
APPENDIX A
ERMP/DRAFT EIS GUIDELINES



N o r t h e r n  T e rr i t o r y  Go v e r n m e n t

Western Australian Environmental Protection Authority/

Northern Territory Department of Lands, Planning & Environment

Joint Environmental Assessment

ORD RIVER IRRIGATION AREA STAGE 2

(M2 CHANNEL SUPPLY AREA), KUNUNURRA

GUIDELINES FOR AN

ENVIRONMENTAL REVIEW AND MANAGEMENT PROGRAMME
(ERMP)/ ENVIRONMENTAL IMPACT STATEMENT (EIS)

(WA EPA Assessment Number 1240)



July 1999

Foreword

The Western Australian (WA) and Northern Territory (NT) Governments have agreed that the
proposal to expand the Ord River Irrigation Scheme and develop the M2 Channel Supply Area
should be jointly assessed using the WA environmental impact assessment process. It has also
been agreed that the assessment should be as an Environmental Review and Management
Programme (ERMP) (WA) and Environment Impact Statement (EIS) (NT).

Environment impact assessment is aimed at protecting the environmental by ensuring that
development is environmentally sound and well managed. It also recognises that people want to
have a say before the Governments make a decision.

Wesfarmers/ Marubeni and the Water Corporation of Western Australia, as co-proponents, have
been required to prepare a joint ERMP and EIS to assist the WA Environmental Protection
Authority (WA EPA) and NT Government in assessing the environmental impacts of the
project. An environmental impact assessment is a document which describes to the WA and NT
Governments, and the community what the proponents wants to do, what the environmental
impacts will be and how the proponents intend to manage the project.

The WA Department of Environmental Protection (DEP), on behalf of the WA EPA, and the
NT Department of Lands, Planning and Environment (DLPE), have jointly prepared guidelines
for the ERMP/EIA. These guidelines identify environmental factors they expect the proponent
to address in the ERMP/EIA.

Public comment was invited on the guidelines from 20 April 1999 to 14 May 1999. Comments
received were taken into account in the final preparation of these guidelines.
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document.  The specific environmental factors to be addressed are identified in Part A.  The
generic guidelines for the format of an environmental review document are provided in Part B.

The environmental review document must address all elements of Part ‘A’
and Part ‘B’ of these guidelines prior to approval being given to
commence the public review.
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Part A:  Specific Guidelines for the preparation of the
Environmental Review and Management Programme (ERMP)/

Environmental Impact Statement (EIS)

1.  Introduction

Background

On 19 April 1995, the Premier of WA and the Chief Minister of the NT signed a Memorandum
of Understanding regarding the expansion of the Ord River Irrigation Scheme.

The first part of the expansion of the scheme is the development of the M2 Channel Supply
Area, which is located on the Weaber, Keep and Knox Creek Plains that straddle the WA/ NT
border north of Kununurra (Attachment 3).

The proponents for the development of the M2 Channel Supply Area are Wesfarmers/
Marubeni and the Water Corporation of Western Australia as co-proponents, with the
Wesfarmers/Marubeni joint venture responsible for development associated with the agricultural
land and the Water Corporation responsible for water-related infrastructure.

The proposal

The proposal to develop the M2 Channel Supply Area involves the following major elements:

• development of approximately 36,000ha for farms and infrastructure, including ownership
and operation by Wesfarmers/ Marubeni of approximately 27,000 ha of this land for
sugarcane farms;

• development of a sugar mill by Wesfarmers/ Marubeni with a capacity of approximately
400,000 tpa of raw sugar and 160,000 tpa of molasses;

• development of raw sugar and molasses storage and handling facilities at Wyndham Port by
Wesfarmers/ Marubeni;

• allocation of up to 15% of the net irrigable area for sale to independent farmers on an
unconditional basis with respect to the types of crops that may be grown; and

• construction of approximately 400 km of water supply channels and drains, as well as
almost 150 km of flood protection levees.

2.  Assessment Context

The Ord Irrigation Area commenced agricultural land development in the 1960’s. This proposal
represents a second stage of irrigated land development, with water supplied from the existing
Ord River Dam.

There has been substantial change in the context within which Stage 1 and Stage 2 need to be
considered.  For instance, the Stage 1 development preceded the WA Environmental Protection
Act 1986 the and the related growth in community environmental awareness and statutory
assessment.  In addition, heritage legislation, water legislation reform, national and international
biological diversity agreements and greenhouse gas protocols, and the national agreement on
ecologically sustainable development have all been major additions to the broad context within
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which this Stage 2 proposal must be examined.  This context is not only important for
proponents and relevant environmental agencies, but also for the community and the WA, NT
and Commonwealth Governments.

A proposal of this scale also needs to be placed within a local and regional context, particularly
for such factors as vegetation systems, land systems, water regimes, climate, and fauna.
Consideration needs to be given to the adequacy of protection of environmental values within
and adjoining the project area from the consequences of development.

The environmental impact assessment process requires the proponent of a proposed
development to identify the environmental issues, to describe the environmental aspects of the
development area and to outline how they intend to address environmental issues.
Consideration also needs to be given to the proposed development area in a regional context.
The determination of whether a particular proposed response is adequate is the role of the
environmental assessor, through the assessment process, and the role of the associated
Government in its decision-making.  In order for those responses or solutions to be considered,
there must be transparency by the proponent to show how those actions were chosen and the
likely success of the selected response.  The criteria used to define and select a particular
response to an identified issue needs to be specified in the environmental documentation.

The WA EPA has decided that the assessment of this proposal will be undertaken in two stages.
The first will look at the key environmental issues, of which the magnitude of the proposed
clearing and its effect on biological diversity and significant social values are the major issues.
The manner by which these and the other factors listed in these guidelines will be managed will
form the second stage of the assessment.  This approach means that there will be two
assessment reports produced by the WA EPA.

To assist the proponent, community, the WA, NT and Commonwealth Governments, the WA
EPA has outlined in these guidelines how it intends to approach the assessment of the
implications for biological diversity.

The term ‘environment’ under the Northern Territory Environmental Assessment Act 1982
means all aspects of the surroundings of man including the physical, biological, economic,
cultural and social aspects. The term is more narrowly defined under the WA Environmental
Protection Act 1986.

In view of this difference, some issues identified within these guidelines are beyond the scope
of the WA EPA to consider in its assessment of the proposal and advice to the WA Minister for
the Environment.

In preparing an ERMP/EIS, the proponent should bear in mind the following aims of the
ERMP/EIS and public review process:

• to provide a source of information from which interested individuals and groups may gain
an understanding of the proposal, the need for the proposal, the alternatives, the
environment which it would affect, the impacts that may occur and the measures to be taken
to minimise these impacts;

• to provide a forum for public consultation and informed comment on the proposal; and

• to provide a framework in which decision-makers may consider the environmental aspects
of the proposal in parallel with economic, technical and other factors.

The proponent should ensure that the ERMP/EIS demonstrates compliance with the goals,
objectives and guiding principles of Ecologically Sustainable Development as set out in the
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National Strategy for Ecologically Sustainable Development and the principles set out in the
National Strategy for the Conservation of Australia’s Biological Diversity. The ERMP/EIS
should describe the land in terms of its cultural, ecological, economic and social values.

As set out in the following guidelines, the scope of this assessment shall encompass those issues
and alternatives directly related to the development of the Ord River Irrigation Area Stage 2
(M2 Channel Supply Area) project.

Social Impacts

A separate study of the social, cultural and economic impact of developments related to this
project on Miriuwung and Gajerrong people is being conducted by the Aboriginal
Representative Bodies with the support of Wesfarmers/ Water Corporation in parallel to the
ERMP/EIS.

To ensure that there is the opportunity for consideration by the public and assessors (WA EPA
and NT DLPE) in a timely manner, information from this study and other reports should be
referred to in the ERMP/EIS. Additional relevant information should be published prior to the
assessors reporting to their respective Ministers.

A number of studies were commissioned by the Department of Resources Development (DRD)
to consider social implications of a number of development scenarios for Ord Stage 2. These
studies were carried out prior to the selection of Wesfarmers/ Marubeni and Water Corporation
as the preferred developer for the M2 project area.

The ERMP/EIS is expected to update and revise information consistent with the specific
development proposal.

Studies that contain social information that may be relevant to this assessment, include the:

• Kununurra-Wyndham Area Development Strategy (KWADS),

• Naralup Population Study;

• Beckwith Social Impact Assessments; and

• study by AACM International Pty Ltd titled ‘Aboriginal Consultations - Ord River
Irrigation Scheme Stage 2 (September 1997)’

(i) Kununurra-Wyndham Area Development Strategy (KWADS),

The KWADS study is being undertaken by the WA Ministry for Planning (MfP) in association
with the Shire of Wyndham-East Kimberley and NT DLPE. The purpose of this study is to
provide assistance to community, private enterprise and Government agencies to guide and
control land use, protect and manage environmental and heritage values, recommend on
settlement expansion, promote tourism/ development nodes, assess the need for further
industrial land and coordinate transport and infrastructure provision.

This draft plan is expected to be released by the MfP for public review in the third quarter of
1999.

(ii) Naralup Populations Study

DRD commissioned this study in 1996 to examine the population impacts of developing Stage
2 of the irrigation project and identifies population categories generated by the development,
tourism and other industry.



Part A - Specific Guidelines

4

(iii) Beckwith Social Impact Assessments

Potential social impacts were examined by Dr Beckwith in 1997 as part of studies by Sinclair
Knight Merz related to the Ord Stage 2 development. This study identified current community
circumstances and the needs of the existing resident population and establishes what benefits
and increased demands on social infrastructure may occur if the population were to substantially
increase as a result of Stage 2.

(iv) Aboriginal Consultations - Ord River Irrigation Scheme Stage 2 (AACM)

DRD commissioned this study in 1997 to address Aboriginal aspects of social issues relating to
the proposed development of the second phase of the Ord River Irrigation Area. The report
complements the earlier social impact assessment conducted by Dr Beckwith.

The Naralup, Beckwith and AACM studies are available from DRD.

Water Allocation Plan

It  is also important to note that the WA EPA will be providing advice to the WA Government
on the Water and Rivers Commission Draft Interim Water Allocation Plan for the Ord River.
This draft interim plan cannot be assessed by the WA EPA as it does not represent a proposal
under the WA Environmental Protection Act. However, the WA EPA will provide advice in a
report pursuant to S16(e) of the WA Environmental Protection Act.

The purpose of the interim plan is to:

• define bulk water allocations based on the available hydrological data and the estimates of
demand for current and potential water uses;

• describe the system by which licences will be issued under current legislative arrangements;
and

• describe the investigations required to allow allocations to be refined, and the process by
which any review of allocations will be undertaken; and

The objectives of the interim plan are to:

• make an interim provision of water to the Lower Ord River system and its associated
environment;

• determine the remaining water that may be available for diversion for consumptive uses;

• document interim allocation decisions as to how much water should be assigned to the
Stage 1 and Stage 2 developments; and

• ensure those existing commitment and longer term demands for hydro-power generation can
be accommodated within the interim allocations and that a feasible reservoir operating
strategy can be developed that meets all commitments.

This draft interim plan has been released for public comment for a period of eight weeks,
closing 20 August 1999.
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3.  Environmental factors relevant to this proposal

At this stage, the WA EPA believes the relevant environmental factors, objectives and work
required is as detailed in the table below:

CONTENT SCOPE OF WORK

Factor Site specific
factor

WA EPA objective Work required for the environmental
review

BIOPHYSICAL
Biodiversity Ecosystems To maintain biological

diversity meaning the
different plants and
animals and the
ecosystems they form,
at the levels of genetic
diversity, species
diversity and
ecosystem diversity.

Baseline studies to identify existing
genetic diversity, species diversity and
ecosystem diversity of the development
area and in a relevant regional context to
ensure that the project will not affect the
diversity of and representativeness of
biodiversity in the East Kimberley/
Western Northern Territory.

Detail measures proposed to ensure:

• avoidance of loss of biological
diversity;

• maintenance of ecological linkages
between different ecosystems and
habitat types; and.

• protection or rehabilitation of
representative ecosystems within and
adjacent to the proposed irrigation
scheme which have been identified as
being of significant local and regional
conservation value.

Identify and define areas which are
“comparable” to the project (including
buffer areas) in terms of biodiversity and
ecological function at the ecosystem,
species and genetic levels.

Assess the environmental significance of
alterations to the species assemblages in
terms of changes to ecosystem/ ecological
function pre and post disturbance.
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CONTENT SCOPE OF WORK

Factor Site specific
factor

WA EPA objective Work required for the environmental
review

Terrestrial
flora

Vegetation
communities

Maintain the species
diversity, geographic
distribution and
productivity of
vegetation
communities.

Baseline studies to identify existing flora
species and vegetation communities
(including riparian) present in the
proposal area and representation outside
project area.

Detail measures proposed:

• to ensure protection or rehabilitation
of representative vegetation
communities within the local and
regional context which have been
identified as being of significant local
and regional conservation value;

• to ensure introduced crops and weeds
are managed so that there are no
adverse impacts on the adjacent
terrestrial environment;

• to address quarantine for disease;

• for coordination of long term
management of the proposed
irrigation scheme to ensure no long
term adverse impact on the
conservation values of the adjacent
terrestrial environment arise from the
development; and

• to establish buffer zones, protected
areas and conservation zones to
ensure the maintenance of dependant
species.
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Declared
Rare and
Priority Flora

Protect Declared Rare
and Priority Flora,
consistent with the
provisions of the WA
Wildlife Conservation
Act 1950 and other
relevant State, Northern
Territory and
Commonwealth
legislation.

Baseline studies to identify existing
Declared Rare or Priority Flora (or
equivalent under NT or Commonwealth
legislation (including species listed on the
schedules of the Commonwealth’s
Endangered Species Protection Act 1992)
present in area of proposed development.

Identify threats and potential threats to
Declared Rare and Priority Flora (or
equivalent under NT or Commonwealth
legislation).

Detail measures proposed to ensure
protection or rehabilitation of any
Declared Rare or Priority Flora (or
equivalent under NT or Commonwealth
legislation).
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CONTENT SCOPE OF WORK

Factor Site specific
factor

WA EPA objective Work required for the environmental
review

Estuarine
flora

Estuarine
flora

Maintain the ecological
function, abundance,
species diversity and
geographic distribution
of estuarine and marine
flora

Baseline studies to identify existing
estuarine or marine vegetation
assemblages of the Keep River and Sandy
Creek.

Detail measures proposed to ensure
protection of marine flora downstream
and in tidal reaches of Keep River and
Sandy Creek from increased water flow,
sediment load, pesticides and other
chemical runoff.

Terrestrial
fauna

Terrestrial
fauna

Maintain the
abundance, species
diversity and
geographical
distribution of
terrestrial fauna.

Baseline studies to identify existing
occurrence of fauna and usage of the
proposed development area by terrestrial
fauna.

Detail measures proposed to:

• ensure protection or rehabilitation of
fauna habitat, including that
downstream of the proposed
development; and

• establish buffer zones, protected areas
and conservation zones to ensure the
existence of dependant species.
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Specially
protected
(threatened)
fauna

Protect Specially
Protected (Threatened)
Fauna, consistent with
the provisions of the
WA Wildlife
Conservation Act 1950
and other relevant
State, Northern
Territory and
Commonwealth
legislation.

Protect Threatened
Fauna and Priority
Fauna species and their
habitats, consistent with
the provisions of the
WA Wildlife
Conservation Act 1950
and other relevant
State, Northern
Territory and
Commonwealth
legislation.

Baseline studies to identify existing usage
of area of proposed development by
Specially Protected (Threatened) or
Threatened Fauna and Priority Fauna
species (or equivalent under NT or
Commonwealth legislation). This should
include species protected by international
agreements such as CAMBA, JAMBA and
Ramsar and species listed on the
schedules of the Commonwealth’s
Endangered Species Protection Act 1992.

Detail measures proposed to ensure
protection or rehabilitation of any
Specially protected (threatened) or priority
fauna species or habitat (or equivalent
under NT or Commonwealth legislation).
This should include species protected by
international agreements such as CAMBA,
JAMBA and Ramsar.
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CONTENT SCOPE OF WORK

Factor Site specific
factor

WA EPA objective Work required for the environmental
review

Subterranean
fauna

Maintain the
abundance, species
diversity and
geographical
distribution of
subterranean fauna

Baseline studies to identify existing usage
of area of proposed development by
subterranean fauna, including information
on habitat use, ecological requirements,
occurrence and tolerance of subterranean
species to changes in water quality and
level.

Detail measures proposed to ensure
protection or rehabilitation of any
subterranean fauna habitat.

Aquatic
fauna

Aquatic
fauna

Maintain the ecological
function, abundance,
species diversity and
geographic distribution
of aquatic fauna.

Baseline studies to identify existing usage
by aquatic fauna of rivers, streams and
wetlands, including those downstream of
proposed development.

Detail measures to ensure aquatic fauna
are not adversely affected by proposed
development.

Wetlands Wetlands To protect the
environmental values
and maintain or
enhance key ecological
functions of the
wetlands

Baseline studies to identify existing
environmental values of permanent and
seasonal wetlands within the project area
and a description of their relative
environmental and conservation
significance.

Identify wetlands within or in the vicinity
of the project area that are listed as
Wetlands of International Importance
under the Ramsar Convention.

Detail measures proposed to ensure
protection, maintenance or enhancement
of key environmental values of affected
wetlands.

Watercourses Maintain the integrity,
functions and
environmental values
of watercourses.

Baseline studies to identify existing
environmental values of Keep River,
Knox, Sandy and Border Creeks.

Detail measures proposed to ensure
protection and enhancement of
environmental values of affected
watercourses, including changes resulting
from modifications to surface runoff and
diversion of flows by the proposal.



Part A - Specific Guidelines

11

Groundwater
quantity

Maintain groundwater
so that existing and
potential uses,
including ecosystem
maintenance are
protected

Baseline studies to identify existing
groundwater levels in the project area and
existing components of the environment
dependant on groundwater.

Detail measures proposed to ensure
protection of existing and potential uses,
including ecosystem maintenance, from
changes in groundwater levels.
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CONTENT SCOPE OF WORK

Factor Site specific
factor

WA EPA objective Work required for the environmental
review

Surface water
quantity

Maintain surface water
so that existing and
potential uses,
including ecosystem
maintenance are
protected

Baseline studies to determine surface
water quantity and streamflows.

Detail measures proposed to ensure no
adverse downstream impacts arise from
development.

Mosquitoes
and disease
vectors

Mosquito numbers on-
site should not
adversely affect the
health, welfare and
amenity of future
residents; and

Ensure the breeding of
mosquitoes is
controlled to the
satisfaction of the
relevant public health
agencies without
adversely affecting
other flora and fauna

Baseline studies to identify existing
mosquito and other disease vectors
present within or in the vicinity of the
project area.

Detail measures proposed to ensure
disease vectors and pest, such as
mosquitoes, are adequately monitored and
managed. Where required provide details
of drainage systems designed for the
prevention of mosquito breeding.

Note: the Kimberley region is within the
receptive zone for malaria and Australian
encephalitis is endemic.

Land Hydrology Establish stable,
sustainable landform
consistent with
surroundings.

Baseline studies to document existing
hydrological regimes across the project
area, particularly in relation to
watercourses, other landscape features
and on the Weaber, Keep and Knox
Plains.

Detail measures proposed to:

• avoid possible impacts from erosion,
flooding and other changes resulting
from modifications to surface runoff
and groundwater behaviour;

• ensure adjacent vegetation
communities are unaffected by
changes in natural sheet water flows
or from altered surface water
hydrology associated with diversion
of water by the proposal; and

• assess and respond to long term
risks/trends in salinity and
groundwater levels.
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CONTENT SCOPE OF WORK

Factor Site specific
factor

WA EPA objective Work required for the environmental
review

POLLUTION MANAGEMENT

Air Particulates
and dust

Ensure that the dust
levels generated by the
proposal do not
adversely impact
welfare and amenity of
surrounding land users
or cause health
problems by meeting
statutory requirements
and acceptable
standards.

Detail measures proposed to ensure
impact from construction and operational
activities comply with particulates and
dust statutory requirements and
guidelines.

Chemical
spray drift

Ensure that spray drift
generated by chemicals
used for the proposal
does not adversely
impact health, welfare
and amenity of
surrounding land users
and the environment by
meeting statutory
requirements and
acceptable standards.

Detail measures proposed to ensure
impact from agricultural and other
activities comply with statutory
requirements and acceptable standards for
chemical spray drift.

Greenhouse
gases

To minimise
greenhouse gas
emissions for the
project and reduce
emissions per unit
product as low as
reasonably practicable;
and

To mitigate greenhouse
gases emissions in
accordance with the
Framework
Convention on Climate
Change 1992, and in
accordance with
established
Commonwealth and
State policies.

Baseline studies to estimate the existing
greenhouse benefits related to the existing
vegetation and land management practices
within the project area.

Detail measures proposed to ensure that
greenhouse gas emissions meet acceptable
standards and relevant State, NT and
Commonwealth policy and legislation.
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CONTENT SCOPE OF WORK

Factor Site specific
factor

WA EPA objective Work required for the environmental
review

Water Groundwater
quality

Maintain or improve
the quality of
groundwater to ensure
that existing and
potential uses,
including ecosystem
maintenance are
protected.

Baseline studies to identify existing
groundwater quality in the superficial and
related deep aquifers within and in the
vicinity of the project area.

Detail measures proposed to:

• ensure existing and potential
groundwater uses, including
ecosystem maintenance are protected;
and

•  ensure that potential for pollution (as
a result of the application of
herbicides, pesticides and fertilisers)
and salinity is managed so that there
are no adverse impacts on
groundwater quality.

Surface
water
quality

Maintain or improve
the quality of surface
water to ensure that
existing and potential
uses, including
ecosystem maintenance
are protected.

Baseline studies to identify existing
surface water quality in watercourses and
other surface flows in the project area.

Assessment of the potential presence and
potential impacts from acid sulphate soils.

Detail measures proposed to:

• ensure the quality of surface water is
maintained so that existing and
potential uses, including ecosystem
maintenance are protected; and

• ensure that potential for pollution (as a
result of increased sediment loads,
herbicides, pesticides and fertilisers)
and salinity is managed so that there
are no adverse impacts on surface
water quality.

SOCIAL SURROUNDINGS

Recreation Recreation Maintain or enhance
recreational usage of
the project area,
consistent with plans
developed by planning
agencies.

Baseline studies to identify existing
recreational uses within and in the vicinity
of the project area.

Detail measures to maintain recreational
values within the project area, especially
the Keep River.
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CONTENT SCOPE OF WORK

Factor Site specific
factor

WA EPA objective Work required for the environmental
review

Culture and
heritage

Aboriginal
heritage and
culture

Ensure the proposal
complies with the
requirements of
relevant State, Northern
Territory and
Commonwealth
legislation; and

Ensure that changes to
the biological and
physical environment
resulting from the
project do not
adversely affect
cultural associations
with the area.

Describe the archaeological and heritage
values of the project area and their
relationship to other relevant areas.

Describe the cultural and traditional
relationship of Miriuwung and Gajerrong
people with the environment of the project
area.

Describe the Native Title rights and
interests of Aboriginal people in relation
to the project area as they are affected by
the proposal.

Detail measures proposed to:

• ensure the proposal complies with the
Aboriginal Heritage Act and other
relevant State, NT and Commonwealth
legislation including the Australian
Heritage Commission Act 1975;

• ensure that changes to the biological
and physical environment do not
adversely affect cultural and
traditional associations and the use of
the area;

• address rights and interests of
Aboriginal people that may be
affected by changes to the biological
and physical environment; and

• ensure appropriate consultation with
traditional owners and the community.

Social Social
surrounds

To maintain and protect
the aesthetic, cultural,
economic and social
surroundings, where
those surroundings
affect or are affected by
physical or biological
change.

Describe the existing and anticipated
demographics in the project area and in
other areas affected by the proposal (eg
Kununurra and Wyndham).

Describe community infrastructure
requirements resulting from the proposal,
including in Kununurra and Wyndham.

Describe the existing wilderness and
aesthetic values of the project area.

Detail measures to maintain and protect
wilderness and aesthetic values.
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OTHER

Cumulative
impact

Describe relationships between this
proposal and other land uses (eg Ord
Stage 1).

Detail measures proposed to ensure that
cumulative environmental impacts are
avoided and/or managed.

These factors should be addressed within the environmental review document for the public to
consider and make comment to the WA EPA.  The WA EPA expects to address these factors in
its report to the Minister for the Environment.  The factor of biological diversity is discussed in
more detail in Section 4 of these guidelines.

The WA EPA expects the proponent to take due care in ensuring any other relevant
environmental factors which may be of interest to the public are addressed.

4.  The environmental factor of biological diversity

The Ord River Stage 2 M2 proposal involves substantial development of up to 50,000 ha of
land on the Weaber Plain, Knox River Plain and Keep River Plain, located within the
Kimberley region of WA and the adjoining portion of the NT. There will be large-scale clearing
of land within pastoral lease, for irrigated agriculture and related infrastructure, new water-
related management requirements, as well as issues associated with the introduction of
agricultural crops and chemicals.  These developments will require a significant change in the
environment in both the short-term and longer-term.

Environmental impact assessment of the proposal will require the consideration of these short
and long-term issues and their individual and cumulative consequences.  For instance, the loss
of up to 50,000 ha of vegetation through clearing is one of the fundamental environmental
issues, both from the point of view of the extent of clearing as well as the threats to biological
diversity in doing so.

This consideration relates to the environmental factor of biological diversity, which must be
addressed through the proposal approval process.  In WA this will require approvals in at least
three areas: environmental approval under the WA Environmental Protection Act 1986, water
provision under the WA Rights in Water and Irrigation Act 1911, and government approval
through a new State Agreement Act.  The latter two cannot proceed until environmental
approval has been obtained.

The WA EPA has given consideration to how it will assess this key environmental factor of
biological diversity.

In 1996 the Commonwealth Government, with all State and Territory Governments, signed the
National Strategy for the Conservation of Australia’s Biological Diversity.  Conservation of
biological diversity is a foundation of ecologically sustainable development.  In this regard, one
of the objectives of the National Strategy for Ecologically Sustainable Development is to protect
biological diversity at the ecosystem, species and genetic levels and to maintain essential
ecological processes and life-support systems.
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The National Strategy for the Conservation of Australia’s Biological Diversity adopted the
following principles as a basis for the Strategy's objectives and actions.  These should be used
as a guide for implementation:

1. Biological diversity is best conserved in-situ.

2. Although all levels of government have clear responsibility, the cooperation of
conservation groups, resource users, indigenous peoples, and the community in general is
critical to the conservation of biological diversity.

3. It is vital to anticipate, prevent and attack at source the causes of significant reduction or
loss of biological diversity.

4. Processes for and decisions about the allocation and use of Australia's resources should be
efficient, equitable and transparent.

5. Lack of full knowledge should not be an excuse for postponing action to conserve
biological diversity.

6. The conservation of Australia's biological diversity is affected by international activities
and requires actions extending beyond Australia's national jurisdiction.

7. Australians operating beyond our national jurisdiction should respect the principles of
conservation and ecologically sustainable use of biological diversity and act in accordance
with any relevant national or international laws.

8. Central to the conservation of Australia's biological diversity is the establishment of a
comprehensive, representative and adequate system of ecologically viable protected areas
integrated with the sympathetic management of all other areas, including agricultural and
other resource production systems.

9. The close, traditional association of Australia's indigenous peoples with components of
biological diversity should be recognised, as should the desirability of sharing equitably
benefits arising from the innovative use of traditional knowledge of biological diversity.

In its consideration of the consequences of the proposal on biological diversity, the WA EPA
will focus on these principles and the related objectives and actions in the National Strategy.
The WA EPA would expect that the WA, NT and Commonwealth Governments will take
account of these principles prior to making any  decisions in relation to the proposal, and the
WA EPA will ensure that the proponent has addressed these principles in the ERMP.  In
addition, it is clear to the WA EPA that, in view of the scale of the proposal, the proponent
alone may not be able to protect biological diversity and that it will require the participation of
the WA and NT Governments as well.

The WA EPA’s consideration of biological diversity will include the following basic elements:

• a comparison of a number of development scenarios to evaluate protection of biodiversity at
the species and ecosystem levels;

• no known species of plant or animal is caused to become extinct as a consequence of the
development and the risks to threatened species are considered to be acceptable;

• no association or community of indigenous plants ceases to exist as a result of the project;

• there is comprehensive, adequate and secure representation of scarce or endangered habitats
within the project area and/or in areas which are biologically comparable to the project area
within WA and the NT, protected in secure reserves;
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• the project area itself includes a comprehensive and adequate network of conservation areas
and linking corridors whose integrity and biodiversity is secure and protected; and

• the on-site and off-site impacts of the project are identified and the proponent demonstrates
that these impacts can be managed.

In relation to land clearing, the WA EPA notes that Objective 7.1 of the National Strategy
commits State, Territory and Commonwealth Governments by the year 2000 to, among other
things:

“ (l) arresting and reversing the decline of remnant native vegetation; and

(m) avoiding or limiting any further broad-scale clearance of native vegetation,
consistent with ecologically sustainable management and bioregional planning,
to those instances in which regional biological diversity objectives are not
compromised.”  (Commonwealth of Australia 1996, p.42)

5.  Availability of the environmental review

5.1  Copies for distribution free of charge

Supplied to DEP:
• Library/Information Centre.......................................... 9
• WA EPA members...................................................... 6
• Officers of the DEP (Perth) ......................................... 8

Distributed by the proponent to:

Government Departments:
• Aboriginal Affairs Department..................................... 1
• Agriculture Western Australia...................................... 2
• Department of Conservation and

Land Management ....................................................... 2
• Department of Land Administration............................. 1
• Department of Minerals and Energy ............................ 1
• Department of Resources

Development................................................................ 2
• Environment Australia ............................................... 10
• Fisheries Western Australia.......................................... 2
• Kimberley Development Commission ......................... 2
• Main Roads Western Australia..................................... 1
• Northern Territory Department of

Lands Planning and Environment ............................. 10
 [and 2 copies on CD rom in ADOBE format (*.pdf)]
• Water and Rivers Commission..................................... 2
• Western Australian Museum........................................ 2

Local government authorities:
• Shire of Wyndham/ East Kimberley ............................ 2

Libraries:
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• J S Battye Library ........................................................ 3
• The Environment Centre (WA).................................... 2
• The Environment Centre (NT)..................................... 3
• Shire of Wyndham/ East Kimberley

Library ...................................................2 (each at least)

Other:
• Aboriginal Legal Service ............................................. 2
• Conservation Council of WA....................................... 1
• Kimberley Land Council.............................................. 2
• Northern Land Council ................................................ 2
• Waringarri Aboriginal Corporation .............................. 1

5.2  Available for public viewing

• J S Battye Library (WA)
• Shire of Wyndham/ East Kimberley Libraries
• Department of Environmental Protection Library
• NT Department of Lands Planning and Environment
• Department Lands Planning and Environment in Katherine
• NT State Library
• NT Parks and Wildlife Commission at Timber Creek
• Waringarri (Kununurra)
• Joorook Ngari (Wyndham)
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Part B:  Generic Guidelines for the preparation of an
environmental review document

1.  Overview

All environmental reviews have the objective of protecting the environment.  Environmental
impact assessment is deliberately a public process in order to obtain broad ranging advice.  The
review requires the proponent to describe:

• the proposal;

• receiving environment;

• potential impacts of the proposal on factors of the environment; and

• proposed management strategies to ensure those environmental factors are appropriately
protected.

Throughout the assessment process it is the objective of the WA EPA to help the proponent to
improve the proposal so the environment is protected.  The DEP will co-ordinate, on behalf of
the WA EPA, relevant government agencies and the public in providing advice about
environmental matters during the assessment of the environmental review for this proposal.

The primary purpose of the environmental review is to provide information on the proposal
within the local and regional framework to the WA EPA, with the aim of emphasising how the
proposal may impact the relevant environmental factors and how those impacts may be
mitigated and managed.

The language used in the body of the environmental review should be kept simple and concise,
considering the audience includes non-technical people, and any extensive, technical detail
should either be referenced or appended to the environmental review.  It should be noted that
the environmental review will form the legal basis of the Minister for the Environment’s
approval of the proposal and therefore the environmental review should include a description of
all the main and ancillary components of the proposal, including options where relevant.

Information used to reach conclusions should be properly referenced, including personal
communications.  Such information should not be misleading or presented in a way that could
be construed to mislead readers.  Assessments of the significance of an impact should be
soundly based rather than unsubstantiated opinion, and each assessment should lead to a
discussion of the management of the environmental factor.

For the purposes of assessment, the project officer should be supplied with an electronic copy of
the document for use on Macintosh, Microsoft Word Version 6, and any scanned figures.
Where possible, figures should be reproducible in a black and white format.

2.  Objectives of the environmental review

The objectives of the environmental review are to:

• place this proposal in the context of the local and regional environment;

• adequately describe all components of the proposal, so that the Minister for the Environment
can consider approval of a well-defined project;
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• provide the basis of the proponent’s environmental management program, which shows that
the environmental impacts resulting from the proposal, including cumulative impact, can be
acceptably managed; and

• communicate clearly with the public (including government agencies), using written
material, video or other means, so that the WA EPA can obtain informed public comment to
assist in providing advice to government.

3.  Environmental management

The WA EPA expects the proponent to have in place an environmental management system
appropriate to the scale and impacts of the proposal including provisions for performance
review and a commitment to continuous improvement.  The system may be integrated with
quality and health and safety systems and should include the following elements:

• environmental policy and commitment;

• planning of environmental requirements;

• implementation and operation of environmental requirements;

• measurement and evaluation of environmental performance; and

• review and improvement of environmental outcomes.

A description of the proposed environmental management system should be included in the
environmental review documentation.  If appropriate, the documentation can be incorporated
into a formal environmental management system (such as AS/NZS ISO 14001).  Public
accountability should be incorporated into the approach on environmental management.

The environmental management program (EMP) is the key document of an environmental
management system that should be adequately defined in an environmental review document.
The EMP should provide plans to manage the relevant environmental factors, define the
performance objectives, describe the resources to be used, outline the operational procedures
and outline the monitoring and reporting procedures which would demonstrate the achievement
of the objectives.

4.  Format of the environmental review document

The environmental review should be provided to the DEP officer for comment.  At this stage
the document should have all figures produced in the final format and colours.

Following approval to release the review for public comment, the final document should also be
provided to the DEP in an electronic format.

The proponent is requested to supply the project officer with an electronic copy of the
environmental review document for use on Macintosh, Microsoft Word Version 6, and any
scanned figures.  Where possible, figures should be reproducible in a black and white format.

5.  Contents of the environmental review document

The contents of the environmental review should include an executive summary, introduction
and at least the following:
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5.1  The proposal

A comprehensive description of the proposal including its location (address and certificate of
title details where relevant) is required.

Justification and alternatives

• justification and objectives for the proposed development;

• the legal framework, including existing zoning and environmental approvals, and decision
making authorities and involved agencies; and

• consideration of alternative options (including a ‘no development’ option).

Key characteristics

The Minister’s statement will bind the proponent to implementing the proposal in accordance
with any technical specifications and key characteristics1 in the environmental review
document.  It is important therefore, that the level of technical detail in the environmental
review, while sufficient for environmental assessment, does not bind the proponent in areas
where the project is likely to change in ways that have no environmental significance.

Include a description of the components of the proposal, including the nature and extent of
works proposed.  This information must be summarised in the form of a table as follows:

                                                

1  Changes to the key characteristics of the proposal following final approval, would require assessment of the

change and can be treated as non-substantial and approved by the Minister, if the environmental impacts are

not significant.  If the change is significant, it would require assessment under section 38 or section 46.

Changes to other aspects of the proposal are generally inconsequential and can be implemented without further

assessment.  It is prudent to consult with the Department of Environmental Protection about changes to the

proposal.



Part B - Generic Guidelines

4

Table 1:  Key characteristics (example only)

Element Description

Life of project (mine production) < 5yrs (continual operation)

Size of ore body 682 000 tonnes (upper limit)

Area of disturbance (including access) 100 hectares

List of major components

• pit

• waste dump

• infrastructure (water supply, roads,
etc)

Refer plans, specifications, charts
section immediately below for details of
map requirements

Ore mining rate

• maximum • 200 000 tonnes per year

Solid waste materials

• maximum • 800,000 tonnes per year

Water supply

• source

• maximum hourly requirement

• maximum annual requirement

• XYZ borefield, ABC aquifer

• 180 cubic metres

• 1 000 000 cubic metres

Fuel storage capacity and quantity used Litres; litres per year

Heavy mineral concentrate transport

• truck movements (maximum) • 75 return truck loads per week

Plans, Specifications, Charts

Adequately dimensioned plans showing clearly the location and elements of the proposal which
are significant from the point of view of environmental protection, should be included.  The
location and dimensions (for progressive stages of development, if relevant) of plant, amenities
buildings, accessways, stockpile areas, dredge areas, waste product disposal and treatment
areas, all dams and water storage areas, mining areas, storage areas including fuel storage,
landscaped areas etc.

Only those elements of plans, specifications and charts that are significant from the point of
view of environmental protection are of relevance here.

Figures that should always be included are:

• a map showing the proposal in the local context - an overlay of the proposal on a base map
of the main environmental constraints;

• a map showing the proposal in the regional context; and, if appropriate

• a process chart / mass balance diagram showing inputs, outputs and waste streams.
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The plan/s should include contours, a north arrow, a scale bar, a legend, grid co-ordinates, the
source of the data, and a title.  If the data is overlaid on an aerial photo then the date of the aerial
photo should be shown.

Other logistics

• timing and staging of project; and

• ownership and liability for waste during transport, disposal operations and long-term
disposal (where appropriate to the proposal).

5.2  Environmental factors

The environmental review should focus on the relevant environmental factors for the proposal,
and these should be agreed in consultation with the WA EPA and DEP and relevant public and
government agencies.  Preliminary environmental factors identified for the proposal are shown
in Part A of these guidelines.

Further environmental factors may be identified during the preparation of the environmental
review, therefore on-going consultation with the WA EPA, DEP and other relevant agencies is
recommended.  The DEP can advise the proponent on the recommended WA EPA objective
for any new environmental factors raised.  Minor matters which can be readily managed as part
of normal operations for the existing operations or similar projects may be briefly described.

Items that should be discussed under each environmental factor are:

• a clear definition of the area of assessment for this factor;

• the WA EPA objective for this factor;

• a description of what is being affected - why this factor is relevant to the proposal;

• a description of how this factor is being affected by the proposal - the predicted extent of
impact;

• a description of where this factor fits into the broader environmental / ecological context
(only if relevant - this may not be applicable to all factors);

• a straightforward description or explanation of any relevant standards / regulations / policy;

• environmental evaluation - does the proposal meet the WA EPA’s objective as defined
above;

• if not, environmental management proposed to ensure the WA EPA’s objective is met; and

• predicted outcome.

The proponent should provide a summary table of the above information for all environmental
factors, under the three categories of biophysical, pollution management and social
surroundings:
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Table 2:  Environmental factors and management (example only)

Environ-
mental
Factor

WA EPA
Objective

Existing
environment

Potential
impact

Environ-
mental

management

Predicted
outcome

BIOPHYSICAL

Vegetation
community
types 3b and
20b

Maintain the
abundance,
species diversity,
geographic
distribution and
productivity of
vegetation
community types
3b and 20b

Reserve 34587
contains 45 ha
of community
type 20b and 34
ha of
community
type 3b

Proposal avoids
all areas of
community
types 20b and
3b

Surrounding
area will be
fully
rehabilitated
following
construction

Community types
20b and 3b will
remain untouched

Area surrounding
will be
revegetated with
seed stock of 20b
and 3b
community types

POLLUTION MANAGEMENT

Dust Ensure that the
dust levels
generated by the
proposal do not
adversely impact
upon welfare and
amenity or cause
health problems
by meeting
statutory
requirements and
acceptable
standards

Light industrial
area - three
other dust
producing
industries in
close vicinity

Nearest
residential area
is 800 metres

Proposal may
generate dust
on two days of
each working
week.

Dust Control
Plan will be
implemented

Dust can be
managed to meet
WA EPA’s
objective

SOCIAL SURROUNDINGS

Visual
amenity

Visual amenity of
the area adjacent
to the project
should not be
unduly affected
by the proposal

Area already
built-up

This proposal
will contribute
negligibly to
the overall
visual amenity
of the area

Main building
will be in ‘forest
colours’ and
screening trees
will be planted
on road

Proposal will
blend well with
existing visual
amenity and the
WA EPA’s
objective can be
met

5.3  Environmental management commitments

The implementation of the key characteristics of the proposal and the environmental
management commitments made by the proponent become legally enforceable under the
conditions of environmental approval issued in the statement by the Minister for the
Environment.  All the auditable environmental management commitments should be
consolidated in the public review document in a list (usually in an Appendix).  This list is
attached to the Minister’s statement and becomes part of the conditions of approval.

The proponent’s compliance with the consolidated environmental management commitments
will be audited by the DEP, so they must be expressed in a way which enables them to be
audited.

A commitment needs to contain most (if not all) of the following elements to be auditable:

• who (eg. the proponent)
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• will do what (eg. prepare a plan, take action)

• why (to meet an environmental objective)

• where/how (detail the action and where it applies)

• when (in which phase, eg. before construction starts)

• to what standard (recognised standard or agency to be satisfied)

• on advice from (agency to be consulted).

The proponent may make other ‘commitments’, which address less significant or non-
environmental matters, to show an intention to good general management of the project.  Such
‘commitments’ (or management strategies/policies) would not be included in the consolidated
list of environmental management commitments appended to the statement.

Continuous improvement during the implementation of the consolidated commitments may
necessitate changes whilst ensuring the environmental objective is still achieved; these can be
made in updates to the environmental management plan.  Modified and/or additional proponent
commitments arising from the fulfilment of environmental conditions will be audited by the
DEP and should follow the accepted format.

Once the proposal is approved under a statement of conditions, any proposed modifications or
additional commitments should be referred to the WA EPA for consideration of the
environmental impacts.  Such changes to the consolidated list of commitments would normally
be dealt with through the audit process; however, if significant impacts are involved, the
proposed changes may constitute a change to the proposal which would require assessment.

Examples of the preferred format for typical commitments are shown in the following table:

Table 3:  Summary of proponent’s commitments (example only)

Who/What

Commitment

When plan
prepared

Timing

Why

Objective

How/Where

Action

Whose
advice

expert
consulted

Evidence
Standard

Compliance
criteria

1. The
Proponent
will develop
and
implement a
rehabilitation
plan

before
construction
commences

to protect the abundance,
species diversity, geographic
distribution and
productivity of the
vegetation community types
3b and 20b (fig 3.1, EMP)

by limiting
construction to
10 ha of Reserve
34587 and
rehabilitating
the area

on advice of
CALM.

similarity
rating of
rehab’d area
consistent with
vegetation
community
types 3b and
20b.

2. The
Proponent
will prepare
and
implement a
dust control
plan

before the
start of
construction

to minimise dust generation
and impact on nearby land
owners

by measures
such as watering
roads and
monitoring wind
direction

preparation
of the plan
on advice of
DEP.

1000mg/m3
(WA EPA Dust
Control
Criteria)

Commitments should preferably be written in tabular format, preferably with some specification
of ways in which the commitment can be measured, or how compliance can be demonstrated.
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Draft commitments, whether in textual or tabular format, which are not in a format that can be
audited will not be accepted by DEP assessment officers for public review documentation.
Proponents will be assisted to revise inadequate commitments.

5.4  Public consultation

A description should be provided of the public participation and consultation activities
undertaken by the proponent in preparing the environmental review.  It should describe the
activities undertaken, the dates, the groups/individuals involved and the objectives of the
activities.  Cross reference should be made with the description of environmental management
of the factors which should clearly indicate how community concerns have been addressed.
Those concerns which are dealt with outside the WA EPA process can be noted and
referenced.

5.5  Other information

Additional detail and description of the proposal, if provided, should go in a separate section.
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Attachment 1

The first page of the proponent’s environmental review document must be the following
invitation to make a submission, with the parts in square brackets amended to apply to each
specific proposal.  Its purpose is to explain what submissions are used for and to detail why
and how to make a submission.

Invitation to make a submission

The Environmental Protection Authority (WA EPA) invites people to make a submission on
this proposal.

[the proponent] proposes [the rezoning of land and the development of a Marina Complex in
the City of Bunbury].  In accordance with the WA Environmental Protection Act, a [PER] has
been prepared which describes this proposal and its likely effects on the environment.  The
[PER] is available for a public review period of [8] weeks from [date] closing on [date].

Comments from government agencies and from the public will help the WA EPA to prepare an
assessment report in which it will make recommendations to government.

Why write a submission?

A submission is a way to provide information, express your opinion and put forward your
suggested course of action - including any alternative approach.  It is useful if you indicate any
suggestions you have to improve the proposal.

All submissions received by the WA EPA will be acknowledged.  Submissions will be treated
as public documents unless provided and received in confidence subject to the requirements of
the Freedom of Information Act, and may be quoted in full or in part in the WA EPA’s report.

Why not join a group?

If you prefer not to write your own comments, it may be worthwhile joining with a group
interested in making a submission on similar issues.  Joint submissions may help to reduce the
workload for an individual or group, as well as increase the pool of ideas and information.  If
you form a small group (up to 10 people) please indicate all the names of the participants.  If
your group is larger, please indicate how many people your submission represents.

Developing a submission

You may agree or disagree with, or comment on, the general issues discussed in the [PER] or
the specific proposals.  It helps if you give reasons for your conclusions, supported by relevant
data.  You may make an important contribution by suggesting ways to make the proposal more
environmentally acceptable.
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When making comments on specific elements of the [PER]:

• clearly state your point of view;

• indicate the source of your information or argument if this is applicable;

• suggest recommendations, safeguards or alternatives.

Points to keep in mind

By keeping the following points in mind, you will make it easier for your submission to be
analysed:

• attempt to list points so that issues raised are clear.  A summary of your submission is
helpful;

• refer each point to the appropriate section, chapter or recommendation in the [PER];

• if you discuss different sections of the [PER], keep them distinct and separate, so there is no
confusion as to which section you are considering; and

• attach any factual information you may wish to provide and give details of the source. Make
sure your information is accurate.

Remember to include:

• your name;

• address;

• date; and

• whether you want your submission to be confidential.

The closing date for submissions is: [date]

Submissions should be addressed to:

The Environmental Protection Authority
Westralia Square
141 St George’s Terrace
PERTH   WA   6000

Attention: Juliet Cole



Attachment 2

Advertising the environmental review

The proponent is responsible for advertising the release and arranging the availability of the
environmental review document in accordance with the following guidelines:

Format and content

The format and content of the advertisement should be approved by the DEP before appearing
in the media.  For joint State-Commonwealth assessments, the Commonwealth also has to
approve the advertisement.  The advertisement should be consistent with the attached example.

Note that the DEP officer’s name should appear in the advertisement.

Size

The size of the advertisement should be two newspaper columns (about 10 cm) wide by about
14 cm long.  Dimensions less than these would be difficult to read.

Location

The approved advertisement should, for CER’s, appear in the news section of the main local
newspaper and, for PER’s and ERMP’s, appear in the news section of the main daily paper’s
(“The West Australian”) Saturday edition, and in the news section of the main local paper at the
commencement of the public review period and again two weeks prior to the closure of the
public review period.

Timing

Within the guidelines already given, it is the proponent’s prerogative to set the time of release,
although the DEP should be informed.  The advertisement should not go out before the report is
actually available, or the review period may need to be extended.



Example of the newspaper advertisement

SCM CHEMICALS LTD

Consultative Environmental Review

EXTENSION TO DALYELLUP RESIDUE DISPOSAL PROGRAM

(Public Review Period:  [date] to [date])

SCM Chemicals Ltd is planning to extend the company’s existing residue disposal program at
Dalyellup, south of Bunbury, from March 1992 to March 1993.

A Consultative Environmental Review (CER) has been prepared by the company to examine
the environmental effects associated with the proposed development, in accordance with
Western Australian Government procedures.  The CER describes the proposal, examines the
likely environmental effects and the proposed environmental management procedures.

SCM has prepared a project summary which is available free of charge from the company’s
office on Old Coast Road, Australind.

Copies of the CER may be purchased for $5 from:

SCM Chemicals Ltd
Old Coast Road
AUSTRALIND   WA   6230
Telephone:  (08) 9467 2356

Copies of the complete Consultative Environmental Review will be available for examination
at:

• Environmental Protection Authority • City of Bunbury public libraries
Library Information Centre
8th Floor, Westralia Square • Shire of Capel libraries
38 Mounts Bay Road
PERTH  WA  6000 • Shire of Harvey library (Australind)

• Environmental Protection Authority • Shire of Dardanup (Eaton)
65 Wittenoom Street
BUNBURY  WA  6230

Submissions on this proposal are invited by [closing date].  Please address your submission to:

Chairman
Environmental Protection Authority
8th Floor, Westralia Square
141 St Georges Terrace
PERTH   WA   6000
Attention:  [Juliet Cole]

If you have any questions on how to make a submission, please ring the project officer,
[Project Officer name], on (08) 9222 7xxx.
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Accessions Water infiltration from the ground surface to underlying aquifers.

Adsorption The concentration or sorption of one substance on the surface of another.

Aeolian Descriptive of soil deposited by wind.

Aquifer A permeable rock formation that stores and transmits sufficient groundwater to
yield significant quantities of water to wells, bores or springs.

Arboreal Of living in, or connected with trees.

Avian Of, or relating to birds.

Avifauna Birds of a region or country collectively.

Bagasse The fibreous residue left after the extraction of juice from sugarcane.

Biogeographic region A territory defined by a combination of biological, social and geographic
criteria rather than by geopolitical considerations; generally, a system of
related, interconnected ecosystems.

Biological diversity The variety of life forms: the different plants, animals and microorganisms, the
genes they contain, and the ecosystems they form.

Calcareous Composed of, or containing calcium compounds, particularly calcium
carbonate.

Calcrete Friable to hard calcareous material of secondary accumulation found near or on
the surface, and composed largely of crusts of soluble calcium salts intermixed
with gravel, sand, salt and clay.

Carbon dioxide
equivalent carbon

The amount of carbon that would need to be fully combusted to produce carbon
dioxide with an equivalent global warming potential.

Colloid A mixture of ultramicroscopic (i.e. clay) particles in water.

Conservation The protection, maintenance, management, sustainable use, restoration and
enhancement of the natural environment.

Cucurbits Gourds (e.g. melons and pumpkins).

Cuesta A gentle slope, especially one ending in a steep drop.

Enzootic Regularly affecting animals in a particular district or at a particular season.

Evapotranspiration The return of water vapour to the atmosphere by evaporation from land and
water surfaces and by the transpiration of vegetation.

Feral species A domesticated species that has become wild.

Fluvial Of, or found in, a river or rivers.

Gilgai The microrelief of soils produced by expansion and contraction with changes in
moisture, found in soils that contain large amounts of clay.  It is characterised
by a markedly undulating surface with mounds and depressions.

Global warming The increase in temperature of the earth’s atmosphere caused by the greenhouse
effect.

Global warming
potential

The potential for a gas to contribute to global warming.  Usually expressed as a
factor of carbon dioxide.  Factors are published by the Intergovernmental Panel
on Climate Change.

Greenhouse gas Any of the various gases, especially carbon dioxide, that contribute to the
greenhouse effect.

Greenhouse sinks Activities that sequester greenhouse gases from the atmosphere.

Habitat The place or type of site in which an organism naturally occurs.
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Hogback A steep-sided ridge of a hill.

Hydrogeology The science dealing with groundwater and with related geological aspects of
surface water.

Indicator species A species whose presence or absence is indicative of a particular habitat,
community or set of environmental conditions.

Karstic Descriptive of uneven limestone topography, characterised by depressions,
fissures, etc., created by percolating waters.

Metabolite A substance produced during, or taking part in, metabolism.

Native vegetation Any local indigenous plant community containing throughout its growth the
complement of native species and habitats normally associated with that
vegetation type or having the potential to develop these characteristics.

Organochlorine A compound containing carbon and chlorine.

Organophosphate A compound containing carbon and phosphorous.

Palaeochannel Buried channel of a watercourse from the geological past.

Pediment A broad flattish rock surface at the foot of a mountain slope.

Riparian Of or on a riverbank.

Saxicoline Rock inhabiting.

Smut A group of Basidiomycete fungi (order Ustilanginales) with sooty spore
masses.

Sodicity A form of land degredation involving sodic soils (clay particles with attached
sodium ions), resulting in poor water infiltration, surface crusting, erosion and
water logging.

Solodic Soils with strong differences in texture with increasing depth; acid surface
layers and strongly alkaline deeper layers.

Species A group or organisms capable of interbreeding freely with each other but not
with members of other species.

Stygofauna Fauna (usually invertebrae) that live exclusively in subterranean habitats.

Synclinal Rock formation having the characteristics of a trough.

Tailwater Irrigation water that leaves the end of the furrow.

Taxon (pl. taxa) The named classification unit to which individuals or sets of species are
assigned, such as species, genus and order.

Threatened A species or community that is vulnerable or endangered.

Transgenic Having genetic material introduced from another species of animal or plant.

Trash The refuse of stripped leaves and tops produced during the harvesting of
sugarcane.

Vector Any organism that conveys a disease-producing organism from one host to
another, either within or on the surface of its body.

Volatilisation Vaporization, evaporation.

Wilderness Land that, together with its plant and animal communities, is in a state that has
not been substantially modified by, and is remote from, the influences of
European settlement or is capable of being restored to such a state, and is of
sufficient size to make its maintenance in such a state feasible.
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Measurements

Technical units of measurement in this report are based on the International System of Units
(SI) wherever possible.  These technical units may be broadly grouped as prefixes and
measurements.  A prefix applies to the unit of measurement that immediately follows it—for
example, milligram is abbreviated as mg. Superscripts 2 and 3 following a linear unit indicate
area and volume respectively—for example, m2 (square metres) and m3 (cubic metres).
Different units are combined by a full stop (.) to differentiate units of the same exponential
sign, and a solidus (/) to indicate ‘per’.  For example, kilometres per hour is abbreviated as
km/h, while megalitres per day per square kilometre is ML/d.km2.

Prefixes

G giga 1,000,000,000

M mega 1,000,000

k kilo 1,000

m milli 0.001

µ micro 0.000001

n nano 0.000000001

Units of Measurement

a year (annum)

BP before present

cm centimetre(s)

ECe electrical conductivity of saturation extract

g grams(s)

GL gigalitre(s)

GL/a gigalitre(s) per year

g/m3 grams(s) per cubic metre

g/Nm3 gram(s) per normal cubic metre(s) (gas volume at 0°C and 1 atmosphere)

ha hectare(s)

ha/a hectare(s) per year

kg kilogram(s)

kg/h kilogram(s) per hour

kg/ha kilogram(s) per hectare

kg/m3 kilogram(s) per cubic metre

km kilometre(s)

km2 square kilometre(s)

km/h kilometre(s) per hour
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L litre(s)

lb pound(s)

L/s litre(s) per second

m metre(s)

m3/h cubic metre(s) per hour

mg/L milligram(s) per litre

ML megalitre(s)

ML/a megalitre(s) per year

ML/d megalitre(s) per day

ML/ha megalitre(s) per hectare

mm millimetre(s)

mm/a millimetre(s) per year

mm/d millimetre(s) per day

mm/h millimetre(s) per hour

m3/s cubic metre(s) per second

m/s metre(s) per second

Mt megatonne(s)

Mt/a megatonne(s) per annum

MW megawatt(s)

NTU Nephelometric turbidity unit

pH degree of alkalinity/acidity

p.p.m. parts per million

s second(s)

t tonne(s)

t/a tonne(s) per year

t/d tonne(s) per day

t/h tonne(s) per hour

µg/L microgram(s) per litre

µSv/cm microsievert(s) per centimetre

USc/lb cents (United States of America) per pound weight

$ dollar(s)

°C degree(s) Celsius

% per cent

General

AAD Aboriginal Affairs Department

AAPA Aboriginal Areas Protection Authority

ACMC Aboriginal Cultural Material Committee

AGWEST Agriculture Western Australia
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AHA Aboriginal Heritage Act 1972

AHC Australian Heritage Commission

AHCA Australia Heritage Commission Act 1975

AHD Australian Height Datum

ALRA Aboriginal Land Rights (Northern Territory) Act 1976

ALS Aboriginal Legal Service

ANCA Australian Nature Conservation Agency

ANZECC Australian and New Zealand Environment and Conservation Council

ARI Average Recurrence Interval

ASEIA Aboriginal Socio-Economic Impact Assessment

ASSANTA Northern Territory Aboriginal Sacred Sites Act 1989

ATSIHPA Aboriginal and Torres Strait Islander Heritage Protection Act 1984

BOD Biological oxygen demand

CALM Department of Conservation and Land Management

CAMBA China–Australia Migratory Birds Agreement

CDEP Community Development Employment Projects

CHMP Cultural Heritage Management Plan

COAG Council of Australian Governments

Co-proponents Wesfarmers Sugar Company Pty Ltd, Marubeni Corporation and the Water
Corporation of Western Australia

CRES Centre for Resource and Environmental Studies

DAP Diammonium phosphate

DEP Department of Environmental Protection

DOLA Department of Land Administration

DPIF Department of Primary Industry and Fisheries

DRD Department of Resources Development

EIS Environmental Impact Statement

EKAMS East Kimberley Aboriginal Medical Service

EMP Environmental Management Plan

EPA Environmental Protection Authority (Western Australia)

ERMP Environmental Review and Management Programme

ESD Ecologically Sustainable Development

ESP Exchangeable sodium percentage

Fisheries Fisheries Western Australia

FOB Free on Board

HAC Heritage Advisory Council

HCA Heritage Conservation Act 1991

HCB Heritage Conservation Branch
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HCWA Heritage Council of Western Australia

HWAA Heritage of Western Australia Act 1990

ILUA Indigenous Land Use Agreement

IUCN International Union for Conservation of Nature and Natural Resources

JAMBA Japan–Australia Migratory Birds Agreement

KDC Kimberley Development Commission

KLC Kimberley Land Council

KWADS Kununurra–Wyndham Area Development Strategy

Marubeni Marubeni Corporation

MfP Ministry for Planning

NLC Northern Land Council

NNTTA National Native Title Tribunal

NRA National Registration Authority for Agriculture and Veterinary Chemicals

NSCABD National Strategy for the Conservation of Australia’s Biological Diversity

NTA Native Title Act 1993

NY No. 11 No. 11 raw sugar futures contract traded on the New York Coffee, Sugar
and Cocoa Exchange

ODC Ord Development Council

OIC Ord Irrigation Co-operative Ltd

ORIA Ord River Irrigation Area

PBC Prescribed Body Corporate

pers. comm. personal communication

Project Ord Sugar Project

Project Area Land that would be developed for farms and infrastructure and associated
land that would be managed for conservation

Proponents Wesfarmers Sugar Company Pty Ltd, Marubeni Corporation and the Water
Corporation of Western Australia

Ramsar
Convention

Convention on Wetlands of International Importance especially on Water
Fowl Habitat, 1975

SCADA Supervisory, Control and Data Acquisition

TDS Total dissolved solids

ULV Ultra-low-volume

WARMS Western Australian Rangeland Monitoring System

Water
Corporation

Water Corporation of Western Australia

Wesfarmers Wesfarmers Sugar Company Pty Ltd
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Vegetation Associations

Grasslands and Sedgelands

G1 Dense Grassland mosaic dominated by Heteropogon contortus, Iseilema fragile,
Chrysopogon fallax or Sorghum timorense;  Soil Unit 1.

G2 Dense Grassland of Themeda triandra, Dichanthium sericeum var. polystachyum, Sorghum
timorense and Chrysopogon fallax; Soil Unit 3c.

G3 Open Grassland of Themeda triandra  over Eriachne sp.; Soil Unit 1.

G4 Open annual grassland of Sorghum timorense over dense Chrysopogon fallax; Soil Unit 5c.

G5 Open Grassland of Imperata cylindrica over Xerochloa imberbis and Sporobolus
virginicus; Soil Unit 7a.

G6 Mixed Sedgeland and Grassland of Eriachne sulcata, Eleocharis dulcis and Eleocharis sp.
B (Kimberley Flora) with emergent Corymbia confertiflora; Soil Unit 5c/4d.

Grasslands with Emergent Trees

GT1 Tall Grassland of Sorghum timorense, Aristida latifolia  and Heteropogon contortus with
emergent Eucalyptus microtheca; Soil Unit 1.

GT2 Dense grassland of Iseilema vaginiflorum, Aristida latifolia, Sorghum timorense, Themeda
triandra  with emergent Eucalyptus microtheca, Excoecaria parvifolia, Atalaya hemiglauca

and Bauhinia cunninghamii; Soil Unit 1.

GT3 Grassland of Panicum decompositum, Heteropogon contortus, Themeda triandra and
Iseilema vaginiflorum with emergent scattered Eucalyptus microtheca and Corymbia bella
in Soil Unit 1; the raised eastern bank above Milligan Lagoon. Open Sedgeland dominated

by Eleocharis dulcis and Schoenoplectus praelongatus with emergent Excoecaria

parvifolia and Barringtonia acutangula on the edge of Milligan Lagoon.

GT4 Grassland dominated by Themeda triandra  and Aristida latifolia  with emergent trees of
Eucalyptus microtheca; Soil Unit 5a.

GT5 Grassland dominated by Iseilema vaginiflorum with emergent Eucalyptus microtheca  and
emergent to dense Excoecaria parvifolia; Soil Unit 5b.

GT6 Grassland of Cymbopogon procerus and Themeda triandra  with emergent Bauhinia
cunninghamii and Acacia ditricha; Soil Unit 4a.

GT7 Grassland of Bothriochloa bladhii, Themeda triandra  and Ophiuros exaltatus with
emergent Eucalyptus microtheca, Acacia ditricha and Bauhinia cunninghamii; Soil Unit

7a.

GT8 Grassland of Themeda triandra, Iseilema vaginiflorum and Aristida latifolia  with scattered
Bauhinia cunninghamii, Acacia ditricha and Corymbia bella; Soil Unit 1.

GT9 Open tussock and annual grassland of Eulalia aurea, Panicum decompositum and Sorghum
timorense with emergent Corymbia belle and Parkinsonia aculeata at a Swamp; Soil Unit

1.
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GT10 Open Hummock grassland dominated by Plectrachne bynoei  with Open Shrubland of
Calytrix exstipulata and scattered low trees of Buchanania obovata, Owenia vernicosa  and
Eucalyptus confertiflora; Soil Unit 6.

GT11 Open annual grassland and herbfield of Neptunia monosperma  with emergent trees of
Atalaya salicifolia  and Excoecaria parvifolia; Soil Unit 9c.

GT12 Open Grassland of Sehima nervosum and Themeda triandra  with scattered trees of
Bauhinia cunninghamii, Adansonia gregorii, Corymbia foelscheana and Eucalyptus
microtheca; Soil Unit 2b.

GT13 Moderately dense tussock and annual grassland of Chrysopogon fallax, Themeda triandra
and Iseilema fragile with emergent low trees of Corymbia bella, Excoecaria parvifolia and

Bauhinia cunninghamii; Soil Unit 5c.

GT14 Open grassland and herbland of mixed species with emergent Eucalyptus microtheca,
Corymbia bella  and Adansonia gregorii; Soil Unit 11 at the base of a rock outcrop.

Woodlands

Woodlands of Eucalyptus microtheca, Atalaya hemiglauca, Bauhinia cunninghamii and
Excoecaria parvifolia

Em1 Dense Woodland of Eucalyptus microtheca over a grassland of Iseilema vaginiflorum and
Aristida latifolia; Soil Unit 1.

Em2 Woodland of Eucalyptus microtheca over open Bauhinia cunninghamii and Atalaya
hemiglauca  over a grassland of Chrysopogon fallax, Iseilema vaginiflorum and

Brachyachne convergens; Soil Unit 1g.

Em3 Woodland of Eucalyptus microtheca over a grassland of Themeda triandra  and
Chrysopogon fallax; Soil Unit 4b.

Em4 Woodland of Eucalyptus microtheca and Excoecaria parvifolia over sedge-grassland of
Aristida latifolia, Panicum decompositum, Chrysopogon fallax, Panicum laevinode

Sorghum timorense and Iseilema fragile; Soil Unit 5a.

Em5 Woodland of Eucalyptus microtheca and Bauhinia cunninghamii over a closed tussock
grassland of Themeda triandra  and Ophiuros exaltatus; Soil Unit 7b.

Em6 Open Woodland of Eucalyptus microtheca, Bauhinia cunninghamii, Excoecaria parvifolia
and Atalaya hemiglauca over an open shrubland of Bauhinia oblongata subsp. volucris

open grassland of Astrebla squarrosa, Aristida latifolia  and Panicum decompositum; Soil

Unit 1 and 1c.

Em7 Open Woodland of Eucalyptus microtheca and Acacia ditricha over a tall grassland
dominated by Oryza australiense, Sorghum timorense over Panicum decompositum; Soil

Unit 1.

Em8 Low Open Woodland of Eucalyptus microtheca and Excoecaria parvifolia  over a dense
grassland dominated of Ophiuros exaltatus, Sorghum timorense, Oryza australiensis and
Iseilema fragile; Soil Unit 5b.
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Em9 Open Woodland of Eucalyptus microtheca  over open tussock and annual grassland of
Panicum laevinode, Ophiuros exaltatus, Cyperus conics and Neptunia monosperma; Soil
Unit 5a.

Woodlands of Eucalyptus microtheca and Melaleuca spp.

EM1 Open Woodland of Eucalyptus microtheca  over Shrubland of Melaleuca nervosa  and
Grevillea striata over a low open grassland of Themeda triandra, Eriachne obtusa  and

Aristida hygrometrica; Soil Unit 1.

EM2 Woodland of Eucalyptus microtheca over a low woodland of Excoecaria parvifolia,
Melaleuca viridiflora  and Terminalia oblongata subsp. volucris; Soil Unit 11.

EM3 Woodland of Eucalyptus microtheca, Melaleuca argentea and Lophostemon grandiflorus
subsp. riparius over Dense Low Woodland of Bauhinia cunninghamii; Soil Unit7a.

Woodlands of Eucalyptus microtheca and Shrubland of Terminalia oblongata subsp. volucis

ET1Woodland of Eucalyptus pruinosa, Eucalyptus microtheca over Open Shrubland of
Terminalia oblongata subsp. volucris, Bauhinia cunninghamii and Carissa lanceolata  over
a grassland dominated by Themeda triandra, Sehima nervosum, Chrysopogon pallidus and

Eriachne glauca var. glauca; Soil Unit 5e.

ET2 Woodland of Eucalyptus microtheca over Bauhinia cunninghamii and Terminalia
oblongata var. volucris over dense grassland of Themeda triandra  and Sehima nervosum;
Soil Unit 3c.

ET3 Woodland of Eucalyptus microtheca and Corymbia greeniana over Bauhinia
cunninghamii, Terminalia oblongata subsp. volucris and Hakea arborescens over scattered

tussocks of Aristida latifolia, Sorghum timorense and Iseilema vaginiflorum; Soil Unit 5a.

ET4 Low open woodland of Eucalyptus microtheca, Bauhinia cunninghamii,  over a Shrubland
of  Terminalia oblongata subsp. volucris over dense grassland dominated by Themeda

triandra, Aristida latifolia, Sehima nervosum, Chrysopogon fallax and Ophiuros exaltatus;

Soil Unit 4d .

ET5 Open Low Woodland of Excoecaria parvifolia, Bauhinia cunninghamii over a Shrubland of
Terminalia oblongata subsp. volucris and Eucalyptus microtheca over an Open Tussock

Grassland of Chrysopogon fallax, Panicum decompositum, Astrebla elymoides and Iseilema

fragile; Soil Unit 5b and 5bt.

ET6 Open Low Woodland of Excoecaria parvifolia, Bauhinia cunninghamii and Eucalyptus
microtheca over a Shrubland of Terminalia oblongata subsp. volucris and a grassland of

Panicum decompositum, Iseilema vaginiflorum and Sorghum timorense; Soil Unit 1.

Woodlands of Eucalyptus miniata

Min1 Woodland of Eucalyptus miniata, Eucalyptus tetrodonta and Terminalia platyphylla over a
shrubland of Acacia difficilis over an open grassland of Aristida sp.; the Cockatoo Land
System.
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Min2 Eucalyptus miniata  low forest over open Grevillea agrifolia  over Plectrachne caroliniana
or Triodia burbidgeana and Sorghum sp. open grassland on a moderate slope of the
Cockatoo Land System.

Woodland of Eucalyptus papuana

Ep1 Woodland of Eucalyptus papuana over a Shrubland of Flueggia virosa  var. melanthesoides
over Grassland of Heteropogon contortus; Soil Unit 7.

Woodland of Eucalyptus tetradonta

Et1 Woodland of Eucalyptus tetrodonta, Corymbia greeniana and Terminalia canescens over a
shrubland of Acacia affin. aulacocarpa; Cockatoo Soil Unit.

Woodlands of Corymbia bella

Cb1 Open woodland of Eucalyptus microtheca, Corymbia bella,  Corymbia greeniana,
Excoecaria parvifolia and Bauhina cunninghamii over a grassland of Sehima nervosum and

Heteropogon contortus; Soil Units 7a and 7a/b.

Cb2 Woodland of Eucalyptus microtheca, Corymbia greeniana, Corymbia confertiflora,
Corymbia bella  and Adansonia gregorii  over an open shrubland of Bauhinia cunninghamii
and a grassland of Sehima nervosum and Themeda triandra; Soil 7f .

Cb3 Woodland of Eucalyptus mictrotheca, Corymbia bella, Bauhinia cunninghamii and
Excoecaria parvifolia over a grassland dominated by Ophiuros exaltatus,. Chrysopogon

fallax, Dichanthium sericeum var. polystachion; Soil Unit 5e.

Cb4 Woodland of Bauhinia cunninghamii, Eucalyptus bigalerita, Terminalia grandiflora and
Corymbia bella  over an open tussock and annual grassland of Heteropogon contortus and

Chrysopogon fallax; Soil Unit 8b.

Cb5 Woodland of Corymbia bella, Eucalyptus pruinosa  and Melaleuca minutifolia woodland
over dense grassland of Themeda triandra; Soil Units 2a and 2a/3a.

Cb6 Open Woodland of Terminalia platyphylla, Corymbia bella over an open woodland of
Bauhinia cunninghamii and Terminalia oblongata  subsp. volucris and scattered Acacia

ditricha  over a dense annual and tussock grassland of Themeda triandra, Heteropogon

contortus, Aristida latifolia , Ophiuros exaltatus and Sorghum timorense; Soil Units 4a, 4b
and 4c.

Cb7 Open Woodland of Corymbia bella, Corymbia polycarpa, and Melaleuca viridiflora  over a
dense grassland of Themeda triandra; Soil Unit 7a.

Cb8 Open Woodland of Corymbia bella and Acacia ditricha  over a Grassland of Themeda
triandra, Ophiuros exaltatus, Chrysopogon fallax and Cymbopogon contortus; Soil Unit
1and 5a.

Cb9 Open Woodland of Corymbia bella, Planchonia careya, Atalaya salicifolia and Acacia
ditricha  over tussock grassland of Themeda triandra, Ophiuros exaltatus and Eulalaia

aurea; Soil Unit 8.
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Cb10 Very Open Woodland of Corymbia bella over tussock and annual grassland of Themeda
triandra , Ophiuros exaltatus and Sorghum stipoideum; Soil Unit 9c.

Woodlands of Corymbia confertiflora

Cc1Open Woodland of Corymbia  confertiflora, Planchonia careya and Terminalia latipes var.
latipes over moderately dense Bauhinia cunninghamii and a very open tussock grassland of

Heteropogon contortus, Themeda triandra  and Sorghum plumosum; Soil Unit 2b.

Cc2 Woodand of Corymbia bella, Acacia ditricha, Corymbia confertiflora, Planchonia careya
and Bauhinia cunninghamii over an open grassland of Themeda triandra, Heteropogon
contortus and Sehima nervosum; Soil Unit 4d.

Cc3 Woodland of Corymbia confertiflora, Corymbia greeniana and Planchonia careya over
scattered mallees of Corymbia foelscheana over a grassland of Heteropogon contortus and

Sehima nervosum; Soil 2a.

Cc4 Woodland of Corymbia confertiflora, Eucalyptus microtheca and Eucalyptus tectifera over
a Grassland dominated by Aristida holathera  var. holathera, Themeda triandra, Sorghum

plumosum var. plumosum;  Soil Unit 8a.

Woodlands of Corymbia tectifica

Ct1 Woodland of Eucalyptus tectifica over open tussock grassland of Heteropogon contortus,
Themeda triandra and Chrysopogon fallax , Themeda triandra ; Soil Unit 2a and 2c.

Ct2 Low Woodland of Eucalyptus tectifica over dense tussock and annual grassland of
Themeda triandra, Panicum decompositum and Sorghum timorense; Soil Unit 4a.

Woodlands of Corymbia sp., Brachychiton diversifolius and Gyrocarpus americanus

CBG Woodland of Corymbia spp. Brachychiton diversifolius, Bauhinia cunninghamii  with
scattered taller Gyrocarpus americanus subsp. pachyphyllus over an open grassland of

Themeda triandra; Soil Unit 6e.

Woodland of Bauhinia cunninghamii

Bc1 Low Woodland of Bauhinia cunninghamii over tussock and annual grassland of Iseilema
sp. Panicum decompositum, Sehima nervosum, Aristida latifolia, Cyperus bifax, Sehima

nervosum, Chrysopogon fallax and Sorghum timorense; Soil Unit1.

Bc2 Low Shrubland of Bauhinia cunninghamii and Atalaya hemiglauca over grassland of
Chrysopogon fallax with lianes of Rhynchosia fallax; Soil Unit1.

Bc3 Low Woodland of Bauhinia cunninghamii occasionally with scattered Acacia ditricha  over
grassland of Themeda triandra  and Chrysopogon fallax; Soil Unit1.

Woodlands of Excoecaria parvifolia
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Ex1 Woodland of Excoecaria parvifolia with scattered Corymbia bella and Bauhinia
cunninghamii over mixed grass species; Soil Unit 1.

Ex2 Woodland of Excoecaria parvifolia over an open to dense grassland dominated by
Ophiuros exaltatus, Iseleima fragile or Heteropogon contortus.  Typically this occurs along

minor drainage lines within the Grasslands of the Keep River and is an extension of the

grassland community G1.

Ex3 Woodland of Excoecaria parvifolia with scattered Eucalyptus microtheca over a Low
Grassland dominated by Sehima nervosum and Cyperus viscidulus; Soil unit 1e.

Ex4 Woodland of Melaleuca nervosa, Excoecaria parvifolia and Cathormion umbellatum over
scattered Strychnos lucida shrubs and mid-dense *Passiflora foetida var. hispida lianes;

Soil Unit 7.

Woodlands of Melaleuca species

Me1 Woodland of Eucalyptus sp., Corymbia sp., Terminalia grandiflora, Melaleuca nervosa
and Acacia difficilis over and open grassland of Eriachne obtusa, Chrysopogon setifolius

and Aristida holanthera  var. holathera ; Soil Type 8e.

Me2 Low Woodland of Melaleuca viridiflora  and Eucalyptus tectifera over open shrubland of
Acacia difficilis over open Plectrachne sp. and Fimbristylis sp.; Soil Unit 7a.

Me3 Open shrubland of Melaleuca acacioides and Excoecaria parvifolia over scattered
grassland of Heteropogon contortus; Soil Unit 7.

Me4 Woodland of Melaleuca minutifolia, Melaleuca viridiflora, Excoecaria parvifolia, and
Cochlospermum fraseri over an open to dense grassland of Themeda triandra and Sorghum

timorense; Soil Units 3a/4a.

Woodland of Buchanania obovata

Bo1 Low Woodland of Buchanania obovata and Bauhina cunninghamii over Open Grassland of
Sehima nervosum and Sorghum stipoideum on a dolomite hill.

Woodlands of Terminalia canescens

Tc1 Low Woodland of Terminalia canescens over a very open Heteropogon contortus grassland
on a sandstone hill on the Knox Creek Plain.
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Aboriginal Affairs Department (WA)

Aboriginal Areas Protection Authority

Aboriginal Legal Service of Western Australia

Agriculture Protection Board (WA)

Agriculture Western Australia

Australian Conservation Foundation

Australian Heritage Commission

Booker Tate Limited

Care of the Ord Valley Environment
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Department of Minerals and Energy (WA)

Department of Mines and Energy (NT)

Department of Resources Development (WA)

Department of Transport (Maritime) (WA)

Department of Transport and Works (NT)

East Kimberley Recreational Fishing Group

Environment Australia

Environmental Protection Authority (WA)

Fisheries Western Australia

Health Department of Western Australia

Heritage Council of Western Australia

Joorook Ngarni Aboriginal Corporation

Kimberley Development Commission

Kimberley Land Council

Kimberley Region Economic Aboriginal Corporation
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Mains Roads Western Australia
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Warrangarri Aboriginal Corporation

Water and Rivers Commission
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APPENDIX F
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KINHILL PTY LTD

Management

G. R. Puglisi Project Manager

Dr A. R. Milton Project Director

T. R. Salmon Project Engineer

Technical

J. S. Abbott Irrigation and sodicity issues

Dr R. J. Anderson Biological environment

Dr E. M. Bennett Biological environment

G. Boyer Community issues

A. T. Brown Biological environment

I. Cameron Air quality and public health

P. G. Ellery Biological environment

C. N. Gomes Surface water modelling

J. C. Greig Editing

C. F. Harris Library

W. N. Horwood Water quality

S. J. Kenway Physical environment

R. S. Pyle Biological environment

Dr K. Zic Groundwater and surface water modelling

Subconsultants

L. D. Ahearn Technical Review (biological environment)
Nature Scope Pty Ltd

Dr R. E. Black Technical Review
RE Black Consultants Pty Ltd

B. A. Boyes Groundwater environment
Groundwater Services Pty Ltd
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Dr R. Hart Biological survey (mammals)
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L. Lumsden Biological survey (bats)
Arthur Rylah Institute for Environmental Research

Dr H. Larson, P. Horner and G. Brown Aquatic environment
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C. Martens and D. Watts Geographical information system based graphics
Queensland Department of Natural Resources

J. Porter Graphics
Frog Design

P. Robertson Biological survey (herpetofauna)
Wildlife Profiles Pty Ltd

G. Harold Biological survey (herpetofauna)
Malloch Fauna
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1 Scope

This document provides a compilation of water quality data for the Keep River and
other watercourses in the vicinity of the M2 Development Area of the Ord River
Irrigation Scheme.  It also contains water quality data from Stage One of the Ord
River Irrigation Area.

The data is presented according to the source of the data as follows:

• Table G.1 Field (1998)

• Table G.2 Ribbons of Blue (1995 and 1997)

• Table G.3 for M1 Channel collected by the Water Corporation (December
1995 to July 1996), Ord Irrigation Co-operative Limited (April
1996 to February 1997) and CSR Limited (April 1996 to
November 1996).

• Table G.4 Department of Lands, Planning and Environment (January 1995 to
October 1996)

• Table G5 Department of Lands, Planning and Environment (1997 to 1998)

• Table G.6 Larson (1999).
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Table G.1 Water Quality Data from Field (1988)

Watercourse Distance from

River Mouth

Sample

Point

Conductivity Temp pH Dissolved

Oxygen

Turbidity Sodium Potassium Calcium Magnesium Total

hardness

Total

Alkalinity

Total

Iron

Silica Chloride Sulphate Nitrate Phosphate Bicarbonate Fluoride Sodium

Chloride

(km) (µ S/cm) (deg Cel) (% sat) (NTU) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (µ g/L) (mg/L) (mg/L) (mg/L)

Keep River 33 1 37600 22.9 8.4 100 57 4200 139 11860 13 169 19542

Keep River 38 2 13880 18.4 8.6 100 5 1750 119 4600 9 145 7591

Keep River 43 3 240 21.7 8.4 88 16 20 4 20 13 102 117 7 16 18 12 1 9 143 0.4 30

Keep River 140 4 485 17.3 8.4 95 4 29 4 44 31 228 265 <0.1 23 16 13 <1 23 323 0.3 25

Keep River 144 5 450 25.3 8.5 150 2 31 4 46 28 226 260 0.1 29 14 13 <1 6 317 0.2 21

Keep River 150 6 380 25.3 8.4 89 2 36 4 34 25 179 230 <0.1 33 14 8 <1 14 280 0.2 23

Keep River 156.5 7 410 22.4 8.4 99 1 35 4 32 28 190 245 0.1 43 12 8 <1 33 299 0.4 20

Keep River 160.5 8 510 24.4 8.1 100 1 30 3 49 35 260 305 <0.1 58 8 10 <1 23 372 0.9 13

Keep River 163 9 417 24 8.1 110 1 23 3 45 26 216 247 <0.1 52 6 9 <1 35 301 0.3 8

Sandy Creek 21 9A 36900 22.3 8.5 16 4260 130 12700 8 159 20949

Sandy Creek 25 9A2 28700 24.4 8.4 11 3230 131 9250 <5 160 15246

Sandy Creek 28 9A3 13700 22.3 8.5 16 2320 150 128 298 1502 117 0.3 12 4190 644 2 8 143 0.7 6910

Sandy Creek 30 9A4 190 24.1 8.3 85 5 18 4 14 11 78 75 <0.1 11 25 10 1 15 91 0.9 40

Sandy Creek 35 9A5 98 24.8 8.1 100 2 5 3 14 10 76 73 <0.1 12 7 7 <1 14 89 <0.1 10

Sandy Creek 42 9A6 100 24.4 8.2 97 2 4 3 14 10 77 72 0.2 15 6 6 <1 15 88 0.7 10

Sandy Creek 50 9A7 100 22.1 9.1 99 1 4 2 13 10 74 70 0.3 15 6 6 <1 16 85 0.3 10

Sandy Creek 61 9A8 110 21.4 7.9 98 3 3 2 14 10 76 72 0.3 13 6 7 <1 13 88 0.4 8

Sandy Creek 74 9A9 52 23.3 7.8 110 3 5 2 7 5 37 38 0.6 15 8 4 <1 19 46 0.1 12

Sandy Creek 90.5 9A10 340 22.4 7.8 87 1 6 4 33 32 206 198 0.1 13 12 10 <1 14 241 0.4 18

Sandy Creek 72 9AA 300 23.7 8.3 98 1 5 3 27 29 187 178 <0.1 14 8 15 <1 25 217 0.2 10

Sandy Creek 74 9AB 210 24.5 8.5 110 8 2 3 27 19 141 140 <0.1 15 6 7 <1 15 171 0.1 8

Sandy Creek 82 9AC <5 22.6 6.8 94 1 2 1 <1 <1 3 5 0.1 12 4 <1 <1 11 6 0.2 7

Sandy Creek 86 9AD 40 24 7.4 82 6 5 2 7 4 32 30 0.5 14 6 3 <1 14 37 0.2 10

Sandy Creek 91 9AE 420 21.3 8.2 104 1 8 4 36 38 243 233 <0.1 11 18 11 <1 24 284 0.1 28

Moriaty Creek 147 9B 560 17.2 8.3 83 1 38 4 52 36 267 326 <0.1 46 12 11 <1 25 397 0.5 20

Moriaty Creek 154 9B2 440 19.6 7.5 73 1 27 3 48 26 220 258 <0.1 42 13 9 <1 23 314 0.5 20

Moriaty Creek 154 9BA 440 19.7 7.6 88 1 25 2 45 27 218 260 <0.1 38 6 5 <1 45 317 0.3 10

Keep River 146 9C 540 22.2 8.2 85 2 42 5 43 34 248 303 0.2 32 16 11 1 19 369 0.4 26

Keep River 155 9D 540 22 8.3 100 2 44 2 53 29 250 324 <0.1 59 10 15 <1 25 395 0.2 16

Keep River 156.5 9E 380 22.8 8.3 108 2 26 3 41 24 196 237 <0.1 43 8 10 <1 22 289 0.4 12

Keep River 161 9F 740 25.1 7.7 92 2 50 1 68 50 360 433 <0.1 72 18 12 <1 56 528 0.6 28
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Table G.2 Ribbons of Blue Water Quality Data (1995 and 1997)

Water course Month Year Nirtrate

(mg/L0

Phosphate

(mg/L)

Border Creek Feb 1997 0.557 0.150

Keep River Feb 1997 0.620 0.057

Keep River (upstream of ORIA M2 Development Area) Feb 1997 0.512 0.031

Milligan Lagoon Feb 1997 0.492 0.044

Knox Creek Feb 1997 0.500 0.039

Keep River (Policemans Waterhole) Jan 1995 0.426 0.046

Keep River (upstream of Legune Road crossing) Jan 1995 0.648 0.049
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Table G.3 Monthly Water Quality Data from the M1 Channel

Source of Data Month Year Conductivity
(µS/cm)

pH Turbidity Sodium Potassium Calcium Magnesium Total
hardness

Total
Alkalinity

Nitrate Phosphate

(NTU) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (meq) (mg/L) (mg/L)

Ord Irrigation Co-operative Ltd January 0.405 0.017

Ord Irrigation Co-operative Ltd January 0.249 0.009

Ord Irrigation Co-operative Ltd January 0.303 0.022

Ord Irrigation Co-operative Ltd January 0.254 0.021

Ord Irrigation Co-operative Ltd February 0.210 0.012

Ord Irrigation Co-operative Ltd February 0.307 0.010

Ord Irrigation Co-operative Ltd February 0.505 0.009

Ord Irrigation Co-operative Ltd March 0.264 0.021

Ord Irrigation Co-operative Ltd April 0.026 0.027

Ord Irrigation Co-operative Ltd May 0.198 0.027

Ord Irrigation Co-operative Ltd June 0.163 0.009

Ord Irrigation Co-operative Ltd July 0.165 0.008

Ord Irrigation Co-operative Ltd September 0.396 0.006

Ord Irrigation Co-operative Ltd November 0.276 0.009

Ord Irrigation Co-operative Ltd December 0.285 0.017

Water Corporation February 0.223 0.014

Water Corporation April 0.238 0.011

Water Corporation May 0.15 0.009

Water Corporation June 0.2

Water Corporation July 0.17 0.003

Water Corporation October 0.28 0.009

Water Corporation November 0.189 0.013

Water Corporation December 0.179 0.005

Water Corporation December 0.155 0.0043

CSR Limited April 0.2 0.02

CSR Limited May 0.3 0.06

CSR Limited June 0.2 0.02

CSR Limited July 0.2

CSR Limited August 0.2 0.02

CSR Limited September 0.2 0.02

CSR Limited October 0.03

Water Corporation November 98 270 9 1 22 3 22 10 90 2 <0.05

Source: Water Corporation - M1 Channel upstream of town effluent disposal taken between December 1995 and July 1996; Ord Irrigation Co-operative Limited - M1 offtake between April 1996 and February 1997; CSR Limited - M1 offtake between April 1996 and November 1996
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Table G.4 Water Quality Data from Department of Lands, Planning and Environment January 1995 to October 1996

Watercourse Description Month Year Conductivity Temp pH Dissolved Oxygen Turbidity Total Phosphorus Total Nitrogen Nitrate and Nitrite Total Kjeldahl Nitrogen Free reactive phosphorus

(µS/cm) (Celcius) (mg/L) (NTU) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

MR-KP-01 Keep River ( Policemans) Waterhole 7 95 127 25.2 7.75 8 13 0.013 0.339 0.059 0.28 0.002

MR-KP-01 Keep River ( Policemans) Waterhole 11 95 209 32.6 8.28 6.63 12 0.013 0.245 0.005 0.24 0.006

MR-KP-01 Keep River ( Policemans) Waterhole 7 96 134 25.2 7.86 7.91 8

MR-KP-01 Keep River ( Policemans) Waterhole 10 96 173 32.9 8.1 6.65 11

MR-KP-02 Keep River (Keep Yard u/s Legune Rd crossing) 7 95 182 22.5 7.76 7.95 19 0.018 0.355 0.005 0.35 0.002

MR-KP-02 Keep River (Keep Yard u/s Legune Rd crossing) 11 95 313 33.3 8.37 6.55 22 0.008 0.281 0.001 0.28 0.003

MR-KP-02 Keep River (Keep Yard u/s Legune Rd crossing) 7 96 210 24.4 8 9.05 20

MR-KP-02 Keep River (Keep Yard u/s Legune Rd crossing) 10 96 33 8.05 6.6 39

MR-KP-03 Bubble Bubble Springs 7 95 210 23.7 7.56 5.9 10 0.013 0.084 0.004 0.08 0.004

MR-KP-03 Bubble Bubble Springs 11 95 316 30.1 7.93 5.25 2 0.009 0.123 0.003 0.12 0.007

MR-KP-03 Bubble Bubble Springs 7 96 230 20.3 8.16 8.45 10

MR-KP-03 Bubble Bubble Springs 10 96 298 30.1 7.55 4.58 0

MR-KP-04 Keep River ( Milligan Lagoon) 7 95 45 23.4 6.94 6 10 0.028 0.444 0.004 0.44 0.007

MR-KP-04 Keep River ( Milligan Lagoon) 11 95 73 28.3 6.8 4.3 11 0.024 0.712 0.002 0.71 0.004

MR-KP-04 Keep River ( Milligan Lagoon) 7 96 51 23.6 7.24 7.72 8

MR-KP-04 Keep River ( Milligan Lagoon) 10 96 51 33.3 6.69 2.9 1

MR-KP-05 Alligator Springs Waterhole 7 95 49 27.1 6.02 4.7 10 0.03 0.352 0.002 0.35 0.009

MR-KP-05 Alligator Springs Waterhole 11 95 77 33.4 5.84 6.03 10 0.031 0.481 0.001 0.48 0.01

MR-KP-05 Alligator Springs Waterhole 7 96 87 5.67 5.64 5

MR-KP-05 Alligator Springs Waterhole 10 96 112 5.03 6.93 3
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Table G.5 Water Quality Data from Department of Lands, Planning and Environment 1997–1998

Watercourse Sample
Location

Month Year Conductivity pH Turbidity Nitrate,
NO3

Total
Phosphorus

Total
Suspended

Solids

Total
Kjeldahl
Nitrogen

(µS/cm) (NTU) (mg/L) (mg/L) (mg/L) (mg/L)

Keep River G8100226

Keep River G8100227 Dec 97 304 19.0 0.054 37

Keep River G8100228 Dec 97 290 2.9 0.022 61

Keep River G8100229 Dec 97 290 8.3 0.294 71

Keep River G8100230 Dec 97 187 3.7 0.070 88

Keep River G8100231 Dec 97 153 1.9 0.082 161

Keep River G8100232 Dec 97 107 6.0 0.101 254

Keep River G8100233 Dec 97 92 4.4 0.110 508

Keep River G8100234 Dec 97 83 <0.2 0.066 253

Keep River G8100235 Dec 97 68 3.3 0.057 210

Keep River G8100236 Dec 97 67 3.6 0.064 193

Keep River G8100237 Dec 97 67 1.4 0.062 180

Keep River G8100238 Dec 97 69 2.3 0.086 255

Keep River G8100239 Dec 97 77 2.8 0.104 394

Keep River G8100240 Dec 97 54 7.1 0.095 381

Keep River G8100241 Dec 97 80 <0.2 0.048 101

Keep River G8100242 Dec 97 54 4.8 0.540 225

Keep River G8100243 Dec 97 58 3.4 0.035 66

Keep River G8100244 Dec 97 55 5.7 0.070 249

Keep River G8100245 Dec 97 61 2.3 0.059 166

Keep River G8100246 Dec 97 86 <0.2 0.068 155

Keep River G8100247 Dec 97 65 1.3 0.052 118

Keep River G8100248 Dec 97 92 4.4 0.072 150

Keep River G8100249 Dec 97 95 3.2 0.085 221

Keep River G8100250 Jan 98 60 3.4 0.122 127

Keep River G8100251 Jan 98 47 <0.2 0.069 129

Keep River G8100252 Jan 98 50 2.0 0.084 428

Keep River G8100253 Jan 98 56 0.6 0.214 1821

Keep River G8100254 Jan 98 52 0.2 0.084 1313

Keep River G8100255 Jan 98 48 2.7 0.140 819

Keep River G8100256 Jan 98 54 3.3 0.136 622

Keep River G8100257 Jan 98 45 0.7 0.110 777

Keep River G8100258 Jan 98 48 2.7 0.096 646

Keep River G8100259 Jan 98 45 1.8 0.090 432

Keep River G8100260 Jan 98 56 0.2 0.064 186

Keep River G8100261 Feb 98 55 2.0 0.074 181 1.00

Keep River G8100262 Feb 98 52 1.0 0.062 151 0.54

Keep River G8100263 Feb 98 53 1.0 0.055 143 0.50

Keep River G8100264 Feb 98 59 <1.0 0.047 105 1.36

Keep River G8100265 Feb 98 60 <1.0 0.052 103 1.23

Keep River G8100266 Feb 98 76 <1.0 0.054 65 2.25
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Watercourse Sample
Location

Month Year Conductivity pH Turbidity Nitrate,
NO3

Total
Phosphorus

Total
Suspended

Solids

Total
Kjeldahl
Nitrogen

Keep River G8100267 Feb 98 75 <1.0 0.076 202 1.33

Keep River G8100268 Feb 98 64 2.0 0.086 540 0.36

Keep River G8100269 Feb 98 50 3.0 0.110 676 0.40

Keep River G8100270 Feb 98 65 <1.0 0.079 201 1.76

Keep River G8100271 Feb 98 65 <1.0 0.051 93 1.78

Keep River G8100272 Mar 98 81 5.6 58 <1.0 85

Sandy Creek G8100210 Dec 97

Sandy Creek G8100211 Dec 97

Sandy Creek G8100212 Dec 97

Sandy Creek G8100213 Dec 97

Sandy Creek G8100214 Dec 97

Sandy Creek G8100215 Dec 97

Sandy Creek G8100216 Dec 97

Sandy Creek G8100217 Dec 97

Sandy Creek G8100218 Dec 97 141 3.5 0.040 15

Sandy Creek G8100219 Dec 97 180 6.9 0.031 33

Sandy Creek G8100220 Dec 97 173 4.2 0.029 38

Sandy Creek G8100221 Dec 97 73 7.1 0.043 85

Sandy Creek G8100222 Dec 97 78 <0.2 0.014 14

Sandy Creek G8100223 Dec 97 75 <0.2 0.024 46

Sandy Creek G8100224 Dec 97 104 <0.2 0.016 16

Sandy Creek G8100225 Jan 98 66 3.9 0.039 96

Sandy Creek G8100226 Jan 98 118 <0.2 0.015 28

Sandy Creek G8100227 Jan 98 118 <0.2 0.011 8
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Table G.5 Water Quality Data from Department of Lands, Planning and Environment 1997–1998 (continued)

Watercourse Sample
Location

Month Year Conductivity pH Turbidity Nitrate,
NO3

Total
Phosphorus

Total
Suspended

Solids

Total
Kjeldahl
Nitrogen

(µS/cm) (NTU) (mg/L) (mg/L) (mg/L) (mg/L)

Sandy Creek G8100228 Jan 98 119 <0.2 0.014 14

Sandy Creek G8100229 Jan 98 95 0.8 0.030 78

Sandy Creek G8100230 Jan 98 79 <0.2 0.010 12

Sandy Creek G8100231 Jan 98 78 1.3 0.020 68

Sandy Creek G8100232 Jan 98 66 <0.2 0.022 60

Sandy Creek G8100233 Jan 98 48 0.4 0.029 109

Sandy Creek G8100234 Jan 98 36 0.5 0.032 147

Sandy Creek G8100235 Jan 98 35 0.6 0.050 202

Sandy Creek G8100236 Jan 98 49 0.7 0.050 229

Sandy Creek G8100237 Jan 98 34 <0.2 0.037 139

Sandy Creek G8100238 Feb 98 39 1.2 0.019 33

Sandy Creek G8100239 Mar 98 84 5.7 11 <1.0 70

Border Ck G8100106 Dec 97 59 15.7 0.122 3342

Border Ck G8100107 Dec 97 33 3.8 0.134 2351

Border Ck G8100108 Dec 97 47 3.7 0.110 3351

Border Ck G8100109 Dec 97 48 3.3 0.134 3037

Border Ck G8100110 Dec 97 38 6.6 0.188 1058

Border Ck G8100111 Dec 97 40 4.7 0.226 645

Border Ck G8100112 Jan 98 94 2.0 0.072 2580

Border Ck G8100113 Jan 98 40 2.1 0.107 2132

Border Ck G8100114 Jan 98 24 3.9 0.132 942

Border Ck G8100115 Jan 98 56 2.5 0.100 2556

Border Ck G8100116 Jan 98 28 3.2 0.115 932

Border Ck G8100117 Jan 98 21 1.0 0.113 677

Border Ck G8100118 Jan 98 27 1.3 0.111 1369

Border Ck G8100119 Jan 98 28 1.4 0.107 1050

Border Ck G8100120 Jan 98 42 <0.2 0.088 434

Border Ck G8100121 Jan 98 42 <0.2 0.062 191

Border Ck G8100122 Jan 98 57 <0.2 0.047 151

Border Ck G8100123 Feb 98 57 <0.2 0.050 135

Border Ck G8100124 Feb 98 62 1.0 0.110 113 0.84

Border Ck G8100125 Feb 98 62 <1.0 0.130 99 0.85

Border Ck G8100126 Feb 98 65 1.0 0.082 107 0.70

Border Ck G8100127 Feb 98 70 <1.0 0.073 102 0.57

Border Ck G8100128 Feb 98 69 <1.0 0.081 103 0.51

Border Ck G8100129 Feb 98 74 10.0 0.190 967 2.09

Border Ck G8100130 Feb 98 66 1.0 0.210 998 0.66

Border Ck G8100131 Feb 98 40 <1.0 0.220 2146 1.84

Border Ck G8100132 Feb 98 35 <1.0 0.088 2081 3.88

Border Ck G8100133 Feb 98 34 <1.0 0.180 1154 2.18

Border Ck G8100134 Feb 98 28 <1.0 0.150 489 0.94

Border Ck G8100135 Feb 98 45 1.0 0.150 205 1.05
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Watercourse Sample
Location

Month Year Conductivity pH Turbidity Nitrate,
NO3

Total
Phosphorus

Total
Suspended

Solids

Total
Kjeldahl
Nitrogen

Border Ck G8100136 Feb 98 67 2.0 0.120 221 0.78

Border Ck G8100137 Feb 98 77 1.0 0.110 173 0.71

Border Ck G8100138 Feb 98 83 1.0 0.110 141 0.68

Border Ck G8100139 Feb 98 91 <1.0 0.067 124 0.76

Border Ck G8100140 Feb 98 47 7.0 0.140 418 1.04

Border Ck G8100141 Feb 98 91 <1.0 0.130 122 0.63

Border Ck G8100142 Feb 98 52 2.0 0.100 350 0.52

Border Ck G8100143 Mar 98 51 3.0 0.180 308 0.90
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Table G.6 Water Quality Data from Larson (1999)

River Month Year Conductivity Temp pH Salinity

(µS/cm) (Celcius) (ppt)

Bucket Spring October 98 426 27.7 0.2

Bucket Spring October 98 431 27.7 7.6 0.2

Bucket Spring October 98 434 28.9 7.6

Bucket Spring October 98 475 28.9 7.6

Alligator Hole October 98 82 30.6 6.8 0.0

Milligan Lagoon October 98 82 31.1 7.2 0.0

Augustus Hole October 98 312 32.7 7.6 0.1

Augustus Hole October 98 312 30.8 7.6 0.2

Augustus Hole October 98 333 30.9 7.6 0.2

Augustus Hole October 98 312 32.7 7.6 0.1

Emerald Spring October 98 21 32.0 6.4 0.0

Oakes Creek October 98 35.1 48.8

Oakes Creek October 98 33.3 47.0

Sandy Creek October 98 100 32.8 7.2 0.1

Sandy Creek October 98 30.1 40.5

Sandy Creek October 98 34.6 45.3

Sandy Creek October 98 39.0 61.1

Keep River October 98 163 32.5 7.2 0.1
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Limitations Statement

In preparing this report, Kinhill Pty Ltd has relied upon and presumed accurate certain information (or absence
thereof) relative to the site that was obtained from examination of records in the public domain or provided by
government officials and authorities. Except as otherwise stated in the report, Kinhill has not attempted to verify the
accuracy or completeness of any such information.

The findings, observations and conclusions expressed by Kinhill Pty Ltd in this report are not, and should not be
considered, an opinion concerning the feasibility of establishing irrigated agriculture on the site. No warranty or
guarantee, whether express or implied, is made with respect to the data reported or to the findings, observations and
conclusions expressed in this report. Further, such data, findings, observations and conclusions are based solely upon
information in existence at the time of the investigation.

This report has been prepared on behalf of and for the exclusive use of the Wesfarmers Limited, Marubeni
Corporation and the Water Corporation of Western Australia, and is subject to and issued in connection with the
provisions of the agreement with Kinhill Pty Ltd.  Kinhill Pty Ltd accepts no liability or responsibility whatsoever for
or in respect of any use of or reliance upon this report by any third party.
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1 Introduction

Wesfarmers Limited, Marubeni Corporation and the Water Corporation of Western
Australia are investigating the feasibility of developing approximately 32,000 hectares
of land in the East Kimberley region of Western Australia and the Northern Territory,
predominately for the irrigated cultivation of sugar cane.  As part of these feasibility
studies it was necessary to quantify the percolation of rainfall and irrigation water
from the surface (unsaturated zone) to underlying groundwater.  This was carried out
using the numerical water balance model LEACHM (Hutson & Wagnet 1992) to
simulate conditions of best practice irrigation management as proposed for the Project.

The LEACHM model is briefly described in Chapter 2 while Chapter 3 describes the
input data used, including the physical properties of the soil profile assumed to be
representative of the development area and meteorological conditions.  The results are
summarised in Chapter 4.

The prediction of effects of project development on the underlying groundwater was
the subject of a separate study (Kinhill Pty Ltd 1999).

2 Model Description

The simulation of the water balance within the unsaturated zone of the soil profile was
undertaken using the LEACHM (Hutson & Wagnet, 1992) model.  LEACHM is a
process-based model of water movement, including uptake by plants, in the
unsaturated zone of the soil profile.

The multi-layer model calculates the water balance on a sub-daily basis.  The time
step is based on the numerical stability of the finite differencing technique employed
to numerically evaluate the equations describing water transport in the soil.  Typically
each day is divided into at least ten time steps.

The following data is required to evaluate the water balance:

• initial moisture content and hydrological constants for calculation of retentivity
(i.e. variation of the soil moisture as a function of pore pressure) and hydraulic
conductivity for each soil segment;

• rates of irrigation application and rainfall amounts;

• potential daily evaporation;

• crop details including time of planting and harvest, root and crop growth
parameters as well as potential limits for water extraction by plants.
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3 Input data

3.1 SOIL PROPERTIES

The area proposed for development has cracking clay soils, predominately Cununurra
clay and to a lesser extent Aquitaine clay.  Cracking clay soils are often described as
black soils or vertisols.  They exhibit significant shrinking and swelling with changes
in moisture content and when dry they often have deep, open desiccation cracks.  The
permeability of wet or moist cracking clay soils is very low.  Aquitaine clays have a
higher clay content than Cununurra clay and are therefore generally even less
permeable.

3.1.1 Retentivity

A soil profile of Cununurra clay (alkaline phase) was assumed to be representative of
the range of soil types that occur in the area proposed for development.  The physical
properties of this soil profile are given in Table 3.1.

Table 3.1 Physical properties of Cununurra Clay - Alkaline Phase

Depth

Range

Bulk Density Clay

content

Moisture at

1/10 atm pore

pressure

Moisture at

1/3 atm pore

pressure

Moisture at

1 atm pore

pressure

Moisture at

15 atm pore

pressure

[cm] [kg/m3] [%] [%] [%] [%] [%]

0-15 1.32 57.8 32.45 26.33 25.96 22.72

15-85 1.43 40.6 33.84 31.90 26.38 20.66

85-145 1.40 24.5 34.82 33.20 28.95 22.27

145-205 1.62 28.4 30.23 28.44 23.89 19.11

Source: Dixon 1996

The numerical evaluation of retentivity is required within the LEACHM model.  This
is achieved by fitting a curve to the data in Table 3.1, extending from fully saturated
soil to wilting point (i.e. for pore pressures in a range from 0 atm to 15 atm).  Results
of this procedure are shown in Figure 3.1.
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Figure 3.1 Soil retentivity data used in the analysis
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3.1.2 Infiltration Rates

Water enters the soil profile readily when it is dry and cracked, but after swelling has
occurred and the cracks have closed up the entry of water is restricted (Muchow and
Wood 1981).  Cultivation and furrow and bed forming practices also modify the
behaviour of the surface layer under irrigation.  The moisture content of the Cununurra
clay under irrigated crops does not vary significantly below depths of around 1.6 m
(Muchow and Wood 1981 and others) indicating that this is the limit of the shrinkage
and swelling.

Measurement of the saturated hydraulic conductivities of Cununurra clay soils is
difficult and only long-term tests lasting over at least several days are considered
accurate (R Shaw and A Peck personal communication).  The only long term
infiltration tests on Cununurra clays are those carried out by Banyard (1983) who
investigated channel and drain seepage rates.  Ponding tests were carried out on ten
50 m long sections of the irrigation channels on the Ivanhoe Plain over a period of 7 to
13 days.  Infiltration rates ranging from 10 mm to 47 mm per day were recorded for
channels in the Cununurra clay.  These channels had been excavated to depths of
1 to 2 m and water was ponded in them to depths of 0.3 m to 1.0 m.  The arithmetic
mean of the infiltration rates was 20 mm per day and the median value was 18 mm per
day.

Muchow and Wood 1981 investigated infiltration rates for Cununurra clay under
furrow irrigation of Kenaf with irrigation applications on 6 day and 12 day intervals.
This investigation used flow meters to measure the input and output flows in 160 m
long furrows.  Irrigation was shut off when the lateral wetting of the bed between the
furrows was complete.  This generally occurred after 5 to 6 hours.  Infiltration rates
over this short period averaged 250–300 mm per day but decreased slightly to 180 mm
per day by the time irrigation was shut off.  Soil moisture readings to a depth of
1.85 m were made immediately before each irrigation and again two days after
irrigation as shown in Figure 3.2.  Their results show that:

• there was little change in moisture contents below a depth of 1.0 m;

• the major change in moisture content was in the top 300 mm where the moisture
content went from wilt point (20%) to saturation (45%) with irrigation.

Figure 3.2 Volumetric moisture profiles immediately before, and two days after
irrigation (Muchow and Wood 1981).
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3.1.3 Sodicity Impact

Cununurra and Aquitaine clays are sodic at depth with Exchangeable sodium
percentage (ESP) as high as 27 in the virgin state.  Irrigation with Ord River water,
which has a bicarbonate content of 110 mg/L, increases ESP in the rootzone
(especially at the bottom) through precipitation of calcium carbonate (Lavalle 1983).
The ESP levels can be managed by varying the leaching factor (George 1983 and
Lavalle 1983).

A target ESP of 15 at a depth of 1.3–1.5 m has been set for this project.  Elevated ESP
levels reduce the hydraulic conductivity of the soil and Queensland experience (Shaw
and Yule 1978) indicates that at an ESP of 15 the infiltration rate of a cracking clay
would be reduced from 20 mm/day to 3 to 5 mm/day.

3.1.4 Root Zone Model

The LEACHM model replicates sprinkler or flood irrigation practices where the whole
surface is wet evenly.  However, in common with other models of this type, it does not
replicate furrow irrigation systems where water can soak sideways from the furrow
into the dry soil bed on which the crop is established. Water intake in this dry area is
not dependent upon saturated hydraulic conductivity, but rather on the sorbtivity of the
soil.

A reasonable approximation of the surface conditions and the infiltration rates down
the profile were achieved in LEACHM by using:

• a 0.3 m surface layer with hydraulic conductivities in the range of 180 mm–
300 mm/day and a mean of 240 mm/day:

• a layer for the balance of the root zone down to 1.5 m with a hydraulic conductivity
between 10 mm and 47 mm/day and a mean of 20 mm/day;

• a layer of sodicity affected soil below the bottom of the root zone from 1.5 m to
2.2 m with a hydraulic conductivity between 3 mm–5 mm/day.

Below 2.2 m the clay content of the soil decreases and the hydraulic conductivity
increases rapidly.  Water passing below this depth therefore has easy accession to the
underlying groundwater.

3.1.5 Root Depth

The model allows for roots to penetrate to 1.3 m with root density decreasing with
depth.  The water uptake weighting factors established for cracking clay soils at
Emerald (Shaw and Yule 1978) were used.

3.2 RAINFALL AND EVAPORATION

The year 1991 (Figure 3.3) was selected following a review of rainfall and pan
evaporation data as representing typical meteorological conditions for the
development area.  This approach is preferred to using average figures because it
allows the actual evaporation occurring during rainfall events to be used.  The high
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winds associated with some storms cause quite high evaporation to occur during wet
periods.

Half hourly rainfall data from the Bureau of Meteorology was used which allowed
run-off to be modelled with considerable more accuracy than when daily rainfall data
is used.  Effective Rainfall was calculated by reducing actual rainfall by 10% to
approximate interception of rainfall by the sugar cane.

3.3 EVAPOTRANSPIRATION

The scenario modelled is for a mature sugar cane crop which has a crop factor of 0.85
(Holden 1998) except during the harvest and regrowth period.  Cane will be harvested
throughout the dry season but in this simulation a harvest at the end of July is
assumed.  The last irrigation occurs on the June 30th to allow the soil to dry out for
harvest and resumes in mid August following re-establishment of the furrows after
harvest.

The crop factor used for the bare soil plus young cane is 0.5 in late August, 0.6 in
September and 0.8 in October.  The LEACHM model does not have provision for
variable crop factors and these were therefore simulated by reducing the pan
evaporation rate.

3.4 IRRIGATION SCHEDULE

Irrigation water was assumed to be applied after an estimated soil moisture deficit of
75 mm, based on pan evaporation, crop factor and effective rainfall.  A simplified
irrigation schedule without tailwater return was also assumed, such that each irrigation
applied 100 mm of water to allow for an in field irrigation efficiency of approximately
75%.  In Queensland infield irrigation efficiencies of 71-73% with furrow lengths of
400–1,200 m can be achieved (Holden 1998), hence the 75% factor is consistent with
best practice conditions that would be adopted for the project.  It is noted that whole
farm irrigation efficiency would be approximately 85% with tailwater recycling as
proposed for this project.  The irrigation schedule adopted by the model is shown in
Figure 3.3.
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Figure 3.3 Meteorological data from 1991 and irrigation schedule used in the analysis
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4 Results

Simulations were undertaken for a range of saturated hydraulic conductivities for each
of the three layers of the soil profile used in the model.  The investigated alternatives
are summarised in Table 4.1.

Table 4.1 Summary of investigated alternatives

Case No. Hydraulic conductivity

within top 300 mm

[mm/day]

Hydraulic conductivity at

depths 300 – 1500 mm

[mm/day]

Hydraulic conductivity at

depths 1500 – 2200 mm

[mm/day]

1 180 10 3

2 180 47 3

3 180 10 5

4 180 47 5

5 300 10 3

6 300 47 3

7 300 10 5

8 300 47 5

9 240 20 4

Note that Case 9 represents mid values for the range of values investigated for each of the three soil layers.

Relevant water balance parameters derived by the model for typical (mid range) soil
properties (Case 9) are shown as daily values in Figure 4.1, cumulative daily values in
Figure 4.2 and monthly values in Figure 4.3.  These parameters include infiltration of
rainfall and irrigation water into the topsoil, evapotranspiration, excess water on the
surface which runs off the field and drainage (accessions) to groundwater.  Figure 4.4
gives a summary of the main components of the water balance, including the temporal
evolution of the soil moisture profile over depth.

The predicted annual accessions to groundwater for all the investigated alternatives
are shown in Table 4.2.

Table 4.2 Predicted annual accessions to groundwater for investigated
alternatives

Case No. Accessions to groundwater [mm/year]

1 56

2 84

3 63

4 93

5 68

6 107

7 75

8 119

9 94
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Figure 4.1 Soil water balance – daily basis for Case 9
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Figure 4.2 Soil water balance - cumulative daily basis for Case 9
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Figure 4.3 Soil water balance - monthly data for Case 9
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Figure 4.4 Summary of the soil water balance for Case 9
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5 Model Output

The model has used a range of soil hydraulic conductivities to estimate the likely
range of infiltration rates to groundwater.  The following observations are made on the
results of Case 9 which uses mid range values for each layer of the soil profile.

5.1 SOIL MOISTURE LEVELS

The soil moisture contents which develop during a typical year are shown graphically
in Figure 4.4.  These moisture contents demonstrate a reasonable fit with the results of
Muchow and Wood 1983 in that:

• The moisture content at a depth of 1.0 m remains constant and at field capacity
throughout the irrigation season.

• The shallow part of the root zone approaches saturation for the first few days after
each irrigation.

5.2 RUN OFF

The model predicts annual run off from the fields to the tailwater return systems of
400 mm.  Approximately 200 mm occurs between April 1 and October 31, when
virtually no rain occurred (Figure 4.3).  During this period 1,200 mm of irrigation
water was applied and run off was therefore approximately 17%.

During the remaining five months rainfall was 678 mm.  The model estimates that
68 mm was intercepted (used by the crop) and 200 mm or 32% ran off.

The 20% run-off for irrigation and 32% for rainfall are within the range estimated by
(George 1983) from twelve years of gauging record on Drain D2B in Stage One of the
Ord River Irrigation Area.

5.3 ACCESSION TO GROUNDWATER

The model predicts that almost all of the accession to groundwater will occur as the
result of rainfall in the wet season (Figure 4.4). This is in conformity with studies of
other irrigation areas in Australia which show that the main source of infiltration to the
groundwater is rainfall.  This factor results from the soil profile at the end of the dry
season no longer being dry but at field capacity due to irrigation.

The model estimates that 1,900 mm of rainfall and irrigation will infiltrate into the soil
(Figure 4.2).  The predicted 94 mm/a of infiltration therefore represents a leaching
factor of 0.05.  This leaching factor is within the range of 0.04–0.07 estimated from
furrow irrigated sugar cane in Stage One of the Ord River Irrigation Area using data
from the studies by George 1983.

If in practice it is necessary to reduce the accession rate then stopping irrigation ahead
of the wet season and allowing the sugar cane to dry out the profile should be the most
effective strategy.
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5.4 IRRIGATION EFFICIENCY

Of the 1,200 mm of irrigation water applied through the April to October period when
no rain occurred, approximately 200 mm was predicted to run-off and 30 mm was
predicted to pass into the groundwater.  This result is consistent with best practice
irrigation management as it indicates an irrigation efficiency of 80% which is at the
upper end of the achievable infield irrigation efficiency (J.H. Sherrad, Department of
Agriculture, Kununurra pers. comm., 1998).

5.5 GENERAL

The soil properties in the development area vary significantly with location.
Therefore the model described in this paper can only be an approximation of the
average conditions.  However, the model results provide confidence that reasonable
irrigation regimes can be designed for a range of soil properties that will contain
accessions to groundwater within the range predicted for average conditions.

The use of in field soil moisture probes, which is now common in the vineyard
industry in Western Australia, should allow irrigation scheduling with considerable
accuracy.

6 Summary and Conclusions

Numerical simulations have been undertaken to evaluate the likely range of accession
rates to groundwater that would result from the proposed Ord Sugar Project.  The
simulations were based on a range of soil data and average meteorological conditions.

The predicted soil moisture values and other parameters which result from using a
reasonable irrigation regime are in accordance with the data observed on the
Kimberley Research Station and in Stage One of the Ord River Irrigation Area.

For average soil properties and meteorological conditions the LEACHM model
predicts an average accession rate to groundwater of 94 mm/a.  Simulations for a wide
range of soil properties results in predictions of annual accessions to groundwater as
low as 56 mm/a or as high as 119 mm/a.
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Limitations Statement
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1 Introduction

This investigation and report was commissioned by Wesfarmers Limited, Marubeni
Corporation and the Water Corporation of Western Australia to assess the likely impacts of
irrigated broad acre farming predominately of sugar cane upon the groundwater environment
within the Project Area.  The Project Area is located in the east-Kimberley region of Western
Australia and adjoining areas of the Northern Territory and comprises portions of the
Weaber Plain, Keep River Plain and Knox Creek Plain.

The hydrogeology of the Project Area has been extensively investigated by the Water &
Rivers Commission (WA) and the Department of Lands, Planning and Environment (NT).
These agencies provided hydrogeological data that enabled Kinhill Pty Ltd to establish a
numerical computer model of the Project Area.  This model was used to predict changes to
the groundwater environment of the Project Area for a range of groundwater management
scenarios.
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2 Climate

The East-Kimberley region has a tropical monsoonal climate with the wet season extending
from December through March contributing largely to the annual average rainfall of 788mm
at Kununurra.  Net evaporation is high during the summer months, and ranges from
330mm/month in October to 175mm/month in February.  The mean maximum monthly
temperature is 38.9ºC in November and the mean minimum monthly temperature is 14.1ºC
in July.  The relative humidity ranges from a low of 32% in July to 65% in January.
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3 Hydrogeology

The geology of the East-Kimberley region has been described by Moray and Beere (1988).
Geological descriptions of portions of the Project Area are presented in Laws (1991),  Sweet,
et al, 1974, and Whitehead and Fahey, 1985.

3.1 BASEMENT GEOLOGY

3.1.1 Weaber Plain

The Weaber Plain is bounded by outcropping basement rock to the north (Weaber Range)
and south (Pinicombe Range and Sorby Hills).  In the south-west, the Plain is bounded by
basement rock with the exception of the Cave Spring Gap region.

Underlying most of the Weaber Plain is a mixture of Precambrian to Permian units of
varying lithology, including sandstone, limestone, shale and conglomerate.  Through Cave
Spring Gap, the basement rocks consist of Precambrian sandstone and shale of the Bastion
Group.  A major basement inlier within the plain, Folly Rock, is composed of Proterozoic
sandstones of the Carr-Boyd Group.  North of Folly Rock, the basement changes to being
Carboniferous Milligans Formation shale.

In general, Paleozoic sediments underlie the alluvial sequence through the northern Weaber
Plain.  In the south of the plain, the basement is a thin sequence of Devonian limestone and
sandstone overlying Cambrian Antrim Plateau Volcanics. The Sorby Hills range comprises a
sequence of complexly folded and faulted Carboniferous sandstone and limestone.

3.1.2 Knox Creek Plain

The geological strike along the Knox Creek Plain is dominantly north-south, consistent with
the major axis of the plain.  To the west and north, the basement units underlying the plain
include the Carboniferous Burt Range Formation, Septimus Limestone and well-bedded
limestone and sandstone of the Devonian-Carboniferous Button Beds.  Other units of the
Landfield Group may be present.  The plain is largely underlain by the Milligans Formation
shale, incised by a paleochannel and locally overlain by calcrete.  To the east, the plain is
underlain by undifferentiated Permo-Carboniferous sandstone.  Knox Creek does not incise
into the basement beneath the plain, except for an area of limited extent in the north of the
plain.  The creek is generally fully contained within the alluvial sediments.

3.1.3 Keep River Plain

The basement rock underlying the Keep Plain region is for the most part undifferentiated
Permo-Carboniferous sandstone.  Carboniferous shale is found underlying the plain
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immediately east and southeast of the Spirit Hill Homestead.  The alluvial sediments have
incised into and been deposited upon both of these units.

3.2 ALLUVIAL SEDIMENTS

3.2.1 Weaber Plain

Alluvial sediments comprise the upper 5 to 35m of the Weaber Plain (Nixon, 1997b, 1997e).
These sediments are presumed to have been deposited by a paleochannel of the Ord River,
when it is postulated to have flowed to the north-east beneath the Weaber Plain and then
roughly along the course of the present day Keep River.  The sequence of sediments is one
of a basal coarse-grained unit deposited by the main river channel.  These paleochannel
sediments are restricted in extent to a narrow valley through the plain and are of considerable
importance to the hydrogeology.  The extent and nature of the paleochannel sediments are
discussed in a later section.  Across the entire plain the alluvial sequence becomes
progressively finer upwards with varying thickness.  Little is known in detail of the
variability of these sediments as the drilling which has been undertaken to date is sparse
compared to the area being considered and there is little correlation between bore holes for
coarser or finer units (Nixon 1997a, 1997b, 1997d, 1997e).

3.2.2 Knox Creek Plain

The alluvial deposition within the Knox Creek Plain differs in part from that in the Weaber
Plain by the poorer definition of the paleochannel (although the paleochannel is continuous
beneath the eastern side of the plain) and the finer nature of the sediments.  The alluvial
sediments in the paleochannel become progressively deeper and broader in the northern part
of the Plain.  A fining upward sequence is postulated, with the basal part of the sequence
being finer than the Weaber Plain.

Calcrete is found beneath the western Knox Creek Plain overlying the paleochannel
sediments or directly upon the basement complex.  The calcrete varies greatly in width and
thickness, to as much as 4km wide and 15m thick.

3.2.3 Keep River Plain

It has been postulated that the ancient course of the Ord River passed through the Weaber
Plain and into the Keep River Plain, and that the river incised a deep channel which was
subsequently in-filled with Tertiary and Quaternary sediments.  In the west, the paleochannel
is up to 35m deep with a coarse basal unit approximately 10m thick.  This is the downstream
continuation of the paleochannel as described for the Weaber Plain.  Above the coarse
paleochannel sediments is a finer sequence with clayey sand at base, fining upwards to a
silty clay near surface.  Drilling by the Northern Territory Government has delineated the
paleochannel extent and thickness (Humphreys et al, 1995).



Appendix I - Groundwater Report 8

3.3 GROUNDWATER FLOW

3.3.1 Weaber Plain

The general flow gradient across the Weaber Plain is from the west to the east.  Elevated
groundwater levels exist in the Cave Spring Gap, as a result of existing irrigation activities.
The groundwater elevation just outside of the current irrigation area is around 22 to 26m
AHD, which is around 5m below ground surface.  From here groundwater flow is through
the Cave Spring Gap and under the Weaber Plain.  The elevation of the water table decreases
to be between 5 and 10m AHD in the vicinity of Folly Rock.  This is some 20m below
surface, but may be up to 35m below ground in some areas.  In the north of the plain, near
Point Spring, the groundwater elevation is higher than on the central part of the plain.

A groundwater elevation at around 17m AHD has been recorded (Nixon 1997a, 1997e) and
it is postulated that the broad areas of sandy soils in the Border Creek region (north of the
Weaber Plain) contribute some recharge to the sediments underlying the plain.  This is also
an area of relatively shallow bedrock, which may contribute to the higher groundwater
elevations.  The water table associated with Point Spring occurs within the bedrock system
and is entirely separated from the alluvial sediments.

East of Folly Rock, the groundwater elevation is at around 5m AHD and remains above 3m
AHD to the eastern end of the plain.  This is approximately 15–20m below the general level
of the plain.  The incised valley of the Keep River is at approximately 12–14m AHD,
approximately 10m above the groundwater level.  There is no evidence of groundwater
interaction with the river in this area, although data are poor. Groundwater recharge across
the plain is considered to be very low.  The existing groundwater gradient appears to be
largely controlled by the paleochannel throughflow from the Ivanhoe Plain and by recharge
from the Border Creek area.

In the southern part of the plain, near Sorby Hills, extensive drilling for mining exploration
has shown the basement rocks to be limestone and dolomite, which have significant
groundwater storage potential.  It is presumed that there is little if any upward movement of
groundwater from the basement rocks into the alluvial sequence, and that it is more likely
that groundwater in this area will move from the alluvial sediments into the bedrock.

3.3.2 Knox Creek Plain

Groundwater flow beneath the Knox Creek Plain appears to be to the north, following the
paleochannel beneath the eastern portion of the plain.  In the southern part of the Knox Creek
Plain the groundwater elevations in the region and south of Milligan Lagoon are
approximately 8 m higher than those in the northern part of the plain.  Groundwater flow in
the southern section is to the north-west, from the Northern Territory section to Western
Australia.  In the north of the plain the groundwater levels range from around 7m AHD down
to 3–4m AHD where the Knox Creek Plain joins the Weaber Plain.  This is approximately
10–15m below the ground surface.

Recent drilling undertaken on behalf of Wesfarmers Limited, Marubeni Corporation and the
Water Authority of Western Australia has shown that Milligan Lagoon is the surface
expression of a local perched water table.  The base of the perched aquifer is a clay layer that
occurs to a depth of up to at least 9m below the surface.  The regional water table is some
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20m below the level of the lagoon.  The lagoon is fed by rainfall and runoff and, possibly,
minor groundwater inflow from the adjacent hills to the west.

The sediments of Knox Creek and its tributaries are not considered to be currently part of the
groundwater system as the bed level of these creeks is some 10m above the current
groundwater level.  However, it is likely that these creeks, due to the general sandy nature of
their bed profiles are important groundwater recharge features during the wet season.
Recharge from the rest of the plain is considered to be minimal.

3.3.3 Keep River Plain

Groundwater flow beneath the Keep River Plain is a continuation of the flow coming from
the west in the Weaber Plain.  Groundwater elevations in the west of the Keep River Plain
are at or around the level of those in the Weaber Plain. Groundwater flow is generally to the
north east, along the line of the plain, with a smaller component to the north west, from the
higher Permo-Carboniferious outcrop area towards the alluvium.

The Keep River and Sandy Creek are in connection with the alluvial sediments along their
length and where these are tidal or semi-tidal, they provide a natural tidal control on
groundwater levels.  Beneath the Keep River Plain the basement rocks are in part Permo-
Carboniferous sandstone which is highly permeable and contains good quality groundwater.
In the eastern end of the plain it appears that the permeable Permo-Carboniferous sandstone
and the incised paleochannel sediments comprise a single hydraulic unit.  However, the
nature, extent and degree of connection between the two systems have yet to be confirmed.

3.4 GROUNDWATER QUALITY

3.4.1 Weaber Plain

Groundwater quality in the Weaber Plain is generally fresh to slightly brackish (Nixon
1997a, 1997b, 1997e).  In the Cave Spring Gap groundwater salinity is around 1,000mg/L
TDS (Nixon, 1997d) and it is not clear if the salinity of groundwater in this area is
influenced by current irrigation or is the result of an older recharge signature.  Throughout
the southern and central parts of the Weaber Plain, groundwater salinity ranges from 70mg/L
to 2,600mg/L.  In the northern edge of the plain the groundwater salinity areas appear to be
associated with bedrock highs, however, water analyses from Point Spring (Nixon, 1997e)
indicate that the groundwater emanating from bedrock in that region is of good quality
(50mg/L).

3.4.2 Knox Creek Plain

Groundwater salinity ranges from 60 to 20,800mg/L TDS but in general is around
1,000mg/L.  The groundwater is a sodium chloride type with elevated sulphate and
bicarbonate.  Based on airborne electromagnetic studies conducted jointly by Western
Australia and Northern Territory Governments, there is considered to be a significant
difference in the groundwater quality in the west of the plain compared to the east, reflecting
the nature of the bedrock.  Where alluvial sediments overlie the Milligan Formation shale the
groundwater appears to be more saline than the groundwater overlying the Permian-
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Carboniferous Sandstone.  Delineation of the contact between these units and the potential
impact on groundwater quality is discussed in Chin et al, 1997.

3.4.3 Keep River Plain

Groundwater salinity varies greatly, between 100 and 51,000 mg/L, across the Keep River
Plain (Humphreys et al, 1995).  The Department of Lands Planning and Environment have
identified six main salinity zones, based on airborne electromagnetic surveys and inferred
basement geology. From the west to east across the plain, the groundwater salinity changes
from moderate to high (1,000 to 20,000mg/L), through a low salinity region (salinity
expected to be less than 2,000mg/L) and then into a more saline region which is within the
influence of the tidal reaches of Sandy Creek.  The groundwater chemistry is dominated by
sodium chloride ions, although bicarbonate concentrations are also commonly high.  Nitrate
levels are generally below 1–2mg/L.
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4 Groundwater modelling

4.1 MODEL DEVELOPMENT

A numerical groundwater model was used to simulate the response of the groundwater
environment to irrigation activities on the surface.  The model used was MODFLOW
(McDonald and Harbaugh, 1984), an internationally recognised code-verified finite
difference groundwater model. Model set-up and pre- and post-processing were carried out
using the Visual MODFLOW package (Guiguer and Franz, 1996).

The hydrogeological data used to construct the model were obtained from the Water and
Rivers Commission (WA) and the Department of Land Planning and Environment (NT).  In
particular, these agencies jointly compiled a series of sub-surface cross-sections of the
geology throughout the area of interest (Attachment A).  These sections comprised the basis
for the geometry of the model.

All of the scenarios modelled assumed that all of the black soil areas within the perimeter
infrastructure would be used for irrigated agriculture.  Subsequently, Project planning has
included some of these black soil areas in conservation areas, particularly north west of Folly
Rock on the Weaber Plain and on the eastern Keep River Plain.  The area north west of Folly
Rock was shown by the modelling to be prone to rapid groundwater level rises if used for
irrigation.  Therefore, use of a portion of this area for conservation would partially mitigate
these effects predicted by the MODFLOW model for this area.

4.1.1 Model Parameters

The entire Project Area was included in a single continuous model.  The model comprised
198 columns and 207 rows having individual cell dimensions of 250 metres by 250 metres.
The hydrogeology was simplified into three layers:

• Layer 1 comprises sandy silty sediments beneath the surface black soil and was assigned
a uniform hydraulic conductivity of 5 m/day in accordance with the observations of
Nixon (1997c) who suggested an expected range in conductivity between 1 m/day and 10
m/day.  This layer was assigned a specific yield of 10%.

• Layer 2 was assigned two hydraulic conductivity values in order to simulate the
paleochannel aquifer.  In the Weaber Plain-Keep River Plain area, a central line of cells
was assigned a hydraulic conductivity of 100 m/day with the flanking area assigned 25
m/day.  In the Knox Creek Plain, the central line was assigned a value of 35 m/day with
the flanking area 10 m/day.  This approach was adopted to simulate the zones of
relatively high permeability known to occur with the paleochannel aquifer.  All
paleochannel units were assigned a specific yield of 15%.  The remainder of the active
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cells in the layer were assigned hydraulic conductivity and specific yield values
equivalent to those for the basement complex (layer 3).

• Layer 3 comprised the basement complex of varying lithology and was assigned a
hydraulic conductivity of 0.5 m/day and a specific yield of 5%, with the exception of the
Keep River Plain where the underlying Permo-Carboniferous Sandstone aquifer was
simulated with a hydraulic conductivity of 10 m/day and a specific yield of 10%.

The spatial distribution of hydraulic conductivity values for each layer are supplied in
Attachment B.

‘No-flow cells’ were assigned to areas flanking the Project Area, generally at a distance of
about 3km from the nearest proposed development.  This action imposes a degree of
conservatism as the model does not allow for dissipation of groundwater into these cells.

The northern boundary was set as a ‘General Head Boundary’ having a fixed head of 0m
AHD (mean sea level). Keep River and Sandy Creek were assigned as ‘River Cells’ for the
reaches under permanent water.  The ephemeral reaches of the Keep River and Sandy Creek
and Knox Creek were defined as ‘Drain Cells’.

The southern-western boundary at Cave Springs Gap was also a ‘General Head Boundary’
having a fixed head of 22m AHD.

The rate assigned to infiltration (accession rate) of irrigation water to groundwater is a
critical parameter of the model.  The likely accession rate of irrigation water and rainfall
from the irrigation area for the irrigation practices proposed for the Project was determined
to be 94mm/a by modelling of the unsaturated zone using the LEACHM numerical model
(as described in Kinhill Pty Ltd 1999).  The groundwater model was therefore run at a rate of
100mm/a as the base case, as well as for a variety of accessions ranging up to150mm/a.

Additional infiltration was simulated from the irrigation water distribution channels and the
balancing storage dams.  The infiltration rate assumed for this infrastructure was the design
criterion of 2mm/day.

The USGS MODFLOW model was used as a design tool as well as for predicting
groundwater response for the proposed groundwater management strategy.  All of the
modelling scenarios assumed a period of fifty years to represent long-term operation of the
Project.  This period reflects a sensible limit on the use of the available data and the accuracy
of the modelling based upon these data.

Sustainability of the irrigation practices over a period longer than the 50 years time horizon
used in the modelling was assumed to be demonstrated if the rate of groundwater change at
50 years was shown by the modelling to be small and within the accuracy normally expected
of groundwater modelling.  This situation was achieved for the base case (100mm/a
infiltration rate) by running the model with progressively more dewatering bores and then
optimising the time for commencement of pumping and the pumping rate.

Other accession rates that were modelled (50 mm/a and 150 mm/a) utilised the same bore
layout and number as that developed for the base case.  However, the pumping rate and time
of commencement of pumping were different to that used for the base case.

It is noted that none of the modelling scenarios included the effects of field drains that may
be used as a groundwater management measure in the future.
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Field drains consist of a series of perforated pipes laid below the surface that would allow
the entry and collection of groundwater, however, they are only effective when groundwater
levels are at or above the level at which the drains are laid.

The omission of field drains was a deliberate action as the model was used to identify the
extent of the cropped area that is likely to require this form of management.  The result of
omitting the field drains from the modelling scenarios is that the model would overstate the
rate of groundwater rise, particularly when groundwater levels are within 2 m of the surface.

4.2 SENSITIVITY ANALYSIS

The model was run with various parameters to determine those which would have the most
impact upon the model predictions.  The parameters examined included hydraulic
conductivity, variations in the ratio of vertical to horizontal hydraulic conductivity, specific
yield, accession rates and river conductance.

The groundwater accession rate was seen to be the most critical parameter.  This parameter
controls the actual volume of water entering into the groundwater regime either as increased
storage (rising water table) or increased discharge (subsurface outflow or discharge into
surface streams).

The ‘River Conductance’ is a parameter that simulates the efficiency of the riverbeds as an
infiltration surface to both recharge the aquifer (where river stage is above groundwater
heads) or to drain the aquifer (where aquifer heads exceed river stage).  ‘River Conductance’
is an important control on the predicted response of the water table for those areas
immediately flanking the river nodes.  This parameter cannot be directly measured by field
testing as it is a relationship of the riverbed hydraulic conductivity, bed thickness and river
geometry.  The model was run using ‘River Conductance’ derived by calculation and those
derived by trial and error by the Water and Rivers Commission and Department of Lands
Planning and Environment in their attempt to psuedo-calibrate previous Ord River Irrigation
Area groundwater models.

Variations of the aquifer parameters hydraulic conductivity and specific yield affect the
ability of the aquifer(s) to dissipate hydraulic head and store the infiltrating irrigation waters.
However, the effects are not pronounced in comparison to the regional effects of the
accession rate and the local effects of the river.

4.3 MODEL RESULTS

The results from the modelling of a variety of scenarios are described in the following
sections.  The scenarios include a range of accession rates from the areas proposed for
irrigation, and coupled with/without groundwater control via pumping from dewatering
bores.

4.3.1 50mm/a Accession Rate without Pumping

The LEACHM infiltration modelling indicated that an accession rate of approximately
50mm/a would be the lowest likely accession rate from the irrigated farmland.
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Figure C-1 shows the time predicted for groundwater levels to reach within 5m of ground
level while figure C-2 shows the groundwater levels predicted for simulation periods of 10,
20, 40 and 50 years—in all cases there is no use of dewatering bores.

In this scenario, groundwater levels are predicted to remain below 5m beneath most of the
eastern Weaber Plain, eastern Knox Creek Plain and the Keep River Plain for the 50-year
simulation period.  Furthermore, the area north-west of Folly Rock is predicted to experience
groundwater levels within 5m of ground level by year 20.  The areas of high water levels are
predicted to expand with time to surround Folly Rock.  An area of waterlogging (defined
herein as groundwater levels within 1m of ground level) is predicted north-west of Folly
Rock by year 50.

A low-lying area in the north-east of the plain, adjacent to Border Creek, is predicted to
encounter water levels within 5m of ground level by year 30.  However, these rises would be
partially suppressed by the draining effect of Border Creek as the water table reached the bed
level of the creek.

The balancing storage dam on the Weaber Plain is predicted to create a groundwater mound
with groundwater levels within 5m of the ground surface by year 10.  The area of high water
level is predicted to expand with time and waterlogging beneath the balancing storage dam
would begin by year 20.

The eastern Keep River Plain has relatively shallow water levels and these are predicted to
remain within 5m of ground level throughout the 50 year simulation period.  The high water
levels predicted in the northern Keep River Plain, in particular the short time shown to reach
within 5 m (Figure C-1) are a result of the low ground elevation, the high initial hydraulic
head adopted for the model and the constant head boundary set at mean sea level.  The sub-
surface discharge into Sandy Creek attenuates the water level increases in this area.

The western Knox Creek Plain, where underlain by relatively shallow basement rock, has
initial depths to groundwater between 15m and 20m.  Under the scenario modelled, the water
table is predicted to rise to within 5m of ground level by year 50.

The predicted groundwater discharges to the major watercourses are shown in Table 4.1.

Table 4.1 Predicted groundwater discharges to watercourses, 50 mm/a accession rate
without pumping

Year
Knox Creek

Discharge (ML/a)
Keep River

Discharge* (ML/a)
Sandy Creek

Discharge* (ML/a)

10 0 4,550 375

20 0 5,072 347

30 0 5,628 361

40 73 6,148 382

50 174 6,579 402

* includes sub-aqueous discharge into permanent tidal reaches

4.3.2 50mm/a Accession Rate with Pumping

The 50mm/a accession rate was also modelled in conjunction with a series of dewatering
bores located within the paleochannels. The effectiveness of pumping to control rising water
levels has been investigated by the Water and Rivers Commission and described by O’Boy
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(1997, 1998).  Figure D-1 presents the time predicted for water levels to reach to within 5m
of the ground surface while figure D-2 shows the predicted depth to groundwater for
simulation periods of 10, 20, 40 and 50 years.

The model indicated that with a groundwater pumping rate of 12,045ML/a, waterlogging
could be avoided over the whole of the proposed irrigation area for the entire simulation
period.

Relatively high water levels (within 5m of ground level) are predicted beneath and adjacent
to the balancing storage dam on the Weaber Plain within 10 years.   The north-western
Weaber Plain is predicted to encounter water levels within 5m of groundwater level by year
30.  The predicted high water levels in the north-western Weaber Plain are due to the initial
shallow water table and the presence of shallow and relatively impermeable basement rocks.
The area of high water level associated with the balancing storage dam and the north-western
Weaber Plain is predicted to expand laterally with time.

Groundwater levels beneath the Keep River Plain are not predicted to change markedly over
time due to the sub-surface groundwater discharge effected through the Keep River and
Sandy Creek.

The Weaber Plain, south of Folly Rock and south of the paleochannel, is predicted to
experience significant rise in water levels but at 50 years the water table is predicted to still
be below 5m from ground level.  The western Knox Creek Plain similarly shows
groundwater mounding but the water table remains below 5m from ground level for the
entire 50-year simulation period.

Comparison of the groundwater levels after 40 and 50 years shown in Figure D2 shows that
little or no change is predicted over this time period.  These results would indicate that
groundwater management would be sustainable for a much longer period than the 50 year
period adopted for the modelling.

The predicted groundwater discharges to the major watercourses are shown in Table 4.2.

Table 4.2 Predicted groundwater discharges to water courses, 50 mm/a accession rate
with pumping rate of 12,045Ml/a

Year
Knox Creek

Discharge (ML/a)
Keep River

Discharge* (ML/a)
Sandy Creek

Discharge* (ML/a)

10 0 4,550 375

20 0 4,675 255

30 0 4,741 204

40 0 4,784 184

50 0 4,813 177

* includes sub-aqueous discharge into permanent tidal reaches

Initially, the pumping discharges from most bores would be of suitable quality to re-
introduce into the irrigation cycle.  At some locations and over time, the salinity may become
unsuitable to be used for irrigation and disposal pipelines to the estuarine environment may
be required.
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4.3.3 100mm/a Accession Rate without Pumping

The LEACHM infiltration modelling indicated that 94mm/a is the likely average rate of
groundwater accession from the irrigation area.  For the MODFLOW analysis this rate was
rounded up to 100mm/a.

Figure E-1 presents the time predicted in years for water levels to reach within 5 m of ground
level, while figures E-2 shows the depth to groundwater for simulation periods of 10, 20, 40
and 50 years—in all cases there is no use of dewatering bores.

Under this scenario, the model indicates that groundwater levels would rise to 5 m of ground
level within 5 years in a small area of the Weaber Plain northwest of Folly Rock and within
20 years this area may experience waterlogging.  Furthermore, the western Weaber Plain in
general is predicted to experience problems with rising water levels within 20 to 30 years.
This result is due to the relatively shallow depth to basement and the absence of a
paleochannel to assist subsurface drainage of this region.

The western Knox Creek Plain, underlain by shallow basement that were assumed to be
impermeable, is predicted to experience water levels within 5 m of the surface within 20
years, and to become waterlogged by year 50.

The Keep River Plain has a relatively shallow water table in the natural state and water
levels are predicted to remain high under irrigation.  The proximity of the Keep River and
Sandy Creek would serve to regulate the water levels and prevent waterlogging.

As for the 50mm/a accession rate scenarios, high water levels are also predicted in the area
surrounding the balancing storage dam on the Weaber Plain.

The predicted groundwater discharges to the major watercourses are shown in Table 4.3.

Table 4.3 Predicted groundwater discharges to water courses, 100 mm/a accession rate
without pumping

Year
Knox Creek

Discharge (ML/a)
Keep River

Discharge* (ML/a)
Sandy Creek

Discharge* (ML/a)

10 0 7,044 1,118

20 39 8,515 1,288

30 226 9,689 1,427

40 430 10,749 1,535

50 689 11,977 1,615

* includes sub-aqueous discharge into permanent tidal reaches

4.3.4 100mm/a Accession Rate with Pumping

MODFLOW was utilised to analyse the consequences of a 100mm/a accession rate with
groundwater control using dewatering bores installed into the paleochannels with a pumping
rate of 12,045ML/a from the dewatering bores.

Regional rises in the water table are still predicted, although the rate and magnitude of water
level increases are markedly attenuated, in comparison to the same accession rate without
pumping, over most of the Project Area.  Figure F-1 presents the time predicted for the water
table to reach within 5 m of ground level and figure F-2 shows the predicted depth to
groundwater for simulation periods of 10, 20, 40 and 50 years.
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Water levels as predicted to remain greater than 5m from ground level over the whole of the
Keep River Plain, the eastern Weaber Plain, and the eastern Knox Creek Plain for the entire
50-year simulation.

Higher water levels are predicted in areas not underlain by, or immediately adjacent to, the
paleochannels.  The western Weaber Plain and western Knox Creek Plain are predicted to
begin to experience water levels within 5m of ground level by 5 and 30 years, respectively.
Waterlogging is considered possible in some areas of the western Weaber Plain by year 30,
and in the western Knox Creek Plain by year 50.  The area adjacent to the balancing storage
dam on the Weaber Plain is predicted to have water levels within 5 m of ground level by
year 10 and local waterlogging by year 30.

The western Knox Creek Plain is underlain by Devonian limestone.  These rocks have been
hydraulically tested as part of the Sorby Hills mineral project investigations.  The limestone
comprises a significant aquifer where local conditions have resulted in solution-enhanced
secondary permeability.  The secondary permeability is likely to be restricted to zones of
structural discontinuities such as faults and fractures.  Because of the general north-south
structural trend, it is possible that permeable zones could be located within the limestone
basement beneath the western Knox and be pumped to reduce the groundwater rise in this
area.  This additional pumping was not modelled due to the unpredictable nature of the
spatial distribution of the basement permeability and the uncertainty that pumping from the
basement would lower shallow water levels.

Comparison of the groundwater levels after 40 and 50 years shown in Figure F2 show only
minor changes over this period, with the changes mainly restricted to the western Weaber
Plain and western Knox Creek Plain.  These results would indicate that the groundwater
management would be sustainable for a much longer period than the 50 year period adopted
for the modelling, particularly if groundwater management is augmented by use of field
drains in the areas of higher groundwater levels.

The predicted groundwater discharges to the major watercourses are shown in Table 4.4.

Table 4.4 Predicted groundwater discharges to water courses, 100 mm/a accession rate
with pumping rate of 2,045Ml/a

Year
Knox Creek

Discharge (ML/a)
Keep River

Discharge* (ML/a)
Sandy Creek

Discharge* (ML/a)

10 0 7,044 1,118

20 0 8,116 1,134

30 25 8,847 1,168

40 61 9,361 1,205

50 96 9,768 1,236

* includes sub-aqueous discharge into permanent tidal reaches

Initially, the pumping discharges from most dewatering bores would be of suitable quality to
re-introduce into the irrigation cycle.  At some locations and with increasing time, the
salinity may become unsuitable to be used in the irrigation, and disposal pipelines would be
required.
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4.3.5 150mm/a Accession Rate with Pumping

A scenario using an accession rate of 150 mm/a was modelled in order to ascertain the
behaviour of the groundwater system to an accession rate well above the range anticipated
for the Project.  Because the previous 100mm/a runs indicated the necessity for active
groundwater control at higher accessions, the 150mm/a case was only run with pumping, at a
rate of 20,440ML/a from the same bore layout developed for the 100 mm/a scenario.  Figure
G-1 presents the contours of time for water levels to rise within 5m of the surface while
figure G-2 presents the water levels at simulation periods of 10, 20, 40 and 50 years.

In the western Weaber Plain, water levels within 5m of ground level are predicted by year
10, including an area of waterlogging northwest of Folly Rock.  The predicted area of high
water level expands with time to comprise a significant portion of the Weaber Plain by year
40 and the area of waterlogging is predicted to encompass the western Weaber portion of the
Plain by year 50.

In the western Knox Creek Plain, high water levels are predicted by year 20, rising to create
waterlogging conditions by year 30.  The areas of high water levels and waterlogging are
predicted to expand to comprise most of the Knox Creek Plain by year 50.

The Keep River Plain water levels are predicted to remain relatively constant throughout the
50-year simulation.  The area of high water levels in the eastern Keep River Plain is
predicted to expand slightly with time but no area of waterlogging is predicted to develop.
Water levels beneath the upper Keep River Plain are predicted to rise from 10 to 15m below
surface to 5 to 10m below surface.

As for the simulations of lower accession rates, high water levels are predicted beneath and
adjacent to the balancing storage dam on the Weaber Plain.

Overall, the modelling results would indicate that groundwater management would not be
sustainable at the assumed pumping rate for much over 40 years without extensive reliance
on field drains.  Groundwater pumping from additional bores would be possible and this may
extend the sustainable period of groundwater management, however, this scenario was not
modelled.

The predicted groundwater discharges to the major watercourses are shown in Table 4.5.

Table 4.5 Predicted groundwater discharges to water courses, 150 mm/a accession rate
with pumping rate of 20,440Ml/a

Year
Knox Creek

Discharge (ML/a)
Keep River

Discharge* (ML/a)
Sandy Creek

Discharge* (ML/a)

10 0 6,814 1,508

20 0 7,864 1,665

30 0 8,693 1,780

40 63 9,342 1,863

50 265 9,849 1,923

* includes sub-aqueous discharge into permanent tidal reaches
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5 Potential impacts on groundwater quality

5.1 QUALITY OF ACCESSIONS TO GROUNDWATER

The groundwater recharge from the irrigation area and the infrastructure would gradually
alter the existing groundwater chemistry towards that of the accessions to groundwater.

The irrigation water from the Ord River Irrigation scheme has a salinity of approximately
160mg/L TDS, over half of which is bicarbonate.  The effect of evapotranspiration by crops
would be to increase the concentration of the dissolved salts, with the level of concentration
dependent upon the accession rate.

The soils of the Project Area are generally alkaline and under these conditions a significant
proportion of the bicarbonate ions would be expected to precipitate from solution as their
concentration increases.  However, if it is assumed that the salt ions behave in a conservative
manner (i.e. remain in a solution and not precipitate onto the soil) during the process of
evapotranspiration, the salinity of accession water from the irrigated area, at an accession
rate of 50mm/a, would be approximately 6,000mg/L TDS.  For the reasons outlined above,
this estimate should represent the upper limit of concentrations of dissolved salts in the
accession water.  Dilution of the accession water from irrigated areas would occur due to the
accessions from the irrigation infrastructure, which would infiltrate at a salinity of
approximately 160mg/L TDS.  Based on the abovementioned assumptions, the net salinity of
all infiltrating waters would be approximately 3,800mg/L TDS for the 50mm/a accession
rate.  When calculated on a similar basis, and with an accession rate of 100mm/a, the net
salinity of the accession water would be approximately 1,900mg/L TDS.  It follows that the
greater the accession rate from the irrigation areas the lower the salinity of the infiltrating
waters.

It is anticipated that local variations would occur as a result of downward flushing of the
existing soil salts, which would tend to increase the net salinity of the accession water.  With
time, the contribution of soil salts would diminish as the salts are flushed and the net salinity
would approach the calculated values.

5.2 WEABER PLAIN

The groundwater salinity of the Weaber Plain is fresh to brackish.  In the western portion of
Weaber Plain the salinity is around 1,000mg/L TDS (Nixon, 1997e).  Throughout the
southern and central parts of the Plain, groundwater salinity ranges from 70mg/L to
2,600mg/L.  At an accession rate of 100mm/a the salinity of the groundwater accessions
would be approximately 1,900mg/L TDS. This level is within the range of groundwater
salinity beneath  the Weaber Plain.  Therefore, no significant impacts are expected.
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5.3 KNOX CREEK PLAIN

The groundwater salinity of the Knox Creek Plain ranges 60mg/L to 13,000mg/L TDS, but
in general is around 1,000mg/L (Nixon, 1997a).  The higher salinity levels are generally
found associated with the shale basement complex where downward flushing is inhibited.
At an accession rate of 100mm/a the predicted accession water salinity quality is within the
existing range of groundwater salinity and no significant impacts are expected.

5.4 KEEP RIVER PLAIN

The groundwater salinity beneath the Keep River Plain is more variable than for the other
plains, ranging from approximately 100mg/L to 51,000mg/L TDS.  The higher salinity is
likely to be influenced by the proximity of the tidal Keep River and Sandy Creek which are
hydraulically connected to the groundwater regime.  The predicted salinity of the accession
water is lower than the salinity of the existing groundwater beneath much of the lower Keep
River Plain and within the general range for the remaining Keep River Plain.  In the lower
Keep River Plain, it is possible that soil salts may contribute significantly to the net salinity
of the accession water in the early years of irrigation, thereby raising the salinity of
accessions to salinity levels of existing saline groundwater.  No significant impacts are
therefore predicted for water quality beneath the Keep River Plain.
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6 Conclusions and recommendations

The results of the MODFLOW analysis indicate that broadacre flood irrigation farming
would lead to rises in the groundwater levels beneath the irrigated areas.  This would be
expected of any irrigation development.  However, the results also indicate the rate and
magnitude of rising water levels could be managed effectively through the utilisation of
dewatering bores.

Groundwater levels beneath the irrigated areas underlain by the paleochannel aquifer could
be suppressed sufficiently by pumping to prevent unacceptably high levels for the 50 year
simulation period for all scenarios except an accession rate of equal to or greater than
150mm/a.  The model has indicated that total pumping of the order of 20ML/a is possible
from the paleochannel system using the assigned average hydraulic parameters.

The predicted high water levels in the western Knox Creek Plain could be controlled by
pumping from the shallow calcrete and/or the Devonian limestone basement rock.  A
programme of geophysics, exploratory drilling and test pumping would be required to
confirm the existence of suitable permeability in this area.  This form of groundwater control
was not included in the scenarios modelled.

Other areas of high water tables, such as the northwestern Weaber Plain may require use of
field drains by year 20.  If suitable permeability is not found within the calcrete and
limestone basement beneath the western Knox Creek Plain, field drains may also be required
in this area by year 40.  Groundwater control using field drains was not included in the
scenarios modelled.

The groundwater assessment and numerical modelling has indicated that:

• Irrigation should be sustainable for well over 50 years in the Project Area provided that
average accession rates from irrigated areas are within the range predicted by the
LEACHM modelling (up to 100mm/a) and that suitable groundwater control measures
are undertaken;

• The most effective and suitable groundwater control would be by pumping from
dewatering bores installed into the paleochannel aquifer;

• Additional groundwater control may be required using field drains in areas not adequately
dewatered by bores such as north-west of Folly Rock on the Weaber Plain and the
western portion of the Knox Creek Plain;

• In the long-term, groundwater quality would be modified towards that of the infiltrating
water after concentration of salts by evapotranspiration;

• Groundwater discharge to the rivers would increase, particularly to the tidal portions of
Keep River and Sandy Creek; and
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• Groundwater monitoring would be required to adequately assess and manage the local
impacts.

Following from these conclusions, it is recommended that:

• several dewatering bores in each of the three plains be installed and tested in the early
stages of project development.  This would require a programme of geophysics and test
drilling;

• The possibility of pumping from the calcrete and/or limestone basement beneath the
western Knox Creek Plain should be investigated;

• Transects of monitor bores should be installed adjacent to the Keep River and Sandy
Creek to provide data to better understand the interaction between groundwater levels and
groundwater discharge to these watercourses.  Monitor bores should also be installed in
the vicinity of Milligan Lagoon;

• Monitoring bores should be installed throughout the irrigation areas to observe water
level trends within individual farm blocks;

• For those areas underlain by the paleochannel or other suitable aquifer, dewatering bores
should be installed before water levels are within 5m of the ground level; and

• For those areas where potential waterlogging has been identified, the suitability of field
drains should be investigated and confirmed or alternative water control measures
demonstrated and adopted.
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Figure B1 Model conductivity distribution - Layer 1



Figure B2 Model conductivity distribution – Layer 2



Figure B3 Model conductivity distribution – Layer 3
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Figure C1 Groundwater levels – 50 mm/yr accession rate without pumping



Figure C2 Groundwater levels – 50 mm/yr accession rate without pumping
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Figure D1 Groundwater levels – 50 mm/yr accession with pumping



Figure D2 Groundwater levels – 50 mm/yr accession rate with pumping
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Figure E1 Groundwater levels – 100 mm/yr accession rate without pumping



Figure E2 Groundwater levels – 100 mm/yr accession rate without pumping
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Figure F1 Groundwater levels – 100 mm/yr accession rate with pumping



Figure F2 Groundwater levels – 100 mm/yr accession rate with pumping
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PREDICTED GROUNDWATER LEVELS - 150 mm/yr
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Figure G1 Groundwater levels – 150 mm/yr accession rate with pumping



Figure G2 Groundwater levels – 150 mm/yr accession rate with pumping
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Limitations Statement

In preparing this report, Kinhill Pty Ltd has relied upon and presumed accurate certain information (or absence thereof)
relative to the site that was obtained from examination of records in the public domain or provided by government officials
and authorities. Except as otherwise stated in the report, Kinhill has not attempted to verify the accuracy or completeness of
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report. Further, such data, findings, observations and conclusions are based solely upon information in existence at the time
of the investigation.
This report has been prepared on behalf of and for the exclusive use of the Wesfarmers Limited, Marubeni Corporation and
the Water Corporation of Western Australia, and is subject to and issued in connection with the provisions of the agreement
with Kinhill Pty Ltd.  Kinhill Pty Ltd accepts no liability or responsibility whatsoever for or in respect of any use of or
reliance upon this report by any third party.
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1 Background

Kinhill Pty Ltd were contracted by Wesfarmers Limited, Marubeni Corporation and the
Water Corporation of Western Australia to co-ordinate a biological survey of the areas
proposed for development as part of the Ord Sugar Project.  These areas comprise portions
of the black soil (cracking clay) plains of the Weaber Plain, Keep River Plain and Knox
Creek Plain in the east-Kimberley region of Western Australia and the adjacent Northern
Territory.

The purpose of the biological survey was to supplement data collected previously in the area
by Ecologia Environmental Consultants in October 1996 and February 1997 (Ecologia
Environmental Consultants 1997).  Additional data was sought for:

•  vegetation, to allow the preparation of a vegetation map for use in the Environmental
Review and Management Programme / Environmental Impact Statement (ERMP/EIS)
being prepared for the Ord Sugar Project (Chapter 7 of the ERMP/EIS refers);

•  fauna inhabiting the black soil plains, particularly bats and other mammals, reptiles and
frogs.

Two botanical field trips were undertaken from 17 – 20 May and 6 – 11 June 1999.  The first
field trip surveyed the Knox Creek and part of the Weaber Plain and the second completed
the survey of the Weaber Plain and the Keep River Plain.  The botanists who undertook the
survey were Dr Eleanor Bennett and Mr Paul Ellery with assistance from Mrs Rochelle Pyle.

Five fauna specialists were part of the field survey undertaken between 6 – 11 June.  This
team comprised two bat specialists, Ms Lindy Lumsden and Ms Sue Churchill; two
herpetologists Mr Peter Robertson and Mr Greg Harold, and one mammal specialist Dr Ray
Hart.  Mrs Rochelle Pyle again provided assistance to the team.
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2 Scope and Structure of this Report

This report is a compilation of three reports prepared by the specialists who undertook the
field surveys in May and June 1999.

Attachment A describes the vegetation communities of the Project Area.  This report
combines the field data of Ecologia Environmental Consultants (1997) and that from the
Kinhill Pty Ltd fieldwork in 1999, from which the vegetation map of the area was prepared.

Attachment B describes the terrestrial fauna survey.  The data included is from pitfall traps
and opportunistic sightings undertaken by the team.

Attachment C describes the survey for bats undertaken in June 1999.  In addition to the
project area, recording for the presence of bats was also undertaken in the Point Spring
Nature Reserve and adjacent to Cave Spring.
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3 References

Ecologia Environmental Consultants (1997) Ord River Irrigation Area - Stage 2 M2
Development Area Terrestrial Biological Assessment.  Unpublished report for Department of
Resources Development, Perth.
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1 Introduction

Two biological surveys had been undertaken in the M2 Development Area of the Ord River
Irrigation Scheme by Ecologia Environmental Consultants (Ecologia) in October 1996 and
February 1997.  These surveys were commissioned by the Department of Resources
Development on behalf of the Governments of Western Australia and the Northern Territory.

The Ecologia surveys were undertaken over the whole of the proposed development area
plus some additional areas outside.  A total of 17 vegetation associations were recognised
from the data obtained.  An attempt was made by Kinhill Pty Ltd to produce a vegetation
map of the area from the field data obtained by Ecologia, but as found by Ecologia, this was
impossible.  Many vegetation associations were not soil specific and the 17 vegetation
associations encompassed too much variation. In addition, when the sampling sites were
overlain on aerial photography, it was apparent that the proposed development area had been
inadequately surveyed by comparison to the surrounding country.

The purpose of the additional field work undertaken by Kinhill Pty Ltd was to ground truth a
draft vegetation map and to enhance an understanding of the vegetation of the proposed
development area, particularly the cracking clay soils.  Rock outcrops and riparian areas
were not surveyed as these would not be subject to development.
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2 Method

Two field trips were undertaken, the first from 17 – 20 May and the second from
6 – 11 June, 1999. Knox Creek Plain and the western section of the Weaber Plain were
surveyed in the first field trip and the remainder of the Weaber Plain and the Keep River
Plain in the second trip.

The information gathered by Ecologia, including vegetation description, species present and
soil type were checked in the field and alterations and enhancements made where
appropriate.  As these field trips were undertaken at the end of the wet season there were
several annual species still flowering which had not been collected during the Ecologia
surveys.

Aerial photographs with the soil units superimposed were used in the field. Differences
observed in the aerial photographs were surveyed, however access was limited to tracks.
Also the Sorghum spp. plants were over 3m tall and the grass understorey extremely dense,
making cross country access very difficult.  The tracks wre abundant and transected the
different soil units and vegetation variations seen in the aerial photograph.

All the proposed development area was successfully covered by the Ecologia and Kinhill
survey, encompassing the extent and diversity of the vegetation associations.

Additional sites were recorded where the vegetation was found to differ from that recorded
by Ecologia. At each new site the following was recorded: soil unit, AMG, each species
present, its average height, % cover alive and dead, overall community and a vegetation
description. Each site was then entered on the aerial photograph to check the extent of that
community.

Collections were made of all readily observed species in the field and representative
collections will be sent to the Western Australian Herbarium, Darwin Herbarium and the
CALM Herbarium at Kununurra. All specimens were pressed and dried and then checked
with named specimens housed at the Western Australian Herbarium. Mr Bruce Maslin from
the Western Australian Herbarium is thanked for the identification of the wattle species,
especially the dominant species, Acacia ditricha.
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3 Results

The vegetation of the proposed development area was found to consist of grassland or
grassland with emergent trees, occasionally the trees forming a moderately dense canopy.
Most grasses and trees were common across all the plains but some species were found to be
soil specific (e.g. Melaleuca minutifolia) or to occur in damper soil (e.g. Oryza
australiensis).

The riparian vegetation along the Keep River varied considerably. No specific survey sites
were established in these areas but the Keep River was crossed on several tracks and
Ecologia sites were visited for confirmation of species and vegetation description. In the
northern section the vegetation was open and dominated by Melaleuca acacioides and
Bauhinia cunninghamii with an open to dense understorey of Heteropogon contortus and
Panicum decompositum. Scattered seedlings of the mangrove, Avicennia marina were
observed but there was no fringing vegetation of this or any other species of mangrove. The
vegetation became dense upstream, resembling vine thicket density in several areas, but
without the presence of dense vines.  In the denser areas the vegetation consisted of trees of
Melaleuca argentea, Barringtonia acutangula, Melaleuca viridiflora and Celtis phillipensis
with scattered Pandanus aquatica over open grassland dominated by Panicum laevinode.
The scattered vines included Marsdenia sp. Cardiosperma halicabum and Ipomoea muelleri.

Basically the species present on the Weaber Plain, Keep River Plain and Knox Creek Plain
were very similar, varying mainly in the density of each layer and species combination.
There were some dominant changes, which are listed below.

•  The northern section of the Keep River Plain was dominated by grasslands with no
emergent trees whereas the Knox Creek Plain had grasslands with emergent Eucalyptus
microtheca, Bauhinia cunninghamii and Excoecaria parvifolia.  The Weaber Plain was
very similar to the Knox Creek Plain but included Terminalia obovata subsp. volucris as
a dominant low tree.

•  Iseilema vaginiflora was one of the dominant grasses on the Knox Creek and Weaber
Plains and Iseilema fragile was a dominant grass on the Keep River Plain.

•  Acacia diticha was more abundant in the Keep River Plain than on the other two plains,
and Terminalia obovata subsp. volucris was more abundant on the Weaber Plain than the
other two plains.

•  The Keep River Plain included several areas of different soil types with distinctive
vegetation present.  The variation in soils was not as distinct in the Knox Creek and
Weaber Plains with only nominal soil variation being present.

•  The northern section of the Weaber Plain tended to be retaining its moisture for a longer
period than the remainder of the area as evidenced by the presence of Oryza australiensis
and Echinochloa kimberleyensis.
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Currently the area is used for pastoral purposes and the vegetation shows the effects of this
land use.  Cattle congregate at areas retaining water, and permanent water holes with cattle
access are highly degraded.

In addition, fire appears to have been through several of the bushland areas at different
frequencies.  Between the survey in May and June 1999, areas of the Weaber Plain had been
burnt and the grasses had been severely damaged and several shrubs killed making
identification impossible. The long term effect of frequent fires is not fully understood but
could have the capacity to change a woodland or shrubland to an open woodland or
shrubland or even grassland.  The dominance of individual grass species as a result of the
fire cycle is also not fully understood and certain species may benefit from frequent fires
while others may not survive.
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4 Vegetation Communities

The following descriptions are derived from Ecologia (1997) Appendix C and the field work
by Kinhill Pty Ltd.

A total of 72 vegetation communities are described and these are grouped into 17 different
categories dependent upon the dominant vegetation storey.  One community, G7 is described
but is too small to map even at a 1:25000 scale and is therefore combined and mapped with
vegetation community GT3.  Connors et.al. (1996) used fine scale mapping units for their
work int eh Northern Territory, however the communities described below are at an even
finer scale mapping unit.

4.1 GRASSLANDS AND SEDGELANDS

G1  Dense Grassland mosaic dominated by Heteropogon contortus, Iseilema fragile,
Themeda triandra, Chrysopogon fallax or Sorghum timorense.

Grasses included Heteropogon contortus or Iseilema fragile or Themeda triandra and
Sorghum timorense with cover between 50-90%. Additional grasses included Ophiuros
exaltatus, Aristida latifolia, Dichanthium sericeum, Sehima nervosum and Panicum
decompositum.

Shrubs with a total cover <1% included Hibiscus panduriformis, Acacia ditricha and Sida
spinosa.

This community occurred in Soil Unit 1 on the Keep River Plain where it formed pure
grasslands.

G2  Dense Grassland of Themeda triandra, Dichanthium sericeum var. polystachyum,
Sorghum timorense and Chrysopogon fallax.

Grasses included Themeda triandra and Dichanthium sericeum var. polystachyum with cover
ca. 35%, Themeda triandra, Sorghum ? grande with cover 65%, Chrysopogon fallax and
Ophiuros exaltatus with cover <5% and Dichanthium sericeum var. polystachyum with cover
<10%.

Occasional shrubs included Terminalia oblongata subsp. volucris, Neptunia monosperma
and Hibiscus panduriformis.

This community occurred in Soil Unit 3a on the Keep River Plain.

G3 Open Grassland of Themeda triandra over Eriachne sp.
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Grasses included Eriachne sp. with cover >50%, Themeda triandra with cover 1-2% and
Chrysopogon setifolius with cover <1%.

Scattered juvenile Eucalyptus microtheca up to 1.3m tall were recorded.

This community occurred in Soil Unit 1 on the Keep River Plain.

G4 Open annual grassland of Sorghum timorense over dense Chrysopogon fallax

Grasses included Sorghum timorense with cover 20-50%, Chrysopogon fallax with cover 60-
90%.  Other grass species included Themeda triandra, Iseilema fragile, Aeschynomene
indica, Dichanthium sericeum var. polystachyum, Fimbristylis phaeoleuca, Panicum
laevinode and Eriachne glauca.

This community occured in Soil Unit 5c towards the east of the Keep River Plain.

G5 Open Grassland of Imperata cylindrica over Xerochloa imberbis and Sporobolus
virginicus..

Grasses included Imperata cylindrica with cover >85%, Xerochloa imberbis with cover
>40% and Sporobolus virginicus with cover >5%.

Shrubs included *Melochia pyramidata and Melaleuca nervosa.

Occurred in Soil Unit 7a on the Keep River Plain beside Border Creek.

G6  Mixed Sedgeland and Grassland of Eriachne sulcata, Eleocharis dulcis and
Eleocharis sp. B (Kimberley Flora) with emergent Corymbia confertiflora.

Grasses included Eriachne sulcata, Eleocharis sp. B (Kimberley Flora) with cover >30%,
Eleocharis dulcis with cover >10%, Sorghum timorense with cover <20%, Oryza
australiensis with cover <5%.  Themeda triandra occurred in clumps with an overall cover
<5%.

Emergent trees included Corymbia confertiflora.

This community was recorded at a swamp in Soil Unit 5c/4d on the Weaber Plain.

G7 Open Sedgeland dominated by Eleocharis dulcis and Schoenoplectus
praelongatus with emergent Excoecaria parvifolia and Barringtonia acutangula on the
edge of Milligan's Lagoon.

This community for mapping purposes has been combined with community GT3. However
in the lagoons to the south of the windpump where the banks are not steep there is an open
sedgeland.

Living in the water were Pseudoraphis spinescens and Eleocharis dulcis with cover >30%,
Nymphaea violacea and Nymphaea gigantea with cover >10%, Utricularia muelleri floating
on the surface with cover about 2%.  Surrounding the water, but in damp ground, was
Schoenoplectus praelongatus with cover >8% and Schoenoplectus dissachanthus with cover
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<1%, Marsilea angustifolia with cover <2%.  Shrubs included Excoecaria parvifolia with
cover >5% and Barringtonia acutangula with cover 3%.

Occurs in Soil Unit 1, on the Knox Plain at Milligan's Lagoon.

4.2 GRASSLANDS WITH EMERGENT TREES

GT1 Tall Grassland of Sorghum timorense, Aristida latifolia and Heteropogon contortus
with emergent Eucalyptus microtheca in Soil Unit 1 on the Keep River Plain.

Trees included Eucalyptus microtheca with cover 4% and Excoecaria parvifolia cover <1%.

Grasses included Sorghum timorense with cover >80%, Themeda triandra with cover <5%,
Iseilema fragile <2% and Aristida latifolia with cover 1%.

This Community had a restricted distribution in Soil Unit 1 on the Keep River Plain

GT2  Dense grassland of Iseilema vaginiflorum, Aristida latifolia, Sorghum timorense,
Themeda triandra with emergent Eucalyptus microtheca, Excoecaria parvifolia, Atalaya
hemiglauca and Bauhinia cunninghamii.

Trees included Eucalyptus microtheca with cover <5%, Excoecaria parvifolia with cover
<15%, Bauhinia cunninghamii with cover <10% and Atalaya hemiglauca with cover <5%.

Shrubs included Corchorus fascicularis with cover 0-25% and Flemingia pauciflora with
cover <5%.

Grasses included Iseilema vaginiflorum with cover 20-45%, Sorghum timorense with cover
<40%, Aristida latifolia with cover <40%, Brachyachne convergens of <30%, Themeda
triandra with cover <15% and Ophiuros exaltatus with cover <5%.

This was the dominant community in Soil Unit 1 on the Knox Creek Plain. It consisted of a
mosaic of different grass species with the same upper storey species.

GT3  Grassland of Pancium decompositum, Heteropogon contortus, Themeda triandra
and Iseilema vaginiflorum with emergent scattered Eucalyptus microtheca and
Corymbia bella.

Trees included Eucalyptus microtheca with cover 1-2%, Corymbia bella with cover <10%,
Cathormion umbellatum subsp. moniliforme with cover <15%, *Leucaena leucocephala
with cover <3% and Bauhinia cunninghamii with cover <3%.

Shrubs included Abutilon hannii with cover <1%, Phyllanthus maderaspatensis with cover
<5%, Grewia retusifolia with cover <1%.

Twiners included Passiflora foetida var. hispida and Ipomoea muelleri.

Grasses included Panicum decompositum with cover <20%, Iseilema vaginiflorum with
cover <20%, Mnesithea rottboellioides with cover <5% and Eragrostis tenellula with cover
<2%.

This community occurred on the raised bank on the eastern edge of Milligan's Lagoon in Soil
Unit1.
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GT4  Grassland dominated by Themeda triandra and Aristida latifolia with emergent
trees of Eucalyptus microtheca.

Trees included Eucalyptus microtheca with cover <2%.

Shrubs included Neptunia monosperma with cover <2% and Phyllanthus maderaspatensis
with cover <1%

Grasses included Themeda triandra with cover 50-70%, Sorghum timorense with cover 10-
15%, Aristida latifolia with cover <10% and Iseilema vaginiflorum with cover <5%.

This community occurred in Soil Unit 5a on the southern area of the Keep River Plain.

GT5  Grassland dominated by Iseilema vaginiflorum with emergent Eucalyptus
microtheca and emergent to dense Excoecaria parvifolia.

Trees included Eucalyptus microtheca with cover <2%, Excoecaria parvifolia with cover 2-
30% and Acacia ditricha with cover <1%.

Grasses included Iseilema vaginiflorum with cover 60-70%, Chionachne hubbardiana with
cover <5%, Panicum decompositum with cover <5% and Sorghum timorense with cover
<5%.

This community occurred in Soil Unit 5b on the Weaber Plain.

GT6  Grassland of Cymbopogon procerus and Themeda triandra with emergent
Bauhinia cunninghamii and Acacia ditricha.

Trees included Bauhinia cunninghamii with cover <1% and Acacia ditricha with cover <1%.

grasses included Themeda triandra with cover 50-60%, Cymbopogon procera with cover 15-
30% and Ophiuros exaltatus with cover <5%.

This community occurred in Soil Unit 4a on the Keep River Plain.

GT7  Grassland of Bothriochloa bladhii, Themeda triandra and Ophiuros exaltatus with
emergent Eucalyptus microtheca, Acacia ditricha and Bauhinia cunninghamii.

Trees included Eucalyptus microtheca with cover <2%, Bauhinia cunninghamii with cover
<1%, Acacia ditricha with cover <1% and Excoecaria parvifolia with cover <1%.

Grasses included Bothriochloa bladhii with a cover 45-55%, Themeda triandra with cover
10-15%, Ophiuros exaltatus with cover 10-15%.

This community occurred in Soil Unit 7a along a small creek and flood plain on the Keep
River Plain.

GT8 Grassland of Themeda triandra, Iseilema vaginiflorum and Aristida latifolia with
scattered Bauhinia cunninghamii, Acacia ditricha and Corymbia bella and shrubs of
Flemingia pauciflora.
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Trees included Bauhinia cunninghamii with cover <10%, Corymbia bella with cover 3-10%
and Acacia ditricha with cover <10%.

Shrubs dominated by Flemingia pauciflora with cover 25-40%.

Grasses included Themeda triandra with cover 2-20%, Iseilema vaginiflorum with cover 5-
60%, Aristida latifolia with cover 1-50% and Chionachne hubbardiana with cover <5%.

Occurred in Soil Unit 1 on the Weaber Plain.

GT9  Open tussock and annual grassland of Eulalia aurea, Panicum decompositum and
Sorghum timorense with emergent Corymbia bella and *Parkinsonia aculeata.

Trees included scattered Corymbia bella and *Parkinsonia aculeata.

Shrubs included Barringtonia acutangula and Hibiscus panduriformis.

Grasses included Eulalia aurea, Panicum decompositum, Sorghum timorense, Aristida
latifolia, Ophiuros exaltatus and Cyperus conicus.

This community occurred at a swamp in Soil Unit 5a on the Weaber Plain just off the
proposed area for development, on the southern edge of the Weaber Range.

GT10 Open Hummock grassland dominated by Triodia bynoei with Open Shrubland of
Calytrix exstipulata and scattered low trees of Buchanania obovata, Owenia vernicosa
and Corymbia confertiflora.

Trees included Buchanania obovata, Owenia vernicosa and Corymbia confertiflora.

Shrubs included Melaleuca alsophila, Calytrix exstipulata, Ficus platypoda, Solanum
horridum and Phyllanthus reticulatus.

Grasses included Heteropogon contortus, Bulbostylis barbata, Triodia bynoei and Cyperus
cunninghamii.

This community occurred in Soil Unit 6 on the Weaber Plain on a sandstone ridge which had
a narrow sandy margin.

GT11  Open annual grassland and herbfield of Neptunia monosperma with emergent
trees of Atalaya salicifolia and Excoecaria parvifolia.

Trees included Atalaya salicifolia with cover <2%, Excoecaria parvifolia with cover <2%
and Eucalyptus microtheca with cover <1%.

Shrubs included Terminalia oblongata subsp. volucris, Cathormion umbellatum subsp.
moniliforme and Acacia ditricha.

Herbs included Neptunia monosperma with cover 2-10%.

Grasses included Sorghum timorense with cover 10-30%, Chrysopogon fallax and
Dichanthium fecundum with cover 10-30%, Aristida latifolia, Panicum decompositum and
Astrebla elymoides.

This community occurred in Soil Unit 9c on the Weaber Plain.
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GT12  Open Grassland of Sehima nervosum and Themeda triandra with scattered trees
of Bauhinia cunninghamii, Adansonia gregorii, Corymbia foelscheana and Eucalyptus
microtheca.

Trees included Eucalyptus microtheca, Corymbia confertiflora, Corymbia foelscheana,
Melaleuca minutifolia, Acacia ditricha and Adansonia gregorii with a total cover <5%.

Grasses included Themeda triandra with cover 60-90%, Sehima nervosum with cover <5-
20%, Sorghum plumosum with cover <5% and Ophiuros exaltatus with cover <5%.

Occurred in Soil Unit 2b on the Keep River Plain.

GT13  Moderately dense tussock and annual grassland of Chrysopogon fallax, Themeda
triandra and Iseilema fragile with emergent low trees of Corymbia bella, Excoecaria
parvifolia and Bauhinia cunninghamii.

Trees included Bauhinia cunninghamii with cover <2%, Corymbia bella with cover <1%,
Atalaya salicifolia with cover <1%, and Excoecaria parvifolia with cover <1%.

Shrubs included Grewia retusifolia and Carissa lanceolata.

Grasses included Chrysopogon fallax and Themeda triandra with cover 30-70%, Iseilema
fragile with cover 10-30%, Panicum decompositum, Aristida latifolia, Dichanthium
sericeum subsp. polystachyium

This community occurred in Soil Unit 5c on the Weaber Plain.

GT14 Open grassland and herbland of mixed species with emergent Eucalyptus
microtheca, Corymbia bella and Adansonia gregorii.

Trees included Eucalyptus microtheca with cover <2%, Adansonia gregorii with cover <1%
and Corymbia bella with cover <1%.

Herbs included <1% cover Waltheria indica, Bonamia linearis, Mitrasacme gentianea,
Drosera lanata, Stackhousia intermedia, Indigofera colutea, Indigofera linifolia and
Mitrasacme exserta.

Grasses included Themeda triandra with cover 10-15%, Eriachne obtusa with cover <5%,
Sorghum plumosum and Enneapogon purpurascens.

This community occurred in Soil Unit 11 at the base of a rock outcrop on the Knox Creek
Plain.

4.3 WOODLANDS

Woodlands of Eucalyptus microtheca, Atalaya hemiglauca, Bauhinia cunninghamii and
Excoecaria parvifolia

Em1 Dense Woodland of Eucalyptus microtheca over a grassland of Iseilema
vaginiflorum and Aristida latifolia.

Trees only Eucalyptus microtheca with cover 10-30%.
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Shrubs and Herbs included Hibiscus panduriformis, Flemingia pauciflora, Indigofera
colutea, and Spermacoce exserta.

Grasses included Iseilema vaginiflorum with cover 10-40%, Aristida latifolia with cover 10-
40% and Panicum decompositum with cover <10%.

Occurred in Soil Unit 1 on the western edge of the Knox Creek Plain near the Pincombe
Plain.

Em2 Woodland of Eucalyptus microtheca over open Bauhinia cunninghamii and
Atalaya hemiglauca over a grassland of Chrysopogon fallax, Iseilema vaginiflorum and
Brachyachne convergens.

Trees included Eucalyptus microtheca with cover <5%, Bauhinia cunninghamii with <5%
cover and Atalaya hemiglauca with <1% cover.

Shrubs and Herbs included Sesbania cannabina with cover <5%, Neptunia monosperma,
Corchorus fascicularis, Sida spinosa, Phyllanthus maderaspatensis and Stemodia
tephropelina.

Grasses included Chrysopogon fallax with 40% cover, Brachyachne convergens with 10-
15% cover, Iseilema vaginiflorum with up to 50% cover.

This community occurred in Soil Unit 1g on the Knox Creek Plain close to the Keep River.

Em3 Woodland of Eucalyptus microtheca over a grassland of Themeda triandra and
Chrysopogon fallax.

Trees included Eucalyptus microtheca and scattered occurrences of Bauhinia cunninghamii
and Atalaya hemiglauca.

Grasses included Chrysopogon fallax with cover 50-80%, Themeda triandra with cover 50-
80%, Ophiuros exaltatus with cover 30% and Sehima nervosum with cover <5%.

This community occurred in Soil Unit 4b on the Knox River Plain.

Em4 Woodland of Eucalyptus microtheca and Excoecaria parvifolia over sedge-
grassland of Aristida latifolia, Panicum decompositum, Chrysopogon fallax, Panicum
laevinode, Sorghum timorense or Iseilema fragile.

Trees included Excoecaria parvifolia with cover 10-30%,

Herbs included Corchorus fascicularis with cover 2-10%, Sida spinosa with cover 2-10%

Grasses included Sorghum stipoideum and Sorghum timorense with cover 30-70%, Aristida
latifolia with cover 10-30%, Chrysopogon fallax with cover 10-30%, Panicum
decompositum and Eulalia aurea with cover 10-70%, Panicum laevinode with cover 10-30%
and Iseilema fragile with cover >40%.

This community occurred in Soil Unit 5a on the Knox and Weaber Plains.
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Em5 Woodland of Eucalyptus microtheca and Bauhinia cunninghamii over a closed
tussock grassland of Themeda triandra and Ophiuros exaltatus.

Trees included Eucalyptus microtheca and Bauhinia cunninghamii with cover 10-30%.

Shrubs and Herbs included Hibiscus panduriformis, Rhynchosia minima and Neptunia
monosperma.

Grasses included Themeda triandra and Ophiuros exaltatus with cover 70-100%, Iseilema
vaginiflorum with cover 2-10%, Chrysopogon fallax, Aristida latifolia and Panicum
decompositum.

This community occurred in Soil Unit 7b on the Weaber Plain.

Em6 Open Woodland of Eucalyptus microtheca, Bauhinia cunninghamii, Excoecaria
parvifolia and Atalaya hemiglauca over an open shrubland of Terminalia oblongata
subsp. volucris open grassland of Astrebla squarrosa, Aristida latifolia and Panicum
decompositum.

Trees included Atalaya hemiglauca with cover 10-15%, Bauhinia cunninghamii with cover
<5-15%, Acacia ditricha with cover 1-2% and Excoecaria parvifolia with cover <1-15%.

Shrubs and Herbs included Abelmoschus ficulneus, Corchorus fascicularis and Trichodesma
zeylanicum var. latisepalum.

Grasses included Astrebla squarrosa with cover 10-60%, Cyperus bifax with cover 1-2%,
Aristida latifolia and Panicum decompositum.

This community occurred in Soil Unit 1 and 1c on the Weaber Plain.

Em7 Open Woodland of Eucalyptus microtheca and Acacia ditricha over a tall
grassland dominated by Oryza australiensis, Sorghum timorense over Panicum
decompositum.

Trees included Eucalyptus microtheca with cover <5% and Bauhinia cunninghamii with
cover <2% and Excoecaria parvifolia with cover <1%.

Shrubs and Herbs included Hibiscus panduriformis, Neptunia monosperma, Sesbania
cannabina and Goodenia malvina.

Grasses included Sorghum timorense with cover 15-20%, Panicum decompositum with cover
40-50%, Oryza australiensis with cover <15%, Iseilema vaginiflorum with cover 1-10% and
Fimbristylis laxiglumis with cover 35%

This community occurred in Soil Unit 1 on the Weaber Plain.

Em8 Low Open Woodland of Eucalyptus microtheca and Excoecaria parvifolia over a
dense grassland dominated of Ophiuros exaltatus, Sorghum timorense, Oryza
australiensis and Iseilema fragile.

Trees included Eucalyptus microtheca with cover 2-10% and Excoecaria parvifolia with
cover 2-10%.
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Shrubs and Herbs included Neptunia monosperma, Ludwigia perennis, Phyllanthus
maderaspatensis, Hibiscus panduriformis, Alternanthera nodiflora and Corchorus olitorius.

Grasses included Ophiuros exaltatus with cover 30-70%, Sorghum timorense with cover 10-
30%, Oryza australiensis, Iseilema fragile and Panicum laevinode.

This community occurred in Soil type 5b on the Weaber Plain.

Em9 Open Woodland of Eucalyptus microtheca over open tussock and annual grassland
of Panicum laevinode, Ophiuros exaltatus, Cyperus conicus and Neptunia monosperma

Trees included Eucalyptus microtheca with cover 10-30%, Excoecaria parvifolia with cover
<5%, Cathormion umbellatum subsp. moniliforme with cover <5%.

Shrubs and Herbs included Neptunia monosperma with cover 15-25%, Cyanotis axillaris
with cover <5% and Corchorus olitorius.

Grasses included Panicum laevinode with cover 10-30%, Ophiuros exaltatus with cover
<5%, Cyperus conicus with cover <5%, Aristida latifolia with cover 5-10%, Oryza
australiensis with cover ca. 1%.

This community occurred in Soil Unit 5a in the Weaber Plain.

Woodlands of Eucalyptus microtheca and Melaleuca spp.

EM1 Open Woodland of Eucalyptus microtheca over Shrubland of Melaleuca nervosa
and Grevillea striata over a low open grassland of Themeda triandra, Eriachne obtusa
and Aristida hygrometrica.

Trees included Eucalyptus microtheca with cover <15%, Melaleuca nervosa had cover <5%
and Grevillea striata had cover <1%.

Shrubs and Herbs included Hakea arborescens, Grewia retusifolia and Evolvulus alsinoides
var. decumbens.

Grasses included Themeda triandra with cover 50-60%, Eriachne obtusa had cover 5-60%
and Aristida hygrometrica cover <5%.

This community occurred in Soil Unit 1 in Knox Creek Plain.

EM2 Woodland of Eucalyptus microtheca over a low woodland of Excoecaria
parvifolia, Melaleuca viridiflora and Terminalia oblongata subsp. volucris.

Trees included Adansonia gregorii, Acacia holosericea, Lophostemon lactifluus, Terminalia
platyphylla, Eucalyptus microtheca, Excoecaria parvifolia, Melaleuca viridiflora and
Terminalia oblongata subsp. volucris.

Grasses included: Themeda triandra, Eriachne obtusa, Aristida hygrometrica and
Leptochloa neesii.

This community occurred in Soil Unit 11 on the Knox Creek Plain along a flow line.
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EM3 Woodland of Eucalyptus microtheca, Melaleuca argentea and Lophostemon
grandiflorus subsp. riparius over Dense Low Woodland of Bauhinia cunninghamii.

Trees included Bauhinia cunninghamii with cover 70-100%, Eucalyptus microtheca with
cover 10-30%, Melaleuca argentea, Corymbia greeniana, Atalaya salicifolia, Cathormion
umbellatum subsp. moniliforme, Corymbia bella and Lophostemon grandiflorus subsp.
riparius.

Shrubs included Carissa lanceolata and Jasminum molle with cover 2-10%, Dodonaea
platyptera, Celtis philippensis and Capparis lasiantha.

Grasses included Panicum mindanaense and Aristida latifolia.

This community occurred in Soil Unit 7a in the Weaber Plain and was subject to regular
flooding between the river bank and levee crest.

Woodlands of Eucalyptus microtheca and Shrubland of Terminalia oblongata subsp.
volucis

ET1 Woodland of Eucalyptus pruinosa, Eucalyptus microtheca over Open Shrubland of
Terminalia oblongata subsp. volucris, Bauhinia cunninghamii and Carissa lanceolata
over a grassland dominated by Themeda triandra, Sehima nervosum, Chrysopogon
pallidus and Eriachne glauca var. glauca.

Trees included Eucalyptus microtheca, Melaleuca viridiflora with cover <1%, Terminalia
oblongata subsp. volucris with cover 5-10% and the mallee Eucalyptus pruinosa with cover
<20%.

Shrubs and Herbs included Waltheria indica with cover <1%, Grewia retusifolia with cover
<1%, Neptunia monosperma, Hibiscus panduriformis and Sida spinosa.

Grasses included Aristida hygometrica with cover 40-50%, Themeda triandra with cover 5-
25%, Sehima nervosum with cover <10%, Chrysopogon pallidus with cover 5-10%,
Eriachne obtusa with cover <10% and Heteropogon contortus with cover <5%.

This community occurred in Soil Unit 5e on the Knox Creek and the Keep River.

ET2 Woodland of Eucalyptus microtheca over Bauhinia cunninghamii and Terminalia
oblongata var. volucris over dense grassland of Themeda triandra and Sehima nervosum.

Trees included Eucalyptus microtheca with cover <5%, Bauhinia cunninghamii with cover
<5%, Terminalia oblongata subsp. volucris with cover <5%.

Shrubs and Herbs included Carissa lanceolata, Dolichandrone heterophylla, Hakea
arborescens and Ludwigia perennis.

Grasses included Themeda triandra with cover 45%, Sehima nervosum with cover 20-30%.
Ophiuros exaltatus, Chrysopogon fallax and Panicum decompositum.

This community occurred in Soil Unit 3c on the Knox Creek Plain.
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ET3 Woodland of Eucalyptus microtheca and Corymbia greeniana over Bauhinia
cunninghamii, Terminalia oblongata subsp. volucris and Hakea arborescens over
scattered tussocks of Aristida latifolia.

Trees included Eucalyptus microtheca, Corymbia greeniana, Bauhinia cunninghamii,
Melaleuca argentea, Adansonia gregorii, Terminalia oblongata subsp. volucris and Hakea
arborescens.

Shrubs and Herbs included Exocarpos latifolius, Atalaya hemiglauca, Grewia retusifolia,
Phyllanthus maderaspatensis, *Alysicarpus vaginalis and Hyptis suaveolens.

Grasses included Aristida latifolia, Brachyachne convergens, Urochloa reptans and
Fimbristylis macrantha.

This community occurred in Soil Unit 5a on the Keep River Plain.

ET4 Low open woodland of Eucalyptus microtheca, Bauhinia cunninghamii, over a
Shrubland of  Terminalia oblongata subsp. volucris over dense grassland dominated by
Themeda triandra, Aristida latifolia, Sehima nervosum, Chrysopogon fallax and Ophiuros
exaltatus.

Trees included Bauhinia cunninghamii with cover 2-10%, Terminalia oblongata subsp.
volucris and Acacia ditricha.

Shrubs and annuals included Hibiscus panduriformis, Dolichandrone heterophylla,
Rhynchosia minima and Phyllanthus maderaspatensis.

Grasses included Chrysopogon fallax and Ophiuros exaltatus with cover 30-70%, Themeda
triandra, Panicum decompositum, Sorghum timorense and Brachyachne convergens.

This community was recorded in Soil Unit 4d on the Weaber Plain.

ET5 Open Low Woodland of Excoecaria parvifolia, Bauhinia cunninghamii over a
Shrubland of Terminalia oblongata subsp. volucris and Eucalyptus microtheca over an
Open Tussock Grassland of Chrysopogon fallax, Panicum decompositum, Astrebla
elymoides and Iseilema fragile.

Trees included Eucalyptus microtheca and Excoecaria parvifolia with cover 10-30%, Acacia
ditricha and Bauhinia cunninghamii with cover 2-10%, Atalaya salicifolia and Terminalia
oblongata subsp. volucris with cover 2-10%.

Shrubs and Herbs included Neptunia monopserma, Rhynchosia minima and Phyllanthus
maderaspatensis

Grasses included Chrysopogon fallax with cover 30-70%, Sorghum timorense with cover 30-
70%, Panicum decompositum and Astrebla elymoides with cover 30-70%, Iseilema fragile
with cover 30-70%  and Aristida latifolia.

This community occurred in Soil Units 5b and 5bt on the Weaber Plain.
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ET6 Open Low Woodland of Excoecaria parvifolia, Bauhinia cunninghamii and
Eucalyptus microtheca over a Shrubland of Terminalia oblongata subsp. volucris and a
grassland of Panicum decompositum, Iseilema vaginiflorum and Sorghum timorense

Trees included Eucalyptus microtheca with cover <5%, Terminalia oblongata subsp.
volucris with cover 5-10%, Bauhinia cunninghamii with cover 0-3%, Excoecaria parvifolia
with cover 5-10%.

Shrubs and annuals included Neptunia monosperma with cover <1%, Stemodia tephropelina
with cover <1%, Abelmoschus mosochatus with cover <1%, Wedelia asperimma with cover
<1% and Flemingia pauciflora with cover <5%.

Grasses included Panicum decompositum with cover 30%, Aristida latifolia with cover <5%,
Iseilema vaginiflorum with cover <1%

This community occurred in Soil Unit 1 on the Weaber Plain.

Woodlands of Eucalyptus miniata

Min1 Woodland of Eucalyptus miniata, Eucalyptus tetrodonta and Terminalia ?
platyphylla over a shrubland of Acacia difficilis over an open grassland of Aristida sp.

Trees included Eucalyptus miniata with cover 15%, Eucalyptus tetrodonta with cover  <5%,
Acacia difficilis and Terminalia ? platyphylla.

Shrubs and Herbs included Grevillea agrifolia, Waltheria indica, Persoonia falcata and
Spermacoce brachystema.

Grasses included Triodia plectrachnoides, Yakirra pauciflora and Aristida sp.

This community occurred in the Cockatoo Soil Unit near the northern end of the Keep River
Plain.

Min2 Eucalyptus miniata low forest over open Grevillea agrifolia over Triodia
acutispicula or Triodia burbidgeana and Sorghum sp open grassland.

Trees included Eucalyptus miniata with cover 1-2%, Xanthostemon paradoxus with cover
10-12%, Adansonia gregorii, Corymbia confertiflora and Erythrophleum chlorostachys

Shrubs and Herbs include Flueggia virosa subsp. melanthesoides, Calytrix exstipulata,
Cochlospermum fraseri, Waltheria indica, Grevillea pyramidalis and Ptilotus spicatus.

Grasses included Triodia burbidgeana, Cyperus microcephalus, Triodia acutispicula and
Sorghum sp.

This community occurred on a moderate slope of the Cockatoo Soil Unit on the Knox Creek

Woodland of Eucalyptus papuana

Ep1 Woodland of Eucalyptus papuana over a Shrubland of Flueggea virosa var.
melanthesoides over Grassland of Heteropogon contortus.
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Trees included Eucalyptus papuana with cover 45-55% and Corymbia bella, Acacia
holosericea.

Shrubs and Herbs included Flueggia virosa var. melanthesoides with cover 20-35%,
*Calotropis procera, Abutilon indicum subsp. australiense, *Corchorus olitorius and
Indigofera hirsuta.

Grasses included Heteropogon contortus with cover 50-60%.

This community occurred in Soil Unit 7 on a raised bank of the Keep River.

Woodland of Eucalyptus tetrodonta

Et1 Woodland of Eucalyptus tetrodonta, Corymbia greeniana and Terminalia
canescens over a shrubland of Acacia affin. lamprocarpa

Trees included Eucalyptus tetrodonta with cover <5% and Corymbia greeniana.

Shrubs and Herbs included Acacia lamprocarpa, Terminalia canescens with cover 10-30%,
Grevillea refracta, Buchanania obovata

Grasses included Sorghum stipoideum, Eriachne ciliata, E. melicacea and Heteropogon
contortus.

This community occurred in Cockatoo Soil Unit on the Keep River Plain

Woodlands of Corymbia bella

Cb1 Open woodland of Eucalyptus microtheca, Corymbia bella, Corymbia greeniana,
Excoecaria parvifolia and Bauhina cunninghamii over a grassland of Sehima nervosum
and Heteropogon contortus.

Trees included Eucalyptus microtheca with cover 20-30%, Corymbia bella with cover <2%,
Excoecaria parvifolia with cover <1% and Bauhinia cunninghamii with cover <1%.

Shrubs and Herbs included Carissa lanceolata, Enneapogon purpurescens, Indigofera
linifolia, Polycarpaea corymbosa and Abutilon hannii

Grasses included Sehima nervosum with cover 40-50%, Heteropogon contortus with cover
5% and Sorghum stipoideum.

This community occurred on the edge of the Keep River in the Knox Creek Plain in Soil
Units 7a and 7a/b.

Cb2 Woodland of Eucalyptus microtheca, Corymbia greeniana, Corymbia confertiflora,
Corymbia bella and Adansonia gregorii over an open shrubland of Bauhinia
cunninghamii and a grassland of Sehima nervosum and Themeda triandra.

Trees included Eucalyptus microtheca with cover 10-12%, Corymbia greeniana with cover
5-7%, Corymbia confertiflora with cover 2-3%, Corymbia bella with cover <2% and
Adansonia gregorii cover <1%.
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Shrubs and Herbs included Grewia retusifolia with <1% cover, Indigofera linifolia,
Goodenia sepalosa var. sepalosa, Heliotropium foveolatum and Uraria cylindracea.

Grasses included Sehima nervosum with cover 50%, Themeda triandra with cover 10-15%,
Chrysopogon fallax, Cyperus viscidulus and Heteropogon contortus.

This community occurred in Soil 7f on the Knox Creek Plain.

Cb3 Woodland of Eucalyptus microtheca, Corymbia bella, Bauhinia cunninghamii and
Excoecaria parvifolia over a grassland dominated by Ophiuros exaltatus, Chrysopogon
fallax, Dichanthium sericeum var. polystachyum.

Trees included Eucalyptus microtheca with cover 1-4%, Corymbia bella with cover <1%,
Bauhinia cunninghamii with cover 2-3% and Excoecaria parvifolia with cover 2-3%.

Shrubs and Herbs included Hibiscus panduriformis, Commelina ensifolia, Trichodesma
zeylanicum var. latisepalum, Phyllanthus maderaspatensis and Alternanthera nodiflora.

Grasses included Ophiuros exaltatus with cover >40%, Chrysopogon fallax with cover 20%,
Dichanthium sericeum subsp. polystachion with cover 10-15%

This community occurred in Soil Unit 5e on the Knox Plain.

Cb4 Woodland of Bauhinia cunninghamii, Eucalyptus bigalerita, Terminalia grandiflora
and Corymbia bella over an open tussock and annual grassland of Heteropogon
contortus and Chrysopogon fallax.

Trees included Bauhinia cunninghamii with cover 10-30%, Eucalyptus bigalerata,
Terminalia grandiflora, Corymbia bella, Bauhinia cunninghamii, Adansonia gregorii and
Hakea arborescens.

Shrubs and Herbs included Ficus oppositifolia, Phyllanthus reticulatus, Carissa lanceolata,
Pterocaulon verbascifolium, Drosera petiolaris, Hybanthus enneaspermus subsp.
enneaspermus and Alternanthera nodiflora.

Grasses included Heteropogon contortus, Chrysopogon fallax with cover 10-30%, Sorghum
stipoideum with cover 2-10%, Aristida inaequiglumis, A. holathera, Cyperus conicus and
Eriachne obtusa.

This community occurred in Soil Unit 8b on the Weaber Plain.

Cb5 Open Woodland of Terminalia platyphylla, Corymbia bella over an open woodland
of Bauhinia cunninghamii and Terminalia oblongata subsp. volucris and scattered
Acacia ditricha over a dense annual and tussock grassland of Themeda triandra,
Heteropogon contortus, Aristida latifolia, Ophiuros exaltatus and Sorghum timorense.

Trees included Corymbia bella with cover 2-10%, Terminalia platyphylla with cover 2-10%,
Corymbia greeniana, Bauhinia cunninghamii with cover <2-10% and Terminalia oblongata
subsp. volucris with cover <2%.

Shrubs and Herbs included Hibiscus panduriformis, Waltheria indica, Carissa lanceolata,
Pterocaulon verbascifolium
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Grasses included Themeda triandra with cover 10-70%, Sorghum timorense with cover 30-
70%, Heteropogon contortus, Aristida latifolia with cover 2-10% and Ophiuros exaltatus
with cover 5-10%

This community occurred in Soil Units 4a, 4b and 4c on the Weaber Plain and Lower Keep
River Plain.

Cb6 Open Woodland of Corymbia bella, Corymbia polycarpa, and Melaleuca viridiflora
over a dense grassland of Themeda triandra.

Trees included Corymbia bella, Corymbia polycarpa, Melaleuca viridiflora, Buchanania
obovata and Acacia holosericea.

Shrubs and Herbs included Ficus oppositifolia, Acacia lamprocarpa and Opercularia sp..

Grasses included Themeda triandra with cover 50-70%.

This community occurred in Soil Unit 7a on the Keep River Plain, on a gentle slope to the
river.

Cb7 Open Woodland of Corymbia bella and Acacia ditricha over a Grassland of
Themeda triandra, Chrysopogon fallax and Heteropogon contortus.

Trees included Corymbia bella with cover 2-10%, Bauhinia cunninghamii with cover <2%,
Terminalia oblongata subsp. volucris with cover <1% and Acacia ditricha with cover <8%.

Shrubs and Herbs included Hibiscus panduriformis with cover <1%, Phyllanthus
maderaspatensis with cover <1%, Sesbania simpliciuscula with cover <1 and Abelmoschus
moschatus with cover <1%.

Grasses included Chrysopogon fallax and Themeda triandra with cover 30-70%, Sorghum
timorense with cover 10-30%, Sehima nervosum with cover 40-50% and Panicum
decompositum.

This community occurred in Soil Unit 1 on the Weaber Plain and Keep River Plain.

Cb8 Open Woodland of Corymbia bella, Planchonia careya, Atalaya salicifolia and
Acacia ditricha over tussock grassland of Themeda triandra, Ophiuros exaltatus and
Eulalia aurea.

Trees included Corymbia bella, Bauhinia cunninghamii, Corymbia ferruginea, Planchonia
careya, Atalaya salicifolia and Acacia ditricha.

Shrubs and Herbs included Phyllanthus maderaspatensis, Goodenia purpurascens and
Ludwigia perennis.

Grasses included Aristida latifolia, Themeda triandra, Sehima nervosum, Chrysopogon
fallax, Panicum decompositum and Ophiuros exaltatus.

This community occurred in Soil Unit 8 on the Weaber Plain in a flow line at the northern tip
of the Sorby Hills.
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Cb9  Very Open Woodland of Corymbia bella over tussock and annual grassland of
Themeda triandra, Ophiuros exaltatus and Sorghum stipoideum.

Trees included Corymbia bella with cover 2-10%, Bauhinia cunninghamii, and Atalaya
salicifolia.

Shrubs and Herbs included Carissa lanceolata, Hibiscus panduriformis, Rhynchosia minima,
Phyllanthus maderaspatensis, Sesbania simpliciuscula, Trichodesma zeylanicum subsp.
latisepalum.

Grasses included Themeda triandra and Ophiuros exaltatus with cover 30-70%, Sorghum
stipoideum with cover 30-70%, Sehima nervosum, Aristida latifolia and Sorghum timorense.

This community occurred in Soil Unit 9c on the Weaber Plain.

Woodlands of Corymbia confertiflora

Cc1 Open Woodland of Corymbia confertiflora, Planchonia careya and Terminalia
latipes var. latipes over moderately dense Bauhinia cunninghamii and a very open
tussock grassland of Heteropogon contortus, Themeda triandra and Sorghum plumosum.

Trees included Corymbia bella and Corymbia confertiflora with cover 2-10%, Bauhinia
cunninghamii with cover 30-70%, Planchonia careya, Terminalia latipes var. latipes,
Adansonia gregorii and Gyrocarpus americanus.

Shrubs and Herbs included Grewia retusifolia, Walthera indica, Cajanus mamoratus,
Cymbidium canaliculatum, and Achyranthes aspera.

Grasses included Heteropogon contortus with cover 2-30%, Sorghum plumosum with cover
2-10% and Aristida inaequiglumis.

This community occurred in Soil Unit 2b on the Weaber Plain.

Cc2 Woodland of Corymbia bella, Acacia ditricha, Corymbia confertiflora, Planchonia
careya and Bauhinia cunninghamii over an open grassland of Themeda triandra,
Heteropogon contortus and Sehima nervosum.

Trees included Corymbia bella with cover <5%, Planchonia careya with cover 10-15%,
Corymbia confertiflora with cover <5% Acacia ditricha with cover <1% and Bauhinia
cunninghamii with cover <1%.

Shrubs and Herbs included Ficus opposita cover <2%, Grewia retusifolia with cover <1%,
Hibiscus panduriformis and Rhynchosia minima.

Grasses included Themeda triandra with cover 15-20%, Heteropogon contortus with cover
<90%, Sehima nervosum with cover 1-2%.

This community occurred in Soil Unit 4d on the Keep River Plain.

Cc3 Woodland of Corymbia confertiflora, Corymbia greeniana and Planchonia careya
over scattered mallees of Corymbia foelscheana over a grassland of Heteropogon
contortus and Sehima nervosum.
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Trees included Corymbia bella with cover >10%, Corymbia confertiflora, Corymbia
greeniana, Planchonia careya and Corymbia foelscheana with cover <5%.

Shrubs and Herbs included Hibiscus panduriformis, Goodenia sepalosa, Uraria cylindracea
and Hakea arborescens.

Grasses included Heteropogon contortus and Sehima nervosum with cover 30-40%,
Themeda triandra with cover <80%  and Aristida latifolia.

This community occurred in Soil 2a on the Keep River Plain.

Cc4 Woodland of Corymbia confertiflora, Eucalyptus microtheca and Eucalyptus
tectifica over a Grassland dominated by Aristida holathera var. holathera, Themeda
triandra, Sorghum plumosum var. plumosum.

Trees included Eucalyptus microtheca with cover 5%, Eucalyptus tectifica with cover 5%

Shrubs and Herbs included Acacia lamprocarpa, A. hemignosta, Terminalia canescens,
Heliotropium foveolatum and Polygala eriocephala.

Grasses included Themeda triandra with cover 30-40%, Aristida holathera var. holathera
had cover 10%, Dichanthium sericeum var. polystachyum had cover 1-2%, Eragrostis
cumingii, Triodia acutispicula and Sorghum stipoideum.

This community occurred in Soil Unit 8a on the Knox Creek Plain.

Woodlands of Corymbia tectifica

Ct1 Woodland of Eucalyptus tectifica over open tussock grassland of Heteropogon
contortus, Themeda triandra, Chrysopogon fallax and Themeda triandra.

Trees included Eucalyptus tectifica with cover 10-30%, Corymbia greeniana with cover 10-
30% and Bauhinia cunninghamii with cover <2%

Shrubs and Herbs included Terminalia canescens with cover <2%, Indigofera hirsuta with
cover 2-10%, Grewia retusifolia and Waltheria indica.

Grasses included Heteropogon contortus and Themeda triandra with cover 10-30%,
Chrysopogon fallax, Eriachne obtusa and Aristida inaequiglumis.

This community occurred in Soil Unit 2a and 2c on the Weaber Plain.

Ct2 Low Woodland of Eucalyptus tectifica over dense tussock and annual grassland of
Themeda triandra, Panicum decompositum and Sorghum timorense.

Trees included Eucalyptus tectifica with cover 10-30%, Bauhinia cunninghamii, Corymbia
bella and Terminalia oblongata subsp. volucris.

Shrubs and Herbs included Neptunia monosperma, Hibiscus panduriformis, Carissa
lanceolata, Capparis lasiantha and Phyllanthus reticulatus.

Grasses included Themeda triandra with cover 30-70%, Sorghum timorense with cover 30-
70%, Chrysopogon fallax, Sehima nervosum and Sorghum plumosum.
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This community occurred in Soil Unit 4a on the Weaber Plain.

Woodlands of Corymbia sp., Brachychiton diversifolius and Gyrocarpus americanus

CBG Woodland of Corymbia spp. Brachychiton diversifolius, Bauhinia cunninghamii
with scattered taller Gyrocarpus americanus over an open grassland of Themeda
triandra.

Trees included Corymbia confertiflora, Corymbia polycarpa, Atalaya hemiglauca,
Brachychiton diversifolia, Bauhinia cunninghamii and Gyrocarpus americanus.

Shrubs and Herbs included Grewia retusifolia, Hibiscus panduriformis, Neptunia
monosperma, Carissa lanceolata, Sesbania cannabina and Pterocaulon verbascifolium

Grasses included Themeda triandra with cover 25%, Sehima nervosum with cover 1-2%,
Heteropogon contortus with cover 2-3%, Chrysopogon fallax with cover <1%.

This community occurs in Soil Unit 6e on Knox Creek.

Woodland of Bauhinia cunninghamii

Bc1 Low Woodland of Bauhinia cunninghamii over tussock and annual grassland of
Iseilema sp., Panicum decompositum, Sehima nervosum, Aristida latifolia, Cyperus bifax,
Sehima nervosum, Chrysopogon fallax and Sorghum timorense.

Trees included Eucalyptus microtheca with cover<2%, Bauhinia cunninghamii with cover
10-30%, Terminalia oblongata subsp. volucris with cover 2-10%

Shrubs and Herbs included Flemingia pauciflora with cover 5-15%,
Clerodendrumfloribundum, Hibiscus panduriformis, Acacia ditricha, Neptunia monosperma
and Phyllanthus maderaspatensis.

Grasses included Sorghum timorense with cover 10-30%, Sehima nervosum and
Chrysopogon fallax with cover 30-70%, Chionachne hubbardiana, Iseilema vaginiflorum
and Sorghum stipoideum.

Community occurred in Soil Unit 1 on the Weaber and Keep River Plains.

Bc2 Low Shrubland of Bauhinia cunninghamii and Atalaya hemiglauca over
grassland of Chrysopogon fallax with lianes of Rhynchosia minima.

Trees included Bauhinia cunninghamii with cover 2-10%, Terminalia oblongata subsp.
volucris and Atalaya salicifolia.

Shrubs and Herbs included Rhynchosia minima with cover 2-10%, Neptunia monosperma,
Flemingia pauciflora, Abelmoschus moschatus and Ptilotus spicatus.

Grasses included Chrysopogon fallax with cover 30-70%, Panicum decompositum, Aristida
latifolia, Sorghum timorense, Iseilema fragile and Eragrostis tenellula.

This community occurred in Soil Unit1 on the Weaber and Knox Creek Plains.
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Bc3 Low Woodland of Bauhinia cunninghamii occasionally with scattered Acacia
ditricha over grassland of Themeda triandra, Sehima nervosum and Chrysopogon fallax.

Trees included Bauhinia cunninghamii with cover 5-10%, Acacia ditricha with cover 1-5% ,
Terminalia oblongata subsp. volucris with cover 1-5% and Atalaya hemiglauca with cover
1-5%.

Shrubs and Herbs included Neptunia monosperma, Hibiscus panduriformis, Rhynchosia
minima, Flemingia pauciflora and Capparis lasiantha.

Grasses included Sehima nervosum with cover <60%, Themeda triandra with cover 10-90%,
Chrysopogon fallax with cover 60-80%, Cyperus bifax with cover <10%, Sorghum
timorense 10-25%.

This community occurred in Soil Unit 1 in the Keep River Plain.

Woodlands of Excoecaria parvifolia

Ex1 Woodland of Excoecaria parvifolia with scattered Corymbia bella and Bauhinia
cunninghamii over mixed grass species.

Trees included Excoecaria parvifolia with cover 15-20%, Corymbia bella with cover <1%,
Bauhinia cunninghamii with cover <5% and Terminalia obovata subsp. volucris with cover
<5%.

Shrubs and Herbs included Waltheria indica with cover <1%, Flueggea virrosa with cover
<2%,Wedelia asperrima with cover <1%.

Grasses included Panicum trachyrhachis with cover 40%, Pancium decompositum with
cover 5%, Iseilema vaginiflorum with cover 5%, Cyperus bifax with cover <5%, Aristida
latifolia with cover <5% and Oryza australiensis with cover <5%.

This community occurred in Soil Unit 1 on the Weaber Plain.

Ex2 Woodland of Excoecaria parvifolia over an open to dense grassland dominated by
Ophiuros exaltatus, Iseilema fragile or Heteropogon contortus.

Trees included Excoecaria parvifolia with cover 15-20% and Eucalyptus microtheca with
cover <1%.

Shrubs and Herbs included Sesbania cannabina with cover <1%, Flemingia pauciflora with
cover <1%, Hibiscus panduriformis with cover <1%, Neptunia monosperma with cover
<1%.

Grasses included Heteropogon contortus where dominant with cover >60%, Iseilema fragile
where dominant with cover <90% or Ophiuros exaltatus where dominant with cover >60%.

Typically this community occurred along minor drainage lines within the Grasslands of the
Keep River and is an extension of the grassland community G1 in Soil Unit 1.

Ex3 Woodland of Excoecaria parvifolia with scattered Eucalyptus microtheca over a
Low Grassland dominated by Sehima nervosum and Cyperus viscidulus.
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Trees included Excoecaria parvifolia with cover 40-45%, Eucalyptus microtheca with cover
<5%.

Shrubs and Herbs included Corchorus fascicularis with cover <1%, Nesaea repens with
cover <1%, Hygrophila angustifolia with cover <1%. Ludwigia perennis with cover <1%
and Aeschynomene indica with cover <1%.

Grasses included Sehima nervosum with cover 50-60%, Cyperus viscidulus with cover
<20%, Iseilema vaginiflorum with cover <5%, Aristida latifolia with cover <5%, Panicum
decompositum with cover 1-2% and Oryza australiensis with cover <1%.

This community occurred in Soil unit 1e on the Knox Plain.

Ex4 Woodland of Excoecaria parvifolia, Melaleuca nervosa and Cathormion
umbellatum subsp. moniliforme over scattered Strychnos lucida shrubs and mid-dense
*Passiflora foetida var. hispida lianes.

Trees included Melaleuca nervosa, Excoecaria parvifolia, Cathormion umbellatum subsp.
moniliforme with patches of 90% cover, Barringtonia acutangula with cover >90% close to
river edge.

Shrubs and Herbs included Acacia holosericea, Neptunia monosperma, Abelmoschus
moschatus, Hibiscus panduriformis, Ammania baccifera.

Grasses included Panicum mindanaense, Leptochloa neesii, Eriachne glauca and Iseilema
fragile.

This community occurred in Soil Unit 7 along the Keep River.

Woodlands of Melaleuca species

Me1 Woodland of Eucalyptus sp., Corymbia sp., Terminalia grandiflora, Melaleuca
nervosa and Acacia difficilis over and open grassland of Eriachne obtusa, Chrysopogon
setifolius and Aristida holanthera var. holathera.

Trees included Eucalyptus microtheca, E. tectifica, Corymbia confertiflora, Terminalia
grandiflora with cover 2-23%, and Melaleuca nervosa.

Shrubs and Herbs included Cochlospermum fraseri, Platyzoma microphyllum, Buchanania
obovata, Triodia acutispicula and Acacia difficilis.

Grasses included Eragrostis cumginii, Setaria apiculata, Yakirra pauciflora.

This community occurred in Soil Type 8e on the Knox Creek Plain.

Me2 Low Woodland of Melaleuca viridiflora and Eucalyptus tectifica over open
shrubland of Acacia difficilis over open grasses and sedges.

Trees included Melaleuca viridiflora with cover 5-10%, Eucalyptus miniata with cover <1%,
E. microtheca with cover <1%.

Shrubs and Herbs included Grevillea agrifolia with cover 2-3%, Acacia difficilis with cover
2-3%, Grewia retusifolia with cover <5%.
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Grasses included Yakirra pauciflora, Schoenus punctatus, Aristida hygrometrica,
Fimbristylis squarrulosa.

This community occurred in Soil Unit 7a on the Keep River Plain.

Me3 Open shrubland of Melaleuca acacioides and Excoecaria parvifolia over scattered
grassland of Heteropogon contortus.

Trees included Melaleuca acacioides with cover 5-25%, Excoecaria parvifolia, Cathormion
umbellatum subsp. moniliforme.

Shrubs and Herbs included Hibiscus panduriformis, Ammania baccifera, Alternanthera
nodiflora, Flaveria australasica.

Grasses included Ophiuros exaltatus, Sporobolus australasicus, Chloris pumilio, Iseilema
fragile.

This community occurred in Soil Unit 7f on the Keep River Plain.

Me4 Woodland of Melaleuca minutifolia, Melaleuca viridiflora, Excoecaria parvifolia,
and Cochlospermum fraseri over an open to dense grassland of Themeda triandra and
Sorghum timorense.

Trees included Melaleuca minutifolia with cover 15-35%, Melaleuca viridiflora with cover
1-10%, Bauhinia cunninghamii with cover 1-2%, Eucalyptus microtheca with cover 1-2%,
Corymbia bella with cover <5%, Eucalyptus pruinosa with cover <5%.

Shrubs and Herbs included Cochlospermum fraseri with cover <5%, Dolichandrone
heterophylla, Carissa lanceolata, Bergia pedicellaris, Waltheria indica, Grevillea striata,
Polymeria calycina, Spermacoce auriculata, Abutilon hannii, Carissa lanceolata, Mimulus
uvedaliae all with cover <1%.

Grasses included Themeda triandra with cover 15-90%, Sehima nervosum with cover <15%,
Eragrostis scabra with cover <1%, Bulbostylis barbata with cover <1%, Sorghum plumosum
with cover <1%, S. timorense with cover <1%.

This community occurred in Soil Units 2a, 2a/3a, 3a/4a on the Keep River Plain.

Woodland of Buchanania obovata

Bo1 Low Woodland of Buchanania obovata and Bauhina cunninghamii over Open
Grassland of Sehima nervosum and Sorghum stipoideum.

Trees included Buchanania obovata, Bauhinia cunninghamii with cover 10-30%, Adansonia
gregorii, Grevillea pyramidalis, Corymbia confertiflora.

Shrubs and Herbs included Hibiscus panduriformis, Exocarpos latifolius, Waltheria indica,
Grewia retusifolia, Rhynchosia minima, Phyllanthus maderaspatensis.

Grasses included Sehima nervosum with cover 10-30%, Sorghum stipoideum with cover 10-
30%, Eragrostis elongata, Panicum mindanaense.
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This community occurred in small pockets of soil amongst dolomite blocks on a Dolomite
Hill in the Weaber Plain

Woodlands of Terminalia canescens

Tc1 Low Woodland of Terminalia canescens over a very open Heteropogon contortus
grassland.

Trees included Terminalia canescens with cover 10-15%, Cochlospermum fraseri with cover
2-3%, Ventilago viminalis with cover 1-2%, Atalaya hemiglauca, Grevillea pyramidalis,
Strychnos lucida.

Shrubs and Herbs included Owenia vernicosa, Flueggea virosa subsp. melanthesoides,
Capparis lasiantha

Grasses included Sehima nervosum, Sorghum sp., Enneapogon purpurescens.

This community occurred on a Sandstone Hill on the Knox Creek Plain.
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1 Summary

A survey of the vertebrate fauna of the black soil of the M2 Development Area of the Ord
River Irrigation Scheme was carried out in June 1999 to supplement a previous survey.  Pit
and Elliott trapping was used at six sites, two in each of the Weaber, Knox Creek and Keep
River plains, and birds were recorded opportunistically.

The survey recorded four species of frogs, 12 species of lizards, six species of snakes, 48
species of birds and three species of small mammals.  This is a relatively small fraction of
the species which may occur in the area, but a significant part of the common species.  The
numbers were limited by the early dry season timing, and the short duration of the trapping
programme.  The black soil plain areas are not rich in species or individuals.  Small
mammals are particularly limited, with only two species widespread and common.  The
black soil plain environment is harsh for fauna, with limited structural diversity in the
vegetation, a single soil type, prolonged flooding in summer, and dry conditions in winter
coupled with hard-setting soils.

The numbers of species and individuals caught by the trapping are too small to make any
useful statements about the variations between sites except that frogs were most common in
the wettest site.  There is very limited variation between the sites in terms of habitat features
for fauna, and it is not surprising that there are no obvious differences.

The survey did not locate Ctenotus rimacola which has recently been described as a black
soil plain endemic, although this species is not thought to be rare.

At least five of the reptile species collected are undescribed species, but this high number of
undescribed species is the result of limited collecting in this environment and the region in
general rather than any concentration of rare species.  There is also doubt about the
identification of some of the small mammals and further taxonomic work needs to be carried
out.

A list of the vertebrate fauna species which might be present is given.  Although a large
fauna is probably present there are few rare species.

On the basis of rare species it is unlikely that the proposed development would have a
significant impact.
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2 Introduction

A previous survey of the vertebrate fauna was undertaken by Ecologia Environmental
Consultants in October 1996 and February 1998. These surveys covered a larger area than
that proposed for development, with limited trapping on the black soil plains that would be
the focus of development.  Wesfarmers Limited, Marubeni Corporation and the Water
Corporation of Western Australia therefore commissioned an additional survey of the black
soil plain areas in June 1999 and this latter survey is the subject of this report.
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3 Methods

Six sites were surveyed, with two in each of the Weaber, Knox Creek and Keep River plains.
The sites were selected to cover the geographic range of the study area and the range of
variation within the black soil plains.  The sites are described in Appendix 1, and can be
summarised as:

•  Site 1:  Open woodland including Eucalyptus microtheca over dense short grasses.

•  Site 2:  Woodland of mixed trees over dense short grasses, and slightly damper than site
1.

•  Site 4:  Woodland of mixed trees over tall grasses in a relatively wet site.

•  Site 5:  Scattered trees over dense short grasses.

•  Site 7:  Open woodland over dense short grasses.

•  Site 8:  Scattered trees including Eucalyptus microtheca over tall grasses, and slightly
damper than site 7.

Lines of eight pit traps of 20 litre buckets were set in a drift fence of 50m, and 10 Elliott
traps were used at each site, except for Site 4 where only 5 Elliott traps were used.  The
Elliott traps were particularly aimed at rats and mice.  The pit traps were not baited, but the
Elliott traps were baited with oats, peanut paste and fish.

The traps were run between the 7 – 12 of June 1999 for five nights at Sites 7 and 8, four
nights at Sites 1, 2 and 5, and two nights at Site 4.  The weather was warm throughout the
trapping time.

Other species were recorded opportunistically during the day and night, including road kills
and any calls or other signs which could be identified.
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4 Results

4.1 SURVEY RESULTS

The survey was carried out at a time when the ground was just drying out after a prolonged
wet season.  The weather was warm and with no rain, so that the soil was drying out rapidly.
A tractor-mounted auger was necessary to excavate holes for the pit traps.

The species and individuals caught in the traps or nearby are listed in Table 1, along with
other records from black soil areas but not near a trapping site.

In addition to the results given in Table 1, the dragon lizard Diporiphora magna was found
near the Keep River, but not strictly on black soil.

Searching at night produced only large numbers of frogs that were difficult to catch because
they were in cracks in the soil, but most were the same species listed in Table 1.

Birds were recorded opportunistically, and the species identified are listed in Table 2.

Vertebrate species excepting bats that could be expected to occur on the black soil plains are
listed in Appendix 2.  Aquatic species, more typical of rivers, pools and wet sites within the
black soil were also not sampled.  Appendix 2 provides a full taxonomic list of the species.

Table 1 Individuals caught at the trapping sites or nearby

Species Trapping sites

1 2 4 5 7 8 Other

Limnodynastes convexiusculus 7 2

Limnodynastes tasmaniensis * 3 3 1 3 4

Litoria inermis 1

Litoria nasuta 1 8 10

Heteronotia binoei 2 1 2

Delma aff. tincta 1

Gemmatophora gilberti 6 3 3

Carlia munda 3 2

Cryptoblepharus aff. carnabyi 6

Cryptoblepharus aff. plagiocephalus 1

Ctenotus robustus 1 1

Menetia aff. greyii 5 1 5 1

Tiliqua scincoides 1

Varanus panoptes 2

Varanus scalaris * 2 2

Ramphotyphlops ligatus 1 1 2
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Table 1 Individuals caught at the trapping sites or nearby (continued)

Species Trapping sites

1 2 4 5 7 8 Other

Ramphotyphlops sp. 2 * 1

Acanthophis praelongus 1

Demansia sp. ?simplex * 1

Furina aff. ornata 1

Pseudechis australis 1

Planigale ingrami 2 1 1 1

Planigale maculata * 2 1

Leggadina lakedownensis 1

* species not recorded in Ecologia Environmental Consultants (1997) surveys.

Table 2 Species of birds observed within the study area

Species Common Name

ARDEIDAE

Ephippiorhynchus asiaticus * Jabiru

Ardea pacifica White-necked Heron

Egretta garzetta Little Egret

Nycticorax caledonicus Nankeen Night Heron

THRESKIORNITHIDAE

Threskiornis molucca Australian White Ibis

ACCIPITRIDAE

Hamirostra melanosternon Black-breasted Buzzard

Milvus migrans Black Kite

Haliastur sphenurus Whistling Kite

Circus assimilis Spotted Harrier

Aquila audax Wedge-tailed Eagle

Hieraaetus morphnoides Little Eagle

FALCONIDAE

Falco berigora Brown Falcon

Falco cenchroides Nankeen Kestrel

GRUIDAE

Grus rubicunda Brolga

OTIDIDAE

Ardeotis australis Australian Bustard

BURHINIDAE

Burhinus grallarius Bush Stone-curlew

COLUMBIDAE

Ocyphaps lophotes Crested Pigeon

Geopelia striata Peaceful Dove

Geopelia humeratus Bar-shouldered Dove
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Table 2 Species of birds observed within the study area (continued)

Species Common Name

CACATUIDAE
Calyptorhynchus banksii Red-tailed Black-Cockatoo

Cacatua roseicapilla Galah

Cacatua sanguinea Little Corella

Nymphicus hollandicus Cockatiel

PSITTACIDAE
Trichoglossus haematodus Rainbow Lorikeet

Aprosmictus erythropterus Red-winged Parrot

Melopsittacus undulatus Budgerigar

STRIGIDAE
Ninox novaeseelandiae Southern Boobook

TYTONIDAE
Tyto alba Barn Owl

PODARGIDAE
Podargus strigoides Tawny Frogmouth

CAPRIMULGIDAE
Eurostopodus argus Spotted Nightjar

HALCYONIDAE
Dacelo leachii Blue-winged Kookaburra

Todiramphus pyrrhopygia Red-backed Kingfisher

MEROPIDAE
Merops ornatus Rainbow Bee-eater

PARDALOTIDAE
Pardalotus striatus Striated Pardalote

MELIPHAGIDAE
Lichmera indistincta Brown Honeyeater

POMATOSTOMIDAE
Pomatostomus temporalis Grey-crowned Babbler

DICRURIDAE
Grallina cyanoleuca Magpie-lark

Rhipidura leucophrys Willie Wagtail

CAMPEPHAGIDAE
Coracina novaehollandiae Black-faced Cuckoo-shrike

Lalage sueurii White-winged Triller

ARTAMIDAE
Artamus cinereus Black-faced Woodswallow

Cracticus nigrogularis Pied Butcherbird

Gymnorhina tibicen Australian Magpie

CORVIDAE
Corvus orru Torresian Crow

ALAUDIDAE
Mirafra javanica Singing Bushlark

HIRUNDINIDAE
Hirundo ariel Fairy Martin

SYLVIIDAE
Cinclorhamphus mathewsi Rufous Songlark

Cisticola exilis Golden-headed Cisticola

* not recorded in Ecologia Environmental Consultants (1997) survey
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4.2 CONSERVATION STATUS OF SPECIES

The following species have a recognised conservation status:

Schedule 1 of the Wildlife Act as “Rare or likely to become extinct”.

Gouldian Finch (Erythrura gouldiae).  Discussed in Ecologia Environmental Consultants
1997 report.

Schedule 4 of the Wildlife Act as “In need of special protection”.

The Peregrine Falcon (Falco peregrinus), which is a widespread although uncommon
species which is threatened by egg-shell thinning due to pesticides, illegal hunting as a pest,
and capture for falconry and the cage trade.  Pesticides are a problem in only restricted areas
and in Western Australia this species is regarded as uncommon but secure.

In addition to these species which have a formal gazetted conservation status, the
Department of Conservation and Land Management also maintains a Priority list of species
which are restricted, vulnerable or too poorly known to be considered for gazetting.  These
species have no special protection, but their presence is normally considered.

The Priority list species which might occur are:

Priority 3

•  Brush-tailed Phascogale (Phascogale tapoatafa) which is widespread across northern
Australia but poorly known.  It is apparently sparsely distributed and possibly vulnerable.
It is also present in the south where it is has declined greatly and is regarded as very
vulnerable.

Priority 4

•  The Square-tailed Kite (Lophoictinia isura) which occurs widely across most of Australia
except the driest regions.  It prefers woodland areas but can be found in almost any
habitat.  This species is scarce but widespread and would not be threatened by the loss of
small areas of habitat.

•  The Grey Falcon (Falco hypoleucos) which occurs widely from the northern half of
Western Australia across into south-eastern and eastern Australia.  It occurs in a variety
of mainly open habitats.  It is rare everywhere and subject to great fluctuations, but it is
widespread and does not appear to have declined.  Again it would not be threatened by
the loss of small areas of habitat.

•  The Bush Stone-Curlew (Burhinus grallarius) which is widespread over much of
Australia although it has declined greatly in more settled areas and may have been
affected by fox predation in southern areas.  It prefers woodland with grass but can be
found in a variety of habitats.  It is present on the areas considered as a resident species,
and was recorded in the present survey.  It is potentially threatened in southern areas but
is probably secure in the north.

•  Lakeland Downs Mouse (Leggadina lakedownensis) which occurs in disjunct populations
in the Pilbara and Kimberleys but its status is uncertain.  While apparently rare this
species is now known to be widespread in northern Australia and it may turn out to be
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poorly collected rather than rare due to the limited collecting which has been carried out
regionally.

Priority 3 species are defined as “Taxa with several, poorly known populations, some on
conservation lands.  Taxa which are known from few specimens or sight records from one or
a few localities, some of which are on lands not under immediate threat of habitat destruction
or degradation.  The taxon needs urgent survey and evaluation of conservation status before
consideration can be given to declaration as threatened fauna”.

Priority 4 species are defined as “Taxa in need of monitoring.  Taxa which are considered to
have been adequately surveyed, or for which sufficient knowledge is available, and which
are considered not currently threatened or in need of special protection, but could be if
present circumstances change.  These taxa are usually represented on conservation lands”.

DISCUSSION

The survey produced four species of frogs, 12 species of lizards, six species of snakes, 48
species of birds and three species of small mammals. This is a relatively small fraction of the
species which may occur in the area, but a significant part of the common species.  The
numbers were limited by the early dry season timing, and the short duration of the trapping
programme.  The black soil plain areas are not rich in species or individuals.  Small
mammals are particularly limited, with only two species widespread and common.  The
black soil plain environment is harsh for fauna, with limited structural diversity in the
vegetation, a single soil type, prolonged flooding in summer, and dry conditions in winter
coupled with hard-setting soils.

The numbers of species and individuals caught by the trapping are too small to make any
useful statements about the variations between sites.  The only obvious feature is the high
number of frogs at Site 8 which was the wettest site pit trapped.  There is very limited
variation between the sites in terms of habitat features for fauna, and it is not surprising that
there are no obvious differences.

Five of the species recorded in the June survey, as indicated in Tables 1 and 2, were not
recorded in the Ecologia Environmental Consultants (1997) surveys. The June survey did not
record Ctenotus rimacola which has recently been described as a black soil plain endemic
(Horner and Fisher 1998) and which was listed in the Ecologia Environmental Consultants
(1997) as Ctenotus ? joanae.  Two specimens of the sibling species Ctenotus robustus (from
which Ctenotus rimacola was separated) were caught.  These results suggest that Ctenotus
rimacola is possibly not a common species.

At least five of the species collected (the species of Delma, both species of Cryptoblepharus,
the species of Menetia, and the species of Furina) are undescribed species.  These are known
to be different, and this high number of undescribed species is the result of limited collecting
in this environment and the region in general rather than a concentration of rare species.
There is also doubt about the identification of the Planigales and further work will be carried
out by the W.A. Museum.

On the basis of rare species it is unlikely that the proposed development will have a
significant impact.
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APPENDIX 1
LOCATIONS AND DESCRIPTIONS OF THE STUDY

SITES
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 Site 1: Knox Plain

 0498221; 827 6512

 Open Woodland of Eucalyptus microtheca and Excoecaria parvifolia over Grassland dominated by
Aristida latifolia, Panicum decompositum and Iseilema vaginiflorum.

 Eucalyptus microtheca 600-1200cm 5%

 Excoecaria parvifolia 300-600 cm 15%

 Terminalia oblongata ssp. volucris 150-300cm 1%

 Iseilema vaginiflorum 120cm 15%

 Aristida latifolia 150cm 50%

 Panicum decompositum 120cm 5%

 

 Site 2:  Knox Plain

 0498726; 8291463

 Woodland of Eucalyptus microtheca, Terminalia oblongata ssp. volucris and Atalaya hemiglauca and
Acacia ditricha over Grassland dominated by Panicum decompositum, Aristida latifolia and Iseilema
vaginiflorum.

 Terminalia oblongata ssp. volucris 400cm 15%

 Atalaya hemiglauca 200-800cm 5%

 Eucalyptus microtheca 600-1200cm 5%

 Acacia ditricha 200-450cm 1.5%

 Panicum decompositum 80cm 60%

 Aristida latifolia 150cm 5%

 Iseilema vaginiflorum 80cm 5%

 Herbs 120cm 5%

 

 Site 4:  Keep Plain

 0510139; 8297462

 Woodland of Bauhinia cunninghamii, Terminalia oblongata ssp. volucris, Acacia ditricha, Excoecaria
parvifolia and Atalaya hemiglauca over Tall Grassland dominated by Ophiuros exaltatus, Sorghum
timorense and Iseilema vaginiflorum.

 Bauhinia cunninghamii 350-900cm 15%

 Terminalia oblongata ssp. volucris 300-600cm 5%

 Atalaya hemiglauca 200-600cm 5%

 Acacia bidwillii 200-600cm 15%
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 Excoecaria parvifolia 200-600cm 5%

 Ophiuros exaltatus 250cm 20%

 Sorghum timorense 350cm 20%

 Iseilema vaginiflorum 150cm 15%

 Dichanthium sericeum 150cm 30%

 Chionachne hubbardiana 120cm 5%

 

 Site 5: Keep Plain

 0512806; 8302302

 Grassland dominated by Themeda triandra and Aristida latifolia with emergent trees of Acacia
ditricha and Bauhinia cunninghamii.

 Acacia ditricha 100-400cm 2%

 Bauhinia cunninghamii 200-400cm 8%

 Themeda triandra 150cm 30%

 Aristida latifolia 80cm 40%

 Sorghum timorense 150cm 5%

 Herbs 120cm 2%

 

 Site 7:  Weaber Plain

 0495013; 8295571

 Open Woodland of Bauhinia cunninghamii and Terminalia oblongata ssp. volucris over grassland
dominated by Aristida latifolia.

 Bauhinia cunninghamii 300-800cm 15%

 Terminalia oblongata ssp. volucris 400cm 10%

 Acacia ditricha 200-600cm 2%

 Aristida latifolia 100cm 85%

 Panicum decompositum 60cm 5%

 Flemingia pauciflora 20cm 5%

 Sehima nervosum 80cm 8%

 Herbs 1%
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 Site 8:  Weaber Plain

 0489154; 8294255

 Tall Grassland dominated by Oryza australiensis with emergent Eucalyptus microtheca and
Excoecaria parvifolia.

 Eucalyptus microtheca 600-1200cm 5%

 Excoecaria parvifolia 300cm 3%

 Oryza australiensis 300cm 55%

 Ophiuros exaltatus 300cm 15%

 Sorghum timorense 400cm 25%

 Herbs 2%
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APPENDIX 2
LIST OF VERTEBRATE SPECIES EXCEPT BATS

WHICH MAY OCCUR OR WHICH WERE RECORDED,
EXCEPT FOR PREDOMINANTLY AQUATIC SPECIES

INTRODUCED SPECIES ARE IDENTIFIED BY AN ASTERISK (*)
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Species Common Name

FROGS

LEPTODACTYLIDAE

Limnodynastes convexiusculus Marbled Frog

Limnodynastes tasmaniensis Spotted Grass Frog

Uperoleia trachyderma Blacksoil Toadlet

HYLIDAE

Cyclorana australis Giant Frog

Cyclorana cryptotis Hidden-ear Frog

Cyclorana cultripes Knife-footed Frog

Cyclorana vagitus Wailing Frog

Litoria inermis Peter's Frog

Litoria nasuta Rocket Frog

Litoria pallida Pale Frog

Litoria rubella Red Tree Frog

Litoria wotjulumensis Wotjulum Frog

REPTILES

GEKKONIDAE

Diplodactylus stenodactylus Widespread Gecko

Gehyra australis Top-end Dtella

Heteronotia binoei Binoe's Prickly Gecko

Oedura rhombifera Zig-zag Gecko

Strophurus ciliaris ciliaris Spiny-tailed Gecko

PYGOPODIDAE

Delma borea Northern Delma

Delma aff. tincta

Lialis burtonis Burton's Legless Lizard

Pygopus nigriceps schraderi Schrader's Scaly-foot

AGAMIDAE

Chelosania brunnea Chameleon Dragon

Chlamydosaurus kingii Frilled Lizard

Gemmatophora gilberti gilberti Gilbert's Arboreal Dragon

Tympanocryptis lineata macra Blacksoil Earless Dragon

SCINCIDAE

Carlia munda Neat Carlia

Cryptoblepharus aff. carnabyi

Cryptoblepharus aff. plagiocephalus

Ctenotus militaris Military Ctenotus

Ctenotus pantherinus acripes Spiny-footed Leopard Ctenotus

Ctenotus rimacola camptris Western Black Soil Ctenotus

Ctenotus robustus Robust Ctenotus

Glaphyromorphus isolepis Northern Bar-lipped Skink

Menetia aff. greyii

Proablepharus tenuis Northern Pygmy Skink

Tiliqua scincoides intermedia Northern Bluetongue
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Species Common Name

VARANIDAE

Varanus panoptes panoptes Northern Yellow-spotted Monitor

Varanus scalaris Spotted Tree Monitor

Varanus storri ocreatus Rusty Ground Monitor

Varanus tristis Black-tailed Monitor

TYPHLOPIDAE

Ramphotyphlops diversus diversus Northern Blind Snake

Ramphotyphlops guentheri Guenther's Blind Snake

Ramphotyphlops ligatus Robust Blind Snake

Ramphotyphlops unguirostris Claw-beaked Blind Snake

BOIDAE

Antaresia childreni Children's Python

Aspidites melanocephalus Black-headed Python

Liasis olivaceus olivaceous Olive Python

COLUBRIDAE

Boiga fusca ornata Northern Brown Tree Snake

Dendrelaphis punctulatus Common Tree Snake

Styporhynchus mairii Mair's Keelback

ELAPIDAE

Acanthophis praelongus Northern Death Adder

Demansia atra Black Whip Snake

Demansia olivacea Olive Whip Snake

Furina aff. ornata

Pseudechis australis Mulga Snake

Pseudonaja ingrami Ingram's Brown Snake

Pseudonaja modesta Ringed Brown Snake

Pseudonaja nuchalis Gwardar

Rhinoplocephalus pallidiceps Northern Small-eyed Snake

Simoselaps roperi Northern Shovel-nosed Snake

Suta ordensis Ord Curl Snake

Vermicella multifasciata Many-ringed Bandy Bandy

BIRDS

CASUARIIDAE

Dromaius novaehollandiae Emu

PHASIANIDAE

Coturnix ypsilophora Brown Quail

ACCIPITRIDAE

Elanus axillaris Black-shouldered Kite

Lophoictinia isura Square-tailed Kite

Hamirostra melanosternon Black-breasted Buzzard

Milvus migrans Black Kite

Haliastur sphenurus Whistling Kite

Circus assimilis Spotted Harrier



Appendix J - Attachment B 5-17

Species Common Name

Accipiter fasciatus Brown Goshawk

Accipiter cirrhocephalus Collared Sparrowhawk

Haliaeetus leucogaster White-breasted Sea-eagle

Aquila audax Wedge-tailed Eagle

Hieraaetus morphnoides Little Eagle

FALCONIDAE

Falco berigora Brown Falcon

Falco longipennis Australian Hobby

Falco hypoleucos Grey Falcon

Falco peregrinus Peregrine Falcon

Falco cenchroides Nankeen Kestrel

GRUIDAE

Grus rubicunda Brolga

OTIDIDAE

Ardeotis australis Australian Bustard

TURNICIDAE

Turnix velox Little Button-quail

Turnix pyrrhothorax Red-chested Button-quail

BURHINIDAE

Burhinus grallarius Bush Stone-curlew

CHARADRIIDAE

Elseyornis melanops Black-fronted Dotterel

Vanellus miles Masked Lapwing

GLAREOLIDAE

Glareola maldivarum Oriental Pratincole

Stiltia isabella Australian Pratincole

COLUMBIDAE

Phaps chalcoptera Common Bronzewing

Ocyphaps lophotes Crested Pigeon

Geopelia cuneata Diamond Dove

Geopelia striata Peaceful Dove

Geopelia humeratus Bar-shouldered Dove

CACATUIDAE

Calyptorhynchus banksii banksii Red-tailed Black-Cockatoo

Cacatua roseicapilla Galah

Cacatua sanguinea Little Corella

Nymphicus hollandicus Cockatiel

PSITTACIDAE

Trichoglossus haematodus rubritorquis Rainbow Lorikeet
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Species Common Name

Psitteuteles versicolor Varied Lorikeet

Aprosmictus erythropterus Red-winged Parrot

Platycercus venustus Northern Rosella

Melopsittacus undulatus Budgerigar

CUCULIDAE

Cuculus pallidus Pallid Cuckoo

Chrysococcyx osculans Black-eared Cuckoo

Chrysococcyx basalis Horsfield's Bronze-Cuckoo

Scythrops novaehollandiae Channel-billed Cuckoo

STRIGIDAE

Ninox novaeseelandiae Southern Boobook

TYTONIDAE

Tyto alba Barn Owl

PODARGIDAE

Podargus strigoides Tawny Frogmouth

CAPRIMULGIDAE

Eurostopodus argus Spotted Nightjar

AEGOTHELIDAE

Aegotheles cristatus Australian Owlet-nightjar

APODIDAE

Apus pacificus Fork-tailed Swift

HALCYONIDAE

Dacelo leachii Blue-winged Kookaburra

Todiramphus pyrrhopygia Red-backed Kingfisher

Todiramphus sanctus Sacred Kingfisher

MEROPIDAE

Merops ornatus Rainbow Bee-eater

CORACIIDAE

Eurystomus orientalis Dollarbird

MALURIDAE

Malurus melanocephalus Red-backed Fairy-wren

PARDALOTIDAE

Pardalotus rubricatus Red-browed Pardalote

Pardalotus striatus Striated Pardalote

ACANTHIZIDAE

Smicrornis brevirostris Weebill



Appendix J - Attachment B 5-19

Species Common Name

MELIPHAGIDAE

Philemon citreogularis Little Friarbird

Entomyzon cyanotis Blue-faced Honeyeater

Manorina flavigula Yellow-throated Miner

Lichenostomus plumulus Grey-fronted Honeyeater

Lichenostomus flavescens Yellow-tinted Honeyeater

Melithreptus gularis Black-chinned Honeyeater

Lichmera indistincta Brown Honeyeater

Ephthianura crocea Yellow Chat

PETROICIDAE

Melanodryas cucullata Hooded Robin

POMATOSTOMIDAE

Pomatostomus temporalis Grey-crowned Babbler

PACHYCEPHALIDAE

Pachycephala rufiventris Rufous Whistler

Colluricincla harmonica Grey Shrike-thrush

DICRURIDAE

Myiagra inquieta Restless Flycatcher

Grallina cyanoleuca Magpie-lark

Rhipidura leucophrys Willie Wagtail

CAMPEPHAGIDAE

Coracina novaehollandiae Black-faced Cuckoo-shrike

Coracina maxima Ground Cuckoo-shrike

Lalage sueurii White-winged Triller

ORIOLIDAE

Oriolus sagittatus Olive-backed Oriole

ARTAMIDAE

Artamus leucorhynchus White-breasted Woodswallow

Artamus personatus Masked Woodswallow

Artamus superciliosus White-browed Woodswallow

Artamus cinereus Black-faced Woodswallow

Cracticus torquatus Grey Butcherbird

Cracticus nigrogularis Pied Butcherbird

Gymnorhina tibicen Australian Magpie

CORVIDAE

Corvus orru Torresian Crow

PTILONORHYNCHIDAE

Chlamydera nuchalis Great Bowerbird
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Species Common Name

ALAUDIDAE

Mirafra javanica Singing Bushlark

MOTACILLIDAE

Anthus novaeseelandiae Richard's Pipit

Motacilla flava Yellow Wagtail

PASSERIDAE

Taeniopygia bichenovii Double-barred Finch

Poephila acuticauda Long-tailed Finch

Poephila personata Masked Finch

Neochmia ruficauda Star Finch

Erythrura gouldiae Gouldian Finch

DICAEIDAE

Dicaeum hirundinaceum Mistletoebird

HIRUNDINIDAE

Hirundo rustica Barn Swallow

Hirundo nigricans Tree Martin

Hirundo ariel Fairy Martin

SYLVIIDAE

Cinclorhamphus mathewsi Rufous Songlark

Cisticola exilis Golden-headed Cisticola

MAMMALS

DASYURIDAE

Dasyurus hallucatus Northern Quoll

Planigale ingrami subtilissima Long-tailed Planigale

Planigale maculata maculata Common Planigale

Phascogale tapoatafa pirata Brush-tailed Phascogale

MACROPODIDAE

Macropus agilis nigrescens Agile Wallaby

Macropus antilopinus Antilopine Wallaroo

Macropus robustus Euro

Onychogalea unguifera Northern Nailtail Wallaby

MURIDAE

Leggadina lakedownensis Lakeland Downs Mouse

Pseudomys delicatulus Delicate Mouse

* Mus musculus House Mouse

Rattus colletti Dusky Rat

Rattus villosissimus Long-haired Rat
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Species Common Name

CANIDAE

* Canis lupus dingo Dingo

FELIDAE

* Felis catus Feral Cat

EQUIDAE

* Equus asinus Donkey
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ntroduction

  This study was conducted to examine the impact of proposed clearing of land for
agricultural development in Stage 2 of the Ord River Irrigation Area project.  The proposal
envisages the clearing of extensive areas of floodplain vegetation.  Natural vegetation
corridors will be retained along waterways and rocky hillsides for conservation purposes.
This study surveyed the bat fauna of both the proposed development areas and the
conservation corridors to predict the impact of the proposal on populations of bats.

ethods

Study area
The study was conducted on Legune and Spirit Hills Stations in the Northern Territory and
on Ivanhoe and Carlton Hill Stations in Western Australia.  These properties are adjacent
along the Northern Territory and Western Australian border, north of Kununurra.  The
survey was conducted from the 6th to the 11th June 1999.  The area consists of isolated
rocky ranges of sandstone and quartzite of up to 200 m elevation, separated by floodplains
of black cracking clays.  The vegetation is predominantly open savannah woodland of
mixed eucalypt species.  Riverine (Pandanus and Melaleuca) forest and monsoon forest
occur along waterways and near springs.

Survey sites were selected to sample the geographic range and the broad habitat types
found in the area.  Details of these sites are provided in Table 1.

Table 1. Location and habitat of sites used to survey bats.

Site Location Latitude Longitude Date Habitat

1 Spirit Hills Camp 15o 26.3S 129 o 01.2E 6/6/99 Rocky outcrop
2 Legune Rd (pit trap site 4) 15 o 23.8S 129 o 05.6E 7/6/99 Floodplain
3 Keep River, 0.4 km N Legune Rd 15 o 23.9S 129 o 04.5E 7/6/99 Riverine
4 Kneebone dam 15 o 24.6S 129 o 07.4E 7/6/99 Floodplain (dam)
5 1.3 km S of Kneebone Yd (pit trap

site 3)
15 o 25.4S 129 o 07.5E 7/6/99 Floodplain

6 Nth Keep, 1.6 km N of Legune Rd 15 o 22.7S 129 o 07.7E 8/6/99 Floodplain (dam)
7 Nth Keep (pit trap site 5) 15 o 21.3S 129 o 07.1E 8/6/99 Floodplain (dam)
8 Keep River, end of tk past pit site 5 15 o 20.1S 129 o 05.7E 8/6/99 Riverine
9 Main Nth Keep Tk, 1 km N of tk to

site 7
15 o 21.3S 129 o 07.8E 8/6/99 Floodplain (dam)

10 Nth Keep, fenceline W of locked
gate

15 o 19.2S 129 o 07.9E 8/6/99 Floodplain

11 Nth Keep, 1.1 km S of locked gate 15 o 19.6S 129 o 07.8E 8/6/99 Floodplain
12 Milligans Tk, 3.6 km S of Legune

Rd (pit trap site 2)
15 o 28.0S 128 o 58.5E 9/6/99 Floodplain

13 Milligans Lagoon 15 o 37.0S 129 o 00.3E 9/6/99 Riverine
14 Point Springs Tk, 5.2 km N of

Legune Rd
15 o 25.3S 128 o 53.4E 10/6/99 Floodplain

15 Point Springs 15 o 24.6S 128 o 53.2E 10/6/99 Wetland/rocky
hills

16 Cave Springs Cave 15 o 31.7S 128 o 50.0E 11/6/99 Rocky hills

I
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Survey methods

Mist nets

Monofilament mist nets were set over water at dusk and monitored continuously for
several hours.  Net effort is expressed as net-hours (the number of mist nets times the
hours of operation).  Bats were caught in the net as they flew over the water to drink or to
forage for insects.  All bats captured were held in individual cloth bags until processed.
Bats were weighed to the nearest 0.5 gram and a range of measurements taken to confirm
species identification.  Individuals were examined to determine sex, age and reproductive
condition.  All captured bats were released on the same night at their point of capture, after
the nets had been closed.

Harp traps

Harp traps (Austbat, Lower Plenty Vic) were set in a variety of locations both near water
and out in the open, often near large trees or along tracks where trees were denser.  The
traps consist of a large aluminium frame strung with fine fishing line with a catching bag
underneath.  They were set during the day and left for the entire night, as unlike mist nets
they do not require constant attention.  Traps were usually checked once or twice during
the evening and again in the morning.  Bats caught prior to the night checks were
processed and released immediately.  Those caught during the pre-dawn period were kept
in individual cloth bags and released at the capture site the following evening after dark.
Trapping effort is defined as the number of traps per night (trapnights).

Searching caves

Rocky outcrops and cliff lines were searched during the day for caves and rock splits
which could provide potential roost sites for bats.  All accessible caves and splits along a
length of cliff line were examined for the presence of bats.  Individuals were captured with
a hand net, identified and released.

Trapping (using either mistnets, harp traps or hand caught in caves) allowed positive
identification of individuals for all species, except for two species of broad-nosed bats
Scotorepens greyi and S. sanborni.  These species can not be reliably separated on external
features (Churchill 1998), and hence in this report have been combined.

Ultrasonic detectors

Anabat ultrasonic detectors (Titley Electronics, Ballina NSW) were used to monitor levels
of bat activity.  These units detect the high frequency echolocation calls produced by
insectivorous bats and divide the frequency down to an audible level.  The calls are then
downloaded onto a laptop computer via an Anabat zcaim.  The detector units, consisting
of a detector, zcaim, laptop computer and external 12 V batteries (Plate 1) were set at sites
in the afternoon and collected in the morning.  Sites were selected both near water and
away from water.  An additional unit, which was used primarily to record reference calls,
was set for several hours during mistnetting.

Detectors have the advantage over trapping in that they do not require individuals to be
handled for identification, and they are not dependent on flight paths to funnel bats into
traps or nets.  To confidently identify species using this technique it is necessary to obtain
reference calls from the local bat population.  This requires individuals being trapped and
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their calls recorded on release.  Detectors are appropriate for only certain types of bats.
Several species cannot be recorded as their calls are too soft, of too high a frequency or
because they do not use ultrasound (fruit bats).  However many high-flying species of
sheathtail and freetail bats that are difficult to trap, are readily recorded using this
technique.

Plate 1.  The ultrasonic bat detector units used to record bat activity.

Reference calls were recorded from most trapped individuals on their release.  To ensure
that the released bat could be followed and distinguished from other bats flying in the area,
individuals were fitted with a small chemical light (Cyalume).  This capsule was lightly
glued to the belly fur, and the bat released in the dark.  To obtain diagnostic calls bats need
to be free flying in the open.  A total of 80 useable reference calls were obtained from 11
species.  An example of a reference call from each species is provided in Appendix 1.  We
did not catch several species known from the region, and therefore were unable to obtain
local reference calls from these species.  Additional reference calls were obtained from
elsewhere in Australia, however there is still a certain level of uncertainty about some call
identifications, where known species maybe confused with other unrecorded species.

Identification of several species was not possible, even with good reference calls, as their
calls overlap in all measurable parameters.  Chalinolobus nigrogriseus and Scotorepens
greyii were combined during the analysis as we, and other researchers (Linda Reinhold,
pers. comm.) found their calls to be inseparable.  From the limited number of Scotorepens
sanborni calls available from north Queensland the calls of this species overlapped as well
and so it was also combined with this group.  Other species could be distinguished from
some, but not all, calls.  These were separated where possible and combined into a species
complex where not possible.  For example, Chalinolobus gouldii could at times be reliably
identified, however other calls could not be confidently distinguished from Scotorepens
balstoni.
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A number of species trapped in the area are rarely recorded on detectors because of the
limited range of their echolocation calls, for example the long-eared bats (Nyctophilus),
leaf-nosed bats (Hipposideros and Rhinonycteris) and Ghost bats (Macroderma).  We
were able to obtain reference calls from these species only when they were very close to
the detector microphone.  For example, Hipposideros ater could only be detected about 20
cm from the microphone.  Detecting this species on the remote detector units was
therefore very unlikely.

Species of freetail bats (Chaerophon and Mormopterus) and sheathtail bats (Taphozous
and Saccolaimus) have loud and often distinctive calls.  These are usually well represented
in the call data.  These species however are rarely captured, illustrating the importance of
using a combination of techniques in a survey of bats.

Flying foxes (Pteropus) and blossom bats (Macroglossus) do not use echolocation and are
therefore not detected using this method.

The amount of survey effort at each site using each of the techniques is shown in Table 2.

Table 2.  The amount of survey effort undertaken during the five nights of sampling.

Site No. Mist net hours Trap nights Detector hours Cave Search

1 5 9.5 2 hr
2 12
3 3 12
4 6 2 1.5
5 1 0 (failed)
6 1
7 9 1 12
8 1
9 12

10 1 12
11 1
12 1 12
13 12 5 14 *
14 1 12
15 12 4 12 1 hr
16 1 hr

Total 39 hr 27 trapnights 121 hr 4 hr

*  two detectors were set at Milligans Lagoon – one for the entire night at the southern end of the lagoon, and
one for 2 hrs while mistnetting at the northern end.

Limitations of the survey
Time limitations were a problem during this survey.  With only 5 nights available it was
difficult to sample the study area adequately.  It also restricted the number of reference
calls we could collect, which in turn influenced our ability to be able to identify the
unknown detector calls.  Species for which no reference calls were available (from either
this or other areas) could not be identified during this study.
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esults

A total of 14 species of bats were recorded during this survey of the Ord River Irrigation
Stage 2 area.  All these species are insectivorous, except for Macroderma gigas which is
carnivorous.  No fruit and blossom feeding species were recorded during this survey.
During 39 hours of mistnetting and 29 harp trapnights, 98 individuals of 12 species were
trapped (Table 3).  An additional species, Taphozous georgianus, was caught during cave
searches (Plate 2).  A total of 5860 bat detector calls were identified revealing six species
and two species complexes.  The most commonly trapped species was Chalinolobus
nigrogriseus with 47% of all captures.  Similarly, the species complex of Chalinolobus
nigrogriseus/Scotorepens greyii/S. sanborni was the most commonly recorded with over
60% of the calls attributed to this complex.  The trapping results would suggest that the
majority of these calls were C. nigrogriseus.  The fast flying species which forage high
above the canopy were recorded frequently using the detector, but were rarely trapped (eg.
Saccolaimus flaviventris, Taphozous georgianus, Chaerophon jobensis).  In contrast, the
species with very low intensity echolocation calls were more readily trapped than recorded
on the detectors (Table 3).

Table 3.  The number of individuals of each species caught and the number of bat
calls recorded on the detectors.  Individuals hand caught include those from cave and
building searches.

Species Mist
net

Bat
trap

Hand
caught

Bat
detector

Yellow-bellied Sheathtail Bat Saccolaimus flaviventris 1 654
Common Sheathtail Bat Taphozous georgianus 10 * 261
Ghost Bat Macroderma gigas 1 0
Dusky Leaf-nosed Bat Hipposideros ater 4 1 0
Orange Leaf-nosed Bat Rhinonycteris aurantius 1 0
Gould’s Wattled Bat Chalinolobus gouldii 2 27
Hoary Wattled Bat Chalinolobus nigrogriseus 25 29 -
Large Bent-wing Bat Miniopterus schreibersii 2 3 208
Arnhem Long-eared Bat Nyctophilus arnhemensis 2 0
Pygmy Long-eared Bat Nyctophilus walkeri 6 0
Inland Broad-nosed Bat Scotorepens balstoni 2 0
Little/Northern Broad-nosed
Bat

Scotorepens
greyii/sanborni

1 -

Northern Cave Bat Vespedalus caurinus 2 17 5 568
Northern Freetail Bat Chaerophon jobensis 30

Composite groups Chalinolobus nigrogriseus
/ Scotorepens greyii / S.
sanborni

3566

Chalinolobus gouldii /
Scotorepens balstoni

49

Total 36 62 16 5860

*  another 20 seen but not caught.

R
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Plate 2.  The Common Sheathtail Bat Taphozous georgianus was found roosting in
caves and rock crevices.

To assess the impact of the proposed development on the foraging habitat of the bats in the
region, a comparison was made between sites located in the floodplain habitat and those
associated with riverine or rocky habitat which are proposed as conservation reserves.
Results from trapping data is presented in Table 4.  Six species were caught in the
development area while 11 species were caught in the conservation areas.  The most
commonly trapped species, in both the development and conservation areas, was
Chalinolobus nigrogriseus (Plate 3).  Several of the species caught in the conservation
areas but not in the floodplain area were species which roost in caves (eg. Macroderma
gigas, Hipposideros ater, Rhinonycteris aurantius).  One individual of the Scotorepens
greyii/sanborni complex was caught in the development area, while none were trapped in
the conservation area.

Plate 3.  The Hoary Bat Chalinolobus nigrogriseus was the most common species in
the area.
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Table 4.  Comparison of species of bats captured on proposed development areas
versus conservation areas.
a)  Proposed development areas – floodplain habitat.

Species Site Total

4 5 6 7 10 11 12 14

Chalinolobus gouldii 2 2
Chalinolobus nigrogriseus 2 9 19 30
Miniopterus schreibersii 2 1 1 4
Scotorepens balstoni 1 1
Scotorepens greyii/sanborni 1 1
Vespedalus caurinus 1 1

Number of species 3 0 3 3 0 1 0 0 6
Number of captures 5 0 11 22 0 1 0 0 39

b)  Proposed conservation areas – riverine and rocky habitat.

Species Site Total
1 3 8 13 15 16

Saccolaimus flaviventris 1 1
Taphozous georgianus 1 3 6 10
Macroderma gigas 1 1
Hipposideros ater 3 1 1 5
Rhinonycteris aurantius 1 1
Chalinolobus nigrogriseus 3 15 6 24
Miniopterus schreibersii 1 1
Nyctophilus arnhemensis 1 1 2
Nyctophilus walkeri 1 5 6
Scotorepens balstoni 1 1
Vespedalus caurinus 8 8 3 4 23

Number of species 6 4 0 3 6 2 11
Number of captures 17 25 0 11 15 7 75

Six species and one species complex were identified using the detectors.  All of these were
found in both the proposed development and conservation areas (Table 5).  However,
overall levels of bat activity were much lower in the development areas, with seven times
as many calls recorded in the conservation areas as in the development areas (86 calls/hr
compared to 12 calls/hr).  The comparative levels of activity in the two areas in shown in
Fig. 1.  The Chalinolobus nigrogriseus/Scotorepens greyii/S. sanborni complex was the
most commonly recorded in both areas, representing 75% of calls in the floodplain and
59% in the conservation areas.  Taphozous georgianus and Vespadelus caurinus were
recorded proportionally more often in the conservation areas (5% vs 0.5% and 12% vs
0.3% of total records respectively).  The other species were recorded in the same relative
proportions in both areas.
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Table 5.  Comparison of the number of bat detector calls recorded on proposed
development areas versus conservation areas.
a)  Proposed conservation areas – riverine and rocky habitat.

Species Site Total Calls
2 4 7 9 10 12 14 / hr

Saccolaimus flaviventris 4 25 2 11 9 3 1 55 0.89
Taphozous georgianus 1 1 2 4 0.07
Chalinolobus gouldii 3 1 4 0.07
Chalinolobus nigrogriseus /
   Scotorepens greyii/sanborni

10 151 4 218 16 167 4 570 9.27

Miniopterus schreibersii 8 5 18 2 33 0.54
Vespedalus caurinus 1 1 2 0.03
Chaerophon jobensis 1 1 2 0.03
Unidentified 3 2 13 28 31 13 92 1.50

Number of ‘species’ 3 4 3 4 5 4 4 7
Number of calls 18 191 7 248 73 204 21 762 12.39

b) Proposed conservation areas – riverine and rocky habitat.

Species Site Total Calls Total % total
1 3 13 15 / hr both

areas
records

Saccolaimus flaviventris 84 246 223 46 559 9.39 654 11.1%
Taphozous georgianus 231 21 1 4 257 4.32 261 4.5%
Chalinolobus gouldii 1 16 6 23 0.39 27 0.5%
Chalinolobus nigrogriseus /
   Scotorepens greyii/sanborni

627 1225 302 842 2996 50.35 3566 60.9%

Miniopterus schreibersii 136 8 21 10 175 2.94 208 3.5%
Vespedalus caurinus 66 160 187 209 622 10.45 624 10.6%
Chaerophon jobensis 18 7 2 1 28 0.47 30 0.5%
Unidentified 92 174 58 74 398 6.69 490 8.4%

Number of ‘species’ 6 7 7 7 7 7
Number of calls 1254 1842 810 1192 5098 85.68 5860

Table 6.  Summary of the detector and trapping results from proposed development
areas versus conservation areas and corridors.

Proposed Development Areas
floodplain habitat
(Sites  2, 4, 5, 6, 7, 9, 10, 11, 12, 14)

Proposed Conservation Areas
waterways & rocky outcrops
(Sites  1, 3, 8, 13, 15, 16)

•  average 12.4 bat calls / hr
•  762 calls during 61.5 detector hr
•  7 species recorded

•  average 85.7 bat calls / hr
•  5098 calls during 59.5 detector hr
•  7 species recorded

•  6 species captured
•  39 captures during 15 net hours and 8

trap nights

•  11 species captured
•  72 captures during 24 net hours and 19

trap nights

•  total of 9 species recorded •  total of 13 species recorded
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An overall comparison of the results from the sites in the conservation and proposed
development areas is provided in Table 6.  Species diversity and abundance were higher in
the conservation areas.  All the species recorded in the development area were recorded in
the conservation area, with the possible exception of Scotorepens greyii/sanborni.  This
species complex was only caught in the development area.  As its calls could not be
distinguished from the common Chalinolobus nigrogriseus its distribution and habitat use
can not be fully ascertained.  These species however are generally common and
widespread in northern Australia.

Fig. 1.  Comparison of the number of bat calls recorded from the proposed
development and conservation areas.
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Annotated species list

Species recorded during the study

Yellow-bellied Sheathtail Bat  Saccolaimus flaviventris
Saccolaimus flaviventris is a fast, high-flying species that forages over a wide region
searching for insect prey (Plate 4).  They usually roost in tree hollows but have been
recorded from a variety of strange sites, such as cracks in dry clay.  They are rarely
captured, as they stay high above the canopy out of range of nets and traps.  During the
survey they were often seen in the beam of a spotlight more than 10 m above the ground.
This species can be identified in flight by its large size, flight pattern and distinctive white
belly fur.  The one individual we caught was coming down to water to drink at Milligans
Lagoon.  Although rarely caught, they have loud and distinctive calls and are readily
recorded using detectors.  They occur in all habitats and were encountered at all detector
sites.

Plate 4. Yellow-bellied Sheathtail Bat Saccolaimus flaviventris was commonly
recorded on the detectors and regularly seen in spotlights.

Common Sheathtail Bat  Taphozous georgianus
This species is an inhabitant of the rocky hills and outcrops throughout the study area.
They usually roost in caves and rock splits in small groups of 2 to 3, and several were
found while searching cliff lines at Spirit Hills and Point Springs.  A larger colony of 35
individuals was found roosting at Cave Springs.  They typically roost in the twilight zone
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near the entrance to caves and crevices, however retreat into darker sections when
disturbed.  They are fast high-flying bats that are capable of foraging for insects over large
areas.  All roosting sites for this species in this area will be within the proposed
conservation areas.  The detector results revealed that the majority of the foraging also
occurs close to rocks, with 98% of the calls of this species recorded from the proposed
conservation areas.

Ghost Bat  Macroderma gigas
This species is an inhabitant of caves and rock splits.  It is still moderately common in the
Top End of the Northern Territory although it has suffered a massive decline in its range in
inland and southern Australia this century (Churchill and Helman 1990).  This unusual
species is carnivorous and eats birds, lizards, small mammals, bats and large invertebrates.
It was recorded only once during the survey, with a single individual captured in a mist net
at Milligans Lagoon.  Due to its quiet echolocation call it was not expected to be recorded
on the detectors.  It is able to utilise a broad range of habitats.  Most foraging occurs
within 2 km of roost sites.

Orange Leaf-nosed Bat  Rhinonycteris aurantius
Rhinonycteris aurantius is a rare species that is restricted in its range to the Top End,
Kimberley and Pilbara.  It only roosts in caves with unusually high temperature and
humidity (28oC to 32oC, and 96-100% humidity) (Churchill 1998).  These cave conditions
are rare and this usually limits the distribution of the species.  The presence of this species
in the area is of conservation significance.  Only one individual was captured, in a harp
trap near the Spirit Hills Camp.  It is not known where this individual was roosting.  No
caves located in the area matched the microclimate used by this species, except for Cave
Springs.  One specimen was collected from this cave in 1966, however, none were using
the site during our survey, nor during numerous visits over the last 20 years (Churchill
pers. obs.).  As the caves often used by this species have small entrances it is possible that
there are undiscovered caves in the Cave, Pincombe or Weber Ranges that may be suitable
for this species.  Individuals can forage up to 30 km from their roost site.  Cave Springs is
25 km from where this individual was caught at Spirit Hills.

Dusky Leaf-nosed Bat  Hipposideros ater
Hipposideros ater is also a restricted cave dwelling species(Plate 5).  This slow flying
species does not range far from its cave roosts and usually forages in cluttered habitats.
Several were captured in bat traps near rocky areas, two were seen in the cave at Cave
Springs and a dead one was found in a small cave near Spirit Hills Camp.

Gould’s Wattled Bat  Chalinolobus gouldii
Chalinolobus gouldii is a very common species that is widespread throughout Australia.  It
is a tree-dwelling species that flies rapidly, usually below the canopy.  It was surprisingly
uncommon in the study area with only two individuals captured.  It was represented in the
detector calls in only low numbers and at only a few of the sites, mostly in the
conservation areas.



13

Plate 5.  Dusky Leaf-nosed Bat Hipposideros ater is a small cave-dwelling species.

Hoary Wattled Bat  Chalinolobus nigrogriseus
Chalinolobus nigrogriseus is a very common species across northern Australia.  Like C.
gouldii it roosts in tree hollows and eats flying insects.  It was the most common species
recorded in this study.  60% of all the echolocation calls were identified as the species
complex which included this species.  It was the most commonly captured bat (54
captures) representing 47% of all bats trapped.  This suggests that the majority of the calls
recorded as the species complex were likely to be C. nigrogriseus.  It appears to be the
dominant species of both the floodplain and proposed conservation areas, and the call was
detected at every site.  It was encountered far more commonly in the conservation areas
than the proposed development area, with the recording rate over five times greater.

Large Bent-wing Bat  Miniopterus schreibersii
Miniopterus schreibersii is a common cave-dwelling species of northern and eastern
Australia.  In northern Australia it roosts in a variety of cave climates and is often found in
small colonies.  It is not known where this species roosts within the study area.  It is a very
mobile species and will forage over a large area.  It was captured more commonly in the
proposed development area (although this is based on only a small number of captures),
but their calls were detected more commonly in the conservation areas.

Arnhem Long-eared Bat  Nyctophilus arnhemensis
Nyctophilus arnhemensis is restricted to the Top End and the Kimberley.  It is rarely found
far from the coast or from waterways.  It has a preference for riverine, monsoon and
mangrove vegetation and will roost under the loose bark of Melaleuca trees and in
Pandanus.  This species was only captured twice, both times near water along the Keep
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River and at Point Springs.  The echolocation call is faint, and like most species of long-
eared bats, is rarely recorded on detectors.

Pygmy Long-eared Bat  Nyctophilus walkeri
Nyctophilus walkeri is restricted to the Top End and western Kimberley (Plate 6).  The
capture of 6 individuals during this study represents a slight range extension, the first
record from the eastern Kimberley.  This is not unexpected as there has been little previous
survey of bats in this region and it is likely that their range will be found to be continuous
along the coast.  They have a preference for foraging in the dense vegetation along
riverbanks and mangroves and are rarely captured far from water.  During this study
individuals were caught along the Keep River and at Point Springs.

Plate 6.  The Pygmy Long-eared Bat Nyctophilus walkeri is the smallest species of
long-eared bat.

Inland Broad-nosed Bat  Scotorepens balstoni
Scotorepens balstoni is a common species throughout inland Australia.  Its distribution
rarely extends to the coast and its presence in the study area was a surprise and a range
extension of several hundred kilometres.  Only two individuals were captured, one at Point
Springs, and one in the proposed development area in the northern Keep.  Their
echolocation calls overlap with Chalinolobus gouldii and none of the calls recorded during
this study could be confidently attributed to this species.  Therefore little data could be
obtained on their use of habitats within the area.

Little Broad-nosed Bat and Northern Broad-nosed Bat  Scotorepens greyii/
Scotorepens sanborni
It is not possible to distinguish these two species from external characteristics, and
therefore it was necessary to combine them.  Broad-nosed bats are common and usually
readily caught throughout northern Australia.  It was therefore surprising that only one was
caught during this survey.  This individual was trapped in the proposed development area
at the Kneebone dam.  Their echolocation calls are indistinguishable from those of the
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common C. nigrogriseus and these were combined into a species complex (C.
nigrogriseus / S. greyii / S. sanborni) during the call analysis.  Without further survey
effort it is difficult to say how common these species are likely to be in the area.

Northern Cave Bat  Vespadelus caurinus
Vespadelus caurinus is restricted to the Top End and the Kimberley where it is found
commonly, roosting in small numbers in caves, abandoned mines and buildings (Plate 7).
A colony of 6 was found roosting in one of the rooms in the Spirit Hills camp, and judging
by the quantity of droppings on the floor in these rooms, this building is a common roost
site.  Only one individual was captured in the development area, but they were captured at
most sites in the conservation areas.  They were recorded commonly at all conservation
sites using the detectors, but by only a single call at two sites in the proposed development
area.  The roost sites of this species are likely to be in the conservation areas, and from the
detector data it is apparent that this species rarely forages away from these areas, and little
use is made of the floodplain.

Plate 7. The Northern Cave Bat  Vespadelus caurinus was found roosting in buildings
at the Spirit Hills station.

Northern Freetail Bat  Chaerophon jobensis
This species (Plate 8) was not captured during the study but it has a distinctive
echolocation call that was recorded at all sites in the conservation area.  In contrast, it was
only recorded at two sites in the proposed development areas, by a single call at each.  It
therefore appears to make little use of the floodplain in this area.  It is widespread across
northern Australia and extends well into the arid regions.  It is a fast, high-flying species
that usually forages well above the canopy for large insects.  It usually roosts in tree
hollows, but will occasionally use caves or buildings.
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Plate 8. Northern Freetail Bat Chaerophon jobensis was not caught during this
survey but could be identified by its distinctive echolocation call.

Species not recorded during the study but expected to be present

Northern Long-eared Bat  Nyctophilus bifax
This species occurs in a discontinuous belt along the east and north coasts of Australia.  It
favours wetter habitats such as monsoon forests and riverine vegetation but also extends a
short distance out onto the floodplain.  It is not a commonly captured species but is likely
to occur in the study area in the conservation areas, along the rivers and waterways.

Lesser Long-eared Bat  Nyctophilus geoffroyi
Nyctophilus geoffroyi is one of the most common and widespread bats in Australia.  It is
found in almost all habitats and roosts almost anywhere (except caves).  It was surprising
therefore, that none were caught during this study.  As with all long-eared bats its
echolocation calls are faint and difficult to record.  While we did not find this species in
the area, it is likely to occur there or nearby.

Beccari’s Freetail Bat  Mormopterus beccarii
Mormopterus beccarii is a common species across tropical Australia and uses a wide
range of habitats from rainforests to arid shrublands and spinifex.  It usually roosts in tree
hollows.  It was not captured during this study and was not recorded on the bat detectors.
We were unable to obtain definite reference calls on which to base call identification,
however, it appears that its calls are similar to those of Taphozous georgianus.  Therefore
it is possible that calls may have gone unrecognised.  Elsewhere in its range M. beccarii is
often recorded at waterholes in floodplain areas, and as virtually all of the calls identified
as T. georgianus in this study were close to rocky areas used as roosts by T. georgianus it
is most likely that they did represent that species.  To determine if the species does occur
in the region further trapping would be required.  When individuals were caught reference
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calls could be collected which would then enable the use of detectors to fully ascertain its
distribution and habitat use.

Black Flying-fox  Pteropus alecto
This flying-fox was not seen during the survey.  These bats are frugivorous and
nectarivorous, feeding primarily on the blossoms of eucalypts, Melaleuca and Grevillea.
Their local distribution is very dependent on what trees are in fruit or flower at the time.
Very few trees were in flower in the study area during our survey, and hence it was not
surprising that we did not record them.  The aboriginal people that we met at the camp told
us that they form large camps near Milligans Lagoon when these trees are in flower.  They
are common across northern Australia and can occur in camps containing many thousands
of individuals.  Although the development will result in the loss of flowering trees used for
foraging, the retention of the vegetation along the waterways is the most important
consideration for their conservation.  These areas provide the most suitable camp sites and
also support many flowering trees such as the Melaleucas.

Little Red Flying-fox Pteropus scapulatus
This species was not recorded during the study but it would undoubtedly occur there at
times.  Like P. alecto they depend on flowering trees for their food.  They tend to be more
solitary and nomadic than P. alecto.  The proposed development, while reducing the
availability of food resources, would cause relatively little impact on this species.

Other species of bats that may occur in the study area

Northern Blossom Bat  Macroglossus minimus
Macroglossus minimus has not been recorded from this part of the Kimberley but it is
possible that it does occur there.  It is restricted to riverine vegetation and monsoon
thickets.  If it does occur in the study area, it is likely to be found only in the conservation
areas, and hence the impact of the proposed development on this nectar-eating species
would be minimal.

Northern Pipistrelle  Pipistrellus westralis
Pipistrellus westralis is a coastal species that has been recorded from mangroves and
along waterways into Melaleuca swamps and freshwater mangroves.  It is possible that it
occurs along the lower reaches of the Keep River, but is unlikely to occur elsewhere in the
study area.  No individuals were caught during the survey, and it was not possible to obtain
reference calls of this species.  To ascertain its presence in the area, further trapping would
be required and reference calls collected.  If it does occur in the area its preferred habitat is
unlikely to be affected by development.
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iscussion

Effect of clearing on bat populations
Clearing the floodplain vegetation will have an impact on the bat populations in that
available foraging habitat will be reduced and some roost trees destroyed.  However, the
areas of natural vegetation preserved on the hills and along waterways will minimise the
impact.  During this survey all of the 14 species recorded were found in the proposed
conservation areas except for Scotorepens greyii/sanborni which was only caught in the
development area.  As its calls could not be distinguished from the common Chalinolobus
nigrogrieus it was not possible to ascertain its habitat use by the detector calls.  These
species are usually widespread and common and so it is likely that they also occur in the
conservation areas.  Bats are very mobile and consequently forage over a wide area, and in
a number of habitats.  Their most limited resources are roost sites.  The retention of
vegetation corridors along waterways will provide sufficient large trees and thick
vegetation to support many roost sites for forest dwelling bats.  The hills already provide
suitable roost sites for the cave dwelling species.  The data collected during this survey has
shown that there is both a lower diversity and abundance of bats foraging out on the
floodplain.  In addition the species recorded on the floodplain are all ubiquitous species
that occur commonly throughout much of northern Australia.  While none of the species
recorded during this survey are listed as threatened in the national Action Plan for
Australian Bats (Duncan et al. in press), several are considered to be of conservation
significance, such as Macroderma gigas, Rhinonycteris aurantius and Hipposideros ater.
These are all cave dwelling and although parts of their foraging habitat will be modified
(and probably support less invertebrate prey) their roosts will be left intact.  This is also
the case with the uncommon Nyctophilus walkeri and N. arnhemensis.  These species are
primarily restricted to riverine habitats and are known to roost under the bark of paperbark
trees, in palm fronds, and inside Pandanus leaf clumps.  All these roosts are found along
rivers.  The fast flying bats such as Saccolaimus flaviventris, Taphozous georgianus and
Chaerophon jobensis, are likely to continue foraging above the floodplain even after
clearing as they are commonly encountered in agricultural lands elsewhere in Australia.
However, it is not known to what extent the abundance of their insect prey will be
affected.

Suggestions for monitoring and further work
This survey was restricted by the limited time available.  A longer survey would allow a
more intensive coverage of the area.  However, the overall pattern of greater diversity and
abundance of bats in the proposed conservation areas compared to the development area is
unlikely to change with further work.  More trapping, however, may result in additional
species being recorded for the area, such as Nyctophilus geoffroyi, N. bifax, Pipistrellus
westralis and Mormopterus beccarii.  Collection of reference calls from the latter two
species would enable clarification of presence and distribution within the area using the
detectors.

It would be useful to compare the diversity and abundance of bats using the existing sugar
crops in the region to determine what species are able to forage over these modified areas.

D
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An investigation of the abundance of invertebrate prey in these areas compared to the
existing floodplain, riverine and rocky habitats would enable an assessment of the likely
changes to the available food resources for the insectivorous species.

To determine more precisely where individuals roost and forage, a radio tracking study
would be required.  For cave-dwelling species such a study would ascertain how far from
the roost sites individuals foraged and how important the floodplain area was as foraging
habitat.  For tree-dwelling species it could be determined what proportion of roosts were
within the floodplain area compared to the conservation areas, and how much of the
foraging time was spent in the floodplain.  Radio tracking studies such as these can
provide invaluable information on roost sites and foraging areas, however they require
considerable time and financial investment.

A long-term monitoring program could be established to investigate the impact of clearing
the floodplain vegetation.  However, if this was to be undertaken, further pre-clearing
sampling would be required.  Bat trapping and detector results can be highly variable
between nights and seasons and there needs to be a sufficiently large number of sites in
both the conservation and development areas to enable this variation to be evened out.  If
for example, another one week sample was undertaken after the clearing had occurred, a
comparison with the current study could be inconclusive.  However, good baseline data on
which to make future comparisons could be established with only several more weeks of
sampling.
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Appendix 1.   Reference calls taken from individuals caught during the survey of the
Ord Stage 2 survey.

a)  Yellow-bellied Sheathtail Bat  Saccolaimus flaviventris.

b) Common Sheathtail Bat  Taphozous georgianus.
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c)  Dusky Leaf-nosed Bat  Hipposideros ater.

d)  Orange Leaf-nosed Bat  Rhinonycteris aurantius.
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e)  Gould’s Wattled Bat  Chalinolobus gouldii.

f) Hoary Wattled Bat  Chalinolobus nigrogriseus.
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g) Large Bent-wing Bat  Miniopterus schreibersii.

h) Arnhem Long-eared Bat  Nyctophilus arnhemensis.
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i) Pygmy Long-eared Bat  Nyctophilus walkeri.

j) Little/Northern Broad-nosed Bat  Scotorepens greyii/sanborni.
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k)  Northern Cave Bat  Vespadelus caurinus.
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1.0 INTRODUCTION

Interest in the further development of the Ord River Irrigation Area has recently been renewed since
Wesfarmers Limited, Marubeni Corporation and the Water Corporation of Western Australia announced
that they will undertake a study into the feasability of establishing a raw sugar industry based on the
development of the Weaber, Keep River and Knox Creek Plains (M2 Development Area).  Biological
diversity issues, particularly the maintenance of species and ecosystem diversity, are highly relevant in the
context of the proposed development.  The National Strategy for the Conservation of Australia's Biological
Diversity maintains that ecologically sustainable management of all Australia's terrestrial and marine
environments is essential for the conservation of biological diversity.  The primary issues examined in this
document, therefore, relate to the protection of biological communities and hence protection of biological
diversity.

Representation of areas supporting unique vegetation communities or suites of animal species are important
within the general reserves framework, and are highly relevant to issues relating to retention of biodiversity
within Australian ecosystems.  The M2 Development would encompass large areas of cracking clay
environments in the North-East Kimberley and adjacent areas of the Northern Territory.  Within this sub-
region, the areas associated with the alluvial, cracking clay floodplains of the Ord and Dunham Rivers
comprise the majority of land with high pastoral potential (WA Department of Agriculture, 1985).

ecologia Environmental Consultants undertook a biological assessment survey in 1996-97 of the Riverside
and M2 Development Areas.  Based on an analysis of the floristic data obtained during the survey, it has
been the contention that the conservation significance of the proposed development area is high, and
therefore suitable areas should be protected as part of any future development.

1.1 SCOPE OF THIS REVIEW

The purpose of this review is to examine and synthesise information pertinent to the M2 Development Area
for use by Kinhill Pty Ltd in preparing an Environmental Review and Management Programme for the
proposed project.  In particular, it updates the ecologia (1997a) report by examining floristic composition
in a regional context by taking into consideration the results of subsequent field surveys in the region.  The
bioregional level is taken to be, for the purposes of this document, the Victoria-Bonaparte bioregion as
defined by Thackway and Cresswell (1995) and discussed in Connors et al. (1996).  The majority of
information discussed refers to sites within this bioregion, although some sites are slightly outside the
defined region.  Within the bioregion, the vegetation has been examined at four levels: between Land
Systems; within the Ivanhoe Land System; within the Ord Basin; and within the M2 Development Area.

Comparisons of the floristic composition of sites within the M2 Development Area, as described in
ecologia (1997a), have been made with regional data sets obtained from Agriculture Western Australia.
This data relates to the vegetation of rangeland areas in the East Kimberley on Land Systems similar to the
Ivanhoe Land System, which is represented in the M2 area.  Secondly, a review is given of a vegetation
survey undertaken by staff of the Parks and Wildlife Commission of the Northern Territory (PWCNT)
(Brocklehurst et al., 1998), and the comparison of these areas of the Ivanhoe Land System with the
vegetation detailed in the M2 report (ecologia, 1997a).  At a finer level, an analysis has been made of the
relationship between the vegetation communities of the M2 area and the Riverside area (incorporating the
Mantinea Flats, Carlton Plain and Ivanhoe West areas).  Finally, the floristic composition of sites within the
three plains of the M2, i.e. the Keep, Knox and Weaber, have been compared.



2

1.1.1 Regional Approach

A regional approach has been adopted in the preparation of this document, based on the bioregions
defined by Thackway and Cresswell (1995).  These bioregions provide a nationally acknowledged series
of defined areas that represent relatively homogeneous areas in terms of their underlying geology, surface
landform and vegetation expression, fauna, and climatic regime.  These bioregions represent defined areas
that can be examined and utilised in an assessment of representation of biotic components of the landscape
within the existing conservation reserves framework.  In this instance, floristic communities are to be used
as the primary means of determining representation, since the large size of the M2 Development Area
precludes a fine scale investigation of the biota.

At the broadest scale, comparisons have been made between the vegetation of similar Land Systems.  The
Land Systems of the region were described and mapped by a surveying party from the Commonwealth
Scientific and Industrial Research Organisation (CSIRO), who investigated the Ord-Victoria Area in 1949
and 1952.  The geology, geomorphology, soils and vegetation of the area are described, primarily in the
context of pastoral productivity, and a series of 50 Land Systems are indicated.  Systems are defined as 'an
area or group of areas throughout which there is a recurring pattern of topography, soils, and vegetation'
(Stewart et al., 1970).  The Ord-Victoria Area, as defined by Stewart et al. (1970), extends from
longitude 127°30'E to 132°E and from latitude 13°20'S to 19°S, and is therefore slightly larger than the
Victoria-Bonaparte bioregion, incorporating portions of the adjacent Ord-Victoria Plains bioregion.
Although relatively old, the Land System categorisation of Stewart et al. (1970) is still used at present as
the primary classification of landforms in the region, and has been updated only in areas such as the Ord
Irrigation Area, where detailed soil mapping has been undertaken.

A series of Western Australian Rangeland Monitoring System (WARMS) sites from ten of these Land
Systems within the East Kimberley are compared with sites from the Riverside and M2 Development
Areas in Section 2.  These Land Systems consist of several (generally 3 to 6), smaller scale, Land Units.
The similarity of the Land Units in which the WARMS sites are located in comparison to Land Units of the
Ivanhoe Land System, within which the M2 Development Area lies, are also discussed in Section 2.

The great majority of the M2 Development Area, and the Ord Stage II Area in general, lies within the
Ivanhoe Land System of Stewart et al. (1970), hence it is the primary Land System of interest.  The major
portion of this Land System represents those areas of cracking clay that are considered suitable for
irrigated agriculture.  The M2 Development Area is surrounded by upland areas of other Land Systems,
notably the Cockatoo, Weaber, Pinkerton and Dinnabung Land Systems, that are unsuitable for irrigated
agriculture.

Within the Ord-Victoria Area, only a few Land Systems include substantial areas of cracking clays.  In
addition to the Ivanhoe System, these areas include the Inverway, Wave Hill, Argyle, Hawk, Willeroo,
Dillinya and Legune Land Systems.  The Ivanhoe Land System, as well as incorporating the major portion
of the Ord Stage II Area, includes areas along the Dunham River to the south of the M2 Development
Area, a relatively large area in the Victoria River and West Baines River area of the Northern Territory,
and scattered locations to the south-east of the M2 Development Area in the vicinity of the WA/NT
border, and another series of scattered locations in the western NT.

Ivanhoe Land System areas are therefore widely spread throughout the region, and the underlying geology
and climatic conditions of these areas shows some variation, hence we may expect variation in the
vegetation and fauna of these areas.  It is interesting to note also, that since these areas generally have high
stock carrying capacity, they are in the main utilised by pastoralists, and few areas are protected in
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reserves.  Section 3 of this review examines the composition of the vegetation of the M2 Development
Area with vegetation from areas within the Ivanhoe Land System in the Northern Territory on Auvergne
and Spirit Hills stations.  The information from these areas, collected during a survey by personnel from the
PWCNT, pertains to the largest portions of the Ivanhoe Land System within the Northern Territory.

At a finer scale the M2 Development Area and Riverside Areas of the Ord Basin are compared in Section
4.  The Ord Basin comprises one of the two main geological formations of the north-east Kimberley, the
Ord River originating upstream of the Bungle Bungle Ranges and passing through the Ord Valley, where it
is joined by the Dunham River.  Aldrick and Moody (1977) have suggested that, possibly in the Tertiary
period, the Ord River passed through the Keep River and Weaber Plains, having only relatively recently
fallen into its present course.  As a result, the M2 Development Area and Riverside Areas are thought to
have had relatively similar geological histories, although within different time frames.  The underlying
geology of the two areas is similar, with both areas incorporating Cainozoic 'black soil', however a greater
proportion of the Riverside Area consists of Quaternary alluvium deposited by the (current) Ord River
(Geological Survey of WA, 1970).

Within the M2 Development Area, the vegetation of the Keep, Weaber and Knox plains is compared, and
the distinctiveness of these areas is assessed (Section 5).  The plains of the M2 Development Area occupy
different portions of a contiguous drainage system, including the lower reaches of the Keep River (Keep
River Plain), an area between Knox Creek, a tributary of the Keep, and the middle portion of the Keep
River (Knox Creek Plain), and an area with a seasonally inundated relatively undifferentiated drainage
system that lies to the west and slightly upland of the Keep River (Weaber Plain).  These areas are,
therefore, relatively similar, and lie in close proximity to one another, and the boundaries between them are
somewhat arbitrary.

1.1.2 Data Sets

Comparison of data from ecologia (1997a) has been made in the first instance with WARMS data
obtained from Natural Resource Management Services, Agriculture Western Australia.  Due to the
sensitivity of the data, it has been supplied without station or site identifiers.  The data relates to WARMS
sites in the East Kimberley, and includes Land System and Land Unit information for each site in addition
to a species list.  This data set applies to cracking clay country on pastoral stations, generally pertaining to
grasslands.  Additional information supplied includes a map and accompanying list of the sites within three
regions from north to south, and the WARMS for Grasslands field manual (Strutt et al., 1995) which
details the methodology used.

The second data set examined as part of the review process is detailed in Brocklehurst et al. (1998),
'Reconnaissance Land Resource Survey of Auvergne Station and Sections of Spirit Hills Station, Northern
Territory'.  This survey was undertaken in 1998, and involved personnel from the PWCNT and the
Department of Lands, Planning and Environment (DLPE).  A copy of the document, stamped DRAFT,
was obtained from Wesfarmers Limited.  Information from this document is reviewed, and relevant data
examined in Section 3.

The data sets from survey areas in the Ord Stage II Area are detailed in Appendix B of ecologia (1997a).
Presence absence data were used in all cases where comparisons were made, since this serves to minimise
the effects of between-survey differences in methodology.  Site descriptions, including vegetation structure
and dominance information, are given in Appendix C of ecologia (1997a).  Several assumptions have
necessarily been made in these analyses between surveys, the primary one being that species identifications
are accurate and comparable.  In the case of comparisons within the Ord Stage II Area, consistency has
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been maintained since taxonomy is based on Wheeler et al. (1992), and identification of plant material was
undertaken by ecologia staff.  Comparisons with WARMS data should also be valid, since they also used
Wheeler et al. (1992).  It is less certain if the Auvergne data is comparable, since it is not clear from their
report what nomenclature was used.  In an attempt to standardise the various data sets, species lists were
examined for nomenclature, species without a specific name were removed where they were present at
only one or two sites, and subspecies and varieties were amalgamated into single full species.  More
detailed descriptions of the data sets, assumptions made, and limitations of the data are given in the
following sections.
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2.0 WARMS SITE DATA

2.1 INTRODUCTION

A comparison of plant data from Rangeland monitoring sites spread throughout the East Kimberley has
been undertaken along with a further comparison with selected sites from the M2 Development Area.  The
details of these analyses and their findings are the subject of this section.

2.2 WARMS METHODOLOGY

Agriculture Western Australia (AGWest) have established and initiated surveys of a series of Western
Australian Rangeland Monitoring System (WARMS) sites in the East Kimberley.  A portion of the data
relating to the vegetation of WARMS Grassland sites from Land Systems and Land Units (based on
Stewart et al., 1970) similar to black soil plain areas has been made available to ecologia Environmental
Consultants for independent analysis.  All sites are on cracking clay soils in areas north of Halls Creek.

The methodology for surveying WARMS Grassland sites is detailed in Strutt et al. (1995), and will only be
summarised here.  WARMS sites are aimed at long-term monitoring of rangeland condition and have been
established on pastoral leases, in paddocks, ideally near the centre of a relatively large area of a given
vegetation type.  Sites are marked out and a photo taken from a fixed location.  Frequency of perennial
species within 100 quadrats (70 cm x 70 cm) are assessed.  Quadrat placements are at 2.5 metre intervals
along five parallel transects, spaced 6.5 metres apart.  Species are recorded as present within a given
quadrat, and the frequency score is simply the number of quadrats in which a given species is present.
Tree and Shrub crown cover is assessed at six locations along the transect, and is based on the Bitterlich
Gauge % crown cover estimate, as described in Strutt et al. (1995).

Sites were surveyed during the dry season, and are located throughout the East Kimberley, from Carlton
Hill station in the north to Gordon Downs in the south.  The data supplied by AGWest also included Land
System and Land Unit information, but due to the 'sensitivity' of the data, it has been coded so that
individual sites can not be identified.  Species nomenclature used by AGWest follows Wheeler et al.
(1992), and longevity information has also been obtained from this source.

2.2.1 Data

Rangeland monitoring data supplied by AGWest is from 37 WARMS sites located within ten of the Land
Systems identified for the Ord-Victoria area by Stewart et al. (1970):

Land System No. of sites

Antrim 5
Argyle 3
Cowendyne 1
Frayne 3
Gordon 1
Inverway 15
Ivanhoe 1
Pinkerton 1
Wave Hill 6
Willeroo 1
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These Land Systems include areas described as anything from hilly or rugged stony country to nearly
treeless black soil plains, however, only WARMS sites located on land units described as having gentle
slopes or on plains have been included in the data set (Table 1).  The soils of these areas, as described by
Stewart et al. (1970), are predominantly grey and brown cracking clays of the Kununurra, Argyle and
Barkly soil families.
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Table 1:  Land System and Land Unit Information for WARMS monitoring sites.

D e s c r i p t i o n s  f r o m  L a n d s  o f  t h e  O r d - V i c t o r i a  A r e a ,  W A  a n d  N T  ( C S I R O  L a n d  R e s e a r c h  S e r i e s  N o .  2 8 )

 

S I T E  C O D E L A N D S Y S T E M  ( N u m b e r ) L A N D L A N D  U N I T  S O I L S  A N D  

D e s c r i p t i o n U N I T D E S C R I P T I O N V E G E T A T I O N

W A R M S  0 1  -  0 5 A n t r i m  ( 1 0 ) 4 G e n t l e  l o w e r  s l o p e s  a n d  f l a t  a r e a sC u n u n u r r a ,  A r g y l e ,  B a r k l y - g r e y  a n d  b r o w n  c r a c k i n g  h e a v y  c l a y s

H i l l y  c o u n t r y  a s s o c i a t e d  w i t h  i g n e o u s  r o c k s M i t c h e l l  a n d  o t h e r  m i d - h e i g h t  g r a s s e s  Astrebla 

pectinata, Aristida latifolia.  

W A R M S  0 6  -  0 8 A r g y l e  ( 4 3 ) 1 V e r y  g e n t l e  s l o p e s A r g y l e ,  C u n u n u r r a  -  b r o w n  a n d  g r e y  c r a c k i n g  c l a y s .  

M e d i u m  &  s m a l l  a r e a s  o f  g e n t l y  u n d u l a t i n g M i t c h e l l  a n d  o t h e r  m i d - h e i g h t  g r a s s e s  Astrebla pectinata,

b lack  so i l  p l a i n Aristida latifolia.  

W A R M S  0 9 C o w e n d y n e  ( - ) 2 c r a c k i n g  c l a y  p l a i n s N o t  l i s t e d  

W A R M S  1 0 ,  1 2 F r a y n e  ( 3 5 ) 3 G e n t l e  s l o p e s C u n u n u r r a  a n d  B a r k l y  -  g r e y  &  b r o w n  c r a c k i n g  h e a v y  c l a y s

W A R M S  1 1 M a n y  s m a l l  p a t c h e s  s c a t t e r e d 3 p l a i n  c l o s e  t o  c h a n n e l S p a r s e  l o w  w o o d l a n d  Terminalia arostrata, T. volucris o r  t r e e s

u n d u l a t i n g  t o  l o w  h i l l y  b a s a l t  c o u n t r y a b s e n t  Dichanthium s p p . ,  Astrebla squarrosa, o r  m i d - h e i g h t  

g r a s s e s  A. pectinata, D. fecundum, Panicum s p p . ,  Aristida latifolia.

W A R M S  1 3 G o r d o n  ( 3 8 ) 3 G e n t l e  l o w e r  s l o p e s C u n u n u r r a ,  B a r k l y ,  A r g y l e  -  g r e y  a n d  b r o w n  c r a c k i n g  c l a y s

L o w  h i l l y  t o  u n d u l a t i n g  l i m e s t o n e  c o u n t r y B a r l e y  M i t c h e l l  m i d - h e i g h t  g r a s s  Astrebla pectinata

W A R M S  1 4  -  2 8 I n v e r w a y  ( 4 1 ) 1 Near l y  f l a t  b road  p la ins C u n u n u r r a  -  g r e y  c r a c k i n g  c l a y s ;  a n d  A r g y l e  -  b r o w n  c c s  

N e a r l y  t r e e l e s s  h i g h - l e v e l  b l a c k  s o i l  p l a i n s B a r l e y  M i t c h e l l  m i d - h e i g h t  g r a s s  Astrebla pectinata

W A R M S  2 9 I v a n h o e  ( 4 7 ) 1 Near l y  f l a t  p la ins C u n u n u r r a - g r e y  c c s  w i t h  s m a l l  a r e a s  o f  A r g y l e - b r o w n  c c s

G e n t l y  s l o p i n g  a l l u v i a l  b l a c k  s o i l G r a s s e s  Dichanthium s p p . ,  Astrebla squarrosa, Sorghum

p l a i n s  w i t h  s o m e  t i m b e r e d  r e d  s o i l stipoideum, Ophiuros exaltatus, Aristida latifolia, wi th  

f r i n g i n g  f o r e s t  a n d  t a l l  g r a s s e s  n e a r  s t r e a m  l i n e s .  

W A R M S  3 0 P i n k e r t o n  ( 1 ) 7 G e n t l e  s l o p e s  a d j a c e n t  t o  E l l i o t t  a n d  m i s c e l l a n e o u s  a l l u v i a l  s o i l s

R u g g e d  s t o n y  c o u n t r y  o n  s e d i m e n t a r y  r o c k ss t r e a m l i n e s E u c .  w o o d l a n d  w i t h  Themeda australis, Sehima nervosum, 

Chrysopogon fallax, o r  Sorghum stipoideum. 

W A R M S  3 1 ,  3 3 - 3 6W a v e  H i l l  ( 4 2 ) 3 M o d e r a t e  t o  g e n t l e  s l o p e s , C u n u n u r r a ,  B a r k l y ,  A r g y l e  -  g r e y  a n d  b r o w n  c r a c k i n g  c l a y s

W A R M S  3 2 G e n t l y  u n d u l a t i n g  b a s a l t  b l a c k 3 m a y  b e  s t o n e y  M i t c h e l l  a n d  o t h e r  m i d - h e i g h t  g r a s s e s  Astrebla pectinata, 

s o i l  c o u n t r y Dichanthium fecundum, Panicum  s p p .  

W A R M S  3 7 W i l l e r o o  ( 4 5 ) 3 M o d e r a t e  t o  g e n t l e  s l o p e s C u n u n u r r a  a n d  A r g y l e  -  g r e y  &  b r o w n  c r a c k i n g  c l a y s

N u m e r o u s  s m a l l  a r e a s  o f  b a s a l t  b l a c k B l u e  g r a s s  t a l l  g r a s s  Dichanthium s p p . ,  Sorghum s p p . ,  

so i l  p l a i ns  w i t h  t a l l  pas tu res Eulalia fulva, Ophiuros exaltatus. 
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Data supplied by AGWest includes a list of perennial species and significant semi-perennials and annuals.
Species lists for individual sites are relatively short, with from six to 23 species, and most sites having
between nine and 13 species recorded, including usually multiple species of (perennial) grass, a few shrubs,
and one or two tree species.  The low number of species recorded is presumably a reflection of the nature
of the sites (i.e. grasslands) and the timing of the surveys in the dry season when perennial species are often
the only (identifiable) plant species present.  These surveys are relevant in the context of rangeland
monitoring, since tropical pastures consist chiefly of summer-growing perennial grasses, and stocking rate is
determined by the carrying capacity in the dry season (Bryan, 1970).  However, it does not provide a full
floristic assessment of the plant species present (particularly annuals), since a large number of flora species
occur only during the wet season.

2.2.2 Analysis

Analysis of the relationships between WARMS survey sites was conducted using the cluster analysis
component of the computer program Systat.  Systat is a statistical analysis software package that performs
cluster analysis operations to produce a quantitative index of dissimilarity for each site relative to every
other site, ultimately constructing a hierarchical ordering of sites in the form of a dendrogram that shows the
relative similarities between sites.  The analysis detects natural groupings of data and summarises the
hierarchical relationships within the dataset by quantifying the degree of similarity of sites in terms of species
composition.

Species presence/absence data were used in the cluster analyses of the WARMS sites (Appendix A1).
Frequency data obtained from AGWest was converted to presence absence data and cluster analysis was
performed on this data for the complete species list.  A second analysis of the presence absence data was
undertaken concentrating on unequivocal (adequately identified) and purely perennial species, thus reducing
the size of the dataset.  Dendrograms were constructed using the Pearson correlation complete linkage
method (Wilkinson, 1989).

2.3 RESULTS OF ANALYSES

Analysis of the complete dataset and the refined presence absence data resulted in dendrograms illustrating
the relationship of the WARMS sites (Figures 1 and 2).  In both instances the broad relationships and
clustering of sites within the hierarchy are similar, hence the two datasets will be discussed together.

The first and most obvious feature of the hierarchy is the clear separation of Site W29 from the remainder
of the sites.  Although Site W29 is located at the base of the dendrogram in the refined dataset (Figure 1)
and at the apex in the complete dataset (Figure 2), the relationship with all other sites is identical.  This site
is from the Ivanhoe Land System, and is clearly distinct from all other WARMS sites in the analysis,
indicating that the composition of the vegetation at this site is noticeably at variance with the other sites.

Further relationships evident within the dendrogram include the broad clustering of the Inverway sites.  In
the complete dataset these sites form a distinct subset of the data, intermixed with several Wave Hill sites,
with Site W28 the only site separated from the main cluster.  A similar, although slightly less clear-cut
relationship is evident in the dendrogram based on the refined dataset.

The three Argyle sites are also very closely clustered in the two dendrograms, indicating close similarity
between these sites.  The single site from the Gordon Land System, Site W13, is also associated with these
Argyle sites.
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Finally, the single Cowendyne site clusters with the Antrim sites W2 and W9, although this relationship is
more clearly demarcated in the refined dataset analysis (Figure 1).
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2.4 DISCUSSION

The clear separation of the Ivanhoe site from all other sites in the analysis suggests that the black soil plain
areas of this Land System are significantly different in floristic composition from the other areas examined
as part of this analysis.  Examination of the raw data indicates that certain species that were widespread
throughout the majority of WARMS sites were not recorded from the Ivanhoe site, including the grasses
Aristida latifolia, Chrysopogon fallax, Iseilema vaginiflorum and Panicum decompositum, and several
species of Mitchell Grass Astrebla spp.  Of these species, only Iseilema vaginiflorum is considered to be an
annual (Wheeler et al., 1992).

It is unfortunate that the Ivanhoe data is restricted to a single site, since this suggests the possibility that the
clear separation of this site from all others is due to a chance effect or an anomaly in the data, despite the
consistent methodology employed by AGWest in the acquisition of the data.  It seems evident, however,
that the overall analysis is quite robust, since the general relationships of the sites, and their separation
according to Land System as outlined above, suggests that the data is adequate.  Additionally, other Land
Systems represented by single sites were not clearly separated in the analysis, indicating that the Ivanhoe
site is indeed unique.

Use of presence absence data may in some instances weaken the ability of the cluster analysis to clearly
determine the relationship of sites, since it represents a loss of information and an imposed uniformity on the
data.  However, in this instance the Ivanhoe site is clearly separated from the other sites, hence further
indicating the real nature of these apparently strong differences in species composition.

2.5 COMPARISON OF WARMS SITES AND ECOLOGIA SITES

A further comparison was made using Systat cluster analysis techniques to examine the relationship
between the floristic composition of the 37 WARMS sites, and a series of similar sites surveyed during the
biological assessment of the proposed Ord Stage II development area undertaken by ecologia
Environmental Consultants.

Biological assessment survey sites selected for the analysis were Grassland communities on black soil plain
areas within the Keep, Knox, Weaber, Carlton and Ivanhoe West Bank areas of the proposed
development.  A total of 15 sites were selected, and only dry season data was used so as to make the data
comparable.  As in the previous analysis, annual species were omitted, as were those species that were not
adequately identified.  Taken together, it was hoped that the datasets would be relatively similar, despite
differences in survey technique.  To further simplify matters, only presence absence data were used.  The
data from the two surveys were combined in a species by site matrix (Appendix A2) and a Systat cluster
analysis undertaken utilising the complete linkage (farthest neighbour) method.

2.5.1 Results

The dendrogram generated from the analysis showed a relatively clear separation of the ecologia sites from
the WARMS sites (Figure 3).  This initial impression gained from examination of the dendrogram suggests
that the ecologia sites are different from the WARMS sites, therefore seeming to indicate either a real
difference in the vegetation or an artefact generated from the survey techniques employed.

However, a more detailed examination of Figure 3 reveals that, in fact, the first level of separation divides
several of the ecologia sites from the remainder of the sites, including the WARMS sites.  This suggests that
the data resulting from the two different surveys are comparable, since there is considerable integration of
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the sites within the framework of the dendrogram.  The single ecologia site CP47 is also found to be
amongst the WARMS sites, further indicating that integration of the two datasets is valid.  Site CP47 is on
a cracking clay soil plain at the eastern end of Carlton Plain, and relatively few species were recorded from
this site.  In common with many of the WARMS sites, Aristida latifolia, Chrysopogon fallax, Dichanthium
fecundum, D. sericeum and Panicum decompositum were recorded at this site.
It is interesting to note, therefore, that WARMS Site W29, the site on the Ivanhoe Land System, is
amongst the ecologia sites that are separated at the first level of the cluster diagram.  This suggests that the
vegetation of this area is similar to other survey sites on the Ivanhoe Land System, yet it is distinct from the
great majority of the WARMS sites in other areas of the Kimberley on similar landforms and soils but
within different Land Systems.  Plant species recorded from several ecologia sites that were also recorded
at Site W29 include Excoecaria parvifolia and Phyllanthus maderaspatensis, whereas this site lacks grasses
recorded at other WARMS sites such as Aristida latifolia, Astrebla elymoides, Chrysopogon fallax and
Iseilema vaginiflorum.

The second level of separation divides the majority of the ecologia sites (the exception being Site CP47)
from the remaining WARMS sites.  This suggests that there is a difference in floristic composition between
these areas, and that the differences are consistent between survey sites.  In particular, the species
Abelmoschus ficulneus, Eragrostis tenellula, Hibiscus panduriformis, Iseilema fragile and Sida spinosa were
recorded commonly at ecologia sites, but were recorded infrequently or not at all at WARMS sites.

Within the cluster of ecologia sites, it is evident also that there is some differentiation between the M2
Development Area and Riverside Areas, since the cluster of ecologia sites at the second level of separation
includes M2 Development Area sites only, whereas the cluster at the first level of separation is composed
of Riverside sites, with the exception of Site KR13.

2.6 CONCLUSIONS

Systat cluster analysis of WARMS site data from the East Kimberley indicate that the vegetation of the
Ivanhoe Land System is distinct from other Land Systems with cracking clay plains.  The primary floristic
differences are in certain species of perennial grasses that were not recorded from the Ivanhoe Land
System, but were recorded within many other areas.  Given that the WARMS data from within the Ivanhoe
Land System is restricted to a single site, it would be useful to obtain further information from sites within
this Land System in order to perform a more rigorous regional analysis.

Further analysis of the WARMS sites in comparison to a series of similar grassland sites surveyed by
ecologia in the Ord Stage II Area indicates that there is separation of WARMS sites from the Ord sites.
This appears to be due to a real difference in vegetation, rather than an artefact due to differing
methodology.  An interesting finding of this analysis is that WARMS Site W29, located within the Ivanhoe
Land System, clusters with the Ord Riverside sites.
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3.0 COMPARISON OF M2 AND AUVERGNE SURVEYS

3.1 INTRODUCTION

Representatives of the PWCNT and DLPE undertook a vegetation survey of the Auvergne and Spirit Hill
plains in the Northern Territory in March-April 1998.  Results of the survey are reported in Brocklehurst et
al. (1998).  These areas represent the 'major portion of the Ivanhoe Land System in the Northern Territory'
(Brocklehurst et al., 1998), and are, therefore, the most relevant areas in the assessment of representation
of cracking clay communities within the M2 Development Area.

The primary purpose of the Auvergne survey was to assess the similarity of the Auvergne and Spirit Hill
plains with the Keep River, Knox Creek and Weaber Plains in the M2 Development Area, and in
particular, to 'consider whether the plant species diversity and the floristic communities present in the Ord
(M2) area are well represented in the Auvergne region'.  This section presents a summary of the
information contained in the report by Brocklehurst et al. (1998), including a comparison of methodology
and the statistical methods utilised, and details the main findings and their relevance to the assessment of
representation of cracking clay environments within the M2 Development Area.

3.2 METHODOLOGY

The survey of the M2 Development Area (ecologia, 1997a) examined sites within the Ivanhoe Land
System, primarily on black soil plains, but with some sites on red soil and upland areas, and several sites
from within the Cockatoo Land System.  Details of the survey strategy, survey timing, constraints, and
methodology are outlined in the M2 Development Area Terrestrial Biological Assessment report (ecologia,
1997a).

To facilitate a satisfactory comparison between the areas, the Auvergne survey concentrated on sites with
'potential for agricultural development', with most sites on areas of clay soils on flat or undulating plains.
Data collection during the Auvergne survey involved assessment of flora and vegetation communities at 226
20 x 20 metre plots, located to assess all the different vegetation types.  The survey was carried out over a
period of 17 days during March-April 1998, towards the end of the wet season but prior to the annual
burnoff.  It is important to note that the Auvergne survey was for reconnaissance purposes only.  The
majority of sites were accessed by helicopter, the survey was conducted over a relatively short duration
given the large size of the survey area, and no vegetation mapping was attempted (B. Edmeades, pers.
comm.).

Due to inconsistencies in the method of data collection between the Auvergne and M2 Development Area
surveys, it was only possible for Brocklehurst et al. (1998) to make statistical comparisons using species
composition information, rather than using density or abundance data.  As a consequence, the statistical
analyses are based purely on presence absence data.  The combined M2 Development Area and
Auvergne data set includes 744 species, refined by removal of ambiguous species, standardisation of
nomenclature and combination of subspecies and varieties within a single species.

3.2.1 Statistical Analyses

Statistical analyses carried out by Brocklehurst et al. (1998) include Floristic Group Allocation and
Classification/Ordination:
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Floristic Group Allocation

This analysis classifies sites by plant species composition to identify the floristic groups in the M2
Development Area, using the 'Czeckanowski similarity measure and the non-hierarchical clustering routine
ALOC'.  Sites from the Auvergne survey are then tested to determine if they can be validly allocated to one
of these groups, or if they should join an additional group, by allocating sites to groups according to their
'distance' from the group centroid, controlled by the 'allocation radius'.  The analysis of the M2
Development Area data was carried out at two levels, the first with a relatively large allocation radius
(0.95) resulting in 6 groups or 'broad vegetation types', and the second with a smaller allocation radius
(0.85), resulting in 17 groups or 'more homogeneous vegetation communities'.  The Auvergne sites were
then allocated to the previously defined groups from the two levels of classification, or were placed in an
additional group if the distance was greater than the allocation radius.

Classification/Ordination

Classification with multivariate analysis was carried out using the combined data set for all sites.  Sites were
classified using the 'Czeckanowski similarity measure and the hierarchical agglomerative routine UPGMA'.
14 groups were defined.

Ordination was also used to examine the relationship between the combined series of sites, using the
'Czeckanowski similarity measure and multidimensional scaling'.  A four dimensional ordination was
required to obtain an acceptable stress level.

The primary limitations and concerns with comparison of the data sets expressed by Brocklehurst et al.
(1998) are differences in the sampling methods employed, possible inconsistencies in plant species
identifications between the two surveys, and the (necessary) requirement for the analyses to rely solely on
presence absence data.

3.3 RESULTS AND COMPARISONS

A total of 512 flora taxa were collected during the Auvergne survey.  Brocklehurst et al. (1998) divide the
vegetation of the Auvergne area into a series of associations, including 15 Grassland and Sedgeland
associations, and a variety of open woodland to open forest associations (canopy cover > 2%).  These
latter associations include areas dominated by (number of associations in brackets) Acacia (2), Eucalyptus
(17), Excoecaria (2), Lysiphyllum (2), Melaleuca (7), Terminalia (5) and 'other' (2).

The overlap in the species lists from the two survey areas is low, and Brocklehurst et al. consider that it is
'lower than expected considering the geographic proximity and similarity in land types'.  Only 35% (264
species) of taxa were recorded from both survey areas, with 286 species (38%) recorded from the M2
Development Area only, and 194 species (26%) restricted to the Auvergne survey.  Broad similarities are
evident in the data, for example many of the more common families, genera and species are common to the
two areas, however, there are also many differences, most noticeably in species diversity and composition
(Table 2).

Possible reasons for the greater number of species recorded in the M2 Development Area (682) as
opposed to the Auvergne survey (512) may relate to either methodology, survey timing and effort, or are
attributable to real differences in floristic diversity.  Consideration of these reasons, and an examination of
their influence on floristic diversity, are given below.
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The methodology adopted by Brocklehurst et al. (1998) involved the utilisation of 20 x 20 m plots, and a
full floristic assessment of sites was attempted where possible.  The generally smaller size of the plots in the
Auvergne survey may partially explain the lower recorded species richness when compared to the M2
Development Area, in comparison with the general focus on collection in the M2 Development Area survey
and less restriction to clearly demarcated plots.  However, as Brocklehurst et al. (1998) point out, it does
not adequately explain the discrepancy, given the 'large number of sites surveyed and the aim to sample all
the variation within the vegetation' during the Auvergne survey.  A greater diversity of land types within the
M2 Development Area would also help to explain the higher recorded species richness, however, the
reality of the situation is that a greater number of land types were investigated during the Auvergne survey.

Table 2:  Comparison between the M2 Development Area and Auvergne botanical surveys.

M2 Development Area Auvergne

Number of survey sites 86 in dry 226 in late wet
45 in wet

Number of flora taxa 682 overall 512 overall
418 in dry

Number of families recorded 87 82
Number of genera recorded 276 244

Families with most taxa: Poaceae (133) Poaceae (100)
(Number of taxa in brackets) Fabaceae (63) Fabaceae (47)

Cyperaceae (44) Cyperaceae (56)
Myrtaceae (30) Myrtaceae (27)
Convolvulaceae (28) Mimosaceae (22)

Genera with most taxa: Fimbristylis (18) Fimbristylis (23)
(Number of taxa in brackets) Cyperus (15) Acacia (15)

Acacia (14) Eucalyptus (14)
Ipomoea (12) Goodenia (12)
Eucalyptus (11) Cyperus (10)
Goodenia (11) Terminalia (9)

Most widely distributed species: Lysiphyllum cunninghamii Sorghum bulbosum
Chrysopogon fallax Chrysopogon fallax
Themeda triandra Lysiphyllum cunninghamii
Eucalyptus microtheca Eriachne obtusa
Iseilema fragile Sehima nervosa
Panicum decompositum

Survey timing will partially determine the number of species recorded, since there are many annual and
facultative perennial species in the Kimberley that are either absent or extremely difficult to identify during
the dry season, particularly in the latter stages of the dry when the land becomes parched.  The M2
Development Area survey included both a dry season and a wet season survey.  Although the wet season
survey was limited in duration, the focus on collection and the large number of annual species present
facilitated detailed assessment of many of the vegetation communities.  The Auvergne survey was
conducted towards the end of the wet season, before the annual burnoff, hence it would be expected that
the majority of species would be present and suitable for collection and identification, and in fact the
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majority of sites were visited 'as they were drying out' (A. Fisher, pers. comm.).  Survey timing and effort,
therefore, may also partially explain the differences in species richness, since a greater period of time was
spent in the M2 Development Area.  However, a similar suite of species, including annuals present only
during the wet season, were recorded during both surveys, suggesting that other factors are involved.
Additionally, the majority of the M2 Development Area survey effort was expended during the dry season.

The final conclusion that seems unavoidable, after investigation of the various factors that contribute to
recorded species richness, is that the greater number of species recorded in the M2 Development Area is
founded upon a real effect.  A possible reason is that the differences may relate to greater landform
diversity in the M2 Development Area, although from the information available this possibility is not
substantiated.  This suggests, therefore, that hydrological (drainage, inundation effects) or edaphic (soil-
related) factors are likely to be the major determinants at a local scale.  At a regional scale, the pronounced
effect of the rainfall gradient from north to south on the vegetation composition in the Ord-Victoria region
described by Perry (1970), may be important.  Regardless of the origins of the high plant species diversity
in the M2 Development Area, the value of this biological diversity should be taken into account in the
planning of future developments.

3.3.1 Results Of Statistical Analyses

Floristic Group Allocation

6-Group level

The majority of Auvergne sites could be allocated to one of the six groups ('broad vegetation types')
derived from the M2 Development Area data, with only 17 Auvergne sites (7.5%) not allocated.  Most
M2 Development Area sites were classified into Group 5, representing sites generally of grassland on
cracking clay, and consisting predominantly of dry season sites (Table 3).  A relatively large number of
Auvergne sites were allocated to Group 5, however, many Auvergne sites were also allocated to Group 2,
which may reflect the greater variety of land units surveyed and fewer cracking clay sites in the Auvergne
survey area (Brocklehurst et al., 1998).

Table 3:  Summary of 6-group level allocation.

Group No. of No. of Landform Vegetation Comments
M2 sites Auv. and Soils

sites*

  1 28 9 cracking clays Characterised by sedges and herbs Mostly wet season
in understorey. sites, many annuals

  2 25 79 red-browns; Frequently Heteropogon contortus, Many Auv. sites.
hills; Cc LS Cayratia trifolia, Eucalyptus confertiflora, Reflects more non
peripheral Grewia retusifolia. cracking clay sites

  3 3 2 rivers, creeks; Xerochloa, Trianthema, Sesbania Few sites.
inundated; cannabina, Panicum decompositum. Many halophytes.
saline Avicennia, Halosarcia, etc.

  4 8 11 red-browns; Cc Unique species include Acacia hemiglauca, Marginal land units
LS; peripheral Drosera ordensis, Senna artemisioides

  5 56 87 cracking clays; Frequently Chrysopogon fallax, Lysiphyllum Most M2 sites
other cunninghamii, P. decompositum, Aristida Mostly dry season

latifolia, Themeda, Sida, Sorghum, Ophiuros Most Auv. sites
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  6 10 19 creek & wetland Frequently Excoecaria parvifolia and Mainly creeks and
                             margins Eucalyptus microtheca waterholes

  n = 130 224

* Auvergne sites allocated to M2-derived groups, with 17 Auvergne sites allocated to 4 additional groups.
KEY:  No. = Number; Auv. = Auvergne; Cc LS = Cockatoo Land System

Brocklehurst et al. (1998) have made several comments concerning the information summarised in Table 3,
the most relevant being that they feel that Group 1, given that it consists primarily of M2 Development Area
wet season sites, is presumably the wet season equivalent of Group 5, but the large number of annual
species collected during the wet season has sufficiently biased the data so that the sites fall out in separate
groups.  In some cases, there may be identical sites surveyed during both the dry and wet season that have
been classified in this analysis into Group 5 and Group 1.

Group 3 consists of very few sites, both for the M2 area and Auvergne, and includes inundated areas and
saline sites, supporting halophytic species such as Saltbush Halosarcia sp. and mangroves Avicennia spp.
Group 6 primarily includes wetland and riverine sites and their margins, including species characteristic of
seasonally inundated sites such as Gutta-Percha Tree Excoecaria parvifolia and Flooded Box Eucalyptus
microtheca.

17-Group level

At the 17 group level, due to the more homogeneous nature of the groups and the smaller allocation radius,
the allocation of Auvergne sites was less successful, with 85 sites (38 %) allocated to additional groups.  In
particular, no Auvergne sites were allocated to Groups 2, 3, 4 and 7, and Groups 5 and 8 had only a single
Auvergne site allocated.  Characteristics of the groups with no or few sites allocated are detailed below
(Table 4).

Table 4:  Characteristics of Groups with poor allocation of Auvergne sites.

Group Characteristics

2 On scattered rocky hills or outcrops.  Similar communities in the Auvergne area may
not have been sampled.

3 Generally woodlands bordering rivers or waterholes, often subject to inundation.
Vegetation variable, 'defined by herbs and twiners in the ground layer'.

4 Single M2 Development Area site, a mixed species woodland on red soil.
7 Single M2 Development Area wet season site with some infrequently recorded ground

layer species.
5 Sites adjacent to rivers with halophytic species.
8 Sites on sandy soils adjacent to hills or on the Cockatoo Land System.

The greatest number of M2 Development Area sites were placed in Group 11 (38 sites), which consists of
cracking clay sites with, characteristically, Lysiphyllum cunninghamii in the upper storey and Iseilema fragile,
Chrysopogon fallax and Aristida latifolia in the ground layer.  A fairly large number of Auvergne sites were
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also allocated to Group 11.  The second largest number of M2 Development Area sites were placed in
Group 1.  They are primarily wet season sites and are poorly represented by Auvergne sites.
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Classification

A total of 14 groups were derived from a classification of the combined M2 Development Area and
Auvergne data sets.  Brocklehurst et al. (1998) noted a 'tendency for sites from the two surveys to divide
into separate groups'.  Three of the groups (Groups 4, 7 & 12) contain sites only from the Auvergne survey
areas, and Group 10 only includes M2 Development Area sites.  M2 Development Area sites also
represent less than 3 % of the sites in Groups 3 and 13.  Groups 8, 10 and 14 were dominated by M2
Development Area sites, with few Auvergne sites.  Pertinent floristic information for these Groups is given
in Table 5.

Table 5:  Floristics of groups dominated by M2 Development Area sites.

Group Frequent species Unique species

8 Phyllanthus maderaspatensis, Commelina ensifolia, Euphorbia kimberleyensis
Cyanotis axillaris, Cyperus microcephala

10 - Digitaria brownii,
Tricosanthes cucumerina

14 Chrysopogon fallax, Iseilema fragile, Panicum -
decompositum, Aristida latifolia, Sorghum timorense,
Hibiscus panduriformis, Lysiphyllum cunninghamii,
Sida spinosa, Brachyachne convergens

Statistical analysis of the distribution of the sites within the group classification derived by Brocklehurst et
al. (1998), using the contingency table chi-square test, suggests that there is a significant difference (p <
0.001, df = 13) in the proportion of sites within the groups.  This tendency for the sites to segregate
between groups within the classification suggests an intrinsic difference between the majority of sites in the
two survey areas.

Ordination

Ordination of the M2 Development Area and Auvergne sites, based on the first and second axis of a four-
dimensional ordination, indicates a tendency for the M2 Development Area and Auvergne sites to occupy
different areas of the ordination space.  There is considerable overlap between the sites, however M2
Development Area sites tend to occupy the top and left portions of the ordination space, whereas
Auvergne sites are generally lower.  There is a wide spread of Auvergne sites, suggesting that they
'incorporate most of the total variation in vegetation composition found in the two surveys'.  The greater
diversity of land types surveyed during the Auvergne survey may have contributed to this spread of sites.

3.4 CONCLUSIONS

The primary findings of the report by Brocklehurst et al. (1998) in relation to the M2 Development Area
Area can be summarised as follows:
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i. Plant species diversity and vegetation communities of the M2 Development Area and
Auvergne areas were compared.

ii. The greater variety of vegetation communities identified during the Auvergne survey may
reflect the greater variety of land types surveyed.

iii. The greater number of plant species recorded during the M2 Development Area survey,
including 38% of the combined species only from the M2 Development Area, may be based
upon a real effect, rather than methodology or survey timing.

iv. Broad vegetation types (6-group level) were represented in both survey areas.

v. Seven of the 17 vegetation communities from the M2 Development Area were not or poorly
represented in the Auvergne survey, although six of these are associated with non-clay soils
that may not have been sampled during the Auvergne survey.

vi. There are broad similarities in the vegetation of the two areas, but also evidence of real floristic
differences.

vii. A limited survey in the M2 Development Area using the Auvergne methodology (or vice
versa) may help to clarify the floristic relationships.

Particular reference should be made to several of these points.  Firstly, the greater biodiversity in the M2
Development Area does not appear to be a direct result of differences in survey methodology or timing
between the Auvergne and M2 Development Area surveys, although these may have been contributing
factors.  Both surveys involved collection of annual species during the wet season in addition to records of
perennial grasses and woody species, and were aimed at covering the diversity of vegetation within the
survey area, hence similar species richness would be expected.

Secondly, although broad vegetation types were represented in both the Auvergne and M2 Development
Area survey areas, finer scale associations were not well represented.  This finding indicates that more
detailed information on vegetation associations is required not only for the Ord area, but also for other
areas within the Victoria-Bonaparte bioregion, since the information available at present is at a very coarse
scale, and is fragmentary.  Further vegetation survey work within the M2 Development Area to delineate
vegetation communities is vital in order to facilitate accurate mapping and detailed assessment of
representation, and hence conservation values.
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4.0 COMPARISON OF M2 AND RIVERSIDE DEVELOPMENT AREAS

4.1 INTRODUCTION

This section describes an analysis made of the relationship between the vegetation communities of the M2
Development Area, including the Keep River, Knox Creek and Weaber Plains, and the Riverside
Development Area, incorporating the Mantinea Flats, Carlton Plain and Ivanhoe West Bank areas.

Systat cluster analysis was used to determine the relationship between the sites based on flora species
presence absence data.  A combined species by site table was formulated based on all the dry season
survey sites, and a similar procedure was followed as in earlier analyses whereby the data set was
standardised and subspecies and varieties were amalgamated into single species.

The methodology used in these surveys is described in detail in ecologia (1997a, 1997b).

4.2 RESULTS AND INTERPRETATION

The Systat dendrogram derived from the combined Ord data indicates separation of the M2 Development
Area and Riverside Development Area sites at the extremes of the dendrogram, and intermingling of the
sites within the middle portion (Figure 4).  The top half is dominated by M2 Development Area sites and
the bottom half by Riverside sites.  Where there is apparent intermingling, it is also noticeable that there is
clumping of sites where they are from the same area.

Looking first at the series of 26 sites at the top of the dendrogram, it is evident that a single Riverside
Development Area site, CP47, is clustered with a series of M2 Development Area sites.  Examination of
the M2 Development Area site descriptions indicates that these sites are predominantly on black soil plains,
and many of them are on areas of soil type 1, Cununurra normal phase.  Other sites are on related soil
types such as 1c or 1g, or are on aquitaine phase soils, types 5a and 5b.  The vegetation at these sites is
characterised by an overstorey of Lysiphyllum cunninghamii, often with Eucalyptus microtheca and
Excoecaria parvifolia, presumably on wetter or seasonally inundated sites.  The understorey frequently
includes Chrysopogon fallax, other common grasses including Themeda triandra, Panicum decompositum
and Aristida latifolia.  These sites are generally described as open woodlands over grassland, although
there are two purely Grassland sites.  Site CP47, the single Riverside site, is a cracking clay plain grassland
of Dichanthium fecundum, Aristida latifolia and Chrysopogon fallax.  All these grass species are present at
the M2 Development Area sites, and as mentioned, C. fallax is particularly common.

The next grouping consists of 18 sites which includes ten M2 Development Area and eight Riverside
Development Area sites.  The M2 Development Area sites are predominantly from the Weaber Plain
whereas the Riverside Development Area sites are mixed.  The M2 Development Area sites include a
series of sites that are transitional, lying at the margin of rock outcrops or at the edge of the black soil plain.
A series of soil types are represented, including 4a and 4b (cracking clays in depressions), 7b (eroded
cracking clays adjacent to creeks and rivers), and 8a (soil complex at the edge of upland areas).  These
soils are generally in patches, or are at the periphery of the black soil plain.

The vegetation of the Riverside Development Area sites is similar to the M2 Development Area sites,
common species in both areas including Lysiphyllum cunninghamii, Chrysopogon fallax, Aristida latifolia,
Dichanthium fecundum, Iseilema fragile, Carissa lanceolata and Panicum decompositum.  The M2
Development Area sites generally include Themeda triandra and Ophiuros exaltatus as dominant species in
the grass layer, with an overstorey of Lysiphyllum cunninghamii, Corymbia bella and other species.
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Dichanthium fecundum is commonly encountered in the grass layer of the Riverside sites, with the
overstorey including Lysiphyllum cunninghamii and Acacia farnesiana.

The intermediate clusters are a mixture of M2 Development Area and Riverside Development Area sites,
and no clear picture emerges from an examination of soil type, landforms, or dominant vegetation.
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The Riverside Development Area cluster at the base of the Systat dendrogram includes a series of 48 sites,
with only six of these sites from the M2 Development Area, all from the Keep River Plain.  The Riverside
Development Area sites include seven Ivanhoe West sites, 22 Mantinea Flats sites, and 13 Carlton Plain
sites.

The series of Keep River sites within the cluster are all from the northern or north-eastern part of the plain
close to the Keep River.  The dominant species are generally Excoecaria parvifolia, Melaleuca nervosa and
Eucalyptus microtheca in the overstorey over a mixed grass layer, or with chenopod shrubs at Site
KR31A.  These areas are associated with the banks of the Keep River or are in former channels of the
river.  Widespread species within the Keep River sites include the introduced plants Passiflora foetida and
Calotropis procera.  Widespread native species include Abutilon indicum and Melaleuca nervosa.  These
sites are perhaps characterised as much by the species that are lacking when compared to other M2
Development Area sites, including the grasses Aristida latifolia, Chrysopogon fallax, Iseilema fragile and
Sehima nervosa, and the overstorey species Lysiphyllum cunninghamii.

An examination of the raw data for the Riverside Development Area sites suggests that these sites are
characteristically disturbed, presumably due to the influence of cattle grazing.  The most widespread
species is Acacia farnesiana, and introduced species, including Aerva javanica, Parkinsonia aculeata,
Passiflora foetida, Calotropis procera and Cenchrus setigerus are also widespread.  The most widespread
grass is Heteropogon contortus, other common grasses including Dichanthium fecundum and Chrysopogon
fallax.  Common overstorey species include Eucalyptus microtheca, Excoecaria parvifolia, Adansonia
gregorii, Gyrocarpus americanus and Lysiphyllum cunninghamii, with Carissa lanceolata in the midstorey.

4.3 CONCLUSIONS

Overall, the comparison of M2 Development Area and Riverside Development Area sites separates the
M2 Development Area sites that are predominantly from black soil plain areas into Group 1, consisting of
sites generally with an open overstorey of Lysiphyllum cunninghamii and other species over grassland,
commonly with Chrysopogon fallax but with a variety of other grasses, notably Themeda triandra, Aristida
latifolia and Sorghum spp., that were infrequently encountered in the Riverside Development Area.

The Riverside Development Area sites are characterised by species present in degraded, grazed areas,
including Acacia farnesiana and a suite of other introduced species, and the grass Heteropogon contortus,
an increaser species (Petheram & Kok, 1991).

A series of sites in the central section of the dendrogram include a mixture of M2 Development Area and
Riverside Development Area sites not clearly related by vegetation or soil type.

While there is a significant degree of overlap between the floristic composition of sites from the two
development areas, there is little representation of Soil Units 1 and 5 vegetation in the Riverside
Development Area.  These soils are the dominant units on both the Keep River and Weaber Plains.
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5.0 COMPARISONS WITHIN THE M2 DEVELOPMENT AREA

5.1 INTRODUCTION

This section describes cluster analysis of the vegetation at survey sites within the M2 Development Area,
involving those on the Keep River, Knox Creek and Weaber Plains.  This represents the finest scale of the
analyses so far, and serves to compare the vegetation of the areas that are most likely to be impacted by
the proposal.  The areas are in close proximity to each other and it is therefore expected that the vegetation
associations will be similar, varying with local scale factors such as soil type, surface geology and landform,
and drainage.

Systat cluster analysis was used to determine the relationship between the M2 Development Area sites
based on flora species presence absence data.  A species by site table was formulated based on all the dry
season survey sites.

The methodology used in the M2 Development Area survey is described in detail in ecologia (1997a).  The
preference of plant species for certain soil or substrate types as described in this section are based on
information from Petheram and Kok (1991) and Wheeler et al. (1992).

5.2 RESULTS

Systat cluster analysis of the vegetation at survey sites within the M2 Development Area resulted in a broad
separation into two groups (Figure 5).  The first group can be designated in a general fashion as including
sites on the black soil plain with cracking clay soils of the normal (Type 1) and aquitaine (Type 5) phase,
cracking clays in depressions (Type 4), and associated areas of creeks, channels and other seasonally
inundated areas.  The second group includes those sites lying on other, generally patchy soil types, including
red soils, hills of sandstone and dolomite and sites underlain by these rocks, former channels and river
banks, and sandy soils.  These two subgroups are discussed separately below.

5.2.1 Black Soil Plain Sites

Within the cluster of black soil plain sites, there are two main groups, 1a and 1b.  Within Group 1a are a
series of sites on black soil plains that generally have cracking clay soils that are not normal phase cracking
clays (soil type 1).  The soils in these areas predominantly include soil types 4 (cracking clays in
depressions) and 5 (aquitaine cracking clays), with a series of other soil types associated with black soil
plains or lying at the margin of the plains.

The vegetation of the Group 1a areas commonly consists of Lysiphyllum cunninghamii  in the overstorey,
with a grass layer dominated by species such as Themeda triandra, Chrysopogon fallax and Sehima
nervosum.  Other commonly encountered species include the trees Eucalyptus microtheca, Terminalia
oblongata and Corymbia bella, shrubs such as Carissa lanceolata and Acacia bidwillii, and grasses
Ophiuros exaltatus, Aristida latifolia and Iseilema fragile.  Further subdivision of Group 1a suggests that the
series of sites at the head of the dendrogram are from black soil plain areas with depressions, whereas the
second subdivision is dominated by sites that are marginal to the black soil plain, or in areas that intergrade
between different soil types.  The first subdivision is dominated by Keep River sites, the second by Weaber
Plain sites.

Group 1b contains sites that are more clearly of the black soil type, with many of the dominant plant
species similar to those in Group 1a, but in different proportions.  The most widespread species in these
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sites are the grasses Panicum decompositum, Aristida latifolia and Iseilema fragile.  Widespread overstorey
species are similar to those in Group 1a and include Excoecaria parvifolia, Lysiphyllum cunninghamii and
Eucalyptus microtheca.
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Group 1b can be further subdivided into black soil plain sites on normal phase cracking clay soils, and a
series of sites in seasonally inundated areas including swamps and billabongs, former river channels,
inundated parts of the plain, flowlines and inundated areas receiving runoff from adjacent hills.  The first
subdivision is dominated frequently by Chrysopogon fallax and Lysiphyllum cunninghamii, whereas species
commonly encountered in flooded areas or seasonally inundated sites such as Excoecaria parvifolia and
Eucalyptus microtheca are dominant at many of the sites within the second subdivision.  Other widespread
species not found as frequently in Group 1b sites include species that are usually found on clay soils
(Neptunia monosperma), in seasonally wet areas (Abelmoschus ficulneus) and on alluvial soil and river
banks (Brachyachne convergens).  Given that large areas of the Keep River and Weaber Plains are
inundated during the wet season it is perhaps not surprising that black soil plain sites and more obviously
seasonally inundated sites are clustered in the analysis.

5.2.2 Miscellaneous Sites

As previously alluded to, the second main group of sites (Group 2) includes a variety of soil types with sites
not on cracking clay plains.  Group 2 can be divided into four clusters which will be discussed in
descending order.

The first cluster includes sites on sandstone or dolomite hills, on the Cockatoo Land System, or sandy soils
at the edge of the Cockatoo Land System.  These sites are thus characterised by a rocky substrate or the
products of rock weathering.  They commonly include species found on sandy soils such as Eucalyptus and
Corymbia species and Adansonia gregorii in the overstorey with the grasses Themeda triandra and
Sorghum stipoideum.

Sites within the second cluster are from sites on red soils (Red-brown earths) or are associated with river
banks.  Widespread species are Lysiphyllum cunninghamii, Corymbia bella, C. greeniana and Ficus
opposita in the overstorey, midstorey species include Grewia retusifolia and Carissa lanceolata, and the
grass Heteropogon contortus and the vine Cayratia trifolia were also recorded at most of these sites.
These sites are generally dominated by various Eucalyptus and Corymbia species and Lysiphyllum
cunninghamii with Heteropogon contortus dominant in the grass layer.

The third and fourth clusters (Group 2b) each consist of few sites.  The third cluster contains sites from
sandstone hills, a site on the Cockatoo Land System, and a sloping riverine site underlain by sandstone
(Site KR27).  The overstorey is generally dominated by species of Eucalyptus, Buchanania obovata,
Grevillea agrifolia and Acacia difficilis, all species that prefer rock substrates or sandy, well drained areas.
Other species commonly found on rocks are also present at these sites including Strychnos lucida and
Calytrix exstipulata.  The final cluster includes only four sites, all of which are associated with the flood plain
of the Keep River.  Sites KR29 and KR30 are on a former channel of the Keep, and are dominated by
Melaleuca nervosa and Passiflora foetida, and share other species such as Abutilon indicum and
Lophostemon grandiflorus.  Sites KR32 and KR31A are both on soil unit 7a and are dominated by the
grasses Imperata cylindrica and Sporobolus virginicus, and share other species including Cressa cretica,
Sesbania cannabina and Xerochloa imberbis.  These sites are in the lower reaches of the Keep River and
are partially saline.

5.3 CONCLUSIONS

Cluster analysis of floristics data from sites throughout the M2 Development Area suggests that there are
two broad categories of sites, the black soil plain sites that are located on the Cununurra clay normal phase
soils and associated cracking clays in depressions and aquitaine soils, and a second series of sites on a
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miscellaneous array of soils and substrate types including red soil, sandy or stony substrates or upland
areas such as the Cockatoo Land System, and riverbanks.  Within the 'black soil' group, one cluster of
sites includes swamps and other seasonally or permanently inundated areas.

This broad grouping of sites is similar to the description of the vegetation of the Weaber Plain provided by
Dixon (1996), who recognised a series of concentric zones inwards from the perimeter, outer areas
characterised by Aquitaine phase soils (Unit 5) grading to Cununurra normal phase soils (Unit 1) in inner
areas.  From the outer perimeter, generally treeless grasslands occur on Unit 5c soils, followed by
Eucalyptus tectifica and Excoecaria parvifolia over grasses on Unit 5a soils, more variable vegetation on
Unit 5b, and in the interior of the plain Unit 1 where Lysiphyllum cunninghamii becomes the dominant
overstorey species with generally treeless areas in the centre of the plain with Sorghum spp. grasses
dominating (Dixon, 1996).  Dixon (1996) considers that these changes in vegetation most likely reflect the
drainage, and seasonal inundation is presumably a major determinant.  Where a stream or river passes
across the plain the broad pattern is broken.

Dixon (1996) further recognises the distinctiveness of the vegetation on the scattered areas of red soils on
the plain.  Grasses include Heteropogon contortus and Themeda triandra, and Eucalypts are common in the
overstorey.  Within the current analysis, sites with red soils clustered with riverine sites and sites over sandy
or stony soils, these areas representing vegetation outside the broad pattern described by Dixon (1996).

Cracking clay ('black soil') areas are most amenable to irrigated agriculture and therefore are most likely to
be developed during the proposed project.  Development of these areas needs to be examined in the
context of vegetation communities and their representation and the extent of each soil unit (and sub-unit)
over the M2 Development Area.
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6.0 GENERAL CONCLUSIONS

6.1 INTRODUCTION

The proposed development of the M2 Area will affect significant areas of black soil plain country in the
East Kimberley and adjacent Northern Territory in an area that is poorly known biologically.
Consequently, environmental issues must be carefully considered to ensure maintenance of biological
diversity and protection of biological values.  Due to the limited extent of the Ivanhoe Land System in the
East Kimberley and the distinctive nature of the vegetation in the M2 Development Area, it is desirable that
adequate representation of these areas be maintained.  Adequate assessment of the flora and vegetation of
the project area is necessary to provide comprehensive information on species diversity and the array of
vegetation communities that occur.

Knowledge of the biota of the Victoria-Bonaparte bioregion is relatively poor, with few surveys of flora
and fauna.  This lack of knowledge is due presumably to the inaccessible nature of much of the region, the
low population density, and the fact that few experienced observers have undertaken detailed studies.
Most information available that is pertinent to the M2 Development Area is at a very broad scale, including
vegetation (Beard, 1979), landforms (Stewart et al., 1970) and soils (Aldrick & Moody, 1977; Dixon,
1996; Schoknecht & Grose, 1996).  There are few records of the fauna of the area with the exception of
opportunistic data from the Kimberley Research Station.  This situation has been remedied to some degree
by undertaking a biological survey of the area (ecologia, 1997a).

This document has been prepared in order to examine the vegetation of the M2 Development Area in a
bioregional context.   The bioregional level is taken to be the Victoria-Bonaparte bioregion, and the
majority of information discussed refers to sites within this area.  Within this bioregion the vegetation has
been examined at four levels at diminishing spatial scales:

1. Between Land Systems within the East Kimberley;

2. Between areas of the Ivanhoe Land System within the Victoria-Bonaparte bioregion;

3. Between the M2 and Riverside Areas within the Ord Basin; and

4. Between the three plains that make up the M2 Area itself.

A summary of the findings within the context of these spatial scales is given below, followed by a discussion
of their implications and the main conclusions that have been reached.

6.2 COMPARISONS

6.2.1 Land Systems within the East Kimberley

The floristic composition of a series of 37 WARMS sites located within ten of the Land Systems identified
for the Ord-Victoria area by Stewart et al. (1970) were compared.  Areas located on land units described
as having gentle slopes or on plains were included, since they were considered sufficiently similar to the
black soil plains of the M2 Development Area to warrant comparison.  The soils of these areas are
described as predominantly grey and brown cracking clays of the Kununurra, Argyle and Barkly soil
families.
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The great majority of the M2 Development Area, and the Ord Stage II Area in general, lies within the
Ivanhoe Land System.  Within the Ord-Victoria Area, relatively few Land Systems include substantial
areas of cracking clays, and they are in the main utilised by pastoralists, with few areas protected in
reserves.  A clear separation of the Ivanhoe site from all other sites in the analysis suggests that the black
soil plain areas of this Land System posess a different floristic composition to the other areas examined.
Unfortunately, the WARMS Ivanhoe data is restricted to a single site, making it difficult to come to any any
firm conclusions.

A further comparison was made between the floristic composition of the 37 WARMS sites, and a series of
15 similar sites within the within the Keep, Knox, Weaber, Carlton and Ivanhoe West Bank areas of the
proposed Ord Stage II.  Analysis indicated a generally clear separation of WARMS sites from the Ord
sites.  This separation appears to be due to real floristic differences rather than an artefact of differing
methodology.  The single WARMS site located within the Ivanhoe Land System clustered with the Ord
sites, and, significantly, with the Carlton Plain sites which are from a similar location.

6.2.2 Ivanhoe Land System Areas within the Victoria-Bonaparte Bioregion

A report on a reconnaissance land resource survey by NT Government personnel (Brocklehurst et al.,
1998) compared the composition of the vegetation of the M2 Development Area with vegetation from
areas within the Ivanhoe Land System in the Northern Territory on Auvergne and Spirit Hills stations, the
largest portions of the Ivanhoe Land System within the Northern Territory.  Their aim was to 'consider
whether the plant species diversity and the floristic communities present in the M2 Development Area are
well represented in the Auvergne region'.  To facilitate a satisfactory comparison between the areas, the
NT survey concentrated on sites with 'potential for agricultural development', with most sites on areas of
clay soils on flat or undulating plains.

The primary findings relevant to the proposed M2 Development Area are that the greater variety of
vegetation communities identified during the NT survey may reflect the greater variety of land types
surveyed, and the greater number of plant species recorded during the M2 Development Area survey was
not thought to be due to differences in survey methodology or timing, and therefore is presumably based on
a real effect.  The reasons behind the greater observed biological diversity in the M2 Development Area
are unclear.  Broad vegetation types were represented in both survey areas, however, finer scale vegetation
communities from the M2 Development Area were not well represented in the NT survey.  Overall, there
are considered to be broad similarities in the vegetation of the two areas, but also significant and real
floristic differences.

6.2.3 M2 Development Area and Riverside Areas within the Ord Basin

The M2 Development Area and Riverside Development Areas are thought to have had relatively similar
geological histories, although within different time frames.  The underlying geology of the two areas is
similar, with both areas incorporating Cainozoic 'black soil' plains of the Ivanhoe Land System, however,
the distribution and coverage of soil types differs between the two areas.

Cluster analysis of plant presence absence data from all dry season sites within the M2 Development Area
and Riverside Development Area was undertaken.  The analysis separated the M2 Development Area sites
that are predominantly from black soil plain areas into a broad group characterised by sites generally with
an open woodland of Lysiphyllum cunninghamii and other species over grassland, commonly with
Chrysopogon fallax but with a variety of other grasses, notably Themeda triandra, Aristida latifolia and
Sorghum spp..  Sites with a similar array of species were infrequently encountered in the Riverside
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Development Area.  The M2 Development Area sites are generally on Unit 1 and 5 soils, which include the
broad areas of Cununurra normal phase soils and associated wetter areas on the black soil plains.  The
assumption is that similar areas are poorly represented within the Riverside Development Area, with a
single site from Carlton Plain falling within this group.  Vegetation of the black soil plains of the M2
Development Area seem thus to form a distinct unit.

The Riverside Development Area sites, at the other extreme, are characterised more by plant species
indicative of degraded, grazed areas, including Acacia farnesiana and other introduced species, and the
grass Heteropogon contortus, an increaser species.  These grazing effects may have obscured the true
relationship between the vegetation of the two areas.  Between the extremes of the M2 Development Area
black soil sites and the degraded Riverside Development Area sites there is considerable overlap of M2
Development Area and Riverside Development Area sites, and the vegetation may be considered broadly
similar.
Poor differentiation of sites within the cluster diagram may indicate that insufficient sites have been surveyed
to adequately detail the vegetation.  This would appear to be the case based on the poor correlation
between vegetation associations and soil type.  An alternative possibility is that there are a very large
number of associations in the area with characteristic species composition, hence this heterogeneity of the
vegetation has been depicted in the separation of sites within the dendrogram.  In either case, further
investigations into the flora and vegetation of the M2 Development Area are required to refine knowledge
of vegetation composition and distribution of vegetation associations.

6.2.4 Weaber Plain, Keep River Plain and Knox Creek Plain within the M2 Area

The floristic composition of the three plains within the M2 Development Area was compared.  It is at the
finest scale of the analyses, and serves to compare the vegetation of the areas that will be impacted in the
M2 Development Area.  It should be noted that while the plains of the M2 Development Area have been
considered separately for the purposes of the soil surveys undertaken previously, they occupy different
portions of a contiguous drainage system and therefore the boundaries between them are to a degree
arbitrary.  Consequently, it is expected that the vegetation associations will be relatively similar, varying with
local scale factors.

Cluster analysis divided the M2 Development Area into two broad categories which are referred to as
black soil plain sites and patch sites.  The 'black soil plain' cluster of sites includes a group with sites
typically on normal phase cracking clay soils (Unit 1), and a second group generally with soils other than
these, predominantly including soil types 4 (cracking clays with microrelief) and 5 (aquitaine cracking
clays), with a series of other soil types associated with the plains or lying at their margins.

A series of miscellaneous sites includes black soil plain periphery and upland areas (Units 8, 8a, 8b, and
11, and Cockatoo Land System), riverine woodland along Keep River, Border Creek and lower Knox
Creek (Units 7a & 7b), rock outcrops of dolomite, sandstone or limestone (Units 6, 6a, 6b, 6d & 6e), and
billabongs and permanent wetlands (Unit B/s).

Sites on areas of red-brown earths are generally well drained and are characterised by distinctive
vegetation with an overstorey of Eucalypts (Dixon, 1996).  These areas include Soil Units 2a, 2b, 2c and
2d.  Soil Units 4a, 4b, 4c, 4d and 4e show considerable microrelief including shelfs and depressions.  The
depressions are generally poorly drained and become inundated during the wet season.

The first group of the more typical 'black soil plain' sites includes sites on the poorly drained Aquitaine
phase soils (Soil Units 5a, 5b, 5c), swamps and lagoons and their margins.  The second group of black soil
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plain sites are predominantly from Soil Unit 1.  The vegetation is quite variable, althou generally a low
woodland over grassland.  The most widespread association has Lysiphyllum cunninghamii as the dominant
species in the overstorey over Chrysopogon fallax grassland.  Further more detailed investigation of these
areas is necessary in order that a more comprehensive analysis can be undertaken, including an assessment
of the representation of vegetation communities in relation to the reserves system of the Victoria-Bonaparte
bioregion.

More detailed information is required not only for the Ord area, but also for other locations within the
bioregion.  The information available at present is at a very coarse scale, is limited in scope, and is
fragmentary. Further investigation of species of conservation value identified in the M2 Development Area
should be undertaken to assess representation of these species and the communities of which they form a
part within the Kimberley and adjacent Northern Territory.  This should be achieved prior to further
development to ensure protection and maintenance of biological diversity.

6.2.5 Conclusions

Several general conclusions can be derived from the analyses of floristic composition at the four spatial
scales referred to in this section:

A) At the Land System level within the East Kimberley, sites on the Ivanhoe Land System differ
significantly from all other Land Systems with cracking clay soils.

B) A comparison of the M2 Development Area with other areas of the Ivanhoe Land System within
the Northern Territory indicates that there is a higher plant species diversity within the M2
Development Area.  In addition, whilst there are broad scale similarities in the vegetation of the two
areas, at a finer scale vegetation community or association level, there are clear differences.

C) Comparison of the M2 Development Area and Riverside Development Areas, indicates that again
whilst there are broad similarities in vegetation types and overlap in floristic composition between
these two areas, the two development areas are dominated by distinctly different community types.
Significantly, there is no representation of the vegetation communities which occur on major Soil
Units 1 and 5 of the M2 Development Area within the Riverside Development Area.

D) Finally, the vegetation of the M2 Development Area can be broadly divided into black soil plain
sites and sites on other soil types.  There is a differing degree of representation of these community
types on each of the three plains.
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INTRODUCTION

The fish fauna of the Northern Territory is not yet well known, and there are many gaps in our
knowledge (Larson, in prep.; Larson and Williams 1997; Russell and Houston 1989). Northern
Territory freshwater fishes and their distribution are better known than marine or estuarine fishes,
mostly due to mining interests in the Alligator Rivers region (Larson and Martin 1990). For
example, the coastal and freshwater fishes of Kakadu National Park, which includes most of this
region, are therefore reasonably well known (Press et al. 1995; Larson 1997).

In contrast, the Keep River system is poorly known and its fishes (indeed, any of its aquatic
fauna) have never been properly studied. The Keep forms part of the Timor Sea drainage system
of the Northern Territory and drains an area of 12,300 km2 (Midgley 1981). Only three brief ad
hoc collections of fishes have been made in the Keep River: a three-day sampling of Policeman
Waterhole in 1981 (Midgley 1981) and two by the Conservation Commission of the Northern
Territory in 1975 and 1980 (based on specimens held at MAGNT). No survey of its estuarine
fauna has ever been attempted (Larson in prep.).

A survey of the Keep River aquatic fauna, with emphasis on fishes, was requested by Kinhill, for
the Ord River Irrigation Scheme Stage 2. The Stage 2 proposed development includes broadacre
irrigation horticultural cropping within the catchment of the Keep River. Irrigation water would be
sourced via a new (M2) open channel from the Kununurra Diversion Dam. Additional farm drains
and stormwater drains would also enter the Keep. In addition, structural changes such as levees,
a bridge and water regulating storage would be included in the development. The development,
therefore, has potential for impacts on the Keep River drainage system and its associated biota.

The survey was carried out from 5-11 October, 1998, in the late dry season. The timing and
brevity of the survey was constrained by external factors.
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METHODS

Sampling was carried out by two people using multipanel gill-nets, fine-mesh seine, one-person
scoop-nets, hook and line (casting rod), dip-net and torch at night, and sight observations. The
possibility of Estuarine Crocodiles in the waterbodies prevented snorkeling and visual census
methods being used. Sampling sites and methods used were constrained by site access and
topology. Upon arrival at a particular locality, most sampling was done with scoop-nets, which
resemble small one-person seine nets, for at least an hour (unless the site was plainly
depauperate). The scoop-nets, based on a Japanese design, have two handles 1 m long, and
multifilament nylon mesh (4 mm knot to knot). If the habitat was suitable, a small fine-mesh seine
and gill-nets would be used. Scoop-nets are more efficient among aquatic vegetation than seines.

The two multi-panel gill-nets are each 35 m long, with a drop of 2 m, and seven 5 m long panels
each of a different mesh size: 26, 44, 58, 76, 100, 126, and 150, knot to knot. The differing mesh
sizes allows sampling of a wide range of fish species and sizes (e.g. from small rainbowfish to
adult barramundi). Gillnets were normally set for one hour, to prevent drowning any Freshwater
Crocodiles and killing too many fish. Wherever possible, these nets are set so that one is at a right
angle to the bank, and one is parallel to the bank (to capture fishes travelling down the centre of
the waterbody as well as those moving along the bank close to shelter). The nets are tied or
anchored and buoyed so that they remain stationary, and left for approximately an hour in the
afternoon, then re-set for another hour in the evening, with sunset occurring during the latter set,
where possible.

At night, additional sampling with scoop-nets and small aquarium dip-nets was carried out at each
locality. This enables observation and capture of nocturnally-active fish such as eel-tailed catfish,
and ease of capture of other species (which may be sleeping).

The seine, scoop-net and dip-net sampling techniques also capture macroinvertebrates such as
crustaceans, aquatic insects and molluscs. Terrestrial habitats adjoining watercourses were
sampled opportunistically, by hand-collecting and spot-light, for reptiles and amphibians. A range
of these organisms were retained for identification.

Specimens were brought back to the Museum and Art Gallery of the Northern Territory, Darwin
(MAGNT), sorted and identified, identification confirmed, and deposited as vouchers in the
MAGNT reference collection. Specimens deposited in the collection will be registered, and
habitat and physical data included in the MAGNT database.

Localities were fixed using a Magellan hand-held GPS. Temperature, salinity and conductivity
were recorded by a YSI model 30 system, while pH was recorded using a “Blue Water” test kit.
Unfortunately, short notice for the field program prevented the use of a more sophisticated data
logger, which was unavailable for the time period required.

On 9-10 October, the intense heat limited work during the day.

Due to circumstances beyond my control, it has not been possible to have the aquatic insects
identified in time for inclusion in this report. A separate report on the insect fauna will be
prepared.
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COLLECTING SITES

The sites visited are listed below, including habitat and water quality descriptions (and see Fig. 2).
Stations are numbered consecutively. Note that the first station is HL 98-35, not 98-1.

HL 98-35

Keep River National Park, “Bucket Spring” by northern park border, at small open pool (Fig.
2) in un-named creek fed by spring flowing from escarpment. 15º 44’ 47” S 129º 10’ 18” E.
Water clear, 27.7ºC, 0.2 ppt, 425.9 µs, 1.5 m deep, current slow. Substrate rocks, sand,
rubble, leaf litter and logs. Bright green sponges present on some limestone rocks
(Spongillidae, probably Radiospongilla sp.). Aquatic vegetation of mixed grasses, reeds
(Eleocharis), and taro (Colocasia esculenta) along edges. Shore steep sandy-clay banks,
with few big Melaleuca, open woodland behind. 5 October 1998. 0830-1000 hrs. Coll. H.
Larson, by scoop-net, hand.

Fig. 1. Pool of “Bucket Spring”, HL 98-35.

HL 98-36

Keep River National Park, “Bucket Spring” by northern park border, at larger open pool
(Fig. 3) downstream from 98-35. 15º 45’ 00” S 129º 10’ 05” E. Water clear, 27.7ºC, 0.2
ppt, 431 µs, pH 7.6, 2.5-3 m deep, current slow. Substrate rock, loose rocks, leaf litter and
logs. Aquatic vegetation of mixed grasses, reeds (Eleocharis), and taro (Colocasia
esculenta) along edges. Shore steep sandy-clay banks, with large Melaleuca, open woodland
behind. 5 October 1998. 1045-1130 hrs. Coll. H. Larson and P. Horner, by multipanel gill-
net.
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Fig. 2. Map of the Keep River and Sandy Creek area showing localities sampled
(circled). Topography other than watercourses not indicated.
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Fig. 3. “Megalops” pool at “Bucket Spring”, HL 98-36.

HL 98-37

Keep River National Park, “Bucket Spring” by northern park border, at very shallow pool
(fig. 4) further downstream from 98-36; creek flowing through rush/grass thickets at either end
of pool. 15º 44’ 58” S 129º 09’ 45” E. Water clear, 28.9ºC, 433.9 µs, pH 7.6, 0.25 m
deep, current slow. Substrate sand, leaf litter. Aquatic vegetation reduced; Marsilea sp. in
water, small amount of reeds (Eleocharis), grasses and taro (Colocasia esculenta) along
edges. Shore sloping sandy-clay banks, with Melaleuca, Barringtonia acutangula and
Nauclea orientalis, with open woodland behind. 5 October 1998. 1100-1200 and 2100-
2215 hrs. Coll. H. Larson and P. Horner, by scoop-net and dip-nets.

Fig. 4. Shallow sandy pool, “Bucket Spring”, HL 98-37.
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HL 98-38

Keep River National Park, “Bucket Spring” by northern park border, in deep open hole in
“dry” arm of creek (Fig. 5) fed by slow trickle from spring, creek shallow, mostly rush-filled.
15º 44’ 59” S 129º 10’ 16” E. Water clear, 28.9ºC, 475 µs, pH 7.6, 1.5 m deep, current
slight. Substrate sand, rocks, leaf litter. Aquatic vegetation of mixed grasses and taro
(Colocasia esculenta) along edges. Shore low grassy banks and low Melaleuca, open
woodland and escarpment behind. 5 October 1998. 1530-1700 hrs. Coll. H. Larson and P.
Horner, by multipanel gill-net.

Fig. 5. Multipanel gill-net in “dry” arm of “Bucket Spring”, HL 98-38.

Fig. 6. North end of Alligator Hole, looking south; HL 98-39.
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HL 98-39

Keep River drainage, Alligator Hole, a long deep steep-banked isolated billabong of the Keep
River, rocky and muddy at north end (Fig. 6), sandy with mud at south end, about 25 m wide.
15º 41’ 20” S 129º 02’ 13” E. Water somewhat turbid olive colour, 30.6ºC, 0 ppt, 82.2 µs,
pH 6.8, 2.7 m deep in centre, no current. Substrate sand, mud, rocks, leaf litter and logs.
Aquatic vegetation of Nymphea sp. (N. macrosperma or N. violacea), Nymphoides sp.
(probably N. indica, none flowering), and Urtricularia australis. Shore steep sandy banks,
with varied riparian vegetation, open woodland behind. 6 October 1998. 1400-1615 and
1830-2100 hrs. Coll. H. Larson and P. Horner, using two multipanel gill-nets.

HL 98-40

Keep River drainage, Milligan Lagoon (Fig. 7), a large open curved isolated billabong of the
Keep River, in blacksoil plains. 15º 37’ 17” S 129º 00’ 20” E. Water somewhat turbid
yellow-grey colour, 31.1ºC, 0 ppt, 82.1 µs, pH 7.2, about 1.5 m deep, no current. Substrate
thick deep mud, leaf litter. Aquatic vegetation of Nymphea (N. macrosperma or N.
violacea), Hydrilla verticillata and Chara sp., forming dense mats. Bright green spiky
sponge on vegetation (Spongillidae, probably Radiospongilla sp.). Shore open sloping
blacksoil banks, with short grasses, Barringtonia acutangula and Lysiphyllum
cunninghamii, open woodland behind. 7 October 1998. 1130-1230 hrs. Coll. H. Larson, by
scoop-net.

Fig. 7. Milligan Lagoon, north end, HL 98-40.

HL 98-41

Sandy Creek, Augustus Hole, a large waterhole in main creek bed (Fig. 8). 15º 31’ 31” S
129º 19’ 11” E. Water clear, 32.7ºC, 0.1 ppt, 311.9 µs, pH 7.6, 1.5 m deep, no current.
Substrate coarse sand, leaf litter. Aquatic vegetation absent. Shore on east bank a rocky
gorge, on west bank steep sandy banks, with riparian vegetation mostly of Pandanus spiralis,
Melaleuca, Barringtonia acutangula and Nauclea orientalis, open woodland behind. 7
October 1998. 1700-1900 and 2030-2130 hrs. Coll. H. Larson and P. Horner, by scoop-net
and hook and line.
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Fig. 8. Sandy beach near south end of Augustus Hole, HL 98-41.

HL 98-42

Sandy Creek, Augustus Hole, at south end of main waterhole where it meets small spring-fed creek flowing over
small boulders (Fig. 9), among grassy banks. 15º 31’ 42” S 129º 19’ 30” E. Water clear, 30.8ºC, 0.2 ppt,
312.2 µs, pH 7.6, 0.5-1.5 m deep, current slow to moderate. Substrate rocks, sand, small boulders, Melaleuca
leaf litter. Some green ?Radiospongilla sp. and algae present on rocks. Aquatic vegetation practically absent,
some small Eleocharis sp. and grasses. Shore open, almost no banks, with grasses, few Pandanus spiralis and
Melaleuca sp., open woodland behind. 8 October 1998. 0930-1030 hrs. Coll. H. Larson, by scoop-net.

Fig. 9. South end Augustus Hole, HL 98-42.

HL 98-43

Sandy Creek, Augustus Hole, at north end of main waterhole (Fig. 10), forming series of small
open sandy and rocky pools joined by narrow stream. 15º 31’ 00” S 129º 18’ 46” E. Water
clear, 30.9ºC, 0.2 ppt, 333.2 µs, pH 7.6, 0.5 m deep, current slow to moderate. Substrate
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white sand, rocks, leaf litter. Aquatic vegetation practically absent, some small Eleocharis sp.
Shore low grassy banks, with grasses, overhanging Pandanus spiralis and Melaleuca sp.,
open woodland behind. 8 October 1998. 1115-1145 hrs. Coll. H. Larson, by scoop-net.

Fig. 10. Open rocky pool, north end Augustus Hole, HL 98-43.

HL 98-44

Sandy Creek, Augustus Hole, just north of sandy beach by campsite near south end of
waterhole. 15º 31’ 31” S 129º 19’ 11” E. Water clear, 32.7ºC, 0.1 ppt, 311.9 µs, pH 7.6,
2-2.7 m deep, no current. Substrate coarse sand, leaf litter. Aquatic vegetation absent. Shore
on east bank a rocky gorge, on west bank steep sandy banks, with riparian vegetation mostly
of Pandanus spiralis, Melaleuca, Barringtonia acutangula and Nauclea orientalis, open
woodland behind. 8 October 1998. 1230-1340 hrs. Coll. H. Larson and P. Horner, two
multipanel gill-nets.

HL 98-45

Sandy Creek drainage, Emerald Spring (Fig. 11), large spring-fed (?) pool at base of vertical
sandstone cliff. 15º 31’ 59” S 129º 15’ 55” E. Water greenish, relatively clear, 32ºC, 0 ppt,
20.8 µs, pH 6.4, about 2.5 m deep, no current. Substrate sand, rock, leaf litter. Aquatic
vegetation green algae on rocks and plant rootlets. Shore half sandstone cliff, half sloping
sandy banks bound by rootlets, few Melaleuca, with open woodland behind. 8 October
1998. 1600-1700 and 2045-2130 hrs. Coll. H. Larson, by scoop-net.
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Fig. 11. Cliff and pool, Emerald Spring, HL 98-45.

Fig. 12. Oakes Creek by junction with Keep River, HL 98-46.



KEEP RIVER AQUATIC FAUNA SURVEY

HL 98-46

Keep River system, Oakes Creek, at junction with Keep River (Fig. 12), creek broken into
series of shallow pools. 15º 19’ 19” S 129º 05’ 21” E. Water turbid, 35.1ºC, 48.8 ppt, 0.5
m deep, no current. Substrate sand, rock, mud layer mixed with sand. Aquatic vegetation
absent, green algal bloom in some pools. Last pool in which fish were found, about 0.5 km up
creek from junction, was 40.5ºC, 42.5 ppt. Shore low sandy banks of low grasses and small
bushy Melaleuca sp., low open savannah woodland behind. 9 October 1998. 1430-1515
hrs. Coll. H. Larson, by scoop-net.

HL 98-47

Keep River, in river directly opposite junction with Oakes Creek (Fig. 13). 15º 19’ 21” S
129º 05’ 24” E. Water somewhat turbid, 33.3ºC, 47 ppt, 2 m deep, current slow. Almost no
tidal movement. Substrate mud, sandy mud, rock, logs. Aquatic vegetation absent. Shore low
muddy banks with scattered low grasses, Sesuvium portulacastrum, Aegiceras
corniculatum, Avicennea marina, small bushy Melaleuca sp., low open savannah woodland
behind. 9 October 1998. 1730-1900 and 2000-2200 hrs. Coll. H. Larson and P. Horner, by
two multipanel gill-nets.

Fig. 13. Keep River, by junction with Oakes Creek, HL 98-47.

HL 98-48

Sandy Creek, billabongs in broad rounded sandy un-named creek bed (Fig. 14) broken into
series of pools 0.25-1 km long. 15º 23’ 38” S 129º 11’ 10” E. Water clear greenish, 32.8ºC,
0.1 ppt, 99.5 µs, pH 7.2, 1.5 m deep, no current. Substrate sand, leaf litter, thick vegetation,
logs and sticks. Aquatic vegetation Chara sp., Urticularia australis, Najas tenuifolia,
Nymphaea (N. macrosperma or N. violacea); Enteromorpha sp. and other green algae
forming blooms at ends of some pools. Shore low to steeply sloping sandy banks, grassy, with
scattered Eucalyptus and Melaleuca, open woodland behind. 10 October 1998. 1530-
1700-2000-2100 hrs. Coll. H. Larson and P. Horner, by 20’ seine and scoop-nets.
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Fig. 14. Sandy Creek billabong, one of several; HL 98-48.

HL 98-49

Sandy Creek estuary, east bank (Fig. 15). 15º 16’ 05” S 129º 12’ 55” E. Water muddy
grey-green, 30.1ºC, 40.5 ppt, 2 m deep, current slow. Tide low. Substrate mud. Aquatic
vegetation absent. Shore on east bank steep mud banks, grass-topped, with wide salt flat
behind, on which were scattered grasses (Sporobolus virginicus), Sesuvium
portulacastrum and small bushy Melaleuca sp. 11 October 1998. 1110 hrs. Sight record
only, H. Larson.

Fig. 15. Sandy Creek estuary, looking upstream, HL 98-49.
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HL 98-50

Sandy Creek estuary, isolated pool in small creeklet entering estuary on east bank (Fig. 16),
just inland from HL 98-49. 15º 16’ 05” S 129º 12’ 55” E. Water turbid, muddy, 34.6ºC,
45.3 ppt, 0.5 m deep, no current. Substrate mud. Aquatic vegetation absent. Shore salt flat,
with Sesuvium portulacastrum. 11 October 1998. 1115-1145 hrs. Coll. H. Larson, by
scoop-net.

Fig. 16. Salt flats, Sandy Creek estuary, just east of HL 98-50.

HL 98-51

Sandy Creek tributary, isolated pool in narrow eroded channel (Fig. 17), one of several, rest
of channel dry. 15º 19’ 11” S 129º 13’ 51” E. Water rather turbid greenish, 39ºC, 61.1 ppt,
0.5-1 m deep, no current. Substrate clay, mud, logs, many fallen trees. Aquatic vegetation
absent. Shore steep clay-mud banks full of tree roots, with low open woodland behind, mostly
Melaleuca. 11 October 1998. 1245-1300 hrs. Coll. H. Larson, by scoop-net.

Fig. 17. Tributary channel of Sandy Creek, HL 98-51.
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HL 98-52

Keep River, on south side of bridge where Legune Station road crosses river (Fig. 18), river
broken into series of large pools. 15º 24’ 23” S 129º 03’ 45” E. Water somewhat turbid,
greenish, 32.5ºC, 0.1 ppt, 163.1 µs, pH 7.2, at least 1 m deep, no current. Substrate rock
slabs, rocks, gravel, sand, logs and leaf litter. Aquatic vegetation absent. Shore steep blacksoil
banks with Pandanus ?aquaticus, Barringtonia acutangula and Melaleuca sp., open
woodland behind. 11 October 1998. 1415-1515 hrs. Coll. H. Larson and P. Horner, by
scoop-net and hook and line.

Fig. 18. Keep River, just west of Legune Station road crossing, HL 98-52.

FISH SPECIES

The species listed here are based on the survey collections and sight records or literature records.
Station numbers are given at which each species was collected, followed by number of specimens
collected and their size range (in standard length) in parentheses. All specimens retained are
registered in the NTM reference collection.

PRISTIDAE - SAWFISH

Pristis clavata Garman, 1906 – Dwarf Sawfish

Pristis clavata Garman, 1906: 208 (Queensland, Australia).

HL 98-47, 1(840).

This small species is definitely known only from northern Australia so far, from Cairns to the
Kimberley coast. It is usually found in estuaries or close to the coast.
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Pristis microdon Latham, 1794 – Freshwater Sawfish

Pristis microdon Latham, 1794: 280 (no locality). - Midgley 1981: 56 (Police Hole).

No material was retained from Midgley’s collection, but his identification is accepted here, given
that this isolated site is well up into freshwater (the preferred habitat of this species). It is possible
that Midgley’s specimen was also P. clavata, as the two species have been confused in the past
(P. Last, pers. comm.). Pristis microdon is known from the Victoria, Daly and Adelaide Rivers
(and elsewhere in northern Australia and South-east Asia) and appears to be confined mostly to
fresh water (Last and Stevens 1994).

MEGALOPIDAE - TARPONS

Megalops cyprinoides (Broussonet, 1782) – Ox-eye Herring

Clupea cyprinoides Broussonet, 1782: 39 (Tanna, New Hebrides)

HL 98-36, 1(388); HL 98-38, 1(discarded); HL 98-39, 3(189-201); HL 98-45, sight record
only; HL 98-48, sight record only.

CLUPEIDAE - HERRINGS

Nematalosa erebi (Günther, 1868) – Bony Bream

Chatoessus erebi Günther, 1868: 407 (Mary River, Queensland).

Nematalosa erebi - Midgley 1981: 56 (Police Hole).

HL 98-39, 10(77-172); HL 98-42, sight record only; HL 98-44, released; HL 98-47, 1(207).
Also specimens in NTM collection from Policeman Waterhole and Cockatoo Lagoon.

ENGRAULIDIDAE - ANCHOVIES

Thryssa brevicauda Roberts, 1978 – Short-tail Thryssa

Thryssa brevicauda Roberts 1978: 29 (mangrove creek, Lower Fly River, PNG).

HL 98-47, 4(90-101).

ARIIDAE - FORK-TAILED CATFISH

Arius graeffei Kner and Steindachner, 1866 – Blue Catfish

Arius graeffei Kner and Steindachner, 1866: 383 (Samoa, locality doubtful).

HL 98-39, 11(155-173); HL 98-44, 1(243); HL 98-47, 3(180-310). Also specimens in NTM
collection from Policeman Waterhole.

Arius leptaspis (Bleeker, 1862) – Salmon Catfish

Hexanematicthys leptaspis Bleeker, 1862: 27 (New Guinea).

NTM S.11405-008, from Policeman Waterhole. The “ariid sp.” reported by Midgley (1981)
from “Police Hole” could be this species or Arius graeffei (specimens not retained).
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Arius midgleyi Kailola and Pierce, 1866 – Midgley’s Catfish

Arius midgleyi Kailola and Pierce, 1988: 75-87 (Wickham Gorge, Victoria River, Northern
Territory).

HL 98-44, large specimen, released.

PLOTOSIDAE - EEL-TAILED CATFISH

Anodontiglanis dahli Rendahl, 1922 – Toothless Catfish

Anodontiglanis dahli Rendahl, 1922: 169 (Glencoe River, Glencoe, NT).

HL 98-44, 1(318-320), larger specimen skeletonised.

Neosilurus ater (Perugia, 1894) – Black Catfish

Lambertia atra Perugia, 1894: 551 (Inawi, New Guinea).

Specimens in NTM collection from Policeman Waterhole.

Neosilurus hyrtlii (Steindachner, 1867) – Hyrtl’s Catfish

Neosilurus hyrtlii Steindachner, 1867: 14 (Fitzroy River, Rockhampton).

HL 98-35, sight record only; HL 98-45, 3(105-120).

Porochilus rendahli (Whitley, 1928) – Rendahl’s Catfish

Copidoglanis rendahli Whitley, 1928: 214 (substitute name for Copidoglanis obscurus
Rendahl, preoccupied).

HL 98-37, possible sight record only. Specimens in NTM collection from Policeman Waterhole.

BELONIDAE - LONGTOMS

Strongylura kreffti (Günther, 1866) – Freshwater Longtom

Belone kreffti Günther, 1866: 250 (Australia).

HL 98-44, 2(347-560), larger skeletonised.

MELANOTAENIIDAE - RAINBOWFISH

Melanotaenia nigrans (Richardson, 1843) – Black-banded Rainbowfish

Atherina nigrans Richardson, 1843: 180 (King River, Port Essington, NT).

HL 98-45, 17(13-75).

Melanotaenia splendida australis (Castelnau, 1875) – Red-tailed Rainbowfish

Neoatherina australis Castelnau, 1875: 32 (Swan River Colony, WA).

Melatontaenia sp. - Midgley 1981: 56 (Police Hole).

HL 98-35, 10(13-47); HL 98-36, sight record only; HL 98-37, 18(15-55); HL 98-39, 23(15-
33); HL 98-41, 33(9-30); HL 98-42, 9(8-40); HL 98-43, 2(29-30); HL 98-45, 23(18-70); HL
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98-48, 35(11-50); HL 98-52, 28(7-19). Specimens in NTM collection from Cockatoo Lagoon
and West Gorge, Keep River.

ATHERINIDAE - HARDYHEADS

Craterocephalus stercusmuscarum (Günther, 1867) – Fly-specked Hardyhead

Atherina stercusmuscarum Günther, 1867: 64 (Cape York).

HL 98-35, 2(17-18); HL 98-36, sight record only; HL 98-39, 14(22-53); HL 98-40, 35(11-
30); HL 98-41, 30(12-47); HL 98-42, 1(22); HL 98-43, 5(14-20).

AMBASSIDAE - GLASS-PERCHLETS

Ambassis mulleri Klunzinger, 1879 – Muller’s Glassfish

Ambassis mulleri Klunzinger, 1879: 346 (Port Darwin).

HL 98-37, 4(33-35); HL 98-39, 2(21-23); HL 98-41, 2(12-21); HL 98-45, 1(31); HL 98-48,
77(27-42). Also specimens in NTM collection from the Keep River and Cockatoo Lagoon.

Parambassis gulliveri (Castelnau, 1878) – Giant Glassfish

Acanthoperca gulliveri Castelnau, 1878: 45 (Norman River, Gulf of Carpentaria).

HL 98-39, 4(103-120). Specimens in NTM collection from a Keep River billabong.

CENTROPOMIDAE - BARRAMUNDI

Lates calcarifer (Bloch, 1790) - Barramundi

Holocentrus calcarifer Bloch, 1790: 100 (Japan).

Lates calcarifer - Midgley 1981: 56 (Police Hole).

HL 98-41, 1(270); HL 98-42, sight record only; HL 98-44, sight record only; HL 98-48,
released; HL 98-52, sight record only.

TERAPONTIDAE - GRUNTERS

Amniataba percoides (Günther, 1864) – Banded Grunter

Therapon percoides Günther, 1864: 374 (Fitzroy River,near Rockhampton).

Amniataba percoides - Midgley 1981: 56 (Police Hole).

HL 98-41, 18(8-23); HL 98-42, 2(11-11). Specimens in NTM collection from Policeman
Waterhole.

Hephaestus jenkinsi (Whitley, 1945) – Jenkins’ Grunter

Mesopristes jenkinsi Whitley, 1945: 26 (Ivanhoe Station, Ord River, WA).

HL 98-41, 1(255).
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Leiopotherapon unicolor (Günther, 1859) – Spangled Grunter

Therapon unicolor Günther,1859: 277(Gwydir River and Darling Downs, NSW).

Leiopotherapon unicolor - Midgley 1981: 56 (Police Hole).

HL 98-35, sight record only; HL 98-36, sight record only ; HL 98-37, 1(67); HL 98-42, sight
record only; HL 98-45, sight record only. Specimens in NTM collection from Policeman
Waterhole, Cockatoo Lagoon and West Gorge, Keep River.

Terapon jarbua (Forsskal, 1775) - Targetfish

Sciaena jarbua Forsskal, 1775: 12 (Djeddah, Red Sea.).

HL 98-46, 8(9-13); HL 98-50, 13(11-22); HL 98-51, 3(15-19).

APOGONIDAE - CARDINALFISH

Glossamia aprion (Richardson, 1842) – Mouth Almighty

Apogon aprion Richardson, 1842: 16 (King River,Victoria, Port Essington, NT).

HL 98-37, 1(67); HL 98-39, 1(48); HL 98-40, 13(11-21); HL 98-41, 5(21-32); HL 98-42,
1(62); HL 98-45, 6(10-132); HL 98-48, 6(20-51).

TOXOTIDAE - ARCHERFISH

Toxotes chatareus (Hamilton Buchanan, 1822) – Spotted Archerfish

Coius chatareus Hamilton Buchanan, 1822: 101, 370 (mouthes of the Ganges).

Toxotes chatareus - Midgley 1981: 56 (Police Hole).

HL 98-39, 2(122-125); HL 98-41, 1(177); HL 98-47, sight record only; HL 98-52, sight
record only. Specimens in NTM collection from Policeman Waterhole.

MUGILIDAE - MULLET

Liza cf alata (Steindachner, 1892) – Diamond Mullet

Mugil alata Steindachner, 1892: 133 (Madagascar).

HL 98-50, 44(6-45).

These juvenile specimens appear to belong to this species, however, juvenile mugilids are
notoriously difficult to identify.

Liza tade (Forsskal, 1775) – Flathead Mullet

Mugil crenilabis var. tade Forsskal, 1775: 74 (Red Sea).

HL 98-98-47, 6(180-320).

This species usually has bright orange to red markings on the eye; however, these specimens
varied from orange to bright green. Only one specimen had orange-red eye markings and bright
yellow on the fins (resembling specimens taken from mangrove creeks on Field Island, Kakadu
National Park).
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Rhinomugil nasutus (De Vis, 1883) – Pop-eye Mullet

Mugil nasutus De Vis, 1883: 621 (Cardwell, Qld).

HL 98-50, 1(39).

POLYNEMIDAE - THREADFINS

Eleutheronema tetradactylum (Shaw, 1804) – Four-finger Threadfin

Polynemus tetradactylus Shaw, 1804: 155 (India).

HL 98-47, 1(255)

ELEOTRIDIDAE - GUDGEONS

Mogurnda mogurnda (Richardson, 1844) – Purple-spotted Gudgeon

Eleotris mogurnda Richardson, 1844: 4 (Port Essington).

Hl 98-35, sight record only; HL 98-37, 16(13-76). Specimens in NTM collection from Keep
River and Cockatoo Lagoon.

Oxyeleotris selheimi (Macleay, 1884) – Black-banded Gudgeon

Eleotris selheimi Macleay, 1884: 33 (replacement name for Eleotris planiceps Macleay,
1882).

HL 98-39, 13(10-56); HL 98-40, 13(11-21); HL 98-48, 14(31-62). Specimens in NTM
collection from Cockatoo Lagoon.

GOBIIDAE, GOBIINAE - GOBIES

Amoya sp. – Amoy Goby

HL 98-50, 32(7-10).

This is a previously known undescribed species

Glossogobius aureus (Akihito and Meguro, 1975) – Golden Goby

Glossogobius aureus Akihito and Meguro, 1975: 128 (Sumiyoshi, Iriomotejima, Okinawa
Prefecture, Japan).

Glossogobius sp. - Midgley 1981: 56 (Police Hole).

HL 98-41, 17(17-50); HL 98-48, 14(14-76). Specimens in NTM collection from Policeman
Waterhole.

GOBIIDAE, OXUDERCINAE - MUDSKIPPERS

Oxuderces wirzi (Koumans, 1938) – Peacock Mudskipper

Apocryptodon wirzi Koumans, 1938: 26 (Papua New Guinea).

HL 98-50, 5(15-25).
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Periophthalmus argentilineatus Valenciennes, 1837 – Silver-lined Mudskipper

Periophthalmus argentilineatus Valenciennes, 1837: 191 (Irian Jaya and Moluccas).

HL 98-47, sight record only; HL 98-49, sight record, probably of this species.

CRUSTACEA

DECAPODA, PALAEMONIDAE

Macrobrachium rosenbergii (de Man, 1879)

HL 98-52. Macrobrachium rosenbergii is a “Large, euryhaline, catadromous species …”,
found from the Fitzroy River in Western Australia across the Top End to the Normanby River in
Queensland (Short, in prep.). Long-armed prawns (or cherabin) are sought after as food.

Macrobrachium bullatum Fincham, 1989

HL 98-35. This is a small, oligohaline species restricted to north-western Australia, from the
Lennard River in Western Australia to Rosie River, Northern Territory (Short, in prep.).

DECAPODA, ATYIDAE

Caridinides wilkinsi Calman, 1926.

HL 98-35. This is a poorly known species, found in freshwaters of the Northern Territory and
Queensland (Smith and Williams 1982). Coombes (1996) stated that the species is common in
Top End freshwaters (from the Finniss system across to the Goyder), based on MAGNT
records.

DECAPODA, OCYPODIDAE

Uca sp.

HL 98-50. One specimen was collected, but was lost before identification could be made. There
are 14 species of fiddler crabs known from the Northern Territory (George and Jones 1982).

MOLLUSCA

GASTROPODA, PROSOBRANCHIA, VIVIPARIDAE

Notopala essingtonensis (Frauenfeld, 1862)

HL 98-39; HL 98-40; HL 98-48.

Distribution: north coastal, Gulf of Carpentaria.

GASTROPODA, PULMONATA, LYMNAEIDAE

Austropeplea lessoni (Deshayes, 1830)
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HL 98-35; HL 98-37; HL 98-39; HL 98-40; HL 98-43.

Distribution: Coastal SE and NE Australia, Gulf of Carpentaria, W Plateau, southern gulfs,
Murray-Darling basin, Bulloo River basin, Lake Eyre basin.

GASTROPODA, PULMONATA, PLANORBIDAE

Amerianna carinata (H. Adams, 1861)

HL 98-40; HL 98-41.

Distribution: throughout coastal northern Australia; also introduced into Java, Thailand, Nigeria
and Martinique.

Gyraulus cf essingtonensis (E.A. Smith, 1882)

HL 98-48.

Distribution unknown, due to taxonomic uncertainty.

BIVALVIA, PALAEOHETERODONTA, HYRIIDAE

Velesunio angasi (Sowerby, 1867)

HL 98-37; HL 98-40.

Distribution: Coastal Gulf of Carpentaria to Daly River catchment, Fitzroy River catchment, WA.
Keep River specimens therefore represent a new locality record.

DISCUSSION

Over the seven-day survey period, 17 sampling stations were made, recording 32 freshwater and
estuarine fish species (and 11 frogs, 13 reptiles, 93 birds, 5 mammals) from the Keep River and
Sandy Creek region. Adding in the few additional species from the literature and museum
collections, gives a total of 35 species of fishes known so far from the area. Of these 35, several
are noteworthy.

Fishes - threatened species

The two species of sawfish found in the Keep River, the Dwarf Sawfish Pristis clavata and the
Freshwater Sawfish Pristis microdon, are of national and international significance. These large
elasmobranchs are poorly understood in Australia, and very little is known of their distribution and
ecology.

Freshwater Sawfish, which grow to at least 2 metres in length, are “highly vulnerable” in
waterbodies where barramundi gill net fishing is carried out, and may be threatened in areas
where gill net poaching occurs (Last and Stevens 1994). The Freshwater Sawfish is listed as
“Endangered” in the IUCN’s Red List, and as “Potentially Threatened” in the 1998 Australian
Society for Fish Biology’s (ASFB) Threatened Fish List (ASFB’s Threatened Fish Committee is
in the process of adopting IUCN methodology for determining the conservation status of fish
species). In Australia, the Freshwater Sawfish is found in freshwater and upper reaches of
estuaries, and may be isolated in small billabongs for several years, awaiting floods. This species
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is known from several rivers in northern W.A., the N.T. and Cape York, Qld, but its true
distribution is not known. The species is known from the Keep River only from Midgley’s (1981)
field report (no specimen retained).

The Dwarf Sawfish is usually coastal in distribution, but can travel long distances up rivers into
freshwater. Mature males are not known from museum collections (the specimen obtained is a
young male, awaiting further study). Its conservation status is not known (through lack of data),
and it may only occur in northern Australia. The single specimen obtained during the survey was
living in 47 ppt salinity, in the upper reaches of the Keep estuary.

Although both these species of sawfish do occur in other drainage systems in northern Australia, it
should be borne in mind that the fish fauna of the Keep River system is practically pristine, with a
very low level of fishing effort by commercial fishers due to its remoteness (e.g. no effort in the
area in 1996 or 1997, Roland Griffin, DPIF, pers. comm.) and probably with a similarly low
recreational fishing pressure. Other river systems have or may have had greater fishery pressure
and therefore a potential impact on sawfish populations (and poaching is an unknown factor).
Therefore the sawfish populations (and those of other fish species) may be intact in the Keep.

Fishes - freshwater species

The Black-lined Rainbowfish Melanotaenia nigrans was found only at one locality, Emerald
Spring. This species occurs in many habitat types and has a wide but patchy distribution (Larson
and Martin 1990). It is often most abundant in rocky or escarpment habitat and is usually found
about 40 km from the coast (as is Emerald Spring).

The other freshwater fish species were those normally to be expected in the available habitats
surveyed. The number of species recorded (25) is probably not complete. Hutchins (1981) and
Allen (1982) recorded freshwater fishes from the Ord River or Lake Argyle, including several
species expected from the Keep but not yet collected (such as Reticulated Glassfish Ambassis
macleayi, Nurseryfish Kurtus gulliveri, Strawman Craterocephalus stramineus, and Butler’s
Grunter Syncomistes butleri). It is very likely that these species occur in the Keep and Sandy
area, as they are also present in rivers to the east and west of these systems.

In the Northern Territory, the nearest river east of the Keep which has been surveyed more than
once is the Wickham River, in the Victoria River drainage system. Thirty-five species are now
known from the Wickham, of which 22 are shared with the Keep (Larson in prep.). In a six-day
survey of the upper Wickham River, 20 of the 35 species were obtained with the same
techniques used for the present survey.

In comparison, although about 44 “freshwater” species are known from the Alligator Rivers
Region, only 25 of these were taken during sampling of the Nourlangie and Magela Creeks during
a nine-day survey using the same techniques used for the present survey (Larson 1995). Twenty-
five of the 35 species collected from the Keep and Sandy are generally considered to be
“freshwater fishes” sensu Larson and Martin (1990). The basic species assemblages found in the
Sandy and Keep systems are similar to those of the Alligator Rivers region but for groups which
do not occur in the Victoria River system or westward of it, such as the Osteoglossidae
(saratoga) and the freshwater species of the family Pseudomugilidae (blue-eyes).
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There are no feral (introduced) fishes in these rivers. One possible invading species may be
Gambusia affinis, the Mosquitofish, which has invaded many Western Australian river systems
and is known from streams north of Broome and may be colonising other streams (MAGNT
records; Arthington and Lloyd 1989). The Mosquitofish was introduced in Darwin and some
rivers between Darwin and the Fitzmaurice River in the 1940s, but the only known population
remaining in the NT is in Railway Dam in the city of Darwin (Graham White, DPIF, pers. comm.).

Fishes - estuarine species

Ten of the 35 species recorded are estuarine species (e.g. Dwarf Sawfish Pristis clavata, Pop-
eye Mullet Rhinomugil nasutus, Silver-lined Mudskipper Periophthalmus argentilineatus). By
way of contrast, 181 fish species are known from the estuaries and coasts within Kakadu
National Park (Larson 1997) and 107 from the Roper River estuary and nearby creeks (Larson
1996). The Keep River and Sandy Creek estuaries would be expected to have 100 or more
species of estuarine fishes. The estuarine species recorded were obtained at two sites only (HL
98-47 on the Keep River and HL 98-50 on Sandy Creek). From the appearance of the habitat
(rocky bars and muddy shoals with mangrove-lined banks) and considerable fish activity
observed toward dusk and at night, there were many more species present than were recorded.
To sample the estuarine habitats adequately, additional techniques are required (2 m beam trawl,
rotenone) in addition to gill and scoop nets, using a larger vessel than the 10’ aluminium dinghy
used for this survey.

From observations made during the survey, it is expected that the estuarine fish fauna of the Keep
and Sandy would likely be similar to that of the Roper River estuary and probably the Alligator
Rivers estuaries. Additionally, Wells (1995) shows similarities, by presence/absence of mangrove
species, between the rivers entering the Joseph Bonaparte Gulf (e.g. the Keep and Victoria) and
those Northern Territory rivers entering the Gulf of Carpentaria (e.g. the Roper). These are all
seasonally arid areas, with low mangrove diversity (Wells 1995). It has not yet been
demonstrated if there is any link between low mangrove diversity and low diversity of fishes
associated with the mangroves. There is a relationship between mangrove productivity (based on
invertebrate diversity) and latitude (rainfall) indicated by Hanley and Banks (1995).

It is likely that the most speciose fish families in the Keep and Sandy estuaries will be the
Gobiidae (gobies, gudgeons and mudskippers), Ariidae (fork-tailed catfish), Engraulididae
(anchovies), Sciaenidae (jewfish), Mugilidae (mullet), Cynoglossidae (tongue soles), and the
Clupeidae (sardines and herrings), although not necessarily in that order. However, the Gobiidae
can be easily predicted to be the most speciose family, as it has been shown to be so in a number
of coastal and estuarine habitats in the N.T. (Larson 1997; Larson and Williams 1997). The
Gobiidae is also the most speciose marine fish family in the world (Nelson 1976).

Other vertebrates

Terrestrial vertebrates were observed or sampled on an ad hoc basis. Aquatic vertebrates other
than fish were not sought (i.e. no traps deployed), so no turtles or watersnakes were recorded.
Freshwater Crocodiles Crocodylus johnstoni were attracted to the gill nets and several became
entangled (and were released unharmed). Midgley (1981) recorded a single Estuarine Crocodile,
Crocodylus porosus, at Policeman Waterhole in Keep River National Park.
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One species of note is the recently described scincid lizard Ctenotus rimicola, which has a
subspecies (Ctenotus rimicola camptris) restricted to the black soil plains around the Keep
River (Horner and Fisher 1998). Horner and Fisher rate the species’ conservation status as
“Rare or insufficiently known”.

Aquatic invertebrates

The aquatic invertebrates comprised species assemblages usually associated with Northern
Territory rivers, creeks and billabongs. Insects and molluscs were common in most waterbodies,
and some insects locally abundant. The freshwater mussel Velesunio angasi, apparently
abundant in the area, forms a new locality record for the species. Crustacea other than two
species of Macrobrachium were not abundant. However, the abundance of atyid shrimps can be
sporadic (Coombes 1996), so the more speciose atyid genus Caridina may be present in the
region.

CONCLUSIONS

Much work has been done on terrestrial systems and groundwater hydrology but very little done
on the biological systems that actually live in water. The Ord River Stage 2 development has the
potential to impact the Keep River system and its associated aquatic biota considerably, adding
water and its associated organisms from the Ord River system. The project, still under
development, may include:

• the potential for irrigation water to enter the Keep, causing the river to flow continuously;

• hillside drains from Knox Creek Plain to enter the Keep River;

• a regulating storage dam of 3.5 gigaliters is proposed for the Keep River Plain;

• stormwater drains to enter the Keep River, via natural drainage systems, at several locations;

• flood protection levees, with their banks above the present surface, are presently proposed
along the Keep River and Sandy Creek, with parts of the Keep possibly having levees built on
both sides of the river;

• a bridge may be constructed across the Keep in the vicinity of the existing Legune Station
road;

• approximately 540 km of channels, drains and levees within the project area.

Adequacy of data

The short late dry season survey is inadequate in that it does not give a complete picture of the
aquatic fauna (freshwater and estuarine). It does provide a good insight as to the fauna which
might be present in the Keep and Sandy freshwater drainages, with possibly another 10 fish
species not yet recorded.

The estuarine fauna in particular (fauna restricted to downstream of all impacts) must be surveyed,
as this information is almost completely lacking. The estuaries of the Keep River and Sandy
Creek are extensive and probably complex. They may support between 100-200 species of fish,
some of which will be of commercial and recreational importance (e.g. barramundi, jewfish,
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threadfin, snapper). The benthic estuarine invertebrates should be surveyed, as information is
totally lacking.

An estuarine faunal survey needs to be undertaken. The Keep estuary is downstream of all the
potential changes (in flow, chemistry etc.) and should therefore be monitored. However, given the
dynamic nature of estuaries in the Northern Territory (e.g. at least 8 m tidal range, sediments
mobilised during wet season flows), it may not be easy to distinguish between natural and man-
made changes, unless good baseline data is acquired before construction and monitoring is
carried out.

Further work on the aquatic fauna should continue, and monitoring sites at a number of localities,
including a range of control sites, should be established as soon as possible, so that “before” data
can be collected. Species assemblages of residential fish and benthic invertebrates could be
monitored concurrently with hydrological and chemical monitoring.

Conservation areas

In the following discussion, it must be borne in mind that only five main areas on each drainage
system (Keep and Sandy) were sampled, and that potentially significant areas were not visited
due to time constraints.

At present, Spirit Hill Station is owned by the NT Land Corporation and managed by the Parks
and Wildlife Commission of the Northern Territory (PWCNT), and all or portions of the station
may be incorporated into Keep River National Park in the future. The Keep River National Park
provides protection for most of the upper catchment of the Keep River. However, two significant
refuge areas, Alligator Hole and Milligan Lagoon, are north of the present park boundary. These
two areas are different (see descriptions and illustrations above) and are considerable
waterbodies which probably rarely dry up if ever (are about 2-3 m deep in the dry season),
forming important refuges for aquatic fauna and some terrestrial fauna (such as waterbirds).
Alligator Hole and Milligan Lagoon should be protected from changes; i.e. no drains, levees, or
channels etc should be constructed upstream of or enter them. These two localities and their
associated drainage systems (seasonal creeks and surrounding topography) would make good
control sites for monitoring and comparative purposes. They would also make good inclusions
within Keep River National Park.

Sandy Creek, although smaller than the Keep River, has several significant localities. Emerald
Spring, and other spring-fed sites on the escarpment outcroppings around the Banana Hill area,
are of conservation significance in that they are refuge areas for aquatic fauna and some terrestrial
fauna such as the Splendid Tree-frog (Litoria splendida). These outcroppings (to east, west and
south of Banana Hill) could form a conservation/protected area. Further work would be required
to establish if any of these areas could withstand increased visitation pressure.

One area of Sandy Creek which is already visited is Augustus Hole, a long 2.7 m deep
permanent section of the creek. Man-made rubbish and campsites were observed. This
spectacular waterhole will certainly attract more visitors as the development proceeds and will
need to be managed as soon as practicable. For example, a “catch-and-release” fishing
requirement would ensure that there will always be sooty grunters to take a lure.
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The development of Ord River Stage 2 will increase recreational fishing and visitation, which
should be considered while planning monitoring programmes. It is unknown what the effect may
be of the increased river flow on the endangered sawfish or any of the aquatic fauna. The entire
project is basically an experiment on a whole river system, which must be carefully monitored and
managed to remove the likelihood of negative impacts.
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APPENDIX I. BIRD SPECIES RECORDED IN
KEEP RIVER / SANDY CREEK AREA,

OCTOBER 1998
1 = “Bucket Springs”, 4-5 Oct.; 2 = Alligator Waterhole, 6 Oct.; 3 = Milligan Lagoon, 7 Oct.; 4 = Augustus
Hole, 7-8 Oct.; 5 = Emerald Spring, 8 Oct.; 6 = Keep River / Oakes Creek junction, 9-10 Oct.; 7 = Keep River (old
airstrip /swamp), 10 ct.; 8 = Sandy Creek (billabong), 10 Oct.; 9 = Sandy Creek estuary, 11 Oct.; 10 = Sandy
Creek tributary, 11 Oct.; 11 = Keep River at road crossing, 11 Oct.

SPECIES SITES
Common name Scientific name 1 2 3 4 5 6 7 8 9 10 11
Magpie Goose Anseranas semipalmata . + + . . . . . . . .
Pacific Black Duck Anas superciliosa . . + . . . + . . . .
Radjah Shelduck Tadorna radjah . . + . . . . + . . .
Australasian Grebe Tachybaptus novaehollandiae . + . . . . + . . . .
Darter Anhinga melanogaster . . + + . + . . . . .
Little Pied Cormorant Phalacrocorax melanoleucos . . + + + . . . . . .
Australian Pelican Pelecanus conspicillatus . . . . . + + . . . .
Great Egret Ardea alba . . . . . + . . . . .
Intermediate Egret Ardea intermedia . . + . . . . . . . .
Nankeen Night Heron Nycticorax caledonicus . + . + . . . . . . .
Australian White Ibis Threskiornis molucca . . + . . . . . . . .
Straw-necked Ibis Threskiornis spinicollis . . + . . . . . . . .
Royal Spoonbill Platalea regia . . . . . . + . . . .
Black-necked Stork Ephippiorhynchus asiaticus . . . . . + . . . . .
Osprey Pandion haliaetus . . . + . . . . . . .
Whistling Kite Haliastur sphenurus . + . + . + . + + . +
White-bellied Sea-Eagle Haliaeetus leucogaster . . . + + + . + . . +
Brown Goshawk Accipiter fasciatus . + . + . . . . . . .
Collared Sparrowhawk Accipiter cirrhocephalus . . . . . . . + . . +
Wedge-tailed Eagle Aquila audax . . . . + . . . . . .
Brolga Grus rubicunda . . + . . . . . . . .
Australian Bustard Ardeotis australis . . . + . . + . . . .
Marsh Sandpiper Tringa stagnatilis . . . . . . + . . . .
Common Greenshank Tringa nebularia . . + . . . . . . . .
Common Sandpiper Actitis hypoleucos . . . + . . . . . . .
Sharp-tailed Sandpiper Calidris acuminata . . . . . . + . . . .
Bush Stone-curlew Burhinus grallarius . . . + . + . . . . .
Black-winged Stilt Himantopus himantopus . . . . . + . . . . .
Red-kneed Dotterel Erythrogonys cinctus . . + . . . + . . . .
Masked Lapwing Vanellus miles . . + . . + + . . . .
Australian Pratincole Stiltia isabella . . . . . . + . . . .
Silver Gull Larus novaehollandiae . . . . . . . . + . .
Caspian Tern Sterna caspia . . . . . + . . . . .
Common Bronzewing Phaps chalcoptera . . . . . . . + . . .
Crested Pigeon Ocyphaps lophotes . . + . . . + + . . .
White-quilled Rock-Pigeon Petrophassa albipennis . . . + . . . . . . .
Peaceful Dove Geopelia striata + + + + . + + + . . .
Bar-shouldered Dove Geopelia humeralis + + + + . + . + . . .
Red-tailed Black-Cockatoo Calyptorhynchus banksii . . + + . . + + . . .
Galah Cacatua roseicapilla + . . + . . . + . . .
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SPECIES SITES
Common name Scientific name 1 2 3 4 5 6 7 8 9 10 11
Little Corella Cacatua sanguinea + + . . . . . + . . +
Sulphur-crested Cockatoo Cacatua galerita . + . + . . . . . . +
Cockatiel Nymphicus hollandicus . . . . . + + . . . .
Rainbow Lorikeet Trichoglossus haematodus + + . + . . . + . . .
Red-winged Parrot Aprosmictus erythropterus + . . . . + . . . . .
Brush Cuckoo Cacomantis variolosus . . . + . + . . . . .
Common Koel Eudynamys scolopacea . . . + . . . . . . .
Channel-billed Cuckoo Scythrops novaehollandiae . . . + . . . . . . .
Pheasant Coucal Centropus phasianinus + . . + . . + . . . .
Barking Owl Ninox connivens . . . . . . . . . . .
Southern Boobook Ninox novaeseelandiae . . . + . + . + . . .
Azure Kingfisher Alcedo azurea . . . + . . . . . . +
Blue-winged Kookaburra Dacelo leachii + + + + . + . + . . +
Forest Kingfisher Todiramphus macleayii . . . + . + . + . . .
Sacred Kingfisher Todiramphus sanctus . + . . . . . . . + .
Rainbow Bee-eater Merops ornatus + + + . + . + + + . .
Dollarbird Eurystomus orientalis + + + + . + . + . . +
Red-backed Fairy-wren Malurus melanocephalus . . . . . . . . + . .
Little Friarbird Philemon citreogularis . + . . . . . . . . .
Blue-faced Honeyeater Entomyzon cyanotis + + . . . . . . . . .
Singing Honeyeater Lichenostomus virescens + . . . . . . . . . .
White-gaped Honeyeater Lichenostomus unicolor + . . + . . . . . . .
White-throated Honeyeater Melithreptus albogularis . . . . . . . . . . +
Brown Honeyeater Lichmera indistincta + . . + . . . . . . +
Rufous-throated Honeyeater Conopophila rufogularis . . . . . . . . . . +
Bar-breasted Honeyeater Ramsayornis fasciatus . . . + . . . . . . .
Banded Honeyeater Certhionyx pectoralis + . . . . . . . . . +
Jacky Winter Microeca fascinans . . . . . . + . . . .
White-browed Robin Poecilodryas superciliosa . . . . . . . . . . +
Grey-crowned Babbler Pomatostomus temporalis + . . . . + + . . + .
Rufous Whistler Pachycephala rufiventris . . . . . . . . . + .
Little Shrike-thrush Colluricincla megarhyncha . . . . . . . . . + .
Satin Flycatcher Myiagra cyanoleuca + . . . . . . . . . .
Shinning Flycatcher Myiagra alecto . . + + . . . . . . .
Restless Flycatcher Myiagra inquieta . + . . . + . + . . .
Magpie-lark Grallina cyanoleuca . + + + . + + + + . .
Northern Fantail Rhipidura rufiventris . . . + . + . . . . .
Willie Wagtail Rhipidura leucophrys . + + . . + . . + + .
Spangled Drongo Dicrurus bracteatus . . . . . . . . . . +
Olive-backed Oriole Oriolus sagittatus . + . . . . . . . . .
Black-faced Cuckoo-shrike Coracina novaehollandiae . . . + . . . . + . .
White-bellied Cuckoo-shrike Coracina papuensis . . . . . + . . . . .
White-breasted Wodswallow Artamus leucorhynchus + . . . . . . . . . .
Black-faced Woodswallow Artamus cinereus . + . . . . . . . . .
Little Woodswallow Artamus minor . . . . . + . . . . .
Pied Butcherbird Cracticus nigrogularis + + + + . + + + . . .
Torresian Crow Corvus orru + + + + . + . + . . .
Great Bowerbird Chlamydera nuchalis + + + . . . . + . . +
Double-barred Finch Taeniopygia bichenovii . + . + . + . . . . +
Long-tailed Finch Poephila acuticauda . . + . . . . . . . .
Masked Finch Poephila personata . . + . . . . . . . .
Crimson Finch Neochima phaeton + . . + . . . . . . .
Mistletoebird Dicaeum hirundinaceum + . . + . . . . . . .
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APPENDIX II. AMPHIBIAN, REPTILE AND
MAMMAL SPECIES RECORDED IN KEEP
RIVER / SANDY CREEK AREA, OCTOBER

1998
1 = “Bucket Springs”, 4-5 Oct.; 2 = Alligator Waterhole, 6 Oct.; 3 = Milligan Lagoon, 7 Oct.; 4 = Augustus
Hole, 7-8 Oct.; 5 = Emerald Spring, 8 Oct.; 6 = Keep River / Oakes Creek junction, 9-10 Oct.; 7 = Keep River (old
airstrip /swamp), 10 ct.; 8 = Sandy Creek (billabong), 10 Oct.; 9 = Sandy Creek estuary, 11 Oct.; 10 = Sandy
Creek tributary, 11 Oct.; 11 = Keep River at road crossing, 11 Oct.

Species Sites
Common name Scientific name 1 2 3 4 5 6 7 8 9 10 11

AMPHIBIA
Copland’s Rock Frog Litoria coplandi . + . . . . . . . . .
Peter’s Frog Litoria inermis . . . + . . . . . . .
Rockhole Frog Litoria meiriana . . . + . . . . . . .
Rocket Frog Litoria nasuta . . . + . . . . . . .
Pale Frog Litoria pallida . + . + . . . + . . .
Roth’s Tree-frog Litoria rothii + . . + . . . + . . .
Red Tree-frog Litoria rubella . + . + . . . + . . .
Tornier’s Frog Litoria tornieri + . . + . . . . . . .
Wotjulum Frog Litoria wotjulumensis + . . . . . . . . . .
Froglet Crinia sp. . . . + . . . + . . .
Ornate Burrowing Frog Limnodynastes ornatus + . . + . . . + . . .

REPTILIA
Freshwater Crocodile Crocodylus johnstoni + + . . . . . . . . .
Top-end Dtella Gehyra australis + . . . + . . . . . .
Bynoe’s Prickly Gecko Heteronotia binoei . . . . . . . . . . .
Northern Two-line Dragon Diporiphora bilineata + . . . . . . . . . .
Gilbert’s Dragon Lophognathus gilberti . . . + . + . + . . .
Bauxite Rainbow-skink Carlia amax + + . . + . . . . . .
Striped Rainbow-skink Carlia munda . . . + . . . . . . .
Arboreal Snake-eyed Skink Cryptoblepharus plagiocephalus + + . . . . . + . . .
Douglas’ Skink Glaphyromorphus douglasi . . . . . . + . . . .
Merten’s Water Monitor Varanus mertensi . . . + + . . . . . .
Mitchell’s Water Monitor Varanus mitchelli + + . . . . . . . . .
Children’s Python Liasis childreni . . + . . . . . . . .
Common Tree Snake Dendrelaphis punctulata + . . . . . . . . . .

MAMMALIA
Agile Wallaby Macropus agilis + . . . . . . . . . +
Short-eared Rock-wallaby Petrogale brachyotis + . . . + . . . . . .
Grassland Melomys Melomys burtoni + . . . . . . . . . .
Little Red Flying-fox Pteropus scapulatus . + . . . . . . . . +
Common Sheathtail-bat Taphozous georgianus . . . . + . . . . . .
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KEEP RIVER AQUATIC INSECTS

The final report to Kinhill on the aquatic fauna survey of  the Keep River area was submitted in
March, 1999.  Due to circumstances beyond our control, it was not possible to have the aquatic
insects identified in time for inclusion in the report.  This annexe should be read together with the
main report, in which methods of collection are given, as are descriptions and illustrations of all
sites sampled.  The annotated list below refers to collecting sites by field number (eg.  HL 98-39).
All insects were identified by Dr Graham Brown of the Department of Primary Industries and
Fisheries, Darwin (formerly of the Museums and Art Galleries of the Northern Territory).

Relevant Collecting Sites

HL 98-35

Keep River National Park, “Bucket Spring” by northern park border, at small open pool in un-
named creek fed by spring flowing from escarpment.  15º 44’ 47” S 129º 10’ 18” E.  Water clear,
27.7ºC, 0.2 ppt, 425.9 µs, 1.5m deep, current slow.  Substrate rocks, sand, rubble, leaf litter and
logs.  Bright green sponges present on some limestone rocks (Spongillidae, probably
Radiospongilla  sp.).  Aquatic vegetation of mixed grasses, reeds (Eleocharis), and taro
(Colocasia esculenta) along edges.  Shore steep sandy-clay banks, with few big Melaleuca, open
woodland behind.  5 October 1998.  0830-1000 hrs.  Coll. H. Larson, by scoopnet, hand.

HL 98-37

Keep River National Park, “Bucket Spring” by northern park border, at very shallow pool further
downstream from previous station; creek flowing through rush/grass thickets at either end of pool.
15º 44’ 58” S 129º 09’ 45” E.  Water clear, 28.9ºC, 443.9 µs, pH 7.6, 0.25 m deep, current slow.
Substrate sand, leaf litter.  Aquatic vegetation reduced; Marsilea sp. in water, small amount of
reeds (Eleocharis), grasses and taro (Colocasia esculenta) along edges.  Shore sloping sandy-clay
banks, with Melaleuca, Barringtonia acutangula  and Nauclea orientalis, with open woodland
behind.  5 October 1998.  1100-1200 and 2100-2215 hrs.  Coll. H. Larson and P. Horner, by
scoopnet and dipnets.

HL 98-40

Keep River drainage, Milligan Lagoon, a large open curved isolated billabong of the Keep River, in
blacksoil plains.  15º 37’ 17” S 129º 00’ 20” E.  Water somewhat turbid yellow-grey colour, 31.1ºC,
0 ppt, 82.1µs, pH 7.2, about 1.5 m deep, no current.  Substrate thick deep mud, leaf litter.  Aquatic
vegetation of Nymphea (N. macrosperma or N. violacea), Hydrilla verticillata and Chara sp.,
forming dense mats.  Bright green spiky sponge on vegetation (Spongillidae, probably
Radiospongilla  sp.).  Shore open sloping blacksoil banks, with short grasses, Barringtonia
acutangula and Lysiphyllum cunninghamii, open woodland behind.  7 October 1998.  1130-1230
hrs.  Coll. H. Larson, by scoopnet.



HL 98-41

Sandy Creek, Augustus Hole, a large waterhole in main creek bed.  15º 31’ 31” S 129º 19’ 11” E.
Water clear, 32.7ºC, 0.1 ppt, 311.9 µs, pH 7.6, 1.5 m deep, no current.  Substrate coarse sand, leaf
litter.  Aquatic vegetation absent.  Shore on east bank a rocky gorge, on west bank steep sandy
banks, with riparian vegetation mostly of Pandanus spiralis, Melaleuca, Barringtonia
acutangula and Nauclea orientalis, open woodland behind.  7 October 1998.  1700-1900 and
2030-2130 hrs.  Coll. H. Larson and P. Horner, by scoopnet and hook and line.

HL 98-42

Sandy Creek, Augustus Hole, at south end of main waterhole where it meets small spring-fed creek
flowing over small boulders, among grassy banks.  15º 31’ 42” S 129º 19’ 30” E.  Water clear,
30.8ºC, 0.2 ppt, 312.2 µs, pH 7.6, 0.5-1.5 m deep, current slow to moderate.  Substrate rocks, sand,
small boulders, Melaleuca leaf litter.  Some green ?Radiospongilla  sp. and algae present on rocks.
Aquatic vegetation practically absent, some small Eleocharis sp. and grasses.  Shore open, almost
no banks, with grasses, few Pandanus spiralis and Melaleuca sp., open woodland behind.  8
October 1998.  0930-1030 hrs.  Coll H. Larson, by scoopnet.

HL 98-43

Sandy Creek, Augustus Hole, at north end of main waterhole, forming series of small open sandy
and rocky pools joined by narrow stream.  15º 31’ 00” S, 129º 18’ 46” E.  Water clear, 30.9ºC, 0.2
ppt, 333.2 µs, pH 7.6, 0.5 m deep, current slow to moderate.  Substrate white sand, rocks, leaf litter.
Aquatic vegetation practically absent, some small Eleocharis sp.  Shore low grassy banks, with
grasses, overhanging Pandanus spiralis and Melaleuca sp., open woodland behind.  8 October
1998.  1115-1145 hrs.  Coll. H. Larson, by scoopnet.

HL 98-45

Sandy Creek drainage, Emerald Spring, large spring-fed pool at base of vertical sandstone cliff.  15º
31” 59” S, 129º 15’ 55” E.  Water greenish, relatively clear, 32ºC, 0 ppt, 20.8 µs, pH 6.4, about 2.5
m deep, no current.  Substrate sand, rock, leaf litter.  Aquatic vegetation green algae on rocks and
plant rootlets.  Shore half sandstone cliff, half sloping sandy banks bound by rootlets, few
Melaleuca, with open woodland behind.  8 October 1998.  1600-1700 and 2045-2130 hrs.  Coll. H.
Larson, by scoopnet.

HL 98-46

Keep River system, Oakes Creek, at junction with Keep River, creek broken into series of shallow
pools.  15º 19’ 19” S, 129º 05’ 21” E.  Water turbid, 35.1ºC, 48.8 ppt, 0.5 m deep, no current.
Substrate sand, rock, mud layer mixed with sand.  Aquatic vegetation absent, green algal bloom in
some pools.  Last pool in which fish were found, about 0.5 km up creek from junction, was 40.5ºC,
42.5 ppt.  Shore low sandy banks of low grasses and small bushy Melaleuca sp., low open
savannah woodland behind.  9 October 1998.  1430-1515 hrs.  Coll. H. Larson, by scoopnet.



HL 98-48

Sandy Creek, billabongs in broad rounded sandy un-named creek bed broken into series of pools
0.25-1 km long.  15º 23’ 38” S, 129º 11’ 10” E.  Water clear greenish, 32.8ºC, 0.1 ppt, 99.5 µs, pH
7.2, 1.5 m deep, no current.  Substrate sand, leaf litter, thick vegetation, logs and sticks.  Aquatic
vegetation Chara sp., Urticularia australis, Najas tenuifolia , Nymphaea (N. macrosperma or
N. violacea);  Enteromorpha sp. and other green algae forming blooms at ends of some pools.
Shore low to steeply sloping sandy banks, grassy, with scattered Eucalyptus and Melaleuca, open
woodland behind.  10 October 1998.  1530-1700, 2000-2100 hrs.  Coll. H. Larson and P. Horner, by
20’ seine and scoopnets.

HL 98-51

Sandy Creek tributary, isolated pool in narrow eroded channel, one of several, rest of channel dry.
15º 19’ 11” S, 129º 13’ 51” E.  Water rather turbid greenish, 39ºC, 61.1 ppt, 0.5-1 m deep, no
current.  Substrate clay, mud, logs, many fallen trees.  Aquatic vegetation absent.  Shore steep clay-
mud banks full of tree roots, with low open woodland behind, mostly Melaleuca.  11 October 1998.
1245-1300 hrs.  Coll. H. Larson, by scoopnet.

HL 98-52

Keep River, on south side of bridge where Legune Station road crosses river, river broken into
series of large pools.  15º 24’ 23” S, 129º 03’ 45” E.  Water somewhat turbid, greenish, 32.5ºC, 0.1
ppt, 163.1 µs, pH 7.2, at least 1 m deep, no current.  Substrate rock slabs, rocks, gravel, sand, logs
and leaf litter.  Aquatic vegetation absent.  Shore steep blacksoil banks with Pandanus
?aquaticus, Barringtonia acutangula and Melaleuca sp., open woodland behind.  11 October
1998.  1415-1515 hrs.  Coll. H. Larson and P. Horner, by scoopnet and hook and line.

HEMIPTERA – BUGS

Belostomatidae – Giant water-bugs

These are large bugs, with two species each of Lethocerus and of Diplonychus occurring in
Australia.  Only Diplonychus eques was collected, although the two species of Lethocerus would
also be expected to occur in the region.  All three species are common and widespread in the Top
End, including Keep River.

Diplonychus eques (Dufour)
HL 98-39, HL 98-40, HL 98-41, HL 98-48

Corixidae – Water boatmen

Thirty-one species placed in five genera are recorded from Australia.  Of these, only two genera,
Agraptocorixa and Micronecta , are recorded from the Northern Territory.  Only Agraptocorixa
halei was collected, although species of the smaller-sized Micronecta  would be expected to occur.
Both groups including A. halei are common and widespread in the Top End, including Keep River.



Agraptocorixa halei Hungerford
HL 98-39, HL 98-40, HL 98-48, HL 98-52

Galastoceridae – Toad bugs

Twenty-three species are recorded from Australia, with at least three occurring in the Northern
Territory.  They are not commonly collected, and little is known of their biology other than they are
predatory, and that most are associated with water.  Nerthra luteovara occurs from north
Queensland through the Top End to the Kimberley district of Wester Australia.  The specimens
were collected by disturbing the sand near the water’s edge with hands and feet.  This resulted in
specimens emerging from the sand, which appears to be a behaviour pattern not previously
recorded for the group.

Herthra luteovaria (Distant)
HL 98-41

Gerridae – Water striders

Thirty-two species are recorded from Australia, of which at least 20 occur in the Northern
Territory.  These include eight or nine species of the marine genus Halobates.  Of the five species
collected, all are common in the Top End, and all except Aquarius fabricii have been recorded
previously from the Keep River.  Limnogonus luctuosus (Montrouzier) is another common species
that is known to occur at Keep River, although it was not collected.  Two other species,
Calyptobates minimus Polhemus and Polhemus, and L. windi Hungerford and Matsuda, may also
occur but both are rare in this part of their distributions.  Also expected to occur would be several
species of Halobates  in various marine habitats.

Aquarius fabricii Andersen
HL 98-43

Limnogonus fossarum gilguy Andersen and Weir
HL 98-39

Limnogonus hungerford Andersen and Weir
HL 98-43

Rhagadotarsus anomalus Polhemus and Karunaratne
HL 98-41, HL 98-52

Tenagogerris pallidus Anderson and Weir
HL 98-35

Nepidae – Water scorpions

Eight Australian species are known, seven of which are recorded from the Northern
Territory.  All three species are widespread throughout the Top End with Laccotrephes tristis also
occurring throughout much of Australia.  Most of the other Australian species have either limited
distributions, or are known from only a few specimens.

Cercomatus brevipes asutralis Lansbury
HL 98-37



Laccotrephes trsitis (Stål)
HL 98-37, HL 98-39

Randatra diminuta Montandon
HL 98-35, HL 98-37, HL 98-40, HL 98-41, HL 98-45, HL 98-48

Notonectidae – Backswimmers

Forty species are described from Australia.  These are placed in six genera of which three
recorded from the Northern Territory and only two are expected to occur at Keep River.  Most
species are placed in Anisops which also includes numerous undescribed species.  Anisops nasuta
and Enitheres loria are common in the Top End and therefore were expected to occur at Keep
River.

Anisops nasuta  Fieber
HL 98-52

Anisops sp.
HL 98-52

Enitheres loria Brooks
HL 98-40, HL 98-48

COLEOPTERA – BEETLES

Dytiscidae – Predaceous diving beetles

This is one of the largest aquatic families with 185 Australian species of which at least 54
are recorded from the Northern Territory.  Most of these species are common in the Top End.

Antiporus sp.?
HL 98-52

Cybister godeffroyi Wehnecke
HL 98-48

Eretes australia (Erichson)
HL 98-48

Hydaticus vittatus (Fabricius)
HL 98-39, HL 98-48

Megapons refriceps (Shap)
HL 98-48

Rhantaticus congestus (Klug)
HL 98-39

Hydrophilidae – Water scavenger beetles

Over 175 species are recorded from Australia, but the family is in need of taxonomic
revision.  Many species are common in the Top End, including those within the genus
Sternolophus, which was represented in the survey by a single unidentified species.

Sternolophus  sp.



HL 98-39

Noteridae – Burrowing water beetles

Five species are recorded from Australia.  Most species occur in the northern part of the
continent, with Hydrocanthus and australasine being common in the Top End.

Hydrocanthus australasine When
HL 98-48

ORTHOPTERA – GRASSHOPPERS AND CRICKTETS

Tridactylidae – Pygmy mole crickets

Nine species of pygmy mole crickets are recorded from Australia, with two species
occurring in the Top End.  They are not aquatic, although Tridactylus australicus can swim.
Pygmy mole crickets are reliant on permanent fresh water, and are often abundant near permanent
streams and ponds.  Only one species, T. australicus, was collected, and is variable in morphology,
with several geographical races.

Tridactylus australicus Mjöberg
HL 98-48

DISCUSSION

Fourteen species of aquatic bugs (Hemiptera), eight species of aquatic bettles (Coleoptera)
and one pygmy mole cricket (Orthoptera) were collected.  Most, if not all of these species, are
common throughout much of the Top End and would be expected to occur at Keep River.  It is not
possible to comment on the distribution and abundance of the few species that could not be
identified to species level, and a lack of comments on these species is a reflection of the lack of
available taxonomic information.

Several groups of aquatic insects were not collected during the survey due to time
constraints.  These include mayflies (Ephemeroptera), dragonflies (Odonata) and caddisflies
(Trichoptera).  Several other hemipteran and coleopteran families would also occur, such as the
Hydrometridae (Hemiptera) and Gyrinidae (Coleoptera).
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Groundwater fauna sampling in the
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Summary
The Museum of Natural Science has undertaken limited sampling of stygofauna in the area in 1994
and 1998.  A significant stygofauna is associated with the karstic landforms in the Devonian Reef
system comparable to that found in the west Kimberley.  Interstitial stygofauna is found in the
alluvial deposits of the established part of the Ord Irrigation area (Ivanhoe Plain), including two
families of bathynellid Syncarida (Crustacea).  Bathynellids are also found in the proposed Ord
River expansion project area (Cave Spring Gap and Weaber Plain).  Owing to the characteristics of
the sampling points little confidence is placed that the samples to hand represent the diversity of the
stygofauna of the area sampled.  No sampling has been undertaken on the Keep River Plain or the
Knox Creek Plain which together comprise a large majority of the project area.

Introduction

Kinhill Pty Ltd requested, at short notice, a report on the stygofauna (aquatic subterranean fauna)
known in the region of Stage 2 (M2): Ord River Irrigation Area project and in the immediately
surrounding area.  This report provides the distribution of stygofauna sampling sites, the associated
fauna to the level of identification currently available and a discussion of the limitations to the data.

Identification of stygofauna

While the nature of the fauna can be determined largely from the typical morphology often found in
stygal species, the stygofauna of Western Australia is largely unknown and predominantly
undescribed, being newly found species or higher order taxa.  This is also the case with the fauna
reported here.  Few specialists are available to determine and describe the fauna and most material
can only be identified and described by specialist taxonomists located interstate or overseas.

It is important to clarify taxonomic relationships to establish the significance of potential impacts.
For example, if a taxon is represented by a single species throughout the aquifer then localised
drawdown or elevation of the groundwater surface, or other effects, are less likely to have
significant impact, but if different and localised species occur then the danger will increase that any
impacts may result in the loss of biodiversity.

Significance of stygofauna

Stygofauna is significant for a number of reasons.  It includes rare and relict taxa which comprise a
significant component of biodiversity.  It is of considerable value to studies in zoogeography and
the evolution of the Australian biota and landscape.  Stygofauna play an essential role in ecosystem
processes, by breaking down nutrients and recycling them through the food web.  They may also
play an important role in maintaining water quality through bioturbation, in much the same manner
as earthworms contribute to the health of the soil.  Stygofauna may be valuable indicators of threats
to the integrity and sustainability of the groundwater system.

Habitat patchiness

The dispersion of stygofauna within an alluvial aquifer, as opposed to a karstic or fissured aquifer,
is likely to be widespread but with individual species having patchy distributions owing to local
variations in groundwater characteristics.  Typically, downwelling and upwelling areas have
different characteristics and changes to the water level (e.g. during flooding) may have profound
effects on the distribution of organisms within the aquifer.  Hence, a broad range of fauna will most
likely only be detect by sampling across a wide geographical area and range of habitats.  In the
absence of knowledge of the hydrology of the system there is perforce a degree of chance involved
in sampling.  Hence, repeated sampling of a number and types of bores may be required to be
reasonably confident, for example, that an apparent absence is real.



4

In some localities elsewhere, however, stygofauna appears to be genuinely absent in apparently
suitable habitats.  In the Millstream aquifer, for instance, the distribution of the spelaeogriphacean
Mangkurtu mityula Poore and Humphreys appears to be confined to a limited area of the calcrete
aquifer, and absent from contiguous areas despite apparently similar hydrogeology, bore age and
construction, and sampling effort.  Thus stygofauna cannot be assumed to occur throughout the
range of potential habitat (Poore and Humphreys 1998).

Bore Constructions

Detecting the presence of stygofauna may be dependant upon bore construction characteristics.
Stygofauna is more likely to be detected in un-cased bores because the fauna is free to migrate
directly into the bore cavity from the natural voids in the host rock or sediments.  The efficacy of
the case slotting in allowing fauna movement will likely depend, inter alia, on the slotting or screen
size, its interval and depth, and whether or not the bore annulus is gravel packed.  Slotting or gravel
pack of small dimensions will inhibit or prevent the migration of stygofauna into the bore cavity,
especially for macro-sized (> 1 mm) fauna.  Fine sediments originating from the host rocks, or from
the drilling process, may clog the slotting or interstitial spaces within the gravel pack and prevent
the movement of fauna into the bore cavity.  End caps on bore casings, or bentonite seals may also
restrict the dispersal of fauna into the bore cavity.

The construction date of bores may also influence the ability to detect stygofauna.  Newly
constructed bores will contain unfavourable conditions for stygofauna due to retention of turbid or
foreign waters, other fluids, or drilling clays, especially if they have not been developed.  Older
bores are more likely to harbour stygofauna as the water quality stabilises to that of the surrounding
groundwater, and the fauna has been given time to disperse and colonise the bore cavity.

Lithology

The distribution of stygofauna is related, inter alia, to rock and sediment types, and the geologicial
structure.  Stygofauna habitat is best developed in karstic aquifers.  Stygofaunal habitat may also
occur in non-karstic rocks, or unconsolidated sediments, if suitable water-filled voids are present.
In non-karstic rocks natural voids may be associated with structural features, such as fissures for
example (fissured aquifer) (Gilbert et al. 1994).  In unconsolidated sediments, the water-filled pores
between grains of sediment, especially where these are sand-sized or larger, forms an extensive
groundwater habitat (porous aquifer).  Thus stygofauna may be present in gravels alongside and
beneath water courses, as well as aquifers in alluvial or other sediments.

In Western Australia, stygofauna is frequently well developed where limestone and calcrete despots
occur, although in some karst areas such as the Nullarbor Plain macro fauna is largely absent.
Stygofauna is known to be present in consolidated sediments alongside the Robe and Fortescue
Rivers (Humphreys 1999; W.F. Humphreys, unpublished data) and sandstone springs in the
Kimberley (Humphreys 1994; Wilson and Keable 1999).

Sampling methods

Stygofauna was sampled by using standard techniques as used successfully elsewhere (e.g.
Humphreys, 1994).  Bores were sampled for fauna using a haul plankton net with a 250 or 350 µm
mesh and of a diameter suitable for the bore – from 50 mm to 300 mm in diameter.  Haul net
samples were taken from the entire water column at each site.  Samples were transported live to the
laboratory and examined for fauna under a binocular dissecting microscope.  Specimens were
preserved in 70% ethanol and lodged with the Western Australian Museum of Natural Science.
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Samples

Thirty-four sampling locations have been examined in the region in 1994 and 1998.  Of these 11
sites contained undoubted stygofauna and another two sites contained fauna that is probably stygal
(Tables 1 and 2).  These sites range from the karstic limestone Devonian Reef system (Ningbing
Range), to the alluvial aquifers associated with the former course of the Ord River through the
Ivanhoe Plain, Cave Spring Gap and Weaber Plain.  No samples are available from the extensive
Keep River Plain or the Knox Creek Plain that together comprise the bulk of the project area.

Regional fauna

Aspects of the subterranean fauna of the west Kimberley was reported by Humphreys (1995, 1999).
The Ningbing Range contains an undescribed family of flabelliferan isopods (Wilson and Ponder
1992) while the sandstone Durack Range to the west contains a phreatoicid isopod of a lineage that
provides a link between those known from the fragments of Eastern Gondwana (Humphreys 1995;
Wilson and Keable 1999), and thus contains information of great antiquity.  To the east, the
Gregory National Park in the Northern Territory contains protojanirid isopods (Asellota), a family
newly found in Australia (G.D.F. Wilson, pers, comm, 1999) and elsewhere known from Sri Lanka
and southern Africa.

Ord irrigation region

The Ivanhoe Plan alluvial aquifers contain undescribed species in two families of bathynellid
syncarid Crustacea (Table 1) and a number of other probable stygofauna less widely collected
(Table 2).  The fauna on the Cave Spring Gap and the Weaber Plain has similar characteristics but
the detailed identifications is unknown at this stage (Tables 1 and 2; Figure 1).  It may be pertinent
that there is a natural groundwater divide between the Ivanhoe Plain and the remainder of the Ord
palaeodrainage channel that was sampled (R Puglisi, pers comm 1999).  Such a groundwater divide
separates quite distinct faunas in the Western Fortescue Plain (Poore and Humphreys 1998;
Humphreys 1999; W.F. Humphreys unpublished).  Furthermore, the groundwater salinity varies
widely indifferent parts of the project area and this may have a major impact on the fauna it can
support.  While stygofauna is typically associated with freshwater (Gilbert et al 1994), it is found in
salinity of seawater strength in both near coastal aquifers (Humphreys in press b) and in the Yilgarn
(W.F. Humphreys and H.J. Hahn, unpublished 1999).

Syncarida

Of marine origin, syncarids are one of the oldest grounds of freshwater fauna and the two
evoluntionary lines that independent invaded freshwater were the only ones to survive.  The
Bathynellacea probably occupied surface freshwater habitats in the Carboniferous and subsequently
became restricted in living in the interstitial spaces in subterranean waters—95% of rent syncarids
are strictly stygobionts (Schminke, 1986).  They have limited dispersal ability and their occurrence
in oligohaline and polyhaline waters is secondary (Schminke, 1981), hence their biogeography may
provide useful information on past continental connections.

They became adapted to the interstitual stygofauna habitats by neoteny and the Bathynellacea now
attain sexual maturity at a stage that corresponds to the zoea in the development of primitive
Decapoda (Schminke, 1981).

The most primitive Bathynellacea are found in southeast Asia and of the Parabathynellidae two
lines extend from there, one through Europe, Africa and South America, and the other south via
Australian also to South America—along both lines the genera become more and more apomorphic
in their characters (Schminke, 1974).  Syncarids are considered to be rare but this is probably due to
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their escaping attention by being subterranean (Schminke, 1986); indeed, recent work in the Yilgarn
has found both a high diversity and large populations of syncarids in calcrete aquifers (W.F.
Humphreys and H.J. Hahn, unpublished 1999).  The biology of syncarids is virtually unknown.

Two new species of syncarid Crustacea (H.K. Schminke, pers. comm.), belonging to two families
(Bathynellidae and Parabathynellidae) were taken sympatrically in the groundwater of the Ord
River Irrigation Area.  One is a species of Atopobathynella (Parabathynellidae).  he recent finding
of the genus in the arid (Barrow Island; Humphreys in press a) and monsoonal tropics of Western
Australia (Ord River Irrigation Area) suggests that syncarids of the genus Atrpobathynella may be
expected throughout Australia, at least in areas not inundated by the sea during the Cretaceous (see
figure in Humphreys 1999).

Ostracoda

These tiny bivalve-like Crustacea were collected from spring caves but can be expected to be more
widespread.  Williams (1979) reported on a collection of ostracods from 13 localities in
northwestern Australia—of the 16 species collected all belonged to known genera but six were
undescribed; three genera were recorded for the first time in Australia and the range of several
species was extended from eastern Victoria.  We can expect the subterranean fauna to be less well
known (Danielopol et al. in press; P. Marmonier, pers. comm. 1999; K Wouters and K. Martens,
pers. comms. 1999) as is the case for the copepods.

Copepods

These tiny Crustacea were collected from a number of piezometers and cave springs.  They are
being examined by Professor G.L. Pesce at Univesity di l’Aquila, Italy.  Williams (1979) also
collected calanoid copepods from northwestern Australia and recorded only four species; major
range extensions were made for two species of Diaptomus and of Boeckella triarticulata.  Such is
the poor state of knowledge of the surface fauna, but the subterranean fauna is less well known
(Pesce et al. 1996a, 1996b; Pesce and De Laurentiis 1996; De laurentiis et al. 1999; Jaume and
Humphreys, in prep; D, Jaume, pers. comm. 1999).

Numbers

Of the most commonly sampled taxa, the bathynellids, mostly one or two individuals were taken
except where one site was sampled repeatedly (Table 1).  Hence, the intensity of sampling provides
little scope for detecting diversity within the fauna at any site.

Conclusions

A significant, regionally variable, stygofauna is present in the eastern Kimberley and the
neighbouring parts of the Northern Territory.  A limited stygofauna inhabits both the current Ord
Irrigation Area and the proposed State 2 extension.  At this stage it is not known whether these
fauna are the same, an uncertainty exacerbated by a natural groundwater divide between the two
areas.  These is a low level of confidence that the sampling has been adequate to characterise the
stygofauna owing to the nature of the bores sampled, and because the bulk of the project area has
not been sampled at all.  The fissured and karstic aquifers adjacent to the Knox Creek Plain are
potential sources of stygofauna and, as they lie outside any immediate impact of the project, could
be potential buffer zones for subterranean fauna.



7

References

Danielopol, D.L., Baltanás, A. and Humphreys, W.F. in press. Danielopolina ∆∆ sp.n.  (Ostracoda:
Thaumatocyprididae) from a western australian anchialine cave—morphology and evolution.
Zoologica Scripta,

De Laurentiis, P., Pesce, G.L. and Humphreys, W.F. 1999.  Copepods from ground waters of
Western Australia, IV.  Cyclopids from basin and craton aquifers (Crustacea: Copepoda:
Cyclopidae).  Records of the Western Australia Museum in press.

Gilbert, J., Danieopol, D.L., and Standord, J.A. (eds).  1994.  Groundwater Ecology.  Academic
Press, London.

Humphreys, W.F., 1995.  Limestone of the east Kimberley, Western Australia—karst and cave
fauna.  Report to the Australian Heritage Commission and the Western Australian Heritage
Committee.  190 pp.+ xix.  Unpublished.

Humphreys, W.F., 1999.  Relict stygofaunas living in sea salt, harst and calcrete habitats in arid
northwestern Australian contain many ancient lineages.  Pp. ∆∆∆–∆∆∆ in W. Ponder and D.Lunney
(eds) The Other 99%.  The Conservation and Biodiversity of Invetebrates.  Transactions of the
Royal Zoological Society of New South Wales, Mosman 2088.

Humphreys, W.F., in press a.  They hypogean fauna of the Cape Range peninsula and Barrow
Island, north-west Australia.  Pp. ∆∆∆–∆∆∆ in H. Wilkens, D.C. Culver and W.F. Humphreys (eds).
Ecosystems of the World, vol. 30.  Subterranean Ecosystems, Chapter 30.  Elsevier, Amsterdam.

Humphreys W F in press b Physico-chemical profile and energy fixation in an anchialine remiped
habitat in north-western Australia.  Journal of the Royal Society of Western Australia

Jaume, D. and Humphreys, W.F. in preparation.  A new genus of epacteriscid calanoid copepod frm
an anchialine sinkhole on northwestern Australia.  Journal of Crustacean Biology

Pesce, G.L., De Laurentiis, P. and Humphreys, W.F., 1996a.  Copepods from ground waters of
Western Australia.  I.  The genera Metacyclops, Mesocyclops, Microcyclops and Apocyclops
(Crustacea Copepoda: Cyclopidae).  Records of the Western Australia Museum, 18: 67-76.

Pesce, G.L., De Laurentiis P. and Humphreys W.F., 1996b.  Copepods from ground waters of
Western Australia.  II.  The genus Halicyclops (Crustacea Copepoda: Cyclopidae).  Records of the
Western Australia Museum, 18: 77-85.

Pesce, G.L. and De Laurentiis P., 1996.  Copepods from ground waters of Western Australia.  III.
Diacyclops humphreysi n. sp. and comments on the Diacyclops crassicaudis-complex (Copepoda:
Cyclopidae).  Crustaceana, 69: 524-531.

Poore, G.C.B. and Humphreys, W.F., 1998.  The first record of the Spelaeogriphacea Poore, G.C.B.
and Humphreys, W.F., 1998.  First record of Spelaeogriphacea from Australasia:  a new genus and
species from an aquifer in the arid Pilbara of Western Australia.  Crustaceana 71: 721-742.

Schminke, H.K.  1974.  Mesozoic intercontinental relationships as evidenced by bathynellid
Crustacea (Syncarida: Malacostraca).  Systematic Zoology 23: 157-164.

Schminke, H.K. 1981.  Adaptation of Bathynellacea (Crustacea, Syncarida) to life in the Interstitial
(Zoea Theory).  Int, Revue ges.  Hydrobiol. 66(4): 575-637.



8

Schminke, H.K. 1986.  Syncarida.  Pp 389-404 in L. Botosaneanu (ed.).  Stygofauna Mundi, a
faunistic, distributional, and ecological synthesis of the world fauna inhabitating subterranean
wtaers.  E.J. Brill/Dr W. Backhuys, Leiden.

Williams, W.D. 1979.  Notes on the freshwater fauna of north-western Australia, especially the
Kimberleys.  Records of the Western Australia Museum 7 213-227.

Wilson, G.D.F. and Keable, S.J., 1999.  A New Genus of Phreatoicidean Isopod (Crustacea) from
the North Kimberley Region, Western Australia.  Zoological Journal of the Linnean Society 126:
51-57.

Wilson, G.D.F. and Ponder, W.F.  1992.  Extraordinary new subterranean Isopods (Peracarida:
Crustacea) form the Kimberley Region, Western Australia.  Records of the Australian Museum
44:279-298.



9



10



11



APPENDIX N
CULTURAL HERITAGE PROTECTION PROCEDURES



Ord River Irrigation Area (Stage 2) Project Page 1

Cultural Heritage Protection Procedures - 17 September 1999

CULTURAL HERITAGE PROTECTION PROCEDURES DURING

THE FEASIBILITY STUDY OF THE ORD RIVER IRRIGATION

AREA (M 2) PROJECT

Wesfarmers Limited Marubeni Corporation

and the

Water Corporation

17 SEPTEMBER 1998



Ord River Irrigation Area (Stage 2) Project Page 2

Cultural Heritage Protection Procedures - 17 September 1999

INTRODUCTIONINTRODUCTION

Wesfarmers Ltd. & Marubeni Corporation, in association with the Water Corporation (the
Proponents), are undertaking a Feasibility Study to establish the viability of a raw sugar industry
on the Ord River Irrigation M2 Area (the Project Area), near Kununurra in the East Kimberley
Region of Western Australia and the Northern Territory.

The Feasibility Study is designed to determine whether the land in the M2 Area can be
developed for the purposes of irrigated farmland, the operation of processing and storage
facilities related to the agricultural output from the land and the development and operation of all
necessary infrastructure.  Infrastructure would include, but not be limited to, roads, bridges,
power supply, communications facilities, and irrigation infrastructure, the latter including water
supply channels (including the M2 supply channel), secondary channels and drains, balancing
storages, pump stations, flood protection levees, hillside drains, and regional ground water
control systems.

The Ord River region is an area of traditional significance, occupation and use by the Miriuwung
and Gajerrong Aboriginal people.  The Proponents are committed to recognising and respecting
Aboriginal cultural values and rights to this land.  This Project offers the opportunity for the
development of a mutually beneficial relationship between Aboriginal and non-Aboriginal
people alike.

The Aboriginal Land Rights (Northern Territory) Act 1976 and the Native Title Act (1993),
formally recognise land tenure rights of Aboriginal people in Australia.  Along with this
legislation, the Proponents are obliged to comply with State, Territory and Commonwealth
legislation and procedures to ensure that Aboriginal cultural heritage values associated with the
Project Area are adequately addressed.

This document outlines the procedures to be employed by the Proponents and observed by their
employees, contractors and consultants during the Feasibility Study.  Separate but
complementary procedures will be established prior to the actual development of the Project.

PROTECTING CULTURAL HERITAGEPROTECTING CULTURAL HERITAGE

As a key component of the Feasibility Study, the Proponents will undertake a Work Programme
Clearance of the land within the M2 Area to ensure that archaeological and ethnographic sites
are avoided prior to any proposed ground disturbing activities.  The First Stage Work
Programme Clearance is scheduled to occur during September and October 1998.  The Second
Stage Work Programme Clearance is scheduled to occur in the 1999 dry season.

To facilitate the Work Programme Clearance, the Proponents have entered into arrangements
with the Aboriginal Representative Bodies (the Kimberley Land Council, the Northern Land
Council and the Aboriginal Legal Service of Western Australia) and via them the Miriuwung and
Gajerrong people, to ensure that cultural heritage values and sites within the Project Area are
avoided.



Ord River Irrigation Area (Stage 2) Project Page 3

Cultural Heritage Protection Procedures - 17 September 1999

Aboriginal sites within the Project Area fall into two broad but not exclusive categories -
archaeological sites and ethnographic sites.  These are collectively known as Aboriginal sites and
are protected by State, Territory and Commonwealth heritage legislation, which can impose
severe penalties for knowingly or unknowingly disturbing and damaging Aboriginal sites.

CULTURAL HERITAGE VALUESCULTURAL HERITAGE VALUES

The Miriuwung and Gajerrong people have strong cultural heritage values associated with the
Project Area.  These values potentially include sites of mythological and ceremonial
significance, occupation sites, burial sites, resource procurement sites as well as a general
spiritual and emotional attachment the Miriuwung and Gajerrong people have to the land.  The
cultural heritage values that pertain to these Procedures apply to the following:

• All areas of land associated with the Feasibility Study of the Project Area;

• All surface archaeological and ethnographic sites, cultural materials and objects within
the Project Area;

• All sub-surface archaeological materials, including human remains, which may be
discovered during excavation or other earthworks during the Feasibility Study.

AVOIDANCE AND PROTECTION OF ABORIGINAL SITESAVOIDANCE AND PROTECTION OF ABORIGINAL SITES

All interactions with the Miriuwung and Gajerrong people on cultural heritage issues are being
managed by the Proponents Representatives.  Briefings on respecting cultural heritage values
will be held with the Proponent's employees, contractors and consultants prior to any ground
disturbing activities in the Project Area.

All Aboriginal sites avoided as a consequence of the Work Programme Clearance, will be
considered to be ‘prohibited areas’ in relation to any ground disturbing activities during the
Feasibility Study.  All known Aboriginal sites within the Project Area will be avoided at all
times by the Proponent's employees, contractors and consultants.  Interference with any known
Aboriginal site, including visiting such sites or removing artefacts or objects, by the Proponent's
employees, contractors and consultants will result in termination of their contract.

All ground disturbing activity shall be restricted to the First Stage Works, including the proposed
50 metre wide Infrastructure Corridor the subject of the Trace Survey.  No access to the land
within the Project Area external to the First Stage Works shall occur without the express
permission of the Proponents Representatives.

All areas located during the Work Programme Clearance considered to be of Aboriginal
significance as documented by a qualified archaeologist and/or an anthropologist, shall be
delineated in the following manner:

 
• A map delineating the areas containing Aboriginal sites shall be provided to the

Proponent's contractors to ensure that their work remains outside of those areas;
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• Survey markers (star pickets and survey ribbon) shall be placed in close proximity to
each area to ensure that contractors are aware of their locations and avoid them during
ground disturbing activities as advised by the consultant archaeologist and/or
anthropologist;

• A differential GPS survey of each area shall occur, in order to determine the
dimensions of the area of land containing the Aboriginal site for current and future
management.

Any additional areas of Aboriginal significance located within the Project Area shall be noted by
the Proponents Representatives for future recording by a qualified archaeologist and/or
anthropologist with the participation of the Aboriginal Representative Bodies.

PROCEDURE UPON THE ACCIDENTAL DISCOVERY OF CULTURALPROCEDURE UPON THE ACCIDENTAL DISCOVERY OF CULTURAL
HERITAGE MATERIALS DURING GROUND DISTURBING ACTIVITYHERITAGE MATERIALS DURING GROUND DISTURBING ACTIVITY

Habitat ion SitesHabitat ion Sites

Should an archaeological site, or obvious cultural materials be located within the Project Area by
the Proponent's employees, contractors and consultants or uncovered during any ground
disturbing activities, the following steps shall be observed:

1. Any person making the discovery will cease the activity and notify the
contractor/consultants Site Representative, who in turn shall immediately notify the
Proponents Representatives;

2. The Proponents Representatives shall note the details and spatial extent of the
archaeological site/cultural materials and shall advise the Site Representative
accordingly.  Ground disturbing activity may commence away from the archaeological
site/cultural materials as advised by the Proponents Representatives;

 
3. The Proponents Representatives shall inform the Aboriginal Representative Bodies of the

location of the archaeological site/cultural materials and shall arrange for a qualified
archaeologist to record the site in detail;

 
4. Information on the significance of the archaeological site shall be provided to the

Aboriginal Representative Bodies.

H u m a n  R e m a i n sH u m a n  R e m a i n s

Should human skeletal remains be uncovered during any ground disturbing activities, then work
shall immediately cease and the following action shall be taken:

1. The Proponents Representatives and the Site Representative will be notified immediately,
who will in turn ensure that all access to the site is restricted.  The Proponents
Representatives shall immediately  notify the local Police as well as the Aboriginal
Representative Bodies;

 



Ord River Irrigation Area (Stage 2) Project Page 5

Cultural Heritage Protection Procedures - 17 September 1999

2. If the remains are presumed to be human in origin, work should not continue less than
100 metres away from the remains, and only if the Proponents Representatives as well as
representatives of the Aboriginal Representative Bodies are present to monitor this work;

 
3. The Proponents Representatives shall await advice from the Police and after consultation

with the Aboriginal Representative Bodies, may arrange for a qualified
archaeologist/physical anthropologist to visit the site in order to provide advice about the
remains;

 
4. If the remains are determined as originating from a traditional burial, the Police will

formally notify the Proponents Representatives.  Assuming the Police agree, the site can
therefore be considered to be a cultural heritage site and not a crime scene;

 
5. The Police will notify the appropriate State, Territory and Commonwealth agencies of the

existence of the remains.  The Proponents Representatives shall seek the advice of the
Aboriginal Representative Bodies about what should be done with the remains.  This
could include leaving the remains in situ or excavation and re-burial at a location
acceptable to the Aboriginal Representative Bodies.

 
Should the remains be in an area required for future development, the Proponents
Representatives shall discuss the options for managing the remains in a manner acceptable to the
Aboriginal Representative Bodies as well as the respective State, Territory and Commonwealth
Government agencies.

CULTURAL PROTOCOLSCULTURAL PROTOCOLS

The Work Programme Clearance will involve Miriuwung and Gajerrong people, the Traditional
Owners of the land within the Project Area.  These Traditional Owners will be working with
consultant archaeologists, anthropologists and other contractors and consultants during the
Feasibility Study.

Cultural protocols need to be observed during all interactions with the Traditional Owners.
While some of these protocols may not seem to be significant to non-Aboriginal people,
observation of them will show respect for Aboriginal people and include:

• Not asking the names of Traditional Owners or their family members;
• Not asking about the cultural details of Aboriginal sites;
• Not taking photographs of Traditional Owners, their residences or cultural heritage sites

without first asking permission;
• Not asking questions about deceased persons;
• Not insisting that male and female Traditional Owners travel together in the same vehicle;

and
• Not requesting Traditional Owners to agree to or sign documents without recourse to proper

advice.

Furthermore, there are general environmental protocols that also need to be observed to ensure
'best practice' and include:
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• Limit vehicle use to existing roads and tracks;
• Minimise disturbance to vegetation;
• Backfill all test pits and plug all drill holes;
• Not leaving rubbish or waste behind;
• Keep all work sites clean and tidy;
• Not to use alcohol on site;
• Not to light camp fires unless absolutely necessary and not to leave fires unattended or

properly extinguished;
• Leave gates and fences as they were found; and
• Avoid all stock watering points.

CONTACT DETAILSCONTACT DETAILS

Enquires regarding cultural heritage issues should be addressed to the Proponents
Representatives:

Warren Ford (Ord Project Community Relations Officer - Wesfarmers Ltd.))
Telephone: (08) 9168 1577
Facsimile: (08) 9168 1860
Mobile: 015 984975

Or

Phil Pyle (Project Manager - Water Corporation)
Telephone: (08) 9168 0720
Facsimile: (08) 9168 0790
Mobile: 0419 902152
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1 Introduction

1.1 BACKGROUND

A joint venture between Wesfarmers Sugar Company Pty Ltd (Wesfarmers) and
Marubeni Corporation (Marubeni) was awarded an exclusive mandate in April 1998
by the Western Australian and Northern Territory Governments to investigate the
feasibility of development of a portion of Ord Stage 2 known as the M2 Development
Area (the Project Area).

The proposal being considered by Wesfarmers and Marubeni involves the potential
establishment of a raw-sugar industry.  The industry may involve the development of
farmland for the purposes of growing sugarcane, the development of a sugar mill, and
the development of storage facilities at the port of Wyndham.  In parallel with the
feasibility study being conducted by Wesfarmers and Marubeni, the Water
Corporation of Western Australia (Water Corporation) is investigating the feasibility
of development of the irrigation infrastructure required to service the farmland.

Following development, the Project Area would include a raw sugar mill and
approximately 32,000 hectares of land developed for farms, development of a further
3,000 hectares of land for infrastructure, and over 40,000 hectares of land managed for
conservation.  Farm areas would be developed on the heavy clay soils (black soils),
while the land managed for conservation would include those areas that contain flora
and fauna of conservation significance on the black-soil and other areas, including
riparian and rocky areas, within and around the farmland.

Due to the interrelated nature of the core industry activities, Wesfarmers–Marubeni
and the Water Corporation propose that an entity is established to shoulder the
operational aspects of ongoing environmental management in relation to the proposed
development on behalf of the industry participants.  The proposed entity, or
Environmental Management Entity (EME), would be owned by the industry
participants, and would provide environmental management services to the owners.
Key features of the proposed EME would be as follows:

• The EME would be wholly owned by the industry participants, including all three
core industry participants.

• The key objective of the EME would be the management of environmental issues
within the entire Project Area, on behalf of the industry participants.

• The EME would be responsible for aspects such as ongoing monitoring, analysis,
and reporting on behalf of industry within the proposed development—but legal
responsibility for environmental compliance would rest with the individual asset
owners.
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• The EME would be the focal point for community input in relation to
environmental issues in relation to the proposed development.

• The EME would be resourced by the industry participants within the proposed
development.

This document is the outline of the Environmental Management Plan (EMP) for the
proposed development and operation of the Project Area.  The EMP outline has been
prepared to support the Environmental Review and Management Programme/draft
Environmental Impact Statement (ERMP/draft EIS) for the Project.  Finalisation of the
EMP would require incorporation of any environmental conditions, operating licences
for the Project, and the development of detailed monitoring and management
schedules.

This document presents an indicative set of objectives and strategies that would
comprise the EMP.  When complete, the EMP would comprise a set of sub-plans that
are described in the later chapters.

1.2 ENVIRONMENTAL MANAGEMENT COMMITMENTS

This section would consolidate the environmental management commitments made in
the ERMP/draft EIS for the Project (Chapter 17 of the ERMP/draft EIS refers) and any
requirements under environmental conditions, legislation or operating licences
required by the Project.

1.3 MANAGEMENT STRUCTURE, GENERAL OBJECTIVES AND RESPONSIBILITIES
OF THE EME

This section would outline the management structure, general objectives and
responsibilities of the EME that would be established in conjunction with the Project.
A description of the EME is provided in Chapter 16 of the ERMP/draft EIS.

1.4 INFORMATION SOURCES

This section would describe the information sources of reference to environmental
management of the Project.

An Appendix would contain a reference list of the legislation and policy references
relevant to the Project.

1.5 DUE DILIGENCE AND ENVIRONMENTAL MANAGEMENT SYSTEMS

The broad concept of due diligence is to foster (in individuals and organisations)
compliance with environmental laws and to prevent environmental harm.  In general,
to demonstrate that "due diligence" has occurred, it would be necessary to show that a
proper environmental management or control system had been implemented (to
provide for compliance with environmental legislation) and that adequate supervision
had been provided to ensure that the system was complied with, implemented and
monitored.
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Environmental due diligence requires the application of Best Practice Environmental
Management (BPEM), which includes the preparation, implementation and
monitoring of documents (such as an EMP), for example, through an environmental
management system (EMS).

An EMS is an ideal way to demonstrate environmental due diligence and BPEM.

The concept and major components of the EMS that would be adopted for the Project
are set out in the Australian/New Zealand Standard AS/NZ ISO 14000 series.  The
EMS therefore would have the following key components:

• organisational commitment;

• environmental policy;

• environmental aspects and impacts register;

• regulatory and legal compliance register;

• objectives and performance indicators;

• environmental management program documentation (ie. EMP);

• operational and emergency procedures;

• responsibility and reporting structure;

• training and awareness program;

• environmental performance reviews, audits, monitoring and measurement.
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2 Environmental education and
information management

2.1 ENVIRONMENTAL EDUCATION AND TRAINING MANAGEMENT PLAN

2.1.1 Background

It is mandatory that the EMP for the Project be followed by all personnel from the
corporate and independent farms, the sugar mill and the water and drainage service
provider, as well as contractors working in the Project Area.

This plan would address the environmental protection training requirements identified
in the sub-plans of the EMP and the environmental induction and awareness
requirements for all people involved in the Project.  The plan requires the adoption of
an Environmental Code of Practice (ECP) for the Project Area.

2.1.2 Risk assessment

Without adequate, up-to-date information and training, use and management of the
Project Area will not achieve due diligence objectives, nor will it be cost effective.

2.1.3 Objectives

The objectives of the environmental education and training program are:

• to prevent adverse environmental impacts from construction and operations;

• to ensure all staff have relevant knowledge of environmental management, know
their own (and others) environmental responsibilities and carry out their duties in
order to protect the environment.

2.1.4 Management actions

The EME would:

• prepare environmental education training materials;

• prepare an ECP for construction and maintenance of the Project and obtain
endorsement for the ECP from all asset owners;

• audit compliance with the ECP;
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• develop and maintain an informal environmental group consisting of pro-
environmental personnel (as cultural change agents) for the Project Area.  The
purpose of this group is to monitor and discuss environmental issues, facilitate
communication of relevant environmental information, encourage environmental
awareness, promote environmentally sustainable work practices, and strengthen
interaction with the community;

• encourage operations and management personnel to provide suggestions for
improvement in site environmental management practices;

• brief all new workers and personnel regularly deployed to the Project Area about
the environmental responsibilities of the EME;

• organise and conduct regular environmental awareness-raising activities including
on-site inspections/assessments, training activities, briefing sessions and
preparation of information bulletins.

2.2 LEGISLATION, POLICY AND STANDARDS MANAGEMENT PLAN

2.2.1 Background

It is mandatory that all activities conducted in the Project Area comply with relevant
State, Territory and Commonwealth Laws.

2.2.2 Risk assessment

If the EME does not identify all relevant legislation, policies and standards then
Project related activities may not be compliant with these and legal proceedings may
result.

2.2.3 Objectives

The objective of legislation and standards management will be to comply with all
relevant government legislative requirements and Australian/International Standards.

2.2.4 Management actions

The EME would:

• consult adequately with all relevant levels of government in order to obtain all
legislative and policy decisions relevant to the Project;

• obtain a copy of all relevant legislation and develop and update a legislative/policy
register by placing a request, as a standing order notification, for copies of all new
legislation and policies;

• obtain copies of all relevant Australian standards.
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2.3 RECORDS AND INFORMATION MANAGEMENT PLAN

2.3.1 Background

Acquisition of information through monitoring, review and research will be an
ongoing process, and an accurate, diverse and relevant information base will be
essential for understanding and managing the environment.  Reporting the results of
monitoring and performance reviews and recording the changes in environmental
conditions are particularly important if the EMP is to be useful, and provide a due
diligence role.  Records and information must be readily accessible and interpreted to
assist planning of site activities, construction, and maintenance programs and to
enable cost-effective, informed environmental management practices to be
undertaken.

2.3.2 Risk assessment

Without appropriate records, performance reviews and assessments, it will not be able
to demonstrate to outside agencies an adequate base for decision making and
environmental due diligence.

2.3.3 Objectives

The objectives of records and information management will be to:

• obtain and maintain information pertinent to operation, construction and
environmental management of the Project Area;

• use records and information to facilitate safe and sustainable development and
environmental management in the Project Area;

• initiate and maintain a land use database and information for operations in the
Project Area.

2.3.4 Management actions

The EME would:

• develop an appropriate filing or reference system for all information, databases,
records, and references about all issues relevant to work activities and management
of the Project Area;

• prepare an index of this material, update it annually and distribute it to relevant
authorities;

• progressively incorporate baseline information and monitoring data into a
computerised environmental management system;

• report the results and interpretation of the monitoring process on an annual basis on
behalf of the industry participants.  The annual report would detail actual
environmental performance against the environmental performance targets detailed
in the EMP, and would be made readily available to the industry participants.  The
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annual report would also be made available to relevant agencies and possibly other
organisations and community interest groups.
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3 Aboriginal Issues

3.1 NATIVE TITLE

3.1.1 Background

The land encompassing the Ord and Keep rivers, including the Project Area, is of
traditional and current significance to the Miriuwung and Gajerrong people.

The early development of the ORIA Scheme occurred at a time when Aboriginal
people were not consulted.  In recent years, Aboriginal people have actively sought to
have their traditional rights recognised, and to participate and share in the benefits of
economic development.

The Miriuwung and Gajerrong people lodged three Native title claims under the
Native Title Act 1994, over a significant portion of the East Kimberley in Western
Australia and the Northern Territory in 1994 and 1995.  These claims cover the entire
Project Area.

In 1997, the Northern Land Council also lodged a land rights claim under the
Aboriginal Land Rights (Northern Territory) Act 1976 over the portion of the Project
Area located within the Spirit Hills pastoral lease.

In 1998, the Federal Court of Australia determined that Miriuwung and Gajerrong
people hold native title rights to an area of land the subject of the first of the three
native title claims.  This determination covers approximately 7,900 square kilometres
and includes the Ord River, Lake Argyle and approximately 100 square kilometres of
the Project Area.

For land that is the subject of a native title determination and land that is the subject of
a native title claim, the native title holders and claimants may voluntarily surrender
their native title rights and interests by way of a negotiated settlement.  Such a
negotiated settlement is known as an Indigenous Land Use Agreement (ILUA).
Mutually agreed benefits packages for the native title holders and claimants are a key
element of any ILUA, in return for the voluntary surrender of native title rights and
interests over the land, enabling the development to proceed.

Wesfarmers-Marubeni and the Water Corporation intend to negotiate the terms of an
ILUA with the Miriuwung and Gajerrong people prior to the start of Project
construction.
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3.1.2 Risk Assessment

If the EME does not support those elements of the ILUA directly relevant to the
environmental management of the Project Area, then the good faith established with
the Miriuwung and Gajerrong people may be compromised.

3.1.3 Objectives

The objective of supporting the terms of the ILUA would be to ensure that the good
relationship with the Miriuwung and Gajerrong people is maintained for the life of the
Project, benefiting the corporate farmers and independent farmers alike.

This objective would be met by ensuring that ongoing strategies for the delivery of the
commitments made in the ILUA including farm and enterprise management support
and opportunities, suitable employment opportunities including environmental
monitoring, and access to the conservation area occur.

3.1.4 Management Actions

The EME would undertake the following actions with the Miriuwung and Gajerrong
native title holders and claimants with regard to the Project Area:

• have ongoing transparent interaction with the native title holders/claimants as
defined in the Community Consultative Plan (see Community Issues);

• establish an ILUA Implementation Plan to ensure that any outstanding
commitments that are attributable to the EME are honored;

• ensure that native title holders/claimants have uninterrupted access to the
conservation area to  enable them to observe their native title rights and interests.

3.2 CULTURAL HERITAGE

3.2.1 Background

There are a number of significant cultural heritage sites within and in close proximity
to the Project Area.  These cultural heritage sites are protected by State, Territory and
Commonwealth heritage legislation.  Many of these sites are of cultural significance to
the Miriuwung and Gajerrong people.  One such site was listed on the Register of the
National Estate in 1980 because of its significant cultural heritage values and is known
as the Weaber Range Sites Complex.

The Miriuwung and Gajerrong people have participated in a cultural heritage
assessment of the Keep River Plain and the Northern Territory portion of the Knox
Creek Plain.  The locations of cultural heritage sites have been documented
accordingly.  A limited cultural heritage assessment of the Weaber Plain and the
Western Australian portion of the Knox Creek Plain has occurred to date.

The sites that may occur in the region include places of mythological and ceremonial
significance, middens, fish traps, stone arrangements, rock-shelters, hearths, grinding
hollows, paintings, engravings, burials, isolated artefacts, artefact scatters, stone
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quarries, ochre quarries and scarred trees.  The Project Area has no known places of
non-Aboriginal historic heritage value.

Most of the proposed development of the Project Area is restricted to the black soil
plains.  However, it may be necessary to source road pavement material sites off the
black soil.  The topography of the area has played a role in protecting sensitive natural
areas and cultural heritage sites.  A large number of cultural heritage sites, in
particular rock art sites and rock-shelters occur within the adjacent ranges, and within
valleys where they are sheltered from direct impacts.  Most cultural heritage sites will
escape direct impact from the proposed development, however, secondary impacts
from visitation may occur.

Major gaps in information relating to cultural heritage sites within the Project Area
relate to the:

• lack of available information from Government agencies;

• inaccuracy of information, particularly location and spatial information;

• lack of significance information;

• sensitivity mapping;

• cultural landscapes.

A predictive model developed for the likely distribution of archaeological sites within
the black soil plains has been tested during recent archaeological assessments.
However, a further archaeological assessment of the black soil plains, particularly the
portion of the Weaber Plain that is located in the Western Australian portion of the
Project Area remains to be undertaken.  This information is considered important for
the long-term integrated management of the Project Area and to assist the EME setting
management objectives and actions for the documentation and protection of cultural
heritage sites within the conservation area.

Expectations of the EME regarding management of the cultural heritage values of the
Project Area should be consistent with what is expected of other agencies with similar
responsibilities.

There are no historic heritage sites of non-Aboriginal value known for the Project
Area, hence no management plan is required.  However, if any area or object
potentially of significance is located, the EME would contact the relevant Government
agency.

3.2.2 Risk Assessment

If a cultural heritage site is degraded by the development of the Project Area or
subsequent operations, legal proceedings may result.

3.2.3 Objectives

EME objectives would be to:

• establish a Cultural Heritage Management Plan co-operatively and jointly with the
Miriuwung and Gajerrong people;
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• comply with State, Territory and Commonwealth cultural heritage legislation for
the protection of the cultural heritage values of the land within the Project Area;

• comply with Miriuwung and Gajerrong aspirations for the protection of cultural
heritage values of significance to them;

• prohibit/minimise the effects of construction, maintenance and farming activities
on cultural heritage sites;

• raise awareness among employees, contractors and future landowners and
operators on the importance of the cultural heritage values of the Project Area.

3.2.4 Management Actions

The EME would:

• establish a working relationship with the Miriuwung and Gajerrong people and
have consistent, open and honest consultation;

• hold regular meetings with the Miriuwung and Gajerrong people about any
proposals that may impact the cultural heritage values of the Project Area, prior to
any action being undertaken;

• comply with relevant cultural heritage legislation;

• implement the Cultural Heritage Protection Procedures during the construction and
operation phase of the Project;

• undertake detailed recording of cultural heritage sites within the Project Area;

• provide appropriate information to the appropriate Government agency on the
location and significance of cultural heritage sites;

• compile, manage and update the cultural heritage data base for the Project Area on
a regular basis;

• undertake management activities on cultural heritage sites (signage, fencing) as
required.

3.3 SOCIAL IMPACT

3.3.1 Background

In 1978, the Commonwealth and Western Australian Governments jointly undertook a
review of the ORIA Stage 1, and examined the impact of the development on
Aboriginal people.  The review noted that the development had ‘contributed to the
dislocation of the life and religion of Aboriginal people living in the area by
destroying land of sacred and traditional value’.

The review found that Aboriginal people residing in Kununurra were experiencing
acute social problems, some of which stemmed from the development of ORIA
Stage 1.  These social problems included the lifestyle changes that occurred as a result
of the flooding of Lake Argyle, the displacement of Aboriginal people from the
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pastoral stations, the loss of access to country and loss of sacred sites caused by the
inundation of Lake Argyle and the development of ORIA Stage 1.

Wesfarmers–Marubeni and the Water Corporation intend to negotiate the terms of an
ILUA with the Miriuwung and Gajerrong people.  The ILUA would offset any
potential negative social impacts on Aboriginal people, which would be identified
during the proposed Aboriginal Socio-Economic Impact Assessment (ASEIA).

An Aboriginal Employment Skills Audit would be established to specifically target
the Aboriginal community in order to ensure that there is an understanding of the
employment skills within Kununurra and Wyndham prior to project construction.

3.3.2 Risk Assessment

If the EME does not establish mechanisms for ensuring that potentially negative social
impacts on Aboriginal people (particularly Miriuwung and Gajerrong) are addressed
during the construction and operation of the Project, then it is possible that the EME
will not be supported by the Aboriginal community, resulting in opposition to the
Project.

3.3.3 Objectives

EME objectives will be to:

• minimise any negative socio-economic impacts and maximise any positive impacts
of the proposed development on the Miriuwung and Gajerrong people;

• ensure that there is ongoing consultation;

• ensure that there are ongoing meaningful employment opportunities;

• provide the opportunity for construction/operational personnel to be made aware of
cross cultural issues.

3.3.4 Management Actions

The EME would:

• ensure that any commitments identified and agreed during the ASEIA are fulfilled;

• explore the opportunity for representation from the Miriuwung and Gajerrong
community on the EME;

• ensure the Community Consultative Plan includes mechanisms for active
consultation with the Miriuwung and Gajerrong community;

• ensure that the Aboriginal Employment Skills Audit is updated on a regular basis,
and ensure that there are identified ongoing opportunities for the meaningful
employment of Aboriginal people;

• establish and enforce a compulsory cross cultural awareness course for all
construction/operational personnel to be facilitated by the Miriuwung and
Gajerrong people.
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4 Community Issues

4.1 COMMUNITY ISSUES MANAGEMENT PLAN

4.1.1 Background

The nearest population centres to the Project Area are the towns of Kununurra and
Wyndham.  Both towns are in the Shire of Wyndham-East Kimberley.  Aboriginal
people comprise about 34% of the total population of the Shire.

The pastoral industry and irrigated agricultural operations are the two major activities
contributing to agricultural production in the region.  Tourism has become a major
industry generally in the Kimberley.

The estimated direct workforce required for the development of the Project Area
would be approximately 550 full-time equivalent positions.  This estimate includes
employment on the corporate and independent farms, in the sugar mill, in harvest and
transport operations, in water supply operations, in environmental management, and in
general management and administration.

The estimated indirect workforce would be seventy-five people and an induced
workforce of 200.  Indirect employment refers to jobs in businesses supplying goods
and services to the agricultural sector.  Induced employment refers to jobs created by
the personal consumption and associated activities of people employed directly and
indirectly in the agricultural sector.

It is anticipated that the numbers of construction personnel would range from 250-650
per annum over a three-year period.  Whilst many construction workers would be
sourced locally, it is anticipated that the majority would originate from outside the
Kimberley region, and would be accommodated in a self-contained construction camp
in the Project Area.  The construction camp would initially accommodate
approximately 650 construction workers.  At the completion of construction, the camp
may be reconfigured as 200 single accommodation units to house seasonal workers.
The social impact of the construction workforce on the people and facilities of
Kununurra and Wyndham is expected to be minimal.

The estimates of net population increase in Kununurra range from 1,397 persons to
1,954 persons.  The Ministry for Planning is in the final stages of the preparation of
the Kununurra-Wyndham Area Development Strategy (KWADS).  This strategy is
intended to provide direction for the long-term use and management of land in the
area, as well as promoting the coordination of activities and initiatives of the
community, private enterprise and Government.  The KWADS should provide a sound
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basis for Government to plan the long-term provision of services in the area, including
any significant expansion of Kununurra.

There may be a need for between 500 and 700 new dwellings to be constructed in
Kununurra as a result of the proposed development.  Plans to increase the number of
beds in the Kununurra Hospital to accommodate any increase in demands for hospital
services from anticipated growth have been factored in.

Kununurra has two schools: Kununurra District High School and St. Joseph’s Catholic
School.  Currently there is no senior high school in either Kununurra or Wyndham.
The anticipated population growth and projected increase in enrolments may
necessitate development of another combined pre-school and primary school, and may
precipitate an upgrade of the Kununurra District High School to a senior high school.

The maintenance of access to local waterways for both recreational and lifestyle
purposes is an important issue for the local community.  The Project has been
designed in such a way that access to the Keep River would be maintained.

Significant community consultation has been undertaken in relation to the proposed
development throughout 1998-99.  These consultation activities have included the use
of a range of media outlets, brochures, public displays and meetings, and direct
consultations.

4.1.2 Risk Assessment

If the EME does not establish mechanisms for ongoing and transparent community
interaction with the Kununurra and Wyndham community, then the integrity of the
EME from the perspective of the local community may decline and may lead to a
negative community perception of the Project.

4.1.3 Objectives

The objective of community interaction management will be to minimise deleterious
socio-economic impacts on the surrounding area, including all neighbouring
landholders, and encourage effective and positive communication and community
liaison between the EME, project asset owners and external groups and agencies.

These objectives will be met by the establishment of four sub-Plans which are as
follows:

• the Code of Conduct Plan.  The objective of the Plan is to establish a code of
conduct for employees of the construction contractors, with respect to their
interaction with the Kununurra and Wyndham communities.  This Plan would  be
enforceable through construction contracts;

• the Community Consultative Plan.  The objective of the Plan is to establish
meaningful and transparent consultative mechanisms with the Kununurra and
Wyndham community;

• the Recreation and Tourism Management Plan.  The objective of the Plan is to
minimise disruptions to traffic, recreation and tourism and, where practicable, to
allow for enhanced recreation and tourism (as supplementary land use) of the
Project Area;
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• the Security Management Plan.  The objective of the Plan will be to prohibit
unauthorised access to the Project Area facilities and to control access to the
conservation area.

4.1.4 Management Actions

The EME would:

• have ongoing transparent interaction with the community in the form of meetings,
visits to the Project Area and the production of a regular newsletter;

• establish a Code of Conduct Plan;

• establish a Community Consultative Plan;

• establish a Recreation and Tourism Management Plan;

• establish a Security Management Plan;

• establish a Visitors Centre at the Sugar Mill to inform the community about Project
activities, and to act as the focal point for the operations of the EME;

• establish and maintain recreation areas within the Conservation Reserve associated
with the Lower Keep River;

• erect suitable information signs;

• accommodate and contribute to community requests and activities on an as needs
basis.
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5 Physical environment

5.1 SOIL CONSERVATION, REPAIR AND RESTORATION MANAGEMENT PLAN

5.1.1 Background

Soil erosion, especially accelerated erosion, may be a significant management issue in
the Project Area.  The soils of the Project Area are generally moderately erodible and
may be become highly erodible when disturbed.  Likely causes of accelerated erosion
are:

• vehicular movement;

• indiscriminate crossing of watercourses;

• frequent burning of the vegetation;

• construction activities;

• old quarries.

Repair, restoration and rehabilitation may be required following any construction
activities that have removed vegetation cover and exposed the soil.  These measures
will also be required to effect stabilisation and recovery of eroded areas currently
present.  Passive and active (assisted) rehabilitation strategies would be required.
Repair of damage would be a particularly important factor in reducing land
degradation, minimising soil erosion, allowing regeneration of vegetative cover and
retaining the long-term viability of irrigated agriculture in the Project Area.

5.1.2 Risk assessment

If Project activities are to avoid environmental degradation and reclamation activities
and comply with legislative requirements, then appropriate soil conservation controls
would have to be established and implemented.

5.1.3 Objectives

The objectives of soil erosion management would be to:

• minimise disturbance and impacts to soils outside of farm areas;

• stabilise disturbed areas against the erosive force of water;

• restore, as nearly as practicable, the original productivity of eroded areas.
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5.1.4 Management actions

Wesfarmers–Marubeni, the Water Corporation and independent farmers, under the
auspices of the EME, would ensure soil erosion in the Project Area would be
controlled by a combination of the following management strategies:

• controlling drainage by providing levee banks to prevent floodwaters entering the
developed area;

• grading land on farms to gentle slopes to minimise stormwater runoff velocities;

• sizing and designing receiving drains to accommodate anticipated flow regimes;

• providing buffer zones on both sides of watercourses to allow riparian vegetation to
continue to stabilise soils in these areas;

• rehabilitating disturbed areas as soon as possible following disturbance during
construction;

• formulating and implementing appropriate rehabilitation plans and programmes
including topsoil stripping and stockpiling, land preparation, and reseeding to
facilitate regeneration of disturbed areas;

• managing crops in such a way that crop cover of the soil is maximised, particularly
during the wet season when erosive rainfall events may occur.

Drainage waters leaving farms would first pass through farm drains and tailwater
return systems that would settle and collect larger soil particles, such as coarse silts
and sands.  Farm maintenance would include regular desilting of these drains.

Management of sediment during construction would involve a combination of the
following measures:

• wherever practicable, restricting ground-disturbing operations to the dry season;

• restricting ground-disturbing operations to the minimum area required to facilitate
construction;

• collecting and storing for future use any topsoil from areas to be disturbed;

• installing and maintaining temporary sediment traps downstream of any areas to be
disturbed;

• progressive clearing, developing and rehabilitating, wherever possible using locally
won topsoil, of any areas that are no longer going to be disturbed.

Localised areas of high water velocity may occur at structures constructed across
natural watercourses, such as the siphon and bridge crossings of Knox Creek and the
Keep River.  Appropriate erosion protection measures such as stone pitching and
bridge abutments would be developed for these areas as part of the detailed design of
the Project.

The EME would:

• monitor erosion along all water courses within and downstream of the Project
Area, including constructed drains at the completion of each wet season and
undertake the erosion protection measures on an as-needed basis;
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• brief all contractors involved in construction activities on the precautions and
measures necessary to avoid significant erosion impacts.  All contractors would be
required to formally acknowledge having received and understood the briefing, and
agree to abide by the requirements by signing the Environmental Code of Practice;

• assess all construction activities using photographs, maps, ground truthing and
reporting;

• audit construction activities to ensure that vegetation clearing is minimised and is
at a level consistent with:

− design needs for operations, construction and maintenance requirements;

− requirements for bushfire control (e.g. required fire breaks);

− preservation of conservation zones (No Go areas);

− the maintenance of areas containing significant conservation values.

• ensure that areas being rehabilitated and revegetated are fenced or similarly
protected to minimise disturbance and that the locations of such areas are shown on
maps;

• develop a revegetation monitoring program to assess the success and progress of
restoration procedures.  This program should allow for at least one visit every three
months.  Monitoring procedures to be adopted will include fixed photopoints, with
photographs to be taken before commencement of the revegetation program and
biannually.

5.2 SOIL CHEMICAL STATUS

5.2.1 Background

The application of water and fertiliser may impact on the natural physical and
chemical status of the soil.  Such impacts may include:

• increased levels of salt and sodium ions (sodicity) specifically associated with
irrigation;

• an increase in soil-available-nutrient status resulting from the application of
fertiliser and from natural nitrogen fixation from leguminous crops;

• long-term changes in the overall balance of macro- and micronutrients in the soil
reflecting the cropping and fertiliser regimes.

A review carried out in ORIA Stage One by Lavelle (1983) concluded that salinity and
sodicity were not a problem at that time.  However, Lavalle noted a high relative
bicarbonate concentration (110 mg/L) in the irrigation water and preferential
precipitation of calcium on to the soil and release of sodium.  This created a potential
hazard to irrigation, particularly for the cracking clays, which have a high
susceptibility to sodium damage.
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5.2.2 Risk assessment

Without monitoring of changes in soil chemical status, and changes in management
practices as necessary, soils within the Project Area have the potential to suffer from
sodium damage or salinity.  As such the sustainability of irrigated agriculture may be
affected or remedial measures required.

5.2.3 Objectives

The objective for managing soil chemical status would be to ensure long term
sustainability of irrigated agriculture by avoiding subsoil salinity and sodium damage.

5.2.4 Management activities

The EME would:

• conduct long term monitoring of soil chemical status in the Project Area, including:

– sodium adsorption ratio;

– exchangeable sodium percentage (ESP);

– electrical conductivity;

– salinity;

– macro-and micronutrient status;

– organic matter content;

– pH;

• maintain records of the monitoring results so that long term trends can be assessed;

• undertake research into the relationship between farm management practices and
soil chemical status;

• provide advice to farmers on measures to manage soil chemical status, based upon
the results of monitoring and research.

5.3 SURFACE WATER RESOURCES

5.3.1 Background

As with ORIA Stage One, releases of water from Lake Argyle, flowing via Lake
Kununurra would be the source of irrigation water for the Project.  The distribution of
water from Lake Kununurra to the Project Area would be via the purpose-built M2
Channel.

The Keep River, located between the Ord and Victoria river catchments, is the most
significant watercourse draining the Project Area.  In addition to the Keep River,
Sandy Creek drains the easternmost fringes of the Keep River Plain.  The entire
Project Area would be contained within the lower reaches of the Keep River and
Sandy Creek catchments.  Both the Keep River and Sandy Creek discharge into
Joseph Bonaparte Gulf.
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Nearly all rivers and streams in the region flow only in the wet season.  Permanent
water is therefore restricted to sheltered pools and billabongs that retain water during
the dry season, and the tidal reaches near the river mouths.  Pools and springs are
important refuge areas for fauna in an otherwise seasonally dry environment.

5.3.2 Risk assessment

There is the potential for increased sedimentation and contamination of water
resources downstream of the Project Area. Wesfarmers–Marubeni, the Water
Corporation and independent farmers, under the auspices of the EME, would have a
responsibility to ensure that water quality target levels, such as the ANZECC
Guidelines, are not exceeded.  In order to provide for due diligence information about
the effects of Project activities, a monitoring program would be necessary.
Organisations and/or individuals would be liable for prosecution if statutory guidelines
for water quality were exceeded due to Project activities.

5.3.3 Objectives

The objectives for managing surface water resources would be to:

• conserve water resources consistent with best practice construction and farming
requirements;

• ensure that water quality is not diminished as a result of activities;

• conserve natural water supplies, particularly biological water flows and dry-season
water sources, that are of significance to biological communities.

5.3.4 Management actions

Wesfarmers–Marubeni and independent farmers will:

• develop all farms in the Project Area with irrigation tailwater management systems.
Each tailwater management system would consist of the following elements:

– tailwater ditches that collect tailwater from the furrows and deliver it to a
tailwater dam;

– tailwater dams.  The volume of these dams would be optimised during detail
design with the objective being to virtually eliminate discharges of irrigation
tailwater during the dry season.  As a minimum, the volume of the tailwater
dam would be sufficient to provide the specified first-flush stormwater retention
capacity for the Project—12 mm of rainfall runoff for sugarcane farms and
25 mm of rainfall runoff for all farms using endosulfan or any other chemicals
perceived to be of high risk to the aquatic environment;

– tailwater return pumps and pipelines that would return irrigation tailwater to the
farm head ditch or to other intermediate points in the farm irrigation system for
application to the crop.  The tailwater return pumps would be set to operate at
partial filling of the dam, thereby reducing the volume of tailwater requiring
storage;

• adopt measures to minimise the effects of chemical spray drift, including:



Appendix O - Outline Environmental Management Plan 21

– adoption, where appropriate, of the integrated pest management strategy
developed by AGWEST for ORIA Stage One to minimise the amount of
pesticides used;

– strict control on the use of pesticides, including mandatory adoption by all
farmers of the spray calendar developed annually for ORIA Stage One;

– minimisation of the use of aerial spraying, by using tractor-based spraying to
the maximum extent possible;

– avoidance of unsuitable weather conditions such as surface temperature
inversions and unstable conditions during aerial spraying whenever possible;

– utilisation of a large droplet size during aerial spraying;

– a requirement that all commercial spray operators be accredited to a national
registration programme;

– management measures be adopted for the Project to minimise the effects of
airborne dust;

– provision of dedicated on-farm access tracks that would not have agricultural
chemicals applied to them;

– wherever possible, adoption of ‘minimum tillage’ farming practices.

• obtain approval from the EME for all intended applications of endosulfan;

• maintain the capacity of the first-flush basins through regular inspection and
removal of silt;

• only apply fertilisers or chemicals to crops when the first-flush basin capacity is
available;

• maintain registers of all chemicals and fertilisers used on the farms with the
minimum data to include:

– trade name and active constituents;

– timing of application (dates);

– mode of application;

– area of application (farm blocks);

– application rate;

– meteorological conditions at time of application.

• provide the completed registers of chemical and fertiliser use to the EME on an
annual basis.

The Water Corporation would:

• control aquatic weeds in the irrigation channels and balancing storage dams by a
combination of mechanical weed removal and/or periodic dosing with a chemical
such as acrolein.  Chemical dosing would be in accordance with best-practice
procedures as follows:
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– emptying the channel, locking offtakes, erecting warning signage and notifying
farmers prior to injection of the chemical;

– releasing a known flow of water to obtain a water depth of approximately 0.5 m
into the channel and releasing the chemical from a controllable release point to
maintain an initial concentration of 15 ppm (in the case of acrolein);

– releasing a marker dye to denote the chemical front;

– shutting flow to the channel and holding the chemical in the channel for a
minimum of forty-eight hours before diluting by release of additional water and
use of the water for irrigation.

• maintain a register of chemical use in the Project Area, with the minimum data to
include:

– trade name and active constituent;

– timing of application (dates);

– mode of application;

– location of application;

– application rate;

– meteorological conditions of time of application.

• provide the completed register of chemical use to the EME on an annual basis.

The EME would:

• initiate and undertake regular monitoring of water quality at strategic locations
upsteam, within and downstream of the Project Area.  The monitoring programme
would concentrate on establishing a baseline by collecting data on specific
parameters associated with activities in the Project Area.  The sampling regime
would include:

– monthly samples of irrigation water;

– annual samples of soil from representative farm blocks;

– annual samples (water and sediment) from all tailwater return systems;

– monthly samples from all drains;

– monthly samples for all receiving waters, including locations upstream of the
Project Area;

– monthly samples of groundwater discharges.

• have all samples analysed by NATA registered laboratories, utilising standard
methods of analysis;

• establish and maintain a database of water quality monitoring data and relevant
ANZECC criteria;

• provide advice to Wesfarmers–Marubeni, the Water Corporation and independent
farmers on management practices to minimise impacts of Project activities on
surface water resources.



Appendix O - Outline Environmental Management Plan 23

5.4 GROUNDWATER RESOURCES

5.4.1 Background

Development of the Project Area for broad-acre flood irrigation is expected to result in
an increased rate of water infiltration (known as accessions) to underlying aquifers and
a consequential rise in groundwater levels.

The rate of groundwater rise and the need for groundwater management measures
would be influenced by a number of factors, including the magnitude of the accessions
to groundwater, the initial depth of groundwater from the surface, and local
hydrogeological features.  Agricultural activities are generally not affected unless
groundwater levels are within approximately 2 m of the surface, a condition referred
to as waterlogging.  However, management measures are generally required for
groundwater within 5 m of the surface, particularly if the groundwater is saline or the
rate of groundwater rise has the potential to cause waterlogging in a short timeframe.

5.4.2 Risk assessment

Without proactive management, groundwater levels in some locations within the
Project Area would rise to an extent that irrigated agriculture may be adversely
affected.

5.4.3 Objectives

The objectives of managing groundwater resources would be to:

• ensure groundwater quality is not unnecessarily diminished as a result of farming
activities;

• conserve groundwater resources that are of significance to biological communities;

• protect off-farm areas from groundwater impacts.

5.4.4 Management activities

Wesfarmers–Marubeni and the Water Corporation under the auspices of the EME
would:

• undertake drilling across the interpreted position of the paleochannel aquifers in
order to define their actual position beneath the irrigation area;

• install an extensive network of groundwater monitoring bores within and adjacent
to the irrigation area prior to the commencement of irrigation.  This network would
include bore transects aligned perpendicular to the Keep River and Sandy Creek to
acquire additional data for the better understanding of the river–groundwater
interactions, and the establishment of monitoring bores adjacent to Milligan
Lagoon;

• analyse samples of groundwater, collected during the above drilling, to quantify the
vertical and horizontal water quality distribution;
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• install test dewatering bores and test them to confirm aquifer yields and response of
the aquifers to pumping;

• update the existing groundwater model for the Project Area, based upon data
collected from the drilling programmes, and make the model available to the EME.

The Water Corporation would:

• adopt engineering design standards that comply with current best practice for all
irrigation channels and regulating storages intended to convey or store water for
prolonged periods.  These design standards would specify the minimum thickness
and compaction levels of the clay lining systems provided to minimise accessions
to groundwater;

• site regulating storages in areas that naturally contain greater surface thickness of
the less permeable Aquitaine clays;

• design drains for stormwater runoff with broad channel inverts to minimise
excavation, thereby containing the channel inverts where possible in the naturally
occurring less permeable surface soils;

• adopt comprehensive supervision and quality assurance procedures to ensure that
the design intent is fulfilled during construction;

• develop and maintain a register of irrigation water supplied to each farm unit and
make this register available to the EME on an annual basis.

Wesfarmers–Marubeni and independent farmers would:

• develop precision farm water management techniques, based upon the
measurement of actual crop water use in the soil profile;

• use the above techniques to determine the timing and magnitude of irrigation
applications.

The EME would:

• undertake annual monitoring of groundwater levels from all monitoring bores in
the Project Area;

• undertake annual collection of groundwater samples and have these analysed at a
NATA registered laboratory, using standard methods of analysis, for:

– salinity (TDS);

– nutrients;

– insecticides and herbicides used in the Project Area.

• establish and maintain a data base of groundwater levels and groundwater quality
analyses;

• regularly update the groundwater model;

• initiate and manage the timely installation of groundwater recovery bores, sub-soil
drains and collector pipelines in the Project Area.
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5.5 FIRE MANAGEMENT

5.5.1 Background

Typically, much of northern Australia has and continues to be burnt during the dry
season, resulting in changes to the structure and composition of indigenous vegetation
communities and an increased incidence of weeds.

5.5.2 Risk assessment

Inappropriate fire management can lead to the loss of life and property as well as
reduce the conservation values of conservation areas.

5.5.3 Objectives

Objectives of fire management would be to:

• conform to all statutory requirements;

• prevent damage to human life and property;

• reduce the frequency, extent and intensity of wildfires;

• minimise the risk of fires entering or spreading beyond the Project Area or into the
Project Area;

• protect any species and habitats sensitive to fire or inappropriate fire regimes,
especially monsoon forest areas;

• maintain existing plant and animal communities.

5.5.4 Management activities

The EME would:

• prepare a Fire Management Plan for the Project Area following the receival of
advice from CALM and the Parks and Wildlife Commission;

• apply for membership of the Bushfires Council (Northern Territory);

• co-ordinate and provide training in the operation of the Fire Management Plan.
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6 Biological Environment

This chapter provides the EMP sub-plans for each of the following topics:

• native vegetation and fauna conservation;

• revegetation;

• weeds, plant pathogens and pest animals;

• biodiversity and nature conservation.

The sub-plains would form an integrated management strategy for the biological
environment of the Project Area.

6.1 NATIVE VEGETATION AND FAUNA CONSERVATION MANAGEMENT PLAN

6.1.1 Background

The issues considered in this sub-plan are plant and animal species, communities,
habitats and therefore, some aspects of biodiversity.  An important feature of the
Native Flora and Fauna Management Plan would be to manage and conserve listed
ecologically significant communities and the majority of all vegetation communities.

Wesfarmers–Marubeni and the Water Corporation are committed to preserving the
ecological and biodiversity values of the Project Area consistent with the proposed
construction, farming and maintenance activities.  Disturbance to the indigenous plant
communities surrounding the farm areas would be minimised during construction and
after development. Preventing the introduction and spread of declared and
environmental weeds, pest animal species and plant pathogens is of importance to this
plan.

6.1.2 Risk assessment

Land management and operations in the Project area should not be allowed to
jeopardise vegetation and fauna values in the conservation areas.  In particular,
degradation of vegetation in the conservation areas would result in public
embarrassment if these areas are no longer suitable for their intended purpose and
therefore require restoration and/or rehabilitation by the EME; and pressure for the
conservation area to be managed by government agencies.

6.1.3 Objectives

Objectives for the management of native flora and fauna would be to:
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• identify, protect and maintain flora and fauna species, vegetation communities and
habitats;

• maintain and not degrade the ecological integrity and biodiversity of the
conservation areas;

• rehabilitate areas disturbed during construction, enhance native flora, vegetation
communities and habitats.

6.1.4 Management actions

Wesfarmers–Marubeni and the Water Corporation would:

• undertake a detailed biological survey of the conservation area;

• preserve vegetation communities consistent with construction, farming and
maintenance requirements by establishing dedicated conservation area as described
in the ERMP/DRAFT EIS;

• ensure if there is any loss in the use of flora and fauna and other resources by the
Miriuwung and Gajerrong people that it would be addressed in an Indigenous Land
Agreement between the co-proponents and the Miriuwung Gajerrong people;

• protect the conservation area from construction impacts by clearly marking its
location on maps and on the ground;

• minimise the possibility of weed invasion and the risk of introduction and
establishment of new weed species and plant pathogens during construction by
requiring construction contracts to include provisions outlined in the Weed
Management Plan (Section 6.3).

The EME would:

• protect areas containing plant species of particular conservation significance by
controlling access through signage, fencing and the development of walk trails;

• undertake rehabilitation of borrow pits and other sites not intended for farms using
flora species endemic to that area and the most appropriate methods (e.g. topsoil
and vegetation spreading, direct seeding and seedlings);

• establish, maintain and upgrade maps, diagrams, plans and photographs to indicate
ecologically significant areas;

• take photographic records of each of the flora and fauna monitoring sites to
illustrate any long term changes in the vegetation;

• establish permanent monitoring sites for flora  in the conservation area along
selected corridors.  In the conservation area at least three, 20m x 20 m permanent
quadrats would be established in each of the different vegetation associations;

• establish transects to monitor condition where the vegetation varies rapidly as on
the river and creek banks and wetlands;

• develop terrestrial fauna assessment sites for frog call census; pitfall lines and
elliott traps; spotlighting transects; bat trapping; timed counts; records of nesting
and box trap;
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• develop aquatic fauna assessment sites for sampling by gill nets, fine mesh seine,
scoop nets and beam trawl nets in the estuarine portions of the Keep River and
Sandy Creek.

6.2 REVEGETATION AND MANAGEMENT PLAN

6.2.1 Background

This section covers the requirements for rehabilitation of areas, especially along
drainage channels.

The key management issues are:

• restoration of areas damaged during construction;

• fire management, particularly the intensity, optimal season, length between fires
and percentage of area burned;

• weed control, including along water courses, roads, boundaries with farms;

• use of seed from native plant species collected before the vegetation is cleared for
revegetation;

• protection of threatened flora and fauna;

• ongoing surveying to monitor the success of the different rehabilitation methods
and seed mixes used.

6.2.2 Risk Assessment

Wesfarmers–Marubeni and the Water Corporation are committed to undertake
appropriate rehabilitation of areas degraded as a result of development.  If Project
activities are to avoid environmental degradation and expensive rehabilitation
activities, and comply with legislature requirements, the appropriate revegetation of
disturbed areas must be implemented.

6.2.3 Objectives

The objectives of rehabilitation management are to:

• protect and enhance indigenous species and communities;

• initiate a revegetation program based on locally sourced propagating material
representative of indigenous species and vegetation communities present.

6.2.4 Management Actions

Wesfarmers–Marubeni would:

• fence the perimeter of the Project Area to exclude stock.  Fencing, will not be
provided to natural barriers, such as the tidal sections of the Keep River and the
Weaber Range escarpment;

• arrange for pastoralists to remove stock from the Project Area.
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The EME would:

• develop and implement a Fire Management Plan (Section 5.5);

• regularly monitor the conservation area for stock and arrange for their removal if
any are detected;

• develop and implement a Weeds, Plant Pathogens and Pest Animals Management
Plan (Section 6.3);

• obtain the necessary permits for the collection of seeds from native species;

• undertake rehabilitation of disturbed areas utilising locally sourced topsoil and
seeds from native species;

• provide temporary fencing and signage to any revegetated areas;

• monitor the success of revegetation methods and modify as necessary.

6.3 WEEDS, PLANT PATHOGENS AND PEST ANIMALS MANAGEMENT PLAN

6.3.1 Background

The most effective and environmentally acceptable method of controlling new weed
species and animal pests is to prevent their introduction.  All staff and contractors
should be made aware of the need to prevent the introduction of new weed species and
animal pests into the Project Area. Weeds along the rivers and creeks should be
targeted in particular wild passionfruit and caltope which exist in the Project Area
prior to development.

Feral animals recorded from the Project Area include cats, rats and mice.

6.3.2 Risk Assessment

The EME is obliged to manage pest species on the farm land and in the conservation
areas in order to ensure minimal land degradation.  Failure to do so could result in
prosecution from the State and Territory authorities and deleterious changes to the
ecology of the Project Area.

6.3.3 Objectives

The objectives for controlling weeds and pest animals and for dealing with plant and
animals diseases are to:

• prevent the introduction of weed species and plant and animal diseases;

• control the introduction and spread of feral animals and vermin;

• eliminate declared and environmental weeds;

• minimise the spread of existing weed species;

• control pest animals in the conservation areas.
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6.3.4 Management actions

Wesfarmers–Marubeni and the Water Corporation would:

• ensure clearance and disturbance of native vegetation during construction is
minimised and vegetation rehabilitation accomplished quickly, thereby avoiding
the creation of suitable areas for weed and plant pathogen invasion;

• ensure mandatory interstate quarantine are maintained during construction to
control weeds from other areas;

• require construction contractors to carry out cleaning, where appropriate, of all
vehicles and maintenance materials of soil and organic debris prior to arriving at
the site;

• ensure site vehicles are restricted as much as possible to within the Project Area;

• require construction contractors to source borrow from weed free sites.

The EME would:

• regularly (annual) monitor and prepare a summary of the main areas of weed
infestations within the conservation area;

• notify the Weed Science Section of AGWEST or the Department of Primary
Industries and Fisheries (Northern Territory) of any declared weeds observed in the
Project Area, and consult with the agencies to ensure compliance with relevant
legislation and to ensure the implementation of appropriate control measures;

• develop methods for weed control where possible, ensuring acceptable controls are
used when removing weeds near water courses;

• ensure constant monitoring of problem weed species is carried out and that
effective control methods are undertaken before the populations are deemed a
problem;

• take adequate measures to prevent the introduction and spread of new weed species
and plant pathogens by:

– undertaking equipment, plant and vehicle cleaning as necessary;

– requiring all soil materials delivered to the site is certified weed and disease
free;

– ensure that quarantine inspection and clearance certificates are available for all
interstate equipment and vehicles;

• ensure that species used in revegetation are suitable plants indigenous to and
collected from the area;

• investigate immediately any area of vegetation which was apparently healthy and
which, for no obvious reason, wilt and/or die to determine the presence of plant
pathogens, changes in water levels or quality;

• control or eradicate feral fauna ensuring that no native fauna species are
jeopardised;

• prohibit all unauthorised animals from the Project Area (eg. no cats and dogs);
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• seek advice and expertise from authorities on all topics of this sub-plan as
necessary.

6.4 BIODIVERSITY AND NATURE CONSERVATION MANAGEMENT PLAN

6.4.1 Background

Protection of the natural environment is a high priority.  Conservation areas have been
selected to conserve the natural assets of the Project Area, as consistent with the
proposed development, and to implement ecologically sustainable management.

6.4.2 Risk Assessment

The proposed conservation area includes several priority flora and fauna species,
vegetation communities and habitats.  The farm development must not have a negative
impact on the biodiversity of the conservation area.  If it does, the Project may suffer a
poor public image and the integrity of the EME may decline.

6.4.3 Objectives

The objective is to protect the conservation area during the development of the Project
Area and during ongoing operations.

6.4.4 Management Actions

During construction, Wesfarmers–Marubeni and the Water Corporation would:

• ensure conservation of all important existing habitats by the conservation of
representative vegetation communities;

• ensure areas designated for construction works are clearly marked on development
maps and on the ground prior to commencement of work;

• require progressive rehabilitation of sites disturbed during development by
construction contractors, especially drainage channels;

• require environmental and cultural heritage induction programs for all contractors
and consultants working in the Project Area.

During operations, the EME would:

• maintain firebreaks and access tracks in the conservation areas;

• monitor and remove noxious and environmental weeds and pest animals;

• review maintenance proposals to ensure the extent of vegetation clearing for every
maintenance activity is consistent with:

– needs for the specific task;

– requirements for bushfire control (access tracks);

– priority conservation of significant areas of vegetation, wildlife habitats,
corridors and other areas of significance;
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– the maintenance of areas containing significant plant communities, species and
animal habitats.

• develop and maintain public access points to the Keep River;

• monitor the use of the conservation area to ensure there is no deliterious use that
could lead to degradation;

• brief all contractors and establish construction site guidelines as per the EMP;

• establish liaison with all regional and surrounding landholders who are involved
with the active land management of properties;

• develop education material on nature conservation and implement as part of the
environmental education and training program.


