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FOREWORD

M™he Land Congerpation Act 1970 estab-
lished the Land Conservatiorn Council,
whose Munetlon ls to 'earry out Invest-
Iratiens and make recommendatlions Lo
Lhe Minlster wlth respect to Lthe use of
pub:lie land in order to provide for the
balanced use of land in Vietoria'.

This report sets out teo deserlbe and
assess Lhe natural resources ol the
public land in the Murray Valley arvea,
and provides a factual basis on which
members oft the communlity may base thelr
submizslons to Lthe Councll, It ensures
that all those persons and bodles who
have an Interest in the future use ot
public land in this area can obtain and
study the basic information, which the
Council itsell will study, and so make
inffarmed and constructlve supgestions
to Lhe Council for its consideration.

In making thils report avajilable, the
rovernment hopes that all interested
parties will be able to particlpate 1in
an informed fashion in the process of

Land Conservation Councll
&6l 8t, Kilda Road
MELBOURNE 3004

consldering how publle land should be
used., Tt is hoped that, in making sub-
missions, members of the community will
use as a basis the Information provided
by thls study. The Council will make
its recommendations only alter due con-
slideration of those submlisslons.

Demands for land for various purposes
are many and varied, some of which

are compatible and some conflicting or
competitive. It 1s therefore lmportant
that the decisions made are based on
Factuanl evidence, not on subjectlve cri-
teria.

Submlisslons are now Invited and should
reach the Secretary of the Land Conser-
vation Council within 60 days of the
publication of this report, as notifled
In the Vietorian Government Gazette.

Submissions recelved by the Councll
will be avallable for inspection at the
Council's offlces 10 days after the
closure of the submission perilod.

S.G.McL., DIMMICK
Chalrman
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LAND CONSERVATION ACT 1970

EXTRACT

Fublie land "Reserved forest" and "State forest"
have the same meanings as in sectlon 3
Section 2. of the Forests Aet 1958,
{1) "Publle land" means -~ (2) The Governor in Council may on the
recommendation of the Minister made
(a) land which is not within a city after consultation with -

town or borough and is -
(a) any Minister of the Crown in

(i) unallienated land of the Crown whom any land is vested; or
including land permanently
or temporarlly reserved under {b) the Minister responslible for a
section 4 of the Crown Land public authority in which any
(Reserves) Act 1978, State land 1s vested -
forest and parks within the
meaning of the National Parks by proclamation published 1n the
Aet 197hH; Government Gazette declare any such
land to be public land for the pur-
{(11) wvested in any public authority poses of this Act.
(other than a municipality or
a sewerage authorlty wilthin Functlons ol the Council
the meaning of the Sewerage
Distriets Aet 1958); or Section 5.
(111) vested in the Melbourne and (1) The Council shall -
Metropolitan Board of Works;
and (a) carry out Investlgatlons and
make recommendations to the
(b) any other land which the Govern- Minister with respect to the use
or in Councll declares under of public land in order to pro-
sub-section (2) to be public vide for the balanced use of

land for the purposes of this Act. land in Victoria;



fviid)

(2}

(b) make recommendations to the
Governor in Councll as to Ghe
constitutlon and deflfinlition ol
witter supply catchment areas
under the Soil Conservation and
Land Utiltzation Aet 1958; and

{(¢) advise the Soil Conservation
Authority concerning policy on
the use oft land {(whether public
land or any other land however
vested) in any water supply
catochment area,

recommendatlon Lhe
Council shall have regard to the
present and future needs of the
people of Victoria in relation
Lo =

In makling any

(a) the preservatlion of areas which
are ecolopleally sipgnificant

(b) the conservatlion of areas of
natural lnterest beauty or ol
historical interest;

{e) the c¢reation and preservation of
areas of reserved forest:

(d) the ereatlon and preservation of

areas lor national parks;

(e) the
areas lor leisure and recrea-
tion, and in particular of areas
clase te eclties and towns lor
bushland recreation reserves;

ereaticn and preservatlion of

(3)

(4)

(1)

(") the creatlion and preservation of
reserves [for the conservatlon of
'1sh and wildlile;

() the preservation of specles of
native plants; and

(h) land required by government de-
partments and publlie authoritles
in order to carry out their
functions.

Where the Councll recommends the
alienation of any land the recommen-
dation shall Include the Council's
oplnion as to the best method of
alienating the land to ensure the
most satisfactory use and management
of the land in the publiec interest.

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

Investigations, Notices and Reports

Jectlion 9.

The Council shall not make any
recommendat ion under this Aet in
relation to any district or area
without a prior investipation of the
district or area,
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(3)

Before commencing any investipation
under paragraph (a) of sub-section
(1) of seetion 5 the Council shall
publish a notice in the Government
Gazette, in a newspaper clrculating
throughout the State and in a news-
paper clirculating particularly in or
in the vicinity of the area or dist-
rict to be investigated stating that
an investligation of the distriet or
area described in the notlce 1s to
be carried out for the purposes of
thls Aet.

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

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

(b) give notlce in the Government
Gazette of the publication of
the report, the address where
coples 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 1f they are made within
60 days of such notice; and

{(e) publish notice In a newspaper
cireulating throughout the S5tate
and in a newspaper circulating
particularly in or in the vicin-
ity of the area or district
investigated of the publication

(1x)

of the report, the address

where coplies of the report may
be obtalned or inspected and
stating that submisslons may be
made to the Council and the date
before which they should be
made,

(4) The Council shall consider any sub-

misslons in relatlon to such report
made by any person or body within
60 days of notice being glven under
paragraph (b) of sub-section (3).

Notlce to be plven to publie depart-
ments and authoritles 1n certain
cases.

Section 10.

(1) Not earlier than 60 days after

notice belng given under paragraph
(b) of sub-section (3) of section 9,
the Council shall send a copy of 1ts
proposed recommendatlon to -

(a} the Councll of any munielpality
in the municipal district to
which the recommendation relates
is situated;

(b) any other publlc authority or
government department that in
the opinlon of the Councill has
an interest 1n the area of the
proposed recommendatlon; and

(¢) any person or body who made a
submlission under section 9 -
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and shall consider any submlssions for a public authority recommend to
received within 60 days of the send- the Governor In Council that notice
ing of such copy Le the council, of* the recommendation or that part
authority, departmeni, person or off the recommendation that affects
body or in the case of' a public the povernment department or public
authorlty or government department authority be gilven to the government
within such longer period as may be department or public authority con-
arrecd upon between the Minlster and cerned and where notice of that re-
the Minister administering that de- commendation or part is sco given by
partment or responsible for that the Governor in Couneil it shall be
authority., the duty of the povernment depart-
ment or publie authority to use gll
(<) Where any recommendation 1s made to diligence and dispatch to give ef-
Lthe Minister under this Act 1t zhall 'ect to such recommendatlion so far
bhe accompahied by a copy of any sub- as 1t affects any land vested in or
missions recelved I'rom any person controlled by it.
body department authority or council
pursuant to the provisions of sub- Copy of every recommendation and of
section (4) of section 9 or sub- proposials to be tabled in Parliament.

section (1) of this section.
section 11.
Government departments and authorit-

fes to give effect to recommendat- A copy of every recommendation of the
ions. Council made under sub-section (1) of
sectlon % and of the proposals of the
{3) Where the Council has made n recom- Council submitted to the Minilster
mendation to the Minister under pursuant to section 7 shall be laid be-
paragraph (a) of sub-sectlon (1) of f'ore both Houses of Parliament within
section 5 the Minister may, alter he fourteen days of the making thereof if
has piven not less than fourteern Parliament 1s then sitting and if
days notice of his intentlon so to Parllament 1s not then sitting within
do to the Minlater administering a fourteen days after the meeting of
povernment department or responsible Parliament.

A copy of the Land Conservation Aet 1970 can be obtalned from the Government Printer
Sales Office, Ta Parliament Place, Melbourne, 3002.
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1. ALMS AND METHODS

This report brings topgether inflormation
that is relevent to making declisions on
the future use of publie land in the
study area.,

It deseribes the physlcal nature of the
land, examines the existling and likely
Forms of land use, and assesses the
hazards assoclated with these uses. The
report does not contaln recommendations,
but aims at providing a factual basls on
which land use recommendations can be
formulated.

Existing informatlion collected lrom pub-
lished reports, government departments,
publiec authorities, private organiza-
tions, and individuals has been supp-
lemented by short-term surveys of plants
and animals.

Although publie land has been empha-
sized, the report considers relevant
aspects of all land in the study area to
place the public land in perspectilve.

Also the management and use of Crown
land that abuts the Murray River in New
South Wales and 1its relatlion to the
management and use of publie land In the
study area has been considered in this
report,

The text 1s divided into four main sec-
tions. Part 1, an introductory section,
sets out the aims of the study, and
defines and brlefly describes the study
area, the Aborigines' association with
1t, and the history of European settle-
ment .

Part 11 describes the main leatures ol
the environment for the whole study
area. Climate, peolopy, geomorpholopy,
soils, vepetatlion, fauna, water re-
sources, and land systems are described.
Maps showing the geolopy, peomorphology,
topography, vepetation on public land,
water resources, and land systems are
inecluded,

Part 111 deals wilth the maln forms of
land use that are llkely to make demands
on public land and examines the present
levels of activlity. Hazards assoclated
with these land uses, such as so0ll de-
terioration and fire, are also dis-
cussed, Maps in this section indicate
the areas used for the various forms of
primary production, mineral and stone
production, recreatlon, and timber pro-
duction.

Part IV provides more detailed informat-
ion and, for convenlence, the study area



has been divided into six descriptive
blocks. The information for each block
ls set out in a conslstent format of
headlings, so that specifiec Informatlion
can be readlly lfound and compared with

its counterparts in other blocks or
areas.

A number of appendices, including lists
of Flora and fauna, complete the report.



2. CONSERVATION

Conservation 1s concerned with man's re-
lation to his enviromment. It 1s often
sald to be the wise or balanced use of
resources., Because 'wisdom'! and 'bal-
ance' are not absolute terms, the prin-
ciples set out here attempt to explain
this concept.

Conservation can be consldered as an en-
deavour to antleipate and resoclve con-
flicts between the 1ndividual and soc-
ety about the present and future use of
resources, and between competing uses

of the same resource. The conservation-
ist must be aware of long-term needs and
recognize that a community requires land
for the preservation and pretectlon of
species and for recreation, sclentific,
and aesthetice purposes as well as for
the production of food, timber, and min-
erals or for urban and industrial use.

Natural Resources
Two broad classes of natural resource
may be distinguished, according to
whether they are renewable.

Non-renewable resources

The quantity of these resources does not
increase signifiecantly with time, and

G6163/83—2

PRINCIPLES

use consumes them. In the last century
the expansion of Viectoria's economy was
based on the exploltation of gold - a
non-renewable resource. The o0il and gas
flelds of Bass Strailt provide another
example.

Conservation of a non-renewable resource
requires the best technlques for explor-
ation, recovery, and processing, and the
efficient use of the end product.

Henewable recources

The quantity of a renewable resource
such as timber may lnerease or decrease
with €ime. Animal and plant communities
and landscape fall within this catepory.
Abuse of these resources may reduce

them to such a poor condilitlon that the
practical opportunity to restore them to
a desired state is lost for many gener-
ations.

Conservation of renewable resources
requires a thorough understanding of
ecalogical prineciples and development of
sound management techniques based on
those principles. An ecosystem typlcal-
ly contains many interrelated compon-
ents. A change in any one of these will
have effects elsewhere in the system.



In general, an ecosystem with a diverse
range of specles wlll 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
eimple ecoaystem with lfew specles,

Man 1s part of the ecosystem and, 1like
every other organism, influences and 1s
influenced by the other parts. The dev-
elopment of new techniques has lncreased
his abllity to modify the environment.
Many new technlques have both advantages
and disadvantages. Often the disadvant-
ages are not obviously linked to the new
technigques and only emerge in the long
term = {or example, the use of insecti-
cides can lnecrease production of food or
Ffibre dramatically, but may also reduce
the population of predatory blrds and
insects and so encourage the builld-up of
populations of other insect pests.

Relatlions Between Resource Uses

Many uses of a resource are compatible.
Also one form of resource usage may lIn-
crease opportunities for another form
of use or make posslble new uses, They
may alsc be competitive, as ls the case
when an Increase in one leads to a de-
crease 1n other.

For example, the relation between timber
production and plenlcking within a for-
est may be complementary in the sense
that plenickers galn access along tracks
and use open spaces created durlng tim-
ber operations. It may become competlt-

ive if logging makes the forest an un-
suitable picnic area, and at other tlmes
pienickers may present a considerable
fire risk.

In general, declsions on land use will
involve selecting major land uses for a
particular area, determining other uses
compatlble with these, and speclfyling
the Intensity of use above whlch they
become 1ncompatible.

The Principles of Land Use

In the past, our society has grown (and
the economliec welfare of the people im-
proved) through mining, farming, timber
production, and industrial development.
These industrles have usually been given
prime importance when deciding the use
of natural resources. The present pat-
tern of land use 1s, of course, a re-
sult of these past decisions.

The concept of balance 1s fundamental to
land use and 1s directly related to the
values that society puts on the goods
and services that the land can provide.
It also involves consideration of the
needs of all sections of socliety, on
both regional and State bases, as well
as those of this and future pgenerations.

Recently there has been greater public
demand for a shift in emphaslis towards
nature conservation and recreation as
the economiec welfare of the bulk of soc-
lety has improved, the need and opport-
unities for outdoor recreation have



grown, and an appreciation of nature has
become more apparent.

The intangible wvalues of recreation,
aesthetics, and preservatlion assoccliated
with natural areas need to be recognized
and the impact of other land uses upon
them considered.

Where several land uses are compatible,
land should be avallable for the most
benefiecial combination of such uses. To
achieve this, it may be necessary to
define major aims and to assess levels

above which secondary uses are unaccept-
able.

Where land has been committed to a par-
ticular use, 1t should be managed in
such a way that its capablility for that
use 1s not impaired. Uncommitted land
should be malintained in a condition that
will allow the widest possible cholee of
future uses.

Review and reassessment of land use will
become necessary as soclety and technol-
ogy change,
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3. THE STUDY AREA

The Murray Valley arca contalns approx-
imately 15,600 sgq.km of land, bounded by
the Victoria-=-New South Wales State bor-
der alonp the River Murray in the north,
the Hume Highway in the east, the Shire
boundaries of Euroca, Rodney, Deakin,
RHochester, and Cordon In the south, and
the Loddon Rlver 1n the west, as indle-
ated on Maps 1 and 2.

The positlon of thils State border was
determined by the New South Wales Con-
stitution (Imperial Aets 18 and 19
Vietoriae ¢.5U0 of 16 July, 1855), which
decreed that the whole watercourse of
the Murray, from its source to the east-
ern boundary of the colony of South
Australia, was thereafter to be wlthin
the Territory of New South Wales. This
fixed the left (southern) bank as the
boundary between that State and Victor-
1a.

In May, 1980, the High Court of Austral-
ia elarified the sltuation further by
ruling that the northern boundary of
Vietoria followed the top of the south-
ern bank of the river, all territory to
the north being withlin New South Wales.

Covering nearly 7% of the State, the
area includes the Shires of Cobram,

Cohuna, Deakin, Nathalla, Numurkah,
Roehester, Rodney, Rutherglen, Sheppar-
ton, Tungamah, and Yarrawonga, and parts
of the Shires of Benalla, Euroa, Gordon,
Kerang, Vielet Town, and Wangaratta.
Munlecipal, county, and parish boundaries
are shown on Map 3.

Within or abutting the study area lie
the cities of Benalla, Echuca, Sheppart-
on, and Wangaratta, the town of Kyabram,
and the borough of Kerang, which togeth-
er cover some 130 sgq. km. Crown land
wWwithin these urban areas is not public
land (as defined in the Land Conservat-
ion Aet 1970) and is therefore not sub-
Ject to recommendations by the Land
Conservatlion Council., However, Crown
land within the urban boundaries of
Shepparton and Kerang does abut publice
land in places.

Deseription

The Murray Valley area comprises the
broad flat alluvial plains of the Murray
River, with isclated bedrock outcrops
rising above the plains. The lower
reaches of' the Ovens, Broken, Goulburn,
Campaspe, and Loddon Rivers traverse the
area. These streams are characterized
by consliderable varlation in stream flow
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throughout the year and, over time, this
has led to the development of extensive
riverine plains relleved by features
such as lakes, blllabongs, swamps, and
river terraces. These alluvial plains
form a major physiographic subdivislion
of the extensive Murray Basin plalns and
cover most of the study area.

It has flat and undulating topography,
generally ranging in elevation from 70
to 200 m, the major exception being the
Warby Range (200--500 m) and Mount Major
(379 m). In addition, a number of high-
er isolated peaks (bedrock outllers)
such as Mount Terrick Terrick, Mount
Hope, and Pyramid Hill rise above the
plains. The low average annual rain-
fall, varying from 700 down to 350 mm,
decreases from south-east to north-west
across the study area.

Public land

The publie land occuples approximately
1,344 sq. km (nearly 9% of the study
area) and, apart from the Warby Range,
Mount Major, and Mount Terrick Terrick,
mainly borders the major rivers and
streams.

Most of it - nearly 67% - 1s reserved
forest. The remainder comprises the
Warby Range State Park (about 2%), land
owned or controlled by the State Rivers
and Water Supply Commission for water
supply and dralnage purposes (about 11%,
excluding channels), agricultural
colleges and research stations (3%),

game and wildlife reserves (less than
1%), and various Crown land reserves and
unreserved Crown land (nearly 16%).

Publie lands in the area serve many pur-
poses, including hardwood production,
recreation, protectlon of flora and
fauna habltat, grazing, {lood mitigat-
lon, water supply and drainage, agri-
cultural research and education, and
aplculture, and they produce sawlogs,
posts, piles, sleepers, firewcod, grav-
el, forage, game, and honey.

Most of the publiec land supports stands
of native vegetation, which consists
mainly of river red gum forests and
woodlands, box--1ironbark forests and
woodlands, Callitris forests and wood-
lands, and grasslands. Little of this
remains on the freehold land, however,
since 1ts development for agriculture.

River red gum, Fucalyptus camaldulensis,
is the most widely distributed eucalypt
in Australia and its best development as
a forest specles occurs on the Murray
River flood plains - particularly in the
Barmah and Gunbower Island State For-
ests.

Similar stands of river red gum in New
South Wales, oppeslte these Victorian
forests, have been deslgnated as New
South Wales State Forests.

Smaller but nonetheless Iimportant areas
of river red gum are tc be found else-
where along the Murray and along the



Table 1

DEMOGRAPHY

Loeal government Areq Population

area (sq.km) 1_?1ﬂ 19?53 1981C
Cobram (Shire) 433 5,520 5,765 6,206
Cohuna (Shire) hay h,768 h,607 4,505
Deakin (Shire) 9373 5,666 5,503 5,789
Nathalta (Shire) 1,255 3,206 3,182 3,167
Numurkah (Shire) 728 5,801 5,647 5,840
Rochester (Shire) 1,919 7,587 1157 T:162
Rodney (Shire) 1,014 12,406 13,402 14,116
Rutherglen (Shire) 526 2,473 2812 2.7 Th
Shepparton (Shire) 917 6,477 6,282 7,228
Tungamah (Shire) 1,128 3,147 2,958 2,813
Yarrawonga (Shire) 600 3,755 4,072 4,437
Part of Benalla fShirE}D 1,039 1,892 2,126 2,629
Part of Euroa (Shire)® 625 1,904 1,919 1,842
Part of Gordon {Shire}n 2,023 3,124 2,944 2,873
Part of Kerang (Shire)" 1,084 2,864 2,702 2,598
Part of Violet Town (Shire)’ 556 869 913 927
Part of Wangaratta {Shire}D 565 928 1,104 1,317
Total (actual study area) 15,848 72,384 72,895 76,213

¥ Not part of the study area



Table 1

Local government Area Population _—

area B ____F”m“__ii?'km} lngﬂ IQTQH 195l5
Eenalla (city) * 16 8,255 8,300 8,151
Echuca (city) ¥ 19 7,505 7,873 7,943
Shepparton (city) * 27 19,410 21,238 23,579
Wangaratta (city) ¥ 27 15,586 16,157 16,202
Kyabram (town) *¥ 21 5,081 5,122 5,014
Kerang (borough) ¥ 18 4,103 4,022 4,049
Total (urban areas) 128 59,940 62,712 65,338
Total (ineluding urban areas) 15,976 132,324 135,607 141,551

Notes: A Census 1971
E Census 1976

Source: Australian Bureau of Statistices

lower reaches of the Ovens and Goulburn
Rivers.

Fopulation

At the time of the 1981 census, the
Murray Valley area had a population of
141,551 persons, representing 3.6% of
Victoria's total. Approximately 46% of
the population is concentrated 1in the

C Census 1981
D Compiled from Collector District data

urban centres of Benalla, Echueca, Shepp-
arton, Wangaratta, Kyabram, and Kerang.
Demographlc patterns also reflect the
main agricultural pursuits of the area;
irrigation areas are more populous than
areas of dryland farming (see Table 1).

During the 10-year period 1971--81, this
populatien has grown by 6.9%, with
growth mostly occurring in Shepparton,
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Table 2

EMPLOYMENT BY INDUSTRY
(as at June 30, 1981)

Industry Total Percentage
of total
Agriculture: agriculture, agriculture services,
other 12,902 22 .4
Forestry, fishing, hunting 160 .
Mining 97 .
Manufacturing: textiles, food, drink, clothing,
metal products, machinery, other 7.275H 12.6
Manufacturing: wood furniture 485 0.8
Electricity, pas, Water 1,234 2.1
Construction 3,199 5.6
Wholesale and retail trade 9,579 16.7
Transport, storage: road, rail, water and air
transport; storage 1,944 3.4
Communication 909 1.6
Finance, insurance, real estate, business 2,536 b, 4
Public administration, defence 2,064 3.6
Community services: health, education 7,754 13.5
Recreation, personal services: entertalinment,
restaurants, hotels, clubs, recreation
services 2,558 h.4
Other (undefined) 4,806 b

Source: Australian Bureau of Statistics, complled

from 1981 Census.
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Wangaratta, and the local government
areas that contain irrigation districts.
Including the main urban centres, the
Murray Valley has a populatlion density
of some nine persons per square kllo-
metre.

Economic activity

Since settlement, the major form of
economic activity 1n the area has been
agriculture. Pursuits include dairying,
cropping, and raising sheep, beef,
frult, grapevines, vegetables, and plgs.
The value of thils apricultural product-
ion has natlional significance, especial-
ly that of the fruit and dalry products
based on irrigation. The manufacturing,
retailing, and service Industries,
usually located in the major urban cent-
res, are also economically important for
the area (see Table 2).

The forests of the area have supported a
viable timber industry since the earl-
iest days of settlement. Despite de-
¢lining production, this industry re-
tains economie importance locally.

Recreation and tourism are also import-
ant economic activities here. The ares
contains many features, especlally the
Murray River, that attract tourists and
other people seeklnpg recreation., The
fact that the city of Echuca, over the
period 1975/76 to 1980/81, has recorded
an increase of 55% in the number of bed
spaces in hotels and motels indicates
the local growth of tourism. Over the
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period 1979/80 to 1981/82, the city's
caravan parks recorded a 23% increase in
site occupations.

The people withlin the Murray Valley area
have an adequate infrastructure of com-
munity services, which have been buillt
up over the years in conjunction with
irripgation development.

Capital investment 1n the area over the
past 90 years has been substantial, in
both the private and publiec sectors.
Employment growth, although not dynamic,
has always been soundly based on a con-
tinuing increase in light industries and
businesses that provide support for the
agricultural sector.

New South Wales Crown Land

The Murray Valley area abuts significant
parcels of New South Wales Crown land
(see Map 2), mainly associated with the
Murray River. Thelr tenure 1s mostly
otate Forest with some smaller areas
belng Crown Land Reserves. No national
parks are located there, nor have any
substantial portions been reserved spec-
ifically for the maintenance of flora or
fauna values.

This Crown land serves many purposes,
including timber production, recreation,
protection of flora and fauna habitat,
grazing, flood mitigation, and aplcult-
ure;: 1t produces sawlogs, posts, plles,
sleepers, firewood, gravel, forage,
game, and honey. Its largest areas



12

carry State forests located direetly
opposite the Victorian Gunbower Island
and Barmah State TForests,

Fublle lands abutting the Murray River
in the two States have wvery similar
Moristies, fauna, tenure, and usagre and
they are susceptlble to the same hazards
and management problems.
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4., ABORIGINAL

This chapter summarizes a report comm-
issioned and prepared for the Land Con-
servation Council describing Lhe Aboripg-
ines' assoclation with the Murray Valley
area. 1t was prepared by Mr. W. Atkinson
(a descendant of the Yorta Yorta tribe)
assisted by Ms. A. Berryman (a post-
praduate archaeolopgical student at La
Trobe University). They used archaeol-
oy, anthropology, written history, and
oral evidence to complle the report.
Oral evidence - information passed on by
word of mouth - is of value for defining
the historical Aboriliginal perspective.

Mr Atkinson also consulted various loeal
Aboripinal organizations located at
FEchuca, Mooroopna, Shepparton, and Cumm-
eragunga and the Aboriglines Advancement
League in Melbourne.

Aboriginal people have been assoclated
with the south-east of Australia for
40,000 years. It is highly likely that
they have occupiled the Murray Valley for
an equally long period, although the
earliest scientific dates available at
present, for Kow Swamp, indlicate approx-
imately 13,000 years.

Fresent-day Aboriginal descendants in
the area claim that elements of thelr
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ASSOCIATIONS

Aboripinality have survived from the
period before Burcopean contact to the
present. Aboripginality refers to their
origins, philosophy, and culture, and to
the views that they have of thelr cul-
tural heritape - whether it be tanglble,
such as a burial site, or intangible,

a religious bellief, say. An expresslon
of thelr Aboripginality is the special
relationship or affinity that exists
between them and their ancestral lands.

There is now a consistent Aboriginal and
academic view that sees the Aboripginal
perceptlion of the land 1In terms of a
speclial relationship with the country,
In this context, land use may not have
the same meaning for Aborigines as it
does lor Europeans.

Tradlitional Aboriginal Perspective
Envirenment

The changling gpeomorpholopy of the Murray
Valley flood plain has been a feature of
the area for many thousands of years.

It 1s extremely llkely that the local
climate, fauna, and lora have altered
also, over this time span. Thilis chang-
ing environment would have had implicat-
ions for huntling and patherlng peoples
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Arcehaeological dig at Kow Swamp - Sydney
University students
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living in such close asscclation wilith
the land and 1ts rescurces.

Over the last 10,000 years = since the
stabllization of the present river
system and the development of a cllmate
similar to that of the present - the
woodland plains, treeless plalns, and
seasonally llooded forests were reglonal
features, as they remain today. Living
zones over this perlod would have been
similar to those existing at the time of
early European contact.

As a general principle, the Aboriginal
pecple ranged over different living

zones to maximlize their chances in the
guest for food, Such living zones were:
the rivers, particularly the river edges
with their tall river red gums; the wet-
lands, including swamps, blllabongs,
streams, and anabranches; and the grassy
plains interspersed with patches of
scrub.,

They moved across these zones to satisfy
a variety of dietary needs at different
times of the year, and used different
technologies for obtalning the wvarious
foods. Not all movement across these
living zones concerned the quest for
food. Intertribal gatherings, guests
for non-food items like ochre and stone,
and the relaying of messages required
extensive territorial range.

Flre has been a feature of Aboriglnal
1ife, and early histeriecal accounts of
the area speak of 1ts frequent use for
clearing tracks through reed-beds, for
hunting, and for dissuading Europeans
from venturing inte tribal territory.

Tribal boundarles and populatlons

The maln tribes who occuplied territory
within the area - using the boundaries
given in Tindale (1947) - are the Bang-
erang, Jotl Jota, and Kwat Kwat tribes.
Present-day Aboriginal descendants refer
to the Jotl Jota as Yorta Yorta rather
than using the anthropologlcal spelling.

Uther nelghbourding tribes with territor-
les overlapping the area are the Bara-
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gource of raw matertal to the Murray

River tr
tation,

ibes in making spears, ornamen-
hunting and trade.

Tradlitional boundaries were marked by
natural and totemic features; each
tribe occupied a2 recopgnlized area and
spoke a common languape.

The traditional boundaries of the Bara-
parapa, Wemba Wemba, and Yorta Yorta ex-
tended into New South Wales, north of
Peniliquin. The Murray was obviously
not a political boundary to these tribes
- who occupied large tracts of country
cn both sides, encompassing the range of
living zones previously mentloned.

Estimates of Aboriginal population lev-
els as reported by the earlier explorers
and squatters are usually treated with
cautlon. Indieations are that intro-
duced dlseases such as smallpox (carrled
here from Port Jackson vla the Murrum-
bidpee) and frontiler wvioclence had al-
ready severely reduced local population
levels prlor to the large-scale European
settlement of the area.

Drawling on historical accounts and lit-
erature dealing with the known effects
of smallpox epidemles, a figure for the
pre-contact Aboriginal population in the
study area can be put somewhere between
2,400 and 4,800 people.

soclal organlzatlon

The trlibe comprised two kinds of socilal
groups. One was the local patrilineal
descent group, whose members trace thelr
descent through the father to a common
ancestral being. The local descent
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observers called 'postmen'.

Meetlngs usually occurred in the spring
and summer when food was readily avail-
able and could support large gatherings
for extended pericds of time. Meetlng-

recorded at the intersection

f* tribal boundarles and other important
points. Kow Swamp (an intersection of
'ive tribal boundaries) was a tradition-

al meeting-place. The Moira and Barmah
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intertribal meetinas and Jod gakn _r".‘.'.-_. lon were also meeting ‘.::1.'|l".r".'. for up to



500 people from local and neipghbouring
tribes.

Rellgion

Few early observers documented the rel-
igious concepts and practises of the
Murray Valley Aborigines. Inferences,
sugpesting complex relipiocus notlions,
can be drawn from the wriltten sources,
from archaeological data on burial cust-
oms ete., and from the broad understand-
ing of a common pattern of religious
life for all Aboriginal Australia.

Before the arrival of Eurcpeans and
Christianity, the Aboriglnal people had
their own world view, whlch embraced the
belief that ancestral supernatural be-
ings established the foundations of
human 1life.

These ancestral belings created the phys-
ical features of the tribal land -
rivers, plalns, rocks, and sand hills.
Sun, moon, and stars came into belng
through them, and man and other living
speclies tock on thelir particular physi-
cal characteristics, and were shown the
rules of behaviour they should follow.

All of this knowledge was handed down
from generation to generation through
such media as mythology, rituals, and
oral traditions. The Aborigines bellev-
ed that, by acting in accordance with
the rules laid down by these ancestors,
they could keep In touch with them or
thelr power and thus help to perpetuate

BAIBLEI—D
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a stable food-producing environment and
a harmonious social order. This period
is otherwise known as 'the dreaming’.

In religious terms, the Aboriginal
people saw thelr world in a completely
different perspective from that of Euro-
pean man.

The landscape's features were monuments
to the activitles of specifie ancestral
beings and, like Eurcpean religious mon-
uments, were 'sacred sitesa'. Aborigines
did not seek to alter these features, as
to do so would bring disaster. The loc-
al descent group had the responslbility
of caring for the land and 1ts sacred
sites, which 1Included spirit centres.

Natural species of animals were linked
to Aboriginal people through totemic
relationships and were classified with
people into moleties. The Aborigines
tried to ensure food supplles through
supernatural increase ceremonlies, and
through the practical system of food
taboos. Consequently the Aboriglines’
actions were found not on the need for
change but rather on the need to perpet-
uate their natural cycles.

Economy

The general hunter-gatherer pattern -
group dispersal during times of food
scarcilty and group congregation in times
of plenty - appllies in the Murray Valley
area. Nevertheless, the relative abund-
ance of focd allowed the local tribes to
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in smaller groups, to areas away from
the main water bodles.

Generally speaking, the main economic
activity was based around the water bod-

ies and the use of technologles, such
as fish welrs, emphasizes this.

All manner of techniques, artefacts, and
(nowledge about plant and animal behav-



jour were used in the procurement and
preparation of food. The Aborigines
foraged for fish, water birds, yabbies,
mussels, turtles, frogs, birds, possums,
kangarcos, wallabies, emus, rats,
dingos, lizards, snakes, insects, grubs,
cumbungi reeds, and waterlilies.

Common artefacts and technologies that
they employed in food-foraging included
canoces, nets, fish welrs, stone tools,
spears and throwling sticks, mussel
shells, oven mounds, and carry bags,

Canoes were highly efficient and valued,
and were cut from the bark of river red
gums with stone hatehets, shaped over a
flre, seasoned in the sun, and end-
blocked with clay. The Aboriglines used
them in great numbers for travel, for
foraging, and as points from which to
take fish with both spear and line.

Nets, made from fibre such as masticated
cumbungl, were a feature of the area.
Different forms of hooped nets were used
for crayfish, yabbies, and fish, while
larger, cross-=llne nets were strung low
above the water for catching driven
ducks or under the water in some perman-
ent stream to cateh schools of fish.
Similar line nets were used for emu and
kangparoo drives: a number of strategic-
ally placed people along a natural run
could herd the prey towards the net.

Fish weirs, constructed from closely
spaced stakes driven vertically inte the
mouths of receding flood-water channels,
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were spoken of as ylilelding bountiful
harvests for a 5- to b-week perilod.

Early historical accounts do not give
much detall about stone tools, save for
the hafted, edge-ground axe used in
possum-hunting and cance-building. Some
evidence indicates that the Goulburn
people imported greenstone (diabase)
axes from the Mount Willlam area, in ex-
change for reed spears. What little
stone has been found, other than the
axes, shows that quartz, gquartzite, sil-
crete, and chert were the materlals used
for flakes, scrapers, hammerstones, and
grinding stones.

Spears - used for hunting and for fight-
ing - included spears with hafted bone

Smooth grooves in rock outerope produced
by Aborigines grinding their stone axes
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aor hardened wood points, spears with
carved barbs, and some wlth stone pieces
set into the head. Some were designed
for large marsupial game and others for
water-based hunts.

Fresh-water mussel shells formed intru-
ments for fibre and skin preparation.

Ovens were used to bake larpge catches of
game and large volumes of vepetable lilke
typha or cumbungl root. Caleclned or
burned elay, in the absence of natural
stone, served as heat retainers for
underground cooking pits. Accumulated
clay and organiec debris contributed to
form the mounds seen today in the area.

Woven fibre and skin bags, used by men
and women, were important items for
transporting goods 1in times of major
movement as well as in day-to-day forag-
Ing activities such as collecting
yabbles. Skin baps were also used for
transporting water, especially on trips
toc the dry country.

Culture and cultural heritage

aterial culture 1s often thought of as
physical artefacts, such as spears and
baskets, but 1t also includes the ideas
embodled 1in the artefacts: ideas that
come from people's interaction with
thelr physical, intellectual, and relig-
lous environment.

Bark ecut from the tree trunk to form a A spear from the Murray Valley area
canoe left a sear on the tree provides an obvious example of the mat-



erial culture. A less stralghtforward
example 1is specific corpse preparation
to ensure an unobstructed course In the
spirit world. An even more complex ex-
ample could be some natural feature that
is significant because of the religious
associations it holds.

The two aspects of material culture
studies - objJects and assoclated ldeas -
have not been well developed for the
area, for two reascons.

Firstly, no comprehenslve collections of
artefacts and details about thelr con-
texts are avallable for the Murray
Valley. The rapid destabillzation of
traditional Aboriginal 1ife at contact
time plus a lack of interest in making
systematlic collections, and observat-
jons, have contributed to the paucity of
information.

Secondly, because the total extent of
material culture studies has not been
consistently pursued, information still
remalns locked in the few fragmentary
collectlions and details about traditlon-
al 1life that are avallable.

Accounts of material culture by the
early settlers are welghted heavily in
favour of economic artefacts such as the
hatchets, spears, fish welrs, stone
tools, nets, canoes, and oven mounds
mentioned in the previous section.

Other artefacts that have been recorded
or are held in museums are dress and
ornamentation items such as feathered
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aprons, crayfish-antennae necklaces,
shields, possum-skin cloaks, armlets,
and bags.

It is highly probable that many more
materlal culture sites and objects re-
main to be located in the area. The
Feological nature of the Murray Valley
has been responsible for cbscuring many
of the expected oclder sltes, elther by
altering living zones significantly, and
thereby changlng centres of human activ-
ity, or by depositing flood soils over
the older material.

Since European contact, such things as
settlement, clearing, rabblts, grazing
animals, and irrigation schemes may

have reduced the visibllity of sltes, 1in
some cases destroyling them altogether,
Other areas - like the Mount Hope rock
outerop in the predominantly flat land-
scape - may, 1f archaeologically invest-
igated, sugpgest a ceremonial signifi-
cance consistent with similar features
found elsewhere in Aboripginal Australla,

Aboriginal Perspective
Since European Contact

Post-European contact saw massive reduc-
tions in the populations of the Aborig-
inal tribes who occupied the Murray Val-
ley area. Introduced diseases were the
main causes, but frontier confliets and
polson were also important.

Further, the advent of European settle-
ment saw the Aborigines forecibly removed
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from thelr ancestral land, and thelr
traditional asscociatlons with the land
were severely affected by the invaslion
of European pastoralists and thelr
stock.

This process of forced removal was fur-
ther accelerated in the mld nineteenth
century by the colonlal pgovernment's
policy of protection, which resulted in
the establishment of statlons where
remaining tribes could be relocated. The
protectorate station at Murchison was
used to relocate some of the Murray Val-
ley tribes.

After a very brief history - 1838--49 -
the protectorate system was abolished,
but no alternative system was introduc-
ed. During this time the Goulburn and
Murray tribes experlenced further dis-
possession of their land. However, some
pastoralists came to a Joint arrangement
with Aborigines over use of the land,
One such pastoralist was Mr Lewes of
Moira Station, who permitted Aborigines
to hunt on thelr grounds in his occupa-
tion.

During 1849, a Select Commlittee Inquiry
recommended Aboriglinal Reserves along
the Murray: near Barmah, Benalla, Wan-
paratta, and Ulupna. A later Inquiry,
in 1958/59, made simllar recommendatlons
for reserve sites, but no reserves were
established in the Murray Valley.

The 1858/59 Inquiry saw the emergence of
the Aboripinal Protection Board, which

assumed responsibility for Aborigines 1n
Victoria. The Board established a sys-
tem of central stations run by managers,
where the State's Aborigines could be
relocated, but agaln none of these were
set up in the Murray Valley area.

Instead a number of raticon depots were
established, at Echuca, Gunbower, Durham
Ox, Wyuna, Ulupna, Toolamba, Cobram, and
Goulburn (Murchison). Local honorary
guardians were appointed Yo issue supp-
lies and rations to Aborigines in the
area and to use thelr powers to protect
them from encroachments by whites,

A small reserve was later established
at Lake Moodemere, near Corowa, for
remalning tribes who occupied the upper
reaches of the Murray.

To enable the Aborigines Protection
Board to gather Aborigines onto central
stations, an Inspector, John Green, was
appointed in 1861 to superintend the
welfare of Aborigines in the colony and
to Ilmplement its relocatlon program.

In an 1862 visit to the Murray between
Cobram, Echuca, and Gunbower, he gather-
ed the names of more than 500 Aborig-
ines. The main reason for Green's visit
was to gather children who were regarded
as orphaned or neglected, and others who
were willingly surrendered by thelr par-
ents, and relocate them at Coranderrk
Statlion - a new reserve established by
the Board in 1863 near Healesville for
remaining Kulin tribes., Coranderrk be-



On anabranch creek, Aborigines
gathered to ecateh and eat
fish, shellfish, turtles, and
erayfish; over the years the
re fuse created this mound in
Barmah Forest

came g refuge for many of the Murray
Valley people in the absence of a res-
erve in that area between 1863 and 1874.

To assist the Board in carrying out its
relocation program more effectively, a
special Aborigines Act was passed in
1869, which gave the Governor, on the
advice of the Board, power to preseribe
where an Aborigine or Aboriginal tribe
should live., It alsc gave specilal pow-
ers to control the dally actilvities of
Aborigines on and off reserves.

Most importantly, it gave authority to
take charge of Aboriginal children who
were considered orphaned or neglected.

During the 1870s the Board engagred in a
concerted attempt to pather chilldren
from the Murray Valley and place them in

the dormltorles at Coranderrk. Although
most of the young were transferred to
Coranderrk during this time, the people
about Echuca were especlially reluctant
to leave thelr tribal homelands and

fled acrcss the Murray whenever the
Victorian Board tried to collect the
children.

Concerned about the plight of remalning
tribes in the Murray Valley, Green rec-
commended that the Board set up reserves
in the area. However, these recommend-
ations apaln fell on deaf ears and not



until 1874 - through the efforts of a
concerned mlsslonary, Danlel Mathews -
was a refuge provided Tor remalining
Murray Valley tribes.

In that year Mathews established the
Maloga Mission Statlon a short distance
from Barmah on the New South Wales side
of the Murray. The station was on priv-
ate land owned Jointly by Willlam and
Danlel Mathews, and was once a great
gathering place and corroboree ground
for local and neighbouring tribes.
Aboriginal people who settled at Maloga
came from the Yorta Yorta, Bangerang,
and Goulburn Valley tribes as well as
tribes from the upper and lower reaches
of the Murray.

With the linception of the New South
Wales Aborigines FProtectlon Board in
1883, a new site of 1,800 acres adjoin-
ing the Mathews property was gazetted
and the Maloga residents and bulldings
were removed to what, officlally, became
Cummeragunga in 1889. Cummerapunga -
meaning 'my home' - was later extended
to its final size of 2,695 acres after
the 1900s.

Like the Vlietorlan system, the Board
assumed the responsibility for Aborig-
ines in New South Wales and modelled 1its
administration en the same lines. Stat-
fons were run by managers and speclal
legislation was Introduced for theilr
control. In 1909 the New South Wales
Aborigines Aet was introduced, giving
special powers to the Board to control

the lives and movements of Aboriginal
people living on and off stations. This
in fact duplicated the Victorian 1869
Aet. In 1898, many of the Wemba Wemba
and Baraparapa people were relocated to
Moonacullah, the State Aboriginal stat-
ion, near Deniliquin, N.S.W.

The major population movements from Cum-
meragunga began after the subsequent
1915--18 amendments to the 1909 Aet,
which gave further powers vo the Board
to remove children for apprenticeshlp as
servants and enforced the removal of
part-Aboripginal youngsters. Frior to
these movements, Cummeragunga held 394
people in 1908, but by 1921 the populat-
lon had been halved, entirely as a re-
sult of emmigration after these further
powers were introduced.

In 1924 a visitor counted 147 residents
on the reserve and another 118 camped in
bag huts on the Barmah side.

Another maj)or movement from Cummeragunga
took place iIn 1939, when residents re-
solved to go on strike over a number of
issues, including poor living condit-
ions, the leasing of 2,000 acres of the
reserve to a white farmer, inadequate
rations, and an antagonistic manager.

An Aboriginal descendant who was there
during the strike remarks, 'they crossed
the river and settled in tent camps on
the Vietorian side!,

The mass migration across the river in
February 1939 brought unprecedented



'Cummeragunga Remembered' - church service at Cummeragunga Mission about 19165
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press attention and debate in the Hew
South Wales, Victorian, and Commonwealth
Parliaments. Publle concern hastened
the reconstruction and change ol the

New South Wales Protection Baord to the
Aborigines Welfare Baord under an amend-
ed det in 1940,

The new Welfare Board changed 1ts policy
from protection to asslisting people to
assimilate into the general community.
This assistance, however, only applied
to those who were living in New South
Wales, and those who moved across the
river and refused to go back were left
ta thelr own means. The Vietorlan gov-
ernment ignored the plight of this
Vietorian camp in the bellef that it no
longer had any Aboriginal problem, and
its only responsibility was to the resl-
dents of Lake Tyers station in Glpps-
land.

Eventually some families returned to
Cummeragunga, but most remained 1In Vie-
toria. Some moved to Shepparton and
Mooroopna to seek work in the fruit
industry, and others moved to Echueca and
Moama. Later, many families moved to
other surrounding towns such as Nathal-
ia. Tongala, Kyabram, Benalla, Wangar-
atta, and Cobram.

The bulk of the movement, however, foc-
used on Mooroopna, where families re-
congregated on the bend of the Goulburn
River and erected tin huts. Thls became
known as the 'Flat'. When the perlodic
floode inundated the 'Flat', families

had to move thelr camps across to higher
ground to a place called 'Dashes Padd-
ock'. They would then move back after
the floods receded.

In 1957 the Viectorilian government estab-
lished its Welfare Board on the recomm-
endations of the McLean Report, emphas-
izing the policy of assisting Aboriginal
people to take their place in the gen-
eral community as equal citizens. The
Board established a transiticonal housing
estate at Rumbalara near Mooroopna in
1958, for famllies who had migrated from
Cummeragunga to the Flat.

Families were subsequently housed 1in
Commission homes in Shepparton and Moor-
ocopna.

Cummeragunga was closed in 1953 but con-
tinued as an unsupervised reserve., De-

spite thls closure and the assimilation

policies of the time, the population of

Cummeragunga actually eclimbed from 46 to
95 persons by 1961,

In 1969 the Cummeragunga Company, formed
by Aboriglnal residents, obtained a
caplital lean from the Commonwealth to
develop a farming program. Thus, after
134 years as recipients of forced chang-
es through government decisions, Abor-
lginal descendants of Murray Valley
tribes were finally given an opportunity
to make thelr own decisions.

Many of the Mooracullah people, descend-
ents of the Baraparapa and Wemba Wemba



tribes, remained in New South Wales and
some migrated to Victorian towns in the
Murray Valley.

Present-day associations

Cummeragunga has been continuously occu-
pied by Aboriginal descendants since its
inception in 18849, 1Its significance to
former Aboriginal residents and their
descendants 1s highlighted frequently
when families return for social and rec-
reational activities. Family reunions,
community meetings, historical wvislts by
interested groups, and 'Back to Cummera'
celebrations are a feature of these act-
ivities. Today it provides a focal
peint for the malintenance of social and
cultural links wlth the area,

The reglon around Cummeragunga, in part-
icular the Barmah and Moira Forests,
also have special sipgnificance to pres-
ent-day Aborilglnal descendants, who see
It as embodying living aspects of thelr
cultural heritapge and a special part of
their ancestral homelands. Barwick
(1974) demonstrates this significance in
her studies, remarking: 'Most Aborigin-
als have a strong attachment to a spec-
ific home place: the region surrounding
the reserves where thelr forebears were
settled last century, which was usually
part of their ancestral territory'.

This strong attachment 1s constantly

reinforced by Aboriginal communities and
organizations through cultural programs
focused on the Aboriginal aspect of the

forest and the history of Cummeragunga
and Malopa.

Local educational excursions and cult-
ural camps are run by Aboriginal groups,
with the alm of creating an awareness,
particularly among the younger Aborigin-
al people, of the immense nistory and
cultural herltage assocliated with the
area. Vlsits to special places of
historical and cultural significance are
conducted by Aboriglnal descendants who
retaln valuable knowledge of the nature
of these places from oral history passed
on by their forebears.

These proprams are also aimed:at teach-
ing the general community about Aborlg-
inal history and cultural herltage from

River-bank erosion has revealed the
presence of a shell midden
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the Aborlginal viewpolnt. In conjune-

tion with them, the Shepparton Aboriginal

Keeplng Place provides a focal point for
Aborlginal cultural heritage 1n the
Murray Valley area. Visits by schools,
lectures on local history, and organized
excursions to the Barmah and Moira
forests are an Integral part of their
actlvitles. Barwlek's statement, gquoted
above, holds very true for thls area.

Many Aboriglnal people who have moved
away to towns and cltles re-visit the
area regularly for camping, fishing, or
hunting, to vislit sites, and most im-
portantly to maintain kinshilp assoclat-
lons with relatives. Aboriginal people,
wheén they vlisit these ancestral home-
lands, often say that it gives them a
sense of belonging and reaffirms their
Aboriginality and cultural associatlons
with the reglon.

Aboriginal people today feel strongly
the need to malintaln thls attachment and

ensure the continuity of their cultural
heritage so that it cean be passed on and
appreclated by all Australians.
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5. EUROPEAN SETTLEMENT

As a result of European occupation, the
Murray Valley area has been subjected to
intensive development - mainly agricult-
ural - and the natural ecosystems have
altered extensively - mainly in terms of
hydrology. This development and altera-
tion has realized many economic and
soclal beneflts, to both the area and
Australia; the agricultural produce 1s
of natlional significance.

The history of the area 1s closely
assoclated with the history of settle-
ment and agricultural development, which
shows a general trend from large to
small holdings and the rise of l1lrripgat-
ion farming.

After the explorers and coverlanders had
reported that lts extenslive, grassy,
treeless plains and open woodlands were
suitable for grazing, squatters quickly
moved in and took up large runs, which
soon covered the bulk of the Murray Val-
ley. This early settlement was strongly
influenced by the locatlon of permanent
water and the settlement pressures belng
exerted 1n adjoining districts.

River transport along the Murray and the
discovery of gold ensured economlec pros-

perity for the squatters. The river
offered a cheap and effective means of
transport and communication, while the
goldflelds provided a ready, close, and
lucerative market for agricultural prod-
uce .

The rail link from Melbourne to Echuca
in 1864 ensured further economle pros-
perity and enabled Echuca to become a
major port. HRail and river transport
together facllltated the increased har-
vesting of the local river red gum for-
ests. These were harvested to meet the
growing demand in Vietoria and overseas
for durable construction timber and rall
sleepers.

Development of the two forms of trans-
port facllitated further land settlement
there when the various Land Aets were
implemented after the gold rush had de-
clined. 'This brought more settlers, who
took up farms followlng the subdlvision
of the large squatters' runs and engaged
in dryland farming, sheep-raising, and
wheat-growing.

The gold rush only directly encroached
into the Murray Valley around Ruther-
glen. Some alluvial gold was mlned
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Pumping plant on River Murray to provide
Kerang with domestic water, 1302

there, but after the 1nitlal rush of
1860 most miners found further recovery
of gold beyond thelr means, as the large
amounts of water they encountered within
the shallow leads required pumping.

They turned to growing grape-vines and
producing red wines, lorming the found-
ation of Hutherglen's reputatlon as s
Despite various
econcomic slumps and the ravages of
phylloxera, wine-makling remains import-
ant there today.

wine-producing area.

It had long been recognized by the early

settlers that the flat fertile plains of

Lhe ["]'ul']'!ll",' "'.r.".'.ll_‘l'-,' were ldeal for i]"l"ii:',—

ation. Af'ter the devastatlng drought of

1877 to 1880, which rulned many local
Farmers, the Victorlan government set up

Irrigation Trusts to foster irrigation
schemes, Many of these Trusts falled
and not until many years later did
irrigation management and water supply
become organized enough to allow for the
dramatic increase in the extent and im-
portance of lrrigation.

Development expanded further under the
various ecloser settlement and soldier
settlement schemes implemented during
the first half of this century, and was
most pronounced in the irrigation areas.

Since the late 1950s and early 1960s ag-
riculatural development there has slowed,
and land and water salinization problems
are now causing general community con-
cern.

Exploration

The irst European explorers who ventur-
ed near the study area were Hume and
Hovell during their expedition to Corio
Bay in 1824/25. During their journey
they passed to the south of 1t, but on
thelr return they passed through 1t in
the vleinlty of the present-day Hume
Highway between Euroca and Benalla.

The next explorer to venture near was
Major Thomas Mitchell on hils journey
through 'Australla Felix' in 1836. This
was actually a detour: Mitechell had
planned to follow the Murray upstream to
test the theory that Sturt's Murray was
the same river that Hume and Hovell had
named the Hume in 1824.



Nearing Kow Swamp on his journey up the
river, Mitchell encountered hills for
the first time in several hundred miles,
and from Mount Hope he saw country to
the south that he felt too inviting to
be left unexplored. Passing Pyramid
Hill and crossing the Loddon near Jark-
lin, he left the Murray Valley and pro-
ceeded on to Portland Bay.

On his return trip, Mitchell passed
through the south-east of the study area
in the vicinity of Seymour, Benalla, and
Wangaratta.

The OQOverlanders

In 1838 Joseph Hawdon set off from Sey-
mour to drive cattle to Adelalde by fol-
lowing the Goulburn and Murray Rivers.
Hawdon encountered Mitehell's tracks
near Kow 3wamp and stayed with these as
far as the Loddon River. He then went
north beslde that river until he met

the Murray, which he followed to South
Australia.

Also in 1838, E.J. Eyre attempted to
overland cattle to Adelalde by taking a
direct route from the Goulburn to the
Loddon. He encountered Hawdon's tracks,
but turned westward, following Mitch-
ell's path. Unable to penetrate the
mallee scrub, however, Eyre retraced his
steps to the Loddon and took Hawdon's
route to Adelaide.

In the same year Charles Sturt overland-
ed cattle to Adelalde - along the Murray
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from Albury to the Barmah Forest, where
he crossed the river, proceeded along
the south bank, and then followed Hawdon
and Eyre to Adelaide.

By the end of the year the explorers and
overlanders had explored the perimeter
and centre of the Murray Valley area,
but it was left to the squatters to ex-
plore the remainder and settle 1t.

Squatting Era, 1839--1865

The 'Major's Line' (Thomas Mitchell's
homeward route from Australia Felix) was
the path used by pastoralists who over-
landed from New South Wales to the new
Port Phillip district in the late 1830s.
It lay on the south-eastern fringe of
the study area, and provided a route for
squatters who took up adjolning country.
From this line pastoral occupation pro-
ceeded 1n leap-frog fashlion - from the
most.accessible and well-watered lands,
westwards towards the drier and more
remote grasslands of the mid Murray.

Prior to 1840 most squatters were sit-
uated east of the Ovens River but in the
next two years outlying stations were
established along the Goulburn River
down to its Jjunctlion with the Murray.
Pastoralists reached Torrumbarry in
1842, and by 1846 had claimed most of
the country between the Goulburn and
Loddon Rivers.

Thereafter, squatter numbers and Ilnter-
ests within the reglon could expand only
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through subdivision of runs, acgqulsltion
of'’ established stations, and heavier
stocking of the natlive pastures. Land
use was regulated by annual lilcences,
which gave the squatters no securlity of
tenure and prohibited the disturbance of
soll except to supply thelr own needs.

Between 1845 and 1865 the number of runs
in the reglon increased by 35% - from 50
to 68. But at the same time runs were
often aggregated, and the number of reg-
lstered graziers increased only margin-
ally - from 43 to U6. While subdivision
offered the opportunity to Ilntensify
squatting occupation, 1ts maln effect
was to facilitate adjJustments to bound-
aries through agglomeratlion of smaller
units. The total number of enterprises
remained static.

Stocking of each statlion was highly var-
lable: the number of sheep or cattle
grazed fluctuated from year to year, and

even from month to month. Flocks or
herds were often requlred to stock new
runs in neighbouring reglons, and graz-

fers with runs in other regions often
moved thelr stock about according to
seasons and market conditions. Some
runs were valued for fattening, some for
growing young stock, and others for
breeding or drought rellef.

During the gold rushes of the 1860s, the
adjoining goldfield of north-eastern and
central Vietorla became a steady con-

sumer market for agricultural goods that
the squatters in the Murray Valley area

produced. Sqguatters alse supplled the
breeding stock that the new pastoral
enterprises in the Mallee and Riverilna
demanded.

Most stations carried both sheep and
cattle, although seep predominated;
stations that dealt primarily with
cattle were located east of the Goulburn
River. 1In 1854 the area carried more
than 210,000 sheep, 53% of which were in
the west, and 42,000 cattle, 60% of them
in the east.

Runs normally had a rectangular shape,
with a permanent stream forming the
short boundary and the run extending
back to the drier country. Thilis config-
uratlon was enforced by the Crown Lands
Commissioners and prevented individual
pastoralists from monopolizing large
areas slmply by securing all the water-
ing points.

The hub of pastoral life was 1n the
near-river environs, where reliable
water supply and the best grazling lands
were found. Here the squatters built
their homesteads and exercised pre-empt-
ive rights to select 640 acres of their
runs without competition.

River and Transport

squatters who built their homesteads be-
slde the Murray and Goulburn Rivers
benefitted from the riverboat trade that
developed during the 1850s, '60s, and
'7T0s. Paddle-steamers not only provide



a convenlent means of transporting wool
to port, on the return journey they de-
livered stores including flour, spirits,
and tobacco.

The avallability of this speedy, rela-
tively cheap transport also accelerated
settlement of the Murray Valley in com-
parison with other dry inland areas of

——
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The paddle-steamer 'Marion' coming out of the ITorrumbarry Lock, Torrumbarry Weir
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Australia. The comforts of civilization
and innovations in farming were more
readily avallable to people with such
access. Rlver steamers also provided
transport between towns for local res-
idents (untll the advent of motor cars);
timber was shipped to Echuca and other
mill sites; fishing vessels harvested
Murray cod; officlals of wvarlous gpovern-
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The Surveyor Clement Hodgkinson visited
the Murray Valley region in 1866 to
assess the prospects for agricultural
settlement and the need for de-snagging.
He reported that the land between Echuca
and Albury would respond well to irriga-
tion and relterated the concept of cap-
turlng Riverina trade either by making
the Goulburn navigable or by construct-
ing a railway to Echuca.

Grants for river clearing were later
made and in the following 20 years river
transport flourished along the Murray.

Echuea, which was originally the site of
a river crossing, became the major port
and for some time it was Victorla's
second largest in terms of tonnage of
incoming and outgoling goods. Further,
its development as a river port was giv-
en great impetus by the completion of
the Echuca--Melbourne rallway line 1n
1864, River red gum timber for raillway
sleepers comprised the bulk of Echueca's
trade, although wool, and later wheat,
were also significant.

The Goulburn Rlver was not made navig-
able until 1875. Thereafter steamers
traded between Echuca and Shepparton,
another town that began as an early
river crossing. However, the vision of
the Goulburn as a major waterway was not
realized. Road improvements and rallway
construction provided more direct com-
munilcation, and the river trade between
Sgepparbon and the Murray ceased before
1690.

While no major shlpping disasters occur-
red on the river, many steamers and
barges suffered damage by snags, and a
few sank. Others were involved in col-
lisions or damaged or destroyed by fire.

The seasonallty of river levels and the
consequent restriction on travel, to-
gether with the extension of the rallway
to Swan Hill 1n 1890, contributed to the
decline of river transport. By the time
construction of loecks under the 1914
River Murray agreement began, the heyday
of" the rlver had passed. Rall and road
transport had made substantlal inrocads,
no large port had been developed at the
Murray mouth, and industries produclng
heavy, bulky goods had falled to develop
along the river.

In recent years, steamers that have sur-
vived have been rebuilt and 1nstalled as
museum pleces, or have been refloated to
entertaln tourists on short or extended
river crulses.

Land Selectlon

Shortly before 1860, the government auc-
tioned lands near Wangaratta, on the
Murray Rlver at Gooramada, and along the
Broken Rliver north-west from Benalla.
Squatters obtained much of this land 1in
additlon to thelir pre-emptlve rights,
but it represents only a small proport-
ion of the study area. Further sales
under Victoria's first three Land Acts
(1860, 1862, and 1865) heralded the end
of the squatting era.



New settlers attracted to the region by
the riverboat trade and the prospect of
apgricultural development were able to
secure freehold and, although the areas
as a preoportlon of the reglon were still
comparatlively small, pastorallsts dld
lose portlons of their runs: agricultur-
al settlement had commenced. Land was
surveyed and released for sale along the
Campaspe Rlver and also east of the
Ovens and north-west of Benalla.

During the 1860s the advance of agricul-
tural settlement was tied to the abllity
of the Land Department to survey and
subdlivide the land. The pace was slow.
After 1869, however, the principle of
selection before survey was introduced
and the agricultural lands of the Murray
Valley were qulckly occcupled. By the
early 1880s (the end of the free select-
lon perlod), almost the whole reglon was
leased for agriculture in parcels of up
to 320 acres., These allotments were
converted to Ireehold once the lessees
fulfillled certaln rental, residence, and
capital-improvement conditilons.

The only remalnlng Crown lands - mainly
areas and frontages along the major riv-
ers - provided free access to water and
also preserved the remnant river red gum
forezsts, whlech were valued for thelr
timber.

Frontage reserves, varying between 100
feet and 100 yards in width, were orig-
inally set aslde along the Murray and
Goulburn Rivers as navigatlion easements.

By the end of the 1860s thelr importance
In providing free public access to water
was apparent and the concept was exten-
ed to all permanent streams. Prominent
reserves were thus retained along the
Broken Rlver, Broken Creek, and Loddon
River; very little Crown frontage exist-
ed along the Campaspe Rlver because most
adjoining lands had been sold during the
1860s.

The frontage reserves were important to
selectors for stock and domestic water
supply, partlcularly during dry years.
Unfortunately, thelr administration did
not conslstently meet the needs of all
selectors, and for many years they were
a source of local conflict. Selectors
of land immediately adjoining permanent
streams often ran theilr boundary fences
down to the water's edge, enclosing the
frontage reserve within their paddocks
and using the water as a stock barrier.

Early farming days here - gtripping
oats with a six-horse-power machine



They thus minimized fencing and obtained
additional grazing land.

Initially, this practice ralsed the 1re
of squatters, who clalmed, rightly, that
the unselected Crown lands were part of
thelr runs. The Lands Department, which
administered both squatting and selector
occupancles, supported the selectors,
however, and a number received approval
to continue their enclosures. In the
following years confliets arose with
other selectors, who had taken up driler
land some distance from the rivers.
Cross fences often precluded access
along river banks and hence the freedom
of access to water.
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Kerang floods in 1809

Fencling also prevented the frontages
belng used for common grazing.

In other regions, steep, rocky, or
infertile ground that was unsultable for
cultivation often provided an outlet for
community grazing while selectors were
improving their own lands. In the Murr-
ay Valley, however, very little land was
unsuitable for agriculture and most was
committed for private use. This led to
an acute shortage of commonage, partic-
ularly in dry years. In such eircum-
stances the right of adjolining selectors
to fence across frontage reserves, and
thereby exclusively occupy a public re-
serve, was frequently contested.



lrpipation Development

By 1880 most of the Murray Valley area
had been selected, and the pattern of
settlement showed a movement from large
to small holdings. Most of these small
holdings produced wheat and sheep, as
the average yearly ralnfall could sus-
tain this form of dryland farming.

During the 1870s, despite dirficulties,
many of the small land-owners growing
sheep and wheat prospered; however, the
long drought of 1877--81 brought extreme
hardshlp and disaster to many settlers.

The Victorian government responded to
the ecrisls by passing the Water Conserv-
ation Aet 1883, whiech provided for the
establishment of Irrigation Trusts, as
by then settlers in the area had
realized that the Tertlle, flat plains
were ldeal for irrigation agriculture.

In the 1880s and '90s many such Trusts
were formed in the Loddon and Goulburn
districts, but it scon became clear that
they could not cope with the subsequent
necessary construction of storage and
diversion works. The malin prcoblem was
one of finance, as in the wet years the
land-owners had no demand for water and
consequently made no payments. In the
dry years both demand for water and
willingness to pay for it were high, but
very little water was available.

Despite these problems, 1lrrigation fin-
ally galned a foothold in the area when

in 1889 the State government completed

work on the Goulburn Weir, making irrig-
atlion feasible in the Goulburn Valley.

In 1905, the government, in a bid for a
more inteprated and orderly development
of irrigation, established the State
Rivers and Water Supply Commission. The
Commission consolidated the Trust areas
into Irripgation Districts and extended
diversion from the Murray after 1907 by
erecting pumping plants at Koondrook and
Cohuna, leading to an expansion of Iirri-
gation there, although the lack of major
water storages restricted these develop-
ments.

Further land divislon and settlement for
irrigation agriculture contlnued to the
early 1960s under various settlement
schemes.

From 1913 to 1933 the State Rivers and
Water Supply Commisslon was the statut-
ory Cleoser Settlement Authority for
irrigatlon areas in Victoria, and it was
during this time that the Rochester,
shepparton, and Tongala areas were
settled.

With the expansion of settlement and an
increasing dependence on irrigation, it
was reallzed that additional storage
capaclity was needed. This led to the
construction of River Murray Commission
storages 1ncluding Torrumbarry Weir
{1924), Hume Reserwvoir (1931), and Yarr-
awonga Weir (1939). Water from these
storages greatly lncreased the area of



Construction of the Yarrawonga Weir, about 1938

the Murray Valley that could be irrigat- Slnce the 1950s, the maln expanslon 1n
ed. The construction of Eildon Dam, irrigation has been the intensliflcation
completed 1n 1955, doubled Victoria's of water use and the development of a

water storage capacity. 120,000-ha lrrigation district around
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Cobram and Numurkah. Irrigation devel-
opment near Invergordon commenced in the

late 19508 and was completed in the
early '60s.

The major irrigatleon schemes have played
a prominent part in development of the
Murray Valley area, and have contributed
slgnificantly to the State and natlonal
economles. They provlde stable and
assured agricultural production,
irrespective of climatic fluctuations,
and support strong, decentralized commu-
nities. Historlecally, the capltal costs
involved iIn thelr development have been
borne by the State, whlle the irrigatlon
community has borne the operating and
management charges,

References

Anon. (1969). 'Rallways of Echuca'
(Australian Railways Historical Socilety:
Melbourne. )

Bossence, W.H. (1979). 'Numurkah'. (The
Hawthorn Press: Melbourne.)

Curr, E.M. (1883). 'Recollectlions of
Squatting in Viectoria: then ecalled the
Fort Phillip District from 1841-1851.'
2nd ed. (First ed. 1883.) (Melbourne
University Press: Melbourne.)

Duncan, J.5. (ed.) (1982). ‘'Atlas of
Victoria.' (Vietorlan Government Print-
ing Office: Melbourne.)

Gutteridge, Haskins, and Davey, 1in ass-
oclation wilth Hunting Technical Services
Ltd (1970). 'Murray Valley Salinity
Investigation. Vol. 1, The Report.'
(River Murray Commlssion: Canberra.)

Hawdon, J. (1952. ‘'Journal of a Journey
from New South Wales to Adelalide, per-
formed in 1838.' (CGeorglan Press: Mel-
bourne. )

Hibbins, G. (1978). 'History of the
Mathalia Shire.' (The Hawthorn Press:
Melbourne. )

Hodgkinson, C. (1856). Report on the
Murray River Distrlct in reference to
its geology, soils, prospective resourc-
es, proposed means of inter-communicat-
lons ete. Vietorian Parliamentary Pap-
ers, 1856--57, Vol. 4, paper No. 16.

Kent, J. (1974). 'The Major Vision and
its Fulfllment: a History of Pyramid
Hill.' (Cambridge Press: Bendigo.)

Larkins, J., and Parish, S. (1982).
'Australia's Greatest River.' (Rigby:
Melbourne. )

Priestly, S. (1965). 'Echuca: a Centen-
ary History.' (Jacaranda Press: Bris-
bane.)

Vietoria, Department of Crown Lands and

Survey (1837-70). Records of Pastoral
Oceupation.



FART 11
NATURE OF THE LAND



1

6. GEOLOGY AND GEOMORPHOLOGY

This chapter first deals with the geo-
logliecal history of the area and the geo-
morphle evolution of the landscape as we
see 1t today. It then describes the
geomorphology or land form of the study
area. The third section, stratigraphy,
describes the rocks outeropping in the
area - from oldest to youngest.

Reference to the geology map and legend
(Map 4), the simplifled geologilcal hist-
ory (Figure 1), and the geomorphology
map (Map 5), will assist the reader to
understand this aspect of the study
area. In addition, a glossary at the
end of this chapter defines many of the
technical terms used here,

A simplified plcture of the geological
setting emerges from consideration of
the region in two parts. The eastern
section, which forms part of the north-
ern uplands of Vietoria, and the south-
ern margin consist of remnants of up-
llfted and deeply dissected Palaeozolc
sedimentary and igneous rocks. The rem-
nants largely occur as outliers within
the south-eastern corner of the riverine
plain. To the north and west the
Palaeozolc formations pass beneath the
Murray Baslin, a sedimentary basin of

Calnozolc ape characterized by the riv-
erine plain within the study area.

Geological History and
Geomorphle Evolutlon

About 570 million years ago, early in
the Cambrian period, an extensive marlne
trough known as the Tasman Geosyneline
began to evolve along the eastern margin
of the Australian continent. The oldest
rocks in the study area - consisting of
a thiek sequence of interbedded Cambrian
igneous and sedimentary rocks - were
among the earliest rocks deposited 1In
this trough.

Initial voleanic and intruslive lgneous
activity gradually gave way to sedlimen-
tation by the middle to late Cambrilan as
the trough continued to subslide. At the
end of the period, major earth movements
resulted in a pause in sedimentation and
initiated uplift of the Cambrian rocks,
which now outerop at Dooklie and south-
east of Rochester,

During the Ordovician periocd, thiek
sequences of marine sediments were laid
down 1in a serles of fault-controlled
troughs within the Tasman Geosyncline.
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At the beginning of the Silurlan perilod,
large-scale earth movements (Benambran
Orogeny ) destroyed part of the trough
within the study area, resulting in the
deformation (folding and faulting) of
the rocks within it. In the extreme
north-eastern corner of the study area,
deformation was much more 1intense.
Ordovlician sediments were metamorphosed
to phyllite, schist, and gneiss (Omeo
metamorphic complex) due largely to deep
burial.

Earth movements elevated the Ordoviecian
rocks to a position well above sea level
where, 1n the nerthern part of the study
area, they were subjected to prolonged
erosion.

In the central southern part of the
study area further marine sedlimentatlcon
took place (Melbourne trough) in the
late Silurlian--early Devonlan. These
sediments were broadly folded durling the
middle Devonlan (Tabberabberan Orogeny)
and then Intruded by granites 1in the
late Devonlan.

The 300 million-odd years from the late
Devonlan to the early Tertiary seems to
have been a time of tectonle stabllity
and prolonged eroslion, which resulted 1in
a landscape of low rellef extendling over
most of the study area.

The only significant depositlion 1in this
time occurred during the Permlan, when
the study area (together with most of

south-eastern Australia) was subjected

to glaciation. Glacial and fluvlioglac-
ial sediments were deposited, and are
still preserved (mostly subsurface) 1n
at least two fault-controlled troughs.
These are the Ovens Graben on the east-
ern side of the Warby Range and a larger
more complex trough extending from south
of Shepparton, north and north-west,
into New South Wales.

Subsidence assoclated with tectonic
activity in the early Tertiary led to
the formation of the Murray Basin.
Within the study area, subsldence began
to the north of the highland front, and
continued until the middle Tertiary. It
resumed after a briefl perlied of stab-
ility, and perhaps gentle uplift, In the
late Tertiary.

In some parts of the basin, downwarping
was accompanied by intermittent faulting
(such as the Leaghur and Cadell Faults).

During the early to mlddle Tertlary, the
Basin was at first largely swampy, with
sediments (inecluding brown coal) being
deposited - the Renmark Group. These
are found above the buried bedrock sur-
face 1n many bores 1n the western and
central parts of the study area. The
thickest sequences accumulated in broad
valleys eroded by the ancestral Loddon,
Campaspe, and Goulburn Rivers.

Later in the Tertiary, stream dissection
in the adjoining highlands resulted in
the deposition of sands and gravels
(Calivil Formation in part) covering the



CAINDZOIC

MESDZOIC

PALAEDZOIC

ERA | PERIOD

QUATERMARY

TERTIARY

EPOCH

BECENI

PLEESTOCERE
in g

FINICERE

=

MIGCENE
— 24

CHIGDCEN

EOTEm

I

FALAL LN

Kl

CRETACEQUS

IURASSIC

TRIASSIC

D

PERMIAN

2R

CARBONIFEROUS

DEVOMIAN

SILURIAN

DROOVICIAN

CAMBRIAN

S0u-

PRECAMBRIAN

ACKH}

-I III|
j-

" * ., [ | £ 8 a kot i d
Folding, intrusion {:rf granite and upnﬂ of ﬂnnm amd
T Melbourne Trough ‘ =

= /"'L-fll . =]

s '—-.-

i
Fﬂldmg and L.rp!rﬂ m‘ much of smdr area, Mannﬂ sud:mﬂnranan rn
cemtral—southaern ared.

Tasman Geosyncline ¥ | ’IP“:

T = :f\.\' el —— ! |
|

Marrne sedrmama!mn in study drea.

Tasman Geosyncline |

lgneous intrusion; volcanic aclivily and sedimentation on ocean Noor.

FIG.1 SIMPLIFIED GEOLOGICAL HISTORY, MURRAY VALLEY AREA

Non-manne sediment

Basall lava

Fluvio = glactal sediment

Gram'e

Marmne sediment, later folded

Manne sedimant, basic
mfrusives and lava

Faull



| [0 1. Riverine Plains
| ] 2. aredgwin Ridge

:I 3. Dissected Highlands and

\-_..---Ij - f‘f fl e W 1

= 7 Study Area Boundary

E Public Land ( wote sany smait arens af

public land pol shawn |

Highland Qutliers

Es L faas L EE

k Grawn (Stae ol

L T " L T

| GEOMORPHOLOGY

Murray Valley Area
SCALE 1:1100000

Land Conservalion Counchl
Victaria

=l
| ot

5 )

. J—

.,




Renmark Group and the older Palaeozcoic
bedrock.

In the late Tertlary a marine influence
extended into the far west of the study
area, with silt and sand (the Parilla
Sand) deposited in littoral to near-
shore marine environments. The border-
ing highlands, elevated by movements
associated with the Kosciusko Uplift,
acted as the source area for both the
continental and marline sediments.

Minor volcanle actlvity took place in
the eastern part of the study area at
least twice durling the Tertiary. The
volcanism 1s represented by small basalt
outerops north-west of Glenrowan and
west of Cosgrove.

As the Murray Basin continued to sub-
slde, in late Tertilary--early Quaternary
times, a thick sequence of alluvium with
lesser amounts of lake and swamp depos-
its (Shepparton Formation) was laid down
over Tertiary sediments and adjacent
Palaeozole bedrock to form the riverine
plalin.

The last major depositional event in the
study area conslists of alluvlial deposlits
of existing streams and their recent
ancestors (Coonambldgal Formation).

feollan deposits of clay and/or sand
(lunettes and source-bordering dunes)
have accumulated adjacent to lakes and
stream channels during periods of low
rainfall in the late Quaternary.
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Geomorphology

The study area lies in the south-eastern
corner of the riverine plain of south-
eastern Australia and consists of two
main geomorphic units. Almost flat riv-
erine plalns make up most of 1t, but in
the scouth and east the northern uplands
contain largely isclated remnants of the
Vietorian Highlands. Granite at Pyramid
Hill 1s a more distinet highland remnant
within the plains. Another geomorphic
unlit, the Gredgwin Ridge, occurs in the
extreme west. Map 5 shows the distrib-
utlon of the maln geomorphic units in
the study area.

Riverine plains

The riverine plains of northern Victoria
consist mainly of river alluvium, al-
though lacustrine and swamp sedlimentat-
lon conditions have alsc contributed to
thelr development. Minor aeolian depos-
its - in the form of lunettes on certain
lake shores and source-bordering dunes
along sectors of the river courses - are
scattered throughout the study area.

At present the plalins exhlbit a remark-
able river system, with major streams,
anastomosing anabranches, and distribut-
aries. However, with few exceptlons the
plains of today are the product of de-
position not by the existing streams but
by an older river system, which may
st11l1l be traced but the channels of
which have in many 1instances been aband-
oned.



The varlous land forms occurring on the
plains are discussed below and illust-
rated on the geological map.

Frior and ancestral streams

Prior streams occupled the oldest of the
channels that may stlill be traced across
the plains. These characteristically
had well-defined sandy levee banks en-
:losing the former channel, which is
marked by a winding depression. Felow
this lles the o0ld stream-bed itself - a
deep, wide trench cut lnto the deposlits
of" the plain, but now filled with sand

and gravel.

Playette in the distributary area
of the Loddon River, near Boort

In the present topography, prilor stream-
courses stand as slnuous ridges above
the plain, which, with minor modificat-
icons due to later events, represents the
flood-plain laid down by the prior
streams themselves. The larpge extent of
the meanders of prior streams and the
coarseness of the sedlments in their
beds 1indicate that they carried more
sediment at a faster fleow rate than do
most of the present rivers.

In addition to prior streams, other an-

clent channels exist that were formed by
streams that have been called ancestral

since they are in many places related



to exlsting streams - for example, the
Goulburn River near Shepparton. In such
cases the ancestral meanders have longer
wavelengths than the present meanders,
indicating greater flow rates for the
ancestral streams.

Flayettes

The lower Loddon of today 1s exceptlonal
among present streams in the study area,
in that the surface of the plains 1is
being built from deposlits laid down by
the stream when 1In flood. The river
spreads out in a complex system of dis-
tributaries, flowing during floods over
a e¢lay surface of thelr own making. The
finest networks of these distributarles
form web=-1lke systems that have been
called playettes.

Lunettes

Crescent-shaped dunes on the eastern
shores of shallow lakes are numerous on
the plains, and are called lunettes.
Lunettes ecan consist of sand or clay.
Sand lunettes are formed from beach sand
blown Intoc a dune by the prevailing
westerly winds; examples Include Kow
Swamp and a lunette marking the position
of the former Lake Mokoan. The develop-
ment of elay lunettes appears to require
periodie drying of the lake beds, when
the surface clay forms pellets - these
being blown to the eastern shore where
they are spread out in sheets to bulld a
smooth rldge. Clay luneties are present
near Boort, and on the Loddon plains.

i5

Appropriate conditions for lunette form-
atlon have recurred at intervals over a
long time. Many lake--lunette complexes
have been much larger in the past, as
1llustrated by the multiple lunettes 1n
the Boort area. A reductlion Iin the slgze
of the lunettes corresponds with a gprad-
ual retraction in slize of the lakes.

Source-bordering dunes

Sand, derived from deflatlon of dry
stream-beds and blown 1into dunes nearby,

Lunette to the eaat and north of a
relict lake-bed north-west of Boort
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is wilidespread on the riverlne plain.

The dunes are termed 'source-bordering',
in contrast to those of the Mallee, for
which the source area is far to the
west.

Tectonle effects

Apart from broad regional downwarping of
the Murray Basin and elevation of the
highlands along 1ts margins, earth move-
ments have had specliflc local effects in
several places wlthin the study area.
East of Echuca, a sub-clrcular depress-
ion about 18 km in diameter was formed,
at least 1in part, by faulting along its
margin. South of Echuca, movement along
the Cadell Fault has produced an escarp-
ment some 3 m high, uplifted on the
west. In the far west of the study area
(and outside 1t), movement along the
Leaghur Fault has produced a low escarp-
ment separating the higher Mallee count-
ry from the Loddon Plains. This fault
may still be active, as many minor earth
tremors are recorded in the district.

Northern uplands

The riverine plalns are enclosed to the
east and south by Palaeoczole rocks of
the Central and Eastern Highlands.

Along the margin, the alluvium of the
plalins extends far upstream along river
valleys, with Interfluve ridges rising
above the valley floors and projecting
northwards into the plain - for example,
the Warby Range and Mount Camel Range.
Hills (1975%) calls this deeply indented

marginal zone of the highlands the
northern uplands.

Much of the zone is of low relief, with
Palaeozolce (and minor Tertiary) rocks
rising gently. The granlite of the Warby
Range 1s the major exceptlon, rising
high above the level of the plain. The
range ls deeply dissected, with steep
slopes on much of the granitic bedrock.
Gentle slopes have developed on the ad-
Jacent colluvial aprons.

A number of outlylng peaks - such as
Pyramid Hill, Mount Hope, and the Ter-
rick Terrick Range - protrude through a
cover of younger, Cainozoiec sediment as
granlte monadnocks. Mount Scoble,
south-west of Kyabram, i1s a monadnock of
Palaeozolec sandstones.

Gredgwin Ridge

The extreme western part of the study
area crosses the southern end of the
Gredgwin Ridge. This low north--south
trending ridge represents an ancient
strand line formed along the edge of the
retreating late Tertiary sea.

Stratigraphy

This sectlon describes the rocks in the
study area, from oldest to youngest.

Cambrilan

Rocks of Cambrian age are the oldest and
represent the 1nitlal phase of develop-



Pyramid Hill, a granitie monad-
noek rising above the riverine
plain
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ment of the Tasman Geosyncline. Two
distinct outcrops of Cambrian rocks
geeur here, and subsurface contlnuatilons
of these rocks can be traced from bore
and geophysical information. Around
Dookle, interbedded basic intrusive
rocks, lavas, and sediments outerop
above the general level of the riverine
plain. The beds have a total thlckness
of the order of 3,500 m, but the strat-
lgraphy 1s partlally obscured by fault-
ing. The rocks, which have an east--
west trend, consist of gabbro, dolerite,
basalt, and chert, with minor siltstone,
conglomerate, tuff, and agglomerate.

The igneous rocks have been altered to
greenstones due to deep burlal.

In the Mount Camel Range, south-east of
Rochester, a narrow belt of Cambrian
rocks extends into the study area.

6183 EI—5

These consist of small outerops of Lower
Cambrian greenstone on the eastern flank
of the range, with Middle to Upper Cam-
brian sediments forming the range it-
self. The sequence 1s steeply inclined,
and bounded on both sldes by hlgh-angle
faults. To the east, the Mount Ida
Fault brings the Cambrlan rocks into
contact with younger Upper S3ilurian--
Lower Devonlan sediments; to the west
the Heathcote Fault brings them agalnst
Lower Ordovlclan sediments.

Buried Cambrlan greenstones are easily
traced, as aeromagnetic highs, beneath
the Cainozolc sediments of the riverine
plain. The Cambrian rocks forming the
Mount Camel Range contlinue a short dist-
ance under the plaln and are then dils-
placed scme 5 Kkm to the east. In the
vieinity of Koyuga the trend changes



from north--south to north-west--south- In the east underwent strong folding and
east. At Dookie the Cambrian rocks faulting. In parts of eastern Vietoria
occupy a relatlvely broad east--west deformation was much more lntense and
trending area; however, under the plain the Ordovician sediments were reglionally
to the north-west of Dookle, greenstones metamorphosed to high-grade gneiss and
continue as a thin north-west trending schist called the Omeo Metamorphic Com-
zone., plex. In a small ocuterop of these meta-
morphics, in the north-eastern corner of
Ordoviclan the study area, mica schist and phyllite

occur at Mount Ochertyre.
Marline sedlmentary rocks of Ordovlcian

age outecrop in the northern uplands, Sllurian--Devonian

particularly in the eastern part of the

study area. They conslst of sandstone, Between the Mount Camel Range and Ben-
siltstone, greywacke, and shale, laid alla, a marine sequence of interbedded
down under deep-sea conditions. TFossils sandstone, slltstone, mudstone, and min-
are rare, but some graptolltes are pres- or conglomerate was deposited in the

ent and suggest ages from early through northernmost part of the Melbourne

to late Ordovician. During the Benamb- Trough durlng the late Silurlian--early
ran Orogeny (early Silurlan) sediments Devonian perilod.

Gently folded sedimentary
rock of Stlurian or Devontian
age in a road cutting on the
Hume Highway, south-west of
Euroa




In the middle Devonian these trough
sediments were deformed during the Tabb-
erabberan Orogeny, and as a result broad
open folds developed in the rocks (in
contrast to the tight folds and strong
cleavage developed in the Ordovician
sediments).

In the late Deveonlan, granltes and
assoclated igneous dykes intruded Lower
Palaeozoiec bedrock. Within the study
area two maln granlte masses cutcrop -
cne formlng the Warby Range and out-
cropping intermittently west to Katandra

g

Granite tors in the
Warby Range
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{and further west subsurface), and the
other forming the Terrick Terrick Range,
including Pyramid Hill and Mount Hope.

The granites have ylelded radliometrilc
(K=Ar method) apes of 372 + & million
years at Pyramid H1il1ll and 375 + 6 mill-
ion years near Glenrowan.

Permian
During the Permlian, frigid condltlons

developed over much of Australla, and
contlnental glaclers moved 1nto the
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study area from the south-west. As the
glacliers and ice sheets retreated they
left flat-lylng tillite (boulder clay)
and fluvioglacial sand, silt, and clay,
deposited in a number of fault-controll-
ed river valleys and basins.

omall areas of Permlan sediments ocutcerop
in the north-east of the study area.
Drilling has shown these rocks to be
more extensive subsurface, occurring
within the Ovens Graben around Wangar-
atta and In a larger more complex trough
extending from south of Shepparton to
the north and north-west Intoc New South
Wales. Between 70 and 170 m of grey to
blulsh grey mudstone, tlllite, and minor
sandatone have been intersected in
bores.

Tertlary

Followling the brief period of deposition
in the Permlan, erosion contlnued for
approximately 200 million years. Init-
lation of the Murray Basin in the early
Tertiary resulted 1n the deposition of
up to 250 m of Cainozole non-marine
sediments in the study area. Deposition
extended progressively towards the high-
land front, with thickest sequences de-
veloping further from the basin margin.
Numerous sedimentary units have been
recognized within the sequence, but only
the major formatlons are discussed here.

During the early to middle Tertiary,
sediments of the Renmark Group were lald
down in lakes, swamps, and deltalec en-

vironments, mostly away from the high-
lands, but also within ancient river
valleys (precursors of the modern stream
valleys) draining the highlands. The
Renmark Group sediments are mostly carb-
onaceous and pyritic and include brown
and grey gravel, fine to coarse sand,
clay, and brown coal. Brown coals occur
at varlous levels, and the seams - except
for one, which often marks the top of
the group - are usually lenticular.

A small, isolated outecrop of basalt
overlying Tertiary gravel north-west of
Glenrowan resembles Older Volecanic bas-
alts outcropping in the wvicinity of
Toombullup, to the south. The latter
rocks have been radlometrically dated at
between 37 and 43 million years. The
sub-basaltle gravel north-west of Glen-
rowan is probably equivalent to Renmark
Group sediments.

Another 1isolated outcrop of basalt
occurs to the west of Cosgrove and has
been radlometrically dated (K-Ar method)
at 6.7 million years. It contains an
unusual mineral called leuclte and has
been correlated with similar leucite-
bearing lavas in New South Wales.

Followlng renewed uplift of the high-
lands in mid Tertiary times, sand and
gravel were lald down 1in rejuvenated
rlver valleys. These sediments, known
as deep leads, were lald down beneath
the majJor rivers draining the highlands
at that time. The majJor early Tertlary
river valleys had similar positions to



those of the present-day Loddon, Cam-
paspe, and Goulburn Rivers. Other deep
lead channels, covered by Quaternary
alluvium, occur wilthin the study area
(for example, south-east of the Terrick
Terrick Range).

To the north of the highland front the
deep leads wlden and the sedlments with-
in them become progresslively f[(iner-
gralned. Clay lenses are occasionally
recorded, partlcularly in the Echuca--
Tongala area. Deep lead sedlments reach
maximum thlckness of 52 m 1n the Echuca
district. Along the Loddon River the
deep lead gravels are known as the
Calivil Formation and are thought to be
late Tertiary in age. Elsewhere 1n the
study area, and upstream in the high-
lands, the deep lead sediments were de-
poslted in the early to mlddle Tertiary
(determined from pollen and spore foss-
ils). A number of depositional periods
may be represented in the deep lead
sedlments, but their similar lithologles
and the limited fossil record make these
difficult to recognize.

Around Rutherglen and Chiltern, similar
deep lead deposlits occur at the base of
the alluvial sediments. These were
worked for their gold at the turn of the
century. Small outcrops of gravel rest-
ing on bedrock there may alsc be related
to the deep leads or they may be an old-
er phase of alluvial deposition.

Towards its western limit, the Calivil
Formation intertongues with (and in part

51

conformably underlies) the Parilla Sand,
which outerops in the extreme west of
the study area forming the Gredgwln
Ridge. The Parilla Sand consists of
5811t and fine- to coarse-gralned quartz
sand, containing marine fossils of late
Tertiary age. It ranges between 40 and
150 m in thickness, and in the area con-
cerned marks the most easterly lncursion
ol the late Tertlary sea.

Quaternary

The Shepparton Formatlon blankets the
older Murray Basin sediments and part-
lally covers the Palaeozolc bedrock 1n
and to the south of the study area. It
largely makes up the riverine plain we
see today. It conslsts predominantly of
fluviatile c¢lay, but shoestring-type
sand and gravel (ancient stream-channel
deposits) are Interbedded at various
horizons throughout the sequence. In
many areas the shoestring sands coalesce
to form sheets of varying continuity and
thickness. The maximum recorded thick-
ness of the whole Formatlon 1s 132 m,
but is generally between 50 and 125 m.

This Formation 1s regarded as spanning
most of the Pleistocene epoch. It was
deposited by a system of high-energy
meandering streams, traces of whilech can
s5till be seen on the surface of the riv-
erine plaln. The channels are flanked
by broad low levee banks composed of
fine sandy clay. Thls is characterlist-
ically mottled, and exposures 1n river
banks show fossil soll profiles.



During the Quaternary, aeolian deposits
of sand and clay have been accumulating
on parts of the plalns. Lunettes have
formed on the eastern shores of many
lake-beds, and source-bordering dunes
have been deposlted adjacent to a number
of stream courses.

The Coonambidgal Formation represents
the last major depositional cycle in the
study area and conslsts of alluvial

deposits of existing streams and theilr
recent ancestors. The Formation con-
slsts mostly of clay and sand channel-
111 deposits, in the wvalleys of the
present-day rivers. It is commonly re-
presented by a serlies of river terraces
with surface features such as meander
scrolls and oxbow lakes, broad areas of
anastamosing channels, fine ephemeral
channels, and low-1lying areas subjJect
to sheet flooding.

Glossary
Aeolian - deposlts transported and laild down by the wind
Aeromagnetlec survey - magnetie survey made with an alr-borne magnetometer
Aggplomerate - a chaotic aésembledge of coarse, angular pyroclastilc
materials
Anastomosing -~ of streams - branching and rejeoining irregularly to pro-
duce a net-like pattern
Anabranch - stream that leaves river and rejoins it lower down
Basalt - a dark-coloured, fine-grained, baslec volcanic rock compos-

ed principally of calelium-rich plagioclase and pyroxene

Basic - sald loosely of any 1gneous rock composed chlefly of dark-
coloured minerals, and more specifically of an igneous
rock with relatively low silica content

Bedrock - in the area, refers to Lower to Middle Palaeozoie
(575--340 million years) rocks

Chert - a hard, extremely dense, indistinetly crystallline sedi-
mentary rock consisting predominantly of silieca; flint is
essentially synonymous



Deep lead

Dolerite

Ephemeral channel

Fault

Gabbro

Geosynecline

Graben

Graptolite

Greenstone

Interfluve

Intrusion
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generally coarse stream-bed deposits burled under soil,
unconsolidated sediment, or rock

a medium-grained, basle iIntrusive rock composed princlp-
ally of calelum-rich plagioeclase and pyroxene - mineralog-
lcally and chemically the same as gabbro and basalt

a stream that flows briefly in response to rainfall in the
immediate locality, with a channel above the water table
at all times

a zone of rock fracture along which displacement - from a
few centimetres to a few kilometres - has occurred

a dark-coloured basic intrusive roek composed princlipally
of calelum-rich plagioclase and clinopyroxene (silicate of
iron, magnesium, and caletum)

a mobile downwarping of the crust of the earth (either
elongate or basin-like), measured in scores of kilometres,
which 18 subsiding as sedimentary and volecanle rocks
accumulate to thlcknesses of thousands of metres

an elongate, relatively depressed crustal unit or block
that 1s bounded by faults on 1ts long sides

any colonial marine organlsm of class Graptolithina (known
stratigraphic range middle Cambrian to Carboniferous)

a fleld term applied to any altered basie to ultrabasic
igneous rock

the relatively undissected upland or ridge between two
adjacent valleys containing streams flowing in the same
general direction

the process of emplacement of magma Into pre-existing
rock; also the igneous rock mass so formed with the
surrounding rock mass
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Lacustrine

Levee bank

Lithology

Metamorphism

Monadnock

Orogeny

Oxbow lake

Feat

Phyllite

Pyroclastic

Radiometric age

pertalning to, produced by, or formed in a lake

a long, broad, low ridge or embankment of sand and coarse
silt, built by a steam on its flood-plain and along both
banks of 1ts channel, especially 1in time of flood

the physical character of a rock

the mlineralogical and structural adjustment of solid
rocks to physical and chemlecal econditlons that have been
imposed at depth (below the surface zones of weathering
and cementatlion) and that differ from the conditions
under which the rock 1n questlon originated

a hlll of reslstant rock rising conspicuously above the
general level of a plain

process by which structures wlthin mountain areas were
formed, including thrusting, folding, and faulting 1n the
outer and higher layers, and plastic folding, metamorph-
ism, and plutonism in the inner and deeper layer

a crescent-shaped body of water situated in the abandoned
channel of a stream meander

an unconsolidated deposit of semi-carbonized plant re-
malns of a water-saturated environment

a fine-grained rock commonly formed by reglonal metamor-
phism and lntermedliate ln metamorphlc grade between slate
and mica schist; split surfaces have a sllky sheen

pertaining to a rock composed of broken fragments derliv-
ed from a pre-exlsting rock by volcanic explosion or
aerial expulsion from a voleanie vent

an age expressed 1n years and calculated from the quant-
itative determination of radloactive elements (such as
K-40) and their decay products (such as Ar-40)
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Schist - a strongly foliated crystalline rock formed by regional
metamorphism, which can be readlly split into thin flakes
or slabs due to well-developed parallelism of minerals

Sill - a tabular igneocus Intrusion that parallels the planar
structure of the surrounding rock

Stratigraphy - systematic arrangement of the sequence of rock strata of
the earth's crust into units

Tectonles - a branch of geolopgy dealing with the structural or defor-
mational features of the upper part of the earth's crust

Trough - an elongate depression on the sea floor

Tuff - a compacted pyroclastic depcoslt of volcanle ash

Unconformity - a substantlal break or gap in the geologic record, where

cne rock unit underlies another that 1s not in strati-
graphic succession; it results from a change that caused
deposition to cease for a consliderable time

References

Douglas, J.G., and Ferguson, J.A. (1976).

Geology of Victoria. Geologiecal Society
of Australia, Special Publiecation No. 5.

Hills, E.S. (1975). 'Physiography of

Victoria. An Introduction to Geomorphol-

ogy.' b5th Ed.
Melbourne. )

(Whitcombe and Tombs:

King, R.L. (1977). Explanatory notes on
the St Arnaud 1:250,000 geological map.
Report of the Geologiecal Survey of Vie-
toria No. 1977/6.

Laing, A.C.M., O'Shea, P.J., and Tickell,

S.J. (1977). Explanatory notes on the
Wangaratta 1:250,000 geclogical map.
Report of the Geologieal Survey of Vie-
toria No. 1977/4.

Tickell, S.J. (1977). Geology and hydro-
geology of the eastern part of the riv-
erine plain in Viectorla. Report of the
Gealagical Survey of Vietoria No.

1977/

Tickell, S.J. (1978). Explanatory notes
on the Dookle and Devenlsh 1:50,000 geo-
logical maps. Report of the Geologieal
Survey of Vietoria No. 55.



56

Ts

The general pattern of c¢limate 1s one of
gradation rather than fluctuation. Var-
fation in elevation throughout the study
area is limited, which results in unfav-
ourable condltions for the development
of orographle rainfall and temperature
changes.

This gradation 1s characterized by in-
creasingly longer and warmer summers as
one moves from south-east to north-west.
Average annual rainfall has a similar
monthly distribution pattern throughout
but decreases from south-east to north-
west across the study area.

The area contains two climatic zones.
East of the Campaspe River, where the
rainfall exceeds 400 mm, the climate 1s
'temperate hot summer' whlle west of the
Campaspe, where rainfall 1s less than
YOO mm, i1t becomes sufflciently dry to
be termed 'seml-arid'. Both zones typ-
ically have hot summers and mild winters
with few frosts. The greater part of
the annual precipitation occurs 1n wint-
er and is of low intensity, while about
0% falls during the summer, chiefly
durlng irregular thunderstorms with
intense rain. Annual evaporation 1s
high and greatly exceeds the annual pre-
cipitation.

CLIMATE

Measurement of the climatie elements is
undertaken by the Bureau of Meteorology
at a network of stations throughout the
area. Rainfall, temperature, and humid-
ity are measured in a falrly intensive
network. Wind 1s recorded at 15 of the
statlons and evaporation at 7 of them.

Barometrle pressure 1s measured at
Echuca and Benalla and a barograph is
located at Tatura. Terrestrial thermo-
meters measure alr temperature at ground
level at Shepparton, Tatura, and
Benalla. Thermographs and hydrographs
are located at Kyabram and Tatura.

Sunshine recorders are located at Kyab-
ram, Tatura, and Rutherglen; anemometers
at Rutherglen, Numurkah, Kyabram, and
Tatura; and pluviographs (for rainfall
amount and 1intensity) at Cobram, Ruther-
glen, Wangaratta, Dooklie, Tatura, Ker-
ang, and Pyramid Hill.

Preclipltation

Most of the effEQtive precipitation in
the area falls as raln and occasional
hall; snow 1s extremely rare.

Annual average precipltatlion decreases
from south-east to north-west across the



study area, belng lowest (350 mm) at

Murrablt in the north-west and highest
As in many other
parts of Australia, it varies consider-

(672 mm) at Benalla,

ably from year to year, with periodic
droughts.
ly and annual rainfalls at selected

sites.

Table 3

a2

Table 3 shows the mean month-

MONTHLY AND ANNUAL AVERAGE RAINFALL (mm)

Oct. Nov. Dec. Jan. Feb. Mar. :3::ir Apr. May June July Aug. Sep. ::::ir Total
Melbourne 68 60 58 4B 49 53 336 59 58 50 49 50 59 325 661
Kerang 39 27 26 21 25 29 167 26 36 37 34 36 34 203 370
Boort 40 32 26 23 28 27 176 28 39 41 3B 40 3B 224 400
Echuca 44 iz 29 27 29 33 194 34 42 b 40 43 40 243 437
Nathalia 46 32 30 30 29 33 200 34 43 45 40 42 40 244 444
Tatura Research S5tn. 49 34 33 31 il 36 214 3B 46 53 49 4B 44 278 492
Rochester 44 32 29 30 34 35 204 30 46 43 45 42 41 247 451
Dookie 56 37 34 34 34 40 235 43 53 60 53 57 50 316 551
Yarrawonga 53 37 36 33 33 42 234 41 46 53 46 50 45 281 515
Rutherglen Exp. Stn. 60 42 45 36 37 bé 264 44 53 62 60 60 53 332 596
Benalla 65 48 43 40 37 46 279 50 64 75 71 71 62 393 672
Source: Australia, Bureau of Meteorology: Rainfall Bulletin, Victoria, 1980

Note: Figures for Melbourne have been included for comparative purposes.



58

Although somewhat lower 1n summer than
in winter, average rainfall 1ls otherwlse
evenly dlstributed throughout the year.
The hilghest monthly averapge occurs con-
sistently 1in June, but a subsidlary max-
imum oeccurs in October and sometimes
August.

Summer preciplitation, while substantial,
is not sufficlent to maintain plant
growth, because high summer temperatures
result in high evapotranspiration and
because much of the summer rain comes
from occaslonal heavy storms of short
duratlon.

Moreover, most of the soils in the area
have a dense loamy surface that resists
quick penetration of the rainwater.
Consequently, losses occur due to run-
off, and surface ponding on the plains
leads to large evaporation losses 1mmed-
lately followlng the summer rainstorms.

These adverse conditions of evaporation
and run-off seldom apply for areas that
carry perennlal pastures, however, which
are mostly establlished on the better
soils having medium surface textures and
a protectlve cover of grass.

In addition, the rainfall tends to be
more erratlc 1n summer and autumn than
in winter and spring.

Annual rainfall can vary markedly from
year to year. In 1982, a drought year,
the area recelved some 50--60% less than
the annual average.

Temperature

Alr temperature 1s measured 1in a Steven-
son screen, where the circulatlon of air
is unobstructed and the 1lnstruments are
protected from the direect rays of the
sun. Mean daily temperature is calcu-
lated by averaging the dally minimum and
maximum. Temperature 1s an important
factor in plant physiologlical processes
and in influencing the evaporation rate.

Mean monthly long-term averages are re-
markably even throughout the arEa They
range from 14°C minimum to 31°C maximum
in summer and 3°C to 13°C in winter. In
the two warmest months - January and
February - the mean monthly maximum tem-
peratures range from 29.5°C to 31.7°C.

By contrast, in the coolest month éJuly}
they range between 12.29C and 13.8

The range of maxlimum temperatures can be
very marked. Benalla has a summer mean
maximum of about 31 , with a maximum
extreme on record of 46°C 1n January.
Temperatures may exceed 38°C from Octob-
er to the end of March. Generally these
extremes correspond to a dry, turbulent,
northerly or north-westerly wind.

Table 4 shows the mean monthly and ann-
ual maximum and minimum temperatures at
selected stations.

Frosts

The occurrence of frost depends not only
on the temperature and the humidity of
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Table 4

MEAN MONTHLY AND ANNUAL MAXIMUM AND MINIMUM TEMPERATURES (°C)

Oct. HNov. Dec. Year

Sep.

July Aug.

Feb. Mar. Apr. May  June

Jan.

Station

10.5

19.9
22,

24.0
13.3

.8

11.4

19.7 21
10.0

.1
18.6 22.7

LRl
8

6.8

14.9
15.6
5.2

.2

13.5
6
13.8

7.0
14.6

16.5 14,5
13.5 11.2 8.7

15.3

14.9
31.3 30.6 27.5 23.0

26.5 25.9 24.0 20.9

A
B

Melbourne

]
9.5

25.9 28.9
10.7 13.2

6.7
17.8 22.4

4.0
13.5

4.5
14.2
4.2

1753
6.9
17.0

15.5 13.0 9.6

15.3

A
B

Kerang

1 28.3 22.0
13.1 9.4

23,
10.5

8.6

6.2
18,0 22.0 25.5 28.3 22.1
11

15.2
4.7
15.2

3.6
13.4

6.6
17.1
6.5

26.8 22.7

Boort

9.4

13.3

.1

1
22.8 25.6 28.8 22.4

9.

5.0 6.4
18.1
6.2

15.1

3.8
13.5
3.1

14.6
4.5
14.3
3.7

g-ﬂ-
22.8

27.0 22.5
13.0

15.2

15.4
31.7 31.1

31.2 30.1

A
B

Echuca

11,0 13.7 9.4

8.8
21.46 24.1
7.6

4.6
14.5

17.2
6.4

.

27.4
13.4 9.9

16.6

15.7
29.7 29.5 26.2 21.7

A
B

Numurkah

7.9

1,

27.2 21.2

11.6

9.2

.1

17
5.1

3.7
14.8

2.5

12.9
13.1
3.2

2.9

13.9
14.0

16,7
5.3

7.7

14.5 10.9
31.2 30.6 26.7 22.1

14.9
30.0 29.6 25.9
16.1

13.9

A
B

Tatura Research Stn.

21.8
8.9

20.9
9

2

=T

25.0 28,
0.3 12.

—t

8.2

5.7
16.4 20.8 23.7 27.2

17.5 21.8

4.4
13.7

3.6
13.3

A |

16.7
6
16.2

12.6 9.5

15.8

A
B

Rochester

3

10.3 13.1

8.3
17.7 21.9 25.2

3.8 4.9 6.1
14.9

.1

12,2
13
3.6

4.5
14.2
4.1

A
B

Dookie

28.6 22.1
6.2 8.6 11.2 14.2 9.8
16.7
4.2

5.0
13.8

17.1
6.9

10.5

13.8

2

17

31.3 30.7 27.5 22.9

16.3

A
B

Yarrawonga

?-2

11.0

21.4 24.8 28.9 21.6
7.5

5.8
17.0 20.9 24,9 28,2 21.5
9.7

16.2 13.4 12.3
4.1 1.9 1.5 3.0
16.5 14 12.6 14.2

7.5

22.3
30.0 26.8 22.0
11.4

10.8

31.4 31.0 27.1
14.0 14.7

A
B

Rutherglen Exp. Stn.

8.2

12.2

.1
£.3 3,4 2.9 40 3.0 1.0

8.2

14.1

.2

3l
14.4

A
B

Benalla

'Climatic Averages, Victoria'

Australia, Bureau of Meteorology (1975).

Source:

(9¢)
(°e)

1. A: Mean monthly and annual maximum temperature
2. B: Mean monthly and annual minimum temperature

Notes:
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Table &

AVERAGE MEAN DAILY SUNSHINE DURATION AT TATURA

Duration

{hours) Jan Feb Mar Apr May Jun Jul Aug Sept Oet Nov Dec
Average 10,0 9.8 8.6 7.0 4.9 4.3 N2 B2 6.5 T 8.9 9.9
Highest 11.4 11.0 10.0 BT 7.0 5.9 L 6.3 8.4 9.6 g.8 11.2
Lowest 7.6 Tl 6.9 2.9 2.9 - o 3.0 4,y -7 B0 7.2 7.2

the alr, wind speed, and cloud, but also
on characteristics of the ground surface
- the slope (and slopes of nearby sur-
faces), vegetative cover, and water con-
tent. Local topography can significantly
influence 1ts distributlion. Hollows are
particuarly frost-prone, due to pooling
of dense cold air, while slopes (where
the flow of air is unimpeded are much
less susceptible to frost.

Frosts may be expected each year over
most of the area, but their main occurr-
ence 1s usually restricted to winter.
Spring frosts may constitute a serilous
hazard to agrlculture and 1n some years
a late frost may result in serlous crop
damage.

In the north-west severe frost (screen
temperatures below 0°9C) may be expected
about eight times annually, and light

frost (screen temperatures between 0°C

and 2.2°C) about 21 times. Frosts occur
mainly from May to October, earlier and
later cccurrences belng rare.

Benalla, in the socuth-east, generally
experiences U4 frosts a year. The first
is 1likely to occur about mid May, and
the first severe frost in mid June.
last severe frost generally comes 1in
late August and the last frost of spring
may often be in September, but light
frosts may continue until mid November.

The

Sunshine

Sunshlne recorders are located at Kyab-
ram, Rutherglen, and Tatura. Data from
Tatura can be generally regarded as rep-
resentative of the whole area. Records
from this station (see Table 5) indicate
that January has the most sunshine per
day (average 10.0 hours), while July has
the least (4.2 hours). The averages for



the same months at Melbourne are 8.5 and
.4 hours respectively.

Evaporation
Evaporatlon, Eo, is the quantity of

water vaporlzing from a large open water
surface such as a lake in a glven time,
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and has an important place in the hydro-
logic cycle of the area. There 1s no
simple method of measuring 1it.

The amount of evaporation from a stand-
ardlzed evaporimeter, Ep, 1s determined
by measuring the loss of water from an
open-topped standardized tank and dep-

Table 6

ESTIMATED Eo AND MEASURED AVERAGE Ep AT TATURA

Month Eo Ep rainfall
(mm) (mm) (mm)
January 224 235 31
February 192 189 31
March 136 149 36
April TH 93 38
May 43 5T b6
June 30 38 53
July 31 35 49
August 52 hl U8
September 91 79 Iy
October 137 114 49
November 172 156 34
December 210 209 33
Annual total 1,392 1,405 492




ends on temperature, humidity, and wind
speed.

The relation between the two can be
written as Eo = cEp where ¢ 1is the pan
co-efficient, whieh varies with the con-
ditions and time of year.

Based on data and calculations from Gut-
teridge et al. (1970}, the potential
evapeoratlion Eo and measured evaporation
Ep for Tatura are given in Table 6,

Evaporatlion 1s important for irrigation
management and practice. Durilng summer,
evaporation 1s four to five tlimes the
average rainfall. During winter, how-
ever, the two totals approach equality.
Average annual evaporation 1s usually
three times the average annual rainfall.

Wind

Wind data are avallable from 15 stations
in the area. Anemometers measure wind
speed and direction at Rutherglen, Num-
urkah, Kyabram, and Tatura.

During the summer, predominant winds
come from the north-west, west, and
south-west, and summers are characteriz-
ed by strong, hot, north-westerly winds.
Southlies and north-easterlles occur

at 15% and 10% frequencies respectively.
Similar wind patterns are experlenced
during the winter.

In general, more than 50% of the winds
have a speed less than 10 km per hour,

and about 10% of them blow at more than
31 km per hour. Wind speeds greater than
51 km have been recorded 1n the area,.

Growing season

Plant growth depends collectively on
soll conditions (drainage, aeration,
nutrlents, heat transference, depth, and
texture) and climate (light, tempera-
ture, and rainfall). Variations in the
length of the growing season are most
often ellmatic in origin - with distrib-
ution of rainfall being a prime determ-
inant. Indeed, the ‘effective rainfall'
1s often used as an indicator of the
growing season.

Effeecetive rainfall - based on both rain-
fall and evaporation - 1is defined as the
amount necessary to start germination
and to malntaln growth above the wilting
point of plants. The growlng season is
deemed to be the periocd durlng which
rainfall has a better than 50% chance of
exceeding the effective amcocunt, plus a
further period when water stored in the
soll allows plant growth to continue.
Irrlgation and fallowlng can also extend
the length of the growing season - the
former providing water in dry months,
the latter conserving water 1in the soll.

Estimates of effective ralnfall are use-
ful for agricultural planning, but they
do not necessarlly indicate the effects
of dry spells on deep-rooted perennial
plants, and the reseeding ability of
annual plants.



Using the Kerang reglon as an example of
the study area, calculations show that
average ralnfall exceeds effectlve rain-
fall from mid May to the end of August.
The natural rainfall provides encugh
moisture for the growing season to last
4--5 months. This assumes optimum dis-
tribution of railnfall and minlimum moist-
ure requirements for shallow-rooting
pasture plants. In these months, how-
ever, low solar radlation and low tem-
peratures tend to restrict plant growth.

With irrligated pastures, as with other
irrigated crops, the water required to
sustain plant growth depends largely on
solar radiation, which influences tem-
perature and hence evapotranspliration
from the plants. Using estimates of
evapotranspiratlion and leachlng, the
amount and desirable frequency of irrig-
ation can be calculated. Around Kerang,
the annual irrigation requirements in a
season of average ralnfall and potentlal
evaporation are 920 mm for perennial
pasture and 290 mm for annual pasture.

Drought

In comparison with other areas of Viec-
torla, the Murray Valley has a limited
surface water resource. If we define a
drought year as one when less than 200
mm of rain falls in the seven critlecal
plant-growth months (April to October),
with a mean rainfall of 350--450 mm
drought may occur one year in flve.

This situation applles to about half the
study area. The remainder has a mean

B8163/83—4
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rainfall of 600 mm and the frequency of
drought 1s about one year in ten.
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8. WATER

aurface Water

The study area lles wlthlin the Murray--
Darling dralnage system and contains the
lower reaches of five major drainage
basins - the Ovens, Broken, Goulburn,
Campaspe, and Loddon (see Table 7 and
Map 6). Compared with the rest of the
State 1t does not produce a significant
quantity of surface water, although the

RESOURCES

amount 1s considered enough for habita-
tion and dryland farming in most years.
By contrast, however, 1t utilizes a sub-
stantlial amount of the State's total
production each year for 1irrigation.

Major streams

Although no signiflicant river system
lies completely wlthln it, the study

Table 7

SURFACE WATER RESOURCES

Basin area

FEstimated yleld

Basin '000 Percentage 1in Total Exploitable

5q. Km Murray Valley {cu.m x 159} fcu.m x 1D9} (%)

area

Ovens 7.8 18 1.68 0.60 36
Broken T.3 { 0.33 0.19 30
Goulburn 16.8 23 3.19 2+31 (=
Campaspe 4.0 13 0.26 0.16 62
Loddon 15.4 . 28 0.29 0.16 55

Source: P.M. Fleming, 1982.



Water from Goulburn Weir is widely
distributed for irrigation within the
Murray Valley area, although the weir
tteelf if just outside the area

area 1s traversed by the lower reaches
of the Ovens, Broken, Goulburn, Camp-
aspe, and Loddon Rivers., These rivers -
which generally flow northwards - all
rise outside it, in the upper reaches of
the Eastern and Western Hlghlands. They
all discharge into the Murray River.

The Murray, which 1s technically outsilde
the study area (the State boundary being
the top of the left bank of the River),
flows in a westerly direction along 1its
northern boundary and ls a major source
of surface water for i1rrigation and dom-
estiec use. Many streams in the region,
including the Murray, are characterized
by a network of anastomosing and dis-

tributary streams. Those that diverge
from the major channel and rejolin 1t
further downstream, such as Gunbower
Creek and parts of the Murray, are call-
ed anabranches. Others diverge and
terminate in shallow lakes or swamps, or
(FJ:S Barr Creek I'_tl:_,'l[fl'i';j .f('lirg another river.

The anastomosing pattern results 1n com-
plex systems of surface water movement

and storage and compounds the difficult-
ies associated with the distributlion of
irrigation water and the development and
effectiveness of flood-mitlgation works.

The congtruction of several water stor-
ages (mainly outside the study area -
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Table 8
WATER STORAGES OF LOCAL SIGNIFICANCE

Rlver Date of Date of Capacity
system RRRage construction enlargement (ML)
Murray Kow Swamp¥* 1890 1969 51,000
Torrumbarry Weir#® 1924 35,600
Lake Hume 1931 1958 3,038,000
Lake Mulwala¥* 1939 117,500
Lake Dartmouth 1979 4,000,000
Ovens Lake Buffalo 1965 24,000
Lake William Hovell 1971 13,500
Goulburn Goulburn Weir 1890 25,000
Waranga Basin? 1905 1917,1926 411,000
Lake Eildon 1927 1955 3,390,000
Greens Lake? 1967 32,500
Loddon Laanecoorie Reservoir 1891 1909 7,700
Cairn Curran Reservolr 1956 148,800
Tullaroop Reservoir 1959 73,700
Broken Caseys Welr#¥ 1888 300
Lake Nillahcootle 1967 40,000
Lake Mokoan* 1970 365,000
Campaspe Campaspe Welr 1882 1951,1965 2,700
Lake Eppalock 1962 312,000
* in the study area + partly in the study area
see Table 8) has provided substantial ted from these storages vlia the natural
quantities of water for irrigation pur- drainage system and a number of arti-
poses. As a result, large tracts of the ficially constructed channel networks

land are now irrigated with water diver- (shown 1in Map 6).



Stream flows therefore do not reflect
natural conditions but rather the im-
poundment of run-off in the catchments
located above the storages and the high
demand for irrigaticn water during the

growing season.

Figure 2
GOULBURN RIVER FLOW PATTERNS

———— Calculated “natural” flaw ot Murchison (1882-1961)

Mean monthly discharge (>*1000 MI)

Actusl racorded flow a1t Murchison (18566-89)
Actual recorded How st Trawopl [1855-83)
600 -
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The effect of river regulation on the
natural stream flow can be lllustrated
by uslng the Goulburn River as an ex-
ample. Fipgure 2 1llustrates the river's
flow pattern since the completion of
Elldon Reservolr. 1t deplects the mean
flow at Trawool (above Goulburn Weir)
and at Murchison (below the Weir). It
also shows the calculated 'natural' flow
at Murchison, which includes amounts
diverted at Goulburn Welr to the eastern
and western channels, and the volume and
evaporation loss from both storages. As
the graph shows, water stored 1n Elldon
Reservoir (mainly 1n the perlod June--
October) reduces flows downstream; 1t 1s
released mainly in December--April, aug-
menting flows above Goulburn Welr.
Diversion of water at Goulburn reduces
flows below the Welr.

Table 9 lists average annual flows and
salinity levels of the major rivers and
a number of minor streams.

Minor streams

Local minor streams are usually tribut-
aries or major anabranches of the main
rivers. They are the Bullock, Barr,
Mount Hope, Broken, Nlne Mile, Boosey,
Honeysuckle, Castle, Seven, Creighton,
and Pranjip Creeks. These contribute an
insignificant volume to the total sur-
face water resource here, as most origil-
nate in areas with comparatively low
annual rainfall and flow through areas
with limited run-off. Consequently,
total stream flows are low in volume and
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Table 9

STREAM CHARACTERISTICS

Annual average discharge Salinlty*

ctream Gauge locatlion ('000 ML) (mg per L)
Max. Min. Mean Max. Min. Median
Murray River Tocumwal 22,416 653 6,064 60 29 34
Murray River Torrumbarry 19,332 409 55657 150 b2 58
Ovens River Wangaratta 3,768 159 15127 T3:8 23 36
Reedy Creekt Wangaratta North 2,987 19 6,110 n.a. n.a. . G - 38
Eroken River Caseys Welr 1,641 3 241 120 66 86
Broken Creek Rices Welr 215 22 76 1,836 65 102
Goulburn River McCoys Bridge 7,884 139 1,841 210 4g 105
Campaspe River Rochester 1575 0.6 206 1,320 355 579
Gunbower Creek Koondrook 397 10 102 8L0 48 66
Barr Creek Capels Crossing 2y 23 68 16,500 708 3,180
Loddon River Kerang 754 28 201 1,242 97 216

+ Unregulated; supplements Ovens flow
¥ 1980/81 fipures only

Source: State Rivers and Water Supply Commission
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Table 10

WATER QUALITY LIMITS

Salinity (mg T.D.S. per L)

Uses

<500

500--1,500

1,500--3,000

3,000--14,000

>14,000

Wide range of irrigation uses; suit-
able for all stock and domestlic uses

Irrigation use may be restricted;
suitable for all stock; domestlec use
depends on a low hardness content

Restricted use as 1lrrigation water;
sultable for all stock; not sultable
for drinking and domestle use

Not recommended as irrigation water;
various limits for different livestock
- poultry at 3,500, horses at 6,000,
adult sheep at 14,000

Unsultable for llvestock

highly variable. Thelr presence is
noticeable in times of fleced, when they
frequently cause damage to property and
hardship to people.

Water quallty

Quality of water 1s an essential criter-
ion when deciding its suitability for
various uses or as an environment for
agquatlec life.

Suitability for domestic, stock, irriga-
tion, and industrial uses 1s affected by

such factors as hardness, turbildity,
colour, organle content, and concentrat-
ion of total dissolved solids (T.D.S.).
The T.D.3. content, or salinity, 1is the
most convenlent single parameter of
water quality for practleal purposes.
Table 10 1llustrates how rising T.D.S.
levels limit the uses to which water can
be put.

When streams are in flood, salinitiles
fall because of dilution. When stream
flow is low, evaporation tends to in-
crease the concentratlion of salt.



Water in the major streams generally has
low salinity anda is therefore sultable
for most purposes. By contrast, Barr
Creek, which receives irrigation drain-
age from Kerang district, 1is frequently
highly saline and 1s therefore unsult-
able for a number of uses unless diluted
with water of lower sallnlty (see Table
9}

The hardness of water refers to amounts
of caleium carbonate and magnesium car-
bonate present. As the amounts increase
so does the hardness. Il they exceed
150 mg per L in water used for domestice
purposes, a water softener is needed.

The Barr Creek, whieh receives irriga-
tion drainage water, is highly saline

Groundwater

Most of the water 1n any region occurs
below the surface as groundwater.
Groundwater 1s held 1n, and flows
through, bodles of permeable rock known
as aquifers. Groundwater quality can
range from 100 to 20,000 mg T.D.S. per
L; bores 1n the study area can yield up
to 60 litres per second.

Two types of aqulfer occur here: porous
formations such as sand; and fractured
non-porous rocks. Aqulfers can occur at
depths rangling from a few metres to
hundreds of metres below the surface,
and the groundwater resources they con-
taln are recharged by infiltration of
rainfall, river water, and irrigation
water.

Occurrence

Groundwater occurrence 1ln the region 1s
closely related to its geology. This
area lies in the south-eastern corner of
the Murray Basin - a shallow sedimentary
basin filled mainly with unconsolidated
alluvial sediments.

Older basment rocks (bedroeck) surround

and underlie the Murray Basin and may be
locally 1mportant aquifers. The bedrock
types ineclude sandstone, mudstone, gran-
lte, and volcanic and metamorphic rocks.

Table 11 lists the groundwater charact-
erlsties of these two groups of aquif-
ers, and Map 7 shows thelir locatlons.



Table 11

GROUNDWATER CHARACTERISTICS
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Salinity

Yield

Aquifer Depth (m) (mg per L) (L per sec.) Loecation

Unconsolidated rocks,

shallow aquifers

Coonambidgal Formation

Alluvial deposits 5==15 < 2,000 < 20 Adjacent to rivers and
some creeks

Source-bordering dunes <5 < 2,000 <1 Dotted over the area

Hill wash aquifers 2,000--5,000 <1 Bordering mudstone and

scarce sandstone outcrops
Shepparton Formation 3==20 variable variable Major unconsolidated
May be scarce 100—=20,000 < 50 formation covering most
in some areas of reglion

Parilla Sand 5--30 > 15,000 < 10 Some surface outcrops
near Boort; mainly
subsurface

Unconsolidated rocks,

deep aquifer

Calivil Formation and 60--120 variable 20--60 Subsurface; infilled

Renmark Group 400—6,000 valleys, present rivers

Consolidated rocks: 10--60 variable i Highland areas and

includes granite, meta 100—-5,000 outerops on riverine

sediment, sediment, and
voleanic rock

plains
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Murray Baslin sediments

The Murray Basin sediments comprise sev-
eral formations, each having its own
groundwater characteristics. The hydro-
geological map (7) shows these uncon-
solidated sediments in two main parts.

The first is a serilies of shallow aquif-
ers within the Shepparton Formatilon,
Coonambldgal Formation, and Parilla
sand; the other conslsts of a deep aqul-
fer within the Renmark Group and Calivil
Formation sediments. These are describ-
ed below from deepest to shallowest,

Renmark Group and Calivil Formation

The deep aquifer 1s a sheet deposit con-
sisting largely of sand and gravel in-
terspersed with lentlicular non-permeable
zones of ligneous clay and brown coal 1in
the Renmark Group and Kaclinitie eclay in
the Calivil Formation. It ranges in
depth from 60 to 120 metres, with a
thickness of between 10 and 100 m. The
Loddon, Campaspe, Goulburn, and Ovens
branches (=deep leads) of the aquifer
generally flow from south to north. The
deep aquifer near Cobram (known as the
Murray branch) flows east to west.

Water quality in the aquifer varles,
ranging from 400 mg up to 6,000 mg
T.D.S. per L. Salinity tends to in-
crease along the direction of flow, with
the freshest water located at the south-
ern end of the Loddon and Campaspe
branches and in the Murray branch. Most

of the Goulburn branch and the northern
end of the Loddon branch have relatively
poor-quality deep groundwater.

The highest groundwater yields 1n the
Murray Valley area are obtained from the
deep aquifer. DBores commonly pump be-
tween 20 and 60 L per second, but lower
yilelds are more common on the marglns.
Mining records from the Chiltern gold-
field indicate that up to 105 L of
groundwater per second was continucusly
pumped from individual deep lead mlnes
over a span of several years.

Parilla Sand

This 1s found 1n the far west of the
Murray Valley area and has a salinity
greater than 15,000 mg per L. Yields
are unknown, but are probably less than
10 L per second.

Shepparton and Coonambidgal Formatlons

The Shepparton Formation overlles the
deep aquifer and part of the Parilla
Sand. 1t makes up most of the shallow
aquifer system, together wlth the Par-
11la Sand and Coonambldgal Formation.
The aquifer comprises sand lenses (chan-
nel deposits of prilor streams) interbed-
ded throughout the clay-rich Shepparton
Formation. Thelr lateral and vertical
extents, and consequently thelr ground-
water yleld, vary from region to region.
Highest ylelds avallable from the Shep-
parton Formation in the Murray Valley
Irrigation Area are usually around 50 L



per second, north of Numurkah. Ylelds
of up to 25 L per second are found in
the Shepparton and Rochester areas.
Water guality varies throughout, but the
regional trend 1s an increase in salin-
ity towards the west.

This Formation has a maximum thickness
of 125 m near Nathalia, and it may con-
taln up to five separate aqulifers at a
single location.

The Coonambidgal Formation represents
both recent river deposlits and source-
bordering dunes. In a large number of
areas these can provide the best-qualilty
water. Ylelds are commonly low (10 L
per second), but up to 20 L may be poss-
ible near the Ovens River.

Bedrock aquifers

These comprise the consolidated basement
rocks of the reglon. Yields are typic-
ally low, usually less than 1 L per sec-
ond, and salt content varles from a few
hundred to several thousand mg per L.
Salinity appears to be directly related
to the rock type and its locatlon.
Aquifers can be located in unweathered
sandstones and mudstones or in weathered
granitic and voleanle rocks. Bore
depths usually range between 10 and 60 m
below the surface.
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9.

Solls are formed by the weathering of
rocks or unconsolidated material near
the earth's surface. Complex interact-
lons between climate, parent materilal,
topography, and living organlsms - and
the time span over which these have
operated - all influence soill formation.
Thelr relative importance varies from
one slte to another.

In order to discuss the scils of a large
reglon, it 1is useful to have a broad
classification system, free of unnecess-
ary detall, that will include all the
predominant soill types. Most soil
classifications use easlly recognilzed
profile features that are often relevent
to a number of land uses or are correla-
ted with the more practical qualities of
the land.

The Department of Agriculture has car-
ried out a number of detalled soll sur-
veys on the riverine plain 1n connection
with irrigation land use. These surveys
extend from Kerang and Boort 1in the west
to Shepparton in the central portion of
the study area, and have been used ex-
tensively as references 1In this chapter
to describe the predominant soll types.
No comprehensive soll maps are availlable

S0ILS

for the maln forest areas or the eastern
portion. Throughout this chapter the
general occurrence of each soll type is
related to the appropriate land syst-
em(s) and indicated in the text by the
land system symbol, RP4, LL, etc. (see
Chapter 12 and Map 9).

This report uses the soll classification
according to Northcote (1979), which re-
lies mainly on the morphology of a soil
profile. On this basls, three primary
profile forms can be recognlzed:

¥ uniform soils: profiles exhibiting
little, 1f any, texture changes

¥ pgradational soils: profiles exhib-
iting no sharp changes 1in texture,
but gradually becoming more clayey
with depth

¥ duplex solls: profiles exhibiting a
marked texture change between the A
and B horizons, the subsoll belng
much more clayey than the topsoil

Addltional features such as colour, con-
sistence, structure, and the presence of
impeding horizons are alsc considered in
the classification (see Table 12).



Table 12

MAIN SOIL GROUPS OF THE MURRAY VALLEY AREA
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Primary profile f'orm Soll type Parent materlal Land system
I. Uniform-textured Fine sards Quaternary lunette deposits LL
solls Fine sands Quaternary alluvium RPY

Coarse sandy loams Devonian granite HG, PG
Stony loams Cambrian rocks HC
Stony loams Palaesozolic sediments HS
Calcareous clays Cambrian rocks HC
Calcareous clays Quaternary alluvium Frl,

I1I. Gradational
soils

III. Duplex soils

Sodic calcareous clays

Sardy red gradational solls
Stony red gradatlional solls
n n n n

L n L] "

511ty gradational solls

Red duplex solls
Red duplex soils

Red duplex with 1lronstone gravel

Yellow duplex with hardpan
L] " n n

Red sodic duplex soils
" n

L1} 1]

Yellow sodic duplex soils

" " " "
1] n L] "

Brown sodic duplex soils
Red calcareous sodlic duplex
soils

Quaternary lunette deposits

Quatermary alluvlium
Cambrian rocks
Palaeozolce sediments
Tertiary sands
Quaternary alluvium

Devonian granite
Grardtic colluvium
Tertiary sands

Devonian granite
Granitic colluvium
Palaeozole sediments
Quaternary alluvium
Palaeozoic sediments
Quaternary alluvium
Quaternary alluvium and
calcareous dust
Quatermary alluvium
Quaternary alluvium and
calcareous dust

RP1,3,5,6,7,8
LL

RPY,5
HC

HS
MLH
FP2

HG, PG
sc

MLH

HG

SC

HS
RF2,3,5
HS

RP2,3,4,5,7
MP

RPY4,6
MFP

Note:

For explanation of land system symbols, see Chapter 12 and Map 9.
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Land use

Because land use 1s intimately associat-
ed with seoils, the attributes and limilt-
atlons of the solls in the study ares
will be discussed in this chapter.

Uniform-textured Soils

Fine-gralned uniform sands occur in
locallzed areas of the north and north-
east sectors (RPY4 and LL). They are
assoclated with sandy lunettes and wind-
blown sand dunes derived from stream
beds or prior stream levee banks. Col-
our ranges from a pale grey to a reddish
brown, and poroslity 1is high.

On crests and upper slopes of granltic
areas such as the Terrick Terrick Range
(HG) and the Warby Range (PG), coarse
sandy loam solls are common. These have
variable depth, but are so0 well dralned
that erosion resulting from overland
low 18 negligible. Thelr low water-
holding capacity does, however, cause
serious problems 1in times of drought,

Shallow stony loam solls are confined to
the hill crests composed of Cambrian
rocks (HC) and the younger Palaeozolic
sediments (HS). The extreme drought-
prone nature of these solls restricts
land use to annual pastures, unless re-
afforestation or deep-rooted perennial
pasture 1is established.

A dark, uniform calcareous cracking clay
Dark grey to black calcarecus clays have goil, common in the poorer-drained areas
been derlved from the Cambrian rocks at of the riverine plain (RP8, 7, and 8)



Dookie (HC). They have a self-mulching
topsoll that allows a fine seedbed to be
prepared for cropping, although grazing
is an equally important land use on
these soils.

Grey to grey-brown calcareous sodle
clays have developed on the clayey allu-
vium that predominates on this portion
of the riverine plain (RP6, 7, and 8).
They occur in the Euroa, Numurkah, Lock-
ington, and Kerang districts. The main
variables in this soil type are the
amount of colour in the topsoil, the
depth at which maximum concentratlons of
carbonate, gypsum, and salt occur, and
the degree of gilgal micro-reliefl pres-
ent.

Mottled grey and reddish brown calcar-
eous sodle clays are closely assoclated
soll types in the lake--lunette areas
(LL) deseribed in Chapter 12, Land Syst-
ems. The mottled grey form occurs on
the lake floor where the sclls are per-
manently wet or inundated with saline
water. The reddish brown form is found
on the lunette ridges bordering the
eastern edges of the lakes. These soils
are well drained and are successfully
cropped, but cover only a small total
area.

Gradational Soils

Sandy red gradational soils are of minor
extent because of thelr limited occcurr-

ence; however, they are intensively used
for crops and improved pastures in irrl-
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gatlon areas, because thelr profiles are
well drained and they have other desir-
able physical and chemical properties.

They occur with - and often grade into -
the red sandy duplex solls typleal of
the levees in the 'prior stream land-
scape' (RP4, RP5).

The pricr stream levees are slightly
elevated above the rest of the plain
and are often used for crops or pasture
specles that require well-drained solls.
Unfortunately, however, because of thelr
elevation they are also used as sites
for channels. Large quantities of
irrigation water are lost through seep-
age from channels located on these
solls, thereby aggravating the problem
of rising water tables in the area.

Stony red gradatlonal solls are common
on the upper slopes developed on Cam-
brian rocks (HC) and younger Palaeozolc
sediments (HS). The ridge crests usu-
ally have a stony loam overlylng the
shallow bedrock, but soll depth and the
proportion of clay both inerease fur-
ther downslope. Rock fragments within
the A horizon of the profile represent
a lag deposit. An initlal low Infllt-
ration rate of water into the dry stony
topsoll indicates an erosion hazard 1f
vegetative ground cover 1s removed.

In the west of the study area, such
soils are common wherethe Parilla Sand
parent material is close to the surface
(MLH) .



A shallow, =8 tony
gradational soil,
aommon :'I I',l' JPI 'HUNR -!q.'r on
the upper slopes
and erests of the
Palaeozoic
sedimentary areas

(HS)

On the rldge crests and upper slopes of
landscapes derived from Palaeozole sedl-
ments, the solls have shallow and very
stony topsoils. Land use 1s restricted
to sparse native pastures or regenerat-
ilon of the natlve scrub vegetation. The
stony topsoll has a low inflltration
rate during railnfall perlods and run-off
Flows attain thelr peak 1In a relatively
short time, thereby increasing erosion

and depositional problems further down-
stream.

811ty gradational soils cccur on the
present rlood plains of the Murray,
Campaspe, Goulburn, and Ovens Rivers
(FP2). The silty topsoil is structure~
less and, when dry, forms an extremely
hard layer that plants find difficult to
penetrate. Consequently, ground cover



i1s sparse; because of seasonal flooding,
however, river red gums thrive there.

Duplex Solls

Red duplex soils occur on the lower
slopes of the Warby Ranges (PG), in ass-
oeclation with colluvial deposits (SC)
and other granitiec land forms such as
Mount Terrlck Terrick and Chesney Vale
({HG). A deep coarse loamy sand topsoll
overlies a coarse-structured red clay.
The elayey subsoll has a much lower per-
meability than the topscll, and lateral
movement of water through the A2 horizon
is common after prolonged rainfall.
Cleared land is used for cropping and
grazing, with the main land use hazard
being sheet erosion.

In the low stony ridgelands south-west
of Boort (MLH) red duplex soils are com-
mon. Ironstone gravel occurs through-
out the profile and the topscil conslsts
of fine sandy loam that is particularly
susceptible to wind eroslion. Croppling
predominates as the form of land use on
these scils.

Yellow duplex solls with a pallid hard-
pan layer at approximately a metre below
the surface have developed on some gran-
itic parent materials (HG, SC).

The presence of a hardpan layer 1s a
common feature of these gentle granlte
landscapes, with important consequences
for land use. Apart from acting as a
barrier to the downward percolatlon of
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water and deep root penetration by trees
and some pasture species, the hardpan
reduces the water-holding capacity of
the eclay horizon. The solls are there-
fore used mainly for pasture or may
sometimes be extended to grow cereal
crops for hay. On the other hand, the
presence of the hardpan limits the pro-
cess of downcutting in gully erosiona

Red sodle duplex solls are most common
on the middle and lower slopes of the
Palaeozole sedimentary areas (HS). They
consist of loamy topscils overlylng red
sodie clays. The predominant land use
ie cropping. Sheet erosion 1s the most
common form of land deterloratlion, but
proper management can minimlze 1t.

On the riverine plain (RP2, 3, and 5),
red sodle duplex soils have formed on
alluvial materlal and, although well
drained, do have a subsoil of low perm-
eability and large quantities of buck-
shot gravel 1n the A2 and B horlzons.
Normally these solls, except [or those
in RP3, 1lie within irrigated areas and
are regarded as ideal for intensive land
use, The very low permeabllity of the
deep subsoll does, however, result 1n
the development of perched water tables,
with subsequent waterlogging 1f the

land is over-irrigated.

Yellow sodle duplex solls occur in the
dralnage depresslions developed on Pal-
aeozoice bedrock (HS). Although the
gradient of the land 1s not steep, the
sodle, dispersible subsoils are prone to
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A red sodic duplex soil with a bleached
gandy topsoil over a red clay - a common
soil on the mid to lower slopes of the
Palaeosoiec sedimentary areas (HS) and

on well-drained parte of the riverine
plain (RP2, 3 and §)

salting and gully erosion. On the
riverine plain (RP2, 3, 4, 5, and 7) and
the mallee plains (MP) these solls are
assoclated with poorly dralned sites.
The land is used mainly for grazing.
The subsoils usually remaln moist for
long pericds Into the dry summer and
under these conditions the clay becomes
a sticky almost structureless mass.
Onece dry, however the soils exhibit a
strong, coarse, bloeky structure.

Brown sodlec duplex solls cccur cn the

slightly elevated portions in the riv-
erine plain (particularly those areas

marked RP4 and RP6).

Red calcarecus sodie duplex soils only
occur in the far west (MP). To the west
of Boort, areas of Quarternary alluvium
have been blanketed with calcareous dust
and this has modified the origlilnal soll
proflle. The solls are well dralned and
well structured, and have adequate
water-storage capaclty. They can pro-
duce good crop ylelds in most years;
however, the flne sandy topsoll 1is prone
to wind erosion, 1f cultivated and left
unprotected.
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10. VEGETATION

The natural vegetatlon of an area 1is de-
termined largely by the physical ractors
of the slte - climate, aspect, topog-
raphy, and solls and their parent mater-
ials. 'The varlation between plant com-
munities can most often be explained in
terms of changes 1in one or more of these
factors. However, both the structure
and content of plant communltles can
also be influenced by factors such as
logging, fire, and grazing. The last
two are partlcularly important in deter-
mining the characteristiecs of the under-
storey.

The major environmental factors that 1in-
fluence vegetation - described in prev-
fous chapters - show varlation through-
out the study area. This is reflected
In the diverse nature of the plant
communities, ranging from tall river red
gum (Eucalyptus camaldulensia) forests
toc mallee scrub.

Most of the area's publie land carries
vegetation typlcal of the riverine
plains. This consists malnly of river
red gum communities on the flood plains,
and box eucalypts on the plains in be-
tween: within the river red gum forest
on flocod-free zones - usually sandy

hills - box eucalypt communities are to
be found.

Remnant highland areas such as the Warby
Range carry Blakely's red gum (E. blake-
lyi) with box, ironbark, and stringybark
eucalypts. White cypress pine (Callit-
rig columellaris) and box eucalypts grow
on other highland remnants, such as
Mount Terrick Terrilck.

Frior to European settlement, most of
the flood plains carried tall woodlands
of river red gum, while the plalns carr-
ied box and Callitris pine woodlands.
Most of the latter areas have been
cleared for agriculture.

Importance of Vegetation

Natural vegetation is particularly im-
portant when considering possible uses
of land. It integrates, and qulte sens-
itively reflects, subtle changes in en-
vironmental factors. For thils reascn -
and because its maln components can be
readlly seen and mapped in the fleld or
from aerial photos - it provides a very
convenlent way of assessling slte factors
that, by themselves, would be hard to
measure dlrectly.



Moreover, the vegetatlion 1ltself often
provides for many of man's needs such as
timber and recreatlon, protects other
values such as soll stablility and water
quality and yleld, provldes habltats for
animals, and makes an iImportant aesthet-
ic contribution to the landscape.

Open forest III of river red gum with
grey and yellow box
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Classiflecation

The vegetation has been classifled into
a number of structural forms, based on
the helght and form of the tallest
stratum and on the percentage of projec-
tive foliage cover (see Table 13).

The classifiecation 18 based on that de-

veloped by Specht, but has been modlfled
to better describe the partlcular vege-

tatlon of the study area, to enable use

of the data avallable, and to meet land-
use planning goals.

Within the structural framework, the
vegetation has been grouped according to
commonly occurrling comblnatlons of spec-
ies. These have been chosen subjectlve-
ly and have been termed vegetation
units. They are not based on detalled
study of specles relations. Each unlt
is readily recognized “n the fleld and
reflects the operatlion of a certain set
of environmental factors.

Map 8 shows the distributlon of these
vegetation units.

Vegetatlion Units

The maln wvegetatlon unlts are set out in
Table 14 and briefly described below.

Open Forest I1I
Struectural form open forest 1II contalns

one unit with river red gum and a spec-
1al unit for river red gum regeneration.
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10. VEGETATION

The natural vegetatlon of an area is de-
termined largely by the physlcal factors
of the site - climate, aspect, topog-
raphy, and solls and thelr parent mater-
ials. 'The variation between plant com-
munities can most often be explained in
terms of changes in one or more of these
factors. However, both the structure
and content of plant communities can
also be influenced by lactors such as
logging,, fire, and grazlng. The last
two are particularly important 1n deter-
mining the characteristics of the under-
storey.

The malor environmental factors that in-
fluence vegetation - described in prev-
ious chapters - show varlatlion through-
out the study area. This 1s reflected
in the diverse nature of the plant
communities, ranging from tall river red
gum (Eucalyptue eamaldulensia) forests
to mallee scrub.

Most of the area's publie land carries
vegetation typleal of the riverine
plains. This conslsts mainly of river
red gum communities on the flood plains,
and box eucalypts on the plains in be-
tween: wlthin the rlver red pgum forest
on flood-free zones - usually sandy

hills - box eucalypt communities are to
be found.

Remnant highland areas such as the Warby
Range carry Blakely's red gum (E. blake-
lyi) with box, ironbark, and stringybark
eucalypts. White cypress pine (Callit-
rigs columellaris) and box eucalypts grow
on other highland remnants, such as
Mount Terrick Terrlck.

Prior to European settlement, most of
the flood plains carried tall woodlands
of river red gum, while the plalns carr-
ied box and Callitriz pine woodlands.
Most of the latter areas have been
cleared for agriculture.

Importance of Vegetation

Natural vegetation is partiecularly im-
portant when considering possible uses
of land. It Integrates, and quite sens-
itively reflects, subtle changes in en-
vironmental factors. For this reason -
and because its main components can be
readlly seen and mapped in the field or
from aerial photos - it provides a very
convenlent way of assessing site factors
that, by themselves, would be hard to
measure directly.



Moreover, the vegetation itself often
provides for many of man's needs such as
timber and recreation, protects other
values such as soll stability and water
quality and yleld, provides habitats for
animals, and makes an important aesthet-
ie contribution to the landscape.

Open forest III of river red gum with
grey and yellow box
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Classification

The vegetation has been classified into
a number of structural forms, based on
the helght and form of the tallest
stratum and on the percentage of projec-
tive foliage cover (see Table 13).

The classiflication ls based on that de-
veloped by Specht, but has been medified
to better describe the particular vege-
tation of the study area, to enable use
of the data avallable, and to meet land-
use planning goals.

Within the structural framework, the
vegetatlion has been grouped according to
commonly occurrlng combinations of spec-
les. These have been chosen subjectlive-
ly and have been termed vegetation
units. They are not based on detalled
study of specles relations. Each unilt
is readily recognized "n the fleld and
reflects the operation of a certaln set
of environmental factors.

Map 8 shows the distribution of these
vegetation units.

Vegetatlon Units

The main vegetatlon units are set out 1n
Table 14 and briefly described below.

Open Forest III
Struetural form open forest III eontains

one unit with river red gum and a spec-
i1al unit for river red gum regeneratlon.
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Table 13

STRUCTURAL FORMATIONS
Modified from Specht (1972)

Iife form and Projective folliage cover of tallest stratum

helght of tallest

stratum* Dense Mid dense Sparse Very sparse
(70--100%) (30--70%) (10--30%) (<10%)
¥¥Trees 28~=40 m Open forest III Woodland 111 Open
15-=28 m Open forest IT  Woodland I1 Woodland
5-=15 m Open forest I Woodland I
¥%*Shrubs 2==8 m Closed scrub Open scrub Tall shrub- Tall open
land shrubland
0--2 m Closed heath Open heath Low shrub- Low open
land shrubland
Herbs f{(inecluding Closed herbland, Herbland,
grasses) including: including:
closed tussock tussock
grassland grassland
closed grassland grassland
closed herbfield herbfield
closed sedgeland sedgeland

* Isolated trees (emergents) may project from the canopy of some communities.
Helghts are of mature communities.

k% A tree 1s defined as a woody plant more than 5 m tall, usually with a single

stem. A shrub is a woody plant less than 8 m tall, frequently with many stems
arisling at or near the base.
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River red gum (Unit la)

This unit has a structure gradling from
open forest III to weoodland III, depend-
ing on environmental and prior disturb-
ance factors. It occurs on sites that
elther receive regular flooding or are
believed to receive underground water
via sandy aqulifers. It generally has a
graminoid understorey (grasses, rushes,
or sedges). Dicotyledonous herbs may
also be locally frequent. Woody shrubs
are usually uncommon and localized
around watercourses and on sandy ridges
within the flood-plain forest.

The unit forms extensive stands on the
flood plains of majJor rivers (Murray,
Goulburn, and Ovens), with relatively
minor occurrences along some of the
creeks to the east, and often as mixed
communities with box eucalypts (around
Miepoll, Eurca, and Peechelba).

Its understorey lloristics may form a
mosale of grassy communitles with rushes
and sedges. This complex may contaln
herb-rich depressions. Major understorey
species include tussock grasses (Poa
spp), rushes (Juncus spp.), couch grass
(Cynodon daetylon), sedges (Carex spp.),
splke-rush (Eleocharis acuta), wallaby-
grasses (Danthonia spp.), warrego
summer-grass (Paspalidium jubiflorum),
and blown grass (Agrostis avenacea).

Common herb speciles include sneeze-weed
(Centipeda cunninghamii), joy weed
(Alternanthera denticulata), and various

River red gum open forest III, Ulupna
Igland

knot-weeds (Polygonum spp.). A range of
other herbs (notably composites such as
(Gnaphalium, Seneeio, Brachycome, and
Craspedia spp.) may also be present.

Floodways may support grassland commun-
1ties that include moira grass (Pseudo-
raphis spinescens) or swamp wallaby-
grass (Amphibromus neesii). Cynodon
spp., water-couch (Paspalum paspalodesg),
and the two aquatlc specles clove-strip
(Zudwigia spp.) and milfoll (Myrio-
phyllum spp.) may also be conspicuous 1n
similar sites. Flat-sedges (Cyperus
spp.) are often consplcuous near water.



Herbland--grassland in depresasion, with
river red gum along the margin

Depressions may support low herblands of
specles such as starwort (Stellarta
caesgpitosa), swamp isotome (Isotoma
fluviatilis), swamp stonecrop (Crassula
helmeii), burr dailsy (Calotis spp.), and
Centipeda and Alternanthera spp.

The most widespread of the shrub specles
is silver wattle (Aecaeia dealbata).
Hiver bottlebrush (Callistemon paludos-
ua) may be present in the east of the
study area - for example, along the
Ovens River. Along the gravelly banks of
the Goulburn River, other shrubs such as
grey parrot pea (Dillwynia ecinerascensg)

may be present. A sizeable, but
localized, stand of Melaleuca sp. aff.
erieifolia occurs along the Ovens River
near Peechelba. Exoecarpos Spp. may be
present 1n some areas.

River red gum regeneration (Unit 1b)

This unit comprises areas of former
grassland ('treeless plains') now being
colonized with river red gum. Presum-
ably the vegetation type will develop
into various open forest or woodland
formations. Other vegetatlon components
are generally graminoid or otherwise
herbaceous. Alien specles may predomin-
ate.

Such colonizing 1s scattered and often
relatively localized. MajJor occurrences
are in former grassland areas of the
Barmah and Gunbower State Forests.

Understorey speclies resemble those of
Unit la.

Open Forest 11

Four units make up thls structural form,
each with one of the following major
specles in the tallest stratum: river
red gum, Blakely's red gum, red lronbark
(E. sideroxylon) and red stringybark (E.
macrorhyncha).

River red gum (Unit 2a)

This unit varies in structure and phys-
lognomy in a similar way to the river



red gum open forest III (Unit la), but
has reduced stature and occuples relat-
ively lower-quality sltes 1in terms of
moilsture availabllity.

It 1s usually distributed as a mosailc
with Unit la in the main riverine for-
ests, and along watercourses such as

the Loddon, Campaspe, and Broken Rilvers.
It also occurs 1in assoclatlion with
swamps and lakes - such as those near
Boort and 1n the Kanyapella Basin - and
as narrow strips or pockets along many
of the minor watercourses 1In the study
area.

In general, its floristies also are very

similar to those of Unit la. As 1t
tends to occupy drier slites, however,
understoreys may have a higher content
of more drought-tolerant plants such as
Danthonia, Stipa, and Chleris spp. and
common wheat grass (Agropyron seabrum),
and a reduced content of specles wilith

high water requirements (molra grass and

other aquatic species).

Blakely's red gum (Unit 2b)

The tallest stands of thls specles oceur

on sites of more favourable molsture
avallablility and scil characteristics,
such as gullies and scarp bases.

They form a unit with understoreys sim-
ilar in character to those of Unilt 6b,
but these may contain less drought-
tolerant speclies such as herbs, tussock
grasses, sedges, and sllver wattle.

a7

Red ironbark (Unit 2¢)

This vegetation unit 1s characteristlc
of skeletal soils on certain outcrops of
Palaeozole sedimentary rocks, which tend
to be well drained and often gravelly
with quartz present. In the study area
it oecurs on poorer soils of the lower
sedimentary hillls in the east (in Killa-
warra Forest, with small areas near
Thoona) and on deeper solls of the lower
slopes. This unit intergrades with grey
box (E. mieroecarpa) open forest I1I.

Understoreys here generally conslist of
a sparse ground layer of open grassy

Red ironbark forest, Killawarra
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tussocks, typlcally with an open shrub
layer of wattles. A range of other
shrub specles may be present, but these
are generally minor components. Within
the Killawarra Forest, the understorey
primarilly comprlises specles of wallaby-
grasses and golden wattle (Aeacia pye-

nantha), varnish wattle (4. vernieiflua),

and lightwood (4. impleza). Black-anther
Mlax-11ly (Dianella reveluta) may also
be common. More skeletal solls may carry
lichens, Lissanthe and Pultenaea Spp.

Other specles occurring with red iron-
bark include gorse bltter-pea (Daviesia
ulieifolia), daphne heath (Brachyloma

- |

Yellow box open forest III--woodland III
near Cobram

daphnoideg ), gold dust wattle (Aecaecia
aeinacea), hedge wattle (4. armata),
cat's claws (Grevillea alpina), ruddy
beard-heath (Leucopogon rufus), slender
rice-flower (Pimelea linifolia), prickly
parrot-pea (pillwynia juniperina), and
Haeeckerta and Exocarpos Spp.

Red stringybark (Unlt 2d4)

Generally mixed with red box (E. poly-
anthemog) and/or long-leaf box (E. gon-
ioecalyx), red stringybark largely occurs
in association with Unit 6b in the Warby
Range region and extends into the Killa-
warra Forest. Here grey box may alsoc be
present.

Understoreys of this Unit within the
study area are similar to those of Unit
6b. Major understorey species include
sllvertop wallaby-grass (Danthonia pall-
ida), daphne heath, austral grass-tree
(Xanthorrhoea australis), Hibbertia spp,
Calytrix spp, wattles, and herbs. Over
its range, red stringybark 1s character-
1stiec of the drier well-drained soils.

Open Forest III--Woodland III
This structural form contains two units,
with yellow box (E. melliodora) and grey
box, respectively, as the major species
of the tallest stratum.
Yellow box (Unit 3a)

This represents the tallest of the
yellow box stands. It has limited occ-



urrence, and may be assoclated wlth grey

box and river red gum. In the north-
east the study area contalns relict
stands wlth white cypress plne, partlcu-
larly on the sandler solls. Understoreys
have similar character to those of the
yellow box open forest--woodland II for-
mation (Unit 4b).

Grey box (Unit 3b)

Comprising the taller grey box stands,
this unit grades into the open forest--
woodland II (Unit 4a)

Its distribution is in the higher-
ralnfall zone in the east of the study

89

Open forest--woodland III - of
grey box with yellow and white
box, Mount Ochertyre

area. It frequently occcurs 1in mlxture
wilth yellow box and river red gum, par-
ticularly as belts along minor water-
courses. Understoreys resemble those of
Unit Y4a, typically dominated by gramin-
olds with various shrub specles present
(particularly gold-dust wattle).

Open Forest Il--Woodland II

As their majJor specles, the six units i1n
this structural form respectively con-
taln grey box, yellow box, black box (E.
largiflorens), yellow gum (E. leucoxy-
lon), a mixture of boxes (long-leaf,
red, white, and yellow boxes), and white
box (E. albens).
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irey Box (Unit l4a)

This generally occurs as small remnants
of the originally extensive grey box
plalns vegetatlon type, and on the drier
marging and the 1lnternal sand ridges of
the riverine forests (Units la and 2a).
Grey box communities are also present in
varlous hilly areas near Earlston, Ruth-
erglen, and Klllawarra, and extend 1nto
the red ironbark open forest 11, where
1t oeceurs on the deeper soils.

Stands of grey box may be pure or mixed
with other box species, In particular
yellow box, and may Include river red
gum. White cypress plne and bulcke
(Casuarina luehmannii) may also be pres-
end, particularly 1In remnants of the
plains vegetatlon types. Red stringy-
bark and Blakely's red gum are restrict-
ed associates, malnly at Klllawarra.

The grassy understoreys of this unlt are
typically dominated by wallaby-grasses,
including velvet wallaby-grass (Danthon-
ia piloea), wallaby-grass (D. linkii},
bristly wallaby-grass (D. setacea),
wallaby-grass (D. racemosa), brown-back
wallaby-grass (D. duttoniana), and com-
mon wallaby-grass (D. caespitosa), wlth
varlable spear-grass (Stipa variabilis)
and flbrous spear-grass (S. semibarba-
ta). Introduced grasses of the genera
Bromus, Hordeum, Lolium, Phalaris, and
Cynodon are of'ten present,

Other 1ndigenous grass specles present
{include wire grasses (Arigtida spp.),

blown grass, common wheat-grass, kangar-
oo grass (Themeda australis),and Poa spp.

Major low under-shrubs ineclude nodding
saltbush (Rhagodia nutans), berry salt-
bush (Atriplex semibaceata), and var-
iable sida (sida corrugata). Other
chenopods - inecluding saloop (Rhagodia
hastata), bluebushes (Maireana spp.),
and Enchylaena spp. - may also be pres-
ent. Rushes and sedges, such as tall
sedge (Carex appressa), may be common 1in
low=1lylng areas.

Composites - for example, lemon beauty-
heads (Calocephalus eitreus), drumsticks
(Craspedia globosa), and Vittadinia spp.
- are present 1In some remnants and gold-
dust wattle is widespread. Other shrubs
Include golden wattle, mallee wattle

(A. montana), Futaxia and Bursaria Spp.,
and Casginia arcuata. Flax-1llllies
(Dianella spp.) and mat-rushes (Lomandra
spp.) may alsoc be present.

Yellow box (Unit 4b)

Although similar in physiognomy to the
grey box Unit H4a, this unilt occurs less
frequently. The two specles occur over
a similar range, and apparently soil
factors mainly determine their relative
distributlons. Yellow box may replace
grey box In some hilller areas (Mount
Major) and on sand ridges (near Cobram).
White cypress plne may be conspicuous in
the latter habltat. In general, assocc-

lated tree species inelude those found
with grey box.



Yellow box open forest II, Undera

Understorey also is similar, both in

formation and floristically, to those of

the grey box vegetation unlts.
Black box (Unit lc)

Open forest--woodland II of black box
occurs on the outer margins of the riv-
erine forests (usually in the less fre-
quently flooded sites) in the western
sectlon of the study area, and patches
extend along the Murray as far east as
Barmah. Sectlons of some of the other
drainage systems (including lakes) also
support this unit. BSoil and elimatic
factors, as well as water relations,
appear to regulate distribution.
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Black box forest near Nathalia

Stands may be pure or inelude river red
gum or yellow box. Understoreys are
shrubby - for example, lignum (Muehlen-
beekia spp.) - through to very open
grassy with various saltbushes between
the tussocks. Annual specles, espec-
lally composltes such as pale beauty-
heads (Caloeephalus sonderi), may be
prevalent.

Dominant grasses of this unit include
the wallaby-grasses and spear-grasses,
and introduced specles such as Mediter-
ranean barley-grass (Hordeum hystrix).
Other specles include blown grass, rigid
panic (Panicum prolutum), and tussock
grasses, and rushes may also be present.



A wilde range of chenopods, cccurring
particularly towards the north-west, may
Include saltbushes (Rhagedia spp. and
Atriplex spp.) Enchylaena spp., and
prickly saltwort (Salsola kali). Lignum
and cassla (Caseia spp.) are the most
frequent shrubs; a range of others - in-
cluding Exoearpos, Acacia, and Myoporum
spp., and weeping pittosporum (Pittos-
porum phillyreoides) - may be present
but are often uncommen to rare.

Clover-fern (Marsilea drummondii) may be
common in molster sltes. Other ground-
layer plants include New Holland dailsies

Yellow gum, dumosa mallee, and casuar-
ina, Boort

(Vvittadinia spp.), germander (Teucrium
racemosum), flat spurge (Fuphorbia
drummondii), quena (Solanum esuriale),
and loose-strife (Lythrum spp.).

Yellow gum (Unit 44d)

Within the study area this unit is con-
fined to disjunct and restricted occurr-
ences in the far west (west of Boort)
and the south-east (north of Longwood
near Euroa).

In the west, assoclated specles and
nelghbouring units Include black box and
mallee (Eucalyptus dumosa). In the east,
grey box and yellow box are present.
Buloke occurs as an assoclated specles
in both locations. The ground layer 1s
typically open grassy, and may have a
high content of xeric monocotyledons.

Mixed box (Unit le)

Mixed stands of long-leaf box, red box,

white box, and yellow box comprise this

vegetation type. Blakely's red gum and

red stringybark may alsoc be present.

Red ironbark may be a localized compon-

ent near the interface between the sedi-
mentary and granitie rock types.

The unit occurs along some gullies and
scarp bases of the Warby Range and to a
lesser extent on similar sites 1in the
nearby Chesney Hills.

Its understoreys have similar floristics
to and intergrade with those of Unit 6b,



but may be relatively less xeric.
Speclies include silvertop wallaby-grass,
tussock grasses, sedges, wattles, cat's
claw, daphne heath, fringe-myrtle (Caly-
trix tetragona), Cheilanthes spp., and
herbs (from genera such as Seneeio,
Haloragis, Hydrocotyle).

White box (Unit A4f)

Vegetation dominated by this species 1is
Iinfrequent and locallzed and may some-
times grade into open forest I1I1I--wood-
land III structural form. Within the
study area, whilte box usually cccurs in
mixture with other eucalypts, notably
grey box, and is restricted to the east-
ern portion. [t often occurs 1n hilly
areas, and may be a component of the
mixed boxes (Unit Yde) found in the gull-
ies and scarp bases of the Warby Range.

In general, 1ts understoreys take a
similar form to those of the grey box
Unit b4a (grassy, with variable shrub
content ). White box favours fairly fer-
tile s0ils on gentle slopes and plalns,
but may tend to occupy steeper dry
slopes.

Major understorey speciles include wall-
aby-grass, bristly wallaby-grass, velvet
wallaby-grass, spear-grasses, common
wheat-grass, New Holland daisies, vari-
able sida, nodding saltbush, wingless
bluebush (Maireana enchylaenoides syn.
Koehia erassiloba), gold-dust wattle,
lightwood, mallee wattle, and golden
wattle.

Open Forest I--Woodland 1

Only one unit, with white cypress pilne
as the major speciles of the tallest
stratum, represents thils structural
form.

White cypress pine (Unit 5a)

Formerly extenslve across the plalns of
the study area, white cypress pine was
usually asscciated with grey box or yel-
low box and buloke. The original struc-
ture was woodland, domlnated by box
where these specles occurred together.

White eyprese pine and grey box, Mount
Terrick Terrick
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The specles also occurs on sand hills
(often with yellow box), and extends in-
to granitic terraln (such as the Warby
Range and Terrick Terrick State Forest
near Mitiamo).

The Terrick Terrick occurrence (with
grey and yellow box) 1s the only extens-
ive stand of the specles remaining in
the study area. This lorest has been
sillviculturally treated to favour white
cypress plne, and slender cypress pine
(C. preisaii) has also been recorded
there. In the Warby Range and Chesney
Hills, white cypress pine occurs with,
and 1t 1s usually taller than, Blakely's
red gum.

Understoreys range from virtually absent
In granitlc areas, through open grassy,
with low semi-shrubs between tussocks,
to heathy or serubby. PFloristiecs are
basically as for grey box, yellow box,
or Blakely's red gum, depending on the
site.

Woodland 1

Three units represent this structural
form, with river red gum, Blakely's red
gum, and black box respectlvely as the
major specles of the tallest stratum.

River red gum (Unit 6a)

Ocecupying the poorest sltes for red gum
growth, the unit intergrades wlth black
box vegetatlon of simllar stature.

Understoreys are typleally graminold or

shrubby (lignum) and floristically
closer to the black box unit than the
tall open riverlne forests.

This unit is mostly assoclated wlth the
braided portions of the Loddon River
drainage system (sodic clays) in the far
west of the study area.

Major understorey specles include wall-
aby-grasses, spear-grasses, and blown
grass. Tussock grasses and Paspalidium
spp. are relatively restricted here.
Chenopods (in particular, nodding salt-
bush) may be prevalent 1In the spaces
between tussocks. Lignum (Muehlenbeckia
cunninghammii) may be variously present.
Rushes and nardoo (Marsilea sSpp.) may
also be present in moister sites.

Blakely's red gum (Unit 6b)

This specles (known locally as hill gum)
generally ocecurs as a woodland I format-
lon, but varles to an open forest II in
more favourable sites or an open scrub
in some exposed sites. It 1s character-
istic of rocky hillsides and some lower
sloped hablitats, in soils that may be-
come waterlogged during winter.

1t may consist of pure stands or be mix-
ed with species lncluding long-leaf box,
red box, red stringybark, and/or white
cypress pine.

Understoreys vary from open heath
through to tussock grassland. Taller
shrubs (such as wattles and she-oak) may



also be present. More ephemeral vegeta-
tion may occur on shallower solls. On
extreme sltes, the understorey may be
almost non-existent.

Grassy components of the understorey are
generally dominated by wallaby-grasses -
notably tussocks of silvertop wallaby-
grass - but a wlder range of specles may
be present. Where tussocks are well de-
veloped, shrubs may be a relatively
minor component. On these sites, tall
stands of grass—-trees may be consplcuous
{trunks of 3 m or more).

Heathy understoreys are widespread, and
often dominated by daphne heath. Other
major xeriec species include cat's claws,
guinea-flowers (Hibbertia spp.), nodding
blue-1ily (Stypandra glauea), fringe-
myrtle (Calytrixz tetragona), and Xanth-
orrheoea and Aeaeia spp. Cheilanthes
spp. may be consplcucus in some rocky
hablitats.

In the more sheltered sites, thls unit
occcurs with a wider range of herbaceous
specles and tussock grass. Mosses,
lichens, and annual species form the
major understorey on shallow solls, and
some crchlds, lilies, and sundews are
also common.

Black box (Unit 6¢)

This unit occurs on damp flats and along
inland intermittent streams, primarily
towards the western edge of the study
area. Stands are often pure, but may
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Woodland of Blakely's red gum and red
gtringybark, with some Austral grass-
tree present in the tussoecky understorey
- Warby Range



Green mallee with red box near Farlston

include river red gum in some 1lntermed-
fate sltes (such as Kanyapella basin).

Understoreys have similar lCorm and
florlstiecs to those of the open forest
[I--woodland 1I (Unit l4e). Relatively
salt-tolerant understorey specles often
predominate, partlicularly in more open
stands, and the unit may grade into lig-
num, saltbush, swamp, or grassland comm-
unitles.

scrub
In the two units comprising thls struc-

tural form, the major specles of the
tallest stratum are dumosa mallee

(E. dumosa) and specles assoclated with
granite outcrop communitles.

Dumosa mallee (Unit 7a)

Within the study area, this vegetation
type 1s confined to a few small pockets
near Boort. These represent the eastern
edge of the main mallee, the distribut-
ion of which 1is determined by climate
and soll type.

Dumosa mallee pockets have a very open
understorey, including spear-grasses,
wallaby-grasses, flax-lilies, and mat-
rushes (Lomandra spp.) and a range of
scattered shrubs such as Enchylaena,
Maireana, Myoporum, Eremophila, and
Cassia spp.

Another mallee, green mallee (E. virid-
ig), occurs in the study area and 1its
distribution appears to be isolated and
very restricted; 1t 1s found near Earl-
ston in the south-east. The species
occurs as very small patches among box
eucalypts (red, white, and grey box) on
the dry sedimentary ridges. The under-
storey consists of wallaby, tussock, and
spear-grasses with sclerophyllous shrubs
such as Ligsanthe spp., gorse bitter-pea
(Daviesia ulieifolia), grey everlasting
(Heliehrysum obcordatum), golden wattle,
and gold-dust wattle.

Granite outcrop communities (Unit Tb)

This Unit is typically treeless, al-
though it contains a few old trees of



belah (Casuarina cristata) at Mount
Hope. Vegetatlion varles from an open
scrub of wattle (deaeia deanei spp.
paucijuga) to open heath, and includes
extensive areas of bare rock.

It is restricted to granitic outcrops in
the west of the study ares (Mount Hope,
Fyramid Hill, and Terrick Terrick).

The major heath species of this unit are
rock correa (Correa glabra), wedge-leaf
hopbush (Dodonaea cuneata), noddling blue
=111y, and (less frequently) snowy mint-
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Granite outerop community
- Pyramid Hill

bush (Prostanthera nivea). Wattle (with
the mistletow Amyema quandang) 1s pres-
ent where moisture and soll are suffilc-
ient.

Species typlecal of granite outcrops (for
example, rock isotome and Cheilanthes
spp.) frequently occupy sultable habit-
ats in these communities. Other minor
species include slender rice-flower,
Australlan hollyhock (Lavatera plebeia),
Australian indigo (Indigofera austral-
i), and small-leaf clematis (Clematis
micerophylla).
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Lignum, Barr Creek

On deeper sclls, particularly towards

the base of the outerops, wallaby-
grasses, spear-grasses, and blown grass
may become major specles.

Swamp and Marsh Communlties

These vegetation communitles are repres-
ented by three units: the major speciles
off the tallest stratum respectlvely are
llgnum, saltbush, and rushes and reeds.

Lignum (Unit Ba)
The effects of water regulation and

ralsed sallne water tables have altered
the distribution of thls genus, partie-

uwlarly in the west of the study area.
Communities based on lignum (Muehlen-
beckia spp.), with or without black box,
were a feature of drainage channels and
swamps of 'treeless' plains here at
settlement. Current distributlion of
lignum, however, largely reflects land-
use patterns.

1t mainly occurs 1n the west, 1n de-
pressions and drainage lines.

River red gum may also be cccasionally
present, but lignum swamps tend to be

sparsely treed. Assoclated specles re-
flect salt levels and land-use practic-

es3.

Other specles may include wallaby-
grasses, spear-grasses, blown grass,
saltbushes, rushes, nardooc and cassia.
In certain cases the introduced grass
Meditterranean barley-grass may be the
maln component of the ground layer.

Saltbush (Unit B8b)

Whlle salt-pans and halophytle vegetat-
lon were present here at settlement, the
area of land affected by surface salt
has increased greatly. Consequently, the
current distribution and floristics of
saltbush communities are largely related
to land-use practices.

Diversity 1is often low, but some of the

salt-pans surrounded by origilnal vegeta-
tion may inelude species (not necessar-

1ly halophytic) that agriculture has



largely displaced elsewhere. Structur-
ally, the unit 1ls an open heath.

Distribution 1s related to salt levels
in the surface so0lls, and the unit
occurs mest extensively in the north-
west of the study area.

Most of the specles found here are from
the families Chenopodiaceae (or some-
times Alzoaceae). Succulent chenopods
include glassworts (Arthroenemum spp.)
and, less commonly, slender glasswort
(Pachycornia tenuis), sea-blite (Suaeda
sp.), and bluebushes (Maireana spp.).
Other specles that may be present in-
clude spear-grasses, saltwort, lignum,
and galenia (Galenia pubescens) - the
diversity and composition depending on
the severity of salting.

In 'natural' communities, a range of
specles reach thelr easternmost limits
in Vietoria in the Kerang reglon.

Rushes and reeds (Unit B8e)

Struecturally, this unit has a tall
closed grassland formatlon. Its habitat
ls generally permanent shallow water.

Major specles are typlcally bullrushes
or cumbungil (Typha spp.) and/or common
reed (Phragmites spp.). Along the Murr-
ay (for example, at Top Island, in the
Barmah Forest, and Lake Moodemere)
extensive beds of giant rush (Juneus
ingens) occur., The helght of these
communities may approach several metres.

29

Juncus ingens, Lake Moodemere

In more open communitlies a range of
aquatle and semi-aquatiec plants - such
as Eleocharis, Ludwigia, Myriophyllum,
FPotamogeton, Ottelia, Azolla, Lemna,
Trigloechin, and Cyperus spp. - and other
Juncua sSpp. mMAy occur.

Grasslands

These vegetation communities have been
ordered into two units. The flrst, Unit
Qa, is predominantly native grasslands,
while the second, Unit 9b, is for
altered sltes - such as hall sites and
cemeteries - and for areas that carry
volunteer (largely introduced) grass
lands.
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'his unit consists of two sub-units, dry
grasslands and wet grasslands, which are
not :tilli.il':;"_lli:'tli eyl M.:l!'l l.{iuln

Dry grassland (tussock grassland)

At settlement a large proportion of the
plains of the study area supported 1n-
digenous grasslands, elther treeless or
very lightly woocded. The wvast bulk of
this land was quickly alienated for
agriculture, and these communlties have
virtually disappeared. Remnants that
survive lnclude some sand hillls and
treeless plaln units wlithin the major
riverine forests and scattered strips
along roadsides, but are very restricted
and often greatly altered by grazing,
rabblts, and weed lnvaslon.

It 1s largely assumed that these grass-
lands were domlnated by wallaby-grasses
and spear-grasses, and in certaln re-
glons had low seml-shrubs and/or herbac-
epous dlcots 1In the inter-tussock spaces.
Other indigenocus genera Include Agro-
pyron, Agroetia, Lepidium, Sida, and
Boerhavita (tarvines), wlith various chen-
opods.

Wet grasslands

These communities comprise herblands,
including low closed grassland; they

are malnly riverine, and occupy the zone
between Units la and 8¢, where lnundat-
lon prevents tree growth but 1s not so

Treeless sand hill earrying graseland,
Bourkes Bend

consistent as to allow swamp develop-
ment .

The floristics of wet grassland vary
from dominatlon by herbs to grass
specles and may vary with season. Major
grasses lnclude moira grass, water
couch, Cynodon spp., and swamp wallaby-
grass. Eragrostis spp. and sedges (Carex
Spp.) may also be present. Herbaceous
genera ineclude Alternanthera, Polygonum,
Centipeda, and Dysphania.

Altered sltes (Unit 9b)

Areas such as hall sites, quarries,
football ovals, agricultural research



stations, cemeteries, ete. have been al-
tered, in some way, to such an extent
that the vegetatlon 1s largely volunteer
or introduced grasslands wlth scattered
eucalypts.

Volunteer pastures

These grasslands have developed after
elearing of forest or woodland. Wall-
aby-grasses and spear-grasses may per-
slst, but generally grazing and agricul-
tural practises have led to replacement
by introduced pasture genera (for ex-
ample, Lolium, Bromus, Hordeum, Cynodon,
Paspalum, Phalaris, and Trifolium) and
weeds. Rushes and non-palatable salt-
bushes may be present.

Many of the smaller blocks of public
land support ground flora of this kind,
sometimes wlth scattered remnants of the
original tree cover.

In some places (such as the Warby Range,
Killawarra Forest, and Kanyapella basin)
regeneration of trees or shrubs
(wattles) is occcurring on previously
cleared land.

Vegetatlion on New South Wales
Fublic Land

Vegetation on the New South Wales Crown
land that abuts the study area along the
Murray River, which 1s malnly New South
Wales State Forest, has similar patterns
of structural form, major specles, and
floristics to the publlie lands on the
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Vietorian side of the Murray.

Most of these Crown lands carry pure
stands of river red gum. Other eucalypts
oeccurring are grey box, yellow box, and
black box. Small areas of white cypress
pine are found on some of the sand hills
located within the river red gum forest
types.

Of the river red gum forests on these
Crown lands, open forest II has the
largest extent and thils form ls gener-
ally located on the Intermediate levels
of the flood plain. Open forest 111
occuples significant areas, and occcurs
on sites that are frequently flooded,
such as river bends or swamps.
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The Murray Valley area contains a con-
siderable diversity of faunal habltat.
It represents a transition from the
Wwarm-temperate Basslian zone of the east
to the drier Eyrean zone 1n the west,
with the River Murray traversing the
reglon and exerting a modifying influ-
ence by providing a moister environment.

A total of U424 species have been record-
ed In the area, comprising 45 mammals,
328 birds, 39 reptiles, and 12 amphib-
ians. A full list of species recorded
can be found in Appendices 2--4. The
fauna of the Murray Valley can be class-
ified into four major categories.

¥ Those in the first category are adap-
ted to the relatively hot, dry, and
open Eyrean environments prevalent in
the west. They include the fat-
tailed dunnart, orange chat, budgeri-
gar, a skink (Morethia adelaidensis),
eastern spiny-talled gecko, and the
glant bullfrog. A number of the
gpecies are on the eastern 1imlt of
their distributlons here, and are
more common further west in the
State.

¥ Those in the second are adapted to
the more meslic, cooler habltats of

103

the warm-temperate Basslan zone and
1ts assoclated forests. Usually found
in the east of the study area, they
include swamp wallaby, long-nosed
bandicoot, Eastern yellow robin, brown
thornblll, speckled warbler, water
skink, tree dragon, and the brown
tree-frog. The Murray River environs
provide a corridor for warm-temperate
fauna through an environment that
would otherwlse be unsuitable for
some specles. An excellent example
is the garden skink (Lampropholis
guiehenoti), which is extremely
common in southern Victoria. It is
present in the Murray Valley, but
rarely ventures more than a kilometre
from the river.

The third category comprises wide-
spread specles, usually common
throughout both the first two zones.
It includes the common ringtall
possum, eastern grey kangaroo, echid-
na, brown falcon, laughing kooka-
burra, Willle wagtail, marbled gecko,
Bougalnville's skink, and the froglet
Ranidella parinsignifera.

Other specles appear speclallized for
life in the woodlands that form a
transition between the two zZones.



uncommon, and ineclude

,"fl"'.‘-.-'-—i'l'-"ﬂlj"ii

parrot, and bush

tation alllances

and these approximate very closely the
units discussed in the previous chapter.
While Chapter 10 glves detalls of these
vegetation types, Appendix 2 shows the
distribution of faunal species withiln
them.

The categorlies are based largely on
overstorey specles of plants, which



often have characteristic understorey
alllances. Understoreys may vary widely
within a category, however, or overlap
with other categories. As many faunal
species depend on particular understorey
characteristies, they may not be dis-
tributed uniformly within a habitat cat-
egory. Moreover, species composition of
the overstorey withln a category may
vary, further complicating faunal dis-
tributions.

River red gum community

This habitat includes river red gum 1in
cpen forest IlIl--woodland III, open for-
est Il--woodland II, and woodland I
structural forms, and in regeneration
areas.

1t supports the highest speciles divers~
ity of any habitat 1in the study area.
Most species requiring hollows are found
here, including the squirrel, sugar, and
feathertall gliders and the brush-tailed
phascogale. 1t also supports a large
number of feral mammal species, and 12
specles of bats.

Among the 103 species of native birds
recorded here, the hollow-using speciles
such as parrots and nocturnal birds are
well represented. The satin fly-catcher,
bush thick-knee, and red-backed king-
Iisher have also been recorded.

Various components of the habitat supp-
ort different species of reptiles. The
carpet snake requires hollows in trees,
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while the marbled gecko and snake-eyed
skink are found under the bark. Ground-
dwelling species such as the garden
skink utilize the leaf 1litter at the
base of the trees.

Elght frog specles, including Sloan's
froglet, are found in the habitat.

Box communities (execluding black box)

Box eucalypts in open forest Il--wood-
land 11 and open forest I--woodland 1
structural forms comprise this habitat.
It supports a high percentage of the
fauna species in the Murray Valley area.
The squirrel glider and brush-tailed
phascogale have been found at various
locallties here, and seven bat specles,

The 94 species of native bilrds present
inelude the peregrine falcon, painted
button-quail, turquolse parrot, whlte-
bellied cuckoo-shrike, and grey- crowned
babbler.

The 14 reptiles recorded include the
tree dragon, wood gecko, legless lizard,
rainbow skink, and tree goanna. Five
speclies of frogs have been recorded.

Black box (E. largiflorens)

Structural forms of the black box comm-
unity are open forest II--woodland II
and woodland I.

Fewer specles occupy thls habitat than
the box communities., The fat-tailed
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dunnart has been recorded here, but 1=
one of only seven specles of native
mammal recorded, f{our of which are bats,
Ilncluding the white-strlped mastiff-bat.

The habitat also supports fewer bird
specles, although one significant bird,
the bush thilck-knee, occurs here, as do
the variepated falry-wren, inland thorn-
bill, splny cheeked honeyeater, and
zebra lnch,

[t 15 important for several reptile
specles. The hooded scaly-foot 1s only
known 1in this habiltat in the study area,

Eohidna are found in these red ironbark

and Blakely's red gum forests

and in Viectorlia is restrieted teo slmilar
areas with eclay solls. A recent record
of" the curl snake was made in a remnant
heavlly salted black box woodland.

Red ironbark (E. sideroxylon)

Open forest Il--woodland 11 of red iron-
bhark supports a high proportion of the
fauna species found in the area.
Echidnas and swamp wallaby are common,
and the squlirrel glider and brush-talled
phascogale are also present. Of six
specles of bats, Gould's wattled bat is
the most abundant.

A recording of the whlte-throated night-
Jar was made 1In this habltat, where the
painted honeyeater has also been record-
ed exclusively. Another important spec-
les present is the turquoise parrot.

Only flve species of reptlles have been
found here, 1including the rainbow skink
and sand goanna.

Blakely's red gum

Two structural forms - open forest II--
woodland I1 and woodland I - comprise
the Blakely's red gum community.

It has a high specles diversity, with

16 species of native mammals. Arboreal
specles recorded include the feathertail
glider, sugar glider, common brushtail
possum, and common ringtall possum.
Gould's wattled bat is the most abund-
ant of the seven specles of bats found.



Within the study area, the only records
of the little button-gquail and black-
eared cuckoo have come from this habltat
- and the rare turquoise parrot is more
frequently recorded in this community
than in any other. Barking owls and the
white-bellied cuckoo-shrike also occur.

A most diverse reptile fauna, with 16
species, includes Dwyer's snake,
Burton's snake-1lizard and the uncommon
wood gecko and rainbow skink. Four
specles of frogs are to be found, in-
cluding the brown toadlet.

Mallee (E. dumosa)

This community occurs as scrub, found
only in small patches on the sandy solls
to the west of Boort, and occasionally
supports yellow gum. Due to thelr ex-
tremely small size and 1sclation, these
patches support very little fauna.

The common brushtaill possum has been re-
corded here and 14 native birds, includ-
ing white-browed woodswallow, crested
pigeon, Willle wagtail, white-plumed
honeyeater, and brown treecreeper.

Reptiles include the bearded dragon,
marbled gecko, stumpy-talled 1lizard, and
tree goanna. Amphibians are represented
by the two common froglets.

White cypress pine

Thls community occurs as open forest I--
woodland I. It supports seven specles
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of native mammals, which include the
swamp wallaby in the eastern areas only.
Eastern grey kangaroos and the common
brushtail and ringtall possums are also
present.

Southern whiteface, red-rumped parrot,
peaceful dove, and galah are the most
common bird specles found, while the
rarer Mallee ringneck and singing honey-
eater have also been recorded.

Seven specles of reptlles have been re-
corded, including the wood gecko, small-
eyed sklink, and black rock sklnk. Of
the amphibians, the two common froglets
have been recorded in this habitat.

Granlte outcrop

A few small rock outcrops in the west

of the study area carry a sparse vegeta-
tion of wattle and heath specles. These
are distinct from the outcrops of Blake-
ly's red gum communlity found in the
Warby Range.

These small highly disturbed areas, have
no native mammals present, but the
introduced house mouse, fox, and rabbit
are common. They also support few bird
specles, except for birds of prey such
as the whistling kite, Australian hobby,
brown falecon, and Australian kestrel.
They provide more favourable habitat for
reptiles, with 12 specles belng record-
ed. An 1lsolated colony of eastern
spiny-talled pecko found here extends
the known Victorian range and habitat
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utilization of the species. Cunningham's
skink has also been recorded, and the
large striped skink and Bougalnvllle's
skink.

Grassland

This habitat includes the wet grasslands
assoclated with river red gum forests,
the natural dry grasslands wldespread 1n
the area (now mostly agricultural land,
with a predominance of introduced spec-
ies), and the volunteer grasslands
resultling from clearing of woodlands
(usually introduced species).

Some species, such as the echldna and
eastern grey kangaroo, can utilize
grassland near forested areas, and tiger
quolls have been recorded previocusly in
such country. Others can survive, given
remnant trees to provide hollows: they
include the common brushtall possum and
at least four specles of bats. The fat-
talled dunnart is one species that has
adapted to grazlng land and can be found
In various localltles throughout this
habltat.

Many birds have adapted to 1ife in the
paddocks,., Water blrds such as herons,
ibis, and spoonbllls utillze the irrig-
ated paddocks extensively to feed. Many
waders can also be found here. Some
speclies - such as stubble quall, banded
lapwing, Australlan pratlincole, blue-
winged parrot, barn owl, slnglng bush-
lark and brown songlark - are found only
in thls category in the study area.

Some natural grassland reptliles, such as
the legless lizard (Delma inornatal,
have suffered due to agriculture as they
cannot tolerate grazing and soll compac-
tion. Other species recorded in the
grassland included the skink Morethia
adelatideneis, stumpy-talled lizard, and
eastern blue-tongued lizard.

Six amphiblan specles may be found in
grasslands associated with water, in-
cluding Peron's tree-frog and the spot-
ted grass frog.

Lignum community

Few recordings of native mammals have
been made in this habltat, but it does
contain the introduced house mouse,
brown hare, and European rabbilt.

Among the birds, the black-tailed native
hen, purple swamphen, varlegated fairy-
wren, southern whiteface, white-fronted
chat, and zebra finch are apparently

attracted by the dense vegetative cover.

Nine reptiles have been recorded, in-
cluding the tiger, red-bellied black,
and eastern brown snakes. The two common
froglets are also found.

caltbush community

The native fat-tailed dunnart has been
recorded 1n this habitat. Birds such
as the orange chat, white-fronted chat,
white-winged fairy-wren, and Richard's
pipit have been recorded here.



Two uncommon reptile species have been
found in thls community. The skink
Morethia adelaidensis 18 normally found
in salted areas and 1s thus adapted to
this habitat. The curl snake and the
common and widespread Boulenger's sklnk
have also been recorded.

Rushes and reeds - water bodies

These include fresh-water swamps and
rivers, and often occur in assoclatlon
with river red gum and black box commun-
ities.

Aquatlc mammals are the platypus and
water-rat - found throughout the study
area, with the water-rat more common -
and the large-footed myotls - a bat that
is restrlected to areas contalning perma-
nent water.

Many specles of water bilrds are found in
the Murray Valley, some of which breed
here, including the plumed whistling-
duck. The buff-banded rail, Balllon's
crake, spotless crake, and painted snipe
have been recorded in swamps in the
west ., Clamorous reed-warbler, little
grassbird, and golden-headed clstlcola
have been recorded in the reeds and
rushes surrounding water bodies. Birds
of prey associated with water bodies 1in-
clude the white-bellied sea-eagle,
whistling kite, and marsh harrier.

All three Viectorilan tortolse specles are
found in the Murray Valley, including
the uncommon broad-shelled river turtle.
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Straw-necked ibie are commonly found in
the Murray Valley area

The tlger snake feeds on frogs and so is
often assoclated wlith water bodies.
Eight species of frog have been recorded
for this habitat: some requlre only an
intermittent supply of water, whille
others - such as the barking frog - need
permanent water.

Urban areas
Some native specles have adapted to 1liv-

ing in urban areas - for example, the
common brushtail possum. The white-



L10

atriped bat

dent

1al areas

recorded on

and nhousea

towns.

Black Kites

tips. Othe
|

L1f'e

Plumed

érl

an

Lhe

mao

r
in gardens,

be hear
d the e
outsklr

d over most

chidna has bee

t5. The

use 5::*1;]|:|t. Ly occ

black

resi-

n

upy most

De Seen '.;x!r':'-e'l'ﬂj-"_ir.r', at

specles have adapted to
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and restless flycatcher. Introduced
birds are common. Boulenger's skink
also be found 1n urban areas.

Changes in Faunal Distribution
The faunal composition of the Murray
Valley area has altered markedly over

honeyeater, grey skrike-thrush,

may

the last two centurles - mainly due to
land-use practices. Some specles have
disappeared totally, others are restric-
ted to the remnant native vegetation,
while a few have adapted to new land-use
practlices and Indeed have flourilshed.

Loss of habitat, combined with the in-
troduction of competitive herbivores
(primarily rabbits and sheep) and pre-
dation by 1lntroduced carniveres (notably
foxes), has had a dramatiec effect on
some of the mammals. The small macropods
comprise one group that has been greatly
affected, with at least three specles -
bridled nailtall wallaby, eastern hare-
wallaby, and rufous bettong - now beling
extinet in the Murray Valley area,.




While most mammal specles have been ad-
versely affected by the clearing of nat-
ive vegetation, a very small number may
have benefited. The fat-tailed dunnart,
an open-country species that can survive
in farmland, may be more common now due
to the clearing of the denser vegeta-
tion.

Some reptiles were dramatically affected
by clearing and the introduction of
grazing animals. The hooded scaly-foot
and the curl snake inhabit cracking clay
solls in the west of the Murray Valley.
In Vietorlia these species are often
associated wlth black box and lignum
communities, which have been extensively
cleared for agriculture, and both spec-
ies have become extremely rare.

Bandy Bandy and blind snakes have also
diminished, due to areas being converted
to farmland. They were formerly widely
distributed in the study area in euca-~
lypt woodlands not subject to flooding,
most of whilch are now cleared. Being
fossorlal (sub-ground dwelling), they
cannot tolerate cultlvatlon of the soll.
Their specialized feeding needs also
make them less adaptable to change:
bandy bandy snakes feed only on blind
snakes, which eat only ants and termit-
es.

The larger areas of native vegetation
remalning are subject to a number of
different land-use practices. One such
practice, timber-harvesting, removes
some of the larger trees containing
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hollows. A number of species need holl-
ows for shelter or breedling, and removal
of large trees decreases the habitat
avallable to these species.

The earpet snake 1s arboreal and also
requires tree hollows. Once wldespread
in northern Victoria, 1t 1s now rare and
restrieted to rocky outecrops and forests
along watercourses that contain trees
with hollows. In addition to reduction
In its habitat, collecting for the pet
trade has had a marked effect on 1ts
numbers.

Most of the remnant native vegetation 1s
grazed - mainly by cattle, but also by
feral animals. This may remove the
plants that provide essentlial cover and
food resources for many native specles
of mammal, bird, and reptile. Birds
such as white-browed scrub-wren, yellow
robin, brown thornblll, and silvereye
may be affected. (The first two in par-
ticular are rare in the Murray Valley.

Reptiles that may have been affected are
the hooded scaly-foot, a skink (Menetia
greyi), and a legless lizard (Delma
inornata).

Victorla's wetlands have declined dram-
atiecally, and 1t has been estimated that
alteration has made about half of the
original wetlands unsultable for some
water birds. Loss of habltat has re-
sulted from dralnage, river regulation,
water storage constructlons, flood-
protection works, and land reclamation.



Despite this, the Murray Valley area
remains very important for nesting water
birds even though 1ts potentlial has been
greatly reduced, Some swamps have been
totally eliminated, and ihe condltion of
those remaining has been greatly alter-
ed. A number of factors may contribute
to the depgeneratlion of the wetlands,
ineluding inadequate supply of water,
grazing, trampling and foullng by stock,
contaminatlon by effluents, and non-
passive recreation.

Within forested areas, the duration,
depth, and season of floeding can have
marked effects on the breeding of water
birds as well as on the ground vegetat-
fon that 1s important to their feeding
and nesting requirements.

Water Bilrds

The Murray Valley 1lncludes some of the
prime Vliectorian wetlands used by water
birds. It provides habitat for pgrebes,
pelicans, darters, cormorants, herons,
egrets, night-herons, bitterns, 1bils,
spoonbills, duecks, rails, crakes, swamp-
hens, snipe, numercous wading birds,
gulls, and terns. Magple geese once
occurred in the area, but had dlsappear-
ed by 1911, apart from very rare
vagrants. They are now presumed extinct
in Victoria.

Water birds have quite varied feedlng,
breeding, and shelter requirements, but
many wetlands can provide habitat for a
diverslty of specles. Birds such as

cormorants, egrets, night-herons, 1ibis,
and spoonbills breed in colonles. They
nest in dead or live trees, rushes, cum-
bungi, or lignum, where these occur in
or near water. Grebes and ducks bulld
floating or anchored nests of waterweeds
on the water surface. Birds such as
rails and crakes nest in dense tussocks,
sedges, or rushes.

Wetlands in the Murray Valley can be
broadly divided into those of permanent
and those of semi-permanent fresh water.
Normally permanent water bodles 1nclude
Johnson, Hird, Murphy (north-west of
Echuca), Reedy (north of Shepparton),
and Kow Swamps, Loch Garry, and Lakes
Mokoan and Moodemere. They are partic-
ularly valuable to waterfowl if they are
shallow, have dead timber, reed beds, or
lignum in the water, and are fringed by
river red gum and box trees above the
water's edge.

Semi-permanent wetlands include Gunbower
Island and Barmah State Forests, Trag-
owel, Morphetts, and Dowdle Swamps, many
other minor swamps, and irrigated and
flooded pastures. The flooded forests
provide good breeding and feeding areas.
Semi-permanent wetlands that lack timber
or lignum are good feeding areas, espec-
lally as they dry out and the aquatilc
animals and plants become abundant in
the warm, shallow waters.

The rarer water birds occurring in the
Murray Valley include little bittern,
glossy 1ibls, plumed whistling-duck,



freckled duck, spotless crake, and
painted snipe.

Fish

A number of fish species occur in the
streams and water bodles of the study
area. Fresh-water crayflsh and yabbles
are also found in a number of streams,
mainly the Murray and Goulburn Rivers.

Most of the rivers and streams can be
described as sluggish and snaggy, with
elther mud or sand bottoms; they usually
contaln deep pools. This type of hab-
itat largely determines the type of flsh
specles found here.

As it has in other animal groups, human
interference has altered fish populat-
ions. Both the introduction of alilen
specles and the construction of water
storages - through alteration of both
the flooding pattern and water tempera-
ture - have affected native populations.
Murray cod and golden perch are two
speclies known to have suffered adverse
effects from these changes.

The main species of fish found in the
area are Murray cod, trout cod, tench,
goldfish, golden perch, brown trout,
redfin, European carp, blackfish, silver
perch, catfish, Macquarle perch, bony
bream, and eels.

Introduced species include the most
wldespread and commonly caught specles -
for sport or for the table - such as
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Murray cod, a native game species, may
grow to 45 kg in weight

redfin (European perch), tench, European
carp, and in some streams brown trout.
The natlve sport or edible fish -

Murray cod, golden perch, silver perch,
blackfish, catfish, and bony bream -

are usually found in the main rivers
sueh as the Murray, Ovens, Goulburn,

and Loddon.

Natlve game rish

Murray cod and trout cod usually spawn
on mud substrates in river channels,
Spawning generally occurs after flooding
(usually from September to November).
Both speclies are carnivorous, feedling on
small fish such as tench, goldfish, and
bony bream. They provide good angling
and eating, but populations have de-
creased significantly in recent years -
possibly as a result of the construction
cf dams, welirs, and locks on the Murray
Rlver.

Fresh-water catfish spawn 1n clear
water from September to November, making
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a shallow depresslon 1In the substrate
for egg-laying. Its food conslsts of
Invertebrates taken from the bottom of
slowly flowing backwaters. Unfortunate-
1y thls excellent table fish 1s becoming
scarce.

Macquarie perch, an excellent sporting
and table fish, has recently had its
range drastically reduced and it 1s now
very rare 1n the Murray River.

Golden perch spawns after floods, which
usually occur during spring and summer.
Ite food conslists mainly of erustaceans.
It prefers warm, slugglsh, muddy waters,
and will dlsappear where dams release
cooler water and upset the normal flood-
ing pattern. The specles has good
sporting and eating qualitles.

Yet another pgood sportlng and eating
fi1sh, the silver perch, usually spawns
after a rise in water level. Its
omnivorous diet includes zooplankton,
algae, and other forms of aquatic vege-
tation.

River blackfish, an insectivorous fish,
is deeclining as streams and rivers are
cleared of vegetation and snags. It
too offers good sport and has excellent
eating qualitles.

Introduced game species
These specles have the same value to man

as the natlve speecles, but probably com-
pete with them.

FEuropean perch (redfin) 1s a highly suc-
cessful species whose food preferences
of'ten coincide with those of native
fish., It feeds voraciously upon smaller
fish, but provides good sport and has
excellent eating qualities.

Brown trout, although not widespread in
the area, has been reported in the Ovens
River near Wangaratta. It 1s an excell-
ent sporting and eating fish.

Tench, a sluggish fish preferring still,
muddy backwaters, 1s omnlvorous and
scavenges along the bottom of its habit-
at. It 1s a good table fish, but is
seldom sought-after.

Other introduced speciles

These have 1little value to man and are
considered detrimental to populations of
natlve specles.

Goldfish and European carp are consider-
ed undesirable because of thelr habit of
destroying vegetation and muddying the

water during feeding. They are becoming
abundant, and could result in deteriora-
tion of the sport fisherlies in the area.

The mosquito fish 1s wldely distributed
throughout Australia, having been intro-
duced to control mosquito larvae. It
may offer substantial competition to
native insectivorous specles. It prob-
ably has limited value in controlling
local mosquito populations, but has some
food value for the larger fish.



Significant Specles
Sguirrel glider

The sgquirrel glider (Petaurus norfolcen-
gis), a nocturnal, gllding, arboreal
passum, depends on tree cavities for
nest sites and daytlme refuge retreats.
The first recorded specimen 1ln the area
came from Arcadia in 1912, but the spec-
ies was not recorded agaln until 1966,
when a female was found at Boornooroo,
north of Baddaginnie,

During the early 1980s wvarious local
naturalists and blologlsts from various
government departments carried out field
work to ascertain the squirrel glider's
status in the area. OSurveys conducted
in the Boweya and Klllawarra State For-
estse and in a patch of mature river red
gum north-west of Echuea all detected
the specles.

A recent wildlife survey of the Murray
Valley area by the Fisheries and Wild-
1life Division's Wildlife Survey Unit
recorded 12 in nine new localities.

Special habitat requirements for this
specles are not known, but a number of
the recorded slites reveal structural
vegetation simlilarities. Squirrel glid-
ers have been found in vegetation comm-
unities with an open-forest, woodland

The squirrel glider is congidered to be
Australia's rareat gliding possum and is
well represented in the study area
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formation, or remnants of these occurr-
ing as roadside verges or streamslde
strips.

Overstorey tree specles for these comm-
unities are river red gum, grey box,
yellow box, red ironbark, white box, red
box, Blakely's red gum, long-leaf box,
and red stringybark. These trees prov-
ide a major source of either nectar (for
example, yellow box) or pollen (river
red gum). Also, many of them blossom
during winter, providing a possible food
source for that part of the year when
insect numbers are low.

Many roadside verges in the Murray Vall-
ey contain a high diverslty of these
specles, usually as mature specimens

that, 1f they formed part of a contiguous

system, could offer potential habltat.

In the Murray Valley, the squirrel glid-
er has been recorded in 16 localitles,
representing a major part of 1ts Vie-
torian distribution. In particular, the
Goulburn River, areas east and north-
east of Echuca, Killawarra, and the
Warby Range are strongholds for this
specles 1n the State.

Hooded scaly-foot

This legless llzard, Pygopus nigriceps,
is at the southern limlt of 1ts Viector-
ian range here, and is known from only a
r'ew records. In Victoria it occcurs on
cracking clay solls associated with the
Murray Valley, usually in black box or

lignum communities. Clearing of these
vegetation types has probably drastie-
ally reduced its populations.

Rainbow skink

The only member of the largely troplcal
Carlia genus in southern Australla, C.
tetradactyla, is rare in Victoria and
restricted to the dry open forests and
woodlands of the north-east. It 1s also
of considerable scientific interest, as
it retains the tropical reproductive
pattern of small, multiple clutches in a
temperate environment.

It was first recorded in Victoria in the
Warby Range, which 1s probably its major
area of distribution in the Etate.

Carpet snake

The carpet snake (Python spilotes varie-
gata) was once widespread in woodlands,
along watercourses, and 1in rock outerops
of northern Victorla. It 1is a slow-
moving, nocturnal species, speclallzed
for hunting small animals and birds in
trees and on the ground. During the day
it shelters 1n tree hollows or rock
crevices.

These attributes have made 1t partic-
ularly vulnerable to human interference,
both by direct collecting for the pet
trade and by destruction of habitat
through land-use practices. It 1is now
rare in Victorla, being confined to a
few small, isolated populations.



Curl snake

The curl snake (Suta suta) 1s a small
reptile that occurs on the cracking clay
soils of the Murray Valley. It appears
to have similar habitat requirements (in
Victoria) to Pygopus nigreceps.

Bandy bandy

Once widespread in the box woodlands of
northern and central Victoria, bandy
bandy (Vermicella annulata) 1s now ex-
tremely rare 1ln the State, with the last
specimen found 1in the Murray Valley area
in 1942. This small snake 1s an ex-
tremely specialized burrowing speciles,
feeding entirely on blind snakes (Typh-
lina spp.). Blind snakes themselves
have become rare in the area as a result
of clearing for agriculture.

Both snakes probably do still persist in
the area (all are difficult to locate
due to thelr underground life styles),
and are most likely to be found in areas
of box woodland.

Glant bullfrog

Only three Victorian records of this in-
land speciles, Limnodynastes interioris,
make 1t one of the State's rarest frogs.
On the southern limit of its range in
Victoria, the speclies could be more com-
mon in the Murray Valley than 1s thought
(although the widespread occurrence of
the closely related southern bullfrog in
the area may restrict its distribution).

L17

Flains wanderer

Formerly distributed widely over natural
plains in south-eastern Australia, the
plains wanderer (Pedionomus torquatus),
is now consldered 'endangered' through-
cut 1ts range. The blrd may be more
common in the Riverina and northern Vie-
toria than anywhere else, but most
recent records have been north-west of
the Murray Valley area,

Plains wanderers feed 1in short grassland
and stubble, on insects and the seeds of
native grasses and herbs, and sometlmes
on those of introduced species. 'They
appear to have decllned with the advent
of more intensive forms of agriculture,
but in areas where broad-acre grazing
occurs on unimproved pastures - or where
cereal-growlng allows a diversity of
grasses and herbs to develop between 3-
yearly crops - the birds are better fav-
oured.

Brolga

The brolga (Grus rubicundus) 18 wldespread
iIn northern and eastern Australla, but
is uncommon and localized. Drainage of
swamps, which provide important feeding
and breeding habltats, and illegal
shooting and polsoning have greatly
reduced 1ts numbers 1In southern Austral-
ia.

Brolga have been recorded in recent
years at scattered wetland locatlions
throughout the Murray Valley. Many of



these wetlands are also breedlng grounds
'or the bird, and therefore may be 1im-
portant in maintalning populations here.

Although 1t occurs throughout Australia,
he bush thick-knee (Burhinus magnirost-
riag) 1s rare in southern Australia,
where much of its favoured woodland

habitat has been cleared. The Ei!t_"L.‘ii:'.‘S

The plains wanderer
gecurs tn the area

and i8 an endanger-
ed species

has been observed at a number of sites
in the Murray Valley, mainly in river
red gum or black box woodlands. It both
feeds and nests on the ground, which
makes 1t vulnerable to predation by
foxes and feral cats.

Superb parrot

The superb parrot (Polytelis swainsonit)
1s common within a very restricted range



The brolga is an
uncommon species tn
the Murray Valley

- from northernmost Vietorilia through

central New South Wales. It formerly
ranged south to central Victorla, but
now only occurs near the Murray River.

While it feeds largely on the ground (on
seeds of grasses and herbaceous plants),
it will also take frults, nectar, or
blossoms [rom eucalypts such as yellow
box, and from acaclas. The specles
nests in hollow limbs of eucalypts, and
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the loss of mature eucalypt woodlands
and i1llegal trapping for aviarles
pose threats.

Turquoise parrot

Patchily distributed (from south-eastern
Queensland through eastern New South
Wales to north central Victorla) in this
State the turquoise parrot (Neophema
pulehella) 1s of 'restricted distribut-



fon' or rare, or both, Whlle present in
the Blakely's red pgum open forest—--wood-
lands of the Warby Range 1t 1s uncommon.
It is also recorded, although less
frequently, in box and red ironbark open
fforest.

The blrds feed on or near the ground,
their dlet comprising seeds of grasses
or herbaceous plants. They generally
bulld thelr nests less than a metre
above the ground 1n hollows of small
trees, dead eucalypts, holes in stumps,
fence posts, or even logs on the ground.
Thelr apparent decline, from the turn of
the century, may have resulted from
illegal trapping, predation by feral
cats, disease, and the loss of habitat
to agriculture.

Grey-crowned babbler

The grey-crowned babbler (Pomatostomus
temporalis) occurs In mainland eastern,
northern, and western Australla. In
Victoria, although occurring in all
areas except the north-western mallee
and Gippsland, 1t has suffered a dramat-
lc decline 1n numbers, probably due to
extensive clearing and grazing of wood-
land environments 1ln the centre and
south-west of the State. In the Murray
Valley it is found in river red gum and
mixed box woodlands.

Regent honeyeater

This nomadic species, Xanthomyza phry-
gta, apparently follows the flowering of

eucalypts 1in the forests and woodlands
of south-eastern Australia. 1t appears
to have seriously decllined 1in numbers
throughout its former range, probably as
a result of degradation of its preferred
habitat. It has been recorded infre-
quently in the east of the study area 1in
the past 20 years, belng assoclated 1n
this region with flowerling red ironbark
and box specles.

Notable Specles
Tiger quoll

In Victoria, the tiger quoll (Dasyurus
maculatus) has 'rare' status. Its range
has been reduced by approximately one-
half during the last 140 years, and is
now thought to cover some 30% of the
State. Records are concentrated in only
three small areas, however: 1n the
Otways, around Portland, and near the
headwaters of the Murray River.

Records of sightings in the Murray
Valley area mark the north-westernmost
1imit in Victoria of both the present
and past distributions (the extreme case
being a report of tiger quolls in Gun-
bower Island Forest late last century).

Both native quolls and tiger quolls
oceurred 1n this forest, and were re-
garded as pests due to thelr predation
on poultry. It is not known when this
specles dled out in the area, but the
native quoll was very scarce in Gunbower
Forest by the turn of the century.



Feathertall glider

A substantilal proportion of the records
of feathertall glider (A4erobates pyg-
maeus) in inland central Victorila come
from the Murray Valley area. As far as
is known, the record made in Gunbower
Island Forest represents its north-
westernmost limit in Viectoria.

Sugar glider

Currently the sugar glider (Petaurus
brevieceps) 1s recorded in only elght
localities altogether in the Murray
Valley, five of which adjoin the north-
ern boundary.

Brush-talled phascogale

The Victorian range of the brush-tailled
phascogale or tuan (Phascogale tapoat-

afa) appears to have diminished during

the past few decades.

The marsupial occurs throughout the
Murray Valley, with records belng con-
centrated along the Goulburn Rlver, 1n
Barmah Forest, and in the Warby Range.
In this area they have been recorded
mostly in river red gum woodlands, with
other records coming from red ironbark
open forest and stunted grey box wood-
land.

Fat-tailed dunnart

In the Murray Valley area, this small
nocturnal insectivore (Sminthopsis

121

erassicaudata) is widespread and appears
to be on the easternmost limit of 1its
Vietorian range.

Large-footed myotis

Until recently the large-footed myotis
(Myotis adversus) was considered to be a
very rare coastal species, restricted

in Victoria to the southern side of the
Great Dividing Range. It has now been
found at four localitles 1n the Murray
Valley area, representing (at present)
the only known inland records 1in Victor-
ia.

It 13 normally found near permanent
flowing water, and the four captures in
this area occurred in the Barmah Forest
near the Murray Rlver and along the
Goulburn River, Ovens River, and a
8mall creek north of Violet Town. The
species was once thought to be strictly
cave-dwelling, but has now been found
using tree hollows and these, due to
lack of caves, are what 1t probably uses
in the Murray Valley.

Eastern spiny-talled gecko

This specles (Piplodactylue intermediua)
is adapted to the arid conditions of the
mallee and, untlil recently, was known to
occur in Vietorla only in areas carrying
Triodia spp. and sandstone outerops in
the 'desert' reglons of the State.

A small population has now been discov-
ered on a granite ocutcrop in the Murray
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Cunningham's skink

Thls large, rock-dwelling skink, Egernia
eunninghami, i1s widespread in southern
and eastern Victorila, but is present in
the Murray Valley area as only two iso-
lated populatlions. These populatlons
are markedly different morphologlcally
from the southern populations, and may
prove Lo be a distinet taxon restrilicted
to the area.



Morethia adelaidensis

This skink reaches the eastern 1limit of
its distribution in the Kerang area,
where it 1s found around the margins of
bracklsh lakes and saltpans, and 1in the
chenopod shrubs and adjolning grass-
lands. The species 1s generally rare 1n
Vietoria.

Short-talled snake and Dwyer's snake

These two small, closely related snakes
are both specialist predators of small
skinks. The short-talled snake (Unechis
nigriceps) reaches the eastern limit of
its range in the west of the Murray
Valley area. Dwyer's snake (Unechis
dwyeri), while still uncommon, has the
centre of its Vietorian distribution in
the Warby Range in the east of the
Murray Valley.

Both are burrowing species, and only be-
come actlve on the surface at night,
when they forage and shelter among low
ground vegetation.

Long-billed corella

The long-billed corella (Cacatua tenui-
rostris) 1s distributed from far south-
eastern South Australla, through south-
western Vietoria and the Murray Valley,
northwards to Hay in New South Wales.

It originally suffered a decline in num-
bers while agricultural land was belng
ocpened up, as overstocking depleted the
native grasses it fed on.
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In recent times, the spread of introduc-
ed onion grass (Romulea rosea) and the
cultivation of ocats may be providing al-
ternative food sources. The birds rely
on hollow eucalypts for nest sites.

Yellow rosella

Recorded frequently along the Murray

and Goulburn Rilvers in the study area,
the yellow rosella (Platycerus elegans
flaveolus) 1s confined to the river red
gum and box woodlands. It feeds extens-
lvely on the seed of red gums, and nests
in the hollow spouts of.eucalypts stand-~
ing in or near water.

Barking owl

Although generally uncommon, the barking
owl (Ninox econnivens) occurs throughout
most of mainland Australia, avoiding the
arid reglons or those areas without
large trees. In the Murray Valley area,
it is recorded infrequently in river red
gum and Blakely's red gum open forest
and woodlands.

Painted honeyeater

The palnted honeyeater (Grantiella
pieta) occurs through inland eastern and
northern Australla.

In Viectoria it 1is mostly distributed
through ecentral and northern parts. It
has only been recorded in the red iron-
bark forest—--woodlands 1In the east of
the Murray Valley area. These forests



contain mistletoe, the fruits of whiech
provide the bird's main food source,.

New South Wales Crown Land

At present, little information 1s avail-
able about the fauna on the New South
Wales Crown land that abuts the Murray
River north of the study area.

These Crown lands, however, mostly State
forest, carry simlilar vegetation commun-
itles and are subject to simllar flood
regimes and similar land uses. Conse-
quently, we may expect that they support
similar fauna to that on the publie land
on the Victorian side of the Murray.
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12. LAND

This report has so far described the
features of the land 1n the study area -

SYSTEMS

These features are not distrilbuted at
random, nor do they occcur independently.

geology, geomorphology, climate, solls, Rather, distinet environments with char-
and vegetatlon acterlstic patterns often occur over
Table 15
Land Distinguishing Land
form features system Geology Native vegetation
Dissected Undulating plateau Flateau, Silurian Open forest I--11; woodland
plateau with steep, granitic granite I-—T11
and escarp- dissected slopes (PG) Blakely's red gum; long-leaf
ments box; red box; red stringy-
bark; Austral grass tree
Low hills and rocky Hills, Falaeozoic Open forest II--III;
ridges sediment- sediments woodland TII--T111
ary grey box; red box; red
(HS) ironbark (Killawarra for-
est); long-leaf box; red
stringybark; yellow gum
Hills Low hills with Hills, Devonian Open forest I--11; woodland
massive rock out- granitic and I--11
crops on crests (HG) Silurian grey box; yellow box; white
granite cypress pine; buloke

Blakelv's red
red stringybark

In east only:
gum;




broad tracts. Thus,

large areas of land

may be described in terms of units, each

with a particular range of climate,

top~

ography, parent material, soil, and veg-

etation.

In thlis method of characterizing the

land, each

feature of the environment 1s

considered in relation to the others,
instead of separately as in a soil or
vegetation survey.

LAND SYSTEMS
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Thls approach allows other attributes of
the land - such as problems of develop-

ment , erosicn hazard, or potential prod-
uctivity - to be incorporated.

The most detalled and fundamental unlt

for mapping and description 1s the land

component,

in which the climate,

parent

material, soil, and vegetation are uni-

form within close 1limits.
usually occur in a limited number in a

Components

Annual Hazard

Soils rainfall
(mm) Form Susceptibility
Red duplex soils on plateau; 500--700 Sheet erosion High (steeper
uniform or gradational coarse slopes)
sandy soils
Shallow stony gradational soils 425--650 Sheet erosion Moderate to high
{(crests); red sodic duplex soils (steeper slopes)
{mid slopes); yellow sadic
duplex soils (lower slopes and Gully erosion Moderate to high
depressions) (drainage depressions)
Salting Moderate (lower slopes)

Shallow uniform sands (crests); 350--625 Sheet erosion Low

red duplex soils (slopes);
vellow duplex soils (depressions
and lower slopes)

Gully erosion

Moderate (drainage
depressions)

BB/ EI—10
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Table 15

Hills
({cont)

Gentle
slopes

Plain

features

direction of drain-

age lines:

prior stream levees

Distinguishing Land
system Geology Native vegetation
Rounded hills and Hills, Cambrian Open forest I--1I1; woodland
colluvial slopes Cambrian rocks I--11
(HC) vellow box; grey box; white
cypress pine
" Low ironstone Mallee Tertiary Open forest 1--11; woodland
ridgeland low hills sand I-~-11
(MLH) {Parilla yellow box; various mallees;
sand) grey box; buloke
Colluvial slopes Slopes, Quaternary Open forest I1I--111;
derived from gran- colluvial granitic woodland II--T111
itic material (5C) colluvium grey box; Blakely's red gum;
vellow box; white box
Very gently sloping Riverine Quaternary Open forest II--woodland I1
to flat plain: plain 1 alluvium grey box; vellow box; river
form north-west (RP1) red gum; buloke

HSIiEF?ly raised
flat plain with
very few surface

features

Well-drained
plain; flat
to very gently

undulating

Riverine
plain 2
(RP2)

(Juaternary
alluvium

Open forest I--1I1; woodland
I--11I

grey box; buloke; white
cypress pine

_Riverine

plain 3
(RP3)

Quaternary
alluvium

Open forest I--11; woodland
I--11I

grey box; yellow box; white
cypress pine
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eontinued

Annual Hazard
Soils rainfall

(mm) Form Susceptibility

Uniform stony loams (crests); 425--550 Sheet erosion High (upper slopes)
stony red gradational soils
(slopes); grey-brown to black Gully erosion Moderate (drainage
calcareous uniform clays (lower depressions)
slopes and depressions)
Red stony gradational or duplex 350--400 Wind erosion Moderate to high
soils; abundant ironstone
throughout profile
Red duplex soils (better drain- 550--650 Gully erosion Moderate o
age); yvellow to grey duplex
soils (poorer drainage)
Yellow sodic duplex soils (better 500--600 Waterlogging Moderate (depressions)
drainage); grey calcareous sodic
uniform clays (poorer drainage)
Red sodic duplex and red duplex 400--475 Perched water Moderate (in wet years)
soils, often with a bleached AZ table in
horizon and buckshot; yellow subsoil
sodic duplex (poor drainage)
Red or yellow sodic duplex 475--625 Loss of top- High

soils, often with bleached A2
and some buckshot; yvellow/grey
sodic uniform clays in de-
pressions

s0il structure

Waterlogging

High (depressions)
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Table 15

Land Distinguishing Land
form features system Geology Mative vegetation
Well-drained plain Riverine Quaternary Open forest I--11; woodland
with leveed prior plain 4 alluvium I--11
streams and wind- (RP4) grey box; buloke; yellow
blown sand dunes box; white cypress pine;
black box; river red gum
Well-drained plain Riverine Quaternary Open forest I--11; woodland
with leveed prior plain 5 alluvium I--1I1
streams (RP5) grey box:; buloke; vellow
box; white cypress pine;
white box; river red gum
Plain
(cont) —
Plains, moderately Riverine Quaternary Open forest 1--1I; woodland
well drained but plain 6 alluvium I--11
with some channels (RPB) grey box; black box (north-
and depressions west); river red gum;
yellow box; grasslands
Plains, poorly Riverine Quaternary Open forest II--Woodland II
drained with de- plain 7 alluvium grey box; river red gum;
pressions common; (RPT) vellow box (better

deeper depressions
permanently wet

drainage)
reeds (deeper
depressions)
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continued
Annual Hazard
Soils rainfall
{mm) Form Susceptibility

Uniform sands (dunes and some 375-=-600 Wind erosion Moderate (dunes)
levees); red-brown sodic duplex Lows Bf tone nigh (doples: sulls)
soils; vellow sodic duplex L1 R ETaECENE
soils; grey sodic uniform clays 2 RN
(poor drainage) Waterlogging High (depressions)
Sandy red gradatiomal or duplex 350--650 Loss of top-
soils (levees); red or yellow s0il structure
sodic duplex soils (plains); Ferthed it High (duplex soils)
yellow or grey sodic uniform Akl
clays (depressions) & =8

Waterlogging High (depressions)
Red-brown sodic duplex soils 350--550 Waterlogging High (depressions)
{(better drainage);
grey and grey-brown calcareous ggii 2£r5zzure Bigh (duplex Eoils)
sodic uniform clays {(often
gilgaied) Salting Moderate (east)

High (north-west)

Yellow sodic duplex (better 400--650 Waterlogging High (depressions)
drainage); brown or grey

Loss of top- High (duplex soil)
:::iﬁa::;form clays (poorer SRR e

Salting Moderate




Table 15

bordering dunes (major
rivers except Loddon)

Distinguishing Land
form features system Geology Native vegetation
Plains, poorly Riverine Quaternary Open forest 1l--woodland II
drained with chan- plain 8 alluvium grassland, swamp, and marsh
nels common; some (RPB) river red gumi black box;
areas periodically grasslands
inundated
Plain
{eont) Uneven plain Mallee fluaternary Open forest II--woodland II
plain alluvium grey box; black box; yellow
(MP) overlain by box; vellow gum; various
calcareous mallees; buloke
dust
Lake=-~- Areas of lakes or Lake Quaternary Open forest Il--woodland I;
lunette Swamps t permanent and swamp and woodland I, swamp and marsh
sequence water, bordered by Lunette lake depos- grey box; buloke; yellow box
wind=-blown dunes (LL} its and black box b] wetter
(lunettes); includes lunette river red gum) areas
palaeo-lakes deposits
Flood plain with large Flood Quaternary Open forest II--woodland
numbers of anastomos- plain 1 alluvium I1; woodland I, grassland,
ing stream channels (FP1) swamp and marsh
(Loddon River) black box; lignum; dillonbush
Flood
pLAdD Flood plain with ox- Flood Quaternary Open forest I, II, III;
bows, meander scrolls plain 2 alluvium woodland 1, II, II1; grass-—
and occasional source- (FP2) land, swamp and marsh

river red gum; black box in

north-west
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continued
Annual Hazard

Soils rainfall —

{mm) Form Susceptibility
ilgaied grey or brown sodic 325--425 Salting High in north-west
uniform clays otherwise moderate

Waterlogging High
Flooding High (seasonal)
Red calcareous, sodiec duplex 350--400 Wind erosion Moderate
soils; yellow or grey sodic
dopley in depressions Salting Low (depressions)
Mottled grey clays, often saline 325--425 Rill erosion Moderate
and calcareous (swamps and {(clay lunettes)
GLy Laxe Fluurs]; BELEALn) Wind erosion Moderate
reddish fine sands and cal-
(sandy lunettes)

careous clays (lunettes)
Yellowish grey sodic clays; 325-375 Flooding High (seasonal)
self-mulching surface and
gilgaied microrelief
Variable, but typically silcy 325--625 Flooding High (seasonal)

yellow-grey mottled gradational
soils with poor strueture; some
wind-blown sand deposits




repetlitive sequence, and an area con-
talning such a sequence is termed a land
system.

For the Murray Valley area, 18 land sys-
tems have been ldentlified and are shown
on Map 9.

Table 15 glves details of the geology,
native wvegetation, solls, rainfall, and
distinguishing features for each of the
land systems, It then groups these Iinto

land forms. Within each land system the
susceptibility of the land to various
forms of soll deterioration 1s outlined.

More detalled descriptions of the haz-
ards of soll deterioration may be found
in Chapter 13, Hazards.

An understanding of the nature of the
land systems and a knowledge of their
distribution is a valuable base for

land-use planning.



PART III
LAND USE



3.3

Over millions of years, the interactlons
bpetween such factors as climate, topo-
graphy, geology, and llving organisms
have established a dynamic equllibrium
between water regimes, solls, vegetat-
ion, and fauna.

Since European settlement, however, al-
terations to the natural environment
have taken place. HNative vegetatlion and
fauna have been removed or displaced by
exotle pastures and introduced animals,
solls have been cultivated, rivers
dammed, and native forests managed for
timber production.

The land has reacted in different ways
according to 1ts characterlstics, and
according to the type of use and manage-
ment applled. Some land types are par-
ticularly sensitive to the changes being
wrought on them; others are less so0.

Anything that reduces the land's ability
to sustain production of commoditles re-
quired by the community at satisfactory
levels of quantity and quality (and that
may also threaten the productivity of
adjacent land) 1s regarded as a hazard.
Hazards assoclated with the management
of land in the study area are dlscussed
below.
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HAZARDS

Land Salinization

Land salinization 1is serious in the Mur-
ray Valley area and 1s expected to wors-
en in the future. Its occurrence stems,
essentlally, from the rise of saline
groundwater to within a metre or so of
the natural surface. This rise follows
elther extensive land clearing, in the
case of dryland salting, or the intro-
duction of large~scale irrigation in the
case of salting in 1lrrigation areas.

The accumulation of toxle levels of salt
in the soil that results from high
groundwater levels threatens both dry-
land and irrigated farming areas. Land
salinization is insidious, as the first
sign 1s often an indication of a much
larger problem affecting the property or
district.

Dryland Salting

Dryland salting has reduced agricultural
production, initiated soll erosion (such
as sheet and gully erosion), and in-
creased the salinity of water in the
dams and rivers.

It 1s not as extenslve and has not caus-
ed as seriocus a decline in productlon as



salting 1n the lrrigatlon distriets, but
recent years have seen substantlial in-

reases 1in the areas affected.

yalting within the Murray Valley
area usually occurs where the northern
slopes of the Great Dividing Range meet
the riverine plain. Little publle land
remains here, and so the problem is con-
1ned mailnly to freehold land. Sipnif-=
leant areas of dryland salting occur
around Boort, Campaspe, and Caniambo.

Causes

Dryland salting is caused by lncreased
volumes of water percolating through

Dryland salting near Violet Town showing
saline paddock

the ground = dissclving salts from the
solls and rocks and raising the level of
naturally saline groundwater. When the
groundwater approaches the surface 1t
wlll discharge - either by capillarity
and evaporation, thereby concentrating
salts in the surface soll, or (if the
water table reaches the surface) by the
Fformation of a sallne spring or seep.

n

Inereases in rainfall, changes to veget-
ation cover in catchments, or land use
changes can all inecrease volumes of sub-
surface water.

[t 1s belleved that the removal of nat-
lve trees and shrubs from the catchments
is the maln cause of dryland salting in
the Murray Valley area. The removal of
these deep-rooting species allows great-
er volumes of water to percolate into
the groundwater - water that the native
vegetation would have transpired under
natural condlitions. Differences 1in agri-
cultural practlce also affect the amount
of' water percolating inte the ground-
water and the amount of salt leaching
that takes place.

The Warby range is the only significant
area of hilgh public land in the study

area and, being heavily timbered, is not
likely to contribute to dryland salting.

Effects
Salted areas guffer a reductlon in 131“'2"-'3'—

uctivity or become completely unproduct-
ive. FProblems also arise because they



DPryland salting can lead to other forms
of sotl degradation, such as sheet and
gully erosion

are usuglly scattered through unaffected
areas. They are therefore cultlvated or
grazed along with these and this results
in an average loss of productlivity and
an increase 1iIn eroslon hazard.

In addition, where dryland salting
occurs, the salinlity of water in the
drainage system usually increases. This
results in increased levels of salt in
the natural rivers and streams and can
render water in farm dams unsultable for
domestiec or irrigation purposes.

Dryland salting also spoils the land-
scape by causing the death of farm trees
and shrubs along natural watercourses.
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Freventlion and restoration

Dryland salting 1s a complex problem and
- depending on 1ts locatlon and severity
- can require different sclutions,

On affected land, salt-tolerant plant
species can be grown and the surface
s0ll muleched to encourage transpiration
and reduce surface evaporation.

The actual cause of the problem, how-
ever, lies in the upper part of the
catchment (the 'recharge area'). Land
management must be changed so that more
effleient water use by plants, trees,
and shrubs can reduce the gquantity of
water infiltrating to the groundwater.

Hydrolegle research into dryland salin-
ity in north central Victoria indicates
that only small gquantitles of water
enter the groundwater per unit area, and
the deep percolation may be reduced suf-
ficiently by the modification of exist-
ing farm practices or by greater use of
deep-rooted pasture plants like lucerne.
The use of trees to prevent deep perco-
latlion of raln to groundwater may be the
only answer on some specific areas of
land that permit high rates of deep
percolation.

Salinizatlion Under Irrigation

Local irrigpation areas 1lnclude some of
the most productive lands in Australia.
They support a wide range of agricultur-
al and hortlcultural pursults.



Land salinization caused by irrigation
can markedly affeet native vegetation

oalinity problems here are not a recent
For example, on the plalns
around Kerang 1t became apparent even in
the earlliest days of settlement that the
salt content of the so0ils 1n and near
low-1lylng areas affected plant growth.

gccurrence.

Again, earlier thils century - before the
construction of major storages secured
summer lows 1n the Murray Rlver - very
high salinlitles were assoeclated wlth low
fflows in drought years such as occurred
in 1914/15.

Although the western parts of the study
area contalned highly saline groundwater
and subsolls before lrrigation, the

present-day salinity problem has largely
resulted from declislions taken in earlier
generations to settle and develop them
for irrigated agriculture,

Irrigation has changed the hydrologlc
equilibrium and thereby ralsed water
tables, bringing salt, which was former-
ly safely at depth in the subsells, into
the root zone,

Degradation of surface water quality has
also occurred because of run-off from
salinized lands, and as a result of dir-
ect seepage from ralsed groundwater
mounds. This degradatlon can signifl-
cantly affect the quallty of the River
Murray waters. For instance, the effect
1s particularly marked where water from
Barr Creek, which drains a substantial
part of the Kerang reglion, reaches the
Murray .

The salinlty problem

The general spread of hlgh water tables
and of salinity threatens both the prod-
uctivity of the irrigation areas and the
prosperous rural communlties they sup-
port.

caltling of irrigated land leads to a
number of assoclated problems.

Salt that has accumulated 1n the root
zone of the soll can reduce productivity
of the plants and can even kill them.
Inereased salinity of the topsoil may
lead to higher salt loads 1n drainage



waters. As the Murray Rlver forms the
natural main drain for the irrigation
lands here, these Increased salt loads
may cause higher salinitles In the river
and thus a reduction in water quality.

Salt-affected land is most obvious in
the Kerang region. Two-thirds of the
reglon overlies moderately to highly
saline groundwater. As a result, saline
areas are extensive, and it is estimated
that annual agricultural production is
about 25% lower than 1ts potentlal. Re-
clamatlon by subsurface dralnage has so
far proved uneconomic, mainly because of
the high cost of safe disposal of the
effluent. However, improved 1rrigation
and land management practlces are assis-
ting in the maintenance of production.
Some 15% of the annual salt load of Barr
Creek 1s now belng diverted to 1inland
evaporatlion basins.

Saline land 1s less evident around Shep-
parton because of lower cohncentrations
of salts in subsolls and groundwaters.
Hlgh water tables do, however, underlie
175,000 ha and some local lower-lylng
areas are acutely salt-affected. Ground-
water pumping schemes have been 1lntro-
duced to protect orchards, but their
extension to pastoral land 1s complicat-
ed by the need for safe disposal of more
saline groundwaters in some areas.

Solutions

Any complete solution to the irrigation
Salinity problem would include subsurf-
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dce drainage to lower the water table
and provide for safe disposal of
the salt carried in the dralnage water.

Partial solutlons include improvements
to farm management, including efficilent
water use and local subsurface drainage.

The current strategy for the control of
irrigation salinity in the Murray Valley
area 1s to malntain vlability of exlst-
ing irrigation areas while malntaining
the guality of Murray Rlver waters.

Under this strategy a number of works
and procedures have been approved and
implemented. Both the Viectorlian govern-
ment and the Commonwealth povernment
provide funding for these on a dollar-
for-dollar basis. Commonwealth Tunding
is provided under the National Water
Resources Program.

Further works and procedures for the
control of irrigation salinity are curr-
ently belng examined by the Joint Select
Committee on Salinlity.

S0i1l Erosion

A major proportion of the Murray Valley
area consists of relatively flat plailns
and, as a result, soil erosion by water
is not a wldespread problem. It 1is,
however, a severe problem on undulating
granitic and sedimentary lands, where
control of erosion on private land still
requires considerable landholder and
publie expenditure. The decline of rab-
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Wind erosion occurs mostly on the
eropped sandy soils of the area

blits brought about by the Introductlon
of myxomatosls in the 1950s and the in-
creased stabilization of the land due to
the use of improved pastures have also
reduced soll erosion in the study area.

The gradational and duplex soils of the
riverine plain and the solls assoclated
with the gentler slopes comprising
Palaeozole sediments are susceptible to
a decline in topsoll structure through
excessive cultivation. With the loss of
topsolil structure, the soil surface sets
hard after raln, thereby reducing crop
germination and water inflltration. The
resultant inecrease iIn run-off leads to

s50ll erosion problems. Methods of reduc-
ing erocsion and maintaining topsoil
structure include the use of gypsum, a
reduction in the number of cultivations,
stubble mulching, and zero tillage.

Gully erosion, although nct a common
feature here, creates a moderate hazard
which could be enhanced by poor manage-
ment on the outwash slopes of the prom-
inent granite hills such as Warby Range,
Chesney Vale Hills, Mount Terrlick Terr-
ick, Pyramid Hill, and Mount Hope.

A moderate gully ercsion hagzard also
peceurs on the Palaeozole sedimentary
areas because of the high water run-off
from the undulating land and the un-
stable nature of the yellow duplex solls
in the dralnage depresslions.

Areas with a hilgh water erosion hazard
are found on the gentle slopes on Ordov-
iclan sedliments in the south, the Devon-
ian sediments in the east, and the coll-
uvial outwash slopes assoclated with the
granite hills in the c¢entral, eastern,
and central western sectors of the study
area. Such erosion removes valuable
topsoll, wlth accumulated nutrients and
organlc matter, 1f the protective vege-
tation cover 1is absent.

Stream-bank erosion, although a natural
phenomenon, has greatly increased in
rate and extent since European settle-
ment. Factors that have significantly
affected stabllity of the banks 1include
defoliatlion of river banks (largely as a



result of grazing), lncreased run-off
from agricultural and urban areas, the
policy of widening and stralghtening
rivers to cope with thls run-off, and
removal of natural barrlers such as logs
and rock reefs from the rlver bed.

Wind erosion is directly related to the
lack of vegetatlive cover and the pulver-
ized nature of the topscll caused by
over-cultlivation or grazing. Bare,
finely cultivated fallow land is prone
to wind erosion, particularly if 1t has
a fine sandy topscil 1n a dry condition.
Locally severe wind erosion may occur in
conjunction with poor land management on
the more susceptible soils, extensive
wind erosion does not occur in the study
area, however,

Floods

The Murray Valley area contains the low-
er reaches of the Ovens, Broken, Goul-
burn, Campaspe, and Loddon dralnage bas-
ins and includes a portion of the Murray
River flood plain. All of these rivers
and their tributaries are subject to
flooding.

Because of the physical characteristics
of the land, flooding is a natural
oceurrence in many districts during the
wetter seasons. The generally flat
terrain contains numerous natural de-
pressions and drainage 1is often 111-
defined. Flooding therefore involves a
steady rise in water levels, followed by
weeks of inundation, in contrast to the
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flash flooding and rapid run-off experil-
enced 1n the higher country to the
south.

Seasonal flooding thus presents a ser-
lous hazard for agricultural land use,
but depends on the amount of winter--
spring rainfall in the major catchments.

Flooding in the area has a major impact
on farm production. Estimates suggest
that the 1975 flcod in the lower Loddon
distriect resulted in a loss of some
$1,800,000 worth of production.

Flooding of irrigated pastures can agg-
ravate salinity. It usually results in
a rise in the water table level, which
kills the pasture grasses and leaves the
soll bare and susceptlble to salting.

The Campaspe River is deeply 1necised 1in-
to the riverine plain, and only becomes
susceptible to floods when dammed back
by flood-waters in the Murray. This
situation makes the City of Echuca very
flood-prone, and qulte significant dam-
age and 1lnconvenlence occurred there in
1973 and again in 1974. The possibility
of a repetition of the destructive 1870
flooding is of considerable concern to
the town.

Land adjoining the Goulburn, Broken, and
Ovens Rivers 1s particularly susceptible
- as 1s the Murray flood plaln. Levee
banks have been built on the flood-plain
margin in an effort to protect the
abutting freehold land.
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Flood problems in the lower Goulburn
area are thought to be exacerbated by
the presence of some protection levee
banks

These flood problems are currently being
examined in the State Rivers and Water
Supply Commission's Shepparton to Kanya-
pella Floodplaln Management Study.

The Loddon River has no well-defined
fflood plain, and when 1t moves out of
its broad valley tract near Durham Ox 1t
divides iInto a series of anastomosing
channels. Durlng a wet winter the lower
Loddon area 1s transformed into a broad
sheet of water flowlng northwards, mak-
ing 1t one of the most floocd-prone areas
in the State.

Serious [loodes have alwaye been a magjor
land hazard in the Murray Valley area -
Numurhak floods, 1917

Several flood studlies have been under-
taken or are planned for rivers within
the Murray Valley area. These are con-
ducted by the State Rivers and Water
Supply Commission in conjunction with
local municipalities and other interest-
ed agencles. The studies examine the
causes, extent, and effects of flooding,
and make recommendations on the struct-
ural or other works required and the
proclamation of lands subject to flood-
ing.

The Lower Loddon Flood and Drainage
Study 1982, carrled out under the ausp-
ices of the Commission and the local
municipalities, produced a serles of
management guldelines for flcocod plalns,
which have been endorsed by the Austral-
lan Water Resources Council and adopted
by the Commonwealth government. They
provide a basis for planning, with the
aim of preventing or reducing flooding.
These guldelines set an average recurr-
ence interval of one flood in 100 years
as a reference for declaring floocd-prone
areas and the control of flood-plaln
development.

River Improvement Trusts have been form-
ed for the Bullock and Black Dog Creeks
and the Ovens and Broken Rivers. They
have been formed to carry out works to
reduce the frequency and extent of nuls-
ance floods. Throughout the study area,
many drainage schemes have been con-
structed and numercus levees built in
order to reduce the frequency and extent
of flooding.



Floods and the
River Red Gum Ecosystems

Average annual rainfall in the Murray
Valley area is not suffilclient to support
the vigorous growth of river red gum
(Eucalyptus camaldulensie), and the for-
ests of the specles rely on regular
flooding to meet thils deflecilency. These
forests have evolved under a pattern of
flooding characterized by:

¥ a regular winter--spring flooding, of
sufficient duration in most years to:
stimulate regeneration and growth of
trees and assoclated plant communit-
les; provide sultable wlldlife habitat
(partlcularly for water-birds); and

recharge the subsoll to ensure adequate

soil moisture for plant growth over
the summer and autumn.

¥ late spring--early summer recession of

flocod-water, whlch facilitates seed-
ling establishment and provides fav-
ourable feeding and breeding habitat
for many water-blrds that next 1in
spring or continue nestling in summer
on low-1lylng areas.

Regulation of the major rivers in the
study area has altered flood patterns.
Sections of the red gum forests are now
frequently flooded in summer, when con-
trols keep the rivers high to provide
water for irrigation, while the impound-
ing of winter and spring flows has
reduced the frequency, duration, and ex-
tent of normal flooding. These changes
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The river red gum forests that abut the
Murray River depend on periodie winter--
spring flooding to maintain their health
and vitality

in pattern have created hazards for:
regeneration and tree growth; access for
fire protection; harvesting of forest
products; recreation; and malntenance of
wildlife breeding areas and habltat.
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The alteration of the flood pattern on
Iindividual rivers depends on the extent
to which the river 1s repulated. Flows
in the Murray are regulated through the
operatlon of the Hume and Dartmouth

Dams . Perlodie unseasonal flooding
along this river now occurs once or more
during the summer and autumn.

Regulators have been constructed on some
of the erfluent creeks from the river to
restrict the entry of water 1lnto the red
gum forests during summer. When river
levels rise higher, however, water often
flows over the banks at polints between
the regulators.

The Barmah Foreat in flood (about 18920)

Thls problem is particularly bad 1in the
Barmah Forest, where a restrictlon in
the river known as the Barmah Choke,
combined with the low-lying river banks,
results 1n this forest belng readlly
flooded. The overflow tends toc occur
when summer rain adds to the already
high river levels and reduces the demand
for irrigation water.

Along the Goulburn River, the winter--
spring flood frequency has decreased due
to the retardation of water in the
Eildon Dam, Goulburn Weir, and Waranga
Basin. Flooding of red gum areas adjac-
ent to thls river now only occurs during
the occasional very wet seasons, when
storage capacitles are exceeded.

The Ovens River has not been regulated
to the same extent, as only one storage,
Lake Buffalec, has been constructed in
1ts catchment. Flooding on the Ovens
Rilver therefore occurs fairly frequently
as a result of average seasonal falls of
rain and snow in the catchment areas.

Negotliations between the River Murray
Commission, Forests Commission Victoria,
and the State Rivers and Water Supply
Commission to attain better working
arrangements for summer stream flow have
been 1n progress for some years, but no
agreement on an acceptable flood regime
for the river red gum forests has yet
been achleved.

Damage, and perhaps even death, can also
oceur to the river red gum forests as a
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Summer inundation of some river red gum
etande has resulted in tree deaths and
disruption of access

result of drainage from irrigated padd-
ccks.

A similar problem arlses along streams
that are used as irrigation channels.
During perlods of high flow, these some-
times cannot accommodate additlons due
to rain, and unseasonal flooding of ad-
Jacent low-lylng forest areas can occur.

Fire

Wildfires have been and remain an integ-
ral part of the Australlan environment.
Many of the plants are adapted to fire,
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and vegetation patterns to some degree
reflect its influence. Man has recog-
nized its effects from early times.
There 1s clear evidence that Aborigines
used fire to modify habitat to favour
game specles and to attract animals into
huntling areas. More recently, 1t was
common for grazlers to set forest fires,
to burn off unpalatable forage and to
promote the growth of succulent shoots.

Both the [requency and the severity of
willdfire deserve careful attention when
consldering land use and assoclated
issues, because human l1ife and property,
and natural resources, are involved.
Risk of fire damage depends on a combin-
atlon of the 1likellhood of fires start-
ing, the behaviour of the flre, and the
location and extent of flre-suppression
resources. Each of these factors can be
affected by human activities.

The study area generally has hot dry
summers, and this climatiec factor adds
significantly to the fire hazard. About
90% of the fires on public land occur
from November to April, although in dry
years the fire danger pericd 1s longer.

Tables 16 and 17 give statistics for
fires attended by Forests Commission
personnel during the period 1972/73 to
1980/81 inclusive.

As the statistlics Indicate only 7% of
fires were known to have been caused by
lightning and the balance (93%) can be
regarded as having been caused by man.
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Table 16 SUMMARY OF FIRE ORIGIN, CAUSE,

Escapes from fires

Year Lightning Deliberate in private property Tourist/campers

No. Area (ha) No. Area (ha) No. Area (ha) No. Area (ha)
1972/73 1 10 1 3 2 4 11 37
1973/74 1 <] - - - - - -
1974775 1 160 1 - 1 1 7 109
1975/76 - - - - 3 165 7 K
1976/77 1 200 8 5 2 8 7 23
1977/78 1 = 2 1 1 B 15 27
1978/79 1 = - - 3 18 7 73
1979/80 1 1 1 - 1 12 11 51
1980/81 B 167 - - 1 2 23 51
TOTALS 15 539 13 9 14 218 88 374
PERCENTAGES 7 16 f 1 7 6 42 11

* These figures include four major fires that burnt
Details of the land status and locations of these
the text,

a total of 1,930 ha.
burnt areas are given in
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AND AREA BURNT (1972/73 TO 1980/81)

Cigarettes/matches Miscellaneous Unknown Totals
No. Area (ha) No. Area (ha) No. Area (ha) No. Area (ha)
2 7 7 29 9 11 33 101
1 <1 & . 1 1 3 1
2 ] 4 92 1 5 17 763
: . 5 2 1 8 16 178
. - 1 1 3 1 22 238
4 10 2 401" 3 4 28 451
2 57 5 877" 2 5 20 1,030
1 5 5 18 2 31 22 118
4 29 6 182 5 550" 47 981
16 109 35 1,602" 27 610" 208 3,461
8 3 17 46 13 18 100.0 100.0
Note:

Fires attended by Forests Commission personnel, including those that started outside
the study area; they may include land outside the area
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Table 17

FIRES IN THE STUDY AREA*: CLASSIFICATION BY SIZE AND AREA BURNT
(1972/73 TO 1980/81)

Slze Number Fercentage Total area+ Percentage
of total (ha) of total

1 ha or less 122 59 6

1-=5 ha 34 16 130

Hh==10 ha 21 10 177 5

10--50 ha 20 10 476 14

50--199 ha T 3 Th2 21

200 ha or more 4 2 1,930 56
208 100 3,461 100

* Pires attended by Forests Commission personnel, ineluding those that started

outside the study area
+ Includes land outslde the study area

The major cause of fires (42%) was care-
lessness with the use of barbecues and
campfires. Deliverate lighting, escapes
from private property, and carelessly
discarded matches and cigarettes accoun-
ted for 6, 7, and 8% respectively. Very
few fires (three) occurred during
1973/74, due largely to the late and ex-
tended presence of flood-waters, and the
general summer ralins, experienced during
the fire season.

One of the four major fires (200 ha and
more ) burnt 200 ha on the New South
Wales side of the Murray Rlver and spot-
ted acress the river to State forest in
Victoria, but burnt an area of less than
1l ha in Victorla. Of the other three,
one burnt 500 ha of private property to
the north of the Killawarra State For-
est, another burnt 830 ha (including 40
ha of State forest near Barmah), and the
third burnt 400 ha, of which 20 ha was



Crown land located north-east of Ruther-
glen.

Vietoria's eucalypt forests are usually
regarded as belng among the most flre-
hazardous areas 1n the world. Those in
this study area have a lower hazard than
the more common stringybark-gum-type
foothill forests, because the relative
sparseness of understorey vegetation and
the low guantities of fuel on the forest
floor reduce thelr abllity to develop
'erown' fires.

The river red gum forests have an under-
storey of lush grasses, rushes, and
reedbeds resulting from floodling. Other
portions of the forest include permanent
wetlands such as swamps and lagoons. On
the other hand, floods often move tree
branches about and heap them agalnst
standing trees, which fires, burning in
these accumulations of tree debris and
cured grasses, can badly damage.

River red gum 1s less filre-resistant
than the coarse- (rough-) barked euca-
lypts such as box, stringybark, and
ironbark. Its seedlings and saplings are
killed by fire, but older trees, when
defollated by scorching, can often sur-
vive by re-establishing crown cover with
eplcormic shoots from dormant buds under
the bark. When the trees are subsequent-
ly harvested, however, they may produce
poor-quality defective timber.

Box forests occur both within and ad-
Joining the red gum forests on areas not
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usually subject to flooding. These
comprise grey box (E. miercearpa), black
box (E. largiflorens), and yellow box
(E. melliodora). Box forests also occur
in the Warby Range, and comprise grey
box and red box (E. polyanthemos) in
assoclation with red ironbark (E. sider-
oxylon), Blakely's red gum (E. blake-
lyi), and/or red stringybark (Z. macro-
rhyneha).

These box forests and other assoclated
eucalypts have scattered patches of
scrub understorey, but a lighter growth
of grasses and sparser accumulations of
litter than the river red gum forests.
Wildfires are usually less frequent and
smaller, due to the lack of ground fuel.

The Terrick Terrick forest reserve con-
tains an open forest consisting mainly
of white cypress pine. Two specles,
Callitries columellaris and €. pretissit,
occupy most of the reserve. Other trees
to be found are grey box, yellow box,
buloke (Casuarina Luehmannii), and she-
ocak (. strieta). These have a sparse
understorey of Pittosporum, Hakea, and
Aeaeia spp., and native grasses grow
throughout.

The terrain in the study area 1s mostly
flat to slightly undulating, with 1so-
lated higher outcrops. This topography
seldom causes problems In fire suppress-
ion operations. The river red gum areas
do, however, contaln lagoons, swamps,
and ecreeks that can restriet access.
Access 1s also difflcult in parts of the
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hligher outcrops, and the effect of slope
can Increase fire Intensity on these
hills,

Control of fire

The Forests Commisslon has sole respons-
ibility throughout the State for the
suppresslon of fires 1n State forest, in
national parks, and on protected publlc
land; and, unless specifically excluded,
this fire suppression authority extends
to private property within 1.5 km.
Fire-preventlion works in State forests
are the sole responsibility of the Com-
mission, but in national parks and other
reserves such works are undertaken with
the agreement of the land manager con-
cerned.

In flre siltuations where the Commission
iz the responsible body, other flire-
fighting resources are used under its
direction.

In all cases, organizations equipped to
fight fires are party to mutual support
arrangements, to ensure that substantial
numbers of men and equlpment are quick-
ly available for fire suppression.

The Country Fire Authority is respons-
ible for fire suppression on all private
land in the study area. Fragmentation
and dispersal of the public lands thus
make co-operatlon and lialson between
the Commission and the Authority essent-
ial. Co-ordination is achieved and malin-
tained through well-established working

arrangements and consultatlions between
personnel of the two organizations.

Fire suppression is usually carried out
by Forests Commission personnel on
publie land and rural fire brigades on
private property. Co-coperative efforts
by both organizations are common, how-
ever, especlally when outbreaks spread
quickly and have potential for develop-
ing into major fires. On 1solated blocks
of public land the local flre brigade
usually provides the first attack crew
at a fire until Commission resources
arrive to complete suppression works.

In most river areas where water 1s read-
1ly avallable and access 1s pgood, fire-
fighting techniques are based on the use
of tankers and, on occasion, direct
pumping of water onto fires. The occur-
rence of summer flood-waters can create
problems with suppression when transport
for fire-fighters by flat-bottomed boats
may need to be arranged. In box forest
areas, emergency water dams are provided
where necessary.

several flre-preventlon measures are
adopted on publiec lands. These 1nclude:
malntenance of perimeter firebreaks and
access tracks; restoratlion of track sur-
faces and crossings followlng floods;
malntenance of access routes to water
points at rilvers, lagoons, swamps, and
dams; slashing of grass on the surrounds
of pileniec and camping areas, and provis-
ion of flreplaces along the major riv-
ers.



Logglng slash 1s burnt 1n some areas
and stock are prazed to reduce the
quantlty of grass.

Fuel-reduction burning 1s not generally
ugsed 1In this study area as the technlique
has only limited application there.
Broadscale fuel-reductlon burning is

not practicable in river red gum areas,
due to the cccurrence of flood-waters,
the bulld-up of grass fuels, and the
fire-sensitlivity of the specles. 1In box
-=ironbark forests, 1t is not warranted
due to the very slow accumulation of
leaf and lltter fuels and the sparseness
of understorey vegetatlon.

Detection of filres in the riverine for-
ests and throughout the western and
central parts of thestudy area depends
on observation by loecal landholders,
forest travellers, timber-cutters, and
Commission personnel. The flat topog-
raphy makes fixed lookout points unprac-
tical. One [ire tower 1= located at the
northern end of Warby Range and this,
together with towers on Mount Pilot and
Mount Stanley outside the area, provides
detection over some of the eastern part
of the area.

Fire damage on forest land

Both timber and environment values are
at risk from wildflire. The major threat
that it poses to timber production on
forest land is to the more highly pro-
ductive red gum stands and to privately
owned poplar plantatlons at Ccbrawdnga.
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Hox-ironbark forests resist flre more
readily, and the mature trees are rarely
kllled. The maln losses to production

In these forests arise through retarded

The Warby Range fire tower



growth rates for scome years following
severe defolliation and through timber
degrade, Unsipghtly gum veins and scars
in timber may be dlirectly attributed to
fire damage. However, damaged trees are
also susceptible to inseect and fungal
attack, which cause such timber degrade
as termlte and ant galleries and pockets
of ret. Also, high-intensity fires can
severely damage young regenerating for-
ests, leading to a serlous loas of prod-
uctivity in the long term.

Watershed values may be impalred follow-
ing severe fire. Until the vegetatlon
recovers, the soll may be subject to
erosion - particularly in steep country
and when heavy ralns follow soon after a
fire.

Wildlife values may also suffer. Popul-
ations of many anlimals are depleted 1in
severe and wildespread fires and thelr
recovery wlll vary according to habitat
and blologlcal requirements of the spec-
ies. Generally, fire affects them less
severely where burnt areas form a mosalece
with untouched or lightly burnt ones.
This is 1likely to be the case in much of
the study area because of the intermix-
ing of river red gum stands with lagoons
or swamps and creeks.

Blologlcal Hazards

During the last 100 years, the Victorilan
Farllament has passed varlous Acts 1in
the attempt to control pest plants and
animals.

The Vermin and Noxious Weeds Aet 1958,
whiech consolidated earlier legislation,
1s administered by the Vermin and Nox-
ious Weeds Destruction Board. The Board
proclalms various pest animals, birds,
and plants accordingly.

Contrel 1s carried out by the Department
of Crown Lands and Survey. The Depart-
ment's works crews control vermln and
noxious weeds on Crown and other public
land and roadsides. Inspectors enforce
control on private land either by re-
quiring the land-owner to carry out con-
trol himself or, on occasion, by arrang-
ing for Departmental works crews to
undertake the work on a paid or 'entry'
basis.

The majority of pest specles are intro-
duced. Animal pests were brought into
the country by the then '"Acclimatization
Soclety of Vietoria', the hunt clubs, or
private individuals. Many of the plants
were dellberately introduced as garden
or hedge specles; others came as contam-
inants of grain, fodder, or other agric-~
ultural produce. Belng virtually free
of the natural enemies that kept them
under control in their country of origin
they established extremely well in the
new environment.

Animal and fish pests

Within the Murray Valley area the main
introduced animals declared as vermin
are the European rabbit, fox, feral pig,
and wild horse.



Predators such as foxes and feral cats
are wldespread. They are opportunist
feeders - eating the most abundant form
of food avallable at the time - and prey
to some extent on the smaller native
birds and animals. Foxeés can contract
well-known bacterial and viral diseases,
such as rabies (not currently present in
Australia) and distemper, that afrlect
dogs, humans, and posslbly native anim-
als. Control measures include 1080
polsoning (sodium monofluorocacetate) and
shooting. The fox provlides recreational
value as a pame anlmal and the winter
pelt realizes high prices in the fur
trade.

The European rabbit is by far the great-
est single animal hazard to the Austral-
ian environment and to primary industry.
Within the study area, rabbits are found
mainliy on cleared freehold land and are
also present 1in most areas of publilc
land. They pose a particular problem in
the sandhills and river red gum forests
along the Murray River. In the past
thelr rapid breeding rate - coupled with
thelr destructive grazing habit - has
caused serious depletlon in native vege-
tation and crops (with consequent eros-
lon problems) throughout the State:

only the control programs are preventing
a return to this situation.

Blological control - introduced in 1950
in the form of myxomatosls - provided a
major breakthrough and 1t is still in
use today. This form of control, the
fumigation and rilpping of warrens, and
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the use of 1080 poison in carrot balt
combine to form a cheap and effective
program, and as a consequence the rabbilt
problem is not serlous at present.

Feral pigs (wild domestic plgs that have
established self-sustalning populations
ln the area, especlally along the Murray
and 1ts tributaries) were first pro-
clalmed as vermin in Victoria in 1959.

While the present populatlon of feral
pigs in the area is small, there appears
to be potentlal for build-up 1n numbers.
Coupled with this 1s the risk of thelr
becoming infected with serious exotie
diseases such as swine fever and foot
and mouth disease. At present they have
minimal impact on agrlculture in the
study area; only isolated incidents of
damage to cereal crops and livestock are
reported. Little 1ls known of the current
disease status of feral plgs.

Wild horses are found 1n the Barmah For-
est. They are present in small numbers,
being controlled by periodie round-ups,
and they therefore do not present a
major problem.

Carp (Cyprinus carpio) - a troublesome
introduced fish species - is widely dis-
tributed throughout the study area.

Research conducted in other countries
suggests that ecarp may slgnifilcantly
affect the aquatie environment at dens-
itles greater than 200 kg per ha: the
uproot aquatic vegetation, reduce the
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numbers of benthiec animals, and inerease
turbidity by stirring sediments while
feeding.

Carp probably exceeded those densiltles
during the late 1960s and early 1970s,
when they were increasing In numbers and
expanding their range. Currently, some
fishermen endorsed feor the commercial
exploltation of carp operate within the
study area, mainly west of Echuca.

Native animal and blrd pests

A number of native animals and birds
have caused locallzed problems in the
area, and in some cases the Flisheries
and Wildlife Division has issued permits
for the control of a species population
- as may be the case with kangaroos.

Eastern grey kangaroos are wildespread,
sheltering in forests during the day and
grazing on adjacent crops or pastures in
the mornings and evenings. They cause
physical damage to fences and crops as
well as reducing the productlivity of
farmland. Kangarocos in the Barmah area
cause moderate problems; flooding, which
reduces food avallabllity within the
forest, may aggravate these. Similar
problems occur in the vielnity of Kllla-
warra, the Warby Range, Tungamah, and
Kilby.

Brush-talled possums cause locallzed
problems, by roosting 1n house roofs and
oceaslonally eating young plants and
fflowers 1in suburban gardens.

Sometimes tunnelling by water rats
around 1irrigation channels and struct-
ures can lead to seepage of irrigation
water. Fruit bats, when migrating, very
coccasionally cause problems in stone
frult orchards.

Native birds that have created a nuis-
ance in the area are discussed below.

Cormorants cause some problems by taking
fish from hatcheries and from farm dams,
which are frequently stocked with native
or introduced specles by land-owners.

Black swans may cause problems by graz-
ing young crops and pastures, usually
adjacent to large bodies of water.
Eastern swamp hens, coots, and dusky
moor hens cause similar problems.

Sulphur-crested cockatoos, galahs, long-
billled corellas, and ravens can damage
cereal crops, mature sunflowers, and
pears. Sunflowers, 1in particular are
affected in the Echuca, Boort, and Ker-
ang dilstricts.

Destructive 1insects

Pasture pests such as the red-lepgped
earth mite, lucerne flea, and cockchafer
occur throughout the study area. The
blue-green and spotted alfalfa aphlds
that have been recently introduced cause
severe losses In non-resistant lucerne.

Plague locusts are a problem in some
years when conditions for hatching and



survival are sultable in New South
Wales. In general, the damage they
cause 1is slight.

The ma]Jor Insect pest affecting forests
of river red gum in the Murray Valley
area 1s the gum~leaf skeletonizer (Uraba
lugens ). Twelve outbreaks have been re-
corded since 1969, with up to 40,000 ha
of forest defoliated on at least two
occasions. Maximum defoliation occurs
in dense stands wilth low hanging follage
- slnce such stands provlide sultable
sites for egg-laylng and also allow the
larvae to move from crown to crown.

The larvae are vulnerable to the ento-
mogenous fungl Asperillus flavus and A.
parasiticus, and flood-waters provilde
humid conditions that favour the spread
of these. Such fungal control of the U.
lugens population only seems to be
effective, however, 1f floods occur be-
tween spring and summer or between March
and June, when the insect's early and
final instar larvae and pupae are locat-
ed close to the forest floor.

Another insect, the mottled cup moth
(Doratifera vulnerans) affects a number
of Eucalyptus specles. It 1s present 1n
low numbers on river red gum along the
Goulburn River downstream of Shepparton,
and in recent years has defollated ex-
tensive areas 1n the Warby Range. The
affected trees 1ncluded grey box (E.
microearpa) and Blakely's red gum (E.
blakelyi). The insect's larvae are prone
to a disease that is thought to be of

105

bacterial origin, and outbreaks usually
occur during periods of low rainfall.

Some damage to red gum regeneration in
the Barmah forest has also been caused
by the steelblue sawfly (Perga affintis
affinis) whose larval stage occurs in
winter: defoliation reaches 1ts peak 1in
spring. Irregular outbreaks of psyllids
(Hemiptera: Psyllidae) have occurred
during dry perilods on red gum in the
Barmah forest and along the Hume Highway
near Benalls.

Weeds

Many factors govern the extent and dens-
1ty of infestation by any weed, whether

it be a declared noxlous weed or regard-
ed only as a pest plant. Ralnfall, soil
type, and utilization have the greatest

influence.

Under the 1958 4et, 93 plant specles
have been proclalmed as noxious weeds 1n
Victorla (except the Melbourne metropol-
itan area), and a significant number of
these occur in the study area. Many of
them are presently establlshed on both
Crown land and freehold, particularly in
areas that have suffered soll disturb-
ance.

Legal provisions of the Aet requlre con-
trol measures to be carrled out on these
plants 1rrespective of location. Detalls
of the present leglslatlion and various
control methods are set out in 'Noxlous
Weeds 1n Victoria' (Parsons 1973).
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numbers of benthlec animals, and increase
turbidity by stirring sediments while
feeding.

Carp probably exceeded those densities
during the late 1960s and early 1970s,
when they were increasing in numbers and
expanding thelr range. Currently, some
fishermen endorsed for the commercial
exploltation of carp operate withln the
study area, malnly west of Echuca.

Native animal and bilrd pests

A number of native animals and birds
have caused locallized problems 1in the
area, and in some cases the Fisherles
and Wildlife Division has 1issued permits
for the control of a species population
- as may be the case with kangaroos.

Eastern grey kangaroos are wldespread,
sheltering in forests durling the day and
grazing on adjacent crops or pastures in
the mornings and evenings. They cause
physical damage to fences and crops as
well as reducling the productivity of
farmland. Kangarcos in the Barmah area
cause moderate problems; flooding, which
reduces food availability within the
forest, may aggravate these. Simllar
problems occur in the vielnity of Killa-
warra, the Warby Range, Tungamah, and
Kilby.

Brush-talled possums cause locallzed
problems, by roosting 1n house roofs and
occasionally eating young plants and
flowers in suburban gardens.

Sometimes tunnelling by water rats
around irrigation channels and struct-
ures can lead to seepage of irrigation
water. Frult bats, when migrating, very
occasionally cause problems 1In stone
fruit orchards.

Native birds that have created a nuls-
ance in the area are discussed below.

Cormorants cause some problems by taking
fish from hatcheries and from farm dams,
which are frequently stocked with native
or introduced specles by land-owners.

Black swans may cause problems by graz-
ing young crops and pastures, usually
adjacent to large bodles of water.
Eastern swamp hens, coots, and dusky
moor hens cause similar problems.

Sulphur-crested cockatoos, galahs, long-
billed corellas, and ravens can damage
cereal crops, mature sunflowers, and
pears. Sunflowers, 1in partlcular are
affected in the Echuca, Boort, and Ker-
ang districts.

Destructive insects

Pasture pests such as the red-legged
earth mite, lucerne flea, and cockchafer
occur throughout the study area. The
blue-green and spotted alfalfa aphilds
that have been recently 1introduced cause
severe losses in non-resistant lucerne.

Plague locusts are a problem in some
years when conditions for hatching and



survival are sulitable in New South
Wales. In general, the damage they
cause is slight.

The major 1lnsect pest affecting forests
of river red gum 1in the Murray Valley
area is the gum-leaf skeletonlzer (Uraba
lugens). Twelve outbreaks have been re-
corded since 1969, with up to 40,000 ha
of forest defoliated on at least two
occasions. Maximum defoliation occurs
in dense stands with low hanging foliage
- since such stands provide sultable
sites for egg-laying and also allow the
larvae to move from crown to crown.

The larvae are vulnerable to the ento-
mogenous fungl Adsperillus flavus and A.
parasiticus, and flood-waters provide
humid condltions that favour the spread
of these. Such fungal contrcl of the U.
lugens population only seems to be
effective, however, if floods occur be-~
tween spring and summer or between March
and June, when the 1nsect's early and
final instar larvae and pupae are locat-
ed close to the forest floor.

Another insect, the mottled cup moth
(Doratifera vulnerang) affects a number
of Eucalyptue specles. It 1s present in
low numbers on river red gum along the
Goulburn River downstream of Shepparton,
and in recent years has defoliated ex-
tensive areas in the Warby Range. The
affected trees included grey box (E.
mierocarpa) and Blakely's red gum (E.
blakelyi). The insect's larvae are prone
to a disease that 1is thought to be of
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bacterial origin, and outbreaks usually
occur during periods of low ralnfall.

Some damage to red gum regeneration in
the Barmah forest has also been caused
by the steelblue sawfly (Perga affinis
affinie) whose larval stage occurs in
winter: defoliation reaches 1its peak in
spring. Irregular outbreaks of psyllids
(Hemiptera: Psyllidae) have occurred
durlng dry perlods on red gum in the
Barmah forest and along the Hume Highway
near Benalla.

Weeds

Many factors govern the extent and dens-
ity of infestatlon by any weed, whether

it be a declared noxlous weed or regard-
ed only as a pest plant. Rainfall, soll
type, and utillzation have the greatest

influence.

Under the 1958 Adet, 93 plant species
have been proclaimed as noxiocus weeds in
Victoria (except the Melbourne metropol-
itan area), and a significant number of
these occur in the study area. Many of
them are presently established on both
Crown land and freehold, particularly in
areas that have suffered soll disturb-~
ance.,

Legal provisions of the 4det requlre con-
trol measures to be carried out on these
plants irrespective of location. Detalls
of the present leglslation and various
control methods are set out 1In 'Noxious
Weeds in Victoria' (Parsons 1973).
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Appendlx 5 lists recorded noxlous weeds
In the Murray Valley area. Most of them
can be controlled by spraying with herb-
leides, by mechanical methods such as
mowlng, slashlng, or cultivation, or by
blcloglecal meanas. Advice as to the most
effective method 1s available from the
local distriet Inspector of Lands.

Annual burr-produclng weeds are common
throughout the study area and can flower
and set seed under extremely adverse
conditions, including low rainfall.
Weeds such as Bathurst burr, Noogoora

burr, splny emex, and caltrop are examp-
les.

Heliotrope, although not a noxlous weed,
is a summer annual that occurs on culti-
vated dryland farming areas and has
toxlec propertles that can cause problems
to livestock.

Patersons curse, widespread in the study
area, 1s causing problems, as it 1s tak-
ing over 1in some places. Weeds related
to irrigation, such as ox tongue and
rushes, are common throughout.



Boxthorn, sweet briar, and blackberry

311 occur here: they restrict use, pro-
vide excellent harbours for vermin, and
remaln potential sources of infestation.

3t. Johns wort 1lnfests both agricultural
and forested land, In one of the few
instances of bioclogical contrel in Vie-
toria, the chrysomela beetle has been
moderately successful in reducing in-
festations of thils weed.

Fungal diseases

Fungal dlseases are not a significant
problem in native forests in the Murray
Valley area.

The American poplar rust (Melampsora
medusae ) does, however, cause very
severe defoliatlion of the cottonwood
(Populus deltoides). Similarly, the
European poplar rust (M. coleosporoides)
defoliates the evergreen poplar (P.
ntgra, var. ttaliea). These dlseases
appear to be worse in wet years and also
when heavy depcoslits of dew coat the
leaves.,

The most effective control measure 1s
the use of rust-resistant varieties
(hybrids) of poplars.

Agricultural Chemicals
Residues from the use of herbleides and
insecticides in agricultural areas are
recognized potential hazards to soll and
water quality.
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and decreases the costs assoclated with
the sowing of crops.

The potentlal hazard from agricultural
chemicals 1s greatest 1in areas used for
horticulture because of the large
amounts required to maintain adequate
production. To date, however, pollution
from these high-usage levels has been
low.
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14, CONSERVATION

Conservation is concerned with man's re-
lation tc¢ hls environment. The need for
conservation of economie resources is
obvious, because soclety uses them for
many of the material comforts of modern
life. These aspects are consildered 1in
subsequent chapters under such headings
as timber production, water use, and
minerals and extractive 1lndustries.

Conservation also embodles the concept
of preservatlon and protection of native
specles, natural features, and land-
scapes - and preservation of archaeolog-
ical and historical features. 1In recent
years, soclety has placed greater empha-
sls on the need to protect and preserve
these attributes. Management to achleve
these aims is important when land is set
aslde for reference, conservation of
species, recreatlion, and education. None
of these uses necessarily monopolizes
the land; often conservation uses are
compatible with each other or with com-
mercially productive uses.

Use of Conservatlion Areas
Reference areas

The solution to problems in land use
(such as alteration of the natural flood

pattern or falling productivity) is
often helped by reference to an undis-
turbed example of that land type. Here
the solls, vegetation, and fauna, and
the processes linking them, can be stud-
ied under natural conditions.

Reference areas, therefore act as stand-
ards agalnst 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 specles. BSuch genetic
materlial is already being used, and will
be increasingly employed, to breed
plants and anlmals wilth required charac-
teristics.

Reference 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
with; access should be restricted, ex-
perimental manipulation should not be
allowed, and they should be protected by
a buffer zone.

Although all land types should be repre-
sented in reference areas, the need 1s
most urgent in those that have already
been extensively developed for varlous
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uses. Few, 1f any, areas suitable for
reference remain for some land types in
the study area. For example, the grassy
open woodlands that were once wldespread
over the area have been extensively
altered by agriculture and only small
pockets remain in publie ownership.

Conservation of apecies

Each specles of plant and animal 1s a
unique assortment of biological char-
acteristics, evolved over millions of
years, which makes a contributlon to the
richness and diversity of the environ-
ment. Each 1s part of man's natural
heritage, potentially offering and en-
richment of our knowledge; as such, many
people feel a moral responsibility to
ensure that none should knowingly be
lost or endangered.

Chemists, genetlcists, physlologlsts,
and sclentists in many other disciplines
place a special value on each specles
for its potential - to provide the means
of solving research problems or to act
as the stock for breeding essential
plants or animals.

Conservation of the exlsting species and
their associations 1n thelr natural hab-
itats is therefore an important land
use. The survival of some specles may
require certaln precautions 1ln an area
because few individuals remailn. In
other instances, particular species may
be living in unusual habitats or near
the 1imits of their distributions, and
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this may justify devoting land expressly
to their conservation.

Appendix 1 1lists significant plant spec-
ies in the study area. The status of
the vertebrate animals recorded 1in the
area 1s noted in Appendices 2, 3 and 4.

For the conservation of plants and ani-
mals, 1t is essentlal to recognize the
ecosystems they form (the interdependent
complexes of solls, water, alr, plants,
and animals) and, where possible, to
conserve examples of each major one.

The range of different ecosystems in a
reglon 1s often reflected in the vegeta-
tion. Plants express the various con-
ditions of so0il and climate, and they
determine the types of food and shelter
available for animals. Conservation of
a representative area of each distinct
vegetation formation therefore ensures
the protection of most of the different
ecosystems and most of the indivldual
specles.

Special natural wvalues

Particular areas of land are often need-
ed to preserve such natural values as
distinctive geological features. Many
of these have great sclentific interest,
while others are valuable for education.
The more accessible and spectacular
features also attract tourists; but, un-
like historical or archaeological sites,
the geoclogical features are not protect-
ed by specific legislation in Victorla.



A Register of Historlc Buildings was
established in accordance with the Hiet-
orie Buildinge Act 1974 and 1981. It
appllies to bulldings, works, and objects
not covered by the Government Buildinge
Advisory Council Aet 1972, as amended 1in
1981, when a Reglster of Government
Bulldings was established.

Leglslation currently before Parlliament
proposes one Councill, to administer both
registers. The Natlional Trust of Aust-
rallia (Viectoria), however, records or
classifies all buildings, landscapes,
areas, objJects, and sites that its ex-
pert group conslilder worthy of preser-
vation.

The study area contalns a wealth of Abo-
riginal relies and sites, mainly located
around the lakes, swamps, and rivers and
in forest areas such as the Barmah For-
est. Many of these relles and sites
have not yet been fully documented, nor
have they been set aslide in reserves
managed for thelr protectlon and preser-
vation.

Recreatlon

Most Australians live in the artificial
environment of large cities and towns,
and many flnd that their lives are en-
riched by contact with the natural
world. The need for natural surroundings
for certain forms of outdoor recreation
is discussed in Chapter 15. Blrd-
watching, nature study, huntling, and
bushwalking all require the conservation

of the native plants and animals:; pic-
nicking and pleasure driving simply re-
quire a background of trees or shrubs in
the recreational areas. These require-
ments can be filled in the study area.

Few parts of the study area are very far
from the obvious hand of man. Taken
alone, therefore, the Murray Valley area
has little scope for true wllderness
recreation. However, some areas are
valuable 1n providing some degree of
solltude and contact with nature, and in
reducing the pressures on places better
sulted for conservation of particular
natural features or species.

The publlie land that Ilmmediately adjolins
the Murray River - both on the Victorian
slde and on the New South Wales side -
and the river 1tself together form a
valuable recreation resource. As yet,
the capabilltiles of this part of the
study area for many different forms of
recreation are only minimally developed.

Culture

The preservation of the profound beauty
and reglonal diversity of the natural
landscape should supplement our concern
for the preservation and display of
man's own finest creations - art, musie,
bullding, and writing. Thus, there 1is a
need to preserve characteristic Austral-
ian scenery and wildlife, particularly
as our economle system necessarlly
encourages the use of exotlic plants and
animals, often as monocultures.



Education

Another important use of land in a nat-
ural or near-natural state 1s educatlon.
Forests, rivers, and other natural

Both Vietorian and New South Wales river red

landscapes have many applications in
education (from primary to post-graduate
levels) giving students opportunitles to
see natural land forms and observe,
interpret, collect, and monitor bioclog-
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ical processes. 1In some circumstances,
laboratory facilities and asscoclated
accommodation are needed so that sue-
cessive groups can undertake long-term
studies. This may require land to be
speciflically set aside for education.

Viability
Each natural community has evolved with-
in its particular environment, with all

the specles forming a stable but slowly
changing system. Undlisturbed, the com-
munity represents the best comblnation
and relative abundance of the plant and
animal specles that can continue to live
and compete with each other in the pre-
valling soil, topographlec, hydrological
and climatic conditions.

Different natural systems have different
degrees of stabllity. In some of the
most vulnerable, stability depends on a
particular facet, such as speclalized
vegetation; others may have inherent
topographic, soil, or hydrological weak-
nesses.

The viabillity and effectiveness of con-
servatlion areas therefore depend on a
number of factors, including the size of
the area, the type of community, eco-
system, or features to be conserved, the
degree to which the area can be managed
to control Influences that upset the
natural balance, and the usage of sur-
rounding land.

Large reserves have less perlmeter
relative to theilr area and so tend to be
better buffered against intrusive fac-
tors. Generally, the conservation of
blrds and mammals will require areas
larger than those required for the main-
tenance of plants, insects, or amphib-
ians. Communities that exist 1n more
variable climatic zones - reglons prone
to drought, flocds, or fire - usually
require large areas (or more examples
set aside) to ensure survival.

Small areas can nevertheless contribute
to nature conservation or the preser-
vation of particular features. These
inelude narrow reserves along streams,
roadslides, and rallways, and many of
those set aside in the past - for ins-
tance, gravel, water, cemetery, school,
and camping reserves. Where these small
areas retailn native vegetation - and are
surrounded by cleared and developed land
- they can make a contribution to the
reglonal character of the landscape.
They are also often the only refuges for
populations of the remaining native ani-
mals.

Narrow strips of native vegetatlion are
valuable for migratory and nomadiec birds
and as wildlife 'corridors' for small
animals. This applies particularly in
those parts of the study area that are
predominantly agricultural.

Careful management may enable small
areas to remaln viable. Management may
take the form of using controlled filres



to change vegetation, culling animal
populations, practlsing silviculture,
strictly controlling the number of visi-
tors, fencing to exclude introduced
animals, eradlcating introduced specles,
and preventing rubbish being dumped in
the area.

In the past, many such areas have not
been properly adminlstered nor have they
been well known to the publlec. Because
of this, they have not been used as they
might have been, nor have they been as
secure from allenatlon or despollation
as they should have been.

Types of Reserve

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

Parks, however, encompass a wlder range
of uses - conservatlon of plants, ani-
mals, and land forms; differing forms of
recreation; education; and other uses
such as preservation of important land-
scapes and historical sites. There are
different types of parks, and individual
parks are zoned to reduce conflict
between uses.
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In wildlife reserves, the conservation
of species of animals and their habitats
is the main aim, and this may sometimes
be compatible with recreation.

Educatlon areas may need to be set aslde
where alterations to the environment for
experimental purposes - not permitted in
parks or other reserves - can be carried
out. Other types of reserves that may
be proclalmed include flora, flora and
fauna, bushland, streamslide, scenic
geologlcal, and hilstorical reserves.
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Hecreatlon can be defined as any activ-
ity (or planned inactivity) undertaken
for pleasure during a person's leisure
time. Thils chapter concerns outdoor
recreation, and those activities carried
out on public land, and should be read
in conjunction with Map 10.

Resources for outdoor recreatlon include
both natural and man-modifled landscapes
such as forested and cleared lands,
water bodles, and air space. The recrea-
tlon resource 1itself 1is a combination of
physical and biologlcal features and the
abllity and desire of man to appreclate
or use 1t. The attributes that comprise
the resource are often the same as those
for other forms of land use, Buch as
forestry, agriculture, grazing, and min-
ing. In many cases recreation and other
land uses may be complementary, but
occaslonally they compete and certain
confliets must be resolved.

The Murray Valley area has many fragmen-
ted and scattered blocks of public land
containling a varliety of recreatlional
features. Many active recreational pur-
sults here are water-based, and conse-
quently most of the rivers, lakes, and
swamps are popular recreatlon areas. The

RECREATION

Murray Rlver attracts the greatest num-
ber of visitors, as it 1s suitable for a
varlety of actlvities and 1s readily
accessible from a number o population
eentres, including Melbourne.

Few rugged areas suitable for adventure-
type land-based pursults occur, but the
extensive areas of river red gum forests
and even the rural environment provide
opportunities for many forms of recreat-
ion. Public lands alsoc provide scope
for the study of Aboriginal cultural
heritage. The local Aborlgines, for in-
stance, consider that the Barmah forest
is a storehouse containing many examples
of their cultural heritage. In addition,
publie lands contain relies of the early
European picneering, settlement, saw-
milling, and river-boat days.

Recreation demand

Even if the popularity of various out-
door recreation activities remained con-
stant, it could be expected that demand
for recreation resources (much of which
will need to be provided on public land)
would inerease as populations and thelr
discretionary 1ncome and leisure time
increase.



2inece the 1970s tourlsm has been active-
ly promoted as an industry in the area.
Fchuca's annual Rich Rliver Festival,
commenced in 1971, provides an example,
together with the opening of the Port of
Echuca in 1974 as a tourist attraction.

M™is emphasis on tourism has iIn turn led
to the development of facilitles to
cater for 1t, especlally accommodation
and recreation facilities 1in places such
as Rutherglen, Echuca, and Shepparton.

An organlzatlon alding the dissemination
of tourist information is the Goulburn
Valley Tourist Authority, a partnership
between State government, local govern-
ment, and the private sector.
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It appears unlikely that the local popu-
latlon will have a major influence on
inereasing recreatlon demand in the
short-term future. Wlth a shorter work-
1ng week and the exlstling road access

to the reglon, most of the future demand
for lts recreatlon rescurces will prob=-
ably be generated by resldents of metro-
politan Melbourne seekling opportunities
for nature-based recreation.

Environments

Definitions of several environments, and
of the various recreational activities
and thelr requirements, will make it
easier to understand the recreational
potentlal and types of recreatlonal use.

Paddle-steamer rides form a
popular tourist attraction
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Urban

Cities and townshlips in the study area
offer facilitles for formal activitles
such as tennis, golf, bowls, and foot-
ball, as well as parks and playgrounds
for more passive recreation. These
user-oriented resocources are located
close to the home base, enabllng ready
access and a high frequency of use.

Most of them have been developed on pub-
lic land, usually by municlpal councils.

Urban environments also lnclude many
tourist-oriented facllities - such as
caravan parks, hilstorle parks, museums,
galleries, and ornamental gardens.

The Echuca area 1s probably the most
popular for tourlists, with many hilstorie
attractions assocliated with the Murray
River paddle-steamer trade of the late
19th Century.

Agricultural

A large proportion of the study area 1s
agricultural land, characterized by ex-
tensive clearing or alteration of the
natural vegetation. Because of the
general lack of features, and problems
of access through private land, the open
landscape of the broad plains does not
have a high potentlal for recreation.

Viticulture around Rutherglen provides
recreation opportunitles for the wine-
loving tourist, seeking out the wines of
individual vineyards. Rutherglen's pop-

ularity with wine-lovers was enhanced
after the flrst Rutherglen Wine Festival
of 1967. This festival continued on a
biennlal basis until 1975, when it was
replaced by the Winery Walkabout.

Forested

Usually located on publie land, the for-
ests within the Murray Valley area
generally belong to two types: the river
red gum and the box--white cypress pine-
-stringybark--ironbark forest types and
associations.

River red gum forests mainly grow along
the margins of river and streams. They
usually contaln wetland areas, are
traversed by many effluent creeks, and
have an abundance of associated wild-
life, especially waterfowl.

The box--white cypress pine--stringybark
-=-1ironbark forest types and assoclations
offer less diversity of recreation pur-
sults, because they generally occupy the
drier or unflooded areas. Yellow, grey,
and black box eucalypts usually adjoin
the river red gum forests on areas that
are rarely flooded.

Also these box eucalypts form pure or
mixed stands on the sandhills located
withln the river red gum forests.

The larger blocks of forested publc

land contaln a range of recreation re-
sources: geologlcal, floral, faunal, and
water-based. ©Such resources provide



opportunities for hunting, horse-riding,
nature study, bushwalking, camping, and
canoeing.

Often these forested areas provide the
venue for extended trips. For example,
the Gunbower and Barmah forests are pop-
ular with hunters and campers, who visit
for the week-end or an extended stay.

Forested areas form an important part of
the landscape here. Loecal residents use
them intensively on a day-to-day basis
for activitlies that include pienlcking,
nature study, pleasure driving, riding
motor-cycles and horses, orienteering,
Jogging, shooting, and walking. The same
resources provide forestry, firewood,
flood mitigation, bee-keeping, and graz-
ing.

Rivers, lakes, and swamps

Much of the active recreation 1in the
study area 1s water-based. The rilvers,
natural lakes, reservoirs, and swamps
have always been popular attractions for
fishing, swimming, shooting, boating,
pienicking, and canceling.

The activities allowed depend on the use
for whieh the water 1s 1ntended, and to
some degree on physical parameters, such
48 the size of the water bedy. Access to
urban supply reservoirs is normally
restricted to protect water quality.
Irrigation supplies have fewer restric-
tions and many of these storages - 1llke
Lake Mokoan, Lake Mulwala, Torrumbarry
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Many of the swamps near Kerang are popu-
lar for bird-obaerving - ibia, Kerang

Welr, Kow Swamp, and Waranga Reservolr -
are very popular.

Main Publie Land
Recreatlonal Resources

Barmah S5tate Forest

Often referred to as the '"Jewel of the
Murray', this 29,000-ha reserved forest
provides opportunities for a wlde range
of recreational activities. These
include camping, boating, pleasure driv-
ing, trail-bike riding, fishing, hunt-
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ing, nature observing, pienicklng, and
wWimming

The waterfowl and birds of Barmah Forest
are a major recreatlon attraction. The
forest affords breadlng habitat for many
blrds and mammals, 1ncluding kangarocos,
emus, elght varletles of bats, and water
birds. Wild duck and 1bls are particu-
larly common; the ducks provilde game for
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hunters and the 1ibis are acknowledpged as
important predators of crop pests.

A network of roads and tracks, many of
which are sign-posted, ensures good
access within the Barmah Forest.

FPopular areas in the Forest include the
Barmah Lake, Barmah Island, Top Island,
The Gulf, and Buck's Sandhill. Most of



The Barmah cattle
muster 18 a noted
tourist attrac-
tion

the public land immediately abutting the
Murray River is used for recreational
purposes.

The Forest also contalns a wealth of
history, both European and Aboriginal.
Landing sites where paddle-steamers
loaded red gum logs for transportation
to the sawmills, old sawmill sites, and
cattle yards recall European history,
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while examples of Aboriginal history in-
clude midden sltes, burial sltes, cance
trees, flish welrs, and meetling places.

Munroe's plle, Tingates plle, and a
number of other river red gum trees with
superior dimension and form are located
here. A noted tourist attractlon is the
annual Barmah cattle muster, held in May
each year.
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Recreational use of Barmah State Forest
1s hligh during the Christmas and Easter
holldays, and large numbers of shooters
visit the forest to hunt duck in the
open season. Use falls markedly from
April to October, however. It has been
estimated at some 5,700 visitor-days and
33,600 camper-days annually. To cater
for thls usage, the Forests Commission
maintains 45 plenie tables and 75 fire-
places, as well as tollet faclillitiles and
a number of informal information boards.
The Commlssion has recently appolnted a
Ranger for the Barmah Forest.

Simlilar recreational usage occurs in the
river red gum forests lmmedlately across
the Murray, 1n New South Wales.

Gunbower Island State Forest

Thils State Forest provides recreational
experlences similar to those of the Bar-
mah Forest.

Wildlife abounds, and many secluded
fishing spots are to be found along the
Murray River. The convoluted course of
the Murray here and the many streams and
swamps that occur wlthin the Gunbower
Island Forest add to its recreatlonal
attraction.

Its most popular area 1s 1in the viclnlity
of the Torrumbarry Weir, where water-
based recreation such as boating is con-
centrated. The Forest contalns a network
of roads and tracks, many of which are
sign-posted, and they facilitate access.

Duck=hunting is carried out in Gunbower
Island Forest, except in the wildlife
sanctuary where, under the Wildlife Aect,
no person shall hunt or wilfully disturb
wildlife.

Gunbower Creek 1s used for water-skiling
in summer as 1t remains deep, unlike the
Murray, which 1n some years can be too
shallow to allow water-skiing.

Recreatlional usage of the Gunbower Is-
land Forest, ineluding the Guttrum and
Benwell forest areas, has been estimated
at some 42,600 visitor-days and 81,200
camper-days annually.

To cater for this usage the Forests Com-
mission maintains 145 pilenic tables and
170 fireplaces, most of which are locat-
ed beside the Murray River. Eight in-
formation shelters provide interpretat-
ive facilitiles.

Similar recreational usage occurs 1in the
river red gum forests immediately across
the Murray, in New South Wales.

Murray River environs

Other publie lands along the Murray
River are also 1intensively used for rec-
reatlion experlences. Small areas of re-
served forest such as the Guttram, Ben-
well, Cobram, Yarrawonga, Wharparllla,
and Ulupna Island forests are scattered
along the river. These are used for
fishing, camping, boating, swimming,
shooting, and pleasure driving.



Camping along the Murray is extremely
popular form of recreation - Carters
Beach, Ulupna Island

Public lands abutting the Murray in the
Ulupna Island--Yarrawonga stretch are
heavily used for recreation, estimates
of usage being 47,500 visitor-days and
64,000 camper days. These figures re-
flect the popularity of the numerous
sandy beaches along this sectlon of the
Murray River. These attractive sandy
beaches include Carters, Lovetts, and
Bourkes Number One, Two, and Three.

The Ulupna Island Public Purposes (Pres-
ervation of Flora and Fauna) Reserve,
north of Strathmerton, is well known for
1ts scenic and floristic values and 1s
managed by a local committee of manage-
ment. .
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The Shire of Cobram has permlssive occu-
pancy of Horseshoe Lagoon near Cobram,
which contalns an artiflelsal lake slte
that is being developed for tourilsm.
School and Scout groups also regularly
use Cemetery Bend for camplng and other
recreational purposes.

Estimates put recreation use of publile
land abutting the Murray near Rutherglen
at 9,000 visitor-days and 6,800 camper-
days annually. Thls part of the Murray
does not have sandy beaches. Popular
areas are Follce Paddock, Doolans, and
St Leonards Winery. Lake Moodemere 1s
very popular for swimming, water-skilng,
rowing, and blrd-watching.

Water-skiing on Lake Moodemere
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Ovens Rlver

Publie land that abuts the Ovens River
near 1lts junction wlth the Murray carr-
ies river red gum. It 1s popular for
camping, fishing, swimming, canceing,
trall-bike-riding, and duck-hunting.
[ts most notable feature comprises the
many 1slands and river courses of the
Ovens here,

Recreation usage of this publiec land 1is
estimated to be 3,200 visitor-days and
9,400 camper-days annually. It mainly
occurs in the summer and Easter holiday
perlods and long week-ends.

Terrick Terrick State Forest

Characterized by 1ts white cypress pine-
-grey box vegetatlon, this area of pub-

lic¢ land, located on a granitlc outcrop,
provides landscape relief from the surr-
ounding flat plains. Recreation usage 1s
mainly restricted to day vislitors, esti-
mated at 2,500 yearly, who malnly picnie
at the Terrick Rocks Reserve. The lack

of natural water restricts campiling.

Mount Terrick Terrilick affords commanding

views of the surrounding plailns.
Goulburn River

The public lands located along the Goul-
burn River are popular for duck-hunting,
camping, fishing, boating, swimming,

plenicking, and traill-blke-riding. They
provide an important recreation resource

for the people living in the cities or
Shepparton and Echuca.

Popular areas for camplng are the Jjunet-
ion of the Goulburn and Murray Rivers,
Bangarang Park, and Ashes Bend. Loch
Garry 1s popular for bird-observing,
plenicking, duck-hunting, and flshing.

Access to publiec land along the Goulburn
River 1s much more restricted than along
the Murray River. Often the only access
is through private property.

Recreation usage for these public lands
is estimated at 15,400 visitor-days and
28,400 camper-days annually.

Klllawarra and Warby State Forests

Extenslively used for both recreation ad
environmental educatlion, these are popu-
lar for pleasure driving and plenicking.
Killlawarra State Forest 1s very popular
for orienteering. The Warby flre tower
provides excellent views of the Eastern
Highlands and the Ovens River Valley.

Recreation usage here 1s estimated at
some 15,600 visitor-days annually.

Lake Mokoan

Lake Mokoan 1is the fourth-largest lake
in Victoria. Situated Just north of the
Hume Highway between Benalla and Glen-
rowan, it is 1in open grazing land except
for a small zone of State reserve on the
northern side., Much of the lake is



studded with dead trees, and fences
eross it in many areas. Because of
these hazards, a speed restriction to 8
km per hour applies over most of 1ts
surface. It is very windswept and reedy,
and water birds abound.

The lake is very popular for sailing and
with shooters during the duck season.
[t 1s also popular with fishermen.

Warby Range State Park

This Park extends for 27 km north from
the township of Glenrowan. [t 1ies on a
steep scarped range known locally as the
Warbys, and forms the dlvide between the
Broken and Ovens Rlvers. The Range has
an elevatlion of between 300 and 400 m
above sea level and features a serlies of
rocky prominences, steep escarpments,
and ercded plateau, which stand about
180 m above the surrounding plain.

Warby Range State Park covers 3,270 ha
altogether, and consists of four areas
separated by freehold land. It offers
excellent vantage points (especially at
Mount Glenrowan), pleasant piecnic spots,
an outstanding variety of bird 1life, and
clumps of unusually tall grass-trees.

The flora of the Range 18 more promin-
ent In the winter and spring, when nodd-
ing blue-1ily, common fringe-myrtle,
daphne heath, gulnea-flowers, grevilleas,
and orchids flower. The spur-wing watt-
le and the sandalwood have their only
Victorian occurrence in the Warby Range.
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Ryane Lookout, in the Warby Range

Hecreation facilities have been develop-
ed in a number of sections. They in-
clude the Pine Gully nature walk, Pine
Gully picnic area, Jubllee Falls plenic
area, Byans Lookout, and Sallsbury Falls
walking track. Recreation usape of the
Fark over the last 3 years has averaged
some 6,600 visitor-days annually.

Other public land reserves

Many other parcels of publie land in the
Murray Valley have been reserved for
recreation or for other purposes assoc-
iated with recreatlional usage. None of
these reserves cover substantlal areas.



ts Commission has a number of

{under sectlon 50 of the For-
958) in the study area: Gemm-
wl Reserve, Natlve Water

Ve shepparton Flora and

PV Shepparton Urban Water-

works Trust area, Village Sceniec Res-
erve, and the Terricks Rocks Reserve,
None of these covers a substantlal area;
they have been reserved malnly for thelr
scenic and floristie values.

New South Wales Public Land

As mentioned earlier in thils chapter,
the New South Wales publiec land that
abuts the Murray River provides similar
recreation resources - used by recreat-
lonists in a similar manner - to those
on Vietorian publiec lands abutting the
Murray.

The forests on these New South Wales
public lands are a recognized tourilst
attraction, provliding for the recreation
of people from towns such as Deniliquin,
Barham, Mathoura, and Echuca. Thelr
most attractive features are the water-
ways, lakes, and lagoons they contain.
They are easily accesslble, as they are
well roaded.

Camping occurs extensively in the for-
ests, with popular locations all alcng
the Murray River, particularly adjacent
to Fisherman's Bend, Edward River in the
vicinity of the old Murray Management
Survey Camp, Gulpa Creek, Barmah Beach,
Campbells Island State Forest, and
Koondrook--Perricoota State Forest.

Fishing 1s a major attraction. Filsher-
men may or may not use boats, which they
occaslonally launch from the forests.
The Murray is the most popular fishing



water, but the various lagoons and larg-
er effluent creeks contalned within
these forests are also used.

Hunting also attracts a large number of
visitors here, usually to hunt duck, but
also pigs. Duck habltat has probably
been increased by the increased summer
flows of the Murray River and the con-
sequent enlargement of stilll-water areas
in the lakes and swamps. Unfortunately,
it is believed that hunting 1s associat-
ed with some 1Incidents of wvandalism

that occur in the public lands.

Other activities, such as pleasure driv-
ing, pienicking, swimming, and sight-
seeing, are very popular recreation ac-
tivities.

Swimming and picnicking are usually fam-
ily affairs, as they are 1n Victorla,
and usually take place close to a town
at locations that include a good beach
for example, Barmah Beach.

The many miles of attractive river fron-
tage and secluded creek and lagoon sites
allow pecople to plenic or cobserve
wildlife.

Recreational Activities
Bushwalking
A variety of walking activities, whether
involving overnight camps or short walks

with interpretive services provided, are
undertaken on public land in the area,
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They are mainly restricted to short
hikes and walks to sites of 1Interest or
for nature study. Few are strenucus, as
the vegetation 1s generally open, and
often tracks make for ease of walking.

A number of tracks constructed 1n the
Warby Range State Park provide pleasant
walks to scenie features.

Camping

Although informal camping takes place on
publie land throughout the study area,
it 1s overwhelmingly concentrated along
the Murray River.

It malinly occurs on undeveloped sites or
sites with few faclilitles, and usually
in conjunction with fishing or hunting
expeditions.

Most of these campers are entirely self-
sufficlient and provlide their own sanit-
ary facilitles and other camping com-
forts. They often use portable generat-
ors to power lighting, cookling, and re-
frigeration equipment.

It 1s not unusual for people who camp on
public land abutting the Murray River

to return to the same location each year
for their annual holidays. At any one
site campers are usually well acquainted
from years of camplng near each other.

A number of Shires operate camplng and
caravan parks with full faecllities, 1in-
cluding powered sites, on publlie land
here.
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a lakeslide holiday. Some commercially
run camps distingulish themselves from
the others by offering a range of addit-
ional activities. For example, they may
offer safaris or hunting expeditions or
4 greater range of recreatlonal facillit-
les. 1In all cases, parties use camps as
bases for recreation and for excursions
to surrounding places of interest. In
most cases, they also make use of nearby
publie land for flshing, hunting, horse-

Pleasure driving
t8 popular

in river red gum
foreats

riding, walking, nature study, and swim-
ming.

Fleasure driving

A survey carrlied ocut for the Department
of Youth, Sport and Recreation by
MeKenry (1975) showed that 86% of the
sampled Vietorlian adult population had
been pleasure driving in the country at
least once in the preceding 12 months.
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This does not mean that all of these
people toured through publiec land in the
Murray Valley area, but it does provide
a measure of the popularity of pleasure
driving, which was the most popular
pastime recorded.

The study area coffers a varlety of tours
over a well-maintalned road system. The
Rlver Track through the Gunbower Island
State Forest offers the tourlst excell-
ent opportunities to view the forest
slghts, and numerous branch tracks lead-
ing from it allow ready access to the
Murray River. Simllarly, the mailn
acecess tracks through the Barmah State
Forest offer the tourlst execellent views
and access to the numerous lakes,
swamps, and creeks as well as the Murray
River.

Local pleasure driving 1s also common in
the Warby Range, attractions being the
scenlic views and the wildflowers when in
bloom.

Motor-cycling

Trall-bike-riding 1s popular. This form
of recreational riding may present cert-
aln problems to the land manager 1in
terms of road damage and off-road activ-
ities, as well as those of unlicensed
riders and unregistered vehicles. Under
the Land Conaervation (Vehicle Control)
Aet 1973, no vehiecle (four-wheeled or
two-wheeled) may leave a formed road,
except with permission, and only reglst-
ered drivers may use rcads on publle

land. The Echuca District Motorecycle
Club leases an area of publiec land north
of Echuca Village for a scramble track.

Orienteering and Jogging

The popularity of orlenteering is grow-
ing. Orienteering groups use areas such
as the Warby Range and Killawarra State
Forest. Indeed, the Australian Orlen-
teering Championshilps for 1978 were held
in the latter. Part of the Warby Range
State Park, and an adjacent area of res-
erved Crown land north of Taminlick Gap,
is very popular with joggers ad cross-
country runners from around Wangaratta.

Crganlized sports

Throughout the study area, small blocks
of public land are used for golf-
courses, rifle ranges, football and
cricket grounds, race-courses, tennis
courts, and the like.

Horse-riding

For many residents (especially children)
horse-riding is a popular hobby. From
time to time many of these pecple take
rldes into nearby bushland. In addit-
lon, organized trail rides are conducted
through the Barmah State Forest and the
Warby Range.

Swimming

The study area, with its rivers and wat-
er bodies, has many excellent swimming



Watersports and sunbathing
are popular recreational
activities along the River
Murray

sites. Espeeclally popular are the sandy
beaches with road access along the
Yarrawonga-~-Cobram stretch of the Murray
River.

Plecnicking

Plenle facilities are provided through-
out, as shown on the outdoor recreation
map. The sites usually colnclde with
spots of recreational lnterest - such as
Ryans Lookout or Mount Terrick Terrick.
Many spots not serviced with any facil-
ltles are also popular.

A pilenie or barbecue 1s often the main
aim of a day-trip and such outings are
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frequently assoclated with pleasure
driving.

Nature study

While many people would visit publie
land specifically for nature study pur-
poses, a far greater number comblne nat-
ure study with other actlvities, such as
bushwalking, pienicking, camping, and
recreational driving.

Various tracts of publie land offer 1in-
teresting opportunities for the study of
natural history. The maln recreatlional
resources of the Murray Valley area
discussed earlier in this chapter - some



with interpetative facllitles - are m
mportant in this regard.

Popular bilrd-watching areas 1lnclude t
Barmah Forest, Gunbower Island Forest
Warby HRange, Lake Moodemere, Kanyapel
Basin, and Morphett's Swamp. Koalas
be seen in the Warby Range, following

Bird nesting boxes being erected at
Morphetta Swamp

ost

he
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may

thelr release in the area by the Flshep-
les and Wildlife Division.

Geologlcal features such as Fyramid
Hill, Mount Hope, and Mount Terrick
Terrleck are of great interest to the
naturalist and the general observer,

A wildlife management co-operation pro-
Ject, involving the State Rlvers and
Water Supply Commisslion and Fisheries
and Wildlife Divislon Jointly, has de-
veloped the Kanyapella Basin as an arti-
ficially controlled wildlife habitat.
The Basin, east of Echuca, 18 prone to
natural floodlng and is timbered pre-
dominantly with river red gum. The
Commission acquired the Basin in 1967/68
and managed 1t until the end of 1975,
when co-operative management by the Com-
misslon and the Fisherlies and Wildlife
Division was 1Initiated,.

olnce then, earthworks and embankments
have been constructed to allow the pond-
age of water for waterfowl management.
This waterfowl management program start-
ed In 1977 and, as envisaged, will prov-
ide opportunities for research programs,
educatlional needs, and recreation.

Fossicking

Week-end prospectors fossick for alluv-
1al gold at many of the old goldfield
gltes near Rutherglen. Also, some foss-
lck for precious stones such as zlircon
and beryl in the Warby Range.



Hunting

Duck-hunting
very popular
ey area,

with both

durlng the open
throughout the Murray Vall-
Melbourne-

local and

aeason 1s

s

bas shooters. Open season for wild
HWLH is generally declared between March
and May. Both publle lands and freehold
lands are shot over. Local concentrat-
ions of gpame blrds occur on rivers,
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swamps, blllabongs, and dams throughout
the study area. The irrigation districts
are very popular due to the numbers of
duck that the water attracts. Of the
five State Wildlife Reserves (Morphett,
Dowdle, Tragowel, Hird, and Johnson
Swamps ), only Tragowel Swamp is closed
to duck-hunting durlng the open season.

The main specles of duck hunted in the
area are the black duck, grey teal, wood
duck, and mountain duck. Less common
specles hunted 1include chestnut teal,
hard-head duck, pink-eared duck, and
blue-winged shoveler.

Foxes and rabbits are hunted for sport,
for income, and for vermin contreol.
Pigs are hunted 1in the Barmah Forest.

Fishing

Recreational fishing 1s one of Victor-
ia's most popular leisure activitiles;

a public opinion poll has indicated that
approximately 1 million (35% of the
State's population) go fishing at least
once a year. Of course, not all of
these anglers use the Murray and other
local waters for fishing, but a substan-
tial proportion probably would, as flsh-
ing 1s very popular and widespread
throughout the area 1n lakes, streams,
irrigation channels, and rivers.

Many Viectorians fish the Murray River.
As this 1s New South Wales water, they
need an amateur inland fishing licence
for New South Wales. They require a

Victorian amateur flshing licence to
fish all other rivers, streams, and wat-
er bodies in the study area.

On the Victorian side, the Murray offers
the angler some 600 km of river frontage
- most of 1t publlic land. The flow of
the river 1s governed by the system dams
and welrs, and fluctuatlons in the river
level influence the flshing.

The river is best fished when the level
is steady after an increased flow. As
the Murray contains snags, the best
catches are usually taken from boats.
Fish caught in the Murray are Murray cod
(ranging up to 52 kg), tench, redfin,
crayfish, golden perch, silver perch,
European carp, yabbles, and catfish.

The Ovens Rlver 1s rated average for
red fin and high for Murray cod, with
considerable potentlal for Murray perch
in the sectlion downstream of Wangaratta.

The Goulburn River 1s rated high for
recreational fisheries assocliated with
Murray cod and golden perch, and also
has considerable potential for develop-
ment and conservation of other flsherles
assocliated with trout, cod, and Macquar-
ie perch.

Although relatively low in sport fishery
potential, the Campaspe River has value
for redfin perch.

Lake Mockoan 1is popular for fishing, par-
tlcularly along the outfall channel,
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where good catches of redfin are to be
had.

Boating and canceing

Fower-boating, salling, water-skiing,
and canoeing are popular forms of out-
door recreation here.

The Murray River 1s very popular for
power-boatling and water-skiing, whille
Lake Moodemere, near Rutherglen, 1s pop-
ular for both these sports, as 1s the
Goulburn River.

Houseboats on the Murray Rlver are very
popular with heoliday-makers. They allow
freedom of movement along the river and
the novelty of a unique form of accomm-
ocdation.

Faddle-steamer crulses of the Murray -
both day and overnlight trips - are pop-
ular and attract many visitors to the
river and to Echuca, where the paddle-
steamers are based.

2

Lake Mokoan provides a popular salling
venue for the pecople of Benalla and Wan-
garatta, whlle Lake Beoort 1s popular
with the local people for all forms of
water-based recreation.

The reaches of the Loddon, Campaspe,
Goulburn, Broken, and Ovens Rivers that
traverse the study area are serviceable
for boatling, but have a low usage level
for this purpose because of the general-
ly slow stream flow. The Murray Rlver
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ls popular for touring canceing. Canoe- mobility, environmental 'awareness',
Ists come from all parts of Austrlla to and disposable 1incomes, comblned with
take part in the annual Red Cross Murray improved access and facillities. Plann-
Hiver Marathon - rom Yarrawonga to Swan ing for outdoor recreation must cater
H1XY for these lncreases, but must also be

flexible in order to cope with possible

Future demand changes in the nature of the demand.
A number of factors are expected to
markedly increase recreation pressures References
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nifiecant populatleon growth 1in Melbourne Department of Youth, Sport and Recreat-
and reglional eentres such as Echuea, ion, Vietoria (1980). 'Directory of
hepparton, and Albury--Wodonga may lead Youth and Family Camps in Vietoria.'
to preater recreatlonal use of this pub- (Government Printer: Melbourne.)

Larkins, J., and Parish, S. (1982).
Other factors 1ncreaslng the demand for 'Australla's Greatest River.' (Rigby
recreation inelude greater leisure time, Fublishers: Perth. )
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16. TIMBER

The forests of the Murray Valley area
have, since the earllest days of Europ-
ean settlement, been utilized for the
production of durable timbers. Viectoria
1s not well endowed with extensive
resources of durable timbers: however,
the area contains a signiflcant prop-
ortion of those 1t does have, mainly the
riverine red gum forests. For this
reason, and theilr accessibility, these
forests have been, and remaln, important
in supplying the demand for durable tim-
ber products.

Production levels of the durable timbers
from the publiec land have declined over
the last two decades. Despite this dec-
lining productivity, the industry still
has local economic Importance.

History of Timber Production

The forests and woodlands of the area
provided the Aborligines with shelter,
implements, and food. European settlers
brought greater demands, however:
initlially they took only local building
materials and fuelwood, but subsequently
they cleared the forests and woodlands
for agriculture and cut the trees for
fencing materials, for rallway timbers,
and to supply the tlimber lndustry.

PRODUCTION

From the first days of European settle-
ment, timber productlon mainly supplied
local consumption. From about 1865,
however, the advent of river transport
coupled with the burgeoning of the
State's rallway system greatly lncreased
timber producticon, malnly concentrated
on the river red gums beside the Murray.
Early production was for sawn sleepers
and heavy construction timbers.

The paddle-steamers consumed firewood in
substantlal quantities 1in thelr boilers
as they plied upstream and downstream of
Echuca - estimates suggest that an aver-
age steamer burnt half a tonne of flre-
wood an hour in 1ts boller.

During the 1870s and 1880s at the helght
of the river transport era, many saw-
mills came into existence to cater for
the demand. Some were located in the
forest, such as those at Barmah and Gun-
bower Island. Echuca, with 1its rail
link to Melbourne and port facilitles,
became the maln centre for timber pro-
ductlion in the area. Its proximity to
the Barmah Forest ensured that this was
heavily cut to meet the demand.

Generally, local timber productlion since
the 1920s has been controlled., Efforts



were made in a number of forest areas to
tend the forests and ensure future supp-

lies.

Although the production level of prod-
ucts such as plles, beams, and posts de-
clined as demand for these fell, levels
of 1licensed productlon steadily inecreas-
ed from the 1920s onwards, reaching a
peak in the two decades from 1940 to
1960. This peak was due to wood short-
ages during World War II and the post-
war timber shortages.

Since the 1960s timber production here
has steadlly decreased, but the demand
for the types of timber products the
area produces remalns strong.

River red gum

Local river red gum forests - the most
extensive and most useful of the forest
types here - have been extensively harv-
ested since the 1880s. Their timber has
been used throughout Viectoria for con-
struction, rail sleepers, and harbour
construction. During the last 50 years,
about 75% of the State's red gum sawlogs
have come from the study area.

The timber industry based on river red
gum initially supplied the settlers with
their firewood and bullding needs. The
first red gum sawmlll was established at
Moama in 1856.

With the advent of river-boat transport
and the rall-head at Echuca, the forests
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along the Murray River - particularly
those located at Barmah and Gunbower
Island - were heavlly cut.

Cutting was uncontrolled and extremely
wasteful. Even when forests were flood-
ed, exploltatlon went on: tree-fellers
stood on speclally designed punts that
were anchored to elther side of the tree
te be felled. Thls resulted iIn consid-
erable waste, as stumps up to 3 m in
helght were occaslonally left.

The river beats, powered by red gum
firewood, dragged immense quantities of
timber away from the forests, to be sawn
at Echuca.

In addition, river becats transported
sawn red gum to the rall-heads from saw-
mills located 1n the forests along the
Murray River.

Felled trees were dragged to the river's
edge by bullock teams, then attached to

barges for transportation by steam tug,

elther up- or down-river, to the mill.

These barges were huge flat-bottomed
craft with outriggers, and large logs
were suspended from outriggers by chains
(red gum logs do not float). A steam
tug then towed up to three or four
barges to the mill. Sometlimes the op-
erator let a barge float downstream with
a large chaln dragging from 1ts stern to
stop it from running aground. (The
chain followed the deepest channels in
the river,)
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The use of steam tugs and barges to
transport the logs to the sawmills re-
lied on the regular spring floods. Also,
man-made canals called pontoon cuts were
constructed so pontoons could be floated
in to bring the logs to the river bank.
These canals or pontoon cuts connected
many of the shallow creeks, while
through the Barmah Lakes there stilll
exists a channel known as the steamer

track, which connects with Cutting Creek.

Although the river transport system had
seriously declined by the early 1900s,
timber production 1in the forests along
the Murray River continued, as the rail-
road system had already been extended to
the areas previously served by the river
boats. Bullock teams provided transport
to the railhead.

In additlon to sawlogs, river red gum
was cut for hewn sleepers, but this pro-
ductlon dild not reach significant levels
until the 1920s.

Red gum poles, plles, and beams were
initlally produced to construect wharves
for the river boats, and production
inereased from 1865 to supply material
for the Geelong and Melbourne harbour
works. Since 1926 only minor quantities
of these have been produced from the red
gum forests,

Fencing materials have always been
sought by farmers, and thelr production
from red gum forests over the last cent-
ury has always been significant.

Red gum poles were first used to support
telegraph lines durlng the early 1900s
and power transmisslon from about 1920.

With the introduction of the barrow saw
(swing saw) in the 1950s for the produc-
tion of sleepers, sleeper offcuts became
avallable. These offcuts have been and
are stlll in demand because of their
sultability for landscaping and garden
purposes.

The river red gum woodchip industry
(produced using sawmill waste) commenced
in 1979. These woodchips have found a
ready market as a garden mulech and for
landscaping. Currently production is
17,000 tonnes per year.

Charcoal production from river red gum
timber has spasmodically taken place
since the 1930s, but production has been
generally low.

During the 1920s kino, a red gummy exud-
ate riech in tannins, was produced from
red gum. In 1928/29, some 2,300 kg of
it was produced for use in the tanning
industry.

Since settlement, the swamps away from
the main river courses have provided a
minor source of river red gum. Over the
years, many of these swamps have been
used to store irrigation water or as
pondage for dralnage water. Thls use
has often resulted in the loss of pro-
ductive areas of river red gum or, as 1s
the case in Lake Mulwala, killed the
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Coy's mill, Barham, 1911 - typiecal of the early gawmille on both sides of the river



Black box is popular with local farmers,
for use as fence posts

stands by [loodling or made them 1lnac-
cessible,

Estimates suggest that, since tlmber
utilizatlon began in the 18603, 2.5
milllon cubie metres of river red gum
logs have been removed from the Barmah
Forest.

Other durable specles

Forests of other durable specles - af
box, lronbark, stringybark, and white
cypress pine - malnly grew on the

riverine plains or the highland rem-
nants when Europeans settled the area.
They were initially utilized for fencing
materlals, firewood, and, 1n the case of
white cypress plne, for house construc-
tion.

Since settlement, clearing for agricul-
ture and utilization for timber products
has limlted these forests mainly to pub-
lic lands.

Such an area of publicec land 1s the Warby
Range, where red stringybark and white
cypress pine have been Intensively
milled while red box was used for dur-
able fenclng. Much of the Blakely's red
gum has been cut for firewood. This has
resulted In the present poorly formed
coppice regrowth that occuples the
Range.

The Klllawarra Forest has alsc had a
long history of timber production, being
cut for red ironbark and grey box sleep-
ers, fenclng material, and poles. During
World War II allen camps were located 1n
the forest for the detention of Italian
males who were not naturalized Austral-
ians. These people cut firewcod and
produced charcoal from the forest.

In the 1960s large quantities of grey
box posts were cut from Killawarra for
re-fencing work at Dookle Agricultural
College, and sleeper-cutters utllized
mainly red ironbark.

Terrick Terrick Forest has suffered
8imilarly; 1ts white cypress pine was
frequently used in early times for house
construction, often 1in the round form or
sawn from flooring boards. The present
regrowth white cypress pine forest there
has been progressively thinned for round
fence posts and ralls since 1930: annual
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production of some 5,000 such posts in
the early 1960s has 1ncreased to 17,000
gver the last 5 years. This increase
reflects the demand for durable fencing
materials and the general scarcity of
timber in the surrounding cleared plains
country.

New Scuth Wales forests

River red gum forests across the river
on New South Wales Crown land have had
a similar history.

In the early settlement days they formed
part of grazing runs or leases - 1n some
cases, Improvement Leases. As the need
for retalning forest land as such was
reallzed, these areas were made Timber
Reserves and finally, during the period
1914 to 1924, State Forests.

Exploitation of these New South Wales
river red gum forests commenced 1n the
latter half of last century. A shortage
of durable hardwoods 1n Victorlia, com-
bined with the presence of a convenient
natural system for water transport, re-
sulted in the establlishment of a milling
industry - which rapidly grew as settle-
ment proceeded. M1ll logs were obtained
malnly from areas immedlately adjolning
the river, because of the easler access
and the superior nature of the trees
there. Fellers operated on a basis of
single-tree selection, without regard to
good forestry practice. This type of
i;géoitation continued up to the early
5.
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The flrst attempt to manage the forests
came 1in 1914, when Surveyor Harnett
carried out topographleal surveys of the
main river red gum forest areas, ineclud-
ing broad mapping of forest types. These
surveys formed the basis for working
plans prepared in 1918,

Estimates of 2,000 to 3,000 super feet
Hoppus per acre merchantable volume
(with a 300 to 350 super feet annual
increment) were assumed, and the plans
prescribed the removal of the merchant-
able volume over a period of 10 years.
Fortunately, the milling industry was
not expanded to consume the very high
yield calculated. Despite thils initilal
attempt at management, timber productlon

New South Wales forests supply some €0%
of river red gum sawlogs cut loecally
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was generally conflned to the most con-
venlent areas and the plans lapsed.

Selective logging, mainly under licence,
continued up to 1947. In 1944 the
Murray Management Survey was instituted,
to carry out investigations necessary

to Introduce improved forest management
here. The survey culminated in the
preparation of a management plan for the
river red gum forests, introduced in
1953. Besldes prescribing the yleld,
the plan provided for the maintenance of
adequate management records, the con-
struction of improved access, and the
logglng of the management area by an
order of working designed to achieve the
maximum forestry benefit.

Today the river red gum forests that
abut the northern bank of the Murray
River produce significant quantities of
timber and are managed by the Forestry
Commission of New South Wales under its
Murray Management Area Management Plan,
which 1s currently belng revised.

Current Timber Production
The forests

Responsibility for wood production from
Victorian State forests rests with the
Forests Commission. Timber products
supplied to industry from within the
study area 1nclude sawlogs, poles,
plles, sleepers, bridge timbers, land-
scaping material, fencing materlal, and
firewcod.

Most of the publie land available for
timber production 1s on the flood plain
of the Murray Rlver and its tributaries
(see Map 11). The main forest areas are
at Barmah and Gunbower, with smaller
occurrences along the rest of the Murray
and along the Goulburn and Ovens Rivers.
River red gum 1s now the only species
providing sawlogs, piles, and large-
dimension bush-sawn timbers.

The stringybark forests of the Warby
Range have also been intensively utiliz-
ed, and most of that forest 1s now re-
growth with 1little material presently of
sawlog size. The box--1ironbark forests
at Killawarra (north of the Warby Range)
are also predomlnantly regrowth, and
present utllization 1s malnly for dur-
able fenclng materials.

White cypress pine occcurs in isolated
stands throughout the study area, but
the only large stand on public land is
on granlte hllls north of Mitiamo. This
species is highly prized for 1ts beauty
and durability, and 1s now malnly used
for durable farm timbers.

As 11ttle privately owned forest remailns
here, the forests on publlc land are
loecally important for the supply of tim-
ber products.

The natural durability of the mailn tim-
ber specles present makes them suitable
for such purposes as construction tim-
bers, sleepers, and farm timbers, where
durability and strength are required.



Production levels

Victorian State Forests 1in the study
area supply a range of wood products,
shown in Table 18.

The levels of production of the varlous
products have altered over the years, 1n
response to both demand and the capacity
of the forest to supply. Regeneratlon
has generally followed harvesting, and
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River red gum at
the mill, Pieola
North

total growth undoubtedly exceeds harv-
esting rate. The lack of a market for
small-sized material has, however meant
that the thinnings necessary to concen-
trate growth on selected stems have not
been carried out. There 1s therefore a
shortfall - at least in the sheort term -
of larger-sized trees sultable for
plles, sawlogs, and sleepers. Demand for
these products 1s presently much higher
than the permitted harvesting rates.
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Sawn timber and specialty furniture - or by the
Victorian Rallways as heavy construction
Sawlogs are obtained from river red gum. timber and sleepers. Since 1970 the
Most of the timber is used in the Melb- study area has produced some 90% of the
ourne area for speciallst purposes - annual total of red gum sawlogs harvest-
house stumps, fence posts, landscaping, ed under licence from Victorian forests.
Table 18

AVERAGE ANNUAL OUTPUT OF WOOD PRODUCTS - VICTORIAN STATE FOREST,
MURRAY VALLEY AREA (1977/78--1981/82)

Froduct Quantity Unit Approximate percentage by specles group
White
Red gum Riverine Box-- cypress
box¥*#* ironbark pine
Sawlogs 11,600 m3 100% - o= -
Sleepers 66,400 number 100% - - -
Piles, poles, 4,800 lineal 81% % 10% 2%
and bridge metre
timbers
Feneing 58,000 number 244 36% 8% 32%
materials
Firewood 10,300 m3 83% 13% b -
Sleeper 15,300 number 100% - - -
offcuts
Chips® 8,000 tonne 100% - - =
Charcoal 200 tonne 100% = - -

¥ Average for 3 years only
¥¥%¥ Grey box, black box forests usually assocliated with the main river courses



Breaking down a
river red gum
sawlog using a
twin or Canadian
rig

The study area contains 10 sawmills,
although the two located at Benalla and
Viclet Town draw supplies entirely from
outside the area. The rest are located
at Koondrook, Cohuna, Echuca (two), Bar-
mah, Picola, Mooroopna, and Rutherglen,
and most cut logs from both New South
Wales and Vietorlan forests.

On a regional basis, encompassing the
study area and the adjacent parts of New
South Wales, the total annual supply of
river red gum sawlogs 1s currently about
43,000 m3, made up approximately as
follows: 27% from State Forests and U%
from private land in Victoria; and 62%
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and 6% respectively from the adjacent
State forest and private land in New
South Wales.

Piles, poles, and bridge timbers

Large-dimension timber used in the round
form 1s so0ld by the llneal metre. Plles
are now only supplied from the Barmah
Forest for Victorian ports and harbours.
lLocal farmers use poles obtalned from
the area's forests in farm structures,

Local municipalitles cbtain timber for
maintenanee of the numerous timber
bridges in the 1irrigation areas.



Rallway sleepers

Hallway sleepers impose continual de-
mands on the durable-specles forests of
the region. River red gum 1s the only
timber used at present, although other
specles such as black box, grey box, and
red ironbark are sultable if trees of
sufflclent slze are avallable. Sleepers
are generally cut in the forest - from
sawlog reslidues, poorer-quality trees,

Cutting river red

gum sleepers with
a barrow sau

and thinnings in the denser stands.
Some are produced from the sawmllls in
the reglon.

VicRall is virtually the sole market,
and production 1s regulated by the allo-
catlion of filxed quotas to a number of
licensed cutters,

On average, the total gquantity obtalned
on a regional basis 1s about 176,000




push-sawn sleepers a year, of which 38%

comes from publie land in the study

area. About 49% comes from public land

in New South Wales, and the balance from
freehold land in both States.

Annually over the period 1977/78 to
1981/82, the Murray Valley area has pro-
duced, on average, about half the
sleepers harvested under licence from
Victorian State Forests.

Several sleeper-cutters alsoc produce
fenelng materlals and heavy landscaping
timbers.

Fencing materilals

Demand in the region for durable fencing
materials contlnues at about the level
of production that the forests can sup-~
ply. Thils demand reflects both the need
for replacement fencing and the lncreas-
ing intensity of local agriculture.
Traditional preference favours strong
durable timber over alternative mater-
ials. Virtually all the output 1s used
in the region and a significant propor-
tion 1s cut in the forest by the farmers
themselves rather than by professional
cutters,

Sleeper offcuts are also in demand, for
use as stockyard tlmbers.

Firewood

Firewood is cut from fallen or dry tim-
ber, and licensed output remains steady
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Firewood i8 mainly cut from forest
regidue - Gunbower Forest

at about 10,000 m3 per annum. About 58%
supplies domestic consumption, and 1is
mainly gathered by householders. Curr-
ently the Kraft Foods factory at Leitch-
ville is the only major user of firewood
for industrial purposes.

Landscapling materials

Over the past decade, demand for durable
specles for landscaping materlals has
inereased. Thils began as a market for
sleeper offeuts and slabs and now 1in-
cludes chipped residues from sawmllls
and from thinning operations. Output



'rom the study area in 1981/82 was

Ul tonnes.

hat 1 is produced from dry river red
rum reslidue found in abundance in the
Gunbower and Barmah Forests. The demand
(although unpredictable) has averaged
200 tonnes per annum over the last 5
years but 1s at present decreasing.

Charcoal, a major fuel source in devel-

oplng countries, has the advantage over

firewood of much-reduced weight per unit
energy output. In Australla at pres-

end, it 1s used only 1n speciallst in-

iustries as a source of carbon or in the
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productlion of certalin filters.

River red gum wood chips
are popular - for use in
landscaping and as garden
muleh

Two commercial producers operate 1ln the
study area. One uses moblle steel kilns
(whiech are set up on site) and the other
has a fixed establishment near Plcola.

Employment

The 1982 census recorded 174 people
employed full-time and 67 people part-
time In procuring or processling forest
produce obtailned from the Murray Valley
study area. Approximately 40 more
people are employed in local sawmills
that obtaln supplies from elsewhere.

Major products glve rise to dlrect em-
ployment in the percentages: sawmilling
67%; sleeper-cutting 20%; and landscap-
ing material 16%.



In general, constraints on supply allow
little opportunity for expansion of em-
ployment, although the landscaping mat-
erials market 1s expanding.

Growth and Productivity
River red gum

The fast-growing river red gum is the

most important commercial eucalypt tim-
ber species in the study area. It can
produce tall stralght-boled trees when
growing in relatlvely dense stands, but
has a tendency towards heavy branching
and short bole length in open stands.

Water availabllity 1s the main criterion
determining growth, and trees on good
sites can grow in dlameter at a rate of
1 em per year. Tree helght may exceed
50 m even in dense stands. In terms of
volume production, the mean annual in-
crement may be up to 6 m3 per ha.

Sawlogs are usually produced from trees
that are 100 years old or more. Pro-
duction potential 1s assessed according
to the estimated mature height of
stands as follows:

Best (Site

Quality 1) 30 m stand height
Average (Site
Quality IT1) 21--30 m stand height
Low (Site

Quality III): <21 m stand height
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Generally, the future produectivity of
the river red gum forests depends on the
provision of the appropriate flood reg-
imes for the maintenance of thelr health
and vitality.

Riverine box eucalypts

The beox species usually grow in pure
stands. Black box (E. largiflorens)
occurs on the clay solls in the west of
the study area, while grey box (E.
mieroearpa) can be found throughout.

The largest stand of riverine box forest
occuples the southern portion of Gun-
bower Island, and others also occur on
the lower reaches of the Goulburn River.
These comprise less than 10% of the
utilizable forest area, but they supply
most of the fenecing materlals.

Box==1ironbark

Older trees of box eucalypts such as
grey and yellow box and red 1ronbark can
exceed 28 m in helght, but most of the
forest 1s currently regrowth followlng
past utilization.

Blakely's red gum (E. blakelyi), which
grows mainly on the granite hllls of the
Warby Range, 1s included in the box--
ironbark type; in merchantable sizes it
can produce similar timber products to
those of the box eucalypts and has simi-
lar durability characteristics.

Diameter growth in box--ironbark forests
can reach about 0.5 em per annum on the



better sltes, but is often much less on
the poorer sites or sites where multl-
stemmed coppice growth 1s left unthinn-
ed,

White cypress pine

This naturally durable native conifer
grows extremely slowly. Most of the
white cypress pine at Terrick Terrick
dates from 1885, when extensive germina-
tion followed a fire. Farm timbers have
been produced from progressive thinning
of the regeneration. In an open-grown
stand these trees have reached about 50
cm in diameter (diameter growth of 0.5)
cm per annum) and 13 m in helght, while
In a dense stand trees have reached only
8 em in diameter (diameter growth of
0.08 em per annum).

Another cypress pine - Callitris
preigsii, SS8Sp. murrayensgis - occurs,
although less frequently, with white
cypress plne at Terrick Terrick, and the
timber properties of these two specles
show no apparent differences.

Private Commerclal Faorestry
Foplar plantations
The firm of Bryant and May has estab-
lished some 320 ha of popular plantation

on irrigated sites in the Cobrawonga
area. Most of the 1,500 m3 of wood pro-

duced annually 1is used to manufacture
matchsticks. Poplar 1s generally un-
sulted to other uses, although the com-
pany 1s investigating 1ts potential for
use in the manufacture of cricket bats.

The company sells poplar seedlings and
cuttings to local land-owners for use in
shelter belts for stock and crops, in-
cluding New Zealand gooseberries.
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Primary production throughout the Murray
Valley area encompasses a wlde range of
activities - from timber-milling to
wine-making - and includes agricultural
activities suech as grazing, cropping,
and fruit production.

Agriculture is the dominant land use
here; its estimated annual value exceeds
$300 million. Map 12 indicates the
locations of the various major agricult-
ural pursuits. About 91% of the land in
the area 1s prlvately owned and, except
for that in the citles and towns, 1s
generally used for agricultural product-
ion. Most of the private land 1ls clear-
ed, and grazing agistment or licences
cover virtually all the reserved forest.

Soll type and the avallabllity of irrig-
atlon larpgely determine the type of
agricultural pursuits. With such a high
proportion 1rrigated by gravity alone,
the study area ylelds a diverse range of
agricultural products that support a
substantlial decentralized population,
both on farms and 1n the many towns
throughout the area.

More than 7,000 farms produce a wide
range of commoditles from two maln types
of enterprise: dryland farming produces
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cereal crops, fat lambs and wool, and
beef cattle; and 1rrigation agriculture
produces dairy products, pome and stone
fruits, cltrus frult, vines, various
erops, and fat lambs and vealers.

Of the 14,126 km? of agricultural land
in the area, 50.5% supports dryland
farming, 33% irrigated dairy farms, 2%
irrigated orchards, 0.5% dryland viti-
culture, and 14% low-irrigation-right
mixed farming.

Dryland agrilculture

Dryland farmers still depend on the
traditional forms of agriculture that
began more than 100 years ago. Cereals
- wheat, barley, and oats - are the main
crops while sheep, for both wool and fat
lambs, and beef cattle are secondary
farm enterprises, Land utllized for
dryland farming needs regular appllcat-
ions of phosphate fertilizer in order to
maintain productivity. The inclusion of
subterranean clover in annual pastures
enhances thelr grazing value and raises
the nitrogen reserves of the soil.

The sub clover ley farming system was
developed at the Rutherglen Research
Institute.
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Development new technologies for
croppling - such as minimum tillage and
weed control - and the ldentifiecation of
new crops, such as luplins, have 1iImproved
the proflitablllity of dryland farmling.
[rrigated agrlculture

The forms of productlion from irrigated
land depend on s0ll type and the amount
of water avalilable to the farm. These
factors have determlined farm slze -
especlally 1in areas developed by succes-
slve settlement schemes.

Orchards cccupy the better, lighter-
textured solls with improved dralnage.

Ayreshire cattle on irrigated pastures

They average 20 ha, and such properties
have what 1s stlll termed a '2 in 1!
water right: in the days of imperial
measures, these farms received 2 acre-
feet of water per acre of land. Those
In the Goulburn Valley on the lighter
sandy-loam-type soll grow peaches and
apricots, since these crops need good
dralnage, while pears (which can better
tolerate poor dralnage) are grown on the
somewhat heavier types of soils.

The heavier clayey solls are used for
pasture producticon and creopping under
Irrigation. The most iIntensively rfarmed
land in this category is used to produce
perennlial pasture for dalry cattle.

Such farms average 40 ha, and, in imper-
ial terms, have a 1 in 1 water right.

Larger farms, averaging 100 ha in size,
have the lowest water right. These have
alin 2 or even 1 in 3 water right, and
use their water for a range of enter-
prises, including irrigated crops and
annual sub clover pastures. Such farm-
ers use lrrigation to extend the growling
period of sub clover - from earlier 1n
autumn to later in spring. Large areas
of these properties usually carry dry-
land farming.

Farm Enterprlses
Dairying
Dairying under irrigation 1s the most

important agricultural industry here.
More than 3,500 dairy farms carry a



total of more than 350,000 milking cows.
gross value of production from thils ind-
ustry in 1980/81 was about $160 million,
representing about one-third of the tot-
gl Vietorian dairy production. Tongala,
Rochester, Cohuna, Tatura, Shepparton,
and Cobram are noted dairylng centres

in the Murray Valley area,

The milk produced supplies the liquid-
milk market or 1s processed 1n the many
dairy factories. The area contalns
elght milk-processing factorles (as well
as a number of pasteurizing dairies and
milk depots), which produce butter,
cheeses, and different forms of drled
milk products.

An average dairy farm runs 100 milking
cows (plus replacement stock) on U0 ha
of land, which usually carrles perennilal
pastures of ryegrass, white clover, and
paspalum. Annual production is gener-
ally about 140 kg of butterfat per cow.

Studies by the Viectorian Department of
Agriculture have shown that dairy farms
in these irrigated areas of northern
Victoria are among Australla's most pro-
ductlve and profitable.

Cropping

Cropping remains an important form of
agricultural production 1n both dryland
and irrigated farm areas.

On all dryland farms wheat 1s the chief
crop grown. Solls and climate are gen-
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erally sultable, so under reasonable
growling conditions good ylelds are
achieved in all areas, with the rich
cropping solls around Dookie achleving
the highest production.

Barley and oats are also grown on dry-
land cropping farms, and more recently
lupins and peas have been included in
rotations. These provide useful cash
crops and inerease the yileld of subse-
quent cereal crops.

Ley farming systems are very lmportant
to dryland cropplng farms. The sub
clover and ryegrasses grown on the 'ley'
phase are used mainly as fodder for
sheep.,

Irrigation greatly enhances the whole
croppling spectrum. It can increase
wheat yields threefold (up to 5 tonnes
per ha), and can enable production of
many other crops, such as sunflowers,
lucerne, sorghum, millet, malze, and
soybeans. These 1irrigated crops have the
potentlal to produce yilelds greater than
those currently obtalined 1f current
farming techniques can be improved.

Agricultural crops grown throughout the
area have a total value of the order of
$75 million annually.

sheep
Production of sheep was one of the earl-

iest agricultural pursuits in the area.
In the ploneering days, the squatters
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Sheep production i8 carried out in both
dryland and irrigation farming areas

ralsed sheep on the extenslve runs they
had adopted.

Today, the sheep industry is much more
intensive. It forms an important part
of the rural environment in both dryland
and lrrigated farming enterprises, and
produces both wool and prime lambs 1in
assoclation with cropping.

Sheep productlon under irrigation, or in
the higher-rainfall zone in the east of

the study area, utlilizes crossbred ewes
(Merino x Border Leicester) with meat-
type rams (Dorset). The animals graze
annual pastures of sub clover and rye-
grass and produce top-quality prime
lambs. The crossbred ewes also yleld a
valuable wool elip.

In the drler areas sheep enterprises are
based on wool production from Merinos,
with self-replacing flocks. Surplus
wethers are sold for live exports.

The seep iIndustry here returns more
than $45 million to the area annually.

Beef

Similarly, beef production 1s carrled
out on both dryland and irrigated farms.
Generally, beef production responds more
favourably to profitable market trends
than that of sheep, with farmers utilliz-
ing the vealers as a cash crop.

The value of the beef industry to the
area varles conslderably, but at present
is about $20 million annually.

Fruilt

Irrigated areas around Shepparton and
Cobram are major districts for the prod-
uction of pome and stone frult, with
some citrus and vine frults being grown
also.

The famous canning pear variety Willlams
Bon Cretien grows as well in and around



Pear orehard blossoming
- Shepparton

the Goulburn Valley as anywhere in the
world, while the district also produces
clingstone peaches for canning and apri-
cots, apples, and plums for processing.

Apple and pear varietles for marketing
a8 fresh fruit in Australis and overseas
are also grown in the area.

At present this important frult industry
1s going through a very difficult re-
adjustment peried. Markets in Europe
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have virtually been closed to imports by
the development of the European Economie
Community. As a consequence, the number
of growers in the Industry has fallen
from 850 to 500 in the last decade.

Growers are adjusting to thils situation
in two ways - by moving out of Iruit
production altogether, or by rearrangiling
the mix of frults so as to produce less
canning frult but more for the fresh
frult market. This has led to the clos-



ing of the Kyabram frult-cannling fac-
tory, while the remalning twe - Ardmona
Fruit Products 1n Mooroopna and Sheppar-
ton Preserving Company in Shepparton -
ire attempting to ratlonallize and dlver-
f'y their canning production.

Some small but significant areas near
ocondrook and Cobram produce citrus

While the Goulburn Valley produces some
grapes, the best-=-known vine dlstrict in

Picking pears at Ardmona

the study area 1s in the east, near
Rutherglen. Vlines were flrst planted
there after the gold rushes in the mid
1800s, and the district has developed a
well-deserved reputatlon for its full-
bodled table wines and fortifled
spirits, especlally liqueur muscats.

The potential of the irrigated districts
toe produce table grapes 1s =still limited
by the historical delineation of phyll-
cxera infestations. In the late 1800s
and early 1900s, the phylloxera aphid
devastated vineyards throughout the
area. Prohibitlons were then introduced
to prevent the spread of thils 1lnsect -
whether on grapes or on rooted vines.
While these prohibitions remain, the
development of table grapes 1n these
districts 1s prevented by law.

Vegetables

A range of vegetables are planted annu-
ally in the study area, but the only one
of economlie importance is the tomato.
More than 60% of Australia's entire
processing-tomato crop 1is produced here.
Traditionally, tomatoes were grown by
transplanting seedlings and hand-
harvesting, hence plantings were small
(3--6ha). In recent years, however, a
strong move to direct-seeding of tomato
fields and machine harvesting has
occurred,

The new technigues have enabled growers
to plant areas of up to 40 ha, which has
resulted 1In better financlal returns.
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One-quarter of Victoria's plg-breeding
herd 1s contained within the study ares.
The shires of Cohuna, Deakin, Rochester,
Rodney, and Shepparton have plg popula-
tions among the highest in Victoria.

With a move towards intensive productilon
and a slgnificant reduction of small
enterprlses in this industry has come a
weakening of its traditional assoeiation
with the dalry industries. Most pilgs in
the study area are fed cereal-based
rations, wilth a minority fed dairy by-
products.

Plgs produced in the study area had a
gross value of $16.5 million in 1980/81.

Research Stations and Colleges

The Department of Agriculture has a num-
ber of agricultural research stations
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located in the area: the Irrigation
Research Instltute at Tatura, the Animal
and Irrigation Pastures Institute at
Kyabram, and the Rutherglen Research
Institute, socuth-eazt of Rutherglen.
During 1983, Doockie Agricultural College
becomes the Dooklie Campus of the Victor-
1an College of Agriculture and Hortilcul-
ture,

Irrigation Research Institute, Tatura

The Instlitute was originally established
as a horticultural research station in
1937, to select new varletles of peaches
and pears for the Goulburn Valley cann-
ing industry.

Research work Included field trials to
test pruning methods, soll management,
timing of irrigation, and fertillzing
inputs and weedlicide requirements for
orchards 1in the Goulburn Valley.

Following restructuring of the Depart-
ment of Agriculture in 1976, the Horti-
cultural Research Station became the
Irrigation Research Institute, one of
five research institutes in the Division
of Plant Research.

The Institute occuples 42 ha of publiec
land and employs a staff of 80. Current
research emphasis 1s being placed on
laboratory work and field instrumenta-
tion rather than fleld trlals. Research
activity is belng directed into three
areas: row and fleld crops, horticulture
and 1rrigation technology, and salinity.



Anlmal and Irrigated Pastures Research
[natitute, Kyabram.

Oecupying 250 ha of purchased freehold
land and administered by the Department
ol Agriculture, the Institute undertakes
research lnto animal production on irri-
gated land. It lles 1 km south of the
town of EKyabram, in the centre of the
Vietorian irrigation areas. At present
lts research 1s concentrated on dairy
production, as this 1s the major animal
industry 1In irrigated areas.

The Instltute commenced experimentation
in 1959 on fertilizers for pastures and
production of prime lambs. It has con-
ducted research lntoc water use, pasture
specles, soll amelioration, the use of
superphosphate, sheep stocking rates,
beef and dalry stocking rates, and bloat
prevention. Other research has lnvest-
igated tomatoes, row crops, field crops
and lucerne,

-

In 1979, the Institute restrlicted 1ts
research work to dairying, but this in-
cludes research into pasture productlon,
crop production, and pasture and crop
utilization by cows.

Dookie Agricultural College

The College occuples 2,448 ha of publie
land and encompasses a range of soll
types and topographlc features. HNotable
features include the frontage to the
Broken River, wooded hills and a signif-
lecant portion of Mount Major (380 m

Dookie Agricultural College

above sea level), and a 150-ha native
eucalypt forest.

The College farm area has been developed
to provide students wlth an opportunity
to develop farm skills and an appreclat-
ion of the ongoing technological devel-
opments in agriculture. Activitles at
the College include a minimal-dlsease
piggery of 240 sows, a Poll Hereford
stud of 200 breeders, a Merinc sheep
flock, a erossbred sheep flock, an orch-
ard of 8 ha, and a lU-ha vineyard. Gross
ilncome of the farm for the year endlng
June 1982 exceeded $460,500.

The land on which the College and its
farm are located 1s assigned under the



Agricul tural Education Aet 1958 for
agricultural educat fon.

Rutherglen Research Institute

Situated 7 km south-east of Rutherglen,
the Institute 1s the dryland cropping
information ecentre for northern and
north-eastern Victoria. It occupies 800
ha and employs a staff of between 65 and
70 people. Although 1t had 1lts beginn-
ing as a viticultural college, the Ins-

titute is limlting its research in this
field, which 1t will carry out 1In assoc-
lation with distriect vignerons.

The Instltute conducts farming-system
researcy involving the production of
crops, pasture, and livestock, and thelr
integration into a single farm unit.

Its research is primarily almed at in-
creasing the productlvity of mixed farms
sltuated on the neutral to acid soils,

Foden engine with chaff cutter and steam pipe

to dampen hay, Boort 1820
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where subterranean clover 1s the major
pasture legume. It piloneered much of
the early work on teopdressing with
superphosphate and the incluslion of
clover leys in crop rotations.

Over a long perlod, the Institute has
played a majJor part in altering agricul-
tural use of the higher-rainfall parts
of the wheat belt,

In recent years, 1t has been responsible
for demonstrating the practicability of
sowlng crops wlthout any seed-bed prep-
aration - known as direct drilling - and
for the development of techniques that
enabled lupin-cropping to be established
as a commerclal enterprise.

The Institute currently lists 19 major
research projects, including:

* improving lambing performance of
sheep in north-eastern Victoria

¥ assessment of sheep carcass charac-
teristics and thelr relation to pro-
duction systems and marketing needs

¥ 1improved wheat production in north-
eastern Victorla by tillage, rotat-
ions, and fertilizers

¥ improved pasture production in north-
eastern Viectorla

¥ the production of rape seed varletles
with improved yield, oil-yleld and
quality, and field characterlistics

Grazing on Publiec Land

Grazing of public land by domestlc anim-
als is a well-established historical
practice and has been carried out in the
study area since European settlement.

Earliest records of grazing by domestic
animals on the public land are those of
Edmund Curr. During the decade 1841--
51, Curr (a squatter) regularly drove
sheep from winter runs 1n southern Vict-
orla to the luxurlant summer pastures of
molra grass that developed in the Barmah
Forest after the winter--spring flood-
ing.

Since those days, forest grazing has
gradually come under government control
and has continued as an important ad-
junet to the local farming community, as
it alleocws extra stock to be carried over
the dry summer and autumn.

Grazing of public land 1s either by lic-
ence or aglstment permit.

Licensed grazing involves a rental (be-
ing set for a specified period), based
on the carrying capaclty of the area and
charged on a per-hectare basis. There
1z a minimum licence fee. The licence
may specify other conditions pertaining
to the grazing use.

In agisted grazing, the public land man-
aging authority regulates the number of
stoeck permitted to graze on a given area
according to the condition of the ground



Cattle grazing in reserved forest
- Cobram

vegetation. Rent 1s pald on a per-head
basls over a specifiled pericd.

Grazing on reserved forest is controlled
by the Forests Commission. Grazing on
other Crown land is controlled by the
Department of Crown Lands and Survey.

Virtually all of the reserved forest in
the study area, except the Warby Range,
ls grazed. Grazing is carried out under
licence or by agistment and mainly in-
volves cattle, sheep, and horses.

In addition, many of the smaller blocks
of other Crown land managed by the De-
partment of Crown Lands and Survey have
grazing licences over them.
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Ne licensee depends completely on publie
land for his livellhood. Forest grazing
may be consldered to be of wvalue to the
farmer, as 1t supplements production
from his freehold property. [t 18 par-
ticularly valuable durlng droughts, when
food on the farm is 1n short supply.

The best management usually involves
grazing forests adjacent to the llcens-
ees' freehold land, as is the case along
the Ovens Rlver,

Throughout the study area the stocklng
rates vary according to the quallty of
the site, season, and market trends.

Map 12 shows the major areas of reserved
forest currently held under grazing lic-
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ence or aglstment. They consist mainly
of river red gum forests and box forests
(the notable exception being the callit-
ris forests at Mount Terrlck Terrick and
the red l1lronbark--box forests at Killa-
warra).

Licensed grazing, reserved forest

Annually renewable occupatlon licences
authorize grazing on some 36,000 ha of
reserved forest, encompassing various
forest types. Rental, pald on a per-
hectare basls, depends con the carrylng
capaclty of the land. There is a minil-
mum licence fee,

During 1982, 291 grazing llcences cover-
ed some 36,000 ha of reserved forest, on
which 256 individual licensees grazed
cattle, sheep, and horses. Rentals
ranged from $0.48 to $2.66 per ha, with
the minimum licence fee being $25.00.
Total rental from these licences amount-
ed to $46,000 in 1982.

Most of the licence areas are small. OfF
the 291 licences, 39% covered less than
20 ha, 20% between 20 and 50 ha, and 23%
between 50 and 150 ha. Only 2% of the
licences covered areas greater than
1,000 ha.

Licensees use thelr areas regularly and
have fenced most of them, whileh usually
adjoin licensees' freehold property.

The main forest types grazed under lic-~
ence are the river red gum forests along

the Ovens, Goulburn, and Murray Rivers,
the black and grey box forests adjoining
these, and the box--ironbark forests at
Klllawarra, where the whole block 1s
grazed by sheep.

In the Cohuna area, the forests adjacent
to the irrigated dairy farms are grazed
by drled-off dalry cows.

On other Crown land

The Department of Crown Lands and Survey
generally issues three forms of licences
for grazing on other Crown land.

The first type (section 130 grazing lic-
ences) cover small to large blocks of
Crown land. These have a minimum fee of
$50.00, and an estimated 300--400 apply
within the Murray Valley study area.

Licences of the second type - water-
frontage licences - cover Crown stream
frontages and are lssued to adjoining
land-owners. These license them to
occupy Crown land, enabling them to save
fencing costs and give stock access to
water. Minimum fee for these ranges be-
tween $25 and $50 depending on the area.
At least 1,000 of these licences apply
in the Murray Valley study area.

Unused-road licences (the third form)
are lssued to adjolning land-owners to
cover roads declared unused by the
Shires. Thesge save land-owners the cost
of fencing and give limlted grazing.

The minimum fee for these also ranges



petween $25 and $50, depending on the
area. It 1is estimated that as many as
2,000 of them apply 1n the Murray Valley

study area.

Cultivation on grazing licences can only
be permitted by the Minlister of Lands 1f
its purpose is to contrel vermin or
noxious weeds, but can be permitted more
widely on frontage or unused-road lic-
ences.,

hAgisted grazing

Currently, 50 stock-owners aglst some
2,000 cattle on 45,000 ha of reserved
forest in the study area, comprising 15
agistment areas located around Gunbower,
Barmah, Ccbram, Boosey, and Mount Terr-
ick Terrick. Nine of these sites adjoln
fenced areas within the 2,500-ha
callltris--box forest at Mount Terrick
Terrick.

Currently, the stocking rate is only
one-third of the level attained prior to
the slump in beef cattle prices that
occurred during the 1970s.

The agisters usually have farms near the
forest, but not necessarily abutting the
agisted public land, as 1s the case with
llcenced grazing. The largest agistment
area - 22,260 ha - forms the bulk of the
Barmah Forest. Annual stocking is
determined by a committee of Forests
Commission personnel and local graziers,
and the Forests Commlission employs a
herdsman.
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Cattle hooves ean cause pugging of the
goil - Benwell forest

Agistment 1n the Barmah 1s restricted

to perscons who llive in the Shilre of
Nathalla while in the Gunbower Forest it
i1s restricted to persons who llve within
a 25-km radius of the forest.

The Department of Crown Lands and Survey
was recently given the power to lssue
agistment permits over other Crown land.
Although low at present, the number of
these in the study area 1is increasing.

Impact of grazing

Relatively 1ittle 1s known about the im-
pact that grazing by introduced stock
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has on the natural vepgetation in the
Murray Valley area.

It 18 known that grazing animals such as
cattle are selective feeders, and there-
fore have the potential to influence the
florlstlecs of the area grazed, In some
parts of the public land, thls selective
grazing has probably 1initlated a change
in the understorey community - from one
domlnated by perennial summer-growing
indigenous specles to one dominated by
annual alien specles. Changes in ground
flora depend on the effective stocking
rate and the severity of the season.

If praging affects the composition of
the understorey flora it may alsc have
an effect on the ground-dwelling fauna-
through the alteration of the habitat.

Grazing may also aid the establishment
of alien plants through the reduction of
competitlon from indlgenous specles,
locallzed nutrient enrichment, ecreation
of bare gound, and the transportation

of seeds.

It is also known that grazing pressure
is not necessarily distributed evenly.

Even with low stocking numbers, localiz-
ed heavy grazing may occur 1n areas such
as those near water polints. Introduced
stock such as cattle and sheep have a
greater capacity than the soft-footed
indigenous animals to compact or cut up
the soll surface with their hooves. 1In
areas of locallzed heavy grazing, this
may contribute to soil eroslon.

While grazing in riverine forests may
benefit the regeneration of river red
gum (by reducing moisture competition),
in woodlands it may (in association with
rabbit infestations) retard the regener-
ation of trees such as Callitrie and
Casuarina spp.

Grazing of the publie land in the Murray
Valley area 1is often used as a fire-
management tcol. It reduces the fire
hazard - through removal of the standing
blo-mass that would become fuel for a
summer bushfire.

The impact of grazing on the vegetation,
soll, native wildlife, and recreation
may be reduced by malntalning a light
stocking rate, to ensure that the avall-
able forage 1s undergrazed.
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The apleculture industry depends on the
introduced honey bee, Apis mellifera.
This soclal 1insect collects and stores
quantities of plant nectar as a carbo-
hydrate food source. The excess 1s
harvested as honey. In the process, the
bees also collect pollen on speclally
adapted hairs on thelr rear legs. Pollen
is a protein food that they store, along
with nectar, for feeding. The pollina-
tion activity of honey bees, especially
in relation to agriculture and horticul-
tural e¢rops, 1s probably more important
than their commercial value as producers
of honey.

Publie lands of greatest Ilmportance to
the apleculture industry in the area are
the reserved forests located along the
Murray, Ovens, and Goulburn Rivers.

These contaln river red gum stands that
average one heavy summer f[lowering every
4 years.

Other areas of reserved forest, contain-
ing box--ironbark--stringybark eucalypts
(as at Killawarra and the Warby Range),
have importance for the industry because
of thelr species diversity and the re-
sulting varleties of honey produced.

The Warby Range and Killawarra forests
are also valued for overwinterlng, as
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they are generally warmer and more
accessible in winter than the river red
gum areas.

Throughout the Murray Valley area, road-
side verges, stream frontages, and small
bloecks of Crown land carry native vege-
tatlon. These also provide important
sources of nectar and pollen for the
apilarists.

Commercial bee~keeplng is a 'mlgratory'
industry. Operators truck their hives
to areas of high nectar ylield, following
the honey flows of different eucalypts.
They also travel to overwintering sites,
where the bees can build up their stocks
of pollen. Although they are mobile in
terms of access to honey flows through-
out Victoria, individual apiarists tend
to operate in certain parts of the study
area.

Some 80 apiarists regularly operate more
than 23,000 hives in the study area, but
these numbers could increase greatly in
seasons when prospects are greater here
than in other parts of the State.

The bulk of Vietorian honey is sold to
large processors, who clarify and pack
it for export and for the home market,
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Most bee-keepers also maintain a loeal
trade in their own areas. About half
the annual Australlan production 1s ex-
ported, mainly to the United Kingdom,
but the flnest honeys - such as that of
river red gum - are almost entlrely con-
sumed on the home market.

Aplarists also harvest quantities of
beeswax, a product with many uses, in-
cluding cosmetic and polish manufacture.

Honey valued at more than half a million
dollars and beeswax worth around $34,000
are produced here annually. This 1s the
value of direct production within the
area and does not take account of pro-
duction elsewhere following bulld-up and
preparatlon of bees 1ln the study area.

It is estimated that about 5--10% of
Vietoria's honey products come from the
study area. This proportion 1is extreme-
ly variable, however, and could be
significantly higher 1in years when heavy
flowering occurs.

[mportant plant speciles

Fucalypts are the most Important honey-
producing specles, but others - whieh do
not produce high nectar ylelds, or on
their own produce a poor-quality honey -
can be particularly important for brood
rearing. These 1lnclude wattles, she-
oaks, sweet bursaria, and lignum. The
followling species are the maln eucalypt
honey flora and are listed 1n order of
importance.

River red pgum (Fucalyptus camaldulensig)
is a valuable tree for the bee-keeper.
It often secretes nectar very profusely
and 1s one of the heaviest yielders. It
yilelds a straw-coloured honey, not gquite
so dense as that from yellow box, and
with a very good flavour. It produces
pollen in great quantltles, and this
makes 1t extremely valuable when grown
in pollen-deficlent areas. Average hon-
ey ylelds of 27 kg per hive per year are
obtained.

Grey box (E. microecarpa) produces honey
of excellent-flavour, amber coloured when
pure. It also produces large amounts of
cream-coloured pollen, which is import-
ant to the 1ndustry, as this iz the only
available source at the season's end -
that 1s, around autumn. Average annual
honey yields are about 14 kg per hive.

Blakely's red gum (E. blakelyi), also
known as hill gum by bee-keepers in the
area, produces a good honey wlth average
yields of 9--14 kg per hive per year.

Yellow box (E. melliodora) regularly
yields nectar to produce one of the
best-quality honeys avallable. Bees do
not collect its pollen, however, and
would scon deteriorate without access to
an alternative pollen source.

Red ironbark (E. sideroxylon) ylelds
coplous quantities of nectar to produce
first-grade honey, but (like yellow box)
produces little pollen. Average annual
honey ylelds are about 20 kg per hilve.



Black box (E. largiflorens) produces a
good-quality honey with a medlium flavour
and medlum amounts of eream-coloured
pollen. Honey ylelds average 27 kg per
hive per year.

Red box (E. polyanthemoe) produces a
good-quality honey, but nectar flows are
unreliable. Virtually no pollen is
yielded. Average honey yields of 2 kg
Per hive per year are obtalned.

Red stringybark (E. macrorhyncha) varies
in both nectar and pollen yleld. It
Produces a medium-grade honey, with av-
erage annual yields of 5 kg per hive.
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Beehives situated in
reserved foreat, Gunbower
Island State Forest

Long-leafl box (E. gonioecalyx) produces a
medium~ to dark-cocloured honey of reas-
onable flavour and is a prolifle yielder
of pollen. Bees winter well on 1t.
Average honey ylelds of 2 kg per hilve
per year are cbtalned.

White box (E. albene) ylelds profuse
amounts of nectar and produces a first-
class honey of light colour and mild
flavour. It is not a reliable yielder
of pollen.

On agricultural and hortlcultural land,
lucerne, seed crops, and varicus clovers
are lmportant scurces of nectar and
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pcllen. Declared noxious weeds such as
Fatterson's curse, thlstles, and black-
berries are also lmportant =sources. A
potentlal disadvantage in utilizing any
of these plants lies 1n the application
of pesticlides - to protect the former
group and kill the latter - that can
rapldly decimate a whole apilary.

Licensed bee-keeping on publle land

On private forested and agricultural
land, siting of hives 1s by arrangement
with the land-owner.

Licensing of bee sites in reserved for-
est 13 carried ocut by the Forests Comm-
ission. The reserved forest 1s divided
up into a system of licensed sites -
elther temporary or permanent.

A permanent slte has 1ts centre marked
in the field and generates a llcensed
bee range of 1.b-km (l-mile) radius. The
rental charged for a permanent bee-farm
and range licence depends on the number
of hectares of reserved forest within
the circle. At June 1982, 81 of the 91
permanent sltes were held under licence.

A temporary bee-farm and range llcence
covers an area of 0.8-km (%-mlle) radius
and 1s renewable each guarter on payment
of a flat-rate charge.

Few temporary sltes were held under
licence at June 1982, but during a good
flowering season an estimated 100 temp-
orary sltes could be llcensed. The

middle sections of the Barmah and Gun-
bower Island State Forest - for reasons
of limlted access (flooding) or limited
water (during droughts) - are suited to
temporary rather than permanent bee-farm
and range llcences.

Sites are located 1n reserved forest so
that minimal overlap of licensed bee
ranges ogccurs.

Substantially more than half of the re-
served forest In the study area is
avallable for honey production (see Map
12), and 1n 1982 the Forests Commission
received $3,814 in revenue from licens-
ing permanent and temporary sites.

The Department of Crown Lands and Survey
operates a similar system of licences on
other Crown land. It 1s estimated that
this Department licenses about 20 temp-
orary sites and 12 permanent sites in
the study area.

The number of licenced sites does not
reflect the use of publlic land for api-
culture, for bees sited on private prop-
erty work the adjacent public land. It
has been estimated that, for every site
on public land, up to a dozen bee-keep-
ers could be using this land from priv-
ate property.

Reference
Goodman, R.D. (1973). 'Honey Flora of

Vietorlia.' (Government Printer: Mel-
bourne. )
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19. MINERAL AND STONE PRODUCTION

The term 'mineral', as defined in the
Mineg Aet (1958), includes metals, gems,
and precious stones, elther as ores or
in their native states: bauxite, gypsum,
magnesite, coal, pigments, and other
similar materials. In this report, it
also includes gold. 'Mining' is defined
as the extractlion of any mineral or min-
erals from the ground or from tallings
and 1s carried out under the conditions
of a Miner's Right claim, or mining
lease.

'Stone', as defined in the Extractive
Industries Aet (1966), 1s a general term
for sand, gravel, limestone, sandstone,
Elate, basalt, granite, clay, soll, ete.
'Extractive industry' 1s deflined as the
extraction of any stone and 1s carriled
ocut under the condlitlons of an extract-
ive industry licence or lease. ‘'Quarry-
ing' 1s a term generally used for the
extraction of stone. Mlneral and stone
information is included in the geclogic-
al map (Map 4).

Minerals
The aetivities of mining companies ecan
be divided into two categories - mining
and exploration. Mining (which excludes
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quarrying) in the study area 1s carried
out on a small scale and 1s confined
entirely to the mining of gypsum in the
far west. All other current activity
assoclated with minerals here 1s of an
exploratory nature.

Over the last 3 years, local exploration
activity has increased. Much of the
Murray Valley area is under llcence for
exploration: at the beginning of Novem-
ber 1982, 18 exploration licences were
current there and a further flive had
been applied for.

The main company involved in the area is
CRA Exploration, which is currently
searching for coal, gold, and diamonds
(see Table 19).

Map 13 shows the locations of these ex-
ploration licences. Most of the compan-
ies originally applled to search for
uranium, but because of the current
State Labour Government policy this min-
eral has been execlsed from the licences.

Coal

As previously noted, much of the region
1s being actively prospected for coal.



Table 19 TENEMENTS ISSUED BY THE DEPARTMENT OF MINERALS

Mineral
Type Lessee or Status Parilsh Area Owner
stone (ha)

Mining lease

329-1 Northern Gypsum Gypsum Expires 13/9/87 Boort 15.7 Crown

596 Smith & Smith L i 12/11/84 Terrick Terrick 2.3 Shire of
West Gordon

978 Northern Gypsum - Application Boort 13.7 Crown

984 Northern Gypsum " Application Terrick Terrick 12 Crown
West

988 Smith & Smith . Application Terrick Terrick 5 Shire of
West Gordon

Tailing liecence

4260 Shire of Gravel Expilres 31/1/84 Lilliput X Crown

(removal ) Rutherglen

(Southern

Consols)

Extractive 1ndustry lease

36 Manson & Son Granite Renewal App. Terrick Terrick 28 Crown
West

208 Rochester Shire Chert Expires 12/4/86  Nanneela 20 Crown

¥ Most exploratlion licences include some publie lands

Informatlion from existling bore holes 1in
north-eastern Viectorla shows that almost
the entire Murray Valley area west of

Shepparton contalns sediments that may
supply economle quantities of coal.
Sediments of fresh-water origin that are
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AND ENERGY ON THE PUBLIC LAND, MURRAY VALLEY AREA (AS AT 28,/10/82)

Production Mineral exploration licences#*
(1980/81 unless
otherwlise stated) No. Lessee Status Area (km?)
781  CRA Expires 30/7/83 528
795 " " " 792
?95 " 1 1 523
15,667 tonnes 797 " i % 396
Bﬂ? " i 1" 66[}
BGB " 1" " 314-?
Bﬂg " " 1" 678
81{] " 1" " 725
Bll n n n uﬁg
822 b s 19/6/83 66
823 " ] " 198
885 " " " 66
953 i Application h62
706 m3 (Apr.'78 972 " Expires 3/7/83 66
--Dec.'81) 991 Freeport " 27/5/83 726
1062 CRA " 30/7/83 275
1063 ) 9 22/10/83 T
106" " " " 392
1083 " Application 792
1165 Mineral Management Expires 1/4/83 330
90 tonnes 1225 Duval Mining & Picon Expl. Application 396
1264 CRA " 792
122,400 tonnes 1273 - " 132
highly carbonaceous and/or contaln foss- through Mitiamo, Mount Terrick Terrick,
11 wood fragments are 1likely to contain and Pyramid Hill, to Mount Hope. This
ccal deposits. An exception 1s a promi- zone comprises granitic intrusions of
nent sub-surface ridge that runs in a Ordovician age and is likely to prove

north-west directlion from Kamarooka unprospective for coal (see Map 14).
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Diamonds

Minor occurrences of diamonds in alluv-
1al sedlments have previously been re-
ported north of Beechworth and within
the study area south-east of Rutherglen.
In addition, much of the Murray Valley
is belng explored for dlamonds, either
a5 buried im situx occurrences assoclated
with basle igneous intrusive rocks or as
buried alluvial deposits.

Gold

The most important gold-producling area
here lies in a belt of country running
north-west from Chlltern to Rutherglen.
Numerous auriferous quartz reefs occur
throughout the Ordovicilan sediments, but
the majority have proved narrow and of
relatively low grade (7.65 g per tonne).
The real importance appears to lie 1n
the alluvial gold (and tin) deposits to
be found here.

Mining of both reefs and shallow leads
commenced in the late 1850s, and several
leads were exploited. These included
the Lancashire Lead (4 miles east of
Chiltern), the main Chiltern Valley
Lead, the Barambogle Lead (lying immed-
lately to the scuth-east of the rallway
line that runs through Chilltern Town-
ship), the Indigo Lead (located between
Chiltern and Rutherglen), and the Prent-
lee Lead (to the east of Rutherglen).
The geologlcal map (Map 4) shows the ex-
tent of the Chiltern Valley, Indigo, and
Prentice leads.

Many thousands of ounces of gold have
been produced from this field, which
remains highly prospectlive, especially
for alluvial deposits.

Two other minor alluvial fields occur -
one straddling the Hume Highway Jjust
south of Benalla, and the other at Tam-
leugh North.

Many of the mullock dumps from the deep
lead mining around Rutherglen, a number
of which are on public land, have had
tallings licences over them from time to
time. Often, the material 1s extracted
for road gravel. Indeed, one current
talling licence allows removal of mat-
erial for road purposes (see Table 19).

Fluorite

This mineral has been reported in minor
amounts throughout the Warby Range. Two
localities (1.5 km west of Mount Warby
and 1.5 km north of The Willows) possib-
ly contain economlie guantitles. The
fluorite typlcally oeccurs wlthin quartz
veins, which may be up to 10 m wide. At
the Mount Warby locality, the quartz
veining is estimated to cover an area of
about 1 sq. km.

Gypsum

Numerous gypsum deposits occur through-
out the north-west of the State. Within
the study area such deposits cccur on
Crown land near Boort and Terrick Terr-
ick, where one mining lease 1s current
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and two others have been applied for.
At Terrick Terrick West, also, a mining
lease and a mining lease appliecation te
extract gypsum from municipal land are

current.

Iron and manganese

Limonite and assoclated manganese oxide
occur on the north slide of Mount Major
near Dookie. The body has a variable
width and, according to estimates, prob-
ably contains some thousands of tonnes
of lilmonite at the surface. As has been
shown, however, 1t does not extend under
the surface to any appreciable depth.
Assays show iron values between 35 and
50%, while manganese - which occurs as a
series of incrustations - is relatively
impure. Host rocks 1include tuffs and
cherty shales, which are intimately ass-
ociated with altered lavas. Such a geo-
logleal environment would be highly
prospective for the well-kKnown pyritlic—-
copper ore bodies. An exploration
licence is currently held over the whole
area by Freeport of Australia Inec (No.

991).
Kaolinlite

Several small occurrences of kaolinite
oceur throughout the area, with at least
two havlng been recorded on Crown land -
West of Nalinga on the Midland Highway,
and on Mount Terrick Terriek, south-west
of Pyramid Hill. The latter deposit has
been derived from the weathering of Dev-
onian granites.
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Phosphate

Near Killawarra, 14 km north-west of
Wangaratta, a small occurrence of wav-
ellite (hydrated aluminous phosphate) is
assoclated with faulted Upper Ordovician
sediments.

M™n

Alluvial tin, probably derived from
nearby granitold rocks, commonly occurs
in assoclation with alluvial gold around
Chiltern and Rutherglen. Although
casslterite 1s but a minor by-product of
gold-mining in the area, the Chlltern
district has produced a significant ton-
nage of tin ore.

Stone

Stone 1s required throughout the region
for roading, filling, and various con-
struction projects. Because of the
extensive clayey sediments in the Murray
Valley area, many Shires experience
difficulties in obtaining enough stone
with propertles suitable for construct-
lon purposes. As little Crown land
remains here, most quarrylng activity
occurs on private land: more than 60
commercial quarrying operations under
extractive industry llicences occupy
private land in the study area. The main
materials extracted 1nclude granite,
sand, mine tailings, and gravel.

Extraction of stone from the Crown lands
is currently around 286,000 m3 annually.
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Sand pit - Murrabit forest

This filgure 1s made up of stone extract-
ed by the Shires from public lands, and
production from the two commerclal
quarries operating under extractive ind-
ustry lease on public land (see Tables
19 and 20).

Extractive industries are subject to the
provisions of the Extrgetive Industries
Act 1966 on Crown land and private land
and to those of the Forests Aet 1in re-
served forest.

The Department of Minerals and Energy
1ssues permits to search for stone as
deflined under the Extractive Industries

Aet., For purposes of commercial quarry-
ing, the Department 1ssues leases on

s i
Crown land and licences on private land,

Municipal bodies and the Country Roads
Board make non-commerclal extracticons
and therefore are not subject to leasing
or licensing under this Aet. They are,
however, subject to licenslng under the
Foreate Aet 1f extractlons take place in
reserved forest. (Extractions of less
than 2 m are regulated by the Soil Cons-
ervation & Land Utilization det 1958 and
the Land Aet 1958.)

Extraction from streams (a special case)
requires consultation with State Rivers
and Water Supply Commission, Fisheriles
and Wildlife Division, Soil Conservation
Authority, and River Improvement Trust
(if established). Current guildelines
allow stream extractlion to be permitted
only 1if such extraction 1s desirable for
stream management. In areas of limlted
material where recharge 1s low or absent
(such as in the lower Goulburn River) it
1s seldom permitted.

Sand extraction from beaches on the left
bank of the Murray River 1s the respons-
ibility of the relevant New South Wales
authority.

Parts of the study area offer potential
for further stone quarrying and extrac-
tion, especially where the highlands, or
isolated outliers of bedrock, occcur 1n

the area. Briefly, such localities in-
clude the Cambrian dolerites and gabbros
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Table 20

SUMMARY OF STONE EXTRACTION FRCM CROWN LAND
BY SHIRES

Shire Public land Details
Euroca Gravel plt next to Hume Approximately 30% of the Shire's supply
Highway comes from this plt. Total Shire 3
production for 1981/82 was 28,600 m-.
Kerang Two localities in the Sand extraction for the Shilre comes from
State Forests of Guttram these two pits, which contain the only
and Benwell known sand deposits in the Shire east of
the Loddon Rlver sultable for road con-
struction. Production from these plts
in 1981/82 was 9,500 m3, representing
12.65% of total gravel and sand used by
the Shire.
Rutherglen Two localltlies occur on The Shire uses mine talilings from Great
Crown land Southern and Wallace Consols. Total
production from these for 1981/82 was
5,000 m3. The Shire estimates that for
1982/83 6,000 m3 will come from Crown
land and 28,000 m3 from private land.
Wangaratta Boorhaman North pit, The Shire operates three plts withln the
Wilsons pit, Nicklaur pit Murray Valley area on Crown land._ Total
production in 1981/82 was 4,023 m3.
A1l shires Total 47,523 m3

Note: The remaining 13 shires in the study area currently do not
extract stone from public lands.



Quarry at Pyramid Hill -
viewed from Pyramid Hill

itaelf

on and around Mount Major. These rocks
would be sultable for crushed aggregate.

Medium-gralned granlte has been quarrlied
from the eastern slde of the Warby Range
near the Taminick Gap road, and has been
used for the construction of churches 1n
Wangaratta and Glenrowan. At present,
just outside the study area at Glenrow-
an, 1t l1s being quarried and crushed on
publie land.

Sand and gravel deposlts are widespread,
and In many 1nstances are sultable for

extraction. An example 1is the fossil
sand dune located on the eastern edge of
Lake Mokoan.

References

Cochrane, G.W. (1971). Tin deposits of
Victorla. Geologieal Survey of Vietor-
ia Bulletin No. 60.

Tickell, S5.J. (1977). Explanatory notes
on the Glenrowan and Wangaratta 1:50,000
geological map. Geologiecal Survey of
Vietoria Report, 1977/13.
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20. WATER UTILIZATIGN

Historical Development

European settlement in the area com-
menced in the 1840s, when squatters took
up large tracts of land to raise sheep.
After the gold fever of the 1850s had
abated, the land was 'unlocked' by Land
Acts deslgned to encourage settlement,
and increasing areas of pastoral land
were taken up for dryland farming. In
years of average rainfall the area could
sustain this form of agriculture, but
unreliable rainfall and frequent drought
meant that many farmers suffered seriocus
hardships.

Good rains fell between 1870 and 1876,
and so settlement expanded rapidly.
More land in the area was taken up for
farming, and landholders were falrly
prospercus until the long drought from
1877 to 1881, which brought disaster.

The Victorian government responded to
the crisis bg passling the Water Conserv-
ation Aet 1883, which provided for the
establishment of Irrigation Trusts. In
the 1880s and '90s many such Trusts were
formed in the Loddon and Goulburn dis-
tricts, but it became clear in the 1900s
that they could not cope with the neces-

sary construction of storage and divers-
ion works. The main problem was one of
finance, as in the wet years land-owners
made no demand for water and, conse-
quently, no payments. In the dry years
demand for water and willlngness to pay
for it were high, but very little water
was available.

In 1881, John Garden of Cohuna had
demonstrated the feaslibility of irrig-
ation by watering 900 acres of wheat and
grass from the Barr Creek near Cohuna.
His crop of 20--40 bushels an acre was
outstanding for the time, the average
district yield being 2 bushels, and it
earned him the title 'Ploneer of Irrig-
ation'.

Not until 1889, however, when the Vie-
torian government completed work on the
Goulburn Weir, did irrigation become
feasible in the Goulburn Valley.

Storing more than 25,000 ML and bullt of
concrete, faced with massive granlite
blocks, the welr is still in service
today, having withstcod 90 years of
Goulburn River floods. Raising the sum-
mer river level 14.6 m allows the water
to be diverted by gravity in two direct-
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lons - eastwards to the Shepparton area
and westwards to Waranga Reservolr.

In 1905 the government established the
State Rlvers and Water Supply Commliss-
lon. The Commisslon conscolidated the
Trust areas into Irrigation Districts
and extended diversion from the Murray
after 1907 by erecting pumping plants at
Koondrook and Cohuna. Irrigation ex-
panded accordingly, although the lack of
major water storages restricted these
developments.

From 1913 to 1933 the Commisslion was the
statutory Closer Settlement Authorlty
for irrigation areas in Victoria, and
during thils time the Rochester, Sheppar-
ton, and Tongala areas were settled.
With the expansion of settlement, and an
inereasing dependence on irrigation, it
was reallzed that additlonal storage
capacity was needed. This led to the
constructlion of River Murray Commission
storages - including Torrumbarry Welr
(1924), Hume Reservolr (1931), and
Yarrawonga Welr (1939). Water from
these storages greatly increased the
area of the Murray Valley that could be
irrigated.

Constructlion of Elldon Dam was completed
in 1955 and resulted in a doubling of
Victoria's water storage capacity. Fur-
ther additional storage capacity was
sti1ll needed, however.

Since the 1950s, the main expansion in
irrigation has stemmed from intensifica-

tion of water use and the development of
a 120,000-ha irrigation district around
Cobram and Numurkah. By 1955 work aon
the main supply channels was completed,

When lrrigation began, no thought was
given to proper water management. Land
was 'wild flooded', with channels often
eriss-crossing highly permeable solls
derived from prior stream-beds. The
irrigation system was poorly designed,
and drainage of used watei was not con-
sldered. Consequently, underground
water tables rose and concentrations of
salt reached plant root zones. Salinity
was first noticed around Cohuna in the
early 1900s and developed rapidly around
Kerang from 1908,

The constructlion of surface dralns began
in Rochester in 1917, and considerable
constructlon was alsc carried cut in the
Shires of Deakin, Tongala, Stanhope, and
Rodney between 1920 and 1930, and around
Kerang and Cohuna in 1933--36. The
extension of the surface dralnage system
continues today.

River Murray Commission

As the Murray River is a major source of
water for 1rrigation in Viectorla, New
South Wales, and Scuth Australia, there
has always been a need for co-operation
between the three States. In 1951, the
federal government and the three State
governments established the Rlver Murray
Commission. 1Initially, 1ts main func-
tlon was to ensure sufficient water for
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Construetion of Hume Reservoir, about 1930, greatly increased irrigation capacity



Making a new farm channel, with the help
of 8 horsea - Numurkah area, about 1946

navigation, but the storage and alloecat-
fon of water for irrigation and domestic
use have now become 1ts major concerns.

[ts actlivlitles are malnly confined to
control of the river and storages in
accordance with the River Murray Water
Aet, 1915. For majJor works, the detail-
ed deslign, construction, malntenance,
and staffing are carried out by the
appropriate constructlon authority in
each State, each acting, 1n effect, as
the Commission's agent. 1In Viectorila,
the State Rivers and Water Supply
Commlission assumes this functilion.

Water 1s apportloned between the States
under two different arrangements, de-
pending on the amount avallable for
distributlon. South Australla receives
an assured minimum monthly supply, while
Victoria and New South Wales retaln the
right, at all times, to make use of
waters of tributaries within their bord-
ers as they see flt, subject to the
requirement that South Australla's full
entitlement 1s provided.

Irrigation

Irrigation 1s the controlled application
of water to the land 1in order to in-
crease agricultural productlion. The
amount applled varies with the need to
supplement rainfall in order to maintain
plant growth. Removal of excess water
from irrigated land is also essential to
maintaln peak agricultural production.
Improved drainage of both surface and
groundwater 1s an essential part of land
management in irrigation districts.

Goulburn--Murray Irrigation System

The Murray Valley area contalns the bulk
of this system, which includes the
Murray Valley, Cohuna, Koondrook, Shepp-
arton, Rochester, and Tragowel Plains
Irrigation Areas, and parts of the Ker-
ang, Third Lake, Rodney, Tongala, Call-
vil, and Boort Irrigation Areas and of
the Campaspe Irrigation District.

It also includes parts of the East Lodd-
on and West Loddon Waterworks Districts.



The Goulburn--Murray Irrigation System
is Australia's largest, irrigating more
than 425,000 hectares annually.

The Goulburn--Murray Irrigation District
was constituted in 1959 and defined
under sectlion 62 and schedule 3A of the
Water Aet 1958. In broad outline, it
stretches 1ln a semi-clirele 1nland from
the Murray River between Swan H11ll and
Yarrawonga, wilth 1ts scuthern boundary
running through Boort, Rushworth, and
Murchison. Maln sources of 1ts water
supply are the Murray and that river's
largest Victorian tributary, the Goul-
burn.

It contains some of the nation's richest
farmlands, which produce a range of com-
modities including dairy goods, soft
fruit, rfat lambs, beefl, and vegetables.
The farms depend on lrrigation to over-
come the effects of limited rainfall,
variable river flow, and drought.

In the north, the District receives
irrigation water from the Murray, which
1s stored and regulated at Dartmouth
Dam, Lake Hume, Yarrawonga Welr, and
Torrumbarry Weir.

Water from Yarrawonga Welir (or Lake
Mulwala) 1s diverted and distributed by
gravity to irrigators around Cobram, and
to the rest of the Murray Valley Irriga-
tion Area via the Yarrawonga Main Chan-
nel. Torrumbarry Weir supplies water by
gravity to the Cohuna, Kerang, Koon-
drook, and Third Lake Area via a natural

drainage system, which includes Kow
Swamp and Gunbower and Pyramid Creeks.
Between the Yarrawonga and Torrumbarry
Weirs, the flow of the Murray decreases
with distance downstream because of the
requirements for lrrigation on both
sides of the river.

Lake Eildon supplies more than half of
the water for the Goulburn--Murray
irrigators. It can store enough water
ffor more than one l1lrrigatlion season,
thereby minimizing the effects of pro-
longed drought.

Torrumbarry Weir (a trestle weir) can be
taken out of the water for maintenance
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On release, water from Lake Elldon {lows
down the Goulburn River to the Goulburn
Welr. From there it 1s transferred by
gravity - eastwards via the East Goul-
burn Maln Channel (completed in 1910 and
substantially enlarged in 1958) or west-
wards to Waranga Reservoir via the
Stuart Murray and Cattanach Canals (com-
pleted in 1904 and 1956 respectively).
From Waranga Reservoir, water travels
westwards via the Waranga Western Main
Channel, which extends some 230 miles to
beyond Birchip.

Apart from construction of a number of
small welrs in the 1880s, the first step
taken towards the conservation and use
of water resources of the Ovens, Loddon,
Broken, and Campaspe Rlver systems was
the completion of Laanecoorie Reservolr
on the Loddon in 1891. Other Loddon
Rliver storages, completed later, were
Cairn Curran Reservolr in 1956 and Tull-
aroop Reservolr in 1959. These provide
an assured supply of irrigation water to
diverters along the Loddon River as well
as supplementing supplies to irrigators
in the extreme west of the area.

A further flve storages were completed
during the 1960s and early 1970s. Lake
Eppalock, completed in 1962, supplies
water to diverters on the Campaspe Rilver
and supplements 1rrigation in the south.

LLake Mokoan and Lake Nillahcootle store
the waters of the Broken River system,
and Lake Buffalo and Lake William Hovell
those of the Ovens River system.

Irrigation methods

Pastures are generally irrigated by
flooding: farmers allow the water to
flow across the field by opening outlets
from the 1rrigation channels located at
its highest boundary.

The adoption of laser-levelling tech-
niques for large tracts of 1irrigable
land In the area has corrected previous
faults due to lack of uniformity of app-
lication (caused by uneven grades), and
to under-drainage.

Orchards, market gardens, and vineyards
are usually furrow-irrigated: water from
the lrrigatlon channel 1s dlrected down
furrows between the rows of trees.

Increased salinity and high watertables
have resulted 1in many orchardists adopt-
ing tile dralnage to control groundwater
levels. Sprinkler irrigation, either
overhead or under-tree, allows better
control of deep percolation and economy
of water use, but it is costly to in-
stall.

Modern low-flow systems of irripation
are also used 1in orchards. These are
trickle, microjet, or minisprinkle
systems, and offer better effieciency of
water management than traditlonal
sprinkler methods.

Charges made to farmers for irrigation
water cover the operation, malntenance,
and management costs of the system used.



Drainage

Historically, the provision of drainage
systems in most 1rrigation areas lagged
behind the installation of supply syst-
ems, and the backlog has yet to be over-
come .

Initial co-~ordinated drainage schemes
here carried operational surpluses only,
and natural dralnage patterns handled
the surface run-off problem.

More recently, however, additional
drailns have been buillt throughout much
of the irrigated areas to carry surplus
water away, thereby helping to control
the water tables and maintain the via-
bility of properties.
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Throughout the area, many
drainage schemes have been con-
gtructed in order to reduce the
frequency and extent of flood-
ing (Jubilee Swamp about 1360)

The very low-relief landscape and natur-
al flood patterns of the local rlvers
and streams make 1t very difficult to
deslign and operate a surface dralnage
system capable of handling all silgnifi-
cant flood events. In the eastern part
of the Goulburn--Murray Irrigation Dls-
trict, however, co-ordinated dralnage
capacity has been greatly enlarged 1n
order to cope wlth significant looding.

In some places, such as Kerang, ground-
water levels have risen to such an ex-
tent that artificial drainage - princi-
pally for groundwater control - may be
necessary.

Disposal of the groundwater depends on
its quality. Good-quality groundwater
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Table 21

WATER DELIVERED IN TRRIGATION AREAS
(1980/81)

District Water delivered (ML)

Murray System

Murray Valley 348,910
Cohuna 222,234
Koondrook 108,204
Kerang 53,000%
Third Lake 3,000%
700,000

Goulburn-~Campaspe--Loddon Systems

Shepparton 236,397
Rodney 350,000%
Tongala 156,000
Rochester 237,947
Campaspe 30,000%
Calivil 16,000%
Tragowel 148,209
Boort 40 ,000%
East--West Loddon 2,000%
1,200,000
Total 1,900,000

* Because part of the District lies
outslde the study area, the figure
glven 1s an estimate derived from the
amount of water known to have been
delivered throughout the whole Dis-
trict.

can be re-used for irrigation, blended
with higher-quality water for farm use,
or discharged 1lnto the system for use
downstream. If quallty 1s poor then
other disposal methods become necessary.
These include on-farm evaporatlion ponds,
on-farm storage with discharge in flood
perlods, community evaporation ponds,
and community off-river storage with
release in flood perlods.

Funds spent on irrigation drainage main-
tenance are ralsed from the 1rrigators
the dralnage system services, the extent
of malntenance belng determined each
year in consultation with local advisory
boards.

Current Utllization
Surface water

The estimated surface-water utilization
for irrigation in the Irrigation Areas
totalled 1,900,000 ML during 1980/81
(see Table 21)., Thils comprised 700,000
ML supplied from the Murray System and
1,200,000 ML from the Goulburn--Loddon
System.

In addition to this 1,900,000 ML, priv-
ate Irrlgatlion schemes in the study area
use some 100,000 ML of water annually
(as shown in Table 22). Most of these
schemes are operated by individual land-
owners, who pump water dlrectly from
watercourses under licences or permlts
issued by the State Rilvers and Water
Supply Commlssion. Many of the land-
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Table 22

AUTHORIZED ANNUAL WATER USE OUTSIDE IRRIGATION AREAS

Domestic Miscell-

Source Irrigation & stock aneous Total

Murray River and Lakes 64,745 552 735 66,032
Ovens River Basin 4,654 68 450 Sall2
Broken River Basin 19,015 119 - 19,134
Goulburn HRiver Basin 9,402 242 ELUG 10,290
Campaspe River Basin 1,706 75 - 1781
Loddon River Basin 3,964 150 I 4,118
Total 103,486 1,206 1,835 106,527

owners alsc have licences to site their
pumps, plpelines, and channels on public
land.

The significance of irrigation here can
be gauged from the fact that in 1980/81
the Murray Valley District consumed 50%
of the State's irrigation water.

Urban water supply

Appendix 6 lists the local water author-
ltles, constituted under the Water Act
1959, that serve urban centres in the
areg,

-7

The populations that these Waterworks
Trusts serve vary in size from 130 per-
sons at Devenish to 24,250 at Sheppar-
ton. The sources of water vary, ranglng
from reservoirs that impound water from
pastured and forested catchments to
pumps that take water directly from the
Murray Rilver and Water Commlssion irrig-
atlion channels. No domestle water is
obtalned from bores. Annual urban water
consumption In the study area amounts to
45,000 ML.

Local storages consist of excavated
basins, sandpipes, elevated storages,
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Future Utilization
surface water

gver the years, the construction of new
storages has enabled contlnuous lnereas-
gs in water usage, but further increases
are likely to be small, as surface re-

sources are now highly regulated and al-
most fully commltted. Throughout the

study area, diversions have been author-
ized up to the capaclty of most streams.

The Parllamentary Publlic Works Commlttee
is currently holding an inqulry Iinto
future water allocations for all purp-
oses in northern Viectoria, which includ-
es the Murray Valley area. Completion
of the Dartmouth Reservoir will make an
additional 600,000 ML per annum avail-
able for allcecation to Victorian needs.

The Committee's Progress Report No. 1
(February 1982) acknowledpged that, of
this 600,000 ML, some 270,000 ML per
annum had already been allocated. This
left a volume of approximately 330,000
ML annually avallable for future alloca-
tlon, Of that 330,000 ML, the Committee
has recommended these allocations:

¥ 45,450 ML for future urban and in-
dustrial water supply in northern
towns supplied from the Rlver Murray
gnd its tributariles

¥ 25,000 ML (interim) set aside in the
Interests of conservation of native
flora and fauna
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Many channels carrying water for irriga-
tion and other purposes cross the area

¥ 65,000 ML (interim) for irrigation
by private diversion, subject to
the prescriptions nominated by the
State Rivers and Water Supply Comm-
1ssion concerning appropriate drain-
age arrangements

In regard to concern expressed about the
effects the operation of the Dartmouth
Reservoir could have on the river red
gum forest at Barmah, the Committee
stated:

'The whole question of River Murray reg-
ulatlon and the associated problems of
forest management are currently under
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detailed examinatlon at two levels:
through the River Murray Commlisslon and
within Vietorla by a Joint Worklng Comm-
ittee of officers of the Forests Comm-
1ssion and the State Rivers and Water
Supply Commisslon. The Committee will
gilve its appreclation of the problem and
possibly make recommendations in a later
Progress Report.'

Arfter Dartmouth's completion, the only
opportunity for further major develop-
ment and increase of regulated water
supplles to the Murray Valley area would
come from the mid Goulburn, Ovens, or
Kiewa Rivers. This would, however, re-
gulre the construction of additional
storage capacity.

iroundwater

For Irripation purposes, the best pot-
ential for shallow groundwater ocecurs 1in
the Murray Valley and Rodney Irrigation
Areas. Water tables stlll remain high
there, desplte the locally intensive
pumpling.

The Strathmerton and Ovens Valley Areas
offer good prospects for the development
of the deep agulfer: the groundwater 1s
of" good quality and, as yet, 1s virtual-
ly untapped.

For stock and domestlc purposes, many
areas contain small to moderate amounts
of gproundwater that is presently under-
utilized. The main factor limitlng use
of thls water is its salinity.

River Improvement

The River Improvement Act 1958 provides
for river improvement and maintenance
works to be carried out and enables the
constitution of river improvement dis-
tricts under the control of a single
authority.

Apart from such works, 1t also makes
provision for carrying out drainage
works and for rating lands within the
district that such works benefit.

Works include the use of struectures to
reduce flooding and eroslon, the removal
of weeds and silt, and re-grading of the
river bed. Fallen timber may be removed
from rivers or alternatively placed
against thelr banks to control erosion.

Four River Improvement Trusts operate In
the study area: Black Dog Creek, Broken
River, Bullock Creek, and the Ovens--
King Rivers (see Map 16).

The ultimate purpose of works undertaken
by Trusts is to maintain or increase the
productivity of land adjoining rlvers -
by reducing flooding and erosion, and by
improving drainage.
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Of'ten, the utlilities and servlices essen-
tial to modern community lilving are loc-
ated on publie land. They may include
facllities for transport, communicat-
ions, navigatlion, power supply, waste
disposal, or airstrips. This chapter
describes the major utllities in the
study area and attempts to assess future
requirements in certain fields.

Waste disposal

Dlsposal of the waste produced by urban
communities can be a problem for munici-
pal authorities. The selectlon of new
disposal sites can be difficult; in many
cases, little sultable land remains near
towns and conflict may arise between
waste dilsposal and the recreatilonal and
conservation pressures for the same
areas.

The 1llegal dumping of rubbish on publie
land 1s of widespread concern, and even
the licensed tips have caused problems
with fire risk, windblown material, and
unsightliness.

Throughout the study area, the authorit-
les mainly dlspose of solld waste by the
landfill method - using natural depress-
fons or old excavations,

UTILITIES

Generally, the tips serving the towns
occupy elther freehold land or public
land speclifically reserved or licensed
for waste disposal. A number of town-
ships use llcensed tips on public land.

Sewage-treatment works processing both
domestie and lndustrial waste operate
for 16 of the major population centres
of the study area, which does not con-
tain any schemes under construction at
present. Dilsposal of the effluent from
these systems 1is generally through irri-
gation works, although a number of sew-
erage authorities discharge effluent
into swamps or rivers.

Land vested in sewerage authorities is
not 'publie land', according to the Land
Conservation Aet, 1970. Appendix T
gives further detalls on the sewerage
authorilitles.

Electricity supply

The State Electriclity Commission of Vie-
toria supplles electricity from the
State hipgh-tension grid network. Two
single-circuit 220-kV lines cross the
study area; one connects the Bendlgo,
Shepparton, and Glenrowan terminal stat-
ions and the other the stations at Mild-



ura, Kerang, and Bendigo. The easements
for both of these transmission lines
mainly occupy private land. On the
flenrowan--Shepparton line, the easement
passes through portion of the Dookie
Agricultural College.

A number of medium-voltage 66-kV trans-
mission lines radiate from the Kerang
and Shepparton terminal stations, supp-
lying electricity to zone substations.
Further distribution of electricity
throughout the area, and to the consum-
ers, occurs via a substantial network of
22-kV and 127-kV distribution lines.

Most of these sub-transmission and dis-
tribution lines run 1n road reserves,
although some of them are 1n easements -
usually on private land.

Construction of power 1llnes along the
easements of existing road reserves en-
sures ready access for malntenance veh-
icles. In some cases, however, it may
require the destruction of some roadside
vegetation to meet the easement widths
that the Commission desires.

Supply of natural gas

The Gas and Fuel Corporation of Victoria
has responsibility for a 300-mm-diameter
pPlpeline conveying natural gas from the
Woolert compressing statlion to Albury.
At Euroca, a 200-mm-diameter pipeline
branches off to supply Shepparton, Moor-
oopna, and Tatura. Easements for these
Plpelines traverse mainly freehold land,
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and cross public land in the viecinity of
Lake Mokoan and Kialla West. At this
stage there are no specific plans for
extending these pipeline easements.

Road transport

The Country Roads Board has the respons-
ibllity for constructing and maintaining
the State's major road systems. In the
Murray Valley area, these include the
Hume (which forms part of the natlonal
highway system and is funded by the
Commonwealth government), Murray Valley,
Loddon Valley, Midland, and Goulburn
Valley Highways.

Some routes, defined as 'roads' by the
C.R.B., and forming further links between
settlements, come under the control of
the relevant municipalities. Others are
the responsibility of the municipalities
and the Forests Commission - within
thelr respective areas of control.

Road reserves often contain significant
remnants of the original vegetation,
particularly where they pass through
agricultural country, and often make an
important contribution to the loecal
landscape.

Apart from some improvements to existing
alignments, there are no plans for the
construction of major hilghways in the
study area. Long-term proposals for the
Hume Highway, however, include by-passes
and deviations around Euroca, Violet
Town, Benalla, and Wangaratta, as part
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of the development ofa dual carriageway
from the outskirts of Melbourne to
Wodonga.

Alrports

Four maJor aerodromes owned by the res-
pective municipalities and licensed by
the Commonwealth Department of Transport
are located at Benalla, Echuca, Kerang,
and Shepparton. In addition, a number
of authorized landing strips are scatt-
ered throughout.

Rall transport

The Murray Valley area 1s well served by
the VicRall network. Lines run from
Bendigo to Kerang, Bendigo to Echuca,
and Mangalore to Cobram, with branches
to Numurkah, Plcola, and Katamatlte.

The Melbourne--Sydney lines, broad- and
standard-gauge, pass through Mangalore,
Euroca, Benalla, and Wangaratta, with
branches to Peechelba, Yarrawonga and
Wahgunyah.

Recently the Kerang--Koondrook, Cohuna--
Diggora West, and Glrgarree--Stanhope
lines have all been closed. The land
these lines occupied remains the respon-
sibility of the Rallway Construction

and Property Board.

Institutional use
Viectoria's Department of Community Wel-

fare Services administers the Dhurringle
Prison, located north of Dhurringle.

This 1s classifled as a minimum-security
establishment for short-term prisoners
and has a self-contalned farm, Grehard,
and cannery that provide work for the
inmates.

Military use

The Australlan Army has no recognlzed or
proclalmed training areas here. Low-
level adventure-type tralning does take
place, however, on the publlie land. This
requires prlor approval from the respon-
sible managing authority and is unlikely
to pose a threat to publiec safety or
cause majJor inconvenlence.

It is expected that the lncreasling numb-
er of units being stationed at Albury--
Wodonga will lead to more freqguent use
of public land abutting the Murray River
for adventure-type training.

Communlecations

A number of government instrumentallties
and commercial broadcasters operate and
maintain communication and transmission
facilities on leased public land at
Mount Major.

Other uses

Publiec utilities and institutions occupy
land for schools, cemeteries, trignomet-
rical stations, public buildings, and
municipal depots. Small areas of public
land are continually required for such
uses.
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22. LAND USE RELATIONS

Preceding chapters of thls report have
deseribed the natural rescurces ol the
study area and dlscussed the existing
and potential utilizatlion of resources
on public land. Hazards assoclated with
these uses have also been consldered.

Groups with a wide range ol lnterests
are making growing demands for resourc-
es on publiec land. In such a situation
the interaction of wvarious uses becomes
an important issue that must be consid-
ered before decisions can be made on the
allocation of that land. This chapter
examines the nature of the interactlions,

Land use compatibillity

Each type of land use requlires a certain
set of rescurces for 1ts operation, and
these have been discussed 1in relevant
chapters. 1In many cases the resources
required overlap in both time and space,
thus providing a source of potential
conflict. Moreover, the operation of
each will have a series of direct and
Indirect effects on most other uses.
These effeets may be considered as:

* beneficial - resulting in an increase
in another activity or activities
(complementary uses)

* harmful - resulting in a decrease 1in
another activity or activities (comp-
etitive uses)

¥ negligible - having no effect in
elther direction (supplementary uses)

The nature of these effects will deter-
mine the degree of compatiblility between
two or more land uses, and hence their
ability to be comblned 1n order to ob-
tain the best comblination of uses on a
land management unit. In practice, sev-
eral amelilorating factors operate, which
include the following.

¥ Activitles cecur at different levels
of intensity. (Incompatibility bet-
ween two activities at a high intens-

. ity may be reduced if the operations
of one become less intensive.)

¥ Some activities oeccur for a short per-
icd, thus restricting their effects
and allowing other activities to con-
tinue in iIntervening periods.

¥ Often an activity only occurs in a
small part of a wider area, thus loc-
alizing its effect. (This enables
other activities tc continue in the
general area.)
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¥ Compatibility between uses in an area
changes over time as the once-harmful
effects of one actlivity are lessened.

¥ Prevalling social attltudes towards
the tolerance of harmful Intereffects
may change. (In some cases improved
twf?ﬂ@lﬁﬁy helps change these attitud-
25

¥ Skilful management technlques can re-
duce possible competitive effects of
an actlvity on others.

Land use flexibility refers to the de-
gree to which any one activity precludes
(by 1ts operation) other activities!
utilization of a given resource. Flex-
ible uses include those having elther
negliglible or beneficlal effects on
others.

The following secticns gilve a general
outline of relations between broad land
use eategorlies in the study area. This
report does not deal with relations be-
tween various activities or aspects
within each major category of use, al-
though the same principles would apply.
Those between various forms of recreat-
ion, however, are briefly considered.

Apriculture

Clearing of land for agricultural prod-
uction has benefited some native animals
by Increasing the area of grassland and
fforest margins, while farm dams and 1rr-
lpation works may have extended the

range of' some amphlbians, reptiles, and
birds. Nevertheless, agriculture is
normally incompatible with most aspects
of nature cconservation, since most spec-
ies are severely reduced in number or
even eliminated by the removal of their
habitat and the introduction of alien
plants and animals.

On the other hand, agricultural activit-
ies have in many cases added visual var-
lety to the landscape; for example, the
irrigated orchards around Cobram, espec-
1ally when in bloom, provide a contrast
with the adjacent river red gum forests.

Agriculture can affect water production,
as the converslon from forest to grass-
land can alter the volume and timing of
run-off, which in turn may lead to in-
creases 1n total water yield, turbildity,
and salinity, as well as a reduction in
summer stream flow.

Irrigation can affect water tables, as
the successive waterings over the years
can lead to the rise of the water table,
which in turn leads to the accumulation
of salts at the root and ground level.
Pollution may also result from injudic-
ious use of fertilizers and pesticildes
or from the concentratlon of stock near
watercourses.

Forest grazing can conflict with nature
conservation because of the disturbance
to the environment caused by stock graz-
ing and watering, and the introduction

of alien plants., It is also competitive



with some forms of reecreation that re-
quire natural environments and, by re-
ducing native ground flora that provide
nectar and pollen for honey bees, 1t can
compete with apleculture.

Apiculture

Since the bees serve the useful function
of eross-pollination, apiculture may
complement agrlculture.

It relies largely on the native f'lora
and s¢ is supplementary to timber pro-
duction, recreation, water production,
and some aspects of nature conservation.
Bees do compete with native fauna for
nectar and pollen, but the significance
of this competltion and its ecologlcal
effects remalin largely unknown.

Timber production

This 1s a relatively flexible land use,
particularly when carriled out at a low
intensity. It is compatible with forest
grazing, honey production, and all but
the strictest forms of nature conservat-
ion. It can benefit some forms of out-
door recreation by providing access
tracks for walking and pleasure driving.

Harvesting operations can immediately
degrade vegetatlon, fauna, and landscape
values. Most effects are temporary, but
some could be long-term. Tree-felling
becomes more noticeable as the size of
the area increases and when most or all
of the trees in the stand are cut.
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Increasing the levels of hardwood pro-
duction decreases 1ts compatibility with
other uses, such as nature conservation,
apiculture, and many forms of recreat-
ion. Intensive practices may favour
certain commercially valuable speciles,
remove trees contalnlng sites for animal
nesting, 1limit the size to which trees
are allowed to pgrow, lntensify harvest-
ing activities, and require the increas-
ed use of fire.

Hardwood timber productlion in certaln
parts of the study area competes with
recreational activities requiring soll-
tude. 1t could also be considered to be
in competition with agricultural produc-
tion on those areas of forested public
land that have potentlal for agricultur-
al development.

Water conservation

The productlon and utllization of water
1s an lmportant use of publle land. To
some extent it 1s competlitlve with apgri-
culture, timber production, mining, and
recreation (depending on the Intensity
of these uses, the management techniques
employed, and the intended use of the
water).

The hydrology of the surface dralnage
system in most of the study area has
been significantly altered by use of
water within and outside the area, as
well as by artiflelal drainape of the
lower lands. While this management of
water 1s a necessary part of land man-
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agement for food and fibre production,
it can affect the value of wetlands for
wildlife habitat and the health and
vigour of some of the river red gum for-
ests.

Activities such as logglng, road-making,
quarrying, clearing, and grazing can
cause soll dlsturbance and reduce absor-
ption by the soll, leadlng to inereases
in surface run-off, stream turbidity,
peak flows, siltation, and erosion.

As well ags contributing to the guality
and quantity of stream flows, public
land also contributes to the quality and
quantity of the groundwater. Recharge
of' underground water supplies can be de-
creased 1f run-off 1is 1lncreased by
clearing vegetatlon.

In many cases, activitlies uslng parts of
catchments away from storage areas do
not pose a substantlal threat to either
water quality or yleld. The use of land
as a catchment 1s therefore normally
complementary with nature conservation
and, to varying degrees, with other act-
ivities.

Water storages 1lncrease the opportunit-
ies for some forms of recreation, such
as lakeside picnickling and water-based
activities.

Storages, however, can adversely afflect
nature conservation. Inundation by
water obviously destroys the original
habitat, and the storage may alter flow

regimes, affect water temperature and
oxygen content, and consequently affect
aquatic and riparian vegetation and
wildlife habitats downstream.

On the other hand, storages also create
an aquatiec habltat, supporting fish and
waterfowl.

Compatlblility between water utlllzation
and nature conservation can be enhanced
by the design of structures and operat-
lon procedures that cater for the effec-
tive distributlon and drainage of irrig-
ation water.

Nature conservation

This is generally compatible with a wide
range of uses, such as water production,
apleculture, and low-intensity recreat-

ion. It tends to compete with any act-
ivity that radically changes the natural
vegetation, such as mining, agriculture,
urban development, or intensive forest-

Ty .

Excessive use for recreation is a prob-
lem in some areas of value for nature
conservation, because these areas are
often used primarily as lelsure re-
sources. The other alms of parks and
reserves (blologlcal conservation, land-
scape preservation, and research oppor-
tunities) can therefore be threatened.

Areas set aside specifically for refer-
ence must be managed to exclude activit-
ies other than particular forms of



scientific study. Thls use 1s comple-
mentary with nature conservation and
water production only.

Jutdeor recreation

OQutdoor recreation encompasses a wide
range of activitles. Their relations
with other uses vapry according to their
type and lntensity.

Some sports such as golf, horse-racing,
and archery requlre thelr own specializ-
ed areas and are therefore incompatible
with most other uses. Most recreational
activities are relatively flexible, how-
ever, and can be accommodated in areas
managed primarily for other uses.

A single land use 1n a partlicular area
may confliet with one type of recreation
and yet complement another. For example
an abandoned quarry may mar a panoramic
view yet provide an ideal site for gem
fossicking or riding trail-blkes. Sim-
ilarly, forestry tracks may reduce the
value of an area for bushwalkers seeking
natural surroundings, but make 1t more
accessible for plenicking and pleasure
driving.

Some pursuits such as adventure driving,
fishing, and bushwalklng can become
self-competitive, especlally at high
usage rates.

Certain water-based activities such as
water-skiing may be incompatible with
hature conservation. Such conflict can
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sometimes be alleviated by zoning cert-
aln sections of the water body lor spec-
ifie activities.

Urban and industrial uses

Urban areas contain a multitude of diff-
erent activities that collectively are
competitive In space with most non-urban
uses, including agriculture, timber pro-
duction, apiculture, water conservation,
mining, and many forms of outdoor rec-
reation. Moreover, the presence of
urban areas - by intensifying the
utilization of, or requirement for, most
resources - undoubtedly compounds the
competition between many activities 1In
adjacent areas of public land.

Extractive industries

Mining, quarrying, and shallow gravel
extraction can be competitive wlth most
forms of land use through site disturb-
ance, roading, and pollution. Competit-
fon is usually locallized, however, and
1ts degree depends on the type and scale
of operation. Underground mining does
not usually involve as much site distur-
bance as open-cut mining or surface
stripping, but dumping of waste material
such as mine tallings may still confliet
with other uses.

Many conflicts between extractive indus-
tries and landscape are locallized, but
they may be serious where values are
high or the operations obvious. On the
other hand, some quarries provide the
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opportunity to study the local natural
history, and open s8ites for the collec-
tion of fossils and gemstones.

Exhausted quarries and open-cut mines
are often useful for water supply or
rubbish disposal, or as sites for such
recreation as trall-bike-riding.

Publie utlilities and transport

Generally the provlision of these servic-
es requlres allocation of smsll areas of
land only, but in most cases thls repre-
sents an inflexlble use.

Due to growlng recreational pressures
and more interest in nature conservation
at a local level, waste-dlsposal prob-
lems are lncreasing. Most disposal
sites are generally regarded as unsight-
ly, sometimes produce offenslve cdours,

and, if not carefully managed, may have
detrimental effects on other uses such
as water production.

Cleared easements for transmission 1lines
or gas or water pipes compete with vege-
tatlon and some wildlife habitats, and
may be unattractive. Likewise, the
measures taken to reduce the risk of
fire along transmission lines may con-
flict with other uses. Again, telecom-
munication facilities on peaks or ridges
can conflict with scenic and other val-
ues, especlally when constructed in
attractlive or remote landscapes.

These services and most others are gen-
erally considered essential. However, a
measure of compatibility with other land
uses can be achieved by careful siting,
location, and design to minimize the
conflicts.
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BLOCK DESCRIPTIONS



BLOCK DESCRIPTIONS

In this part of the report, the study
area has been divided into six bloecks.
For each block, the location and land
tenure, the nature of the land, present
uses, capability for varlous uses, the
present condition of the land, and like-
ly land-use hazards are described.

# consistent format of headlings and sub-
headings has been used, to help the
reader compare specific information for
various blocks. Some sections deal only
with the publie land. These include
vegetation, recreatlon, and wood produc-
tion. A key diagram at the beginning of
each deseription gives the approximate
location of that bloeck in the study area
while Map 2 shows greater detall for

all blocks.

L AL T

'Capability' refers to the sultabllity
of public land for varlous uses. Ass-
essment is based on a number of consid-
erations, ineluding the inherent charac-
teristics of the land, its proximity to
centres of population, the level of
accessibllity wlthin 1t, the relative
scarcity of the type of land, and the
hazards associated with the various
uses.,

Capabilitles are glven 1in general terms
only, because the amount of Information
avallable has varied from block to block
and because some of the values have been
difflcult to gquantify. In assesslng
capability, comparisons have been made
with other blocks and with other parts
of the State.



l.

A General
l. Land tenure and location

Gunbower block occupies some 290,000 ha
in the far west and north-west of the
area. Approximately 27,000 ha 1s publie
land, malnly comprising the Gunbower Is-
land State Forest (19,500 ha), Guttram
and Benwell areas of reserved forest
(1,850 ha), Kow Swamp (2,750 ha), the
Tragowel Swamp Wildlife Reserve (200
ha), Hird Swamp Wildlife Reserve (270
he), and Johnson Swamp Wildlife Reserve
(300 ha). The remalnder comprlses var-
ious stream frontages and reserved and
unreserved Crown lands.

2. New South Wales Crown land

Significant areas of New South Wales
Crown land abut this bloeck. They are
mostly State Forest, have a total area
of some 34,400 ha, and are known as
Campbells Island, Koondrook, and Perri-
coota Forests.

These lands serve many purposes, includ-
ing timber production, grazing, flood
mitipgation, honey production, and rec-
reatlon. They contaln simlilar forest
types, and would have similar conservat-

GUNBOWER

ion values, to those on the Victorian
publie land that abuts the Murray River.

B. MNature of the Land
T Climate

Climate here can be descrlibed as seml-
arld and is generally uniform through-
out.

Average annual rainfall is less than 400
mm and ranges from 400 mm at Boort to
350 mm at Murrabit. It tends to dec-
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rease from south to north. Considerable
variations in monthly and yearly rain-
fall occur over the block, due mainly to
summer storms.

In general, temperatures are saimilar
throughout. Summers are hot and winters
mild, with a mean annual maximum temper-
ature of some 22°C and a mean annual
minimum of some 9.5°C.

Average annual evaporatlon 1is usually
three times average annual rainfall.

The area experiences a few frosts: about
8 severe and 21 1light frosts annually.

2. Geology and geomorphology

The block is dominated by riverine

plains of Quaternary age. The youngest
alluvial deposits of clay, sand, and
gravel ceccur within the flood plains of
the present-day streams, prineipally the
Murray and Loddon Rivers. The surfaces
of these river terraces are commonly
marked by scrolls and oxbow lakes, broad
areas of anastamosing channels, fine
ephemeral channels, and low-lylng areas
subject to sheet flooding.

Away from the present-day dralnage chan-
nels, and unrelated to them, are alluv-
ial plains depeslited by an older drain-
dge system. Sandy levee banks of these
former streams can still be traced at
the surface of the plains.

Swampy areas and lakes are scattered
over the alluvial plains. Associated
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wlth many of these are crescent-shaped
dunes known as lunettes.

The Quaternary sediments overlie Tert-
lary alluvial deposits In the east of
the bloek, and Late Tertiary marine
sands in the west. Exposures of the
marine deposits oceur near Boort.

3. Solls

The most common soil type throughout the
block 1s the grey-brown sodic uniform
clay with gilgai micro-relief. In the
slightly better-drained positions of the
plain, red-brown sodle duplex sclls
occur but these are of minor lmportance.

In the far scuth-west, red calcareous
sodlie duplex soils predominate 1In the
uneven mallee plain. Yellow sodic duplex
solls ocecur in the depressions.

Other minor components include the asllty
gradational solls with hard-setting sur-
faces on the Murray River flood plains,
the sandy red duplex seolls on prior
stream levees in the north-east, and the
calecareous clay solls on the lunettes in
the northern half and the extreme south-
west.

Iy, Vegetation

In the riverlne forests along the Mur-
ray, particular Gunbower Forest, rlver
red gum predominates In a mosalc of open
forest I11 and open forest 11 (sometimes
grading Into woodland 1! or I1I1). 'The



Black box forest - Benjerocop Forest,
north of Kerang

taller forests are characteristile cof
well-watered sites towards the Murray
River, particularly 1in the downstream
sections. (Due to the Cadell Tilt, a
slope runs along the length of Gunbower
[sland. )

In the less frequently flooded sectlions,
particularly to the south-east of the
[sland and along Gunbower Creek, an open
forest II of black box replaces river
red gum.

In addition, some small grassy plalins
(elther too wet or tooc dry for tree

growth) and swamp vegetatlon occur with-
in the Gunbower Forest. Down-river frop
Gunbower Island, river red gum open for-
est Il and III are the major vegetation
types (Benwell and Guttram Forests).

Along the Loddon River, open forest II
of river red gum predominates, with
black box in less frequently flooded
situations.

On the creek systems, black box open
forest 1 and woodland I predominate,
except where land use practices (in
particular those related to water regul-
ation) have induced a change to swamp,
grassland, saltbush, or lignum communilt-
les. Although chenopods and lignum are
characteristically components, extensive
changes have occurred in the distribu-
tlon of these specles and the florilstles
of the chenopod content of the vegeta-
tion.

The side branches of the Loddon Rilver
system can support river red gum and
black box in woodland I formation; how-
ever, changes 1n the water tables have
altered the relative composition. The
upper Gunbower Creek and lagoon system
support a mosalec of black box, swamp,
lignum, and saltbush. The effects of
use for irrigation purposes have killed
many trees, which may persist only on
the top of some banks.

Surrounding the lakes, saltbush and lig-
num predomlinate, with swamp vegetatilon
(rushes and reeds) or grassland in the



Kerang--Kow Swamp reglons, and limited
fringes of black box and river red gum
fringe the lakes.

The remalning publie land mainly carries
saltbush or volunteer pasture (mostly of

Saltbush with grase in a salt-affeeted
area along the Loddon River near Appin

introduced species). Around Boort, some
small pockets of mall

dominantly F. dumosa), with some yellow
gum (E. leucoxylon), remain.
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5. Fauna

Gunbower block supports 17 specles of

native mammals. Many of these - such as
the feathertail glider, yellow-footed
antechinus, and sugar glider - are con-
fined to the forested areas along the
Murray River. Others - such as the
brushtaill possum, eastern grey kangaroo,
and white-striped mastiff-bat - are more

widespread throughout the block.

The house mouse, fox, brown hare, and
European rabbit are the commonest intro-
duced mammals.

The block contalns the highest number of
native bilrd species: 177 have been re-
corded. Those recorded only in this
block include the little bittern, blue-
billed duck, stubble quall, Balllon's
crake, spotless crake, palnted snipe,
gull-bllled tern, blue-wlnged parrot,
variegated and white-winged falry wrens,
inland thornbill, striped honeyeater,
and orange chat.

Reptiles known here total 24 specles.
Four of these -~ the hooded scaly-foot,
curl snake, and two skinks (Merietia
grey and Morethia adelaidensis) - are
found only in thls bleck. The other 20
inelude the bearded dragon, snake-eyed
skink, and stump-taliled lizard. Nine
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species of amphibians have been recorded C. Present Use and Capabllitles
- 1neluding Peron's tree frog, the bark-
ilng frog, and the burrowing frog. 1. HNature conservation
Appendlces 2 and 3 list the fauna of the While all the forested public land has
study area, showing the habltats in at least moderate to high capability for
which they occur {Appendix 2) and their nature conservatlon, some areas are more
distribution and abundance in each important than others. For lnstance,
block (Appendlx 3). For descriptions of the river red gum and black box areas 1In
hablitats, the reader should refer to the Gunbower Island State Forest are

Chapter 11. very important breeding and living habl-



tat for many species of birds and native
animals. Also the PForest provides pgood
gxamples of the river red gum and black
box forest and woodland types.

The Tragowel Swamp, Hird Swamp, and
Johnson Swamp Wildlife Reserves are also
important breeding areas for specles of
waterfowl such as duck.

In general, most of the public land is
accessible and has in many cases been
altered in some way by man's activities,.
Despite this, much of 1t still retains
some conservation slgnlficance.

2. Recreation

Gunbower Island State Forest 1is the mailn
recreation resource here. Comprising
malnly stands of river red gum and black
box, the Forest with its many wetlands,
creeks, and effluents provides excellent
recreation opportunities, and is popular
for fishing, camping, and hunting, where
permitted. The convoluted course of the
Murray provides many fishing spots.
Wildlife, particularly waterfowl, are
plentiful.

The most popular spots are along the
Murray and at Torrumbarry Welr, where a
formal caravan park 1s located. The
Forests Commission maintains an extens-
lve system of fireplaces and pilcnic
tables.

Cohuna Scout Group has a camp within the
Forest,

Access within the Forest 1s good and
Inciudes the River Track, which provides
a scenle drive from ¥oondrook to Torrum-
barry Weir.

Tragowel, Hird, and Johnson Swamp Wild-
lif'e Reserves are of interest for bird-

Lake Marmal is popular for a number of
water-baged recreation activities



Arbuthnot's sawmill - Koondrook

watching and Hird and Johnson Swamps are
popular waterfowl-hunting areas.

kow Swamp, Lake Boort, and Lake Marmal
are popular for water sports and fish-
ing.

3. Timber production

The main areas of timber productlon are
the Gunbower Island State Forest and the
Guttram and Benwell areas of reserved
forest. These have generally high capa-
bility for timber production, especlally
the river red gum stands 1f the approp-
riate flood regimes necessary to main-

tain the health and vitality of stands
are provided.

River red gum 1s malinly cut for sawlogs
and rail sleepers and other minor forest
products such as flrewood, posts, and
piles. Two sawmills - one at Koondrook
and the other at Cohuna - draw river red
gum sawlogs from the Gunbower Island
State Forest. Sawlog parcels are per-
lodlecally sold from the Guttram and Ben-
well reserved [orest areas.

Twelve cutters are llcensed to cut rail
sleepers from these forests.

Grey and black box are generally cut to
supply fencing materials, firewood, and
short poles.

The Kraft factory at Leltchville util-
lzes quantities of firewcod from the
Gunbower Forest for industrial purposes.

The sawmill at Cohuna utlllzes resildue
to produce red gum woodchips, which are
so0ld as garden mulch.

4. Agriculture and apiculture

Most of the publlie land has low agricul-
tural capability, mainly due to 1its
flood characteristies. Most is grazed
under some form of licence or, as in
part of the Gunbower Island State Forest,
under agistment.

The river red gum and box forests have &
high capabllity for honey production.



5. Water

This block lles wilithin the Loddon Rlver
drailnage basin. Its western border 1s
the Loddon River, while the Barr, Pyra-
mid, Kinypanial, Pennyroyal, and Calivil
Creeks traverse the area.

The Tragowel Plains, Kerang, Koondrook,
Third Lake, Boort, Cohuna, and Calilvil
Irrigation Areas lie wilthin or partly
within the block, which also contalns
parts of the West and East Loddon Water-
works Districts, malnly around Boort.
Water delivered to the Irrigation Areas
and Waterworks Districts in 1980/81 was
of the order of 592,000 ML. Small quant-
itles are also authorized for use out-
side the lrrlgatlon areas. This water
comes from the Loddon and Murray Rlvers.

Most of the publiec land 1s used for
flood mitigation purposes. In addition,
numerous levees, pumplng stations, pipe-
lines, and channels (including natural
?rainage lines) are located on public
and.

Three local water authorities - the
Boort, Cohuna, and Kerang Waterworks
Trusts - are constituted under the Water
Aet 1959. The block contalns the western
Eait of Bullock Creek Improvement Dis-
rict,

6. Mineral and stone production

Exploration for brown coal is currently
belng undertaken here. Gypsum 1s being
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mined from public land near Boort. Most
stone extraction in the bloeck occurs on
private land, but the Shires of Kerang
and Cchuna obtain sand and gravel f{rom
pits located in the Guttram, Benwell,
and Gunbower Forests.

D. Hazards and Confllcts

Wildfire is always a major hazard. Al-
though the forests on public land- such
as the Gunbower Island, Guttram, and
Benwell areas - do not have such a high
fire risk as some others in the State,
and in general access 1s good, wlldfires
remain a threat to l1life, property, and
timber resources, and do, of course,
affect wildlife and flora values.

While soll erosion is not a common feat-
ure on the publie land, a moderate haz-
ard for water erosion applies on the
gently sloping Mallee plain, whieh, at
present, may only be expressed as minor
erosion of vehicular tracks. Rlver and
stream-bank eroslon can be a problem
along the watercourses. The potential
for wind eroslion of the sandy lunettes
and the light topsoil of the Mallee
plain is high.

Both vermin and noxious weeds are pres-
ent on publiec land, but neither constlt-
utes a significant hazard at present.

All of the majJor rivers and streams,
such as the Murray and Loddon Rivers and
Calivil Creek, are subject to flooding.
Although winter~-spring floods are nec-
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Arbuthnot's gawmill - Koondrook

watching and Hird and Johnson Swamps are
popular waterfowl-huntlng areas.

Kow Swamp, Lake Boort, and Lake Marmal
are popular for water sports and fish-
ing.

3. Timber productlon

The main areas of timber productlon are
the Gunbower Island State Forest and the
Guttram and Benwell areas of reserved

forest. These have generally hilgh capa-
bility for timber production, especlally
the river red gum stands 1if the approp-
rlate flood regimes necessary to main-

tain the health and viltality of stands
are provided.

River red gum is mainly cut for sawlogs
and rail sleepers and other minor forest
products such as firewocd, posts, and
plles. Two sawmllls - one at Koondrook
and the other at Cohuna - draw river red
gum sawlogs from the Gunbower Island
State Forest. Sawlop parcels are per-
lodically sold from the Guttram and Ben-
well reserved forest areas.

Twelve cutters are licensed to cut rall
3leepers from these forests.

Grey and black box are generally cut to
supply fencing materials, firewood, and
short poles.

The Krarft factory at Leltchville utll-
lzes quantities of firewood from the
Gunbower Forest for industrial purposes.

The sawmill at Cohuna utilizes residue
to produce red gum woodchips, which are
sold as garden mulch.

4., Apriculture and apiculture

Most of the public land has low agricul-
tural capablility, mainly due to 1its
flood characteristics. Most 1s grazed
under some form of licence or, as in
part of the Gunbower Island State Forest,
under aglstment.

The river red gum and box forests have 2
high capability for honey productlon.



5, Water

This block lles within the Loddon River
drainage basin. Its western border is
the Loddon River, while the Barr, Pyra-
mid, Kinypanial, Pennyroyal, and Caliwvil
freeks traverse the area.

The Tragowel Plains, Kerang, Koondrook,
Tird Lake, Boort, Cohuna, and Calivil
Irrigation Areas lie within or partly
within the bloek, which also contains
parts of the West and East Loddon Water-
works Distriets, mainly around Boort.
Water delivered to the Irrigation Areas
and Waterworks Districts in 1980/81 was
of the order of 592,000 ML. Small gquant-
itles are also authorized for use out-
side the irrilgation areas. This water
comes from the Loddon and Murray Rivers.

Most of the public land 1s used for

flood mitigation purposes. In additlon,
numerous levees, pumplng stations, pilpe-
lines, and channels (including natural
?ﬁin&ge lines) are located on public
and.

Three local water authorities - the
Boort, Cohuna, and Kerang Waterworks
Trusts - are constituted under the Water
Aet 1959, The block contalins the western

part of Bullock Creek Improvement Dis-
triet,

6, Mineral and stone production

Exploration for brown coal 1s currently
belng undertaken here. Gypsum 1s being
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mined from public land near Boort. Most
stone extraction 1n the block occurs on
private land, but the Shires of Kerang
and Cohuna obtain sand and gravel from
pits located in the Guttram, Benwell,
and Gunbower Forests.

D. Hazards and Conflicts

Wildfire 1s always a major nazard. Al-
though the forests on publiec land- such
as the Gunbower Island, Guttram, and
Benwell areas - do not have such a high
fire risk as some others in the State,
and in general access 1s good, willdflres
remain a threat to l1life, property, and
timber resources, and do, of course,
affect wlldlife and flora values.

While soll erosion is not a common feat-
ure on the publie land, a moderate haz-
ard for water erosion applies on the
gently sloping Mallee plain, whilch, at
present, may only be expressed as minor
erosion of vehleular tracks. River and
stream-bank erosion can be a problem
along the watercourses. The potentlal
for wind erosion of the sandy lunettes
and the light topsoll of the Mallee
plain is high.

Both vermin and noxlous weeds are pres-
ent on public land, but nelther constit-
utes a significant hazard at present.

All of the major rivers and streams,
such as the Murray and Loddon Rivers and
Calivil Creek, are subject to flooding.
Although winter--spring floods are nec-
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essary to maintain the adjacent river
red gum forests, flooding of agricultur-
al land 1s a major hazard. Floodlng of
a magnitude that causes some lnconven-
lence to the landholders near streams
occurs frequently. More serious flood-
ing, resulting in considerable property
damage and community disruptlion, 1s a
less frequent but not uncommon phenomen-
on, especlally along the Lower Loddon
River.

A major hazard to the health and vital-
ity of the riverlne forests along the
Murray such as at Gunbower Island 1s the
alteratlion of the natural flcod regime
due to water impoundment and dilversion
for 1rrigatlion and water supply purp-
oses. This alteration has resulted in
floods belng less frequent, shorter in
duration, and reduced in extent. Unless
the appropriate rlood regimes necessary
to maintaln the health and vitality of
the riverine forests are provided, it 1s
expected that the operation of the Dart-
mouth Dam will aggravate this situation.

Efforts to overcome these effects of the
altered flood pattern may confllet with
the water supply and management commit-
ments to water-users both along and
downstream of the Murray Rilver.

Conflict may arise over the use and man-
agement of the many wetlands 1n the

bloek for nature conservatlon, wildlife
habitat, water supply, flood mitigation,
and dralnage. Management of water forms
a4 necessary part of land management for
food and fibre products and flood miti-
gation, but can affect the value of wet-
lands for nature conservation and wild-
life habitat.

Oplnlons differ about the effect of
grazing on public land and the mainten-
ance of the ground flora. It is often
claimed that grazing causes a reduction
in the diversity of the ground flora
specles and domination of the site by
one or more exotic or natlve specles.
Others clalm that grazing i1s of economiec
importance and a necessary flre manage-
ment tool for the type of forests in the
block.

In some areas grazing, with proper man-
agement and stocking, may not confllict
with other values.

On areas of publiec land where recreatlon
use 1s high, such as Gunbower Island
Forest, inevitably conflict with other
uses will arise. Thus, some recreatlon-
al activities may be 1nappropriate in
prime water-bird habitats, camping and
uslng recreational vehlcles such as
trail-bikes may be incompatible, and the
heavy use of some river-bank areas may
result in bank erocsilion.



2.

A. General
1. Land tenure and locaticon

Patho block occuplies some 194,000 ha in
the middle west of the area. Approxi-
mately 5,500 ha is public land, compris-
ing the Terrick Terrick State Forest
(2,600 ha), reserved forest and frontage
along the Murray River, and frontages
along the Bullock and Mount Hope Creeks
and the Campaspe River. The remainder
comprises wvarlous small blocks of re-
served and unreserved Crown lands - such
as the granite outcrops at Fyramid Hill
and Mount Hope.

2. New South Wales Crown land

A number of small areas of New South
Wales Crown land abut this block. They
are mostly State Forest with a number of
Crown land reserves, and have an area of
some 380 ha. The main ones are the Ben-
drca and Moama State Forests.

These lands serve many purposes, includ-
ing timber production, grazing, flood
mitigation, honey production, and rec-
reatlon. They contain similar forest
types, and would have similar conservat-
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PATHO

lon values, to those on the Victorian
public land that abuts the Murray River.

E. HNature of the Land
1. Climate

Climate here can be described as seml-
arid and 1s generally uniform throughout.

Average annual rainfall is less than 400
mm 1n the north-west of the block, and
more than 400 mm in the south-west. It
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ranges from 451 mm at Rochester to 394
mm at Patho West. The summer and autumn
rainfall 1s more erratic than that 1n
winter and spring.

In general, temperatures are similar
throughout. Summers are hot and winters
mlild, with a mean annual maximum temper-
ature of some 22°C and a mean annual
minimum of 8.9°C,

2. Geolopgy and geomorphology

Rlverine plains of Quaternary age domin-
ate the block, with the youngest alluv-
ial deposits of clay, sand, and gravel
present within the floed plalns of the
modern streams. Older alluvial sediments
make up the plains away from the
present-day drainage channels. These
were deposlited by an earlier drainage
system, traces of which can still be
seen on the plalns.

In the west of the block, outliers of
Palaeozolc granite and minor contact
metamorphosed sediments protrude through
the plains, from Mitiamo through Mount
Terrick Terrick to Pyramid Hill and
Mount Hope.

3. Soils

Extensive areas have grey brown calecar-
eous sodiec uniform clay solls, with red-
brown duplex solils occurring on sllightly
better-dralned positions. Sectlons of
the plain associated with old prior
stream systems have well-drained red

duplex solils on the levees, merging inte
red or yellow sodic duplex soils.

The Mount Terrick Terrick area, on the
western boundary, has varlable depths of
coarse sands prominent. Red duplex soils
with deep coarse sandy topsolls occur on
the slopes and yellow duplex soils are
found 1n the dralilnage depresslons com-
ing off the range.

Silty gradational solls with hard-
setting topsolls occur along the Murray
and Campaspe River flood plains in as-
sociation with the river red gum forests.

L. Vegetation

A zone of river red gum open forest II
and IIT adjoins the Murray Rlver, with
some fringes of prey box and black box
open forest II. A small area carrles
yellow box open forest II near Wharpar-
illa North. Some swamps and grasslands
oceur, often reflecting local land-use
patterns. The remaining vegetation
along the Campaspe River 1s predominant-
ly river red gum open forest 11, with
some volunteer grasslands.

Along the creeks, black box woodland I
or swamp communities predominate. The
Gunbower lagoon system extends into this
block (mostly saltbush, lignum, volunt-
eer grassland, or swamp, with some river
red gum and black box).

The Terrick Terrick Forest (2,300 ha) 1s
mostly an open forest I of white cypress



nine (Callitris columnellaria). Yellow
box and grey box accompany the white
cypress pine, but have been thinned out
py silvicultural treatment. Some small
pockets of 'granite outerop' vegetation
{serub) also occur within the forest.
granite outcrop vegetation at Mount Hope
and Pyramid H11ll is dominated by the
wattle, Aecactia deanei ss8p. paueijuga,
with other sclerophyllous species (such
as rock correa, wedge-leaf hop-bush, and
nodding blue-1ily) in an open shrubland
formation.

Some of the small blocks support a black
box woodland or river red gum open for-
gst--woodland 1I, but volunteer grass-
land, lignum, or saltbush are most typ-
ical. A relic of grey box woodland with
white cypress pine grows at Doherty

Pines Flora HReserve near Rochester.

5. Fauna

The paucity of natlve vegetation remain-
ing 1s reflected in the faunal composit-
lon. Only 12 species of native mammals
have been recorded in the block, most of
Which are rare or uncommon: Only the
widespread common brushtail possum and
water-rat are recorded frequently.

Birds of 110 species have been recorded
here; the rarer specles among them in-
tlude plumed whistling-duck, black fal-
ton, Gilberts whistler, grey-crowned
babbler, and singing honeyeater. Common
blrds in the block, such as galah and
Richard's pipit, are those usually asso-
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White eypress pine plantation - Terrick
Terrick State Foresi

ciated with the grasslands of the agri-
cultural areas.

In contrast to the other vertebrate
groups, reptiles are well repreented
here, largely as a result of favourable
habitats provided by the rock cutcrops.
Species such as the eastern spiny-tailed
gecko, large striped skink, Bougain-
ville's skink, Cunningham's skink, and
short-tailed snake utillze these out-
crops, while the carpet snake and bandy
bandy are also known in Patho block. Ten
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specles of amphiblans, all wldespread 1in
the study area, are recorded here,
Appendices 2 and 3 1list the Tauna of the
study area, showlng the hablitats 1n
which they oeccur (Appendlx 2) and thelr
distribution and abundance in each

block (Appendix 3). For descriptions of
habitats, the reader should refler to
Chapter 11.

C. Present Use and Capabllities
L Nature conservation

While all the forested land has at least
a moderate capability for nature conser-
vatlon, some areas are more lmportant
than others. For instance, the Terrick
Terrlck State Forest contains Mount

Pyramid Hill golf elub isa
located at the foot of
Pyramid Hill

Terrick Terrick, which forms a signifie-
ant geologlical feature, and supports the
largest area of white cypress plne for-
est and woodland formation in Vietoria.
Other geologlieal formatlions of sipgnifi-
cance ineclude Mount Hope and Pyramild
Hill.

In general, most of the publiec land is
very accessible and has 1n many cases
been altered in some way by man's activ-
ities. Despite this, much of it stilll
retalns some conservatlon significane.

2. Recreatlion

The main recreation resource in Patho
block is the Terrick Terrick State For-
est. With its granite boulders and DoX
and white cypress pine vegetation, 1t
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provides interesting recreation exper- A number of small recreation reserves
lences. Recreatlion development here 1s cater for organized sports such as foot-
retarded by the lack of natural water. ball, cricket, and tennls.

The Terricks Rocks Reserve 1s popular

with picnickers. Trail-bike-riding 1s 3. Timber production

also popular.
Capability for timber production is gen-

Mount Terrlick Terrick, Mount Hope, and erally low. The white cypress pine and
Pyramid H111 all provide sceniec views of box forests at Terrick Terrick produce
the surrounding plaln country. They durable timbers used for fenclilng mater-
also are of geologlcal interest. Some lal and short poles. Owing to the slow
mall areas of river red gum forests growth rate, it wlll be many years be-
adjoin the River Murray, but the recrea- fore this area produces whilte cypress

tion usage 1s relatively low. pine sawlogs in any quantity.
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Small areas of rilver red gum along the
Murray Rlver produce small quantities of
sawlogs and rall sleepers, as well as
fencing materlal and firewood.

i, Agriculture and apiculture

Most of the publle land has low agricul-
tural potential. Most 1s grazed under
some form of licence or, as in the Terr-
ick Terrick State Forest, under aglst-
ment .

The river red gum and box forests have a
high capability for honey production.

5. Water

Most of the bloeck lies within the Loddon
River Dralnage Basin; the remainder con-
tains virtually all of the Campaspe Riv-
er Drainage Basin. It contains the
Rochester Irrigation Area, and part of
the Campaspe lrrigation District.

Water delivered for irrigation in
1980/81 was of the order of 268,000 ML,
and further small quantitles were auth-
orlized for usage outselide the Irrigation
Areas and District. This water was sup-
plied from the Murray and Campaspe
Rivers.

Some levees, pumpling stations, pipe-
lines, and channels are located on the
publie land.

One local water authority 1s constituted
under the Water Adet 1959: the Rochester

Waterworks Trust. The block also con-
tains the eastern part of the Bullock
Creek Improvement District.

6. Mineral and stone production

Exploration for brown coal 1is currently
being undertaken east of the Terrick
Terrick Range. Gypsum 1s being mined
from publie land in the Parilsh of Teprpr-
ick Terrick West, and a small deposit of
kaolinite occurs at Mount Terrick Terr-
ick.

Granite 1s quarried from publle land at
Pyramid Hill, and there 1s potential for
further hard rock quarries in the Terr-
ick Terrlck Range.

D. Hazards and Confllets

Wildfires are always a major hazard.
Although the forests on the public land
(such as at Terrick Terrick) do not have
such a high fire risk as some others in
the State, and in general access 1is
good, wildfires remain a threat to life,
property, and timber resources, and do,
of course, affect wildlife and flora
values.

While soll erosion 1s not a common feat-
ure on the publiec land, a severe hazard
of sheet eroslon applies on the slopes
of the Mount Terrick Terrick granitie
area, and a moderate hazard for gully
erosion in the lower depressions. The
area also has a moderate potential for
wind erosion 1f the sandy topsoil 1s



1eft exposed. River and stream-bank
erosion can be a problem along the
watercourses.

pryland and irrigation salting are not
serigus hazards in this block.

Both vermin and noxious weeds are pres-
ent on public land, but neither constit-
utes a significant hazard at present.

411 of the rivers and streams are sub-
ject to flooding. Flooding of a magni-
tude that causes some Inconvenience to
landholders near streams occurs quite
frequently. More serious flooding, re-
sulting in considerable property damage
and community disruption, ls a less fre-
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quent but not uncommon phenomenon. The
area located near the Jjunction of the
Murray and Campaspe Rivers 1is particu-
larly flood-prone.

Opinions differ about the effect of
grazing on publie land and the malnten-
ance of the ground flora. It 1s often
clalmed that grazlng causes a reductlon
in the diversity of the ground flora
specles and domination of the site by
one or more exotlec or native specles.
Others claim that grazing 1is of economic
importance and a necessary fire manage-
ment tool for the type of forests in the
block. In some areas grazing, with
proper management and stoecking, may not
conflict with other values.
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A. General
l. Land tenure and location

Goulburn block occupies some 355,000 ha
in the centre of the area. Approxlmate-
ly 16,000 ha is public land, mainly com-
prising the reserved forest that abuts
the Goulburn River (12,000 ha), the
Beattie Drainage Depression (400 ha),
the Kanyapella Drainage Basin (2,500
ha), and a part of the Waranga Reservolr
and part of Green Lake. 'The rest makes
up various stream frontages and reserved
and unreserved Crown lands.

2. New South Wales Crown land

Areas of New South Wales Crown land that
abut this block are mostly State Forest,
with a number of small Crown land reser-
ves, and have a total area of some 3,200
ha. The maln one 1s the Bama State For-
est, north of Kanyapella.

These lands serve many purposes, ilnclud-
ing timber production, grazing, flood
mitigation, heoney production, and reec-
reation. They contain simllar forest
types, and would have similar conservat-
fon values, to those on the Viectorian
publiec land that abuts the Murray Rlver.

GOULBURN

B. HNature of the Land
g B Climate

Climate in this block can be deseribed
as temperate, hot summer.

Average annual rainfall is mostly less
than 500 mm and ranges from 513 mm at
Shepparton to 437 mm at Echuca. It
tends to decrease from south-west to
north-east through the block. Winter
rainfall 1is slightly higher than summer
rainfall.
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In general, temperatures are simlilar

throughout. Summers are hot and winters
mild, with a mean annual maximum temper-
ature of 22°C and a mean annual minimum

of some 9°9C.

The annual evaporation is of the order
of 1,400 mm, which 1s three times the
annual average rainfall.

2., Geology and geomorphology

Mluvial elay, sand, and gravel of Quat-
ernary age outcrop as flat plains over
most of the block. The youngest sedi-
ments cccur in the channels and terraces
of the present-day streams. Above this
level the alluvial plains have been de-
posited by an older dralnage system,
traces of which can still be seen on the
plains.

Clay lake-bed deposits together with
assoclated lunettes occur in the west. A
large relict lake-bed is represented by
@ subcircular depression to the east and
north-east of Echuca.

Jource-bordering dunes derived from de-
flatlon of dry stream-beds are scattered
along present-day and pre-existlng

stream courses.

In the south of the block, Palaeozolc
bedrock outerops as low north-trending
ridges protruding into the plain, and
45 outliers cut off from the Central
filghlands. Sediments of Ordovicilan and
dlluro-Devonian age are represented,
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together with Cambrlan greenstones and
sedliments.

3. 8Boils

Hed sodle duplex solls predominate here,
with only minor occeurrences of silty
gradational duplex solls along the lcod
plains of the Goulburn River. Gilgaied
clay soills are present in the northern
sector, together with 1solated cccurr-
ences of uniform sandy profiles on cld
lunettes. In the south, stony red grad-
ational soils and reddish brown uniform
clay scolls are assoclated with the
Cambrian basalt hills. Also in the
south, shallow stony gradational solls
and red scdic duplex sclls ocecur on the
gentle slopes of the Palaeozole sedi-
ments.

4. Vegetatilon

The Murray--Goulburn flood plain region
mostly carrles cpen forest—--woodland I1-
=111 of river red gum, with some frag-
ments of grey box open forest 11, swamp,
and grassland (usually volunteer). Kan-
yapella basin is predominantly river red
gum open forest--woodland 11, with areas
of box (black and yellow), volunteer
pastures (with some tree regeneration},
and swampland.

Vegetation around other watercourses is
mostly river red gum open forest 11,
with some patches of grey box of similar
formation. The last two vegetation
types occupy the remaining treed public
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Open forest--woodland I of blaek box and
grey box near Wyuna

land, with some yellow box and black box

to the

gast, but the majority of the

small patches carry volunteer pastures.

5. Fau

Goulburn block supports 33 speclies of
mammals.
occurs extensively along the Goulburn

River,

is known elsewhere In the study area.

Other a
glider,

brushtail possum, and common ringtaill

poSsum.

na

The rare squirrel glider

at far greater densities than it

rboreal mammals inelude the sugar

feathertail glider, common

The brush-talled phascogale,

fat-

tailed dunnart, and yellow-Tooted ante-
chinus are also present, and 23 specles
of bats have been recorded.

A total of 136 native birds have been
recorded in this block. A number of
them are restricted or unusual ones, in-
cluding the intermedlate egret, glossy
ibis, plumed whistling-duck, white-bell-
led sea-eagle, common sandplper, barking
owl, dollarbird, white-bellled cuckoo-
shrike, and yellow-faced honeyeater,

The most notable among the 17 specles of
reptile known to cccur in the block is a
northerly record of White's skink. All
of the 12 specles of amphibians recorded
in the study area occcur in this block,
ineludling the rare glant bullfrog.

Appendlces 2 and 3 list the fauna of the
study area, showing the habitats in
which they occur (Appendix 2) and thelr
distribution and gbundance in each
block (Appendix 3). For desecriptions of
habltats, the reader should refer to
Chapter 11.

C. Present Use and Capabllitles
1. MNature conservation

While all the forested land has at least
moderate to high capability for nature
conservation, some areas are more lmpor-
tant than others. Loch Garry provides
important breeding areas and habitat for
waterfowl. The Kanyapella Drainage
Basin 1s also important for nature study



(with special regard to the breeding
habits of native birds in an artificial-
1y controlled environment).

forested areas alcong the Goulburn are
important for nature conservation - not
only for native animals and birds, but
also for river red gum and box forest
and woodland types.

Many of the small parcels of public land
carry examples of the native vegetation
that occupied the riverine plains before
European settlement. These have hlgh
floristiec significance.

' r.-K ANYAPELLA BASIN

MR
&

Kanyapella Basin, where a
wildlife management
¢o-operative projeet is
currently in progress
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In general, most of the publie land is
accessible and has In many cases been
altered in some way by man's activitlies.
Despite this, much of it still retains
some conservatlion slgnificance.

2. Recreation

Forests that abut the Goulburn Rlver are
the main recreation resource here,.

They recelve less recreatlonal use than
similar forests along the Murray, but do
cater for some of the recreational needs
of people living in the area.




Fehuca racecourse lies on
publie land south-east of
Fehuea

Recreatlon actlivitles are simllar to (62.73 ha), and Shepparton Urban Water-
those carried out in the forests along works Trust Area (21.04 ha), all Forests
the Murray, although limlited access ham- Commlssion section 50 reserves, are loc-
pers some of them. ated along the Goulburn near Shepparton
The Echuca Village section 50 reserve
Popular areas for camplng along the (12 ha) adjoins the City of Echuca.
Goulburn are Bangarang Park, Yambuna
Bridge, and Ashes Bridge. The City of Echuca offers a wealth of
historical interest, especially for
Loch Garry 1s popular for fishing, ple- those 1nterested 1n early Australian
nicking, and duck-hunting. history.
The Gemmlill Waterfowl Reserve (34.4 ha), A co-operative wildlife management pro-

chepparton Flora and Fauna Heserve jeet = carrlied out by the State Rivers



and Water Supply Commission and the
Fisheries and Wildlife Division - glves
kanyapella Basin recreational interest.
The project 15 malnly concerned with
waterfowl management through the use of
an artificially controlled wildlife hab-

itat.

A number of small recreation reserves
pater for organized sports such as foot-
ball, ericket, and tennis.

3. Timber production

The river red gum forests have medium to
high capabllity for timber productilon.

One sawmill cuts small quantltles of
sawlogs from these forests, while five
sleeper-cutters cut from the same area.
Minor forest produce such as fencing
materlial, firewood, short poles, and
posts are also produced.

i, Agrieculture and apiculture

Most of the publlie land has low agricul-
tural capability, mainly due to its

flood characteristics. Most is grazed
under some form of licence.

The publie land carrying river red gum
that straddles the Goulburn River has a
high capabllity for honey productlon.

5. Water

Most of the block lies within the Goul-
burn River Basin; the remaining eastern
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portion lies within the Broken River
Basin. [t contalns the Shepparton Irri-
gatlon Area and parts of the Tongala and
Rodney Irripgation Areas.

Some TH2,000 ML of water was delivered
to these Irrigation Areas in 1980/81,
and a further 10,000 ML was authorized
for usage outslide the Irrigation Areas.
Most of thils was supplied from the Goul-
burn River.

Most of the publie land adjolining the
Goulburn and Murray Rivers is used for
flood mitigation purposes. In addition,
numerous levees, pumping statlons, pipe-
lines, and channels are located on pub-
lie land.

Seven local water authoritles are const-
ituted under the Water Aet 1959: the
Shire of Deakin, Shepparton Urban, Moor-
oopna, Echueca, Merrigum, Tatura, and
Kyabram Waterworks Trusts.

The block contalns the western part of
the Broken River Improvement District.

6. Mineral and stone production

Exploration for brown coal 1s currently
belng undertaken 1n the western part of
the block, north of the highland front.
Sediments prospective for coal are Tert-
lary in age, and underlie Quaternary
alluvium of the riverine plalns.

Most of the stone extractlion takes place
on private land, but the Shire of Roch-
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ester operates a hard rock quarry on
publiec land in the Farilish of Nannella.
Cherts of Cambrian age are quarrlied from
this site.

D. Hazards and Conflicts

Wildfires are always a majJor hazard.
Although the forests on the publle land,
such as those abutting the Goulburn
River, do not have such a hilgh fire risk
as some others in the State, wildfires
remaln a threat to life, property, and
timber resources, and do, of course,
affect wildlife and flora values.

While soil erosion 1s not a common feat-
ure on the publie land, a moderate haz-
ard of sheet and gully erosion affects
the slopes on Palaeozole sediments and
Cambrian rocks. The sandy lunettes and
source-bordering dunes also face a mod-
erate potential for wind erosion. Small
areas of dryland salting occur in de-
pressions in the northern end of the
Camel Range.

Irrigation salting has the potentlial to
become sericus if the measures taken to
allevliate 1t are discontilnued.

Both vermin and noxicus weeds are pres-
ent on publie land, but neither constlt-
utes a signiflcant hazard at present.

All of the major rivers and streams,
such as the Goulburn River, are subject
to {looding. Although winter--spring
floods are necessary to maintain the

adjacent river red gum forests, the
flooding of agrlcultural land is a major
hazard. Flooding of a magnitude that
causes some 1lnconvenience to the land-
holders near streams occurs frequently,
More serious flooding, resulting in con-
siderable disruption, is a less frequent
but not uncommon phenomenon. Flood
problems in the lower Goulburn area are
thought to be exacerbated by the pres-
ence of some protection levee banks,

A major hazard to the health and vital-
ity of the riverine forests along the
Goulburn Rlver 1is the alteration of the
natural flood regime due to water
impoundment and diversion for irrigation
and water supply purposes. This altera-
tion has resulted in floods being less
frequent, shorter in duration, and re-
duced in extent. Consequently it is ex-
pected that the health and vigour of the
forest could decline and regeneration
would be uncertain.

Efforts to overcome these effects of the
altered flood pattern may conflict with
the water supply and management commit-
ments to water-users along the Goulburn
River.

Confliect may arlse over the use and man-
agement of the many wetlands 1n the
block for nature conservation of wild-
life habitat, water supply, flood mitlg-
atlon, and dralnage. Management of
water forms a necessary part of land
management tor food and fibre production
and flood mitigation, but can affect the



ialue of wetlands [lor nature conservat
1on and wildlife habitat.

feeds growing in a drainage line

1

Opinlions differ about the effect of
grazing on publie land and the malnten-
ance of the ground flora. [t 12 olften
clalmed that prazing causes a reductlon
in the diversity of the ground flora
species and domination of the site by

one or more exotle or natlve specles.

Others eclaim that prazing 1ls of economic
importance and a necessary fire manage-
ment tool for the type of forests 1in the
block. In some areas grazing, with pro-
per management and stocking, may not
confliet with other values,

On areas of publie land where recreatlon
use is high, such as the popular rec-
reation areas along the Goulburn River,
inevitably conflict with other uses wlll
arise. Thus, some recreatlonal activit-
ies may be lnappropriate in prime water-
bird habltats, camping and using recrea-
tional vehiecles such as trail-bikes may
be incompatible, and the heavy use ol
some river-bank areas may result 1n bank
eroslon.



A. General
L Land tenure and location

Barmah block occuples approxlimately
193,000 ha in the northern part of the
area. Jome 39,000 ha is public land,
mainly comprising the Barmah State For-
est (29,000 ha) and the reserved forest
along the Murray River from Ulupna
Island to Yarrawonga (7,200 ha). The
rest conslsts of various stream front-
ages and reserved and unreserved Crown
lands.
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2. New South Wales Crown land

Significant areas of New South Wales
Crown land abut this block. They are
mostly State Forest and have a total
area of some 41,000 ha. They are known
as Moira, Gulpa Island, Millewa, Thorn-
ley, Woperana, Barooga, Cootadidda,
Boomanoomana, and Mulwala Forests.

These lands serve many purposes, includ-
ing timber productilon, grazing, flood
mitlgation, honey productlion, and rec-
reation. They contain similar forest
types, and would have similar conservat-
lon values, to those on the Vietorian
public land that abuts the Murray River.

B. HNature of the Land
l. Climate

Climate in this bloek can be deseribed
as temperate, hot summer.

Average annual rainfall is generally
less than 500 mm, ranging from 44N mm at
Nathalla to 473 mm at Cobram. It tends
to decrease from east to west.

In general, temperatures are similar
throughout. Summers are hot and winters



mild, with a mean annual maximum temper-
ature of some 229C and a mean annual
minimum of some 9°C. Summer and autumn
are relatively hot. Days with a maximum
remperature of 329C or more occur 30 to
4o times a year. Severe f{rosts are lim-
ited to 8 weeks 1In June, July, and Aug-
ust and usually total 6--8 each year.

The annual evaporation iIn the block is
approximately 1,375 mm.

2, Geology and geomorphology

Alluvial plains of Quaternary age make
up the entire block. Thls alluvium has
been differentiated into two units, the
youngest of which comprilises clay, sand,
and gravel deposited by the present-day
stream system, mostly along the Murray
River in the north and west and the
Broken Creek in the south.

The largest expanse of this unit occurs
in the Barmah Forest, which is subject
to frequent flooding by the Murray Riv-
er.

fbove the level of present-day stream
terraces are alluvial deposits lald down
by an older drainage system. Levee banks
assoclated with these old stream courses
are still visible on the surface of the
plains.

Source-bordering dunes derived from de-
flation of dry stream-beds are scattered
ilong present-day and pre-existing

stream courses.
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3. Seills

Barmah Forest 1s a uniform area of
Murray River flood plain; the solls vary
little from the silty gradational prof-
l1le with a mottled clay subsoll and a
bleached hard-setting topscil. In the
remainder of the block, reddish brown to
yellow sodle duplex soils predominate,
wWwith grey sodie uniform clays 1n poorly
drained areas and uniform profiles on
0ld dune formation and some river
levees,

i, Vegetation

The Barmah Forest 1s largely vegetated
by river red gum open forest II--IIT.
Areas of grey box and yellow box open
forest 11 occupy sand ridges 1in the
east, and pockets of black box grow in
the south-west. Where prolonged inun-
dation prevents tree growth, extenslve
areas support grassland and swamp. Some
smaller treeless areas occur on dry sand
ridges.

In the remaining riverine forests
(Ulupna Island--Yarrawonga) red gum open
forest III predominates. Broken Creek
also supports remnants of river red gum
open forest III. In addition, pockets of
black box open forest occur - for examp-
le, at Nathalla and near Barmah.

5. Fauna

Of the 30 specles of mammals, including
12 bats, known in Barmah block, the most



notable are the brush-tailed 5ﬂnnaﬂug3]e,
squlrrel plider, and sugar glider. The
eastern grey kangaroo, platypus, yvellow-
f'ooted antechlnus, and common ringtail

possum are common and wldespread in Bar-

mah State Forest.

A total of 129 native birds have been
recorded here. The emu, white-bellied
sea-eagle, brown quall, superb parrot,
azure kingfisher, and leaden fly-catcher
are a few of the more notable birds
known in Barmah State PForest. The For-
est 1s an 1lmportant breeding area for a
number of aquatic birds, such as 1bls
and duck speciles.

Only 13 species of reptile are known 1n
this block, inecludlng the three Victor-
ian tortoises and some of the commoner
skinks. Eight specles of amphibians,
all widespread in the study area, have
been recorded here.

Appendices 2 and 3 list the fauna of the
study area, showing the habitats in
which they occur (Appendix 2) and thelr
distributicon and abundance in each
block (Appendix 3). For descriptions of
habitats, the reader should refer to
Chapter 11.

C. Present Use and Capabilities

i ER Nature conservatlon

The most significant area for nature
Many species of birds use the Barmah conservation is the Barmah Forest. This

Foregt for breeding contains possibly the best examples of
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:he development of river red gum as a
forest species on the flood plains of

the Murray River. It conslists mainly of
river red gum stands, with yellow box on
the sand hills and black box in the less
frequently flooded areas. The Forest
also contains many watercourses, swamps,
and grassy plains.

[t is an important area for wildlife,
partlcularly water birds. A variety of
other birds and mammals inhabit or breed
in the Forest. It has a relatively high
Populatlion of eastern grey kangaroos by
tomparison wlth other Victorian forest
areas, In addition, 1t provides import-
ant habitat for fish, amphibians and
reptiles.

I

Diupna Taland flora and fa:
serve in river red gum woodland
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The Forest supports breedlng populatlions
of numerous water blrd specliles; small
resident populatlions breed regularly,
but numbers swell during floods. Furth-
er, 1t provides extensive hablitat for
duck=breeding. Of 12 specles noted in
the area, most are pood pgame specles.

In addition, the Forest 1s located at a
major Jjunetion of the flyways of migrat-
ory ducks. Duck-hunters regard it as of
paramount Importance for the maintenance
of viable duck populations.

Ulupna Island, a Public Purposes (Flora
and Fauna) Reserve north of Strathmer-
ton, was proclalmed In 1969, as a result
of' local interest and a wish to preserve
the area's [lorlstlie and scenle wvalue,



At | 1T specles of plants have
been recorded in the reserve, which has
suffered remarkably little from the

over-grazing or timber-cutt-

Many of the small parcels of public land
carry examples of the natlve vegetation
that ocecupled the riverline plain before
Eurcopean settlement. These areas have
high floristle and faunal slgnificance.

[+

In general, most of the publie land is
e2sslble and has 1n many cases been
1ltered in some way by man's activitles.
Desplite this, much of 1t sti1ll1 retains

important nature conservatlon values.

Recreatlon
The maln recreational resource here (the
Barmah State Forest) conslsts mainly of
river red gum forests and assoclated
wetlands, and provides many recreation
experiences. Camplng, hunting, blrd-
watchlng, pleasure driving, and horse-
riding are all popular activitles and
ls relatively high.

'he Barmah Forest is also 1lmportant for
nature study, as 1t provides a breeding
habitat for kanpgarcos, emus, eight var-
leties of bats, and many specles of

waterfowl. W1ild duck and 1ibls are com-

mMor -

'he PForest contains a wealth of Aborig-
inal relies and relies of European use
and assoclation.

The forests along the Murray from Ulupns
[sland to Yarrawonga are also popular
for recreation, supportling actlvities
such as camping, swimming, hunting, and
fishling. Sandy beaches on this streteh
of the Murray River are very popular 1lg-
cations for a varlety of recreation
activities.

The Ulupna Island Flora and Fauna Res-
erve, north of Strathmerton, provides
opportunitles for the study of flora and
fauna.

3. Timber productlon

Most of the forests here are river red
gum types and have a high capablility for

Harvesting river red gum sawlogs in the
New South Wales forests



timper production 1f the appropriate
flood reglmes necessary to maintain the
i-mri‘..':“. and vitality of these stands are
pro vided.

sawlogs from this block - malnly from
Barmah Forest - are processed at four
mills, located at Echuca, Barmah, Plecola
North, and Mulwala. [n addition, 12
gsleeper-cutters draw supplies from both
the Barmah Forest and the forests ad-
joining the Ulupna Island--Yarrawonga
stretch of the Murray River.

Other forest products such as fencing
material, firewoocd, short poles, and
charcoal are also produced.

4, Agriculture and apiculture

A large proportion of the publiec land
has low agricultural capabillity, malnly
due to its susceptibility to flooding.

Most is grazed under some form of lic-
énce, or, as in the Barmah Forest, under
aglstment. Its capabllity to support
forest grazing is high, due to the

grassy understorey of the river red pgum
and box forest types. Grazling usually
takes place over summer and autumn, al-
though the areas carry reduced numbers
of stock in the winter and spring. This
reduction in numbers reflects the loss
of feed due to flooding.

The public land carrying river red gum
a:ﬂrl box forests has a high capability
for honey production.
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Sleeperas being cut using a barrow saw
5. Water

The block lies within the Broken River
Drainage Basin and contains all of the
Murray River Irrigation Area.

Some 349,000 ML of water was dellvered
to this Irrigation Area in 1980/81.
Significant quantities were also author-
ized for usage outside the Irrigation
Area, the water coming from the Murray
River.

Most of the publlie land is used for
flood mitigation purposes, the Barmah
Forest belng a major part of the natural



282

flood-control reservolr. 1In addition,
numerous levees, pumping stations, pipe-
lines, and channels are located on pub-
11e land.

Three local water authorities are con-
stituted under the Water Aet 1959: the
Shire of Nathalla, Shire of Numurkah,
and Cobram Waterworks Trusts.

6. Mineral and stone production

Exploration for brown coal 1s currently
belng undertaken in the western part of
the block. Underlying the Quaternary
alluvium are Tertiary sediments that are
prospective lor coal.

D. Hazards and Conflilects

Wildfires are always a major hazard. Al-
though the forests on publie land such
as the Barmah State PForest do not have
such a high fire risk as some others 1n
the State, and access 1s generally good,
wildfires remain a threat to life, prop-
erty, and timber recourses, and c¢an have
a devastating effect on wildlife and
floral values,

While soll eresion 1s not a common feat-

ure on the public land, water erosion of

Ltracks may occur 1n locallzed areas and
river and stream-bank eroslon can be a
problem along the watercourses,

A severe hazard of wind erosion threat-
ens the source-borderlng dunes and sandy
lunettes if the native vegetatlion is re-

moved and the sandy topsoil is left ip
an exposed conditlon.

Saltlng caused by irrigation is not a
currently significant land use hazard,

Both vermin and noxious weeds are pres-
ent on public land, but neither of these
constltutes a significant hazard at
present.

All of the major rivers and streams,
such as the Murray River and Broken
Creek, are subject to flooding. Al-
though winter--spring floods are necess-
ary to maintain the adjacent river red
gum forests, flooding of agricultural
land 1s a majJor hazard. Flooding of a
magnltude that causes some inconvenience
to the landholders near streams occurs
frequently. More serlous flooding, re-
sulting in considerable property damage
and community disruption, is a less fre-
quent but not uncommon phenomenon.

A major hazard to the heath and vitallty
of the riverine forests along the Murray
- such as the Barmah Forest - is the
alteration of the natural flood regime
due to water impoundment and diversion
for irrigation and water supply pur-
poses. This alteration has resulted in
floods belng less frequent, shorter 1in
duration, and reduced in extent. Unless
the appropriate flood reglmes necessary
to maintaln the health and vitality of
the riverine forests are provided, it 1s
expected that the operation of the Dart-
mouth Dam will agravate this situation.
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sections of the riverine forests are now ern may conflict with the water supply
|--:‘EQLJ(-?ﬂt11-.-’ looded in summer, when the and management commltments to water-
rivers are kept high to provide water users both along and downstream of the
lor irrigation. This summer f{loodling o,

threatens river red gum regeneration and

tree growth, access for protection, har- Confliet may arise over the use and
vesting of forest products, recreation, Sarnesancnt of the many wetlunds in the
and the maintenance of wildlife breeding block for nature conservatlon, willdlife
ireas and habitat. Efforts to overcome habitat, water supply, flood mitlgation,
these effects of the altered flood patt- and drainapge. Management of water forms

LY
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a necessary part of land management for
food and fibre products and flood mit-
igation, but can affect the value of
wetlands for nature conservation and
wildlife habitat.

Opinions differ about the effect of
grazlng on public land and the mainten-
ance of the ground flora. It 1s often
claimed that grazlng causes a reductlon
in diversity of the ground flora specles
and domination of the site by one or
more exotic or native specles. Others
claim that grazing is of economlec 1m-
portance and a necessary fire management

tool for the type of forests in the
block. In some areas grazing, with pre-
per management and stocklng, may not
conflict with other values.

On areas of publie land where recreatiop
use is high, suech as in the Barmah For-
est, inevitably conflict with other uses
willl arise. Thus, some recreational
activities may be 1lnapproprlate in prime
water-bird hablitats, camping and using
recreational vehleles such as trail-
bikes may be incompatlble, and the heavy
use of some rilver-bank areas may result
in bank erosion.
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A. General

1, Land tenure and location
yarrawonga block occuples some 293,000
ha in the east. Approximately 11,500 ha
is public land, mainly comprising the
reserved forest that straddles the Ovens
River (U,000 ha), part of Lake Mulwala,
and Dookie Agricultural College (2,500
ha). The remainder comprises [Dowdle
Swamp Wildlife Reserve (260 ha), various
stream frontages, and reserved and un-
reserved Crown lands.

5. YARRAWONGA

|
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YARRAWONGA

2. New South Wales Crown land

Areas of New South Wales Crown land that
abut this block are mostly State Forest,
with a number of Crown land reserves,
and have a total area of some 1,000 ha.
The main ones are the Collendina, Cor-
owa, Quat Quatta, and Quat Quatta East
State Forests.

These lands serve many purposes, 1lnclud-
ing timber productlon, grazing, flood
mitigation, honey production, and rec-
reation. They contain simlilar forest
types - and would have similar conser-
vatlion values - to those on the Victor-
ian publiec land that abuts the Murray
River.

B. HNature of the Land
l. Climate

Climate in this block ean be described
as temperate, hot summer and 1is general-
ly uniform throughout.

Average annual ralnfall - generally be-
tween 500 and 600 mm - ranges from 551
mm at Dookie to 596 mm at the Rutherglen
Research Institute. It 1s suffilecient to
support dryland farming.
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In general, temperatures are similar
throughout. Summers are hot and winters
mild, with a mean annual maximum temper-
ature of some 22°C and a mean annual
minimum of some 8°C.

2. Geology and geomorphology

The bloeck consists predominantly of
Quaternary alluvial plains with outecrops
of Palaeozolice bedrock distributed in the
south and east. The youngest alluvial
deposlts ol eclay, sand, and gravel occur
within the flood plalins of the present-
day streams, principally the Murray and
Ovens Rilvers.

Older alluvial sedlments make up the
plains above the level of the modern
stream terraces; these were deposlited by
an earlier drainage system, traces of
which are still wvisible on the plains.

Small outecrops of Tertiary gravel and
sand occeur in the north-eastern corner
and may be related to Tertiary sediments
underlying the riverine plain to the
west. An 1solated exposure of Tertiary
basalt oceurs near Cosgrove.

Outerops of Palaeozoic sediment, meta-
sediment, granite, and greenstone occur
as outliers and as low north-west-trend-
ing ridges protruding into the plains.

3. Soils

Sodle duplex- solls with clayey subsolls
ranging in colour from red to yellow

(depending on the degree of profile
drainage) comprise the major type on the
plains. Uniform sodiec clays predominate
in poorly drained areas such as at
Boorhaman East, and west of Mount Major,

On the hills of Palaeoczolec sediments,
shallow stony gradational soils occur on
the crests with red sodic duplex soils
common on the slopes. Yellow sodic dup-
lex solls are confined to the drainage
depressions.

Small hills of granlitic orlgin also have
red duplex solls on the slopes and yell-
ow duplex soils 1n the depressions, but
the presence of a hardpan at approxi-
mately one metre depth places severe
limitations on land use.

Stony red gradational solls and red-
brown unlform clay soils are common on
the hills composed of Cambrian rocks
around Dookie. Black uniform clays
occur in the broad drainage depresslions.

i, Vegetation

Aleng the Murray Rlver, river red gum
open forest I11--III1 is the main vegetat-
ion, with patches of grassland and
swamp. Publie land along the Ovens Riv-
er supports river red gum of similar
structure. East of the Ovens the river-
ine forest 1s more fragmented. Some grey
box and yellow box in open forest--wood-
land II formation occurs in the Ovens
area. North-east of Peechelba East 1s a
small patch of white box.



klver red gum open forest 1I, with grey
box open forest--woodland 11, grows

along the Broken Creek systems with some
éWwamps. Along some creeks dralning into
the Ovens, open forest--woodland 111
consists of river red gum, grey box, and
yellow box. The swamp areas support
river red gum, with grey box and yellow
00x in open forest--woodland II--I1T,

and treeless swamp communlties.

The Mount Major (Dockie Agricultural
Collepe) area has been disturbed and
carrles mainly 1improved pasture. Some
vyellow box grows on Mount Major, with
some prey box and whlte box on the hills
te the south.

Other small parcels often support volun-
Lteer pasture. Pockets of remalinin

etation include red gum open fores
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and fragments of the grey box plalns
vegetatlon (in open forest--woodland
[I--TII formation), with some yellow box
(particularly in the hillier regions).
Small pockets of red ironbark grow along
the border between thls block and Hume
block, on the slopes above the Ovens
River,

B Fauna

A total of 21 native mammals have been
recorded 1n this block, most of them
found elsewhere in the study area. The
long-nosed bandlcoot and swamp wallaby
have both been recorded here, apparently
at the edge of theilr distribution.

Only 92 species of native blrds have
been recorded 1n the block, the most
notable belng the white-bellled sea-
eagle, 1little lorikeet, and yellow-tuft-
ed honeyeater.

The reptlle fauna comprises 21 species, Lake Moodemere

including Cunnlingham's skilnk, tree drag-

on, and Bougalnvllle's skink. All 12 lon, some areas are more Important than

species of frogs known to cccur in the others.

study area have been recorded here, the

most notable belng the rare glant bull- Publie land that abuts the Ovens River

frog. s significant as 1t carries good examp-
les of river red pum with 1ts associated

€. Present Use and Conservation flora and fauna.

1. HNature conservation Lake Moodemere near Rutherglen is l1deal
waterfowl habitat, and many specles of

While all the forested land and other waterfowl - such as musk duck and little

areas of publie land have at least mod- grebe - are found there. Similarly, the

erate capablllity for nature conservat- Fisheriles and Wildlife Division manages



Dowdle Swamp Wildlife Reserve south of
yarrawonga for conservatlon of water

birds.

Many of the other small parcels of pub-
1ic land and stream frontages in thils
plock carry examples of the native vege-
tation that ceccupied the area before
European settlement. These have a high
floristic and fauna significance and
consequently high nature conservation
value.

In general, most of the public land is
accessible and has iIn many cases been
altered In some way by man's activities.
Despite this, much of it still retains
important nature conservation values.

¢, Reecreation

River red gum f'orests that abut the
Ovens Rlver provide the main recreation
resource of Yarrawonga block. At the
junetlon of the Ovens and Murray, which
attracts both campers and fishermen,
campsltes have been formally marked in
the forest north of the Murray Valley
Highway .

Lake Moodemere, near Rutherglen, 1s very

popular for water-skiing, swimming, and

bird-watching. Lake Mulwala too is very

popular for water sports and fishing.

Mount Major, north of Dookie Agriculture

College, provides panoramlic views of the

Surrounding plains and also the Eastern
Highlands.
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Early mining sites 1n the vicinity of
Rutherglen provide historical interest,
with relics of the gold-rush days of the
1860s.

A number of small recreation reserves
cater for organized sports such as foot-
ball, ericket, and tennis.

3. Timber productlon

The main areas of public land wlth a
high to medium capability for timber
production are the river red gum forests
that abut the Ovens River and those
along the Murray. Two sawmllls are
licensed to draw sawlogs from these for-
ests - one for salvage purposes only.
Two rail-sleeper-cutters are licensed to
cut sleepers from them. In addition,
small gquantities of firewood, fencing
materlal, and short poles are cut.

4., Agriculture and apiculture

Most of the publie land, except for the
agricultural research stations and coll-
eges, has a low capability for agricult-
ure, mainly due to its flood character-
istlcs. Most 1s grazed under some form
of licence.

The river red gum and box forests have a
high capabllity for honey production.

5. Water

The western end of this block lies in
the Broken River Drainage Basin whlle



A n .'1’:'.'."-'-' F i '_'. Ireds o F
publie land abutting the
Murray River are :
licensed ag pump siteg

east

ern end lies within the Ovens The block contalns a substantial part of
Rlver Drainage Basin. the Black Dog Creek Improvement Dis-

trict, the northern section of the Ovens
[t does not contaln any Irrigation Area, and King River Improvement District, and
although substantilal quantltles of water part of the Broken River Improvement
are authorlzed for usage for lrrigation, District.

This wat-

domestlie, and stock purposes.
er comes from the Murray River or water- 6. Mineral and stone productlon
courses 1n the Ovens Drainage Basin.
An important poldfield ecccuples the

Seven local water authorities are const- northern corner of the block, in a belt
ltuted under the Water Adet 1959: the of country running north-west from Ehil-l
hire of Rutherglen, Springhurst, Shire tern to Rutherglen. Large quantlities ol
of Tungamah, Yarrawonga Urban, Goorambat, alluvial gold {(and tin) were mined from
Aatamatite, and Devenlsh Waterworks a number of shallow leads, and smaller
Trusta., amounts of gold were also mined from
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uartz reefs 1in the bedroeck. Explorat- water eroslon of tracks, there is a mod-

jon for further gold and tin deposits erate to severe hagard of sheet and

g currently taking place 1n the area,. gully eroslon, and a slight to moderate

piamonds have also been reported there, hazard of wind erosion of the sloping

but in small quantities. areas on Palaeozole sediments and gran-
itie rocks if the protective native veg-

A small deposit of iron and manganese etation ls removed.

pecurs at Mount Major near Dookle. This

area of Cambrlan rock is currently belng Both vermin and noxlous weeds are pres-

gxplored for base metal mineralization. ent on public land, iut nelither constil-

tutes a slipnificant hazard at present.
A mlinor kaolinite deposit 1s located

west of Nallnga, In the south-west. A1l of the major rivers and streams,
such as the Ovens and Murray Rivers, are
The Shire of Rutherglen uses mine tail- subject to flooding. Although winter--
ings for road construction purposes. spring floods are necessary to malntain
Some of the material comes from alluvial the adjacent river red gum forests,

mine dumps situated on public land near
Rutherglen.

Most stone extraction in the block

occurs on private land. Cambrian green-
stones south of Dookie form a prospect-
ive hard rock resource on public land.

D. Hazards and Confllicts

Wlldfires are always a major hazard. The
forests on public land in this block,
however, such as theose abutting the

Uvens River, do not have as high a fire
risk as some others in the State, al-
though wildfires remaln a threat to

life, property, and timber resources,
and do, of course, affect wildlife and
flora values.

While soil erosion is not a common feat-
uré on the publie land, apart from some Flood debris can damage fences
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flooding of agricultural land 1s a major
hazard. Flooding of a magnitude that
causes some lnconvenlence to the land-
hoelders near streams occcurs frequently.
More serlous flooding, such as that of
the Ovens River at Wangaratta, can re-
sult 1n conslderable property damage and
community dilsruption.

Altered flood reglimes currently pose no
hazard to the riverlne forests along the
Ovens Rlver. Thils, with 1lts tributar-
les, forms a relatively unimpounded riy-
er system. The riverine forests are
therefore regularly flooded during wint-
er--spring and no summer flooding
ocours.

Opinions differ about the effect of
grazing on publie land and the mainten-
ance of the ground flora. It 1s often
claimed that grazlng causes a reductlon
in the diversity of the ground flora
speclies and domlnatlon of the site by

one or more exotle or native species,
Others clalm that grazing 1s of economie
importance and a necessary fire manage-
ment tool for the type of forests in the
block. In some areas grazing, with
proper management and stockilng, may not
confliet with other values,

Conflicet may arlise over the use and man-
agement of the many wetlands for nature
conservation and flood mitigation and
drainage. Management of water is im-
portant for food and filbre production
and flood mitigation, but can affect the
value of wetlands 1nvolved for nature
conservation.

On areas of public land where recreation
use is high, 1lnevitably conflict with
other uses will arise. For example, on
Lake Moodemere, speed-boating (a very
popular activity) may interfere with the
lake's value as a water-bird habltat and
breeding area.
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4. General
1. Land tenure and location

tume block occuples some 225,000 ha in
the south-east. Approximately 23,000 ha
is public land, mainly comprising 6,400
ha of reserved forest at Killawarra and
the Warby Range, the Warby Range State
park (3,270 ha), and Lake Mokoan (8,500
ha). The remainder 1s made up of various
stream frontages and small areas of res-
erved and unreserved Crown lands.

E. Nature of the Land

1. Climate

Climate iIn this block can be described
as temperate, hot summer.

Average annual rainfall ranges from 550
mm in the north of the block to 672 mm
In the vielnity of Benalla.

In general, temperatures are similar

throughout. Summers are hot and winters
mild, with a mean annual maximum temper-
ature of some 21°C and a mean annual

minimum of some 8°C. The range of maxi-
mum temperatures can be marked. Benalla
has a mean summer maximum of 31°C, while
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its maximum extreme temperature con re-
cord is U46°cC.

Severe frosts are llkely to occur from
mid June to September. Benalla on aver-
age experiences U4 frosts a year.

2. Geology and geomorphology

The block consists of large isolated
outcrops of Palaeozolc bedrock Inter-
spersed with alluvial plains of Quatern-
ary age. The youngest alluvlal deposits
of clay, sand, and gravel occur wilithin
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the floocd plains of present-day streams,
prinelpally the Ovens River. Older
alluvial sediments make up the plains
above the level of the modern stream
terraces: they were deposlted by an
earlier dralnape system, traces of which
are still visible on the plains.

Small isolated outcrops of Tertiary bas-
alt and sediments occeur east of Lake
Mokoan.

Falaeozole bedrock consists of prominent
outecrops of granite making up the Warby
Range, and lower undulating areas of

sediments and granite to the south-west.

3. Sells

This block 1ncludes solls that have dev-
eloped on a wide range of parent mater-
fals, resulting in a variety of soil
types.

Yellow sodic duplex solls and grey cal-
careous sodle uniform clays predominate
on the plains 1n the scouth and south-
west. Red and yellow sodic duplex soills
are the major types on the rest of the
plains.

Throughout, gentle hllls on Palaeozole
sedlments have shallow stony gradatlional
solls and red sodlic duplex solls.

Red duplex solls with deep coarse sandy
topsolls are a feature of the granitic
hills inecluding the Warby Range. Others
that warrant a mention are the uniform

coarse sandy solls that occur among the
outeropplng granite tors and the yellow
duplex soils in drainage depressions.

4. Vegetation

The Warby Range mostly carries a mosaic
of Blakely's red gum (E. blakelyi) wood-
land I and red stringybark open forest
II, sometimes with red box and occcasion-
ally long-leafl box. Mixed open forest
I11--111 of box specles (inecluding white
box) occurs in gullies and at the bases
of scarps. JSome areas support white
cypress plne woodland (dominant over
Blakely's red gum, with which 1t assoc-
iates). Also, areas of previocusly
cleared land are regenerating.

Vegetatlon types on the sandstone hillls
- as at Killawarra - are more complex,
being a mosaic of red ironbark, grey
box, red stringybark, red box, and
Blakely's red gum communities; mixed
stands of these specles are freguent.
Some volunteer grassland is regenerating
with wattles (in old clearings), and a
strip of river red gum open forest 11
adjoins Irishtown Creek.

Along the creeks between Euroa and Ben-
alla, open forest--woodland II of river
red gum predomlnates. Yellow box may
also be present. The pockets of public
land may support fragments of a similar
vegetation. Some open forest III of
grey box, yellow box, and rlver red gum
grows along streams that draln into the
Ovens.



impregsive clumps of tall Austral grass-
‘rees are found in the Warby Range

:r"'*:”'fl'(fr' hills south of Thoona support sim-
llar vegetation types to the Warby Range
- mainly Blakely's red gum woodland I,
With some white cypress pine, and red
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stringybark--box mixtures in open forest
formatlion.,

In the hills near Earlston, pockets of
grey box, white box, and red box remain,
with very restricted cccurrences of
green mallee (F. viridie) in some drier
sltuations.

= i Fauna

This block supports 34 species of mamm-
als, ineluding a wide range of arboreal
specles. Within the study area, the
common wombat and grey-headed [lying lox
are known only in this section. The
swamp wallaby, eastern grey kangaroo,
and koala are most abundant here, the
Warby Range belng particularly important
habitat for these and other specles.

A total of 132 species of native birds
have been recorded in this bloeck, a num-
ber of them not recorded elsewhere in
the Murray Valley area. The latter in-
clude the spotted harriler, little butt-
en-quail, turquoise parrot, black-eared
cuckoo, white-throated nightjar, singing
bushlark, palnted honeyeater, satin fly-
catecher, speckled warbler, and brown
thornbill. Others, such as the grey-
crowned babbler, are more common here
than in the other blocks.

The rocky areas of the Warby Range sup-
pert several unigue reptiles, such as
Burton's snake lizard, rainbow skink,
and black rock skink. Altogether, 25
specles of reptlle have been recorded 1in
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Other Interestling species in the Warby Range, because of its div-
e carpet snake, Dwyer's snake, ersity of flora and fauna and its locat-

hls bloe
include t
and sand poanna. Hume block also con- lon on the north-western foothills of

tains 11 specles of frog, most of which the Eastern Highlands. Plant and animal
are widespread in the study area. species that are usually found further

K
f

north in Australia have been recorded in
C. Present Use and Capabilities the Range. These include the turquolse
parrot, northern sandalwood, western
1. Nature conservatlion silver wattle, and spur-wing wattle -
all very rare 1n Victoria. The last tW
'nis block's maln area of publie land have their Victorian distributlon con-
with high nature conservation value is fined to the Warby Range.

i
i
T
I



Morphetts Swamp Wildlife Reserve prov-
jdes important habitat for varlious spec-
jes of water birds. Also other wetlands
occurring in this block - such as Jubil-
pe Swamp - are thought to be breeding
areas Tor duck specles and therefore may
have high conservation value.

Recreation

The Warby Range State Park, Killawarra
state Forest, and Lake Mokoan are all
used as recreation resources.

Warby Range State Park features a seriles
of rocky prominences, steep escarpments,

The Killawarra Forest is
Pepular for eross-country
Punning and orienteering
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and ercded plateaus, and stands approxi-
mately 180 m above the surrounding
plaln. [t provides excellent vantage
points, pleasant plenic spots, and out-
standlng variety of bird life, and an
interesting flora. Recreatlion facllitles
have been developed in a number of sec-
tions cof the Park, mainly at Pine Gully,
Jubllee Falls, Ryans Lookout, and Salis-
bury Falls.

The Killawarra Forest, consisting mainly
of red ironbark and grey box, is popular
for cross-country running and orlenteer-
ing. The Farests Commission maintains

a plcnic area, whlch was once a forestry




camp, where a flithness trall starts and

ends.

Lake Mokoan provlides water sports and
fishing. Salling 1s very popular here.
Duck-hunters also shoot over the lake
during duck season.

3. Timber production

Capability of the publie land for timber
production 1s low. Only small quantlt-
les of fencing materlal, poles, and
firewood are cut from the red lronbark--
box forests at Killawarra, and llttle
timber 1s harvested from the Warby
Range .

4y, Agriculture and aplculture

Most of the publle land has low to med-
ium capabllity for agricultural product-
fon.

Licensed grazing takes place on most

areas, except the Warby State Park and
the reserved forest in the Warby Range.
Sheep are grazed in the Killawarra For-

est.

Most of the publie land has a high capa-
bility for honey production, and aplar-
lsts value the Warby Range highly as an
over-wintering area.

0 Water

The western portilon of this block lles
within the Goulburn Dralnage Baslin, the

o

s “m\i rh'.:

A number of wineries are located on the
western side of the Warby Range

central portion within the Broken River
Basin, and the eastern 1ln the Ovens
River Basin.

[t does not contain any Irrigation Area,
although substantial quantitles of wat-
er are authorized for usape for Ilrrigat-
ion, domestic, and stock purposes. This
water comes from the Broken and Ovens
Rivers.

Lake Mokoan, an off-river water storage,
is located in the block and 1ts water 1s
transferred to the East Goulburn Channel
via the Broken River.

Six loecal water authorities are constit-
uted under the Water Aet 1939: the Ben-



alla, Eurca, Glenrowan, Longwood, Violet
Town, and Wangaratta Waterworks Trusts.

The block contalns parts of the Broken
River Improvement District and Ovens and
¥ing River Improvement District.

., Mineral and stone production

Minor alluvial goldflelds occur at Tam-
leugh North, and astride the Hume High-
way Just south of Benalla.

Small deposits of fluorite are located
in the Warby Range, and an occurrence of
a phosphate mineral has been reported
near Killawarra, in the north.

The Shire of Euroa extracts road and
constructlion material from a plt next to
the Hume Highway. The Shire of Wangar-
atta extracts a small amount of materlal
from public land in the north-east of

the block and there 1s further potentilal
in this aresa.

A hard rock granite quarry 1is operated
Just outside the study area at Glenrowan
and there is potential for further gran-
ite quarrying within public land in the
Warby Range.

D. Hazards and Conflilcts

Wildfires are always a major hazard.

The forests on public land in the Warby
Hange have a moderate fire risk, while
the remainder of the forested publie
lands have a lower fire risk than others

S~
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in the State. Wildfires remalin a threat
to life, property, and timber resources,
and do, of course, affect wildlife and
flora values.

While soll erosion is not a common feat-
ure on the public land, apart from some
water erosion of tracks, there 1s a mod-
erate to severe hazard of sheet and
gully eroslon, and a slight to moderate
hazard of wind erosion of the sloping
areas on Paleczole sediments and granit-
ie rocks 1if the protective native veget-
ation 1s removed.

Dryland salting 1s becoming a serilous
hazard where the north-eastern slopes
meet the riverine plain, the most not-
able being in the Canlambo area.

Both vermin and noxlous weeds are pres-
ent on public land, but neither const-
itutes a significant hazard at present.

All of the major rivers and streams are
subject to flooding. Nulsance flooding
occurs frequently, and more serlous
floods resulting in considerable proper-
ty damage and community disruption cccur
less frequently.

Conflict may arise over the use and man-
agement of wetlands, such as Jubilee

Swamp, for nature conservation, willdlife
habitat, flood mitigation, and drainage.

Management of water forms a necessary
part of land management for food and
fibre production and flood mitigation,
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but this can affect the value of wet-
lands for nature conservation and wild-
1ife habiltat.

Opinlons differ about the effect of
grazing on public land and the malnten-
ance of the understorey floristies. It
is often claimed that grazing causes a
reduction in the diversity of the ground
storey specles and consequent domination

of the site by one or more exotic or
natlve species.

Others clalm that grazing 1s of economic
Importance to the grazier and a necess-
ary fire management tool for the type of
forests 1n the block. In some areas
grazing, with proper management and
stocking, may not confllet with other
values.
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SPECIES OF CONSERVATION SIGNIFICANCE

Distribution within the Murray Valley Area
by descriptive blocks

Speciles

Category 1: very locallzed and/or very
rare, to endangered or extinct. Species
in this category have extremely re-
stricted occurence in Viectorla or else a
very restricted distribution with a sig-
nificant proportion of it in Vietoria.

Category 2: 1localized and/or rare. Such
species generally have restricted occur-
rence in Viectorils.

Category 3: 1locallzed and uncommon to
rare. The specles may have a relatively
Wwlder range of distribution, but they
are rare where they occur or have
restricted habltat requirements and so
they are localized to a small region of
Vietoria.

Category 4: uncommon and/or rare with
restricted distribution (localization).
This includes species that have conser-
vation significance due to restricted
distribution, but may not be currently

rare or vulnerable because of restricted
numbers.

4-B

(

)

Descriptive blocks
Gunbower
Fatho
Goulburn

Barmah block excluding the Barmah
Forest

Barmah Forest (in the Barmah
block)

Yarrawonga

Hume

indicates doubt regarding exact
location or 1ldentification

old (>40 years) or non-verified
record, often only general

locality given

presumed extinct within descrip-
tive block
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MVA

denotes recordings just outside
Murray Valley area; number 1lndie-
ates nearest descriptive block

refers to the lists prepared by
Beauglehole®*

- not recorded by Beauglehole
for the Murray Valley area

@ specles not listed by
Beauglehole

+ listed for Murray Valley
area, locality not given

* Beauglehole, A.C. (1980). 'Victorian
Vascular Flant Checklists.' (Western
Vietorlan Fleld Naturalists Club:
Portland.)

Source: Frood, D. (1983). 'The Vegeta-
tlon of the Murray Valley Area.' Report
to the Land Conservation Council of Vie-
toria (unpublished).
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Specles

Distributlon

Descriptive block

1 2 3 4-B B e

0s

Category 1

dcacia decora

A, omalophylla

A, triptera
Amphibromus gracilis
Brachycome gracilis
B, Muelleroides
Brasenia schreberi
fassia artemisioides

Cheilanthes lasio-
phylla

Chloris ventricosa
Cyperus flaceidus
(. pygmaeus

Diuris punctata
Eleocharis minuta
Eragrostis japoniea

Eryngium platagineum

Euphorbia planiticola

Helipterum strictum

Hydrilla vertieillata

Lepidium monoploecoides

(?)

24

(%)
(?)

(5)

76

(57)
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Specles

Distribution

Descriptive block

3

L-B

B

03 MVA

Category 1 (cont.)

Lepidium papilloaum

L. pseudohyssopi-
folium

Leptorhynchos
elongatus

Lomandra dura
Myriophyllum porcatum
Pgoralea parva

P, tenax

Pterostylie hamata
Rorippa sp. nov 's'
Santalum lanceolatum
Senecio behrianus
Sporobolus creber
Stellaria sp. nov.
Swatnsona galegifolia
S. mierocalyx

S. murrayana
(a) ssp. eeiliata
(b) ssp. murrayana

5. plagiotropis

5. recta

(e
7%

(2)

(4)

#

?H

9

(]

(5) ¢

#(5)

#(3)
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Specles

N

Distribution
Descriptive block
1 2 3 4-B B 5 6 03 MVA
category 1 (cont.)
Swainsona swainsonioides (1) "
Category 2
Botrychium australe (6)
Brachyecome readeri 4
fromus arenarius B -
Cyperue coneinnus (2)
Digitaria ammophila B -
b, divaricatissima 1
Eriochloa pseudo-
aerotricha 2 3 B
Goodenia subintegra b B
lypsela tridens B -
Indigofera signata (6) -
leptorhynchos panaet-
ioideg 27 4 B
lyeium qustrale 1
Myoporum montanum 1 ? 3 4 I
Yajas tenuifolia 1 3 4 59 6
Panicum decompositum 1
P. obseptum ? 3
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Distribution

Speclies Deseriptive block

1 2 3 L-B B 5

05

MVA

Category 2 (cont.)

Philydrum lanuginosum 1?

Plantago turrifera

Prasophyllum fuscum (4)
Prostanthera decussata

Rorippa eustylis

Santalum acuminatum 1 2 (4)
Seirpus australiensis 4
Sporobolus mitehellii 17 B
Trigonella suavissima (1)

Tripogon loliiformis B
Category 3

Acacia stenophylla 1 3
Amphibromus archeri (2 - 2)

Anogramma leptophylla (5)

Atriplex lindleyt 1

Brachycome ciliaris (2) (4) B (5)

Callitriche sonderi 3 (4-5)
Cymbonotus lawsontianus b B
Fimbrigtylis dichotoma

Orthoceras atrictum

(6)

(6)
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species

Distribution

Descriptive block

1 2 3 4-B

category 3 (cont.)

Paspalidium constrictum
Pterostylis biseta

P, vittata

Pultenaea cunninghamii
P. platyphylla

Spiranthes sinensis
Category U

dcacia difformis
Brachychiton populneus
Calocephalus sonderi
Cheiranthera cyanea

Chthonoecephalus pseude-
vaz

(raspedia globosa
(raspedia pleiocephala
Cyperus vietoriensis
Danthonia riechardsonii
Dichantheum gewriceum
Diplachne fusea

Dodonaea boroniifolia

03

MVA

(1)  (2) (2) (4)

)

75

?5

3 &5
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Species

Distribution

Descriptive block

03

MVA

Category 4 (cont.)

Eulalia fulva

Goodenta hederacea
Haeckeria ozothamnoides
.Limogella curdieana
Lipoearpha microcephala
Maireana excavata
Marsilea angustifolia
M. hirsuta

Melaleuca sp., aff.
erieifolia

Muehlenbeckia horrida

Panicum effusum

Pilularia novae-holl-
andiae

Prostanthera nivea
Sehoenus latelaminatus
Selerolaena divaricata
Senecio gregorii
Threlkeldia salsuginosa

3 4-B B 5 6
;| y B ?
6
' B
s
3
3 4 B 5
5
B
£33 ?2(6)
(6)
B
B
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Appendix 2

FAUNA HABITAT BY VEGETATION COMMUNITY

fppendix 2a -~ Mammals
Z2b - Birds
2¢ -~ Reptlles
2d -~ Amphibians

These lists apply only to the study area, although similar habitat on New South Wales
frown land may well carry the same fauna species.

Abbreviations

+ Present, but abundance not assessed

Vagrant

Rare

Uncommon

Common

Abundant

Records derived from museum specimens (no relevant habltat glven)
Introduced species

e W e o T2 DO e

Note that Appendices 2a, 2c¢, and 2d contain all availlable records, while Appendix 2b
tontains only observations from Robertson et al. (1983).
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Appendlix 2a - Mammals

] O =
[ £ -
a w -
. L bl = _ﬂ? L L =] o
Selentiflc name Common name g 2 3 E nE m ua E 2 K
£ b o 4 Cal L] L] [ U] 4 Fa [+ 5 z [ N e
s s 4] = - ks E o L] 5 Ty o &
53 2 2 3 23 3 REOES E % § & f
5 E m £ mh £ £8 2 o = P 2 &
Tachyglosaus aculaatus Short-beaked echidna + + * +
Opnithorphynchus anatinua Flatypus +
Antachinus flapipas Yellow=-Tooted antechinus + + + +
Antachinusg stuartil Brown antechinus
Daayurue maculatua Tiger quoll +
Phascogale tapoatafa Brush-talled phascogale + + +
Sminthopeis crassicaudata Fat-talled dunnart + + +
Feramiéles naauta Long=-nosed Bandilcoot
Trichosurus vulpecula Common brushtall possum + + + + + + + * +
Aorobates pygmacus Feathertall glider + +
Petaurus breviceps Sugar glider + +
Pataurus norfoloanata Squirrel glider + + +
Papoudocheirus peregrinug Common ringtall possum + + + + +
Magorapus giganteus Eastern grey Kangaroo + + + + + + +
Wallabia biecolor Swamp Wallaby + + +
Phascolarctos cingreus Eoala + + + +
Vombatua uratnus Common wombat
Praropus policcephalus Orey-headed Clylng-Tox
Ptaropus scapulatus Little red flying-fox +
Mopmopterua Bp. Little Mastiff<bat + + + +
Tadarida auetralias White-striped mastifl-bat + . 0 + +
Chalinolobus gouldii Gould's wattled bat + + + + +
Chalinolobus moric Chocolate wattled bat + * + +
Epteatoun regulua King River eptesicus + +
Eptaatous sagittula Large forest eptesicus + +
Eptontous vulturnua Little forest epteslcus + + + * + + +
Myotia adveraus Large-footed myotis + +
Nyaticetus sp. Broad-nosed bat * + + +
Nyotophilus geoaffroyt Lesser long-eared bat W + + + ) §
Fyctophilus gouldi Gould's long=-eared bat + + 4
Hydromys chrysogaster Water-rat +
Mup musoulus? House mouse + + * + + + + +
Rattus morvegicus® Brown rat#
Rattus rattust Black rat + *
Cania familiaria® Dag +
Fulpee vulpeo* Fox + + + + + + + +
Felis catua* Cat + + + ¥
Equuan caballua* Horae +
Sun sorofat Pig + +
Lepua capenastat Brown hare + + + + * +*
Opyetolagus cundoulus® European rabblt + + + + + + + + + +
Total number of native apecies i1 21 14 T 15 16 i 7 i] 9 a 1 3 i
Total number of apecies b1 29 18 13 17 19 i 10 3 14 3 1 i 6



ippendix 20 - Birds

P

celentl fic name

Common name

§on-passerines

promaliue novachollandiae
fodiceps eristatus
faliseephalue polloscephalua
fachybaptus novaehollandiae
felesanug conspioillatus
inkinga melancgaster
fralagrogerax carbo
Phalaorogorazr varius
Fhalgeroacorar suicirostris
Fhalaorogorar malanoleucos
drdea pactfica

irdea novashollandiae
irdeola thie

Fgretta alba

fgretta {ntermedia
Nyeticorar caledenicus
Irobrychus minutus

Flegadia faletnallue
Thrapkiornie aethiopica
Taregkiornia apinteallis
flatalea regia

Platalez flavipes
lendrocygna eytont

Cygnus atratus

Stiotonetta maevoaa

Tadorsa tadornoides

non pupereilicsa

dnae gibberifrons

dmga oawtanea

Ange Phynchotis
Malacorhynohus membranaceus
lythye auatralia

Chemomatta jubata

Pryurs australis

friura lobata

Elanus notatus

Milvus migrans

faliantur sphenurus
draiplter fandiatuas
fesipiter eirrhocephalus
faligeatus lewcogaster
fquila gudazx

Hdragatue morphnoides
lirous qosimilis

Emu

Great crested grebe
Hoary-headed grebe
Australasian grebe
Australian pelican
Darter

Great cormorant

Pled cormorant

Little black cormorant
Little pied cormorant
Pacifie heron
White=faced heron
Cattle egret

Great egret
Intermediate egret
Rufous night heron
Little bittern

Oloasy 1ibis

Sacred ibls
Straw-necked ibls
Royal spoonbill
Yellow-billed spoonbill
Plumed whistling-duck
Black awan

Freckled duck
Australian shelduck
Pacific black duck
Orey teal

Chestnut teal
Australasian shoveller
Pink-eared Duck
Hardhead

Maned duck
Blue-bllled duck

Muak duck
Black=-shouldered kite
Black kite

Whistling kite

Brown goshawk
Collared sparrowhawk
White-bellied sea-eagle
Wedge-talled eagle
Little eagle

Spotted harrier

River

red gum
Mixed box
Black box
Fed ironbark
Blakely's
red gum
Mallee

White
cypress plne
Granite
puterop
Grassland
Lignum
Saltbush
wWater bodles
Urban

+ 1

= o FFb2o
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Appendix 2b - Birda (cont.)

e
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Sclentific name Common name o B g E -='-§ B B E ﬁ g
3 o w B 2O = E
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Non-passerines (cont.)
Cirous aeruginosus Marsh harrier ]
Falao subniger Black lalecon R
Faloo peregrinus Peregrine falcon R i} R
Falao longipennis Australlan hobby R R u R R
Faleo berigora Brown falcon u u R R R R u c R 1 u
Faloo ocanchroides Australian kestrel ] c u U
Coturniz novaeae landiae Stubble quail +
Coturniz auatralia Brown quail +
Turniz vartia Fainted button-quail u R
Turnix velozx Little button-quall R
Rallus philippenatie Buff-banded rall + +
Poraana pusilla Balllon's crake +
Porsana fluminea Australian crake +
Porgana tabuenats Spotless crake +
Gallinula vantralis Black-talled native-hen u u
Gallinula tensbrosa Dusky moorhen 1]
Porphyrio porphyrio Furple swamphen u u
Fulioa atra Eurasian coot 1
Burhinue magniroatris Bush thick knee R R R
Rostratula benghalenais Painted snipe *
Vanallus miles Masked lapwing c u C
Vanellus tricclor Banded lapwing u
Erythrogonys oinotue Red=kneed dotterel R u
Charadrius ruficapillus Red-capped plover R
Charadriue melancps Black=Ironted plover u u
Himantopus himantopus Black-winged stilt R u
Racurvirostra novashollandiage Red-necked avocet u
Triga hypoleuwoccas Common sandplper R’
Tringa nebularia Greenshank R i
Tringa stagnatilis Marsh sandpiper R
Gallinage harduiokii Latham's snipe R )
Calidries gouminata Sharp-talled sandpliper R R
Calidris rufioolidie Red-necked stint R
Calidriea ferruginea Curlew sandpilper R
Stileia ftsabella Australian pratincole R
Larus novashollandiae Silver gull U u .
Childonian hybrida Whiskered tern u u
Geloshelidon nilotica Gull-billed tern R R
Hydrcpragm caapia Casplan tern R U
Columba liwvia* Feral plgeon
Geopeilia plaecida Peaceful dove c u b u u c
Phaps chaleoptera Common brongzewlng u 0 u u R R u v
Oayphape Lophates Crested pigeon U ] L] R u ] u c U o
facatua roseiocapilla Galah u u U R R c c c
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fon-paaserines (cont.)
facatua tenuirostris Long-billed corella u u
faeatua sanguinea Little corella R R it
Creatua galerita Sulphur-crested cockatoo c u U R '] ™ ™
Glopsopattta conginna Musk lorikeet R R
(lossopsitta porphyrecephala Furple-crowned lorikeet R
Glossopaitta pusilla Little lorikeet R R u H
Polytelis svainsonid Superb parrot R
Kymphious hollandious Cockatlel u R R u u R
Nelopetttaous undulatus Budgerigar R
Flatycarows elegans flaveolue Yellow rosella A c C u
Flatyoerous eximiua Eastern rosella u u u R R u R c u u u
farmardius barnardi Mallee ringneck R R
Feaphotus haematonotua Red-rumped parrot u u U u R A il ]
Ngophema ahrpyacs toma Blue-winged parrot R
Feophema pulchella Turquoise parrot R R u
Cusulus pallidus Pallid cuckoo u u R R
Cusulue pyrrhophanus Fan-tailed cuckoo u R R
Chrysocoecyzr csculane Black-eared cuckoo R
Chrysosocoyz basilis Horsfield's bronze-cuckoo u U R u u
Chrysocoooyz luoidun Shining bronze-cuckoo R R R
Finoz novasseelandiae Southern boobook u u u R R u u 1]
Minoz sonnipans Barking owl R R
Tyto alba Barn owl U
Podargus strigoides Tawny [(rogmouth u u u 1 u u
legotheles cristatus Australian owlet-nightjar u u U u R
laprimulgus mystacalis White-throated nightjar R
Ceyz aaureus Azure Kingfisher R R
lacels novaeguineas Laughing kookaburra C u u u u u u c u u
faloyan pyrrhopygia Red-backed kingfisher R
faloyon sancta Sacred kKingfisher C u u u R R u
Merops ornatue Rainbow bee-eater ] u U R u u
furyatomus orientalie Dollarbird u uy v
Faaserines
Kirafra javanica Singing bushlark "
Alauda arvenain® Skylark +
Cheramowsa leucoasternum White-backed swallow R R
firunds neozena Welcome swallow C u u u u Cc c u
feoropis migricans Tree martin U u U R R R R R u
Ceeropie ariel Fairy martin R R c u
Anthus movagees landiae Richard's pipit u c R +
torasing mopashollandiaa Black=-faced cuckoo-shrike c [ u u R u [ U u
Ceracing papuensis White=bellied cuckoo-shrike R R

L)
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Appendix 2b - Birde (cont.)
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Passerines (cont.)}
Lalage sueriti White-winged triller U u u u u u
Tardus merula® Blackbiprd ] 1]
Patroioa phoentieia Flame Robin i
Patroioca multieclor Searlet Robin R R R
Petrotea goodenowil Red-capped Robln R u ] ] u u R
Wa lanodryas cucullata Hooded robin R R R u
Eopasaltria australin Eastern yellow robin R R R
Miorogea Leucophaea Jacky winter u u U R u u u u ]
Falounculuns frontatus Crested shrike-tit ] ] ] R ;]
Pachyeephala inornata Gilbert's whistler R
Pashycephala pectoralia Golden whistler R
Pachyeephala rufiventria Rufous whistler F u u u ]
Collurioineia harmonica Grey Shrike-thruah g (i ; (] u R ]
Mytangra ruvecula Leaden flycatcher R
Mytagra cyanoleuca Satin flycatcher R
Mytagra inguieta Restless flycatcher u u u R R u u /] U
Rhipidura fuliginocasa Orey fantail u u u u u
Rhipidura leucophrya Willie wagtail c o] ¢ R R u u u A ¢ &
FPomagtos tomus temporalia Grey-crowned babbler R u
Pomgtoatomus pupercilicaus White-browed babbler u R u R u
Aorocephalus atentoreus Clamorous reed-warbler u 0
Megal uwrus gramineud Little grassblrd u
Cistioola exilis Golden~headed clsticola u
Cinalorhamphus mathewat Rulous songlark 0 u u u R R R u
Cinalorhamphua cruralts Brown songlark U
Malurue cyaneus Superb fairy-wren u u u u i ] u u ] u
Malurue lambapti Variegated falry-wren R R
Malurus leucopterua White-winged falry-wren R u
Sericornis frontalis White=browed scrubwren u
Sericornis sagittatun Speckled warbler R u
Saricornis brevircatria Weeb1ll R u u u u
Garygone fusoa Western gerygone R u u u u
Acanthiza pusilla Brown thornblll R u
Acanthiaa apiealis Inland thornbill R
Acanthisa urepygialia Cheatnut-rumped thornbill 1 u
Acanthisa reguloidea Buff-rumped thornbill R u u u
Acanthinsa ehrysorrhoa Yellow-rumped thornblll R I u + c u u
Acanthisa nana Yellow thornblill il u u R
Acanthiza lineata Striated thornbill R u u
Aphe locephala leusopetis Southern whitelace R u c u u
Paphoenoeitta chrysoptera Varied sitella R R u i
Climacteris leucophaea White-throated treecreeper u R R u i R
Climacteris pioumnus Brown trascreeper & [ c u u R u
Anthochasra carunculata Red wattleblrd R R
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dsanthagenye rufogularis Spiny-cheeked honeyeater R
Flestorhyncha lanceolata Striped honeyeater R
Philemen cornioulatus Nolsy friarbird u u R
Fhileomon oitrecgularia Little friarbird A C c u
Intamyzon oyanotis Blue-laced honeyeater R R R
Manorina melanocephala Nolsy miner c c c R R u
Namoring flavigula Yellow-throated miner R
Lichencatomus chrysope Yellow=faced honeyeater R R
[fohenostomua Uirescens Singing honeyeater u R
Lichenostemus melanopa Yellow=tufted honeyeater R u R
Lichencstomus fuscus Fuscous honeyeater R c u
Lishanpstomua penioillatus White-plumed honeyeater A A A u u u u )
Malithreptua gularis Black=-chinned honeyeater R u R R
Welithraptua brevirestrie Brown-headed honeyeater u u u u u
Gramtiella pieta Fainted honeyeater R
Ephthianura aurifrong Orange chat H
Ephthianura albi frons White=fronted chat u U u u
Meogeun hirundinaceum Mistletoeblird i} u U U
Pardalotua punctatus Spotted pardalote U u L] u
Pardalotus striatus Striated pardalote A A ¢ c u u
loatarope lateralias Silvereye u u
Carduelis carduelig?* European goldfinch R R ] 1
Fagser domesticus® House sparrow R u u u c u |+
Pagaer montanus Tree aparrow +
Eabloma temporalias Red-browed firetall R R
Emblema guttata Diamend firetall R u u R u
Foaphila guttata Zebra finch R u u
Sturnup vuigaris* Common starling U u u R u A c C
Oriclus sagittatus Olive=backed oriole u u u u
Coraoraz melanerhamphos White-winged chough u u u u u u
Grallina eyaneleuoa Australian magple-lark u R R R R R u A C ¢
drtamug lewoorhynohus Wnite-breasted woodswallow u R u
Artamus personatus Masked woodswallow u R R
frtamus superaflicaus White-browed woodawallow u u o R ¢ u R
Artemus cineraus Black-Taced woodswallow R
Artamus cyanopterus Dusky woodswallow c c c ] ) u u
Crastious torquatua Grey butcherbird R R
Cractious migrogularia Fled butcherbird R R U
Gymmorhing tibioen Australian magple u u u u R u A c c
Strepera graculina Pied currawong .
Corvug soroncides Australlan raven u u u u u u u
Corvus mellori Little raven R R R R c C
Total (passerines) 60 65 46 37 47 11 27 5 3@ 9 4 20 2
Total (non-passerines) 7 32 19 14 25 3 12 9 48 6 o B4 17
Tstal (native specles) 208 104 g9 63 S5O0 T2 1 36 14 76 1 B 103 32
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Appendix 2¢ - Reptiles

Selentific name

Common name

Chaelodina expansa
Chalodina longioollis
Emydura macquarii

Amphibolurus barbatus
Amphibolurus muricatus
Mplodactylue intermediue
Diplodactylue vittatus
Phyllodactylus marmoratus
Palma inormnata

Lialia burtonia

Pygopus nigrioceps

Carlia tetradactyla
Opyptablepharus carmabyi
Ctanotus robustua

Egarnia cunninghami
Egarnia asaxatilia

Egarnia striolata

Egarnia whitif
Lampropholia gutehenotl
Lerista bougainvillidi
Nenetia grayt

Norathia adelaidensis
Norathia boulangeri

Sphanomorphus tympanum W.T.F.

Tiliqua rugoea

Tiligua sainooides
Varanue gouldii

Varanue varius

Phython apilotes variegata
Notachis soutatus
Faaudeohia porphyriacus
Paaudonaja textilia
Suta auta

Unechis duyert

Unachia nigriceps
Farmiocalla annulata
Typhlina bituberoulata
Typhlina nigrasacens
Typhlina prozima

Toetal number of specles

Broad-shelled river turtle
Eaastern long-necked tortolse
Murray turtle

Bearded dragon

Tree dragon

Eastern splny-tailed gecko
Wood gecko

Marbled gecko

Legleas lizard
Burton's snake-llzard
Hooded acaly-loot
Rainbow skink
Snake-eyed skink
Large striped aklnk
Cunningham's skink
Black rock skink

Tree akink

White's akink#

Garden skink
Bougainville's akink
Skink

Skink

Boulenger's skink
Water skink
Stump=-talled lizard
Eastern blue-tongued lizard
Sand goanna

Tree goanna

Carpet sanake

Mainland tiger snake
Red-bellied black snake
Eastern brown snake
Curl snake

Dwyer's snake
Short-tailed anake
Bandy bandy#

Blind snake#

Biind snake#

Blind snake#

|

Red ironbark
Blakely's
cypress plne
Grassland
Saltbush
Water bodies

red gum
red gum

River
Mixed box
Black box
Mallee
White
Granite
outerop
Lignum
Urban

+*
-

+ +
'y

L
-

+* 4 F 4
* A P
+ + kA
+ 4+ +
* *

+
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J.ppendi: 2d - Amphiblians
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Litoria parasvingt Brown tree frogf
litoria perent Peron's tree lrog + + + + + +
Litoria rantformia Oreen and golden bell frog + + + +
(immodynas tes dumerili Southern bullfrog + + + +
timmodynastes fletoheri Barking frog + +
limodynasten interioria Glant bullfrogd
Limmadynastes tasmanienate Spotted grass [rog + + +
Feobatrachue sudelli Burrowing rrog#
Peeudophryne bibroni Brown toadlet *
fanidella parinsignifera Froglet + + + + + + + + * +
fanidellia eigntfera Eastern froglet + + + + + * * + + +
Ranidella sloanei Sloan's froglet * +

e i 12 8 5 3 2 [ 2 2 o &6 2 0 B 0
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Appendlx 3

DISTRIBUTION OF FAUNA BY DESCRIPTIVE BLOCKS

Appendlx 3a - Mammals
3b - Birds
3¢ - Reptiles
3d - Amphibilans
Abbreviations
+ Present, but abundance not assessed
V Vagrant
R Rare
U Uncommon
C Common
A Abundant
# Records derived from museum specimens (no relevant habltat glven)
*

Introduced specles

Note that Appendices 3a, 3¢, and 3d contailn all available records while Appendix 3b
contains only observations from Robertson et al. (1983).
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of mammals by descriptive blocks

selentific name Common name Gun- Patho Goul- Bar- Yarra- Hume

bower burn mah wonga
Tachyglossus aculeatus Short-beaked echildna R R R R C
grnithorhynchus anatinus Flatypus R R C C 8 U
intechinus flavipes Yellow-footed antechinus C C C U C
Intechinus stuartit Brown antechinus +

Dasyurus maculatus
Phascogale tapoatafa
Sminthopsie erassicaudata
Perameles nasuta
Trichosurus vulpecula
derobates pygmaeus
Petaurus breviceps
Petaurus norfolcensis
Pseudoecheirus peregrinus
Maeropus giganteus
Wallabia bicolor
Phascolaretos cinereus
Vombatus ursinus
Pteropus poliocephalus
Pteropue scapulatus
Mormopterus sp.
Tadarida australie
Chalinolobus gouldit
Chalinolobus morio
Eptesicus regulus
fptesicus sagittula
Eptesicus vulturnus
Myotis adversus
Wyeticeius sp.
Nyetophilue geoffroyi
Vyetophilue gouldi
Bydromye chrysogaster

+

Tiger quoll

Brush-talled phascogale R
Fat-tailed dunnart
Long-nosed bandicoot
Common brushtail possum
Feathertail glider

Sugar glider

Squirrel glider

Common ringtaill possum
Eastern grey kangaroo
Swamp wallaby

Koala

Common wombat

Grey-headed flying-fox
Little red flying-fox
Little mastiff-bat
White-striped mastiff-bat
Gould's wattled bat
Chocolate wattled bat
King Rlver epteslcus
Large forest eptesicus
Llttle forest eptesicus
Large-footed myotis
Broad-nosed bat

Lesser long-eared bat
Gould's long-eared bat
Water-rat c c
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Appendix 3a. Distribution of mammals by descriptive blocks (cont.)

Sceientiflec name Common name

Gun- Patho Goul- Bar- Yarra- Hume

bower burn mah wonga

Mug musculus? House mouse A U C C £ ]
Rattus norvegicus? Brown rat R

Rattus rattus* Black rat 4] u U U
Canis familiaris? Dog U

Vulpes vulpesa* Fox C U U c U U
Felia catua* Cat U c U U C
Equus caballus* Horse U

Sus serofa* Pig u U U U
Lepus capensis? Brown hare A A U U c
Oryetolagus cuniculus? European rabblt A C C C c c
Total number of native speciles 31 17 12 26 23 21 27
Total number of species b1 26 15 33 30 27 34
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sppendix 3b. Distribution of birds by descriptive blocks

seientific name Common name Gun~ Patho Goul- Bar- Yarra- Hume
bower burn mah wonga

Non-passerines

Dpomatug novaehollandiae Emu U U

Podiceps eristatus Great crested greba + +

Poliocephalus poliocephalus Hoary-headed grebe + + + +

Tachybaptus novaehollandiae Australasian grebe + + + +

Pelecanus conspieiliatus Australian pelican + + » + + +

Anhinga melanogaster Darter * + + * +

Phalaerocorax carbo Great cormorant + + + + +

Phalaerocorax varius Pled cormorant + + +

Phalaerocorax suleircstrie Little black cormorant + + % + +

Phalacrocorax melanoleucos Lilttle pled cormorant + + + + + +

ardea pacifiea Pacific heron + + + + + +

Ardea novaehollandiae White-faced heron + + + * + +

ardeola ibis Cattle egret +

Egretta alba Great egret + + + + + +

Egretta intermedia Intermediate egret + *

Nyeticoraz ecaledonicus Rufous night heron + + + + +

Irobrychus minutues Little bittern +

Plegadis faleinellus Glossy ibils R R R

Threskiornie aethiopica Sacred ibils + + 03 + + 4

Threskiornis spinicollis Straw-necked 1bis + ¥ * + + G

Platalea regia Royal spoonbill + + +

Flatalea flavipes Yellow-billled spoonbill + + + + + +

lendroeygna eytont Plumed whistling-duck R R

Cygnus atratus Black swan + + + + + +

Stietonetta naevosa Freckled duck R

fadorna tadornoides Australian shelduck + + + + + +

inas supereiliosa Pacifie black duck + + + + + +

Anas gibberifrons Grey teal + + < + + +

Anae cagtanea Chestnut teal *
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Appendix 3b. Distribution of birds by descriptive blocks (cont.)

Selentiflie name Common name Gun- Patho Goul- Bar- Yarra- Hume

bower burn mah wonga
Anas rhynchotis Australasian shoveller + +
Malacorhynchus membranaceus Plnk-eared Duck + + +
Aythya australis Hardhead + + + + +
Chenonetta jubata Maned duck + + + + +
Oxyura australis Blue-billed duck +
Biztura lobata Musk duck + +
Elanus notatus Black-shouldered kite + + + + +
Milvus migrans Black kite R
Haliastur sphenurus Whistling kite + + + + + +
Accipiter faseiatus Brown goshawk + + +
Aceipiter eirrhocephalus Collared sparrowhawk + + +
Haliaeetus leucogaster White~bellied sea-eagle R R
Aquila audazx Wedge~talled eagle + + + + +
Hieraaetus morphnoides Little eagle + + + +
Circus assimilis Spotted harrier R
Cireus aeruginosus Marsh harrier + + + + +
Faleo subniger Black falcon R
Falco peregrinus Peregrine falcon R R R
Faleo longipennis Australian hobby + + + + +
Faleo berigora Brown falcon + + + + +
Paleco cenchroides Australian kestrel + 4 + + &
Coturnixz novaeselandiae Stubble quail +
Coturnix australis Brown quaill u U
Turnix varia Painted button-quail u U
Turnix velox Little button-quail R
kallus philippensia Buff-banded rail 4 +
Porzana pusilla Baillon's crake +
Forzana fluminea Australian crake + +
Forzana tabuensis Spotless crake +
Gallinula ventralis Black~talled native-hen + + + +
Gallinula tenebrosa Dusky moorhen + + + +
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selentific name Common name Gun- Patho Goul- Bar- Yarra- Hume
bower burn mah wonga

Porphyrio porphyrio Purple swamphen + + 4 + +

Fyliea atra Euraslan coot + + + + + +

Burhinue magnirostris Bush thick-knee U R R

Rostratula benghalensie Painted snipe +

yanellus miles Masked lapwing + + + + + +

Vanellus tricolor Banded lapwlng + + + +

Erythrogonys einctus Red~kneed dotterel + + + +

Charadrius ruficapillus Red-capped plover + +

Charadrius melanops Black-fronted plover + + + ¥ +

fimantopus himantopus Black-winged stilt + + + +

fecurvirostra novae- Red-necked avocet P

hollandiae

Tringa hypoleucos Common sandpiper +

Tringa nebularia Greenshank +

Tringa stagnatilis Marsh sandpiper +

fallinago hardwieckii Latham's snipe + + +

lalidris acuminata Sharp-tailled sandplper + +

Calidris ruficollis Red-necked stint +

falidris ferruginea Curlew sandpiper +

Stiltia isabella Australian pratincole +

larue novaehollandiae Silver gull + + + *

Chlidonias hybrida Whiskered tern + + + ‘ y

Gelochelidon nilotica Gull-billed tern +

fiydroprogne caspia Casplan tern + +

Columba livia* Feral pigeon + + +

Geopelia placida Peaceful dove + ¥ + s + +

fhaps chaleoptera Common bronzewing + + + + +

Jeyphaps lophotes Crested pigeon + + + + + +

Cacatua rogeicapilla Galah + + + + + +

Cacatua tenuirostris Long-billed corella + + +

facatyq sanguinea Little corella +
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Appendix 3b. Distribution of birds by descriptive blocks (cont.)

Selentifie name

Common name Gun- Patho Goul- Bar- Yarra- Hume
bower burn mah wonga

Cacatua galerita
Gloassopsitta concinna
Glossopsitta porphyro-
cephala
Glossopsitta pusilla
Polytelias swainesontiti
Nymphicus hollandicus
Melopsittacus undulatus
Platycercus elegans
flaveolus
Platycercus eximius
Barnardius barnardi
Pgephotus haematonotus
Neophema chrysostoma
Neophema pulchella
Cuculus pallidus
Cuculus pyrrhophanus
Chrysocoeeyx osculans
Chrysocoeceyx basalig
Chrysocoeeyx lueidus
Ninox novaeseelandiae
Ninox connivens
Tyto alba
Podargus strigoides
Aegotheles cristatus
Caprimulgus mystacalis
Ceyx azureus
Dacelo novaeguineae
Haleyon pyrrhopygia
Haleyon eancta
Merops ornatus

Sulphur-erested cockatoo +
Musk lorikeet + 4
Purple-crowned lorikeet +

Little lorikeet + +
Superb parrot R

Cockatiel + + + + + +
Budgerigar +
Yellow rosella G C C c i
Eastern rosella + + + + + +
Mallee ringneck +

Red-rumped parrot + + 4 + +

o +

Blue-winged parrot
Turguolise parrot U

Pallid cuckoo + + + + + +
Fan-tailed cuckoo + + + +
Black-eared cuckoo t
Horsfleld's bronze-cuckoo + + + + + +
Shining bronze-cuckoo + * *
Southern boobook + + + + + t
Barking owl R R R
Barn owl + + + ¥
Tawny frogmouth 1+ + + A t
Australian owlet-nightjar + + + + ¥
White-throated nightjar R
Azure kingfisher + i

Laughing kookaburra + + + + + ¥
Red-backed kingfisher R

Sacred kingfisher + + + + +
Rainbow bee-eater + + + + + t
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gpientliflec name

Common name

furystomus orientalis
Passerines

Mirafra javanieca

Alauda arvensis?®
Cheramoeca leucocsternum
kirunde neoxena

Cecropis nigricans
Ceeropie ariel

Anthus novaeseeiandiae
Coraeina novaehollandiae

(oracina papuensis

lalage suerii

Tardus merula*

Petroica phoenieia
Petroica multiecolor
Petroica goodenovii
Helanodryas cucullata
Eopsaliria australie
Mieroeea leucophaea
Faleunculus frontatus
Pachycephala inornata
Pachycephala peetoralis
Pachycephala rufiventris
Collurieineia harmonica
Myiangra rubecula
h‘y?:agm eyanoleuca
Nyiagra inquieta

Dollarbird

Singing bushlark
Skylark

White~backed swallow
Welcome swallow

Tree martin

Fairy martin
Richard's pipit
Black-faced cuckoo-
shrike
White-bellied
shrike
White-winged triller
Blackbird

Flame robin

Scarlet robin
Red-capped robiln
Hooded robin

Eastern yellow robin
Jacky winter

Crested shrike-tit
Gilbert's whlstler
Golden whistler
Rufous whistler

Grey shrike-thrush
Leaden flycatcher
Satin flycatcher
Restless flycatcher

Gun- Patho Goul- Bar- Yarra- Hume
bower burn mah wonga
+ + +
+
+
+ + +
+ + + + + +
+ + + + + +
+ + + + + +
+ + + + + +
+ + + + + +
cuckoo-
+ +
+ + + + + +
+ + + + +
+
+ + +
+ + + + +
+ + + +
+
+ + + + + +
+ + + + + +
R R
+ +
+ + + . + +
+ + + + + +
+ +
+
+ + + + + +
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Appendix 3b.

Distribution of birds by descriptive blocks (cont.)

Sclentifle name

Common name

Gun- Patho Goul- Bar- Yarra- Hume

bower burn mah wonga

Rhipidura fuliginosa Grey fantall + + + e + +
Rhipidura leucophrys Willie wagtall + + + + + +
Pomatostomus temporalis Grey-crowned babbler R R R R ]
Pomatostomus superciliosus White-browed babbler - +
Aerocephalus stentoreus Clamorous reed-warbler + + + + + +
Megalurus gramineus Little grassbird + + + + +
Cisticola exilis Golden-headed cisticola + +
Cinelorhamphus mathewst Rufous songlark + + + + + +
Cinclorhamphus eruralis Brown songlark + + + + +
Malurus cyaneus Superb falry-wren + + + + + +
Malurue lamberti Varlegated falry-wren R
Malurue leucopterus White-winged fairy-wren U
Sericornis frontalis White-browed scrubwren U U
Sericornis sagittatus Speckled warbler U
Sericornie brevirostris Weebill + + + + + +
Gerygone fusca Western gerygone U u u U U U
Acanthiza pustilla Brown thornbill +
Aecanthiza apicalis Inland thornbill R
Acanthiza uropygialis Chestnut-rumped

thornbill U R
Acanthiza reguloides Buff-rumped thornbill + + + + +
Acanthiza chrysorrhoa Yellow-rumped thornbill + + + + + t
Acanthiza nana Yellow thornbill + + + + t
Aeanthiza lineata Striated thornbill . + + 1
Aphelocephala leueopsis Southern whiteface + +
Daphoencsitta ehrysoptera Varied sitella + + + *
Climaeterie leucophaea White-throated tree-

ereeper + + + + + T
Climacterie picumnus Brown treecreeper + + + + + :
Anthochaera carunculata Red wattledbird R R
Aeanthagenys rufogularis Splny-cheeked honeyeater R
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i

sgelentific name Common name Gun- Patho Goul- Bar- Yarra- Hume
bower burn mah wonga

Fleetorhyncha lanceolata Striped honeyeater R
thilemon corniculatus Noisy friarbird + + + +
Philemon eitreogularis Little friarbird * + + + i ke
Intomyzon eyanotis Blue-faced honeyeater R R
yanorina melanocephala Noisy miner + - 4 + + 5
Manorina flavigula Yellow-throated mlner R
lichenostomus chrysops Yellow~faced honeyeater R
lichenostomus virescens Singing honeyeater R R
[ichenostomus melanops Yellow-tufted honeyeater R R
[ichenostomus fuscus Fuscous honeyeater U
lichenostomus penieillatus White-plumed honeyeater + + + + + +
Welithreptue gularis Black-chinned honey-

eater U R R u
Melithreptus brevirostris Brown-headed honeyeater + + + + + +
trantiella picta Painted honeyeater R
Ephthianura aurifrone Orange chat R
Ephthianura albifrons White-fronted chat + + + + + +
Deaeum hirundinaceum Mistletoebird + + + + + +
Pardalotus punctatus Spotted pardalote + + + + +
Pardalotus striqtus Striated pardalote + + + + + +
losterops lateralis Silvereye + + + 3
Carduelis carduelis* European goldfinch + + + + +
Pagger domesticus* House sparrow + + + + + +
Pagger montanus* Tree sparrow +
imblema temporalis Red-browed firetail R U U R
imblema guttata Diamond firetaill + + + +
Poephila guttata Zebra finch + + + +
Jturnus vulgaris? Common starling + + + + + +
Oriolus sagittatus Olive-backed oriole A + + + +
Corcoraxr melanorhamphos White-winged chough + + + + % +
tralling eyanoleuca Australian magple-lark + + + + + +
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Appendix 3b. Distribution of birds by descriptive blocks (cont.)

Sclentific name

.

Common name Gun- Patho Goul- Bar- Yarra- Hume
bower burn mah wonga

Artamus leucorhynchus

Artamus personatus
Artamus superciliosus

Artamusg einereus

Artamus cyanopterus
Cracticus torquatus
Cracticus nigrogularis
Gymnorhina tibicen
Strepera graculina
Corvus coronoides
Corvus mellori

Total (passerines)
Total (non-passerines)
Total (native species)

White-breasted wood-

swallow u u U R R
Masked woodswallow U U
White-browed wood-

swallow U R U u C C
Black-faced wood-

swallow u R R

Dusky woodswallow C U C c U ¢
Grey butcherbird R R
Pied butcherbird U R R R
Australlan magple + + + + + +
Pied currawong R R
Australian raven k] + + + + +
Little raven + + + + + t

95 80 54 60 6U 46 12
120 103 56 76 71 49 bl
208 177 107 131 129 92 132
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of reptiles by descriptive blocks

spientific name

Common name Gun- Patho Goul- Bar- Yarra- Hume
bower burn mah wonga

thelodina expansa
thelodina longicollis

Emydura macquarit

Amphibolurus barbatus
Amphibolurus muricatus
Viplodactylus intermedius

biplodactylus vittatus

Phyllodaetylus marmoratus

Delma tnornata

lialig burtonis

Pygopus nigriceps

Carlia tetradactyla

(ryptoblepharus carnabyi

Ctenotus robustus

Egernia eunninghami

Egernia saxatilis

Egernia striolata

Egernia whitii

lampropholis guichenoti

lerista bougainvillii

Wenetia greyt

Horethia adelaidensis

Yorethia boulengeri

Sphenomorphus tympanum
W.7.F.

Tiliqua rugosa

LB

Broad-shelled river
turtle U U U
Eastern long-necked

tortolse c C
Murray turtle c

an
LR

Bearded dragon C C U u U
Tree dragon R
Eastern spiny-talled

gecko R

Wood gecko

Marbled gecko

Legless lizard
Burton's snake-lizard
lHooded scaly-foot
Rainbow skink
Enake-eyed skink
Large striped skink
Cunningham's skink
Black rock skink

Tree skink (B
White's skilnk +
Garden skink U u
Bougalnvllle's skilnk C

Skink

Skink

Boulenger's skink

=0 = =0
L9 Ao
=
S+ = = Loy b o B o s e ol o

=+

Water skink u C U U
Stump-tailed ligard c u
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Appendlx 3ec.

PDistribution

of reptiles by descriptive blocks

(cont.)

Scientifle name

Common name

——

(tun- Patho Goul- Bar- Yarra- Hume

bower

burn

mah wonga

Tiliqua secincotdes Eastern blue-tongued

lizard u u U i
Vavranus gouldit Sand goanna R ]
Varanus varius Tree goanna U U 6 5 C L
Phython spilotes variegata Carpet snake R R R R
Notechis scutatus Mainland tiger snake u u U U U
Pseudechiag porphyriacus Red-bellied black snake C C u c
Pgseudonaja textilis Eastern brown snake C C C c C U
Suta auta Curl snake R
Unechis dwyeri Dwyer's snake R U
Unechis nigriceps Short-tailed snake R R
Vermicella annulata Bandy bandy + + + + +
Typhlina bituberculata Blind snake + + +
Typhlina nigrescens Blind snake + + +
Typhlina proxima Blind snake * + + + t
Total number of species 39 24 22 17 13 20 26
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I

spientiflc name

Common name

litoria paraewingi
litoria peroni
Litoria raniformis

Limodynastes dumerili
Limmodynastea fletecheri
limnodynastee interioris
limmodynastes tasmanienstis
leobatrachus sudelli
Fgeudophryne bibront
fanidella parinsignifera
fanidella signi fera
kanidella sloanet

lotal number of speciles

Gun-~
bower

Patho Goul- Bar-
burn

Brown tree [rog
Peron's tree frog
Green and golden
bell frog
Southern bullfrog
Barking frog
Glant bullfrog
Spotted grass frog
Burrowing frog
Brown toadlet
Froglet

Eastern froglet
Slecan's froglet

12

+ + +

+ 4+ + + +

+ + +

+ o+ o+ o+

10

++++++++++ ++

oy
na

+ 4+ 4+ s+ 4

—
4%

Yarra- Hume
mah wonga

+ +

++++++

11
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Appendix U

SUFPLEMENTARY LIST OF BIRDS
recorded in the llurray Valley area

(from R.A.0.U. Fleld Atlas Printout 8.9.80, Natlonal Museum of Viectoria records

literature survey, and R. Loyn, Forests Commission of Vietoria, pers. comm.)

Abbreviations

V - Vagrant

D - Specles that have declined in abundance

L - Epeclies that are now extinect

Scientific name Common name Status
Non-passerilnes

Leucocarbo fuscescens Black-faced shag V
Ardea picata Pied heron v
Egretta garzetta Little egret

Botaurue poieiloptilus Australasian bilttern

Angeranas semipalmata Magpie goose D
Dendrocygna arcuata Wandering whistling-duck v
Cereopsis novaehollandiae Cape Barren goose v
Anag platyrhynchus Mallard

Nettapus coromandelianus Cotton pygmy-goose v
Pandion haliaetus Osprey v
Elanus seriptus Letter-winged kite v
Lophatetinia isura Square-tailed kite v
Hamirostra melanosternon Elack-breasted buzzard v

Aceipiter novaehollandiae Grey goshawk
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seientiflic name

Common name atatus

[

Faleo hypeleucos
leipoa ocellata
foturnix chinensis
Turnixz pyrrhothorax
Pedionomus torquatus
Rallus pectoralie
Grug rubicundus
Ardeotis australis
Pluvialis domintea
Charadrius bieinectus

Feltohyas australis

Cladorhynchus Leucocephalus

Arenaria interpres

Humenius madagascariensis

Numeniug minutus

I'ringa glareola

Limoga limosa

Calidrie canutus
Calidrie tenuirocastris
Calidris melanctos
Calidris bairdii
Calidris eubminuta
Calidrig alba

Grey falcon

Malleefowl

King quail

Red-chested button-gquail
Plains-wanderer

0 = = O =

Lewin's rail
Erolega

2 SR

Australlan bustard
Lesser golden plover

= =

Double-banded plover
Inland dotterel
Banded stilt

Ruddy turnstone
Eastern curlew
Little curlew

Wood sandpiper
Black-talled pgodwlt
Red knot

Great knot

Pectoral sandpiper
Baird's sandplper
Long-toed stint

= o= = = s s = s = = =] e

Sanderling
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Appendix 4 (continued)

Seientifie name

Common name

Tryngites subruficollis
Limicola falcinelius
Philomachus pugnax
Chlidoniae leucoptera
Sterna hirundo

Sterna neretis
Streptopelia chinensis
Geopeltia cuneata

Phaps elegane
Calyptorhynchus lathami
Calyptorhynchus funereus
Callocephalon fimbriatum
Cacatua leadberteri
Trichoglossus haematodus
Trichoglossus chlorolepidotus
Alisterues scapulartis
Polytelis anthopepius
Pezoporus wallicus
Lathamus discolor
Barnardius zonarius
FPgephotue varius
Northiella haematogaster

Neophema elegans

Buff-breasted sandplper
Broad-bllled sandpiper
Ruff

White-winged tern
Common tern

Fairy tern

Spotted turtle-dove
Diamond dove

Brush bronzewing
Glossy black-cockatoo
Yellow-tailed black-cockatoo
Gang-gang cockatoo

Pink cockatoo

Rainbow lorilkeet
Scaly-breasted lorikeet
Australlan kilng-parrot
Regent parrot

Ground parrot

Swift parrot

Port Lincoln ringneck
Mulga parrot

Blue bonnet

Elegant parrot
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sppendix 4 (continued)

mific name Common name Status
.-:;ga—.:lus pariclosus Brush cuckoo V
Seythrops novaehollandiae Channel=billed cuckoo v
¥inox strenua Powerful owl v
caprimulgus guttatus Spotted nightjar v
#irundapus caudacutus White-throated needletail

Apus pacificus Fork-tailed swift

Passerines

foracina tenuirostris Cicadabird v
Coraeina maxima Ground cuckoo=shrike v
loothera dauma White's thrush \
Irymodes brunneopygia Southern serub-robin v
fetrioca rosea Rose robin v
Petroica rodinogaster Pink Robin b £
Pachycephala colivacea Olive whistler v
Oreoica gutteralis Crested bellbird

fripidura rufifrons Rufous fantall v
Cinelogsoma punectatum Spotted quall-thrush Y
Cinelosoma ecastanotum Chestnut quail-thrush L
Pomatostomus ruficeps Chestnut-crowned babbler v
Malurue splendens Splendid fairy-wren v
Stipiturus vruficeps Rufous-crowned emu-wren v
Sericornis pyrrhopygiue Chestnut-rumped hylacola v
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Appendix 4 (continued)

Selentific name

Common name

Status

Sericornis cautus
Sericornis fuliginoasus
Gerygone mouki

Gerygone olivacea
Climacteris erythrops
Climacteris affinie
Xanthomyza phrygia
Manorina melanophrys
Meliphaga lewinit
Lichenocatomus leucotis
Lichenogtomus ornatus
Melithreptus lunatus
Phylidonyrie pyrrhoptera
Phylidonyris novaehollandiae
Phylidonyrie albifrons
Phylidonyrias melanopes
Acanthohynchus tenutirostris
Certhionyr niger
Myzomela sanguinolenta
Ephthtanura tricolor
Pardalotus xanthopygus
Carduelis chloris
Emblema bella

Shy hylacola

Calamanthus

Erown gerygone
White-throated gerygone
Red-browed treecreeper
White-browed treecreeper
Regent honeyeater

Bell miner

Lewin's honeyeater
White-eared honeyeater
Yellow-plumed honeyeater
White-naped honeyeater
Crescent honeyeater

New Holland honeyeater
Whilte-fronted honeyeater
Tawny-crowned honeyeater
Eastern spinebill

Black honeyeater

Scarlet honeyeater
Crimson chat
Yellow-rumped pardalote
European greenfineh
Beautiful firetaill

e T = == L

e e A e = e
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2eientific name

Common name

Status

FPoephila bichenovii
Aidemosyne modesta
deridotheres tristis

Sphecotheres viridis

Ptilonorhynechus violaceus

Chlamydura maculata
Struthidea einerea
Strepera veraicolor

Corvus bennetti

Double-barred finch
Plum-headed finch
Common myna

Figbird

Satin bowerbird
Spotted bowerbilrd
Apostlebird

Grey currawong
Little crow

= = = = = =
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Appendlx 5

Hotanleal name

Common name

RECORDED NOXIOUS WEEDS OF THE MURRAY VALLEY AREA

Botanical name

Artichoke thistle
Bathurst burrp
Hindweed

Blackberry
Boneseead

Boxthorn
Bulfale burp
Caltrop
Camel thorn

Cape broom

Chilean cestrum
Chinese serub
Dodder

Erect prickly pear
Fennel

Five-splned salt-
bush

Furze
Golden thistle
Great mullein

Cynara ecardunculus
Xanthium spinoaum
Convolvulus arvenstis

Rubua fruticosus
gL .

Chryaanthemoides
montilifera

Lyeium ferocissimum
Solanum cornutum
Tribulus terrestrig
Alhagi peseudalhagi

Geniata mongpess-
ulana

Ceatrum parqui
Cassinta arcuata
Cuscuta spp.
Opuntia stricta
Foenieulum vulgare

Bassia quinquecuspis

Ulex europaeus
Seolymus htapanicus

Verbascum thapsus

Hawthorn

Hemlock

Hoary cress
Horehound
Ivy-leaf sida
Khaki weed

Noogoora burr
Nut prass
Onion weed

Pampas 1ily of the
valley

Fatersons curse

Prairie ground
cherry

Purple-flowered
devil's claw

Russlan knapweed
Saffron thistle
Sand rocket

scoteh thistle

Cratacgus laevigata
and hybrids

Contum maculatum
Cardaria draba
Marrubium vulgare
Sida leprosa

Alternanthera pun-
gena

Xanthium pungens
Cyperus rotundus

Asaphodelus fistu-
losus

Salpiehroa origani-
folia

Echium plantagineum

Physalis viscosa

Proboseidea loutisi-
antca

Centaurea repens
Carthamus lanatus

Diplotaxis tenui-
folia

Onopordum acanthium
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Common name

Botanical name

Common name

339

Botanical name

Silver-leafl night-
shade

Skeleton weed
Slender thistle
Soursob

Spear thistle
Spiny burr-grass
Spiny emex

Spiny rush

3t Barnaby's
thistle

5t John's wort

Solanium elaeagni-
folium

Chondrilla juneea
Carduus tenuiflorus
Ozxalis pes-caprae
Cirszium vulgare
Cenchrus longispinus
Emex australis
Juncus acutus
Centaurea sol-
stitialis

Hypericum perforatum

As proclaimed on 15th January, 1974

Star thistle
Stemless thistle
Stinkwort

Sweet briar

Thorn apple

Tree of heaven
Variegated thistle
Water hyacinth
Wild mirnonette
Yellow burr weed

Yellow=-Tlowered
devil's claw

Centaurea caleitrapa
Onopordum acaulon
Inula graveolens

i sa rubiginosa
Datura ferox
Ailanthus altissaima
Silybum martanum
Eichhornia erassipes
Reseda luteola
Amainekia spp.

IThicella lutea
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Appendlx ©

LOCAL WATER AUTHORITIES

" Total

Controlling Towns o

body supplied Egﬁﬁistiﬂn Source of water

Benalla Waterworks Benalla 8,700 McCall Say Reserveolr and
Trust Loombah Weir on Ryans Creek -

catchment pastoral and forested

Boort Waterworks Boort B8R0 Water Commisslion North Boort
Trust Irrigation Channel

Cobram Waterworks Cobram 4,250 Murray River by pumping
Trust

Cohuna Waterworks Cohuna 2,200 Gunbower Creek by pumpling
Trust

Shire of Deakin Girgarre ) 1,350 Water Commission irrigation
Waterworks Trust Tongala ) channel

Devenish Water- Devenish 130 Back Creek pumplng
works Trust

Echuca Waterworks Eehuca 8,000 Murray River by pumping

S TEL - ;
PLsSl
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(CONSTITUTED UNDER THE WATER ACT)

Loecal storage

Headworks Annual
capacity oAby, CONSumptlon Water treatment
(ML) Type VERABSSE )
1,780 Three excavated basins 13.64 1,877 Chlorination
9.16
4.50
Standpipe 0,45
- Two excavated basins TT 295 Chemieal clarification;
0.90 Chlorination; fluoridation
- Standpipe 1.22 190 Filtration plant under
Elevated tank 0.36 construction; chlorination
- Elevated tank 0.68 650 Chemical clarification;
chlorinator
- Two excavated basins 27 735 Girgarre - chlorination
22,5
Two elevated storages 0.6 Tonpala - filtration;
chlorination; fluoridation
- Excavated basin 25
Standpipe 0.13
- Underground tank 2,700 Filtration; chlorination

Two elevated storages
Ground-level tank

oo =
=IO An
(3 L)
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Appendlx 6 (continued)
Iy . , " Total
Contpalling Fewas population Source of waterp
body supplied served
Furoa Waterworks Euroca 3,100 Polly MeQuinns Reservoir on
Seven Creeks
G.A., WaterJolse Reservelr and
Mountaln Hut No. 1 Reservoir
on Mountain Hut Creek
Glenrowan Water- Glenrowan 300 Reservolir filled by channel from
works Trust un-named stream draining Mt
Glenrowan; water also obtalned
Fifteen Mile Creek by pumpilng
(toorambat Watop- GCoorambat 100 Broken Creek by pumping
works Trust
Katamatlte Water- Katamatite 320 Water Commission irrigation
works Trust channel by pumping
kerang Waterworks Kerang 4,000 Loddon River by pumping
Trust
Kyabram Water Kyabram 5,200 Water Commission irrigation
Authority channel
Longwood Water Longwood 350 Reservolr on Nine Mile Creek
works Trust
Merripum Water- Merrigum 800 Water Commission irrigation

works Trust channel
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Local storage

Headworks Annual
capacity Type Capacity consumptlon Water treatment
(ML) P (ML) (ML)
136 Excavated basin 2.3 654 Chlorination
264
43 Excavated basin 20 30
- Elevated tank 0.11 21
- Excavated basln 9 100 Chlorination
Standpipe 0.23
- Clear water storage 2.27 1,500 Chemical clarification;
Elevated tank D.68 chlorinatlion
- Two excavated basins 1127 1,600 Storage detention;
Two settling basins 1.5 chlorination
16 Excavated basins 0.45
16 Excavated basins 18 700
Elevated tank 0.14
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Appendix 6 (eontinued)

L 0 Total
Goatrolllng ayne population Source of water
body sunplied served
Mooroopna Water- Mooroopna 5,400 Goulburn River by pumping
works Trust
Shire of MNathalia Barmah ) Murray River by pumping
Waterworks Trust Picola ) 1,800 Water Commission irrigation by
Nathalia ) pumping
Broken Creek by pumping
Shire of Numurkah Katunga ) Bore by pumping
Waterworks Trust Mumurkah ) 3.500 Broken Creek by pumping
Strathmerton) 3 Bore by pumping
Wunghnu ) Treated water by pipeline from
Numurkah
Rochester Water- Rochester 3,000 Water Commission irrigation
works Trust channel
Campaspe River by pumplng
(winter)
Shire of Rutherglen Rutherglen ) 5 100 Murray River by pumping (separ-
Waterworks Trust  Wahgungah ) ’ ate pumping stations and supply
mains to be replaced by single
pumping statlon now under con-
struction)
Shepparton Urban shepparton ) Goulburn River by pumping
Waterworks Trust Shepparton ) 24,250

Klialla
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Local storage

Headworks Annual
capaclity Tvpe Capacity consumption Water treatment
(ML) yp (ML) (ML)
s Clear water storage 0.68 1,300 Filtration;
Elevated tank 0.45 Chlorination
- Elevated tank 0.08 ) Filtration;
Chlorinatlion
- Elevated tank 0.11 ) 600
- Clear water storage 2.00 )
Elevated tank 0.27 )
Elevated tank 0.02 ) Chlorination
- Elevated tank 0.68 ) Filtration
= Elevated tank 0.14 ) Chlorination
) Chlorination as for
- Elevated tank 0.18 ) Numurkah
- Excavation basin 1.2 1,000 Filtration; chlorination
- Elevated tank 0.54
- Excavation basin 5.9 710
Standpipe 0.64
- F d=-1 t P2
g il SVOn Feaws: 1E.d ; 8,920 Filtration; chlorination

Two elevated tanks

0.75
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Appendix (econtinued)

C 11 T Total
ontrolling ihi population Source of water
body supplied Hapved
Springhurst Water- Springhurst 200 Dam on Diddah Diddah Creek
works Trust
Tatura Waterworks Tatura 3,350 Water Commission irrigation
Trust channel
Shire of Tungamah Katandra West ) Water Commission irrigation
Waterworks Trust St. James ) 1.970 Casey's Welir on Broken Rlver
Tungamah Tt Bossey Creek
Tungamah Rural) Casey's Weir on Broken Rilver
Violet Town Violet Town 650 Reservolr on Honeysuckle Creek -
Waterworks Trust catchment pastoral and forested
Wangaratta Water- Wangaratta 17,000 Ovens River by pumping
works Trust
Yarrawonga Urban Yarrawonga 4,200 Murray River (Lake Mulwala by

Waterworks Trust

pumping

Notes:

1. The schedule 1ncludes authorities under the Water Act.

under such Acts as the Local Government Act.

Other supplies may exlst

2. The Toolamba township water supply 1s at present managed by the Victorian Raill-
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Local storage

Headworks Annual
capaclty My Capacity consumption Water treatment
(ML) yp (ML) (ML)
55 25
- Excavated basin 150 1,450 Storage detention;
chlorinatlon
Detention basin h.5
Elevated storage o.27
- ) Three excavated 11.4 )
- ) storages ) 9.560
- ) Two elevated tanks D.24) »
- ) One standpipe 0.16)
122 Excavated basin 0,23 175 Chlorination
- Clear water storage 151 6,300 Flltration:
Elevated storage O.T7 chlorinatlion
- Elevated tank 0.18 2,200 Filtration;
chlorination

ways. A new scheme 1s at present being constructed whileh will be managed by the
Mooroopna Waterworks Trust. It is expected that this new scheme will be in

operation sometime in 1983.

Only existing works have been 1ncluded in the schedule. Works proposed or under

construction have been excluded.
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Appendix 7

LOCAL SEWERAGE AUTHORITIES CONSTITUTED UNDER THE SEWERAGE DISTRICTS ACT

Controlling Town Total Treatment type Ef fluent disposal Average  Re-use of
body served popula- annual effluept
(Sewerage tion discharge
Authority) served (ML}
Benalla Benalla 8,485 Activated sludge pro- Irrigation, and to 1,300 Pasture irrig-

cess, lagoons Broken River ation
Cobram Cobram 4,250  Lagoons Irrigation 790 e &
Cohuna Cohuna 2,200 Lagoons Evaporative lagoon 220 " "
Echuca Echuca 8,000 Lagoons Irrigation, and to

Campaspe River 1,650 " o

Euroa Eurca 2,900 Sedimentation, trick- Irrigation, and to

ling filter, lagoons Seven Creeks 260 b n
Kerang Kerang 4,000  Lagoons Evaporation in

Fosters Swamp 240 " "

Kyabram Kyabram 5,100 Imhoff tank, trick- Irrigation 460 " "

ling filter, lagoons
Mooroopna Mooroopna 5,400 Lagoons Goulburn River 1,660 " e
Nathalia Nathalia 1,300 Lagoons Irrigation 115 o ki
Numurkah Numurkah 3,000 Lagoons Irrigation 200 " "
Rochester  Rochester 2,270 Imhoff vank and Irrigation 170 " "

lagoons
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Controlling Town Total Treatment type Ef fluent disposal Average  Re-use of
body served popula- annual effluent
(Sewerage tion discharge
Authority) served (ML)
Shepparton Shepparton 23,850 Lagoons Goulburn River 5,600 Pasture irrig-
ation
Tatura Tatura 3,350 Lagoons Evaporative lagoon 480 " "
and irrigation
Tongala Tongala 1,000 Lagoons Irrigation - " Y
Wapgaratta Wangaratta Irrigation and Poplar tree
- residential 15,800 Lagoons Reedy Creek 1,406  and pasture
irrigation
- industrial - Extended aeration 3 Mile Creek T4
plant
Yarrawonga Yarrawonga 3,500 Sedimentation, trick- Irrigaction, and to Pasture irrig-
ling filters, lagoons  Murray River 500 ation
Notes:

l. Only existing works have been included in the schedule.

Works proposed have

2. There are no schemes under construction in the area at the present time.

heen excluded.



