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This Carmichael Coal Mine and Rail Project SEIS: Doongmabulla and Mellaluka Springs (“the Report”) has been
prepared by GHD Pty Ltd (“GHD") on behalf of and for Adani Mining Pty Ltd (“Adani”) in accordance with an
agreement between GHD and Adani.

The Report may only be used and relied on by Adani for the purpose of informing environmental assessments
and planning approvals for the proposed Carmichael Coal Mine and Rail Project (Purpose) and may not be used
by, or relied on by any person other than Adani.

The services undertaken by GHD in connection with preparing the Report were limited to those specifically
detailed in Section 1 of the Report and did not include GHD undertaking testing at some parts of the site.

The Report is based on conditions encountered and information reviewed, including assumptions made by GHD,
at the time of preparing the Report. Assumptions made by GHD are contained through the Report and that the
information provided to GHD is accurate.

To the maximum extent permitted by law GHD expressly disclaims responsibility for or liability arising from:

. any error in, or omission in connection with assumptions, or
. reliance on the Report by a third party, or use of this Report other than for the Purpose.

ii | GHD | Report for Carmichael Coal Mine and Rail Project SEIS - Doongmabulla and Mellaluka Springs, 41/24415



Executive summary

This report provides a description of the aquatic and terrestrial flora, fauna and habitat values of
both the Doongmabulla Springs complex, located 8 kilometres (km) to the west of the proposed
Carmichael Coal Mine and Rail Project, and the Mellaluka Springs complex, located on the
south eastern edge of Project Area. This assessment is based on a desktop investigation and a
site inspection of the two spring complexes in March and April 2013.

Doongmabulla Springs complex

The Doongmabulla Springs complex contains three spring groups, Little Moses, Joshua and
Moses, all of which contribute base flow to nearby riverine channels. These springs are located
on Doongmabulla station near the confluence of three creek systems — Cattle Creek, Dyllingo
Creek and Carmichael Creek, all of which join to form the Carmichael River. The Moses Spring
group comprises at least 65 individual springs which contribute surface water to a series of
adjacent wetlands.

The Doongmabulla Springs complex is recognised as the endangered threatened ecological
community “The community of native species dependant on natural discharge of groundwater
from the Great Artesian Basin (GAB)’ under the Environment Protection and Biodiversity
Conservation Act 1999 (EPBC Act) and contains a comparatively high number of flora and
fauna species endemic to GAB spring wetlands. These perennial wetlands are comprised of
grassland and sedgeland that contain seven plants listed as being of conservation significance
under state or federal legislation.

The Doongmabulla Springs complex provides habitat for a wide range of least concern species
of flora and fauna. In general, the habitats present within the Doongmabulla wetland are intact
and in good ecological condition and exhibited only minor disturbance. While the wetland is
exposed to introduced and native wildlife, minimal animal impacts were noted for most sites.
Cattle trampling was observed only at the Moses spring group. The greatest damage to the
wetlands was caused by feral pigs, with parts of some wetlands highly disturbed by pig
wallowing and foraging.

The greatest habitat values of the Doongmabulla Springs complex are the permanency of
water, and the connectivity of the wetland to the nearby waterways and the surrounding region.
The reliable water supply provides an important resource for both flora and fauna during dry
periods, but it is the habitat connectivity that provides the means for fauna to access the
springs. Generally speaking, the Doongmabulla wetland, permanently inundated area
associated with run off from spring complex, and adjacent areas consisted of a diverse range of
habitats. All strata of terrestrial vegetation were present, from native grasses and herbs through
to mature trees.

Open woodlands associated with the wetland were commonly utilised by the vulnerable squatter
pigeon (Geophaps scripta scripta) (listed under the Nature Conservation Act 1992 (NC Act) and
the EPBC Act). It is likely that the diverse wood debris habitat within the Doongmabulla wetland
would support a diverse and abundant range of reptiles. The Doongmabulla wetland was also
used for bird nesting with mud nests especially common and stick nests also frequently
observed. Hollows were plentiful on the periphery of the wetland and surrounds, and so it is
very likely that a number of arboreal species will be present at the wetland. Such species would
potentially include possums, gliders and bats.
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The Doongmabulla Springs complex, and in particular the Moses spring group, provide suitable
habitat for frogs in the region. The density of vegetation and abundance of perennial water
makes the Doongmabulla Springs and associated wetlands an important amphibian habitat in
an otherwise arid environment.

The Doongmabulla Springs maintain perennial surface water which may be significant for
aquatic communities in the region by providing refugial habitat during seasonal conditions and
periods of drought. The aquatic communities in these environments rely on the persistence of
such refugial habitats. For this reason, the Doongmabulla Springs complex is likely to provide
important habitat for aquatic fauna, including fish. Similarly to fish, turtles rely on perennial water
during the dry season. For this reason, Doongmabulla Springs is likely to be of importance in
maintaining viable habitat for freshwater turtles in the region. The Doongmabulla Springs also
provide a diverse range of habitat for aquatic invertebrates, including freshwater mussels,
crayfish, freshwater crabs and various insects.

The Joshua spring group was the most impacted, and is completely altered from its natural
state. It now consists of a single turkey’s nest dam and two associated scrapes. The overflow
channel for the Joshua spring (which carries a significant volume of water) is infested with the
grass Hymenachne amplexicaulis, a class two declared weed. However, given the depth of the
turkey’s nest dam and the permanency and high flow rate of this spring, it is predicted that the
Joshua spring provides potential habitat for fish, amphibians, turtles and invertebrate species,
especially during the dry season.

Overall, the Doongmabulla Springs complex provides habitat for a number of flora, birds,
mammals, amphibians, reptiles, fish and invertebrates species.

Mellaluka Springs complex

The Mellaluka Springs complex contains three spring groups — Mellaluka Spring, Stories Spring
and Lignum Spring. The Mellaluka Springs complex is not considered to be a part of the Great
Artesian Basin, and the spring group and associated wetland is relatively poorly documented.
While the Mellaluka Springs complex is identified by DERM’s wetland mapping tool, they are not
listed in the Directory of Important Wetlands. All of these springs are discrete environments that
are not located within or near to any riverine waterways. No endemic species are known to be
associated with the Mellaluka Spring complex.

All three springs have bores installed which provide water for domestic use (the Mellaluka
Spring), and water for livestock (Stories and Lignum springs). The Mellaluka Spring (proper)
was the largest spring which supported a wetland and dam.

The Mellaluka wetland is a permanently inundated area associated with run off from the
Mellaluka Springs complex, and provides habitat for a range of aquatic and terrestrial fauna.
These springs may also be regionally important as a refuge for fauna during droughts and dry
periods. No threatened species of flora were located at the springs, or were predicted to be
present, and there are no historic records of threatened flora from the site.

The Mellaluka Springs complex is commonly utilised by the vulnerable squatter pigeon
(Geophaps scripta scripta) (listed under the NC Act and the EPBC Act).

The Mellaluka wetlands provide refugial habitat and a constant source of water for flora and
fauna communities in the vicinity. While the Mellaluka Spring is the larger spring, it is relatively
isolated from nearby grass and woodland, and terrestrial habitat connectivity may be
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compromised for many species. However, Stories and Lignum springs are both situated in
woodland where habitat connectivity is maintained. The Mellaluka Spring contained the largest
community of flora species which in turn created a broad range of habitats.

There was, however, a lesser complexity of habitat within the Mellaluka wetlands than at the
Doongmabulla Springs complex. This may account for the reduced bird species count at the
Mellaluka Springs complex compared to Doongmabulla Springs complex.

Groundcover was thick, and included leaf litter, woody debris and grasses at Mellaluka Spring.
Tree hollows were common on the mound in the tall river red gums, but were sparse in the
surrounding paddocks. Stories and Lignum springs were both vegetated with Typha
domingensis, and were situated within a large area of intact woodland with a high level of
structural habitat complexity. Log piles and fallen timber were not common at the springs, and
were very sparse at the Lignum Spring. The greatest habitat values for reptiles were the dense
vegetation and leaf litter at the Mellaluka Spring. Mellaluka Spring is covered in vegetation,
including mature trees with hollows and dense grasses and shrubs. The thick vegetation
provides suitable cover for smaller ground-dwelling marsupials, and the hollows may support
arboreal species. During dry periods, this spring may also act as a habitat refuge for mammals
aside from being a perennial source of water.

The Mellaluka Spring provided abundant habitat for amphibians as it had a perennial water
source and dense vegetative cover. While both Stories and Lignum springs contained frogs, the
smaller size of the springs and the cattle associated disturbances to the springs make these
vents less suitable for supporting large amphibian populations. The density of vegetation and
abundance of perennial water makes the Mellaluka Springs and associated wetlands an
important amphibian habitat in an otherwise arid environment.

The surface waters of the Mellaluka Spring are fringed by submerged, emergent and trailing
vegetation, and some woody debris is present. Substrate consisted primarily of mud and/or
peat; rocks or stones seemed absent. Overall aquatic habitat diversity is fairly limited; however,
as a perennial waterbody, the Mellaluka Spring may provide valuable stable, refugial habitat for
fish, if they are present.

The dam at Mellaluka Spring provides habitat for turtles as the surface waters are perennial,
and prey (frogs, fish, insects and crustaceans) are predicted to be abundant. The aquatic
invertebrate community is likely to consist of decapods (freshwater shrimps, prawns, crabs and
crayfish), microcrustaceans and a range of aquatic insects. While there is little cover provided
by submerged timber or floating macrophytes, the peat and clay substrate does provide an
environment suitable for aquatic invertebrates.

Overall, the Mellaluka Springs complex provides habitat for a number of flora, amphibians,
reptiles (particularly turtles), birds, mammals, fish and invertebrates species, although the value
of this habitat is limited for some species.
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Abbreviations and glossary

Project specific terminology

Abbreviation
the Project
the Study Area

Term
Carmichael Coal Mine and Rail Project
The area including and immediately adjacent to the relevant spring complex

Generic terminology

Abbreviation
BOM

DEHP
DSEWPaC

EPBC Act
EPC

GAB

km

matters of
NES

m
mm

NC Act

NRM

RE

spring complex

spring group

SEIS
TEC
ToR

Term
Bureau of Meteorology
Department of Environment and Heritage Protection (QLD)

Department of Sustainability, Environment, Water, Population and
Communities

Environment Protection and Biodiversity Conservation Act 1999
exploration permit for coal

Great Artesian Basin

kilometre

matters of national environmental significance

metre

millimetre

Nature Conservation Act 1992
Natural Resource Management
regional ecosystem

A cluster of spring groups in a similar geomorphic setting within six
kilometres of each neighbouring spring group

A cluster of individual springs in a similar geomorphic setting where no one
pair of springs is more than one kilometre apart

Supplementary environmental impact statement
threatened ecological community
terms of reference
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1.

Introduction

1.1 Project overview

Adani Mining Pty Ltd (Adani) is proposing to develop a 60 million tonne (product) per annum
Adani Mining Pty Ltd (Adani, the Proponent), commenced an Environmental Impact Statement
(EIS) process for the Carmichael Coal Mine and Rail Project (the Project) in 2010. On

26 November 2010, the Queensland (Qld) Office of the Coordinator General declared the
Project a ‘significant project’ and the Project was referred to the Commonwealth Department of
Sustainability, Environment, Water, Population and Communities (DDSEWPaC) (referral No.
2010/5736). The Project was assessed to be a controlled action on the 6 January 2011 under
section 75 and section 87 of the Commonwealth Environment Protection and Biodiversity
Conservation Act 1999 (EPBC Act). The controlling provisions for the Project include:

World Heritage properties (sections 12 & 15A)

National Heritage places (sections 15B & 15C)

Wetlands (Ramsar) (sections 16 & 17B)

Listed threatened species and communities (sections 18 & 18A)
Listed migratory species (sections 20 & 20A)

The Great Barrier Reef Marine Park (GBRMP) (sections 24B & 24C)
Protection of water resources (sections 24D & 24E)

The QIld Government’s EIS process has been accredited for the assessment under Part 8 of the
EPBC Act in accordance with the bilateral agreement between the Commonwealth of Australia
and the State of Queensland.

The Proponent prepared an EIS in accordance with the Terms of Reference (ToR) issued by
the Qld Coordinator-General in May 2011 (Qld Government, 2011). The EIS process is
managed under section 26(1) (a) of the State Development and Public Works Act 1971
(SDPWO Act), which is administered by the Qld Government’s Department of State
Development, Infrastructure and Planning (DSDIP).

The EIS, submitted in December 2012, assessed the environmental, social and economic
impacts associated with developing a 60 million tonne (product) per annum (Mtpa) thermal coal
mine in the northern Galilee Basin, approximately 160 kilometres (km) north-west of Clermont,
Central Queensland, Australia. Coal from the Project will be transported by rail to the existing
Goonyella and Newlands rail systems, operated by Aurizon Operations Limited (Aurizon). The
coal will be exported via the Port of Hay Point and the Point of Abbot Point over the 60 year (90
years in the EIS) mine life.

Project components are as follows:

The Project (Mine): a greenfield coal mine over EPC 1690 and the eastern portion of
EPC 1080, which includes both open cut and underground mining, on mine infrastructure
and associated mine processing facilities (the Mine) and the Mine (offsite) infrastructure
including a workers accommodation village and associated facilities, a permanent airport
site, an industrial area and water supply infrastructure
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y The Project (Rail): a greenfield rail line connecting to mine to the existing Goonyella and
Newlands rail systems to provide for the export of coal via the Port of Hay Point
(Dudgeon Point expansion) and the Port of Abbot Point, respectively including:

— Rail (west): a 120 kilometre (km) dual gauge portion running west from the Mine site
east to Diamond Creek

— Rail (east): a 69 km narrow gauge portion running east from Diamond Creek
connecting to the Goonyella rail system south of Moranbah.

— Quarries: The use of five local quarries to extract quarry materials for construction and
operational purposes

1.2 Project background

The Project EIS was developed with the objective to ensure that all potential environmental,
social and economic impacts of the Project are identified and assessed, and that identified
adverse impacts are avoided or mitigated. A number of submissions were made to the Project
EIS requesting further information on the Doongmabulla and Mellaluka springs complexes and
the impacts that any changes to groundwater would have on the spring complexes. This report
provides further information on the aquatic and terrestrial values of the Doongmabulla and
Mellaluka springs and provides part of the response to the Project EIS submissions. Further
information in regard to potential impacts is provided in the revised Ecological Assessment
Report (SEIS Volume 4 Appendix 11) and the revised Mine Hydrogeology Report (SEIS Volume
4 Appendix K1) of the Supplementary Environmental Impact Assessment.

Figure 1 shows the Project location and Figure 2 shows the location of the Project (Mine) in
relation to the Doongmabulla and Mellaluka spring complexes and the Great Artesian Basin.
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1.3 Report scope

This report describes the habitat values of the Doongmabulla and Mellaluka springs and
wetlands. The habitat values of the springs and wetlands are discussed in relation to the aquatic
and terrestrial flora and fauna that may be associated with the spring complexes.

Specifically, the following was determined:

y Flora species and vegetation community values of the Doongmabulla and Mellaluka
springs and wetlands

y Presence of migratory birds and flora or fauna species of conservation significance

y Fauna species (aquatic and terrestrial) values of the Doongmabulla and Mellaluka
springs and wetlands

y Habitat values of the Doongmabulla and Mellaluka springs and wetlands
y Basic mapping of the spring complexes and those wetlands reliant on the springs

A number of botanical surveys have been conducted at the Doongmabulla Springs complex
over the past 20 years by the Queensland Herbarium (Queensland Herbarium, 2012). In
addition, GHD undertook a survey at this spring complex in May 2012 (GHD, 2012a).

The purpose of the current (March/April 2013) survey at the Doongmabulla Springs complex
was to:

y Determine the seasonal changes between May 2012 and March/April 2013 at the
Doongmabulla Springs complex/wetland

y Determine the presence and habitat values for migratory birds

y Build on existing knowledge to determine the typical flora and fauna communities (both
terrestrial and aquatic) of the Doongmabulla wetland, and the habitat values it provides.

This report is supported by information provided in the following Carmichael Coal Mine and Rail
Project EIS Technical reports and supplementary environmental impact statement (SEIS)
reports:

y Doongmabulla Springs Existing Environment Report (GHD, 2012a)

y Mine Terrestrial Ecology Report which assesses the terrestrial flora and fauna ecological
values of the Project Area (GHD, 2012b)

y Aquatic Ecology Report which assesses the aquatic flora and fauna ecological values of
the Project Area (GHD, 2012c)

y Mine Hydrology Report which assesses the surface water flows of the Project Area
(GHD, 2012d)

y Mine Water Quality Report which assesses the surface water quality environmental of the
Project Area (GHD, 2012¢)

y Mine Hydrogeology Report which includes the assessment of the groundwater
environments (including stygofauna) of the Study Area (GHD,2012f)

y Population Survey of the Waxy Cabbage Palm which reports on the population survey of
the Livistona lanuginosa Rodd undertaken as part of SEIS studies for the Carmichael
Coal Mine and Rail Project (GHD, 2013a)
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1.4 Study area

The Study Area for this report comprises:

y The Doongmabulla Springs complex (Figure 3); being the complex of Moses, Little Moses
and Joshua spring groups and their associated wetlands, and the land in its immediate
vicinity that provides habitat for flora and fauna

y The Mellaluka Springs complex (Figure 4); being the complex of Mellaluka, Lignum and
Stories spring groups and associated wetland, and the land in its immediate vicinity that
provides habitat for flora and fauna.

The Doongmabulla Springs complex comprises discrete pools and patches of grassland,
sedgeland and woodland created by the outflow of artesian water from a cluster of spring
groups (Joshua, Moses and Little Moses). Each spring group contains at least one spring — in
the case of Moses, there are more than 65. Collectively, the spring groups are known as the
Doongmabulla Springs complex. The Doongmabulla Springs complex is approximately 4.5 km
in diameter, and is located approximately 8 km to the west of the Project (Figure 2).

The Mellaluka Springs complex (including the Mellaluka, Lignum and Stories spring groups
consists of several pools (both modified and natural) and seeps which support dense
vegetation. Both the Lignum and Stories spring groups consist of a single spring, whereas the
Mellaluka Spring comprise several springs which feed several natural pools.

6 | GHD | Report for Carmichael Coal Mine and Rail Project SEIS - Doongmabulla and Mellaluka Springs, 41/24415
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15 Terminology

‘Study Areas’ plural refers to the two spring complexes, Doongmabulla and Mellaluka. The
‘Doongmabulla Study Area’ refers to the Doongmabulla Springs complex, and the ‘Mellaluka
Study Area’ refers to the Mellaluka Spring complex.

While the Mellaluka Springs complex has similar characteristics and morphology to springs
connected to the Great Artesian Basin (GAB), it is not considered to be a part of the GAB
(Fensham and Fairfax, 2003). However, the threatening processes described for GAB springs
are considered to be applicable to the Mellaluka Springs complex due to the similarity in
characteristics and morphology between the springs.

Throughout this report, the term spring wetland refers to the permanently inundated areas
associated with run off from springs. Otherwise, wetland is used in its usual sense. The term
‘spring’ when used in the singular refers to individual ‘vents’ or outlets of groundwater. Springs
occur in clusters and are divided into the following groups (Fairfax and Fensham, 2002):

y A spring group is the smallest cluster, and represents multiple springs in a similar
geomorphic setting where no one pair of springs are more than 1 km apart. This grouping
may extend over many kilometres, but no single spring outlet is more than 1 km from at
least one other spring. A spring group is often referred to in the singular as a spring

y A spring complex refers to a cluster of spring groups occurring in a similar geomorphic
setting within 6 km of each neighbour

y A supergroup is a major regional cluster of spring complexes with broadly similar
geomorphic characteristics and within a defined geographic proximity. The Doongmabulla
Springs complex is located within the Barcaldine supergroup within the GAB.

All botanical binomials in this document follow those adopted in the Queensland Herbarium
2010 census of Queensland flora (Bostock and Holland, 2010). The regional ecosystem (RE)
mapping provided and discussed is from the official DERM version 6.1 RE mapping layer. RE
units are as defined in the Regional Ecosystem Description Database (Queensland Herbarium,
2013).

Scientific and common names for fauna are consistent with those used in the following sources:

y Handbook of Australian, New Zealand and Antarctic Birds Volume 1 — Volume 7
(Marchant and Higgins, 2004)

A Field Guide to the Mammals of Australia (Menkhorst and Knight, 2004)
A Complete Guide to Reptiles of Australia (Wilson and Swan, 2008)
A Field Guide to Australian Frogs (Barker et al., 1995)

Freshwater Fishes of Australia (Allen et al., 2002)

< K < < <

Freshwater Fishes of North-Eastern Australia (Pusey et al., 2004).
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2.

Methods

2.1 Literature review and desktop assessment

Information relating to the ecological values of the Study Areas was obtained from a variety of
sources. Details of these sources and search extents are provided in Table 1 (results of desktop
searches can be found in the Appendices). A total of 10 search tools were used to predict
conservation significance species, under the Environment Protection and Biodiversity
Conservation Act 1999 (EPBC Act) and Nature Conservation Act 1992 (NC Act), identify the
relevant ecosystem types and function, and the ecological communities that occur in the region.

Assessments of likelihood of occurrence for conservation significant terrestrial fauna were made
using the following guidelines:

y Confirmed present — species recorded during field surveys at the Study Area
y Likely to occur — a species is considered to be likely to occur if:

— it has been recorded from the Study Area previously

— its recorded distribution encompasses the Study Area

— habitat suitable for the species is present within, or adjacent to, the Study Area
y Unlikely to occur — a species is considered to be unlikely to occur if:

— its recorded distribution does not encompass the Study Area
— habitat suitable for the species is not present within, or adjacent to, the Study Area

Desktop studies and previous survey reports (refer Section 1.3) also provided information
specific to the springs and surrounding areas pertaining to water bodies, sensitive habitats, flora
and fauna species and communities within and/or of relevance to the spring complexes.
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Table 1

Summary of desktop sources reviewed

Source and name Description of information source Search extent Limitations of use

Commonwealth
Department of
Sustainability,
Environment, Water,
Population and
Communities
(DSEWPaC)

Protected Matters
Search Tool

and

Environmental
Reporting Tool

DSEWPaC

Directory of Important
Wetlands

The Protected Matters Search Tool
identifies matters of national
environmental significance (matters of
NES) and other matters protected by the
EPBC Act that may occur within or relate
to the Study Area. The tool predicts the
potential presence of a
species/ecological community in an area
based on bioclimatic modelling, known
distribution and habitat preferences.

The Environmental Reporting Tool was
also queried to provide information on
invasive species that have the potential
to occur, and nationally important
wetlands within or near the Study Area.

The Directory identifies nationally
important wetlands. The DSEWPaC
Protected Matters Search Tool (see
above) lists nationally important
wetlands occurring within or related to
prescribed search extents and the
directory provides more detailed
information on the wetlands.

A point search at approximately the
centre of the Study Area (-22.083,
146.247 for the Doongmabulla wetland;
-22.317, 146.482 for the Mellaluka
wetland) with a 5 km buffer was
searched.

A point search at approximately the
centre of the Study Area (-22.083,
146.247 for the Doongmabulla wetland; -
22.317, 146.482 for the Mellaluka
wetland) with a 5 km buffer was
searched.
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This is a predictive tool only — it does not
necessarily indicate that a
species/ecological community occurs in
a defined area. Presence of a
species/ecological community is
predicted based on a combination of
bioclimatic modelling, known distribution
and habitat preferences. In predicting
species/community presence, it allows
for field survey efforts to be targeted.

This mapping identifies the location of
wetlands that satisfy at least one
criterion agreed upon by the Australian
and New Zealand Environment and
Conservation Council Wetlands Network
in 1994,



Source and name Description of information source Search extent Limitations of use

Queensland
Department of
Environment and
Resource

Management * (DERM)

Wetland mapping

DERM *

Burdekin Natural
Resource Management
(NRM) Region Back on
Track Actions for
Biodiversity report
(DERM, 2010)

DERM*

Wildlife Online
database

Various mapping layers produced by
DERM (including Wetland Protection
Areas).

This document identifies priority species
in the Burdekin NRM region, details the
regional threatening processes
impacting upon these species, and
proposes a range of actions to address
regional threats. Priority taxa are
identified through the DERM Back on
Track species prioritisation framework, in
consultation with a range of stakeholders
from the region. The document seeks to
guide priority species conservation in the
region over the next five years.

The DERM Wildlife Online database
maintains a catalogue of animal and
plant species records from specific
localities across Queensland. As well as
common species, records of animals
and plants listed as threatened under the
Nature Conservation Act 1992 (NC Act)
are contained within the database.

Mapping obtained for the Study Areas
and adjacent landscape in an electronic
data layer for GIS analysis.

The document covers the entire
Burdekin NRM region (in which the
Study Area occurs).

A point search at approximately the
centre of the Study Area (-22.083,
146.247 for the Doongmabulla wetland; -
22.317, 146.482 for the Mellaluka
wetland) with a 5 km buffer was
searched.
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Wetlands are identified using the DERM
Aquatic Biodiversity Assessment
Mapping Method — the on-ground values
of individual wetlands identified through
this method have not necessarily been
assessed, as designation is primarily
based on existing literature and expert
opinion. As such, designation does not
reveal the value of these systems for
local flora and fauna.

Since the Burdekin NRM region
encompasses a large area of central
Queensland some species/impacts listed
in this document are not relevant to the
Study Area.

This database catalogues records of
species reported by the holders of
various wildlife and research permits in
their annual returns. It is not subject to
verification, and is limited by the skill of
the reporter, which is not known. DERM
recommend that independent verification
of records should be undertaken to
inform the accuracy and completeness
of information catalogued within this
database (i.e. field surveys).



Source and name Description of information source Search extent Limitations of use

Queensland Herbarium

HERBRECS specimen
database

Queensland Museum

Queensland Museum
Data Search

BirdLife Australia
Atlas Bird Lists

The HERBRECS database catalogues
flora specimen records obtained
throughout Australia that have been
submitted to the Queensland Herbarium,
identified and incorporated into their
collection. Specimens not incorporated
into their collection are not included.

The Queensland Museum catalogues
records of fauna specimens submitted to
the Museum for identification.

The BirdLife Australia Atlas is a joint
venture between Birds Australia and
WildlifeLink. Bird sightings are
documented in a spatial manner to
determine bird communities in a given
area.

A rectangular area was searched, such
that the diagonal extending from the
approximate centre of the Study Area (-
22.041, 146.364) to each corner was 50
km. The co-ordinates of the search
were between 22.032 and 22.124 south
and 146.192 and 146.296 east. This
includes both Doongmabulla and
Mellaluka spring complexes.

A rectangular area was searched, such
that the diagonal extending from the
approximate centre of the Study Area (-
22.083, 146.247) to each corner was

5 km. The co-ordinates of the search
were between 22.032 and 22.124 south
and 146.192 and 146.296 east.

A one degree square containing the
point 146.23717, -22.32246 was
searched.
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This database catalogues records of
species lodged with the Queensland
Herbarium and retained in their
collection, within a defined area. It is not
an exhaustive record of all species
identified by the Herbarium, but a
collection record.

The lack of spatial precision associated
with older records may limit their value
for inclusion in current studies in some
instances.

This database catalogues records of
fauna specimens lodged with the
Queensland Museum. It is not an
exhaustive record, but a collection
record.

The age and lack of spatial precision of
species records may limit their value for
inclusion in current studies in some
instances.

The data is generated by volunteer bird
watchers, and so sightings are not
necessarily verified by a suitably
qualified or experienced person.

The large search area may incorporate
sightings of species that are unlikely to
occur at the springs and wetlands due to
inappropriate habitat. Consequently, the
listed bird community may be
overestimated.



Source and name Description of information source Search extent Limitations of use

Burdekin Dry Tropics
and Australian
Government
Freshwater Fish of
Burdekin Dry Tropics
NRM Region

DERM *

(Natural Resources
and Environment
Division)

Expert Panel Reports:
Burdekin Region

The report documents the diversity and
distribution of freshwater fish species
within the Burdekin Dry Tropics NRM
Region.

These three reports; aquatic fauna,
aguatic flora and aquatic ecosystems,
are part of the Aquatic Conservation
Assessment for riverine and non-riverine
wetlands in the Great Barrier Reef
catchment. The reports identify rare and
threatened, priority and exotic species,
species richness, and priority
ecosystems and special features of the
Burdekin region.

The document covers the entire
Burdekin Dry Tropics NRM region (in
which the Study Area occurs).

These documents assess the riverine
and non-riverine wetlands of the
Burdekin region

Some species listed in this document
are not relevant to the Study Area, as
the Burdekin Dry Tropics NRM region
encompasses a large area of central
Queensland. Species distributions are
described in terms of sub-catchments
and distribution maps are useful to
identify species with potential to occur.

Some species listed in this document
are not relevant to the Study Area, as
the Burdekin catchment encompasses a
large area of central Queensland.

1 Note, DERM is no longer the name of the administering authority for these documents. However, according to standard referencing practice the
documents quoted above are attributed to the name of the department as it was at the time the source was procured (in the case of databases) or
produced (in the case of documents).
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2.2 Field inspections

2.2.1 Overview

Field surveys included an inventory of spring-associated vegetation, assessments of habitat
values for aquatic and terrestrial fauna, bird surveys, active searches and incidental
sightings of fauna were conducted from 28 March to 8 April 2013. The location of all springs
was recorded with a hand-held GPS device.

222 Flora assessment
The objectives of the flora assessment were:

y To determine the species composition of vegetation communities present at each
spring group

y To confirm the presence of species of conservation significance and gain an
understanding of their spatial distribution within the spring complexes

y To understand the context of the spring complexes in relation to local topography and
vegetation.

In line with the quaternary site inspection methodology (Neldner et al, 1999), surveys were
carried out to determine the species composition of vegetation communities and the
presence of species of conservation significance within the wetland and adjacent.

Flora samples were collected for identification where this was not possible in the field.
Samples were submitted to the Queensland Herbarium for confirmation where an
identification was tenuous (these are identified in Appendix A).

2.2.3 Fauna assessment

Surveys were undertaken in accordance with Queensland Animal Care and Protection Act
2001 under the following permits:

y Queensland Department of Agriculture, Fisheries and Forestry (DAFF) Scientific
Users Registration Certificate (Registration Number 132)

y Queensland DEHP Scientific Purposes Permit (Permit Number WISP06498409)

y Queensland Primary Industries and Fisheries (QPIF) Animal Ethics Permits (Permit
Number CA2009/11/398 and CA2008/07/280).

Survey techniques were approved by the GHD Animal Ethics Committee. Surveys were
conducted by suitably qualified and experienced ecologists.

The fauna assessment involved active searches for aquatic and terrestrial species at both
the Doongmabulla and Mellaluka wetlands. Active searches were carried out as part of the
flora and aquatic habitat assessments and comprised observations of fauna species only, as
opposed to detailed strategic sampling and/or trapping programmes. Surveys involved active
(but unstructured) searches for amphibians, reptiles, mammals, fish, turtles and aquatic
macroinvertebrates. This approach involved:

y Sifting through leaf litter and soil

y Lifting rocks and logs
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y Lifting back bark

y ‘Silent’ searches where the observer walks quietly through an area (particularly
effective for observing reptiles)

y ‘Sit and wait’ assessments where the observer makes little noise or movement,
allowing animals to move freely without disturbance.

Additionally, a number of targeted bird (including migratory species) surveys were conducted
at each wetland. These surveys were conducted throughout the day to capture the diversity
of bird species that are active at different times. However, focus was placed on the early
mornings and late afternoons — the times when the broadest number of bird species are
active. Observations were also made of the habitat values provided at each site. Such
features included:

y Structural characteristics of the vegetation within and surrounding the wetland (e.g.
tree density, vertical profile (canopy, understory and ground cover))

Physical connectivity of the landscape
Complexity and characteristics of ground-level habitats (e.g. boulders, leaf litter, logs)
Habitat features (e.g. water bodies, nests, hollows)

Abundance of hollows and hollow-bearing (habitat) trees

< K < < <

Disturbance and degradation of the area (e.g. introduced animals, introduced plants,
land practices).
2.2.4 Aquatic habitat assessment

At each spring group, an assessment of the aquatic habitat values was undertaken to record
the diversity and quality of aquatic habitat and its suitability for aquatic fauna. The current
impacts (from both humans and animals) were noted for each spring group. The following
variables were assessed at the both the Doongmabulla and Mellaluka wetlands:

y Substrate
y Water clarity

y Habitat features (for example, undercut banks, woody debris and/or overhanging
vegetation)

y Presence of algae and macrophytes (submerged, floating and emergent)
y Opportunistic observations of aquatic fauna within and adjacent to springs
y Riparian zone quality and features
y

Dimensions of mounds.

2.3 Weather condition

Weather data (presented below) was sourced from the Australian Bureau of Meteorology
(BOM). The Carmichael weather station (station ID: 036122) was used as the closest proxy
for rainfall measurements at the Doongmabulla Springs complex (BOM 2012). During the
survey period (28 March to 8 April), no rainfall was recorded at the Carmichael weather
station (19 km from the Doongmabulla Springs complex), although precipitation was noted at
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the nearby Labona camp during two evenings through the survey period. Mean monthly
rainfall for February and March was 31 mm and 0 mm respectively for the Carmichael
weather station.

The Albro weather station (station ID: 36083) was used as the closest proxy for rainfall
conditions at the Mellaluka Springs (BOM 2012). During the survey period, no rainfall was
recorded at the Albro weather station (43 km from the Mellaluka wetland). Mean monthly
rainfall for February and March was 40 mm and 0 mm respectively for the Albro weather
station.

Neither the Carmichael or Albro weather stations record temperature. Consequently, the
Clermont Airport weather station (station ID: 035124) was used as the closest proxy to both
the Doongmabulla and Mellaluka wetlands. During the survey, weather conditions were
typified by warm days and mild evenings, with some overcast and/or windy days. The
minimum temperature at the Clermont Airport weather station during this time was 12.1 °C,
with a maximum temperature of 31.7 °C. However, it should be noted that the precise
temperatures in the Study Area are likely to differ from these recordings, as the Clermont
Airport weather station is 160 km from the Doongmabulla wetlands, and 128 km from the
Mellaluka wetlands. The temperature range between the Study Area and the wetlands would
be similar to the temperatures recorded at the Clermont Airport weather station.

2.4 Limitations of the study

Seasonal variability in the spring complexes was not determined. This report is based on two
surveys of the Doongmabulla Springs complex in May 2012 and March/April 2013 and one
survey at the Mellaluka Springs complex in March/April 2013. Desktop sources of
information were used to provide further background to the Study Areas and the ecological
values of the spring complexes.

The survey of EPBC listed migratory species at the springs complexes was carried out in
March and April 2013, this period is at the end of the typical peak in migratory bird species,
October and March. Consequently, this survey period may not reflect the full community of
migratory birds present from time to time at the Doongmabulla and Mellaluka springs
complexes, however, the surveys still provide information on migratory birds present.
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Springs characteristics and threats

3.1 Springs characteristics

For the purposes of this report, the springs observed within the Doongmabulla and Mellaluka
springs complexes have been categorised into five main ‘morphologies’:

1. Small artesian seeps

2 Non-mounding artesian springs
3 Mound springs

4. Modified, high flow springs

5

Incipient mound springs

3.1.1 Small artesian seeps

These are small springs that appeared to be geologically ‘new’, or with historically low flow,
resulting in seeps with no distinct, raised mound (Plate 1). Given the size and flow of these
springs, no wetland has formed on the margins, and spring-dependant flora is sometimes
absent. These springs potentially provide habitat for frogs, aquatic invertebrates and
endemic flora, but are unsuitable for turtles and fish. They sometimes support Sporobolus
pamelae tussocks, and are generally surrounded by a scalded margin of bare, sandy loam.

Plate 1  Small artesian seeps of the Doongmabulla Springs complex

3.1.2 Non-mounding artesian springs

Several springs within the Doongmabulla Springs complex do not form a mound, but vented
from a point within a grove of river red gums (Eucalyptus camaldulensis var. obtusa) or
weeping paperbark (Melaleuca leucadendra) (Plate 2). Some of these hon-mounding
artesian springs are associated with an adjacent shallow wetland providing valuable habitat
for fish, invertebrates, amphibians and flora, including the endemic flora species S. pamelae,
Myriophyllum artesium, blue devil (Eryngium fontanum) and salt pipewort (Eriocaulon
carsonii subsp. orientale), and the threatened species Hydrocotyle dipleura (vulnerable
under the NC Act) and Sporobolus partimpatens (near threatened under the NC Act). In the
Doongmabulla wetland, the permanently inundated area associated with run off from the
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Doongmabulla Springs complex, non-mounding artesian springs are situated beside an
unnamed first order stream, and characterised by a fine sandy alluvial soil.

Within the Mellaluka Springs complex, both Lignum and Stories springs are also non-
mounding. These springs are located some distance from each other (almost 2 km). Unlike
the Doongmabulla non-mounding spring, the Lignum and Stories springs are discrete outlets
that do not flow or contribute surface water to nearby waterways. Both these springs
(inclusive of their wetlands) are small in size; 20 x 12 m for Stories Spring, and 20 x 6 m for
the Lignum Spring) (Plate 3).

Plate 2 Non-mounding artesian springs with vegetated drainage
pathways at the Moses Spring

Plate 3 Non-mounding Stories Spring (left) and Lignum Spring (right)

3.1.3 Mound springs

Mound springs form around vents (the spring’s surface outlet) where subterranean pressure
expresses water through cracks or faults. Mounds can form over time through three
processes, as reported by Fairfax and Fensham (2002):

y Inorganic material is transported upwards under pressure and deposited at the spring
vent

y Dissolved solids evaporate and gather at the spring vent

y Wetlands form around the vent and support dense vegetation, which forms peat as it
dies in and is decomposed in an anaerobic environment.
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Mound morphology can be variable, but are typically a raised mound with a central pool
fringed by vegetation. In the GAB, mounds can be sizeable features, with the now inactive
Hamilton Hill spring being some 40 m above the ground (Habermehl, 1982). Extant mound
springs can be up to 8 m high and 30 m in diameter. A wetland may surround the mound,
provided the flow rate is sufficient to sustain partial saturation. The size of the wetland is
directly proportional to the spring flow rate (Williams and Holmes 1978). Flow rates can be
highly variable between springs, but also within a spring, and can be dependent on many
factors such as the evaporation rate and atmospheric pressure (Mudd, 2000).

Mound springs in the Doongmabulla wetland typically feature an easily distinguishable,
raised mound — varying in height from approximately 0.4 — 1.5 m above the ground level.
These mounds generally had central pools ranging in diameter from a few centimetres to a
few metres, partially or completely congested with dense vegetation or peat. Several springs
have open, shallow central pools. Spring discharge is variable, with some mounds feeding
large wetlands (as in the background in the left hand image, in Plate 4). These moderately-
sized springs often provide overland flow to nearby drainage lines and creeks, and provide
potential habitat for fish, amphibians and turtles. Associated wetlands were generally
saturated and characterised by grassland of S. pamelae or mixed sedgelands. These
wetlands are generally located within large patches of bare sandy alluvium.

Plate 4  Typical mound springs of the Moses Spring group

The Mellaluka Spring is also categorised as a mound spring (Plate 5). The height above
ground level is approximately 3 m, but with a long, gentle slope to the apex. Total width is
approximately 100 m. There are several vents on the mound which feed a large pool about a
1 m deep, and several shallow overflow pools and associated wetlands at the foot of the
mound (Plate 5). Large, scalded areas surrounded parts of the base of the mound spring.
The spring itself is characterised by a dense substrate of peat, topped by a sedgeland to 2 m
tall. Similarly to the Stories and Lignum springs, the Mellaluka Spring does not contribute
surface water to any nearby waterways, being located near the margin of extensive clay
plains to the south west, sand plains to the north west, and a large alluvial plain to the east
associated with the Belyando River, which is approximately 9 km away.
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Plate 5  Mellaluka mound spring (top left), run-off pool (top right), pool in
peat (bottom left) and wetland (bottom right)

3.1.4 Modified, high flow spring

The spring known as Joshua has been modified to a ‘turkey-nest’ dam to service the
domestic needs of Doongmabulla Station (Plate 6). This is the largest spring in both height
and discharge, and although it is completely modified from its natural state it is considered to
be of high value to aquatic fauna. It overflows to a long, narrow pool formed in what appears
to be an abandoned channel section of the Carmichael River. This pool is generally
dominated by Juncus sp. and cumbungi (Typha domingensis), however it contains the GAB
spring endemic M. artesium in places, and S. partimpatens is present in low numbers
growing around the edge of the saturated zone.

The outflow channel of this spring was choked with the grass olive hymenachne
(Hymenachne amplexicaulis), a class two declared weed. Scalded earth was not observed
at this site, and it is speculated that this spring may have historically appeared much as the
Little Moses Spring does today (Plate 6), albeit with a much larger flow.
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Plate 6  Joshua Spring, a large, modified mound spring used for
domestic purposes

3.1.5 Incipient mound spring

A fifth spring type was observed at the Little Moses Spring group, approximately 2 km to the
east of Moses Spring group, beside the Carmichael River (closer to the Project (Mine), and
downstream from the other spring groups). This morphology has been given the tentative
title ‘incipient mound spring’ based on the theory that a number of characteristics indicate it
may be a young (incipient) spring that may eventually form a peat mound in the same
manner as has occurred at Moses Spring. The main characteristics of this spring that
differentiate it from the other spring morphologies and their associated habitats are that:

y It does not contain any of the GAB spring wetland endemics, or other spring
associated species such as H. dipleura or S. partimpatens

y It is present in a dark, clay loam soil (instead of pale, sandy soil)

y It has not formed a peat based mound.

It discharges into a tear-drop shaped wetland situated in black clay (see Plate 7), in what
appeatrs to be an abandoned channel of the Carmichael River. This wetland is densely
vegetated with a range of sedges, dominated by Eleocharis pallens and Fuirena ciliaris.
There are at least two other small (approximately 10 m diameter), circular wetlands in the
immediate vicinity with a similar species composition.

Plate 7 Little Moses Spring group
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3.2 Threatening processes

Under the EPBC Act, ecological communities dependant on GAB discharge springs are
listed under the endangered threatened ecological community (TEC) ‘The community of
native species dependant on natural discharge of groundwater from the Great Artesian
Basin’ (referred to in this report as the ‘GAB discharge springs community TEC’). As the
Mellaluka Springs complex is not considered to be a part of the GAB, it does not fall within
the scope of this TEC.

The greatest threatening process for GAB springs is drawdown resulting from groundwater
extraction for domestic and agricultural use and mining/coal seam gas extraction (Fensham
et al., 2010). This threatening process is relevant to both the Doongmabulla TEC and
Mellaluka Springs complexes. Extraction has led to the inactivity of the majority of artesian-
fed springs, with an estimated 81 percent of springs currently listed as inactive since their
discovery, due to reduced subterranean pressure (Fairfax and Fensham 2002).

Further impacts on the spring-associated ecological communities arise from artificial
alterations of the seep points, with some springs being removed altogether, or modified to
suit the needs of livestock (Fensham et al., 2011). The Doongmabulla and Mellaluka springs
complexes currently experience disturbance, with the Joshua Spring modified to a ‘turkey-
nest’ dam to service the domestic needs of Doongmabulla Station (Plate 6). Further all
springs within the Mellaluka wetland have bores installed which provide water for domestic
use (the Mellaluka Spring), and water for livestock (Stories and Lignum springs).

Introduced plants and animals have had significant impacts on the integrity and robustness
of both GAB and non-GAB spring communities, with pugging (from both feral animals and
livestock), pig rooting, wallowing and direct and indirect competition for resources all acting
to degrade ecological values of springs (Fensham and Price 2004). The Doongmabulla and
Mellaluka springs complexes currently experience impacts in the form of pugging from cattle
and pigs.
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Doongmabulla Springs complex

4.1 Overview

The Doongmabulla Springs complex is situated approximately 8 km from the western edge
of the Project Area (Figure 2), and includes the Doongmabulla Nature Refuge, which
encompasses the Moses Spring group. The Doongmabulla Springs complex consists of the
following three separate springs:

y Little Moses — possible incipient mound spring beside the Carmichael River with
limited wetland

y Moses — a cluster of mounding and non-mounding artesian springs with large wetland
areas

y Joshua — a large, modified spring, now a turkeys nest dam with associated wetland.

A description of the Doongmabulla Springs complex and a discussion of its values can be
found in GHD (2012a). This section provides further information on the aquatic and
terrestrial values of the Doongmabulla Springs complex and provides part of the response to
the Project EIS submissions. The Doongmabulla Springs complex and associated wetlands
are listed as being of national significance in the Directory of Important Wetlands as they
meet the following criteria:

y It is a good example of a wetland type occurring within a biogeographic region in
Australia
y It is a wetland which is important as the habitat for animal taxa at a vulnerable stage in

their life cycles, or provides a refuge when adverse conditions such as drought prevail
(DSEWPaC, 2010).

Groundwater assessments identified that Doongmabulla Springs provide base flow to the
adjacent Carmichael River (GHD 2012d). Waterways surrounding the Doongmabulla Springs
complex are displayed in Figure 3.

The Doongmabulla Springs complex is currently (and was historically) used for watering
livestock, which directly impacts the springs through trampling, pugging, fouling of water and
compaction. In addition, a large number of bores drilled historically in the bioregion has
resulted in a lowering of hydrological pressure across the aquifer (the GAB in this region).
Consequently, the springs are considered under threat (Mitchell et al., 2002).

4.2 Spring vegetation communities

A number of broad vegetation community types were observed within the Doongmabulla
Springs complex. A RE map (based on the official version 6.1 RE mapping) for the
Doongmabulla Springs complex is provided in Figure 5. All vegetation communities
described in the following sections have been aligned with a corresponding RE. Any
classification given for an RE in this report is according to the Vegetation Management Act
1999 (the VM Act).
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