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Executive Summary
This report provides an assessment of Groundwater Dependent Ecosystems (GDEs) within the
Howard East Water Allocation Plan Area. The primary purpose of this project is to research
existing information and evidence to identify GDEs of the Howard East Water Allocation Plan
area, the risks of impacts to these ecosystems from groundwater extraction and to identify where
further investigation needs to be undertaken to inform water allocation planning.
Existing knowledge was summarised that described the GDEs ecology, landscape setting,
groundwater process and sensitivity of the ecosystem to changes in the natural regime of
groundwater. This information was presented to an expert panel (workshop) to ensure the report
was dealing with the current state of knowledge on GDEs, and to help indentify key knowledge
gaps
The impact of high density bores in the developed south west region is having a considerable and
negative effect on the Howard East aquifer. Standing water levels have continued to decline in
developed areas over the last two decades (12-15m) while average standing water levels have
remained relatively constant in the undeveloped areas of the north and east (approx 7m). Of
considerable concern is the increase in the seasonal amplitude of the groundwater table (seasonal
lows) due to groundwater pumping, causing groundwater levels to be deeper prior to the wet
season. Development is restricted from the north and eastern portions of the Study Area by the
presence of Koolpinyah station and floodplains; it is in the western lobe that development is
concentrated.
Evidence suggests that current groundwater extraction rates are having a negative impact upon
several GDEs within the Study Area; Whitewood Jungle Springs, Howard Springs and the Howard
River System. These impacts have been observed under conditions of full annual recharge of the
aquifer and are likely to be exacerbated during periods of low rainfall. Even with full annual
recharge of the aquifer, impacts are likely to continue in light of increasing development and
demand on groundwater resources. In particular Whitewood Jungle has observed a rapid decline
over the last decade, the Liddle et at 2006 study recorded a loss of 60% adult Ptychosperma
macarthurii plants between 1990 and 2000 and the structural integrity of the rainforest has reduced
with increased gaps and increased direct sunlight to the forest floor which provides habitats for
weeds, and therefore fuel for fires which could cause further damage. Howard Springs and the
Howard River are the most significance groundwater fed surface water features within the Study
Area; Howard Springs first ceased to flow in 2002 and has done so most years since (Fell-Smith
2011). The development of rural blocks in Howards Springs North has directly influenced the
drawdown of the groundwater table. The Howard River system is fed by Whitewood Jungle
Springs and Howard Springs, the river typically has a minimal baseflow fed by the dolomite
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aquifer and maintained throughout the dry season, however in recent years it has cease to flow.
Earlier onset of cease-to-flow and longer low flow periods are current risks of these ecosystems.
Black Jungle rainforest is located in Black Jungle /Lambells Lagoon Conservation Area which is in
close vicinity of the horticultural production area of Lambells lagoon. Groundwater is an important
water source for these crops area and therefore extraction poses as a threat to the Black Jungle
Springs.
Humpty Doo Springs, Koolpinyah Springs, Banka Springs and Melacca Creek Springs have not
been exposed to declining groundwater levels and as a result ecosystems are believed to be quite
stable.
It is possible that other GDEs exist in the study, a particular site as identified by Jolly (1985 in Yin
Foo 2004) is the “Narrows” river bed spring in the Adelaide River, the influence of the dolomite
aquifer at this site remains as yet unverified and little information is available to make and
assessment.
While Sandsheet Heaths are not considered a Groundwater Dependent Ecosystems, it is believed
they play an important role as aquifer recharge zones, if this is correct then they are critical
ecosystems to the security to the groundwater resource.
This information provides the platform for stakeholders’ engagement around the interaction of
groundwater with ecosystems and the likely impact groundwater extraction is having on ecosystem
health. Recommendations regarding the integration of the existing knowledge into future
management options and knowledge gaps are also provided
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1. Introduction
In accordance with the National Water Initiative (NWI), Water Allocation Plans (WAP) in the
Northern Territory have been developed, are underway or proposed in places where current or
potential water use could pose a risk to the ongoing availability and health of the resource. Water
Allocation Plans are developed following technical and scientific assessment as well as extensive
community consultation to seek the right balance between competing requirements for water. The
plans detail how surface and/or groundwater are to be allocated for consumptive use and the
environment.
Sinclair Knight Merz (SKM) was commissioned on behalf of the Northern Territory Government
Water Resources Branch to provide an assessment of Groundwater Dependent Ecosystems (GDEs)
within the Howard East Water Allocation Plan Area. This assessment will inform the Water
Resources Branch in developing a WAP by providing an assessment of the environmental
groundwater requirements. The ultimate management of the groundwater resource will require
consideration of a broad range of issues relating to the socio-economic values of the region.
Establishing the relationship of the environment to groundwater, its dependency and vulnerability
to change, is complex and requires considerable research. Fortunately over the last several decades
extensive research has been carried out within the Howard East Study Area (the ‘Study Area’)
providing scientific evidence in the determinination of GDEs. This document pulls together this
research to identify the locations and type of GDE present within the Study Area, and to summarise
the level and nature of their dependency to groundwater, their present condition and ecological
value, and the threats posed by groundwater extraction.
The Northern Territory Water Act 1992 (the Water Act) is the Legislation which provides for the
investigation, allocation, use, control, protection, management and administration of water
resources within the Northern Territory. The Water Act allows for the declaration of WAPs within
Water Control Districts (WCD) and requires that such plans allocate water to beneficial uses.
Under the Act, water use is required to be sustainable and balanced between the environment and
all other users. There is, however, an informal policy that establishes a default allocation to the
environment, referred to the 80/20 rule. Under that ‘rule’, environmental water provisions are given
priority. For surface waters, 80% of flow is to be allocated to the environment, whereas, for
groundwater, at least, 80% of annual recharge must be allocated to the environment. These are
default or contingent on locations to guide any decisions in the absence of sufficient scientific
knowledge.
Evidence suggests that current extraction rates within the Study Area are having a negative impact
upon several GDEs. These impacts have been observed under conditions of full annual recharge of
SINCLAIR KNIGHT MERZ
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the aquifer and are likely to be exacerbated during periods of low rainfall. Even with full annual
recharge of the aquifer, impacts are likely to continue in light of increasing development and
demand on groundwater resources unless significance controls are put in place.
The NWI represents a shared commitment by governments to increase the efficiency of Australia's
water use, leading to greater certainty for investment and productivity, for rural and urban
communities, and for the environment. Each state and territory government is required to prepare
an implementation plan to address the NWI objectives. Government commitments under the NWI
are as follows:


prepare water plans with provision for the environment



deal with over-allocated or stressed water systems



introduce registers of water rights and standards for water accounting



expand the trade in water



improve pricing for water storage and delivery



Meet and manage urban water demands.

The following Sections 2 and 3 provides background information to this project; An overview of
Groundwater Dependent Ecosystems, our Methodologies applied, Definitions and Key Concepts,
aiming to provide clarification around terms used in this document and to cover some of the basics
that make up the science used in the consideration of GDEs and groundwater allocation planning.

1.1. Scope
The primary purpose of this project is to pull-together existing information and evidence to identify
GDEs of the Howard East Water Allocation Plan area, the risks of impacts to these ecosystems
from groundwater extraction and to identify where further research needs to be undertaken to
inform water allocation planning. The scope of works was to:





Identify any ecological impacts associated with existing water resource development and use;
Provide a commentary on the implications of increased water resource development e.g.
Darwin public water supply, rural residential development and horticultural and agricultural
demands;
Identify critical aquatic ecosystems and areas of high conservation value that are dependent on
surface and connected water;
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Identify flow characteristics (including key flow events and environmental water
requirements) required to maintain or to restore (where appropriate) the key ecological and
geomorphologic values; and
Provide recommendations and priorities on areas requiring future research including
identification of existing knowledge/data gaps.
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2. Overview of Groundwater Dependent
Ecosystems
Groundwater Dependent Ecosystems (GDEs) are natural ecosystems that require access to
groundwater to meet all or some of their water requirements so as to maintain their communities of
plants and animals, ecological processes and ecosystem services (SKM 2011b). The presence,
quality and supply of groundwater drive the evolution, persistence and resilience of these
ecosystems.
The dependence on groundwater is an extremely complicated measure to be made, as the use of a
resource of any volume by an ecosystem implies dependence. In transforming knowledge of GDEs
into the development of water management plans, it is proposed that describing the “nature” of the
dependency and the resilience of the system to changes in groundwater flow, rather than the degree
of dependence, will prove more practical.
These ecosystems represent complex and important components of biological diversity and include
wetlands, vegetation, mound springs, river base flows, cave ecosystems, springs, mangroves, river
pools, billabongs and hanging swamps (SKM, 2011b).
There are a number of ways GDEs can be classified, but for the purposes of this study, GDEs are
grouped into two broad types (SKM, 2011b):




Ecosystems reliant on the surface expression of groundwater (e.g. springs, wetlands and rivers
that accept groundwater discharge). Groundwater provides flowing or free water to support
aquatic biodiversity by providing access to habitat (especially when surface run-off is low),
regulating water chemistry and temperature.
Ecosystems reliant on sub-surface supply of groundwater (via the capillary fringe). This
includes terrestrial vegetation that depends on groundwater on a seasonal basis or episodically
to prevent stress and impacts to vegetation condition. These types of ecosystem can be riparian
(and river floodplain) and may exist in areas more remote from surface water features where
shallow groundwater of a suitable quality is accessible.

Within the climate and hydrogeology of northern Australia, distinguishing surface GDEs from subsurface GDEs is important when trying to unravel how sensitive these ecosystems are to changes in
the water cycle. The mean annual rainfall is 1,720 with the vast majority (>80%) falling between
November to March (Bureau of Meteorology 2011). The intense period of rainfall and relatively
flat topography result in large seasonal variations in groundwater levels, within the Howards East
bore field up to 7m seasonally (Cook et al 1998).
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In general, within low lying regions, major rivers and incised valleys water levels remain relatively
constant, either discharging or close to the ground surface. Within more elevated regions the depth
to the water table will be deeper, fluctuating from greater than 10 metres deep to less than 3 metres
in the wet season. The exception to this is where sub surface geological structures, faults and
collapse structure provide a pathway for groundwater to come to the surface as distinct springs
away from major rivers.
In general terms the distribution of major vegetation types reflects the depth to water table across
this landscape. Eucalypt woodlands (Eucalyptus miniata and Eucalyptus tetradonta) occupy the
more elevated landscapes with large fluctuations in water tables. Low lying swampy regions are
dominated by paperbarks (Melaleuca viridifoloa) that are seasonally inundated with surface water
and possibly come into contact with groundwater in spring zones which are generally dominated by
Monsoon Vine Forest
A summary of the interaction of groundwater with ecosystem for surface GDEs is
Sub surface GDEs are rivers, springs and wetlands that are fed by groundwater
discharge. The large fluctuations in water tables results in the majority of streams being in
connection with groundwater during the height of the wet season. During the dry season, water
table’s recede such that permanent flowing rivers and springs are maintained by groundwater
discharge. Ephemeral stream are less likely to be groundwater connected. Determining the
dominant water source for permanent water bodies is less evident. Permanent water bodies do not
necessarily require groundwater input. Due to high rainfall rates causing significant surface water
inflows, water bodies with low permeable clay sediments can persist until the next wet season.
While it is not likely many of these permanent water bodies are groundwater fed, the evaluation
requires site by site investigation.
A summary of the interaction of groundwater with ecosystem for sub surface GDEs is
Sub surface GDEs are essentially terrestrial vegetation that uses groundwater through
extending roots towards the water table. Therefore, the shallower the water table, the greater the
likelihood the vegetation will require groundwater. Large seasonal recharge events effectively
replenish aquifers and saturate the soil profile. During the seasonal water table highs, vast areas of
vegetation will be in contact with groundwater, as the water tables resides vegetation is able to
utilise soil water stores. Within regions where water tables recede to over 5 metres deep, is likely
soil water stores are sufficient to maintain Eucalypt woodland water requirements (Cook et al.
1998). Within areas where water tables remain close to the soil surface and or discharge annually
(riparian zones and fringing vegetation around springs) vegetation has limited soil water available
and therefore will utilise groundwater. Monsoon Vine Thicket forest source up to 50% of their
water requirements from groundwater (Liddle et al 2008). While outside the study region, riparian
SINCLAIR KNIGHT MERZ
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vegetation along the Daly River (Melaleuca and Barringtonia species) was found to be using
groundwater.
The complication in the tropical climate is that the period of greatest groundwater connection is
within the wet season and therefore masked by substantial surface water flow. Such that the
distinction between vegetation using groundwater versus soil water and the streams water being
groundwater fed or surface water fed is less certain. During the wet season the environment is not
water limiting, however during the dry season the distinction is clearer. Vegetation in shallow
water table zones, permanently flow streams and springs will all be highly connected to the
groundwater system.
For the purposes of this study, not all GDEs will be assessed. While the definition includes all
ecosystems that come into contact with groundwater, GDEs that are connected to the groundwater
during the dry season (water table lows) will be preferenced. These are dominantly the Spring-fed
Monsoon Vine Forests and Riparian Vegetation associated with Groundwater Baseflow Streams. It
is possible that other GDEs exist in the study area for instance marine coastal (Adelaide and
Howard River) as well as “The Narrows” which may be considered a similar style of GDE,
however little information is available to make this assessment.
It is recognised however there are a number of other significant ecosystems situated within the
Study Area that have a relationship with groundwater but are not considered GDEs. These include
Sandsheet Heaths, Paperbark Swamps, Lagoons and Open Woodlands/Savannas. However, it is
reasonable to assume that the Spring-fed Monsoon Vine Forests and Riparian Vegetation
associated with Groundwater Baseflow Streams will be significantly more sensitive to changes in
the groundwater system, than the ecosystem that are connected to GW only during the wet season.
Any association of sacred sites and socio-economic values with GDEs were not considered in the
assessment of water resource allocation in this report. For more information on these issues refer to
Nolan (2010), Woodward et al. (2008) and Marsden Associates (2011).
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3. Methodology
An overview of the methodologies applied in this project to conduct regional assessment of GDEs
is shown in Figure 1. Essentially a high level desktop review of existing literature was undertaken
to establish current knowledge of the groundwater resource, demands and interactions with the
environment. Consultation with various subject matter experts in ecohydrology, hydrogeology and
flora/fauna was conducted through a workshop and direct contact with other agencies to ensure the
latest knowledge was captured. Risks to the GDEs were assessed against ecological value,
groundwater dependency and exposure to mechanisms of change. The terminology and approach
used in this document have been aligned with the national documents of the GDE Tool Box and
National ATLAS of Groundwater dependent developed by the National Water Commission.

Desktop Review of Literature and
Studies

Consultation with relevant governing
bodies & ecological professionals

Characterisation & Identification of
Water Resources and Ecosystems

Risk Assessment

NOT INCLUDED
Prioritisation & Recommendations



Management Response Framework for
WAP. Commensurate with level of risk

Figure 1 Overview of approach to GDE status assessment
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3.1. GDE Risk Assessment
The objective of the risk assessment was to establish a risk rating for each GDE within the Study
Area which can be used to inform and prioritise management actions. Three primary components
(Equation 1) were used to assess and rank risks; (i) ecological value, (ii) the nature and level of
groundwater dependence, and (iii) resilience/vulnerability to groundwater extraction. Secondary
threats were captured as comments against the GDE assessment, and include groundwater saline
intrusion, surface water saline inundation, fire, weeds, feral animals, urbanisation and recreational
use.
GDE Risk = value x GW dependence x threat


Equation 1 Assessment criteria for GDE risk

In determining an overall rating, each of the parameters were assigned rankings; High, Medium,
Low. The ecological value was assigned based on the presence of Threatened Species1 and their
national and international status, containing protected species or conservation significance or if
endemic to the region. Groundwater Dependence was quantified by two contributing factors; the
overall water requirement and its relative requirements of groundwater as a water source. The level
of threat was based on the extraction pressures as a result of pumping from the aquifer. Due to the
unregulated use of bores the maximum extraction potential was applied.
3.2. Key Concepts
This section aims to provide clarification around terms used in this document and to cover some of
the basics that make up the science used in the consideration of GDEs and groundwater allocation
planning. Many of the concepts here are adapted from Kløve et al (2011a) and the Australian GDE
Tool Box. Links to these concepts as they relate to the Study Area in consideration are drawn out in
message boxes.
3.2.1. GDEs
In the simplest form, the science of GDEs can be explained with two questions
1) Is groundwater present
2) Is there an ecosystem that will interact with that groundwater

1

As listed under the NT Parks and Wildlife Act and the Commonwealth Environmental Protection and
Biodiverstiry Conservation Act
SINCLAIR KNIGHT MERZ
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All ecosystems require water; a GDE is simply an ecosystem that sources some of its
requirements from groundwater. Therefore the study of GDEs links the ecosystems of the
GDE to the hydrogeology of the landscape
The main definitions relating to GDEs are presented in Table 3.2.1.1 as reported by SKM (2011).
The nature of these definitions is evolving with our understanding to the dynamics and
relationships between groundwater, associated ecology and the greater environment.


Table 3.2.1.1 Definitions of main GDE concepts (sourced from SKM 2011)

Groundwater

(a) Water occurring naturally below ground level (whether in an aquifer or
otherwise); or
(b) Water occurring at a place below ground that has been pumped, diverted or
released to that place for the purpose of being stored there; but does not include
water held in underground tanks, pipes or other works.

Note: This definition includes the capillary zone, which is an important source of
water for many GDEs. This definition excludes water in the unsaturated Zone.
Ecosystem

A dynamic complex of plant, animal and micro‐organism communities and their
non‐living environment interacting as a functional unit.
Source: National Water Commission Water Dictionary
http://dictionary.nwc.gov.au/water_dictionary/pdf/WaterDictionary.pdf.

Groundwater Dependent
Ecosystem (GDE)

Natural ecosystems that require access to groundwater to meet all or some of
their water requirements on a permanent or intermittent basis, so as to maintain
their communities of plants and animals, ecosystem processes and ecosystem
services.

Terrestrial GDE

Surface GDE which relies on the subsurface presence of groundwater;
meaning any GDE which accesses groundwater to meet all or some of its water
requirements. This includes terrestrial vegetation and vegetation which is
associated with a surface water body.

Wetland GDE

Surface GDE which relies on the surface expression of groundwater;
meaning any GDE which uses groundwater after it discharges to the surface.
This includes all groundwater‐fed surface water bodies, such as rivers and
wetlands.

River Baseflow GDE

This definition refers only to the aquatic (inundated) component of a system, and
therefore excludes any vegetation which may fringe a surface water body.
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GDEs are valuable rare ecosystems as well as they not only provide services to the broader
ecosystems (such as migratory species) but also high anthropological values (e.g. recreation). A
GDE can depend on groundwater directly or indirectly (i.e. downstream of spring), and the reliance
can be continuous, seasonal or occasional. A GDE can be an isolated and discrete ecosystem such
as a spring, or it can be complex large landscape feature such as forest along a major water way.
The two major aspects of groundwater that maintain GDEs (SKM 2011 and Brown et al 2007) are:


The quantity, location, timing, frequency of groundwater supply



The quality and chemical constituents (especially salinity, nutrients and temperature).

The relationship between these two factors has implications for the vulnerability of the ecosystems
when changes in the groundwater regime occur. The reliance becomes evident when access to the
groundwater resource is interrupted for a sufficient length of time resulting in changes in the
ecosystem function.
In the simplest example,




A GDE with high reliance is a spring. If the groundwater flow was to stop, the spring would
stop flowing and therefore completely alter the system.
A GDE with low reliance may be a permanently inundated wetland. The wetland is dominantly
fed by surface water flow and changes to the groundwater system may not cause any
measureable change to that system.

The impacts on a GDE are not restricted to water extraction alone, but are complex and likely
include climate change, land-use practices (surface water hydrology, infiltration, sedimentation and
pollutants) and weeds/feral influences.
The science required to identify a GDE and establish its relationship to a groundwater resource is
complex and requires a number of key concepts to be defined in each scenario. The Australian
GDE Tool Box (SKM 2011 in pres) provides the framework on how to assess GDE (Figure
3.2.1.2) in landscapes with different knowledge. The step involve 3 stages,
Stage 1 – Where are the ecosystems that potentially use groundwater
Stage 2 – Is groundwater part of the ecosystem and how reliant is the system on groundwater
Stage 3 – What are the threats to the system, and how might the system change if the groundwater
system changes
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Figure 3.2.1.2 The three stages of assessing GDEs for determining EWRs for
implementation within management plans

For the purpose of this report several examples of some of the key components of assessing GDEs
are presented below and detail the level of information sought or assumed in management decisions
regarding water allocation and GDE protection. Details on the current thinking around the
framework and tools available to determine groundwater interaction and use by ecosystems are
provided in the Australian GDE Tool Box Part 1 Assessment Framework and Part 2 assessment
Tools (SKM 2011 in press).
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Conceptual Models
Conceptual models on how GDEs are linked to groundwater are tools used to clarify the
relationship of influencing factors. They may be used to illustrate scenarios and present how events
may lead to effects in GDEs following changes in land use and climate. As such they are a useful
starting point or baseline for future management and protection.
The actual conceptual model for a given ecosystem and its source aquifer will vary locally
depending on water use, slope, topography, climate and geology. This should also include the
unsaturated zone which plays a very important role both for groundwater quantitative and
qualitative aspects. Groundwater flow is always three-dimensional, but can often be analysed in
two-dimensional and may be represented by potentiometric surfaces (or contiguous standing
water levels). Analysis of these flow paths is important when studying GDEs because it can
provide valuable information about potential threats to both the quantity and quality of
groundwater.
Amongst other ideas a conceptual model will usually detail the connection between recharge and
discharge areas. Groundwater moves along flow paths from recharge areas to discharge areas.
Recharge occurs where meteoric water that enters the ground surface (infiltration) at such a rate
that it is able to flow past vegetation rooting zones and reach the groundwater. Discharge from the
aquifer occurs at springs, streams, floodplains/wetlands, as transpiration by plants with roots that
extend to near the watertable, and by direct soil evaporation.
A generalised diagram of the relationship of the groundwater flow path to springs is illustrated in
Figure 3.2.1.3

Key principles from the diagram is that
1) Groundwater flow paths to springs can be different lengths, short for local flow systems
and long for regional flow systems.
2) In general the longer the flow path the longer residence time of the water within the ground
3) Springs can be a sourced from more than one aquifer depending on the architecture of the
geology
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Figure 3.2.1.3 Conceptual model of groundwater flow, from recharge to discharge
zones, after Toth 1999

Conceptual models can be developed to reflect more localised processes of the GDE, for example
the collapse structures and groundwater flow associated with Howard Springs (Figure 3.2.1.4).
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Figure 3.2.1.4 Conceptual Hydrogeological model of Howard spring, (Tickell
unpublished)

The hydrogeology and multi-scale flow patterns influence both the timing and duration of
groundwater discharge (hydroperiod). From a hydroecological point of view, the concept of
hydroperiod provides an interesting starting point for the classification of GDEs because it
integrates several abiotic drivers, e.g. climate, extent of flow paths, aquifer type (i.e. porous or
discontinuous) and land use of the catchment, which eventually constrain ecological uses of
groundwater.
Four types of hydroperiods were distinguished by Alfaro and Wallace (1994):





Periodic: usually a clear seasonal pattern, average discharge climatically controlled
(precipitation/evapotranspiration changes).
Intermittent: great variability in flow.
Episodic: completely irregular flow, occurring only when there are very high water levels in
the aquifer.
Perennial: continuous source year round.

As a function of these features, the importance of groundwater supply relative to other potential
water sources varies. A constant supply of groundwater normally maintains dependent ecosystems
such as wetlands and springs typically located in landscape depressions.
In the Study Area there is strong annual rainfall and hence high groundwater recharge cycle,
utilisation and dependency of GDEs on the resource increases over the dry season.
Where extraction impacts surface flow conditions (such as at Howard Springs and the Howard
River) the hydroperiod will change, potentially from perennial to periodic.
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Sources of Water
The contribution of groundwater compared with other water sources can be determined through a
number of methods, predominantly where:
1) The water quality directly reflects that of groundwater, or in dry climates
2) The transpirative water losses from vegetation are maintained by groundwater
3) Systems exhibit a more-or-less constant temperature distinguishable from adjacent surface
waters.
Specific methods include
1) Pre-Dawn Leaf Water potential → identifies vegetation that has taken up groundwater
2) Stable Isotopes of water in plants → determines the source of water transpired by plants
3) Plant water use and Water balance modelling → provides a mathematical estimates of the
source and volume of water used by plants
4) Root depth, morphology and depth to water table → defines the potential for plants to
access groundwater
5) Evaluation of Groundwater and Surface water interactions → identifies surface GDEs
6) Environmental and introduced tracers → identifies water sources to surface and sub surface
GDEs
7) Field based observations of ecosystem sand monitoring → enables the “impact” of an
altered groundwater regime to be observed on the ecosystem
Besides their significance in developing conceptual and numerical models of flow and transport in
groundwater systems, environmental tracers allow identification and quantification of sources of
discharge to GDEs as well as dating of groundwater. Knowledge of groundwater age distribution is
a key factor in the assessment of the GDE vulnerability to climate and land-use changes,
groundwater exploitation and pollution. Dominant time scales of water flow and solute transport to
the ecosystem determine time lags associated with its responses to both commencement and
cessation of such disturbances.
Geology and water residence time are the two fundamental factors controlling natural water
chemistry. Groundwater carries a continuous flux of dissolved ions, nutrients and organic matter
essential for species inhabiting GDEs. Indirect groundwater influences can make important
contributions to the regional biodiversity of surface water ecosystems.
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The chemical composition of the emerging groundwater, mainly the acidic-calcareous gradient
reflecting aquifer soil and bedrock composition, is perhaps the single most important factor
influencing plant community composition and species richness in springs.
Springs, the smallest and most distinct type of aboveground GDE, are often regarded as structurally
and functionally simple habitats. However, springs include lentic (spring pool), lotic (spring
brooks), and semi-terrestrial (seepage area) habitats. Springs are inhabited by (i) surface water
species, (ii) species more dependent on groundwater, and (iii) terrestrial or wetland species that
benefit from the buffering capacity of groundwater against drought and extreme temperatures.
The special environmental conditions (e.g. high environmental stability) of GDEs favour the
occurrence of highly specialised and regionally restricted species, thus increasing their value for
overall biodiversity.
Within the Howard East Aquifer, the three spring types occur:
Spring pool; Howard Springs
Spring brooks; portions of Howard River
Semi-terrestrial; Banka, Black Jungle, Melacca monsoon vine forests
Springs within the Study Area were described by Tien (2006) as “determined as streams still
flowing after August, when flow from laterite sources has typically ceased. The flow of springs is
maintained by groundwater emerging from the mottled zone or the upper fractured surface of the
weathered Lower Proterozoic rocks”

Ecohydrology is intricately linked with soil moisture conditions. Root function plays a central role
in the ecohydrological dynamics of humid land ecosystems, and in complex feedbacks between
abiotic and biotic factors. Watertable dynamics affect the vertical distribution of roots, as the
frequency and duration of flooding determine root growth strategies and allocation of plant
resources.
The final outcome of GDE assessments is how much water an ecosystem requires, or can be
provided for within a management plan. Two key principles are


Environmental water requirements;
This concept provides a description of the water regime (surface and or groundwater)
needed to sustain the ecological values of water-dependent ecosystem at a low level of risk
(ARMCANZ/ANZECC 1966).
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Environmental water allocations;
Part of the environmental water requirements (or ecological water requirement) that can
be met

It is important to acknowledge that in altered landscapes, such as the Howards and Berry bore
fields, many ecosystems will exists within altered water regimes. The purpose of trying to
understand the environmental water requirement is to understand how acceptable the
environmental water allocation is to managing the ecosystem values.
Groundwater and surface water connection
Four relationships describing groundwater and surface water connection are illustrated in Figure
3.2.1.5 below. Some stream reaches may contain multiple processes, for example a stream in which
has various reaches due to substrate and groundwater level characteristics, experience losing
conditions.



Figure 3.2.1.5 Connectivity relationships a) gaining contiguous connected stream, b)
losing contiguous connected stream, c) non-contiguous connected stream, d)
fluctuating contiguous connected stream, after (SKM 2011c)

3.2.2. Groundwater Extraction
Groundwater flow can be a complex parameter to understand in the natural environment due to the
influences of hydroscopic pull as well as amongst other things changing geology. Changes at one
level may create more extensive or lateral changes in flow simply due to the relationship of
pressure and flow paths (Figure 3.2.2.1).
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Figure 3.2.2.1 Conceptual presentation of flow paths in a GDE before and after lowering
of the groundwater level

An aquifer may be defined as a water-bearing layer of rock, or of unconsolidated sediments, that
will yield water in a usable quantity to a well or spring. An aquifer is generally bounded by
geologic formations or a confining bed consisting of a layer of rock, or of unconsolidated
sediments that retards the movement of water in and out of an aquifer and possesses a very low
hydraulic conductivity. From these definitions, all rocks can be thought of as either aquifers or
confining beds. Moreover, aquifers are often considered to be unconfined or confined.
Water entering a confined aquifer well will stand at a particular level. This level is often termed as
the hydraulic head and is actually the sum of three components - the pressure head, elevation head
and velocity head. The velocity head is often disregarded because ground water movement in most
cases is relatively slow. In practical applications, a depth to ground water measurement is obtained
and subtracted from the top of the well casing elevation to measure total head. Note that the datum
illustrated below is often calibrated to sea level. (Figure 3.2.2.2)



Figure 3.2.2.2 Hydraulic Head
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When ground water level measurements are collected for a specific aquifer and contoured in a map
perspective, a ground water surface map can be generated. Water level measurements obtained
from an unconfined aquifer represents the water table surface.
The direction of ground water movement can be understood in the fact that ground water always
flows in the direction of decreasing head. The rate of movement on the other hand is dependent on
the hydraulic gradient, which is the change in head per unit distance. The change in head
measurement is ideally in the direction where the maximum difference of head decrease occurs
In practical terms hydraulic conductivity is the volume of water flowing through an aquifer under
a hydraulic gradient over a given amount of time (usually a day). Figure 3.2.2.3 below illustrates
how the hydraulic conductivity changes through difference geology.
Transmissivity (T) is the volume of water flowing through a cross-sectional area of an aquifer
under a hydraulic gradient in a given amount of time (usually a day)



Figure 3.2.2.3 Hydraulic conductivity change through geology

CONES OF DEPRESSION
As water is withdrawn from a well, the water level in the well begins to decline. The head in the
well will fall below the level of the surrounding aquifer and water begins moving from the aquifer
into the well. The water level will continue to decline and the flow rate of water into the well will
increase until the inflow rate is equal to withdrawal rate. Water from the aquifer must converge on
the well from all directions and the hydraulic gradient must get steeper near the well. For this
reason the resultant 3-D shape of water withdrawal is a called a cone of depression (Figure
3.2.2.4).
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Figure 3.2.2.4 Cone of Depression

3.2.3. Impacts to GDEs from groundwater Extraction
The impact groundwater extraction has on groundwater flows paths to a GDE vary depending on
the nature of the groundwater flow and the depth and volume of groundwater extraction.
Determining the potential impact requires detailed localised impact assessments, however, for the
purpose of this report two effective form of impact exists
Localised interference
In its simplest form, where a cone of depression engulfs a spring, such that the “discharge zone
then there will be an immediate impact to the groundwater flow path and therefore the spring.
Accumulative impact
Where the combined draw down of a ‘bore field” causes region changes to groundwater flow
patterns such that identifying the cause to a specific bore is complicated.
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4. Study Area
4.1. Location
The Darwin Rural Water Control District (DRWCD) was declared in 1999 for the purposes of
groundwater and surface water management (Appendix 1 Figure 4.1.1). The Study Area
represents a subset within the DRWCD encompassing its north eastern extents. The Study Area is
defined by the boundaries of the groundwater resource of the Koolpinyah dolomite aquifer
(Appendix 1Figure 4.5). Hydrogeological modelling and drilling continues to refine the extents of
the dolomite to the west and south.
The aquifer covers an area of approximately 1,448 km2 starting approximately 20 km east of
Darwin within the Litchfield Shire, and includes the suburbs of Howard Springs, Humpty Doo,
Girraween and Lambells Lagoon. The privately owned Koolpinyah Station covers a significant
potion (about 43%) of the Study Area to the north. Natural boundaries are formed by the Adelaide
River to the east and the coastline to the north.
4.2. Climate
Sitting at 12 degrees south of the equator, the Study Area experiences tropical conditions with
annual ‘dry’ and ‘wet’ seasons. Dry season conditions typically occur from April/May to October
with wet season conditions greatest between December and February (Figure 4.2a). Records over
the last decade (2000-2009) at Howard Springs Nature Park show a mean annual rainfall of 1,875
mm. Figure 4.2b illustrates the rainfall variability experienced over the last 30 years in which a
difference of 1500mm between maximum and minimum annual rainfall is observed. Rainfall
variability and climate change are discussed in Section 4.2.2 and Section 4.2.3 respectively. Table
4.2 presents the average monthly rainfall and monthly maximum/minimum temperatures
experienced within the Study Area.
The Australian Bureau of Meteorology reports that the region covering the Study Area is subject to
2000-2400 mm/year with evapotranspiration contributing 1100mm/year. This suggests a negative
annual surface water balance however a number of surface water features persist throughout the
year, including perched lagoons.
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Figure 4.2a Average monthly weather conditions; rainfall (2000-2009 average Howard
Springs Nature Park), maximum and minimum temperature (2002-2010 Middle Point
AWS)
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Figure 4.2.b Long-term annual rainfall records for Howard Springs Nature Park
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Table 4.2 Average monthly weather conditions; rainfall (2000-2009 average Howard
Springs Nature Park), maximum and minimum temperature (2002-2010 Middle Point
AWS)
Jan

Feb

Mar

Apr

May

412.9

493.6

321.6

107.5

19.9

1.0

Minimum T

24.3

24.1

23.9

22.4

19.4

Maximum T

33.4

33.1

33.4

34.2

33.5

Rainfall

Jun

Jul

Aug

Sep

Oct

Nov

Dec

1.3

1.3

11.1

40.7

164.7

299.8

15.4

14.4

15.4

19.4

22.0

23.5

24.2

32.2

32.6

33.9

36.2

37.4

36.3

34.8

4.2.1. Tropical Cyclones
Tropical cyclones may occur within the Study Area anytime between November and April,
developing from lows within the monsoon trough. Cyclones in the Northern Region of Australia
occur on average 7.7 days per season. Depending on the strength of the cyclone, effects include
destructive winds, high rainfall and flooding. The degree of impact depends upon intensity and
frequency of the cyclone as discussed in Section 4.13.
4.2.2. Rainfall variability
Caution is justified when using the term “average rainfall” because of its variability over time.
Rainfall variability between years is evident when viewed over the 70 years of data available for
the Darwin Airport (Figure 4.2.2). Interannual variability is generally a familiar pattern however
trends over decades are often harder to appreciate and predict, particularly when records are
limited. The earliest relevant contiguous rainfall data available commenced in 1941 and presents an
increasing trend in annual rainfall over this time period. When averaged over a three year period,
the variability in total rainfall between periods is more evident. The overall increase in rainfall is
likely caused by increasing ocean temperatures and the El Nino/La Nina cycle and the Southern
Oscillation phenomenon (http://www.bom.gov.au/lam/climate/levelthree/climch/clichv4.htm).
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Figure 4.2.2 Long-term annual rainfall variability and trend as recorded for the Darwin
Airport

4.2.3. Climate change
Climate change is a concept based around the global cycle of heat exchange and its influences on
weather. Where heat increases greater extremes in weather patterns occur, which for the north of
Australian may mean increased annual rainfall and cyclones.
The long term prediction of future climate change is a difficult science and, due to its uncertainty
and manifold assertions, subject to great debate. According to the Assessment of Climate Change
Impacts on Urban Settlements (IACCIUS) there has been a consistent wetting trend in the wet
season for the Darwin region (Li et al 2010). The Intergovernmental Panel of Climate Change
(IPCC) and the CSIRO Bureau of Meteorology however predict that little or no change in rainfall
patterns will occur by 20302.
IACCIUS (2010) report that the analysis of the climate record in Darwin revealed indicates that the
likely changes in climate due to global warming are likely to significantly increase the trends
observed over the last half century. The likely future trends as reported by IACCIUS (2010) are
summarised in Table 4.2.3, the most important implication in the context of water resource
planning is that of increasing rainfall.

2

Based on the mid-range A1B emissions scenario, the most commonly used mid-range projection
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Table 4.2.3 Summary projected trends in climate variables for the Darwin region.

Climate variable

Projected trend

Daily maximum temperature

Increase – more very hot days, with daytime temperatures in
the dry season possibly increasing more than the daytime
temperatures in the wet season.

Daily minimum temperature

Increase – more warm nights, with night-time temperatures in
the wet season possibly increasing more than night-time
temperatures in the dry season.

Humidity

Increase - relative humidity and dew point likely to increase in
the wet season with increasing rainfall.

Potential evaporation

Dry season potential evaporation likely to increase. Possible
decrease in the wet season with increasing rainfall.

Heat stress

Increase in both wet season and dry season.

Rainfall frequency and intensity

Dry season rainfall likely to decrease. Wet season rainfall
frequency and intensity may increase.

Tropical cyclone frequency and
intensity

Frequency may remain relatively stable, maximum intensity
likely to increase.

Sea level

Rise to accelerate.

Storm surge and frequency intensity

Likely to increase in the wet season with possible increase in
intensity of rainfall and cyclones and rising sea-level.

4.3. Topography & Surface Drainage
Sitting largely between 4-40 m above sea level (Australian Height Datum; AHD) the Study Area is
predominantly flat with gently undulating upland surfaces (Appendix 1 Figure 4.3). At 4-5m AHD
the extensive Adelaide River floodplain and mangrove lined coastline dominate the eastern and
northern boundaries respectively. Sinkholes and depressions are also a common feature of the
landscape and act as low-points for local drainage. Rivers and creeks are small with overland
runoff typically in the wet season. Wet season conditions generally result in extensive waterlogging
and during these conditions up to 80% of incidental rainfall contributing to runoff (Hatton et al
1997). The Arnhem highway intersects the higher elevations (30-45m AHD) east to west, with the
plateau extending centrally north south through the Study Area. Figure 4.3.2 illustrates water
distribution through the catchment.
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Figure 4.3.2 Rainfall / Groundwater Dynamics (Derived from Cook et al 1997)

4.4. Soils
Approximately 60% of the Study Area consists of moderately to severely water logged soils (Chart
4.4.1), not surprisingly waterlogging is a condition highly correlated with slope and elevation
(Appendix 1 Figure 4.4.1). Six predominate soil types are present within the Study Area with
Aquic Vertosols and Brown Kandosols representing 63% (Chart 4.4.2). Aquic Vertosols are poorly
drained, consisting of grey cracking clays and unconsolidated muds and occur predominantly
within the Adelaide River floodplains. Brown Kandosols are well drained and consist of surficial
sandy loam with underlying clay loams at depth. The Brown Kandosols typically occur in the
higher elevation of the savannah woodlands. Monsoon Vine Forests are generally found in
Kandosolic Redoxic Hydrosols which consist of deep mottled grey/yellow massive earths which
fine sandy loam or light sandy clay loam surface grading to light clay subsoil. The distribution of
the soil types is illustrated in Figure 4.4.2 (Appendix 1).
Floodplains and coastal areas are depositional environments and have received fine sediments over
millions of years to form deep clays. At the higher elevations (15-45m AHD) weathering processes
are dominant, leaving a weathered profile of parent materials forming in the most part shallow
gravelly soils. More information on the soils within the region can be sourced from Fogarty et al
1984.
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Chart 4.4.1 Study Area Waterlogged Soils
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Chart 4.4.2 Study Area Soil Types
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4.5. Geology
The geology of the Study Area is old and typically complicated, having undergone structural
changes including weathering, folding, fractures, subsidence and intrusions. A thin lateritic layer
overlies more substantial sandy/clay formations. The older dolostone formation underlies this in
which sinkholes, caverns and intrusions occur. The Koolpinyah dolostone is the dominant
geological feature encompassing the extent of the Study Area (Appendix 1 Figure 4.5). The
aquifer is laterally extensive and comprises the upper 30 m of weathered and karstified dolomite
together with overlying sands up to 10 m thick (Fell-Smith 2011). The dolostone is not a
contiguous formation but highly complex and variable in nature and subsequently difficult to map
and understand. Likewise the movement of water within the aquifer, or its ‘transmisivity’, is
variable and influenced by the dolostone integrity and various structures. In places caverns have
formed following the dissolution of minerals within the dolomite. Where intrusions of other
materials occur, barriers to flow can exist. Figure 4.5.1 (sourced from NRETAS Howard East
Advisory Committee Presentation, 2011) provides an illustration of the various geological bodies
and structures, Figure 4.5.2 is a conceptual model (sourced from NRETAS Modelling the
McMinns – Howard East Aquifer System, 2008). The effects of intrusions on transmisivity are
further discussed in following Section 4.6.



Figure 4.5.1 Illustration of geological formations within the Study Area; sourced from
NRETAS Howard East Advisory Committee Presentation, 2011
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Figure 4.5.2 Geological Conceptualisation; sourced from NRETAS Modelling the
McMinns – Howard East Aquifer System, 2008

4.6. Hydrogeology
This section focuses on the groundwater interactions relevant to the Koolpinyah dolostone aquifer
and as such is not a complete description of the hydrogeology and aquifers of the Study Area
(Appendix 1 Figure 4.6). More detailed description the regions hydrogeology can be found within
Fell-Smith 2011. The report states that the understanding of the hydrogeology of the Study Area
requires further investigation to improve its accuracy. Therefore the information within this study
would be considered a regional overview.
4.6.1. Aquifers
The aquifers within the Study Area developed in three separate stratigraphic units; lateritic,
sandstone and dolostone and have high degree of interconnection. Figures 4.6.1a and Figures
4.6.1b indicates the stratigraphic relationships and postulated water movements between aquifers
(Fell-Smith 2011)

SINCLAIR KNIGHT MERZ
I:\DBIF\Projects\DB05629\Deliverables\Outdocs\R01NRETASAB5629.docx

PAGE 31



Figure 4.6.1a – Schematic Cross Section of the Aquifer System (Jolly, 2003)



Figure 4.6.1b – Dry Season Groundwater Movement (Jolly, 2003)

4.6.1.1.

Lateritic Aquifer

The Lateritic aquifer consists of a lateritised horizon which hosts the uppermost aquifer which
generally extends to about 30m in depth. The aquifer is considered to be a regional unconfined
aquifer (Haig and Towsend 2003). High surficial infiltration rates are facilitated through the
ferricrete while so called 'solution tubes', developed in the mottled zone. The mottled zone is
usually developed to a maximum of about 12m in depth, with the greatest permeability
concentrated over about a 4 to 6m interval. Although highly permeable in the mottled horizon, the
laterite aquifer has low storage characteristics, and readily drains laterally to the low lying parts of
the landscape as well as vertically downwards into the aquifers below.
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4.6.1.2.

Cretaceous Aquifer

The spatial distribution, and therefore continuity of Cretaceous aquifers is highly variable and
complex across the Study Area. The predominantly sandstone/claystone formation underlies the
laterite and in places extends to 45m depth. This aquifer can yield from 2 up to over 5L/s. The
aquifer acts as the primary source of recharge to the underlying Dolostone aquifer
4.6.1.3.

Dolostone Aquifer

A transition zone between the overlying Cretaceous and dolomite aquifers is represented by a 10m
zone of highly weathered dolomite. The jointed and cavernous nature of this zone effectively
provides the underlying dolomite aquifer with the capacity to store water and provides connectivity
for recharge. Permeability within the dolostone aquifer proper is spatially highly variable due to
structural complexity from folding of less permeable structures. Ongoing investigations and
mapping undertaken by NRETAS aims to better define these structures and aquifer permeability.
4.6.2. Dolostone Aquifer Hydraulic Characteristics
NRETAS bore pump-tests within the dolostone aquifer has produced yields of 15 to 70L/s. The
transmissivities range from less than 1000 m2/day in the Howard East area, 1000 - 2000 m2/day in
the Herbert and Lambells area and 2000 - 7000 m2/day in the north of Lambells.
The permeability within the dolostone aquifer is highly variable and related to the complexity of
geology. This means that although the dolostone aquifer is extensive, its transmissivity is not
contiguous and highly variable. Hydraulic conductivity is higher in areas where karst occurs and
least where folded clay-rich sedimentary rock (phyllite) exists. Areas of sandstone and quartzite
within the dolostone provide good lateral permeability.
Bores that have been drilled 50 or more meters into massive dolostone basement tend to
demonstrate higher yields if in a highly fractured area such as Lambells.
The potentiometric surfaces3 depicting the dolostone aquifer water table in October 2010 (Figure
4.6.2.1) and March 2011 (Figure 4.6.2.2) show two significant groundwater mounds, one in the
Howard East area and one at Lambells South. Groundwater moves predominantly north and east
from the Howard East mound, and north east from the Lambells mound. Seepage occurs through
nick points and creeks on the edge of the Adelaide River floodplain. The groundwater mounds are
indicative of high recharge zones.

3

All bores selected are screened in Koolpinyah Dolomite so as to accurately reflect the
potentiometric surface of the semi confined aquifer.
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Figure 4.6.2.1 Potentiometric Surface October 2010, sourced from Fell-Smith 2011
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Figure 4.6.2.2 Potentiometric Surface March 2011, sourced from Fell-Smith 2011

Magnetic visualisation of features within the dolostone aquifer helps identify structures that
influence lateral flow and connectivity. Magnetic intensity imagery appears as shading on the
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potentiometric surface map (Figure 4.6.2.2). The linear features are emplaced dolerite dykes which
contain magnetic minerals. Many faults are likely to exist which do not contain dolerite and
therefore are not observable in the magnetic image. The Howard River fault is an example of this;
its linear nature suggests a structural foundation but it has no magnetic expression.
The mounds at Howard East and Lambells appear to be controlled by the reversely magnetised
North West trending dyke in the south of the image. The Howard East mound sits to the north east
of the structure and the Lambells mound sits to the south west.
North east trending magnetic features are apparent in the south of the study area at Lambells and
Middle point. Non magnetic north east structures exist in the centre of the study area and define the
edges of the floodplain. Spring fed rainforest often occur in conjunction with these structures.
An impermeable barrier is postulated on the south east of the Lambells mound by Jolly and Yin
Foo (1988). This is represented as a northeast trending magnetic lineament to the west of Fogg
Dam. Several dolerite dykes of 5- 10m width exist in the study area. It is possible that some
resistance to groundwater flow occurs but it is unlikely that the dykes are continuously
impermeable along their total length.
Figure 4.6.2.3 shows the seasonal range between the March 2011 SWLs and the October 2010
SWLs which is up to 14.5m. The contours map out the higher regions where recharge occurs. The
two southern contoured peaks occur along a dolerite dyke where it is believed that underlying
fractures enhance the transmission of groundwater vertically. The northern peak is located in a 70m
deep paleochannel which provides a relatively rapid conduit for water movement as groundwater
drains to the sea during the dry season.
Hydraulic conductivity in the northern most range is believed to drain west along a paleochannel.
The main flow path of the Howard East mound is east to the Adelaide River floodplain. The
hydraulic conductivity near the dyke to the north side of the Lambells mound is likely enhanced by
fractures within the dyke.
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Figure 4.6.2.3 Standing Water Level Seasonal Range, source Fell-Smith 2011
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4.6.3. Dolomite Recharge Characteristics
Bicarbonate chloride ratios in groundwater can be used as a measure of recharge, analyses
collected during the project are presented in Appendix 3:
As water moves through the groundwater system it typically increases in chloride concentration
relative to bicarbonate. As there are limited natural mineral sources of Cl- in the groundwater
system it provides a measure of evaporation that the groundwater has undergone. Very high values,
beyond what could be expected of evaporative concentration, are representative of marine
groundwater intrusion. Bicarbonate enters groundwater biogenically, from CO2 in soil, and
mineralogically, from the dissolution of calcium and magnesium carbonates (Younger, 2007).
Bores on the uplands periphery near the Adelaide River floodplain are likely to experience mixing
between the older waters and fresh recharge. The anomalous low level of 9 mg/L in the northern
seasonal range peak (Koolpinyah gates area) could be fresh recharge in the 70m deep paleovalley
that occurs there.
Recharge Area 1(in green Figure 4.6.3.1) is the highest recharge area based on the HCO3:Cl ratios.
The two main recharge mounds lie in this area and it correlates well with the highest HCO3:Cl
values.
Recharge Area 2 (two beige blocks in Figure 4.6.3.1) experiences moderate recharge and includes
the upland regions surrounding Gunn Point road on Koolpinyah Station and the horticultural areas
of Lambells and Middle Point. The areas are adjacent to the two recharge mounds along the key
groundwater flow paths as displayed in Appendix 1 Figure 4.6
Recharge Area 3 (in white Figure 4.6.3.1) includes the floodplains of Adelaide River and Shoal
Bay and the Gunn Point uplands. The uplands contain a marine mudstone sequence which acts as
an aquitard preventing recharge from reaching the Koolpinyah dolostone aquifer. The thin layer of
black cracking clays on the floodplains also forms an aquitard.
The recharge zone boundaries for the Koolpinyah Dolostone aquifer have been kept simple (i.e. do
not provide boundary detail) with the view that they be incorporated into an update of the Darwin
Rural Area groundwater model. The data used for mapping can be seen in Appendix 2 Table 4.6.3.
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Figure 4.6.3.1 Biocarbonate to Chloride Ratios in Project Bores, sourced Fell-Smith
2011

SINCLAIR KNIGHT MERZ
I:\DBIF\Projects\DB05629\Deliverables\Outdocs\R01NRETASAB5629.docx

PAGE 39

4.6.4. Groundwater origins and dating
18

O2H isotope analysis of bore water indicates the Koolpinyah aquifer is largely recharged by
rainfall. This is supported by previous analysis using 14C dating4 by Cook et al (1998). Cook et al
(1998) conducted a comprehensive water dating program within the Howard East region using both
CFC-12 and 14C dating techniques. The CFC-12 results indicate a maximum groundwater age of 40
years within the upper weathered dolostone aquifers at a maximum depth of around 45m. The study
found that the 14C results largely agreed with the CFC-12 results.
The implication for management considering the age of the groundwater is that any impacts to the
groundwater system through extraction, changes in climate will be observed relatively quickly
(within 10 years). This is in stark contrast for example for large regional aquifers within the Great
Artesian Basin, where groundwater is in the 100 000’s, and the accumulative impact of extraction
is yet to be released down flow.
Area:

1,313 Km2

Total water allocated:

18,920 ML/yr

Total water consumed:

18,920 ML/yr

Average salinity:

140 mg/l

Sustainable yield:

44,642 ML/yr

Depth to top of aquifer:

12 m

(Sourced: http://www.anra.gov.au/topics/water/overview/nt/gmu-koolpinyah-dolomite.html)

4.7. Groundwater flow dynamics
Due to the distinct rainfall period and therefore recharge period, the groundwater flow system has a
unique dry and wet season characteristics. The seasonal fluctuations in the groundwater systems are
illustrated in Figure 4.7.1. Typically groundwater levels return to a post wet season level
(maximum annual groundwater level high) and during the dry season recede through drainage
toward rivers and springs systems.
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Figure 4.7.1 Seasonal fluctuations in the Dolomite aquifer, after Haig and Towsnend
(2004)

In the height of the wet season spring discharge rates are at a high and groundwater levels intersect
wetlands and rivers (Figure 4.7.2). Groundwater flow is away from groundwater mounds in a north
easterly direction. As recharge rates decrease due to reducing rainfall, groundwater levels begin to
recede, such that spring discharge and soil water saturation decreases. Eventually groundwater
levels recede to a point where only permanently flowing rivers and large springs remain in contact
with the groundwater systems.
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Seasonal W etland Dynamics
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Figure 4.7.2 Groundwater Movement in the wet, end of wet season and dry season
sourced from NRETAS HEWAC Presentation, March 2011

Groundwater extraction is most effective when bores are installed at the top of the weathered and
fractured cavernous dolomite aquifer (Figure 4.7.3). High yielding bores will have intersected a
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well fractured and connected part of the aquifer and have larger columns of water (hydraulic head)
above the screen to maintain extraction rates.



Figure 4.7.3 Conceptual cross section of typical best location for groundwater
extraction bores, relationships between the Cretaceous and lower Dolomite Aquifer are
also shown, Source NRETAS 2009.

4.8. Groundwater Use
The three major groups of users of the groundwater resource are private rural residential,
horticulture and public utility/water supply. Chart 4.8.1 illustrates the percentage use between the
user groups with irrigation for horticulture representing the majority of use. In 2005 the total use of
the resource was estimated at 20,000 ML/y (NRETAS modelling PPT). As of August 2011, 3,761
bores were registered, of which 554 are currently not in use, a breakdown of number and use of
bores within the Study Area is shown in Chart 4.8.2. Access of and demand for the groundwater
resource is increasing with an estimated 75 bores installed per annum, Chart 4.8.2 illustrates the
groundwater consumption between the three major groundwater uses. Bore activity is concentrated
on the higher elevations within the mid-western region of the Study Area. Figure 4.8.1 (Appendix
1) illustrates the spatial distribution of bores within the Study Area, their average yields and their
relationship with land use classes. The drawdown influence from bore use within the Study Area is
presented in Figure 4.6 (Appendix 1) and as discussed in Section 4.6.
17%
27%

Rural residential
Horticulture bores

56%



Town Supply bores

Chart 4.8.1 Percentage of total groundwater use per user group.
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Chart 4.8.2 Number and use of bores within the Study Area (Derived from NRETAS Bore
Dataset August 2011)

Major Use

Consumption (ML/Yr)

Domestic Bores in the Rural Area

12,000

Agricultural Bores in the Rural Area

13,500

PowerWater Bores at (McMinns Borefield)

4,992

Groundwater Consumption ML Per Year
15%
40%
45%



Domestic Bores in
the Rural Area
Agricultural Bores in
the Rural Area
Municipal Bores at
(McMinns Borefield)

Chart 4.8.3 Groundwater Use in Rural Area (Sourced: HEWAC Presentation March 2011)

SINCLAIR KNIGHT MERZ
I:\DBIF\Projects\DB05629\Deliverables\Outdocs\R01NRETASAB5629.docx

PAGE 44

Use of the groundwater resource is regulated under the ‘80/20’ rule and through the assessment of
metered bore and allocations. Data for bore-use is lacking and consequently the assessment of total
yields is based upon an informed “best guess”.
NT Power and Water Corporation (PWC) have established infrastructure to access the groundwater
resource to provide for Darwin municipal. They are currently only accessing a small percentage of
the total resource allocated. Groundwater extracted from the basal Koolpinyah Dolostone aquifer is
added to the supply from the relatively shallow Darwin River Dam in order to provide buffering
and makes up about 15% of the water supply for Darwin and some of the surrounding districts.
(Simon Fell-Smith 2010). Currently PWC only utilise 6 bores within the Study area 4 in McMinns
Borefield & 2 in Howard East Borefield. If in the case of a catastrophic event which impacts the
current water supply for Darwin, PWC are empowered to utilise 100% of their quota.
Graphs 4.8.2 & 4.8.3 demonstrates the impact of high density bores in the developed south west

region is having on the aquifer. Average standing water levels (SWL) have remained relatively
constant in the undeveloped areas of the north and east (approx 7m), while SWL have continued to
decline in developed areas over the last two decades (12-15m).
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Graph 4.8.1 Rainfall deviation from mean (light blue) and Standing Water Level
RN021765–Undeveloped Area (Sourced NRETAS WRB March 2011)
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Graph 4.8.2 Rainfall deviation from mean (light blue) and Standing Water Level
RN00421–Developed Area (Sourced NRETAS WRB March 2011)
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4.9. Threats to the Aquifers
Within the context of this assessment a threat to the groundwater system is one that for a period of
time or irreversibly changes the aquifers “natural state”.
The main threat is posed by the uncontrolled groundwater allocation reducing groundwater volume,
in addition to the possible sea water intrusion and content and management of garbage dumps
situated above the aquifer. Recently a number of garbage dumps in the rural area have been
converted to managed transfer stations however they remain unlined.
Changes to surface topography can also pose as a threat to the aquifer. Clearing of native
vegetation for rural development and mining reduces pervious surfaces, furthermore road
infrastructure can cause damming effects on surface drainage systems which consequentially will
reduce or limit the capacity of recharge to the aquifer.
This report will concentrate on over allocation and saline intrusion. The threat of dumps and
domestic septic to the quality of the groundwater resource is valid, however, it is regarded as a
significant data gap and combined to the complexity of the lithology of the Mesozoic profile it
would be very difficult to track contaminate plumes. This question is considered out of scope for
this assessment.
4.9.1. Over allocation and pumping
The impact of over pumping is a simple sum that equates to extracting groundwater at a rate greater
than the system can be naturally replenished. Over time regional groundwater pressures change
and water levels progressively fall. The consequence being that the volume of possible extraction
is less, there is a reduction in the volume and area of groundwater / surface water interaction, and
the inter-aquifer relationship will change.
With respect to the Dolomite and Cretaceous aquifers, the significant threat is changes in
groundwater levels due to pumping. While any alteration in inter-aquifer relationships is likely, the
similarities in salinity suggest the impact is negligible compared with changing water levels.
The impact of groundwater extraction is illustrated when comparing the typical seasonal rise and
fall of groundwater levels (Appendix 1 Figure 4.6) with the altered groundwater levels of a bore
within the Howard East bore field (Graph 4.9.1). The important feature of the hydrograph is the
change in the seasonal low groundwater level. Pre 1986, the seasonal low was rarely greater than
16 metres, however post 1986, seasonal lows are regularly greater than 20 metres. There is a clear
trend of increasing seasonal low of groundwater levels since the 1980’s and it is a direct
consequence of groundwater extraction. Compared to the undeveloped areas, the groundwater
levels at the end of the dry season in the developed rural area have lowered 6 to 10 metres over the
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last 20 years. The additional lowering of water levels at the end of the dry season is due to water
extraction associated primarily with rural development. Following the cycle of natural drainage and
groundwater extraction, the aquifer system fully recharges each wet season. Furthermore, in some
years, when the groundwater table is low, perennial rivers, streams and springs may be adversely
impacted by the lower than natural groundwater levels, this is discussed in the following sections.



Graph 4.9.1 Seasonal changes in a monitoring bore within an active groundwater
extracted zone

4.9.2. Salt water intrusion
Of some concern is the intrusion of salt water into the dolomite aquifer. Three areas have been
identified from the recent Fell-Smith study, one of which is of major concern. These are presented
as red signatures in Appendix 1 Figure 4.9.2.1.
Bore RN020730, sited at the Rangers' Station at Howard Springs is of some concern as salinity
levels have been rising with minor fluctuations in the bore since it was drilled. This bore taps
groundwater that is 14C dated at 6675Bp, which indicates an ‘old’ water source (though carbon
dating in carbonate waters is very inaccurate). Other mainly shallower bores in the area only show
very low salinity and no real seawater signature in the Cl/Br ratios and so it is assumed that there is
little connectivity with the Howard River estuary.
In the Middle Point area there is a progressive increase in salinity toward the Adelaide River
(Radke et al, 1998), however whether this is due to the influence of the Adelaide River, which is
tidal and becomes saline in the dry season or it is due to leakage of the 'old' highly saline water
body (intersected by RN021343). If there is connectivity, as the tide ebbs and flows, saline water
can progressively penetrate an aquifer and this may be the case in this instance.

SINCLAIR KNIGHT MERZ
I:\DBIF\Projects\DB05629\Deliverables\Outdocs\R01NRETASAB5629.docx

PAGE 48

The area of major concern is presented in Figure 4.9.2.2 as having a pink AEM signature. This is a
body of highly saline groundwater that, at RN037216 has a 14C date of 16740Bp, which is still old
water.



Figure 4.9.2.2. Elevation over AEM for Floodplains of Project Area (sourced from FellSmith 2011)

In the cross section in Figure 4.9.2.3 the termination of the saline groundwater body abuts the
dolerite intrusion, these acts as a barrier with the full explanation of the figure appearing below it.
Of concern is the apparent 'leakage' of highly saline water from the more transmissive Mesozoic
sediments toward the fresh groundwater. If over extraction of groundwater occurs to the SW of the
saline water then there is the possibility of down gradient flow of saline water out of the
metasediment palaeoridge system and into the fresh water aquifer.
The recent report on the aquifer (NRETAS 2011) suggests future monitoring and further
investigations are required to determine the change and extent of saline water within the aquifer.
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Figure 4.9.2.3. Elevation over AEM for Floodplains of Project Area (sourced from FellSmith 2011)

4.10.

Spring flow and condition

Streams within the Study Area are relatively small, predominantly perennial and are highly
responsive to the annual wet/dry cycle of rainfall. The proportion of total wet season rainfall that
flows in these streams can vary between 19 and 70% depending on local conditions (Haig &
Townsend 2003). Urbanisation for example can double the amount of surface runoff from a
catchment.
Stream flow increases in proportion to rainfall with recessional flows supplemented to varying
degrees by shallow groundwater discharge. In some instances the groundwater flow source shift
from shallow groundwater (Cretaceous aquifer) to the deeper dolomite aquifer-fed baseflow. This
shift is marked by a measurable shift in water quality measured in the high electrical conductivity
and amounts of bicarbonate, calcium and magnesium (Tien 2006). The aquifer-fed baseflow can
sustain surface flow conditions for several months if not continuously over the dry season. Figure
4.10.1 provides a conceptual illustration of the wet and dry season hydrological cycle for the
Howard River (extracted from Woodward et al 2008).

SINCLAIR KNIGHT MERZ
I:\DBIF\Projects\DB05629\Deliverables\Outdocs\R01NRETASAB5629.docx

PAGE 50



Figure 4.10.1 Howard River Wet and Dry Season Water Cycles (Extracted from
Woodward et al 2008, Diagram by Adam Liedioff, CSIRO)

Table 4.10.1 lists the eight dolomite aquifer-fed springs within the Study Area and their terrestrial

and in-stream receiving environments (Tien 2006). Their locations are illustrated in Appendix 1
Figure 4.6. Another possible site is identified by Jolly (1985 in Yin Foo 2004) is "The Narrows"

river bed spring in the Adelaide River. The influence of the dolomite aquifer at this site remains as
yet unverified.
The springs experience greatest flow during the mid to late wet season when groundwater levels
are at their highest. At Black Jungle the water quality changes as the dry season progresses and the
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groundwater source changes as indicated by increasing EC from the Cretaceous aquifer to the
deeper dolostone aquifer (Fell-Smith 2011).
It is difficult to typify the stream water quality of the springs due to the small data available. Tien
(2006) presents some data from field investigation in 2005 and summarises EC and pH for Melacca
Swamp and Banka Springs recorded in 1999 and 2005 (Table 4.10.2).
Howard Springs and Howard River are the most significance groundwater fed surface water
features within the Study Area and their flow characteristics and condition are subsequently
discussed in more detail in this section. Graph 4.10.3 from Tien (2006) illustrates the groundwater
flow discharge from Howard Springs in 2000 following full recharge of the aquifer during the
1999/2000 wet season. Flow did not cease and maintained a flow of 0.031 m3s-1 at the end of the
dry season.
At Howard Springs the groundwater has a carbonate signature all year round as it is derived
directly from the dolostone aquifer beneath. Groundwater moves upward through a predominantly
sandy layer driven by regional pressure in the system (Fell-Smith 2011).
Howard Springs first ceased to flow in 2002 and has done so most years since (Fell-Smith 2011).
Development of Rural Blocks in Howards Springs North has directly influenced the drawdown of
the groundwater table. The spring ceases to flow when the groundwater level reaches 6.71m below
ground surface (Graph 4.10.4).
Flows within Howard River are measured at the gauging station G8150179, 10m upstream of Iron
Bridge on Gun Point Road. The river typically has a minimal baseflow fed by the dolomite aquifer
and maintained throughout the dry season. In recent years however the river was observed to cease
flow5. Since a level gauge was established in 1962 the largest recorded flow occurred in March
1997 with a height of 1.3m above the level of the stream bank.
Graph 4.10.5 illustrates the electrical conductivity (EC) measured over 5 months between March

and July within Howard River in 2005. Increasing from an EC of ~50 µScm-1 to 383 µScm-1 over
this period, Tien (2006) reports an evident contribution from the dolomite aquifer sustaining flow
for the month of May.

5

NRETAS telemetereds datasets
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Table 4.10.1 Dolomite aquifer fed springs within the Study Area and receiving
environment (Tien 2006)
Site
# of springs
Flow gauge
Recievement

Melacca Creek Spring

1

G8175079

Melacca swamp and
Melacca Creek

Banka Spring

1

G8175088

Banka Spring Creek

Hollands Creek

1

G8170064

Hollands Creek and
Black Jungle Swamp

Black Jungle Creek

1

G8175014

Black Jungle Creek
and Black Jungle
Swamp

Black Jungle Spring

1

G8175015

Black Jungle Swamp

Howard Springs

1

G8155087

Howard Springs
Reserve and
recreational pools

Howard River (inflow)

4

G8155309

Howard River

Howard River (Koolpinyah Station)

1

G8175079

Howard River

Table 4.10.2 Discharge, EC & pH for Melacca and Banka Springs(Tien 2006)
Discharge
EC
pH
Date
3 -1
-1
ms
μScm

08/6/1999
01/7/1999
10/8/2005
15/9/2005
08/6/1999
01/7/1999
10/8/2005
15/9/2005

Melacca Swamp (G8175079)
0.768
237
0.564
261
0.158
318
0.085
310
Banka Spring (G8175088)
0.079
233
0.043
292
0.003
335
0.0005
349

8.0
7.5
7.27
7.14
8.0
7.7
7.5
6.80
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Graph 4.10.3 Transition of discharge rate (m3s-1) from wet season to dry season in the
Howard Springs spring in 2000 (Tien 2006)

SINCLAIR KNIGHT MERZ
I:\DBIF\Projects\DB05629\Deliverables\Outdocs\R01NRETASAB5629.docx

PAGE 54



Graph 4.10.4 Standing Water Level (mBG) at Howard Springs bore RN00421 illustrating
cease to flow relationship (Fell-Smith 2011)

Tien 2006 suggests period of
groundwater influence
dominating flows



Graph 4.10.5 Change in EC (µScm-1) between March and July 2005 (Tien 2006)
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Yin Foo (2004) undertook extensive modelling of the hydrogeology of the Study Area to examine
the effects of extraction, as compared with ‘natural’, current (2004) and projected development
scenarios. The modelling indicated that extraction is most likely to impact the Howard River and
Howard Springs and least likely to impact Melacca Creek. The report indicates that flows in
Howard River were reduced by 40% based on the 2004 extraction data. These impacts would be
around 75% under maximum possible extraction rates at the time and likely exacerbated by low
rainfall conditions.
The impact on flow at Howard Springs is less significant in terms of annual total flow. However,
progressively earlier cessation of the end of dry season flows may be expected. Flow in Howard
Springs is less susceptible to the fluctuation in rainfall of individual seasons. Successive years of
poor recharge will adversely affect flows, and "average" flows reduced by up to 30% under the
development regimes. Under the worst case recharge scenarios, (i.e. the low rainfall years of the
late 1960's and early 1990's) the flow reduction is over 80%.
What is evident is the relationship between cease to flow of springs and the decreasing
groundwater levels at the end of the dry season as a result of extraction. This is concluded due to
1) Observations of springs ceasing to flow
2) Recorded changes in spring flow volumes
3) Changes in the depth to water table at the end of the dry season recorded in monitored
groundwater bores within extraction zones
4) Results of regional groundwater models indicating a reduction in spring discharge from
pumping
4.11.

Biodiversity values

Within the Study Area there are a significant number of biodiversity values recognised by both
Northern Territory legislation (Territory Parks and Wildlife Conservation Act) and the
Commonwealth (Environmental Protection and Biodiversity Act), these include vegetation/habitat
types and individual flora and fauna species.
The Shoal Bay Coastal Reserve contains important wildlife habitats for magpie geese and whistling
ducks along with broglas, known to congregate on drying swamps in the mid to late dry season.
Not only does the reserve hold high ecological values but protects areas of cultural significance
with a number of Aboriginal sacred sites located within the reserve.
Black Jungle / Lambells Lagoon Conservation Reserve and Melacca Swamp Conservation Area
provide suitable nesting habitats for saltwater crocodiles. Saltwater crocodiles are a protected
species under the Australian Government’s Environment Protection and Biodiversity Conservation
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Act and the Northern Territory’s Territory Parks and Wildlife Conservation Act (TPWC Act).
Natural Resources, Environment, The Arts and Sport have legislative responsibilities under the
TPWC Act for the protection and management of saltwater crocodiles. Melacca Swamp has some
of the best off-bank breeding habitat for the saltwater crocodile in the Northern Territory; it
contains saline, brackish and freshwater wetlands. Spring flow from Black & Melacca springs
assist in maintaining these environments.
There are four sites listed on the Register of National Estate within the Howard East Study Area;
Girraween Lagoon, Howard River Site, Howard Springs Nature Park and Koolpinyah Spring
Jungle. The Register is a list of natural, Indigenous and historic heritage places throughout
Australia within which sites are classified against eight criteria;















Its importance in the course, or pattern, of Australia's natural or cultural history,
Its possession of uncommon, rare or endangered aspects of Australia's natural or cultural
history,
Its potential to yield information that will contribute to an understanding of Australia's natural
or cultural history,
Its importance in demonstrating the principal characteristics of: (i) a class of Australia's natural
or cultural places; or (ii) a class of Australia's natural or cultural environments
Its importance in exhibiting particular aesthetic characteristics valued by a community or
cultural group
Its importance in demonstrating a high degree of creative or technical achievement at a
particular period
Its strong or special associations with a particular community or cultural group for social,
cultural or spiritual reasons
Its special association with the life or works of a person, or group of persons, of importance in
Australia's natural or cultural history

In addition to NT and Commonwealth Legislations Bilateral Migratory Bird Agreements exist
relating to the conservation of migratory birds between Australia and nearby countries, these
include terrestrial, water and shorebird species. We are signatories to several international
Migratory Bird Agreements, they include: Japan-Australia Migratory Bird Agreement (JAMBA),
China-Australia Migratory Bird Agreement (CAMBA) & Republic of Korea-Australia Migratory
Bird Agreement (ROKAMBA).
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4.11.1.

Sites of Conservation Significance

The high diversity is evident as over half of the study area fall within Sites of Conservation
Significance (SOCS); Howard Sand Plains, Adelaide River Coastal Floodplain and Shoal Bay
(Appendix 1 Figure 4.11.1). SOCS have been established as a result of the increasing recognition
within the community for additional off-reserve conservation sites to protect the Northern
Territories biodiversity.
Significance ratings are given to five major conservation values; Threatened Species, Endemic
Species, Wildlife Aggregations, Wetlands and Flora. Where a site is rated as being of international
significance for one or more of the 5 criteria, it is given an overall International Significance rating;
this is likewise with National Significance rating. All 3 sites within the Howard East Study Area
are of International Significance (Table 4.11.1). A brief summary of each site is provided below
and further information can be sourced on the NRETAS website
http://www.nt.gov.au/nreta/environment/conservation/list.html.
At present SOCS do not pose any regulatory or legislative protection above that of the existing
threatened flora and fauna, although they have an obligation to ensure further steps are taken to
manage conservation values at each of the sites.


Table 4.11.1 Sites of Conservation Significance Ratings
SOCS Criteria
SOCS
Site name
Wildlife
Status Threatened Endemic
Species
Species Aggregations
Adelaide River
Coastal Floodplain
Howard sand
plains
Shoal Bay

INT

INT

INT

INT

INT

INT

REG

Wetlands

Flora

INT

NAT

NAT

REG

REG

NAT

INT

NAT

REG

Howard Sand Plains
The Sand Plains of Howard East represent a number of habitats forming on sandy substrates such
as wetlands, swamps and shallow lagoons. The sand plains are usually associated with rivers and
creeks, host a number of unique and threatened plant and animal species, and support distinctive
vegetation types of grevillea heath and paperbark forest (NRETAS n.d. [a]). There are 4
internationally recognised species within the Howard Sand Plains; Habenaria rumphii,
Ptychosperma macarthurii, Typhonium taylori and the Northern Quoll Dasyurus hallucatus.
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Although not internationally recognised the Howard River Toadlet (Uperoleia daviesae) was
discovered in 2000, and is only known from the Howard and Elizabeth River catchments (Ward
2006) and appears to be confined to the seasonally flooded sandy plains within this site.

Adelaide River Coastal Floodplain
The Adelaide River Coastal Floodplain encompasses the eastern most boundary of the Study Area
comprising a mix of tidal and seasonal freshwater wetland habitats. Sedge and grasslands dominate
these habitats, ringed by open woodland and pockets of monsoon forest. The floodplain provides
nesting habitat to significant numbers of migratory birds such as Magpie Geese and WhistlingDucks. Mangroves in the lower reaches of the Adelaide River hold the largest water bird breeding
colony in the Northern Territory. In addition there are 8 internationally recognised threatened
species, as listed below:
Plants


Cycas armstrongii



Xylopia sp. Melville Island (alias Xylopia monosperma)



Luisia teretifolia



Ptychosperma macarthurii

Vertebrates


Australian Bustard Ardeotis australis



Emu Dromaius novaehollandiae



Partridge Pigeon Geophaps smithii



Yellow Chat (Alligator River subspecies) Epthianura crocea tunneyi



Northern Quoll Dasyurus hallucatus



Yellow-spotted Monitor Varanus panoptes



Merten's Water Monitor Varanus mertensi



Freshwater Sawfish Pristis microdon



Speartooth Shark Glyphis sp. A



Northern River Shark Glyphis sp. C

Shoal Bay
The tidal flats at the mouth of the Adelaide River is a major undisturbed element of Shoal Bay
Conservation Site; the extensive tidal flats provided a significant nesting and feeding ground for
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migratory shorebirds in their non-breeding season. Water birds seek refuge on small freshwater
wetlands inland of the tidal flats late in the dry as the coastal floodplains dry out. There are 14
recorded Threatened Species of international significance, as listed below:
Plants


Cycas armstrongii



Ptychosperma macarthurii



Utricularia dunstaniae

Vertebrates


Australian Bustard (Ardeotis australis)



Gouldian Finch (Erythrura gouldiae)



Red Goshawk (Erythrotriorchis radiatus)



Northern Quoll (Dasyurus hallucatus)



Merten's Water Monitor (Varanus mertensi)



Yellow-spotted Monitor (Varanus panoptes)



Flatback Turtle (Natator depressus)



Olive Ridley Turtle (Lepidochelys olivacea)



Dwarf Sawfish (Pristis clavata)



Green Sawfish (Pristis zijsron)

Invertebrates


Dodd’s Azure Butterfly (Ogyris iphis)

Despite the fact that this site contains the highest number of threatened species it also the site most
threatened by recreational activity and urbanisation to the areas as swamps are being drained for
development as Darwin further develops.
4.11.2.

Vegetation

Typical of much of northern Australia and representing just under half of the vegetation types
within the Study Area are the Eucalyptus tetrodonta and E. miniata woodland, mixed with a
sorghum grassland understory. The second most dominant vegetation type is made up of
sedgelands, found on the margins of brackish and freshwater bodies on the coastal plains and
landward margins subject to inundation. A further five communities make up the remaining native
vegetation types including monsoon rainforest, mangroves and melaleuca communities. The
representation of clearing and introduced species is evident covering 3% and 2% respectively. The
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proportional representation of each community is presented in Appendix 1 Figure 4.11.2. The
communities and biodiversity values are discussed further in Section 5
Several communities are associated with surface water, including Monsoon Rainforest, Melaleuca
Communities and Sedgelands. Monsoon Rainforest communities are often represented by Acacia
auriculiformis, Pandanus spiralis, Melaleuca viridiflora, Lophostemon lactifluus. Melaleuca
communities consist of Melaleuca leucadendra, Melaleuca cajuputi, Melaleuca viridiflora and
occasionally Acacia auriculiformis and occur in both open and closed forests often within
freshwater swamps. Sedgelands represent a complex of species, where presence and density of
species are determined by depth and duration of flooding and the degree of salinity. Species include
Sporobolus virginicus, Xerochloa imberbisare, Fimbristylis spp, Eleocharis spp, Ischaemum
australe, Imperata cylindrical and Eriachne burkittii.
12 MELALEUCA
COMMUNITIES
4%

52 INTRODUCED
SPECIES
2%

clear
3%

10 MANGROVES
4%

32 GRASSLAND / SLEDGELAND
3 MONSOON RAINFOREST

50 MELALEUCA
COMMUNITIES
5%

7 MANGROVES

7 MANGROVES
6%
3 MONSOON
RAINFOREST
6%

15 EUCALYTPUS COMMUNITIES

15 EUCALYTPUS
COMMUNITIES
48%

50 MELALEUCA COMMUNITIES
10 MANGROVES

32 GRASSLAND /
SLEDGELAND
22%

12 MELALEUCA COMMUNITIES
clear
52 INTRODUCED SPECIES



Chart 4.9.2 Study Area Vegetation (Data derived from NRETAS Rem Dataset August
2011)

4.11.3.

Threatened Flora

No critically endangered flora species have been reported within the Study Area Table 4.11.3a;
however there are 3 endangered, 5 vulnerable and 20 near threatened species recorded. The full list
of flora species is presented in Appendix 3 Table 4.11.3c, and spatial extents of which are
illustrated in Figure 4.11.3 (Appendix 1). Under the Territory Parks and Wildlife Conservation
Act species that have been classified as endangered or vulnerable are considered to be threatened
wildlife and are given protected wildlife status, these are shown in bold in the Table below,
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additionally Appendix 3 Table 4.11.3b lists the ecological values and threatening process
associated with each of them. The Environmental Protection and Biodiversity Conservation Act
provides a legal framework to protect and manage nationally and internationally important flora,
fauna, ecological communities and heritage places.
A brief description of the 3 Endangered Species are described below, only one is associated with
GDEs, the Ptychosperma macarthurii.


Ptychosperma macarthurii (Macarthur Palm)

Ptychosperma macarthurii is known from the NT, Cape York Peninsula and Papua New Guinea.
Within the Northern Territory it is restricted to wet rainforest patches associated with lowland
springs near the margins of riverine floodplains. The soils typically comprise deep organic clay
loams without humus development. Within the rainforest patches the species will grow in a wide
range of light conditions (Duff et al. 1992; Barrow et al. 1993; Liddle et al. 1996; NRETAS
http://www.nt.gov.au/nreta/wildlife/animals/threatened/pdf/plants/Ptychosperma_macarthurii_EN.p
df).


Typhonium taylori

Typhonium taylori is endemic to the Northern Territory and is known from two localities from the
Howard River floodplain. The species has a very restricted extent estimated to be 200m2 with an
estimated area of occupancy of 20m2 and has a population of between 50 and 100 plants. The
aboveground annual shoots are seasonally dormant, emerging from an underground corm (bulb)
during the wet season. The species occurs in seasonally saturated sandy soil in nutrient poor
grass/sedgeland with occasional Melaleuca viridiflora (NRETAS
http://www.nt.gov.au/nreta/wildlife/animals/threatened/pdf/plants/Typhonium_taylori_EN.pdf).



Habenaria rumphii

In the NT, it has been recorded only from the upper Howard River, Humpty Doo. This species
occurs in open forest and woodland growing amongst grass. It is reported to be prominent in lowlying sites that are partially inundated during the wet season. In the NT, this species has been
collected from a sand-plain adjacent to a spring-fed rainforest. It was previously known as H.
holtzei (NRETAS
http://www.nt.gov.au/nreta/wildlife/animals/threatened/pdf/plants/Habenaria_rumphii_EN.pdf).



Table 4.11.3a Listed flora species for conservation within the Study Area under the NT
Parks and Wildlife Conservation Act and the Commonwealth EPBC Act.
Commonwealth
Figure
Common Name
NT status
Status
ID

Acrostichum aureum

NT

1
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Avicennia integra
Byblis aquatic
Chiloschista phyllorhiza
Citrus gracilis
Crotalaria quinquefolia
Cycas armstrongii
Endospermum myrmecophilum
Freycinetia excels
Grevillea benthamiana
Habenaria rumphii
Hypolytrum nemorum
Luisia teretifolia
Malaxis marsupichila
Nymphoides subacuta
Ophioglossum gramineum
Pentapetes phoenicea
Ptychosperma macarthurii
Rhamphicarpa australiensis
Rhizophora lamarckii
Terminalia sp. Black Point (G.M.Wightman 120)
Tricoryne elatior
Typhonium taylori
Utricularia dunstaniae
Utricularia hamiltonii
Utricularia holtzei
Utricularia subulata
Vittaria ensiformis

NT
NT
NT
NT
NT
V
NT
V
NT
EN
NT
V
V
NT
NT
NT
EN
NT
NT
NT
NT
EN
V
NT
NT
NT
NT

EN

EN

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Critically Endangered (CR); Is considered to be facing an extremely high risk of extinction in the wild.
Endangered (EN); Is considered to be facing a very high risk of extinction in the wild.
Vulnerable (VU); Is considered to be facing a high risk of extinction in the wild.
Near Threatened (NT); Is close to qualifying for or is likely to qualify for a threatened category in the near future.

4.11.4.

Threatened Fauna

Twenty six listed threatened fauna species have been recorded within the Study Area Table
4.11.4a. Of these species one is considered Critically Endangered, two Endangered and a further
nine are listed as Vulnerable. Ecological values and threatening process associated with each of
threatened species is detailed in Appendix 2 Table 4.11.4b. A complete list of Fauna recorded
within the Study Areas is listed in Appendix 3 Table 4.11.4c; these are also presented in
Appendix 1 Figure 4.11.4
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Although many of these species are likely to utilise GDE habitats within the Study Area, it is
unlikely that GDEs represent the primary or cornerstone habitat for their long-term survival. Other
threatening processes such as clearing, changes to fire regime and the arrival of the Cane Toad
(Bufo marinus) are likely to be far more important to their continued presence within the Study
Area than changes to GDEs from groundwater use.



Table 4.11.4a Listed fauna species for conservation within the Study Area under the NT
Parks and Wildlife Conservation Act and the Commonwealth EPBC Act.
Commonwealth Last
Figure
Full Name
Common Name
NT Status
Status
Seen
ID

Acanthophis
praelongus
Acrocephalus australis
Amaurornis moluccana
Ardeotis australis
Burhinus grallarius
Conilurus penicillatus
Dasyurus hallucatus
Dromaius
novaehollandiae
Epthianura crocea
tunneyi
Erythrotriorchis
radiatus
Erythrura gouldiae
Geophaps smithii
Lonchura flaviprymna
Lophoictinia isura
Mesembriomys gouldii
Phaps histrionica
Poecilodryas
cerviniventris
Rattus tunneyi
Rostratula australis

Northern Death Add
er
Australian Reed‐
Warbler
Pale‐vented Bush‐
hen
Australian Bustard
Bush Stone‐curlew
Brush‐tailed Rabbit‐
rat
Northern Quoll

NT

2007

17

NT

2002

4

NT

2005

20

VU
NT

1998
2006

2
8

VU

VU

?

6

CR

EN

2001

18

1979

10

Emu

VU

Yellow Chat
(Alligator Rivers)

EN

VU

2005

26

Red Goshawk

VU

VU

1987

23

Gouldian Finch
Partridge Pigeon
Yellow‐rumped
Mannikin

EN
VU

EN
VU

1970
1998

13
22

1990

25

Square‐tailed Kite

NT

Black‐footed Tree‐
rat
Flock Bronzewing

NT

1988
2001

NT

24
5

NT

2006

11

Buff‐sided Robin

NT

1998

7

Pale Field‐rat
Australian Painted
Snipe

NT

2000

21

2006

3

VU

VU
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Taphozous kapalgensis
Tyto longimembris
Uperoleia daviesae
Varanus indicus
Varanus mertensi
Varanus panoptes
Varanus primordius

Arnhem Sheath‐
tailed Bat
Eastern Grass Owl
Howard Springs
Toadlet
Mangrove Monitor
Mertens' Water
Monitor
Floodplain Monitor
Northern Ridge‐
tailed Monitor

NT

2001

1

NT

1968

9

VU

2005

14

NT

1984

15

VU

2006

16

VU

2008

12

NT

1986

19

Critically Endangered (CR); Is considered to be facing an extremely high risk of extinction in the wild.
Endangered (EN); Is considered to be facing a very high risk of extinction in the wild.
Vulnerable (VU); Is considered to be facing a high risk of extinction in the wild.
Near Threatened (NT); Is close to qualifying for or is likely to qualify for a threatened category in the near future.

4.11.5.

Threats to Biodiversity

Weeds are generally a species that are introduced to an area outside their native range that
subsequently disrupt natural environments to varying degrees. Impacts can include displacement of
native flora and fauna, resource competition, barriers to movement and changes to fire fuel load.
Grassy weeds such as gamba grass (Andropogon gayanus) are of concern because of their potential
to increase fire fuel loads, fire intensity and ultimately changes in community structure. Of the 90
weeds found within the Study Area (Figure 4.11.5.1), 15 of these are declared under the Northern
Territory Weeds Management Act (Table 4.11.5.1a). The declaration of specific weeds establishes
various management actions required under the Act as specified by their class (Table 4.11.5.1b).
Table 4.11.5.1a Weeds declared under the NT Weeds Management Act within the Study
Area
Common Name
Genus species
Class


Barleria prionitis
Water hyacinth
Mimosa
Gamba grass
Olive Hymenachne
Hyptis

Salvinia molesta
Sicklepod
Coffee Senna
Spinyhead Sida

Barleria prionitis
Eichhornia crassipes
Mimosa pigra
Andropogon gayanus
Hymenachne amplexicaulis
Hyptis suaveolens
Jatropha gossypiifolia
Pennisetum polystachion subsp. indeterminate
Salvinia molesta
Senna obtusifolia
Senna occidentalis
Sida acuta

A
A
A,B
ABC
B
B
B
B
B
B
B
B
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Flannel Weed
Snake Weed australis
Snake weed
Grader Grass
Caltrop

Sida cordifolia
Stachytarpheta australis
Stachytarpheta cayennensis
Themeda quadrivalvis
Tribulus cistoides

B
B
B
B
B

Table 4.11.5.1b Management action required for various weed classes as determined
under the NT Weeds Management Act
Class
Management


A
B
C

Declared Weeds ‐ to be eradicated.
Declared Weeds ‐ growth and spread to be controlled.
Declared Weeds ‐ not to be introduced to the Territory. All Class A and B weeds are also
Class C weeds.

Twelve fauna pest species have been recorded within the Study Area (Figure 4.9.5.2). Only three
of these; the cane toad, pig and buffalo, are considered consequential with regards to GDEs of
Howard East.
The cane toad (Rhinella marina) has rapidly and extensively populated the Study Area in the last
decade, commonly utilising any surface water body for breeding. Since their arrival in northern
Australia, there is strong evidence that native fauna numbers are reducing (web:
http://www.nt.gov.au/nreta/wildlife/animals/canetoads/index.html). Of particular vulnerability to
impacts from the toad are snakes and birds of prey as well as the Threatened howard river toadlet
and the Critically Endangered northern quoll, of which is believed to be no longer present in the
region as the last recorded sighting was in 2001.
Wild pigs (Sus scrofa) are also abundant within the Study area and are known to tear up swamp,
riparian and forest areas, removing native vegetation and leaving habitats susceptible for weed
infestations.
Buffalo (Bubalus bubalis) tend to frequent floodplain areas making distinct tracks through
wetlands, creating conduits for weeds and in places saline intrusion. Due to various management
measures such as the fencing of riparian and conservation areas and extensive culling in the 80’s6,
buffalo do not pose the level of threat to ecosystem change that they once did.
One of the greatest threats to Biodiversity is urbanisation and human interference. Urban
development results in the loss of natural habitat, the fragmentation of remaining habitat, and the

6

Culling was undertaken as part of the Brucellosis and Tuberculosis Eradication Campaign (BTEC)
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introduction of many threats to wildlife, such as vehicle traffic and domestic dogs and cats (UQ
n.d.). Impacts from urbanisation include increased frequency of storm runoff events, especially
small storms, and the higher rates of river rise during the storms. This is of particular ecological
significance, because storm runoff events scour the river channel, thereby modifying the physical
habitat of the river, and remove flora (e.g. attached algae) and fauna (e.g. macroinvertebrates) from
the river (extracted from Haig & Townsend 2003). Pollution from chemical contaminants, bacteria
and viruses to ground, water and air are also contributing factors of urbanisation and human
interference.
4.12.

Land Use

Eight land use classifications have been identified within the Study Area as illustrated in
(Appendix 1 Figure 4.12). The dominant land uses are Grazing; predominantly Koolpinyah Station
(43%), and Residual Native Cover - Crown Land to the north also known as Gunn Point (33%).
Combined wetland areas represent 16% whilst Rural Residential cover and Agriculture represent
only 4% of the area (Chart 4.12). It is evident from this breakdown that ground-water use through
urban demand and agriculture is not well represented by spatial extent of landuse.
Nature Conservation forms a significant component of the landuse within the Study Area and
includes Shoal Bay Coastal Reserve, Black Jungle / Lambells Lagoon Conservation Reserve,
Melacca Swamp Conservation Area, Harrison Dam Conservation Area, Fogg Dam Conservation
Reserve, Howard Springs Nature Park & Howard Springs Hunting Reserve (Appendix 1 Figure
4.1).
Development is restricted from the north and eastern portions of the Study Area by the presence of
Koolpinyah station and floodplains. It is in the western lobe that development is concentrated.
Important implications from this constraint are apparent when the areas of recharge and pumping
influence are overlaid (Appendix 1 Figure 4.6) and discussed in Section 4.6
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6.5.2 Marsh/wetland ‐
production
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5.4.2 Rural residential
2%

4.4.1 Irrigated tree fruits
2%
6.5.0 Marsh/wetland
2%

6.6.1 Estuary/coastal
waters‐conservation
4%

2.1.0 Grazing natural vegetation
1.3.3 Residual native cover
6.5.1 Marsh/wetland ‐
conservation

1.2.4 Landscape
4%

1.2.4 Landscape

6.5.1 Marsh/wetland ‐
conservation
7%

2.1.0 Grazing natural
vegetation
43%
1.3.3 Residual native cover
33%

6.6.1 Estuary/coastal waters‐
conservation
6.5.2 Marsh/wetland ‐ production
5.4.2 Rural residential
4.4.1 Irrigated tree fruits



Chart 4.12 Landuse Classifications within Study Area (Derived from NRETAS Landuse
2008 dataset August 2011)

4.13.

Historical impacts and Ecosystem Health Assessment

“Environmental Health” is a simple term for a broad and complex measure that in many instances
changes over time. Ultimately it refers to an ecosystems capacity to maintain processes, rather than
individuals, within a natural range, generally measured over an extended time period.
Environmental Health is not a fixed state and ecosystems continually respond to natural conditions
through expansion and contraction of range, number and biodiversity.
Some level of stress is essential to maintain healthy environments (i.e. instils robustness/resilience
within populations). It is the capacity of the ecosystem to recover from the frequency and intensity
of a stress event that ultimately determines its long-term health.
Stressors can be infrequent large scale events such as cyclones, more frequent severe or moderate
events such as fires and low rainfall seasons, more subtle but invasive such as weeds or disease, or
once-off and permanent events such as clearing and development.
An example that illustrates the complexity of stress is given by McWilliam (1995) who reported
that extensive disturbance has occurred within the Howard catchment due to sand and gravel
mining and urban development. Clearing is an obvious permanent impact upon the ecosystem;
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however localised changes to surface water hydrology, hot fires, salt water intrusion and acid
sulphate soil generation were also threats identified as related to initial disturbance.
Cyclone Tracy is a good example of the potential impact of cyclones in the region. In December of
1974 Cyclone Tracy hit Darwin and continued its overland path south east through the Study Area
(Appendix 1 Figure 4.13). By world standards, Tracy was a small but intense tropical cyclone at
landfall, the radius of gale force winds being only about 50 km. The central pressure of 950 hPa
was close to the average for such systems, but the winds were unusually strong. The anemometer at
Darwin Airport recorded a gust of 217 km/h before the instrument was destroyed
(http://www.bom.gov.au/lam/climate/levelthree/c20thc/cyclone4.htm).
A study was carried out to determine the effects of cyclone Tracy on Deciduous Vine Thickets in
the Darwin region, it concluded that the damage from Tracy were undeniably catastrophic. Weed
invasion was prolific as there was a severe lack of seedling regeneration post cyclone. Lantana
camara (introduced species) flourished where previous vegetation consisted of relatively few large
trees per unit area with contiguous canopies which were blown over during the cyclone. It is most
probable that in these spots regeneration of the endemic species will be severely inhibited (Fox
1980).
Typical effects of cyclones on the landscape are:





Localised flooding and erosion
stripping of leaves; generally leads to long term recovery and possible changes to community
structure
uprooting trees; generally leads to long term recovery and possible changes to community
structure

Table 4.13 presents an overview of natural and anthropogenic stressors that may impact an

ecosystem health.
Table 4.13 Natural and anthropogenic stressors impacting ecosystem health
Frequency/degree
Stressor
Effects



Infrequent
high-impact

Cyclones

Broad scale destruction and defoliation of vegetation

Moderate frequency,
moderate to low
impact

Buffalo (and cattle?)

Ground compaction, stream bank erosion, spread weeds

Fire

Destruction of vegetation, changes to vegetation structure

Weeds

Competition for resources, changes to vegetation
structure, habitat & biodiversity change

Water use

Changes to vegetation structure, biodiversity and habitat,

Ever-present subtle
and pervasive impact

SINCLAIR KNIGHT MERZ
I:\DBIF\Projects\DB05629\Deliverables\Outdocs\R01NRETASAB5629.docx

PAGE 69

extended cease-to-flow

Permanent

Human impact – 4wd/
trail bike riding

Ground compaction, stream bank erosion, spread weeds

Herbicides?
Pollutants

Changes to stream quality and biodiversity

Clearing

Loss of biodiversity and habitat

Impervious surfaces

Changes to aquifer recharge capacity, surface
water/erosion/sediment effects and localised flooding or
drying out

The assessment of environmental health requires information regarding the condition of the
environment prior to any significant stress (whether natural or anthropogenic). Scientific records of
environmental health within the Study Area are weighted towards the last several decades and
generally address discrete ecosystems based on isolated studies. Climate information and
ecosystem observations are almost non-existent pre-1941 which represents the period of any real
development in the region. Various data exist for surface and ground-water quality, surface water
flows, and flora and fauna that allow some degree of assessment to be made.
The most significant indicators of change are changes in biodiversity and changes in surface water
flows and quality. It appears that outside of direct development impacts, some impacts on specific
ecosystems has been observed (changes in extent, weeds/fire) however on the whole ecosystems
within the Study Area are considered relatively healthy.
4.14.

Future Development

Spatial extents of development area are restricted somewhat by waterlogging and elevation;
therefore impacts of development relate to densification and changes in landuse (such as mining,
horticulture).
In April this year NTG Department of Lands and Planning released The Rural Villages Discussion
Paper. Associated area plans have been developed as part of the Darwin Region Land Use Plan and
suggest creating rural villages at Berry Springs, Humpty Doo, Howard Springs, Coolalinga/Freds
Pass, and Noonamah. The document highlights the significance in minimising the impacts of
continued population growth on the natural environment and the sustainability of groundwater
resources. The report also informs of the unlikely yet potential for direct contamination from
sewerage to the nearby Howard springs (web:
http://www.nt.gov.au/lands/growth/gdr_2030/ruralvillages/index.shtml).
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5. Characterisation, Identification & Significance of
Groundwater Dependent Ecosystems
5.1. Rainforest/Monsoon Vine Forest
Description

Monsoon vine-forests (MVF) are generally highly species rich7 and exist
in a range of conditions across northern Australia. Russell-Smith (1991)
reports that the broad distribution and floristic character of MVF in the
top-end is defined primarily by two environmental gradients: latitude and
topography. The latitude-moisture gradient results in greater floristic
diversity in higher rainfall than in the lower latitude regions. The second
gradient is the topographic-drainage relation particularly illustrated in the
differences between MVF along springs developed on course-textured
soils derived from sandstone and those developed on fine textured
alluvia. Interestingly soil fertility does not appear to be a primary
determinant of MVF vegetation although it may play a role in recovery.
Only one type of MVF is considered to have groundwater dependency
and occur at sites of ground water expression such as springs or
streams. Liddle et al (2008) described these MVF as “spatially separated
from each other, the rainforests form a mosaic of habitat patches
interconnected by mobile fauna, and dependent upon management of
landscape-scale issues such as fire, weeds and water regimes.”
These MVF may have a complex pattern of wet and dry patches within
the rainforest core, with density and species composition reflecting where
groundwater comes to the surface. The main patch includes obvious
seepage while the downstream extension appears to be primarily fed
from surface water flowing from the springs upstream.

Source: Liddle et al. (2006)

Rainforest patches are mosaics of small patches, and occur in small,
isolated populations, with important implication for conservation,
particularly given the high level of disturbance from contemporary fire
regimes and stock or feral animals on rainforests.
Isolated, genetically distinct populations that are regionally endangered.
The Darwin Palm is restricted to wet spring-fed rainforests on the margin
of riverine floodplains near Darwin

Groundwater Dependent
Ecosystem

9

7

135 species of the 650-700 rainforest species are thought to be represented by each rainforest patch
independent of patch size. Russell-Smith (1991)
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Source of Groundwater

Source: Liddle et al. (2008)

MVF are depending on groundwater for their late dry-season water
requirements (Cook at al. 1998, Liddle et al. 2006).
For each rainforest, there is a main patch and a downstream extension.
The main patch includes obvious seepage areas where groundwater
comes to the surface while the downstream extension appears to be
primarily fed from surface water flowing from the springs upstream.
While field observations supported the general trend of drier edge and
wetter rainforest core, on-ground observations indicated a complex
pattern of wet and dry patches within the rainforest core, particularly
Whitewood Road and Black Creek. The wet areas possibly reflect
localised areas where groundwater seeps to the soil surface.
The results show that spring-fed MVF utilised groundwater between 43%
and 50% of their late dry season water requirements in 2007. At a
distance from the core of the forest, there was a reduced contribution of
groundwater to the substrate, and also soil moisture content reached the
limit at the boundary where soil water was no longer available to the
plants, therefore suggesting that the vegetation community is dependent
upon the springs and groundwater extraction is likely to threat the natural
structure and function of the MVF.
Howard Spring being the highly impacted site sourced the most
groundwater but also had a high proportion of large (basal area >3m
2ha-1) trees with relatively high (>50%) groundwater dependence. The
floristic structure of the impacted site may represent recovery from
environmental disturbances in the recent past (60yrs) but may equally
represent a shift in floristics and structure to cope with the decreased
availability of groundwater in the late dry season.
The shape, size and composition of MVF patches are maintained by the
balance between disturbance and the availability of resources.
Disturbance results in patch changes expressed in part as boundary and
internal structural changes (Panton, 1993, Bowman et al. 2001, Banfai
and Bowman, 2006, Bafai et al. 2007). The effects of modified hydrology
through groundwater extraction are yet to be established for MVF in the
NT (Cook et al. 1998). Elsewhere, GW extraction directly affects GDEs
through decreased water availability (Groom et al. 2000).
It is uncertain whether floristic composition differences at different sites is
as a result of scarcity of late dry season groundwater, or as a result of
fire/cyclone Tracey/inability of saplings to progress to adulthood due to
water scarcity. On-going floristic survey and groundwater level monitoring
will need to be maintained into the future to capture any community
changes and identify ‘acceptable’ groundwater draw down level. A shift to
xerophytic communities can result in a decline in conservation value.
Some taxa may prefer shallow soil water, soil water content and water
table variation – these are factors to be considered possibly contributing
to the pattern.
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Floristic structure was linked to proportion of water sourced from
groundwater and total water use, which may itself be a function of
groundwater availability.
Empirical modelling is required to explain how the MVF will respond
under different climatic and groundwater extraction scenarios.
GROUNDWATER USE MODELLING
Data collected by CDU of the three MVFs provides seasonal estimates of
water use and partitions groundwater and surface water for each site,
and the depth to groundwater use relationship. The table on page 106
provides dry season water use for 2008 (mm/d). Whitewood Road, Black
Creek and Banker’s Jungle use 438,000mm/d, 408,000mm/d, and 743,
200mm/d of groundwater, respectively. Groundwater use is
approximately half of the total daily water use of the MVFs. [see table for
exact percentages].
The calibration of the model was not achieved to the sufficient degree,
and so the performance of each MVF under the range of simulated
scenarios cannot be made with any degree of certainty.
The scenarios range from how the MVFs would behave naturally with no
pumping, to full development based on the DPI land use objectives, PWC
Stage 2 borefield fully operational, and reduced rainfall with the current
level of pumping.
It can be expected that increased development and therefore
groundwater extraction can be expected to reduce baseflow to surface
water drainage. Despite limitations of the model, there are indications
that impacts to groundwater levels would eventuate with various pumping
scenarios and if reduced rainfall occurs.
The model requires further development in particular areas, as
anomalous and unusual outputs occurred. The results are only possibly
indicative, as the model undergoes modification and new information
becomes available and interpretations are revised.
Infiltration of saline waters from the near coastal environment into the
aquifer system was also modelled based on water levels.

Source: Liddle et al. (2006)

In a study of water balance of the tropical woodland ecosystems in the
Howard River Catchment (Cook et al. 1998), the study concluded that the
small patches of rainforest and Melaleuca swamp forests are sustained
by groundwater through-flow from recharge areas dominated by
Eucalyptus savannas. Increased development (i.e. number of bores) has
affected groundwater levels over recent decades. Around 10% of
Darwin’s water supply is pumped from the local Howard East Borefield
(Haig and Townsend, 2003), with the closest bores 1.5km from
Whitewood Road forest. Modelling of drawdown due to rural
development showed a 3m lowering of the level of water table at
Whitewood Road at the end of the dry season (Fig. 19, Haig and
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Townsend, 2003).

Values

Typical dominant species: Syzygium nervosum, Acacia
auriculiformi,Carpentaria acuminate, Flagellaria indica, Livistona
benthamii, Terminalia microcarp, Nauclea orientalis

Threatened Species Endangered


Ptychosperma macarthurii – wildfires, feral animals

Threatened Species Vulnerable

Conditions(Health/Status)

Source: Liddle et al. (2008)



Freycinetia excels – Wet lowland rainforest and spring-fed
rainforests in sandstone gullies



Luisia teretifolia – Margins of monsoon rainforests; in other parts
of its range, it is reputedly more common in coastal and near
coastal habitats, including mangroves



Malaxis marsupichila – Forms colonies in sandy or clay soils
rich in leaf litter. It favours protected shady locations in moist
soils along the edges of patches of monsoon rainforest and also
in littoral rainforest



Mertens’ Water Monitor (Varanus mertensi) – semi-aquatic
monitor seldom seen far from water. Accomplished climber and
can be seen climbing on rocks or trees near water, often
basking on branches overhanging the water or on rocks midstream.

Whitewood Road - the most heavily modified site exists on tributary
immediately adjacent to Howard River and the spring at this rainforest is
the major source of surface water flow in Howard River late in the dry
season. The catchment of the tributary has been heavily modified for
rural residential living (small blocks about 5 acres or 2ha) with a range of
modification from intact bush to mango orchard. Stage 1 of the Howard
East bore fields lies nearby, to the south of this rainforest.
Black Creek Rainforest: Intermediately impacts. Located near eastern
boundary of Black Jungle Conservation Reserve Rain and is in proximity
to areas used for horticultural production in the Lambells Lagoon area.
The groundwater aquifers are an important source of water to the
horticultural crops in the area.
Bankers Jungle: on Koolpinyah Station is the least modified with the
primary land use being pastoral production. A low level of native
vegetation clearing has occurred in the catchment and a few bores have
been established to extract water for stock.
Pre extraction disturbance 1941-1983
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Aerial photography and hi res sat imagery and analysed with GIS. This
showed ungulate and cyclone damage during pre-GW extraction period f
1941 to 1983, resulting in reduced MVF expansion rates and increased
canopy gapiness.
Post extraction disturbance 1983 - 2005
Whitewood Road Post –gw extraction was dominated by fire at
Whitewood Road, which could have been compounded by increased
drying in MVF from gw extraction and proximity to urban development
and associated high fire frequency. Climate and fire management
through control could have counteracted the gw extraction.
Post gw extraction canopy decline at Whitewood Rd was equivalent to
damage from Cyclone Tracy.
Black Creek Rainforest expanded and remained quite stable,
respectively
Bankers Jungle expanded and remained quite stable, respectively

Source: Liddle et al. (2006)

The monitoring data reveals a declining population. The population at
Whitewood Road has declined with a loss of 60% of adult plants between
1990 and 2000. Structural integrity of the rainforests with increased
gapiness and increased direct sunlight to the forest floor provides
habitats for weeds, and therefore fuel for fires which could cause further
damage. Feral animal eradication programs during the 1990s eased
pressure on the populations of Darwin Palm and are a potential
explanation for the survival of a cohort of juvenile Darwin Palm and
growth into small adult classes.
The combined pressure of fire and feral animal disturbances can have
the potential to cause extinction of Darwin Palm populations long-term.

Source: Barrow et al. (1993)

Damage to rainforest patches by feral animals, weed invasion and
contemporary fire regimes, and the effects on the endangered palm
species, Ptychosperma bleeseri.
The demographic structure of populations shows significant gaps, in
either seedlings or sub-adult size classes or both. This is either due to
pressure from fire regimes and feral animals, or due to natural changes
to species recruitment, which is less likely for several reasons.

Source: Fox (1980)

Study looked at cyclone damage at East Point and Lee Point, and an
undamaged rainforest at Gunn Point for comparative floristic and
structural studies.
The aim of the paper is to provide data on the floristics of rain forest
communities in the Darwin area, and to discuss the effect of cyclone
‘Tracey’ on the selected areas listed above.
The damage to the relict patches of rainforest in the Darwin area during
cyclone ‘Tracy’ was undeniably catastrophic. Weed invasion was prolific,
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as there was a severe lack of seedling regeneration post cyclone.
Lantana camara (introduced species) flourished where previous
vegetation consisted of relatively few large trees per unit area with
contiguous canopies which were blown over during the cyclone. It is most
probable that in these spots regeneration of the endemic species will be
severely inhibited.

Location

Appendix 1 Figure 5.1

Threats / Sensitivity

Spatial patterns of boundary change showed that springs created a low
flammable environment and helped maintain the structural integrity of the
MVF by creating a ‘fire-resistant’ boundary. So actions like GW extraction
that compromise the strength and extent of the spring may reduce the
ability of the MVF to repel fire and result in boundary retreat and/or
community changes.

Source: Liddle et al. (2008)

Source: NRETAS. (nd)

Fire and feral animals have been the greatest threats impinging on the
populations in the 1990s. Wildfires at Whitewood Road and Black Creek
resulted in substantial mortality of populations. Threats from changes in
fire regimes, land use, surface water quality and quantity, the number of
clearing proposals, and hybridisation with introduced Ptychosperma
species also pose potential threats to current populations.
Priority conservation actions include protecting the habitats from fire and
introduced animals, in conjunction with ongoing monitoring on the
response of the populations to these protection measures, and research
into water supply requirements of the spring-fed rainforests.

Source: WEB (nd)

Russell and Stanton (2002) conclude that the impact of fire across the
rainforest of northern Australia over the past several million years
occurred in low-rainfall periods (just prior to the Holocene) and burning
by Aboriginal people altered vegetation cover and therefore rainforest
expansion in the Holocene.

Source: Liddle et al. (2006)

There is a need for ongoing control of introduced animals to conserve
populations of Darwin Palm.
The issue of fire is not just based on contemporary fire management
regimes, but the fundamental drying of rainforest patches (and spread of
weeds) due to changes in hydrology, particularly the extraction of
groundwater.

Source: YinFoo (2004)

Modelling of different development scenarios concluded that landuse has
minimal impact on Melacca Springs and Banker Spring.

Source: Barrow et al. (1993)

Improved management is required to secure the species that has
survived due to conservation efforts and population introduction into
existing rainforests in the Top End of N.T. Requirements include control
of introduced animals, and fire protection control.
No suggestion of water management control in this study – or effects of
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groundwater drawdown from rural development.

Source: Russell-Smith and
Bowman (1991) study based
on Russell-Smith (1991)
Classification, species richness, and
environmental relations of monsoon
rain forests in northern Australia.

Fire management practices throughout the Top End region, and the
effect of livestock impact are thought to have the greatest impact on the
integrity of small rainforest isolates scattered through the savannas of
monsoonal northern Australia.
Relevant studies exploring the minimum viable population sizes of
keystone taxa, genetic exchange between populations, and the biology
and conservation status of vectors have yet to be undertaken.
The study does not reflect on hydrology of the rainforest patches.



Table 1.2 Summaries of conclusion from rainforest boundary and structure change,
Chapter 2 - Liddle et al. (2008)

Post 1990
Fires within 100m
Some more than 50%
boundary
# Bores
Impacts of Ungulates
(density of animal tracks)
Mean range GW level
Cyclones
Annual average rainfall
Impact fence lines, roads
& firebreaks
Land Tenure

Whitewood Road

Black Jungle

Bankers Swamp

↑ highest

↑

↓

↑

↑

↑

Greatest 1963

Greatest 1963

Greatest 1983

↑

↓

↓

↑

↑

↑

Significantly, positively correlated to the change in area of MVF and the density of
animal tracks
Pastoral till 1985 now
Freehold land
Freehold land
Freehold land
Fenced & managed for
Fenced & managed for
Fenced & managed for
fire and feral animals
fire and feral animals
fire and feral animals
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5.2. Riparian Vegetation
Description

Riparian land is any land that adjoins or directly influences a body of
water. It includes:

Source : Price & Lovett (2002)


the land immediately alongside small creeks and rivers,
including the river bank itself;



gullies and dips which sometimes run with water;



areas surrounding lakes; and

Wetlands and river floodplains which interact with the river in times of
flood.

9

Groundwater Dependent
Ecosystem
Source of Groundwater
Source : Tien 2006

In the Darwin Region Perennial flows in rivers is sustained by
groundwater discharge. In the dry season, baseflow originating from the
dolomite aquifer gradually replaces surface runoff.
Springs are determined as streams still flowing after August, when flow
from laterite sources has typically ceased. The flow of springs is
maintained by groundwater emerging from the mottles zone or the upper
fractured surface of the weathered Lower Proterozoic rocks.

Source : O’Grady et al 2006

Sources of water in transpiration can vary spatially (Dawson and
Ehleringer 1991; Thornburn and Walker 1993) or temporally (Zencich et
al. 2002). Riparian forests have three potential sources of water for
transpiration. First, they may access water in the upper non-saturated
profile derived from recent rain events. Second, they may access
groundwater at depth via the capillary fringe above an unconfined
aquifer. Third, they may access river water present in the riverbank,
which itself is a complex mixture of groundwater and rain water in the wet
season but may be predominantly groundwater in the dry season.

Source: Lamontagne et al 2005

Groundwater was a significant source of water for plant transpiration,
probably accounting for more than 50% of the water transpired during the
dry season. Groundwater use occurred either when trees used water
from the capillary fringe or when low ψm induced by soil water uptake
lifted groundwater in the vadose zone.

Conceptual Diagram
Values

The temporal variability in groundwater utilisation by the trees is unclear
because the study focused on the end of the dry season only
Refer to Figure 4.10.1
Typical dominant species: Pandanus spiralis, Acacia auriculiformis,
Syzygium armstrongii, Carallia brachiatta and Melaleuca leucadendra.
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Source : NRETAS

Threatened Species Vulnerable


Australian Bustard (Ardeotis australis) – Migratory - preferred
habitat grassy woodland. Respond readily to fire (diet)



Red Goshawk (Erythrotriorchis radiates) – preferred habitat is
tall open eucalypt forest and riparian areas conspicuous basket
shaped stick nest is typically placed in large trees near
watercourses



Emu (Dromaius novaehollandiae) – low densities in Top End.
Migratory – food & water resources Mertens' Water Monitor
(Varanus mertensi)



Yellow-Spotted Monitor/ Northern Sand Goanna/ Floodplain
Monitor (Varanus panoptes) – Robust ground dwelling monitor
occupying a variety of habitats, including coastal beaches,
floodplains, grasslands and woodlands



Mertens’ Water Monitor (Varanus mertensi) – semi-aquatic
monitor seldom seen far from water. Accomplished climber and
can be seen climbing on rocks or trees near water, often
basking on branches overhanging the water or on rocks midstream.

Although many of these species are likely to utilise GDE habitats within
the Study Area, it is unlikely that GDE represent the primary habitat for
their long-term survival therefor not crucial for their existence.

Conditions(Health/Status)

No nformation relating to assessments of the riparian systems health has
been carried out in the study area.

Location

Appendix 1 Figure 5.2

Threats / Sensitivity

Development and the use of groundwater for consumptive purposes
could have a marked effect on stream water quality during the dry
season by altering the relative contribution of water from aquifers and
differing quality.

Source : Anh Tho Tien 2006

Source: Lamontagne et al 2005

Long term lowering of the water table may reduce biodiversity in the
riparian zone by promoting a gradual change towards species less
dependent on groundwater
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5.3. Sandsheet Heaths
Description

Sandsheet heaths are a high biodiversity, low nutrient ecosystem. The
upper storey is dominated by Grevillia and Banksia species with
understory of carnivorous plants, predominantly underwater during wet
season shifting to a dry phase with completely sparse lower strata.
Although not formally listed as a threatened community, seasonally moist
sandsheets that support a heathland or wet herb field are highly
restricted, and are identified as an ‘at-risk’ ecosystem within the Darwin
coastal bioregion. They have recently been recognised Internationally
and now listed as Site of Conservation Significance due to their high
diversity.
Sand-sheet Heaths are also typically associated with monsoon
rainforests, wetlands, and riparian vegetation, which are all restricted
vegetation types in the Northern Territory, and hotspots for biodiversity.

Groundwater Dependent
Ecosystem
Source of Groundwater

Presumed Recharge Areas

8
There is limited information associated with the Sandsheets Heaths and
its relationship with Groundwater. It is assumed that Sandsheet Heaths
resemble Paperbarks Swamps in that they are maintained by surface run
–on and local rains, which ponds and infiltrates slowly through the wet
season and into the early dry. Though unlike Paperbark Swamps it is
presumed there is no impermeable clay substraight and therefore not a
perched systems and would therefore provide recharge to the regional
aquifer from run-on from higher elevations
It was once presumed that Sandsheet Heaths play vital role in
Groundwater Recharge though recent studies seem to contradict this.
Though it is possible that continuous extraction occurring in these areas
are counteracting the contributions its recharge.
Further research needs to be carried regarding the dynamics and role in
which Sandsheet Heaths play in the Groundwater Aquifer.

Conceptual Diagram

Assumed to be similar to Paperbark – refer to Section 5.3

Values

Typical dominant species: Melaleuca nervosa, Grevillea pteridifolia,
Banksia dentate and Verticordia cunninghamii
Provides valuable water source and refuge for migratory species during
wet seasons
Threatened Species – Endangered


Habenaria rumphii – In the NT, it has been recorded only from the
upper Howard River, Humpty Doo. It is reported to be prominent in
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low-lying sites that are partially inundated during the wet season. In
the NT, this species has been collected from a sand-plain adjacent
to a spring-fed rainforest


Typhonium taylori - endemic to the region, and positively known
only from the type locality on the edge of the Howard River
floodplain

Threatened Species – Vulnerable






Conditions(Health/Status)
Source: NRETAS (n.d)

Location

Howard River Toadlet (Uperoleia daviesae ) confined to sandy
inundated areas in adjacent river catchments (Howard and
Elizabeth)
Utricularia dunstaniae (WA/NT Only) - grows in wet sand, often in
shallow water, Melaleuca nervosa woodland or Verticordia
shrubland. It occurs in slightly wetter micro-habitats than other
sympatric Utricularia species.
Australian Painted Snipe (Rostratula australis) - shallow, vegetated,
freshwater swamps, claypans or inundated grassland - feed at the
water’s edge and on mudflats, taking seeds and probing for
invertebrates

Large portions of the Site have been cleared, mined for sand and gravel,
disturbed by roads and or planted with exotic trees or crops. Disturbance
by recreational users, weed invasion and frequent fires are occurring in
many areas.
Appendix 1 Figure 5.3

Threats / Sensitivity

If development were to occur in these recharge areas then the pervious
areas would be reduced therefore limiting the amount of recharge to the
aquifer. We are already witnessing early cease to flow and with added
pressures of GW use in the region intake areas should also be protected
for future sustainability of the aquifer. If intake areas are reduced then
existing pressures will only compact on GW availability.

Source: NRETAS (n.d)



Land clearing for mineral extraction and rural and agricultural
expansion is currently the most significant management issues
affecting the conservation values of the Howard sand plains.



Vegetation fragmentation and hydrological change in the catchment
are also likely to be affecting susceptible swamp and rainforest
habitats.



Recreational misuse of these sensitive environments is increasingly
apparent as the population of Darwin continues to grow. This
includes fire-bug activity in the region, leading to increased
frequencies of fires in some areas. Exotic grasses are becoming
more widespread and fuelling hotter and more destructive fires.



Water buffalo and feral pigs have had a large impact on many
rainforest and wetland habitats around Darwin. Although ongoing
control is required, there has been a substantial reduction in
numbers in recent years. Pest animals in the area include feral cats,

Source: Caring for our Country,
Natural Resource Management
(n.d.)
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domestic dogs, rats and mice. The full impact of cane toads on local
ecosystems is not known


Exotic pasture grasses, especially mission grasses (Pennisetum
spp.) and gamba grass (Andropogon gayanus), are spreading
rapidly in the Darwin region and have the potential to seriously
affect the fire regime and integrity of natural habitats



Affected by urban and agricultural expansion associated with growth
in Darwin, and they are not currently protected under the Northern
Territory Land Clearing Guidelines.

5.4. Paperbark Swamp Forests
Description

Typical dominant species: Melaleuca viridifolia low open forest to low
woodland swamp with Pandanus spiralis, Lophostemonlactifluus
occasional Melaleuca cajuputi, floating and emergent herbs which largely
disappear during dry season. Provides valuable water source and refuge
for Migratory species including water fowls, flying foxes & honey eater

Source: Hatton et al. 1998

Paperbark (Melaleuca viridifolia) swamps form a relatively minor fraction
of the natural landscape of the Howard River basin, occupying small, low,
run-on sites within the surrounding savanna woodland. These swamps
are driven by surface run-on and local rains, which ponds and infiltrates
slowly through the wet season and extending approximately two months
into the dry season.
The shallow groundwater system which develops is perched on a layer of
low permeability, resulting in limited recharge to the more regional aquifer
flowing from under the surrounding savanna woodland.

Groundwater Dependent
Ecosystem

8
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Source of Groundwater
Source: Cook et al. 1998

During the wet season, standing water levels rise up to 1m above the
ground surface, and the swamps are generally inundated between
December and June.
Transpiration of the paperbark trees was determined to be approximately
300mm during the period of inundation (December through June) and
240mm during the remainder of the year (July through November). Direct
evaporation of surface water during the wet season and soil evaproation
during the dry season may account for a further 420mm and 100mm
respectively.
The watertable beneath the paperbark swamp is above the land surface
and for much of the wet season. During the dry season, the watertable
beneath the swamp fall to around 2.5 m depth, but appears to be
elevated above the watertable level beneath the surrounding eucalypt
savanna. The low conductivity soils beneath the swamp appear to
maintain a perched water table here. The available soil water between
saturation and wilting point to a depth of 2.5m is estimated to be 340mm.
The difference between field capacity and wilting point over the same
depth interval is 240mm. Hence, so long as a reduction in the regional
water table does not affect the development of the perched layer beneath
the swamp, then the soil moisture store beneath the swamp should be
sufficient to satisfy the evapotranspiration demands of the paperbarks
during the dry season. Additionally, stable isotope concentrations in
groundwater beneath the swamp are distict from thouse beneath the
eucalypt savanna suggesting that there is a net recharge beneath the
paperbark swamp, and that the groundwater suplus from the eucalypt
savanna does not discharge to the swamps.

Conceptual Diagram

Values

Threatened Species – Endangered

Source: NRETAS Biodiversity
Datasets 2011



Typhonium taylori - endemic to the Northern Territory, and positively
known only from the type locality on the edge of the Howard River
floodplain
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Threatened Species – Vulnerable


Utricularia dunstaniae (WA/NT Only) – grows in wet sand, often in
shallow water, in Melaleuca nervosa woodland or Verticordia
shrubland



Australian Painted Snipe (Rostratula australis) - shallow, vegetated,
freshwater swamps, claypans or inundated grassland - feed at the
water’s edge and on mudflats, taking seeds and probing for
invertebrates



Red Goshawk (Erythrotriorchis radiates) – preferred habitat is tall
open eucalypt forest and riparian areas conspicuous basketshaped
stick nest is typically placed in large trees near watercourses

Conditions(Health/Status)



As Hatton et al 1998 there is an absence of observations on the
health of paperbark swamps in the presence of groundwater
pumping. There is limited information relating to the current health of
these swamps in the Howard East region.

Location

Appendix 1 Figure 5.4

Threats / Sensitivity

The conditions under which this system might be vulnerable to
groundwater pumping from the regional aquifer system are:

Source: Hatton et al. 1998



The permeability at depth is sufficient to drain away the perched
system and sufficiently the period of unsaturated conditions beyond
the capability of the current rooting zone to supply sufficient water to
the trees



The rooting zone of the trees cannot increase the depth over which
they extract water by an additional metre given the above decrease
in water levels.

As in Cook et al. (1998b), we conclude that the water holding capacity
between field capacity and the permanent wilting point, which would be
unaffected by groundwater pumping, is relatively large compared to the
needs of the trees during the dry season. This provides a potential buffer
to development impacts. This is similarly coupled with the observation
that the system fills from the top down, and that this process would also
be unaffected by pumping

5.5. Lagoons (Perched)
Description
Source: Haig and Townsend
2003

Lagoons are permanent or seasonal wetlands that form in shallow
depressions where rainwater and wet season run-off collect. A layer of
impermeable organic mud and clay restricts or prevents seepage into the
groundwater so that water is retained for some time after the water table
recedes in the dry season
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Groundwater Dependent
Ecosystem

8

Source of Groundwater

The lagoons occur in regional superficial Cretaceous sediments lying
mainly above, but not exclusively, Proterozoic dolomite. Two explanations,
which are not mutually exclusive, have been proposed for the origin of the
lagoons. One is the subsidence of the Cretaceous sediments above
dolomitic solution holes. The second is they occur as a result of the
dissolution and collapse of kaolinised Cretaceous saprolite associated with
lateritisation (McFarlane et al. 1995). It is thought that in the wet season,
these lagoons are connected to a shallow groundwater aquifer with a water
table that lies above the lagoons in the wet season. In the dry season
however, the water table falls below the lagoon water levels, with water
being retained in the lagoons due to a semiimpermeable or impermeable
layer of organic material and clay, resulting in them becoming “perched”
above the water table. This layer reduces the seepage of water from the
lagoon to the lower water table (Haig and Townsend 2003). No data,
however, has been collected to support this hypothesis to date but will be
presented in this report

Source: Shultz & Welch 2006

Conceptual Diagram
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Values
Source: Shultz 2004
Source: NRETAS Biodiversity
Datasets 2011

Conditions(Health/Status)
Source: Shult & Welch 2006

Freshwater lagoons provide refuges for a number of aquatic plants and
animals during the dry season and are important for migratory water birds
Threatened Species Vulnerable

Australian Painted Snipe (Rostratula australis) - shallow, vegetated,
freshwater swamps, claypans or inundated grassland - feed at the
water’s edge and on mudflats, taking seeds and probing for
invertebrates


Australian Bustard (Ardeotis australis) – Migratory - preferred habitat
grassy woodland. Respond readily to fire (diet)



Emu (Dromaius novaehollandiae) – low densities in Top End.
Migratory – food & water resources



Red Goshawk (Erythrotriorchis radiates) – preferred habitat is tall
open eucalypt forest and riparian areas conspicuous basketshaped
stick nest is typically placed in large trees near watercourses



Mertens' Water Monitor (Varanus mertensi) – semi-aquatic monitor
seldom seen far from water. Accomplished climber and can be seen
climbing on rocks or trees near water, often basking on branches
overhanging the water or on rocks mid-stream.

There is little evidence of impacts of rural developments, with water quality
generally being similar for developed and undeveloped catchments.
However, the highest nitrate concentrations were generally observed in
lagoons with the highest degree of catchment development.
Recommendations are made to monitor the ecological health of the
lagoons in the region, and especially to collect baseline information before
catchment developments affect their health.

Source: Shult 2004

Lagoons located around the Adelaide River floodplain (12 listed in table)
no longer distinguishable as open bodies of water but. Highlights the
severity of the threat to our wetlands by invasive weed species.

Location

Appendix 1 Figure 5.5

Threats / Sensitivity

There are a number of processes that potentially threaten these valuable
wetlands. They may accumulate contaminants, such as nutrients, heavy
metals and pesticides that originate from the surrounding areas and enter
the lagoons through run-off or seepage. Any changes to the drainage of
catchments (e.g. through road embankments or drainage channels) can
influence the lagoon’s hydrology. Introduced aquatic weed species and
feral animals can also have detrimental effects on the biodiversity of the
lagoons and their value for native animals. A current infestation of
Cabomba (Cabomba caroliniana) in Darwin River and its off-stream
billabongs, and Mimosa pigra on river floodplains, are reminders of their
vulnerability to these environmental weeds. The recent arrival of the cane
toad in Darwin is expected to affect the faunal composition of lagoons.

Source: Shult & Welch 2006
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5.6. Open Woodland/Savanna
Description

Open Woodland / Savanna make up majority of the Howard East comprising
of 3 dominant subtypes;


Eucalyptus tetrodonata, E. miniata open forest with Sorghum
intrans and Heteropogon triticeus grassland understory.



Eucalyptus tetrodonta, E. miniata woodland to low woodland, with
mixed species mid stratum and grassland understory or



Eucalyptus miniata, E. tetrodont, E. bleeseri woodland to open
woodland with sparse mid layer and dense grassland understory.

Savanna regions are typically higher in elevation and produce runoff onto
both paperbark and lagoon systems.

8

Groundwater Dependent
Ecosystem
Source of Groundwater
Source: Cook et al. 1998

Groundwater levels beneath the eucalypt woodland typically rise to 2m
beneath the land surface at the end of the wet season, and fall to 9m depth
by the end of the dry season. Calculations based on measured soil
hydraulic properties indicate available soil moisture storage (between field
and wilting point) between 2 and 9 m depth of approximately 340mm. This
is greater than the dry season evapotranspiration demand. Furthermore,
dirext measurements of soil moisture profiles reveal that this store has not
been exhausted by the end of the wet season, and that water is still
available to plants at depths less than 5m. Both of these observations
suggest that dry season evapotranspiration can be entirely sustained from
the unsaturated soil store, and the plants are not dependent on, and do not
use groundwater.

Conceptual Diagram
Source: Cook et al. 1998

Values

Threatened Species – Critically Endangered

Source: NRETAS Biodiversity



Northern Quoll (Dasyurus hallucatus) – most suitable habitats appear
to be rocky areas but also common in many eucalypt open forests. Is
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Datasets 2011

a predator with annual life cycle. No recorded sighting in Howard East
since 2001
Threatened Species – Endangered


Gouldian Finch (Erythrura gouldiae) – dry season and part of the late
wet season wooded hills that contain a group of Eucalyptus species
commonly referred to as snappy or salmon gums. Wet season they
move from the hills into lowland drainages to feed upon seeds of
perennial grasses

Threatened Species – Vulnerable


Cycas armstrongii – occurs in open grassy woodland on yellow & red
earths (land clearing)



Australian Bustard (Ardeotis australis) – Migratory - preferred habitat
grassy woodland. Respond readily to fire (diet)



Emu (Dromaius novaehollandiae) – low densities in Top End.
Migratory – food & water resources



Red Goshawk (Erythrotriorchis radiates) – preferred habitat is tall
open eucalypt forest and riparian areas conspicuous basketshaped
stick nest is typically placed in large trees near watercourses



Brush-tailed Rabbit-rat (Conilurus penicillatus) – preferred habitat of
the brushtailed tree-rat is eucalypt tall open forest & less frequently, in
the crowns of pandanus or sand-palms



Yellow - Spotted Monitor/ Northern Sand Goanna/ Floodplain Monitor
(Varanus panoptes) - robust ground dwelling monitor occupying a
variety of habitats, including coastal beaches, floodplains, grasslands
and woodland

Source: Cook et al. 1998

The dominant canopy species are Eucalyptus miniata and E. tetradonta
which account for over half of canopy. Other significant elements of the
canopy include E. porrecta, Erythrophleum chlorostachys and Terminalia
ferdinandiana. Understory consists of spear-grass, which senesces shortly
after the end after wet season.

Conditions(Health/Status)

Where not directly impacted by development, health would be considered
good within the Howard East Area.

Location

Appendix 1 Figure 5.6

Threats / Sensitivity

Fire and weeds would be the predominant. There has been an increasing
influence of exotic grasses, in particular gamba grass resulting in high
intensity and frequent fires.
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6. Risk Matrix of Groundwater Dependent
Ecosystems
6.1. Scenario’s for Risk Assessment
For the classified ecosystems identidied as GDEs in Section 5, each has been broadly ranked
against its ecological values, its water requirements and relationshop of Groundwater as a water
source and the threat imposed on groundwater availability from information available and solely a
desktop study. Sections 6.1.1 through to Section 6.1.3 provide a summary of each of these
rankings and outlined in Table 6.1, follow by the Risk Matrix in Section 6.2.
GDE Risk = value x GW dependence x threat

Although other contributing factors present threats to GDEs they have not been included in this risk
assessment. A summary of additional contributing factors are summarised in Table 6.2.3
Secondary Threats associated with GDEs.
6.1.1. Ecological Ratings
The ecological values have been assigned based on the presence of Threatened Species, its
Conservation Status, endemic to the region or their regional, national and international significance
High – This reflects a high biodiversity site which contains species with a regional conservation
status of Vulnerable or higher, listed as a protected species, is recognised internationally under the
EPBC Act, is endemic to the region or listed on the Register of National Estate.
Moderate – Ecosystems that are noted for their biodiversity however contains no threatened
species. Near threatened species would be classified as moderate as these species have been
assessed against criteria and currently do not qualify as Threatened, though could be close to
qualifying or is likely to qualify for a Threatened category in the near future. Riparian vegetation
has been classified as Moderated as they would be considered of high biodiversity however there is
significant information gaps and further studies required.
Low – A low rating has been assigned if contains no threatened species or not listed on any
regional, national or international registers.
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6.1.2. Groundwater Dependency
There are two aspects to deriving an ecosystems groundwater dependency; firstly understanding its
overall water needs and secondly understanding the importance of groundwater to an ecosystem
relative to other water inputs (surface water and soil water)(Currie et al 2010).
6.1.2.1.

Overall Water Requirements of Ecosystems

High - The water needs of an ecosystem has been categorised by its overall requirement of water
for its existence. Ecosystems have been given high ranking whereby permanent water or sustained
wet conditions are necessary throughout the year; these include permanent watercourses and its
associated riparian zones, wetlands or permanent pools of water. This includes fish, which rely on
permanent streams or water bodies along with macro-invertebrate and aquatic flora, which rely on
water either permanently or for extended periods of inundations. Due to limited information
regarding site specific information of fish and macro-invertebrates species, they have not been
included in this study. Migratory fauna and water dependent birds would also be sensitive to
changes in water availability although there is limited information regarding their specific reliance.
Moderate - Ecosystems include temporary wetlands which partially or completely dry out during
the dry season, they can go for short periods of time with little or no water. They are typically
Sandsheet Heaths and Paperbark swamps which are characterised by inundations during wet season
and early dry waters reside and evaporate till dry.
Low – Ecosystems which have a low requirement for water and notably drought tolerant. The open
woodland / Savannas of the region would be classified an ecosystem of low water requirements as
they rely upon rainfall and predominantly soil water.
6.1.2.2.

Relative importance of groundwater as a water source

The relative importance of groundwater as a water source to an ecosystem is based on an
understanding of groundwater, surface water and soil water dynamics.
Extensive research has been carried out regarding the dynamic of the monsoon vine forests
whereby we are able to assign value ranges. These ecosystems have been scored high where
groundwater sustains at least 50% of their water requirement or the in instance of riparian
vegetation, are dependent on base flow.
Moderate – Ecosystems which marginally rely on groundwater for their existence. This would
include ecosystems which use groundwater when the watertable is above the land surface, eg
Paperbark Swamps.
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Low – Little to no requirement of groundwater, this includes vegetation which would utilise
groundwater during the wet season when the groundwater table is just beneath the surface although
when the water table subsides they then rely on soil water as their water source
6.1.3. Threats
Direct drawdown of groundwater through over extraction may result in loss of habitat within
wetlands environments (Finlayson & Rea, 1999) and increased stress or loss of terrestrial
groundwater dependent vegetation.
Not only does maintaining base flow important in conserving monsoon vine forests and riparian
vegetation it also provides a habitat for fish, aquatic vegetation and macro-invertebrates who rely
upon permanent water for their survival and to a lesser extent, amphibians, macro-invertebrates
terrestrial fauna and migratory birds rely upon these systems as a water source.
Figure 6.1.3 demonstrates the impact of which groundwater bores have on the aquifer and nearby

springs in that a reduction in groundwater levels due to pumping has direct impact on base flow.



Figure 6.1.3 Influence on Springs from Groundwater Use (derived from NRETAS

The level of threat assigned to each of the GDEs has been classified based on number of bores
within a 5km radius of the spring. The rankings are categorised below in Table 6.1
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Table 6.1 Ecological Ratings Criteria
Groundwater Demand
Relative
requirements
Rating and
Ecological
Overall Water
of
score
Ratings
Requirements groundwater
as a water
source
Contains no
low requirement
< 25% of water
Low
Threatened
for water and
requirements
1


Species

Moderate
2

High
3

Not listed on any
regional, national
or international
registers.
NTPWC - Near
Threatened
Species

NTPWC rating
Vulnerable or
higher
NTPWC
Protected
Species

Threat
Rating
Bores within 5km
radius from spring

# Active bores
< 10 &
Overall demand
<100 L/s

notably drought
tolerant

from groundwater

temporary or
partially need
water, they can go
for short periods of
time with little or
no water
Permanent water
or sustained wet
conditions are
necessary
throughout the
year

25 < 50% of
water
requirements
from groundwater

# Active bores
10 < 100 &
Overall demand
100 <1000 L/s

≥ 50% of water
requirements
from groundwater

# Active bores
> 100 &
Overall demand
> 1000 L/s

Internationally
recognised under
the EPBC Act

Overall
Rating

1–4

5–7

8–9

Endemic to the
region
Register of
National Estate
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6.2. Risk Matrix
Groundwater Dependency
GDE
Type

Location

Bankers Springs

MVF

Black Jungle Spring

Howard Springs
Melacca Spring
Whitewood Rd Spring
Bankers Ck

Riparian

Black Ck

Howard River
Litchfield Ck (Humpty
Doo Station)
Koolpinyah Ck
Melacca Ck

Conservation Status

Ecological Value
Rating

Overall water
requirements

Relative
requirements of
groundwater as
a water source

GW
Demand
Threat
Rating

Overall Risk
(Value x
Dependence x
Threat)

SOCS ‐ Adelaide River Coastal
Floodplain
SOCS ‐ Adelaide River Coastal
Floodplain
Black Jungle / Lambells Lagoon
Conservation Reserve
SOCS ‐ Shoal Bay
Howard Springs Nature Park
Register of National Estate
SOCS ‐ Adelaide River Coastal
Floodplain
Melacca Swamp Conservation Area

High

High

High

Minor

Moderate

High

High

High

High

High

High

High

High

High

High

High

High

High

Minor

Moderate

SOCS ‐ Howard Sand Plain

High

High

High

High

High

SOCS ‐ Adelaide River Coastal
Floodplain
SOCS ‐ Adelaide River Coastal
Floodplain
Black Jungle / Lambells Lagoon
Conservation Reserve
SOCS ‐ Howard Sand Plain & Shoal Bay
Howard Springs Hunting Reserve
Shoal Bay Coastal Reserve
Register of National Estate

Moderate

High

High

Minor

Moderate

Moderate

High

High

High

High

High

High

High

High

High

SOCS ‐ Adelaide River Coastal
Floodplain

Moderate

High

High

Moderate

Moderate

High

High

High

Moderate

High

Moderate

High

High

Minor

Moderate

SOCS ‐ Adelaide River Coastal
Floodplain
Register of National Estate
SOCS ‐ Adelaide River Coastal
Floodplain
Melacca Swamp Conservation Area
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6.2.1. Summary of Risks
GW Demand Threat Rating
Sourced: NRETAS Bore data 2011

MVF

Black Jungle
Spring

MVF

Howard
Springs

NTPWC Listings
Endangered
‐ Ptychosperma macarthurii
Vulnerable
‐ Freycinetia excelsa
‐ Luisia teretifolia
‐ Malaxis marsupichila
NTPWC Listings
Endangered
‐ Ptychosperma macarthurii
Vulnerable
‐ Freycinetia excelsa
‐ Luisia teretifolia
‐ Malaxis marsupichila
NTPWC Protected Species
‐ Saltwater Crocodile
(Crocodylus porosus)
NTPWC Listings
Endangered
‐ Ptychosperma macarthurii
Vulnerable
‐ Freycinetia excelsa
‐ Luisia teretifolia
‐ Malaxis marsupichila

Overall water
requirements

High

High

High

Relative
requirements of
groundwater as a
water source

Source: Liddle et al
(2006)
Results show utilised
GW for between 43%
and 50% of their late
dry season water
requirements in 2007
Source: Liddle et al
(2006)
Results show utilised
GW for between 43%
and 50% of their late
dry season water
requirements in 2007

Source: Liddle et al
(2006)
Results show utilised
GW for between 43%
and 50% of their late
dry season water
requirements in 2007

# Supply
bores in
5km
radius

# Active
bores in
5km
radius

Overall
Demand
(L/s)

<5 (L/s)

MVF

Bankers
Springs

Ecological Value Rating

15-5 (L/s)

Location

15-30 (L/s)

GDE
Type

30-70 (L/s)

Groundwater Dependency

30

6

43

‐

‐

2

6

218

194

1355

9

13

87

85

453

398

1447

2

9

91

296

Register of National Estate
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MVF

Melacca
Spring

MVF

Whitewood
Rd Spring

Riparian

Banker Ck

NTPWC Listings
Endangered
‐ Ptychosperma macarthurii
Vulnerable
‐ Freycinetia excelsa
‐ Luisia teretifolia
‐ Malaxis marsupichila
NTPWC Protected Species
‐ Saltwater Crocodile
(Crocodylus porosus)
NTPWC Listings
Endangered
‐ Ptychosperma macarthurii
Vulnerable
‐ Freycinetia excelsa
‐ Luisia teretifolia
‐ Malaxis marsupichila
NTPWC Listings
Vulnerable
‐ Australian Bustard
(Ardeotis australis)
‐ Red Goshawk
(Erythrotriorchis radiatus)
‐ Emu (Dromaius
novaehollandiae)
‐ Yellow‐Spotted Monitor
(Varanus panoptes)
‐ Gouldian Finch (Erythrura
gouldiae)
‐ Yellow Chat (Epthianura
crocea tunneyi)
‐ Partridge Pigeon
(Geophaps smithii smithii)

High

High

High

Source: Liddle et al
(2006)
Results show utilised
GW for between 43%
and 50% of their late
dry season water
requirements in 2007

Source: Liddle et al
(2006)
Results show utilised
GW for between 43%
and 50% of their late
dry season water
requirements in 2007
Source: Lamontagne et
al (2005) Groundwater
was a significant
source of water for
plant transpiration,
probably for
accounting for more
than 50% of the
transpired during the
dry season (Daily River)
Source: Tien (2006) In
the dry season, base
flow originating from
the dolomite aquifer
gradually replaces
surface runoff.

16

3

37.5

‐

1

2

0

790

641

2542

5

14

162

460

30

6

43

‐

‐

2

6
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Riparian

Black Ck

Riparian

Howard River

NTPWC Listings
Vulnerable
‐ Australian Bustard
(Ardeotis australis)
‐ Red Goshawk
(Erythrotriorchis radiatus)
‐ Emu (Dromaius
novaehollandiae)
‐ Yellow‐Spotted Monitor
(Varanus panoptes)
‐ Gouldian Finch (Erythrura
gouldiae)
‐ Yellow Chat (Epthianura
crocea tunneyi)
‐ Partridge Pigeon
(Geophaps smithii smithii)
NTPWC Listings
Vulnerable
‐ Australian Bustard
(Ardeotis australis)
‐ Red Goshawk
(Erythrotriorchis radiatus)
‐ Emu (Dromaius
novaehollandiae)
‐ Yellow‐Spotted Monitor
(Varanus panoptes)
‐ Gouldian Finch (Erythrura
gouldiae)
‐ Yellow Chat (Epthianura
crocea tunneyi)
‐ Partridge Pigeon
(Geophaps smithii smithii)

High

High

Source: Lamontagne et
al (2005) Groundwater
was a significant
source of water for
plant transpiration,
probably for
accounting for more
than 50% of the
transpired during the
dry season (Daily River)
Source: Tien (2006) In
the dry season, base
flow originating from
the dolomite aquifer
gradually replaces
surface runoff.
Source: Lamontagne et
al (2005) Groundwater
was a significant
source of water for
plant transpiration,
probably for
accounting for more
than 50% of the
transpired during the
dry season (Daily River)
Source: Tien (2006) In
the dry season, base
flow originating from
the dolomite aquifer
gradually replaces
surface runoff.

218

194

1355

9

13

87

85

453

398

1447

2

9

91

296

Register of National Estate
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Riparian

Litchfield Ck
(Humpty Doo
Station)

Riparian

Koolpinyah Ck

NTPWC Listings
Vulnerable
‐ Australian Bustard
(Ardeotis australis)
‐ Red Goshawk
(Erythrotriorchis radiatus)
‐ Emu (Dromaius
novaehollandiae)
‐ Yellow‐Spotted Monitor
(Varanus panoptes)
‐ Gouldian Finch (Erythrura
gouldiae)
‐ Yellow Chat (Epthianura
crocea tunneyi)
‐ Partridge Pigeon
(Geophaps smithii smithii)

High

NTPWC Listings
Vulnerable
‐ Australian Bustard
(Ardeotis australis)
‐ Red Goshawk
(Erythrotriorchis radiatus)
‐ Emu (Dromaius
novaehollandiae)
‐ Yellow‐Spotted Monitor
(Varanus panoptes)
‐ Gouldian Finch (Erythrura
gouldiae)
‐ Yellow Chat (Epthianura
crocea tunneyi)
‐ Partridge Pigeon
(Geophaps smithii smithii)

High

Source: Lamontagne et
al (2005) Groundwater
was a significant
source of water for
plant transpiration,
probably for
accounting for more
than 50% of the
transpired during the
dry season (Daily River)
Source: Tien (2006) In
the dry season, base
flow originating from
the dolomite aquifer
gradually replaces
surface runoff.
Source: Lamontagne et
al (2005) Groundwater
was a significant
source of water for
plant transpiration,
probably for
accounting for more
than 50% of the
transpired during the
dry season (Daily River)
Source: Tien (2006) In
the dry season, base
flow originating from
the dolomite aquifer
gradually replaces
surface runoff.

45

24

260

1

8

8

7

102

15

274

5

1

3

6

Register of National Estate
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Riparian

Melacca Ck

NTPWC Listings
Vulnerable
‐ Australian Bustard
(Ardeotis australis)
‐ Red Goshawk
(Erythrotriorchis radiatus)
‐ Emu (Dromaius
novaehollandiae)
‐ Yellow‐Spotted Monitor
(Varanus panoptes)
‐ Gouldian Finch (Erythrura
gouldiae)
‐ Yellow Chat (Epthianura
crocea tunneyi)
‐ Partridge Pigeon
(Geophaps smithii smithii)

Source: Lamontagne et
al 2005
Groundwater was a
significant source of
water for plant
transpiration, probably
for accounting for
more than 50% of the
transpired during the
dry season (Daily River)
Source: Tien 2006
In the dry season,
baseflow originating
from the dolomite
aquifer gradually
replaces surface
runoff.

16

3
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37.5

‐

1

2

0



Table 6.2.3 Secondary Threats associated with GDEs
GDE
Type

GDE

Saline Intrusion/ Inundation
(GW/SW)
See Figure 6.2.3

*

Banker Springs

GW – close proximity 0‐800m

MVF

Black Jungle Spring
{

Howard Springs

GW – possible but highly unlikely 2.5‐5km

Melacca Spring

GW – possible but highly unlikely 1.8‐6km
SW – storm surge & climate change

Weeds

Feral
Animals

Urbanisation

*

Banker Ck

GW – close proximity 0‐800m

Black Ck (crocodile creek)
Howard River

{
GW – possible but highly unlikely 2.5‐5km

Litchfield Creek
Koolpinyah Ck
Melacca Ck

{
GW – close proximity 1.3 – 1.8km

9

{

*

9

9

{

*

9
9

9
9

{

9

9

*

{
{

*
*

9

9

{

*

{

*
*

9

9
9

{

9; Recorded evidence, *; Highly likely threats, {; Possible impact
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9

{

Whitewood Rd Spring

Riparian

Fire
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9
9

9
9
9
9

7. Conclusions
The primary purpose of this project was to pull-together existing information and evidence to
identify GDEs of the Howard East Water Allocation Plan area, the risks of impacts to these
ecosystems from groundwater extraction and to identify where further research needs to be
undertaken to inform water allocation planning. Specifically the scope of works was to:








Identify any ecological impacts associated with existing water resource development and use;
Provide a commentary on the implications of increased water resource development;
Identify critical aquatic ecosystems and areas of high conservation value that are dependent on
surface and connected water;
Identify flow characteristics required to maintain or to restore key ecological and
geomorphologic values; and
Provide recommendations and priorities for areas requiring future research including
identification of knowledge/data gaps.

The outcomes were achieved by collating and summarising information around:





The major ecosystem(s) associated with groundwater within the Study Area;
The groundwater system, groundwater use and changes to the groundwater system over time ;
and
The risks imposed on key environmental assets from a range of threats

The major conclusions from the review are:
1) Major aquifers within the region are robust systems as they are effectively recharged each wet
season;
2) Annual rainfall (and climate change) has a major influence on annual recharge;
3) However, data suggest groundwater extraction is having seasonal and longer term impacts on
groundwater levels and therefore the sustainability of the resource;
4) Evidence exists to suggest that high valued GDEs, associated with Howard Springs and
Whitewood Road Springs, are being impacted by seasonal drawdown caused by current
pumping demands; and
5) Groundwater use is important in maintaining economic, social and environmental values and
assets.
What has not been quantified is the GW requirements for each GDE. The critical cease-to-flow
GW level has been identified for Howard Springs however how this relates to a limit on
groundwater, extraction is less defined. For other GDE, cease to flow or groundwater access
indicators have not been identified.
Groundwater extraction is increasing in the study area. This has accelerated the lowering of
groundwater levels during the dry season. Ecological and socially high-value GDEs in the Study
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Area were assessed as at risk from dry-season drawdown. For springs and watercourses, Howard
Springs and the Howard River, these risks include earlier onset of cease-to-flow and low flow
periods. Logically where high groundwater requirements exist impacts to the ecosystems are likely
when water levels fall below the root zone earlier in the dry-season. However the ecological effects
are difficult to quantify for vegetation accessing groundwater (i.e. ripariand and MVF).
From the location of potentiometric surfaces, we have a good understanding of where the greatest
impacts of extraction are occurring. From this we have identified specific high value ecosystems
that are at most risk from over extraction. These are:


Whitewood Jungle Springs



Howard Springs



Howard River



Black Jungle Swamp

Yin Foo (2004) Liddle et al (2006) and Lamontagne et al (2005) have identified the volume of
water in broad terms that is required to maintain GDE systems, and the reduction in flow caused by
groundwater extraction. While further research and information is required to increase our
understanding of likely effects, these estimates highlight the need by users for greater certainty in
the management of groundwater resources.
Strategies need to be developed to not only protect high value ecosystems but the groundwater
resource for the future, and to protect the rights of private and industry users who currently access
the water. Moving forwards from here, two management scenarios are presented below:
1. The Status quo – It is likely that water levels will continue to decrease towards the end of
the dry season. This will continue to negatively impact on several GDEs and likely the
access to the resource as demand increases. Interference to shallow stock and domestic
uses may become more apparent however due to the lack of monitoring and gauging of
bores, there is little data to quantify this.
2. Develop a Groundwater Use Management Plan – The purpose of this plan would be to alter
the impact of groundwater extraction on the end-of-dry-season water levels. This would
manage the rate of localised groundwater level drawdown and provide greater security for
current and future groundwater users. The plan would identify zones where the system may
be currently over allocated (with defined management actions) and identify potential zones
for increased allocation and use.
To pursue scenario two, the development of a Groundwater Use Management Plan not only
requires a technical element but also community engagement to:
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Attribute values to both the resource and environmental services; and



To determine equity in access and distribution.

In order to move towards these needs, two primary steps must be taken:
Firstly the regional sustainable yield of the aquifer needs to be established, representing an annual
volume of extraction that in theory should not be exceeded. The aquifer can then be divided into
zones based on aquifer characteristics and groundwater flow patterns. These should be
hydrogeologicaly sensible so that unique groundwater budgets could be derived for each. The
purpose of this technique is to enable flexibility between zones so that different management rules
can apply in different regions.
For each zone groundwater budgets should be developed that describe for the key user groups,
i.

Groundwater extraction (irrigation, domestics, urban) limits and regime;

ii.

Environment (GDEs) value and GW requirements/indicators; and

iii.

Through flow to the down gradient zone.

This initial phase does not necessarily require the development of a complicated groundwater
budget. For each of the user groups an ideal allocation of groundwater should be based on the
Environmental Water Requirement once environmental values are established. This will require an
estimation of the environmental water requirements of the GDEs (or indicators of impacts to access
of resource), and an understanding of the volumes necessary to maintain the economic and social
requirements of private and industry water users.
Secondly community engagement can provide the means by where communities and government
departments can work through the allocation process for each of the zones, user group expectations
and legislative requirements, and developing statements around current knowledge and issues to be
addressed. It is expected that this process will identify:


Zones where alterations to the current groundwater pumping is required, and



Zones where the resource potential is yet to be reached.

Within the consultative process the practical and acceptable allocation of groundwater to each user
group needs to be determined, i.e. The Environmental Water Provision as opposed to
Requirements. It is expected that additional technical work may become apparent during this, and it
is recommended that a technical working group be developed to address any technical issues
raised.
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The outcome of the consultation process is to propose groundwater management rules, these rules
would be developed by the community, and therefore have local ownership. While it is difficult to
predict the likely management strategies, they may include:


Agreement on limits on annual rates of extraction on bores within each zone,
Aim to reduce annual volumes of extraction and reduce the annual draw down rate



Adoption of different pumping regimes or a roster system of days or period of time when for
extraction from bores can take place within each zone
Aim to reduce seasonal draw down, however maintain current extraction volume



Identification of zones of potential resource and through field evaluation determine acceptable
extraction rates
Aim to prevent future groundwater use causing environmental interference



Development of mechanisms for licensing of groundwater and trade
Trade in, trade out zones, restricted zones



Identification of strategies to enhance aquifer recharge
Manage Aquifer Recharge (MAR) to collect storm water and inject into the aquifer to
offset groundwater extraction.
Identify high recharge zones and prevent land use activities that impact recharge rates.



Identification of ‘hot spot’ zones, where high risks exist and should be high priorities for
further research.
Saline intrusion zones, pollution form poorly sealed waste disposal facilities



Recommendations for future monitoring and research required to maintain the resource
condition into the future

Developing Groundwater Management Plans provide a mechanism by which groundwater can be
allocated within an environment of equity, commercial and environmental acceptability. The plans
provide the basis for future recommendations of monitoring, evaluation and knowledge gathering
and are the framework for future resource management when the natures of the climate or
groundwater use changes.
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8. Knowledge Gaps
The critical knowledge gaps provided here relate to developing management plans that assist in
securing the groundwater resource and all of the groundwater users (anthropogenic and
environmental). A significant risk to the aquifer resource is the reliance on rainfall recharge and
annual rainfall variability. Groundwater users and planners must maintain a good awareness of the
implications of this issue and management strategies should be in place to adapt in periods of low
recharge. Various data gaps are identified and discussed below:
Groundwater data






Consideration should be given to install flow metres on selected bores. This information
would help refine impact assessments, draw down assessments, and future GW demands;
Develop indicators for each GDE which relates to increased stress from decreased access to
GW (e.g. GW level in which cease to flow occurs); and
Develop a GW monitoring program related to areas of “risk” (springs, saline intrusion), to
obtain real data to guide management decisions, and inform modelling projections.

Ecosystems










Research to date has been predominantly limited to flora and fauna species within the region
with minimal studies regarding aquatic ecology and invertebrates. To be able to determine the
extent of the potential impacts on ecosystems reliant on the surface expression of groundwater,
supplementary investigations regarding the aquatic systems and their susceptibility to change
is essential. In addition, the reliance on and degree to which migratory species utilise these
GDEs is not well understood and hence associated impacts have not been assessed;
The relationship and reliance on GDEs by migratory birds is poorly understood and hence the
risk to migratory birds from GDE degradation should be assessed;
Relationship regarding dynamics of Sandsheet Heaths and if they play role to in the
groundwater aquifer recharge. While not considered a GDE, if they are important recharge
zones, they are critical ecosystems to the security to the GW resource;
Quantify the Evapotranspiration rate from GW – information helps determine what impact
natural seasonal groundwater decline has on seasonal draw down relative to decline caused by
pumping; and
Identification of the water regime requirements of GDEs, including the maximum duration of
dry conditions that these systems can cope with.

Knowledge Gaps as noted by previous studies.


Monitoring programs benefit from the inclusion of several indicators which provide
complementary or corroborative evidence of the nature of impacts or which provide
information from different tropic groups and across different spatio-temporal scales
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(Humphrey and Dostine 1994). Future monitoring programs should include diatom
communities and the occurrence of macroalgae and macrophytes. Large mobile organisms
such as fish can move throughout the system and provide an integrated view of habitat quality
throughout whole streams or catchments rather than the site-specific assessment provided by
macroinvertebrates or diatoms. Monitoring also needs to be linked with broad-scale catchment
information and indices (Dostine 2002);








The effects of modified hydrology through groundwater extraction are yet to be established for
MVF in the NT (Cook et al. 1998);
Empirical modelling to explain how the MVF will respond under different climatic and
groundwater extraction scenarios (Liddle et al 2006);
On-going floristic survey and groundwater level monitoring will need to be maintained into the
future to capture any community changes and identify ‘acceptable’ groundwater draw down
level (Liddle et al 2008); and
Around 70 patches of wet rainforest have been identified from Landsat Satellite imagery in the
Greater Darwin Region (Hempel, 2003), which need to be assessed to identify GDEs to be
included in the model. Water sampling will be required to determine the water source, but in
the absence of information to the contrary, these mapped wet-rainforests should be treated as
GDEs in decisions of land use planning and management (Liddle et al 2008).
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12.

Appendix 2 – Tables

BORE

Cl

HCO3

HCO3/Cl

RN009710
RN020730
RN020734
RN021011
RN021048
RN021398
RN021399
RN021761
RN021765
RN022296
RN022569
RN024405
RN024672
RN025423
RN025940
RN025941
RN028896
RN029421
RN030267
RN030345
RN030346
RN031329
RN031660
RN034913
RN035970
RN035971
RN036044
RN036282
RN036537
RN036538
RN037151
RN037152
RN037153
RN037154
RN037216
RN037218
RN037218
RN037330
RN037334

2.8
125
2.3
2.5
8
3
3
2.9
3
2.4
5.8
109
5.1
2.8
4.5
3
2.8
3
2.8
4.9
2.3
26200
2.9
3
4.2
3.2
3
3.2
4.1
26600
30.7
30.4
6.7
109
25600
407
136
2.8
4

46
157
92
127
204
149
182
188
95
29
48
119
113
96
140
183
236
181
160
140
174
366
181
178
196
70
185
150
170
509
180
14
9
158
306
474
142
211
195

16.43
1.26
40.00
50.80
25.50
49.67
60.67
64.83
31.67
12.08
8.28
1.09
22.16
34.29
31.11
61.00
84.29
60.33
57.14
28.57
75.65
0.01
62.41
59.33
46.67
21.88
61.67
46.88
41.46
0.02
5.86
0.46
1.34
1.45
0.01
1.16
1.04
75.36
48.75



Table 4.6.3 Bicarbonate Chloride Ratios
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Table 4.11.3b Threatened Flora – Ecological Information and Threatening Process
Flora

Cycas
armstrongii

Freycinetia
excelsa

Listed
Vulnerable

Vulnerable

Ecology

Threatening Process

It occurs mainly in open grassy
woodland on yellow and red earths,
limited in the area by drainage.

Land clearing due to the expansion of
Darwin, rural residential living,
horticulture, agriculture and forestry is a
major threat to the species. Available
habitat in and around Darwin and the
Litchfield Shire has been reduced and
further land clearing is expected as
Darwin expands. In particular, prime
cycad habitat with deep loamy soil has
been identified as land suitable for
horticulture and agriculture. Substantial
areas of prime habitat on the Tiwi Islands
will be cleared for forestry.

It occurs in wet lowland rainforest
and spring‐fed rainforests in
sandstone gullies (Woinarski et al.
2003).

In areas not subject to clearing, there is a
major threat from the combined impact
of introduced grasses and fire whereby
increased fuel loads lead to increased
mortality of adult stems and subsequent
population decline (Liddle 2004).
Mortality in excess of 50% of adult stems
per fire event has been recorded when
subject to fuel loads of 20 tonnes per
hectare. While adult stem mortality is
substantial with these high intensity fire
events, any plants resprout from the
base. Despite this capacity to resprout, a
frequency of intense fire in excess of
around 1 in 5 years is predicted to result
in long‐term population decline. Fires
commonly occur more frequently than 1
in 5 years throughout the range of Cycas
armstrongii and the occurrence of
intense fire is set to increase as exotic
grasses spread rapidly across the
landscape (Kean and Price 2003). The
exotic pasture species, Gamba Grass
Andropogon gayanus, supports fuel
loads up to 20 tonnes per hectare
(Barrow 1995), and the exotic Perennial
Mission Grass Pennisetum polystachyon,
supports fuel loads up to 27 tonnes per
hectare (Panton 1993), both far higher
than the fuel loads of native grasses.
These exotic species have the potential
to extend over the full range of C.
armstrongii. Fire also reduces seed
viability in C. armstrongii (Liddle 2004).
The impact of feral animals on this
species is unknown but pigs in large
numbers are likely to affect recruitment
either through disturbance or browsing.
Populations on the Tiwi Islands could be
susceptible to severe cyclonic events.
This species has not been collected while
reproductive, despite re‐survey
throughout the year (K. Brennan pers.
comm.). Changes to hydrology, although
none are foreseen, are likely to affect

Ecosystem
Savanna

MVF

SINCLAIR KNIGHT MERZ
I:\DBIF\Projects\DB05629\Deliverables\Outdocs\R01NRETASAB5629.docx

PAGE 121

this taxon. One population is located at
Glyde Point, in an area proposed as
industrial estate and is consequently at
risk.
Habenaria
rumphii

Luisia
teretifolia

Endangered

Vulnerable

It is known from the northern parts
of Queensland and overseas (Jones
1988). In the NT, it has been
recorded only from the upper
Howard River, Humpty Doo.
This species occurs in open forest
and woodland growing amongst
grass. It is reported to be prominent
in low‐lying sites that are partially
inundated during the wet season. In
the NT, this species has been
collected from a sand‐plain adjacent
to a spring‐fed rainforest. It was
previously known as H. holtzei. In
the NT, this species has been
collected just once, in 1989, and is
still known from only one locality
despite considerable survey in the
area during the wet season in 2000
and 2001. Based on extent of
occurrence and area of occupancy,
this species qualifies for Critically
Endangered. However, as a
terrestrial geophyte with ephemeral
above ground parts, there is an
element of data deficiency and as
such it is listed Threatened Species
Information Sheet as Endangered
(under criteria B1ab(iii)+2ab(iii);D).
Within the NT, this species has been
collected from the margins of
monsoon rainforests; in other parts
of its range, it is reputedly more
common in coastal and near coastal
habitats, including mangroves. It
appears to prefer situations of
relatively bright light and often
occurs on trees that have scaly bark.
It may be associated with other
epiphytes (e.g. Dendrobium affine
and Drynaria quercifolia); hosts
include Sterculia quadrifida,
Barringtonia acutangula, Canarium
australianum and Vitex spp.

Sand mining in the area is a current and
continuing threat both directly through
clearing of individuals and indirectly
through changes to hydrology in the
area. The impact of increases in exotic
weeds and changes to the fire regime is
unknown and the disturbance by feral
animals such as pigs is yet to be
assessed. The area is also extensively
subdivided for rural residential
allotments. As the grid references
differed from the locality description,
threats to this species were assessed on
the written locality.

Sandsheet
Heaths

Although specific threats have not been
identified, orchids are often sought out
by collectors. The edge‐of‐forest habitat
seemingly preferred by this species may
leave it more prone to stochastic events
such as cyclones or fires.

MVF

The Tiwi Island rainforest patches where
this species occurs have been excised
from clearing for plantation forestry.
However, the adequacy of buffers
around these areas is not known – if
buffers are of insufficient width, the
rainforests may be more vulnerable to
wind damage. Woinarski et. al. (2003)
noted that monsoon rainforest is likely
to be susceptible to changes in ground
water hydrology as a result of high water
use by forestry plantations. There is also
a risk of invasion of rainforests by grassy
weeds and concomitant increased
vulnerability to fire as a result of
intensive development and disturbance
by forestry activities.
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Malaxis
marsupichila

Vulnerable

Ptychosperm
a macarthurii

Endangered

This species forms colonies in sandy
or clay soils rich in leaf litter. It
favours protected shady locations in
moist soils along the edges of
patches of monsoon rainforest and
also in littoral rainforest (often close
to the sea) (Jones 1988).
There has been some debate over
the taxonomic status of this palm
(Shapcott 1998). It was formerly
considered as an NT endemic,
Ptychosperma bleeseri. Here, we
follow Dixon et al. (2003) and treat
P. bleeseri as a synonym and
isolated population of P.
macarthurii, a species more
widespread in Queensland The NT
entity will be treated under this
latter name in the forthcoming
revision in Flora of Australia (John
Dowe pers. comm.).
Ptychosperma macarthurii is known
from the NT, Cape York Peninsula
and Papua New Guinea. In the NT,
this species is known from eight
populations with an extent of
occurrence of 200 km2 (Duff et al.
1992; Barrow et al. 1993; Liddle et
al. 1996). Within this area, it is
restricted to wet rainforest patches
and has an area of occupancy of less
than 1 km2 (Anon 1998; Liddle et al.
2001). Population counts in 2000‐01
revealed adult plants at seven
locations, four of which had fewer
than 20 and the smallest with only
one adult plant. Of a total of 1037
adult plants, 70% occurred in one
population at Crocodile Creek. These
counts overstate the number of
mature individuals as plants were
classified as adults on the basis of
size and thus may include individuals
not capable of reproduction.
This species occurs in dense
rainforests associated with lowland
springs near the margins of riverine
floodplains. The soils typically
comprise deep organic clay loams
without humus development. Within
the rainforest patches the species
will grow in a wide range of light
conditions (Duff et al. 1992; Barrow
et al. 1993; Liddle et al. 1996).

Potential threats are highly speculative
but may include illicit harvesting,
possible rural or industrial development
in the area, random events such as
cyclones and fire, and impacts of feral
pigs.

MVF ‐ possibly
Paperbark

Fire and feral animals have been the
primary threats impinging on the
populations in the 1990s (Liddle et al.
1992ab, 1996, 2001, 2006). There was
substantial mortality following wildfires
at the Whitewood Road population in
1990 and 1993, and at Black Creek in
1992. In a 1990 survey, Whitewood Road
contained 42% of the known adults;
however this was reduced to 5% by
2000‐2001. Re‐survey of Bankers Jungle
in 2003 showed significant impacts from
grazing with the loss of juvenile and
adult plants. Disturbance from feral
buffalo, cattle and pigs declined in the
1990s following on from the Brucellosis
and Tuberculosis Eradication Campaign,
and changes in land use and fencing of
four of the eight populations. In the early
1990s, several populations exhibited a
polarised size class structure typified by
large adult and juvenile plants. In the
absence of wildfire and in a period of
reduced disturbance by feral animals,
sufficient small juvenile plants survived
and grew to infill the intermediate
classes. In addition to the above, there
are increasing threats from:
‐ changed fire regimes due to increased
fuel loads from introduced grasses
around rainforest margins;
‐ changed land use in the catchment that
could lead to a reduction in the water
supply to the springs on which the
rainforests depend;
‐ changes in surface water quantity and
quality;
‐ clearing proposals and any other action
that could remove or damage individual
rainforest patches that form an
interconnected mosaic essential for the
flow of genetic material; and
‐ hybridisation with introduced
Ptychosperma species.

MVF
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Typhonium
taylori

Endangered

This species is endemic to the
Northern Territory, and positively
known only from the type locality on
the edge of the Howard River
floodplain. A second collection of
sterile material nearby is also likely
to be T. taylori.
Little is known of the ecology of this
species. The aboveground annual
shoots are seasonally dormant,
emerging from an underground
corm (bulb) during the wet season.
The species occurs in seasonally
saturated sandy soil in nutrient poor
grass/sedgeland with occasional
Melaleuca viridiflora.

Utricularia
dunstaniae

Vulnerable

The species grows in wet sand, often
in shallow water, in Melaleuca
nervosa woodland or Verticordia
shrubland. It occurs in slightly wetter
micro‐habitats than other sympatric
Utricularia species.

Threats to this species are potential
disturbance of habitat from sand mining,
clearing for subdivision and changes to
hydrology.

Sandsheet
Heaths,
Paperbark

Sand sheets in the Howard River
Floodplain have been identified as an
extractive mineral resource (Doyle 2003),
and I. Cowie (pers. comm.) indicated that
sand sheet communities visited during
surveys in 2000 and 2001 had either
shown evidence of sand mining activity
or were pegged for potential sand
mining activity. Although no proposed
future extractive leases coincide with the
two known populations of this species,
there is a correlation between preferred
habitat and land units already supporting
extractive leases, and a very high
proportion of this habitat is likely to be
affected by sand mining (Price et al.
2005).
Expected population expansion in
Darwin and Litchfield Shire will result in
increased water demands (Haig et al.
2003). The impact on hydrology of the
expansion of the McMinns Borefield
(Haig et al. 2003) and inferred increase in
water consumption by domestic bores is
unknown. Similarly the impact of
increased runoff as a result of
urbanisation is unknown (Haig 2003) and
needs to be investigated further.
Three of the six known localities are
susceptible to disturbance from
sandmining, quadbike and motorbike
activity, subdivision and potential
changes to hydrology (Cowie 2002).

Sandsheet,
Paperbark

Sand sheets in the Howard River
Floodplain have been identified as an
extractive mineral resource and a very
high proportion of this habitat is likely to
be affected by sand mining (Price et al.
2005).
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Table 4.11.4b Threatened Fauna – Ecological Information and Threatening Process
Flora

Listed

Australian
Bustard ‐
Ardeotis
australis

Vulnerable

Northern
Quoll ‐
Dasyurus
hallucatus

Critically
Endangered

Ecology

Threatening Process

Ecosystem

The Australian bustard typically occurs in
open country preferring grasslands, low
shrublands, grassy woodlands and other
structurally similar but artificial habitats
such as croplands and airfields (Downes
and Speedie 1982). However, they
respond readily to fire and are often
found on recently burnt country, even in
more wooded areas. Bustards have a
broad, omnivorous diet largely
comprising seeds, fruit, vegetation,
invertebrates and small vertebrates.
They apparently move readily, tracking
rainfall, fires and food resources (e.g.
grasshopper outbreaks) across the
landscape opportunistically. Their
movements are not well defined.
However, they are believed to be
nomadic or irruptive in the arid and
semi‐arid regions and migratory with
more regular north‐south movements in
relation to wet/dry seasons in the north.
Some populations in the Top End may
also be sedentary (Ziembicki and
Woinarski in press).
The northern quoll is a generalist
predator, consuming a wide range of
invertebrates and small vertebrate prey.
It dens in hollow logs, rock crevices and
caves, and in treehollows. Most foraging
is on the ground, but it is also an adept
climber. It occurs in a wide range of
habitats, but the most suitable habitats
appear to be rocky areas. It is also
common in many eucalypt open forests.
Northern quolls typically have an annual
life cycle, with almost all males living for
only one year (Oakwood 2000; Oakwood
et al. 2002). Young are born in the mid
dry season (June), and attain
independence in the early wet season
(November). Mating is highly
synchronised, occurring in late May/early
June. Males then die. During the non‐
breeding season, home ranges are about
35 ha, but this increases to about 100 ha
for males in the breeding season
(Oakwood 2002).

The widespread decline in bustard
numbers has been variously attributed
to a combination of factors including
predation, altered fire regimes, hunting,
disturbance, habitat alteration (e.g.
woody weed infestation), pesticides and
grazing (Marchant and Higgins 1993;
Garnett and Crowley 2000), yet there
exists little information regarding the
relative effects of these threats. Another
potential threatening process is hunting.
Breakdown of controls on traditional
hunting compounded by access to
modern weapons and vehicles, and a low
reproductive rate (usually one young per
year) increase the pressure on bustard
populations in the N.T. The
conspicuousness and size of males
during the breeding period may make
them particularly susceptible to hunting
resulting in significant malebiased
harvesting rates. Such a bias may have
serious implications for the specialized
lek mating system of the species.

Savanna

Quolls appear to have been declining in
the Northern Territory for at least
several decades (Braithwaite and
Griffiths 1994; Woinarski et al. 2001),
possibly because of impacts from feral
cats, disease or changed fire regimes.
However, the spread of cane toads adds
a far more catastrophic threat (Van Dam
et al. 2002). Quolls appear to be
particularly susceptible to the poison of
cane toads, and are killed when they
attempt to kill or consume the toads.
Major declines to regional extinction
have been reported for quolls following
cane toad invasion on Cape York
Peninsula (Burnett 1997).

Savanna
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Brush‐
tailed
Tree‐rat
Brush‐
tailed
Rabbit‐rat
‐ Conilurus
penicillatu
s

Emu ‐
Dromaius
novaeholl
andiae

Vulnerable

Vulnerable

The preferred habitat of the brush‐tailed
tree‐rat is eucalypt tall open forest (Firth
et al. 2006a) . However, at least on
Cobourg Peninsula, it also occurs on
coastal grasslands (with scattered large
Casuarina equisetifolia trees, beaches,
and stunted eucalypt woodlands on
stony slopes (Frith and Calaby 1974;
PWCNT 2001).

No single factor has been demonstrated
to have caused the decline of brush‐
tailed tree‐rats, but the extent of loss on
the mainland and the maintenance of
some island populations suggest that it is
probably not due to land‐use factors but
rather to either disease or exotic
predators. The most likely causal factor is
predation by feral cats.

It shelters in tree hollows, hollow logs
and, less frequently, in the crowns of
pandanus or sand‐palms (Firth et al.
2006b). Most foraging is on the ground,
but it is also partly arboreal. The diet
comprises mainly seeds (especially of
grasses), with some fruits, invertebrates
and leaves and grass (Firth et al. 2005).

However, it is possible that broadscale
habitat change may have contributed to
the apparent decline. Changed fire
regimes, weeds and grazing by livestock
and feral animals may have changed the
availability of preferred or vital food
resources (e.g. seeds or stems from
particular grass species), and more
frequent hot fires may have reduced the
availability of hollow logs, tree hollows
and the tall fruit‐bearing understorey
shrubs, and unfavourably changed the
composition of grass species (Woinarski
et al.
2004; Firth et al. 2005, 2006b).

The emu is extremely widespread across
continental Australia. It occurs across
most of the Northern Territory but is
scarce in the driest desert regions and
densities are low in most of the Top End
woodlands (Marchant and Higgins 1990).
It is absent from all NT islands.
Emus can move large distances in
response to a decline in food or water
resources. They are probably more
sedentary in the north than the south of
the Territory. Emus are omnivorous,
taking seeds, fruits, insects and the
growing tips of plants. They often occur
in loose groups. The male incubates the
eggs and broods the chicks.

The population on the Tiwi Islands has
been substantially reduced by recent
clearing for forestry plantation of about
30,000 ha of its prime habitat (Firth et al.
2006a); and there are proposals to
extend this forestry enterprise up to
100,000 ha.
In the Top End, declining numbers may
be associated with the occurrence of too
frequent extensive fires. Such fires lead
to a reduction in food supplies,
particularly in the size and abundance of
plants that produce fleshy fruit, and in
the crop of fruit produced (Woinarski et
al. 2004). Fires at the wrong time of year
can also lead to destruction of eggs, over
the long incubation period (50‐60 days:
Marchant and Higgins 1990). In Central
Australia, declines may also be related to
altered fire regimes or to vegetation
change associated with pastoralism.

Savanna

Savanna

It has ben suggested that the emu’s
decline in the Kimberley coincided with
the heavy use of 1080 dingo poison in
the pastoral industry (I. Morris pers.
comm.). However this would not explain
a decline in Arnhem Land where 1080 is
not used.
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Yellow
Chat
(Alligator
Rivers
Species) ‐
Epthianur
a crocea
tunneyi

Endangered

Yellow chats have been reported from
tall grasslands and samphire shrublands
(on coastal saltpans). Most records of
the Alligator Rivers subspecies are from
floodplain depressions and channels,
concentrating around wetter areas at the
end of the dry season (Armstrong 2004).
The diet is mostly invertebrates (Higgins
et al. 2001). Yellow chats typically occur
in small groups of 2‐10 individuals.

Red
Goshawk ‐
Erythrotrio
rchis
radiatus

Vulnerable

The preferred habitat is tall open
eucalypt forest and riparian areas
(including paperbark forest and gallery
forests). The conspicuous basketshaped
stick nest is typically placed in large trees
near watercourses (Aumann and Baker‐
Gabb 1991).

Gouldian
Finch ‐
Erythrura
gouldiae

Endangered

Gouldian finches occupy two different
regions of the landscape on an annual
cycle (Dostine et al. 2001). In the dry
season and part of the late wet season,
between February and October, they live
within wooded hills that contain a group
of Eucalyptus species commonly referred
to as snappy or salmon gums. Hollows in
these trees provide nesting sites. During
this period, they forage on the ground,
feeding on shed seeds of native
sorghum, and find water at small rocky
waterholes that remain within the hills
until the next wet. In the wet season
Gouldian finches move from the hills into
lowland drainages to feed upon seeds of
perennial grasses, typically available
from mid December. These grasses
include soft spinifex, cockatoo grass and
golden beard grass (Dostine and Franklin
2002). Clutch size averages around 5 and
fledging rate is about 1 to 2 young per
pair (Tidemann et al. 1999). Depending
on the season, pairs may raise several
clutches per year. Annual survivorship is
very low, with very few recoveries of
banded birds from one year to the next
(Woinarski and Tidemann 1992).

The preferred floodplain habitats are
being altered by invasion of exotic plant
species (notably by Mimosa pigra, para
grass Brachiaria mutica and gamba grass
Andropogon gayanus) and vegetation
change due to grazing by buffalo and
cattle, by wallowing and rooting by pigs,
and by altered fire regimes. Saltwater
intrusion and sea‐level rise may further
consume preferred habitat. Feral cats
may reduce reproductive success. Of
these possible threats, Armstrong (2004)
considered that habitat degradation by
pigs was the most serious.
Nationally, the red goshawk has been
threatened chiefly by clearance of
preferred habitat for agriculture, with
some localised problems related to
illegal egg‐collection, shooting, and fire
(Garnett and Crowley 2000). In the
Northern Territory, the most immediate
threat is clearing of prime habitat on
Melville Island for short rotation
plantations of exotic pulpwood.
These include the parasitic mite
Sternostoma tracheacolum (Tidemann et
al. 1992, Bell 1996), trapping, and
pastoral grazing practices (Tidemann et
al. 1990). However, the most important
factor in the decline appears to be
altered availability of food resources
caused by understorey vegetation
change because of pastoralism and/or
changed fire regimes. Evidence suggests
that large‐scale late dry season fires
reduce the amount of seed available that
the gouldian finch relies on particularly
during the early wet season (Garnett and
Crowley 1994; Woinarski et al. 2005).

Savanna

Savanna,
Paperbark,
Watercourses

Savanna,
drainage lines
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Partridge
Pigeon
(eastern
subspecies
)‐
Geophaps
smithii
smithii

Vulnerable

The diet of the partridge pigeon
comprises seeds, mostly of grasses but
also from Acacia and other woody plants
(Higgins and Davies 1996). It is largely
sedentary, although may make local‐
scale movements (up to 5‐10 km) in
response to seasonal variations in water
and food availability (Fraser 2001). It
typically occurs singly or in small family
groups, but larger aggregations may
occur, especially in the late dry season,
around water sources. It nests on the
ground, mostly in the early dry season
(Fraser 2001), with “nest” location
preferentially in sites with relatively
dense grass cover. Such sites contrast to
the relatively open (typically burnt) areas
preferred for feeding, and suggest that
the species may be much affected by fire
regimes. Small, patchy fires have been
recommended for the management of
this species (Fraser et al. 2003). Partridge
pigeons occur principally in lowland
eucalypt open forests and woodlands,
with grassy understoreys.

Partridge pigeons face a number of
threats, whose relative impacts have not
been well established. As they forage,
nest and roost on the ground, partridge
pigeons are highly susceptible to
predation by feral cats. Partridge pigeons
are also dependent upon daily access to
water for drinking, so are likely to do
poorly in relatively dry years, and will be
affected by any manipulation of water
sources.

Paperbark,
Savanna,
Watersource

But probably the most important threats
are the inter‐related changes in grass
composition and fire regimes. Across
much of the Top End, exotic grasses
(including mission grass Pennisetum
polystachion, gamba grass Andropogon
gayanus and/or other African and South
American grasses) have spread rapidly
over recent decades (e.g. Kean and Price
2003), and, where now present, have
greatly reduced the diversity of native
grasses. This will change the diversity,
timing and abundance of seeds available
as food to the partridge pigeon. Fire
regimes have also changed appreciably
over the Top End (and Tiwi islands) over
the last century, and continue to change.
Traditional Aboriginal fire regimes were
probably far more patchy and fine‐scale
than the regimes now prevailing. The
partridge pigeon was probably greatly
advantaged by a regime of frequent,
patchy but localised fire, and is probably
disadvantaged by the current regime of
fewer but more extensive fires (Fraser et
al. 2003). That current regime is now
being made even more disadvantageous
by the high fuel loads associated with
exotic grasses, which make for far hotter
and more extensive fire (Rossitter et al.
2003).
Partridge pigeons may also be affected
by the change in vegetation composition
and structure caused by livestock and
feral animals, although the direction and
magnitude of this impact is uncertain. In
some cases, grazing by stock may create
the more open and patchy ground layer
preferred by partridge pigeons (Fraser
2001).
Partridge pigeons occur principally in tall
eucalypt open forest, and their
population will be reduced wherever
these areas are cleared. This habitat is
that currently most subjected to
conversion for horticulture or forest
plantation (Woinarski 2004a).
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Australian
Painted
Snipe ‐
Rostratula
australis

Vulnerable

Howard
Springs
Toadlet ‐
Uperoleia
daviesae

Vulnerable

Mertens'
Water
Monitor ‐
Varanus
mertensi

Vulnerable

Yellow‐
Spotted
Monitor
Northern
Sand
Goanna
Floodplain
Monitor ‐
Varanus
panoptes

Vulnerable

Australian painted snipe occur in
shallow, vegetated, freshwater swamps,
claypans or inundated grassland
(including temporary wetlands). They
feed at the water’s edge and on
mudflats, taking seeds and probing for
invertebrates. Three to six eggs are laid
in a shallow scrape nest. No sites are
known where the species is resident and
the species may well be nomadic. Its
occurrence appears to be unpredictable
(Rogers 2001). It is unobtrusive during
the day, feeding primarily at night.
Uperoleia daviesae was discovered in
2000 and is known from only a
smallnumber of specimens and chorus
recordings. It appears to be confined to
sandy inundated areas in adjacent river
catchments (Howard and Elizabeth).
Both catchments are in the Darwin area.
There is little information on the ecology
of the species, other than it appears to
be confined to areas of sandy soils with
short vegetation that is inundated in the
wet season, or to adjacent melaleuca
woodland areas. Typically males of the
species are found calling in small
numbers, amidst choruses of other,
more numerous, frog species (W.
Freeland pers. comm.).
Varanus mertensi is a semi‐aquatic
monitor seldom seen far from water. A
strong swimmer, it mostly feeds on fish,
frogs and carrion, but will also eat insects
and small terrestrial vertebrates. It has
an excellent sense of smell and may dig
up prey when foraging, including
freshwater turtle eggs (Doody et al.
2006). It is an accomplished climber and
can be seen climbing on rocks or trees
near water, often basking on branches
overhanging the water or on rocks mid‐
stream. It lays eggs in a burrow
constructed in the ground, with
egglaying usually in the early dry season.
Varanus panoptes is a robust
grounddwelling monitor occupying a
variety of habitats, including coastal
beaches, floodplains, grasslands and
woodlands. It feeds mostly on small
terrestrial vertebrates and insects. It has
an excellent sense of smell and often
digs up prey, especially eggs of marine
and freshwater turtles (Blamires 2004,
Doody et al. 2006). It lays a clutch of eggs
in a burrow in the ground, with egg‐
laying usually in the wet season.

The main process affecting the species in
southern areas is wetland drainage.
Johnstone and Storr (1980) attribute the
decline of painted snipe in the Kimberley
to degradation of habitat by cattle.
Cattle degrade habitat by trampling and
grazing of tussocks. As most NT
swamplands suitable for this species
occur on pastoral lands, this process may
also be detrimentally affecting this
species in the NT, although there are no
substantial data to assess this impact
(Jaensch 2003)
The species appears to be confined to
sandsheets in the Howard and Elizabeth
River catchments. These areas are:
1) in the Darwin peri‐urban growth area,
so are threatened by the urban
expansion of Darwin,
2) in areas under pressure from sand
mining (Price et al. 2005).

Lagoons,
Paperbark
Swamps,
Sandsheet
Heaths

Sandsheet
Heaths

As described above, the advance of cane
toads across the NT presents the most
acute threat facing this monitor. The
species is highly susceptible to cane toad
toxin and monitors can easily eat a cane
toad large enough to kill them (Smith
and Phillips 2006). Cane toads may also
deplete areas of potential prey for
monitors, especially foods eaten by
juveniles. This will slow the recovery of
populations after the initial crash.

Riparian

As described above, the advance of cane
toads across the NT presents the most
acute threat facing this monitor. The
species is highly susceptible to cane toad
toxin and monitors can easily eat a cane
toad large enough to kill them (Smith
and Phillips 2006).

Savanna,
Floodplains
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13.


Appendix 3 – Species Listings

Table 4.11.3c Flora Recorded within Study Area
Name

Abelmoschus ficulneus
Abelmoschus moschatus subsp. tuberosus
Abrus precatorius subsp. precatorius
Acacia auriculiformis
Acacia difficilis
Acacia dimidiata
Acacia hemignosta
Acacia holosericea
Acacia lamprocarpa
Acacia latescens
Acacia leptocarpa
Acacia mimula
Acacia oncinocarpa
Acacia platycarpa
Acacia praelongata
Acacia sp.
Acanthus ilicifolius
Achyranthes aspera
Acrostichum aureum
Acrostichum speciosum
Actinoscirpus grossus
Adenanthera pavonina
Adenia heterophylla subsp. australis
Adenostemma lavenia
Adiantum philippense
Aegiceras corniculatum
Aeschynomene aspera
Aeschynomene indica
Aidia racemosa
Albizia canescens
Albizia lebbeck
Aldrovanda vesiculosa
Allophylus cobbe
Alloteropsis semialata
Alphitonia excelsa
Alphitonia oblata
Alstonia actinophylla
Alternanthera angustifolia var. lanata
Alternanthera denticulata var. denticulata
Alternanthera denticulata var. micrantha
Alternanthera nodiflora
Alysicarpus brownii
Alysicarpus muelleri
Alysicarpus schomburgkii
Alyxia spicata
Ammannia baccifera
Amorphophallus galbra
Amorphophallus paeoniifolius
Ampelocissus acetosa
Amyema haematodes
Amyema mackayensis subsp. cycnei‐sinus
Amyema miquelii
Amyema sanguinea var. indeterminate
Amyema sanguinea var. pulchra

NT
Status

Commonwealth
Status

LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC

Endemic

1
1
1

LC
LC
NT
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
NE
LC
LC
LC
DD
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC

2

1

1

Frequency
1
5
8
95
17
15
1
14
20
6
5
19
19
4
2
3
6
7
3
16
2
3
6
20
1
1
4
8
2
2
1
4
5
39
57
5
28
1
2
1
4
1
1
3
4
23
2
6
46
1
1
1
5
1

Dates

8/03/1973

‐

5/04/1978
9/01/2000

‐
‐

16/11/1971
31/07/1973
10/04/2006
9/11/1946

‐
‐
‐
‐

5/02/1980

‐

1/01/2001

‐

25/03/1968

‐

11/10/1961

‐

2/10/1961

‐

18/05/1959

‐

16/11/1990

‐

7/01/1964
13/05/1966
17/11/1997
22/08/2003
3/06/2007
3/07/2001
29/06/2000
24/05/2001
9/11/2001
24/04/2001
21/08/2001
12/04/2002
4/10/2001
18/04/2001
8/01/1990
10/05/2006
27/08/1985
3/08/2001
1/09/1978
25/05/2000
2/04/1991
25/04/2001
3/08/2001
4/02/2003
1/01/2001
22/03/1973
28/05/1994
28/05/1994
6/05/1984
24/04/2001
7/02/1974
20/06/1978
17/11/1997
12/04/2002
3/06/2007
24/05/2001
10/05/2006
unknown
14/01/1994
unknown
12/04/2002
unknown
unknown
5/08/1973
6/04/1984
14/03/2001
10/10/1974
21/03/2003
21/03/2003
12/12/1989
27/08/1985
31/07/1973
12/04/2002
11/09/1971
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Amyema sanguinea var. sanguinea
Amyema villiflora subsp. indeterminate
Aniseia martinicensis
Anisomeles malabarica
Anthoceros capricornii
Antidesma ghesaembilla
Arenga microcarpa
Aristida holathera var. holathera
Aristida holathera var. indeterminate
Aristida holathera var. latifolia
Aristida inaequiglumis
Aristida ingrata
Aristida macroclada subsp. macroclada
Aristida pruinosa
Aristolochia holtzei
Arthrostylis aphylla
Artocarpus glaucus
Asteromyrtus symphyocarpa
Atalaya variifolia
Auranticarpa melanosperma
Austrodolichos errabundus var.
indeterminate
Avicennia integra
Avicennia marina var. eucalyptifolia
Azolla pinnata
Bacopa floribunda
Bambusa arnhemica
Banksia dentata
Barringtonia acutangula subsp.
acutangula
Basilicum polystachyon
Batis argillicola
Bauhinia binata
Bauhinia malabarica
Bergia pedicellaris
Bergia pusilla
Bidens bipinnata
Blumea axillaris
Blumea diffusa
Blumea saxatilis
Blumea tenella
Blyxa aubertii var. aubertii
Blyxa aubertii var. echinosperma
Blyxa aubertii var. indeterminate
Blyxa octandra
Boerhavia albiflora var. indeterminate
Bombax ceiba
Bonamia brevifolia
Bonamia media var. media
Bonamia pannosa
Bothriochloa bladhii subsp. bladhii
Brachyachne ambigua
Brachyachne convergens
Brachychiton diversifolius subsp.
diversifolius
Brachychiton megaphyllus
Brachychiton paradoxus
Breynia cernua
Bridelia tomentosa
Brucea javanica
Bruguiera exaristata
Bruguiera gymnorhiza

LC

1
1
3
2
1
22
1
2
8
2
2
1
3
1
3
19
9
12
1
3

LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC

30/04/1997
17/02/1984

‐
‐

15/11/1971

‐

4/01/1965

‐

13/03/1963

‐

22/04/1996
27/05/1958

‐
‐

7/08/1966

‐

5/05/1964

‐

1
NT
LC
LC
LC
LC
LC

1

1

1
4
6
1
7
17

17/01/1979
20/04/1983
17/12/1998
3/06/1990
5/07/1989
11/12/2007
1/11/1998
18/03/1980
16/05/2001
15/04/1965
18/03/1980
18/03/1980
21/02/2002
12/02/1971
24/05/2001
4/10/2001
6/03/1987
12/04/2002
11/03/1972
17/01/1979
26/03/1964

30/11/1990
22/05/1958

‐
‐

18/11/1971

‐

27/08/1985
25/05/2000
24/12/1998
23/05/1958
11/06/1997
3/07/2001

LC

39

22/08/2003

LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC

LC
LC
LC
LC
LC
LC
LC

1
1
2
1
1
5
1
1
1
10
1
1
2
1
1
2
1
4
1
1
7
2
1

22/11/1990
7/12/1980
6/03/1988
30/08/2000
26/08/2003
16/06/2006
23/03/1961
19/09/1974
25/05/2000
24/05/2001
21/08/1984
29/09/1967
24/05/1981
unknown
unknown
16/07/1989
unknown
12/04/2002
15/11/1971
5/07/1973
5/07/1980
29/11/1973
22/01/1964

LC

18

LC

LC
LC
LC
LC
LC
LC

1

35
7
53
22
1
1
1

15/05/2000

‐

23/05/1981

‐

23/03/1961

‐

2/10/1961

‐

22/01/1964

‐

10/03/2006
25/07/2000

‐

12/04/2002
31/08/2000
22/08/2003
17/08/2001
30/12/1993
22/03/1973
27/08/1985
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Bruguiera parviflora
Brunoniella australis
Brunoniella linearifolia
Buchanania arborescens
Buchanania obovata
Buchnera gracilis
Buchnera linearis
Buchnera urticifolia
Bulbostylis barbata
Burmannia juncea
Butomopsis latifolia
Byblis aquatica
Byblis liniflora
Caesalpinia bonduc
Cajanus geminatus
Calandrinia gracilis
Calandrinia quadrivalvis
Calandrinia spergularina
Caldesia oligococca var. oligococca
Callitris intratropica
Calochilus holtzei
Calophyllum sil
Calophyllum soulattri
Calotis breviseta
Calymperes moluccense
Calymperes tenerum
Calytrix exstipulata
Camptostemon schultzii
Canarium australianum
Canavalia papuana
Canscora diffusa
Capillipedium spicigerum
Capparis sepiaria
Capparis umbonata
Carallia brachiata
Cardiospermum halicacabum var.
halicacabum
Carpentaria acuminata
Cartonema parviflorum
Cartonema spicatum
Cartonema tenue
Cartonema trigonospermum
Cassytha candida
Cassytha capillaris
Cassytha filiformis
Cathormion umbellatum subsp.
moniliforme
Cayratia acris
Cayratia maritima
Cayratia trifolia
Celtis philippensis
Centranthera cochinchinensis
Centrolepis banksii
Centrolepis exserta
Ceratophyllum demersum
Ceratopteris thalictroides
Ceriops pseudodecandra
Chamaecrista absus var. absus
Chamaecrista mimosoides
Chamaecrista nomame var. indeterminate
Chamaecrista nomame var. nomame
Cheilanthes brownii

LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
DD
NT

LC
LC
LC
LC
LC
LC
LC
LC
LC

1
6
1
32
79
36
6
1
12
8
1
11
1
4
2
22
1
1
8
3
2
1
15
4
1
2
14
1
34
5
2
3
6
1
40

LC

2

1

1

LC
LC
LC
LC
LC
LC
LC
DD
LC
LC
LC

LC
LC
LC
LC
LC
LC
LC
LC

1

1

56
6
11
1
49
1
7
13

23/01/1964

‐

17/02/1958
7/02/1971

‐
‐

5/08/1996

‐

5/03/1973
16/05/1969

‐
‐

9/01/2000
4/06/1984

‐
‐

18/03/1964

‐

16/05/2001
6/02/1968

‐
‐

15/05/2000
3/03/1958

‐
‐

27/08/1985
4/06/2001
11/08/1978
22/08/2003
10/04/2006
14/04/2008
28/05/1994
5/06/1988
24/05/2001
6/08/2004
20/05/1989
3/11/2001
25/05/2000
6/03/1988
22/05/1973
24/01/2007
23/05/1981
28/01/2007
20/05/1996
27/06/2001
12/10/1986
21/03/2003
9/11/2001
17/11/1998
15/05/2001
24/05/2001
3/06/2007
30/11/1990
10/11/2001
23/03/1961
15/05/2000
23/12/1971
21/10/1985
17/11/1997
22/08/2003
22/01/1985

16/05/1959

‐

18/03/1964

‐

15/05/2000

‐

22/08/2003
20/04/2001
14/04/2008
21/03/2001
19/03/2005
unknown
3/11/2001
24/05/2001

LC

4

26/02/1991

LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC

2
42
12
9
5
4
21
7
3
6
1
3
3
2
1

5/10/1984
25/05/2000
22/08/2003
16/11/1990
3/07/2001
20/04/2001
24/04/2001
17/11/1998
25/05/2000
22/08/1985
unknown
20/04/2001
3/01/2002
18/03/1964
21/03/1961

LC
LC

26/11/1971
7/05/1974
6/05/1972
2/10/1961
6/04/1988
26/08/1970

‐
‐
‐
‐
‐
‐

23/05/1958
3/11/1997
18/03/1964

‐
‐
‐
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Cheilanthes contigua
Cheilanthes fragillima
Cheilanthes pumilio
Cheilanthes tenuifolia
Chiloschista phyllorhiza
Chloris lobata
Chlorophytum laxum
Choriceras tricorne
Chrysopogon elongatus
Chrysopogon fallax
Chrysopogon oliganthus
Chrysopogon setifolius
Chrysothrix candelaris
Cissus adnata
Cissus reniformis
Citrus gracilis
Clematis pickeringii
Cleome linophylla
Cleome tetrandra var. indeterminate
Cleome tetrandra var. tetrandra
Clerodendrum costatum
Clerodendrum floribundum var.
indeterminate
Clerodendrum inerme
Clerodendrum tatei
Clitoria australis
Cochlospermum fraseri subsp.
indeterminate
Coelachne pulchella
Coldenia procumbens
Colocasia esculenta
Cololejeunea minutissima subsp.
myriocarpa
Commelina agrostophylla
Commelina difformis
Commelina ensifolia
Corchorus aestuans
Corchorus capsularis
Cordia dichotoma
Cordia subcordata
Corymbia bella
Corymbia bleeseri
Corymbia confertiflora
Corymbia disjuncta
Corymbia dunlopiana
Corymbia foelscheana
Corymbia grandifolia subsp. indeterminate
Corymbia latifolia
Corymbia polycarpa
Corymbia polysciada
Corymbia porrecta
Corynotheca lateriflora
Cressa australis
Crinum angustifolium
Crinum uniflorum
Crosslandia setifolia
Crotalaria brevis
Crotalaria calycina
Crotalaria medicaginea var. indeterminate
Crotalaria medicaginea var. neglecta
Crotalaria montana var. angustifolia
Crotalaria montana var. indeterminate

LC
LC
LC
LC
NT
LC
LC
LC
LC
LC
LC
LC
LC
LC
NT
LC
DD

1
1

NE
LC

4
1
1
5
5
2
1
4
2
6
6
1
1
5
12
4
1
2
5
1
19
11

LC
LC
LC

1

DD
LC
LC

3
17
1

13/02/1973

‐

16/05/1959

‐

22/01/1964

‐

4/11/1973
16/05/2001

‐
‐

9/03/1946

‐

11/05/1971

‐

14/01/1997
17/01/1979

‐
‐

2/10/1961

‐

3/08/2001

‐

27/08/1985
14/04/2008
5/11/1973

2/07/1972

15

4/01/2008

1
1
15

7/01/1972
17/11/1998
1/05/1995

1
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC

1

1
1

3/08/2001
31/01/1991
5/02/1984
12/04/2002
9/12/2003
18/05/1976
5/08/1973
6/05/1984
17/08/2001
12/04/2002
18/05/2005
4/07/1972
12/03/1985
3/08/2001
11/06/1997
15/10/1993
unknown
17/02/2005
29/12/2009
12/04/1997
11/06/1997

8
4
24
2
3
6
3
18
13
4
7
2
2
3
2
27
17
43
3
1
5
2
2
3
1
11
1
4
9

15/05/2001
15/06/1972
14/08/1986

‐
‐

23/03/1961
18/05/1959

‐
‐

18/04/2001

‐

19/09/1971
9/11/2001

‐
‐

26/01/1972

‐

20/04/2005

‐

29/01/1992
2/10/1961
16/02/1987

‐
‐
‐

3/11/1997

‐

2/10/1961

‐

15/05/2000
13/07/1988
3/01/2002
2/10/1961
13/07/1988
30/10/1997
25/05/2000
19/08/2002
10/05/2006
21/08/2001
24/05/2001
27/12/1994
7/02/2000
10/11/2001
unknown
10/04/2006
10/04/2006
10/04/2006
20/05/2008
unknown
16/05/2001
18/02/1994
3/01/1972
27/06/2001
18/05/1959
12/04/2002
20/04/1983
2/03/1972
15/03/2005
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Crotalaria quinquefolia
Crotalaria retusa
Croton argyratus
Croton arnhemicus
Croton habrophyllus
Croton tomentellus
Cryptocarya cunninghamii
Cucumis maderaspatanus
Cucumis melo subsp. agrestis
Cucumis melo subsp. indeterminate
Cupaniopsis anacardioides
Curculigo ensifolia var. indeterminate
Cyanotis axillaris
Cyanthillium cinereum
Cyathostemma glabrum
Cycas armstrongii
Cycas armstrongii x conferta
Cyclocarpa stellaris
Cyclophyllum schultzii f. angustifolium
Cyclophyllum schultzii f. indeterminate
Cyclosorus interruptus
Cymbopogon refractus
Cynanchum carnosum
Cynanchum liebianum
Cynanchum pedunculatum
Cyperus angustatus
Cyperus aquatilis
Cyperus bifax
Cyperus breviculmis
Cyperus castaneus
Cyperus cuspidatus
Cyperus decompositus
Cyperus difformis
Cyperus digitatus
Cyperus exaltatus
Cyperus haspan subsp. indeterminate
Cyperus haspan subsp. juncoides
Cyperus iria
Cyperus javanicus subsp. armstrongii
Cyperus macrostachyos
Cyperus nervulosus
Cyperus pilosus
Cyperus platystylis
Cyperus polystachyos
Cyperus pulchellus
Cyperus scariosus
Cyperus serotinus
Cyperus sporobolus
Cyperus tenuispica
Cyperus zollingeri
Dalbergia candenatensis
Dapsilanthus spathaceus
Decaisnina angustata
Decaisnina signata subsp. cardiophylla
Decaisnina signata subsp. indeterminate
Decaisnina signata subsp. signata
Decaisnina triflora
Dendrobium affine
Dendrophthoe odontocalyx
Denhamia obscura
Dentella dioeca
Dentella repens

NT
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
V
NE
LC
LC
LC
LC
LC
DD
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
DD
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC

1

1
1

1

1

1

2
1
6
12
6
1
15
5
1
2
16
2
8
20
1
77
1
3
2
21
11
1
8
1
1
1
4
2
2
1
3
1
6
2
3
11
1
7
14
4
1
1
3
8
7
7
3
3
2
1
1
54
1
1
5
4
2
6
1
7
4
8

15/03/1967

‐

18/05/1959

‐

4/06/2001

‐

1/01/1967
1/01/2001

‐
‐

5/01/1973
29/11/1973
5/01/1983

‐
‐
‐

5/12/1980

‐

14/05/1987

‐

18/05/1959

‐

15/08/1978
2/10/1961
23/01/1964

‐
‐
‐

23/01/1964
12/01/1971
24/02/1994

‐
‐
‐

18/11/1971

‐

1/04/1963
27/05/1958

‐
‐

23/01/1964
29/11/1971

‐
‐

15/03/1967
14/04/1966
30/11/1990
24/05/2001
1/04/2000
unknown
11/06/1997
15/05/2000
2/07/1972
22/01/1985
17/08/2001
4/06/2001
6/04/2001
4/10/2001
unknown
4/01/2008
18/01/1972
5/02/1980
21/08/2001
3/01/2002
30/10/1997
28/04/1967
30/10/1997
12/04/1995
28/02/1988
5/04/1983
23/04/2001
29/11/1973
6/01/1987
2/10/1961
13/02/1994
27/04/1977
4/10/1997
30/12/1990
2/02/1991
30/04/1997
25/02/1997
20/02/1987
12/06/2009
20/02/1987
13/02/1994
20/06/1980
18/09/1981
30/10/1997
3/10/2001
27/12/1990
12/09/1988
12/12/1973
4/10/1997
5/03/1983
15/01/1987
21/08/2002
1/12/1972
7/01/1964
3/08/2001
15/03/1976
unknown
2/07/1990
1/04/1963
21/08/2001
17/11/1998
12/06/2009
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Derris trifoliata
Desmodium brownii
Desmodium glareosum
Desmodium heterocarpon var. strigosum
Desmodium muelleri
Desmodium pullenii
Desmodium pycnotrichum
Desmodium trichostachyum
Dianella odorata
Dichanthium sericeum subsp.
indeterminate
Dichanthium sericeum subsp.
polystachyum
Dicliptera ciliata
Dicliptera spicata
Dicranopteris linearis var. linearis
Digitaria gibbosa
Digitaria leucostachya
Digitaria longiflora
Dimeria acinaciformis
Dimeria ornithopoda
Dioscorea bulbifera
Dioscorea transversa
Diospyros calycantha
Diospyros compacta
Diospyros humilis
Diospyros littorea
Diospyros maritima
Diospyros rugosula
Dipodium stenocheilum
Dipteracanthus bracteatus
Distichostemon hispidulus var. hispidulus
Distichostemon hispidulus var.
indeterminate
Dodonaea platyptera
Dolichandrone filiformis
Drosera banksii
Drosera brevicornis
Drosera burmanni
Drosera dilatatopetiolaris
Drosera fulva
Drosera indica
Drosera petiolaris
Drosera sp.
Drynaria quercifolia
Drypetes deplanchei
Dunbaria rotundifolia
Dunbaria singuliflora
Dysoxylum acutangulum subsp.
foveolatum
Echinochloa elliptica
Eclipta prostrata
Eclipta sp. Humpty Doo (H.S.McKee 8360)
Ectrosia agrostoides
Ectrosia leporina
Elaeocarpus arnhemicus
Eleocharis atropurpurea
Eleocharis dulcis
Eleocharis sp. affin. acutangula (S.T.Blake
17630)
Eleocharis sp. affin. brassii
(G.M.Chippendale 1486)
Eleocharis sphacelata

LC
LC
LC
LC
LC
LC
LC
LC
LC

1
1
3
5
3
7
11
19
1

12/04/1997

‐

13/03/1963
28/02/1974

‐
‐

2/10/1961

‐

2

27/08/1985
25/05/2000
12/04/2002
14/03/1984
19/04/1963
3/01/2002
12/04/2002
3/11/2001
1/01/2001
unknown

LC

2

7/01/1964

‐

4/10/1997

LC
LC
LC
LC
DD
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
DD
LC

2
1
1
3
1
1
9
2
11
13
22
26
1
37
2
8
3
1
1

13/05/1963

‐

15/01/1963

‐

25/05/2000
25/05/2000

‐
‐

17/12/1984

‐

4/01/1993
8/06/1988
4/03/1981
24/01/2010
23/01/1964
12/09/1988
16/05/2001
25/05/2000
21/03/2003
3/08/2001
22/08/2003
19/11/1997
unknown
25/05/2000
unknown
19/11/1997
12/04/2002
28/02/2007
20/06/1973

5

14/03/2001

‐

LC
LC
LC
NE
LC
LC
NE
LC
LC

26/04/2001

LC
LC
LC
LC

2
1
4
3
11
8
14
22
28
1
15
5
1
3

LC

9

LC
LC
LC
LC
LC
LC
LC
LC

16
2
5
13
10
5
2
11

LC

1

29/05/2006

LC

5

29/05/2006

LC

2

unknown

1

25/05/2000
16/01/1997
26/06/1968
20/04/2001
12/10/1994
16/05/1959
16/05/1959

‐
‐
‐
‐
‐
‐
‐

1/11/1972

‐

unknown
unknown
3/11/2001
25/05/2000
24/04/2001
12/04/2002
21/12/2001
18/05/2005
4/10/2001
21/03/2001
22/08/2003
17/11/1997
3/01/1972
3/01/2002
11/05/1989

17/03/1958
23/05/1958
2/10/1961
15/03/1961
21/02/1964

‐
‐
‐
‐
‐

7/01/1972

‐

28/02/2007
24/11/1998
29/03/1984
12/04/2002
3/07/2001
unknown
29/05/2006
29/05/2006
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Eleocharis spiralis
Eleocharis sundaica
Elytrophorus spicatus
Embelia curvinervia
Emilia sonchifolia var. sonchifolia
Endospermum myrmecophilum
Epipremnum amplissimum
Eragrostis brownii
Eragrostis cumingii
Eragrostis fallax
Eragrostis kennedyae
Eragrostis potamophila
Eragrostis pubescens
Eragrostis schultzii
Eragrostis spartinoides
Eriachne agrostidea
Eriachne aristidea
Eriachne avenacea
Eriachne burkittii
Eriachne ciliata
Eriachne major
Eriachne minuta
Eriachne obtusa var. indeterminate
Eriachne schultziana
Eriachne semiciliata
Eriachne squarrosa
Eriachne stipacea
Eriachne triodioides
Eriachne triseta
Eriocaulon cinereum
Eriocaulon depressum
Eriocaulon fistulosum
Eriocaulon nematophyllum
Eriocaulon pusillum
Eriocaulon schultzii
Eriocaulon scullionii
Eriocaulon setaceum
Eriocaulon spectabile
Eriocaulon tortuosum
Eriocaulon tricornum
Eriochloa crebra
Eriochloa decumbens
Eriochloa procera
Eriosema chinense
Erycibe coccinea
Erythrina vespertilio subsp. vespertilio
Erythrophleum chlorostachys
Eucalyptus alba var. australasica
Eucalyptus bigalerita
Eucalyptus miniata
Eucalyptus tectifica
Eucalyptus tetrodonta
Eulophia bicallosa
Euphorbia atoto
Euphorbia mitchelliana
Euphorbia muelleri
Euphorbia schultzii
Euphorbia vachellii
Evolvulus alsinoides var. indeterminate
Exocarpos latifolius
Ficus aculeata var. indecora
Ficus aculeata var. indeterminate

LC
LC
LC
LC
NT
LC
LC
LC
LC
LC
DD
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
DD
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
DD
LC
LC
LC
LC
LC
LC

1
1

1

1

1

2
3
6
16
1
6
1
1
11
1
1
2
4
1
1
1
1
1
25
2
2
2
5
9
1
1
7
1
57
18
4
28
2
3
28
2
11
5
4
9
1
4
7
9
19
1
133
12
1
130
3
106
2
1
1
3
6
21
1
33
3
17

18/05/1976

‐

15/01/1963
18/03/1964

‐
‐

4/01/1965
25/05/2000
25/05/2000

‐
‐
‐

13/04/1962

‐

26/04/1999

‐

18/03/1964
21/07/1971
28/05/1994
6/01/1972
16/05/2001
7/08/1973
16/05/1959
3/10/2001

‐
‐
‐
‐
‐
‐
‐
‐

21/07/1971
6/01/1976
15/05/2000

‐
‐
‐

13/05/1963

‐

2/10/1961

‐

21/05/1964

‐

8/06/1979

‐

6/06/1972
15/01/1963

‐
‐

15/07/1972

‐

7/01/1972
29/05/2006
5/02/1974
11/06/1997
2/08/1972
28/10/1986
unknown
21/05/1964
30/12/1990
28/05/1994
11/07/2000
24/01/2010
20/04/2005
15/11/1971
23/11/1971
25/05/2000
unknown
12/04/2002
22/04/2005
3/01/1972
3/07/2001
25/05/2000
3/11/2001
20/04/2005
19/03/1965
unknown
26/04/2001
25/04/2001
17/08/2001
24/04/2001
25/05/2000
16/05/2001
16/05/2001
25/05/2000
26/04/2009
3/10/2001
3/11/2001
16/05/2001
20/04/2001
3/11/2001
unknown
5/07/1980
7/01/1964
4/10/2001
22/08/2003
24/04/2001
4/01/2008
21/08/2001
26/05/1970
4/02/2008
1/01/2001
4/02/2008
8/03/1989
9/09/1969
3/01/2002
3/10/2001
4/06/2001
4/06/2001
15/01/1963
3/06/2007
24/05/2001
12/04/2002
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Ficus brachypoda
Ficus congesta
Ficus hispida
Ficus racemosa var. racemosa
Ficus scobina
Ficus virens var. indeterminate
Fimbristylis acicularis
Fimbristylis acuminata
Fimbristylis bisumbellata
Fimbristylis caloptera
Fimbristylis cinnamometorum
Fimbristylis clavata
Fimbristylis compacta
Fimbristylis complanata
Fimbristylis densa
Fimbristylis denudata
Fimbristylis depauperata
Fimbristylis dichotoma
Fimbristylis dictyocolea
Fimbristylis dunlopii
Fimbristylis ferruginea
Fimbristylis furva
Fimbristylis lanceolata
Fimbristylis littoralis var. littoralis
Fimbristylis macassarensis
Fimbristylis miliacea
Fimbristylis modesta
Fimbristylis nutans
Fimbristylis ovata
Fimbristylis pachyptera
Fimbristylis pallida
Fimbristylis pauciflora
Fimbristylis phaeoleuca
Fimbristylis pilifera
Fimbristylis polytrichoides
Fimbristylis pterygosperma
Fimbristylis punctata
Fimbristylis rara
Fimbristylis recta
Fimbristylis schoenoides
Fimbristylis simplex
Fimbristylis sp.
Fimbristylis sp. Darwin (M.Lazarides 4251)
Fimbristylis sp. Howard River (P.G.Wilson
10719)
Fimbristylis tetragona
Fimbristylis trachycarya
Fimbristylis trigastrocarya
Flacourtia territorialis
Flagellaria indica
Flemingia lineata
Flemingia parviflora
Flemingia sp.
Flueggea virosa subsp. melanthesoides
Freycinetia excelsa
Frullania pentapleura
Frullania subtropica
Fuirena ciliaris
Fuirena umbellata
Galactia megalophylla
Galactia muelleri
Galactia tenuiflora

LC

LC
LC
LC
LC
DD
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
DD
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC

1

1

1

LC

1

LC

1

LC
LC
LC
LC
LC
LC
LC

1

LC
V

LC
LC
LC
LC
LC

1

1
12
25
27
40
29
12
13
1
2
3
1
2
2
2
1
14
6
2
10
8
15
18
13
8
3
5
9
1
1
32
8
2
1
1
2
13
2
2
3
18
3
4

16/05/1959
22/05/1973

‐
‐

5/07/1973
18/11/1971

‐
‐

18/04/2001
5/01/1986
5/01/1983

‐
‐
‐

23/03/1961
3/07/1958
23/11/1971
2/11/1961

‐
‐
‐
‐

7/05/1973
3/12/1974

‐
‐

25/05/2000
22/02/1994
5/03/1983
15/05/2000

‐
‐
‐
‐

5/09/1996

‐

13/03/1963

‐

26/03/1987
4/07/1972
20/04/2001
23/02/1994
5/02/1980
14/12/1973
3/10/2001
25/01/1972

‐
‐
‐
‐
‐
‐
‐
‐

9/12/1946
21/03/2003
1/01/2001
9/11/2001
10/11/2001
22/08/2003
4/05/2001
3/11/2001
25/01/1972
25/05/2000
4/05/2001
5/02/1974
18/04/2001
27/07/1988
20/04/2001
17/11/1998
22/02/1994
31/01/1991
16/05/2001
24/01/2010
25/05/2000
3/11/2001
3/07/2001
6/03/2005
16/05/2001
4/05/2001
6/04/2005
3/11/2001
4/06/2001
23/01/1964
26/04/2009
29/05/2006
4/10/1997
12/12/1973
22/05/1973
3/07/2001
26/04/2009
3/07/2001
20/04/2001
22/02/1994
3/11/2001
3/11/2001
5/10/1986

9

5/01/1973

‐

3/11/2001

4
1
1
9
59
3
27
1
26
1
1
1
19
3
3
1
8

15/05/2000

‐

7/08/1973

‐

18/05/1959
5/06/1980
24/02/1972

‐
‐
‐

3/11/2001
13/03/1963
28/05/1994
17/11/1997
22/08/2003
6/03/2005
12/04/2002
unknown
3/08/2001
5/04/2004
24/05/2001
24/05/2001
4/08/2004
14/03/1991
12/01/2002
2/10/1961
15/03/2005
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Ganophyllum falcatum
Gardenia megasperma
Gardenia schwarzii
Gardenia sp.
Geodorum neocaledonicum
Germainia grandiflora
Glinus lotoides
Glinus oppositifolius
Glochidion sumatranum
Glochidion xerocarpum
Glycine tomentella
Glycosmis trifoliata
Gmelina schlechteri
Gomphrena canescens subsp. erythrina
Gomphrena canescens subsp.
indeterminate
Gomphrena flaccida
Gomphrena parviflora
Gonocarpus chinensis subsp. chinensis
Goodenia armstrongiana
Goodenia elaiosoma
Goodenia holtzeana
Goodenia janamba
Goodenia kakadu
Goodenia leiosperma
Goodenia neglecta
Goodenia paludicola
Goodenia pilosa
Goodenia porphyrea
Goodenia pumilio
Goodenia purpurascens
Goodenia purpurea
Goodenia symonii
Grevillea benthamiana
Grevillea decurrens
Grevillea dryandri subsp. indeterminate
Grevillea goodii
Grevillea heliosperma
Grevillea mimosoides
Grevillea parallela
Grevillea pluricaulis
Grevillea pteridifolia
Grevillea sp.
Grewia breviflora
Grewia mesomischa
Grewia oxyphylla
Grewia retusifolia
Guettarda speciosa
Gymnanthera oblonga
Gynochthodes sp. Docherty Hills (G.J.Leach
2186)
Habenaria elongata
Habenaria halata
Habenaria hymenophylla
Habenaria rumphii
Haemodorum brevicaule
Haemodorum coccineum
Haemodorum ensifolium
Haemodorum parviflorum
Haemodorum sp. Red flowers (N.B.Byrnes
34)
Hakea arborescens

LC
LC
LC

4/01/1964

‐

20/12/1989
4/06/2001
3/08/2001
9/11/2001
3/08/2001
18/05/2005
7/03/1980
22/01/1985
22/08/2003
25/04/2001
11/05/2003
8/03/1988
22/08/2003
27/04/2005

2

5/01/1996

‐

3/05/2006

18/05/1959
3/09/1973

‐
‐

18/05/1959
6/03/2000
19/04/1963
21/10/1988
12/04/1995
18/05/1959
2/10/1961
12/04/1993
22/01/1964
25/03/1964
7/05/1974

‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐

20/05/1967
16/05/1959

‐
‐

9/09/1946

‐

14/05/1963
9/11/1946

‐
‐

26/04/2001

‐

LC
LC
LC
LC
LC
LC

8
6
1
6
7
4
2
2
4
5
2
3
5
4
9
14
17
1
5
1
19
5
2
1
6
47
1
4
8
4
13
1
36

23/11/1971

‐

2/10/1961

‐

3/05/2006
30/03/2008
16/05/2001
22/04/2005
16/05/2001
25/05/2000
4/02/1997
13/07/2007
28/05/1994
3/11/2001
28/05/1994
23/01/1987
18/03/2004
20/04/2001
12/06/2009
20/04/2005
19/04/2005
25/07/2000
24/05/2001
24/05/2001
20/04/2005
12/04/2002
8/09/1989
9/11/1946
24/05/2001
3/06/2007
10/05/2006
1/01/2001
12/05/2003
5/11/1984
4/06/2001
unknown
12/04/2002

LC

10

DD
DD
DD
EN
LC
LC
LC
LC

2
2
1
1
2
7
5
1

NE
LC

LC
LC
LC
LC
LC
LC
LC
LC
LC
LC

LC
LC
LC
LC
DD
LC
LC
DD
LC
LC
LC
LC
LC
LC
LC
LC
LC
NT
LC
LC
LC
LC
LC
LC
LC

1

2

1

1
1

1

1
1
1

1

1

2
8
6
1
9
17
1
1
30
9
1
17
29
3

2/10/1961

‐

25/05/2000

‐

28/08/1983
25/02/1994
27/01/2005

‐
‐

3/10/1994
31/01/2007
6/06/1991
2/10/1989
12/04/2002
16/01/1997
20/04/2001
16/05/2001

12/01/2002

‐

12/09/1988

‐

2

18/11/1971

‐

11/08/1978

5

9/08/1982

‐

3/07/2001
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Helicia australasica
Helicteres isora
Helicteres sp. Darwin (S.T.Blake 16793)
Heliotropium bracteatum
Heliotropium cracens
Heliotropium ovalifolium
Heliotropium tenuifolium
Heliotropium ventricosum
Helminthostachys zeylanica
Heterachne abortiva
Heterachne gulliveri var. gulliveri
Heteropogon contortus
Heteropogon triticeus
Hibbertia angustifolia
Hibbertia brevipedunculata
Hibbertia caudice
Hibbertia cistifolia
Hibbertia dilatata
Hibbertia juncea
Hibbertia lepidota
Hibbertia sphenandra
Hibbertia tasmanica
Hibiscus meraukensis
Hibiscus panduriformis
Hibiscus tiliaceus
Horsfieldia australiana
Huxleya linifolia
Hybanthus enneaspermus subsp.
indeterminate
Hydriastele ramsayi
Hydrilla verticillata
Hygrochloa aquatica
Hygrochloa cravenii
Hygrophila angustifolia
Hymenachne acutigluma
Hypoestes floribunda var. indeterminate
Hypoestes floribunda var. varia
Hypolytrum nemorum
Hypoxis nervosa
Ichnocarpus frutescens
Imperata cylindrica
Indigofera colutea
Indigofera saxicola
Ipomoea abrupta
Ipomoea aquatica
Ipomoea coptica
Ipomoea eriocarpa
Ipomoea gracilis
Ipomoea graminea
Ipomoea macrantha
Ipomoea plebeia
Ipomoea polymorpha
Ipomoea velutina
Ischaemum australe var. indeterminate
Ischaemum decumbens
Ischaemum fragile
Ischaemum rugosum var. indeterminate
Ischaemum rugosum var. rugosum
Ischaemum rugosum var. segetum
Isoetes coromandelina subsp.
macrotuberculata
Ixora timorensis

LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
NE
LC
LC
LC
LC
LC
LC
LC
LC

18/03/1964

‐

3/01/2002
23/01/1985
4/10/2001
3/05/2006
12/09/1988
22/01/1985
12/04/1997
12/04/2002
1/01/2001
25/05/2000
3/11/2001
24/04/2001
12/04/2002
unknown
24/05/2001
4/10/2001
3/07/2008
24/05/2001
14/04/2008
11/08/1978
unknown
27/04/1977
4/10/2001
2/07/1985
22/08/2003
22/08/2003
3/11/2001

4

4/05/1958

‐

27/06/2001

2
3
4
2
7
1
2
3
1
4
24
5
3
9
11
9
10
2
7
10
3
3
2
6
3
7
4
5
1
1

20/04/1983
10/05/1982
7/01/1977
30/04/1997

‐
‐
‐
‐

5/10/1966

‐

11/08/1978

‐

17/03/1958
2/07/1972

‐
‐

16/05/1959

‐

23/03/1961
5/03/1983

‐
‐

15/05/2000
5/02/1974

‐
‐

18/11/1997
6/01/1987
17/01/1999
30/04/1997
30/03/2008
6/01/1981
31/05/2005
21/08/1986
unknown
3/11/2001
25/04/2001
12/04/2002
2/10/1961
14/04/2008
24/04/2001
5/07/1980
2/07/1985
27/04/1977
12/04/2002
4/06/2001
30/10/1997
25/03/1964
2/08/1987
25/04/2001
21/03/2001
3/11/2001
3/07/2001
4/10/1997
5/02/1974
13/03/1963

LC

2

18/04/2001

‐

LC

29

LC
LC
LC

LC
LC
LC
DD
LC
LC
LC
NT
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
DD

1
1
1

1

1
1
1

1

1

1
1
1

10
4
6
1
2
1
1
14
8
3
4
2
35
2
6
4
11
3
23
1
2
3
9
3
17
24
15

11/08/1971

‐

18/05/1959

‐

23/11/1971

‐

28/05/1994
3/01/1972
23/04/1974

‐
‐
‐

14/03/2001
12/10/1986
18/03/1964
24/05/2001
9/10/1946

‐
‐
‐
‐
‐

29/11/1971
24/04/1963
5/07/1980

‐
‐
‐

3/10/2001
21/03/2003
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Jacksonia dilatata
Jacquemontia browniana
Jacquemontia paniculata
Jasminum aemulum
Jasminum didymum subsp. indeterminate
Jasminum molle
Kailarsenia suffruticosa
Knoxia stricta
Leea indica
Leea rubra
Leersia hexandra
Lemna aequinoctialis
Lepironia articulata
Leptochloa fusca subsp. fusca
Leucophanes glaucum
Limnophila australis
Limnophila chinensis
Limnophila fragrans
Lindernia aplectra
Lindernia ciliata
Lindernia clausa
Lindernia lobelioides
Lindernia scapigera
Lindernia sp. Hann River (M.Lazarides
9167)
Lindernia sp. Melville Island (C.R.Dunlop
4609)
Lindernia sp. Mount Bundey (C.R.Dunlop
8840)
Lindernia subulata
Lindsaea ensifolia
Liparis habenarina
Lipocarpha microcephala
Litsea glutinosa
Livistona benthamii
Livistona humilis
Livistona rigida
Lobelia dioica
Lobelia stenophylla
Lomandra tropica subsp. indeterminate
Lomandra tropica subsp. tropica
Lophostemon grandiflorus subsp.
indeterminate
Lophostemon lactifluus
Ludwigia adscendens
Ludwigia hyssopifolia
Ludwigia octovalvis
Ludwigia perennis
Luffa aegyptiaca
Luisia teretifolia
Lumnitzera racemosa
Lycopodiella cernua
Lygodium flexuosum
Lygodium microphyllum
Macaranga involucrata var. mallotoides
Macaranga tanarius
Malaxis acuminata
Malaxis marsupichila
Mallotus nesophilus
Mallotus philippensis
Maranthes corymbosa
Margaritaria dubium‐traceyi
Margaritaria indica

LC

8/01/1956

‐

12/12/1973
27/04/1977
5/08/1973

‐
‐
‐

16/04/1981
1/11/1999

‐
‐

18/02/1958

‐

28/05/1994
5/09/1996
14/04/1977
23/11/1971
7/02/1971
16/05/1959

‐
‐
‐
‐
‐
‐

25/05/2000
19/03/1961
14/04/1993
19/11/1997
unknown
24/04/2001
3/01/2002
3/01/2002
30/10/1997
25/02/1997
5/10/1997
25/05/2000
21/06/2002
12/03/1990
15/07/1988
5/04/1997
16/09/1974
23/04/2001
23/04/2001
22/02/1994
21/05/2005
15/03/2006
3/07/2001

2

26/06/1968

‐

28/05/1994

LC

7

19/08/1971

‐

25/05/2000

NE

2

16/05/1959

‐

13/02/1994

NE

1
12
2
2
23
57
21
4
7
14
9
2

LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC

1

LC
LC
LC
LC
LC
LC
LC
LC
NE

DD
LC
LC
LC
LC
LC
LC
LC
LC

LC
LC
LC
LC
LC
V
LC
LC
LC
LC
LC
LC
DD
V
LC
LC
LC
LC
NE

1

1

6
1
6
10
2
5
6
4
43
13
2
2
1
7
1
6
1
10
10
3
2
23
14

22/02/1982
24/02/1994

‐
‐

9/01/2000
26/06/1968
14/07/1964
6/06/1972
4/02/2008

‐
‐
‐
‐
‐

26/06/1968
3/01/2002
2/04/2005
3/07/2001
3/01/2002
22/08/2003
3/06/2007
18/07/2000
6/05/2001
21/05/2005
4/10/2001
14/04/2008

3

unknown

46
10
8
14
5
31
3
11
3
6
7
34
13
8
2
3
8
33
3
6

10/05/2006
17/11/1998
25/05/2000
20/04/2001
3/11/2001
3/08/2001
11/04/1993
25/05/2000
22/11/1984
4/06/1984
14/07/1988
22/08/2003
21/03/2003
4/02/2003
2/12/1985
17/11/1997
unknown
17/08/2001
16/11/1990
15/04/1993

14/04/1966

‐

17/12/1984
19/01/1983
4/03/1981

‐
‐
‐

5/02/1984

‐

5/11/1984

‐
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Marsdenia connivens
Marsdenia geminata
Marsdenia glandulifera
Marsdenia trinervis
Marsdenia velutina
Marsdenia viridiflora subsp. tropica
Marsilea crenata
Mastigolejeunea indica
Maytenus ferdinandi
Melaleuca argentea
Melaleuca cajuputi subsp. cajuputi
Melaleuca cajuputi subsp. indeterminate
Melaleuca dealbata
Melaleuca leucadendra
Melaleuca nervosa subsp. indeterminate
Melaleuca viridiflora
Melastoma malabathricum subsp.
malabathricum
Melicope elleryana
Melochia corchorifolia
Memecylon pauciflorum
Merremia gemella
Microcarpaea minima
Microchloa indica
Micromelum minutum
Microsorum grossum
Miliusa brahei
Miliusa traceyi
Millettia pinnata
Mimulus uvedaliae var. indeterminate
Mimulus uvedaliae var. lutea
Mimulus uvedaliae var. uvedaliae
Mimusops elengi
Minuria macrorhiza
Mitrasacme aggregata
Mitrasacme connata
Mitrasacme exserta
Mitrasacme laevis
Mitrasacme latiflora
Mitrasacme multicaulis
Mitrasacme nudicaulis var. indeterminate
Mitrasacme nummularia
Mitrasacme subvolubilis
Mnesithea formosa
Mnesithea rottboellioides
Mollugo pentaphylla
Monochoria cyanea
Monochoria vaginalis
Morinda citrifolia
Morinda jasminoides
Mucuna gigantea subsp. gigantea
Murdannia cryptantha
Murdannia gigantea
Murdannia graminea
Murdannia vaginata
Murraya paniculata var. ovatifoliolata
Myriophyllum muricatum
Myriophyllum trachycarpum
Myristica insipida var. indeterminate
Myristica insipida var. insipida
Myristica lancifolia subsp. australiana
Myrsine pedicellata

LC
LC
LC
LC
LC
LC
LC

LC

2
3
8
1
1
9
4
2
1
2
3
41
3
7
64
30

LC

4

unknown

LC
LC
LC
LC
LC
DD
LC
LC
LC
LC
LC

30
15
5
18
1
1
6
12
7
2
22
16
1
1
4
2
4
19
4
3
2
3
1
6
22
3
14
2
3
14
31
7
27
1
9
22
9
1
2
3
18
1
2
9

22/08/2003
3/09/1995
7/04/1974
30/04/1997
17/05/1976
2/10/1961
14/08/1986
15/07/1988
13/11/1989
19/11/1997
22/08/2003
6/12/2006
18/06/1969
13/05/1996
23/01/1985
12/04/2002
5/07/2005
4/10/2001
20/04/2005
1/11/1996
2/07/1989
25/05/2000
24/04/2001
30/03/2008
16/05/2001
24/04/2001
16/03/2005
22/02/1994
6/04/1988
27/04/2002
11/03/2006
22/08/2003
22/08/2003
21/01/1997
3/07/2001
12/04/2002
3/11/2001
unknown
5/02/1980
30/04/1997
1/01/2001
3/05/1967
27/07/1988
unknown

LC
LC
LC
LC
LC

LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
NE
LC
LC
LC
LC
LC
LC
LC
LC
LC

1

1
1

27/03/1968

‐

26/11/1971
18/05/1959
16/05/2001

‐
‐
‐

13/12/1968

‐

9/08/1946

‐

7/08/1966
7/09/1957

‐
‐

26/06/1968

‐

8/10/1993

‐

19/04/1963
23/11/1971
30/11/1986
5/09/1996

‐
‐
‐
‐

6/06/1972
20/05/1967
17/03/1958

‐
‐
‐

3/01/1972

‐

11/06/1974

‐

14/04/1977

‐

28/02/1967
26/06/1968

‐
‐

16/11/1983

‐

14/12/1973
2/07/1990
unknown
12/01/1971
unknown
12/04/2002
5/07/1980
24/05/2001
25/04/2001
unknown
15/06/1972
10/11/2001
27/09/1984
3/01/2002
3/11/2001
12/04/2002
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Najas tenuifolia
Nauclea orientalis
Nelsonia campestris
Nelumbo nucifera
Nephrolepis hirsutula
Neptunia major
Nervilia aragoana
Nervilia holochila
Notelaea sp. Elcho Island (C.R.Dunlop
7597)
Nymphaea hastifolia
Nymphaea macrosperma
Nymphaea nouchali
Nymphaea pubescens
Nymphaea violacea
Nymphoides aurantiaca
Nymphoides indica
Nymphoides minima
Nymphoides parvifolia
Nymphoides quadriloba
Nymphoides spongiosa
Nymphoides subacuta
Octoblepharum albidum
Olax imbricata
Oldenlandia galioides
Oldenlandia leptocaulis
Oldenlandia mitrasacmoides subsp.
mitrasacmoides
Oldenlandia tenuifolia
Omalanthus novo‐guineensis
Ophioglossum gramineum
Ophiuros exaltatus
Opilia amentacea
Oplismenus burmanni
Oplismenus compositus
Oplismenus hirtellus
Oryza australiensis
Oryza meridionalis
Oryza rufipogon
Osbeckia australiana
Ottelia alismoides
Ottelia ovalifolia
Owenia reticulata
Pachygone ovata
Pandanus aquaticus
Pandanus spiralis
Panicum decompositum var.
indeterminate
Panicum effusum
Panicum luzonense
Panicum mindanaense
Panicum paludosum
Panicum seminudum var. indeterminate
Panicum trachyrhachis
Panicum trichoides
Parinari nonda
Parsonsia velutina
Paspalidium rarum
Paspalidium udum
Paspalum longifolium
Paspalum scrobiculatum
Paspalum vaginatum

LC
LC
LC
LC
LC
LC
LC
LC

3
43
3
8
12
6
6
5

LC

1

LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
NT

1
1

LC
LC
LC

1

6
3
3
5
10
9
6
13
4
2
11
6
2
5
3
19

LC

1

LC
LC
NT
LC
LC
LC
LC
DD
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC

2
18
4
3
18
15
1
1
1
10
9
3
3
1
1
8
1
58

LC
LC
LC
LC
LC
LC
LC
LC
LC
DD
LC
LC
LC

7/01/1964

‐

5/07/1980

‐

12/04/1980

‐

2/10/1961
22/08/2003
14/08/1986
17/11/1998
2/04/1984
4/10/1997
5/10/1991
6/06/1992
unknown

1/11/1972
12/02/1971
4/09/1997
3/09/1995

‐
‐
‐
‐

3/10/1972
6/01/1961
23/05/1968
5/03/1983

‐
‐
‐
‐

25/03/1975
20/05/1976
31/07/1986

‐
‐
‐

11/10/1961
16/05/1959

‐
‐

15/03/2005
4/09/1997
25/05/2000
25/05/2000
15/03/2005
18/04/2001
8/01/1990
4/05/2001
21/03/2008
19/05/1976
4/05/2001
5/04/1997
16/05/2001
20/09/1991
19/04/2001
24/04/2001
25/04/1989

29/04/1983

‐

21/03/2001

‐

3/09/1971

‐

19/08/1971
29/06/1982

‐
‐

30/04/1997
22/08/2003
18/03/2004
7/01/1964
1/01/2001
11/06/1997
25/04/1988
30/03/1972
22/03/1973
5/05/2002
5/05/2002
4/05/2001
19/06/1984
10/01/1975
3/07/1972
11/06/1997
25/02/1997
10/05/2006

1

25/11/1974

1
14
5
1
1
3
18
22
30
1
2
1
23
1

18/03/1964
30/12/1993
4/06/2001
20/05/1984
unknown
unknown
14/04/1966
4/10/2001
3/08/2001
14/11/2001
13/03/1995
27/11/2004
3/11/2001
4/09/1997

10/01/1984

‐
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Patersonia macrantha
Pavetta brownii var. brownii
Pavetta conferta
Pavetta sp.
Pavetta vaga
Peltophorum pterocarpum
Pentapetes phoenicea
Perotis rara
Persicaria attenuata subsp. attenuata
Persicaria orientalis
Persoonia falcata
Petalostigma pubescens
Petalostigma quadriloculare
Phaleria octandra
Philydrum lanuginosum
Phragmites vallatoria
Phyla nodiflora var. nodiflora
Phyllanthus exilis
Phyllanthus flagellaris
Phyllanthus maderaspatensis var.
angustifolius
Phyllanthus minutiflorus
Phyllanthus reticulatus
Phyllanthus urinaria
Phyllodium pulchellum var. glabrius
Piper macropiper
Pipturus argenteus
Pisonia aculeata
Pistia stratiotes
Pittosporum ferrugineum subsp.
ferrugineum
Planchonia careya
Plectranthus scutellarioides
Pleomele angustifolia
Pleurocarpaea denticulata
Pluchea indica
Plumbago zeylanica
Pogonolobus reticulatus
Pogostemon stellatus
Polyalthia australis
Polycarpaea holtzei
Polycarpaea violacea
Polygala barbata
Polygala bifoliata
Polygala exsquarrosa
Polygala integra
Polygala linearis
Polygala orbicularis
Polygala parviloba
Polygala sp.
Polymeria pusilla
Poranthera coerulea
Portulaca oleracea var. Weedy
(C.S.Robinson 162)
Pouteria arnhemica
Pouteria richardii
Pouteria sericea
Premna acuminata
Premna serratifolia
Protasparagus racemosus
Pseudopogonatherum contortum
Pseudopogonatherum irritans

LC
LC
NE

1

NE
LC
NT
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC

1

1

1
5
1
2
5
6
5
3
9
2
45
28
28
2
3
1
16
2
6

LC

1

LC
LC
LC
LC
LC
LC
LC
LC

3
20
10
1
17
3
5
8

1

14/01/1994

‐

2/10/1961

‐

18/05/1959

‐

5/04/1983

‐

15/07/1968

‐

11/08/1978
27/04/1977

‐
‐

23/04/2001

‐

21/03/1967
25/04/2001
10/10/1974
unknown
10/11/2003
26/02/1991
28/02/2007
3/09/1973
17/11/1998
18/09/1992
3/06/2007
3/06/2007
12/04/2002
6/03/1988
18/05/2005
5/02/1980
27/11/2004
28/05/1994
4/10/2001
22/01/1964
3/07/2001
21/03/2003
15/05/2000
24/03/1982
22/08/2003
24/08/1983
7/05/1993
17/11/1998

LC

1

1/01/2001

LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC

95
1
10
3
3
2
6
5
28
2
9
1
2
1
2
4
2
10
10
1
8

10/05/2006
13/11/1964
22/08/2003
3/10/2001
30/10/1997
26/02/1991
24/05/2001
21/05/2005
22/08/2003
22/03/1994
27/04/2005
3/01/2002
4/02/1997
13/02/1973
3/01/2002
27/01/2005
13/02/1973
5/07/2005
27/06/2001
5/07/1980
4/10/2001

1

1
1

LC
DD
LC

11/11/1971
7/02/1974
25/03/1964

‐
‐
‐

7/01/1977

‐

13/04/1965
3/09/1958

‐
‐

5/08/1973

‐

21/03/2001
27/12/1993

‐
‐

5/01/1996
14/03/2001

‐
‐

18/04/2001

‐

20/06/1973

‐

4/11/1963

‐

1
LC
LC
LC
LC
LC
LC
LC
LC

9
2
5
5
2
10
6
7

23/01/1967
31/03/2002
unknown
19/11/1997
17/08/2001
24/04/2001
1/04/2000
17/08/2001
4/06/2001
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Pseudoraphis spinescens
Psilotum nudum
Psychotria nesophila
Psydrax odorata subsp. arnhemica
Pterocaulon serrulatum var. indeterminate
Ptilotus corymbosus
Ptilotus distans
Ptychosperma macarthurii
Pycnospora lutescens
Radulina borbonica var. borbonica
Rhamphicarpa australiensis
Rhizophora apiculata
Rhizophora lamarckii
Rhizophora stylosa
Rhyncharrhena linearis
Rhynchosia minima
Rhynchospora heterochaeta
Rhynchospora longisetis
Rhynchospora submarginata
Rhynchospora wightiana
Rotala mexicana
Sacciolepis indica
Sacciolepis myosuroides
Salomonia ciliata
Santalum album
Sarcolobus hullsii
Sarcostemma viminale subsp.
brunonianum
Sarcostemma viminale subsp.
indeterminate
Sarga intrans
Sarga plumosum
Sarga sp.
Sarga timorense
Sauropus brunonis
Sauropus ditassoides
Sauropus glaucus
Sauropus ochrophyllus
Sauropus paucifolius
Schizachyrium crinizonatum
Schizachyrium fragile
Schizachyrium pachyarthron
Schizachyrium pseudeulalia
Schizaea dichotoma
Schoenoplectus lateriflorus
Schoenoplectus litoralis
Schoenoplectus praelongatus
Schoenus punctatus
Scleria annularis
Scleria brownii
Scleria laxa
Scleria lingulata
Scleria lithosperma var. lithosperma
Scleria mikawana
Scleria novae‐hollandiae
Scleria poaeformis
Scleria polycarpa
Scleria pygmaea
Scleria rugosa
Scleria sp. McMinns Lagoon (M.M.J.van
Balgooy 1272)
Scleria sp. Oenpelli (P.K.Latz 3049)

LC
LC
LC
LC

NT
LC
NT
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC

8
10
15
7
1
2
8
24
1
1
42
3
1
2
1
1
3
13
2
2
4
12
1
24
2
1

LC

2

EN
LC

EN

LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
DD
LC
LC
LC
LC
LC

1
1

1

17/12/1964

‐

20/01/1997
18/03/1964

‐
‐

19/04/2001
22/08/1985

‐
‐

22/03/1973

‐

22/05/1973
4/01/1964
12/04/1995
4/05/2001
20/05/1989
15/05/2000

‐
‐
‐
‐
‐
‐

6/09/1972

‐

5/02/1984

‐

12/04/2002
5/01/1986
21/03/2003
21/07/1992
1/04/2000
3/07/2001
12/04/2002
22/08/2003
4/10/2001
16/05/2001
3/05/2006
25/05/2000
27/08/1985
6/05/1983
24/04/2001
5/08/1973
20/04/2001
3/11/2001
18/04/2001
4/05/2001
25/05/2000
22/04/2005
25/05/2000
18/05/2005
unknown
29/11/1971
5/11/1984

2

unknown

50
1
3
2
1
11
2
10
7
1
10
3
2
2
1
3
3
2
11
2
24
1
3
1
6
8
12
24
7

LC

4

LC

1

24/05/2001
15/04/1997

‐
‐

1/11/1972

‐

14/11/1973
11/08/1971

‐
‐

4/01/1965
4/11/1963
15/05/2000

‐
‐
‐

28/06/1977
29/09/1967
16/05/2001
21/03/2001
6/06/1972
25/05/2000

‐
‐
‐
‐
‐
‐

1/01/1983

‐

6/05/1972
25/05/2000

‐
‐

3/11/2001
4/06/2001
4/10/2001
13/03/2005
25/04/2001
20/04/2005
3/01/2002
4/10/2001
12/04/2002
5/06/1983
20/04/2005
25/05/2000
15/05/2000
unknown
7/01/1972
25/05/2000
5/07/1980
12/06/2009
3/11/2001
22/07/1998
3/11/2001
30/01/1983
15/07/1988
6/04/2005
21/03/2001
17/11/1998
22/07/1998
3/11/2001
3/01/2002

21/07/1971

‐

25/05/2000
5/04/2001
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Sebastiania chamaelea
Secamone elliptica
Sehima nervosum
Selaginella ciliaris
Selaginella pygmaea
Sesbania cannabina var. cannabina
Sesbania cannabina var. indeterminate
Sesbania formosa
Sesbania sesban
Setaria apiculata
Setaria oplismenoides
Smilax australis
Smithia conferta
Solanum echinatum
Solanum succosum
Solanum tetrandrum
Sonneratia alba
Sowerbaea alliacea
Spermacoce auriculata
Spermacoce brachystema
Spermacoce breviflora
Spermacoce calliantha
Spermacoce leptoloba
Spermacoce occultiseta
Spermacoce sp.
Spermacoce stenophylla
Sphaeromorphaea australis
Sphenoclea zeylanica
Spirodela polyrhiza
Sporobolus pulchellus
Sporobolus virginicus
Stackhousia intermedia
Staurogyne leptocaulis subsp. decumbens
Stemodia lythrifolia
Stemona australiana
Stemona prostrata
Stenocarpus acacioides
Stenocarpus cunninghamii
Stenocarpus verticis
Stenochlaena palustris
Stephania japonica var. indeterminate
Stephania japonica var. timoriensis
Sterculia holtzei
Sterculia quadrifida
Stictocardia tiliifolia
Striga curviflora
Strychnos lucida
Stylidium ceratophorum
Stylidium cordifolium
Stylidium dunlopianum
Stylidium ensatum
Stylidium ericksoniae
Stylidium fissilobum
Stylidium floodii
Stylidium pedunculatum
Stylidium schizanthum
Stylidium semipartitum
Stylidium tenerrimum
Stylidium turbinatum
Syzygium angophoroides
Syzygium armstrongii
Syzygium eucalyptoides subsp. bleeseri

LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
DD
LC
LC
LC
LC
DD
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
DD
LC
LC
LC
LC
LC
LC
DD
LC
LC
LC
LC

1
1

1

1
1

1

3
5
4
7
5
2
10
7
4
13
1
52
1
1
1
2
1
31
1
1
15
27
18
2
1
10
1
6
4
1
3
6
2
3
1
13
3
1
2
31
26
13
42
7
5
3
45
3
6
1
1
5
4
3
3
2
4
6
6
7
4
9

11/08/1978

‐

4/06/2001

‐

19/08/1971
23/01/1964

‐
‐

3/07/1972

‐

16/05/1959

‐

18/05/1959
28/02/1974

‐
‐

31/01/1964

‐

9/11/1946
28/08/1973

‐
‐

22/03/1973
13/07/1988
6/06/1972

‐
‐
‐

12/01/1971
18/06/1973

‐
‐

25/04/1988

‐

1/11/1972

‐

25/05/2000
31/05/1995

‐
‐

19/08/1971
16/05/2001
25/05/2000
19/04/2001
23/06/1977
7/02/1971
19/08/1971
16/05/1959

‐
‐
‐
‐
‐
‐
‐
‐

27/11/2004
21/03/2003
3/01/2002
5/01/1986
6/04/2005
25/03/1964
30/10/1997
30/10/1997
13/03/1991
4/10/2001
21/02/1964
21/03/2003
28/04/1967
25/09/1973
21/01/1964
4/01/1993
27/08/1985
3/10/2001
3/08/2001
1/04/2000
4/02/2003
4/06/2003
20/04/2005
14/01/1997
unknown
20/04/2005
29/06/2000
3/09/1995
24/12/1998
26/02/1958
9/01/1973
20/04/2005
21/05/2005
25/04/2001
4/10/2001
4/10/2001
28/11/2007
unknown
5/02/1984
22/08/2003
22/08/2003
3/08/2001
22/08/2003
17/11/1997
6/03/1988
19/03/2006
21/03/2003
25/05/2000
23/04/2001
26/09/1995
26/06/1968
19/07/2009
18/05/2005
25/05/2000
20/04/2001
28/05/1994
20/05/2008
25/05/2000
19/04/2005
3/01/2002
unknown
4/10/2001
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Syzygium eucalyptoides subsp.
indeterminate
Syzygium minutuliflorum
Syzygium nervosum
Syzygium suborbiculare
Tabernaemontana orientalis
Tacca leontopetaloides
Tarenna dallachiana subsp. expandens
Tarenna pentamera
Taxithelium instratum
Taxithelium nepalense
Tecticornia australasica
Tephrosia oblongata
Tephrosia porrecta
Tephrosia remotiflora
Tephrosia rosea var. indeterminate
Tephrosia simplicifolia
Terminalia canescens
Terminalia carpentariae
Terminalia ferdinandiana
Terminalia fitzgeraldii
Terminalia grandiflora
Terminalia microcarpa
Terminalia platyphylla
Terminalia pterocarya
Terminalia sp. Black Point (G.M.Wightman
120)
Terminalia volucris
Thaumastochloa major
Thaumastochloa pubescens
Thecanthes punicea
Themeda arguens
Thespesia populneoides
Thoracostachyum sumatranum
Thunbergia arnhemica
Timonius timon
Tinospora smilacina
Trachymene didiscoides
Trachymene rotundifolia
Trema tomentosa var. indeterminate
Trichosanthes cucumerina
Tricoryne elatior
Tricostularia undulata
Triflorensia australis
Triglochin dubia
Triodia bitextura
Trithuria lanterna
Trophis scandens subsp. scandens
Tropidia curculigoides
Tylophora erecta
Tylophora flexuosa
Typha domingensis
Typha orientalis
Typhonium flagelliforme
Typhonium johnsonianum
Typhonium taylori
undetd tree sp.
Uraria lagopodioides
Urena lobata
Urochloa distachya
Urochloa holosericea subsp. indeterminate
Urochloa piligera

9
LC
LC
LC
LC
LC
LC

1

LC
LC
LC
LC

1

LC
LC
LC
LC
LC
LC
LC
LC
LC

1

11
48
24
2
18
8
3
3
3
1
6
7
11
1
1
1
14
74
1
2
56
2
3

8/09/2000

‐

17/11/1997
1/11/1972

‐
‐

8/03/1988
8/04/1988

‐
‐

2/08/1973
23/11/1971
19/04/1963

‐
‐
‐

9/01/2000

‐

26/07/2000

‐

22/06/2000
18/05/1959

‐
‐

9/11/2001
9/11/2001
22/08/2003
12/04/2002
24/04/2001
3/01/2002
3/08/2001
20/12/1989
8/05/1988
15/07/1988
27/08/1985
1/04/2000
4/10/2001
4/02/2008
unknown
14/12/1973
27/12/1994
1/01/2001
3/06/2007
23/01/1964
17/08/2001
22/08/2003
22/06/2000
1/09/1996

NT

1

unknown

LC
LC
LC
LC
LC
LC
DD
LC
LC
LC
LC
LC

4
17
1
1
6
2
5
1
37
12
2
2
6
1
1
27
3
4
3
10
11
3
3
22
4
1
20
2
4
9
10
35
2
2
2

20/12/1989
12/04/2002
20/04/2005
22/03/1973
24/04/2001
6/03/1988
6/04/1988
27/04/1977
4/10/2001
27/04/2001
7/01/1972
3/01/1972
25/04/2001
3/10/1972
5/07/2005
3/07/2001
16/11/1990
25/05/2000
4/10/2001
3/11/2001
22/08/2003
28/10/1986
21/03/2003
24/05/2001
25/11/1982
unknown
3/08/2008
21/12/1994
19/01/2005
10/05/2006
12/04/2002
3/08/2001
3/11/1997
25/04/2001
3/10/2003

LC
NT
LC
LC
LC
LC
LC
DD
LC
LC
LC
DD
LC
DD
EN

EN

LC
LC
LC
LC

1
1

16/05/1959

‐

3/03/1958

‐

5/02/1980

‐

3/01/1972
18/05/1959

‐
‐

23/11/1971

‐

11/08/1978
11/11/1971
4/11/1996

‐
‐
‐

9/11/1946

‐

12/02/1971

‐

30/11/1993
19/01/1996
10/03/2006

‐
‐
‐

29/02/1972
3/11/1997
1/05/1971

‐
‐
‐
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Urochloa polyphylla
Urochloa pubigera
Urochloa reptans
Urochloa subquadripara
Utricularia aurea
Utricularia caerulea
Utricularia capilliflora
Utricularia chrysantha
Utricularia circumvoluta
Utricularia dunlopii
Utricularia dunstaniae
Utricularia gibba
Utricularia hamiltonii
Utricularia holtzei
Utricularia involvens
Utricularia kamienskii
Utricularia kimberleyensis
Utricularia lasiocaulis
Utricularia leptoplectra
Utricularia leptorhyncha
Utricularia limosa
Utricularia minutissima
Utricularia muelleri
Utricularia odorata
Utricularia quinquedentata
Utricularia simmonsii
Utricularia sp. Small white (M.O.Rankin
2450)
Utricularia subulata
Utricularia triflora
Utricularia uliginosa
Uvaria holtzei
Vacoparis laxiflorum
Vallisneria annua
Vallisneria nana
Vallisneria rubra
Vavaea australiana
Verticordia cunninghamii
Verticordia verticillata
Vigna lanceolata var. filiformis
Vigna lanceolata var. indeterminate
Vigna radiata var. indeterminate
Vigna vexillata var. angustifolia
Vigna vexillata var. indeterminate
Viscum articulatum
Vitex acuminata
Vitex glabrata
Vitex trifolia subsp. trifolia var. subtrisecta
Vittaria ensiformis
Waltheria indica
Websteria confervoides
Wedelia urticifolia
Whiteochloa airoides
Whiteochloa capillipes
Whiteochloa multiciliata
Wolffia angusta
Wrightia pubescens subsp. pubescens
Wrightia saligna
Xanthostemon paradoxus
Xenostegia tridentata
Xerochloa imberbis
Xylocarpus moluccensis

LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
V
LC
NT
NT
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
DD

7
1
1
2
8
10
39
31
6
2
7
4
32
34
2
24
6
38
58
6
23
14
2
29
9
28

13/03/1963

‐

3/04/1958
2/10/1961
15/05/2000
5/12/1979
16/05/1959
6/09/1972
23/04/2001
15/05/1996
15/05/1979
26/06/1968
5/12/1979
3/11/2001
5/12/1979
24/02/1994
18/03/1961
20/05/1967
13/05/1996
7/09/1972
24/02/1994
25/04/2002
20/06/1967
5/10/1980
7/07/1995

‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐

3/01/2002
5/07/1980
23/01/1964
23/01/1964
19/04/2001
24/04/2001
3/10/2001
3/11/2001
16/05/2001
23/04/2001
16/05/2001
4/05/2001
4/02/2004
4/02/2004
3/11/2001
3/07/2001
3/07/2001
3/10/2001
18/05/2005
3/11/2001
3/11/2001
4/02/2004
25/04/2002
3/10/2001
24/04/2001
20/05/2007

LC

14

21/03/2001

‐

3/11/2001

NT
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC

4
4
1
3
1
1
3
6
40
34
1
11
25
3
5
5
2
3
13
1
1
18
2
1
1
10
1
1
3
8
38
3
8
9

25/05/1980
22/06/1971

‐
‐

10/01/1975

‐

19/08/1971

‐

25/03/1964
23/03/1961
23/03/1961
23/01/1964

‐
‐
‐
‐

11/10/1974

‐

8/10/2001

‐

18/03/1964

‐

20/06/1980

‐

1/08/2010
13/07/2002
25/05/2000
22/08/2003
unknown
29/09/1967
8/11/1990
16/02/1995
22/08/2003
21/08/2002
9/11/1946
12/04/2002
4/10/2001
14/03/1974
5/06/1980
22/04/2005
24/08/1983
25/02/1997
9/11/2001
6/03/1988
unknown
4/10/2001
5/12/2001
4/06/2001
6/06/1972
20/04/2005
unknown
24/12/1998
21/06/2000
4/10/2001
10/05/2006
20/04/2005
22/01/1985
25/05/2000

1

1
1

1

1

LC
LC
LC
LC
LC
LC
NT
LC
DD
LC
LC
LC
DD
LC
LC
LC
LC
LC
LC
LC

1
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Xyris cheumatophila
LC
22
Xyris complanata
LC
43
Xyris indica
LC
7
Xyris oligantha
LC
3
Xyris pauciflora
LC
8
Yakirra majuscula
LC
1
Yakirra nulla
LC
1
6
Yakirra pauciflora
LC
1
Zanthoxylum parviflorum
LC
5
Ziziphus oenopolia
LC
8
Critically Endangered (CR); Is considered to be facing an extremely high risk of extinction in the wild.
Endangered (EN); Is considered to be facing a very high risk of extinction in the wild.
Vulnerable (VU); Is considered to be facing a high risk of extinction in the wild.
Near Threatened (NT); Is close to qualifying for or is likely to qualify for a threatened category in the near future.



25/05/2000
18/11/1971
20/05/1989
25/05/2000
15/05/2000

‐
‐
‐
‐
‐

13/03/1963

‐

i

3/07/2001
3/11/2001
3/11/2001
16/05/2001
25/05/2000
18/03/1964
4/06/2001
4/01/1997
20/12/1989
11/06/1997

Table 4.11.4c Fauna Recorded within Study Area

Species Name

Common Name

Acanthophis praelongus
Accipiter cirrocephalus
Accipiter fasciatus
Accipiter novaehollandiae
Acrocephalus australis
Acrocephalus orientalis
Acrochordus arafurae
Actitis hypoleucos
Aegotheles cristatus
Amaurornis cinerea
Amaurornis moluccana
Anas gracilis
Anas querquedula
Anas rhynchotis
Anas superciliosa
Anhinga novaehollandiae
Anseranas semipalmata
Antaresia childreni
Anthus novaeseelandiae
Aprosmictus erythropterus
Apus pacificus
Aquila audax
Ardea ibis
Ardea intermedia
Ardea modesta
Ardea pacifica
Ardea sumatrana
Ardeotis australis
Arenaria interpres

Northern Death Adder
Collared Sparrowhawk
Brown Goshawk
Grey Goshawk
Australian Reed‐Warbler
Oriental Reed‐Warbler
Arafura File Snake
Common Sandpiper
Australian Owlet‐nightjar
White‐browed Crake
Pale‐vented Bush‐hen
Grey Teal
Garganey
Australasian Shoveler
Pacific Black Duck
Australasian Darter
Magpie Goose
Children's Python
Australasian Pipit
Red‐winged Parrot
Fork‐tailed Swift
Wedge‐tailed Eagle
Cattle Egret
Intermediate Egret
Eastern Great Egret
White‐necked Heron
Great‐billed Heron
Australian Bustard
Ruddy Turnstone
Black‐faced
Woodswallow
White‐breasted
Woodswallow
Little Woodswallow
White‐browed
Woodswallow
Black‐headed Python
Pacific Baza
Hardhead
Brown Tree Snake
Northern Shovel‐nosed
Snake

Artamus cinereus
Artamus leucorynchus
Artamus minor
Artamus superciliosus
Aspidites melanocephalus
Aviceda subcristata
Aythya australis
Boiga irregularis
Brachyurophis roperi

NT
Status

Commonwealth
Status

Frequency

Dates

NT
LC
LC
LC
NT
NE
LC
LC
LC
LC
NT
LC
NE
NE
LC
LC
LC
DD
LC
LC
LC
LC
LC
LC
LC
LC
LC
VU
LC

24
10
62
4
49
2
2
33
19
45
2
109
13
1
90
164
627
48
20
242
10
12
151
273
250
101
3
9
1

17/12/1971
19/05/1977
00/00/1973
22/09/1978
15/07/1974
22/01/1982
00/12/1986
00/00/1957
27/03/1977
5/12/1972
25/02/1979

‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐

00/09/2007
14/07/2001
3/10/2006
17/06/1991
20/07/2002
23/03/1982
00/00/1990
14/07/2001
1/04/2008
20/10/2001
8/11/2005
10/09/2001
29/11/1991
1/01/2007
28/08/2004
14/10/2003
1/01/2007
8/05/2007
8/09/1999
1/04/2008
1/04/2008
4/10/2000
30/10/2001
26/07/2002
14/10/2003
14/10/2003
4/10/2000
16/07/1998
17/03/1984

LC

46

8/02/1972

‐

12/08/2000

LC

32

11/06/1977

‐

24/10/2002

LC

9

21/01/1979

LC

1

LC
LC
LC
DD

5
23
18
28

NL

1

29/10/1967
6/03/1977

26/08/1972
23/01/1977
27/03/1977
21/05/1973

6/03/1977
1/10/1979
24/04/1977

00/03/1978
19/12/1977
18/10/1978
00/00/1971

‐

13/08/2001

‐

21/01/1979

‐
‐
‐
‐

3/11/2007
17/12/2006
1/05/1992
21/09/2008

‐

26/08/1978
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Brachyurophis
semifasciatus
Burhinus grallarius
Butorides striata
Cacatua galerita
Cacatua sanguinea
Cacomantis pallidus
Cacomantis variolosus
Calidris acuminata
Calidris canutus
Calidris ferruginea
Calidris ruficollis
Calidris subminuta
Calidris tenuirostris
Calyptorhynchus banksii
macrorhynchus
Canis lupus
Caprimulgus macrurus
Carlia amax
Carlia gracilis
Carlia munda
Carlia rufilatus
Carlia triacantha
Centropus phasianinus
Cerberus australis
Ceyx azureus
Ceyx pusilla
Chaerephon jobensis
Chalcites basalis
Chalcites minutillus
Chalcites osculans
Chalcophaps indica
Chalinolobus gouldii
Chalinolobus nigrogriseus
Charadrius leschenaultii
Charadrius mongolus
Charadrius ruficapillus
Charadrius veredus
Chelodina rugosa
Chlamydosaurus kingii
Chlidonias hybrida
Chlidonias leucopterus
Chroicocephalus
novaehollandiae
Cincloramphus cruralis
Cincloramphus mathewsi
Circus approximans
Circus assimilis
Cissomela pectoralis
Cisticola exilis
Cisticola juncidis
Climacteris melanura
Colluricincla harmonica
Colluricincla megarhyncha
Conilurus penicillatus
Conopophila albogularis
Conopophila rufogularis
Coracina novaehollandiae

Half‐girdled Snake

LC

6

28/12/1980

‐

9/06/1986

Bush Stone‐curlew
Striated Heron
Sulphur‐crested Cockatoo
Little Corella
Pallid Cuckoo
Brush Cuckoo
Sharp‐tailed Sandpiper
Red Knot
Curlew Sandpiper
Red‐necked Stint
Long‐toed Stint
Great Knot
Red‐tailed Black‐cockatoo
(Top End)
Dingo
Large‐tailed Nightjar
Two‐Spined Rainbow
Skink
Slender Rainbow Skink
Striped Rainbow Skink
Red‐Sided Rainbow Skink
Three‐Spined Rainbow
Skink
Pheasant Coucal
Australian Bockadam
Azure Kingfisher
Little Kingfisher
Northern Free‐tailed Bat
Horsfield's Bronze‐
Cuckoo
Little Bronze‐Cuckoo
Black‐eared Cuckoo
Emerald Dove
Gould's Wattled Bat
Hoary Wattled Bat
Greater Sand Plover
Lesser Sand Plover
Red‐capped Plover
Oriental Plover
Northern Snake‐necked
Turtle
Frilled Lizard
Whiskered Tern
White‐winged Black Tern

NT
LC
LC
LC
LC
LC
LC
LC
LC
LC
NE
LC

144
7
310
292
38
127
41
2
6
5
5
2

27/03/1977
14/07/1979
28/02/1977
3/03/1977
4/08/1977
27/02/1972
00/00/1957
1/10/1979
1/10/1979
18/10/1978
4/10/1969
1/10/1979

‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐

5/10/2006
14/07/2001
6/03/2007
25/10/2002
10/02/2001
1/04/2008
6/10/2005
17/03/1984
6/10/2005
21/11/1990
17/09/2005
17/03/1984

LC

275

15/05/1973

‐

2/04/2008

LC
LC

15
17

8/07/1978

‐
‐

27/07/2000
24/10/2002

LC

7

18/09/1964

LC
LC
LC

35
67
23

‐

28/09/2000

‐
‐
‐

11/10/2001
2/04/2008
6/03/2007

LC

12

00/12/1986

‐

4/10/2006

LC
LC
LC
LC
LC

268
1
69
30
11

23/01/1977
3/03/1977
15/02/1974
00/00/1990

‐
‐
‐
‐
‐

5/10/2006
00/00/1971
27/10/2002
21/10/2002
1/11/2001

LC

16

8/06/1972

‐

18/09/2001

LC
LC
LC
LC
LC
LC
LC
LC
LC

70
3
64
1
7
3
3
9
1

18/05/1977
1/10/1979
4/08/1977

‐
‐
‐
‐
‐
‐
‐
‐
‐

2/04/2008
4/11/2005
5/10/2001
1/11/2001
1/11/2001
30/07/2000
28/12/1990
4/06/1991
21/09/1980

LC

21

‐

1/02/1996

LC
LC
LC

22
169
46

00/00/1971
00/00/1958

‐
‐
‐

4/10/2006
14/10/2003
30/10/2001

Silver Gull

LC

3

7/08/1978

‐

12/10/1986

Brown Songlark
Rufous Songlark
Swamp Harrier
Spotted Harrier
Banded Honeyeater
Golden‐headed Cisticola
Zitting Cisticola
Black‐tailed Treecreeper
Grey Shrike‐thrush
Little Shrike‐thrush
Brush‐tailed Rabbit‐rat
Rufous‐banded
Honeyeater
Rufous‐throated
Honeyeater
Black‐faced Cuckoo‐

LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
VU

2
3
56
14
5
99
15
5
12
65
1

10/10/1999
8/06/1972
21/07/1973
7/08/1978
17/03/1984
21/09/1971
8/02/1972
4/08/1977
23/07/1980
19/12/1977

‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐

6/11/2005
21/06/2001
4/11/2006
23/10/2002
10/09/2001
26/10/2002
4/11/2006
5/08/2000
18/09/2001
27/10/2002

‐

5/10/2006

‐

26/07/2002

‐

4/10/2006

VU

LC

179

LC

27

LC

274

12/09/1971
1/10/1979
1/10/1979
11/06/1977

19/03/1977
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Coracina papuensis
Coracina tenuirostris
Corvus orru
Coturnix pectoralis
Coturnix ypsilophora
Cracticus nigrogularis
Cracticus quoyi
Cracticus torquatus
Crinia bilingua
Crocodylus johnstoni
Crocodylus porosus
Cryptoblepharus cygnatus
Cryptoblepharus
plagiocephalus
Cryptophis pallidiceps
Ctenotus borealis
Ctenotus essingtonii
Ctenotus hilli
Ctenotus robustus
Ctenotus spaldingi
Ctenotus storri
Cuculus optatus
Cygnus atratus
Dacelo leachii
Dasyurus hallucatus
Delma borea
Delma tincta
Demansia olivacea
Demansia papuensis
Demansia vestigiata
Dendrelaphis punctulata
Dendrocygna arcuata
Dendrocygna eytoni
Dicaeum hirundinaceum
Dicrurus bracteatus
Diporiphora albilabris
Diporiphora bilineata
Diporiphora magna
Dromaius novaehollandiae
Ducula bicolor
Egretta garzetta
Egretta novaehollandiae
Egretta picata
Egretta sacra
Elanus axillaris
Elanus scriptus
Elseya dentata
Elseyornis melanops
Emydura tanybaraga
Enhydris polylepis
Entomyzon cyanotis
Ephippiorhynchus asiaticus
Epthianura crocea tunneyi
Erythrogonys cinctus
Erythrotriorchis radiatus
Erythrura gouldiae
Esacus magnirostris

shrike
White‐bellied Cuckoo‐
shrike
Cicadabird
Torresian Crow
Stubble Quail
Brown Quail
Pied Butcherbird
Black Butcherbird
Grey Butcherbird
Bilingual Froglet
Freshwater Crocodile
Saltwater Crocodile
Swanson's Snake‐eyed
Skink
Aboreal Snake‐Eyed Skink
Northern Small‐eyed
Snake
Northern Ctenotus
Port Essington Ctenotus
Hill's Ctenotus
Robust Ctenotus
Spalding's Ctenotus
Storr's Ctenotus
Oriental Cuckoo
Black Swan
Blue‐winged Kookaburra
Northern Quoll
Rusty‐topped Delma
Black‐necked Snake‐lizard
Olive Whip Snake
Papuan Whip Snake
Black Whip Snake
Green Tree Snake
Wandering Whistling‐
Duck
Plumed Whistling‐Duck
Mistletoebird
Spangled Drongo
White‐lipped Dragon
Two‐Lined Dragon
Emu
Pied Imperial‐Pigeon
Little Egret
White‐faced Heron
Pied Heron
Eastern Reef Egret
Black‐shouldered Kite
Letter‐winged Kite
Northern Snapping Turtle
Black‐fronted Dotterel
Northern Yellow‐faced
Turtle
Macleay's Water Snake
Blue‐faced Honeyeater
Black‐necked Stork
Yellow Chat (Alligator
Rivers)
Red‐kneed Dotterel
Red Goshawk
Gouldian Finch
Beach Stone‐curlew

LC

364

‐

2/04/2008

LC
LC
LC
LC
LC
LC
LC
LC
LC
LC

23
319
2
22
254
18
134
57
15
937

27/11/1971
28/02/1977
00/00/1972
21/08/1974
00/12/1970
22/01/1978
3/12/1971

‐
‐
‐
‐
‐
‐
‐
‐
‐
‐

2/04/2008
5/10/2006
18/09/1972
20/08/2001
1/04/2008
2/04/2008
2/04/2008
2/04/2008
14/02/2008
3/07/2002

NE

13

28/09/1973

‐

13/03/2002

LC

57

‐

1/04/2008

DD

29

LC
LC
LC
LC
LC
LC
LC
LC
DD
CR
LC
LC
DD
DD
DD
DD

8
63
3
3
1
10
14
6
410
30
14
1
12
17
22
43

26/12/1972

‐

21/06/2008

11/04/1972

1/10/1994
28/02/1977
4/07/1979
8/02/1972
11/11/1986
23/01/1986

‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐

30/10/2005
1/04/2008
30/09/2000
6/07/1992
1/10/1994
4/10/2006
4/11/2006
9/11/1986
2/04/2008
11/09/2001
18/08/2001
00/00/1971
5/05/2007
1/10/1994
16/10/2008
1/12/2007

LC
LC
LC
LC
LC
LC
LC
VU
LC
LC
LC
LC
LC
LC
LC
LC
LC

129

00/00/1917

‐

19/12/2006

20
130
192
2
56
1
4
225
155
76
215
6
25
4
3
34

16/08/1977
14/04/1977

11/06/1977
00/07/1964
16/06/1977
00/00/1969
24/04/1977

‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐

27/08/2004
1/04/2008
24/10/2002
1/10/1994
16/11/2007
27/07/2000
00/00/1979
23/10/2002
26/10/2002
14/10/2003
30/10/2001
14/07/2001
23/11/2005
23/11/2005
25/01/1996
30/10/2001

LC

3

00/12/1986

‐

8/04/1990

DD
LC
LC

14
327
230

3/12/1971
28/02/1977

‐
‐
‐

13/07/2004
2/04/2008
14/10/2003

‐

3/09/2005

‐
‐
‐
‐

4/11/2006
4/07/1987
7/12/1970
14/07/2001

EN

EN

VU

1

LC
VU
EN
LC

VU
EN

43
1
2
4

1/10/1994
4/12/1979

2/10/1975
18/09/1964
00/00/1977
00/00/1977
6/03/1977

11/08/1978
22/09/1967
8/07/1978
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Eudynamys orientalis
Eulabeornis castaneoventris
Eulophus roseicapilla
Eurostopodus argus
Eurystomus orientalis
Excalfactoria chinensis
Falco berigora
Falco cenchroides
Falco longipennis
Falco peregrinus
Falco subniger
Fulica atra
Furina ornata
Gallinago hardwickii
Gallinago megala
Gallirallus philippensis
Gehyra australis
Gelochelidon nilotica
Geopelia cuneata
Geopelia humeralis
Geopelia striata
Geophaps smithii
Gerygone albogularis
Gerygone chloronota
Gerygone levigaster
Gerygone magnirostris
Glaphyromorphus
darwiniensis
Glaphyromorphus douglasi
Glaphyromorphus isolepis
Glareola maldivarum
Grallina cyanoleuca
Grus rubicunda
Haematopus longirostris
Haliaeetus leucogaster
Haliastur indus
Haliastur sphenurus
Hamirostra melanosternon
Heteronotia binoei
Hieraaetus morphnoides
Himantopus himantopus
Hirundo neoxena
Hirundo rustica
Hydromys chrysogaster
Hydroprogne caspia
Irediparra gallinacea
Isoodon macrourus
Ixobrychus dubius
Ixobrychus flavicollis
Lalage leucomela
Lalage sueurii
Lerista orientalis
Lialis burtonis
Liasis mackloti
Liasis olivaceus
Lichenostomus flavescens
Lichenostomus unicolor
Lichmera indistincta
Limicola falcinellus
Limnodynastes
convexiusculus

Eastern Koel
Chestnut Rail
Galah
Spotted Nightjar
Dollarbird
King Quail
Brown Falcon
Nankeen Kestrel
Australian Hobby
Peregrine Falcon
Black Falcon
Eurasian Coot
Orange‐naped Snake
Latham's Snipe
Swinhoe's Snipe
Buff‐banded Rail
Northern Dtella
Gull‐billed Tern
Diamond Dove
Bar‐shouldered Dove
Peaceful Dove
Partridge Pigeon
White‐throated Gerygone
Green‐backed Gerygone
Mangrove Gerygone
Large‐billed Gerygone

LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
DD
DD
LC
LC
LC
LC
LC
LC
VU
LC
LC
LC
LC

VU

158
6
211
7
175
3
66
122
32
5
9
10
31
2
7
26
21
31
7
500
317
6
2
75
7
49

3/03/1977
1/10/1979
28/02/1977
27/03/1977
3/03/1977
21/06/1972
29/05/1974
15/11/1973
00/00/1973
11/08/1977
8/10/1977
29/06/1979
18/09/1964
27/11/1989
16/02/1972
5/07/1972
8/07/1978
6/06/1967
6/06/1967
6/06/1967
00/10/1981
23/09/1999
2/04/1977
23/01/1977
12/06/1977

‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐

5/10/2006
9/10/2000
10/03/2002
5/08/2000
1/04/2008
5/06/1999
3/10/2006
20/08/2001
9/10/2000
4/03/1998
4/11/2005
2/09/2001
00/08/2007
11/09/2001
17/12/2006
27/12/2002
6/03/2007
17/10/2001
00/09/1990
2/04/2008
1/04/2008
20/12/1998
10/09/2001
18/10/2002
4/10/2000
28/10/2002

Darwin Skink

LC

50

18/09/1964

‐

21/06/2008

Douglas' Skink
Smooth‐Tailed Skink
Oriental Pratincole
Magpie‐lark
Brolga
Australian Pied
Oystercatcher
White‐bellied Sea‐eagle
Brahminy Kite
Whistling Kite
Black‐breasted Buzzard
Bynoe's Gecko
Little Eagle
Black‐winged Stilt
Welcome Swallow
Barn Swallow
Water‐rat
Caspian Tern
Comb‐crested Jacana
Northern Brown
Bandicoot
Australian Little Bittern
Black Bittern
Varied Triller
White‐winged Triller
Eastern Lerista
Burton's Legless Lizard
Water Python
Olive Python
Yellow‐tinted Honeyeater
White‐gaped Honeyeater
Brown Honeyeater
Broad‐billed Sandpiper

LC
LC
LC
LC
LC

37
5
10
391
119

00/00/1971

‐
‐
‐
‐
‐

18/10/2008
22/06/2000
19/12/2006
26/10/2002
1/01/2007

Marbled Frog

LC

111

27/11/1976
28/02/1977
26/03/1977

LC

1

LC
LC
LC
LC
LC
LC
LC
LC
NE
LC
LC
LC

84
22
444
18
45
7
116
1
1
3
17
241

24/04/1977
29/05/1977
30/12/1959
00/00/1975
18/09/1964
28/06/1977
2/04/1977

LC

67

26/03/1972

DD
DD
LC
LC
LC
LC
LC
LC
LC
LC
LC
NE

1
17
294
88
1
29
89
7
1
348
290
1

20/08/1971
27/03/1977

25/02/1979
3/03/1977
15/05/1977

25/08/1971
23/01/1977

27/10/1971

‐

4/12/1984

‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐

14/10/2003
14/07/2001
3/10/2006
4/11/2000
1/04/2008
4/11/2006
28/10/2002
00/05/1987
15/02/1974
11/09/2001
23/09/1999
25/10/2002

‐

11/10/2001

‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐

31/08/1999
24/10/2002
6/03/2007
26/10/2002
3/08/1976
2/10/2008
14/02/2008
4/06/2001
00/09/1988
5/10/2006
2/04/2008
6/09/1991

‐

14/02/2008
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Limosa lapponica
Limosa limosa
Litoria australis
Litoria bicolor
Litoria caerulea
Litoria coplandi
Litoria dahlii
Litoria inermis
Litoria longipes
Litoria microbelos
Litoria nasuta
Litoria pallida
Litoria rothii
Litoria rubella
Litoria tornieri
Litoria wotjulumensis
Lonchura castaneothorax
Lonchura flaviprymna
Lophognathus gilberti
Lophognathus temporalis
Lophoictinia isura
Macroglossus minimus
Macropus agilis
Macropus antilopinus
Malacorhynchus
membranaceus
Malurus melanocephalus
Manorina flavigula
Megalurus gramineus
Megalurus timoriensis
Megapodius reinwardt
Melithreptus albogularis
Melomys burtoni
Menetia alanae
Menetia greyii
Menetia maini
Merops ornatus
Mesembriomys gouldii
Microcarbo melanoleucos
Microeca fascinans
Microeca flavigaster
Milvus migrans
Miniopterus schreibersii
Mirafra javanica
Morelia spilota
Morethia ruficauda
Morethia storri
Mormopterus beccarii
Mormopterus loriae
Motacilla tschutschensis
Myiagra alecto
Myiagra inquieta
Myiagra rubecula
Myiagra ruficollis
Myotis macropus
Myzomela erythrocephala
Myzomela obscura
Neochmia phaeton
Nettapus pulchellus
Ninox connivens

Bar‐tailed Godwit
Black‐tailed Godwit
Giant Frog
Northern Dwarf Tree‐frog
Green Tree‐frog
Copland's Rock Frog
Dahl's Aquatic Frog
Peters' Frog
Long‐footed Frog
Javelin Frog
Rocket Frog
Pale Frog
Roth's Tree‐frog
Red Tree‐frog
Tornier's Frog
Wotjulum Frog
Chestnut‐breasted
Mannikin
Yellow‐rumped Mannikin
Gilbert's Dragon
Northern Water Dragon
Square‐tailed Kite
Northern Blossom Bat
Agile Wallaby
Antilopine Wallaroo

LC
LC
DD
DD
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC

6
16
56
69
25
1
64
13
18
26
66
18
98
52
24
5

23/01/1977
8/10/1977
27/12/1972
27/10/1971
16/02/1972

00/03/1971
20/09/1973
3/08/1976
20/09/1973

‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐

8/09/1999
17/09/2005
14/02/2008
1/04/2008
1/04/2008
20/09/1973
14/02/2008
00/00/2007
14/01/2008
00/02/2008
16/03/2008
14/02/2008
16/03/2008
16/03/2008
16/03/2008
12/01/1987

LC

24

24/04/1977

‐

18/09/2001

NT
LC
LC
NT
LC
LC
LC

4
7
78
3
5
101
12

25/02/1979
11/05/1962
25/02/1979
30/12/1971
00/02/1929
00/12/1925

‐
‐
‐
‐
‐
‐
‐

00/11/1990
5/10/2006
00/00/2005
7/07/1988
00/00/1990
6/03/2007
21/08/2001

9/07/1964
4/03/1972
15/03/1974

Pink‐eared Duck

LC

3

27/11/1991

‐

31/08/1992

Red‐backed Fairy‐wren
Yellow‐throated Miner
Little Grassbird
Tawny Grassbird
Orange‐footed Scrubfowl
White‐throated
Honeyeater
Grassland Melomys
Alana's Menetia
Grey's Menetia
Main's Menetia
Rainbow Bee‐eater
Black‐footed Tree‐rat
Little Pied Cormorant
Jacky Winter
Lemon‐bellied Flycatcher
Black Kite
Large Bent‐winged Bat
Horsfield's Bushlark
Carpet Python
Red‐Tailed Snake‐Eyed
Skink
Storr's Snake‐Eyed Skink
Beccari's Free‐tailed Bat
Little Free‐tailed Bat
Eastern Yellow Wagtail
Shining Flycatcher
Restless Flycatcher
Leaden Flycatcher
Broad‐billed Flycatcher
Large‐footed Myotis
Red‐headed Honeyeater
Dusky Honeyeater
Crimson Finch
Green Pygmy‐Goose
Barking Owl

LC
LC
LC
LC
LC

53
190
1
19
165

3/03/1977
27/03/1977
23/09/1971
00/00/1978

‐
‐
‐
‐
‐

5/10/2006
10/03/2002
30/08/1991
20/07/2002
23/10/2002

LC

292

8/02/1972

‐

2/04/2008

LC
LC
LC
LC
LC
NT
LC
LC
LC
LC
LC
LC
LC

36
12
38
1
370
29
192
10
189
215
3
15
20

‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐

6/03/2007
5/10/2006
6/03/2007
11/08/2000
1/04/2008
11/09/2001
14/10/2003
21/07/2001
2/04/2008
5/10/2006
21/08/2001
7/01/2000
00/08/2007

LC

2

LC
LC
LC
NE
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC

26
2
3
2
116
73
101
68
3
31
232
162
217
46

20/03/1984
13/05/1995
22/04/1972
11/04/1973
6/03/1977
18/05/1980
28/02/1977
16/04/1971
17/08/2001
1/03/1972
3/08/1976
8/09/1999
20/08/2001
00/00/1971
12/06/1977
28/02/1977
6/03/1977
4/08/1977
18/07/2001
12/06/1977
26/03/1977
5/12/1972

‐

1/10/1994

‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐

5/10/2006
11/08/2000
1/11/2001
00/00/1971
26/10/2002
25/10/2002
1/04/2008
29/10/2002
1/11/2001
29/10/2002
1/04/2008
25/10/2002
14/10/2003
5/10/2006
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Ninox novaeseelandiae
Ninox rufa
Notaden melanoscaphus
Numenius
madagascariensis
Numenius minutus
Numenius phaeopus
Nycticorax caledonicus
Nyctophilus arnhemensis
Nyctophilus daedalus
Nyctophilus geoffroyi
Nyctophilus walkeri
Nymphicus hollandicus
Ocyphaps lophotes
Oedura rhombifer
Oriolus flavocinctus
Oriolus sagittatus
Oxyuranus scutellatus
Pachycephala melanura
Pachycephala rufiventris
Pachycephala simplex
Pandion cristatus
Pardalotus striatus
Pelecanus conspicillatus
Peneonanthe pulverulenta
Petaurus breviceps
Petrochelidon ariel
Petrochelidon nigricans
Phalacrocorax carbo
Phalacrocorax sulcirostris
Phalacrocorax varius
Phaps chalcoptera
Phaps histrionica
Philemon argenticeps
Philemon buceroides
Philemon citreogularis
Pipistrellus adamsi
Pipistrellus westralis
Pitta iris
Planigale ingrami
Planigale maculata
Platalea flavipes
Platalea regia
Platycercus venustus
Platyplectrum ornatus
Plegadis falcinellus
Pluvialis fulva
Pluvialis squatarola
Podargus strigoides
Poecilodryas cerviniventris
Poephila acuticauda
Poephila personata
Poliocephalus poliocephalus
Pomatostomus temporalis
Porphyrio porphyrio
Porzana fluminea
Porzana pusilla
Porzana tabuensis
Proablepharus tenuis
Pseudechis australis
Pseudomys delicatulus

Southern Boobook
Rufous Owl
Northern Spadefoot Toad

LC
LC
LC

17
4
2

16/11/1971
11/08/1977
4/01/2005

‐
‐
‐

5/10/2006
00/02/1989
00/00/2007

Eastern Curlew

LC

8

23/01/1977

‐

9/10/2000

Little Curlew
Whimbrel
Nankeen Night Heron
Northern Long‐eared Bat
Eastern Long‐eared Bat
Lesser Long‐eared Bat
Pygmy Long‐eared Bat
Cockatiel
Crested Pigeon
Zig‐zag Gecko
Yellow Oriole
Olive‐backed Oriole
Taipan
Mangrove Golden
Whistler
Rufous Whistler
Grey Whistler
Eastern Osprey
Striated Pardalote
Australian Pelican
Mangrove Robin
Sugar Glider
Fairy Martin
Tree Martin
Great Cormorant
Little Black Cormorant
Pied Cormorant
Common Bronzewing
Flock Bronzewing
Silver‐crowned Friarbird
Helmeted Friarbird
Little Friarbird
Forest Pipistrelle
Northern Pipistrelle
Rainbow Pitta
Long‐tailed Planigale
Common Planigale
Yellow‐billed Spoonbill
Royal Spoonbill
Northern Rosella
Ornate Burrowing Frog
Glossy Ibis
Pacific Golden Plover
Grey Plover
Tawny Frogmouth
Buff‐sided Robin
Long‐tailed Finch
Masked Finch
Hoary‐headed Grebe
Grey‐crowned Babbler
Purple Swamphen
Australian Spotted Crake
Baillon's Crake
Spotless Crake
Slender Snake‐Eyed Skink
King Brown Snake
Delicate Mouse

LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
DD

44
13
80
14
2
5
8
15
2
15
413
85
1

00/10/1971
23/01/1977
5/12/1972
17/03/2009
15/12/1981
11/04/1990
18/03/2009
27/03/1977
28/05/1978
17/08/1977
23/01/1977
27/03/1977

‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐

19/12/2006
9/10/2000
14/10/2003
1/11/2001
15/12/1981
1/11/2001
1/11/2001
00/08/1990
9/01/2007
5/10/2006
2/04/2008
2/04/2008

LC

9

14/07/1979

‐

29/10/2002

LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
NT
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
DD
LC
LC
LC
LC
NT
LC
LC
LC
LC
LC
DD
DD
DD
LC
LC
LC

101
116
11
207
125
5
6
14
124
9
144
17
3
1
218
23
235
4
5
133
5
25
19
165
156
16
153
3
6
130
2
63
11
3
104
23
1
3
1
1
16
23

28/02/1977
23/01/1977
19/12/1977
00/00/1959
27/03/1977
25/06/2000
17/03/2009
23/07/1980
12/04/1972
28/12/1977
28/02/1977
8/07/1978
25/04/1985

‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐

5/10/2006
24/10/2002
4/10/2000
2/04/2008
14/10/2003
29/10/2002
31/10/2001
17/08/2001
24/10/2002
10/02/2001
14/10/2003
14/07/2001
1/06/1992
4/11/2006
2/04/2008
9/10/2000
1/04/2008
1/11/2001
31/08/2000
28/10/2002
18/07/2000
15/02/2003
00/09/1992
6/09/2004
4/10/2006
2/04/2008
14/10/2003
11/11/1986
9/10/2000
5/10/2006
13/12/1998
1/04/2008
11/09/2001
23/09/1999
1/04/2008
4/11/2006
1/11/1986
12/08/2000
4/08/1977
17/08/2001
00/03/2007
6/03/2007

9/02/1972
23/01/1977
2/04/1977
17/03/2009
14/10/1983
4/08/1977
1/03/1957
3/09/1977
6/03/1977
3/03/1977
28/02/1977
1/10/1979
1/10/1979
25/08/1971
21/12/1979
26/03/1977
16/06/1979
16/06/1979
25/08/1971
00/06/1971
1/11/1986

11/11/1990

SINCLAIR KNIGHT MERZ
I:\DBIF\Projects\DB05629\Deliverables\Outdocs\R01NRETASAB5629.docx

PAGE 153

Pseudonaja nuchalis
Psitteuteles versicolor
Pteropus alecto
Pteropus scapulatus
Ptilinopus regina
Ptilonorhynchus nuchalis
Pygopus steelescotti
Ramphotyphlops diversus
Ramphotyphlops ligatus
Ramphotyphlops tovelli
Ramphotyphlops
unguirostris
Ramsayornis fasciatus
Rattus colletti
Rattus tunneyi
Recurvirostra
novaehollandiae
Rhipidura albiscapa
Rhipidura dryas
Rhipidura leucophrys
Rhipidura phasiana
Rhipidura rufiventris
Rostratula australis
Saccolaimus flaviventris
Saccolaimus saccolaimus
Scotorepens greyii
Scotorepens sanborni
Scythrops novaehollandiae
Smicrornis brevirostris
Sminthopsis virginiae
Sphecotheres vieilloti
Stegonotus cucullatus
Sterna hirundo
Sternula albifrons
Stiltia isabella
Strophurus ciliaris
Tachybaptus
novaehollandiae
Tachyglossus aculeatus
Tadorna radjah
Taeniopygia bichenovii
Taeniopygia guttata
Taphozous georgianus
Taphozous kapalgensis
Thalasseus bengalensis
Thalasseus bergii
Threskiornis molucca
Threskiornis spinicollis
Tiliqua scincoides
Todiramphus chloris
Todiramphus macleayii
Todiramphus pyrrhopygius
Todiramphus sanctus
Trichoglossus haematodus
Trichosurus vulpecula
arnhemensis
Tringa brevipes
Tringa glareola

Western Brown Snake
Varied Lorikeet
Black Flying‐fox
Little Red Flying‐fox
Rose‐crowned Fruit‐dove
Great Bowerbird
Northern Hooded Scaly‐
foot
Northern Blind Snake
Robust Blind Snake
Darwin Blind Snake

LC
LC
LC
LC
LC
LC

22
98
21
10
115
208

00/00/1971
19/03/1977
00/00/1990
00/00/1977
3/03/1977

‐
‐
‐
‐
‐
‐

00/09/2007
17/10/2002
5/10/2006
21/08/2001
26/10/2002
5/10/2006

LC

1

‐

1/10/1994

LC
LC
LC

13
4
7

00/01/1978
15/01/1977
00/11/1971

‐
‐
‐

6/03/2007
00/00/1990
26/09/1984

Claw‐snouted Blind Snake

LC

3

28/12/1973

‐

00/00/1990

Bar‐breasted Honeyeater
Dusky Rat
Pale Field‐rat

LC
LC
NT

53
171
7

00/00/1990

‐
‐
‐

5/10/2006
13/02/2003
18/07/2000

Red‐necked Avocet

LC

2

23/07/1980

‐

8/09/1999

Grey Fantail
Arafura Fantail
Willie Wagtail
Mangrove Grey Fantail
Northern Fantail
Australian Painted Snipe
Yellow‐bellied Sheath‐
tailed Bat
Bare‐rumped Sheath‐
tailed Bat
Little Broad‐nosed Bat
Northern Broad‐nosed
bat
Channel‐billed Cuckoo
Weebill
Red‐cheeked Dunnart
Australasian Figbird
Slaty‐grey Snake
Common Tern
Little Tern
Australian Pratincole
Spiny‐tailed Gecko

LC
LC
LC
LC
LC
VU

3
35
191
2
112
1

31/05/1981
29/06/1979
28/02/1977

‐
‐
‐
‐
‐
‐

28/06/2000
28/10/2002
25/10/2002
29/05/2001
2/04/2008
4/12/2006

3

20/08/2001

‐

1/11/2001

14

15/10/1980

‐

31/12/2006

17/03/2009

‐

21/01/2002

VU

LC
DD

CR

LC

11

LC

1

LC
LC
DD
LC
LC
LC
LC
LC
LC

11
147
13
181
31
1
3
90
7

14/12/1983
27/03/1977
00/00/1977
27/03/1977
00/00/1971

Australasian Grebe

LC

Echidna
Radjah Shelduck
Double‐barred Finch
Zebra Finch
Common Sheath‐tailed
Bat
Arnhem Sheath‐tailed Bat
Lesser Crested Tern
Crested Tern
Australian White Ibis
Straw‐necked Ibis
Common Blue‐Tongued
Lizard
Collared Kingfisher
Forest Kingfisher
Red‐backed Kingfisher
Sacred Kingfisher
Rainbow Lorikeet
Common Brushtail
Possum (Top End)
Grey‐tailed Tattler
Wood Sandpiper

LC
LC
LC
LC

‐

8/09/1999

1/10/1979
27/09/1957
00/00/1971

‐
‐
‐
‐
‐
‐
‐
‐
‐

28/10/2002
2/04/2008
11/09/2001
27/10/2002
3/11/2007
28/11/1991
17/03/1984
2/06/2004
18/08/2001

93

00/00/1916

‐

26/07/2002

2
232
268
3

00/00/1990
2/09/1957
28/02/1977
13/07/1981

‐
‐
‐
‐

30/10/2004
6/03/2007
17/10/2002
1/11/1997

LC

1

NT
LC
LC
LC
LC

2
1
6
345
349

‐

1/11/2001

14/04/1977

‐
‐
‐
‐
‐

1/11/2001
1/10/1979
14/07/2001
6/09/2004
6/09/2004

DD

10

11/12/1965

‐

1/09/2000

LC
LC
LC
LC
LC

11
282
49
133
342

18/10/1978
8/02/1972
13/04/1972
27/03/1977

‐
‐
‐
‐
‐

18/09/2001
1/04/2008
25/10/2002
27/10/2002
2/04/2008

LC

65

30/09/1980

‐

6/03/2007

LC
NE

3
21

1/10/1979
27/11/1977

‐
‐

17/03/1984
6/10/2005

1/11/2001
11/06/1977
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Tringa nebularia
Tringa stagnatilis
Tropidonophis mairii

Common Greenshank
LC
54
24/09/1957
Marsh Sandpiper
LC
50
8/07/1970
Keelback
LC
74
Chestnut‐backed Button‐
Turnix castanotus
DD
1
quail
Turnix maculosus
Red‐backed Button‐quail
LC
11
21/06/1972
Tyto javanica
Eastern Barn Owl
LC
17
Tyto longimembris
Eastern Grass Owl
NT
1
Uperoleia arenicola
Jabiru Toadlet
LC
4
4/04/2000
Uperoleia daviesae
Howard Springs Toadlet
VU
44
Uperoleia inundata
Floodplain Toadlet
LC
43
00/12/1971
Uperoleia lithomoda
Stonemason Toadlet
LC
42
11/01/1977
Vanellus miles
Masked Lapwing
LC
320
28/02/1977
Black‐spotted Ridge‐
Varanus baritji
DD
1
tailed Monitor
Varanus gouldii
Sand Goanna
LC
9
11/05/1962
Varanus indicus
Mangrove Monitor
NT
2
15/03/1972
Varanus mertensi
Mertens' Water Monitor
VU
8
29/12/1971
Varanus mitchelli
Mitchell's Water Monitor
DD
9
Varanus panoptes
Floodplain Monitor
VU
21
21/02/1972
Northern Ridge‐tailed
Varanus primordius
NT
1
Monitor
Varanus scalaris
Spotted Tree Monitor
DD
18
00/00/1971
Varanus tristis
Black‐tailed Monitor
LC
9
4/04/1979
Wide‐banded Northern
Vermicella intermedia
LC
15
Bandy‐bandy
Narrow‐banded Northern
Vermicella multifasciata
DD
1
Bandy‐bandy
Xenus cinereus
Terek Sandpiper
LC
3
17/03/1984
Zosterops luteus
Yellow White‐eye
LC
19
23/01/1977

Critically Endangered (CR); Is considered to be facing an extremely high risk of extinction in the wild.

Endangered (EN); Is considered to be facing a very high risk of extinction in the wild.

Vulnerable (VU); Is considered to be facing a high risk of extinction in the wild.

Near Threatened (NT); Is close to qualifying for or is likely to qualify for a threatened category in the near future.

‐
‐
‐

28/08/2005
6/10/2005
18/10/2008

‐

23/01/1993

‐
‐
‐
‐
‐
‐
‐
‐

17/08/2001
22/04/2006
2/12/1968
4/10/2006
5/01/2005
2/04/2008
00/00/2007
25/07/2004

‐

27/11/1998

‐
‐
‐
‐
‐

3/10/2006
6/06/1984
00/00/2006
14/02/2008

‐

00/09/1986

‐
‐

5/10/2006
5/10/2006

‐

3/04/1996

‐

1/10/1994

‐
‐

9/10/2000
14/07/2001

SINCLAIR KNIGHT MERZ
I:\DBIF\Projects\DB05629\Deliverables\Outdocs\R01NRETASAB5629.docx

PAGE 155

