls, Moderate-<high sheet erosion
coarse structure
Alluvium from granite Yellow sodic duplex solls High gullying; low salting
Basalt Steep slopes Red-brown shallow stony gradat- Moderate sheet eroszion
icnal soils
Fans from basalt Red stony gradaticnal solls Moderate sheet erosion
Basaltie plains Grey calcareous sodlc clay Low sheet erosion; low salting
sollzs, uniform texture, coarse
structure
(Basaltic plains in the (Red calcarecus sodie duplex Deterioration of topsoil by overculti-
narth) soils) vation
Alluvium from basalt Black clay soils, uniform Moderate gullying and streambank
texture eroslon; waterlogging; salting
Palaeozoic Steep slopes Yellow-red shallow stony Moderate--high sheet erosion) Deterlor-
sediments gradational soils ) ation of
Mid slopes Red scdic duplex solls, coarse) High sheet erosion, moderate) adjacent
structure gullying ) land by
Lower slopes Yellow sodlc duplex solls, ) ) siltation;
coarse structure ) ) salting
Alluvium from Palaeozoic Yellow sodle duplex solls) Moderate--high gullying and streambank
sediments Yellow gradational soils ) erosion; waterlogging; moderate salting
Diabase Upper slopes Red stony gradational solls, )| High sheet erosion: high salting at
fine structure 7] Junction with other land units
Fans from diabase Red calearecus sodic clay solls,)
uniform texture
Permian Mid slopes Red sodlc duplex sclls, coarse Moderate sheet eroslon
tillites structure
Lower szlopes Yellow sodie duplex soils, Low sheet erosion
coarse structure
Alluvium from Permian Yellow sodlc duplex solls High gullying; moderate salting
tillites
Metamorphic Mid slopes Red stony gradaticnal solls Moderate--high sheet erosion
rocks F?ES from metamorphlc Yellow stony gradatlonal solls High sheet eroslon and gullying
ridges
Tertlary Lower slopes Mottled red-yellow duplex solls Low sheet erosion; extreme infertility
Sediments with ironstone
Variable Riverine plains

}
)
}
}
)

Deterioration of topsoll due to over
culcivation

Liable to [looding
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lain by Palaeozoic slates and sand-
stones. Such localities inelude Whroo,
Bendigo, Costerfield, Dunolly, and St.
Arnaud. Soill depth aversges about 0.5
m, but there are irregular areas of

i
ain by red finely structured clay that

appears to represent part of an older
ol

=

These solls are acidic and the prof
are permeable, but they have a low

iles

water-holding capacity because of the
stone content and shallowness. Most of
them have been cleared for grazing, and
this can lead to serious sheet erosion.
However, pasture Iimprovement has been
particularly successful in recent years.

Yellow gradational socils are found on
Falaeozolc sediments in similar locat-
ions to the previous group, but in
upper, narrow drainage lines. They are
acidic with permeable profiles, but when
cleared and grazed are susceptible to
gully erosion.

Duplex soils

Mottled red-yellow duplex soils with
ironstone are c©ld solls preserved on
Tertiary fluviatile deposits and on
gently sloping areas of granitie rocks.
Such scils are found at Strathfieldsaye,
Navarre, and Archdale West. Theilr pro-
files are acidiec, with relatively deep
coarse sandy A horizons of low water-
holding capacity. The B horizons have
fine to moderate-sized aggregates and
contalin ironstone fragments, underlain
by mottled red, grey, and white clays.
Most areas on granitic rocks are cleared
and used for grazing, with some cropping
and orcharding. The higher areas on
Tertiary sediments contain abundant
quartz gravels, are relatively fertile,
and remain largely forested or modified
by gravel stripping.

Red calecareocus sodic duplex scills occupy
the prior stream sections of the River-



ine plain, streamside terraces within
northern bedrock outcrops, and basaltic
plains of the Bridgewater district.
These soils are deep and contain little
stone, but the loamy surfaces set hard
when dry, particularly when over-
cultivated. Land use is cropping and
grazing.

Red sodic duplex soils occur on upper
gentle slopes on Palaeozoic slates and
sandstones where ironbark is (or was) a
characteristic component of the vegetat-
ion. The surfaces are gravelly, hard-
setting loams. These are sharply diff-
erentiated at irregular depths from red
B horizons with a relatively fine
structure and moderate permeability. On
cleared areas, the land is used for
cropping and grazing, and sheet erosion
is a serious problem.

Red sodic duplex soils with coarse
structure are found on the mid slopes of
Palaeozoic sedimentary outcrops (such as
at Bealiba), on the crests of gentle
ridges where the bedrock rises merge
with the Riverine plain (such as at
Wedderburn), and on upper gentle slopes
underlain by Permian tillites (such as
at Tooleen). The gravelly loam surfaces
are hard-setting, the coarse blocky B
horizons have low permeabllity, and run-
off is excessive, with consequent sheet
erosion. Land uses are cropping and
grazing.

Yellow sodic duplex soils with coarse
structure occur on the lower slopes of
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ridges, notably on Palaeozoic sediments
(such as at Lockwood) and on Permian
tillites (such as at Knowsley). The
features of the profiles are similar to
those of the previous group, but the
problems of land use are even more Sser-
ious. The increased run-off across
these lower slopes increases the hazards
of tunnelling, gullying, and water-
logging. The land use 1is mainly graz-
ing.

Yellow sodic duplex solls have developed
on alluvium from the various rock types
in the lower drainage lines, which have
been almost entirely cleared for agri-
culture. The subsoils are moderately to
slowly permeable, but highly dispers-
ible, resulting in severe gully erosion.
The hazards of salting are also common
with these soills.

Unelassified soils

Variable grey soils occur on the present
alluvial flood-plain. These soils have
little or no profile development, and
have limited agricultural use because of
the small area involved and the fact
that they are seasonally flooded.
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Glossary of Soil Terms
a type of soil structure
containing a specific amcunt of free caleclum salts
a seqguence of solls of about the same age, derived from
similar parent material and occurring under similar clim-
atic conditions, but having different characteristics due
to variation in relief and drainage

local micro-relief of mounds and depressions in calcareous
clay soils

a soil layer differing from adjacent layers in physical,
chemlical, or blologlical properties, or characteristics such
as colour, structure, texture, pH, ete.

concretions of clayey rock, with iron oxide

a residual soll developed in areas of good dralnage, leach-
ed of silica, and contalning concentrations of iron and
aluminium oxides

a soil that is less-leached than a normal podzol; normally
grey-brown in colour and acidic throughout

a highly bleached scil that is low in iron and lime, formed
under moist, cool climatic conditions
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soil profile

a wvertical section of the scil through all its scil horiz-
ons to the parent material

sodic - a soil containing sufficient exchangeable sodium to inter-
fere with the growth of most erop plants

solodized solonetz - a group of solls with a very thin friable surface soil
underlain by a dark hard layer, usually alkaline

texture - an indication of the proportions of constituent particules
in the soil (sand, silt, or clay)

water-holding capacity - the ability to retain available water
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9. VEGETATION

The natural vegetation of an area is de-
termined by the environmental factors of
the site, such as soils and their parent
materials, topography, and climate.
Preceding chapters have described these
factors and noted the variation of each
within the study area.

Vegetation is therefore particularly im-

portant when consldering land use, as it

reflects these factors and provides a

convenient way of assessing the capabil-
ty of a site for variocus uses.

Moreover, vegetation provides a multi-
tude of Man's needs, including timber
products, recreation sites, protection
for values such as scil stability and
water guality, habitats and food for an-
imals, and a major part of what we re-
gard as scenery or naturalness.

reguent reference is
in the chapter on

ff the chapters on

)
o
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¢ch of the study
arce areas of

natural grassland on the plains. Mining
and uncontrolled timber extraction in
the past have dramatically affected the
natural vegetation. Similarly, the
alienation of large areas and subseguent
clearing have affected the native flora
and allowed the introducticn of exotie
species.

Practically all the native grassland has
been developed for agriculture, and only
small remnants survive in roadside re-
serves and similar areas. The remaining
vegetation has been influenced to a
lesser extent by Man's activities, in-
cluding timber utilization, grazing, the
introduction of weeds, and the changed
incidence of fire.

In comparison with other areas in the
State, the study area has a relatively
homogenous vegetation. Of the 62 major
vegetation alliances in Vietoria (Fran-
kenberg, 1971), only six occur here.

OUn a very breocad scale the native vege-
tatlion can be described as being predom-
inantly box--ironbark forests, with
stringybark forests in the Pyrenees,
southern St. Arnaud Range, and Castle-
maine region and whipstick mallee in the



north of the study area. A few small
stands of red gum are scattered through-
out, and there are some very small plan-
tations of native and exotic species.
Those eucalypts that commonly oeccur, or
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are native to the area, are listed with
their common names in Table 9.

The understoreys are extremely variable,
ranging from sparse to dense, and many

Table ¢

EUCALYPTUS SPECIES

Common name

Botanical name

black box

Blakely's red gum
blue gum

blue mallee
broad-leafl peppermint
brown stringybark
bull mallee
candlebark

green mallee

grey box

Kamaroocka mallee
long-leaf box

manna gum

messmate stringybark
mountain grey gum
narrow-leaf peppermint
red box

red ironbark

red stringybark
river red gum
scent-bark

yellow box

yellow gum

white box

largiflorens
blakelyi
8t.-johnii
polybractea
dives
baxteri
behriana
rubida
viridis
mieroearpa
froggattii
goniocealyx
viminalie
obliqua
eypelloearpa
radiata
polyanthemos
gideroxylon
maerorhyncha
camaldulensis
aromaphloia
melliodora
leucoxylon
albens

tﬂtﬂt‘:f’d’ﬂjmmmt‘lfﬂmt‘imfﬂ?ﬂfﬂfﬂE‘*‘iE‘iE‘if‘:E“ll_‘lE‘l
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species are xerophilous (adapted to dry

conditions). Table 10 lists a number of
understorey species that commonly occur

on the public land.

Additional understorey specles may be

restricted to, or indicative of, a par-
ticular vegetation assoclaticn; they are
listed with the association descriptions

Table 10

UNDERSTCOREY SPECIES COMMONLY OCCURRING ON
PUBLIC LAND

Common name Sotanical name *

spreading wattle deaetia genistifolia 1s
golden wattle A. pyenantha ls
drooping cassinia Cassinia arcuata 1s
bushy needlewood Hakea sericea 1ls
clustered everlasting Heliehrysum semipapposum 58
smooth cat's ear Hypochoeris glabra dh
scaly buttons Leptorhyncos sguamatus dh
cotton fireweed Seneeto quadridentatus dh
sclenogyne Sclenogyne bellioides dh
scented sundew Drosera whittakeri dh
austral crane's-bill Geranium gsolanderi dh
common raspwort Halogoris tetragyne dh
dodder-laurel Cassytha melantha dh
wattle mat-rush Lomandra filiformis mh
early nancy Anguillaria dioica mh
black anther flax 1ily Dignella revoluta mh
chocolate 1ily Dichopogon etrictus mh
twining fringe 1ily Thyesanotus pattersontit mh
large gquaking grass Briza maxima mh
silvertop wallaby-grass Danthonia pallida mh
Spear grass Stipa sp. mh
toad rush Juncus bufonius mh
capitate rush J. capitatus mh
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- small shrub

dh - dieat. herb

mh - monocot. herb



later in this chapter Appendix 1 gives
a further, more complete, listing of the
common vascular species.

Classification and Mapping

The vegetation has been classified into
a number of floristic associations
according to the commonly occurring dom-
Inant tree species. This floristic
framework includes a number of structur-
al forms, based on the height and form
of the tallest stratum and the percent-
age of projective foliage cover. The
most closely related associations can
thus be grouped into alliances designat-
ed in terms of the most characteristic
dominant species. For example, the
messmate--gum alliance comprises four
related associations. Table 11 lists 13
assoclations in six native alliances in
the study area. (Plantations are not
ineluded. )

With few exceptions, the descriptions of
the assoclations refer to vegetation on
publiec land, as very little native vege-
tation remains on private land in the
study area. In several places, stands
of native trees remain in roadside
reserves, and these provide valuable
remnants of the original vegetation.

The distribution of the associations is
depicted in the vegetation map at the
end of this report. Two points need to
be emphasized. Firstly, the scale of
mapping (1:250,000) permits only the
delineation of areas occupied predomin-

571785
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antly, but not necessarily exclusively,
by one partlicular association. Some
small vegetation units have been combin-
ed for convenience. Secondly, adjacent
vegetation types, although most of their
boundaries are distinct or at least
recognizable in the field, sometimes
merge gradually from one to another. In
vegetation mapping, however, some point
must be selected as a disjunction, and a
boundary drawn.

Vegetation Associations and
Structural Forms

la Messmate--blue gum open forest
ITI--II

This alliance occupies higher elevations
where significantly more rain falls than
on the surrounding lower levels. Blue
gum and messmate occur in a patchwork of
small almost pure stands, and make up
Ehe tallest stratum.

Blue gum is found in mixture with moun-
tain grey gum in the east of the Pyre-
nees, and with candlebark in the north
and west.

On sites with shallow soill, and at lower
altitudes, associated species include
broad-leaf and narrow-leaf peppermint,
red stringybark, scent-bark, and, In the
south-east, brown stringybark.

Isolated ridgetop sites in the southern
St. Arnaud Range, carry lower stand
helghts of the alliance.



Typical understorey species include
wattles such as silver wattle (4cacia
dealbata) and varnish wattle (4. verni-
eiflua), composites such as drooping
cassinia (Cassinia areuatal) and fireweed
(Seneeic minimus), common heath (Epacris
impressa) , prickly starwort (Stellaria
pungensg), bidzee-widgee (Acaena anserin-
ifolia), bracken (Pteridium esculentum),
tussock grass (Poa australia), and ivy-
leaf violet (Viola hederaceal.

1t Blue gum--candlebark--yellow box
open forest Il

This alliance is found at lower elevat-
ions in the Pyrenees and southern St.
drnaud Range, on the deeper solils near
the base of the ranges, and extending up
the gullies.

In the Pyrenees, associated species may
include mountain grey gum or red box,
or very narrow bands of river red gum
along the major drainage lines.
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The understorey includes silver wattle,
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Table 11

VEGETATION CLASSIFICATION

Alliance Map Typleal structural | Major specles in| Assoclated tree specles| Common understorey| Typleal
aymbol | form at maturity the assoclation in tallest stratum apecles® CCoUrTence
egamate—-— la Open forest IIX megemate , blue mountain grey gum, wattles, bracken, Pyrenees (higher
Eum Open forest II gum candlebark, red composites (Caeas- elevations)
stringybark, brown inia, Senaoic)
atringybark, pepper-
mints
1b Open [orest II blue gum, mountaln grey sum, red 8llver wattle, Southern St.
candlebark, box bracken, graases, Arnaud Range and
yellow box composltes Pyrenees (lower
river red gum, yellow {Otlearial glevations)
gum
le Woodland II messmate manna gum, yellow box bracken; grasses, Mt, Alexander
Woodland I compasites Mt. Beckworth
(Cotulal
manna gum yellow box, long=leal
box, mesamate
red 2a Open forest II red stringybark, | brown stringybark, thin-leaf wattle, Fryers Rldge,
stringy- long-leaf box scent-bark, pepper- composites (Heli- Pyrenees (lower
bark--red mints, yvellow box in ehryaum) and elevations)
box——long- the west of the study epacrids (Brachy-
leafl box area loma, Acrotriahal
2h Open forest I red stringybark, | yellow box in west of variable; wldespread 1in
red box, long- study area wattles, compo- the study area
leafl box sites (Heli- on poor rocky
aehrysum) , peas ridges with
fPultenea, DIill- shallow solls =
wynialtl, mint=bush e.g., PFryers
Rldpe
Ired iron- 3a Open foreat I red ironbark, long=leal box more dense and wideapread in
bark red stringybark, diverae than 3bj; the study area,
red box wattles, mint- frequently in-=
bush, grevilleas, termingled with
Boronta, Hibber- ib
tia
b Open floreat II red ironbark, - wattles, Xanthor- wildespread in
grey box, rhea, Greviliea, the study ares;
yellow gum peas (Pultenea) except for the
Fyrenees and
Fryers Ridge
crey box-- ] Open forest II grey box, yellow - composlites (Cape- widespread in
yellow gum Woodland II Eum inia, Brachyooms, the study area,;
Cragpedial , on alluvial
grasses, Waeatpr- flats and
ingia gullies
red gum fa Open forest II river red gum Erey box, yellow box grasses, rushes Goulburn River
fdunona, Elec- and along creeks
eharia) and throughout the
cther forbs study area
Woodland II river red pum - As for Sa Reedy Lake,
Doetoras Swamp,
Carag Carag
b
Woodland II river red gum black box As for Sa Lake Cope Cope,
Woodland I Lake Batyo
Catyo, Avon
Flaina
Ho Woodland I hill gum yellow bex, long-leaf wattles, plttos=- Melville's Caves
{Blakely's red box, grey box, yvellow porum, rushes
gum) gum {duncun, Eleo-
charia), grasses,
orchida {Cerybas,
Fteroatylial
whipstick [ Open forest I-- green mallee, acorn mallee, pepper- frequently sparse;| Bendlpo whip-
allee open scrub blue mallee, mint box wattles, Haeokea, stick, Wedder-
bull mallee, paperbarks (Mela- burn, Inglewood,
Kamarooka leuca), mint- Rushworth,
mallee bush, Casuarina Dunolly
lantation T Harcourt, Major-
ca, Darglle,
Mount Beckworth
"Note: The column titled "Common understorey species" gives only an indication of some of the understorey present,

HEIGHT CLASSES (Mature lorest)

I
II
III

Less than 15 metres (less than 50 feet)

15--28 metres
28-=40 metres

{50--90 feet)
(90-=130 feet)




le Messmate woodland and manna gum
woodland II--I

Messmate and manna gum are typical of
the higher-rainfall areas Ilmmediately
south of the study area. Within it,
they occcur on the relatively fertile,
fast-draining sandy topsoils on protrud-
ing granodiorites.

On Mount Beckworth, manna gum woodland
(12-=20 m) grows at higher elevations
and on sheltered southerly aspects. In
the north, it occurs in mixture with
yellow box.

Messmate occurs in woodland formation
(up to 25 m tall) on the deeper soils on
the southerly and south-westerly aspects
above 490 m in elevation.

The vegetation on Mount Alexander 1s
similar. Manna gum woodlands dominate
the central and southern sections, with
messmate cccurring on the deeper soils
at higher elevations where rainfall is
Ereater.

Understorey species include black wattle
(Aeaeia mearnsii), prickly starwort,
bracken, blanket fern (Pleurosorus ruti-
foliue), pale vanilla 1ily (Arthropodium
milleflorum), variable spear-grass
(Stipa variabilie), brown-top bent (Ag-
rostis tenuis), hedgehog grass (Echino-
progon ovatus), Yorkshire fog (Holous
lanatus), common cotula (Cotula austral-
ig8), and variable willow-herb (Epilobium
einereum). )
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2a Red stringybark--long-leafl box open
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Associated species include brown
stringybark in Fryers Ridge, Pyrenees,
and southern St. Arnaud Range, and yell-
ow box in the west of the study area.

The understorey includes thin-leaf
wattle (Aeaeia aculeatissima), kangaroo
thorn (4. armatal, golden wattle (4.
pyenantha), button everlasting (Heli-
chrysum scorpioides), grey everlasting
(H. obeordatum), wire rapier sedge (Lep-
idosperma semiteres), and epacrids such
as daphne heath (Brachyloma daphnoides)
and honey pots (derotriche serrulatal.

2b Red stringybark--red box--long-leaf
box open forest I

This association occurs throughout the
study area, mostly in small patches re-
stricted to poor rocky ridges with very
shallow soil. On the extremely rocky
gites the trees scarcely attain a height
of 3 m, but generally they are 8--15 m
tall.

There are extensive patches at Fryers
Ridge, and in the Pyrenees and southern
5t. Arnaud Range. Other than yellow
box in the west, cother species occur in
mixture with the assocociation only at
very few locations in the study area.

The understorey of the association is
variable, although wattles such as Ben-
digo wattle (dcaeia ausfeldii), thin-
leaf wattle, woolly wattle (4. lanig-
eral), and Mitchell's wattle (4. mitchel-
1i1), all commonly occur. Other specles

include silver wattle, golden wattle,
kangaroo wattle, drooping cassinia, red
parrot-pea (Dillwynia hispida), fairy
wax-flower (Ericestemon verruecosus),
mountain grevillea (Grevillea alpinal,
silky hakea, button everlasting, bundled
guinea flower (Hibbertia fasciculatal,
pink beard-heath (Leucopogon ericoides),
slender mint-bush (Prostanthera saxi-
colal), large-leaf bush-pea (Pultenaea
daphnoides), and wire-rapier sedge.

3a Red l1lronbark--red stringybark--red
box open forest I

This association occurs throughout the
study area and is often intermingled in
2 patchwork with the better-quality red
ironbark--grey box--yellow gum open
forest II.

Red ironbark reaches 15 m on shallow
soils, and soils with ironstone gravel
in the surface horizon. It rarely grows
in pure stands, commonly occcurring with
red stringybark in the east and with red
box in the west.

In some places, long-leaf box also occ-
urs with the association, particularly
near Heathcote.

The understorey is variable, although
often dense and heath-like. Species in-
clude woolly wattle, rough wattle, spike
wattle (Acacia oxycedrus), gold-dust
wattle, kangaroo wattle, golden wattle,
slender mint-bush, goldfields grevillea,
variable prickly grevillea, mountain



grevillea, fairy wax-flower, gorse
bitter-pea (Daviesia uliteifeolial, blue
boronia (Boronia caerulescens), finger-
flower (Cheirantherag linearis), Gramp-
ians guinea flower (Hibbertia humifusal,
rayless daisy (Brachycome perpusillal,
grey everlasting, salmon sun-orchid
(Thelymitra rubra), kangaroo grass (The-
meda australis), and a common bog sedge
(Schoenus apogon).

3b Red ironbark--grey box--yellow gum
open forest II

Red ironbark is widespread throughout
the study area; the only places where it
is wirtually absent are the Pyrenees and
Fryers Ridge. It most commonly occurs
in mixture with good-quality grey box,
and on better sites can reach 15--24 m
in height. Less commonly, pure red
ironbark and mixtures of red ironbark--
grey box--yellow gum are found; for
example, on the flatter land near Rush-
worth, Wellsford forest (north of
Bendigo), north of Eaglehawk, and near
Dunolly.

As well as the normal winter-flowering
form, an unusual summer-flowering form
of red ironbark occuples limited areas,
for example at Whipstick forest, Wells-
ford, Tarnagulla, and Whroo.

The understorey is usually sparse and
shrubby, commonly including rough wattle
(Acacia asperal, gold-dust wattle (4.
acinaceal), golden wattle, sweet bursaria
(Burearia spinosal, drooping cassinia,

Intensively managed stand of red
ironbark--grey box--yellow gum open
forest II

austral grass-tree (Xanthorrhoea aust-
ralis), gold-fields grevillea (Grevillea
dryophylla), cherry ballart (Exoccarpos
eupressiformie), leafless currant-bush
(Leptomeria aphylla), bush-pea (Pulten-
aea largiflorens), small crowea (Crowvea
exalatal, wax-1ip orchid (Glossedia
major), and bristly wallaby-grass (Dan-
thontia setaceal.



4 Grey box--yellow gum open forest II/
woodland II

This association occcurs on alluvial
flats and in gullies throughout the
box--ironbark forest, and varies in com-
position from pure grey box on the
better soils to pure yellow gum on the
poorer, shallow soils. The most common
structural form is open forest II, but
parts of the Kamarooka forest and most
of the Dalyenong block near Bealiba are
best described as woodland II.

Pure grey box stands are still common
throughout the study area. Many of the
forest blocks are fringed with a narrow

Grey box--yellow gum woodland II

strip of grey box adjacent to the eclear-
ed farmlands. Although grey box can
grow to 24 m on alluvial soils, it also
occurs north of Heathcote and around
Dunolly as a tree of less than 15 m.

Small patches of white box grow in pure
stands or in mixture with grey box in
typical grey box sites - for example
near Heathcote Reservoir and at Colbin-
abbin West, Wehla, Mandurang, and New-
bridge Flats.

Two subspecies of yellow gum occur. The
west of the area supports the glaucous-
leaved smaller-fruited E. leucoxylon
var. pauperita, while the more-common E.
leucoxylon var. leucoxylon grows in the
east. Yellow gum rarely occurs in pure
stands, but is frequently found in mix-
ture with long-leaf box, red box, and
red stringybark.

Understorey species in the alliance in-
clude kangaroo wattle, golden wattle,
gold-dust wattle, drooping cassinia,
slender westringia (Westringia eremico-
la), nodding saltbush (Rhagodia nutans),
rayless daisy, flannel cudweed (detin-
oble uliginosum), billy buttons (Cras-
pedia glaueca), cut-leaf goodenia (Good-
enta pinnatifidal), raspwort (Haloragis
rubra), tiny star (Hypoxis pusillal,
soft millotia (Millotia tenuifolial,
bush-pea, kangaroo grass, dwarfl arrow
grass (Triglochin ecentroearpal, and tiny
bow-flower (Toxanthes perpusilla). The
grey box stands of the Whipstick Forest
have a particularly rich shrub flora.



5a River red gum open forest II

River red gum occurs along the major
drainage lines in the study area. The
main stands on public land occur along
the Goulburn River near Murchison and
Nagambie.

Patches of river red gum in pure stands
or in mixture with grey box and yellow
box ocecur in narrow strips, sometimes as
narrow as 10 m each side of the bank,
along many of the streams 1n the area.
The trees attain a height of 15--24 m,
and have a shrub-free understorey.
Ground species include swamp wallaby-
grass (Amphibromus neesii), common spike
rush (Eleocharis acuta), swamp goodenila
(Goodenia humilis), swamp iscotome (Iso-
toma fluviatilis), Jjoint-leaf rush (Jun-
cus holosehoenus), water milfoil (Myrio-
phyllum propinguum), tussock grass, and
a sedge (Carex tereticaulis).

5b. River red gum woodland II

River red gum woodland 15--20 m tall
cceurs in three relatively large stands
near Murchison--Reedy Lake, Doctors
Swamp, and Wallenjoe Swamp.

Lakes such as Cope Cope and Batyo Catyo
in the north-west of the study area are
surrcunded only by a narrow margin of
red gum, with the occasional mixture of
black box.

These river red gum areas are all regu-
larly inundated and have similar under-

River red gum woodland II, Wallenjce
Swamp

storey species to those listed for the
open forest II formation.

5¢ Hill pum woodland

Hill gum cor Blakely's red gum is found
in the Melville's Caves and Mount Korong
areas as a woodland on granitie sands.
This is the southern-most extremity of
its range, and its limit in Vie-
toria.



Associated species in the tallest strat-
um include yellow box, long-leaf box,
grey box, and yellow gum.
A well-developed understorey of wattle
(Aeacia pauctjugal freguently occcurs,
particularly where soil moisture 1s
more abundant. Other specles include
lichtwood (deaeta implexal , weeping
pittosporum (Pittosporum phillyreoides),
slender rice flower (Pimelea linifolial,
blunt greenhood (Pterostylis curtal,
slaty helmet-orchid (Corybas diemenic-
us), won splke-rush, wiry rush
(Juncus homaloeaulie), common bog sedge,
common love-grass (Eragrostis brownii),
tussock grass (Peoa aqustralis), turret
arrowgrass (Trigloechin turriferal,
scaly buttons (Leptorhynchos squamatus),
austral carrot (Daucus glochidiatus),
and austral bear's-ear (Cymbonotus
rreissanus).
f hipstick mallee open forest I
hipstick mallee is found in extensive
S r Wedderburn and Ln:AEWDDﬂ
of 3t. Arnaud and north of
with smaller patches armund
, Wnroo, and Tarnagulla. The
lee" is of Aboriginal origin
5 to eucalypt species, usually
li, with many stems arising
nderground roct. "Whipstick"
originated either from the use
gy stems for whips by the bull-
drivers, or from the backlash
when settlers tried to roll,
or cut the virgin stands.



The four main species of mallee in the
study area are green mallee, blue
mallee, bull mallee, and Kamarooka
mallee and these may occur in either
mixed or pure stands. The Whipstick
Forest north of Bendigo contains all
four species, while green mallee is more
abundant and often occurs as pure stands
near Rushworth and Dunclly. The area
north of 5t. Arnaud is almost pure blue
mallee. Two other mallee species occcur
infrequently in species mixtures - the
acorn or oll mallee (E. oleocsal) and
peppermint-box (E. odoratal.

Whipstick mallee often has quite abrupt
boundaries. They are usually contiguous
with red ironbark stands, although in

the Whipstick Forest they adjoin grey
box.

Understoreys are frequently sparse,
cceurring prineipally in gaps within the
stand and around stand margins. Typilecal
species include wallowa (deacia calami-
folia), Whirrakee wattle (4. william-
gonti), bent-leaf wattle (4. flexi-
folia), dwarf nealie (A. wilhelmianal,
broom baeckea (Baeckea behrii), slaty
shecak (Casuarina muellerana), broombush
(Melaleuea uneinata), violet honey-
myrtle (M. wilesonii), twiggy heath
myrtle (Calytrix tetragonal), cross-leaf
paperbark (M. decussatal), scarlet mint-
bush (Prostanthera aspalathoides), flax-
leaf logonia (Logonia linifolial,
gulnea-flower (Hibbertia virgatal,
sticky goodenia (Goodenia varial, wax
flower (Ericstemon augustifolius),
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drooping cassinia, daphne heath, small
crowea, grey everlasting, and wvariable
plantain (Plantago varial.

7 Plantations

Plantations in the study area occupy
only a small portion of the public land.

Pine (Pinue radiata) is grown at
Harcourt, Mount Beckworth, and Moonlight
Flat near Castlemaine. A large plantat-
ion of sugar gum (E. cladocalyx) grows
on granitic sands near Majorca, near
Maryborough. Other smaller plantations,
containing native and introduced trees
are located at Dargile near Heathcote,
Kingower, and Mount Beckworth.

Signiflcance of the Flora

In a State-wide context, several of
these vegetation alliances are regarded
as being botanically significant.

The whipstick mallee areas are probably
the most signifiecant, and are almost
wholly restricted to the study area.
Unlike most other mallees in Australia,
which grow on Cainozoic sands, these
occur on clay and rocky soils derived
from Ordovician sandstones. They are of
considerable blogeographical and palaeo-
climatic interest, and provide a strong

contrast to the adjacent box--ironbark
forests,

Also significant are the grey box-—-
yellow gum stands. This association
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occurs mainly within the study area, and
other stands elsewhere in Victoria have
been extensively alienated for agricult-
ure. The pure stands of white box some-
times associated with grey box are also
very restricted and significant.

Most stands of river red gum 1n the
study area have been depleted for timber
utilization. More significant are the
small areas of hill gum (or Blakely's
red gum) as these comprise the southern-
most extremity of its range and its
western limit in Victoria.

The distinet red ironbark stands have
their distribution (in an Australian
context ) centred on the study area.
These widespread forests alse comprise
the bulk of the State's representation
of this forest type. The characteristie
understorey includes a number of endemic
plants.

Although stringybark--box forests are
relatively widespread in Victorla, they
are probably best represented 1n the
North-central area.

Messmate--gum stands are also relatively
widespread in the State, but their
extent in the study area is quite small.
The messmate-—pum woodlands, however,
are nortnern outliers of associations
found more extensively further socuth.
Consequently many of the understorey
species occur at the northern limits of
their ranges, and are not commonly found
elsewhere in the study area.

Rare and Endangered Vascular Plants

in the Study Area (Willis, 1971)

Monocofyledons
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Caloehilug richae (bald-tip beard
orchid) - endemic to Victoria and
extremely localized: recently re-
discovered although previocusly known
only by the type collection from
Whroo.

Pterostylis woolleii (long-tail
greenhood) - extremely localized and
rare in Vietorla, known only from a
single collection near Rushworth
(1928) on exposed ground in box--
ironbark forest.

Stipa breviglumis (cane spear-grass)
- rare and localized in Victoria;
restricted to a few gorges and rocky
streams in the west, including the
£. Arnaud area.

Thelymitra mackibbinii (brilliant
sun-orchid) - very loealized and
rare in Viectoria, known only from a
few collections from gravelly
auriferous terrain, including the
Maryborough district.

Dicotyledons

B

Brasenta schreberi (water shield) -
an extremely localized species
known only from a few locations,
including the Goulburn Weir and
Nagambie.



10.

11.

Crassula tripartita (Three-part
crassula) - endemic to Victoria,
this species is known from open
grazing land at Graytown and there-
fore appears threatened with extinc-
tion.

Eucalyptus froggattii (Kamarooka
mallee) - extremely localized and
known only from a few locations, in-
cluding Kamarooka East and Wedder-
burn.

Koehia cheelii (chariot wheels) -
very rare; reported only from priv-
ate property near Kamarooka (1947).

Olearia pannosa (velvet daisy-bush)
- extremely localized and, in Vie-
toria, known only from a few locat-
ions including Wedderburn and the
Heathcote district.

Pultenea gravecolens (scented bush-
pea) - extremely localized; known
from several locations including
Bailleston near Nagambie.

Phebalium obeordatum (dainty pheb-
alium) - extremely localized, and
known from Kingower and the Bendigo
Whipstick.
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12. Westringia eraseifolia (whipstick
westringia) - endemic to Victoria
and extremely localized; known from
the Whipstick area, north of Ben-
digo.

13. Zieria aspelathoides (whorled
sieria) - recorded from Mount Tar-
rengower and only recently rediscov-
ered.
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14d.

The study area contains about one-half
of the vertebrate species recorded in
Victoria. 1Its records cover more than
240 bird, 35 mammal, 40 reptile, and 12
amphibian species.

Invertebrates make up about 95% of the
total fauna here. They include worms,
terrestrial and aquatic molluscs (slugs
and snails), and innumerable species of
arthropods, particularly Insects.

A notable feature of this study area 1is
the extent to which human occupation has
altered the land. Burning by Aborigines
may have affected animal habltats, but
widespread clearing of fTorest durlng the
gold rush and for agricultural develop-
ment certainly caused dramatic changes
to habitats. The present fauna of the
study area therefore probably differs
from that belore settlement; It is not
known how great the difference 1is.

Following an introductory section on
habitats, this chapter brlefly outlines
the distribution of the major fauna
groups within the study area. It dis-
cusses the species most characteristic
of each type of habitat, but makes no
attempt to include all the specles that
may occur in any habitat. More detailed

FAUNA

information on individual specles 1is
provided in Appendices 2a--2g.

The information is based on surveys con-
ducted by the Fisheries and Wildlife
Division, on literature and archival
searches by the National Museum, Viector-
ia, on information provided by loecal
naturalists, and on other publlished and
unpublished data.

Habitats

As mentioned above, present habitats
differ markedly from those before
settlement. Large areas origlnally und-
er woodland and forest have been cleared
for agriculture, and so no longer supp-
ort the species they once did.

Dost of the remaining woocdland and for-
est was severely disturbed last century,
when virtually all mature trees were re-
moved for timber or firewood. Timber
production since then has prevented the
forest from returning to its mature
state, and has probably kept past wood-
lands more densely stocked as forest.

The lack of mature trees severely red-
uces the number of tree hollows, which
are important as nest sites for many



species of birds and mammals. Unavail-
ability of sultable nest sites may be a
casual factor in the low population lev=-
els of these specles. Certainly grazing
by stock and rabbits has changed the
habitats by reducing the ground vegetat-
ion. The effects of these habitat
changes are unknown.

Animal communities frequently show a
strong correlation with particular plant
formations, being relatively homogenous
throughout & specific formation. The
reasons for this are numerous and var-
led, byt in most cases are related to
the biclogical requirements of the
animals comprising the community. These
requirements - generally associated with
feeding, breeding, or shelter - are sup-
plied (either directly or indirectly) by
particular vegetation structures present
within the plant formations.

Thus, a classification of habitats based
on vegetation structure appears to be
the most meaningful approach to assess-
ing the distribution of animals within a
study area of this size. Six broad
fauna habitats have been identified
there. Of the five terrestrial ones,
four are "natural" plant formations
based on a simplification of the classi-
fication presented in the vegetation
chapter. One habitat is aquatic.

Tall open forest

Small areas of tall open forest occur in
the Pyrenees, on Mount Alexander, and on
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Kookaburra at its nest in a tree hollow

a few other tall granite mountains.
These areas, however, do not carry the
dense undergrowth typical of most tall
open forests elsewhere in Victoria. The
habitat corresponds to the messmate--gum
vegetation type described in chapter 9.

Open forest

This is the most common habitat on pub-
lic land in the study area. Red
stringybark--red box--long-leaf box open
forest is widespread on the upper slopes
of the ridges. Very little of this
forest type has been changed by timber
utilization.

Ironbark and yellow gum—-grey box open
forests ocecur extensively on publice
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land, mainly at lower altitudes than the
stringybark--box complex. This habitat
has been substantially altered by human
influence: very few areas of mature
forest remain, most now belng coppice
regrowth. This changes the fauna habil-
tat in two main ways - the younger
trees contain fewer nest hollows and
tree density is greater than originally.
It is probable that much of the yellow-
gum--grey box forest was originally
woodland.

Woodland

Woodlands were once extensive in the
river valleys but most have been
cleared, or partially cleared, to
support pastures and crops, and populat-
ions of species mainly restricted to
woodland are in danger of local extinect-
ion. Only a few small areas of relat-
ively natural woodland now exist here,.
These are mainly river red zgum woodland
along water-courses and on flood plains.

Mallee

Some larger patches of mallee (locally
known as whipstick) occur in the north-
ern half. The dominant species are blue
mallee, green mallee, and bull mallee.

Pasture--grassland--suburban

This habitat covers most of the study
area. Some parts would have been natur-
ally treeless, but meost are the result
of clearing. Many places, particularly

roadside reserves, still carry reason-
able samples of natural vegetation,
which provide some hablitat for wildlife
speciles.

fguatic

Five main rivers (the Avon, Avoca,
Loddon, Campaspe, and Goulburn) flow
northwards through the study area.

Along these rivers and their tributaries
are several large reservoirs (for
example, Laanecoorie, Tullaroop, Cairn
Curran, Lake Eppalock, and Waranga) and
welrs (for example, Loddon, Serpentine,
Fernihurst, and Goulburn), which usually
contain deep open water and have river
red gum margins.

Several lakes - such as Cope Cope,
Grassy, and Batyo Catyo - occur along
the north-western boundary between Cope
Cope and the Avon River. These are 1--2
metres deep, with steep eastern banks
and shallow western margins. River red
gum, black box, lignum, and short reeds
line the margins of the fresh-water
lakes, and mud flats with salt grass
surround the saline ones.

The north-east also contains several
large lakes - Cooper, Salt, Fresh,
Green, Stewart, and Horseshoe. Another

large one, Reedy Lake, lies near Bailie-
sSLon.

Cther wetlands include the shallow sea-
smngl swamps 1in depressions in the vol-
canle plains (Middle, Merin Merin,



Black, and Long Swamps); Tang Tang and
Thunder Swamps north of Bendigo; and
Gaynor, Mansfield, Wallenjoe, and One-
tree Swamps in the north-east.

Birds

Recent records of birds regularly occur-
ring within the study area cover more
than 240 species, of which more than 200
are reported to breed here.

=

The following discussion is confined to

the six broad habitats described earl-
ier, with emphasis on species common on
publie land.

T

Tall open forest

About 40 species of birds regularly occ-
ur in this habitat, where many nest in
hollows in the large trees.

In this study area, few bird species are
restricted to the habitat because it
lacks the dense undergrowth typical of

tall open forests elsewhere in Victoria.
Consequently, most of the species also
inhabit open forests or woodlands, which
have a similar sparse undergrowth.
Possibly species such as the grey gos-
hawk, crimson rosella, powerful owl, and
white-browed scrub-wren occur in the
tall open forests in larger numbers than
in any of the other habitats, mainly be-
cause of the tall trees, 19**& hollows
in the trees, and the dense austral
bracken that occurs along some of the
gullies.

Open forest

More than 100 bird species are regularly
recorded in these forests. The areas of
red ironbark are very important to the
nectar-feeding species (lorikeets,
honeyeaters, etc.), because these trees
flower during winter and provide a val-
uable source of food at that time.
Species such as the swift parrot migrate
from Tasmania to spend the winter here.
Thornbills and other bird speclies inhab-
iting low vegetation are also present,
sometimes in large numbers.

The white-throated warbler
forest and woodland
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The yellow-rumped pardalote nests in a
tunnel execavated in the soil

Woodland

The deeper, more fertile solls of the
now-alienated pasture and crop lands
originally supported different native
vegetation from that on the poorer solls
of most of the blocks of publie land now
remaining.

The native vegetation on these more fer-
tile s0ils - mainly woodland in struc-
ture - consisted of such trees as river
red gum, grey box, and yellow gum.
Today, little remains of what was once
the major terrestrial habitat for birds
in the study area - only roadside rem-
nants and a few heavily grazed areas of

river red gums on swamp and river
margins. The loss of this habitat may
result in local extinction of those bird
specles dependent on scme of the spec-
ialized structures peculiar to woodland
formations.

Nearly 100 species of birds are regular-
ly recorded in these woodlands. Hollows
in trunks and limbs of the mature wood-
land trees provide a particularly impor-
tant nesting habitat for some parrots,
lorikeets, rosellas, owls, kingfishers,
martins, tree-creepers, and pardalotes.
During the nesting season, large numbers
of these species concentrate in the few
remaining stands of large mature river
red gums, and competition for nesting
hollows appears to be intense.

Mallee

The mallee remaining in the north of the
study area supports a diverse bird popu-
lation. Although small in area compared
with the open forests here, the mallee
portions provide habitat for nearly as
many bird species. Of the more than 90
regularly recorded in the mallee, about
18% are mainly restricted to this habi-
tat in the study area. These include
the mallee fowl, spotted nightjar,
southern scrub robin, purple-backed
wren, red-tailed thornbill, mallee
heath-wren, crimson chat, yellow-rumped
pardalote, black honeyeater, white-
fronted honeyeater, tawny-crowned honey-
eater, striped honeyeater, and spliny-
cheeked honeyeater.



Pasture--grassland--suburban
More than 130 species of birds regularly
oceur in the open pastures, rraa¢1and5,
and assoclated vegetation remaining
along creeks and roads and in suburban
gardens. Individually, the small

pock-

ets of trees and shrubs still remaining

in these otherwise-cleared areas may not

be ecologically viable, but collectively
they are important to the continued suc-
cess of many bird species in the study
area. They provide shelter, protection,
roosts, nesting sites, and food for both
migratory and resident birds.
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and some aquatic plants, although they
sometimes take a variety of other fcod.
Some ducks graze on terrestrial herbage,
and some ibises, plovers, and dotterels
consume substantial quantities of
terrestrial insects.

Four of these species are intercontinen-
tal migrants that wvisit the study area
during their non-breeding season. These
birds breed in the following area:
Japanese snipe - Japan; greenshank -
northern Eurasia; sharp-tailed sandpiper
- north-eastern Siberia; and red-necked
stint - north-eastern Siberia and west-
ern Alaska.

While a number of bird species utilize
wetlands such as impoundments and temp-
orary situations 1in agricultural land,
their main habitats in the study ares
are the natural fresh and saline waters
and asscciated vegetation.

Mammals

Thirty-five species of mammals have been
recorded in the study area within the
last 15 years and at least three others
have become extinet in recent times.

The present mammal fauna consists of two
monotremes, 14 marsuplals, and 19 plac-
ental mammals, seven of which are intro-
duced.

Prehistory and history

Knowledge of the prehistory of mammals
in western Victoria, derived largely

from subfossil cave deposits, has been
summarized by Wakefield (1974). Signif-
icant changes in the composition of the
mammal fauna have occurred since the end
of the Pleistocene epoch (about 12,000
years ago). Many large marsupials be-
came extinct at the end of Pleistocene,
and since then climatic fluctuations
have brought about changes in distribu-
tion.

The reasons for the disappearance from
Victoria of species such as the bridled
wallaby, boodie, Tasmanian devil,
thylacine, plains rat, and white-footed
rabbit-rat are not known. Climatic and
hence habitat changes and the coming

@f the Aborigines with their fire and
dingoes are possible causes of the gen-
eral decline of the Victorian plains
fauna.

This decline has hastened since Euro-
pean settlement because of habitat
destruction and, in some cases, hunting.
Three species - the quoll, tiger cat,
and dingo - have become extinet In the
study area during this century. The
koala probably also disappeared, but has
been reintroduced.

Present populations

Population levels of many mammals here
are low. Whether this is the natural
situation or is caused by past and
present land disturbance is not known
with certainty. Depletion of the under-
storey by grazing and the removal of



mature trees for timber production and
firewood have probably drastically re-
duced the suitable habitat of many spe-
cies, however. Lack of hollows may con-
tribute to the low densities of almost
all arboreal mammals in the survey area.

One such specles, the squirrel glider,
is rare throughout Victoria and has been
recorded in two widely separated locali-
ties here - Hushworth State Forest and
the Stawell--Glenorchy region. The
latter population is threatened by habi-
tat clearance, and the former has only
one record (1961). The survival of this

species in the study area is very un-
certain,

Tuans are uncommon in Vietoria and have
been recorded in several localities in
the study area, where they inhabit open
forest and woodland. The absence of
mature trees with hollows for nest sites

may be significant in their apparent
rarity.

Tall open forest

Execluding bats, 19 mammals have been re-
corded in the messmate--candlebark tall
open forests. Arboreal species are
koala, brush-tailed possum, ring-tailed
possum, sugar glider, feather-tailed
glider, and eastern pigmy possum.

Densities of all arboreal species are
low except in areas of mature foresst

that contain numerous hollows, such as
at Mount Alexander.
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A more diverse and abundant ground mam-
mal fauna occurs in this vegetation type
than in others here. Dense growths of
tussock grasses and austral bracken in
gullies provide habitat for the brown
antechinus, swamp rat, and black rat.
Yellow-footed antechinus occur more
commonly on the drier slopes. Large
ground mammals are echidna, eastern grey
kangaroo, black wallaby, and, in the
Pyrenees, sambar deer. Rabbits occur in
natural clearings or where disturbance
has opened up the vegetation. Foxes and
cats are also widespread.

Open forest

This habitat supports 20 specles (ex-
cluding bats). The density and divers-
ity of the arboreal fauna vary according
to the availability of hollows for nest
sites. Mature open forest provides num-
erous hollows and carries relatively
high densities of a range of arboreal
species. Brush-tailed possums, sugar
gliders, feather-tailed gliders, tuan,
brown antechinus, yellow-footed ante-
chinus, and several species of bats use
these hollows.

Most of the open forest, however, has
been cut over for timber and is now
immature coppice regrowth with few holl-
ows. Only a few brush-tailed possums
and occasional ring-tailed possums,
sugar gliders, and yellow-footed ante-
chinus cccupy such regrowth. Koalas do
not use hollows and occur wherever suit-
able food trees (long-leaf box, yellow



box, manna gum, red stringybark, and red

¥ Sp— r - _—
lronparK, grow.

The ground mammal fauna is less diverse
than that of tall open forest, probably

btecause of the lack of low vegetation
cover. The echidna and eastern grey
kangarco are common; the yellow-footed
antechinus is uncommon although wide-
spread: the brown antechinus cccurs only
in the Pyrenees; and the black wallaby
occurs where sultable shrub cover grows.
The introduced rabbit, European hare,
black rat, house mouse, fox, and cat are
all present.

Woodland

The woodlands contain 19 mammal species
(excluding bats). This habitat has been
considerably reduced in area since Euro-
pean settlement. Timber cutting in most
of the remaining stands has reduced fthe
availability of hollows, with conseq-
uences similar to those in open forest.

The arboreal mammal fauna here includes
the sguirrel glider and, otherwise, re-
sembles that of the open forest.

The ground mammal fauna is generally
sparse, probably because grazing and
other activities prevent the establish-
ment of dense undergrowth. The echidna,
fat-tailed dunnart, yellow-footed ante-
chinus, eastern grey kangaroo and, where
some shrub cover exists, black wallaby
are the only native ground-dwelling
species known to be present, although
the mouse dunnart may also occur. The
introduced rabbit, black rat, house
mouse, fox, and cat are generally common
and widespread. The hare occurs in open
grassy woodlands.
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of farm and pasture land provide habltat
for ten mammal species, of which only
four are native. The introduced species
include the hare, rabbit, black rat,
house mouse, fox, and cat, which are
generally common and widespread. Of the
native mammals, the fat-talled dunnart
is widespread, brush-tailed possums and
echidnas are present in all but the most
intensely farmed areas, and the eastern
crey kangaroo feeds on pasture and farm
lands adjacent to uncleared areas.

The black rat, house mouse, cat, brush-
tailed possum, and ring-tailed possum
gccur in suburban areas.

Wetlands

Two agquatie mammals, the platypus and
astern water rat, are widespread; the
atter is more common, but neither is
onsidered to be threatened in the study
rea. The platypus reaquires permanent
treams or lakes with banks of friable
0il in which to construct nest tunnels.
These may be up to 2l
usually close to the seil surface, mak-
inz them susceptible tec ecaving-in if the
banks are grazed or subjected to other
heavy use. The eastern water rat occurs
along most of the streams, lakes,
reservoirs, permanent swamps, and irri-
gation channels.

o
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Bats
Secause of lack of information on the
habitat requirements of the bats, they

are discussed in this general section
rather than under separate habitat head-
ings. Of the ten species recorded here,
two are fruit bats that are occasional
visitors to Victoria and may occur in
small numbers in late summer and autumn.
They are usually associated with flower-
ing eucalypts and orchards, where they
feed on nectar and fruit.

The other eight species are small in-
sectivorous forest bats, which roost and
breed in free hcllows, behind slabs of
bark, and in buildings. These include
the 1little bat, Gould's wattled bat, and
the lesser long-eared bat, which have
been recorded in both open forests and
woodlands; the Tasmanian pipistrelle,
which has been recorded only in the tall
open forest of the Pyrenees; and the
little broad-nosed bat, which has been
collected only once but probably favours
the drier inland areas. The chocolate
bat, white-striped bat, and little flat
bat have been collected in a number of
localities in the study area, but fur-
ther work is necessary to determine
their habitat requirements.

Reptiles

In relation to reptile geography, the
study area is transitional between the
Eags;an fauna of the central highlands
and the Eyrean fauna of the mallee and
Elai?s to the north and west. Hence 13
baaf4an Species have the northern extent
of their range here, 17 Eyrean species
OCcur no further south, and the ranges



of nine species enclose the study area.
The 39 species recorded here are distri-
butea mong eight families as follows:
(two species); dragons (two);
(three); legless lizards
(three skinks (seventeen); goannas
(two); snakes (seven); and b_lni snakes
(three).
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Changes in land use that alter the
microclimate or the microhabitat of rep-
tiles may influence their numbers and
distribution. Arboreal species are par-
ticularly susceptible to present land
use practices that have removed most
mature trees. The tree goanna, which
depends on such trees, is now rarely
recorded in the study area. The marbled
gecko may have benefitted from forestry
practlces that leave many stumps surr-
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punded by bark - with a gap, due to
shrinkage, that provides shelter for it.
Abundance and distributlion of species
such as water, garden, 1d Boulenger's
skinks are influenced the relative
abundance of decaying This 1is
largely determined by wount of
waste timber following ring and the
frequency of fuel-reduction burns.
Fossorial species such as the bandy
bandy and various blind snakes that oce-
ur in areas with deep soil would have
thelr microhabltats destroyed by cultl-
vation.

Amphibians
This study area contains 13 known am-
phibians. While all require water

-

A bearded dragon with its eggs
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(permanent or temporary), most display
particular habitat preferences. For in-
stance, only three species have been
recorded in tall open forest, whereas 11
have been recorded in woodland. Details
of abundance and distribution, habitat,
and breeding are provided for each spec-
jes in Appendix 24.

Fish

About 22 fish species occur in the study
area, of which eight were introduced.
These introduced species include the
most widespread and commonly caught
sport or edible fish - redfin (European

erch), brown trout, rainbow trout,
tench, European carp, and crucilan carp.
The native sport or edible fish - Murray
cod, golden perch, silver perch, black-
fish, catfish, and bony bream - are much
more restricted in their distribution
here, being confined mainly to the
Loddon and Goulburn Rivers.

A number of small fish species (reaching
lengths up to 10 em) occcur in the study
area. These include the Australian
smelt, Crimson spotted rainbow fish,
Mitchellian freshwater hardhead, west-
ern chandra perch, southern pigmy perch,
western carp-gudgeon, purple spotted gud-
geon, and big-headed gudgeon. They also
include the mosquite fish (2--5 cm
long), which was introduced in unsuc-
cessful attempt to control mosquitos.

As with other animal groups, human in-
terference has altered fish populations.

Apart from the effects of the introduc-
tion of alien species, native populat-
ions have probably been affected by the
construction of water storages - through
alteration of both the flooding pattern
and the water temperature. Murray cod
and golden perch are two species that
these changes are known to have adverse-
ly affected elsewhere.

Invertebrates

Invertebrates vastly outnumber (both in
species and in individuals) the verte-
brates in the study area. They include
numerous species of insects and other
arthropods, worms, and molluses.

Although they form a vital part of any
gcosystem, and despite the faect that
some species have great economic import-
ance, lack of information means that
this report can do little more than draw
attention to the group. The molluscs of
the area, however, have been studied in
some detall, so better information is
available for these than for other in-
vertebrates.

Molluscs

As listed in Appendlix 2f, 22 species of
molluscs are known to occur within the
study area. Man's utilization of much
of the area has encouraged the spread of
introduced species, with the native
molluscs being increasingly restricted
to the remaining natural bush areas and
unaffected streams.



Five species of slugs and two of snails
are introduced, and most of these, par-
ticularly the common garden snall Helix
asperea, can be considered as garden or
farm pests.

Other land molluscs include Vietoria's
only native speciles of slug, Cystopelta
pettardi, and three native species of
snails.

The aquatic molluscs in the area are all
native, and include snails (seven spec-
ies), bivalves (two), a limpet, and a
pea mussel. One specles of snail, Lym-
naea tomentosa, has great economic im-
portance because it is the intermediate
host for the sheep liver fluke. It is
found throughout Victoria, and can
spread quickly into flooded pastures.

Another fresh-water snail, Glyptophye
cogmeta, was first recorded in Victoria
in 1973 at Bridgewater on the Loddon
River. This location is also the south-
ernmost distribution limit to date of
the snall Plotiopsis balonnersis.
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11. WATER RESOURCES

The study area comprises the middle
reaches of five river basins that run
from the northern slopes of the Great
Dividing Range onto the northern plains.
In general, the average annual run-off

Surface

Stream flow

Stream flow varies widely during the
year and from year to year, depending on
local weather conditions. Table 12 ill-
ustrates the extent of the variation for
the seven rivers. Data on stream flow
for the most important streams in the
study area are listed in Appendix 4.

As may be seen from Table 12, the Goul-
burn River carries considerably more
water (about 2,000,000 M1l annually) than
any other stream in the study area.

This 1is partly because of its much larg-
er catchment area, and also because its
upper catchment includes areas with
greater rainfall. The Goulburn is the
only river in the study area that has
not been known to cease flowing.

Stream flow depends on seasonal weather
conditions, and consequently flows are

declines from about 70 mm in the moun-
tainous south to almost nothing on the
plains (for comparison, rainfall ranges
from about 750 mm in the mountains to
LOO mm on the northern plains).

Water

generally greatest in winter and spring,
and least in late summer. Reservoirs on
the Goulburn, Campaspe, and Loddon Riv-
ers have changed the flow patterns, how-
ever.

Water quality

The sultability of water for domestic,
industrial, or agricultural purposes is
estimated by its salinity, or content of
total dissclved solids (TDS) measured in
mg per 1.

Water quality in most streams is good
(see Table 13 and Appendix 4), with mean
salinity of less than 1,000 mg per 1.

Only the Avoca and Wimmera Rivers have
mean salinities between 1,000 and 3,000
mg per 1. Salinity varies with changes
in stream flow, however, usually in-
ereasing as flow decreases. Even so,



Table 12

VARIATION IN STREAM FLOW IN SELECTED STREAMS

7

Stream Gauging Years of Annual discharge {1D3 M1) Daily flow (M1l)
statlon record laximum Minimum Mean Maximum  Minimum

Goulburn R Murchison 88 7,390 146 2,145 195,760 35
1882--1970

Campaspe R Axedale 18 702 22.7 247 43,0867 Nil (a)
1946--64

Coliban R Malmsbury 80 157 6.91 66 21,359 Nil (a)
1890--1970

Loddon R Laanecoorie 75 T43 9.25 231 153,157 Nil (c)
1891--1966

Avoca R Coonooer 80 396 3.37 76 24,959 Nil (b)
1890--1970

Avon R Wimmera 7 53.8 0.01 15 7,635 Nil (a)

Highway 1963-=T70

Wimmera R Glenorchy 20 281 0.37 82 12,773 Nil (b)
1950--T0

(a) Nil yearly (b) Nil in dry years (¢) Depends on valve operation

only the Avoca and Wimmera Rivers and The River Basins

ﬁajor Creek have recorded maximum salin-

ities exceeding 3,000 mg per 1. Even at Goulburn basin

these salinities these streams have
still been sultable for most livestock
and for some domestic and industrial

uses.

About 2,645 km? of the study area lie
within the catchment of the Goulburn.
Of this, 1,450 km® drain directly to the
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Campaspe basin

Approximately 2,460 km? of the Campaspe
basin lie within the study area. The
prineipal tributaries are the Coliban
River and Axe, Mclvor, and Mount Pleas-
ant Creelks.

The natural flow of the Campaspe River
fluctuates greatly during the year, with
mean monthly discharge at Axedale rang-
ing from 617 M1 in January to 56,700 Ml
in August.

Differences from year to year are also
very large - total discharge recorded in
1944--L5 was 752 M1, compared with
663,354 M1 in 1956--5T7.

Loddon basin

Approximately 7,985 km2 of the study
area lie within the Loddon River basin.
This areaz ecan be divided into three sub-
catchments. On the eastern side about
1,652 km?, including most of the urban
areas of Eaglehawk and Bendigo, drain to
Bendigo Creek. Approximately 922 km?
drain to Bullock Creek and, on the west,

5,380 km2 drain driectly to the Loddon
E*var

Important tributaries of the Loddon Riv-
er Include Bet Bet and Tullaroop Creeks.
A few kilometres north of Bridgewater
the river runs out onto the Loddon
plain, which several effluent or dist-
ributory streams traverse. These in-
clude Serpentine and Bannagher Creeks.

Figure 1

GOULBURN RIVER FLOW PATTERNS

———— Calculated “natural” flow at Murchison (1882-1361)
— — Actusl recorded How at Murchison (1955-63)
= Actual recorded flow at Trawool (1955-69)

Mean monthly discharge (<1000 MI)

600 -

lIJ..Il.!llIIIJFHlH

9



o

S

i
39
4 L

n ve
a

t
e

o

|
UL w i |
oo e
ol

I

dep

|
e

wl

L

]

i

i

oo
[l |
FH
A 42
| =]
Q
A2
o
ol
@ w
£ Ee
o W
v O
™ o
=
I S
W o
(
@ E
M e 1
- _u.“_
A
G ol
Qo

|

I N — =

a7 — £4 == e

[=] | W o0 G R | .
fis] 1] O OO0 P O L
O w @ s} o~ o ] = O

e




81

Table 13

WATER SALINITY IN SELECTED STREAMS

Stream Gauging station No. of recordings Salinity (mg TDS per 1)

Minimum Maximum Mean
Goulburn R Murchison 25 50 230 120
Campaspe R Axedale 20 ho 1,260 348
Coliban R Malmsbury 14 80 190 117
Loddon R Laanecoorie 102 75 1,940 504
Avoca R Coonooer 35 135 5,300 2,375
Avon R Wimmera Highway 20 100 175 259
Wimmera R Glenorchy 43 150 35150 785

resent natural flow, and during this
period the mean annual discharge was
82,000 M1, with monthly averages ranging
from 370 M1 in April to 19,490 M1 in
September. The lowest annual discharge
in the period was only 3,947 M1 (1902--
03) and the highest 245,586 M1 (1910--

11). Monthly river flows were nil in
dry years.

Flows in the Avon River zare smaller, but
just as variable. The mean annual dis-
charge at the Wimmera Highway for the
period 1963--70 is 15,000 M1, with no
flow in December, January, and February,
and a peak flow of 4,453 ML in October.
Annual discharge varies over the period
from 12 M1 in 1967 to 53,380 M1l in
1964--85.

Groundwater

Groundwater is water flowing below the
surface, through aquifers. Water moves
under the force of gravity or hydro-
static pressures through the pores in

granular rocks, and along joints and
fissures in non-porous rocks. A confined
aquifer consists of a porous formation
partly sealed by impervious formations.
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Table 14

GROUNDWATER CHARACTERISTICS

Aquifer and area Depth (m) Salinity (mg TDS per 1) Hardness (mg CaCO Yield
per 1) 3 (1 per
sec)
Shepparton Formation¥* 0--30 200--28,000 50--600 25
Calivil Formation
Highlands 0--60 100--1,000 20--50 35
Plains 50-=150 1,000--6,000 50--2,000 35
Basalt 0-=30 120--5,000 290--1,600 20
Palaeozoics 10+ 1,600--18,000 20--4,000 2-=40

*Note:

Recharge takes place where the porous
formation outecrops, usually in higher
land or alluviated valleys. Unconfined
aquifers not only receive water in this
way, but are also recharged by leakage
from other aquifers or rainwater falling
locally and infiltrating downwards.

Within the study area, groundwater sat-
urates a number of aquifers, several of
which are expleitable.

The Murray basin plains and Midland
valleys contain flat-lying Cainozoic
sediments resting on a relatively im-
permeable basement of Palaeozole rocks.

Surface shoestring sands contain better water than buried shoestring sands.

(The relative occurrence of these rocks
is discussed in the geology chapter.)

Renmark group

Sand beds form a semi-confined to con-
fined aquifer beneath the northern part
of the Loddon plain in the study area,
and also in the extreme west beneath
the Wimmera plain. The water is gener-
ally salty.

Parilla sand

An unconfined aquifer of fine- to med-
ium-grained sand outecrops north of the
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highland front or liles buried beneath In the Parish of Bridgewater, the aqui-
late Cainozoic deposits. Groundwater fer produced by the confluence of these
salinities show wide variation, but av- two leads is 75 m thick and 2.4--3.2 km
erage arcound 15,000 mg T.D.S. per 1. wide, with salinities of the order of

1,000 mg T.D.3. per 1.

At Elmore, groundwater within the Cam-

iquifers within this group (fluvial paspe deep lead contains 300 mg T.D.S.
sediments and some lacustrine deposits) per 1. Within the Goulburn deep lead,
include the Shepparton Formation and the groundwater yields may reach 50 1 per
Calivil Formation. sec, although the salinities are around

2,500 mg T.D.S. per 1.

(a) Shepparton Formation. Groundwater
salinities vary greatly in this
formation, because of its variable
lithology. Close to the highland
front the narrow sinuous sand aqui-
fers may yield salinities down to
500 mg per 1, but salinity gener-
ally increases away from the high-
land front.

—
o
L

The Calivil Formation. These bur-
ied fluvial deposits produce the
best-gquality water in the study
area. They ocecur in the major
alluvium-illed valleys (desp
leads) such as the Goulburn, Cam-
paspe, Loddon, Avoca, and Wimmera,
as well as beneath tributary va
e¥s such as those of Bet Bet and
Burnt Creeks. The positions of
these deep leads were accurately
located between 1870 and 1920, when
hundreds of bores were drilled for
deep-lead gold-mining.

The best-documented lead systems are
“hose of the Avoeca and Loddon valleys. Drilling for groundwater

5571 /78 -7
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Newer volcanics

Basalts in the study area can yleld
zood-quality water, although ylelds are
not generally high,

Palaeozoic rocks
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Mineral Springs

0f the mineral springs known to oceur 1n
the area, four lie on freehold land and
two have been inundated by Cairn Curran
Feservoir. The nine acecessible springs
on public land are located on the banks
af the Loddon River between Vaughan and
Glenluce (five), by the Campaspe River
near Turpins Falls (two), on Stony Creek
(east of Glenluce), and at Taradale.

The springs mostly occur in be
Ordovician sandstones a v
b t

o

of the 15 flow from !}

)
e
]
m
w
3
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all close to Ordovieian rocks. Mineral
water occupies fissures and fractures in
the Ordovician sediments, which are best
developed and most open in the sand-
stones and on fault planes. The bedrock
is tightly folded and faulting ls comm-
on. Springs usually rise where a stream
has cut down across an anticlinal axis.

The mineral waters range in quality from
750 to 5,000 mg T.D.S. per 1. Their
characteristic feature is the presence
of dissolved carbon dioxide, which eff-
ervesces at surface pressures. The am-
ount of effervescence is commonly used
as an indication of the quality of the
mineral water. Two hypotheses have been
proposed to explain the carbonation:

* reaction of percolating rain and
STtream waters with carbonaceous
matter in the Ordovician sediments to
produce carbon dioxide

emanation, associated with Cainozolce
volecanism, of carbon dioxide from
great depth along fissures

Water Quality

S&liﬂiby
mg T.D.8. per 1
<1,000 Suitable for domestic and

industrial uses, and for
livestock and irrigation;
use for irrigation re-
tricted above 500 mg/1.

1,000--3,000 Brackish water: suitable
for livestock, domestic,
and industrial purposes,
and for irrigation only
under favourable con-
ditions.

3,000--7,000 Brackish water: suitable
for most livestock, and



very limited domestic ana
and industrial use.

7,000--14,000 Salty water: suitable for
sheep; beef cattle will
tolerate up to 10,000 mg
T.D.S. per 1l.
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culty in lathering soap, caused by the

presence of calcium, magnesium, and iron
compounds dissolved in it. The addition
of soap produces an insoluble fatty scum.

Grades of hardness are as follows:

mg CaCD3 per 1

=14,000 Unsuitable for livestock,
; 0--60 Soft
Hardness 61--120 Moderately hard
! 121--180 Hard
MHYardness in water refers to the diffi- »180 Very hard
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12. LAND

Freceding chapters have discussed indi-
vidually the various environmental fac-
tors - climate, geology, physiography,

soils, vegetation, fauna, and water. No
one factor determines land use, however;
it i1s their combined effect that con-

trols the uses to which land may be put.

Land systems may be delineated and des-
cribed as areas with uniform environmen-
tal factors within the limits consldered
significant for likely forms of land
use. These arbitrary groupings can then
be mapped to show areas of a specified
degree of homogeneity. Land systems in
the study area have been described and
mapped by officers of the So0ll Conserva-
ticn Authority. Due to their complex-
ity, however, those that are geomorphic-
ally similar have been grouped together
for the purposes of this report.

Table 15 lists 11 discernible groups of
land systems in the study area and these
are discussed below.

Geomorphic Groups of Land Systems
Al1luvial (A)

The alluvial group corresponds to the
Murray basin plains, which predominate

SYSTEMS

in the northern part of the study area.
These broad plains are composed mainly
of Recent alluvial deposits, with exten-
sions along each of the river valleys.
It is the most extensive group of land
systems present (38% of the study area),
but most of it has been alienated and
cleared for agriculture.

Although arable, the soils wvary greatly
depending on the parent material. Sodic
clay soils are widely distributed on the
clayey alluvium; variable grey soils,
which are liable to flooding, occur on
the present flood plains; and calcareous
sodie duplex solls form the prior stream
levels.

The native vegetation remaining consists
primarily of river red gum (open forest
--woodland), although it may be assoc-
iated with grey box, yellow box, or
black box.

Present land use is predominantly dry-
land cropping and grazing. In irrigat-
ion areas sheep, beef, and dairy cattle
are intensively grazed; some irrigation
water is also used for crop and fruit
production. Timber reserves are scarce,
but some small stands remain along
creeks and rivers,



Table 15

GEOMORPHIC GROUPS OF LAND SYSTEMS

— Area Dominant features
i groups Area remalining Hazards Typlecal occurrence
i“”“rklﬁsamm hectares i ef total in public land Geology Topography Average annual Soils Native vegetation
r land S f_appr‘ﬂx.} study area hectares) rainfall (mm)
-Ehvﬁd 731,900 38 11,400 Recent alluvium Plains - 375-~625 Red calcareous sodic duplex solls; grey-brown calcareous Woodland - grey box, yellow gum, red gum, Destruction of topsoil by over-cultivation; |Serpentine, Elmore, Marong,
A Al almost level sodic clay soils, uniform texture; variable grey solls black box flooding on present flood terraces Natte Yallock
liable to flooding o
Teptiary 210,200 T4 15,000 Tertiary sediments - Undulating 375-~750 Mottled red-yellow duplex soils with lronstone Whipstick mallee - blue, bull, and green Extreme infertility; unprotected fallows Gooroc, Redbark, Painswick,
:Ldmmntﬁ cravels, clays plains mallee prone to wind and sheet erosion Beazley's Bridge, Joel South
€ Woodland - grey box, yellow gum
Open forest - grey box, yellow gum, red
ironbark
TT 71111tes 9,700 <1 6585 Fermian tillite Undulating 475--575 Red sodic duplex soils, coarse structure; yellow sodic Open forest - grey box, yellow gum, Sodic nature of soils causes salting; Derrinal, Tooleen, Knowsley
o ' plains duplex soils, coarse structure; yellow sodlc duplex soils white box shrink--swell characteristics limit en-
gineering works
_—ﬂﬁr;;a“m 97,300 5 2,300 | Recent basalt Jndulating 500--625 Grey calcareous sodic clay soils, uniform texture, coarse Woodland - grey box, yellow gum, red gum Low permeabllity and shrink--swell Axedale, Redesdale, Moolort,
' plains structure; red-brown shallow stony gradational solls; black characteristics on plains and lower sliopes; |Woodstock, Lillicur, Richmond,
clay soils, uniform texture; red stony gradational soils; rocky terrain of upper slopes Park
red calcareous sodic duplex soils
51  palaeozolc 595,700 30 165,00 Palaeozolic sediments: Gentle 375--625 Yellow-red shallow stony gradational soils; red sodic Whipstick mallee - green, blue, bull, and Severe sheet erosion on upper slopes; gully |Strathlea, Dunolly, Wedder-
i e&mEan i interbedded slates, ridges duplex soils; red sodic duplex solls, coarse structure; kamarooka mallee erosion and salting on lower slopes; low burn, Rushworth, Maryborough,
. sandstone, quartz reefls yellow sodic duplex soils, coarse structure; yellow sodic Open forest - red ironbark, grey box permabilities and marked shrink--swell Redcastle
| duplex soils yellow gum, red stringybark characteristics limit engineering works
'#ﬁ—_ﬁﬁlmﬂmaiﬂ 91,500 5 26,900 Palaeozolc sediments Broken 500--625 Yellow-red shallow stony gradational soils; yellow sodic Open forest - stringybark, red box, Same hazards as PS1l, but a larger propor- Castlemaine, Mandurang, Mia
qedMEﬂLE 2 interbedded slates, ridges duplex soils; yellow gradational soils long-leaf box, red ironbark, grey box, tion of shallow soils prone to severe Mia, west of Tooboorac, south
. sandstones, quartz yellow gum sheet erosion of Eaglehawk
reefs
053 Imlmégcic 54,500 3 32,700 Regiconal metamorphics Prominent 500=-=625 Yellow-red shallow stony gradational scils; yellow gradat- Open forest - messmate, blue gum, candle- Shallow soils; severe sheet erosion; silt Pyrenees, Mount Avoca, St.
B sediments 3 interbedded slates, ranges icnal soils bark, yellow box, red stringybark, red deposition at lower levels; small land- Arnaud Range, Mount Ida, Mount
) sandstones box, long-leaf box, grey box, yellow gum slips where profiles are deep Sugarloaf
ol ™ . y U6 .700 2 g.800 Contact metamorphics: Ridges 400--750 Yellow-red shallow stony gradatlional soils; yellow stony Open-forest - red stringybark, red box, Steepness and stony surfaces cause high Shelbourne, Bealiba Range,
q Metamorphlcs s 1 9,800 Z LOW- y g
intervedded slates, gradational soils long-leaf box, grey box, yellow gum sheet erosion; severe gully erosion in Black Ranges, Tooboorac, Mount
sandstones drainage lines; salting on lower slopes Lofty
below cleared areas
oy ; 4 0ppn I 0c0 Granlte, granodiorite Gentle hills 375--625 Yellow sodic duplex soils, coarse structure; mottled red- Woodland - red gum, yellow box, grey box, Impermeable hardpan restricts moisture Mount Tarrengower, Bradford,
Id {:E‘&ﬁ!i{IE }. ,r? 5 E;O‘v e p g
yellow duplex soils with ironstone; yellow sodic duplex yellow gum Storage; heavy railn saturates the profile Harcourt North, east of
soils Open forest - grey box, yellow gum, red impeding movement of machinery; sheet Archdale Junction
stringybark, red box, long-leaf box erosion on slopes and gully erosion if
| inadequate vegetation
¥, Granite 2 19,500 1 I, 000 iranite, granodiorite Steep hills 375--750 Pale-brown coarse sand solls, uniforn texture; mottled red- Woodland - manna gum, messmate Removal of vegetation can lead to massive Mount Alexander, Mount Kooy-
yellow duplex soils with ironstone landslips; severe gully erosion in drain- oora, Mount Yowang, west of
age lines Pyalong
'G Cambrian 13,600 <] i0 Cambrian greenstones, Praminent 425--500 Red stony gradational soils, fine structure; red calcareous Woodland - grey box, white box, yellow Clearing and cultivation cause high sheet Mount Camel, Colbinabbin West,
greenstones chert, shale range sodic clay soils, uniform texture box erosion on slopes and the occurrence of Mount Burramboot
saline springs in lower slopes
L




Representation in public land is minimal
and widely scattered, with the largest
block being Reedy Lake, near Bailleston.

Hazards in the area include deteriora-
tion of topsoil due to overcultivation,
and salinity problems in some areas
developed for irrigation. Some of the
grey and red scils are coarse-structured
and form gilgals (humps and hollows).
This causes soil movement and produces
problems with drainage, foundations,
underground pipelines, etc.

Tertiary sediments (TS)

‘Tertiary sediments cover 11% of the
study area. They comprise gently diss-
ected plateaux and are confined almost
entirely to the undulating areas west of
the Loddon River, although small areas
occur east of Bendigo.

All these land systems have more or less
similar and relatively infertile soils.
These mottled duplex soils generally
have a surface texture of gravelly loam,
contain ironstone and rounded quartz
gravel, and remain largely wooded except
where gravel stripping has taken place.

The native vegetation ranges from whip-
stick mallee in the drier areas, through
red stringybark--red box--long-leaf box
forests on the rocky ridges, to grey box
--yellow gum areas on the better soils.

Present land use includes grazing,
gravel stripping, and some cropping
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with timber production and apiculture in
the wooded areas. The erosion hazard is
relatively low in most areas, but 1s in-
creased by the presence of bare gravel-
stripped areas and cleared sandy soils.

Representation in publie land is con-
fined mainly to a number of widely
scattered small blocks between Inglewood
and Stawell, with the largest consolid-
ated area being Deep Lead, north of
Stawell.

Tillites (Ti)

A small group of land systems cover a
limited area of Permian tillites, north-
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Alluvial plaine near Serpentine
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west of Heathcote. These glacial depos-
its occupy less than 1% of the study
area, and their gentle undulating slopes
contrast markedly with the ridges of ad-
joining Palaeozolc sediments land sys-
tems.

The solodic soils display a duplex pro-
file, and support an open forest of

grey box—--yellow gum and white box. The
sandy loam surfaces are generally hard-
setting, and this produces moderate
sheet erosion on the slopes. In the
dralnage lines, the hazards of gullying,
waterleogging, and saltlng are high.

Most of the area supports grazing and
cropping, except for a small area of
forestry west of Toolleen.

Representation in public land is very
small - the only areas are part of a
block south of Derrinal and the forestry
area west of Toolleen.

Basalts (B)

In the southern and central parts of the
study area, a group of land systems
corresponds to the undulating basaltice
plains. These voleanie land forms
occupy 5% of the study area, and are

characterized by scoria cones, lava
lows, and "stony rises".

Soils formed from these basaltic parent
materials are extremely variable, rang-
ing from shallow stony gradational soils
on steep slopes, through the heavy grey
clays on the open plains, to black
cracking clay soils of uniform texture
in creek flats. Similarly the problems
caused vary, ranging from the shrink--
swell characteristics of the heavy grey
and black clays to the extremely rough

(rocky) terrain of the red-brown gradat-
ional soils.

Most of the soils are relatively fer-
tile, however, and the land is used
primari;y for grazing and dryland cropp-
ing. Timbered areas are rare, and the
few stands that oceur comprise woodlands
of grey box--yellow gum, or red gum.
Soil textures vary from clays to loams,



and the low permeability results in only
moderate erosion hazards. In the low-
land areas, over-cultivation can lead to
deterioration of the topsocil, and
stream-bank erosion, gullying, salting,
and waterlogging are all known to occur.

Hepresentation in public land is mini-
mal, and includes only one isolated rem-
nant voleano - Mount Greenock. The only
sizeable area left unalienated is a
block north of Clunes.

Palaeozoic sediments 1 (PS1l)

This is the second-largest group of land
systems present, covering some 30% of
the land. It is also the most widely
scattered group, extending to all parts
of the study area and forming the bulk
of the highlands.

A relatively large area of this group,
unlike most land systems, remains in
public land. The biggest single block
of Crown land in the study area extends
south from Rushworth almost to Coster-

field, and most of it is composed of the
PS1 group.

The P31 land systems are composed of
interbedded Palaeozoic slates and sand-
stqnes that have been extensively folded
and faulted. These sediments have

eroded to form gentle low ridges with a
NW--3E trend.

Sodic duplex soils occur in most places
- except for the steeper slopes, which
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carry shallow stony gradational soils.
Surfaces are hard-setting gravelly or
sandy loams, and the profiles generally
have low water-holding capacities.

In the drier areas these soils support
large stands of whipstick mallee, where-
as the wetter areas and deeper soils
support extensive box--ironbark open
forests. Present land use is timber
production, eucalyptus-oil production,
recreation, grazing, and a few small
nature conservation reserves.

Severe sheet erosion occurs on steeper
components of this group when trees and
forest litter are removed. This hazard
increases if cultivation takes place.
The inherent sodic nature of the duplex
soils also makes them very prone to
gully erosion and salting. Soils with a
coarse structure have low permeabilities
and possess marked shrink--swell charac-
teristies. Both features are serious
limitations for engineering works or the
installation of septic systems.

In addition to the Rushworth--Coster-
field block, extensive areas of this
group occur around St. Arnaud, Mary-
borough, Dunolly, Inglewood, Wedderburn,
Muckleford, Dellars Hill east of Heath-
cote, and the Whipstick and Wellsford
forests near Bendigo.

Palaeozoic sediments 2 (PS2)

These land systems are very simildr to
those of the previous group, as both are
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composed of the same Palaeozoic sedi-
ments. They cover much less (5%) of the
study area, however, and are confined to
the wetter south-eastern part.

Characteristic land forms are sharply
dissected low ridges (also with a NW--SE
trend) and the proportion of shallow
gradational soils is larger. Soil sur-
faces range from hard-setting clay loams
to gravelly loams, and the profliles have
low water-holding capacities. More than
half the PS2 group has been cleared for
grazing, but the remaining areas of open
forest (stringybark--red box) are used
for timber production, apiliculture, rec-
reation, and nature conservation.

Hazards include severe sheet erosion on
the shallow gradational secils, and de-
terioration of adjacent land and streams
by siltation, erosion, and salting.

Good representation in public land re-
mains - south of Castlemaine, and in
scattered blocks between Kangaroo Flat
(west of Bendigo) and Lake Eppalock.

Palaeozoic sediments 3 (BP53)

roup of land systems 1is character-
EZ;S %y sEVEral prominent NW--SE trend-
ing ridges, including the rugged Pyren-
ces. These regionally metamorphosed
sediments occupy 3% of the study area,
most of which lies in a belt extending
south from St. Arnaud. In the east, 2
narrow strip runs south from the Mount
Camel Range, through Heathcote, and

another outcrop occurs around Mount
Sugarloaf (north-east of Bendigo).

Soils on the upper slopes are predomin-
antly shallow, stony, and gradational,
producing severe sheet erosion, as well
as flooding and silt deposition at lower
levels. After rain small landslips can
gccur in steep cleared areas where soil
profiles are deeper.

Because of the high elevations, rainfall
interception 1In parts of the Pyrenees

is significantly higher than in ad-
jacent lower lands. The higher-rainfall
areas support a distinet vegetation ass-
ociation of tall open forest (messmate--
blue gum). At the lower elevations open
forests of blue gum--candlebark--yellow
box or stringybark--box occur.

Much of this group remains as forested
public land. Present land uses include
timber production, apiculture, recreat-
lon, and nature conservation. Several
vantage points within the areas of
reserved forest include Landsborough
Hill and Mounts Avoca, Bolangum, Ida,
Sugarloaf, and Warrenmang.

Metamorphics (M)

The metamorphic group of land systems
comprises the aureoles formed by the
contact metamorphism of Palaeozoic sedi-
ments. Covering 2% of the study area,
these distinct ridges are obvious around
the large igneous intrusions - for ex-
ample, around the Harcourt Batholith -



and also completely surround some of

smaller plutons - for example around

Mounts
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grey box--yellow gum cpen forests.

There is also a small ea of hill gum
woodland (or Blakelys ﬂﬂd gum) at Sutton
Grange west of Kingower

Soils are generally duplex with an im-
permeable hardpan between 0.5 and 1.5 m

th. This
moisture

de
on

= |

can have severe limitations
storage for crops. Topsolls

=

are generally deep coarse sandy loams
with a very weak structure.

Pasture

growth can cccur in gquick response to

[

. e

grantte 1
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light rain; but the soils soon dry off
unless fogllow-up rains fall. Converse-
1y, heavy rains saturate the soll pro-
file, lmpeding the movement of vehicles
and machinery. The slopes are very
prone to sheet erosion, and gully eros-
ion can occur in drainage lines unless
there 1s adequate vegetative cover.

Most of these land systems have been
cleared for zrazing and dryland cropp-
ing. The few wooded areas are used for
timber production, apiculture, recreat-
ion, and nature conservation.

Several widely scattered remnants of the
systems occupy public land. Among the
larger areas is the land west of Kin-
gower, Mount Tarrengower, and a block
north-east of Knowsley. Several small
plutons also form recognizable hills -
for example, Mounts Elack and Mollagul.

Granite 2 (G2)

Like those of the previous group, these
are found on the granite and granodior-
ite intrusions throughout the region. In
contrast, however, thls group comprises
the steeply sloping hills and covers
only 1% of the area. (A very large
tpact of similar country cccurs Just
outsive the study area, around Pyalong. )

On these very steep slopes with rainfall
of more than 500 mm, coarse sandy solls
of uniform texture support messmate and
manna gum woodlands. The slightest
disturbance of these slopes upsets the

stability that exists under native vege-
tation. When trees are removed, less
water is transpired, the soil becomes
saturated and unstable, and massive
landslides can occur. Some areas of
grey box woodland remain on mottled dup-
lex solls on steep slopes. Clearing of
these also leads to inecreased run-off,
channelling, and severe gully erosion.

Grazing occurs in the cleared areas, and
slopes remaining under timber support
forestry, quarrying (the renowned "Har-
court granite"), recreation, and nature
conservation.

Representation in public land includes
the Mount Alexander "block", Mount Beck-

worth, Mount Korong, and Melville Caves,
near Kingower.

Greenstones (CG)

The prominent north--south strike ridge
known as the Mount Camel Range forms a
small but distinet group of land systems
in the east (less than 1% of the study
area). On the lopes the Cambrian
greensiones form red stony gradational
§olls, while colluvium from greenstone
15 red, calcareous, sodic, and clayey.

These systems have no timber reserves,
although a few scattered stands of box
woodland ocecur. Land uses for the whole
area are cropping and grazing. Hazards
include severe sheet erosion, and the
occurrence of saline springs on the
lower slopes and in drainage lines.
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13. LAND USE

4 land use hazard may be defined as any-
thing that reduces the land's capability
to fulfil its chosen purpose. Common

examples include soil erosion, flooding,

fire, noxious weeds, vermin, and other
pests.

As well as obvious local effects, haz-
ards can create problems 1in adjacent
areas; for example, clearing vegetation
in one area may cause excessive local
run-off and erosion, and conseguent
flooding downstream. Altering one en-
vironmental factor usually produces var-
iations in other factors, and such
changes often continue until a new
stable relation is asttained.

Soill Erosion

Many solls within the study area are
sensitive to disturbance by Man's activ-
ities such as grazing, cultivation,
burning, removal of timber, construction
of roads and tracks, or just trampling
by people.

Water is the main agent of soil erosion,
and can cause damage that affects the
productivity and aesthetic appeal of the
land. Gully erosion is the most con-
plcuous and ubiquitous form of deter-
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ation, although sheet, rill, and
tunnel erosion occur extensively.

The erosion hazard is related to density
of vegetative cover and the ease with
which it can be restored after disturb-
ance. These in turn depend on the
climate, with greater stresses in drier
areas. The climate here is dry enough
for severe erosion to occur, and hazards
increase from south to north with in-
creasing aridity.

Poor structure of soll surfaces, low
permeabilities, high sodicities, and
other soil features in the area also in-
crease the hazard. Steepness is another
factor, with more damage on the hilly
areas than on the plains.

The incidence of erosion is also related
to past forms of land use and management
standards. Most detericration was
brought about by clearing of the native
forests and their replacement by poor
native pastures, and by overgrazing.
Cultivation for cereals imposes partic-
ular pressure on the land.

The interplay of all these factors has
resulted in widespread erosion in- the
study area.
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A study initiated in 1973 by the Soil
Conservation Authority has shown that
the area contains more than 9,000 kilo-
metres of eroded gully channels and
12,000 separate, mostly active, gully
heads. The most severe deterioration
is, however, largely confined to the
cleared areas.

In recent years the use of superphos-
phate, lime, molybdenum, legumes, and
deep-rooted species such as phalaris,
torsether with stricter grazing controls,
has reduced the incidence of erosion on
many farms. Gully heads are treated to
orevent extension, and the channels in-
filled and sown down. Water movement is
also controlled by diversion banks and
grassed waterways. Sultable salt-
tolerant pastures have become avallable,.

No satisfactory techniques for stabiliz-
ing the undulating cropping lands are
yet avallable, however.

salt

e

ng

The accumulation of toxiec levels of salt
in the soil is a significant hazard
because it reduces plant productivity.
Germination rates and growth rates de-
crease until eventually the high salt
concentration prevents all plant growth.
When such an area becomes devoid of
vegetation it is susceptible to sheet
erosion, and in times of heavy rain
overland flow will concentrate in these
areas. The situation deteriorates and a
small scour scon becomes a gully that
quickly erodes into the dispersible
sodic clays.
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s of badly salted land in the study
re common (approximately 5,000
widespread, and obvious and are in-
sing in size. An even greater prob-
1, however, may well be the incipient-
S&_u, _aLd where, although the signs
are not obvious, production of crops or
pasture 1s adversely affected. This as-
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only are inciplently salted areas likely
to be larger than the badly salted
areas, but they will soon become unpro-
ductlive if the problem is not checked.
Thg accumulation of toxic levels of
s&lts in the surface layer of soils can
Qecur 1in two different situations: 1in
dryland farming, and under irrigation.



Dryland farming

Mismanagement of a catchment basin can
upset the hydrological equilibrium. In-
creased percolation of water causes the
water table to rise, and so the caplll-
ary fringe - the moist zone above the
water table - eventually intersects the
surface on the lower slopes and in the
valley floor. Evaporation concentrates
the salts on the soil surface, creating
an unfavourable environment for plant
growth.

To treat symptoms, salt-tolerant plant
species with deep root systems are grown
in affected areas to dry out the soil by
transpiration rather than evaporation.
Subsequent rains then tend to leach the
salts down beyond the root zone.

To treat the cause, the level of the
groundwater table must be reduced. This
can be achieved by planting deep-rooted

perennial pasture species and trees on
the cleared hills.

Irrigation

When the district water table level has
risen to within 2 m of the surface,
capilliary movement allows water to evap-

orate from the surface, leaving behind
the dissolved salts.

The standard practise of reclamation is
to irrigate the area when the surface
has dried out sufficiently to leach the
salts down below the root zone. To
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Salting and gully erosion (on a mottled
duplex soil with ironstone)

treat the cause of this problem is far
more difficult, involving measures such
as more efficient use of water, reduct-
ion of channel seepage, and reduction of
groundwater pressures.

Increasing groundwater pressures 1n the
Calivil Formation beneath the riverine
plain have caused the development of
discharge areas (Macumber, 1976) and
special problems in irrigation manage-
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ment. BReducing these groundwater press-
ures will be a long-term and very costly
programme. The whole catchment area re-
guires improved management techniques to
restore a balance to the hydrological
equilibrium, and a large-scale pumping
program at selected sites may be needed.

Flooding

The drainage pattern and nature of flood
flows are similar throughout the study
area where the base rock is generally
Ordovician mudstones. HRecent alluvial
materials are associated with drainage
lines and streams, and are all flood-
prone to some extent.

Major floods north of the ranges spread
put over wide flood plains and can be
prolonged for weeks or even months. In
addition, flood-prone pockets at Dingee
and in the Corop Lakes area are caused
by the stream geomorphclogy. These are
natural retarding areas and, under cer-
tain conditions, water spreads across a
wide area linking the various swamps and
lakes, reducing flood peaks downstream.

Dams constructed on the rivers in the
study area have not significantly reduc-
ed major floods, although they may have
reduced the frequency of smaller ones.

Clearing of forest and woodland on the
hills and flood plains has reduced the
retardation of flood flows and has tend-
ed to create higher peak flows. Assoe-
jated with this, increased sheet and

gully erosion, damage to structures such
as road culverts, and the siltation of
reservoirs and creeks downstream all
aggravate flooding.

Fire

Wildfires do cccur in the study area,
but the hazard in box--ironbark forests
is low compared with that in other for-
est types due to the open nature of the
stands, the sparseness of flammable
undergrowth, and the slow rate of fine-
fuel accumulation. Most species in these
forests are relatively fire-resistant
and possess good capacity for regenera-
tion. In addition, practically all the
adjoining agricultural land is cleared
and most timbered areas are readily ac-
cesslible by a network of tracks. In
this low-rainfall area there is a need
to provide artificial water storages at
numerous locatlons to feed mobile pump-
ing units. Fuel-reduction burning with-
in the box--ironbark forests is confined
to burning of wood utilization residues
and strategic burning on roadsides.

The stringybark forests present a diff-
erent problem- as both the trees and the
gnderstorey are dense and the vegetation
15 generally more flammable. Most of
these forests are well roaded, however,
and protective measures such as water
storages and controlled burning are
taken. A planned program of broad-area
fuel reduction is carried out in mess-

mate--gum forests in the Pyrenees and
Mount Alexander.
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The woodlands and forests of red gum severity of seasonal weather conditions.
ceurring along the streams in the study January is the month of greatest fire
rea are also less fire-resistant than risk, followed by December and February.
he box--ironbakrs, and hot fires will Wildfires generally occur during the
ill this specles. period September to April, and 1in dry

ires in the area

years may be expected at any time.

Fire statistics for the public land dur-

n the study area, fires originate on ing the period 1965--77 are given 1in
Eublic land and on adjacent private Table 16.
roperty with about equal frequency.
Ehe number of fires and the areza burnt In the 10-year period to 1975, 87% of
ary substantially, depending on the the fires burnt less than 4 ha of public

Table 16

AREA OF PUBLIC LAND BURNT BY WILDFIRE (1965--66 to 1976-~TT)

Area burnt (hectares)®

Year

Reserved forest Other public land Total
1965--66 694 356 1,950
1966--6T 88 13 101
1967-~68 38 6 Ly
1968--69 1,270 72 1,352
1569-=70 31 2 33
1970--71 14 76 90
297 1-=T2 4 10 14
15872=-=73 ) 3 9
197 3==T4h 2 1 3
157k--75 517 21 538
1975~-~76 162 - 162
11976-~77 96 - 96
12-year total 2,922 560 3,482

¥
study area has, in some years, been much greater.

5571 /76—8

These figures refer only to public land - the total area of land burnt in the
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Table 17

CAUSAL AGENTS OF FIRE ON PUBLIC LAND IN THE NORTH CENTRAL AREA (1965--66 to 1974--T75)

o Total number of fires % of

S over l0-year pericd total
Landowners, householders Ly 16
Deliberate lightings 67 2y
Sportsmen, campers, tourists 1 15
Licensees, forest workers 15 5
Smokers 7 2.5
Lightning 13 5
Tractors, trucks, locomotives 13 5
Children 21 7
Sawmills 0 0
Army weapons, vehicles, personnel 7 2.5
Miscellaneous known B 3
Unknown 43 15
Total 279 100

land, which reflects the relatively
accessible nature of the forests, the
low levels of fuel accumulation, and the

A,

efficiency of fire control.

Most of the fires were caused by human
agencies, as Table 17 shows, and light-
ning caused only 5%. Although 24% of
the fires on public land were deliher-
gtely 1lit, no culprits were apprehended.

Fire protection and suppression
Co-operation between the Forests Comm-

ission and the Lfountry Fire Authority in
fire-protection and suppression operat-

ions 1s necessary because of the frag-
mentation of public land. Commission
representatives serve on C.F.A. regional
and local advisory committees for the
co-ordination of fire-protection pro-
cedures.

Fuel reduction in the study area is
carried out by borad-area control burn-
ing, and by ploughing, slashing, and
mowing of firebreaks and along road-
sides. The frequency, location, and ex-
tent of the control burns is determined
by the fuel accumulations and the strat-
egic importance of the area for wildfire
prevention. During 1976--77, 800 ha of
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the book "Noxious Weeds in Victoria"
(Parsons, 1973).

Some of the more important weeds in the
area are discussed in Appendix 3. Most
of these noxious weeds can be controlled
by spraying with herbicides, by mechan-
ical methods such as mowing, slashing,
or cultivation, or by bioclogical means.
Advice as to the most effective method
is available from the local distriet
Inspector of Lands (20 districts lie
wholly or partly within the study area).
It is the Inspector's duty to enforce
weed control in his district and to des-
troy noxious weeds on all Crown land.

Most control methods have direct rele-
vance to future land use and management.
They may upset a stable and balanced
situation, resulting in problems more
serious than the original weed problem.
For example, soil erosion may follow
weed removal, or herbicides may persist
in soil and in run-off to streams, caus-
ing damage to other desirable speciles.

Three factors should therefore be taken
inte account when considering the

future use of land that is badly infest-
ed with weeds:

¥ whether the weeds can be controlled

¥ whether the method of control is com-
patible with the use proposed for the
ares

he proposed use will lead to

er spread of weeds.

Vermin

The declared vermin animals found in the
study area are rabbits, foxes, and wild

dogs. In addition, feral cats, kangar-

o0s, possums, mice, and a number of bird
specles have, in certain circumstances,

been considered as pests.

Rabbits

Rabbits are widespread and present a
serious hazard to all forms of land use.
On farms they compete with stock for
pasture, and on public land they severe-
ly damage vegetation and accelerate soil
ercsion.

The worst-affected areas are the Shires
of Stawell and Avoca, especially around
Navarre and Landsborough, but there are
also problems in the Shires of Newstead,
McIvor, and East Loddon. Myxomatosis
has been an important control factor.
This may be further improved with the
release of the European rabbit flea.

Effective farm management, especially in
more rugged areas, requires extra con-
trols such as 1080 poisoning, ripping,
or fumigation. 1080 is widely used for
economic reasons, but balts are a hazard
to native animals, which often suffer
heavily during rabbit control programs.

Foxes

Foxes, too, are widespread in the study
area 1in all types of habitats. Surveys



pf their dietary habits indicate that
abbit and sheep carrion form the main
iet; being opportunist feeders, they
lso eat native mammals, birds, and
erbage and berries. The claim that
oxes account for the high percentage of
ambing losses each season 1s debatable,
lthough numerous scalp-bonus payments
re handled by the Shires and Lands
epartment personnel each year.

Some land-owners carryout poisoning,

but most control is by shooting or by
econdary poisoning when 1080 baiting is
ndertaken for rabbits.

Wild dogs

Wild dogs and domestic dogs cause ser-
ious sheep and lamb losses in parts of
the area, particularly when rural hold-
ings adjoin cities and towns. The Shire
of Newstead has in recent years suffered
considerable losses from feral dogs.

The hydatid tapeworm is a common para-
site in these dogs, but their signifi-
cance as a source of infection for
humans and livestock is unknown.

Feral cats

Feral cats are relatively common in many
bushland areas throughout the study area
and pose a major threat to the smaller
native mammals, lizards, and birds.

They also feed on rabbits, but their
predation probably exerts little in-
fluence on that pest's populations.
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Kangaroos

Kangarcos have become an increasing
problem to landholders, by encroaching
from their habitat in timbered areas and
causing considerable damage to pastures
and fenecing. They also constitute a
hazard to motorists in several areas.

Permits to destroy kangaroos have been
issued in most shires - in particular in
MecIvor Shire, where mobs of up to 200
have been sighted. Such populations on
public land may have to be controlled,
particularly during adverse seasonal
conditions.

Other animals for which pest destruction
permits have been issued include possums
(nuisance and causing damage to trees);
rosellas and lorikeets (damage to orch-
ards), and coots and swans (damage to
SOWn crops).

Insects and Other Biotic Hazards

A degree of crown dieback affects some
trees in most of Australia's eucalypt
forests. This is generally accepted as
being within the normal range of a typ-
ical healthy stand.

One natural pest causing defoliation in
the box-~ironbark forests is the mottled
cupmoth (Doratifera vulnerans). This
insect appears to attack red stringybark
and red box more readily than other
species, although it also attacks red
ironbark, grey box, red gum, and yellow



102

gum. Its attack retards the growth of
the stands and weakens the trees, making
them more susceptible to other pests.

Several other insect species, such as
chrysomelid beetles, can cuase dieback
in the bgx=-ironbark forests. No spec-
ific fungal causes of dieback have been
detected in the study area, although it
is possible that the root pathogen
Armillaria may occur.

Aquatic Hazards

The discovery of water hyacinth (Eieh-
hornia crassipes) at Castlemaline and
Bendigo in 1962 caused some concern.
These infestations have now been elimin-
ated, although they indicate a hazard
that could recur.

The full extent of European carp in
rivers and dams in the study area is un-
known. It is often caught, but as yet
there is no evidence of the serious and
destructive effects this fish can have
on the environment.

Man

Many of the land use hazards mentioned
above are caused or aggravated by the

activities of Man. In addition, Man may
also cause environmental harm by the
deposition of rubbish and wastes, van-
dalism, and the misuse of chemiecals such
as pesticides.

Waste is an inevitable by-product of
human actlivity. The disposal of domest-
ic and industrial wastes must be care-
fully planned and controlled to minimize
pollution and environmental degradation.

Irresponsible disposal of rubbish
results in despoliation of the scenic
values that are such an important att-
ribute of land. This hazard is greatest
around towns, along rocads, and at wview-
ing points, pienic areas, and camping
sites.

Chemicals are widely used in agriculture
and are now becoming inereasingly im-
portant in forestry. Pesticides may
spread beyond the area being treated,
particularly if applied from the air,.
Insecticides also affect birds and
animals that feed on poisoned insects.
Fertilizers are less obviogusly an en-
vironmental hazard; but, by changing the
nutrient status of the soil or water,
they cause changes in the species and
numbers of individuals present.
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Conservation is concerned with Man's
?elatimn to his environment. The need

or conservation of economic resources
is obvious because Man depends on these
for many of the necessities of modern

ife. These aspects of conservation are
considered in subsequent chapters under
%uch headings as timber production,

water use, and minerals and extractive
dndustries.

This chapter deals with nature conser-
vation (such aspects as native species,
natural features, and landscapes of an
area), and the conservation of archaeol-
ogical and historic features. Conser-
vation of these attributes is important
for a number of land uses, including
reference, conservation of species, rec-
reation, and education. Often these
conservation needs are compatible with

each other or with commerecially product-
ive uses.

Uszs of Conservation Areas

Reference

The solution to problems arising from
our use of a particular land type is

often helped by reference to an undis-
turbed example of the land type. Here
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the solls, vegetation, and fauna, and
the processes linking them, can be stud-
ied under natural conditions. Knowledge
of the basic relations operating within
a land type is important when studying
problems such as soil instability or
falling productivity.

Reierence areas, therefore, act as
standards against which the progress and
effect of human alteration and utilizat-
ion of the land can be measured. They
also provide a valuable gene pool of
plant and animal species. Such genetic
material is already being used, and will
be inereasingly used, to endow speciles
with advantageous characteristics.

Heference areas must be carefully chosen
and managed to permit natural processes
to continue without disturbance. In
common with standards used in other
fields, they should not be tampered
with; that is, access should be restric-
ted, experimental manipulation should
not be permitted, and they should be
protected by a buffer zone.

Although all land types need to be rep-
resented in reference areas, the need is
most urgent in those that have been ex-
tensively developed for uses such as



The mallee fowl reaches the south-
eastern limit of its range in this siudy
area

agriculture. Few, if any, areas suit-
able for reference remain for some land
types in the study area, such as those
on tillites or greenstones (discussed in
chapter 10). Conscious effort must be
made to retain reference areas in suit-
able remnants to represent all land
Lypes.

Conservation of species

Each species of plant and animal makes
a unigue contribution to the richness
and diversit f the environment. Each

is an essential part of Man's natural
neritage and, to many people, there is a

moral responsibility to ensure that none
of them should knowingly be lost or
endangered.

Chemists, geneticists, physiologists,
and scientists in many other fields
place a special value on each individual
species for its potential to provide the
means of solving a research problem, or
to be used in future as the stock for
breeding essential plants or animals.

Conservation of the existing plant and
animal species and associations in their
natural habitats is therefore an import-
ant land use. The survival of some
specles may require certain precautions
in an area because few individuals re-
main in existence. 1In other instances,
particular species may be living in un-
usual habitats, or near the limits of
their distributions, and it may be jus-
tifiable to devote the land expressly to
their conservation.

Chapter 9 contains a list of rare and
endangered plant species, and the sig-
nificance of several important fauna
species is discussed in chapter 10.

It is essential for the conservation of
plants and animals to recognize the eco-
systems they form (the interdependent
complexes of soils, water, alr, plants,
and animals), and to conserve examples
of each major one.

The range of different exosystems in a
reglion is reliably indicated by the veg-



etation. Plants express the various
conditions of soil and climate, and they
determine the types of food and shelter
gvailable for birds and animals. Con-
servation of a representative area of
each distinet plant assoclation or for-
mation therefore ensures the protection
of most of the different ecosystems of a
region, and also most of the individual

specles.
Special natural values

Particular areas of land are often need-
ed to preserve significant natural val-
ues such as distinetive geologilcal
features. A report on the conservation
of gpeological features in the Loddon--
Campaspe reglon (1977) lists some of the
more 1lmportant and spectacular sites.
Many of these have important scientific
values, while others are valuable in
education. Most of the more accessible
and spectacular features alsec attract
tourists,.

Unlike historic or archaeologlical feat-
ures, geological features have no legis-
lation in Victoria designed specifically
to protect them. It 1s therefore im-
portant that these features be satisfac-
torlly preserved 1In suitable reserves or
as geological monuments.

Archaecloglcal and historic features
As stated in chapter 2, the study area

contains a number of Aboriginal relics,
mostly on private land. Although many
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of these sites are culturally and
scientifically important, only one, the
Carisbrook stone arrangement, 1s a pro-
claimed archaeological area. Some of
the more slgniflicant sites on public
land may require special protection.

Buildings of structures on Crown land or
on land vested in any Minlster are not
listed in the Regilster under the Histor-

B "

The Aboriginal eceremonial stone arrange-
ment near Carisbrook
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ie Buildings Aet 1974. The Natlonal
Trust of Australia (Victoria), however,
records or classifies all historic
buildings, landscapes, areas, objects,
and sites that members consider worthy
of preservation.

& report on the Loddon--Campaspe region
(1977) lists proclaimed archaeological
areas, other relics, Designated Build-
ings, and National Trust classified and
recorded features, many of which are in
the study area. Additional sites within
the study area, but not in that report,
have been supplied in lists provided by
the Victorian Archaeological Survey and
the National Trust.

Reereation

Most Australians live in the artificial
environment of large clties and towns,
and many find that their lives are en-
riched by renewed contact with the nat-
ural werld. Chapter 13 discusses the
regquirements of natural surroundings for
many forms of outdoor recreation. Bird-
watching, nature study, hunting, and
bushwalking all require conservation of
the native plants and animals; picnick-
ing and driving simply require a back-
ground cof trees or shrubs in the reec-
reation areas. These requirements can
all be filled in the study area.

Due to the fragmented nature of the
vegetated land, and the accessibility of
most parts of this reglon, there are few
areas, if any, that most people would

regard as having any characteristics of

wilderness. OSmaller areas, however, can
still have value by providing some deg-

ree of solitude and contact with nature,
and by reducing the pressures on places

more suited for conservation of partic-

ular natural features or species.

Education

Education is another important use of
land in a natural or near-natural con-
dition. Forests, rivers, and other
natural landscapes have many applicat-
ions in education - from primary to
post-graduate levels - giving students
opportunities to see, interpret,
collect, and monitor natural land forms
and processes. In some circumstances
laboratory facilities and assoclated
accommodation are needed so that suce-
essive groups can undertake long-term
studies. This may require land to be
specifically set aside for education.

Froductive uses

Some productive and commercial uses of
land are achieved by conserving the
natural ecosystems in varying degrees.
The commercial product is obtained by
harvesting a proportion of the populat-
ion of a speciles or group of species at
a controlled rate, which the ecosystem
can sustain. Examples include the sus-
tained yield of hardwood timber and the
conservation of wetlands to produce game
birds. The continued success of such
uses depends on maintaining many of the



natural features of the ecosystem. Land
nder such management can also be used
Ecr education, recreation, and scient-
§fic purposes, and it may form a protec-
tive buffer around small areas specific-
&lly devoted to nature conservation.

Viability of Areas

The vlability and effectiveness of con-
gservation areas depend on a number of
factors, including the size of the area,
the type of community, ecosystem, or
feature to be conserved, and the degree
to which the area can be managed to con-
trol influences that tend to upset the
natural balance.

Large consolidated reserves have less
perimeter relative to their area than
small or irregular ones, and so tend to
bte better-puffered against the effect of
intrusive factors.

Small areas can nevertheless contribute
Lo nature conservation or the preservat-
ion of particular features. They
include narrow reserves along streams,
roadsides, and railways, and those
originally set aside as gravel, water,
cemetery, school, and camping reserves.
Where these small areas retain native
veégetation, and are surrounded by elear-
ed and developed land, they can make a
major contribution to the regional char-
acter of the landscape.

Narrow strips of native vegetation are
important for migratory and nomadic
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Box--ironbark forest, a major ecosystem
that is widespread and common within
the study area, but unknown elsewhere

birds and as wildlife "corridors" for

small animals. These are particularly
so in the study area because the areas
of natural landscape are so fragmented.

Careful management may enable small
areas to remain viable. Management may
take the form of using controlled fires
to change vegetation, culling animal
populations, practising silviculture,
strictly controlling the number of vis-
itors, fencing to exclude introduced

animals, or eradicating introduced spe-
cies.
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Table 18
AREAS RESERVED UNDER SECTION 50, FORESTS ACT 1958

Nace Type® | Approx. | Date es- | Besource Activities Facilities
aren tablished
(ha)
i Lo
g |Enelesle lin A
- 'Illll - 3 = ai - B Bl o sl B
) - s ﬁ-n ; E = E 3
CH EH FIEHEH EE HEHE
| X - I 8 | o 5 A S
Bendigo Whipstick F.F. B,13k 1972 Zcenie, Tecreation, flora x x x X Eikiog x
arnd fauna, historical
Wyrehitella F.F. 1,239 1973 Mallee fowl habitat x x x
Fink Cliffs Feaerve B.P.H. T 1472 Geological , historical X
St. Arsaud Wax Gurden - & 1372 Flora E
Gobarup Wildflowsr Reserve E.P.H. 259 L Wildflower preservation x
Moliagul Historlical Reserve B.F.R. 198 LaTs Historical z kS x
Mount Alexander Koala Park 5. PR il 1935 Koala colony x x Fonin viewing x|=x Ehelter
Dergliic Regerve g.F.E. 119 1973 Experizental plantings of
pines and eucalyp: fors
mbundant fauna
Big Reel Reserve B.p.A. B 1976 Gecloglical, flora x
Snake Eill Wildflowsr Bézerve 1,78, i Wildflower pressrvation x
Mocnlight Flat Geologioal Seserve]| S.P.R. [ 1971 Geclogical featurss Geologlcal study
= Twgr Hangs Rederve SRR, 18 1571 Becreation and historical x x 2 | = | x | Display pavilien,
povder magazine
Hative Water Walls Eegerve S.P.Ra 0.2 1osg Aboriginal wvater holes x Interast polnt
Bative Welis Resgrve BaF.R, 0.2 155G Aboriginal water holes x Iotereat polnt
Beathoote Wildflowver Reserve 5.P.R. 2 1858 wWildflover preservation
Mapdurnng Wildtiower Rezerve - %0l 1980 Wildflover preservation x
Paddy*s Fnnges Wildflower x
Fegerye (1) 5.F.R. 36 1957 Wildfiower preservation
Paddy's Ranges WildIliower x
Reserve [2) .P.R. & 1960 Wildflower preservaticn
Mount Beskwvorth Susmit Fessrve £.8. TS 1967 Bcenic, flora, fauns
Qovernors focks 5.8, | lg72 Ecenic Look=out point
Mount Klswssder Dog Bociks g.8. 2 195% Views, granitic outcrops = x x
Melvilles Cmves B.E. L3 19Lg Cawed, Bcetery, hlstary x x X x | x| x | Flenie shelters

®FF Foreat Park EPR  Spesial PFurpose Reserve SR Scenlc Reserve



Types of Reserves

Many of the uses discussed above are
complementary, and this is reflected in
the types of reserves intc whlch natural
land is placed. In reference areas,
where the emphasis 1s on the retention
of natural conditions, conservation of
specles and water production are the
only other compatible uses.

Parks, however, encompass a wilder range
of uses - conservatlon of plants,
animals, and land forms, differing forms
of recreation, education, and other uses
such as the preservation of historical
sites, and landscape preservation.

There are different types of parks, and
individual parks are zoned to prevent
conflict between uses.

In wildlife reserves, the conservatlon
of species of animals and thelr habltats
is the main aim, and this may sometimes
be compatible with recreation.

Educatlon areas may need to be set aside
where extensive alterations to the en-
vironment for experimental purposes, not
permitted in parks, can be carried out.
Other types of reserves that may be
proclaimed include flora reserves, bush-
land reserves, streamside reserves, rec-
reation reserves, and scenliec reserves,.

Current status in the study area

Although proposals have been made in the
past, there are no naticnal parks or
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reserves controlled by the National
Parks Service in the study area.

Table 18, however, lists 22 forest parks
and reserves in the study area set aside
for wvarious purposes under section 50 of
the Forests Aet. These vary 1in size
from more than 8,000 ha (Bendigo Whip-
stick Forest Park) to about 0.01 ha
(Mandurang Wildflower Reserve). All
have some value for nature conservation,
although only some of the larger reserv-
es are viable for the conservation of
vegetation assoclations or large animal
specles.

These reserves, and other local govern-
ment reserves, are often utilized for
other types of compatlible land uses.
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Recreation is a term loosely applied to
any activity freely undertaken for per-
sonal pleasure during an individual's
leisure time. It takes a multitude of
forms, and individual preferences vary
widely.

Outdoor recreation 1s an important use
of public land and, as discussed in the
preceding chapter, it 1s one reason for
the retention of natural areas. It in-
cludes a wide range of pursuits, some of
which are regarded as active (for ex-
ample, bushwalking, canoceing, car rally-
ing), while others are passive (for ex-
ample, picnicking, sightseeing, pleasure
driving).

North-central study area contains many
fragmented and scattered blocks of pub-
lie land containing a variety of rec-
reational features, each with a differ-
ent appeal to visitors. Many of the
active recreational pursults here are
water-based, and consequently most of
the rivers, lakes, and reservoirs are
popular recreational sites. Lake Eppa-
lock probably attracts the greatest num-
ber of visitors, as it is suitable for a
variety of activities and is readily
accesslible from a number of population
centres.

RECREATION

Few rugged areas sultable for adventure-
type land-based pursuits occur, but the
extensive areas of open forest and even
the rural environment provide opportuni-
ties for many forms of recreation.

There 1is also great scope for passive
activities, particularly those of a cul-
tural nature. Many of the towns reflect
the atmosphere of the gold-mining era,
and some of the many historic buildings
have been classified by the National
Trust (see the recreation map for locat-
ions). In addition, several memorials
and museums throughout the area provide
plenty of local history for the interes-
ted tourist.

Many of the recreational activities are
closely linked with tourism, and most
visitors to the area probably engage in
some form of recreation. The booming
tourist industry in turn depends con-
siderably on local industries such as
the Bendigo Pottery, the vineyards at
Great Western, or the eucalyptus dis-
tillerlies throughout the mallee areas.

Recreation and tourism must therefore be
collectively recognized as significant
factors in the loecal economy, and as im-
portant components of land use in the
study area.



Recreational resources on public land

Only a small proportlion of the public
land is at present specifically reserved
for recreatlon. Recreatlonal use 1s ob-
viously not confined solely to areas set
aside for that purpose, however, and
many activities are accommodated on land
managed for additional purposes. Excep-
tions lnelude formal recreation sites
such as golf courses, rifle ranges,
racecourses, etc. Opportunitles for
open-space recreatlion are avallable to
varying degrees on the remalning public
land, sometlmes supplemented by private
land as well.

In order to understand the recreational
potential and types of recreational use,
it is convenlent Lo define several
zones, as well as the varlous recreat-
ional activitles and their requirements.

Zones
Urban =zone

Most towns in the study area offer fac-
ilitlies for formal recreation activities
such as tennis, golf, bowls, football,
and rifle-shooting as well as passive
recreation sites (parks, picnic tables,
etc.,). In addition, nearly all the
major towns support some form of racing
{horse-racing, trotting, greyhounds,
motor sport, etc.).

Most towns also provide faeilltles for
campers, caravaners, and tourists. The
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Bendigo area 1s probably the most popul-
ar for tourists, with many attractions
nearby and withlin the urban 2zone.

Agricultural =zone

A large proportion of the study area 1s
agricultural land, characterized by ex-
tensive clearing or alteration of the

natural vegetatlion. The open landscape

of the broad plalns does not have a high

Attractive agricultural land near Sutton
Grange
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Zones of natural vegetation

These zones are described in detail in
the wvegetation chapter.

Most of the public land (excluding the
lakes and reservolrs) remains under nat-
ral vegetatlion, although there is 3
distinectlon between disturbed areas and
those that remain relatively undisturb-
ed

Disturbed areas occcur commonly through-
cut the study area and result from the
alluvial, reef, and deep-lead mining
activity of the past. Most areas have
revegetated considerably and provide a
distinet but interesting environment,
ith considerable recreation potential.

The relatively undisturbed vegetation
cceurs mostly on the more-inaccessible
rugged topography. These areas often
provide wildflower displays in spring,
and many include rock cutcrops such as
granitic tors, which often provide pan-
oramic views.

All these zones of natural vegetation
are popular for pleasure driving, ple-
creation because of the nicking, hiking, fossicking, and nature
features and problems of study.
rivate land.
Inland water
ultural land is
active than flat, luch of the active recreation in the
n these areas study area is water-based. The rivers
rounities for pleasure and natural lakes have always been popu-
iriving. lar attractions for fishing, swimming,



and pienicking, but the constructlon of
water storages has added conslderably to
the appeal of the area for recreatlion.

The activitlies allowed depend on the use
for which the water 1s intended, and to
some degree on physical parameters such
as the size of the water body. Access
to urban supply reservoirs is normally
restricted, to protect water qualilty.
Irrigation supplles have fewer restrict-
ions, and many of these storages are
very populuar.

A number of mineral springs occur in the
study area (see chapter 11, Water Res-
ources), and these are increasing in
popularity.

Softwood zone

Although covering only a small porport-
ion of the area, the mature softwood
plantatlons are popular for plcenicking.
The Harcourt plantations contain a num-
ber of exotie species, and present a
visually diverse landscape for walking
and pleasure driving.

Other recreational opportunities

Road reserves frequently provide a val-
uable landscape element for the motorist
in areas predo-inantly cleared for agri-
culture. These narrow strips of publie
land often contaln remnants of the
original vegetation and provide oppor-
tunities for nature study and local
refuges for wildlife,.

5571789
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Also, several features on public land
that are presently unused, llke the dis-
mantled rallway between Heathcote and
Bendigeo, have considerable recreation
potential.

Recreational Aectivities-

The maln recreational actlvities on
public land in the study area are listed
and discussed below.

bushwalking and hiking
camping and caravanning
canoeing

car rallying

fishing

fossicking

hunting

swimming

nature study

off-road vehicle driving
orienteering

plenicking

pleasure driving
power-boating

salling

water-skiing

formal recreational activities (golf,
tennls, horse-rilding etc.)

Bushwalking and hiking

Walking for pleasure here is mainly
restricted to short hikes and walks to
sites of interest or for nature study.
Few are particularly strenucus, as the
vegetation 1s generally open, and there
are often tracks and disturbed areas.



At Melville Caves, approximately 13 km
of walking tracks serve various parts of
the reserve, and these provide pleasant
views in a photogenic area. Although
the study area has no true rock c¢limbs,
many of the granitic areas provide int-
gresting scrambling for the adventurer.

A number of other day and half-day walks
have been described in bushwalking maga-
zines over the years. Those to features
such as river cascades or historic sites
frequently necessitate permission to
cross private land.

Camping and caravanning

Some 30 developed caravan and camping
grounds occur within the study area, es-
pecially at the more popular tourist
centres. Most of these are eguipped
with modern facilities and are partic-
ularly busy during holiday periods.

Also, 44 public land leases for camp-
sites at Lake Eppalock are held by a
number of schooels, church groups, and
social clubs (see also chapter 18).

ping at undeveloped sites in conjunc-
n with fishing, hunting, and motoring
5 has inereased in popularity over

nt years.

keen canoeists because of the lack of
rapids. The Goulburn, upstream from
Nagambie, is the only one mentioned in
the "Canoeing Guide to Viectorian Riv-
ers", which says of it: "the water flow
can be gquite fast, and this conbined
with the trees and logs in the river can
make 1t dangerous...although it is tech-
nically an easy river...".

Cpportunities for flat-water canoeing
exlst on most of the reservoirs and
lakes in the area.

Car rallies and hill climbs

Forest tracks and other secondary roads
here are often used for competitive car
trials and rallies. These trials are
normally held overnight, are strictly
supervised by a co-ordinating body, and
present little danger to the public as
they avoid roads with regular traffic
use, Social club car rallies occur on
weekends in parts of the study area, and
often terminate at plicnic sites.

Mount Tarrengower near Maldon 1s a pop-
ular venue for motoring hill climb
events.

Fishing

Fishing is widespread throughout the
study area in lakes, reservoirs, and
streams. The main species caught are
redfin (or European perch) and trout,
although Murray cod and European carp
are alseo fished. Table 19 lists the



Table 19

FISHING SITES
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ocation Main fish species Intensity of use Site grading
airn Curran Reservoir RF T Moderate Good
oulburn Welir RF T MC Moderate Good
reens Lake RF EC Low Foor
arkers Creek Reservolr RF T EC High + Good
aanecoorie Reservoir RF T EC Low Foor
ake Batyo Catyo RF EC Low Fair
ake Cooper RF Low Poor
ake Eppalock RF T High Good
agambie Lake REF T MC Moderate Good
eddington Reservoir RF T High Good
ullarcop Reservoir RF T Low + Good
laranga Reservoir RF T MC Moderate Good
voca River RF 5y EC Moderate Good
ampaspe River RE T EC Moderate Fair
¢liban River RF T Moderate Fair
oulburn River RF T MC Moderate Good
oddon River RF o EC Moderate Fair
Wimmera River RF T Moderate Good

Note: Only major streams listed

RF
T

MC
EC

+

[T T

numerous tributaries are also fished.

RBedfin

Trout

Murray Cod
Eurcopean Carp

Boating and wading prohibited
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main fishing spots and thelr intensity
of use.

Fossicking

Week-end prospectors fossick for alluv-
ial gold at many of the old gold-field
areas.

Gemstone fossicking is popular iIn the

area north of Heathcote to Mount Camel.

Gem minerals in this area include var-

iously colcoured jaspers, black cherts,

Selwynite, coloured guartz, sapphires,
[y

and common corundum. & gem hunt is held
annually at Heathcote each November.

Other gem minerals reported in the area
include topaz (Castlemaine, Duneclly, and
Maldon), agates (Moolort, Avoca, and
west of Heathcote), tourmaline, and
zircon.

Hunting

Hunting for duck and guail in the study
area 1s very pcpular with local and Mel-
bourne-based hunters. Table 20 lists
the areas used for hunting duck, mainly
black duck, grey teal, wood duck, and
mountain duck. Less common species
hunted include chestnut teal, hard-head,
pink-eared duck, and blue-winged
shoveler,

The whole of the study area is impertant
for gquail-hunting, although the only
species that it is permissible to hunt
is the stubble guail.

Nature study

The vegetation here 1s gquite diverse and
many naturalists' clubs and conservation
societies use the area for nature study
and field excursions. Probably the
best-known area is the Bendigo Whip-
stick, which is frequently visited for
its multitude of ground flora and var-
ety of birds.

The Environmental Studies Association of
Vietoria also conducts field excursions
in various parts of the study area.

Bird and plant lists for such studies
are available from field naturalists'
clubs and the Forests Commission for a
number of areas (see Table 18).

ff-road vehicles

The use four-wheel-drive vehicles and
that of trall- and mini-bikes are estab-
lished recreational pursuits here. Most
users revel in challenging their driving
skills over difficult terrain. Indis-
criminate use of such vehicles can cause
serious damage to the environment, and
they are now coming into increasing con-
flict with other land uses, and other
forms of recreation. Demand is growing,
however, for areas sultable for their
use, catering espeecially for trail-bikes
near urban centres.

Orienteering

This sport is raplidly increasing in
popularity and already several local
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Table 20

DUCK~HUNTING AREAS

Area/locality Habltat gquality Intensity of use¥
Cairn Curran Reservoir Falr Moderate
Clunes Swamps Fair Moderate
Doctor Swamp Excellent High
Gaynors Swamp Excellent High
Goulburn Weir Good Moderate
Horseshoe Lake Excellent High
Lake Batyo Catyo Excellent Moderate
Lake Cooper Excellent High
Lake Eppalock Fair Moderate#
Lake Grassy Fair Moderate
Lake Kimbolton Fair Moderate
Little Wallenjoe 3wamp Excellent High
Laanecoorie Reservolr Fair Moderate
Mansfield Swamp Excellent High
Nagpambie Lake Good Moderate
One Tree Swamp Excellent High
Reedy Lake Excellent High
Salt Lake Excellent High

The Fresh Lake Excellent High
Thunder Swamp Excellent High
Tang Tang Swamp Excellent High
Tullarocop Reservoir Fair Moderate
Two Tree Swamp Excellent High
Wallenjoe Swamp Excellent High
Waranga Reservolr Fair Moderate

¥ Intensity of use depends very much on the quality and supply of water during the

hunting season

# Shooting is prohibited in parts of Lake Eppalock
State Game Reserves (Fisheries & Wildlife Division)
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reas are extensively used by local and
elbourne orienteers. The area around

ake Eppalock is the most popular site,
lthough Cne Tree Hill, Bendigo Whip-

t and the area east of Mount Ida
used. The association that

Wt
controls orienteering is continually
o0king for new courses in a variety of
areas. The most suitable land is flat
to undulating terrain, with forest cover
and minimal undergrowth.
Ficnicking

Water-skiing on Goulburn Weir, a popular
activity on many of the water storages

reation map. The sites usually coincide
with areas of recreaticonal interest such
as Melville Caves or Mount Alexander.
Facilities in forest reserves are listed
in Table 18. Many spots not serviced
with any facilities are also popular.

A picnic or barbecue is often the main
aim of a day-trip and therefore these
are frequently associated with pleasure
driving.

Pleasure driving

Driving for pleasure is becoming in-
creasingly popular throughout the study
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WATER=-BASED ACTIVITIES AND RECREATIONAL FACILITIES ON LAKES AND RESERVOIRS
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Lake or reservoir Recreation Facilities Banting Oother Activities Uther
management Ficnic | Tollets | Cumping/| Power | Non= Boat | Launching | Marine Boat| Fiehing | Swimming | Hunting
nrea caravan | boats | pewer| club ramp or Tuel
sites boats mooring
Barkers Creek SR & WiC x Bank
Reservoir only
Cairn Curran SE & WSC, 3 x 2 x ® ] % % X ® Water-akiing
Shires of
Newatead,
Maldon,
and
Tullaroop
Goulburn Weir SR & WSL, 3 x 3 x ® x Floating x x % Water-skiing
Shire ol Jetties
Goulburn
Greens Lake SR & WSE 1 ® x ¥ % X x b E
Hanagement
Committes
Leanecoorie SH & WEC 2 3 1 X x x X X X
Reservolr
Lake Batyoc Catyo Shire of 1 % 1 % % % Jetty % % x Speed-boat
Kara Kara carnivals
Lake Eppalock 5R & W5C -] x ] x % ® % % EY % Part |Regattas and
Management only |boating events,
Committes water-skling
Tullarocop SR & WSC 1 X Hank
Reservolr ocnly
Waranga Shire of 2 x 1 x % % x ® x % Water-skiling
Reservoir Waranga
" "
area. Day trippers" are attracted to creases in the community and as tourist

good roads with such features as scenic
views, historic interest, wildflowers,
mineral springs, etc., and many travel
from Melbourne or further afield.

Traffic surveys in recent years have
shown a marked rise 1n the number of
recreational drivers, and this will
probably continue as car ownership in-

roads and facllities are

Water-based

activities

improved.

Power-boating, sailing, swimming, and

water-skiilng are among the most popular
forms of outdoor recreation in the study
area, attracting large crowds to many of

the lakes and reservoirs.

The following



120

car-count figures for Lake Eppalock show
the rapid increase in the use of reser-
voirs that has occcurred in recent years:

1974 - 22,261 cars
1975 - 31,307 cars

1972 - 7,956 cars
1973 - 23,078 cars

Table 21 indicates which activities are
permitted on each of the lakes, along
with the facilities (such as launching
ramps) that are available. There are
boating clubs at Lake Eppalock, Cairn
Curran, Green Lake, and Waranga Basin.

These water-based activities vary con-
siderably in their reguirements but they
all need access to the shoreline, main-
enance of water-quality standards, and
usually the provision of parking areas
and amenities.

Pattern of BRecreation Demand
Present use and demand

The present pattern of recreational
demand is related to the local populat-
ion distribution. The accesslbility of
the area from Melbourne, however, which
is only 150 km from Bendigo, and from
other urban centres means that many of
the users come from outside the study

area.

& network of major highways, railway
links, secondary reads, and tracks means
that most of the study area, and pract-
ically all the public land, 1s available
for tourists and recreationists.

A survey by the Australian Travel Re-
search Conference in 1973--T4 examined
the number of wvisits to each of the Min-
isty of Tourism's 13 regions in Viector-
ia. Although the boundaries of their
"North Central Region" differ slightly
from those used in this report, it was
the third-most popular region after Mel-
bourne and Gippsland during 1973--T4,
attracting some 600,000 wvisitors - more
than 8% of all the travellers in the
State. The places of origin of these
visitors were:

Viectoria (metropolitan area) 60%
Victoria (non-metropolitan) 35%
Interstate 5%

Estimates by the Forests Commission of
the number of visitors during 1975--76
at several forest reserves are:

Bendigo Whipstick Forest Park 80,000
Wychitella Forest Park 3,000
Melville Caves Scenic Reserve 5,000
Dargile Special-purpose Reserve 2,000
Mt. Alexander Koala Park 5,000
Pink Cliffs Special-purpose

Reserve 2,000

A case study of the current level

Lake Eppalock is one of the most popular
water storages in Victoria, but 1its
intensive use has already taxed its rec-
reation capability, and posed a potent-
ial health risk for its primary use as a
water supply. This is currently being
examined by an inter-departmental comm-



ittee; its conclusions are not yet pub-
licly availlable.

Existing developments at Eppalock in-
clude four caravan parks, 45 club sites,
day-visitor areas, a hotel/motel with a
conventlon centre, boat storage, and
servicing facllities, and a co-operative
housing estate. Thls effectively means
that a population of 6,200 persons can
reside around the lake at one time.

It is also estimated that there are
150,000 day visitors per annum, reaching
a peak on the Australia Day week-end,
when approximately 25,000 people attend
the annual speedboat races.

Expected future demand

A number of factors are expected to
markedly lncrease recreation pressures
on public land in the study area. The
latest projections from the Bureau of
Census and Statistics indicate sub-
stantial increases in Melbourne's popul-
ation, and alsc increases in regional
centres such as Bendigo and Ballarat.
Populations in some rural areas such as
the south-eastern shires in north-
central Vietorila are also expected to
grow as land is developed for hobby
farms and rural retreats.

Other factors affecting the demand for
recreation include increases in leisure
time, mobllity, environmental "aware-

121

ness, and "disposable" incomes, com-
bined with improved access and facili-
ties. Planning for outdoor recreation
must cater for these factors, but must
also be flexible in order to cope with
rossible changes in the nature of the
demand.
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16. AGRICULTURE

About B87% of the land in the study area
is privately owned and, except for that
in the cities and towns, supports
agriculture. In addition, grazing lic-
ences or leases cover about 20% of the
public land and almost all the public
land is used intermittently for honey
production.

Land use is strongly influenced by
topography, climate, soils, availability
of irrigation water, and land tenure.

Very broadly, the undulating to steep
country 1is used for mixed grazing of
sheep and cattle, while the plains and
gently undulating areas carry mixed
farming - crop production assocciated
with grazing. A small proportion of the
pasture land is irrigated and used for
dairying, and for lamb and beef product-
ion. Irrigation also supports fruit-
and tomato-growing, and a little crop
production. Map A shows the distribut-
ion of the different agricultural activ-
ities, and Table 22 lists the areas in-
volved and stock numbers.

Farm size 1z extremely wvariable; an in-
dication of the most common (modal)
sizes for varilous types of farm is gilven
on this page.

Farm type Modal farm size (ha)
Mixed cropping--

grazing 700

Dryland grazing 500
Irrigation grazing 250
Irrigation dairying Lo
Horticulture 8

Livestock FProduction
Sheep

Sheep predominate the grazing in the
study area, which carries about 13% of
the State's sheep population.

The three types of sheep enterprise are
concentrated in fairly distinet parts of
the area. Prime-lamb production - using
crossbred ewes mated to British-breed
(usually Dorset Horn) rams - is promin-
ent in the north-east (in the Shires of
Waranga, Huntly, East Loddon, and Mar-
ong). This involves both dryland and
irrigation farms here. Farmers in the
north (Shire of Korong) run sheep for
both wool and prime-lamb production,
while in the remainder of the study area
wool production predominates. Some
wool-producing properties run flocks
consisting wholly of Merino wethers.



Table 22
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AGRICULTURAL LAND USE A3 AT MARCH 31, 1975

Item¥ Northern shires*¥ Southern shires+ Study area total & State

ﬁ;i of holdings 2,994 2,258 5,252 8.4

Total area occupied 1,037,019 L76,490 1,513,509 10.5

Area under crop 166,089 21,322 187,411 10.5
(16%) (4%) (12%)

Area under fallow 60,519 3,200 63,719 -

(approx.) (6%) (1%) (U%)

Area of sown pasture 506,960 246,011 752,971 13:7

including lucerne (L9g) (52%) (50%)

Area of native 184,881 128,129 313,010 11.9

pastures (18%) (27%) (21%)

Balance 118,570 77,828 196,398 =
(11%) (16%) (13%)

Under irrigation

Irrigated horticulture 296 471 767 T8

Irrigated pastures 35,230 5,455 40,685 7.9

Livestock numbers

Sheep 2,087,735 1,308,000 3,395,735 12.9

Beef cattle 139,221 106,388 245,609 5.9

Dairy cattle 4o,094 8,694 48,788 2.5

FPigs 69,015 15551 76,566 20.0

* Areas are given 1n hectares

LA Northern shires - lnclude Stawell, Kara Kara, Korong, Bet Bet, East Loddon,

+ Marong, Huntly, and Waranga

Metcalfe, Strathfieldsaye, McIvor, and Goulburn
(%) Indicates percentage of total area occupled in the various zones

Southern shires - include Avoca, Tullaroop, Talbot/Clunes, Maldon, Newstead,
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Sheep grazing near Moonambel

Sheep numbers reached a peak in 1970--
71, subsequently declining due to the
comparative profitability of beef
cattle. As a result of the recent slump
in cattle markets, however, this down-
ward trend is likely to halt and sheep
numbers stabllize or increase slightly.

Beef cattle

Beef cattle are run throughout the study
area, but are less Ilmportant in the
north-west than elsewhere. Herefords
are the most common breed - although
others are represented - and vealer pro-
ductlion 1is the most important activity.

=S’ SN

Fattening (the finishing of "carry-

over weaner animals or purchased store
cattle) is also common. Few properties,
however, are run exclusively for fatten-
ing and most herds contain some breeding
stock.

Virtually no properties produce only
beef; in this area beef cattle are gen-
erally run in conjunction with sheep.

The buoyant state of the beef market in
relation to the sheep and wocol markets
led to a dramatic increase in beef
cattle numbers from about 142,000 in
1970-=T71 to about 245,000 in 1974--75.
& trend towards the heavier breeds dev-
eloped during this pericd, but the un-
certainty of the overseas markets ended
both this trend and the inerease in
numbers. Recent poor markets and a run
of dry years have caused a marked drop
in cattle numbers in the study area.

Dairying

North-central Victoria is a relatively
unimportant area for dairying. The 370
licensed dairy-farms here carry only
2.2% of the State's dairy cow populat-
ion, and 20% of the total milk product-
ion is used for town milk supply.

Most dairy farms within the study area
are concentrated on the permanent irri-
gation areas of the Waranga and East
Loddon Shires, and have relatively
large herd sizes (90--100 cows). Farms
in the former supply milk for manufac-



turing purposes, while those in the East
Loddon Shire mainly supply town milk.

Other dairy farms are scattered through-
out, both under irrigation and, 1ln the
south, in dryland areas. These farms,
smaller than those in the main irrigat-
ion areas, supply mainly town milk or
cream., With the declsion to phase out
milk contracts, a large number of them
will cease dairying.

Pigs

The study area contains about 20% of
the State's pig population, and its im-
portance as a pilg-ralsing reglion is
likely to lncrease.

Pig farms occur throughout, although
the greatest concentration is within
Waranga Shire. The number of separate
plg farms 1s tending to decrease, while
numbers per farm are 1nereasing. Hous-
ing and confinement of pigs 1s also in-
creasing.

Fig production is a continual, year-
round process, with only minor seasonal
variations. About half the pigs in the
area are fed on commerclally prepared
feed, while for the remainder food is
mixed on the farm.

Foultry
This is one of the main parts of Vietor-

ia producing eggs for domestic consump-
tlon. Although the proportion of birds
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in the area has decreased from 34 to
25% of the State total during the past
8 years, this reflects an increase in
numbers elsewhere rather than a de-
crease here. Weekly production 1s app-
roximately 200,000 dozen eggs. The
prominence of egg production 1n this
area 1s likely to continue, although
table meat (broiler) production may in-
crease proportionately followling the es-
tablishment of processing plants at
Lockwood and Raywood,
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fs with the dairying and pig production,
the number of small part-time producers
is decreasing, but fowl numbers on the
larger farms are increasing. There 1s
also a trend away from deep-litter

sheds towards the technigue of housing
of birds in cages. Some of these latter
sheds have controlled environments.

Crop Production

Cropping 1s an important form of land
use here, particularly in the drier
areas in the north. Except for the
basalt plains of Mooleort, the southern
districts are generally not well suited
to cash cropping because the land is too
rocky or too steep, or the climate 1is
too wet or unrelia ble.

Wheat 1is the main crop, but barley and
cats grown for grain, fodder, and hay
are also important. During the past 10
years the area has produﬂed about 12% of
the State's wheat, 10% of the barley,

and 15% of the oats.

Crop rotations vary. The flatter and/or
better solls - particularly in the

north - ¢
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Soils that are more subject to erosion
or are generally poorer usually carry
only one crop of wheat. In these sit-
uations - for example on the Ordovician
or granite solls in the western part of
the study area - "minimum" cultivation
techniques may also be required.

Occasionally, anywhere in the cropping
zone, wheat may be sown as a "ley" crop
- that is, into pasture land that has
been cultivated and prepared quickly
following the autumn rains.

In the more-intensive cropping dist-
ricts, oats and barley are generally
grown as "stubble" crops, whereas in the
grazing districts of the south the far-
mer sows ocats, for fodder or hay, as a

"ley" crop.

As the "last" one in the rotation, the
oat crop 1is normally undersown with sub-
terranean clover and 1ln some cases
perennlal grasses. The length of the
pasture phase 1iIn the graln cropping
districts varies from 2 to 8 years; the
better the ground, the shorter is the
pasture phase. A typlcal rotation com-
prises fallow, wheat (or barley), ocats,
followed by 2--3 years of pasture for
the better soils. 1In the less-favour-
able situations, the rotation may be
fallow, wheat, oats, followed by 5--7
years of pasture,

In some areas, particularly in the
Loddon valley, wheat is now beling grown
under irrigation.
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Harvesting wheat on the basalt plain
near Moolort

0ll-seeds

Oil-seed crops galned some popularity
during the operation of wheat guotas,
and again in the 3 wet years of 1973--
75. Under dryland condlitions, however,
solils are generally unsuiltable for these
late-maturing crops, which consequently
occupy an insignificant area compared
with that under cereals.

Horticulture
Fruit

The maln frult-growing district is at
Harcourt, near Castlemaine. Although
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small by comparison with other Viectorian
orchard districts, covering only some
570 it produces some 2--3% of the
Sta crop of apples and pears, its

ms ducts

Historically the apply industry develop-
ed at Harcourt because the unigue com-
bination of climate, soils, and irrigat-
ion produced an apple of exceptional
flavour - keenly sought by the overseas
and Iinter-3State trade. Jonathan was the
most popular variety.

A vineyard near Avoca

In more recent years, following a shift
from the export trade, the main ocutlets
for orchard produce have become the loc-
al and Melbourne markets. As a result,
there has been a change from export var-
ieties to those more suited to the home
market.

The areaz under orchards has decreased
during the past 10 years, but this trend
appears to have slowed and 1t now seems
unlikely to alter greatly in the short-
term future.



Vegetables

There 1s very little vegetable product-
ion in the study area except for some
market gardens around Bendigo and Har-
court and some tomato-growing in the
wWaranga. Marong, and Strathfieldsaye
Shires. Production is insignificant
compared with other parts of the State.

Grapeé

Vineyards here are used solely for wine
production. The industry is also small
by comparison with other regions, with
the largest plantings in the Avoca and
Goulburn Shlres. Recently, the area
being planted to vines has increased,
involving both established vineyards
and newcomers to the industry.

Potential of Private Land

Agricultural potentlal in the study area
will depend as much on the marketing
prospects as much on the marketing
prospects for the various crops and
livestock products as on the physieal
potential of the land to produce them.

Unecleared land

Agriculture potential from uncleared
land on existing holdings 1s limited,

In 1974=-75, only 13% of the occupled
area was not under crop, fallow, or pas-
ture. Much of this land is retalined for
shelter, or 1s unsulted or uneconomic to
develop.

557 1:78=10
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Grazing

The greatest agricultural potentlal ex-
ists 1in the cleared freehold land. In
1974-~75 only half the pasture area was
sown to improved species, but, in the
short term at least, it may be uneconom-
ic to develop and maintain a greater
area of improved pastures.

Nevertheless, recent experimental work
has shown that productivity of pastures
can be increased. The use of inoculated
seed, superphosphate, lime, and molyb-
denum has inereased the chance of suce-
ess in establishing improved pastures -
particularly in the scuthern grazing
districts.

Furthermore, two new varleties of sub-
terranean clover - Larisa and Trikkala -
are now available. These varieties,
which can withstand water-logpging and
alsc have a better resistance to fungal
disease, can be combined with exlisting
clovers for general use or used alone in
special eircumstances.

More informatlion on types and rates of
fertilizer to maintaln pasture may in-
crease productivity further in future.

Dairying

Block grazing, faster milking systems,
and automatic irrigpation devices are
all innovations that will enable dalry-
farmers to increase thelr output and
reduce costs,
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Cereals

In general, cereal-farmers are using
sound practices. Most of the study area
is in a low-protein region and "hard"
wheats should not be grown. Consequent-
ly, for many years, Olympic has been the
only wheat variety recommended. Recent-
ly a number of other varieties - Egret,
Kalkee, Kewell, and Zenith - have been
released.

These, together with Olympiec, offer
growers a more diverse range. Cereal
yields could be improved by the applic-
ation of higher rates of phosphate - but
the marginal return to additional inputs
often does not warrant the growers using
optimum rates determined under research
conditions.

Conflict

During the past few years, people with
little or no farming experience have
bought considerable areas of land here,
In many cases, this has happened in res-
ponse to the city-dwellers' need for a
recreation outlet, while in others it
has been purely for investiment.

Generally the demand is for small hold-
ings, and consequently large areas of
rural land have been subdivided into a
number of small allotments. In some
cases, however, the demand is for rela-
tively large areas or complete farms so
that large-scale farming ventures can be
continued.

The high demand for land in many dis-
tricts has generally resulted in the in-
flation of prices beyond the ability of
the land to glve a fair return on in-
vested eapital - in other words, its
price exceeds its productive value. As
a result, many genuine farmers or pros-
pective farmers are unable to purchase
extra land or sufficient land to make
economically wviable farms. On the other
hand, the high demand for land for sub-
division has provided an opportunity for
some farmers to sell some land for cap-
ital gain.

Owners of small or medium-size holdings
are commonly referred to as "hobby farm-
ers". This is a poor term - particular-
ly as different people have different
motives, needs, attitudes, and hence
behaviour. Absentee-ownership, poor
attitude, and ignorance can create prob-
lems - with important implications rel-
ating to stock management, diseases of
stock, control of verming and noxious
weeds, erosion, and fire hazard. Most
of the newcomers are, however, genulinely
interested in developing the land.

Those with sufficient finance have been
able to highly develop their properties.

Agricultural Use of Public Land
Forest grazing

Approxijately 27% of the public land

supports grazing, mainly by sheep, under
licence or agistment. Although the for-
ested blocks have a low carrylng capac-



1€y, they have always been sought by
1o0cal graziers. They supply an import-
ant supplementary growing reserve as
MEll as shelter after shearing and at
fambing, and provide a source of rough-
@gs for a balanced stock diet. Grazing
48 an aid to fire protection by reducing
@he build up of fine fuels on the forest
o {elnhel

fAnual licences allow grazing control,

81 though agistment has been favoured in
geértain areas as it allows flexibility
fn areas grazed and stocking rates.
Licensed areas must be fenced by the
grazier, and stock rates can be restric-
féd or stock completely excluded if en-
Mironmental values are threatensd.

Ekvelﬂpment potential of publiec land

FLDlic land is generally of poor agric-
wltural guality. The early settlers
gccupied the better tracts of land, with
Bhe result that the public land remain-
ing is confined mainly to areas of steep
Pelief or to hills of low relief derived
From sedimentary material.

@ne quality of the scoils in these areas
®aries, with those in the gullies being
@ctter than those on the ridges. By
gomparison with soils on private land,
owever, they have poor potential for
@cvelopment. Like most Australian
Boils, these are deficient in major
Blements such as phosphorus, sulphur,
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and nitrogen and, in many cases, in the
trace element molybdenum.

While such deficiencies can be rectified
with fertilizer, these soils are also
low in organic matter and generally have
only shallow topsoils - a situation

that has often been aggravated by past
mining activity and subsequent erosion.

Agricultural development of forested
land, either private or public, is a
costly and lengthy operatlion. Increased
costs - particularly those of fertiliz-
er, fuel, and labour - make clearing and
pasture improvement expensive. Most of
the area has a low and unreliable rain-
fall and, in some mallee scrub areas,
scrub regrowth is a major problem. Con-
sequently development is a slow process
and - because of the long delay before
cash return, and its low rate - is not
an attractive investment.

Considering the current state of agric-
ultural markets, in particular sheep and
beefl markets and factors listed above,
it is unlikely that the Investment in
the development of forest land will be
as profitable as other forms of invest-
ment.

Reference

"Rural Industries 1970--T1 to 19T4--T75.
(Commonwealth Bureau of Statistics:
Melbourne 1976.)



17. APICULTURE

The forested publlie land of the study
grea is one of the main sources of

honey 1n the State. The forest types -
especially the eucalypt specles of red
ironpark, grey box, and yellow gum - are
renowned for producing quality honey,
often in large guantities during good
flowering years. It is an important use
of public land and provides few con-
flicts with other land uses.

Althougn forested publiec land is of
rreatest importance, beekeepers alsoc use
gricultural land from time to time when
uitable species, including weeds such

s cape weed, are in [lower.

o o
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Froducts

Eeekeepers harvest honey, beeswax, and
pollen. Honey, apart from table use, 1is
important in confectionery manufacture,
as a stock food, in the preparation of
meat products, vinegar, and some types
of tobacco, and in some pharmaceutical

i cosmetic products. Beeswax has many
155, including cosmetic and polish
manufacture. Pollen has a market as
‘h—protein health food. Some bee-
epers derive a significant proportion
of their income from the sale of young
aqueen bees. Beekeeping is also of

Y -
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economic importance to other primary
industries: domestic bees are important
in the pollination of many frult, vege-
table, and seed crops.

About half the honey crop is exported,
making Australia the third-largest ex-
porter of honey. The main markets are
the United Kingdom and West Germany,
while Africa, Asia, and the Middle East
are also lmportant.

One of Australia's largest honey-
processing and packing plants, located
at Maryborcough, packed about one-third
of the honey exported from Australia in
the year to June 1975.

Beekeepling in the study area

Victoria has approximately 1,850 regis-
tered beekeepers, the majority of whom
cperate part-time. Only 240 live in the

study area, but most are fully employed
in the industry.

Beekeepers usually move their hives from
district to district in search of good
nectar flows, so it is difficult to es-
timate the actual number dependent on
the forests of the study area for a 1liv-
ing. Local beekeepers could be expected



€6 have their hives outside the area for
part of the year, while apiarists from
E8st Gippsland, New South Wales, or
S8uth Australia may locate their hives

thin it for one or two months each
@ar. Local part-time beekeepers with
@Bly a few hives keep them in the study
ggea throughout the year.

Hiﬂ»&ﬂ is a dangerous period for hives
nml;ss proper husbandry techniques are
act sed. Hive activity slows down
g;L the cooler weather, and harvesting
the few eucalypt species that do
Elewer is hazardous. High water con-
tentb of the nectar can cause hive fer-
mentation and a consequent loss of bees
iith alimentary upsets. Carrying of
Bives through winter, called overwinter-
iyz, can be achleved either by ensuring
that adequate food reserves of honey and
Pollen are retained within the hives
beforehand or by moving the hives to
Wermer areas with winter-flowering spe-
ﬁiﬂs, for example the banksias of the
ttle Desert.

Hlives can be returned to the forests of
the study area in early spring to work
such qD—cles as the reliable yellow gum
and the pollen-rich understorey spec-
des. Pollen is essential at this time
{cr maintaining balanced hive populat-
%gns, rearing queen bees, and building
1 the hives for the ccming harvest

.?bazon.
)

To use public land, beekeepers need
Weady sceess and a permanent supply of
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water. Public land here is well provi-
ded with tracks, and the system of fire-
protection dams ensures the availability
of water.

Beekeepers are issued with licences
work their bees on public land. Li
conditions stipulate area of operat
and the occupancy period, rental be
calculated for the apiary site (farm)
and for the forage area (range). L
ces are short-term and renewable, ¢t
facilitate management control.

Beehives on public land in the Pyrences
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Table 23
HONEY AND BEESWAX PRODUCTION FROM SEVEN BEE-FARM SITES ON PUBLIC LAND
Lreg covered by site (ha) Location Pericd under | Actual no. | Specles® | Min L max no.| Total Total Average Average
congiderat= of seasons of hives when| honey beegwax| annual annual
ion [years} site worked worked produc=- | produc-| honey beesvax
tion tion production] production

(kg) (kg) (ke) (kg)

500 Wellsford 20 l. BIB 200--L00 191,000 |2,38k 9,534 119
TG00 Wellsford 14 g RIE 200==1,200 283,000 |3,178 15,713 7T
s00 wWhipstick 18 5 YG, RIB | 100--300 116,000 |1,700 6,457 9L
LT Keilborough 20 9 RIB 400--1,200 389,000 |L,857 19,431 2k3
kT Keilborough 20 9 YG, RIB | Not avail. 438,000 6113 21,883 EA 8
730 Nerring 12 [ RIB 100-=1,Tho 278,000 | 3,178 23,477 265
160 Eaglehawk 13 3 RIB 100--500 Sk, 000 B1T 4,191 63
Mean 1k,351 1Lz

* RIBE = red ircnbark

Publiec land within this area contains
about 550 bee-farm sites, but is also
worked from unlicensed sites on adjacent
private property. BRecords of apilarists
indicate that, in most years in the Ben-
digo area, the amount of honey produced
from State forest by unlicensed bee-
keepers far exceeds that produced by the
legal licensees.

Table 23 lists yields of honey and bees-
wax over a pericd of years for bee-farm
sites in the Bendigo area for which
statisties were rescorded. Most sites
would carry more than 200 hives during
seasons of good nectar flow.

Y& = yellow gu=

During 1974--75, beekeepers received
around 77 cents per kg for honey, al-
though price depended on type, quality,
and market conditions. Beeswax brought
around 176 cents per kg, and young queen
bees about $4.50 each during this same
pe?iod. Based on these figures, honey
and beeswax produced annually in the
study area had a gross value to beekeep-
ers of approximately $4.3 million.

Important plant species

%ore than 90% of the honey harvested in
Australia i1s produced from eucalypts.
All of those growing in the study area
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EUCALYPT FLOWERING FERIOD AND EONEY AND POLLEN YIELD

Eucalyptus species

Common name

Usual flowering perilcd

Honey yileld

Pollen

E. albens

White box

Mid summer--mid winter

Light colour, medium denzity .
mild flavour; candles readily

Yielded, but unreliably

ity

aromaphloia

Seent-bark

February--April

Amber colour, not very dense;
granulates to & certain degree

Yielded quite freely

baztert

m

BErown stringybark

Cetober==May

Dark but falrly clear, good
density, pleasant flavour;
inelined to candy

Useful yield

Iy

behriana

Bull mallee

ZSeprtember--January

Unreilable yvleld of poor-
quality, dark, and strongly
flavoured honey

¥ielded in sbundance

o informatlon

: Iui {111 sum Summer A good producer of falrly
Bs Bisialie HAEY & dark and strong-Tlavoured
honey
Produced in great
. i [ iver red gum Late spring--mid Straw colour, not as dense
E. eamaldulensis River E et i as yellow box, less aromatic, | quantities, very val-
milder but very good flavour; | uable iIn pollen-
candies quiskly and gets hard| deflcient areas
elagdopalys Sugar gum January-=Februyary Pale strew colodr, medium Cnly sometimes collect-

denslty, excellent flavour
and aroma; very unreliable
yleld

ed

Mountain grey sum

Autumn

Mediom ecolour, Tlavour, and
density

Yielded abundantly

Broad-leaf
peppermlnt

Sepremier--Octoter

Low yield of pale honey that
candies guickly

Adeguate yield

damaroocka mallee

January—-April

Light amber-coloured honey

Adegquate yield

Long=-leafl box

Maroh-—July

Medium to dark in colour, of
flair flavour; candies with
a gcoarss graln

Prolific yielder

April-=Depermbar

Fipe qualilty, clear pale
straw gcolour, medium den-
sity, mild flavour; candies
quickly but with fire grain

A pollen-deficient tree

raeroerhynoha

Red stringybark

Fegruary

Clear bBut highly coloured,
fair density, good [lavour;
remaing liquid for some time

Yielded In medium
gquantitles

melliodora

¥

i
b=

low box

Novenber--Februapy
levery second year)

Pale straw colour, very
dense, aromatic, pronounced
flavour; remains liguid

Not collected from
yellow box

Grey box

February--<April

Amber colour, medium density,
excellent flavour; candies
gulckly

Gathered In large
amounts (often only
source at end of season)

Messmate astringy-
bark

December--Mareh

Cne of the darkest-coloured

nenles, medium flavour and
density

lelded coplously

Red box

September--November
levery second year)

Very pale, dull in appear-
ance, very dense (difffcult
to extract), tallowy flav-
cur; does not candy

Hot yielded in any
worth-while amounts

Mapch==Tune

# good-quality Honey that
candies white and hard

Yielded in good amounts

Jepiember--March

Medium amber, candles
quickly and becomes very
hard; poor yield

Yielded only at higher
alrvltudes

rubida

Candlebark

January--February

Clear amber, medium den-
51ty ; candies quickly

Good yield

giderozyilon

Aed ironbark

May--August For normal
(winter) type, but =
less common summer-
flowering type ccours

High quality, pale colour,
good density, mild flavour;
eandies with a fine grain

Pollen unavalilable

September--January

Medium amber colour, fair
density, good flavour

Good ylelds

Blue gum
Manna gum

December—-April

Amber, medium density, dis-
tlnct sweetness; candies
qulickly

Yielded in medium to
abundant guantities

Green mallee

Hovember--January

Good colour and flavour

Poor yleld




jic1d nectar, most giving moderate
Bmounts of good-guality honey. All
glicalypts yield pollen except red iron-
bark, yellow gum, and yellow box. Table
28 1ists information on honey and pollen
¥ilcld and seasons of flowering.

The ironbark and box forests of the bulk
of this area are most important. The
Bssmate--peppermint gum foothill for-
€8ts of central Victorlia, as typified by
the Pyrenees are of lesser importance,

t do inerease the variety of plant
Bpeclies avallable and extend the period
When suitable species are flowering.

Mpst eucalypt species in the study area
flower during the summer of every second
year. Grey box in the Heathcote area
flowers heavily about once every 8 or 9
¥ears. Some mallees flower about every
ourth year, but heavy flowerings may
ﬁﬁcur less frequently. The mallee
Blcalypts are valuable, as they flower
ig the early spring when few other
plants are in flower.

Ore unusual feature of the red ironbark
around Bendigo is the occurrence of a
Summer-flowering form, as well as the
Usual winternfloWEring ¢ne. The summer-
&lovering form is quite limited in ex-
§ent, occurring in the Whipstick Forest,
T*llslﬂrd Tarnagulla, and Whroo areas.

#®t is highly prized by local beekeeprs
gor its excellent-quality honey. Honey
erom the winter-flowering red ironbark
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is not so valued, as its high moisture
content causes the bees to develop ali-
mentary upsets. The bees cannot be all-
owed to work areas of pure ironbark for
long periods, as lack of pollen causes
their health to deteriorate.

Felling of mature trees for timber and
silvicultural operations, including
thinning and regeneration treatment,
which temporarily reduce flowering, are
necessary for the long-term survival of
the red ironbark stands. Within 2 years
of thinning, crown development is en-
hanced and flowering is more profuse.
Maximizing present flowering of the
summer form of red ironbark by restrict-
ing forest utilization can be done only
at the expense of flowering in years to
come.

A variety of honeys is produced from the
study area, due to the nature of the
forest, its species mixtures, and the
tendency for many species to be in flow-
er at once, especlally during the summ-
er. Much of the table honey is blended
by the distributors, so the mixing of
honey types by the bees causes no prob-
lems in marketing. Honey produced from
vellow box has the best reputation for
quality and flavour, with summer~flower-
ing red ironbark, yellow gum, and red
gum also being highly regarded. The
area contains relatively few patches of
yellow box, mainly in the Fyrenees and
the St. Arnaud Range.
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18. EUCALYPTUS-0IL PRODUCTION

The leaves and green branchlets of eueca- variety of broad-leaf peppermint has
lypts contain a number of volatile 3.0-=-4.0%).

aromatic oils. The proporticns of the

different constituents, and also the Demand for eucalyptus oil

amount of 0il contained In the leaves,

vary greatly between eucalypt species, The estimated world market for all types
and even between different plants of the of eucalyptus oil is 2,000 tonnes per
same specles. annum.

The principal constituernts of eucalyptus Use of eucalyptus oil within Australia
0il are cineole, piperitone, phellan- amounts to about 300 tonnes per annum ,
drene, and citronellal. Cinesocle,; the of which 25 tonnes is for pharmaceutical
main constituent sought from Victorian use, 105 tonnes for household disinfect-
eucalyptus oll, is used mainly for med- ants, and 170 tonnes for industrial pur-
icinal or pharmaceutical purposes. Pip- poses.

eritone, which has a peppermint odour,

1s used for producing synthetie menthol Supply of eucalyptus oil

and thymol. It makes up 40--50% of the

cil in some varieties of broad-leaf Until about 1950 Australia was virtually
peppermint. Fhellandrene, used as a the only source of eucalyptus oil, but
reneral solvent for perfumery and (in now the bulk is produced overseas. Of
the past) for mineral flotation in mix- world production today, Australia con-
ture with piperitone, makes up 60--80% tributes only about 15% (approximately
of the oil of one varlety of broad-leaf 300 tonnes per annum, of which 90--100
peppermint. Citronellal, used in per- tonnes is pharmaceutical-grade oil), al-
fumery, forms 65--80% of the oil from though world price fluctuations resulg
lemon-scented gum. in variaticon in loecal production.

vIl content ranges from about 0.5% of Australia exports mainly pharmaceutical-
leafﬁwgifht kf?? Exa?plé, bull m%llee grade cils, but competition from other
has 0.6%) to about 4% (for example, one exporting countries has constricted our



Ekport market to south-east Asia. In
PEcent years we have 1mpcrbeﬁ (mainly
from Swaziland, but also from South
Wfrica, Peoples Republic of China,

iported, and about half the

Bwain, and India) more eucalyptus oil
x
re i“»ale rich.

o
ports a

Vietorian production amounts to
@bout 50 tonnes annually and 98% of it
gomes from the study area, which produc-
BE zbout 40% of Australla's pharmaceut-
dcal-grade oil.

The Eucalyptus 01l Industry
in the North Central Area

is the preferred specles be-
its high cinecle content and
because it is sulted to
harvestiﬂ;, and because 1t
blished traditional market.
1&?;& ;u?e stands near
Wedderburn, and 3t. Arnaud.
ee, bull mallee, and red iron-
are also harvested where they are
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minor components of blue mallee. Annual

groduction from blue mallee on public
#=nd (including the other species within
?1;& mallee areas) is about 35 tonnes
rom 16 distillers.

Breen mallee is less important, partly
Because of poorer yields and partly be-

gause 1t tends to grow on the stony
ises, which are unsuitable for the cur-
ent system of mechanical harvesting.

An area of blue mallee used for euca-
lyptus-eoil production

Green mallee in the vicinity of Bendigo,
however, produces about 5 tonnes of oil

- about half the total oil production
from this part of the study area.

Three operators use red ironbark, yellow
gum, and long-~leaf box for ”calyn'us—

0il production, although their use is
declining. Current annual production 1s
approximately 3.5 tonnes.



Table 25

FRODUCTION OF EUCALYPTUS OIL - CURRENT (19T4--77)

. i 3 Publie land¥® Private land
Speclas Ho. of Total :
Locality uged A distillers employment Gross Araa Produection Area Production
(predom. ) {commerdizl) | (men/year) | area harvested®* | (tonnes p.z.) | harvested®® | (tonnes p.a.)
{hal {ha] (ha)
St. Arnaud EM 2 0.5 215 4B 2.8 - 0.2
Wedderburn BM 3 1 2,383 4ug 1.5 T5+ 3.5
IngFlewoad BM L T G,L68 1,678 23.0 g4 2.3
Bendiso BM/GHM & £ 3,745 Gl §.7 676 5.3
Ruahweith B 1 0.5 5,000 240 1.9 30 0.1 |
Sub-total 16 15 22,509 3,466 33.9 Blus+ 11.4
Maryboroush E;?, ¥G, 3 3 1,200+ 2 1.1 a2 2.4
Tocal 1% 1E 23,700+ 35 go0+ 13.8

* =
EM = blue mallee

RIE = red ironbark

GM = green mallee
¥YG = yellew sum

LLE = long=leaf box

* T0% under occupation licences issued by Lands Department
[
Ll

Q
il

under licences 1ssued by Forests Commission

*#* Area currently managed Tor oll producticn

Froduction areas

Eucalyptus o©il is produced mainly from
public land, which 1s occupied under
licence,

tecause only the most sultable mallee
sites are harvested, each district con-
tains a mosalilc of harvested and unused
mallee. Thus the area licensed for
eucalyptus-cil production preatly ex-
cecds the area actually harvested,

The Inglewood vieinity is the most im-
portant part of the study area for oil,
producing 23 tonnes annually from blue
mallee from 1,700 ha (net) of public
land (6,500 ha under licence). A fur-
Lher 2.3 tonnes per annum is produced
from private land in this district.

Areas of publie land used for eucalyptus
0il production are listed in Table 25

and are shown on the Primary Production
map.



Harvesting methods

f ferent harvesting methods have great-
differing effects on the environment,
h modern mechanical harvesting having
e severe impact than earlier harvest-
by hand.

t of the mallee used for oil produc-
n is now harvested by forage

vester. A medium-weight agricultural
ctor tows a tritter (a2 hammer-mill
pking like a rotary hoe), which bashes
shoots off the stump, or strips the
ves from the more woody stems. The
iught created throws the cut material
into a towed tipping traliler with

h sides. Some operators using this
hod cut at ground level, leaving the
e bare after harvesting. Others cut
put 5 cm above the ground. Cutting at
punid level usually brulses the top of
e mallee root stock, but it has been
med that blue mallee regrowth is

ter following such treatment.

lee harvested by forage harvester
ckly sends up new shoots from the
lee roots" (or lignotubers). In
§ area harvesting 1s carried out
ery 2 years, when the plants have
ached a height of half to three-
arters of a metre.

g@re mallee areas are still harvested by
d with a sickle. Foliage is also cut
this way from the heads of trees of
glle non-mallee specles felled for other
j#srber produce. Hand-cut foliage is
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stacked by hand, then loaded by hand
onto a tray-truck for transport to the
still,

A horse-drawn horizontal circular saw 1is
infrequently used, generally tc¢ bring
older-growth mallee into production.
Material cut in this way is raked with a
horse-drawn rake and hand-forked onto a
truck.

Distilling

Most stills are on private land, al-
though seven occcupy public land. They
are close to or within the area being
harvested, usually in a small clearing
adjacent to a dam. Each still has a

boiler, often dating from the gold era,

A eucalypius oil factory on public land
near Inglewood
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housed in g shed. The boiler is gener-
ally fired with material from which oil
has been extracted, sometimes supple-
mented with Firewood.

Adjacent to the boller house are usually
two cylindrical vats, about 2 m diameter
and 3 m deep. One vat is steamed while
the other 1s ecleared and recharged.

When the vat is filled with foliage, a
concrete 1id 1s fitted and sealed with
mud, EBoller steam is piped into the
bottom of the vat and rises through the
foliage. Then, carrying the vaporized

0il from the leaves, it 1s piped through
a condenser. The crude oill is skimmed
off the top of the water in a collector
bucket at the end of the condenser.

Employment

Of the 19 distilleries operating within
the study area, most work on a part-
time basis. Eucalyptus-oil production
provides employment for the equivalent
of 18 men per year. Most of this em-
ployment is generated near Inglewood and
Bendigo (see Table 25).
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19. TIMBER PRODUCTION

Hardwood Timber

B@ior to the 1850s, virgin stands of the
e ironbark--grey box--yellow gum ass-
@elations comprised open grassy forests
With 2 small number of large trees per
Bectare, the diameters of such trees
FEEching 120--150 cm.

gold rushes in the 1850s - and later
CRe spread of settlers over Victoria -
gencrated great demand for timber prod-
Uets from these forests. Accessible

nds were virtually clear-felled and
&Be resultant regeneration cut as soon
?Z it reached merchantable size.

@@vernment intervention to halt this
Juse commenced in 1869, with reserwvat-

s of public land for forestry pur-

gses permitting control over timber

gilization. Silvicultural treatments

) rehabilitate the forests began around

je turn of the century.

ggemnp loyed workers during the 1930s de-
esslon (and later aliens and prisoners
BE war) were employed in stand-improve-
Bt treatments in virtually all of the
productive forest area. This intensive
EPcatment highlipghted the importance

placed on these forests for the produc-
tion of durable and fuel timbers.

Pressure-preservative treatment of fast-
growing non-durable timbers such as
radiata pine and certain mixed-species
eucalypts for telephone poles began in
1957. It proved successful and the mar-
ket for durable species as poles declin-
ed rapidly. Demand for fencing mater-
ials also fell, but these are required
because of their strength and dura-
bility.

The firewood market declined too, as
gas, electricity, and oil took over as
industrial and domestic fuels, but some
demand still persists for firewood -
particularly for the high-calorific-
value durable species - for domestic use
in rural Victoria and in suburban Mel-
bourne.

Durable species such as red ironbark,
grey box, and yellow gum are eagerly
sought for railway sleepers because of
thelr strength, hardness, and toughness,
and their resistance to termites, in-
sects, and decay. The area is important
in supplying sleepers and in meeting the
demand for other durable products.



Present procduction

The hardwood forests of the study area
produce various classes of timber at the
following annual rates:

Firewood 78,000 m3
Fencing timbers 15,000 m:
Sawlogs 4,000 m3
Sleepers 2,000 mg
Other products 2,000 m”

Hardwood output for the finanecial year
1974--75 amounted_to 100,057 m3, compar-
ed with 149,021 m”? in 1970-T1.

The box--ironbark forests provide high-
quality firewood. Firewood is obtained
as residue from utilization operations
and stand-improvement treatments such as
thinnings and regeneration fellings.

Contractors obtain the produce by ten-
der, and loeal residents can obtain lic-
ences to cut firewocod for thelr domestic
needs. In the past, old defective cull
trees were ringbarked for firewood, but
this operation is now rarely used and
some veteran trees are retained as wild-
1ife hablitat and as nesting and resting
sites for birds.
Posts, strainers, and other fencing tim-
bers are cut in the study area from red
ironbark, grey box, yellow gum, red
stringybark, and red box. The forested
public land has served as a source of
strong durable fencing material for the
Trees cut in thinning operations are an surrounding plains country for the last
mportant source of firewood century
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Trees sultable for sawn posts ﬁave been
depleted, however, and preservation
plants for treating small round native
timbers have been set up at Stawell and
Heathcote, HRound timbers sulitable for
preservation can be obtained from thinn-
ing operations in non-durable species
sueh zs ﬂed stringybark. Such material
ean be expected to meet future demands

for fen in= materigls.
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Table 28

HARDWOOD TIMBER PRODUCTIVITY

Approximate potential

Biver

Structural form Main timber specles and distribution Major soils productivity
(M.A.I. m3/ha/annum)
Open forest III Messmate, blue gum; higher elevations of Friable brown gradational 3.0
Pyreneses solls
Open forest II Grey box, yellow gum, river red gum; Brown gradational solls on 1.75

Kamarooka, Ascot, Costerfield; along Goulburn| alluvium; red and yellow

duplex sclls

COpen forest II Red stringybark, red box; One Tree Hill, Red duplex soils 1.50
Fryers Ridge, Southern Fyrenees

Qpen forest Il Red ironbark, grey box, yellow gum; Mandur- Shallow and stony duplex 1.2
ang, Whroo, Wellsford, Dunoclly s0lls

housing, an industry providing consider-
able local employment.

Ancther large firm specializing in join-
ary and prefabricated housing, at
Maryborough, uses milled timber from
outside the area.

Forest productivity

The forests of the study area have been
under intensive management for many
years. Because of past clear-felling,
the stands are wgsply even-aged, as new

copplice resu lu;n; from thinnings has
been elither knocked down or suppressed.
The increzse in mean anpnual dlameter

measured over bark of the grey box--
yellow gum--red ironbark type averages
0.6 em, being 1--1.3 em in the sapling
stage and diminishing to 0.25 ecm after
50 years.

The diameter increment is much the same
in all three species.

The volume inerement of both grey box
and yellow gum on good sites is of the
order of 1.75 m3 per hectare per annum,
total volume under bark, but that of red
ironbark 1s less because of the greater
volume of bark and the shorter height at
maturity. It may reach 1.19 m3 hectare
per annum. Trees of pole size can be



on good sites on a rotation of 60
s by undertaking progressive thinn-
b of the stand.

h information is unavailable for
poorer sites of the box--ironbark
s where red stringybark, red box,
ong-leaf box are found. Their
owth rate is certainly considerably

8 than that of the red ironbark--
box--yellow gum of the good sites.

mate——gum or red stringybark--red
of the Pyrenees, but as the solls
g8 more fertile and rainfall greater
pere, growth rates would be expected to
gecd those of the red ironbark--grey
-yellow gum stands.

Fable 26 gives the general level of
ypoductivity of the main ¢imber species.
Ene potential mean annual increment

|

(M.r.I.) is that expected to be achieved
from natural forests with improved util-
d2ation, better stocking, and intensive
gement.

‘Both seedlings and coppice provide re-
generation in the box--ironbark forests.
Lontrolled burning is not practised in
these forests because of the low build

Eﬁhnaql
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up of forest fuel and the strong risk of
resulting erosion. Firebreaks and util-
ization slash are sometimes burnt.

The messmate--gum forests of the Pyren-
ees are different in nature, and small
areas may be clear-felled, with seedling
regeneration being encouraged by burn-
ing. Controlled burning is undertaken
in the Pyrenees and Mount Alexander for
fire-protection purposes.

Softwood Timber

Mature radiata pine plantations in the
Harcourt area supply two small sawmills
locally, and logs are alsc sent to mills
outside the area. Veneer logs go to a
plant at Melbourne, and pulpwood goes to
a particle-board plant at Ballarat. In
the 5 years July 1970-—June 1975, the
annual cut for these areas of softwood
averaged 3,744 m3.

A B50-ha plantation at Mount Beckworth
supplies timber to Ballarat.

Reference
Newman, L.A. The box ironbark forests

of Victoria, Australia. Forests Commis-
gion of Vietoria Bulletin No. 14, 1961.
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North-central Vietoria contains a range
of metallic and non-metallic minerals,
as well as deposits of other materials
sought by extractive industries (slate,
granite, gravel, sand, clay, etc.). By
comparison with the mining boom of last
century, little extraction of minerals

Metallic
Gold

Some of the most productlive gold-fields
in Victoria were worked in the study
area during the gold rush period of last
century. FProduction reached a peak dur-
ing the 1850s and has subsequently de-
clined, with only a few minor revivals.
In 1975 gold production in the area was
104 kg, and today it 1s negligible. Con-
sidering the current importance of gold,
the following details may seem dispro-
portionate in comparison with those for
other minerals and stone extraction.
Nevertheless, the enormous effect that
gold-mining had on the history, settle-
ment, subsequent mining, and land use in
the study area warrants such discussion.

The Tirst major gold discoveries were in
exceptionally rich shallow alluvial dep-
osits (secondary deposits). These were

MINERALS AND EXTRACTIVE MATERIALS

oceurs today. This means that present
mining activities cover only a small
percentage of publie land.

Known oceurrences of minerals and other
extractive materizls are shown on the
Minerals map and discussed below.

Minerals

followed downstream beneath a cover of
younger alluvium and basalt to be worked
as deep leads. Gold-bearing quartz
veins (primary deposits) were discovered
beneath the alluvial deposits and in
bedrock outecrops.

Primary deposits

£11 significant production of primary
gold in the study area has come from
guartz veins or "reefs" confined to
sediments, or intrusions into sediments,
cf Cambrian to Middle Devonian age. The
most important are the anticlinal or
"saddle" reefs, such as those around
Bendigo, although reefs also occur along
reverse faults approximately parallel to
the strike of the sediments.

In each gold-field, relatively long
narrow mineralized zones a few hundred



metres wide have provided the bulk of
the yield - some fields consisted of two
or three such zones.

Other primary deposits of gold have also
been found finely disseminated in sedi-
ments, as reported from Amherst, Kama-
rooka, and Wedderburn. Gold is also re-
ported as an accessory in granitic rocks
at Harcourt.

Thesfcllowing brief notes indicate the
main areas of reef mining in the study
area, and the extent of their gold prod-
uction.

The Eendigo gold-field produced 539,900
kg of reef gold - more than half of the
Vietorian production. Here the gold
characteristically occurred in saddle
reef's at the crest of antieclines in a
tightly folded sequence of beds. These
saddle reefs recur one below another and
presumably may be found below the deep-
est levels worked (1,407 m in the Vie-
toria Quartz Mine).

Pault reefs and spurs were also impor-
tant sources of reef gold in the Bendigo
area .

The Castlemaine--Chewton--Fryerstown
guartz reefs yielded approximately
233000 kg of gold, most of which came
from some 50 mines in a narrow belt be-
tWeen Fryerstown and Chewton. The only
Substantial gold-producer at Castlemaine
Was the Bolivia Mine, which was worked
between 1857 and 1886. Mining revived
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Poppet Head of the Golden Age Mine near
Muckle ford

at Chewton in 1935 with the discovery of
the Wattle Gully reef.

Quartz reefs on the Clunes gold-fields
were worked from 1857 to 1894, after
which they flooded due to poor mining
practices. The Port FPhillip Mine pro-
duced more than a million tons of ore -
more than any other gold-mine in Vie-
toria.

During the 1860s high gold values were
obtained from the quartz--stibnlite--gold
reefs at Costerfield, but gold recovery
later became a by-product of antimony
production.

More than 27 reefs in the Maldon dis-
trict were worked between 1858 and 1926,
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yielding 5,727 kg of gold. Some of the
outcrops were extraordinarily rich, with
yields of 14.4 kg per tonne from surface
exposures such as the Nuggety Reef.
Particular geological processes at Mal-
don caused the remobllization of gold
with other ore constituents, producing
rare minerals such as maldonite (gold--
bismuth alloy).

At Maryborough more than 34 mines were
established on four main lines of reefs.
Although these were worked from the
1850s to 1914, reef mining was depressed
by the prosperity of deep-lead mining.

Between 1855 and 1905 some 19 mines were
established in the S5St. Arnaud gold-
field. Ore here was characterized by
the presence of galena, sphalerite, and
a high silver content. Gold production
amounted to 10,780 kg, 85% of which came
from the Lord Nelson Mine.

The Stawell gold-field comprised four
different lod systems of varying ore
grades, with sulphide contents up to
50%. Between 1857 and 1920, Stawell
produced 39,930 kg of gold.

Tarnagulla was a thriving reefing centre
around 1859, and up until 1892 its out-—
put of gold exceeded 12,450 kg.

In the Rushworth--Whroo area more than
30 reefs were mined, most only to water
level. At the Balaclava Mine near
Whroo, three separate veln systems were
worked below the floor or a large open

cut, producing an estimated 1,240 kg of
gold.

Secondary deposits

There are three categories of secondary
deposits:

* shallow alluvial and eluvial deposits

* high-level gravel deposits of Plio-
cene age

*¥* deep leads, formed during the Cain-
ozoic period, in anclent drainage
systems

Shallow alluvial and elluvial deposits

These deposits, particularly in the
central part of the study area, were
largely responsible for the gold rushes
of the 1850s. They were extremely rich,
and more gold was taken from them during
the short perlod they were worked than
from the whole of the subsequent deep-
lead and quartz-mining operations.

The most important fields were Castle-
maine, Bendigo, Dunolly, Moliagul,
Wedderburn, Tarnagulla, and Inglewood.
Each of these towns and many others dev-
elcped on the site of a gold rush last
century. Small towns today, such as
Heathcote and Dunolly - and others such
as Moonambel and Graytown, which are now
deserted - once supported populations of
4o,000--50,000 people. The early mining
procedures of stripping large areas -
plus the use of large quantities of wood
for shafts, crushers, pumps, etc. — soon



dted in the removal of much of the
Pfounding forests.

A Bendigo, the incredibly rich alluvial
deposits yielded 5,669 kg of gold in the
3 months after discovery. These

Wvial deposits, which varied from a
‘ew centimetres thick to 30 m at Sebast-
ian, yielded 13,466 kg in 1852.

Bastlemaine, most of the 99,000 kg of
@ produced between 1857 and 1861 was
avial gold from shallow deposits.
_af%;dfnasits, up to 12 m deep, were
niially worked by primitive methods.
Large-scale sluicing was later introduc-
ed = often causing the entire removal of
thﬂﬁalluvia; and elluvial cover, expos-
1n%$the bedrock over large areas.

L
North-central gold-fields were notable
for the large numbers of nuggets. The
largest one, the "Welcome Stranger"
found near Mollagul contained T71.07 kg
of gold, while Kingower was nicknamed
"The Potato Field" due to their preval-
ence .

High-level gravel deposits

HIH} areas, from Stawell to Bendigo,
eontain auriferous gravel at various
hﬂﬁuations above present streams. Pro-

tion from these sources has been in-
tgrnlthent and small.

.‘l-"
Deer leads
I
Deep leads are auriferous river channel

149

deposits buried beneath Quaternary
alluvium or basalt or both. In the
heads of wvalleys and gullies the leads
were often shallow, but "downstream"
they were more deeply buried, and exten-
sive drilling was often required to loc-
ate their sinuous courses. The gold-
bearing gravel or wash was commonly up
to 1 m thick, about one-third the width
of the lead, and contained about 10--20
g of gold per cubic metre of wash.

The largest and best-known deep leads
were those in the valleys of the Avoca
and Loddon Rivers and their tributaries
(especially those running north from
Maryborcugh and junctioning with the
Avoca lead in the Bet Bet Valley).

The leads were mined underground from
1870 until the end of World War I. Spe-
clalized techniques were required to
cope with the weak ground and the enor-
mous quantities of groundwater. In
1909, the Charlotte Plains Consolidated
Company was pumping 38,500,000 litres of
water per day from a lead 150 m wide.

One of the longest continually operated
deep-lead mines in Victoria was the
Grand Duke at Bowervale--Timor. Between
1867 and 1896 the mine produced 13,730
kg of gold and employed an average of

150 men, before water forced its clos-
ure.

Dredging

Following the 19th Century workings,
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many of the alluvial areas still con- (1953--56). Returns were often lucrat-
tained fine gold spread throughout the ive; the Victorian Gold Dredging Co. at
gravels. Early this century large-scale Newstead treated 14,944,438 m3 of gravel
dredsing treated thousands of cubic for 3,646 kz of gold in 10 years. A
metres of the same gravels, restoring small dredge still operates on public
old mining areas to preoductive land. land at Maldon.

Much of the Loddon valley and Campbells

Creek was dredeed prior to World War I. Other Metallie Minerals

Later, dredges worked at Guildford (1918

--23), Newstead (1938--48), Redbank Antimony

(1939--40), Fryerstown (1940--43), Jim

Crow Creek (1949--54), and Amphitheatre The gquartz--gold--antimony velins at Cos-

terfield were discovered in 1860, and
have subsequently been exploited during
several pericds. The most productive
was from 1905 to 1925, when 25,190
tonnes of concentrate averaged 50.7%
antimony and 74 g gold per tonne. The
mine again operated from 1930 to 1940.
Mining again proceeded in 1968--71 and
1974--75, following new discoveries in
the Brunswick reef. Proved reserves on
this reef are 1,320 tonnes of antimony
and 280 kg of gold.

Costerfleld has accounted for 92% of
Victoria's recorded antimony production.
Current lease areas at Costerfield
occupy both private and public land.

Antimony in gquartz reefs has been rec-
orded at Munster Gully 2 km north-east
of Dunolly, further north at Sydenham
reef (both areas are publiec land), and
at Macfarlanes reef near Havelock (west
of allotment 4, section VI, Bet Bet
Farish). Occurrences are also known at
7 Whroo and Redcastle (both on publie
don land), and at Bailieston.




Arsenic in the form of arsenopyrite is
reecorded in guartz reefs at Bendigo and
Maldon, and on public land at the Wattle
Gully Mine at Chewton.

Bismuth

Gold--bismuth alloys occur in reefs at
Maldon and Redbank. Sulphides of bils-
muth occur at Mount Kocoyocora, Kingower,
Moliagul, St. Arnaud, Tarrengower,
Clunes, and Mount Douglas. All the ore
is wery low-grade and uneconomic.

Copper

Native copper occurs in deep leads at
Majorca and Castlemaine, and as films in
reefs at Castlemaine. Copper carbonate

oecrs at Mount Camel also, on private
land.

Iron

A small deposit of iron ore outcrops 0.8
km south of Heathcote on public land.
Seattered stratified deposits of hasm-
atite and limonite make up a low-grade
deposit € km north-west of Heathcote.

Lead--silver

Native silver occurs as small specks and
hair-like fllaments in quartz velns at
S€. Arnaud, Crowlands, Landsborough,
Moonambel, and Stawell. Silver sulphide
occurs at Landsborough, Stawell, and
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Mount Douglas, and with galena at St.
Arnaud.

Native lead is recorded in deep leads at
Avoca and as rolled grains at Mount
Greenock.

Manganese

Manganese ore segregations occur along
shear zones associated with Cambrian
rocks in the Heathcote district. The
Mount Ida Manganese Mining Co. worked
such segregations by open cut between
Bald Hill and the railway line about 1
km north-west-of the Heathcote railway
station. Heathcote was the major area
of manganese production in Vietoria.

Manganese oxide also forms cementing
material in deep leads at Timor, but is
not present in commercial quantities.

Molybdenum

Molybdenite is asscociated with guartez
veins or granite at Mount Douglas and
Maldon. At Mount Moliagul, molybdenite
lenses and flakes occur in guartz veins
in granodiorite and the surrounding con-
tact metamorphiec rocks on private and
publie land. All the deposits are

small and low-grade.

Osmiridium

UOsmiridium is reported in residues from

the Glendhu reef on private land at
Crowlands.,
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Tungsten (wolframite)

Quartz veins in the parishes of Barrakee
and Cornella contain wolframite, and on
private land at Henry's Hills, north of
Avoca, lumps of wolframite up to 1.3 kg
are present in the quartz. During 1543,
the Wolfhound lease, 9 km east of
Toolleen, ylelded 152 kg of wolframite.

Non-metallic

Brown coal

Brown coal has been encountered in bores
beneath the plains in the study area.
Some of the more significant intersect-
ions are:

Calivil 2 10.4 m of brown coal at
98 ,4-~109.8 m

Tandarra 1 8.2 m of brown coal at
77.7--85.9 m

Marma 2 (0.8 km outside study area)

more than 28 m of brown
coal, from 36 m downwards

Future exploitation of these coals is
unlikely as they are relatively thin and
deep, and would require underground min-

ing.
Diatomite

Diatomite is a sedimentary rock composed
of millions of siliceous skeletons of
diatoms (algae that are microscopic
ingle-celled plants). When pure it is
cally inert, and has low specific

a

oy

=
...:J:_:
chem

Uranium

At Mount Kooyoora, very low concentrat-
ions of torbernite (<0.01%) have been
found in a surficial iron-stone. Exten-
sive drilling failed to reveal any fur-
ther signs of radioacticity, apart from
slight increases assoclated with joint
plains in the granite.

Minerals

gravity, high porosity, and low thermal
conductivity. It is used extensively as
an insulating medium or filtering agent,
and in mild abrasives, metal-polishes,
bricks, and water glass.

Deposits of diatomite up to 4 m thick
occur on private land in the Parish of
Lillicur, where they have been worked
intermittently sinece 1866. The deposits
constitute the largest known high~grade
deposits in the state, and reserves not
covered by basalt flows are estimated at
40,000 tonnes. (Deposits covered by
basalt should amount to several times
this figure).

Other deposits are known at Talbot and
Tullaroop Creek north of Clunes.

Feldspar

Large feldspar crystals, up to 10 cm
long, have been recorded in a small
granite outcrop 8 km west of Dunolly and
in a pegmatite dyke 3 km west of
Llanelly.



Gemstones

ﬂemzﬁbnes were often reported in alluv-
ial wash in early Mines Department pub-
liegﬁions The deep-~lead mines also
prnﬂﬂced a variety of precious stones of
little interest to the gold-miners then.
The Cambrian rocks running from Tooborac
to Lake Ccoper contailn bands of coloured
Jasper and black chert. Other gem
minerals reported in the area include
topaz (Castlemaine, Dunolly, and Mal-
don), agates (Moolort, Avoca, and west
pf'ﬂﬁﬂthCﬂte}, tourmaline, and zircon.

G |

Sinee the introduection of the explorat-
ion 1icence system in the mid 1960s,
moye than 60 mineral exploration licenc-
e8 have been granted In the study area.
Nine arecas between 66 km< and 660 km2
are presently under exploration licence
here, with another six areas under lic-
ence application (October 1977). All
these licences contain some areas of
public land.

Most exploration has been concentrated
on the Lower Palaesozolce sediments known
to contain gold mineralization. Several
licences have also been cranted over
deep-lead systems. The basic Cambrian

In this chapter "stone" means rock of
any kind (granite, slate, etc.), quartz,
gravel, clay, sand soil, or other sim-
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Magnesite

Magnesite 1s recorded from the Whipstick
and Costerfield areas, and as scattered
deposits running south from Axedale.

At Heathcote, small granitic intrusions
are associated with Cambrian igneous
rocks. Metamorphism has developed a
tale rock containing magnesite veins in
both rocks close Lo the contact zone.
Between 1911 and 1945, deposits 1.6 km
south-east of Heathcote yielded 3,349
tonnes.

Mineral Leases and Licences

rocks running from Tooborac along the
Mount Camel Range are known to contain
small surface deposits of metallic and
non-metallic minerals, some of which
have been mined in the past. Explorat-
ion has revealed further weak base anom-
alies in these rocks.

In addition, 36 gold licences, 16 mining
licences, and 2 mineral leases are
current in the study area, most being
between 10 ha and 300 ha in size. One-
third of these licences ane leases occur
entirely or partly within publiec land.
Numercus tailings licences are also
current on public land.

ilar material as defined under the Ex-

tractive Industries Aet. Stone can be
removed from a site under at least seven
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different Adecte of Pariliament, and some
gperations technically require no permit
at all.

Table 27 shows the amount of stone ex-
tracted under the detg and ocutside the
dets in the study area between July 1974
and June 1976. Currently, of the 16 op-
erations under the Extractive Industries
Aet, four are on (or partly on) public
land. Operations outside the Extractive
Industries Act account for at least 68%
of the stone extracted for the year end-
ing June 1976.

Table 27 also shows the various types of
stone extracted between 1974 and 1976.
By far the greatest use of stone in the
study area is in road construction and
maintenance. This material is sought by
private operators, shires, and govern-
ment departments, such as the Country
Roads Board, although collectively the
17 shires use the greatest amount. This
type of stone is obtained either as
aggregate from major guarries or by
shallow stripping operations.

Agprepate from major quarries

Five major hardrock quarries operating
within the study area supply aggregate
primarily for road-making purposes, but
also for several concrete industries.
Crushed and broken basalt are guarried
on private land at Axedale, Mount Burr-
amboot, and Carisbrook. Another basalt
quarry south of Talbot 1Is partly on
public land, and hornfels 1s quarried on

public land at Maldon. The aggregate
from these guarries supplies most of the
study area, although the northern and
western parts are supplied from ocutside
(from Pomonal, Charlton, and Pyramid
Hill).

Some of the quarries also supply places
cutside the study area: for example,
the bulk of the Carisbrook aggregate has
in recent years supplied ballast for
railway lines throughout central and
western Vietoria.

Shallow stripping operations

Shallow stripping operations are carriec
ocut on all rock types in the study area.
On private land, stripping operations
are generally orderly; topsoil is stock-
plled, and progressive reclamation
follows. Public land, however, fre-
quently carries unused stock plles, bare
areas, and other signs of extraction
years after working.

The 17 shires in the area shallow-strip
sand and gravel from both private and
public land. About 35% of their total
road-making requirements come from the
latter, although this varies between
shires. Metcalfe, Strathfieldsaye, and
Talbot and Clunes Shires obtain only 5%
of their requirements from public land,
while others like Maldon and McIvor ob-
tain more than 50%.

Most shires look to public land for
future reserves, even though similar



rock types and topography may exist in
adjoining private land. Few have con-
sidered a program of searching for such
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deposits, or utilized the gravel-search
facilities provided by the State govern-

ment .

Tabhle 27

STONE EXTRACTED FROM PRIVATE AND PUBLIC LAND (TONNES)

ey - Under Extractive Indus- Other
tries and Mineg Aects
-y 1974/175 1975/76 1974/75 | 1975/76
F?ﬁﬂhed and broken - basalt 461,786 228,423 _ =
- hornfels - - 21,406 16,259
- granite 2,420 - - -
- shale 2,420 1,720 - -
Dimension stone - granite - - 7,671 14,456
- slate, quartz 25737 1,435 - =
[Clay - brick-making 8,683 4,93y 49,948 L4 755
- stoneware 1,272 1,040 16,728 15,738
Band, gravel, tailings, soil 98,297 138,720 735,052% | 706,956%
F"ﬁ?’#i 577,070 372,272 830,805% | 798,164%

® These figures may actually be underestimates - they refer only

Partments and local government bodies.

to government de-



156

The main groups of suitable sands and
gravels are:

* yweathered residues and colluvial
slopes developed on Lower Palaeozolc
rocks

¥ Tertiary gravels

mine tailings

* Quaternary alluvial sediments

e

Weathered residues and colluvial slopes

North and east of Bendigo, Lower Palaeco-
zoic sediments are a major source for
roading purposes. Ordovician sandstone
and slate are guarried under Forests
Commission licence from a large pit 1n
the Kamaroocka Forest. This material is
shared by the Shires of Marong, Huntly,
and East Loddon.

Humerous plts exist in granitic areas,
some supplying large quantities of
granitic sand. The Shire of Talbot and
Clunes extracts granitic sand from
private land on the northern slope of
Mount Beckworth. Current working is
systematic; topsoell is stock-piled ready
for respreading and sowing down follow-
ing completion of extraction.

On the eastern slope of Mount Eeckworth,
granitic sand 1s extracted from publie
land. Extraction extends to a depth of
3 m and is concentrated along a drainage
line, presenting an immediate erosion
problem. There are numerous signs of
older workings, with overgrown stock-

piles and negligible attempts at reclan-
ation.

Similar comparisons exist throughout the
study area. Public land on the steep
eastern slopes of Mount Korong has been
devasted by gravel extraction. Large
trees have been left perched on columns
of gravel up to 5 m high, and have now
died because their root systems have
been damaged. These, together with
large boulders, uneven surfaces, and
bare areas, make a very unsightly pict-
ure. The adjoining private land pre-
sents much easier working conditions
with large reserves, yet this, except
for one small neat operation, remains
untouched.

North of Mount Korong at Fiery Flat,
gravel extraction has been confined to
the only piece of public land in the
area, and no attempts at restoration
have been made.

In the south-west of the study area,
many small reserves (often gravel
reserves) have been completely stripped
bare to bedrock. Without soil, the
natural revegetation is minimal.

It is unlikely that such abuse of public
land will continue in future. Recently
commenced operations, such as those on
the western slopes of Mount Egbert, are
proceeding satisfactorily under condit-
lons imposed by the Soil Conservation
Authority, including systematic working
and progressive reclamation.



Mine tailings

The Southern central part of the study
area contains many large tailings dumps
of guartz gravel derived from deep-lead
mining. These are extensively used by
shiree and the Country Roads Board,
either raw for pavement material or
washed for aggregate. Some gperators
have purchased dumps, and are selling
the material to the shires or supplying
Melbourne gardens with river pebbles.

In March 1974 it was estimated that the
City ©f Bendigo and the Borough_of
Eaglehawk contained 3 million m3 of mine
tallincss. The sand and mullock, made up
peincipally of Ordovician sediments, are
piled in 121 heaps and used both by the
c¢lity &nd borough as well as the surroun-
ding shires. Some heaps have now been

fully exploited and others have been re-
claimed.

Tertlary gravels

Deposits of medium to coarse quartz
gravels and conglomerates with minor
sand and clay lenticles are located
throuchout the study area (shown as Tp
on the geological map). The majority of
these cravels were worked for gold last
century.

Many deposits have subsequently been
Ssurface-scraped to a depth of 1002 m for
gravel, and then abandoned on striking a
"floor" of hard siliceous conglomerate.
PDritling of the Strathfieldsaye Gravel
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Part of an extensive area of public land
near St. Arnaud stripped for gravel

Reserve revealed that the floor was only
1--2 m thick, and overlay up to 14 m of
uncemented or lightly cemented clayey
gravel. Estimated reserves were tripled
- sufficient to support a washed sand
and aggregate operation. Gold could be
recovered as a by-produect to any such
operation.

The Shire of Strathfieldsaye contains 33
such occurrences, although only three
are on public land. Exploitation of the
deposits may provide an alternative
source of sand and gravel for Bendigo
once the mine tailings are exhausted.

Two operations under Extractive Industry
Licences are working Tertiary gravels on
private property at Mount Egbert and
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Guildford, the latter supplying a wash-
ing plant at Castlemalne. Deposits some
4 km north-east of Mount Bolangum are
carted to Donald and Birchip Shires out-
side the study area. Large portions of
two large deposits on public land - 6 km
north-east of St. Arnaud, and 4 km east
of Mount Bolangum - are being stripped
down to the conglomerate layer.

Further investigations should be made to
locate suitable deposits that would be
economically viable for quarrying in
preference to widespread stripping.

Quaternary alluvial sands

Many small streams within the study area
contain deposits of sand. Most shires
requiring sand for constructlion purposes
obtain small amounts from these streams.
Unfortunately, the large-scale removal
of sand from stream-beds and banks along
Bullock and Myrtle Creeks, combined with
above-average stream flows in the past

2 years, has resulted in considerable
disruption and damage to the stream-
beds. Consequently the removal of sand
is now more closely controlled.

The alluvial plains in the north contain
defunct stream-beds, both at the surface
and buried, composed of medium to very
coarse quartz sands. Commonly called
prior streams, these deposits are 1--2 m
thick and 1.5 km wide, and may meander
for up to 80 km. Such deposits, if
located and proved economliec, will pro-
vide a valuable sand resource.

Dimension Stone
Granite

Granite quarries in the Ravenswood--
Harcourt area opened in 1859 to provide
culvert material for the construction of
the Melbourne--Ecucha railway.

The adaptability of Harcourt granite to
quarrying has since led to a wldespread
demand for this grey granite for use in
monuments and for other building pur-
poses.

Five granite quarries are currently op-
erating, all on public land. Four oper-
ate under Forests Commission licence,
producing dimension stone. Two of these
operators cut and polish the quarried
material on site, while the other two
transport it to Melbourne for cutting
etc. The remaining quarry produces
aggregate for external wall paving slabs
under Extractive Industries Licence and
Lease.

Other rock types from interstate and
averseas are imported to Mount Alexander
for cutting.

Sandstones and slate

The Ordovician sandstones at Castlemaine
were worked last century by prison
labour, and later privately for build-
ings, street channels, paving, etec.

Some quarries were 60 m deep by the turn
of the century.



Deeply weathered slates are widespread.
Today a2 number of small gquarries east of
Castlenaine near Faraday produce

A granite quarry on Mount Alexander
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"Castlemaine Slate" for fireplaces, fac-
ing walls, ete. Those on publlic land
operate under Lands Department licences.

Clay

Brick-making is the largest industrial
use of clay in Vietoria. Clays suitable
for bricks and other clay products
(pipes, tiles, etec.) are widespread in
the study area. Smaller quantities of
higher-grade clays are also present and
used for stoneware, whiteware, and med-
icinal and other uses.

The clays are associated with four main
rock types:

¥ residual clays from Lower Palaeozoilc
sediments

# alluvial clays of the Cainozoic per-
lod

*

residual clays from decomposed dykes
* presidual clays from decomposed gran-

ite

Hesidual eclays from Lower Palaeozoic
sediments

Intense leaching and oxidation of these
sediments durlng the Canlozoic perilod,
to a depth of 30 m, have rendered them
sultable for a variety of clay products,
While these clays may be "short" - that
is, lacking the plasticity that enables
them to be cast or moulded into various
shapes - they can be blended with other
clays of high plasticity to produce
tiles

s 2arthenware, bricks, etc.
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Bendigo has supported industries based
on clay products from the early mining
days. The Bendigo Pottery was estab-
lished in 1857 using local clays, and
the stoneware produced today is sold
throughout Australia and overseas. Raw
materials are drawn from several sites
on public land at Huntly, and are used
raw or blended with the more "plastic"
Axedale eclays.

East of the Whitelaw Fault, the Middle
Ordovician shales have weathered deeply
to form white clay. Thils formed the
basis for a flourishing brieck industry
during the 1950s and '60s, thanks to the
popularity of cream-coloured bricks.

Phillips Bricks and Pottery - the only
eurrent brick-works at Bendilgo today -
produces a line of clinker bricks not
made by the larger Melbourne companies.
The St. Arnaud brick-works cleosed in
1976 because 1t was unable to compete
with the larger companies.

The only other brick-works in the study
area, at Stawell West, extracts white
clay from pits on publiec land in the
town. It requires a steady supply of
red clay, from surrounding tailings
dumps, for blending purposes to produce
darker-coloured bricks.

Alluvial clays of the Calnozoic period
Huge volumes of weathered products were

eroded znd re-deposited during the Cain-
ozoic periocd as alluvial or lacustrine

clay. At Axedale, white clays up to 20
m thick interfinger with sands and
gravels partly overlaln by Newer Volcan-
ics. Current workings are by open cut,
and overburden varies from 0.3 to 15 m.
Most workings are on private land, but
the full extent of the clay is unknown
and the deposit may extend into areas of
adjoining public land. Estimated pro-
duction from Axedale since 1905 is more
than 750,000 tonnes. Today the bulk of
it is trucked to Craigieburn or Bruns-
wick to plasticize or lighten other
clays for brick manufacture. Some of
the better material is used for pottery,
whiteware, insulators, porcelain, etc.
in Bendigo, Melbourne, and interstate.

North-west of Huntly in the Whipstick
Forest, and south of Huntly in the
Wellsford Forest, restricted deposits of
thin Tertiary clays occur. These clays.
up to 6 m thick, have proved suitable

for pottery, stoneware, and brick manu-
faceture.

At Stawell, white clays exposed to a
depth of 35 m beneath plastic yellow

clay of varying depth have been used for
fire bricks.

Residual clays from decomposed dykes

High-grade china-clays in the study arez
result from the kaolinization to depths
of 100 m of intrusive dykes. S1lliceous
china-clays and stoneware clays derived
from gluartz porphyry dykes ocecur at
Stawell, Maryborough, Clunes, and
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washed to remove quartz. Residual clays
on the Cobaw granite have been worked at
Pyalong, just south of the study area,
and this pluton extends intoc the area.

Residual clays are developed on the Kor-
ong pluton and, if separated from the
remaining quartz and feldspar, would
yield china-clay.
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2.

The demand for water in the study area
is met largely from surface water re-
sources, although groundwater usage is
increasing. The main supply systems in-
corporate a number of major storages
constructed to safeguard irrigation,
urban, stock, and domestic supplies.
Table 28 lists the characteristics of
the major water storages.

The major systems are managed by the
State Rivers and Water Supply Commiss-
ion, and municipal authorities and
Waterworks Trusts operate the remaining
works. There are also numerous private-
ly constructed storages and private div-
ersions from watercourses or bores.

Estimated total annual water use In the
area at present is approximately 250,000
Ml, of which some 20,000 M1 per annum is

f'or town supplies.

1

Major Water Supply Systems

Goulburn--Murray and Campaspe system
Goulburn-~Murray and Campaspe Irrig
n Diztr include about 43,000 ha
and in the northern part of
¥ These are managed a
using the resources
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of the Goulburn, Campaspe, and Loddon
ivers.

The Goulburn--Murray Irrigation District
includes parts of the Calivil, Dingee,
Tongala--Stanhope, and Deakin irrigat-
ion areas. Water 1is diverted by the
Goulburn Weir to the Waranga Reservoir
in the north-east, and the Waranga West-
ern Main Channel then conveys it to
those areas. Green Lake, adjoining the
main channel near Corop, is used as an
off-channel reservoir for storage of
surplus flow at periods of low demand.
When demand increases, water can be pum-
ped from the lake back into the channel,

Waranga Western Main Channel
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MAIN WATER STORAGES
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River system Storage Year of Capaclty | Major source of supply Catchment area Usesd
> construction (M1) (km2)
unplhurn Goulburn Welr 18390 25,500 Goulburn River 10,772 I.. DB
Goulburn Waranga Reserwvolr 1905 (1917) 411,200 | Waranga western channel N.A. I, D
Bﬂuihurn Oreens Lake - 32,750 Waranga western channel N.A. I, D
-ﬂhiﬁhspe Lake Eppalock 1564 311,900 Campaspe River 2,028 I, D
.iéﬂﬁpn Cairn Curran 1956 148,800 | Loddon River 1,593 I, H
Loddon Tullarcop 1959 73,690 | Tullaroop Creek 730 I
o Laanecoorie 1891 (1509) 7,770 | Loddon River 4,178 I
Qﬁﬁihan Upper Coliban® 1802 (1935) 31,700 | Coliban River 192 I, D
Coliban Lauriston® 1541 19,620 | Coliban River 223 o
Coliban Malmsbury® 1874 17,760 Coliban River 290 I, D
Coliban Spring Gully 1935 2,470 | Coliban River N.A.

®* Reservoirs outside study area, but area of supply 1s within it.

# D = Domestic
X= Irrigation
H = Hydroelectrieclty generation

enabling operational flexibility and im-
proved supplies to areas further west.

The Campaspe Irrigation District is
supplied by water released from Lake
Eppalock and diverted by Campaspe Weir,
10 'km south of Rochester. Eppalock
Water also supplements the Goulburn--
Murray system, as well as augmenting the
Bendigro urban supply and providing for

private diversions under licence. The
Loddon River system is also used to
supplement the Goulburn--Murray. Water
in the Cairn Curran and Laanecoorie
Heservolrs is diverted to the Boort
irrigation area by diversion weirs near
Serpentine and Fernihurst. Tullaroop
Reservoir stores water before release
into Laanecoorie and also provides water
for urban use in Maryborough.
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Where land in the district has been
allocated water rights, the owner 1is
obliged to pay a compulsory annual
irrigation charge. This is based on the
volume of water right "attached" to the
land, irrespective of whether 1t 1is
actually used. Any additional water
supplied as "sales" is paid for at the
same unit charge as water rights. In
adadition, most properties receive a
"domestic and stock allowance" up to a
maximum of 12.5 megalitres per holding,
for which the same unlt charge is paid.

Coliban system

one of the oldest water supply
in Vietoria, having been built
Bendigo area during the gold-

r era, Today it serves about
y200 people, of whom some 57,000 live
irban areas. It also provides for
igation of 4,140 ha, and water for
ek, do"cSLic, and industrial use
within the study area. The major head-
works are on the Coliban River and com-
prise the Malmsbury, Lauriston, and
Upper Coliban Reservoirs. The remainder
of the system includes 96 km of main
channel, 540 km of other channels, 45 kn
in pipeline, and 644 km of reticu-
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The Coliban system supplies water for
_rLa use to the greater Bendlgo area
(with the exception of Strathfieldsaye),
Castlemaine, and a number of other towns
and “qurlps Strathfieldsaye is supp-
lied from Lake Eppalock via the Eppalock



pipeline. Supplementary supplie
the Coliban system are obtained
dng from Lake Eppalock, and can s
and the channel sys

£0 Supply Bendigo
nerth of the F—-‘j-?fli!'lf'.

Urban use in the Coliban system is in-
ereasing by about 3% per annum, as 1is
EHenumber of services installed. DMost
ofF Ehe increase occurs in the Bendigo
area, where water consumption is expect-
ed Ec double in the next 20--25 years.

Irpiration and stock supplies are avail-
able z2s a volume allocation under annual
permit. The present system was Iintro-
duced in 1961, and since then the irrig-
ation :1-c“ﬂ"c" has remained at a rela-
tively static level (see Table 29).
Table 20
FA e N S = 7
IRRIGATION WATER, COLIBAN SYSTEM,
-:;"'."Z.-"""'"
L8 B RO |
Volume Usage
allocatic M1}
(M1)
IrPipatior 14,974 0
Stoc! 1,87¢ €
The volume allocated under a stocl BT -
mit ma be reduced if necessary to con-
SEPNe supply for urban use,; and ex
Sales are permitted i [ U
avallable, & decisio
Bales may be made

n
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season depending on the demand, if the
storages contalin sufficient to ensure
that this will not restrict urban supp-
lies in the following year.

The issue of further stock permits is
now limited to properties not already
supplied, which abut or are traversed by
a Water Commission channel.

There are no prospects for increasing
either the volume of water or fthe areas
for irrigation, and the reliability of
supplies is already less than for the
northern irrigation areas. The present
supply system is not suitable for irrig-
ation because of its sprawling layout,
and its many inefficient channels and
steep slopes. (During the 1967/68
drought, only S50% of the irrigation
gallocation was met in the Coliban syst-
em.) Increased urban and industrial
demands from Bendige will also lead to
a reduction in the water available for
irrigation in the Coliban system.

Wimmera--Mallee system

This system supplies stock and domestic
water to approximately 47,000 ha of land
in the north-west via a network of open
earthen channels. Ten major storages,
all ocutside the study area, are inter-
connected to supply the system, which is
reputed to be the largest of its kind in
the world. Water for the section within
the study area 1s distributed by the
main Charlton channel, which runs from
Lake Lonsdale and collects water from

the Wimmera River as it crosses Glen-
orchy Welr. The northern part of the
system can also be supplemented from the
Warange Western Main Channel when the
Gramplans storages are at low levels.

Farm and town earthen storages are re-
plenished once a year. The filling
pericod commences about late autumn and
continues through the winter and early
spring, when distribution losses are
lowest.

Seven towns receive urban supply from
this system and most have an elevated
reserveir into which water can be pumped
(enabling gravity-reticulation through-
out the town).

Private Diversions

Throughout the study area, some 650
landholders adjacent to rivers have per-
mits or licences to divert water from
streams for irrigation. These have an
annual volume entitlement of about
64,000 M1, authorizing irrigation of
about 10,700 ha. Some 300 additional
landholders have diversion permits for
domestic and stock water, and there are
a few industrial permits. Table 30

summarizes these diversion permits and
llcences.

In addition to water diverted from
Streams, considerable use is made of
small farm dams to conserve local run-
off. This is one of the most common
methods of providing stock water, but
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Table 30

PRIVATE WATER DIVERSIONS
(approximate only)

— -
No. of permits and licences
gatchment Irrigated Volume entitle-
EOGh neiE: (I Irrigation Domestic & stock Industrial

burn 5,200 31,200 L8 109 2
1,250 74500 166 86 2
on 3,850 23,100 314 75 2
360 2,160 104 8 -
mera 80 480 12 12 -
: 10,740 64,440 6L Y 290 6

1 provide water for irrigation or
lomestic purposes.

Groundwater

No detailed records of groundwater use
are available, but significant pockets
BF estaplished irrigation bores are in

: near Murthison, Elmore, Bridgewater
cerpentine, Natte Yallock, and Mary-
fough. It is estimated that about 100
h irrigation bores in the study area
've an area of approximately 600 ha.

0 some 3,000--4,000 bores in the area
vide stock and domestic water.

Mineral Springs

Mineral water from the springs at
Vaughan and Glenluce is popular among
loecal residents and others familiar with
the spas of Europe; however, the extent
of utilization of mineral water for its
reputed medicinal benefits is not known.

Urban Supply

Apart from the urban areas supplied from
the Coliban system, 42 other towns in

the study area have a reticulated water
supply cperated by the Water Commission,



168

by a Waterworks Trust, or by the local
municipality. Where no Waterworks Trust
has been gazetted, the Shire Council may
proclaim a Water Supply District.

Urban supplies are taken from rivers and
streams, local catchment bores, or Water
Commission channel storages. DMost of
the supplies are untreated, and in some
towris the reticulated supply is only in-
tended for parden-watering and washing,
supplemented by rain-water tanks for
cooking and drinking. Table 31 lists
the towns supplied, population served,
aporoximate annual usage, treatment, and
source of supply.

Future Reqguirements and -Supplies

Over the years the construction of new
storages has enabled continuous increase
in water usage, but future increases are
likely to be small, as surface resources
are now highly regulated and almost
fully committed. Throuzhout the study
area, diversions have been authorized up
to the capacity of most streams.

L small percentage of private diverters,
mainly on the Goulburn, have not yet
developed their properties to fully
utilize their authorized volumes.

Several important pipeline projects are
currently 1n progress to improve supply
of water to parts of the study area.

The Parliamentary Public Works Committee
is currently holding an inquiry into
furure water allocations for all purpos-
es in northern Vietoria, including the
study area. Following completion of
Dartmouth Reservoir, some additional
water resources will become available,
although the volume and method of allo-
cation cannot be determined until the
inquiry is completed.

Further development is possible by the
construction of private storages, either
on-stream or off-stream, to impound high
winter and spring flows for use in the
following summer. This type of develop-
ment will probably increase as it be-
comes economically attractive.



Table 31

URBAN SUPPLY
i ok latl Major source of supply
Supply authority Towns served Ireatment Ezéf_“?ﬁfil Egﬁﬁ;ﬁ By e
2 X o | ge- (W12
[and year gazettad) ML, {approx.)
{ (a) Bendigo area
E Azcot Chlﬂriﬂaxinn
( DEﬂ?iEﬁ o
: Eaglehawk o
s Epsom :
( Huntly '
& Kangaroo Flat :
p Kennington
{ Myers Flat "
( Spring Gully W
% White Hills .
‘ Golden Square Upper Coliban, Lauris-
ton, Malmsbury Resar-
SRWSC (Coliban System) E (b} Castlemaine area voirs (all storages on
{ Campbells Cresl | Nil 1h,000 59,100 Celiban River); Lake
{ Casslemaine " Eppalock (Campaspe
a1
i e : -
{ Gulldford “
{ Yapeen "
{
{ (e} GCther
E Axe Creek Nil
Barkers Creek Nil
E Eighinstone Chlorination
{ Harcourt gii
Mzldon
{ Marong Chlorination
¢ Raywood Chlorination
{ Sebastian N1l
( Strathfleldsaye Chlorination
E Taradale Hil
= : Hi 114 1,700 Sugar Loaf Creek and
Avoca Township W.W.T. [1969) Avoea 1 ! Glen Guilly Creek
Axedale W.W.T. (1963) Axedale Nil 14 100 ) Fumped from Campaepe
River
Bealiba W.W.T. ([1835) Bezlika Nil 20 310 Local catechment drains
Bowenvale--Timer W.W.T. (1965) Bowenvale Nil 17 260 Maryborough W.W.T.
Bridgewater W.W.T. (1927) Bridgewater Nil 82 530 Lodden River
Caplghran) B 2 1 4on Maryborough W.W.T. and
Carisbrock W.W.T. (1892) Carishrook Nil 9 pimpad from Desp Crsek
LT, 8 lbinabbin Nil 36 180 | Pumped from Waranga
Colbinabbin W.W (1918) Colbinab western main channel
{SR&WSC)
Ber Bet Shire Couneil E%ggzg E Eun¢11gw i Nil 180 I,350 Pumped from Lﬂdﬂﬂn.
L anec
(18B4 ] { Tarnaguiins R hdaainagss
w.T. (1891} Elmors NI a9 750 Hores
WaT (3961) Godrnong N1l 20 150 Pumped from Campaspe
Hiver
heote W.W.T. (1893) E Heatncute Ni1 1gg 1,880 Reservolir on MeIvor
L Tooborac Creek
SRS G ([1878) g Inglewood¥ Nii 273 1,850 Fumped from Loddon
LT unal . . - River
FE;SEH} E Xorong Vale® Hil 318 1,660 Roeklands and Lonsdale
L Reservoirs v ] C
[C1882) é gefderhirn* Fii channeg e -
orung b
[ Mysia + wil 1 100 SREWSC chann
{ Wychitells # Hil ? W pil
faterough W.oW.T. (19&4) E #andsbaraugh 411 36 3540 Malakaff Creek
avarre Ril 19 200 Landsborough W.W.T.
HEYCod W.W.T. (1891) Lonigwsod Mil 32 240 Nine Mile Creak
yhorough W.W.T. (1382) Maryborough Nil 1,590 8,000 MeCallums Creelk and
Tullaroop Resepvair
et ‘T, ot =
nizon W.W.T. (1830} E ﬂqi:;lsan B Ni1 273 900 Fumped from Goulburg
Furchlson East River
geble W.W.T. (1886) Nagambia Chlorination 106 1,560 Pumped from Goulburn
Hiver
|aCank W.W.T. (1388) Hedbank N1l 5 115 Reservelr Creek
Bbot and Clunes (1873) [ Talboup® N1l 65 650 3
; e ’ L E H tony Creek
Counell [187E) [ Clunes® il 179 1,260 Birches Creek
Arr T g : 1
arnsud W.W. T, (18¢8) St. Arnaud Ni1 LER 3,700 Reservoirs on Strath-
fillan Creek, Mount
Teddington
BWail w.W.T 158 1 1
SLl W.W.T, (1882) E Stawell Hil 650 6,070 Fyans Creek (outside
- : study area)
E Glenorchy ¥ 10 140 Fumped from Wimmesra
N River
[ Great Westarp 1l 21 200 Panrock Creek {outside
- I P Tl T - - St
pWareh: W.W.T. {1893} Bushworth N3 318 1,500 Pu;ggdagsgi W
western main channel
Loddon 3 L 3 ti i1
oddo hire Counciz Jerpentine + Nil Pumped from irrigation
supply channel
Marnoo Hil 100 hsn SREWSC channsl
ﬁ Eewa:ead fi: 50 450 Jim Crow Creek
¢ Carop Kil 4 30 Pumped from Warangs
™ L - western main channel
E Dinges Nil T a0 Pumped from Irrigation
L Supply channel
E Stanhope Chlorinstion 50 gaa Pumped from irrigation
supply channal
{ Mitiamg W11 17 156 Pumped from domestic
and stock supply
channel

Waterworks Trust

05
i

Etatg Rlvers and Watar Supply
Frac_almeg Water Supply DI
Supplied by municipali

Commission
Erict
1y under the fosal

Govermment dop.
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22. PUBLIC UTILITIES AND INSTITUTIONAL USES

dition to the supply of water,

al other types of public services
itilities have important implications
he use of public land. A contin-
need for these services is created
the expected growth of the main popu-
n centres.

Utilities

e disposal

he study area, waste disposal 1is

ning an issue of growing magnitude
both the urban and rural sectors -
ocilal, economic, and environmental

i€ bulk of sclid waste disposal has
@itionally occurred by land fill in
sed quarries, on land reserved for
cipal dumps, or on land with low
omic productivity. Many disposal
Bs have been established in scattered
jtions on public land throughout the
8, but avallablility of suitable sites
' Papidly diminishing. More stringent
tions regarding the siting, opera-
m, and rehablilitation of disposal
§ has also effectively reduced the

.:ﬁgtzr of potential sites. Most towns
curr ntly operating land-fill schemes

will probably require additional sites
in the forseeable future.

The disposal of liguid waste to land or
streams is licensed by the Environment
Protection Authority. In the study area
the delegated agencies acting for the
Authority are the Commission of Publie
Health (for discharge to land) and State
Rivers and Water Supply Commission (for
discharge to streams).

Bendigo, Castlemaine, Maryborough, and
Stawell Sewerage Authorities are lic-
ensed to dispose of purified effluent to
streams, while the St. Arnaud Sewerage
Authority is licensed to dispose of
treated effluent by irrigation. Nagam-
bie and Heathcote Sewerage Authorities
should have fully operational works by
1980, and will use irrigation to dispose
of their effluent.

Under the Sewerage Districts Acts,
municipal couneils or local Waterworks
Trusts can initiate proposals for the
provision of sewerage facilities for
country towns. It normally takes sever-
al years to approve and construct such a
scheme. Currently the one for RHushworth
has been approved by the Water Commiss-
ion, and Waranga Shire Councill is expec-
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ted to proceed with the constitution of
a sewerage authority in the near future.
Proposed schemes for Colbinabbin, Murch-
ison, and Stanhope are being considered
by the Health Commisslon and Water
Commission. These involve the disposal
of effluent by irrigation, but it 1s not
expected that they will be completed and
the towns sewered before 1982.

Electricity

Most of the power within the study area
comes from the State's electricity net-
work, although some 1is generated by a
amall (2-MW) hydroelectric station at
the Cairn Curran Reservoir. There are a
number of main transmission lines, and a
substantial network of sub-transmission
and distribution facilities. Most of
the low- and medium-voltage lines run in
road reserves, but some sections are in
easements, often in private land.

The State Electricity Commission has
numerous proposals for additional facil-
ities to be successively bullt over the
next decade to complement existing
works. In some cases the routes for
transmission lines have not yet been
selected, although many proposals in-
clude the duplication of existing lines.

Transport

Several recent reglonal studies have ex-
amined the existing extent and possible
development of the transportation net-
work. Currently the main form of trans-—

port is by road, although rail also
plays an important role. Land reserved
for roads and railways covers a consid-
erable amount of the study area. The
width of these public land reserves var-
ies between 20 m and 200 m and they
often contain valuable relics of natural
vegetation, {(Chapter 12 discusses their
significance for nature conservation,
while chapter 13 considers their rec-
reation potential.)

The construction of roads into forested
land for timber extraction and fire
control has increased accessibility for
the public. Today, few localities are
more than 3 km distant from conventional
two-wheel-drive vehicular access. While
some forestry roads have been upgraded
to form important thoroughfares, many
have reverted to overgrown tracks since
logeing operations have ceased.

While it has no "government aerodromes”,
EEE study area contains three licensed
"public") ones - at Bendigo, Marybor-
ough, and St. Arnaud - and a number of
futhorized Landing Areas ("private" air-
fields). Licensed aerodromes are usual-
ly owned by the munieipality concerned,
which shares the maintenance costs with
the federal government. All these areas
are used regularly by crop dusters, fly-
ing enthusiasts, freight operators,
passencers, and the air ambulance serv-
ice. A regular air sepvice is available
between Eendiro and Melbourne, and char-

ter flights have also inereased in
recent years.,
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her services areas of public land. As the communica-

tion needs of the area grow, additional

8 ddition to telephone facllities, facilities on existing sites and new

communication transmission and re-

sites wilth access roads will be re-

ter sites cccupy a number of elevated quired.
Table 32
SCHOOL CAMES
Camp Viecinity Capacity Development® | Date allogated | Cwnership
Boys |Girls | Staff

Wychitella Wedderburn 8 8 3 B October 1974 Freehold

38 km
Faraday Harcourt B March 1577 Publie land and

& km freshold
Yumbunga Lake Eppaleock| 25 25 8 A 1370 Lease (SRHEWSC)
Fryerstown ghewton 20 18 7 A December 1973 | Public land

Km

Myrtle Creek Lake Eppalock c Public land

13 km
Strangways Newstead 17 18 4 A August 1972 Fublic land

3 km
Lake Eppaloeck | Lake Eppalock] 20 or 20 & A September 1969 | Lease {SREWSC)
Lake Eppalock | Lake Eppalock| 20 20 4 B December 1974 | Lease (SREWSC)
Betley M%rybﬂraugh 20 or 20 2 B Oetober 1972 Fubliec land

16 km | |
Lake Eppalock Lake Eppalock] 20 or 240 4 A Lease (SR&WSC)
Heilborough Raywood Environmental B Fublie land
East 10 km studies gentre
Zhelbourne Marong G Publie land
East 10 km l

% Level of development: B

C PFartly developed, site not yet in use

Perpanent facilitles for sleeping, ablutlons, cooking, and eating
Partly developed facilities, site in use
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Other public uses requiring small areas
of public land include hospiltals,
schools, cemeteries, navigatlion aids,
and trigonometric stations.

Institutional Uses

Military

The Australian Army and Army Reserve
uses the Puckapunyal Military Area of
20,750 ha (11 km north-west of Seymour)
as a permanent base for military train-
ing throughout the year. Approximately
half of this lies within the study area,
but it belongs to the Commonwealth and
is therefore not public land as defined
by the Land Conservation 4det 1970.

As far back as 1961 there were proposals
to acquire additional land for training
to the west of the existing military
area. 1In 1976 an Environmental Impact
Statement prepared by the Department of
Defence proposed that 20,048 ha of land,
including three large blocks of public
land, be acquired for defence purposes.
Two of these forested areas would be
used for armoured-vehlcle training,
while the third would be used for in-
fantry training only. The Army proposed

that public access to the area be per-
mitted subjeet to similar conditions to
those existing for the present Puckapun-
yal Military Area.

The Vietorian government has since
agreed in prineciple with the proposal,
but has requested the clarification of 2
number of issues, predominantly environ-
mental considerations.

In addition, a number of other areas of
public land are currently used on an ad
hoe basis for specific army exercises.
This requires prior approval from the
responsible managing authority and is
unlikely to pose a threat to publiec
safety or cause major inconvenience.

School camps

School camps for environmental education
and recreation are popular in the study
area. Table 32 lists 12 camp sites,
many of which have permanent accommodat-
ion facilities. Five are situated in
the vicinity of Lake Eppalock, while the
remaining seven are scattered in the
central part of the study area. All but
one of the camps are located on, or
partly on, public land.
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23. LAND USE RELATIONS

8 preceding chapters of this report
described the natural resources of
. study area, along with the exlisting
potential types of land use. Each
je requires certain resources, but in
@Ry cases those required for different
@s overlap, providing a source of
@tcntial conflict. There is a growing
B=nd for resources on public land from
®ups with a wide range of interests.

i uses are considered to be competit-
@BEe when an inerease in one leads to a
@8Ercase in another based on the same
8L o resources, supplementary when a
B8nzc in one does not change another,
complementary when an inerease in
} benefits another.

} more obvious physical or economic
B8Pccts of such interactions are only
Peer of land use relations. There are
Mo other direct and indirect effects,
h as social or environmental conse-
Gguenc=s. All these factors collectively
SS8crmine the degree of compatibility of
BEicus land uses.

gse interactions (land use relations)
BT thersfore be considered before de-
ions can be made regarding the uses

public land. What are the long-term

effects of the present or short-term use
of the land, realizing that future needs
may differ markedly? Does any activity
or use preclude, by its operation, an-

other's utilization of a given resource?

This chapter considers some of the in-
teractions between the following land
uses in the study area - agriculture,
apiculture, eucalyptus-oil production,
mining, nature conservation, recreation,
timber production, utilities, and water
production.

Agriculture

Grazing and crop production are current-
ly the main uses of private land in the
study area. In addition, about 27% of
the public land is grazed under licence
or agistment. Agriculture, therefore,
interacts considerably with a number of
other forms of land use.

Some native animals have benefitted from
the increased area of grassland and for-
est margins resulting from agricultural
development. Farm dams have extended
the range of some amphibians, reptiles,
and bird species. MNevertheless, agric-
ulture is normally incompatible with
most aspects of nature conservation
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because, although some benefit, most
species are severely reduced 1In number
or eliminated by the removal of their
habitat and the introduction of alien
plants and animals.

Agricultural activities have in many
cases added visual variety to the land-
scape, increasing enjoyment for those
sightseeing, plcenicking, or driving for
pleasure. The undulating hills around
Sutton Grange provide an example of a
scenle agricultural landscape. In most
cases agriculture has little effect on
water production; conversion from forest
to grassland can change run-off charac-
teristics, however, sometimes causing
erosion and so affecting water gquality.

The use of additional public land for
agriculture would compete, in partic-
ular, with timber production, aplcul-
ture, eucalyptus-oll production, and
most aspects of nature conservation, and
to varying degrees with most other forms
of land use. Forest grazing may aid
fire protection, however, by reducing
the accumulation of fine fuels in for-
ested areas.

The greatest conflict with existing
agricultural use in the study aresa

rises from the increasing pressures of
urbanization, tourism, and recreation.
This relatively recent trend means a new
demand for non-agricultural forms of
land use in agricultural areas. The
activities of land speculators are forec-
ing the land prices and rates to rise

well Iin excess of economic rural values.
Farmers on viable properties are there-
fore placed under increasing pressure to
subdivide their land for "rural
retreats" or hobby farms for people from
Melbourne and local towns.

Apiculture

Aplculture may complement agriculture
where the bees serve the useful funetion
of cross-pollination. As noted above,
however, the replacement of forests by

pasture is usually detrimental to honey
production.

Being based largely on the maintenance
of native flora, apiculture 1is supplem-
entary to timber production, recreation,
water production, and some aspects of
nature conservation.

Bees do compete with native fauna for
nectar and pollen, but the significance

of this competition and its ecologleal
effects remain unknown.

Eucalyptus-cil production

Eucalyptus-oil production - a relatively
inflexlible activity - competes with all
cther forms of land use. Regular har-
vesting, although suiting the industry,
appears detrimental to apiculture, rec-
reation, and nature conservation. The
actual ecological effects of repeated
harvesting of foliage are not known, al-
though studies indicate a reduction in
diversity and number of floral species.



erse effects are moderated to some
ent by the normal practice of leaving
ut patches of mallee scattered

ough the area being harvested. Curr-
methods of harvesting can also cause
sion hazards and lead to reduction in
ter quality. Rowan (1963) describes
eas of blue mallee, regularly cut for
calyptus o0ll, that have suffered

vere sheet erosion, and claims that
n-of'f from these produces a gullying
zard on surrounding low lands.

also considers it important to leave
calyptus stalks after harvesting, to
nimize wind erosion. Such recommenda-
ons are now being incorporated into
nagement plans for areas such as the
ipstick Forest Park.

ning and gquarrying

perating mines and current areas of
uarryling are scattered throughout the
tudy area. These have varied effects

n otner land uses depending on the type
nd scale of the operations. Most con-
licts with landscape values are local-
zed, but they may be serious where the
alues are high or the operations are

bvious. Site rehabilitation can reduce
nese effects,

lost of the mines only compete with

ther uses in the immediate vicinity of
heir operation, whereas some of the
-arger extractive industries have wide-
pread deleterious effects due to fac-
tors such as major site disturbance, in-
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diseriminate roading, polluted run-off,
and lack of regeneration.

Cn the other hand, some quarries are
complementary with the study of aspects
of natural history, providing sites for
fossil collection and geological study.
Sites may also facilitate the collection
of gemstones. Exhausted quarries and
open-cut mines are often useful for rub-
bish disposal, or as sites for forms of
recreation suech as trail-bike riding.

Most forms of mining and quarrying are
incompatible with timber production,
water production, apiculture, agricul-
ture, nature conservation, and eucalyp-
tus-o0il production. Many relics of last
century's mining boom, however, are now
extremely popular with tourists for
their historical interest. Some (like
the Balaclava Mine at Whroo) remain
derelict, while others (like the Wattle
Gully Mine) have been developed with
tourist facilities.

Nature conservation

llature conservation is generally com-
patible with a wide range of uses, such
as water production, apiculture, and
low-intensity recreation and hardwood
production. It tends to compete with
any activities that radieally change the
natural vegetation, such as mining, ag-
riculture, or urban development.

A major problem in many nature conserva-
tlon areas is the threat of over-use for
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recreation, because these areas are
often fixed in the public mind primarily
as recreational resources. Other aims
of parks and reserves, such as biologic-
al conservation, landscape preservation,
and research opportunities, are there-
fore threatened.

Areas set aside specifically for refer-
ence must be managed to exclude activit-
ies other than limited scientific study.
This use is complementary with nature
conservation and water production only.

Recreation

Qutdoor recreation encompasses a wide
range of activities, and their interact-
ions with other land uses wvary according
to the type of recreation and its inten-
sity.

Some recreational actlvities actually
depend on other land uses -~ for example,
many of the water-based pursults require
the storages used for water production.
Other activities need thelr own partic-
ular areas with specialized recreational
facilities (golf courses, trotting
tracks, ete.). Also, some informal
types of recreation need natural undis-
turted sites, and these compete with zl1
other land uses, except perhaps nature
conservation and water production.

A single land use in a particular area
may conflict with one type of recregt-
ien, and yet simultaneously complement
another. For example, an abandoned

quarry may mar a panoramic view for
sightseeing, yet provide an ideal site
for gem fossicking. Simlilarly, forestry
tracks may reduce the value of an area
for nature study, but make it more
accessible for pienicking and pleasure
driving.

Most recreational activities are relat-
ively flexible, however, and can be acc-
ommodated in areas managed primarily for
other uses. Nevertheless, some (such as
fishing or the use of off-road vehicles)
can become self-competitive, especially
at high usage rates.

Timber production

Although timber production is widespread
on public land in the study area, it is
of low intensity in most areas and
therefore does not conflict with many
other types of land use. At these in-
tensities, hardwood production is com-
patible with forest grazing, apiculture,
and some forms of nature conservation.
Roading associated with forest protect-
ion and harvesting operations also bene-
fits some types of outdoor recreation by
providing access tracks for walking and
pleasure driving. Timber production
competes wilth recreation activities re-
quliring solitude in natural areas.

Harvesting operations have an immediate
effect on vegetation, fauna, and land-

scape values, but most of these effects
are short-term. If the intensity of the
operations remains the same, the larger



e harvested area is the greater and

re protracted will be the effects.
creasing the intensity of hardwood
gduction further decreases its com-
tability with other uses, particularly
ture conservation and recreation,
though increasing the intensity of
rvesting may reduce the total area re-
ired.

f'twood production competes with most
her forms of land use, but occurs in
ly a small part of the study area.
we@se plantations have limited use for
ssive recreation.

ublic utilities and transport

enerally the provision of these servic-
5 reguires the allocation of small

'gas of land only, but in most cases
nis represents an inflexible use.

Y. 1 U

ue to growing recreational pressures
nd more interest at a local level in
ature conservation, there are increas-
Lne problems with waste disposal. Most
i1sposal sites are generally regarded as
insightly, sometimes produce offensive
dours, and, if not carefully managed,
lay have detrimental effects on other
i5€8 such as water production.

eared easements for transmission lines
235 Oor water pipes are competitive
vegetation and some wildlife habit-
» and may be visually unattractive
<fom surrounding areas. Similarly,
~elecommunication facilities on peaks or

¥

5571 78=13
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ridges conflict with scenic and other
values, especially when sited on attrac-
tive or remote landscapes.

Since these services, and most others,
are considered essential, however, com-
patability with other land uses is
achieved by careful siting and location
to minimize the confliects.

Water production

The production of water is an important
use of public land. To some extent it
is competitive with agriculture, hard-
wood timber production, mining, and rec-
reation, depending on the intensity of
these uses, the management techniques

employed, and the intended use for the
water.

Activitles such as logging, road-making,
clearing, and grazing can cause soil
disturbance and reduce water absorption,
leading to increases in surface flows,
stream turbidity, peak stream flows, and
siltation. Extensive restoration and
conservatlion works were necessary in the
Puckapunyal military training area to
control excessive siltation, which was
affecting the Goulburn River system.

Four catchments in, or partly in, the
study area are proclaimed water supply
catchments under the Soil Conservation
and Land Utilization Aet 1958. Land use
determinations have been made for the
Avoca water supply catchments and for
parts of the Eppalock catchment. Notic-
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es have also been gazetted prohibiting
changes in land uses in parts of the
Cairn Curran water supply catchment.

In many cases, activities invelving only
the use of catchments (as distinect from
Storace areas) are not regarded as pos-
ing a substantial threat to either water
guality or yield. Such catchment areas
are therefore normally complementary
with nature conservation and, to varying
degrees, with other forms of land use.

Nevertheless, the actual storages can
have various effects on nature conser-
vation. Inundation by water destroys
the origlinal habitats, and this may be
significant if the area contains endemie
species or notable features. Storages
also alter flow regimes and may also
affect water temperature and oxygen con-
tent, and consequently wildlife habitats
downstream.

On the other hand, storages also create
a new aguatic habitat, which has value
for some fish and waterfowl, and the re-
sultant recreational activities of hunt-
ing and fishing. While water storages
complement all water-based recreation
and lakeside activities, however, their
unceontrolled use may also cause det-
rimental effects, particularly if they
provide urban supplies.

Mueh controversy exists over the land
use relations incurred by River Improve-
ment Trusts. Two such Trusts here

{Bendigo Creek and Bullock Creek) carry
out streamside conservation and drainage
works under the River Improvement Aect

1948,

The districts controlled by each of the
Trusts encompass only sections of each
creek, so the "improvements" made in one
area may also cause adverse ecological
effects downstream. Rogan (1977) ad-
vocates a broader "total-catchment™
approach, or the co-operative co-ordin-
ation of exlsting groups.
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BLOCK DESCRIPTIONS

ne arbitrary blocks have been delin-
ted in North Central to provide more
tail in particular areas. The block
undaries are shown in a key diagram at
e beginning of each description, al-
ough greater detail is shown in Map 1.

1ese block descriptions describe the
wdracteristics and nature of the land,
& capabllities for wariocus uses, and

e likely hazards and conflicts involv-
i with such uses. The discussion ref-
§ specifieally to publiec land, but it
S0 describes outstanding capabilities

* other features of special signifi-
nee.

consistent format of headings and sub-
adings is used so that specific infor-
tion can be readily found for any

lock, and comparisons can be easily
de between blocks.

apability

nis term refers to the suitability of

public land for the particular use to
which it may be put. Assessment 1is
based on a number of considerations,
ineluding the inherent characteristics
of the land, the proximity of public
land to centres of population, the
level of accessibility within it, the
relative scarcity of the type of land,
and the hazards associated with the
various uses. Present levels of use
are described to give some indication
of capability.

In most cases, capabllities are given
in general terms only, because the
amount of information available varies
from block to block, and because some
of the values are difficult to quantify.
The ratings for various uses thus

cannot be direectly compared with each
other.

In assessing capability, comparisons
have been made with other blocks, and

where practicable, with other parts of
the State.
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1. CALLAWADDA

General

Ccallawadda block occupies the western
end of the study area; the town of Staw-
ell lies on its western boyndary. Public
land occupies only 11,000 ba, or 4% of
the block. It consists mainly of re-
served forest, but thepe are also numer-
ous narrow public land reserves along
streams and rivers.

Most of the land is used for agricul-
ture.

Nature of the Land
Climate

Average annual rainfall decreases from
more than 550 mm in the south to around
440 mm in the north. Temperature,
frost, actual rainfall, and effective
rainfall probability data for Stawell

are listed in the eclimate chapter
(Tables 2--5).

Geoclogy and physicgraphy

The southern and eastern parts of this
block are of moderate topographic re-
lief. The rocks - Cambrian to Lower
Ordovician sediments - form a prominent
ridge running from Navarre to Mount
Bolangum, Around Great Western, granit-
iec rocks of Devonian age outerop. In
the north and west the topography
becomes subdued, and undulating Cambrian
to Lower Ordovician sediments are cover-
ed In part by younger Tertiary marine

and non-marine sediments of the Murray
Basin.

Quaternary alluvium associated with the
stream system forms extensive flat areas

near Navarre, along the Wimmera, and
north of Glenorchy.
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12 steep hills to the south carry
1allow stony gradational scoils, whereas
d sodiec duplex so¢lls are more common
the gentler topography formed on Or-
vician sedimentary rock.

ctensive areas have mottled duplex

ils with ironstone and yellow sodic
iplex soils with coarse structure. On
e riverine plains and alluvial flats,
ed caleareous duplex scils predominate.
n the majority of land systems the
ainage lines contain yellow duplex
oils or yellow gradational soils.

egetation

lmost all the vegetation on public land
s elther grey box--yellow gum or red
ronbark--grey box--yellow gum open for-
st, although small pockets of red
tringybark--red box--long-leaf box open
orest are scattered throughout, and
iver red gum woodland occurs around

ome of the lakes in the north and along
treams. Appendix 1 lists other species
ommonly assoclated with these euca-
¥ypts,

M

tne following habitats are represented:
ffren forest, woodland, pasture-—--grass-
land, and aquatic. Apart from the
lazkes in the north, the public land is
mainly open forest and woodland. The
common animals of these habitats are
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Mount Bolangum

listed in Appendix 2. The occurrence
near 3tawell of the squirrel glider, a
rare species, is of Interest.

Land systems groups

Geomorphic groups of land systems (which
are described in chapter 12) are dis-
tributed in the block as follows:
alluvial 40%Z; Tertiary sediments 43%;

Palaeozoic sediments (1) 13%; Palaeozoiec
sediments (3) 1%; metamorphics 2%; and
granite (1) 1%.

ilthough the alluvial and Tertiary sed-
iment land systems collectively comprise
a large proportion of this block (83%),
their actual representation in the few
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Recreation

The forested public land does not have
outstanding value for recreation, al-
though the general lack of forest in
the block accentuates its value for
picnicking and nature study.

The lakes in the north, particularly
Lakes Cope Cope and Batyo Catyo, are
valuable for picnicking, fishing, duck-
shooting, and boating.

Aericulture

Much of the publie land has low capa-
bility for agriculture, but some areas,
mainly those carrying grey box, have
moderate capablility. Most of the
public land 1s held under grazing lic-
ences. '

The public land has high capability for
apiculture, but most of the block is
cleared freehold land.

Eucalyptus-oil production

of the public land in this
Y

Timber production

The public land generally has high cap-
- 27 &%, i

ability for the production of durable
hardwood timber and firewood, despite
slow growth rates,



-1,,-_-:
he southern part of this bleock contains
he Stawell gold-field. Although no
ines are currently operating, the ares
s Ire ded as having a reasonable pot-
or further development from ore
projections. Exploration lic-
or parts of the gold-field are
¥y requested.

Iead, Great Western, and
re major alluvial and deep-

rey box woodland

lead mining areas. Little is known of
the Wimmera deep-lead system during 1its
course through this block.

Shoestring sands associated with Quater-
nary alluvial deposits in the west of
the block supply sand and gravel on a
small scale and offer potential for
further use. The Tertiary Parilla Sand
is widely used for surfacing unmade
roads.

This bloeck includes a large part of the
Avon River catchment in the north, and
part of the Wimmera catchment (most of
which lies outside the study area).

A ies from about
51 rliglible

a

Th ow potential

i e of its small
a Groundwater
s1 rface water,
at may be signif-

rchy, and Great
ne otawell

o, however, re-~
tate Hivers and
channel. Batyo
the north-west
ich falls within
k and Domestic
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Hazards and Conflicts

serious sheet erosion occurs when steep
hills of Ordoviclan sandstones and mud-
stones are cleared or overgrazed. The
hydreological equilibrium is upset, lead-
ing to the development of saline
springs. Evidence suggests that the
rising saline water table on the river-
ine plains - for example, along the
Richardson River - is the result of
over-clearing the steep hills in the
upper catchment.

The light sandy soils on Tertiary gravel
deposits are prone to severe wind eros-
ion if cleared and cultivated.

There are few conflicts between potent-
ial uses of public land. Forest grazing
may conflicet with nature conservation,
and cutting older trees for timber may
confliet with apiculture and reduce the
avalilability of nest sites for birds and
mammals requirine tree hollows. Recent
changes in forest management minimize
this confliect.

Signifiicance

The lakes in the north are valuable for
recreation and nature conservation. The
forested blocks have significance as
isolated areas of bush in a predominant-
ly cleared landscape.
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2. 3T. ARNAUD

General

is bloeck extends for 65 km from north
south, incorporating a major range of
1ls and surrounding country. The

nge has been known by several names,

t in this report 1s called the St.

naud Range to avoid confusion.

Arnaud, in the north, is the only
Jjor town, although there are several
nall setflements such as Barkly, Red-
nk, and Stuart Mill.

ublic land is confined mainly to the

t. Arnaud Range and to an area of

allee north-east of St. Arnaud. It
mounts to 25,000 ha (21% of the block).
ost of it 1s reserved forest.

Nature of the Land

limate

wWerage annual rainfall varies from

bout 420 mm in the north to about 600
m in the southern part of the St. Ar~
aud Range. Temperature, frost, actual
ainfall, and effective rainfall proba-
ility data for St. Arnaud are listed in
he climate chapter (Tables 2--5).

Geology and physiography

This block is dominated by Cambrian to
Lower Ordovician sediments, which form
the St. Arnaud Range. Although dissect-
ed by numerous creeks, the range runs
north--south through most of the block.
The public land occuples the higher and
steeper parts of this range, with priv-
ate land in the valleys and around the
range. North of St. Arnaud, Lower Pal-
aeozelc sediment, schist, and granite

------

u —

TR T
I [ -
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form gently undulating topegraphy - par-
ticularly north of Sutherland, where
Tertiary sediments cverlie these rocks.
In the north-eastern corner of this
block and north of Emu, granitie rocks
form prominent hills such as Yawong
Hill. Flat areas of Quaternary alluvial
sediments are extensive around Suther-
land.

Soils

The southern part of the St. Arnaud
Range has shallow stony red gradational
and yellow gradational soils. To the
north, the red gradational and red sodic
duplex solls occur on the remaining Or-
dovician sedimentary rock. Uniform
coarse sands occur on the steep granite
outcrops, but on the lower slopes red
duplex soils overlie a dense hardpan
layer impregnated with silica. Red cal-
careious duplex solls predominate on the
river flats.

Vegetation in this bleock varies greatly
from nortn to south. North-east of St.
Arnaud, a large par

1

parcel of publie land is
vyeretated with mallee - mainly blue
mallee,

e northern part of the 5t. Arngud

Hanpe is forested, malinly with red iron-
park, yellow pum, and grey box, although
red box, red stringybark, and long-leaf
b als5c oceur. These latter species

G ! 2 13
ease In dominance further scuth

until the ironbark, yellow gum, and grey
box are few and scattered. Yellow box
weodland occupies ridge-top sites in the
central part of the St. Arnaud Range.

In the wetter parts of the southern end
of this range, blue gum and manna gum
grow on sheltered sites. Other species
commonly associated with the various
eucalypts are listed in Appendix 1.

Cane spear-grass, a rare and localized
species, inhabits rocky streamsides in
the St. Arnaud area.

Fauna

The following habitats are represented:
cpen forest, woodland, mallee, pasture--
grassland, and aquatic. The public land
is nearly all open forest. Appendix 2
lists the common animals of these hablt-
ats.

Land systems groups

Geomorphic groups of land systems (which
are described in chapter 12) are dist-
ributed in the block as follows: alluv-
ial 12%; Tertiary sediments 20%; basalts

f; Palaeozoic sediments (1) U40%; Pal-
aeozole sediments (3) 18%:; metamorphies
1%; granite (1) 3%; granite (2) 6%.

Stretching from St. Arnaud to Moonambel,
the publie land in this block is com-
posed mainly of Palaeozoic sediments 1
and 3. BSmall areas of Tertiary sedi~
ments also remain as publie land.



Capabilities

ture conservation

e publiec land supports a wide range of
getation types with thelr associated
ora and fauna. It includes the habit-
of cane spear-grass, a rare plant.

ridge-top occurrence of mature
low box is unusual.

b= (D

T

the public land is little used

r recreation, although parts of the

. Arnaud Range are attractive and pro-
de grood views. Some areas around 3t.
naud are lﬁcal’v valued for wildflower
splays. The Teddington Reservoirs

ar Stuart Mill are popular for pie-
cxing and fishing.

nd generally has low capab-
culture. Almost all of it
grazing licence,

05t of the public land has high capab-

lity, but the forest at the southern

nd of the St. Arnaud Range has only

Oderate capability. A notable feature

{ this block is the occurrence of

ature yellow box aleong the ridge-top in
central parts of the St. Arnaud

ange, although heavy nectar flows are

\freguent
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Eucalyptus-oil producticon

North of St. Arnaud an area of about 800
ha of blue mallee has high capability
for eucalyptus-oil production. The rest
of the public land has low capablility.

Timber production

The box--ironbark forests of the north-
ern St. Arnaud Range have high capabil-

.f..,_

View from the "West of England Lookout",
looking south along the St. Arnaud Range
te Mount Avoea and Mount Cole
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Part of an area norih-eaet of St. Arnaud
from whieh gravel has been siripped

ity for production of durable hardwood
timber and firewood. The stringybark
forests of the socuthern part of the

Mining

This block contains two major gold=-
fields. The 5t. Arnaud gold-=field is of
continuing interest, as reefl gold was

produced essentially from only one mine.
The ore is also characterized by the
presence of lead and a high silver con-
tent and has potential has a base-metal
field. Towards the south in the Stuart
Mill--Redbank--FMoonampel area (Pyrenees
zold-rield), many reefs were worked for
a short period, many only to the water
table. This latter area offers poten-
tizl for small-scale mining operatlons.

Tertiary deposits east of St. Arnaud and
nerth of Navarre may contain large
gravel reserves of value for local use.
Granitic sand is present in the north-
eastern corner of the block.

Water

The St. Arnaud Range divides the Avon
River catchment from the Avoca River
catchment to the east. A small part of
the Wimmera catchment extends into the
southern end of the block. Average
annual run-off is negligible in the
north, inecreasing to around 50 mm in the
south.

Hazards and Conflicts

The 3t. Arnaud Range is prone to severe
sheet erosion and landslips where clear-
ing or roading occurs. The range 1is
also a large supplier of salt to surface
springs and groundwater.



erosion and landslips ccecur on the steep

e b M

n the cleared granite country, sheet

iterops whereas, on the gentler slopes,

he drainage lines are prone to gully

xtensive mechanical harvesting of
ucalypts for esucalyptus 0il north-east
f St. Arnaud may conflict with nature
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conservation. Extensive gravel extrac-
tion further north-east conflicts with
most other uses.

Significance

The St. Arnaud Range is a wvaluable
source of durable timber and honey. The
Teddington Reservoirs are valuable for
recreation.
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3

General

As its name implies, this block in the
south-west of the study area covers the
Pyrenees and surrounding land.

Avoga, on its eastern boundary, and
Landsborough, in the west, are the only
significant towns.

The Pyrenees are mainly publie land,
virtually all of which is reserved
forest, while the surrcunding land is

PYRENEES

almost all privately owned. Publiec land
occupies a total area of about 21,000 ha
(31% of the block).

Nature of the Land

Climate

Rainfall ranges from about 500 mm in the
west to an estimated 750 mm or more in
the higher parts of the Pyrenees. Data
on temperature, frost, actual rainfall,
and effective rainfall probability for
Avoca are listed in the climate chapter
(Tables 2-=5).

Geology and physiography

The Ordovician sediments forming the Py-
renees dominate here, with steep slopes
and some rocky cliffs. Most of the
range 1s public land, including Mount
Avoca (760 m), which is the highest
point in the study area. The surround-
ing areas of recent colluvium and fan
deposits on the undulating lower slopes
are predominantly private land.

Soils

This block has mainly red shallow grad-
ational soils on steep slopes. Where



)¢ steep areas are of granitiec origin,
e soils are uniform coarse sands, but
brown duplex soll with a coarse struc-
ire occurs In the drainage lines.

3
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sodic duplex soil is found on the
r topography associated with Ordo-
n sedimentary rock, and a mottled

X so0il occurs on the remnants of
iary river gravel deposits. The

t land adjacent to the Avoca River
its tributaries is predominantly a
calecareous duplex soil.
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ezaetation

smate--gum open forest III dominates
vegetation of the higher parts of
block, which receive the greatest
‘Pall. A distinctive feature of the
is the open woodland of

W bgy that occurs along the top of
ﬂdSbOPDth Ridge in the west. The
lopes carry red stringybark--

I' box--red box open forest I,
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h-west. Appendix 1 lists other
commonly occurring in associat-
n with the dominant eucalypts.

3
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auna

he following habitats are represented:
all open forest, open forest, woodland,
asture--grassland, and aguatic. Most

' the tall open forest of the study

rea is on public land within the block.
Ppendix 2 lists the common animals of
hese habitats.
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Vineyard at the foot of the Pyrences

Land systems groups

Geomorphic groups of land systems (which
are described in chapter 12) are dis-
tributed in the block as follows:
alluvial 13%; Tertiary sediments 8%;
Palaeozoic sediments (1) 42%; Palaeozoie
sediments (3) 31“* metamorphics 6%;
granite (1)«<1%; granite (2) £1%.

t of the publie land, approximating
yrenees, is composed of Palaeozole
nts (3). Some of the lower-slope
remaining as publiec land are Pal-



aeozole sediments (1) and Tertiary sedi-
ments.

Capabilities
Nature conservation

This block differs from the rest of the
study area, containing the most extens-
ive stands of messmate--gum open forest
III, although this vegetation type also
geccurs in neighbouring areas, such as at
Mount Cole. The ridge-top occurrence of
mature yellow box on the Landsborough
Ridge is unusual.

HRecreation

Generally the public land is not highly
valued for recreation. A plenic area
and walking tracks at Number 2 Creek
near Avoca are qulte popular. The
Landsborough Ridge is attractive for
bushwalking, although not well known.

Agriculture

Q
(s

i
o

ility of public land for agricul-
is low. Although the Pyrenees re-
ve greater rainfall than the rest of
study area, slopes are mostly too
to be cleared without the likeli-
of severe erosion. Very little of
public land supports forest grazing.
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Apiculture

gum open forest, on the Capability of most of the public land 15
Purences moderate, although the grey box--yelloWw



ym forest in the north-west has high
pability. Mature yellow box growing
public land in the western halfl of
e block is not readily accessible.

calyptus-oil production

pability is low due to the lack of
ecies suited to mechanical harvesting.

imber production

he messmate--gum forests of the Pyren-
es have a lower growth rate than simil-
r forests in some other study areas,

ut are nevertheless important as a
ource of scantling timber. Thelr prod-
ctivity is greater than that of the

wore durable but slower-growing species
' the box-~ironbark forests. The red
tringybark forests of the foothills

ave only low to moderate capability for
imber production.

lining

lost of this block, making up part of
the Pyrenees gold-fleld, was extensively
nined and prospected for gold last cen-
tury. Many reefs were worked for a
short time, many only to the water
table. Alluvial mining was extensive
near Landsborough, with deep-lead mining
along the Avoca River.
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Water

The Pyrenees forms the eastern limit of
the Wimmera catchment. The eastern
slopes of the Pyrenees drain into the
Avoca River and include the Sugarloaf
catchment, which supplies water to the
town of Avoca. BRun-off wvaries from
around 40 mm at Landsborough to approx-
imately 75mm in the south.

The Landsborough and Avoca Waterworks
Trusts supply their respective towns.

Hazards and Conflicts

Clearing vegetation on the steep slopes
can upset the hydrological balance of
the soil and results in landslips,
severe sheet erosion, and Iincreased
movement of salt into the surface
springs and deeper groundwater.

The potential uses of the public land
present few conflicts.

Significance

Although differing from the rest of the
study area, this block has similarities
to other parts of the State. It is not
of outstanding value for any particular
use, but is an important source of
scantling timber in western Victoria.



L. MARYECQROUGH

General ier country. Its total area (including
Cairn Curran and Tullaroop Reservoirs)
The city of H:rduq“hu?h lies 1in the is 38,000 ha (17% of the block), most of
centre of this 513 k, which oeccupies the which is reserved forest.
south-central p; of the study area
Other towns ineclude Avoesa on the western Nature of the Land

e

boundary, Talbot and Clunes *n the

south, Carisbrook, and Malden and New- Climate

stead near the eastern bﬁuru_rp. _
innual rainfall averages about 450 mm in

Public land, although scattered throuch- the north, increasing to approximately

out the block, mainly occuplies the hill- 580 mm in the south. Data on temperat-

ure, frost, actual rainfall, and effect-
ive rainfall probability for Avoeca are

listed in the climate chapter (Tahlsps 2
L

Geclogy and physiography

Most of the public land in this block -
such as around Maryborough, Hnmehugu, or
Strathlea - comprises hilly to un R
ing Ordoviecian sediments. Streams «
ecting these hills have laid down upoa
areas of Quaternary alluvium exempli ded
in the Avoca, Bet Bet, and Loddon z
eys. Virtually no public land remains
in areas like Moolort and Lillicury
where basaltic flows inundated ri
valleys during the Pliocene and Pleisto-
] cene epochs. Extinet voleanoes suﬁ'iﬂﬁ




t Moolort and Mount Greenock (the

volcano remaining on public land in
study area) provide topographical
ation, but it is the granite intrus-

{like Mocunt Beckworth) and contact
morphosed sediments (like Mount
engower) that form prominent peaks
his' block.

or deep leads pass northwards beneath
basalt and alluvial sediments.

1s

the south the granite outecrops have a
form coarse sand soil. Most of the
ck has parent material of Ordovician
imentary rock - the seguence of solls
a red gradational soil on the steeper
as with a red sodic duplex on the

tle slopes and a yellow duplex soil
the drainage lines.

the east and west of Maryborough lie

basalt flows, where the main soll
is a heavy grey uniform clay sub-
to swelling when wet and cracking
when dry.

the north-west the alluvial terraces

oclated with the Avoca River are com-
ed of heavy gllgaied calcareous grey

iform e¢lay and a red calcareous duplex
1.

retation

vegetation of this block is dominat-
by open forest of red ironbark,
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yellow gum, and grey box, with scattered
stands of red stringybark, red box, and
long-leaf box. On Mount Beckworth,
woodland of messmate and manna gum
occurs. Appendix 1 lists other species
commonly associated with these euca-
lypts.

The brilliant sun-orchid, very localized
and rare in Vietoria, has been found in
the Maryborough district. Whorled
zleria, another rare species, has been
recorded at Mount Tarrengower.

Fauna

The following habitats are represented:
open forest, woodland, pasture--grass-
land, and aquatic. The public land is
mainly open forest, but it alse includes
valuable aquatic habitat. The turquoise
parrot, a rare specles in Viectoria,
oceurs at the south-west limit of its
range near Maldon. Appendix 2 lists the
common animals of these habitats.

Land systems groups

Geomorphic groups of land systems (which
are described 1in chapter 12) are distri-
buted in the block as follows: alluvial
10%; Tertiary sediments 7%; basalts 32%;
Palaeozoic sediments (1) 35%; Palaeozoic
sediments (2) 6%; metamorphics 3%; gran-
ite (1) 7%; granite (2) <1%.

Most of the public land 1s composed of
Palaeozoic sediments (1), but while they
cover a similar area of the block (32%),



rare plant species, (the brilliant Elﬂh
orchid and the whorled zieria) have
recorded in the block. The colony of
turquoise parrots near Maldon 1s eapggr
ially important. Merin Merin ana Mi
Swamps near Clunes provide valuable lﬂt-
land habitat. ~an
1
The Big Reef, near Amherst, is one of
the largest quartz outcrops remaining in
Victoria. u"'tj

The public land at Mount Becknnrth'
interesting vegetation and is of %
for nature conservation.

The block also contains several
archaeological significance = &
riginal water wells on publie |
Maryborough, and a ceremonial &
arrangement near Carishmk on i
recently purchased by the n

Recreation

Wildflower displays in 'bh!’ DO
forests around Haryhomnsh;
in the Paddy Ranges, are i

~ J:lﬁu_ Lc'._E- remaining feature of publie land {

as 1011¢ land 1s minimal. holds an annual Golden m "
Carabilit fes s ‘w
“apabilitie Mount Tarrengower is popular as\

) Bl point and for picnicking and ¢

At conservation riding. Both Calrn Curran &

Mmoo n.n__r"'_'pﬂl-'l-I"-r" faracste ow d T §iEEr‘VD‘1PS are uaad I‘ '

The box--ironbark forests around Mary- shing, and Cairn WM

borous ‘-".’.-'-”':-F-Er._ff:ﬂ in the Paddy F!_ari]:e‘:s, for beating and swimming.

are valued I1or thelr profusion of wild- G b

Fa ) o= 4 lr..'\""l:--'--- “y N o v T L g !'— Ewa'nps are populu

Liower's and adiversity ol bhird LLie. LWO hir‘d_uatching.



riculture

pability of the publiec land for agri-
lture is generally low. Very little
blic land is used for forest grazing.

iculture

pability of the publiec land for api-
lture is high. Maryborough is the

se for a substantial apilary industry,
th ocne of the largest honey-processing

d packing plants in Australia being
tuated there.

calyptus-o0il production

me of the public land is used for the
all-scale production of eucalyptus oil
om yellow gum, red ironbark, and long-
af box. Capability is low.

mber production

€ public land generally has high cap-
ility for production of durable hard-
od timber and firewcod. A small pine
antation at Mount Beckworth produces
10r quantities of timber, but capabil-
Yy for softwood production is low.

ing

st of this block was worked in some

m for gold from the 1850s until early
5 century. Numerous deep leads enter
study area along the southern bound-
of this block and head north, even-
1ly feeding into the Avoca and Loddon
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deep-lead systems. Some of the leads
were only partly worked and delineated,
and warrant further investigation.

Major reef gold-fields include the Mal-
don, Maryborough, and Clunes gold-
filelds. At Maryborough the reef indus-
try generally suffered as mining activ-
ity was predominantly directed towards
profitable deep-lead ventures, while at
Clunes the mines closed due to inad-
equate mining technigues. The Maldon
gold-field contained a large number of
significant mines, usually with high
grades of ore. These fields have poten-
tial for future gold production.

Three major hardrock quarries produce
aggregate supplying much of the southern
and central parts of the study area.
Basalt is worked at Talbot and Caris-

Hornfels quarry on publiec land on Mount
Tarrengower
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brook, and hornfels from public land at
Mount Tarrengower.

Scoria cones are numerous in the south
of the block. Mount Greenoek is the
only scoria cone on public land within
the study area and, although devoid of
trees, it has remained intact from
guarrying.

Tailings dumps from deep-lead operations
are numercus and provide local aggre-
gate, road gravel, and pebbles for gar-
den use in Melbourne.

Oranitic sand is extracted st Nount
Beckworth.

Water

Except for the western portion, which
drains into the Avoca River, most of
this block falls within the catchment of
the Loddon River.

Average annual run-off varies from 25 mm
in the north to about 70 mm in the
scuth.

The main water storages in the block are
Cairn Curran Heservoir (148,800 M1) and
Tullaroop Reservoir (?S,EQG M1).

Some towns (Avoca, Carisbrock, and Mary-
borough), are supplied by Waterworks

Trusts, some (Talbot and Clunes) by '
Shire Councils, while others (Maldon and
llewstead) are supplied by the State .
Rivers and Water Supply Commission. ' .

« 1840
Groundwater occurring in the deep-lead
formations is utilized by irrigation
bores.

Hazards and Confliects

The shallow red gradational soils so
commen in this block are susceptible to
severe sheet erosion if the surface is
cultivated or left unprotected. In-
creased run-off into drainage lines
leads to extensive gully erosion because
of the dispersible red duplex anilgun

Landslips are associated with cle&r&ﬁ
steep granite hills. i

Trail-bike riding, popular at Hbunt
Tarrengower, conflicts with some forms

of recreation and with naturﬁ eanﬂ!?*ﬂt'
ion.
ezt

lr' -

oy =yl
] iy

Significance - .

’a‘

ars
The forests are a valuable source ﬂf
durable timber and honey, while the
Faddy Ranges are also highly re

for thelr wildflowers and birdlm The

occurrence of the turquoise parrot near
Maldon is notable. ; e 3
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General

nolly bloek includes the towns of
aliba, Dunolly, and Tarnagulla, as
1l as many smaller settlements.

e public land, amounting to 38,000 ha
2% of the block), is generally more
lly than the freehold land. Almost

1 of it is reserved forest.

Nature of the Land

imate

erage annual rainfall decreases from
cut 500 mm in the south to about 440
in the north.

ology and physiography

ch of the public land is undulating
untry formed on Lower Ordovician sedi-
nts dissected by a network of streams,
ich have deposited Quaternary sedi-
nts. Two Intrusive areas of Lower
vonlan granodiorite around Dunluce and
rphy's Creek are deeply weathered with
attered remnants of an Early Tertiary
osion surface preserved on the granod-
rites. Associated contact metamorphice
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DUNOLLY

ridges (Bealiba Range, and Green Valley
Range) form prominent ridges partially
enclosing these weathered intrusions.
Throughout, the block also contains
scattered occurrences of Tertiary sand,
including deep-lead material, but this
is mostly private land.

Soils

The Black Range, Green Range, and
Bealiba Range have shallow stony gradat-
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of the river alluvium are assocliated
with the flat land adjacent to the Lodd-
on and Avoca Rivers.

Vegetation

This block is forested mainly with red
ironbark, yellow gum, and grey box. Red
stringybark, red box, and long-leaf box
occur in scattered stands. Patches of
mallee - mainly green mallee - are found
near Tarnagulla, particularly to the
north-east. Other species commonly
assoclated with the dominant eucalypts
are listed in Appendix 1.

Fauna

The following habitats are represented:
open forest, woodland, mallee, pasture--
grassland, and aquatic. The publie land
is predominantly open forest. Appendix
2 lists the common animals of these hab-
itats.

View from Mount Moliagul towards the Land systems groups

north-east
Geomorphic groups of land systems (which
are descrived in chapter 12) are distri-

i@na¥ S?ilE. ?he Jfa?itiﬂ aregs have buted in the bloeck as follaows: alluvial
reQ qupies Spnls Overaging @ mhiled- 22%; Tertiary sediments 19%; Palaeozoic
g_u?_hargpanha:riiyffilmatﬁli 1 metre sediments (1) 46%; metamorphics U%5
epthn. 'he Ordovician sandstones and Franite . i
mudstones with their soil sequence of : (1) 8:’ granite (2) 1%.

red prradationa

red gradatio ,iqffliﬁ ?n_}ne Creitfﬁ?fd Most of the public land is compnsiﬂﬁﬂf
Gunter Saiis on ERe Lower slobes Gnt Falaeozole sediments (1), but therpe arc
duplex f:}i;hJﬂrl?é Loner s opes and also small areas of Tertiary sediments,
.E":-'-'I'.—' ‘ 'J';I:-' oA t:-:-*'—— - K 4TI iNaye ‘Paﬂite -
lines. The red calcareous duplex soils ghics VEl - - - HEt!ﬂég



Capabilities

ture conservation

e extensive box--ironbark forests pro-
de habitat for plant and animal

ecies typical of the area, although no
re species are known to occur here.

creation

@ public land of this block, more than
ny others, is used for prospecting.

e Bealiba Range provides attractive
sh-walking country, although it is not
ten used. The block contalns towns

d features representative of the gold-
ning era. Laanecoorie Reservoir is

ed for picnicking, swimming, boating,
shing, and duck-shooting.

riculture

5t of the publiec land has low capabll-
y for agriculture, but some areas,
inly those under grey box, have moder-
capability. About 20% of the publie
d, mainly near Bealiba and Moliagul,

licensed for forest grazing.
iculture

public land has high capability for
lculture.

alyptus-oil production

@ of the public land is used for the
ill-scale production of eucalyptus oil
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from yellow gum, red ironbark, and long-
leaf box. Areas of green mallee near
Tarpnagulla are not used. Capability of
public land for eucalyptus-oil produc-
tion is generally low.

Timber production

Capability of public land for the pro-
duction of durable hardwood timber and
firewood is high.

Mining

This block contains numerous gold-fields
famous for their alluvial gold and nugg-
ets, which are still occasionally found.

The Tarnagulla gold-field is of interest
as most production came from only one
mine, with a large ore production from

The Coster gold-mine, on publie land
near Tarnagulla
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essentlally one ore shoot. Numerous
mining leases are current on public
land, some of which support small-scale
mining operations.

Extensive areas of granitle sand provide
a source of road-making material.

Areas of Tertiary sediments could con-
tain large reserves of sand and gravel;
if worked, gold could be a by-product,
depending on the mode of operation.

Water

The western part of this block lies
within the Avoca River catchment, while
the eastern part drains into the Loddon.

Run-off ranges from negligible around
Berrimal to about 40 mm near Natte Yall-
ock.

Laanecoorie Reservoir (7,700 M1) on the
Loddon River lies in the south-eastern
corner.

The Bet Bet Shire Council supplies water
for the towns of Dunolly, Tarnagulla,
and Laanecoorie, while the Bealiba
Waterworks Trust serves Bealiba.

Groundwater from the deep~-lead systems
of the Calivil Formation is used for
stock and domestic purposes.

Hazards and Confliects

The shallow gradational solls on the
metamporhic aurecles and the crests of
the Drdoviecian parent material are very
prone to sheet erosion if the soil surf-
ace is not protected by vegetation. The
dispersible red duplex soils on the
lower slopes are renowned for gullyJ
erosion.

=
For soils on gently sloping graniﬁiﬁ
parent material, root penetration and
water-holding capacitr are restriﬂtiﬁ to
the shallow clay layer on top of i

silica-rich hardpan. .L
Clearing may result in 1ncreaaeu'at11h
ity in the groundwater. e
e
Significance = Do
13 t

Public land of this bloek is mmt
mainly for the production of d
timber and firewood, and for ap

It is also 1mportant to part-tint i?na-
pectors.
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6. WEDDERBURN

General

uated in the north of the study area,
block contains two large towns,
derburn and Inglewood, and several
ller settlements such as Wychitella,
gower and Calivil.

public land amounts to 24,000 ha

£ of the block) and is concentrated
the Wychitella--Wedderburn and Glen-
yn--Inglewood areas. Less than half
it 1s reserved forest; much of the

£t is reserved for specific purposes,

ncipally eucalyptus-oll production.
Nature of the Land

mate

ual rainfall ranges from about 470 mm
about 380 mm. Data for Charlton and
rt, listed in the climate chapter
bles 2--5), may indicate conditions
hin the block, although these stat-

s are to the west and north of it and
side the study area.

logy and physiography

northern part of this block is com-
sed of flat Quaternary alluvial

plains and undulating areas of Tertiary
Parilla Sand. Broad areas of Quaternary
alluvium penetrate back into the high-
lands at Richmond Plains and Glenalbyn.
In contrast, the central and southern
parts comprise granitic intrusions of
Lower Devonian age, which form peaks
such as Mount Korong, Mount Kooyoora,
and Mount Egbert. Metamorphic rocks
associated with these areas form hilly
landscapes like Mount Kerang and the
Brenanah Range. Most of the public land
is confined to areas of Lower Ordovieian
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the drainage lines. Where the sediment-
ary rock has been metamorphosed by
granitie intrusions, the steep aureoles
hzve a shallow stony gradational soil.
Uniform coarse sands occur on the steep
granitic outecrops, and the adjacent
gentler country has a red duplex soil
over a silica-rich hardpan. Across the
northern section, on the plains and the
gentle slopes up to the hills, a red
calcareous duplex soll predominates.

Vegetation

This block contains much of the mallee
vegetation of the study area, with ex-
tensive stands of blue mallee and green
mallee around Wedderburn--Wychitella anc
Inglewood and near Glenalbyn, and
patches of bull mallee in the Inglewood
area, In the Kingower--Brenanah area
the vegetation is dominated by grey borx
and yellow gum with some red ironbark.
BElakely's red rum is confined to the
wash from the granite country, a res-
tricted land type of which parts have
been cleared, Appendix 1 lists specles
commonly associated with the dominant
eucalypts.

North of Wedderburn and Inglewood, quit®
extensive areas are dominated by shrub

Epfcies - Melaleuca, Acaeta, Caguaring,
and others. Kamarooka mallee, a rare
eucalypt, and velvet daisy bush, anothe
rare species, are found near Wedderbur™
Dainty phebalium, a plant with very 10¢
alized distribution, oceurs at Kingowe
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following habitats are represented:
n forest, woodland, mallee, pasture--
ssland, and agquatic. The public land
ludes the most extensive and least
turbed mallee habitat in the study
a. Most of the other public land
ports open forest. Appendix 2 lists
common animals of these habitats.
occurrence of the mallee fowl in the
hitella Forest is notable - it is the
L natural population in the aresa.

d systems groups

morphic groups of land systems (which
described in chapter 12) are dis-
buted in the block as follows: all-
al 53%; Tertiary sediments 19%; Pal-
Zoic sediments (1) 21%; metamorphics
granite (1) 1%; granite (2) 2%.
lectively, the alluvial and Tertiary
iment land systems cover a large part
this block (72%), but again have
atively little representation in pub-
land. Most of the public land
und Wedderburn and Inglewood is Pal-
zoic sediments (1), but there are
© small areas of granites (1) and (2)
lville Caves and Mount Korong), and
amorphics.

Capabilities
ure conservation

S bloeck includes extensive areas of
lee vegetation, particularly blue
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Huge granite tors, Melville Caves

mallee, which is less common elsewhere
in Victoria. The stands of Blakely's
red gum at Melville Caves are also of
interest, identifying a vegetation type
that has been extensively cleared, as
well as being at the western limit of
the range of this species. The ridge-
top stands of long-leaf box and the huge
granite tors and caves in this area are
also of interest. Three rare plant
species (Kamarooka mallee, velvet dalsy-
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bush, and dainty phebalium) occur in
this block.

The mallee vegetation arcund Wychltella
——hhdhE“bhfﬁ supports the only natural
population within the study area of the
mallee fowl.

Recreation

The Melville Caves arez 1s very attract-
ive and interesting, and is used for
picnicking, camping, and nature study.
The Wychitella Forest is valued by local
residents Tor nature study actlivities.
The granite boulders at Mount Korong are
occarionally used for rock elimbing.

Capability of most of the publie land
for agriculture 1s low, but areas carry-
ineg Blakely's red gum have moderate
capability. About half the box--iron-
bark forest, and almost all the land
under Blakely's red gum, is held under
grazing licences.

Apiculture

]
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11ty of the box--ironbark forests
frawer is high; the remainder of
lic land has moderate capablility.
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alf the eucalyptus oil pro-
ctoria comes from this block,
blue mallee stands around
Capability of current prod-
areas 1s high; other mallee areas
g commercial species have a mod-
capability, and the rest of the
land has low capability.
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Timber production

he box--ironbark forests near Kingower
e high capability for the production
durable hardwood timber and firewood.
¢ remalnder of the publie land has 10V

abld 14, o

*abliily Tor timber production.

fhe southern part of this block covers
“merous gold-mining areas centred on



dderburn, Inglewood, and Kingower,

veral mining leases are current on
bliec land, with gold-mining operat-
8 carried out on a small scale.

d and gravel resources are large in

e centre of the block, associated with
Wedderburn pluton, and in the east,

sociated with the alluvial sediments
the Murray basin plains.

er

T of this block 1s within the catch-
t for the Loddon River.

-off 1s negligible in the north, in-
asing to around 10 mm in the south.

Warange Western Main Channel trav-
es the north of the block.

an supplies at Wedderburn, Borung,
hitella, Korong Vale, and Mysia are
vided by the Korong Shire Council;
lamo is supplied by a State Rivers
1 Water Supply Commission channel,
le Serpentine's supplies are con-
lled by the East Loddon Shire Coun-

erves of groundwater occur in the
P-lead systems of the Calivil Format-
» particularly between Bridgewater
Serpentine. Many bores are used to

vide irrigation, stock, and domestic
e,

. 515
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Hazards and Conflicts

A severe sheet erosion hazard exists for
the shallow gradational soils, and a
moderate gully erosion hazard applies to
the red or yellow dispersible clays in
the drainage lines, in the Ordovician
sandstone and mudstone. Landslips occur
on steep cleared granite hills, whereas
the gently sloping land has a hardpan at
a depth of approximately 1 m, which
restricts root penetration and water
storage capacity.

Clearing may result in increased salin-
ity of the groundwater.

The modern mechanical methods of euca-
lyptus-cil harvesting conflict with
nature conservation and some other uses,
although the tendency to harvest only
parts of an area moderates this. Forest
grazing by sheep may confliet with
nature conservation, particularly in the
remnants of Blakely's red gum woodland,
which are almost entirely within areas
licensed for grazing. Gravel extracticn
at Mount Korong conflicts with scenic
and recreation wvalues.

Significance

The public land of this block is import-
ant for nature conservation and recreat-
ion, particularly at Melville Caves and

Wychitella, and for production of euca-

lyptus oil.
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7.

General

This block surrounds Bendigo, the larg-
est clty in the study area. It also in-
cludes a number of smaller towns, such
as Bridgewater, Marceng, Huntly, and
Elmore.

The public land is almost confined to
the eastern half, and covers a2 total
area of about 34,000 ha (11% of the
block). Most of it is reserved forest.

------

\ 3.
' _J'\f L.

-
L
W

BENDIGO

Nature of the Land
Climate

Average annual rainfall decreases from
about 550 mm in the south to about 390
mm in the north. Data on temperature,
frost, actual rainfall, and effective
rainfall probability for Bendigo are
li§§Ed in the climate chapter (Tables ?

Geology and physiography

Geological investigations in this. block
during the last 100 years have shown the
complexity of folding and faulting with-
in Ordovician sediments in western Vic-
toria. Part of the Harcourt Batholith,
a Devonian granitic mass, has intruded
these sediments in the southern part
around Ravenswood, but is all on private
land. The metamorphic aureole forms 2
prominent ridge around the northern
margin of the Batholith. In the north
[ the block and in the Loddon valley
the Ordovician sequence is buried be-
neath Quaternary alluvial sediments with
extensive flat areas developed. of
ting areas of Newer Volecanic basaltic
flows cutcrop at Bridgewater. Again,



t of the public land is confined to
areas of Ordovician sediments.

1s

llow red gradational soils are assoc-
ed with the red box, red stringybark,
ironbark, and mallee vegetation so
on in this block. Other soils of
ortance include the uniform coarse
ds and the grey duplex soils on gran-
in the south and the mottled duplex
1ls on Tertiary gravel deposits along
Creek in the south-east. Red sodic
lex and yellow sodie duplex solls are
oclated with the mid and lower slopes
Ordovician parent material. Red
lex soils predominate on the Campaspe
uvial flats, whereas red calcareous
lex solls are associated with the
don alluvial flats. A red uniform
able clay with large basalt boulders
urs on the basalt between Bridgewater
Woodstock.

etation

t of the public land here i1s dominat-
by forest of red ironbark, yellow
, and grey box, although red stringy-
» red box, and long-leaf box are
common in the south. An extensive
of mallee occurs in the Sebastian
ilborough--Kamarooka area; this is
nated mainly by green mallee and
mallee but includes patches of blue
ee. Appendix 1 1lists other species
only occurring in association with
dominant eucalypts.

209

Red ironbark forest north of Eaglehawk

Whirrakee wattle (Acacia williamsoniti)
has recently been described as a new
species - it occurs only within this
block. The rare eucalypt, Kamarooka
mallee, is found here, as are dainty
phebalium, Whipstick westringia, and
chariot wheels, the latter being known
only on private property.
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Virtually no publie land remain in the
north-west of the bloek, which ig plains
country developed on Recent alluvium

Fauna

The following habitats are represented:
open forest, woodland, mallee, pasture--
grassland, and aquatic. Most of the
publiec land is open forest, but extens-
ive areas of mallee habitat ocecur north
of Bendigo. Appendix 2 lists the common
animals of these habitats.

Land systems groups

Geomorphic groups of land systems
(which are described in chapter 12) are

distributed in the block as follows:
alluvial 59%; Tertiary sediments 2%;
basalts 5%; Palaeozoic sediments (1)
23%: Palaeozoic sediments (2) 4%; Pal-
aeozoic sediments (3)< 1%; metamorphiecs
1%; granite (1) 4%; granite (2)< 1%.

Although the alluvial land system com-
prises nearly 60% of the block, very
little remains as public land. Most of
the public land north of Bendigo 1s Pal-
aeozoic sediments (1), while that south
of Bendigo is Palaeozoic sediments (2).
Small areas of Palaeozoic sediments (3),
Tertiary sediments, and metamorphics
also occur on public land.

Capabilities
Nature conservation

Public land in this block is waluable
for nature conservation, particularly
around Whipstick--Kamarooka, where ex-
tensive areas of mallee vegetation pro-
vide cclourful displays of wildflowers.
Four rare plant species have been rec-
orded here and a fifth, although common
here, occurs nowhere else. :

The Sugarloaf Range provides a valuable
example of a strike ridge; it contailns
very large outcrops of sandstone and is
important for environmental education.

Recreation

The public land of this bluck5'8urrﬂﬁhd'
ing the city of Bendigo, is valuable for
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screation. The Whipstick Forest 1s the hardwood timber and firewood. The rest

;na: known, but the other forested areas of the public land has low capability

are also well used. Wildflower displays for timber production.

are a feature, and there 1s much of his-

torical interest. One Tree Hill, on the Mining

outskirts of Bendigo, is a popular look-

out point. This block contains the major Bendigo
gold-field. The potential for further

fgriculture reef mining is high, both within the
field and in adjoining areas.

capability of the publice¢ land for agric-

ilture is generally low, but some areas, As the block contains the largest popul-

ainly those under grey box, have moder- atlion, demands for extractive-industries

ate capability. Only a small proportion

the publie land, mainly in the grey
X s8tands of the Kamarooka Forest, 1is
censed for grazing.

1~;uu1;ure.
Eucalyptus-oil production

lne mallee vegetation of this block is
minated mainly by bull mallee, which
10t used for oil distillation, and
een mallee, which is less productive
“nan blue mallee. Thus the extensive
areas of mallee here have less capabil-~
Ly I'or eucalyptus-oil production than
in Wedderburn block. The rest of
publie land has low capability.

1imber production

~1® Dox--ironbark forests have high cap- An area north of Bendigo used for euca-
4bllity for the production of durable lyptus-oil production

- {_‘.‘
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materials are high. Source areas can
constitute any rock type, but current
activities are concentrated on obtaining
washed sand and gravel from Tertiary
sediments. Gold is recoverable as a by-
product. Future resources of sand and
gravel exist in shoestring sands con-
tained within the extensive alluvial
deposits in the north.

Clays are widespread and sultable for
both brick-making and pottery purposes.
Numerous deposits, both weathered Ordo-
vician sediment and Tertiary clays, have
been worked or exist in the forests
north and north-east of Bendigo.

Large bands of hornfels in the prominent
contact metamorphic ridge in the south
have been used for road-metal.

Water

Most of this block comprises the head-
waters of the Bendigo Creek catchment,
although it also includes part of the
Loddon River catchment. Urban supplies
in the Bendigo area are provided by
State Rivers and Water Supply Commission
from the Coliban system. To the north,
Dingee 1s also served by the Commission,
using water pumped from the irrigation
supply channel.

Groundwater reserves again occur in the
Loddon and Campaspe deep leads, and many
bores (particularly around Dingee) pro-

vide irrigation, stock, and domestic
supplies.

Hazards and Confliects

A severe sheet erosion hazard exists for
all the shallow gradational soils 1n
this block. Gully erosion in the dis-
persible clays of the drainage lines and
salting on the lower slopes are common
problems.

The problem of saline groundwater 1s ex-
tending southwards.

Public land around Bendigo is subjected
to many conflicting uses due to its
proximity to a large population. Uses
that cause confliet include trail-bike
riding, rubbish disposal, and gravel
extraction. Some conflict has occurred
with some public land béing used for in-
dustrial development. Eucalyptus-oil
harvesting may conflict with nature con-
servation, and timber production may
conflict with apiculture.

Significance

The public land is important for rec-
reation, apiculture, timber production,
and nature conservation. Areas of
mallee have significance for the produc-
tion of eucalyptus oil. There is 1ikely
to be increasing pressure to use some Of
the public land near Bendigo for new in-
dustrial or housing development.
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8. EPPALOCK

General

his block covers the south-east of the
tudy area, stretching from Castlemaine

¢ Puckapunyal and north as far as Axe-
ale,

ublic land is scattered through the
lock, but is concentrated mainly in the
astlemaine--Glenluce and Heathcote--
uckapunyal areas and north and west of
ake Eppalock. Including Lake Eppalock,
t covers 46,000 ha (21% of the block),
ut 11,000 ha of this, south-east of
osterfield, 1s being transferred to the
ommonwealth government for the use of
he Army. Most of the public land is
eserved forest.

Nature of the Land

limate

verage annual rainfall varies across

he bloek from about 520 mm in the north
C around 600 mm in the south. Because
I its height, Mount Alexander receilves
reater rainfall than the surrounding
and, with the annual total probably
eing about 700 mm. Data on tempera-
ure, frast, actual rainfall, and effec-

tive rainfall probability for Castle-
maine are listed in the climate chapter
(Tables 2--5).

Geology and physiography

This block is geologically complex, with
consliderable faulting bringing rocks of
different ages together. The undulating
to hilly areas of Ordovician sediments
that make up much of it are intruded by
part of the Harcourt Batholith in the
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Two other rock types provide contrasting
features. The Permian tillites around
Knowsley and Derrinal form smoothly

The Newer Volcanlic bas-
lows form broad undulating plains,
the valley of the ancestral Cam-
River, or plateau-like features
left as remnants by the present
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n the relatively steep country
on Ordovician and Silurian sed-

A 2 Tatal
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Other soils that warrant mention are the
uniform coarse sandy soils and the grey
duplex solls on granite at Sutton
irange, the uniform grey clays of ecoarse
structure on basalt to the north and
soutt of Redesdale, and the yellow sodic
duplex soils on the lower slopes of
Jraovician parent material and also on
vne rermian tillites at Knowsley.

I
o

the public land is forested with
ngytark, red box, and long-leal




0X, although red ironbark, yellow gum,
nd grey box are also important, partic-
larly in the north and east. Mount
lexander, being wetter than the rest of
he block, carries an open forest of
essmate and manna gum. Appendix 1

ists other specles commonly associated
ith these dominant eucalypts.

auna

he following habitats are represented:
all open forest, open forest, woodland,
asture--grassland~-suburban, and aquat-
¢. The public land is mainly open
rest. Appendix 2 lists the common
imals of these habitats.

nd systems groups

omorphic groups of land systems (which
& described in chapter 12) are dis-
ibuted in the block as follows: all-
lal 6%; tillites 3%; basalts 12%;
laecozoic sediments (1) 28%; Palaeozoic
diments (2) 30%; Palaeozoic sediments
) 2%; metamorphics 6%; granite (1)

3 granite (2) 5%.

St of the public land west of Lake
balock and around the Castlemaine--
yerstown area is composed of Palaeo-
1c sediments (2), whereas most of that
rth-east of Tooborac 1is Palaeozoic
diments (1). A small area of glacial
llites occurs on public land south of
rrinal, while the public land at Mount
exander comprises a relatively large
€a of granite (2) land system.
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Capabilities
Nature conservation

The messmate--manna gum forest of Mount
Alexander is rather unusual, having an
open understorey, and the Fryers Ridge
area is renowned for its floral divers-
1ty

An exposed sequence of Permian glacial
rocks on the shore of Lake Eppalock is
regarded as one of the finest examples
of such rocks in the world. A particu-
larly valuable example of a glaciated
pavement lies 5 m below the full-supply
level of the Lake.

Recreation

Lake Eppalock, the main recreational
feature in this block, is used intens-
ively for boating (including speed-boat
racing), water-skiing, and fishing, and
has numerous club camp sites around the
shores. Mount Alexander, an attractive
and accessible area, provides views and
has the added attraction of a koala
park. The forest around and scuth of
Castlemaine is also important for rec-
reation, containing many relics of the
mining era, and providing impressive
displays of wildflowers. Of the water-
falls on the Campaspe River, Turpins
Falls is the only accessible one, with
foot access through a public reserve.
The Coliban Falls near Metecalfs, discov-
ered by Major Mitchell, are interesting
and attractive. Mineral springs at
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The gtone supporis for the old Garfield
water wheel near Chewton, shown (right)

in ofgrauzar.

Vaughan, Glenluce, and Taradale provide
an unusual source of recreational inter-
est.

Agriculture

Most of the public land has low capabil-
ity for agriculture. Grazing licences
cover about one-quarter of the box--
ironbark forest here.

Apiculture

The capability for apiculture of the
public land in the north and east of the
block is high. The publie land in the
south has moderate capability.
Eucalyptus-0il production

ility 1is low due to the absence of
ies suited to mechanical harvesting.




Timber production

The box--ironbark forests in the north
of this bloeck have moderate capability
for the production of durable hardwood
timber and firewood. The stringybark
forests have low capability. Pine
plantations near Harcourt supply two
small local mills, although capability
is lower than at major softwood-growing
areas elsewhere in Victoria.

Mining

This block contains the major Castle-
maine--Fryerstown--Chewton gold-field.
Mining operations on public land have
been active until 1976, and the area has
some potential for further mining. Of
the several mining leases current on

public land, some are worked on a small
scale,

In the Heathcote area, Cambrian and ass-
occlated rocks contain low-grade base-
metal mineralization. Magnesite and
manganese have been mined from these
rocks in the past.

Small deposits of iron are recorded near
Heathcote. Gemstones are recorded in
the Permian rocks at Derrinal and diff-
erent-coloured jaspers are associated
with the Cambrian rocks.

Large quantities of plastic clay east of
Axedale are used in brick production in
Melbourne. Higher-quality clay in this
area 1s used for pottery and ceramics.
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Basalt at Axedale is a major aggregate
source for Bendigo.

Granite at Mount Alexander is used in
the building and monumental stone in-
dustries.

Tertiary sediments are a source of
washed sand and gravel for Castlemaine.

Water

This block contalns parts of a number of
catchment basins. West of Mount Alex-
ander is the Loddon River catchment; the
bulk of the block comprises part of the
Campaspe--Coliban catchment; and land
east of Heathcote is in the Goulburn
River catchment.

Average annual run-off varies from about
50 mm in the high-rainfall areas to
about 25 mm in the drier more northerly
areas.

The main storage in this block is Lake
Eppalock (311,900 Ml1l).

Urban supplies for Heathcote and Toobor-
ac are provided by the Heathcote Water-
works Trust; Elphinstone, Taradale,
Chewton, Castlemaine, Harcourt, Axe
Creek, Guildford, and Yapeen are supp-
lied from the Coliban system (State
Rivers and Water Supply Commission); and
Axedale has its own Waterworks Trust.

Mineral springs occur in this block,
mostly on Ordovician bedrock. The pub-
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lic land around Vaughan and Glenluce
probably acts as a local recharge area
for the springs.

Hazards and Conflicts

The steep hills of outcropping granite
are prone to landslips if the stabiliz-
ing tree cover is removed.

4 high sheet erosion hazard applies to
the large areas of shallow gradational
soils.

Clearing of hilly country upsets the
hydrological equilibrium, resulting in
salt accumulation in land lower down.

The transfer to the Army of 11,000 ha of
public land will conflict with other
uses of the land, including recreation,
timber production, and apiculture. Rec-
reation on and adjacent to Lake Eppalock
conflicts with the maintenance of water
quality.

Significance

Lake Eppalock is an important water
storage and is highly valued for recrea-
tion., Forested areas are also valuable
for recreation, particularly at Mount
Alexander and around Lake Eppalock and
Castlemaine. Some areas have signific-
ance for nature conservation.



9.

General

Rushworth block occupies the eastern end
of the study area. Its main towns are
Rushworth, Murchison, and Nagambie.

Most of the publiec land is in one large
stand of reserved forest stretching from
Rushworth to Heathcote, but other major
areas include Reedy Lake, Waranga Reser-
voir, and lakes and swamps near Corop.
E?ese cover a total of 51,000 ha (17% of
;ne bloeck), which includes several areas
recently purchased by the government be-
ause of their value as wetland habltat.

Nature of the Land
'limate

‘nnual rainfall varies from about 560 mm
n the south to around 430 mm in the
‘0rth. Data on temperature, frost,
ctual rainfall, and effective rainfall
robability for Murchison are listed in
fe climate chapter (Tables 2--5).

e0logy and physiography
fle most obvious geological feature is

e prominent strike ridge of Cambrian
OCXs called the Mount Camel Range,
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RUSHWORTH

which extends north--south through the
block from Corop to Mount Ida. This
range separates structurally complex
Ordovician sediments to the west from
Silurian--Devonian sediments to the
east, where broad north--south folds can
be traced for many kilometres. Around
Rushworth the strike of these sediments
swings east--west. Permian glacial
rocks outerop in a restricted area near
Muskerry East. To the north and in the
east, the block contains large flat
areas of Quaternary sediments. Lake-
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lunette features have developed near
Corop and Bailieston East.

Solils

Shallow stony red gradational soils and
red sodiec duplex solls predominate in
this block. The only other significant
solls are the red calcareous uniform
c¢lays of the Colbinabbin Range and the
red calcareous duplex soils of the riv-

erine plain.
Vegetation

Red ironbark, yellow gum, and grey box
dominate the vegetation. Red stringy-
bark, red box, and long-leal box are
scattered throughout, and mallee (main-
ly green mallee with some blue mallee)
ocecurs in pockets in the Rushworth--
Whroo area. This block alsc contains
the most extenslve stands of river red
gum forest in the study area - at Reedy
Lake, Wallenjoe Swamp, Doctor Swamp, and
along the Goulburn River. Other speciles
commonly associated with the dominant
eucalypts are listed in Appendix 1.

Five rare plant specles are known to
occur in the bloeck: bald-tip beard
orchid (known only from two records at
Whroo), long-tailed greenhood (known in
Viectorla only from a single collection
near Rushworth), water shield (ocecurring
at Goulburn Weir), three-part ecrassula
(threatened with extinetion as it occurs
on open grazing country), and scented
bush-pea (found near Ballleston).

Fauna

The following habitats are represented:
cpen forest, woodland, mallee, pasture
-~grassland, and aquatic. Most of the
public land supports open forest, but
the various lakes and swamps provide
valuable aquatic habitat. Appendix 2
lists the common animals of these hab-
itats. The squirrel glider, a rare
species, was recorded in the Rushworth
Forest in 1961.

Land systems groups

Geomorphic groups of land systems
(which are described in chapter 12) are
distributed in the block as follows:
alluvial 29%; tillites 23%; Palaeozole
sediments (1) 41%; Palaeozoic sediments
(3) 1%; metamorphics 1%; granite (1)
<1%; Cambrian greenstones 5%.

The bulk of the publie land is Palaeo-
zolc sediments (1), although Mount Ida
ccurs on a small area of Palaeozoic
sediments (3). There are also scattered
ocecurrences of the alluvial land system
on public land throughout, -

Capabilities

Nature conservation

This block contains a major representat-
lon of the box--ironbark forest. Five
rare plant species occur here. Seve
Swamps provide particularly valuable
wetland habitat, The block also €0



tains features of historical interest,
of which the best known are at Whroo.

Hecreation

Water bodies provide for most of the
recreation on public land - the Corop
Lakes, Waranga Reservoir, and Goulburn
Welr are all popular. Rushworth Forest
is also used quite intensively for
pleasure driving and picnicking, partic-
ularly around the old township of Whroo
with 1ts historical features.

Agriculture

Capabllity of the public land for agri-
culture is generally low, but some
areas, malnly those under red gum or
grey box, have moderate capability.

Most of the publiec land carrylng red gum
is used for forest grazing, but little
of the remainder is grazed.

lioiculture

[The capability of the public land for
gpiculture is high. The Rushworth For-
ST 1s an area particularly valued by

eelkeepers.

cucalyptus-oil production

apablility of most of this block for
ucalyptus-oil production is low, al-
nough small scattered stands of blue
lee in the Rushworth--Whroo area are
d and have high capability. Larger
nds of green mallee are not used.

a
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Timber production

The publie land generally has high eap-
ability for the production of durable
hardwood timber and firewood.

Mining

This block contains broad areas of pub-
lie land that have been worked for all-

2ol

Goulburn Weir, constructed from granite
blockes quarried from Mount Black.
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uvial and reef gold, and includes the
major Rushworth--Whroo gold-field.

At Costerfield, guartz--gold--antimony
veins have yielded 92% of Victoria's
recorded antimony production. Interest
in the area is considerable, with both
exploration and mining taking place over
the last decade. The arez has potential
for further production.

Rocks elsewhere in the world similar to
the belt of Cambrian rocks running north
from the Mount Ida area and forming the
Mount Camel Range, have presented a fav-
ourable host for base-metal mineralizat-
ion. This range 1ls subject to a contin-
uing program of base-metal exploration.

The Cambrian greenstones at Burramboot
supply aggregate for the north-east of
the study area. Sand and gravel res-
ources exist in shcestring sands within
Quaternary sediments, and sands are ob-
tainable from lunettes and source-
bordering dunes.

Water

The Mount Camel Range 1s the watershed
between the Campaspe River to the west
and the Goulburn to the east. Annual
run-off varies from around 50 mm in the
south to almest nothing at the northern
boundary.

Separate waterworks trusts provide urbanp
supplies for Nagambie, Rushworth, Col-

binabbin, and Murchison, while Stanhope
and Corop are supplied by water pumped
from State Rivers and Water Supply Comm-
ission channels.

Groundwater reserves, particularly in
the Goulburn deep lead, provide water
for various uses (including irrigation
at Murchison).

Much of the north of the block is within
the Goulburn--Murray Irrigation District
or the Campaspe Irrigation District.

Hazards and Conflicts

The major soil hazard is the potential
degradation of the country by sheet
ercsion and salting as a result of
clearing trees and removing the protect-
ive vegetation from the soil surface.

Production of eucalyptus oil using the
present technique of harvesting at
ground level conflicts with nature con-
servation in the small stands of blue
mallee. Cutting mature trees for tim-
ter may conflict with apiculture.

Significance

The swamps in the north are significant
for nature conservation. The various
lakes, and also the Whroo area, are im-
Qortant for recreation. The foreﬂiﬁis
important for production of durable

timber and firewood, and is also highly
valued for apiculture.
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{Arranged in columns according to the vegetation associations describe& in the ﬂigpth:in&
Any symbol within a column indicates that the specles concerned occurs frequently in that particular a

Appendix 1

LIST OF FREQUENTLY OCCURRING PLANT SPECIES IN THE NORTH

the symbol iz a letter, the specles 1s characteristic of the assoclation, and its growth form 1is denoted

T

3
F
M

Note: The absence of & recording does not mean the

= Tree
= Large shrub
Small shrub

Monoeotyledon

specles does no

I==3 m tall

J==1 m tall !
Forb (dicotyledon herb or fern)

Egtanleal name

Common name

1A

Aeaeia geoinacea
A. aculeatisgima
A. armatd

A. aepera

A. ausfaldif

A. calamifolia
A, dealbata

A. Flezifolia

A. gentetifoltia

A, Gqunnii
A, impleza
A. lanigera

A. maarngii

A, mitehellii

A. montana

A. oryecedrus

A. paustijuga

A. pyenantha

A. verniciflua

A. wilhelmiana

A, willigmeonii
Apaena anaerinifolia
A. echinata
Acgtogella vulgaris
Actanthus reniformig
Aerotriche serpulata
Adfantum gethiopicum
Actinchole uliginogum
Agropyron scebrum
Agrostis avenacea

A. tenuis

Aire caryophyliea
Ajuga australis
Amphibromus negaii
Amphipogon strictus
Amyema miquelid

A. mirazuloaum

A. guandang

Gold-dust Wattle
Thin-leaf Wattle
Hedge Wattle

Rough wattle
Ausfeld's Wattle
Wallowa

Silver Wattle
Bent-leaf Wattle
Spreading Wattle
Ploughshare Wattle
Lightwood

Woolly Wattle
Black Wattle
Mitchell's Wattle
Mallee Wattle
Splke Wattle
Wattle

Golden Wattle
Varnlish Wattle
Dwarf Nealie
Whirrakee Wattle
Bldgea-widgee
Sheep's burr

Sheep Sorrel
Mosquito Orchld
Honey-pots

Common Maidenhair
Flannel Cudweed
Common Wheat-grass
Blown Orass
Brown-top Bent
Sillvery Halr-grass
Austral Bugle
Swamp Wallaby-grass
Grey-beard grass
Hox Mistletoe
Fleshy Mistletoe
Grey Mistletoe

hert (sedges, Ertlu-!, ete.)
t cceur in that assocliation.
1B |1¢c J2a |28 | 30 | 3B
+ + -3 3
-4 g
3 a8 L
+ 5 -3
L !
T L
L
+ + + +
5 5
.‘..
+
L
I L L
F F +
F F + +
*
* + +
3 5 3 3
F
M M
+
M
M + - +
¥ +
!.
+ + + +
+
1 |

+=% ==

s

.

bl A S W .
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Botanlical name Common name 1A 1B 1C 28 2B 3a iB Ll SA/5B
Anagallis arvenats Fimpernel *
Angianthus gstrictus Stiff Anglanthus %
Anguiliaria dioioa Early Nancy + # * + M *
Aphaneg arvensta Parsley FPlert + +
Aptermia gordifolia Heat=leal Ice-plant +
Araujia hortorum White Bladder-flower +
Arerotheca calendula Cape Weed + + +
Arthropodium milleflorum Fale Vanilla-Lily ¥ +
A. minus Small Vanilla-Llly M M
Asparagus offieinalis feparagus .
Agperula econferta Common Woodruff *
Asplenium flabellifolium Necklace Fern + +
Asterclinan linum-gtellatum Asterolinon +
Agtroloma conocetephioides Flame Heath + + + % + +
A. humifusum Cranberry Heath + + + s + +
Avena fatua Wild Cats - - +
Baeckea bekrii Broom Baeckes L
B. rgmpaigeima Rosy Baeckea + +
Boronia caerulescensd Blue Boronia [
Brashycome mulsifida Cut=leaf Daisy + +
B. perpusilla Rayless Dalay P F
Braechycome Sp. Dalsy +
Brachyloma daphnoides Daphne Heath 5 g 4 g |+ 5
B. ericoides Brush Heath -
Erassica tourmefortii Mediterranean Turnip §
driza mazima Large Quaklng-grass - + + + + |+ + *
§. minor ) Lesser Quaking-grass + "
Bromue diardrus Great Erome "
8. mellis Soft Brome M
B. unicloides Pralrie Grass + +
Bromus 3p. Zrome + + &
Brumontia gquatralis lue Fincushion + + + + + +
Brunoxia gp. Pincushisan +
Burchardic umbellata Milkmalds + * " + " +
Bursaria gpincaa 3weoet Burzaria + Lol # -
Caladenia angustata Musky Caladernla ¥
C. caerulea 8lue Caladenisa *
C. dilitata Green-comb Splder-orehid ¥
Calandrinia cglyptrata Pink Purslane +
Calytriz tetragona Fringe-myrtle .
Cardaming Rirsuta Common Bitter-cress s o i
Carduus pyemocephalus Slender Thistle i
C. tenuiflorus Slender Thistle + + . o
Carez appreasa Tall Sedge * *
. ceraticaulis Sedge
Carthamus larnatus Salfron Thistle x M
Cagginta arcuata Drooping Cassinia
C. umeata 3"253 Cassinis ! b L ¥ L - E
Cageytha glabelld nder Dodder-laurel b *

malantha arse Dodder=laupel ¥ * + =
Caauaring musellararna laty Sheoalk + + + i
Catapodium rigidum Pern Grass ¥ £

+
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Sotanical name Common name 1a |18 j1c | 2a | 2B | 3A J 3B | & |5A/5B] SC 6
Cantaures melitenetis ¥alta Thistle +
Centaurium tenuiflorum Centaury F * * + o F
Centella cordifolia Centella + + ¥
Cerastium glomeratum Mouse-~ear Chlckweed + F +

Chamaescilla corymbosa Blue Stars + ¥ M M I

Cheilanthes tenutfolia Rock Fern + + ¥ + F * + * r
Cheiranthera linearis Finger-flower 3

Cirsium vulgare Spear Thistle + + + ¥

Correa peflaza Common Correa + + *
Corybas diemenicus Slaty Helmet-orchid + + L
Cotula qustralia Common Cotula F + + *

C. bipinmata Ferny Corula +

Cragpadic glaueq Cormon Billy-buttons * F

Crageula colorata Denze Crassula + + +*

C. maerantha Spreading Crassula + +

L. gigheranag Sleber Crassula + + + +

Crowea exclata Small Crowea =]

Cymbonotus preissianus Austral Bear's-ear + F * F £ 3
Cyperus brevifolius Globe Kyllinga +

C. eragrostis Drain Flat-sedge +

Dampiera lanceolata Grooved Dampiera + * +
Dagnthonta pallide Silvertop Wallaby-grass + + + + + + +

0. racemosa Wallaby-grass + +

B, richardeonii Wallaby-grass *+
Danthonia sp. Wallaby-grass + M + + + M|+ + + +
Daueus glochidiatus Austral Carrot F F F
Daviesgia ulieifolia Gorse Bitter-pea + 5 3 + |+ +
D, genigtifolia Broom Bltter-pea *
0. virgata Narrow-leaf Bitter-pea + ¥ |+

Dianellas reveluta Black-anther Flax-1ily + + ] + M|+

Dichelaochne seiurea Shorthair Flume-grass ¥ + *+ +

Dishondra repens Kidney-weed F F
Dichopogon fimbriatus Nodding Chocolate Lily + + +

O, strictus Chocolate Lily + + + + + |+ M +
dillugnig eineraacens Grey Farrot-pea * + + + +

f. hiapida Red Parrot-pea 3

0. retorta Small-leaf Parrot-pea ot

0. sericea Showy Parrot-pea * - - + 14 +
Diurts maculata Leapard Orchid *

0. pedunculata Golden Moths »

Dodomaea cuneata Wedge-leal Hop-bush * i *
Urosera guriculata Errienellam + F + * *

E. peltata Fale Sundew * v
D planchonnii Climbing Sundew + + + + |+ +
O, whittgkeri Scented Sundew + + + + + [+ *
Sekinopogon ovatus Hedgehog-grass M

Eleocharis aouta Common Splke-rush N

E. pusilla Small Spike-rush *

Epacris impressa Common Heath 3 8 *

Epilobium ciligtum Willow-herb -

s: STHdPeUW Variable Willow-herb F

sragrogtis brounid Common Love-grass o]
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Botanlcal name Common name 14 18 1c 2A 2B iA 3B 4 5A/5B| 5C [
Eriochilus cucullatus Farscn's bands o

Ericstemon angugtifolius Small-leaf Wax-flower 5
E. verrucoaua Fairy Wax-[lower S 5

Erodium botrys Big Heron's-bill +

E. aiouterium Common Heron's-bill +

E. erinitum Blue Heron's-blll +
Ergphila verna Whitlow Grass E

Eugalyptus aromaphloia Scent-bark +

E. bazteri Erown Stringybark +

E. bahriana Bull Mallee T
E, blakelyi Blakely's Hed Gum T

E. globulus Elue OQum T T

E. gonioealyx Long-leal Eox + T T + *

E. leugozylon Yellow Gum + + T T

E. masrorhyncha Red Stringybark + * T T b +

E. mellicdora Yellow Box T . * *

E. migrocarpa Grey box T | T

E. obligua Messmate Stringybark T g

E. polyanthemos Red Box - + T T +

E. polybractea Blue Mallee + T
E. rubida Candlebark T T

E. mideroxylon Red Ironbark + T T

E., viminalis Manna Gum T +

E. viridis Green Mallee T
Exrocarpoe oupresstformis Cherry Ballart + +

Gahnia deuata Saw-sedge M

Galium gaudichaudii Rough Bedstraw +

G. murale Small Goosegrass + + + +

G. tricormutum Rough Corn Zedstraw +

Geranium molle Dove's=foot +

G. solanderi Austral Crane's-hlil + + + + + & 2 +
Glossodia major Wax-11p Orehid + + M |+ M
Graphalium gymmocephalum Creeping Cudweed + + + + + "

Gompholobium huegelit Common Wedge-pea 4 + 3

Goodenia Bp. Goodenla + + + + %

. Bederacea Ivy Goodenfia * + P

G, humilis Swamp Goodenla P

G. pinnatifida Cut-leafl Goodenia P

G. pvaria Sticky Goodenla 5
Grevillea alpina Mountaln Grevillea 3 5 3 A 5
G. agquifolium Yarlable Prickly Grevillea 5 z

G. dryophylla Goldfields Grevillea 5 5

6. parviflera Emall-flower Orevillea + *
Hakea sericea Silky Hakea B L *
Haloragis elata Raspwort e . * .4 =
F. heterophylla Raspwort + ¥ 4 r

H. rabra Raspwort

H. tetragyna Commen Raspwort w F i + F F
Fardenbergia viclacea Purple Coral-pea M & L B

Heliehrysum apioulatum Common Everlasting * *

H. bazteri White Everlasting 1 ¥

H. obcordatum Grey Everlasting g ¥

E. seorpioides Button Everlasting ¥ ; 4 + | ¥
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Botanlcal name Common name 14 e ic 2A 2B 3A 3B 3 it e g
Helichrysum semipapposum Clustered Everlasting B - F ¥ il | 1 %

E. bractectum Golden Everlasting * * 2 R .
Helipterum guetrale Commen Sunray + + + + +
Hibbertia szutigeies Guinea-flower + * * B e
H. faseioulata Bundled Guinea-flower 3

E. humifusa Gramplans Guinea-flower s

H. gtricta Erect Guinea-flower + + + +

B, virgata Guinea-flower 3
Holeus lanatus Yorkshire Fog M

Hovea heterophylla Common Hovea i

Bydroactyle laziflora Stinking Pennywort F P P F F + . F
Aypericum elatum Tall St. John's Wort *

B. graminsum Smzll St. John's Wort 2 ¥ F +

H, triguetrifolium wWavy-leaf St. John's Wort *

Bypochoeris glabra Smooth Cat's-ear + * * * + 1 * * b
E. radisaca Cat's-ear * *

Hypozis pusilla Tiny Star + M +
Inula graveolens Stinkwort +
Igotoma fluviatilis Swamp Isotome + *

Junous amabilie Rush + *

J. bufoniua Toad Rush + + + + + | M %

J. capitatus Capitate Rush + + + * ¥, fit *
J. noleschoenus Joint-leal Fush + + +

J. homaleocaulia Wiry HRush M

J. pallidus Pale' Rush M

. planifoiiua Broad-leaf Rush M

. aubszecundus Finger Rush + + + *+ *
Juncus sp. Rush * + + + + |+ * *+
Lactuea serrida Frickly Lettuce +

Lagenophora huegelii Coarse Bottle-daisy F + + +

Lepidosperma laterale Varlable Sword-sedge M + + +

L. ltnﬁarc Little Sword-sedge + + + +

L. semiteres Wire Rapler-sedge M M

L. viseidum Sticky Sword-sedge *

Leptomeria aphylia Leafless Currant-bush 5

Leptorhynehos sguamatus Scaly Buttons + + B B + + F

L. tenuifoliue Wiry Buttons + + ¥ * r

Leptoapermum myrsincides Heath Tea-tree + ol *

Leucopogon ericoides Fink Beard-heath 3

L. rufus Ruddy Beard-heath + + "
L. virgatus Common Beard-heath + + +

Levenhookia dubia Halry Stylewort + + +

Ligsanthe strigesa Feach Heath + + ¥ L

Logania [inifolia Flax-leaf Loganla s
Lomandra filiformis wWattle Mat-rush * - M + + M N M M
L. lomgifolia Spiny-headed Mat-rush *

“. miafartha Small-Tlower Mat-rush + +

L. multiflora Many-flower Mat-rush + + + + |+ +
v BOTORES. Small Mat-rush + + + +

Loudonia behrii Golden Pennants * * .
Lusula meridionalis Fleld Woodrush + + M + + +
f?riﬂﬂthun procumbens White Marianth * +
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Botanical name Common name 14 1B ic ZA 2B A 38 4 SASSB| SC [
Meglaleuca decussata Cross=leal Honey-myrtle L
K. unoinata Broom Honey-myrtle L
M. wilsonii Vielet Honey-myrtle L
Migromyrtus eiliata Heath-Myrtle +* *
Microseris Boapigera Tam=-dalsy + L3 + + + P
Kiorotis unifelia Common Onion-orchid +
Microtig 8D. Onion-orchid + + + - +
Nillotia tenuifolia Soft Millotia P F
Moenchia eracta Erect Chickweed +
Monotoea scoparia Frickly Broom-heath g
Myrigphyllum propinguum Water-milfoll F
Olearia decurrens Dalsy-bush + +
0. ramulosa Twiggy Dalsy-bush 5
0. teretifolia Cypress Daiszy-bush + + +
Olearia sp. Dalsy-bush +
Cpercularia varia Variable Stinkweed + + +
Ophioglosgum coriaceum Austral Adder's tongue + - + + + +
Ozalie corniculata Yellow Wood-sorrel + F + + + + + +
0. pes-capras Soursob +
Parentucellia latifolic Common Bartsia - + + + + +
P. viagcoea Sticky Bartsia +
Parietariac debilis Shade Pellitory +
Pelargonium rodneyanum Magenta Stork's-pill + + + +
Petrorhagia velutina Hairy Fink +
Phebalium obeoprdatum Dainty Phebalium +
Pierig hieracicides Hawkweed Fleris +
Pimelea humilie Common Rice-flower + - + + + |+
P. linifolia Slender Rice-flower + + g
Pittosporum phyllyrecidas Weepling Pittosporum L
Plantage varia Varlable Plantain F F + F + F
Platylobium formogum ilandsome Flat-pea L L
Pleuroscrug rutifolius Blanket Fern F
Foa annua Annual Meadow-grass + ¥ +
P. lagbillardiert Grass M M "
P. gigberana Grass M +
Pea s8p. Grass + + + + ¥ b ¥
Podolepis jacecides Showy Podolepis + i & + +
Progtanthera cepalathoides Searlet Mint-bush 5
P. dentioulata Rough Mint-bush + i g
2. sazieola Slender Mint-bush L I
Peeudanthue cvailifolius Oval=-=leaf Pseudanthus *
Peteridium efculentum Austral Bracken F F F i
Pterostylis curta Blunt Greenhood M
P. longtfolia Tall Greenhood "
P. mana Dwar{ Greenhood + 3
P. nutans Nodding Greenhood + .4
P. parvifilora Tiny Greenhood M
P, reveluta Autumn Greenhood i
Pulteraea daphnoides Large-leaf Bush-pea
P. humiiis Bush-pea = . +
P. largiflorens Bugh-pea *

pedunculata Matted Bush-pea B g 5
Pultenaea sp. Bush-pea + + 3 |+
Hanunculus pachycarpus Thick-fruit Buttercup + i x ¥ : *
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Botanical name Common name 14 |18 |1c |2a |28 | 3A | 3B | & |5A/5B} 3C
Ranunreulus sessiliflorus Australian Smell-flower Buttercup + * + *

Ahagodia nutans Nodding Saltbush 3

Romulea longifolia Onlon Grass - * i
Rurmez brountf Slender Dock +* + + * =
Sckoenus apogon Common Bog=-rush + 3 + M +

5. brevieulmia Matted Bog-rush +

Soirpus hyatriz Awned Club-rush

Sgbaea ovata Yellow Sebaea + + ¥

Senecio kRispidulus Fireweed * * * S [

5. minimus Firewsed F

5. guadridentatus Cotton Fireweed + F F F F + - + *
Sclenogune bellioides Sclenogyne + * ¥ ] ¥ A e
Sanchus asper Rough Sow-thilstle * x

Spergularia rubra Red Sand-spurrey *

| Stackhousia monegyna Creamy Candles ¥ * ]

Stellaria media Chickweed + + + 5
5. pungens Frickly Starwort F &

Stipa tuekert Spear-grass

5. veriabilis VYariable Spear-grass M + | K *
Stipa sp. Spear-grass + + + + + + + +
Stuarting musller:i Spoon Cudweed + + + + i
Stylidium graminifolium Grass Trigger-plant + * +

Tetratheca eiliata Pink Bells 5 £ ¥ * 3

Thelymitra antennifera Rabbit-ears =

T. paucifiora Slender Sun-orchid +

T. rubra Salmon Sun-orchid M

Thelymitra sp. Sun-orchid + * +

Theméda australis Kangaroo grass + + M M

Thysanctus patersonii Twining Fringe-1ily + + + +|F T
Tozanthes perpusilic Tiny Bow-flower + * F

Trigoryne elatior Yellow Rush-1ily +
Trifelium angustifolium Narrow-leaf Clover + +

campestre Hop Clover + + + +

Trifolium sp. Clover + ¥ *

iriglochin centrocarpa Dwar{ Arrowgrass M

i. procera Water-ribbons *

T. astriata Streaked Arrowgrass L

Trigloshin turrifera Turret Arrowgrass |
Typha orientalis Bulrush |
Velleic paradoza Spur Vellela +
Verbaogoum virgatum Twiggy Mullein ¥ ,
Verbasoum sp. Mulledin o
¥eromica plebeia Tralling Speedwell + + + +

Vicla hederacea Ivy=leafl Viclet F P

Vittadinia lamuginosa New Holland Daisy *

“. triloba Common New Holland Dalsy F

Yulpia membranacea Dune Fescue +

L EHUPIS Rat's—talil Fescue +
®arlenbergic communis Tufted Bluebell *

¥. striata Tall Bluebell + % L s +
Warlenbergia sp. Eluebell + +

¥estringia eremicola Slender Westringla + | L
| Xanthorricea australis Austral Grass-tree 1 d
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Appendix ZA
BIRDS OF THE NORTH CENTRAL AREA

This Appendix contains & 1ist of birds recently recorded in the study area, with an indication of the habitat(s) in
which they are most likely to be observed, The species are listed by sclentific and commen names following the nomen-
clature of the CSIRO (196%). Horizontal lines are used to separate families. Specles recorded in the study area as
accidental or as vagrants have not been included in the 1ist.

Habltat
1. tall open forest 3. woodland 5. pasture, grassland, suburban
2. open forest L., mallees aquatic
7. aerial
Selentific name Common name Habltat Breeding in study
3la]l5]6 area
Felacanus conspictllatus Australian Pelican X Uncertain
Anhinga rufa Darter B en
Fhalaorooorax carkc Black Cormorant . ek
Phalaorocorax sulecirostris Little Blaeck Cormorant T Yes
Phalaerosorax vartus Fied Cormorant o Yos
PhRalagorgoograr melancleuscs Little Fied Cormorant > Yes
Podicepe novaehollandige Little Grebe x Yeh
Fodiceps policcephalus Hoary-headed Grebe . YEE
Fodicepes cristatus Great-crested Grabs ; YE
eg
Ardea pacifiea White-necked Herc
Ardea movaehollandige Hhite—faggd Hernnn X Yes
Egretta alba White Egret X X EEI é
Egratta garsetia Little Egret x ncertaln
Egretta tntermadia Flumsd Egret x Uncertaln
Nyeticores caledonicus Nankeen Night Heron x Uncertain
Eotaurus poioiloptilus Brown Bittern x Yes
X Yes
Threakiornis molucca White Ibis
Threskiornis Bpintecliia Straw-necked Ibis L)X Yes
Plagadis Jaleinellua Glossy Ibis x|x Uncertain
Flatalea regia Royal Spoonbill x Toerisly
Platalea flavipee Yellow-billed Spoonbill R Tes
ke X Yes
Dendroeygna arouata t wWhi AF Due
Eaﬂirocgén: eytoni gia:: ;Elggii;; E:ci X Uncertaln
Cygrus atratus Elank Swan 3 x Uncertain
Stictonetta neevosa Freckled Duck x)x Yes
Taderna tadornoides Mountain Duck x Yes
Anagg guperoilicsa Black Duck X|lx Yes
Arnas platyrhynchos Mallard X|x Yes
Anag gibberifronsg Grey Teal xlx Yes
Ange ocastanen Chesthut Teal xlx Yes
Anga rhynchots Blue-winged Shoveler x Uncertain
Xlx Yes
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Habitat Breading in study
Salentific name Common name 2131als1l6l7 area
Maloporhynohus membrangcsus Pink-eared Duck x Yes
Aythye australie White-eyed Duck X Uncertain
Cherngetia Jubata Wood Duck X 1x Yes
:_1_-._1,- ra guetralis Blue=hilled Duck x Uncertain
Biziura lobata Musk Duck x Yes
Elanus notatus Black-shouldered Kite % x| Yes
Milvus migrans Fork-talled Kite X x | Uneertain
Haligstur spherurus Whistling Eagle xlx x| Yes
Ageipiter movaehollandiae Grey Goshawk % Yes
5 Etgr fageiatus Australian Goshawk x|lx|x]x Yes
Aceipiter cirrocephalus Collared Sparrowhawk X Yes
dleracetus morphnoides Australian Little Eagle x| x x| Yes
Aguilao cudazx Wedge-talled Eagle xlxl x| x x| Yes
| Haligetua leucagaatar White-breasted Sea-sagle % Yes
irous assimilisg Spotted Harrler * Uncertain
Circus approzimans Swamp Harrler xlx Yes
Faleo gubniger Black Falcon x Yes
Faleo peragrinueg Faregrine Falcon x X x| Yes
| Falee longipennis Little Falcon X Yes
| Faleo censhroidaa Nankeen Kestrel x| x x| Yes
Faleo berigora Brown Hawk x| x % Tes
leipog peellata Mallee Fowl X Yes
Hfﬂir pectoralia Srtubble Quall % Yas
ctous ypailophorus Brown Quaill x]x Yes
iurw%: parig Painted Quall xlx]|=x Yes
| Turniz velex ittle Quall x Yes
| Pedionemus torquatus Flain Wanderer x Yes
Brolga %] x Yes
Banded Landrail x Yes
Marsh Crake X Yes
Australian 3potted Crake x Yes
Black-talled HNatlve Hen x Yes
Dusky Moorhen W Yosm
Swamphen ¥ Yes
Coot ¥ Yas
Australian Palnted Snipe % Yes
Spur-winged Plover % | %
: Banded FPlover x| x Yasg
2 b ke Red-kneed Dotterel X Yes
e aradriuve alerandrinus Red-capped Dotterel x Yes
Chaaradriuve melanops Black-fronted Dotterel x Yes
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Hahitat Breeding in stud
Sclentific name Common name - q& 5 l= & aﬁea ¥
Gallinage harduickit Japanese 3nipe x Mo
Tringa nebularia Greenshank x No
Calidrisz aeuminata sharp=-talled Sandplper % No
Calidrie ruficollis Red-necked 3tint x Mo
Himgntopus himantopus White-headed 3tilt x Yes
Claderhynchus leucocephalus Banded Stilt x Yes
Recurvirogtra novaehollandiae Avocet % Yes
Burhinus magnirostris Southern Stone Curlew x |x x Yes
Larus novashollandice llver Gull x| x Yes
Chitdoniae hybrida Whiskered Tern x Uncertaln
Sterng nilotiea Gull-billed Tern x Yes
Cheramceca leucosternum White=-backed Swallow x |x Ix Yes
Hirunde necxzena Welcome Swallow X x| x Yes
Petrochelidon nigricans Tres-martin 4 X Yes
Petrochelidon ariel Falry-martin x |x | x Yes
Anthus novgesee landige Australian Pipit % Yes [
2 ‘ . pm _ 1
Corgoing novaeseelandige Black-faced Cuckoo=shrike 2 lx lxlx Yoz
Coracing robusta Little Cuckoo-Shrike xlx |x Yes
Laloge suerii White-winged Triller X jx [x |x Yes
Drymodes brunmecpygia Southern Scrub-robin % Yeos
Zogthera dauma Australian Ground-thrush x x Yes l
Turdus merula Blackbird x Yoz
Turdus ericetorum Song Thrush X Yes '
Cineloaoma punctatum Spotted Quall-thrush % Yes
Pomatcgtomus temporalie Grey-crowned Babbler K [x X Yes
Pomatoatomus supercilicsus White-browed Babbler X Ix |x |x Yes
Cigticola exilie Golden-headed Fantall-warbler % Yes
Megalurug gramingus Little Grassbird ) Yes
Acrocephalus stentoreus Reed Warbler X Yes
Cinclorhamphus cruralia Brown Songlark x Yes
Cinclorhamphus mathewst Rufous Songlark lx |xlx Yes
Malurus cyaneus Supert Blue Wren * 0= [x |x Yes
Mzlarus lambarti Variegated Wren % Yes
Gerygone olivacea White-throated Warbler x| x Yes
Gerygone fusca Western Warbler X |x Yes
Smicrornia brevirostria Weebill x|z |x Yos
Acanthiza lineata Striated Thornbill X fx x Yes
Acanthiza nana Little Thornbill x |x |x Yes
Acanthiza pusilla Brewn Thornbill rlx |x |x Yes
Acanthiza apicalis Red-talled Thornbilll x Yes
Acanthiza urcpugtalise Chestnut-rumped Thornhill x " Yes
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H at Breeding in study
m E area
Common name x 3
Selentifle name : % Yes
iy Buff-rumped Thornbil x| x Yes
Acanthiza reguloides Izlluw-rﬁmped Thornbill x|=x S
Acanthiza ehrysorrhoa White-browed Scrub-wren nlelalt Yes
Sericornie frontalie Hegth Wren : Yes
Hylaeola pyrrhopygta Mallee Heath-wren x|x]| = Yes
dylacola cauta Whiteface . Yas
Aphelocephala leucopsis Speckled Warbler x| %
Chthonieola gagittata - Yag
. ite-fronted Chat Yes
Epthignura al#tfrﬂﬂﬁ giimagn Chat -
Epthianura tricolor xlxlx Yes
Jacky Winter Yes
Hiaroaeca leueophaea Sggr{et Robin : X " Tod
Fetroica multicolor Red-capped Robin x % Yes
Ferroiea goodenovii Flame Robin x Uncertaln
Teivarae pheasiens Pink Robln % i Uncertain
Pezra%ca rodinogaater Rose Robin > xlxzlxl]lx Tes
?e:rc;ca rogea Hiooded Hobin s S Yes
Petroica culaullata Southern Yallow Robin X
|fopsaltriq australis el e Yes
o —— .. Grey Fantall : : Uncertain
Aripidura fuliginosa Rufous Fantail oA ] o Yen
Ehipidura pufifrons Willle Wagtail x
Rhipidura Leucophrys ¢ Yas
oAt T T Domestic Plgeon X Yes
Eorunbea swte : Spotted Turtledove el w Yes
E:Pe;:qpelzaichtneﬂatﬁ Peaceful Dove % Uncertaln
Gecpelia gtriata Diamord Deve Yas
Cegpelia cuneata ps on Bronzewing x|x|=x Yes
i;nps chalecoptera Eﬁﬁih Bronzewing : & Yes
[foopd elegans Crested Pigeon
Ocyphapas lophotes Uikertatn
X
I keet s
Trichoglosaus haematodus Ei:;bizr;ﬁzit x| x| x : %:a
florsopaiidu cooinme 3 Purple-crowned Lorikeet Lo ] 5 Yes
Glossopeitta porphyrocephala Libtie Torikeat x| x DGesh i
Giaasppsiﬁ?a pusilla B oh Dk x| x " : Yoo
asiaang: dweooLal Sulphur-crested Cockatoo x : . Uncertain
tacatua gelerita Little Corella : o Hncast s in
Lacatuag Sﬂngﬁlﬂaﬁﬂﬂ . Long-billed Corella Yes
Cacatua tenuircstris lEh = | x| x Ven
Cacatua roseicapilla ga i cEl x|l x|x Yes
Yumphicus hollandiecus C?imiun - x| x| x x e
P elngnl Eastern Rosella x 2 Yes
Flatyeercus eximius 313 Bonnet x ol Yén
fgephotus haematogaster LE = I Paviit x| x| x e
Pgephotus haematonotus Hed—rque d-Paert x x Yes
Neophema chryecstoma Blue-zggggarrot x| x x
Heophema pulchella Tuﬁqu i x| x| = Yes
Melopeittachus undulatus Budgeryga




Habitat Breeding in stud
p | * & - ] ¥
Sefentific name Common name R S B 7 i
Cupulus pallidus Pallid Cuckoo X |x|x|x Yes
Cacomantie variclosug Erush Cuckoo ® Uncertaln
Caromantis pyrrhophanud Fan-tailed Cuckoo x |x |x|x|x Yeos
Chrysegoceyx ceculang Black-eared Cuckoo X|1x|x Yes
Chrysooogeyx basilis Horsfleld Bronze Cuckoo x| x Yes
Chrysoooceyr plagoaus Golden Bronze Cuckoo x |x|:x Yes
Ninox strenug Fowerful Owl x| x Yes
Ninox novdeseelandiae Egobook Owl xr|lx|x|x]x Tes
N¥iner connivens Barking Owl ¥ | x Yes
Tyto alba Barn Owl 2 lx|x Yes
Fodargus strigoides Tawny Frogmouth x| x x Yes
Aegotheles cristatus Owlet-night jar xlx|x Yes
Eurocstopodus guttatus Spotted Nightlar % Yag
Eirundapus caudacutusg Spine-talled Swift x | No
Apue poctficus Fork-talled Swift x | No
Alcyone asurea Azure HKinglishep Uncertain
Dacelo gigae Laughlng Hookaburra xlx|x]lx]x Yes
Eglepon pyrrhopycia Red-btacked Hingfisher x| x Uneertain
Balocyon sancta Sacred Kinglisher x| x X Yes
Marops crmaiug Ralnbow Bee-sater ]l xlx] % Yasg
Eurystomue prientalie Dollar Bird x % Uncertain
Mirgfra javanica X Uncertaln
Alauda arvensgis X Uncertain
& x| x Yag
" XX Yes
u x| x .4 Yes
a Ggl x o ¥ ¥ % Yes
P
@ _.-t x x s e YEE
a Gil * x Yos
1 are T|1x]lx]|x]x Yes
1 |
Folounculus frodtatus | x| = ¥ Yes
Oreoica gutteralia x % Yoz
—
Neoaitta o ro 2ila % | x Yes
N¥epattta wa it k4 Yes
—
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Habitat Breeding in study
Zelentific name Common name >T3714 15 ares
Climacteris picumnus Brown Tree-creeper i : X : zg:
Climacteris leucophaea White-throated Tree-creeper

Yes
Disgeum hirundingceum Mistletoe B‘l_i“'d i i : =
Pardalotus punctatus Spotted Pardalote . : el
Pardalotus zanthopygue Yellow-rumped Pardalote P Uncertain
Pardalotus striatus Yellow-tipped Pardalote ) -5l
Papdalotus ornactus Eastern Striated Fardalote x|x X i
Pardalotus pubatriatus Striated Fardalote X |x X
loaterops lateralis Grey-breasted Sllvereye s |xjx|x Tes
nigra Black Honeyeater x Eizertain
Viregoensg Singing Honeyeater x '1'-93
fusea Fuscous Honeyeater x| x ; is
chrysops Yellow=Faced Honeyeater x| x X b
oratitia Purple-gaped Honsyeater X b
penioilata Hhite-plumud Honeyeater Xlx|x Y:s
ornata 'ez.ow-p umed Honeyeater x x Y
leucotis White-eared Honeyeater x|xlxlx Yea
me lanops Yellow=-tufted Honeyeater x| % X Y:Z
tthreptus Brevirostris Brown-neaded Honeyeater ¥ XX Yor
ithreptus lungtus White-naped Honeyeater x|x|x|= st
threptus gularis Black-chinned Honeyeater x|lx|x oo
y3on eyandtis Slue=faced Honeyeater x| x x e
éitreogularis Little Friar-bird xlx|x Sen
cormioulatus HNolsy Friar-bird xlx ¥
wriz novaehollandiae Hew Holland Honeyeater x 3 YEE
nyris albifrons White-Tronted Honeyeater x YES
phila melanops Tawny-crowned Honeyeater X YES
criyncha lanoeolata Striped Honeyeater x YEE
Conopephila pieta Painted Honeyeater x|x Tes
cantho 1 paArygia Regent Honeyeater x % ?es
4-u-uPc"?achua tsnuhras:ria Eastern Spineblll X . Yes
JPLP ing melancoephala Nolsy Miner xizlxz]= Yes
rif aaua“rte Spilny-cheeked Honeyeater x Ies
carunculat Hed Wattle-Bird x|x|x|x fes
ata Diamond Firetall x| x X 3&5
sta Zebra Flnch xlx]x Yas
poralis Red-browed Finch X X Yes
Pagger domesticus House Sparrow x Tes
Fasser montanus Tree Sparrow x Yes
Carduelis carduslis Goldfinch 5 Yes
Chicriz chloris Greenfinch X Yes
Scturnua vulgerie Starling x| x Yas
Aeridectheres triscis Indian Myna % Oreertalin
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Sclentiflc pame Common name Habitat Breeding in study
2131]8]s5 area e

Oriclus sagittatus Olive-backed Oriole x Yes

Grallina ecyanoleuca Magple-Lark x x Yes

Corcorax melanorhamphus White=winged Cough X lx |x|x Yes

Artamus leucorhynchus White-breasted Wood-swallow x Yes

Artamus personatus Masked Wood-swallow X Ix [x]x Yes

Artamus superctlicsus White-browed Wood-swallow Elx|x|x Yes

Aptamus cyanopterus Dusky Wood-swallow x| x Yes

Strepara graculina Pled Currawong x X Uncertaln
Strepera versiceclor Grey Currawong xlx|x]|x Yes

Cracticus torquatus Grey Butcher-bird rlx|x]x Yes

Gymnorhina hypoleuca White-backed Magpie x Yes

Gymmnorhing tibicen Black-backed Magple xTix|x]|x Yes

Corvue coronoides Australian Raven 2lx|x]x Yes

Corvus mellori Little Raven % Uncertain




This appendix contains a list of mammals recently recorded in the study are
sbundance, 2nd the habitats in which they are most likely to be observed.

Appendix 2B

MAMMALS OF THE NORTH CENTRAL AREA

ihbreviatians for habitats are the same as those for the birds (Appendix 24).
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a, with an indication of thelr occurrence,
Horizontal lines indicate separate familles.

Ogcurrence Abundance
w = wildespread R = rare
2 U = uncommon
res = restricted ¢ = common
V = vagrant
Selentific name Common name Habitat Occurrence Abundance
3 2 i T
Tachyglossud aculeatus Echidna x x = e X
Ornithorhynchus anatinue Flatypus L U
Fhascagale tapeatafla Tuan x x = u
Anatechinua flavipes Yellow-footed Antechlnus x x w c
Antechinug stuariii Brown Antechinus x x Fyrenee Range c
Sminthopsis murinag Mouse Dunnart x x rea R
Sminthopsis crassicatdata Fat-tailed Dunnart w u
Fhascolarctos cinmereus Koala X % w u
Trichogurus vulpecula Brush-tailed Fossum X X u €
Pgeudocheirus peregrinus Ring-tailed Possum x x u U
Petaurus breviceps Sugar Glider % x ¥ u
Fataurug norfolcensis Squirrel Glider rgs R
Aercbates pygmaeus Feather-talled Glider x x ] U
Cegrcartetus nanus Eastern Fygmy FPossum x x W U
Meerspus giganteus Eastern Grey Kangaroo x x x W c
wallabta bicoler Black Wallaby X x x W c
FPteopus seapulatus Red Fruit Bat X w v
Fteropue poliocephalus Grey-headed Frult Eat x W v
Pipigtrellus taosmaniensis Tasmanian Pipistrelle x o c
Eptesicus pumilus Little Bat x u c
Nycticetius greyi Little Broad-nosed Bat % U
Chralinolobus gouldii Gould's Wattled Bat x E c
Chalinolobus morio Chocolate Bat X u g
N¥yotophilus geoffroyi Lesser Long-eared Bat x W c
Td@aridc australiis Wnite-striped Bat x w c
Tadarida planiceps Little Flat Bat x W U

$571/78—17
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Habltat
Seientific name Comman name Occurrence Abundance
N
Lepus eurcpaeus Hare W U
Oryetolagus cuniculus Rabbit x t i
Rettus rattus Black HRat W c
Rattua lutreclus Swamp HRat Fyrenee Range u
Mug muageulus House Mouse x & C
Hudromys chrygogagter Eastern Water Hat i C
Yulpes vulpes Fox x ] £
Felis catua Cat A 1 c
Carvug unicoler Sambar Deer Pyrenee Range i}
i )
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Appendix 2C
REPTILES OF THE NORTH CENTHAL AREA
This appendlx contains a 1list of reptiles recently recorded in the study area, with an indication of their occurrence,

atundance, and the habitats in which they are most likely to be observed. Horlzontal lines indicate separate families.
Abbreviations for habltats are the same as those for the birds (Appendix 2A).

Oeccurrence Abundance
w = widespread R = rare
U = uncommon
res = restricted C = common
Sefentific name Common name Habltat Occurrence |Abundance
1 2 3 b 5 & T

Chelodina longicollis Snake-necked Tortolse o L ¢
Emydura macquarrii Murray River Short-necked

Tortoise X g .
Anphibolurus barbatus Eastern Bearded Dragon x * X w 1]
Amphibolurus muricatus Tree Dragon x x w c
Jiplodactylus vittatus Stone Gecko x x w R
inderwoodiscurus milit Thick-tailed Gecko X x N u
Phylledactylus marmoratus Marbled Gecko X X u £
Delma impar Spinifex Lizard x w R
Delma inernata Mimicking Snake Lizard x W R
Pygopus lepidopodus Common Secaly-foot = R
Cryptoblepharus boutoni Wall Lizard x res U
“tenotus robustus Large Striped Skink X X x w c
Ctemotue ubar Eastern Copper=talled
o Striped Skink % x res R
Hemiargis decresiensis Three Toed Skink x u g i
Leiolopisma guichenoti Garden Skink X X ol c i
Tit{-ﬂptﬂﬂa éntrecastequrit Grass Skink x rag c ¥
Lerigta bougainvillii Bougainville's Skink x X x w c
Hane:iq greut Grey's Skink x rag u
Morethia boulengeri Boulenger's Skink X X X u c
SpRengmorphue tympanum Water Skink X reg c
Fgernia cunninghami Cunningham's Skink x res u
Egernia sczatilis Black Rock Skink R q c |k 8 rea R
E;EPHEa gtriolata Tree Skink x res u
Egernia whitii White's Skink X x o C |
Tiliqua geincoides Common Blue Tongue x x x w U |
‘rachydosdurus rugosus Stumpy-tail Lizard X X x x u 1]

|

Varanus gouldii Sand Goanna x ” 5 n
Varanus varius Tree Goanna x x W R
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Habitat

Selentific name Common name Qecurrence Abundance
3 4

Notechie ecutatus Tiger Snake % w ]
Pgeudechis porphyriacus Hed-bellled Black Snake res c
Pseudonaja textilis Brown Snake X % w c
Suta brevicauda Mitchell's Short-talled snake| x reg R
Suta duyeri Dwyer's Snake x ras R
Suta flagellum Little Whip Snake X W u
Vermiscella annulata Bandy Bandy % w R
Typhlina broomi Blind Snake . - R
Typhlina nigrescens Blind Snake res =
Typhlina proxima Blind Snake W -

I I




Appendix 2D

AMPHIBIANS OF THE NORTH CENTRAL AREA
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This appendix contains a list of amphibians recently recorded in the study area, with an indication of thelr cceurrence,
gpundance, and the habitats in which they are most llkely to be observed.

Horizontal lines indicate separate families.

sobreviations for habltats are the same as for the birds (Appendix 2A).
Oceourrence Abundance
W = widespread R = rare
reg = restricted g : Eﬂ;;:ﬂnn
Zeientific name Common name Habitat Ogceurrence Abundance
1 2 3 4 5 T
-'-vI:‘JJ" ta raniformisg x x w c
Litoria ewingii Brown Tree Frog X x L c
Litoria paraewingii x X ras c
Eitoria peronii Peron's Tree Frog X x = i
iggeriniga victorigng Smooth Froglet x reg U
Limnodyngstes dumerilii Eastern Banjo Frog x x x W c
Limnodynastes fletcheri Long-thumbed Frog % x % W R
_:'Fédyn stes interioris Giant Banjo Frog % x X x reg R
imnodyngates tasmaniensis Spotted Grass Frog x x x W C
-ﬂ’b:tracnus pictus Meeowing Frog x x w U
*aeuigrhryns bibronii Brown Toadlet x ) u
vanidella parinsignifera x x x w C
fanidella signifera Common Eastern Froglet X% x x w c
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Appendix ZE
LARGER FISH SPECIES

Infor=mation derived from "A& Cuilde to the Inland Angling Water of Vietoria - Second Editien™ by B.R. Tunbridge and P.L.
Hogan. (Fisheries and Wildlife Division: Melbourne 1977.)

Numbers provide a rough guide to relative abundance, ranging from 1 (least abundant) to 3 (most abundant).

Dralnape basin Wimmera Avoca HRiver Loddon River Campaspe Goulburn
River River River
3 £ £
[= =B 3 =
— 2 o a
o o i ER v @ e
aa oo & - o % =3
- LEd | o g o o o
5 lad T3 A%t w & 2 28
Strean/Lake o CF fre |5 BEe Lo o - le = I
= = o i ook O o= ] = a o= a
L koo |o EXew o= s "E| D = o ~
a o E o= B RN s n‘éu - o .E= L & £ @
Bo 0 e wO@LE (8 ®mE > ha Bk alag & d o
o oo " EQD OoOFPE O Qe | OXoL oD oA LS
[ =y Sevmo> >R WHN LT T = ob o B o B B
B @ E BSOS heboesod |8 Eoouold o > wm [ ] ¢ ® o
o auau AUXEREEE |(sec AuSE hthmbhaowe |5 5 oxl > > -
= e 2| LD "3""'_ LYadT EL Ao~ olED |- o o@| = = wao
=t Lt O gl veLow CERCE |RAGRAE O S0 >~ & | e el ol E
EUI e TPrEr—EE & 00 LD oD n-:-.::.-—-:gn.n.:- XN X @Ok Sw
00 sl =] =R o T ] J A EeDd R Qg L] (=% = = =]
g SQo0|l EEWMPbdZacLEY RoDns ooy 9 o = = O Bk =
L W s e SOSSUEE |L ~SNANLEOEETCWNOLGL N | @8 ;E', 3 3 wm=z
B %X DA tigarnFEFlCA | SO EA T G- oEomes l:ll:rdn.g ~| DLobL S
EEEd:-ﬂﬂ Sotas o SERW X LODo" CEvoo-SO~—a Bl R 3o A oD
S9F332| 88928553537 (h3a55555555555775 5h5a53E 2e3 8
Seientific and Common name 3-::!-32:;- ttqqac:mmi-[- mguamuq:Hj_ESWﬁtEgz 0D DA o 331:3
Mocecullechella macquariensisll 1 2 2 1 2 1
(Murray Cod)
Plectroplites ambiguus 2 2 32913 3 32
(Golden Perch)
Sidyanues bidyanus 2 2 1
(51lver Perch)
Godopsies marmoraturs 1 2 2 3
(River Blacklish)
Tandanus tandanue 2 3 2
(Freshwater Catfish)
Fluvialosa richardsoni 3 2
(Bony EBream)
Euasticus armatus 2 2
{Freshwater Crayfish)
Salmo trutiz r L 2 el 21 223213 12 321 22 2213 2 2 1322)2 1
(Brown Trout)
Salme gatrdmeri 1 - 11 =232 213 12 31 23121 1 2 31 1
[Rainbow Troukt}
Pgrca fluvistilds 2.1 222 2 2.4 2222 2 2|22 323 22 1322 32 2 32]3 i 32
(Redfin)
Tinca tinmca 2 22 2 2 F 2 21 2|2 13223 22
(Tench)
Cyprinus sarpic 2 z 1 2 1 3 3
(European Carp)
Carcssius carcesius 22 2 22 22 21 32213 22
{Cruscian Carp)




An asterisk indicates an introduced species.

Appendlx 2F

MOLLUSCS OF THE NORTH CENTRAL AREA

Many of these introduced specles are

widely distributed, and greatly outnumber the native molluscs.

Famlly

Scientific name

Comment s

Hydroblidae

Freshwater snall

Thiarildze Plotiopsis balonnensgis Freshwater snail
Lymnaeidae Lymnaea tomentosa Freshwater snall
Lymnaea Llegeont Freshwater snail
Flanorbldae Glyptophysa cosmeta Freshwater snall
Glyptophysa aliciae Freshwater snall
Bulinue (Isidorellal sp. Freshwater snail
Ancylidae Ferrigsia (Pettancylus) sp. Freshwater limpet
Succineidae Suececinea (Austrosuccineal australis Terrestrial snail
Charopidae Terrestrial snall

Punctidae

Terrestrial snail

Limacidae

*Deroceras reticulatum
*Depogeras caruanae

*lehmannia (Lehmannia) nyctelia
*Lehmannia (Limacus) flavus

Slug
Slug
Slug
"Yellow slug"

Milacldae

*Milazr gagates

Slug

Cystopeltidae

Cyetopelia petterdi

Victoria's only native slug

Helicldae

*Helix aspersa
*Cfochlicella ventrosa

"Common garden snail”
Terrestrial snall

Hyriidae

Velesunioc ambiguus

Freshwater bivalve

Corbiculidae

Corbisulinag angasi

Freshwater blvalve

Sphaerllidaes

Sphaerium sp.

Freshwater pea mussel
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STREAM FLOW AND SALINITY

Appendix 3

= DATA FOR STATIONS NOT LISTED IN TABLES 12 AND 13

Stream Flow Salinity
Etream Guaging
Station 3
Years of | Annual discharge (10°M1) Daily llow (M1} Ho. of Zalinity (mg TDS per 1)
record recordings —
Maximum Minimum Mean Maximum Minimum Minimum Maximum Mean |

12

Pranlip Ck. Moarilim 1958-=£69 129 1.7 55 7784 Nil (b)) by 30 280 121
10

Cornella Ck. Calbinabboin 1860=-T10 25 0.53 9 1940 Bil (e) 50 4o 2900 8o
19

Wanalta Ck. wanalta 1960-=70 8.9 0.1% 3 135 Hil (o) 27 55 1450 300
12

Campaspe H. Aedesdale 1958-=70 158 4.8 TS g287 Nil (e} B8 75 3586 870
22

Laddon R. Vaughan 1947--70 106 2.2 41 6819 N1l (b) 38 115 1100 366
14

Tullarcop Ck. | Clunes 1955-=T0 172 3.1 &0 6826 1 30 100 1800 680
22

McCallum Ck. Carisbrook 19h4-=70 &7 Q.09 13 hiss Hil (b} 21 14D 1620 T8O
11

Bet Bet Ck. Bet Het 1944=-=55 i5 0.10 21 8710 N1l (&) Nil
3

Avoca H. Amphitheatre 1966-=T0 6.9 0.76 3.4 450 N1l &5 110 bios 1624
24

Wimmera RH. Glynwylln 1945-=T0 224 3.4 &2 12000 Nil (e) 57 220 3054 1423
7

Fichardson . | Warranooke 1953-=T0 22 Nil (e) 7 2672 M1l (a) 12 ] 135 106

{a) Nil yearly

(b} Nil in most years

fe) Nil in dry years
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Appendix 4

WEEDS IN THE NORTH CENTRAL AREA

The study area contains a number of
plant species considered to be noxious
weeds or pests. Species discussed below
that are currently declared noxious
weeds are indicated by an asterisk (¥).

Mest of these plants are introduced
species, but severe infestations of the
following native species also occur in
the study area.

Chinese scrub or drooping cassinia
Cassinia arcuata*) - vast sections of
0ld mining areas and overgrazed land are
heavily infested with this secrub. It is
commen to most forested areas as an
understorey species and can become gquite
dense when the forest canopy is opened
by thinning operations. The part of
Victoria where severe infestations occur
coerresponds closely to the study area,
and most is considered to be beyond eco-

omic control. This weed can, however,
Je curbed on agricultural land by graz-
ing and fertilizer application.

Yodder-laurel (Cassytha melantha) - this
Parasitic ereeper is widespread in the
Study area. Eucalypt regeneration is
uahticularly susceptible to its attack,
Yut 1t can also kill mature trees. The
infestation of the Wellsford Forest

started in the 1930s and is now espec-
ially severe. The weed is also common
around Eaglehawk and in mallee eucalypts
at Rushworth and Tarnagulla. Its eradi-
cation is extremely difficult, but graz-
ing appears to exert some control.

Mistletoe (Family Loranthacea) is an
aggressive parasite of native flora,
particularly eucalypts. It causes
growth reduction, and heavy infestations
lead to tree mortality. The sticky
seeds are spread mainly by birds, and
infestation is common along roadways, in
shelter trees, and at the forest fringe.
Forest control is usually by manual re-
moval where growth is obviously restric-
ted. Hormonal chemical control is feas-
ible and has been used where ornamental
or park trees have been infected.

Burgan scrub (Leptospermum phylicoides)
-~ infestations are well established in
the central highlands and along the
Goulburn River. It can form a dense im-
pregnable mass that restriets any agri-
cultural use.

Introduced species in the study area
that are now declared noxious weeds in-
clude the following:
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Furze (Ulex europaeus®) - this 13 common
on disturbed land and derelict mining
areas, especially in the socuthern and
western parts of the study area. Its
dense growth habit creates a natural
haven for vermin, particularly rabbits,
and presents a high fire hazargd.

Like furze, boxthorn (Lyeium fercoeissti-
mum*) , sweet briar (Rosa rubignosa?®),
and blackberry (Rubus fruticosus?) have
spines or prickles, and all occur in the
study area. Infestations can restrict
access to recreation sites such as
streams or tracks. Blackberries are a
particular problem in the Shire of
Newstead, but in the drier areas are
confined to molst situations, such as
streams, lrrigation channels, and town-
ships.

Whitehorse nettle (Solanum elaeagnifol-
ium*) - this weed covers more than 120
ha in the East Loddon Shire (particular-
ly the Parish of Calivil). New infesta-
tions of this toxic weed are continually
being located.

Golden thistle (Scolymus hispanicus*) -
very heavy infestations of this weed ex-
ist in the Shire of Newstead, and in the
Parish of Axedale. It restricts agri-
cultural use of an area, provides an
excellent harbor for vermin, and re-
mains a potential source of infestation
to agricultural lands downstream.
Another perennial weed is the artichoke
thistle (Cynara cardunculus?*), with
small infestations at Bendigo, Dunolly,

Stanhope, and the Heathcote district.
Annual thistles include slender thistle
(Carduus tenuiflorus*), bad infestations
near Dunolly, and the Illyrian thistle
(Onorpodum tllyricum*), infestations at
Castlemaine, Maryborough, and Campbell-
town.

Bathurst burr (Xanthiwm spinosum?*) 1is a
persistent annual burr common to most
shires in the area, but particularly the
East Loddon and Goulburn Shires. The
small burrs contaminate wool fleeces,
damage shears, and cause injury to
stock.

St. John's wort (Hypericum perforatum?)
infests both agricultural and forested
land, particularly in the Goulburn Shire
but also at Bendigo, Clunes, Newstead,
and in the Parish of Campbelltown. In
one of the few instances of biological
contrel in Vietoria, the Chrysomela
beetle has been moderately successful in
reducing infestations of this weed.

Wild garlic (Allfum vineale*) taints ag-
ricultural produce and 1s known from
Bendigo and Castlemaine.

Paterson's curse (Echium plantagineum?*)
is widespread in the study area, compet-
ing with pasture species.

Wheel cactus (Opuntia rubusta*) is
spreading in the study area, particular-
ly near Castlemaine and Maryborough.

Boneseed (Chrysanthemoides moniliferum*)



- scattered 1In the study area - estab-
lishes readily on disturbed sites.

Stinkwort (Inula graveclena?), a strong-
smelling weed, widespread in the area.

Hoary cress (Cardaria drabra*) - affects
large areas around Bendigo and Dunolly;
it has a serious effect on crops.

Tangled hypericum (Hyperiecum triquetri-
FJolium*) - only one patch known in
Australia, at Tarnagulla, where 0.2 ha
on publie land and freehold 1s infested.

Cne-leaf cape tulip (Homeria breyniana*)
- heavy Infestations occur at Swanwater;
it is also scattered throughout the
Etudy area.

Two-leaf cape tulip (Homeria miniata*) -

2uT

firmly established at Swanwater and
Carisbrook.

Topped lavender (Lavendula stoechas?) -
infestations near Castlemalne compete
with other speciles.

Spiny broom (Calyeotome spincsa®*) 1is

common in the Maryborough--5St. Arnaud
area, providing a harbour for vermin,
particularly rabbits.

Prarie ground cherry (Physalis vis-
cosa*) - well established along the
Goulburn valley, particularly around
Rushworth.

Soursob (Oxalie pes-caprae*) - wide-
spread as a garden weed in most parts of
the study area, it is also a strong com-
petitor in crops and pastures.
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Appendix 5
PARISHES IN NORTH CENTRAL STUDY AREA

Blaock Block

Parish s B TE 5 1617 1819 Parish T 15 = 3
Amherst + Campaspe +
Ararat Campbelltown F
Arehdale + Carag Carag P
Avenel F Carapooee F
Avoca F |F Carapooee West
Axedale P. |2 |F Carisbrook +

Castlemaine
Bagshot + Cherrington +
Bailieston + Chewton
Banyena Clunes +
Baringhup + Colblnabbin +
Barkly P |P Concongella
Barp + Concongella 5th
Barrakee ¥ Coonooer East
Beallba + Coonooer West
Beckworth + Cornella +
Berrimal I3 i Corop P
Bet Bet + Costerfield E
Bolangum Craigie +
Eolerch * Crosbie +
Bonn F Crowlands
Boola Boloke +
Borung + Dalyenong F
Bradford F P Dargalong +
Brenanah + Dargile +
Bridgewater + Darkbonee
Buckrabanyule P Derby +
Bulgana Diggorra P P
Bunganall F Dingee F
Bung Bong + Drummond
Burnewang + Dunolly +
Burramboot +
Burramboot East + Eddington F P
Burrum Burrum Edgecombe

Egerton +
Calivil + Eglinton +
Callawadda Ellesmere P ¥




Parish

loc
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Elmore
Elphinstone
Emberton
Eppalock
Eversley

Faraday
Fryers

Gampola
Girgarre
Glenalbyn
Glendhu
Glengower
Glenhope
Glenlogie
lenmona
Glenorchy
Glenpatrick
Glynwylln
Gobarup
Goornong
Gowar
Gre Gre
Guildford

Harcourt
Hawkestone
Hayanmi
Heathecote
Huntly

Illawarra
Inglewood

Janiember East
Jamiember West
Jarklan

Joel Joel

Kamarooka
Kangerrar

Ly ¥

+ + o

Farish

Block
L

Kimbolton
Kingower
Kinypanial
Kirkella
Knowsley
Knowsley East
Kooreh
Kooroc
Korong
Kurraca
Kurting

Laanecocorie
Landsbhorough
Langley
Langwornor
Lelchardt
Lillicur
Lockwood
Lyell

Malakoff
Maldon
Mandurang
Marnoo
Marong
Maryborough
Metcalfe
Minto
Mitchell
Mitiamo
Mokepllly
Moliagul
Monea North
Moolerr
Moolort
Moora
Moormbool East
Moormbool West
Moerrl Morrl
Moyreisk
Muckleford

b=

oo




L%

0
i o Block Blog
Parish T3 L5181 71513 Parish 1 3 5'35 7
Murchison + Strangways
Murchisen North I3 Strathfieldsaye P
Muskerry P P Sutton Grange
Mysia [ Swanwater F
Nat 1
reies el [N PR PR
W ) Talambe P| P
leereman F ™
o — landarra +
Heilborough + T
Nering % arnagulla F| B|-F
Nolan P P Trrengower
: Tehirree P
Noorilim = T .
Northwood F mchuteqr
Terrappee P
m
Painswick + Toghorat
Panyule B ;co;leen
Fompapilel P |F inttington N
Fowlett PP Tourello
Pranjip F
Puckapunyal F Waanyarra +l
Wahring
Rathscar P|P Wallaloo P
Ravenswood P PP Walmer
Redbank + Wanalta
Redcastle + Waranga
Redesdale + Wareek
Riachella + Warngar F
Rich Aveon East E Warragamba P
Redborough + Warranook P
Runnymede + Warra Warra P
Warrenmang B
St. Arnaud P Warrowitue
Salisbury + Watta Wella +
Salisbury West F|F Wedderburne +
Sandhurst + Wehla B| P
Sandon + Wellsford +
Sedgwic + Westaon
Shelbourne B F Whirrakes +
Smeaton P Whroo
Spring Flains + Winjallok F
Stawell E Wirchillieba P
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Block
Elock Parish 123456 7]8] 9
Parish T[2(3[4[5[6[7[8]¢9
+ Yallook -
Wirrate & Yalong +
Woodstoek o Yarraberb +
| Woosang ¥ Yarrayne
Wormangal P Yehrip >
Wyehitella

= within block
Note: + = wholly within block P = partly
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Appendix 6

TRIC CONVERSION FACTOHS

Quantity Metriec unit Imperial unit Metric to Imperial Imperial to metric o
millimetre (mm) ineh (4in) 1 mm= 0.0394 inch 1 inch = 25.4 mm
LahEth centimetre (cm) 1l cm = 0,3937 inch 1 inch = 2.54 ¢m
o metre (m) foot (fu) 1m = 3.281 {feet 1 foot = 0.305 m {30.5 cm)
kilometre {km) mile 1 km = 0.6214 mile 1 mile = 1.61 km
hectare (ha) acre (ac) 1 ha = 2,47 acre 1 acre = 0.405 ha
Area square kilometre | square mile (3g mile) 1 sq km = 0.3861 =sq mile (247 ac)| 1l sq mile = 2,592 sq km
(eq km)(= 100 na) o
kilogram (kg) pound (1b) 1 kg = 2.20 1b 1 1b = 0.454 kg
Mass tonne (&) ton 1t = 0.988 ton 1 ton = 1.02 ¢
(= 1,000 kg) _
cuble metre (m3) |cubie foot (£t 1m3 = 35,31 £t3 1 £t = 0.0283 m° 3
super foot (timber) = 423.7 super feet true 1 super foot true = G.Oﬂiﬁiaﬁ
= 332.6 super feet 1 super foot HLV = 0.003 m
Volume {Hoppus log volume)
megalitre (M1) acre feet [ac ft) 1Ml =0.8008 ae ft 1l as ft = 1.235 M1
(= 1,000,000
litres) s
degree Celsius degres Fahrenhelt ®7) 1% = /9 (°F - 32} 1% = 9/5 {°c + 32)
Temperature| o~ T o T e : = - ' ’
(*C ____]
tonnes per bushels/ acre 1 t/ha = 14.9 bushels/ac (wheat) |1 bushel/ac = 0.087 t/ha
hectare (t/ha) = 17.9 bushels/ac (barley) = 0.056 t/ha
= 22.2 bushels/ac (oats) = 0.045 t/ha
:ﬁgggund milligrams per parts per million (ppm}| 1l mg/l = 1.000 ppm 1l ppm = 1.000 mgs1l
litre (mg/l)
litres per gallons per hour (gph) |1 1/ = 791.T7 gph 1 gph = 0.00126 1/s
second (1/s) =

F. . Atkinson, Government Printer, Melbourne



