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Executive summary

This report outlines the key findings of a detailed scientific assessment of the soil and land,
ground and surface water and a biodiversity resources of north east Bathurst Island.

Approximately 6 000 ha of land is considered moderately suitable for a range of crops. The
availability of water will be a limiting factor in determining the extent and type of crops that will
be productive and economically viable. Water source options to support potential development
have been identified across the 6 000 ha area. The groundwater investigation indicated an
aquifer with bore yields varying from low in the south to a maximum of 20 L/s in the north, where
the potential for saline intrusion would need to be managed. The development of the
groundwater resource would require the strategic location of bore fields with ongoing
management, including monitoring. A surface water investigation identified creeks in the
southern area where flows could also be utilised for irrigation.

The biodiversity assessment identified seventeen flora and fauna species listed as threatened
under Northern Territory and Australian Government legislation. The habitat of ten of the
threatened species is monsoon forests and thickets which are not located on suitable
agricultural soils, but which are generally Groundwater Dependent Ecosystems. Seven
threatened species occur in the Eucalypt woodland, with four species widespread in areas
assessed as suitable for agriculture. The occurrence and distribution of an additional threatened
mammal species requires confirmation.

If development did proceed, the potential indirect impacts from water extraction, fire, weeds and
potential soil erosion would need to be carefully managed.

This report is supported by two maps;

Summary of the Bio-Physical Resources of North East Bathurst Island and Land Resources of
North East Bathurst Island.
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PART 1. OVERVIEW

1. Introduction

1.1 Background

In early 2014, the Northern Territory Government engaged the Department of Land Resource
Management (DLRM) to undertake a land suitability assessment, water resource investigation
and flora and fauna evaluation in north east Bathurst Island to develop baseline information
regarding these bio-physical resources.

The Department was requested to undertake a survey of land to identify up to 10 000 ha of land
suitable for agricultural purposes. A preliminary land, water and biodiversity investigation
undertaken in by DLRM in late 2013 identified several areas across the Tiwi Islands which could
contain potential agricultural land and require further investigation. The area targeted for
detailed survey was selected in collaboration with other Northern Territory Government
departments and traditional owners. The resulting study area targeted an area of 14 100 ha on
North East Bathurst Island.

The Northern Territory Government is committed to further developing and providing opportunity
for growth across the NT. The Framing the Future Strategic Plan provides policy and direction
for growth of an agricultural sector in the NT for all Territorians. Priorities for development
include supporting agricultural enterprises, improved access and infrastructure, facilitating
Indigenous partnerships and management while maintaining environmental values for
sustainable development.

The Department of Land Resource Management further implements this policy through the
DLRM Strategic Plan 2013-17 to provide best available information, assessment and
interpretation of land and water resources to support development, growth and lifestyle of the
Northern Territory.
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1.2 Objectives

The broad objectives of the investigations were:
Investigate the groundwater resources to inform potential water availability.

2. Investigate the surface water resources to inform potential water availability and
development options.

3. Map and describe the soil landscape and interpret this for agricultural land suitability,
including assessment for crop suitability by the Department of Primary Industries and
Fisheries.

4. Survey flora and fauna of conservation significance recognised under Northern Territory
and Australian legislation and map significant vegetation communities.

These objectives enabled the Department to gain an understanding of the land and water
resources, and biodiversity values, as well as satisfying the requirements of the Environment
Protection Authority Indicative Terms of Reference Tiwi Island Investigation (2014).

The assessment will provide the basis for potential sustainable development of the land and
water resources.

1.3 Study area

The study area comprised approximately 14 100 ha of terrestrial landscapes in north east
Bathurst Island, with an additional 4 700 ha of intertidal environments broadly mapped for acid
sulfate soils.

The location of the study area on the Tiwi Islands and the Northern Territory are presented in
Figure 1-1 and Figure 1-2.

Figure 1-1: Location of the Study Area on the Tiwi Islands and within the Northern Territory
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1.4 Climate

Dry season (May to September) temperatures range from 18-33°C and 31-33 °C during the
wetter months (October to April). The climatic data from Pirlangimpi, Garden Point Airport
(BOM station no. 014142) was used for the purpose of this survey. The weather station is
located on Melville Island 3 km east of the survey area and has been identified as the nearest
open station.

Average monthly rainfall data and average monthly maximum and minimum temperature data
has been plotted in Figure 1-3. (BOM, 2014)

450 40
= Mean Monthly Rainfall

- == aMean Maximum Temperature

400 35 ini
------- Mean Minimum Temperature
350 '
30
E 300
£ 25
3 ]
£ 250 2
i 5
< 200%
Z @
'g 200 £
s [
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= 150
10
100

50

Months of Year

Figure 1-3: Monthly rainfall, maximum and minimum temperatures

Tropical cyclones can affect the area, generally during the wet monsoonal months from
November to March where monthly rainfall is highest and falls are heaviest. Consistent high
temperatures occur year round, with lower minimum temperatures during the dry season from
May to September. Annual average rainfall is 2 006 mm with a majority of this occurring during
the wet months from November to May, with January being the highest rainfall month (415 mm).
No average daily evaporation has been recorded at this station. In comparison to Darwin’s
annual climatic data at Darwin Airport (BOM station no. 014015) wet months occur from
November to April with annual average rainfall of 1 730 mm (BOM, 2014).

The annual average rainfall is 2 006 mm with the majority received during the wet season
months from November to May. January is the highest rainfall month, averaging 415 mm
(Bureau of Meteorology station, DR014142) located at Pirlangimpi Airport. These seasonal
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conditions represent a longer, wetter wet season than Darwin, which has an annual average
rainfall of 1 730 mm.

1.5 Land use

The majority of the study area was undisturbed at the time of survey and under native
vegetation. In the Australian Bureau of Agricultural and Resource Economics and Sciences
(ABARES) Australian Land Use and Management (ALUM) it is classified as Traditional
Indigenous Uses.

Fires are an annual occurrence on Bathurst Island during the dry season. Feral animal’s in
particular wild pigs have impacted some areas of the landscape.

1.6 Legislative context

The management of water resources is regulated under the Northern Territory Water Act and
the Waste Management and Pollution Control Act. Northern Territory legislation (Territory Parks
and Wildlife Conservation Act, TPWCA) and Australian legislation (Environment Protection and
Biodiversity Conservation Act 1999, EPBCA) both apply to the management of biodiversity.
Development proposals with potential to result in environmentally significant impacts may
require assessment under the Environmental Assessment Act.

Tiwi Island Economic Development - Bio-Physical Resources of North East Bathurst Island (Technical Report) 13
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PART 2. BIO-PHYSICAL RESOURCES
2. Geology

There are two major geological formations of project significance. These are the Van Diemen
Sandstone of Tertiary age, and the Cretaceous aged Bathurst Island Formation which
unconformably overlies it. The Bathurst Island Formation comprises the Wangarlu Mudstone
and Moonkinu Sandstone members. A thin 3 to 5 m veneer of Quaternary age sediments
overlies the Van Diemen Sandstone.

The Van Diemen Sandstone is described by Hughes (1976) as white to yellow, friable, medium
to coarse grained poorly sorted quartz sandstone, with minor lenses of siltstone and granular
conglomerate deposited in a fluvial environment.

Chin (1991) reporting investigations at Milikapiti, describes the Van Diemen Sandstone as an
upper and lower unit in most of the bores drilled. The lower unit is a tan and white, friable fine to
coarse quartz sandstone with a clayey matrix and interbedded with white and tan clay. The top
of the lower unit is a hard laterised ferruginous sandstone and mottled clay. The base of the
lower unit is the contact with the weathered top of the Bathurst Island Formation, which is found
to be firm, white and purple mottled clay before encountering the distinct dark grey clayey
mudstone. The upper unit of the Van Diemen Sandstone presents initially at 3 to 5 m below
ground level as a hard laterised ferruginous sandstone, immediately followed by a medium to
coarse grained tan clayey sand. With increasing depth, it grades into clayey sands, sandy clays,
clay and sand. The sequential colourings with depth include tan, brown, pink, purple and white.
The bottom of this upper unit grades into the hard ferruginous sandstone bands of the lower
unit. The total thickness of the Van Diemen Sandstone ranges from 29 to 70 m.

Within the Bathurst Island Formation, the Moonkinu Sandstone conformably overlies and, in
places, inter-finger with the Wangarlu Mudstone. It is described by Chin (1991) as a fine to very
fine sub-labile sandstone inter-bedded with grey carbonaceous clay and siltstone with
calcareous and limontic concretions. It was deposited in a shallow marine deltaic environment
during a regressive period.

During this project, the Moonkinu sandstone was encountered at depths of around 70 to 80 m
below ground level. The sand was very fine in amongst the grey mud. The grey mud had a
slight green tinge and noticeably different to the stratum of the Wangarlu Mudstone.

The surface geology mapped at a scale of 1:250 000 is presented in Figure 2-1 (Geological
series Bathurst Island Sheet SC 52-15 Map) with lithological descriptions in Table 2-1. The
South - North sub-surface geology transect presented in Figure 2-2 has been developed from
drilling data.
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Table 2-1: Surface geology lithological descriptions (Hughes 1976)

Sandstone)

Age Map label | Lithological Description
Qa Silt, fine sand, minor gravel, alluvium
Qc Quartzose sand, shell and coraline debris
aternar
Qu y Qm Saliferous organic mud and silt
Qs Poorly consolidated sand and silt, red sandy soils, mottled grey
and yellow sandy soils
Tertiary Friable white and yellow, medium to coarse quartzose
(Van Diemen Czv sandstone; minor siltstone and conglomerate; cross-bedded in
Sandstone) part; strongly weathered in outcrop; fossiliferous
Bathurgt Island . Sub-labile sandstone, siltstone and mudstone, glauconitic and
Formation (Moonkinu Kum

calcareous in part

Figure 2-2: South to north cross-section of sub-surface geology (Hughes 1976)
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3. Geomorphology

3.1 Tiwi Islands

The geomorphology of the Tiwi Islands is summarised in Hughes (1976). Both islands are a low
relief landscape with undulating laterite rises and dissected plateaux up to 100 m above sea
level (Figure 3-1). The areas of higher relief on the islands are remnants of a Tertiary land
surface formed after the deposition of the Van Diemen Sandstone. The plateaux are fringed by
colluvium and extensive sand plains have built up over the northern part of the islands as a
result of the erosion and dissection of the Tertiary surface. Open plains characterised by poor
drainage and stunted vegetation occur in the Maxwell Creek region of Melville Island, and
central Bathurst Island. These are related to exposures of an earlier land surface formed in the
late Cretaceous.

Alluvium has accumulated along the watercourses. On the low-lying coastal margins,
mangrove-lined tidal flats extend along the river channels. Deposits of beach and littoral sand
have accumulated on the western and northern coasts, and emerged former strandlines are
preserved as low vegetated ridges. Sand dunes occupy a 20 km coastal strip on southern
Bathurst Island. They form sets of dunes that are orientated northwest, rise to more than 20 m
above sea level and extend inland up to 1.5 km.

Figure 3-1: Elevation (m) ASL of the Tiwi islands
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3.2 North East Bathurst Island

The North East Bathurst Island study area contains examples of most of the geomorphic
features summarised by Hughes (1976) for the Tiwi Islands. These are illustrated in Figure 3-2.

The area consists largely of level to gently undulating plains formed on quaternary colluvium
which has built up as a result of the erosion and dissection of the Tertiary surface further south.
These plains have broad lower sloping margins and occasional short steep slopes and cliffs
adjacent to the coast. The elevation of the plains increases gradually towards the south then
drops away abruptly as plateau side slopes.

®
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© Northern Territory
of Australia

Legend
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Figure 3-2: Geomorphological groupings (Hughes 1976)
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The northern portion of the plain features a series of swamps which are likely to be
interconnected during the wet season. The extent to which this swamp system expands during
the wet season is likely to be a dynamic function with the system expanding and contracting
depending on the pattern of rainfall. It is also likely that when this system is full that broad
shallow spillways come into operation and directs surface flow towards the heads of drainage
lines.

In the southern part of the study area is a strip of land approximately 1 km wide trending south-
west to north-east. This area is distinguished by a different association of soils and vegetation
which reflects a very different hydrological function to the surrounding plains. This is most likely
due to the influence of the underlying Moonkinu mudstone. Although not evident during the dry
season field survey these areas appear to operate as broad, shallow drainage basins which
appear to retain water then direct flow to the heads of drainage channels. Smaller examples of
this also occur in the north.

An elevated plateau margin with associated side slopes is located in the south-east corner of
the study area. The southernmost portion of plateau margin features a small area of ferricrete
capping. The steeper areas forming the side slopes of the plateau feature Van Diemen
sandstone surface rock and deeply weathered variants. The plateau margin extends and
becomes more prominent further south of the study area.

The plateau side slopes and the margins of the plains feature numerous seepage areas and
springs. The hydrology of these features as well as the swamp system and shallow drainage
basins is attributed to the interaction between the permeable Van Diemen Sandstone overlying
the impermeable Moonkinu Mudstone.

The southwest boundary of the survey area is bounded by an alluvial floodplain which forms the
upper reaches of Dudwell Creek. The floodplain has formed form the accumulation of sandy
alluvium and varies from a few hundred metres across to approximately 1.5 km where it
reaches the tidal influence. The floodplain remains wet permanently.

The coastal margin of the study area features a intertidal flat which can extend up to three
kilometres in width. Within the marine and tidal zone are numerous beach ridges. The northern
most margin of the coast, particularly around Brace Point has undergone some noticeable
coastal erosion.
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4. Groundwater

Melissa Woltmann and Des Yin Foo, Water Resources Division

The groundwater assessment focused on elucidation of an aquifer in the Van Diemen
Sandstone. Investigations were also undertaken to establish the presence and potential of an
aquifer at depth in the Moonkinu Sandstone Member of the Bathurst Island Formation.

The location of bore data used to undertake this assessment is presented below in Figure 4-1.
The aims of the groundwater investigation was to:

1. Identify the local hydrogeological environment and map aquifer continuity and thickness
across the area to provide indicative information regarding potential bore yields and
production bore viability,

2. Hydraulically characterise the aquifer to provide an analytical basis for the modelling and
prediction of groundwater flow regimes and impact under potential future development
scenarios,

3. Establish a strategic groundwater monitoring network to capture baseline data so as to
develop an understanding of the local recharge and discharge processes and quantify
the resources, and;

4. |dentify potential management issues under development such as water quality and
groundwater dependent ecosystems.

Tiwi Island Economic Development - Bio-Physical Resources of North East Bathurst Island (Technical Report) 23



km 0 1 2 km

Lo 11

© Northern Territory
of Australia

Legend \ -
———— Temporary Access Track :/:
— Existing Track ) ’
Drainage Line
’,////////" Intertidal Area (Mangroves)

|:| NE Bathurst Study Area

Bores Drilled
@® Investigation

/A Test Production
[] Observation

Figure 4-1: Location of bores across the study area

Tiwi Island Economic Development - Bio-Physical Resources of North East Bathurst Island (Technical Report)

24



4.1 Methodology

The methodology undertaken consisted of the following:
o Desktop review of existing data and reports
e Investigation drilling and test bore construction
¢ Geological and geophysical downhole logging and interpretation
o Test pumping of bores to establish aquifer parameters
e Establishment of an ongoing groundwater monitoring program

Previous work undertaken in assessing groundwater resources on Bathurst Island and Melville
Island (Yin Foo, 1992; Chin, 1993; Moser, 1994 and Haig, 2003) have largely focused on
resources for community water supply and provide background detail and reference for the work
undertaken during this project.

Figure 4-2:

Water Resources
drilling operation on
Bathurst Island

The groundwater field investigation program (Figure 4-2) was undertaken from July to
November 2014. Eighteen investigation bores were strategically drilled across the study area
providing information regarding spatial variability in strata as well as establishing aquifer extent
and continuity. A further four test production bores and two observation bores were drilled to
provide information to hydraulically characterise the aquifer. The location of these is presented
in Figure 4-1. An airlift yield and field electrical conductivity and pH were obtained for each bore.

Lithology was logged from drill chips at 3 m composite sample intervals. Natural gamma
downhole logs were run for most bores. These two data sets were used for lateral correlation of
strata and identify optimal screening depths during bore construction. This information provided
the definitive basis on which to develop a conceptual model of aquifer thickness and spatial
variation of depth across the study area.
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Test pumping was undertaken on three bores, RN038713, RN038714 and RNO038198, all
targeting the shallow aquifer. Testing at the three sites consisted of a multi-rate test of three
steps and a 24 hour constant discharge rate test. Time-series drawdown data were collected in
nearby observation bores during test pumping with subsequent analysis yielding indicative
aquifer parameters. One bore, RN038841, was constructed to test the deep aquifer. As the
airlift yield was only 0.1 L/s, it was deemed unsuitable for testing.

In addition to several rounds of manual (snapshot) standing water level readings taken during
the field program, continuous monitoring of groundwater water levels is currently taking place
via the installation of automated downhole water level loggers in 10 bores capturing readings
twice daily. This data will be collected for analysis at the end of the wet season or when the
study area is again accessible. It will be used to inform seasonal behavioural pattern as well as
provide data for calculations on recharge, discharge and groundwater flow.
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4.2 Assessment

4.21 Hydrogeological setting

There are two known aquifers within the study area. These are a shallow unconfined aquifer
and a deeper confined aquifer. The shallow unconfined aquifer is hosted in the sand, quartz
gravel and clays of the upper and lower units of the Van Diemen sandstone. This aquifer is
extensive across the study area with a saturated thickness between 23 to 67 m, thickening to
the north. The electrical conductivity of the groundwater in the shallow aquifer was generally
less than 50 us/cm and slightly acidic.

The aquifer abuts the coast except to the south of the study area. Access to the coastal fringe
has limited groundwater investigations in these areas. The regime of this coastal aquifer
typology will have a sharp freshwater-saltwater interface directly beneath or inland of the
coastal area. Past storm surge events or inundations of the low lying coastal fringe will result in
the existence of a saltwater 'wedge' encroaching inland. Consequently, groundwater extraction
near the coast has the potential to induce an upconing regime of saltwater movement and a
groundwater management strategy would be necessary to preclude the possibility of saltwater
contamination.

The deeper confined aquifer is hosted in a zone of glauconitic very fine sandy inter-beds within
the dark grey mud of the Moonkinu sandstone. This aquifer has indicated to be productive in an
area south of the study area however, the bores targeting this aquifer during this investigation
have indicated only a low yield potential. As a result, it only warranted a limited study during this
investigation. Assessment of the deeper aquifer is therefore limited to the confirmation of its
extent across the study area and information regarding its potential as a low yielding aquifer.
The top of the confined aquifer is subtle, presenting as very fine sand within the grey mud with a
slight green tinge. The depth to the top of the deep aquifer was approximately 70 - 85 m below
ground level with a 20 - 50 m thickness of grey mud and clay overlying this sand unit. The sand
is clearly identified in the gamma logs by a sharp reduction of gamma radiation. However, the
aquifer thickness is not well understood as tests have not been conducted over this entire
interval. Due to low yields, suitably representative water samples could not be obtained for
quality analysis but bores RN038718 and RN038440 will be sampled in 2015 when a monitoring
team returns to retrieve logger data.

4.2.2 Hydraulic characterisation

4.2.21 Shallow aquifer

The lithological stratification of clay, sand and gravels create zones of varying transmissivity (a
measure of permeability) within the shallow aquifer vertical profile. The zones of most water
bearing potential within the saturated zone of the shallow aquifer exist within the upper medium
coarse sandstone, the middle clayey fine sandy quartz gravels and the lower very fine sandy
clays.
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Test pumping of the shallow aquifer confirmed that the clayey to sandy stratification has
significant influence on the aquifer's response to pumping, exhibiting delayed drainage effects.
The sandy strata are indicated to be generally of low transmissivity. Potential bore yields across
the study area are highly dependent on bore construction, aquifer thickness and the screened
thickness of the aquifer. Therefore, individual bore yields potentially increase as the basement
deepens towards the north and the saturated thickness of aquifer approaches 70 m. The
potential yield of appropriately constructed bores in the northern deepest aquifer extent is
anticipated to be a maximum of 20 L/s.

4.2.2.2 Deep aquifer

The deep aquifer was assessed as having only limited potential and therefore will not be
addressed as a potential groundwater source within the context of this investigation. This is
based on three bores drilled into this aquifer which produced yields in the order of 0.1 L/s.

423 Groundwater flow, recharge and discharge processes

Recharge to the unconfined shallow aquifer occurs through direct infiltration of rainfall during the
wet season. Over the dry season, groundwater from the unconfined system drains laterally to
perennial springs and creeks in the coastal area. Groundwater level monitoring data for at least
one entire seasonal cycle (i.e. wet season and dry season) is required to quantify aquifer
response in terms of recharge, and discharge processes.

A broad estimate of total annual recharge to the system provided in Gray and Paiva (2010) is
72 000 ML. The data provided by the surface water and groundwater investigation project thus
far supports an estimate of recharge in this order of magnitude. The investigation awaits end of
wet season groundwater data in terms of seasonal rise. It is expected though that the water
table rise will be 2 to 3 m. This would equate to recharge of 50 000 to 75 000 ML.

Groundwater level data suggests the shallow aquifer flow regime mirrors topography. Water
flows from high plateau areas to breaks in slope where springs have incised into the plateau
draining to depressions and swamps and eventually into the intertidal zone. Diffuse discharge to
the coastal fringe zone also occurs to maintain the saltwater interface within this area in
equilibrium with tidal movements.

The hydraulic head potential is at its greatest in the south-west of the study area where the
shallow aquifer is at its thinnest, but change in plateau surface elevation is at its greatest. This
is reflected in spring discharge flows of 100 - 400 L/s in Bullabolla Creek. In the east and to the
north, the change in elevation is much gentler and aquifer thickness increases to the north.
Lateral flows in these areas result in spring flows less than 50 L/s.

The Groundwater Dependent Ecosystems (GDEs) are implicitly defined where perennial
streams, waterholes, springs or seeps exist with thick vegetation. These landscapes are
described in Section 6. Land resources. It would be warranted that further investigation is
undertaken to determine the minimum environmental water requirements of these systems,
particularly for the aquatic ecology, should developments proceed. With regard to water usage
by monsoon vine forests and other vegetation communities in the spring areas, an estimate
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may be made based on areal coverage and applying an evapotranspiration rate of 650
mm/annum (Liddle, 2008) from such areas.

424 Groundwater monitoring

Continuous data logging systems have been installed into 10 bores to capture time series data
of groundwater levels over the 2014-15 wet season and commencement of the 2015 dry
season. These are also planned for height reference survey by the Groundwater Monitoring
Group. The spatial distribution of the monitoring bore network provides broad detail of the
groundwater regime across the study area. Additionally, a number of bores located near the
coastal area have been constructed to enable groundwater sampling to be undertaken in
anticipation of future development.
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4.3 Potential

431 Groundwater availability

An estimate of the maximum bore yield potential from the shallow aquifer has been made using
specific capacity, which relates saturated aquifer thickness and drawdown to potential discharge
rate. A map of estimated maximum bore yield potential is presented in Figure 4-3. The areas
excluded from the estimate of bore yield potential are low lying areas (less than 10 m above
mean sea level) which are considered highly likely to have been inundated in the past by
extreme tide and storm surge. Any groundwater pumping would be susceptible to saline
intrusion as an interface or even a diffuse mixing zone will be present at depth in this area.

4.3.2 Production bore design

Production bore design and construction will need to incorporate measures to eliminate sand
ingression problems and corrosion due to the acidic nature of the groundwater. Proven
measures undertaken for bores in the Van Diemen Sandstone on the island (Yin Foo, 1992) are
proposed to be adopted for similar production.

The Van Diemen Sandstone consists of highly friable sandstone, and is readily de-stabilised by
any aggressive drilling actions; therefore the following is recommended.

o Use of light polymer drilling fluid adequate to transport drill cuttings to the surface. Mud
invasion is not considered problematic. However, it reduces the need to break down the
wall cake on the bore face which will disturb the formation.

o Use of a formation stabiliser in the construction. A maximum of 75 mm thickness is
recommended as bore development will be problematic with increased thickness.

e Bore development through pumping is recommended. Aggressive bore development
methods such as airlift and surging may destabilise the friable sandstone formation.

o The installation of a positive displacement pump to reduce any back-flushing effect and

o The use of inert casing material, such as stainless steel, to negate the corrosive effect of
the weakly acidic environment.
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433 Groundwater management
Any exploitation of groundwater resources must be cognisant of the associated risks.

Low lying areas are considered to be susceptible to saline intrusion because as these areas will
most likely have been inundated by storm surge or extreme high tide events in the past. A
freshwater-saltwater interface will be underlying these areas and inland movement of the
'wedge' or upconing effects will occur once hydraulic equilibrium is disturbed. Therefore, any
groundwater extraction regime in proximity to the coast, where the dry season standing water
level is less than 5 m AHD could potentially induce saline intrusion. Appropriate monitoring and
strategic management measures will need to be developed to manage this issue.

The lack of seasonal water level data precludes the groundwater recharge for the system to be
calculated with any precision. However, it is estimated to be in the range of 50 000 to 75 000
ML/annum. This evaluation is essential for managing long term sustainability of the groundwater
resource for all beneficial uses.

It is recognised that the aquatic and spring discharge ecosystems are dependent on perennial
groundwater flow. In areas of proposed development, it is important that GDEs be identified
where groundwater extraction may impact on either the quality or quantity of discharge to the
springs’ areas.

A groundwater monitoring network has been established to inform of the natural groundwater
flow regime. Groundwater sampling are established in the proximity to the coast where saline
intrusion can be detected. Specific monitoring strategies will need to be devised should any
future development proceed, as well as the establishment of monitoring networks.

Tiwi Island Economic Development - Bio-Physical Resources of North East Bathurst Island (Technical Report) 32



5. Surface water

Ursula Zaar and Lakshman Rajaratnam, Water Resources Division

The aims of the surface water investigation program were to:

1. ldentify the surface water resources, and develop an understanding of the local
catchments and streamflow,

2. Locate potential development sites and quantify the available resources,
3. Assess the feasibility of water harvesting methods, and;

4. ldentify any ongoing strategic surface water monitoring requirements.
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5.1 Methodology

Initially, all relevant information from past studies, surface water data and anecdotal evidence of
flooding and water use was collated. The second step was to undertake an assessment of
recorded data from similar nearby catchments.

The initial findings from the existing data indicated that there was no specific surface water data
available in the study area to evaluate the surface water potential. However, recorded water
data from a similar catchment was available at Bluewater Creek, within close proximity to
Pirlangimpi on Melville Island.

New data was acquired through an investigation phase. Field investigations were undertaken to
measure the dry season flows in streams over the 2014 dry season with an aim of identifying
creeks with appreciable flows suited to development (Figure 5-1).

Using the measured flows, the minimum flows in the dry season were calculated. The historical
records from Bluewater Creek were used as a surrogate to estimate flow variability, baseflow
and rainfall runoff quantities by appropriate scaling at sites of interest. Average monthly flows
and flow volumes were calculated (Figure 5-2).

Figure 5-1: Stream gauging
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5.2 Assessment

5.2.1 Hydrological setting

The closest rainfall station to the study area is situated at Pirlangimpi Airport (Bureau of
Meteorology site DR014142) shown in Figure 5-2. The closest historical river record is also
located near Pirlangimpi at DLRM site G8160001 on Bluewater Creek also known as Lamberts
River.

Figure 5-3 demostrates how recorded rainfall and river flows vary over the years. No data or
recordings indicates the data for those years are incomplete.

Department of Land Resource Management HYPLOT V133 Output 19/01/2015
Period 13 Year Plot Start00:00_01/09/1973 1973-86
Interval1 Year Plot End 00:00_01/09/1986
[ G8160001 Bluewater Ck @ G/Pt151.00 Total Discharge (ML)
[ DR014142 Garden Pt.Police Stn 10.00 Total Rainfall (mm)
24001450
220012000
2000 9500
1800 7000
1600 4500
1400 200
73174 | 7475 | 75076 | 76177 | 77178 | 78179 | 79/80 | 80/81 | 81/82 | 82183 | 83/84 | 84/85 | 85/86

Figure 5-3: Total water year rainfall (September - August) and mean annual flow at G8160001.
Unrectified data has been obtained directly from the Water Resources database.

Note: DR014142 is now situated at Pirlangimpi Airport. It was previously located at Garden Pt. Police
Station

When examining surface water occurrence, it is important to distinguish between the two
sources, rainfall and rainfall runoff, or groundwater discharge. The Top End has a characteristic
long dry season so it is groundwater discharge which provides the baseflow to many rivers in
the Top End, including those on Bathurst Island. Groundwater discharge maintains a flow
throughout the year, as represented in Figure 5-4.
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Figure 5-4: Runoff and baseflow components of surface water

Surface water derived only from wet season rainfall and runoff will only persist if storage is
adequate to last through the dry season. Storage can include waterholes, lakes and dams that
are deep enough to account for the high evaporation rate during an extended dry season.
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Figure 5-5 depicts the hydrograph for Bluewater Creek in 1984. Discharge is represented in
m’/s as well as ML/day. The record spans approximately 15 years. The two components of
baseflow and runoff are readily distinguishable. The baseflow component of flow slowly
diminishes as the dry season progresses (May to October). This is because less groundwater
discharges to the river as the water table declines.

Dry

Figure 5-5: Discharge hydrograph for Bluewater Creek, Site G8160001 for 1984
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5.211 Spring types

Groundwater discharges via depression and contact springs were observed in the study area
(Figures 5-6 and 5-7). These springs were often associated with riparian vegetation.

Figure 5-6: Depression spring Figure 5-7: Contact spring

Depression springs result when the water table is intersected by a low point in the landscape,
such as a valley or creek bed, allowing drainage to occur from the surrounding rock, such as
sandstone.

Contact springs arise when a more permeable rock such as sandstone, lay above a less
permeable rock such as siltstone, mudstone or clay. This is the case in the study area. Water
stored in the upper layer seeps out at the contact between the two rock types because it is
unable to penetrate into the lower layer. The seepage zone, as shown in Figure 5-8, is well
defined, having particular landform patterns and vegetation which is obvious high resolution
satellite imagery.

Figure 5-8: Satellite imagery showing seepage zones on Bullabolla Creek
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5.2.2 Surface water investigations

5.2.21 Lakes

No perennial freshwater lakes were identified in the study area. In the north of the study area
there is an intermittent lake/swamp which held water in June but by October 2014 was
completely dry (Figure 5-9). Flood marks on trees in the centre of the swamp show that flood
levels reached 1.7 m, with the regular flood level at about 1.6 m.

Figure 5-9: Intermittent lake

5.2.2.2 Pools in creeks - within the Dudwell Creek system

Two major tributaries of Dudwell Creek are evident. One is Bullabolla Creek (Figure 5-2), which
marks the south western boundary of the study area and the other is referred to as the eastern
arm of Dudwell Creek and lies centrally within the study area. Bullabolla Creek is a straight river
and its tributaries are short. Table 5-2 shows how channel characteristics change with straight
line distances along the river. Depth and width were determined from flow measurements made
in October 2014 at the locations shown in Figure 5-2 and relate to the water depth at the time.

Table 5-2: Characteristics of Dudwell Creek and its tributaries from flow measurements in October 2014

Location Straight line Maximum Width (m) Flow (L/s)

distance from head depth (m)

of stream (km)

Bullabolla Creek
G816A 0.65 0.34 1.3 31
G816B 1.35 0.5 1.85 130
G816C 2.25 0.63 24 257
G8160017 4.15 0.67 4.8 344
G816D 6.15 1.3 7.5 394
Eastern Arm
G8160018 2 0.35 1.93 87
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Table 5-2 indicates the depth of Bullabolla Creek increases downstream. At a distance of 6.15
km there is a notable change in depth. From field inspection it was observed that from this point
onwards downstream, the depth was about 2 m, and width remained around 8 m for a distance
of over 1 km. This was the largest permanent pool encountered during the field survey and
would be a suitable location for pumping. Aerial imagery indicated that three pools exist in the
lower reaches of Bullabolla Creek and the eastern Arm of Dudwell Creek (Figures 5-10 and 5-
11).

Figure 5-10: Pool 1 on Bullabolla Creek

Figure 5-11: Large pools along the Dudwell Creek system
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5.2.2.3 Pools in creeks - outside the Dudwell Creek system

Aside from the tributaries of Dudwell Creek no significant river pools in other creeks have been
identified. These creeks have small catchments of less than 6 km? with late dry season
baseflows generally below 100 L/s, with most below 30 L/s. The 2014 dry season flow
measurements show that these creeks have a water depth up to 0.5 m and a width up to 2.5 m.

523 Surface water analysis

5.2.31 Baseflow in significant streams

Over the 2014 dry season, eleven surface water sites, (nine were within the study area), were
established where regular field measurements could be undertaken. This data is presented in
Appendix 1. The baseflows measured at these nine sites are provided in Table 5.3. The table
indicates three significant dry season discharges. These were Bullabolla Creek, the eastern arm
of Dudwell Creek and the Creek located near Yankilowu in the south east of the study area. The
respective gauging locations (Figure 5-2) are G8160017, G8160018 and G8165051.

To obtain an estimate of total baseflow for each of these catchments, field discharge
measurements were related to the catchment area.

Bullabolla Creek

Table 5-3 shows the field discharge measurements along Bullabolla Creek collected in October
2014. The approximate catchment area for each site was calculated from a 1 second SRTM
DEM (Digital Elevation Model). A plot of the data is provided in Figure 5-12 and a curve fitted.

Table 5-3: Area calculations and discharge measurements on Bullabolla Creek, October 2014.

2

Location Area km Discharge Discharge

Is L/s
G816A 2.91 0.031 31
G816B 8.72 0.13 130
G816C 10.78 0.257 257
G8160017 15.49 0.344/0.358 344/358
G816D 22.50 0.394 394

Tiwi Island Economic Development -

Bio-Physical Resources of North East Bathurst Island (Technical Report)




Bullabolla Creek field discharge gaugings
0.45

o
© w ©
w v b

o
N
(2}
»

Discharge cumecs

o
© i 9
TN

0.05

0 5 10 15 20 25 30
Catchment Area sq km

Figure 5-12: Plot of catchment area versus discharge along Bullabolla Creek, October 2014

The catchment area of Bullabolla Creek has been calculated at 25.7 km?. The corresponding
discharge in October 2014 was approximately 0.41 m%/s.

Eastern Arm of Dudwell Creek

Table 5-4 shows the field discharge measurements on the Eastern Arm of Dudwell Creek and
tributaries in October 2014. The catchment areas were calculated and a plot with line of best fit
and is provided in Figure 5-13. Unlike Bullabolla Creek, which has a tapering catchment area
towards the mouth, the Eastern Arm of Dudwell Creek remains quite broad along its length and
it would be reasonable to estimate the relationship between discharge and area as linear. This
allows calculation of the approximate discharge at the confluence with Bullabolla Creek. Here,
the catchment area is 33 km?resulting in discharge of 0.234 m?s.

Table 5-4: Area calculations and discharge measurements on Eastern Arm Dudwell Creek, October 2014.

Location Area Discharge | Discharge

(km?) (m%/s) (L/s)
G8160020 (Tributary) 2.42 0.0186 18.6
G8160019 (Tributary) 4.79 0.035 35
G816G (Upstream G8160018) 6.32 0.0545 54.4
G8160018 11.98 0.087 87
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Figure 5-13: Plot of catchment area versus discharge along the Eastern Arm of Dudwell Creek, October
2014

Creek near Yankilowu

The location of this gauge site was found to be influenced by the tide. Therefore, flow
measurements were taken upstream of the tidal influence. The flow gauging measured in
October 2014 was 81 L/s. These provided a discharge estimate for the catchment.

Catchment discharge from significant streams

The total approximate catchment discharges from the significant streams in October 2014 is
provided in Table 5-5. From flow duration analysis calculated later in this section it is estimated
that river flows were somewhat below average in 2014.

Table 5-5: Total catchment discharges, October 2014

Catchment Area | Total Discharge, Total Discharge,

(kmz) Oct 2014 (m3ls) Oct 2014 (L/s)
Bullabolla Creek 25.7 0.41 410
Eastern Arm Dudwell Creek 33 0.234 234
Creek near Yankilowu 3.26 0.081 81

5.2.3.2 Recession analysis

A recession refers to the declining baseflow over a dry season. Flow measurements from the 11
gauge sites (Table 5-6) are plotted in Figure 5-14 on a log-linear scale. Also shown are the flow
measurements undertaken in 1985 for G8160001 Bluewater Creek, located on Melville Island
directly east of the study area. As there are no historical gauge sites with a continuous height
record within the study area, G8160001 has been adopted to provide a point of reference.
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Bluewater Creek lies in a similar geological environment to that of the study area and it
possesses similar characteristics to catchments within the study area. As G8160001 has been
closed since 2002, the recession gaugings from 1985 are represented in Table 5-6 and Figure
5-14.

During the October field survey a few isolated storms were experienced in the study area.
Hence, the flows measured in October in a number of the gauge sites may have been
influenced by these early rain events. The continuous height record at Bluewater Creek shows
that early storms can affect river flow (Figure 5-15) and that runoff occurs readily after even
small rainfall events. Therefore those gauge sites with three flow measurements prior to
October provide a more accurate measure of recession. These are G8160023 and G8160051.
An estimated line of best fit has been plotted for these sites as well as G8160017 and
G8160001. It is evident that the log of baseflow against time is a linear relationship (refer Figure
5-14).

Table 5-6: Baseflow measurements and recession analysis

Date Flow No. log Q log k=(log Qt - k Comments
Days log Q1)/no. Days
between

G8160017

2/06/2014 | 0.482 -0.3170

10/09/2014 | 0.345 | 100 | -0.4622 | -0.001452279 | 0.9967

14/10/2014 | 0.358 -0.4461 Likely rain influence

23/10/2014 | 0.344 143 | -0.4634 | -0.001024396 | 0.9976 gzltcrLg:L?ggson first and

G8160018

12/09/2014 | 0.099 -1.0044

15/10/2014 | 0.087 33 | -1.0605 | -0.001700483 | 0.9961

G8160019

13/08/2014 | 0.047 -1.3279

9/09/2014 | 0.038 27 | 14202 | -0.003419047 | 0.9922

22/10/2014 | 0.035 1.4559 Likely rain influence

G8160020

12/09/2014 | 0.022 1.6576

20/10/2014 | 00186 | 38 | -1.7305 | -0.001918677 | 0.9956

G8160021

13/08/2014 | 0.028 1.5528

9/09/2014 | 00206 | 27 | -1.6861 | -0.004936697 | 0.9887

18/10/2014 | 0.01 39 | -2.0000 | -0.008047877 | 0.9816

18/10/2014 |  0.01 66 | -2.0000 | -0.006775122 | 0.9845 gzltcrLg:L?ggson first and

G8160022

8/09/2014 | 0.0053 -2.2757
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Date Flow No. log Q log k=(log Qt - k Comments
Days log Q1)/no. Days

between
21/10/2014 | 00026 | 43 | -2.5850 | -0.060116899 | 0.8707
G8160023
2/06/2014 | 0.064 -1.1938
12/08/2014 | 0.033 71 | 14815 | -0.004051634 | 0.9907
8/09/2014 | 00237 | 27 | -1.6253 | -0.005324652 | 0.9878
8/09/2014 | 00237 | 98 | -1.6253 | -0.004402364 | 0.9899 t?}?r'gﬂf;ﬁ?ng‘;” first and
21/10/2014 | 0.0257 -1.5901 Likely rain influence
G8165050
14/08/2014 | 0.028
10/09/2014 | 0.023 27 | -1.6383 | -0.060676747 | 0.8696
16/10/2014 | 0.0233 Likely rain influence
G8165051 (Area= 2.95 km?)
2/06/2014 | 0.128 -0.8928
14/08/2014 | 0.087 73 | -1.0605 | -0.002297133 | 0.9947
11/09/2014 | 0.078 28 | -1.1079 | -0.001693737 | 0.9961
11/09/2014 | 0.078 | 101 | -1.1079 | -0.002129855 | 0.9951 t?}?r'gﬂf;ﬁ?ng‘;” first and
16/10/2014 | 0.0815 -1.0888 Likely rain influence
G8160001
8/05/1985 | 0.142 -0.8477
4/0711985 | 0.108 57 | -0.9666 | -0.002085344 | 0.9952
4/09/1985 | 0.085 62 | -1.0706 | -0.001677497 | 0.9961
1/11/1985 | 0.062 58 | -1.2076 | -0.002362539 | 0.9946
1/11/1985 | 0062 | 177 |-12076 | -0.002033314 | 0.9953 gzltcrLg:L?ggson first and
12/11/2014 | 0.089

* k values between 0.995-0.997
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Figure 5-14: Flow gauging undertaken in 2014. 1985 flow data at G8160001is also plotted.
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Department of Land Resource Management HYPLOT V133 Output 03/11/2014
Period 7 Month Plot Start 00:00_01/04/1986 1986
Interval 8 Hour  Plot End 00:00_01/11/1986
— G8160001 Bluewater Ck @ G/Pt.140.00 Inst. Discharge (Cumecs)
1
0.1
0.01
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Figure 5-15: Effect of small rain events on baseflow at G8160001

The equation to the baseflow recession curve is:
Q= QoK' where Qq is the discharge at time t later than Q, and k is a recession constant.
The equation can be transposed to:

log k = (log Q¢ - log Qo)/t which enables k to be determined if the other parameters are
known. k is the gradient of the lines shown in Figure 5.2m.

The recession constant, k, has been calculated for the catchments listed in Table 5-5. It is
notable that for the catchments with higher flows, that is, for G8160017, G8160018 and
G8160051, the recession constant is similar, ranging between 0.995 and 0.997 and consistent
with the catchment G8160001 on Melville Island. This enables the long term record from
G8160001 to be used to predict the likely flow history of the other similar catchments.

The catchment represented by G8160019 is considered as part of the above group as it has
similar catchment characteristics. G8160019 is situated between the creeks of G8160020 and
G8160018, has the next highest flow and its k value is close to the above range at 0.992.

The other gauge sites in the study area have lower recession flows and these all measured less
than 0.025 m%s in October late in the dry season of 2014. Consequently, they would have
limited capacity as an agricultural supply.
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5.2.3.3 Minimum flows

From the site records at G8160001, the minimum measured flow of 0.062 m*/s occurred on the
1 November 1985. On the 12 December 2014, the flow was measured at 0.089 m®s. Applying
the recession constant k obtained in Table 5-6 and the equation to the recession curve, it is
calculated that it would take a further 72 days without rain for the flow to recede to the minimum
record of 0.062 m®s. This time frame can then be applied to other gauge sites to determine an

approximation of their minimum flows (refer Table 5-7).

Table 5-7: Calculation of minimum flows

Site Date Q1 k No. Estimated t Q2 m3/s

m3/s Days to | discharge (No. Estimated
12.11 on 12.11 Days to min flow
min flow)

G8160001 12.11.14 0.089 0.995 0 72 0.062

G8160017 23.10.14 0.344 0.997 20 0.324 92 0.261

D/s G8160017 23.10.14 0.394 0.997 20 92 0.299

U/s G8160017 Site C 15.10.14 0.257 0.997 28 100 0.190

U/s G8160017 Site B 15.10.14 0.13 0.997 28 100 0.096

Bullabolla Ck at

confluence with

Dudwell Ck, Eastern

Arm. 15.10.14 0.410 0.997 28 0.377 100 0.304

G8160018 15.10.14 0.087 0.996 28 0.078 100 0.058

G8165051 11.9.14 0.078 0.995 62 0.057 134 0.040

Dudwell Ck, Eastern

Arm at confluence

with Bullabolla Ck. 15.10.14 0.234 0.996 28 100 0.157

Example 23.10.14 0.025 0.996 20 0.023 92 0.017

The combined minimum flow from Bullabolla Creek and the Eastern Arm of Dudwell Creek at
the confluence is hence estimated at 0.461 m®s. To provide an overview of water availability,
rivers have been plotted according to their minimum flow in Figure 5-2, thereby reflecting the
environment at its driest. The minimum perennial flow categories used are < 50 L/s, 50 to 100
L/s and > 100 L/s.

5.2.3.4 Catchment water balance modelling

In order to extend the streamflow record at G8160001 from 1972 to 2014, the Australian Water
Balance Model (AWBM) (Boughton, 2010) was applied. This water balance model uses
recorded catchment runoff obtained from G8160001, evaporation and daily rainfall (Patched
point data (DSITIA et al.) from the BOM site at Pirlangimpi Airport 14142) to calculate runoff.
There is a continuous height record for G8160001 with a number of data gaps from October
1972 to October 1986 with an additional period between June 2001 and October 2002. The
model was calibrated using the most cohesive record from 1974 to 1986, filling in some gaps
and excluding 1978 and 1979. A reasonable data fit of monthly runoff was obtained between the
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recorded and calculated values. The R-squared value was 0.814. It was noted that the
calculated baseflow was lower than the recorded in a number of years (Figure 5-16).
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Figure 5-16: Recorded and AWBM modelled monthly runoff at G8160001

Using the calibrated parameters the model was then run for a period from 1972 to 2014. For
1978 and 1979, the two years not used in calibrating the model, the model showed to have a
poor fit. In these two years, as well as 1985, 1986, 2001 and 2002, the model calculated
significantly lower recession flows than recorded. These are shown in Figure 5-17. The late dry
is generally the critical period for agricultural water demand due to high temperatures and time
since last rainfall. It is also in the late dry that baseflow is at its lowest which limits supply. It is
essential that the model has a good fit on recession flows, so it was decided that the model
should not be used in this instance and the recorded data simply used as a guide for long term
characteristics of the stream for the flow duration analysis. The fifteen years of records
encompasses high and low rainfall periods providing a reasonable indication of the long term
flow variability at the site.
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Figure 5-17: Recorded and AWBM modelled monthly runoff at G8160001

5.2.3.5 Flow duration analysis

Flow duration analysis provides information on reliability of flows. It shows the percentage of
time that flow in a stream is likely to equal or exceed a specified value of interest. It can be used
to show the discharge of the stream that occurs or is exceeded some percent of the time. Of
particular interest is the determination of the discharge that occurs or exceeds 50% of the time,
which is commonly thought of as the average. The analysis is undertaken on the record of
measured streamflow. If the record is short, the record can be extended through modelling.

A flow duration analysis has been undertaken for the three catchments with dry season
baseflows, Bullabolla Creek, Eastern Arm of Dudwell Creek and the catchment of G8165051.
The other creeks have low baseflows in the late dry season.

To be able to apply and adapt the streamflow record from G8160001 to the North East Bathurst
Island, the catchments must be hydrologically similar. The similarities are:

e Annual rainfall is similar because the study area lies only 12 km from G8160001
o Vegetation type and cover is similar

e Catchments are undeveloped and the catchment of G8160001 was largely undeveloped
for the period of flow record to 1986. Since 1986 land uses in the upper catchment have
changed to include forestry.

e Both areas are underlain by the Van Diemen Sandstone. The unconfined aquifer in this
formation provides the baseflow to the rivers in this region

e Recession rates identified in 5.2.3.2 are similar.
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G8160001 has a milder catchment slope compared with many of the catchments in northern
Bathurst Island. Steeper slopes have the effect of generally increasing rainfall runoff. Average
catchment elevation also varies. Catchment areas and the amount of baseflow also vary as
shown in Table 5-8. Increasing catchment areas results in increasing rainfall runoff.

Table 5-8: Catchment areas and flow ratios

Site location Catchment area Catchment area ratio Baseflow ratio to

km? to G8160001 G8160001 on 12.11.14
(See Table 5.2f)

G8160001 11.3 1 1

G8160017 15.49 1.37 324/89=3.640

G8160018 11.98 1.06 78/89=.876

G8160019 4.79 0.42

G8160020 242 0.21

G8165051 3.26 0.29 57/89=.640

To account for the hydrological differences, the G8160001 record was applied to the three
catchments in North East Bathurst Island in the following way:

.  The G8160001 streamflow record was separated into two components of baseflow and
rainfall runoff through a combination of a baseflow separation program on Hydstra and
recession rate extension. Two files were created of hourly instantaneous values for the
available period of record.

II.  Data of dubious quality was deleted.

lll.  For each site an hourly baseflow record was created by multiplying the new G8160001
baseflow record by the baseflow ratio in Table 5-8.

IV. For each site an hourly rainfall runoff record was created by multiplying the new
G8160001 rainfall runoff record by the catchment area ratio in Table 5-8.

V.  For each site an hourly instantaneous flow record was obtained by adding results from
ll. and IV.

For each site, now possessing a fifteen year flow record, flow duration analysis was undertaken
using the Hydstra program HYFLOW. Calculations were undertaken on instantaneous hourly
flow values in m*s. The results for the 50th percentile or average monthly flow rate in m%/s are
provided in Table 5-9. For example, for the site G8160017, the average flow rate for the month
of September is 0.429 m*/s and for the year the average is 0.523 m?/s.
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Table 5-9: Average discharge rates (m3/s). (Discharge rate which was equalled or exceeded 50% of the time).

Site location

Annual

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

G8160001
Bluewater Ck(Lamberts R)
Analysis from recorded data

0.155

0.165

0.387

0.533

0.368

0.254

0.183

0.156

0.130

0.121

0.114

0.111

0.116

G8160018

Eastern Arm Dudwell Ck
Analysis from calculated
data

0.139

0.152

0.366

0.516

0.344

0.227

0.163

0.137

0.115

0.107

0.101

0.100

0.106

G8165051

Creek near Yankilowu
Analysis from calculated
data

0.093

0.093

0.188

0.249

0.195

0.151

0.112

0.098

0.082

0.076

0.066

0.066

0.068

G8160017

Bullabolla Creek
Analysis from calculated
data

0.523

0.519

1.006

1.347

1.070

0.838

0.632

0.553

0.464

0.429

0.371

0.372

0.379

Table 5-10 Average total monthly volume (ML). (Total monthly volume that was equalled or exceeded 50% of the time.)

Site location

Average
Monthly

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

G8160001
Analysis from recorded data

416

485

1147

1561

970

766

446

403

344

323

303

285

312

G8160018
Analysis from calculated
data

374

448

1114

1521

898

679

396

357

305

284

272

258

291

G8165051
Analysis from calculated
data

246

266

526

707

514

424

275

250

217

203

181

168

181

G8160017
Analysis from calculated
data

1373

1479

2825

3794

2812

2307

1558

1419

1230

1155

1022

945

1015
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5.3 Surface water potential

5.3.1 Surface water quantities

Given the calculated estimation of average monthly flow rates the average monthly flow
volumes for the three sites have been calculated. These are presented in Table 5-10 and
provide an indication of the quantity of surface water discharging through streams.

It is important to note that the information provided at sites G8160017, G8160018 and
G8165051 in Tables 5-9 and 5-10 are based on correlation with G8160001 by use of one flow
gauging. The results presented in these tables provide indication only. Further monitoring at
these sites is required to provide further legitimacy and accuracy to the results.

Although analysis has been undertaken for the above mentioned sites, there is potentially
greater surface water availability downstream of two of the sites. Downstream of site G8160017,
the spot flow measured at G816D in October was 394 L/s compared with 344 L/s at G8160017.
This indicates that at this site and further downstream there is a potential for a 15 % larger
water supply. G816/D is located at the beginning of the pool identified in Bullabolla Creek
(Section 5.2.2.2). Similarly, downstream of G8160018 there are contributions to flow from the
catchment and its tributaries. From analysis undertaken in Section 5.2.3.1, these contributions
could be significant and it is estimated that more than double the flow at G8160018 may be
available further downstream. In the absence of such flow measurements the analysis provides
an indication only.

No notable flow increases are anticipated downstream of G8165051 as the site is already
located close to the river mouth.

5.3.2 Surface water usage

Sourcing irrigation supplies from surface water can be approached in various ways. Typical
methods are noted below, and pending on feasibility, more than one method can be employed.

5.3.2.1 Pumping direct from Creeks

This type of sourcing is called run-of-the-river extraction. In theory, this type of surface water
extraction for direct irrigation is cost effective, if the source is close to arable land. Crop water
demand is likely to be highest towards the end of the dry season which is when river baseflows
are at their lowest.

Three waterholes have been identified in the Dudwell Creek System. They are approximately
8 m wide and 2 m deep and would be suitable locations for pumps.

5.3.2.2 Minor weirs

If feasible, in-stream weirs, typically to a height of 0.5 m to 1.5 m depending on the depth of the
creek, can be constructed to supplement the run-of river extractions. This provides storage to
extract water when the flow is very low at the end of the dry season. The feasibility would need
to be determined on a cost and environmental basis.
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5.3.2.3 Off-stream storages

Harvesting water during the wet season is called flood harvesting. In general, this is feasible
through off-stream storages. This water is then made available during the dry season. This
approach is best suited for a small scale development of high value crops.

5.3.3 Surface water management

The analysis of surface water potential in this study is based on very limited streamflow
measurements during the 2014 dry season and the intermittent fifteen year historical flow record
(largely between 1974-1986) at Bluewater Creek near Pirlangimpi. Bluewater Creek flow
analysis was used as a surrogate to understanding the flow variation in terms of probability at
three selected sites on major creeks. The assumptions made in the analysis to provide some
indicative surface water quantities are reasonable for the accuracy of this preliminary study.

Based on an average year, the dry season flow analysis of the three rivers indicates minimum
monthly flow volumes in November of 258 ML, 168 ML and 945 ML respectively for the eastern
arm of Dudwell Creek, the creek located near Yankilowu and Bullabolla Creek. In comparison,
the early dry season month of June delivers 396 ML, 275 ML and 1 558 ML for the respective
creeks. However in some years, the flow volumes would be less or more due to natural
variability. Two of these rivers contain waterholes that would allow direct pumping. The third
creek, near Yankilowu in the south-east of the study area, may have potential to meet small
water supply requirements. Environmental impacts would need to be considered when
determining extraction volumes.

Off-stream storages may be an option for storing water extracted during the wet season.
However, these may not be cost effective. There may be potential for larger flows downstream
from two of the study sites but this would need verification.
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0. Land resources

Daniel Easey, Diane Napier, Brian Lynch and Amanda Trueman, Rangelands Division

The aim of the soil, land suitability and vegetation community investigation was to map and
describe:

1. the soil and land resources at high resolution (1:25 000) and use the key properties
mapped such as slope, rock outcrop, soil depth, and soil drainage to inform the
development of an agricultural land suitability assessment,

2. the vegetation and identify sensitive and significant vegetation communities including
riparian vegetation, wetlands, Melaleuca forest and monsoon forests/thickets, and;

3. the extent of acid sulfate soils.
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6.1 Methodology

A land unit mapping methodology was adopted for this project because a land unit approach
would address the objectives of the investigation. A land unit is described as “a reasonably
homogenous part of a land surface, distinct from surrounding terrain, with consistent properties
in landform, soils or vegetation” (Hooper 1970).

Existing land resource information collated and used to assist the project is detailed below:

e land unit survey conducted over the Seventeen Mile Plain on Melville Island in June
1973 (van-Cuylenburg and Dunlop 1973).

e In 1977, further land resource surveys were undertaken for forestry in two areas
adjacent to the Tuyu and Yapilika (Wells and van-Cuylenberg 1978).

o A broad-scale land system survey of the western half of Melville Island (Wells et al.
1978) was also conducted to identify areas suited to forestry development.

e In 1979, a land unit survey was conducted over the south-east portion of Bathurst Island
(Olsen 1980).

e In 2002, a land capability study was undertaken over the Tiwi Islands. This
reconnaissance study incorporated statistical analysis and GIS technology to derive and
map land units (Hollingsworth 2003).

e In 2008, interim broad-scale land system mapping was drafted for the Tiwi Islands. This
was part of the Northern Territory’s contribution to the Australian Soil and Land
Information System (ASRIS).

The project was undertaken as a land unit survey mapped at a scale of 1:25 000.

6.1.1 Survey preparation

Aerial photo interpretation was initially used to manually delineate land unit boundaries. Two
photography sets were used; black and white aerial photographs (1962) at 1:80 000 (Melville
Island Run 1-6) and colour photography (1981) at 1:40 000 (NTc681 Run 1-14). Aerial
photography was interpreted using a stereoscope to delineate preliminary land unit boundaries
and select suitable sites for field survey and ground truthing. Satellite imagery and two digital
elevation models were also used to assist the delineation of land unit boundaries. The satellite
imagery used was WorldView-2 dataset with a resolution of 0.5 m pixels captured between
21/07/10 and 25/04/13.

The digital elevation models were:
1. 30 m SRTM derived DEM (Geoscience Australia 2009); and

2. 5 m pixel resolution digital elevation model over Bathurst and Melville Islands (NTT
Data, Restec 2014)
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6.1.2 Field survey

Field survey was undertaken over eight weeks from May to September 2014, encompassing a
total of 84 sites as listed in Table 6-1. A landscape description was recorded at all sites,
including landform and general soil observations. Soil profiles (morphology) and vegetation
communities were described at 71 sites using national guidelines and the methods detailed
below. Additionally, soil chemistry was analysed from 28 of these sites, and soil hydrology data
was recorded from a subset of four sites. Landscape features were also observed along vehicle
tracks and during traverses to sites only accessible by walking.

The land unit boundaries that had been initially drawn from aerial photography and satellite data
were manually refined by referring to field data and observations.

Table 6-1: Data collected during field survey

Site Type Data obtained Number of
Sites

Soil morphology sites Landscape description, soil morphology, vegetation 43
description

Soil morphology and chemistry Landscape description, soil morphology, soil 24

sites chemistry, vegetation description

Soil morphology, chemistry and | Landscape description, soil morphology, soil 4

hydrology sites chemistry, soil hydrology, vegetation description

Landscape sites Landscape description 13

Total 84

6.1.3 Soil descriptions

Soil morphology was described using profiles that were sampled using a hand auger to a
maximum depth of 180 cm. Profile descriptions were compiled in accordance with the Australian
Soil and Land Survey Field Handbook (NCST, 2009), The Australian Soil Classification (Isbell,
2002) and Munsell soil colour charts. General soil observations at landscape sites were
undertaken using exposed profiles along creek banks and cliff faces. Soil hydrology was
measured in pits that were hand excavated to a depth of 100 cm. Soil chemistry tests were
performed on soil sampled from hand-augered profiles and soil pits.

6.1.4 Vegetation descriptions

Vegetation descriptions and communities were compiled using the Hnatiuk, Thackway and
Walker (2009) classification system as outlined in the Australian Soil and Land Survey
Handbook (NCST, 2009), with the exception of monsoon forests and thickets which were
classified and modified in accordance with Fensham and Woinarski (1992). Vegetation floristic
data were collected from a 20 m x 20 m quadrat at seventy one sites at the same location as
the soil-landscape sites. Vegetation strata were identified and the average height, height
ranges, predominant growth form and percentage covers recorded for each. Percentage cover
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was recorded for each species in each stratum, plus a basal count of dominant species in the
upper stratum. Species recorded in these sites are included in the full checklist of vascular
plants recorded in the study area, provided in Appendix 16.

For monsoon forest and sedgeland land units, (10a, 10b, 10c, and 8d) site data was
supplemented with additional data from flora surveys. Vegetation communities in intertidal land
units (12a, 12b and 12c) were described using data from the NVIS vegetation map of the NT
(Department of Land Resource Management, 2012). Access to these areas was not possible at
the time of the survey.

6.1.5 Data storage

Spatial information is stored in the Department of Land Resource Management (DLRM) spatial
corporate library and is available upon request.

Site data for soil and landform resides in an Oracle Spatial Corporate Database, the Northern
Territory Soil and Land Information System (SALInfo). Vegetation data is stored in the
Vegetation Site Database, Northern Territory (VSDNT).

Information at http://www.Irm.nt.gov.au/nrmapsnt#digitaldata is available to assist a data
request application.
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6.2 Land units

6.2.1 Landform

Landform in the survey area is strongly linked to the underlying geology and geomorphological
units. Landform was assessed using a combination of aerial photographs, digital elevation
models (DEMs) and field observations. Seven landform classes were identified including low
hills, rises, low rises, plains, drainage systems, swamps and marine areas. These are presented
in Table 6-2 and Figure 6-1.

Table 6-2: Landform classes identified in the survey area

Landform Class Landform Class Land Units Area (ha)
Code
5 Low Hills 5a 729
6 Rises 6a 145
7 Low Rises 7a 193
8 Plains 8a, 8a1, 8b, 8c, 8c1, 8d 11134
10 Drainage Systems 10a, 10b, 10c 1613
11 Swamps 11a, 11b 287
12 Marine 12a, 12b, 12c, 12d 4732

6.2.1.1 Low Hills

Low Hills are landform patterns with moderate relief (30-90 m). Low Hills dominate the
landscape along the southern boundary with some slopes over 20%. These areas have eroded
leaving ridges and slopes exposing lateritic outcrops. They are characterised by their shallow
rocky soils.

6.2.1.2 Rises

Rises are landform patterns of low relief (9-30 m). They include hillcrests, lower slopes, and
drainage lines with moderately inclined slopes (10-15%). A common feature of this soil
landscape is the very shallow gravelly soils.

6.2.1.3 Low Rises

Low Rises are landform patterns of very low relief (5-9 m) including some plains and lower
slopes. Low Rises across the landscape consisted of gently to moderately inclined slopes (10-
12%).

6.2.1.4 Plains

Plains are landform patterns of extremely low relief (<9 m). Plains are the most extensive
landform class. Slopes are gently inclined (1-3%) on the upper slopes, to gently undulating on
the lower side slopes. Six land units were described under this class with two distinct types
being upland and lowland plains.
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6.2.1.5 Drainage Systems

Drainage systems incorporate drainage depressions, alcoves, natural springs, and creek
systems. Slopes ranged from 1-3%. They are characterised by their poorly drained soils. These
types of landscapes are discussed in sections 4.2.3 Groundwater Flow, Recharge and
Discharge Processes and 5.2.1 Hydrological Settings and 5.2.2 Surface Water Investigations.

6.2.1.6 Swamps

Swamps are closed depressions that pond water for extensive periods. These swamps rely on
water table levels and can remain wet throughout the dry season so inherently the soils range
from poorly to very poorly drained. They are significant in the northern area of study area where
a number of interconnected swamps are present. These swamps are described as intermittent
lakes. Slope and relief are very low.

6.2.1.7 Marine

Marine environments are associated with low elevation and are generally influenced by tidal
inundation or formed on Holocene sediments. They include mangroves, salt flats and beach
ridges.
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6.2.2 Land unit descriptions

Landform class (Section 6.2.1) was used to initially separate the landscape. Further separation
was then based on soil, vegetation, and finer distinctions in landform. This allows for a
simplification of land types that have a relative degree of homogeneity in often variable and
complex landscapes (Napier & Hill 2012). Eighteen land units were described. These are
summarised in Table 6-3. Detailed descriptions are provided in the following section. Soil
characteristics and vegetation communities are described in sections 6.3 and 6.4 respectively.
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Table 6-3: Summary of land units and their extent

Landform | Land | Area Landform Soil Vegetation Structure Dominant Community Species Sites
class Unit (ha)
Low Hills 5a 729 Undulating steep Red Kandosols Very tall woodland Eucalyptus tetrodonta, Corymbia bleeseri, Eucalyptus 17
hillslopes miniata
Rises 6a 145 Moderately inclined Brown Kandosols Tall woodland, Eucalyptus miniata, Eucalyptus tetrodonta, 60
hillslopes Red Orthic Tenosols Tall open shrubland Petalostigma pubescens 43
Low Rises 7a 193 Gently inclined hillslopes | Red Kandosols Tall to very tall open woodland Eucalyptus miniata, Eucalyptus tetrodonta 12, 44, 62
Red Orthic Tenosols 4
Plains 8a 5908 | Very gently inclined Red Kandosols Very tall open woodland / woodland | Eucalyptus miniata, Corymbia nesophila, Eucalyptus 1,2,9,19, 23, 26, 27, 28, 29, 34,
upland plains tetrodonta 36, 39, 40, 41, 42, 51, 52, 53, 54,
61, 63, 67, Pit 1, Pit 2, Pit 3, Pit 4
8al 3196 Gently inclined lower Red Kandosols Very tall open woodland / woodland | Eucalyptus tetrodonta, Eucalyptus miniata, Corymbia 10, 11, 30, 38, 49, 57, 58
slopes nesophila
8b 72 Undulating plains Red Kandosols Very tall open woodland Eucalyptus miniata, Eucalyptus tetrodonta 56,8
8c 1388 | Seasonal wet plains Kandosolic Redoxic Hydrosols | Very tall open woodland / tall open | Corymbia nesophila, Lophostemon lactifluus, 7, 18, 33, 46, 50, 55, 65, 66
woodland Melaleuca leucadendra
8cl 444 Seasonal wet plain Kandosolic Redoxic Hydrosols | Mid high open woodland Melaleuca viridiflora, Lophostemon lactifluus, Acacia 32,47,48
prone to inundation and | Brown Kandosols leptocarpa 35
seasonal waterlogging
8d 126 Lower slopes Red Kandosols Dry evergreen monsoon forest Acacia auriculiformis, Syzygium forte, Diospyros 25
and dry monsoon vine thicket maritima
Drainage 10a 1091 | Drainage depressions Kandosolic Redoxic Hydrosols | Tall woodland / mid high open Lophostemon lactifluus, Melaleuca viridiflora, 56
Systems Oxyaquic Hydrosols woodland Melaleuca leucadendra 59
Hydrosols 13, 45
10b 228 Drainage depressions Kandosolic Redoxic Hydrosols | Wet evergreen monsoon forest Calophyllum soulattri, Acacia auriculiformis, Syzygium | 37
including creeks, springs | Hydrosols minutulifiorum 3
and alcoves.
10c 294 Drainage lines and Hydrosols Sedgeland Schoenus spp., Dapsilanthus elatior, Dapsilanthus
depressions spathaceus
Swamps 1la 268 Closed depressions Kandosolic Redoxic Hydrosols | Mid high open woodland Lophostemon lactifluus, Banksia dentata, Melaleuca 20, 22,31, 64
viridiflora,
11b 19 Wet closed depressions | Hydrosols, Kandosolic Redoxic | Tall open forest Melaleuca spp. 21
Hydrosols
Marine 12a 4117 | Estuarine flats Intertidal Hydrosols Mid high closed forest Ceriops tagal, Rhizophora stylosa, Avicennia marina
12b 144 | Saltflats Oxyaquic Hydrosols Miniature samphire shrubland Tecticornia indica, Tecticornia australasica
12c 415 Beach ridge Tenosolic Oxyaquic Hydrosols | Mid high open woodland Melaleuca dealbata, Corymbia polycarpa 24
12d 56 Supratidal flat Supratidal Hydrosols Sedgeland Eleocharis spp., Schoenoplectus littoralis
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Low Hills Land Unit: 5a

Sites: 1 Area: 729 ha

Landform

General Description

Undulating steep hillslopes; areas of rock
outcrop; very tall woodland; shallow gravelly

soils.
Slopes: 25-30%
Surface >60%
Gravel:

Rock Outcrop:  2-10%

Permeability: Moderate
Drainage: Well
Runoff: Very Rapid
Soil
Common Soil Red Kandosols

Common Soil Characteristics

Surface texture class: Sandy Loam Subsoil texture class:
Surface soil gravels: 60-80% Subsoils gravels:
Field surface pH: 5.0-6.0 Field subsoil pH:

Other soils described:  Nil

Vegetation

Sandy Loam Soil colour: Red
60-80% Soil depth: 0.25-0.5m
5.0-5.5

Common vegetation community Very tall woodland

No sites Av height Av cover

Eucalyptus tetrodonta, Eucalyptus miniata, Corymbia bleeseri very tall woodland 1 30m crown 20%
Stratum Frequency of dominant species Frequency of other common species

Upper Eucalyptus tetrodonta, Corymbia bleeseri = Eucalyptus miniata, Terminalia ferdinandiana,

stratum (100%) Buchanania obovata (100%)

Mid Acacia latescens, Eucalyptus tetrodonta (100%)

stratum

Ground Eriachne  avenacea, Acacia latescens, @Eucalyptus tetrodonta, Coelospermum reticulatum, Acacia
stratum Eriachne triseta (100%) leptocarpa, Acacia lamprocarpa (100%)

Land Evaluation

Comments

Excessive slopes

Rock outcrop substantial
Shallow soils

Well drained

Very high erosion risk

Agricultural Land Suitability Class - S4 Not Suitable

Elevation is highest along the southern boundary of the
survey area.

Steep hillslopes with gravelly surfaces and exposed laterite
outcrops.
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Rises Land Unit: 6a

Sites: 2 Area: 145 ha

Landform

General Description

Moderately inclined hillslopes; tall woodland
/tall open shrubland; very shallow gravelly
soils.

Slopes: 10-15%
Surface 65-90%
Gravel:

Rock Outcrop:  Nil

Permeability: Moderate
Drainage: Well
Runoff: Rapid
Soil
Common Soil Brown Kandosols

Common Soil Characteristics

Surface texture class:  Sandy Loam Subsoil texture class:
Surface soil gravels: 40-65% Subsoils gravels:
Field surface pH: 6.0-6.5 Field subsoil pH:

Other soils described:  Red Orthic Tenosols

Vegetation

Sandy Clay Loam: Soil colour:  Brown
50-55% Soil depth:  <0.25m
6.0-6.5

Common vegetation community Tall woodland / Tall open shrubland

Eucalyptus miniata, Eucalyptus tetrodonta tall woodland

Petalostigma pubescens and mixed species tall open shrubland

Stratum Frequency of dominant species

Upper Eucalyptus miniata, Eucalyptus tetrodonta
stratum (50%)

Mid Acacia lamprocarpa, Eucalyptus tetrodonta,
stratum Petalostigma pubescens (50%)

Ground Eriachne burkitii, Eriachne avenacea (50%)
stratum

Land Evaluation

No sites  Av height Av cover

1 20 m
1 25m

crown 25%
foliage 7%

Frequency of other common species

Corymbia bleeseri, Petalostigma pubescens, Corymbia
foelscheana, Acacia lamprocarpa (50%)

Livistona humilis, Acacia oncinocarpa (50%),

Acacia oncinocarpa (100%), Petalostigma pubescens,
Calytrix exstipulata (50%)

Comments

Excessive slopes
Very shallow soils
Well drained

High erosion risk

Agricultural Land Suitability Class - S4 Not Suitable

Very shallow gravelly lateritic and sandstone subsoils.
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H Land Unit: 7a Sites: 4 Area: 193 ha

Low Rises
Landform
General Description
Gently inclined hillslopes; tall to very tall
open woodland; very deep Red Earths.

Slopes: 10-12%

Surface Nil

Gravel:

Rock Outcrop:  Nil

Permeability: Moderate

Drainage: Well

Runoff: Moderately Rapid
Soil
Common Soil: Red Kandosols
Common Soil Characteristics
Surface texture class:  Sandy Loam Subsoil texture class:  Sandy Clay Loam  Soil colour: Red
Surface soil gravels: Nil Subsoils gravels: Nil Soil depth:  >1.5m
Field surface pH: 6.0-6.5 Field subsoil pH: 6.0-6.5
Other soils described:  Red Orthic Tenosols
Vegetation
Common vegetation community Tall to very tall open woodland No sites Av height  Av cover
Eucalyptus miniata, Eucalyptus tetrodonta very tall open woodland 3 26 m crown 14%
Eucalyptus miniata and mixed species tall open woodland 1 18.5m crown 13%

Stratum Frequency of dominant species

Upper Eucalyptus  miniata  (100%), Eucalyptus
stratum tetrodonta (25%)

Mid Tarenna dallachiana (25%)

stratum

Ground Eriachne triseta (75%), Cycas armstrongii,
stratum Opilia amentacea (25%)

Land Evaluation

Frequency of other common species

Acacia lamprocarpa, Acacia leptocarpa, Timonius timon,
Alphitonia excelsa (50%)

Livistona  humilis  (75%), Petalostigma
Eucalyptus miniata, Planchonia careya (50%)

pubescens,

Pandanus spiralis (75%), Pseudopogonatherum irritans,
Alphitonia excels, Timonius timon (50%)

Comments

Excessive slopes
Very deep soils

Well drained
Moderate erosion risk

Agricultural Land Suitability Class — S4 Not Suitable
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Red Orthic Tenosols described on the steeper slopes with

loamy sand texture. Red Kandosols are the dominant soil type
for this land unit.
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Land Unit: 8a

Plains

Sites: 26 Area: 5908 ha

Landform

General Description

Very gently inclined upland plains; very tall
open woodland / woodland; very deep Red

Earths.
Slopes: 1-3%
Surface Nil
Gravel:

Rock Outcrop:  Nil

Permeability: High
Drainage: Well
Runoff: Slow
Soil
Common Soil: Red Kandosols

Common Soil Characteristics

Surface texture class:  Sandy Loam Subsoil texture class:  Sandy Clay Loam: Soil colour: Red

Surface soil gravels: Nil Subsoils gravels: Nil Soil depth:  >1.5m

Field surface pH: 5.5-6.5 Field subsoil pH: 5.5-6.5

Other soils described:  Nil

Vegetation

Common vegetation community Very tall open woodland / woodland No Av height  Av cover

sites

Eucalyptus miniata, Corymbia nesophila, Eucalyptus tetrodonta very tall open woodland 17 22m crown 14%

Eucalyptus miniata, Corymbia nesophila, Eucalyptus tetrodonta very tall woodland 8 25m crown 27%

Stratum Frequency of dominant species Frequency of other common species

Upper Eucalyptus miniata (81%), Corymbia nesophila | Acacia leptocarpa (31%), Erythrophleum chlorostachys

stratum (62%), Eucalyptus tetrodonta (31%) (19%), Eucalyptus oligantha (15%), Alphitonia excelsa
(12%)

Mid Livistona humilis (54%), Acacia leptocarpa @ Cycas armstrongii (42%), Acacia lamprocarpa (31%),

stratum (27%) Corymbia nesophila (23%), Erythrophleum chlorostachys
(23%)

Ground Eriachne triseta  (31%), Erythrophleum @ Acacia leptocarpa (42%), Cycas armstrongii (31%),

stratum chlorostachys (27%), Eriachne avenacea @ Eucalyptus tetrodonta (27%)

(15%)

Land Evaluation

Comments

Gentle slopes

Very deep soils

Well drained
Moderate erosion risk

Agricultural Land Suitability Class - S2 Moderately
Suitable

This land unit covers the largest area of land within the
survey area. Soils are very deep and well drained with
moderate limitations.

Vegetation structure is variable. Areas of this land unit
contain plant species that are tolerant of poorly drained soil,
suggesting a gradient towards land unit 8c.
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H Land Unit: 8a1 Sites: 7 Area: 3196 ha

Plains
Landform
General Description
Gently inclined lower slopes; very tall open
woodland / woodland; very deep Red
Earths.

Slopes: 1-5%

Surface 2-15%

Gravel:

Rock Outcrop:  0-2%

Permeability: Moderate

Drainage: Well

Runoff: Moderately Rapid
Soil
Common Soil: Red Kandosols
Common Soil Characteristics
Surface texture class:  Sandy Loam Subsoil texture class:  Sandy Clay Loam  Soil colour: Red
Surface soil gravels: 5-15% Subsoils gravels: 5-30% Soil depth:  >1.5m
Field surface pH: 6.0-6.5 Field subsoil pH: 5.5-6.0
Other soils described:  Nil
Vegetation
Common vegetation community Very tall open woodland / woodland No Av height Av cover

sites

Eucalyptus miniata, Eucalyptus tetrodonta, Corymbia nesophila very tall open woodland 4 23 m crown 10%
Eucalyptus miniata, Eucalyptus tetrodonta, Corymbia nesophila very tall woodland 3 27 m crown 23%
Stratum Frequency of dominant species Frequency of other common species

Upper Eucalyptus miniata, Eucalyptus tetrodonta
stratum (57%), Corymbia nesophila (29%)

Mid Lophostemon lactifluus, Erythrophleum
stratum chlorostachys, Petalostigma pubescens (14%)
Ground Eriachne triseta (57%), Acacia leptocarpa
stratum (29%)

Land Evaluation

Acacia leptocarpa, Alphitonia excelsa, Cycas armstrongii
(29%)

Livistona humilis, Cycas armstrongii, Eucalyptus tetrodonta
(57%), Acacia leptocarpa, Alphitonia excelsa (43%)

Pandanus spiralis (57%),
Eriachne avenacea (43%)

Erythrophleum chlorostachys,

Comments

Substantial slopes
Rock outcrop negligible
Very deep soils

Well drained

Moderate erosion risk

Agricultural Land Suitability Class — S3 Marginally
Suitable

Ferruginous surface gravel present.
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Plains Land Unit: 8b Sites: 3 Area: 72 ha

Landform

General Description

Undulating plains; very tall open woodland;
very deep Red Earths.

Slopes: 4-8%
Surface 0-60%
Gravel:

Rock Outcrop:  Nil

Permeability: Moderate

Drainage: Well

Runoff: Moderately Rapid
Soil
Common Soil: Red Kandosols

Common Soil Characteristics

Surface texture class: Loamy Sand Subsoil texture class:  Sandy Clay Loam  Soil colour: Red
Surface soil gravels: 0-40% Subsoils gravels: 0-40% Soil depth:  >1.5m
Field surface pH: 5.5-6.0 Field subsoil pH: 5.0-6.0

Other soils described:  Nil

Vegetation

Common vegetation community Very tall open woodland No sites Av height Av cover
Eucalyptus miniata very tall open woodland 3 26 m crown 13%
Stratum Frequency of dominant species Frequency of other common species

Upper Eucalyptus miniata (100%) Eucalyptus tetrodonta (67%)

stratum

Mid Acacia leptocarpa (33%) Livistona humilis, Eucalyptus miniata (100%), Cycas armstrongii
stratum (67%)

Ground Eriachne triseta (100%) Pseudopogonatherum irritans, Cycas armstrongii, Hibbertia caudice,
stratum Spermacoce retitesta (100%), Acacia leptocarpa (67%)

Land Evaluation Comments

Substantial slopes Surface gravels more common on the steeper slopes.

Very deep soils

Well drained Natural springs are present on some lower slopes.

Moderate erosion risk

Agricultural Land Suitability Class - S3 Marginally
Suitable
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Sites: 8 Area: 1388 ha

: Land Unit:
Plains and Unit: 8c
Landform
General Description
Seasonally wet plains; very tall open

woodland / tall open woodland; poorly

drained soils.
Slopes: 1-3%
Surface Gravel: Nil

Rock Outcrop: Nil

Permeability: Moderate

Drainage: Imperfect

Runoff: Slow

Soil

Common Soil: Kandosolic Redoxic Hydrosols

Common Soil Characteristics

Surface texture class:  Sandy Loam Subsoil texture class:  Sandy Clay Loam  Soil colour:  Brown

Surface soil gravels: Nil Subsoils gravels: Nil Soil depth:  >1.5m

Field surface pH: 5.0-6.0 Field subsoil pH: 5.0-6.0

Other soils described:  Nil

Vegetation

Common vegetation community Very tall open woodland / tall open woodland No sites Av height Av cover
Corymbia nesophila very tall open woodland 3 23 m crown 12%
Lophostemon lactifluus tall open woodland 3 12m crown 19%

Other communities: Melaleuca leucadendra, Corymbia nesophila tall open woodland

Stratum Frequency of dominant species

Upper Corymbia nesophila (63%), Lophostemon
stratum lactifluus (38%), Melaleuca leucadendra (25%)
Mid Livistona humilis (63%), Acacia leptocarpa
stratum (25%)

Ground Eriachne triseta (50%)

stratum

Land Evaluation

Frequency of other common species
Melaleuca viridiflora, Erythrophleum chlorostachys (13%)

Banksia dentata (38%), Grevillea pteridifolia
Petalostigma pubescens, Timonius timon (13%)

(25%),

Acacia leptocarpa (38%), Pandanus spiralis, Melaleuca
nervosa (25%), Pseudopogonatherum irritans (13%)

Comments

Gentle slopes

Very deep soils
Imperfectly drained
Moderate erosion risk

Agricultural Land Suitability Class — S3 Marginally
Suitable

Seasonally wet plains that fringe swamps. The Debil-debil
microrelief suggest that these areas may remain saturated
for long periods.

The vegetation of this land unit is variable and commonly
has a prominent open mid stratum of trees/shrubs/palms.
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H Land Unit: 8c1 Sites: 4 Area: 444 ha
Plains
Landform
General Description
Seasonally wet plains prone to inundation
and seasonal waterlogging; mid high open
woodland; poorly drained soils.
Slopes: 1-3%
Surface Gravel:  Nil
Rock Outcrop: Nil
Permeability: Moderate
Drainage: Poor
Runoff: Slow
Soil
Common Soil: Kandosolic Redoxic Hydrosols
Common Soil Characteristics
Surface texture class:  Sandy Loam Subsoil texture class:  Sandy Clay Loam  Soil colour: Brown
Surface soil gravels: Nil Subsoils gravels: Nil Soil depth: >1.5m
Field surface pH: 7.0-7.5 Field subsoil pH: 7.0-7.5
Other soils described:  Brown Kandosols
Vegetation
Common vegetation community Mid high open woodland No sites Av height Av cover
Melaleuca viridiflora and/or Lophostemon lactifluus mid high open woodland 3 9.5m crown 14%

Other communities: Eucalyptus tetrodonta, Corymbia nesophila very tall open woodland

Frequency of other common species
Grevillea pteridifolia (75%)

Livistona humilis, Lophostemon lactifluus,
Grevillea pteridifolia, (50%)

Acacia leptocarpa (50%)

Stratum Frequency of dominant species

Upper Melaleuca viridiflora (50%), Acacia leptocarpa, Eucalyptus
stratum tetrodonta, Corymbia nesophila, Lophostemon lactifluus (25%)
Mid Melaleuca viridiflora (50%)

stratum

Ground Eriachne triseta (50%)

stratum

Land Evaluation

Comments

Gentle slopes

Very deep soils
Poorly drained
Moderate erosion risk

Agricultural Land Suitability Class — S3 Marginally
Suitable
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longer periods during the wet season.

This land unit is more common in the north around the more
defined swamp systems. Elevation in this area is very low.
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H Land Unit: 8d Sites: 1 Area: 126 ha
Plains
Landform
General Description
Lower slopes; tall closed monsoon vine
forest and thickets; very deep Red Earths.
Slopes: 3-10%
Surface Gravel:  Nil
Rock Outcrop: Nil
Permeability: High
Drainage: Well
Runoff: Moderately Rapid
Soil
Common Soil: Red Kandosols
Common Soil Characteristics
Surface texture class: Sandy Loam Subsoil texture class:  Sandy Clay Loam  Soil colour: Red
Surface soil gravels: Nil Subsoils gravels: Nil Soil depth:  >1.5m
Field surface pH: 6.0-6.5 Field subsoil pH: 6.0-6.5
Other soils described:  Nil
Vegetation
Common vegetation community Tall closed forest No sites Av height Av Cover
Dry evergreen monsoon forest 4* 16 m crown 71%
Dry semi-deciduous monsoon thicket 2* 22m crown 88%

Stratum Frequency of dominant species

Upper Acacia auriculiformis, Syzygium forte

stratum (67%), Diospyros maritima, Buchanania
arborescens (50%), Horsfieldia
australiana, Antiaris toxicaria (33%)

Mid Diospyros maritima (33%)

stratum

Ground -

stratum

Land Evaluation

Frequency of other common species

Canarium australianum (67%), Litsea glutinosa, Maranthes
corymbosa (50%), Uvaria holtzei, Terminalia microcarpa, Smilax
australis, Vavaea amicorum, Zanthoxylum parviflorum (33%)

Pleomele  angustifolia, Buchanania  arborescens
Cryptocarya cunninghamii, Polyalthia australis,
pauciflorum Aidia racemosa (33%)

Diospyros maritima, Pleomele angustifolia (67%), Glycosmis
trifoliata, Cryptocarya cunninghamii (33%)

(67%),
Memecylon

Comments

Substantial slopes

Very deep soils

Well drained

Moderate erosion risk
Significant vegetation community

Agricultural Land Suitability Class - S3 Marginally Suitable

*Vegetation information is supplemented with data
from five additional flora survey sites.
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Drainage

Landform

SyStemS Land Unit: 10a Sites: 4 Area: 1091 ha

General Description
Drainage depressions; tall woodland / mid

high open woodla
soils.

nd; very poorly drained

Slopes: 1-3%

Surface Gravel:  Nil

Rock Outcrop: Nil

Permeability: High

Drainage: Very Poor

Runoff: Very Slow

Soil

Common Soil: Kandosolic Redoxic Hydrosols

Common Soil Cha

racteristics

Surface texture class: Loam Subsoil texture class:  Clay Loam Soil colour: Grey

Surface soil gravels: Nil Subsoils gravels: Nil Soil depth >1.5m

Field surface pH:

5.5-6.0 Field subsoil pH: 5.5-6.0

Other soils described:  Oxyaquic Hydrosols

Vegetation

Common vegetation community Tall woodland / mid high open woodland No sites  Av height Av Cover
Lophostemon lactifluus and/or Melaleuca viridiflora tall woodland to mid high open 4* 10m crown 20%
woodland

Other communities: Wet evergreen monsoon forest

Stratum Frequency of dominant species Frequency of other common species

Upper Melaleuca viridiflora  (40%),  Lophostemon @ Pandanus spiralis, Grevillea pteridifolia (40%)

stratum lactifluus, Acacia auriculiformis (20%)

Mid Livistona humilis (20%) Fagraea racemosa (60%), Lophostemon lactifluus,
stratum Banksia dentata, Melastoma malabathricum (40%)
Ground Lycopodiella cernua (40%), Dicranopteris linearis, = Melastoma malabathricum (60%), Osbeckia australiana,
stratum Eriachne  burkittii, Rhynchospora  brownii, | Pandanus spiralis (40%)

Dapsilanthus sp. (20%)

Land Evaluation

Comments

Gentle slopes
Very deep soils

Very poorly drained

Low erosion risk
Acid sulfate soils

Significant vegetation community

Agricultural Land

Accurate soil depth could not be measured due to water near
or at the surface.

The vegetation is highly variable. *Vegetation information is
supplemented with data from one additional flora survey site.

Suitability Class - S4 Not Suitable
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Drainage Systems Land Unit:

10b Sites: 2

Area: 228 ha

Landform

General Description

Drainage depressions including creeks,
springs and alcoves; wet evergreen
monsoon forest; very poorly drained soils.

Slopes: 1-3%

Surface Gravel:  Nil
Rock Outcrop: Nil

Permeability: High

Drainage: Very Poor

Runoff: Very Slow

Soil

Common Soil: Kandosolic Redoxic Hydrosols

Common Soil Characteristics

Surface texture class: Loam Subsoil texture class:  Clay Loam Soil colour: Grey

Surface soil gravels: Nil Subsoils gravels: Nil Soil depth: >1.5m

Field surface pH: 5.5-6.0 Field subsoil pH: 5.5-6.0

Other soils described:  Nil

Vegetation

Common vegetation community Tall closed forest No sites Av height Av Cover
Wet evergreen monsoon forest 11* 19m crown 72%

Stratum Frequency of dominant species

Upper Calophyllum soulattri (82%) Acacia

stratum auriculiformis, Syzygium minutuliflorum (36%),
Syzygium forte, Syzygium nervosum (27%)

Mid Calophyllum soulattri (45%)

stratum

Ground -

stratum

Land Evaluation

Frequency of other common species

Stenochlaena palustris (91%), Horsfieldia australiana (55%),
Syzygium hemilamprum, Gmelina australis, Dysoxylum
latifolium, Smilax australis (27%)

Stenochlaena palustris (72%), Pouteria richardii (36%),
Aglaia sapindina, Hydriastele wendlandiana, Flagellaria
indica (27%)

Nephrolepis hirsutula (27%)

Comments

Gentle slopes

Moderately deep soils

Very poorly drained

Low erosion risk

Acid sulfate soils

Significant vegetation community

Agricultural Land Suitability Class - S4 Not Suitable

Accurate soil depth could not be measured due to water
near or at the surface.

*Vegetation information is supplemented with data from 9
additional flora survey sites.
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Drainage Systems

Landform

Land Unit: 10c Sites: 0 Area: 294 ha

General Description

Drainage lines

closed sedgeland; very poorly drained soils.

and depressions; medium

Slopes: 1-3%

Surface Gravel:  Nil

Rock Outcrop: Nil

Permeability: Moderate

Drainage: Very Poor

Runoff: Very Slow

Soil

Common Soil: Redoxic Hydrosols

Common Soil Characteristics

Surface texture class: - Subsoil texture class: - Soil colour: -
Surface soil gravels: - Subsoils gravels: - Soil depth: -
Field surface pH: - Field subsoil pH:

Other soils described:

Vegetation

Common vegetation community Medium closed sedgeland No sites Av height Av Cover
Dapsilanthus spp. and/or Schoenus spp. medium closed sedgeland 3* 0.6m foliage 72%
Stratum Frequency of dominant species Frequency of other common species

Upper - -

stratum

Mid - -

stratum

Ground Schoenus spp. (67%), Dapsilanthus elatior, | Tricostularia undulata (67%), Isachne confusa (33%)
stratum Dapsilanthus spathaceus, Eriachne triseta (33%)

Land Evaluation Comments

Gentle slopes
Very deep soils

Limited field data from study area. Landform description
from past surveys.

Very poorly drained *Vegetation information is from 3 flora survey sites.

Low erosion risk
Acid sulfate soils
Significant vegetation community

Agricultural Land Suitability Class - S4 Not Suitable

Tiwi Island Economic Development - Bio-Physical Resources of North East Bathurst Island (Technical Report) 77




Land Unit: 11a Sites: 4 Area: 268 ha
Swamps
Landform
General Description
Closed depressions; mid high open
woodland; very poorly drained soils.
Slopes: 1-3%
Surface Gravel:  Nil
Rock Outcrop: Nil
Permeability: Moderate
Drainage: Very Poor
Runoff: No Runoff
Soil
Common Soil: Kandosolic Redoxic Hydrosols
Common Soil Characteristics
Surface texture class:  Sandy Loam Subsoil texture class:  Sandy Clay Loam  Soil colour:  Brown
Surface soil gravels: Nil Subsoils gravels: Nil Soil depth:  >1.5m
Field surface pH: 5.5-6.5 Field subsoil pH: 5.0-6.0
Other soils described:  Nil
Vegetation
Common vegetation community Mid high open woodland No sites Av height Av Cover
Lophostemon lactifluus and mixed species mid high open woodland 3 9.5m crown 15%

Other communities: Acacia leptocarpa low shrubland

Stratum Frequency of dominant species

Upper Lophostemon lactifluus (75%), Banksia dentata
stratum (25%)

Mid Acacia leptocarpa (25%)

stratum

Ground Asteromyrtus symphyocarpa, Eriachne triseta,
stratum Acacia leptocarpa, Melaleuca nervosa (25%)

Land Evaluation

Frequency of other common species

Melaleuca viridiflora, Melaleuca nervosa, Corymbia
nesophila, Grevillea pteridifolia, Corymbia polycarpa, Acacia
leptocarpa (50%)

Livistona humilis (75%), Lophostemon lactifluus (50%)

Banksia dentata, Grevillea Melastoma

malabathricum (25%)

pteridifolia,

Comments

Gentle slopes

Very deep soils

Very poorly drained

Low erosion risk

Significant vegetation community

Agricultural Land Suitability Class — S4 Not Suitable

This land unit is more prevalent in the north.
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Land Unit: 11b Sites: 1 Area: 19 ha
Swamps
Landform
General Description
Wet closed depressions; Melaleuca spp. tall
open forest; very poorly drained soils.
Slopes: 1-3%
Surface Gravel:  Nil
Rock Outcrop: Nil
Permeability: Moderate
Drainage: Very Poor
Runoff: No Runoff
Soil
Common Soil: Kandosolic Redoxic Hydrosols
Common Soil Characteristics
Surface texture class:  Sandy Loam Subsoil texture class:  Sandy Clay Loam  Soil colour:  Brown
Surface soil gravels: Nil Subsoils gravels: Nil Soil depth:  >1.5m
Field surface pH: 5.5-6.0 Field subsoil pH: 5.5-6.0
Other soils described:  Nil
Vegetation
Common vegetation community Tall open forest / Tall woodland No sites Av height Av Cover
Melaleuca spp. tall open forest - 16 m crown 60%

Other communities: Melaleuca viridiflora and Lophostemon lactifluus tall woodland

Stratum Frequency of dominant species
Upper Melaleuca leucadendra, Melaleuca
stratum viridiflora (100%)

Mid

stratum

Ground Eriocaulon spectabile (100%)

stratum

Land Evaluation

Frequency of other common species

Lophostemon lactifluus, Grevillea pteridifolia, Corymbia polycarpa
(100%)

Melaleuca viridiflora, Lophostemon lactifluus (100%)

Eriocaulon cinereum (100%)

Comments

Gentle slopes

Very deep soils

Very poorly drained

Low erosion risk

Significant vegetation community

Agricultural Land Suitability Class — S4 Not Suitable
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This land unit is part of the distinct swamp system that
remains wet for a prolonged period of time during the dry
season. The topsoil is darker in colour due to the
accumulation of organic matter at the surface.
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Marine

Landform

Land Unit: 12a

General Description

Estuarine flats

; mangrove closed forest;

Sites: 0 Area: 4117 ha

intertidal soils.

Slopes: 1-3%

Surface Gravel:  Nil

Rock Outcrop: Nil

Permeability: Moderate

Drainage: Very Poor

Runoff: Very Slow

Soil

Common Soil: Intertidal Hydrosols

Common Soil Characteristics

Surface texture class: - Subsoil texture class: - Soil colour: -

Surface soil gravels: - Subsoils gravels: - Soil depth: -

Field surface pH: - Field subsoil pH: -

Other soils described: -

Vegetation

Common vegetation community Mid high closed forest Av height Av Crown Cover
Ceriops tagal, Bruguiera spp. mid high closed forest 5-10m 70 — 90%
Rhizophora stylosa tall closed forest 10-14m 60 — 80%
Other communities: Avicennia marina, Ceriops tagal, Bruguiera spp., Rhizophora stylosa mid high open forest

Stratum Frequency of dominant species Frequency of other common species

Upper Ceriops tagal, Rhizophora stylosa, Avicennia | Camptostemon  schultzii,  Xylocarpus  mekongensis,
stratum marina, Bruguiera spp., Sonneratia alba Excoecaria ovalis

Mid Ceriops tagal, Rhizophora stylosa, Avicennia @ Aegiceras corniculatum, Scyphiphora hydrophylacea,
stratum marina Osbornia octodonta

Ground Aegialitis annulata, Acanthus ilicifolius

stratum

Land Evaluation

Comments

Gentle slopes
Very deep soils

Very poorly drained

Low erosion risk

Acid sulfate soils

Significant vegetation community

Agricultural Land Suitability Class — S4 Not Suitable
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Limited field data from study area. Landform and vegetation
description from past surveys in the Darwin region.

Vegetation structure and species vary according to

mangrove zoning.
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Marine Land Unit: 12b

Sites: 0 Area: 144 ha

Landform

General Description

Salt flats; samphire shrubland; intertidal
soils.
Slopes: 1-3%

Surface Gravel:  Nil
Rock Outcrop: Nil

Permeability: Moderate

Drainage: Very Poor

Runoff: Very Slow

Soil

Common Soil: Intertidal Hydrosols

Common Soil Characteristics

Surface texture class: - Subsoil texture class: - Soil colour: -

Surface soil gravels: - Subsoils gravels: - Soil depth: -

Field surface pH: - Field subsoil pH: -

Other soils described: -

Vegetation

Common vegetation community Miniature samphire shrubland Av height  Av Foliage Cover
Tecticornia spp. miniature samphire shrubland <0.5m <10%

Stratum Frequency of dominant species

Upper -
stratum
Mid -
stratum

Tecticornia indica, Tecticornia australasica,
Suaeda arbusculoides

Ground
stratum

Land Evaluation

Frequency of other common species

Avicennia marina, Ceriops tagal

Comments

Gentle slopes

Very deep soils

Very poorly drained

Low erosion risk

Acid sulfate soils

Significant vegetation community

Agricultural Land Suitability Class — S4 Not Suitable

Limited field data from study area. Landform and vegetation
description from past surveys in the Darwin region.
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H Land Unit: 12c Sites: 1 Area: 415 ha
Marine
Landform
General Description
Beach ridges; mid high open woodland; very
poorly drained sandy soils.
Slopes: 1-3%
Surface Gravel:  Nil
Rock Outcrop: Nil
Permeability: High
Drainage: Very Poor
Runoff: Very Slow
Soil
Common Soil: Tenosolic Oxyaquic Hydrosols
Common Soil Characteristics
Surface texture class: Sand Subsoil texture class:  Sand Soil colour: Brown
Surface soil gravels: Nil Subsoils gravels: Nil Soil depth: >1.5m
Field surface pH: 6.0-6.5 Field subsoil pH: 6.0-6.5
Other soils described:  Nil
Vegetation
Common vegetation community Mid high open woodland No sites Av height Av Cover
Melaleuca dealbata mid high open woodland 1 11m 9%
Other communities: Corymbia spp. mid high to tall woodland to open woodland
Stratum Frequency of dominant species Frequency of other common species
Upper Melaleuca dealbata (100%) Corymbia polycarpa (100%)
stratum
Mid Banksia dentata (100%) Acacia leptocarpa (100%)
stratum
Ground Dapsilanthus spathaceus, Eriachne triseta | Verticordia  cunninghamii,  Banksia  dentata,  Xyris
stratum (100%) complanata (100%)

Land Evaluation

Comments

Gentle slopes

Very deep soils
Very poorly drained
Low erosion risk
Acid sulfate soils

Agricultural Land Suitability Class - S4 Not Suitable

Vegetation structure and species composition is highly
variable. The ground stratum in places is a tall sedgeland of
Dapsilanthus spathaceus.

Tiwi Island Economic Development - Bio-Physical Resources of North East Bathurst Island (Technical Report) 82




Marine Land Unit: 12d

Sites: 0 Area: 56 ha

Landform

General Description
Supratidal flats; sedgeland; tidal soils.

Slopes: 1-3%

Surface Gravel: Nil

Rock Outcrop: Nil

Permeability: Moderate

Drainage: Very Poor

Runoff: Very Slow

Soil

Common Soil: Supratidal Hydrosols

Common Soil Characteristics

Surface texture class: - Subsoil texture class:
Surface soil gravels: - Subsoils gravels:
Field surface pH: - Field subsoil pH:

Other soils described: -

Vegetation

- Soil colour: -

- Soil depth: -

Common vegetation community Sedgeland
Eleocharis spp. and Schoenoplectus littoralis sedgeland

Stratum Frequency of dominant species

Upper -
stratum

Mid -
stratum

Ground Eleocharis spp., Schoenoplectus littoralis
stratum

Land Evaluation

Av height  Av Foliage Cover
0.5m 50%

Frequency of other common species

Comments

Gentle slopes

Very deep soils

Very poorly drained

Low erosion risk

Acid sulfate soils

Significant vegetation community

Agricultural Land Suitability Class — S4 Not Suitable

Limited field data from study area. Landform and vegetation
description from past surveys in the Darwin region.
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6.3 Soil

6.3.1 Soil morphology

The survey identified three soil orders in the study area. Kandosols and Hydrosols were
dominant, as presented in Table 6-4 and Figure 6-2. Tenosols were uncommon and have been
recorded as minor components in the land unit descriptions, as shown in Table 6-5. Full
descriptions of soil profiles that are representative of the range of soils are provided in Appendix
2. Alist of all Australian Soil Classifications (Isbell, 2002) is provided in Appendix 3.

Table 6-4: Dominant soil orders in the study area and their extent

Soil Order Area (ha)
Kandosols 10,345
Hydrosols 8,488

Table 6-5: Occurrence of soil orders in land units. D = dominant, C = co-dominant, M = minor

Landform class Land Unit Hydrosols Kandosols Tenosols

Low Hills 5a D M

Rises 6a

Low Rises 7a

Plains 8a
8a1
8b

O O U |0 |0

8c D
8c1

O
<

8d D

Drainage Systems 10a
10b
10c

Swamps 11a

11b

Marine 12a
12b
12¢
12d

O O U U |0 UO|O0O O O
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Figure 6-2: Dominant soil order
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6.3.1.1 Kandosols

Kandosols lack strong texture contrast with massive or only
weakly structured B horizons and are not calcareous throughout
(Isbell 2002).

Red Kandosols (Figure 6-3) were widespread in the study area
and associated with a variety of landforms. They were very
deep, massive in structure, acidic with a texture grading from
sandy loam to sandy clay loam subsoil down the profile. The soil
profile displayed little colour variation, whole coloured (Haplic)
between the A and B horizons, except for a darkening of the
surface from organic staining.

One site was classified as Petroferric in the great group, which
are soils with a B horizon either containing or directly underlain
by ferricrete or cemented ferruginous nodules or concretions.
Mottled and Ferric subgroups were also common in the profiles
classified. Analysed soils were classified as dystrophic in the
great group (Appendix 4).

The Red Kandosols located on minimal slopes were the most
suitable for agriculture.

Figure 6-3: Deep sandy Red Earth (Red Kandosol) typical of soil across the gently undulating plains
(land unit 8a)

6.3.1.2 Tenosols

Tenosols are soils with a weak pedological development apart from the A horizon (Isbell 2002).
They have a weakly developed soil profile which is typically very sandy and without obvious
horizons.

Tenosols were the least common of the three soils found in the survey area. The Red-Orthic
Tenosols observed were shallow gravelly soils, with weakly developed A and B horizons, and
minimal accumulation of organic matter at the surface. Of the two sites described, one site was
classified as Paralithic in the great group which are soils which overlie partially weathered or
decomposed rock or saprolite.

6.3.1.3 Hydrosols

Hydrosols are defined as seasonally or permanently wet soils (Isbell 2002). These poorly and
very poorly drained soils typically occur in tidal areas and locations prone to flooding and
seasonal waterlogging.

The most dominant Hydrosol had the major part of the solum mottled (Redoxic). The presence
of mottles in these soils indicates oxidising and reducing conditions. Hydrosols not mottled were
identified around the lower lying areas including tidal flats, mangroves and beach ridges. Most
sites were not classified past great group because soil saturation or inundation prevented a full
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profile analysis. Of the twenty three Hydrosol sites, eighteen sites were Kandosolic (Redoxic)
two sites were Tenosolic Oxyaquic) and three unknown in the great group. Two sites were
classified as bleached in the subgroup.

6.3.2 Soil chemistry

Twenty four soil profiles were sampled at depths of 0-10, 10-20, 20-30, 50-60, 80-90, 110-120,
140-150, 170-180 cm for laboratory analysis. The sites of these samples are listed in Table 6-
6 and their distribution shown in Figure 6-3. National Association of Testing Authorities (NATA)
accredited testing of all soil samples was conducted by The Queensland Department of
Science, Information Technology, Innovation and the Arts. Soil laboratory testing was
undertaken according to Rayment and Lyons (2011) (Appendix 5). The reasons for these tests
are presented in Appendix 6.

Table 6-6: Soil chemistry sampling sites

Soil Order Site No. Total Sites
Analysed
Kandosols Pit 1, Pit 2, Pit 3, Pit 4 4
Kandosols 001, 002, 005, 006, 008, 009, 010, 011, 012, 019, 17
023, 026, 028, 030, 034, 038, 063,
Tenosols 004 1
Hydrosols 018, 020, 021, 022, 032, 065, 6

Chemical and physical properties of each dominant soil type are summarised below with
representative soil profiles summarised in Appendix 2.
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Figure 6-3: Soil chemistry sampling sites
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6.3.2.1 Red Kandosols

Kandosols in the survey area had very low levels of nutrients in particular low levels of
phosphorus (P) and nitrogen (N). Soils were strongly acidic (pH 4.0-5.0). Salinity (<2 ds/m) and
chloride (Cl) levels were very low throughout the profile. All major cations, sodium (Na),
potassium (K), calcium (Ca) and magnesium (Mg), were very low. Trace elements or
micronutrients Copper (Cu), and zinc (Zn) were also very low, with manganese (Mn) present at
low levels (<2 mg/kg). Iron (Fe) was present at higher levels in the upper topsoil profile then the
subsoil profile. Sulfur (S) was high in the subsoil profile. The cation exchange capacity (CEC)
was very low (3 cmol(+)/kg). Exchangeable sodium percentage (ESP) was not calculated
because this parameter is not reliable when the CEC is below 3 cmol(+)/kg and exchangeable
sodium is less than 0.3 cmol(+)/kg (Isbell 2002). Soils were calcium deficient (Ca/Mg ratio <1)
and base saturation was very low (< 5 cmol (+)/kg — Dystrophic).

The fine sand fraction dominated the A and B horizons accounting for 40 - 48% of total particles
with coarse sand accounting for 27 - 30%. Silt content was very low in the B horizon. Clay
content increased down the profile from 10% in the upper A horizon to 40% in the lower B
horizon. The C horizon was not encountered.

6.3.2.2 Red Orthic Tenosols

Tenosols in the survey area had very low overall fertility, nutrient availability and low water
holding capacity. Soils were without obvious horizons, sandy, shallow, and very strongly acidic
(pH 4.0-4.5), becoming more acidic down the profile. These earthy sands were more acidic than
the sandy Red Kandosols. Salinity (<2 ds/m) and chloride (Cl) levels are very low throughout
the profile. Major cations sodium (Na), potassium (K), calcium and magnesium (Mg) are very
low. Trace elements or micronutrients Copper (Cu), and zinc (Zn) were also very low, with
manganese (Mn) present at low levels (<2 mg/kg). Iron (Fe) was present at high levels in the
upper topsoil profile with Sulfur (S) levels moderate in the subsoil profile. Soils were non sodic
with cation exchange capacity (CEC) and exchangeable sodium very low.

Coarse sand fraction dominated the A and B horizons accounting 55 - 60% of total particles with
fine sand accounting for 30 - 35% of total particles. Silt content was low throughout the profile.
Clay content increased down the profile from 10% in the upper A horizon to 15% in the lower B
horizon. The C horizon was not encountered.

6.3.2.3 Redoxic Hydrosols

Hydrosols in the survey area consisted of poorly drained infertile soils with the accumulation of
organic matter at the surface in some areas. Soils were very strongly acidic (pH 4.5-4.7).
Salinity (<2 ds/m) and chloride (Cl) levels are very low throughout the profile. Nitrogen (N) was
very low (% by weight <0.05).The major cations, sodium (Na), potassium (K), calcium (Ca), and
magnesium (Mg) were also very low. Colwell phosphorus (P) was very low (<5 mg P/kg soil).
Trace elements copper (Cu), and zinc (Zn) were very low, with manganese (Mn) present at low
levels (<2 mg/kg), and iron (Fe) present at higher levels in the upper profile. Sulfur (S) was very
high in the subsoil profile. The cation exchange capacity (CEC) was very low (<3 cmol(+)/kg)
throughout the profile, therefore suggesting that aluminium toxicity could occur when soil pH
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(CaCl?) is below 4.7. Calcium was low (Ca/Mg ratio 1/4), and base saturation was very low
(Dystrophic < 5 cmol(+)/kg) in the subsoil horizon.

The fine sand fraction dominated the A and B horizons accounting for 40 - 50% of total particles
with coarse sand accounting for 35 - 40%. Silt content was low throughout the profile. Clay
content increased down the profile from 20% in the upper A horizon to 30% in the lower B
horizon. The C horizon was not encountered.

6.3.3 Soil hydrology

An additional four soil pits were located in areas most suitable for agriculture, on deep well
drained Red Kandosols. The location of Pits 1 - 4 are presented in Figures 6-3. Average
saturated hydraulic conductivity results are presented in Table 6-7. These were measured at
pit sites at a number of levels down the profile utilising a 400 mm diameter ring and oblique
ruler, with saturation results recorded at thirty second intervals. It is important to note that
hydraulic properties of a soil can vary significantly so variability in the results should be
expected.

Soil cores were taken at selected horizons down to a depth of 100 cm using 76 mm diameter
rings and undisturbed sampling methods. Soil cores were sent to Soil Water Solutions,
Adelaide for measurement of soil bulk density, water holding and hydraulic properties. The
resulting report titled Physical and water handling properties of soils on Bathurst Island in the
Northern Territory (Hignett, 2014) is provided in Appendix 7. The saturated hydraulic
conductivity results in the soil water solutions report should be used with caution due to the
disturbance of soil cores during transport.

The Red Kandosols had moderate to high infiltration rates in the surface soils which decreased
with depth. Water holding capacity, porosity, bulk density and air filled porosity are all within the
range suitable for agricultural production (Hignett, 2014). At the time of measurement the soil
surface was undisturbed.

Table 6-7: Soil infiltration rates

Soil Pit Soil Depth (cm) Mean Saturated Hydraulic
Conductivity (mm/min)
1 0-10 3.2
70 - 80 0.5
2 0-10 2.8
40 - 50 0.4
3 0-10 1.4
50 - 60 0.9
80 - 90 0.5
4 0-10 2.3
50 - 60 0.5
80-90 0.3
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6.4 Vegetation

Fourteen main vegetation communities were described. These are summarised in Table 6-8
and are described in further detail in Section 6.4.1 Vegetation Communities. The extent of these
communities is based on the most common community/communities described in the land unit
and does not account for variability or minor communities that may occur within the land units.
Four other minor vegetation communities are mentioned in the land unit descriptions. They are
not described in further detail here but are listed as a footnote to Table 6-8.

Most of the area consists of eucalypt woodland/open woodland and although noted as being
extensive and botanically rich (Fensham and Woinarski 1992) there is little striking variation
between the species composition. Structural differences occur however and as suggested by
Woinarski et al. (2000) are due more to fire than soil preferences and characteristics.
Structurally, the canopy heights and cover in both the upper and mid strata are notably taller
and usually denser than on the mainland. This can be attributed to the highest rainfall in the NT
and the earlier start to the wet season, usually a month before the mainland. These eucalypt
communities are the tallest in the Territory with exception of Coburg Peninsula and further
emphasises the distinct and unique value of the biota on these islands.

Non eucalypt communities are dispersed throughout the study area according to their landform
and edaphic preferences and were found in riparian areas, swamps, coastal areas or discrete
patches on the fringes and margins of plateau surfaces and plains.

Table 6-8: The main vegetation communities, distribution across land units.

Broad Vegetation Land Approx. Extent in the Total extent
vegetation Community* unit coverage in land unit (ha)
type the land unit (ha)
(%)

Eucalypt Eucalyptus miniata, 8a 100 5,910 9200 ha
dominated Corymbia neSOphi/a 8a1 100 3,200
open woodland | @nd Eucalyptus 8¢ 20 %
to woodland tetrodonta Tall

woodland/open

woodland

Eucalyptus miniata 6a 80 120 380 ha

and Eucalyptus 7a 100 190

tetrodonta Very tall

8b 100 70

open woodland

Eucalyptus tetrodonta, 5a 100 730 730 ha

Corymbia bleeseri and

+/- Eucalyptus miniata

Very tall open

woodland/woodland
Mixed species | Lophostemon 8c 80 1110 1110 ha

open woodland | /actifluus, +/-
Corymbia nesophila
and +/- Melaleuca spp.
Open woodland
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Broad Vegetation Land Approx. Extent in the Total extent
vegetation Community* unit coverage in land unit (ha)
type the land unit (ha)
(%)

Monsoon Wet evergreen 10a 10 110 340 ha
forest monsoon forest 10b 100 230

Dry evergreen 8d 80 100 100 ha

monsoon forest

Dry semi-deciduous 8d 20 30 30 ha

monsoon thicket
Sedgeland Freshwater sedgeland 10c 100 290 400 ha

10a 10 110

Saline sedgeland 12d 100 60 60 ha
Melaleuca Melaleuca viridiflora 10a 30 330 350 ha
forest and and +/- Melaleuca 11b 100 20
woodland leucadendra forest

Melaleuca viridiflora 8c1 80 350 1140 ha

and +/- Melaleuca 10a 50 550

nervosa and +/- 1 90 240

Lophostemon a

lactifluus woodland
Mangroves Rhizophora stylosa 12a 45 1850 1850 ha
and saltflats Tall closed forest

Ceriops tagal, 12a 35 1440 1450 ha

Bruguiera spp. Mid

high closed forest

Samphire shrubland 12b 100 140 140 ha

* Other communities with small extents were:
i) Eucalypt dominated woodland to open woodland not listed above (land units 7a, 8c, 12c);
i) Melaleuca dealbata open woodland (land unit 12c);

iii) Mixed species open shrubland to shrubland (land units 6a, 11a), and;

iv) Avicennia marina and mixed species mid high open forest (land unit 12a)
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6.4.1 Vegetation communities

6.4.1.1 Eucalyptus miniata, Corymbia nesophila and Eucalyptus tetrodonta tall
woodland/open woodland

This community is the most extensive in the study
area and is a combination of Eucalyptus miniata,
Corymbia nesophila and Eucalyptus tetrodonta.
Generally the shrub or mid strata is reasonably
dense ranging from 5 — 30% cover and the ground
strata is commonly dominated by shrub and tree
species rather than grasses. Common species
include Livistona humilis, Acacia leptocarpa, Cycas
armstrongii, Erythrophleum chlorostachys and
Alphitonia excelsa. These communities are typically
tall and can reach in excess of 25 m (some exceed 30 m) with an average crown cover of 14%.
These occur on well drained plains predominately on very deep Red Kandosols.

6.4.1.2 Eucalyptus miniata and Eucalyptus tetrodonta very tall open woodland

The Eucalyptus miniata and Eucalyptus tetrodonta communities (exclusive of the Melville Island
bloodwood) are found on hillslopes on well drained shallow Red and Brown Kandosols or on
undulating plains on deep well drained Red Kandosols. These communities were generally tall
ranging from 20 to 24 m with an average crown cover ranging from 12 to 14%.

6.4.1.3 Eucalyptus tetrodonta, Corymbia bleeseri and Eucalyptus miniata very tall
open woodland/Woodland

This community was generally found on hillslopes, hill crests and rugged terrain on very
gravelly, shallow Red or Brown Kandosols. The average height was 30 m with an average
crown cover of 20%.

6.4.1.4 Lophostemon lactifluus, +/- Corymbia nesophila +/- Melaleuca spp. open
woodland

These communities are found on seasonally wet plains, swamps, drainage depressions and
along drainage lines on poorly drained deep Kandosolic Redoxic Hydrosols. Other common
species included Livistona humilis, Acacia leptocarpa, Banksia dentata and Pandanus spiralis.
The average height ranged from 9 to 14 m with an average crown cover of 12 to 19%.
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6.4.1.5 Wet evergreen monsoon forest

These communities were mapped in discrete
pockets and fragmented patches where there is
persistent free surface or ground water. They are
found along creek and drainage lines, seepage
zones, swamps and flood plain fringes on poorly
drained Kandosolic Redoxic Hydrosols. The
average height was 19 m with an average crown
cover of 72%. These communities are usually
differentiated from ‘dry’ types by the presence of
Melicope elleryana, Fagraea racemosa,
Planchonella xerocarpum, Myrsine pedicellata, the palm Hydriastele wendlandiana and the fern
Dicranopteris linearis (Russell-Smith 1991; Fensham and Woinarski 1992; and Brocklehurst
1998).

6.4.1.6 Dry evergreen monsoon forest

As the name implies, these communities are found on sites where water during much of the
year is not freely available and the soil profiles are dry. They were commonly found on
moderately well drained plains that exist above drainage depressions or seepage zones or on
plateau surface margins before the landscape drops away to coastal habitats. Common tree
species include Diospyros calycantha, Litsea glutinosa, Polyalthia australis, Canarium
australianum, Syzygium forte ssp. forte and Terminalia macrocarpa (Russell-Smith 1991;
Fensham and Woinarski 1992; and Brocklehurst 1998). The average canopy height was 16 m
with an average crown cover of 71%.

6.4.1.7 Dry semi-deciduous monsoon thicket

These communities are found on the rocky margins and scarps of coastal foreshore habitats.
The soils are generally shallow, well drained Red Kandosols. The common species are largely
semi-deciduous rather than the evergreen species described in the communities above.
Common species include Croton habrophyllus, Drypetes lasiogyna, Ixora klanderana, and
Strychnos lucida. These communities are usually distinguished by the presence of Diplospora
australis, Memecylon pauciflorum, Pouteria sericea and Stenocarpus salignus (Russell-Smith
1991; Fensham and Woinarski 1992; and Brocklehurst 1998). The average canopy height was
22 m with an average crown cover of 88%.

6.4.1.8 Freshwater sedgelands

These communities are found as small discrete components of the wetland and riparian
vegetation that occur along creek lines, seepage lines, swamps and coastal environments. The
soils are poorly drained and are usually inundated Kandosolic Redoxic Hydrosols. These are
generally dominated by Dapsilanthus and Schoenus species and the grass Eriachne triseta.
The average height was 0.6 m with an average ground cover of 72%.
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6.4.1.9 Saline sedgeland communities

These communities fringe tidal areas on poorly drained Oxyaquic Hydrosols. They are
commonly dominated by Eleocharis species and Schoenoplectus littoralis. The average height
is 0.5 m with an average ground cover of 50%.

6.4.1.10 Melaleuca viridiflora and +/- Melaleuca leucadendra forest

This community was found in the centre of a large swamp in the middle of the study area
however it is likely that other small discrete populations may occur elsewhere particularly in
riparian zones. The soils are deep poorly drained Kandosolic Redoxic Hydrosols which are
likely to remain inundated in most years. The average height was 16 m with an average crown
cover of 60%.

6.4.1.11 Melaleuca viridiflora +/- Melaleuca nervosa and +/- Lophostemon lactifluus
woodland

These communities are found on seasonally wet plains, drainage flats, drainage depressions,
swamps and as complexes in broader riparian vegetation communities. Although they occupy
areas that are poorly drained and seasonally inundated they can tolerate a moisture range from
landscapes that seasonally dry out to those that remain wet for much or all of the year.
Common species of these habitats include Asteromyrtus symphomyrtus, Grevillea pteridifolia,
Petalostigma pubescens and Banksia dentata. In areas that remain wet or inundated for longer
periods, the canopy heights are often taller and the cover more dense. Common species in
these wetter habitats include Pandanus spiralis, Melastoma malabathricum, QOsbeckia
australiana, the fern Dicranopteris linearis and the sedges Dapsilanthus and Scleria species.
Soils are poorly drained, deep Kandosolic Redoxic Hydrosols. The average height was 9.5 m
with an average crown cover of 14.5%.

6.4.1.12 Mangrove and salt flat communities

Mangrove and salt flat communities are found along tidal creeks, coastal flats and foreshores.
Soils are deep and saline (Intertidal Hydrosols) that are subject to tidal inundation. These
communities vary and occur in zones according to tidal elevation. The two main mangrove
communities in the study area are described below, along with the main salt flat community.

6.4.1.13 Rhizophora stylosa closed forest

This community is generally found on the tidal sections of creeks, creek banks and at river
mouths (Brocklehurst and Edmeades 1996). The height ranges from 10 to 14 m with crown
cover ranging from 60 to 80%.
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6.4.1.14 Ceriops tagal closed forest

This community generally occurs on the landward
side of the inner mangrove communities where the
tidal influence is less frequent. These areas are
usually the margins of tidal flats and creeks. The
height ranges from 5 to 10 m with crown cover
ranging from 70 to 90%.

6.4.1.15 Samphire shrublands

These communities exist on coastal flats on salt encrusted clays (Supratidal Hydrosols) that are
generally inundated during spring tides. They are dominated by succulent species such as
Tecticornia indica, Tecticornia australasica and Suaeda arbusculoides. The average height is
< 0.5 m with an average ground cover of < 10%.
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6.4.2. Significant vegetation communities

The terms significant and sensitive are somewhat interchangeable however these vegetation
communities are best described as having high diversity values by containing flora or a suite of
species that have conservation significance as identified by The International Union for the
Conservation of Nature (IUCN), or support large populations of wildlife, have important wetland
values, concentrations of threatened or endemic species or are considered botanical hot spots
(Ward and Harrison 2009; Environment Australia DIWA 2001; Woinarski et al. 2000).

Five significant vegetation communities were identified, Riparian, Wetland, Melaleuca Forest,
Monsoon forests and thickets (wet and dry) and Mangroves. All are particularly sensitive to
disturbance, specifically fire, invasive plant species, feral animals or domestic stock,
infrastructure and development. These are summarised in Table 6-9.

Table 6-9: Significant vegetation communities in the study area

Significant Communities Land Unit Landforms
Riparian 10a, 10b, 10c Creeks, springs and watercourses
Wetlands 10a, 10b, 10c, Drainége depre.ssions, swamps and
11a, 12a, 12d occasionally saline marshes
Melaleuca forests 10a, 11b Creeks and swamps
K . .
Wet Monsoon Rainforest 10a, 10b Cree s,.sprmgs and drainage
depressions
Dry Evergreen Monsoon Rainforest 8d Lower side slopes
Dry Semi-deciduous Monsoon thickets | 8d Lower side slopes
Mangroves 12a, 12b Tidal flats, salt flats and tidal creeks

6.4.2.1 Riparian vegetation

Riparian habitats are highly variable and often
contain a complex of communities including
monsoon rainforest pockets, melaleuca forests,
sedgelands or grasslands and consequently contain
a high level of biodiversity. These habitats occur
adjacent to rivers and creeks and other drainage
areas. Riparian areas protect the adjacent water
body by acting as filters for sediments in overland
flows moderating temperature fluctuations and
oxygen levels, creating suitable breeding habitats
for aquatic and other species and reducing erosion and stabilising stream banks. These areas
also provide important refuge and habitats for fauna and other terrestrial species especially
during the dry season or fires. The presence of water and plant growth leads to soils that are
often rich in organic matter and nutrients and consequently these habitats are highly productive
ecosystems particularly in northern Australia where many habitats are nutritionally poor.
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6.4.2.2 Wetlands

Wetland communities in the Top End exist on
seasonal and intermittent swamps, drainage
depressions, lagoons, flood plains, the outer
margins of some river and creek systems and also
include coastal marshes, mangrove swamps and
saline lakes. These communities are inundated or
saturated at a frequency that supports
plants/animals that are adapted to these conditions
(Brocklehurst and Lynch 2001). As with the other
significant communities described these have a
high conservation value in the terms of plants, animals and habitat.

6.4.2.3 Melaleuca forest

Although these communities are broadly included in
the Riparian and Wetland descriptions it is
important to recognise that these habitats occur
relatively frequently in the study area. Closed or
open forests, specifically mono specific habitats, are
considered significant because they provide niche
habitats for a selection of species dependent upon
them. For instance, Melaleuca forests are especially
important habitats for waterbirds and aquatic fauna.

Melaleuca forests usually occur as narrow strips or
small pockets of pure dense stands in riparian areas and in or around swamps. They are
dominated by Melaleuca leucadendra and Melaleuca viridiflora and are typically inundated for
long periods. As indicated in 5.2.2 Surface Water Investigations, most have floodmarks on tree
trunks recorded in excess of 1 m.

6.4.2.4 Monsoon forest

The Northern Territory has the largest area of monsoon forests and thickets in Australia totalling
2 700 km? and these contain over 600 species (13%) of all NT flora making them highly diverse
and significant (DLRM fact sheet). The monsoon forests and thickets on Tiwi Islands are
particularly diverse and highly significant, approximately 17 000 ha in area and have more than
three hundred individual plant species equating to greater than 50% of all monsoon flora in the
NT. To emphasise the diversity in these patches, the greatest number of species recorded in a
wet monsoon forest site during this survey was 100 species and the greatest number of species
recorded in a dry monsoon forest/thicket was 74 species. Monsoon forests are also significant
because they usually contain a high diversity of tree and vine species and many bearing fruit
that are vital to a number of territorial, birds and insect species. They also provide shelter and
food resources in times of stress, such as the late dry season.

Monsoon forests exist as fragmented populations and usually occur in small discrete patches.
Monsoon forests on the Tiwi Islands are distributed across more of the landscape than
anywhere else in the Top End of the Northern Territory (Woinarski et al. 2000).
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6.4.2.5 Wet evergreen monsoon forest

These communities exist on sites where free water is present either from drainage channels or
spring fed. They occur along creek lines in discrete pockets, tops of drainage lines and gullies
or margins of swamps.

6.4.2.6 Dry evergreen monsoon forest

These communities occur on ‘dry’ habitats where surface or spring water is scarce. They are
generally found on margins above ‘wetter’ sites or coastal habitats on well drained deep Red
Kandosols.

6.4.2.7 Dry semi-deciduous monsoon thickets

These communities usually exist on margins of remnant plateau surfaces and scarps before
these drop away to mangrove or coastal habitats. They are associated with rocky ferruginous
substrates and shallow soils.

6.4.2.8 Mangroves

Mangrove communities can be found on tropical and subtropical coast lines, tidal rivers and
creeks and they can be highly variable and include trees, palms, shrubs, vines, samphires,
grasses and ferns. They include a mosaic of vegetation types from tall closed forests to low
open woodland plus integral components such as samphire (Woinarski et al. 2000). The
mangrove communities in the Top End are among the most diverse in Australia making them a
significant resource locally and globally (Brocklehurst and Edmeades 1996). They support
highly specialised animals, provide spawning and nursery areas for many species and protect
the coastline from erosion during storm surges including cyclones. They are also highly valued
by Traditional owners.
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6.5 Land evaluation

Land evaluation identifies the key biophysical characteristics of each land unit that could influence a
number of general land uses (Napier & Hill, 2012).

The key factors considered important for land evaluation in the survey area are;
e Slope;
e Rock outcrop;
e Soil depth;
e Soil drainage;
e FErosion risk, and;
e Acid sulfate soils.

These six factors were used to evaluate the land characteristics of each land unit and determine a
limitation class. Limitation classes are numbered one to four. The lower the limitation the more
suitable the land is to a range of land uses. The limitations for each land unit are summarised in Table
6-10 and described below, with 1 being defined as the least limited and 4 being defined as most
limited.
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Table 6-10: Limitations of each land unit for a range of land uses according to multiple criteria

Land Slope Rock Soil Depth Soil Erosion Acid Sulfate Agricultural Land Significant Vegetation
Unit Outcrop Drainage Risk Soils Suitability Communities™*
5a 4 3 3 1 4 4

6a 4 1 4 1 3 4

7a 4 1 1 1 2 4

8a 2 1 1 1 2 2

8a1 3 2 1 1 2 3

8b 3 1 1 1 2 3

8c 2 1 1 3 2 3

8c1 2 1 1 3 2 3

8d 3 1 1 1 2 3 Present
10a 2 1 1 4 1 Present 4 Present
10b 2 1 2 4 1 Present 4 Present
10c 2 1 1 4 1 Present 4 Present
11a 2 1 1 4 1 4 Present
11b 2 1 1 4 1 4 Present
12a 2 1 1 4 1 Present 4 Present
12b 2 1 1 4 1 Present 4 Present
12¢ 2 1 1 4 1 Present 4

12d 2 1 1 4 1 Present 4 Present
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6.5.1 Slope

Slope is a critical element that influences runoff and soil erosion. The risk of soil loss from water
erosion increases with slope, particularly in the survey area where rainfall intensities are high.
Use of any land with a slope greater than 0.5% in the survey area could pose a threat to long
term productivity of the land. Table 6-11 provides limitation classes for slope and Figure 6-4
displays an overview of the slope limitations for the survey area.

Table 6-11: Limitation classes according to slope

Limitation Slope Class | Slope Land Units Area (ha)
(%)
1 0-1 Level * -
8a, 8c, 8¢c1 10a, 10b,
2 1-3 Gentle 10c 11a, 11b, 123, 14 374
12b, 12¢, 12d
3-10 Substantial 8a1, 8b, 8d 3393
>10 Excessive 5a, 6a, 7a 1 066

*Not found in the survey area

6.5.2 Rock outcrop

The presence of rock outcrop reduces the area and volume of soil and creates unfavourable
conditions for agricultural practices and other land uses. Most rock outcrop in the survey area was
exposed on steep rises and there were small isolated patches on the lower slopes. There was no
evidence of rock outcrop on the upland plains, lowland plains, drainage systems, and swamps.
Table 6-12 shows the limitation classes for rock outcrop and Figure 6-5 displays an overview of
the rock outcrop limitations for the survey area.

Table 6-12: Limitation classes according to rock outcrop

Limitation Rock Rock Land Units Area (ha)
Outcrop (%)

6a, 7a, 8a, 8b, 8¢, 8c1,
8d, 10a, 10b, 10c, 114,

! 0 None 11b, 12a, 12b, 12c, 14908
12d
0-2 Negligible 8a1 3196
2-10 Rock 5a 729
>10 Abundant - -

6.5.3. Soil depth

Soil depth can restrict root penetration and the effective volume of soil that can be utilised by
plants. Soil depth is a crucial element in most agricultural activities, and can play a key role in the
determination of vegetation communities and species composition (Napier & Hill, 2012). Table 6-
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13 provides limitation classes for soil depth and Figure 6-6 displays an overview of the soil depth
limitations for the survey area.

Table 6-13: Limitation classes according to soil depth

Limitation Soil Depth Soil Depth Class Land Units Area (ha)
(m)
7a, 8a, 8a1, 8b,
8c, 8c1, 8d, 10a,
1 >1.5 Very Deep 10c, 11a, 11b, 17 731

12a, 12b, 12c,
12d

0.5-1.5 Moderate 10b 228

0.25-0.5 Shallow ba 729

<0.25 Very Shallow 6a 145

6.5.4. Soil drainage

Drainage is used to summarise local soil wetness conditions using the six classes defined by
NCST (2009). For the purposes of this project these were condensed into four limitation classes
(Table 6-14). The subsoil horizons within the survey area contained more clay than the topsoil
horizons and hence were intrinsically less permeable than the topsoil. When rainfall rates
exceed the permeability of the subsoil water will perch in the soil. This was evident in the poorly
drained areas. Table 6-14 shows the limitation classes for soil drainage and Figure 6-7 displays
an overview of the soil drainage limitations for the survey area.

Table 6-14: Limitation classes according to soil drainage

Limitation Drainage Soil Drainage Land Units Area (ha)
Class

No horizon is normally wet for
1 Rapid more than several hours after | - -
water addition

Soil may remain wet for 5a, 6a, 7a, 8a,

1 Well several days after water 8a1, 8b, 8d 10 369
addition
Soil remains wet for up to a

2 Moderate week after water addition i i
Soil saturation for several 8c

3 Imperfect weeks after water addition 1388

3 Poor Ponding and soil saturation 8c1 444
for several months after
Water table remains at or 10a, 10b, 10c,

4 Very Poor near the surface for most of 11a, 11b, 12a, 6 632
the year 12b, 12c, 12d
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6.5.5. Erosion risk

Soil erosion is caused by the loss of soil due to the surface being exposed to wind and/or water.
It reduces the productivity of agricultural land with rainfall driving the erosion process during the
wet season. In areas of high rainfall intensity such as the survey area it is common for land units
with gentle slopes (1 - 3%) to be considered as moderate to high erosion risk. Some minor rill
and gully erosion was evident on the lower slopes around creeks and drainage lines where the
landscape was devoid of vegetation, but generally it was absent. Areas subject to trafficking,
such as temporary access tracks cleared of vegetation are prone to compaction and
concentration of runoff along wheel ruts which are subsequently susceptible to rill and gully
erosion. Any changes to the landscape can significantly accelerate erosion. Table 6-15 shows
the limitation classes for erosion risk and Figure 6-8 displays an overview of the erosion risk for
the survey area.

Table 6-15: Limitation classes according to erosion risk

Limitation Erosion Risk Runoff Land Units Area (ha)

1 Soils at low risk with |\ o o 11a, 11b 6 632
minimal slopes

10a, 10b, 10c, 12a,

1 Very Slow 12b, 12¢, 12d

) Soils at risk due to Slow 8a, 8¢, 8¢ 11 327
gentle slopes

2 Moderately Rapid | 7a, 8a1, 8b, 8d
Soils at high risk due :

3 to substantial slopes Rapid 6a 145
Soils at very high risk

4 due to excessive Very Rapid 5a 729

slopes

6.5.6. Acid sulfate soils

Acid sulfate soils (ASS) in the Top End are largely restricted to intertidal environments and
coastal plains where elevation is less than 5 m Australian Height Datum (AHD) and drainage is
very poor (Hill & Edmeades, 2008). When disturbed the soils become highly acidic and can
release significant acidity and heavy metals into the environment. Soil laboratory testing of Darwin
Harbour intertidal soils identified extremely high potential acidity levels. Acid sulfate soils in the
study area have been mapped and include tidal areas and landscapes formed on marine
sediments, and drainage systems located immediately adjacent to the tidal zone. There was no
evidence of ASS on upland plains or the wetter inland swamps. Table 6-16 summarises the ASS
limitations in the land units of the study area. Figure 6-9 displays the location of ASS in the survey
area. Although Table 6-16 and Figure 6-9 indicates that acid sulfate soils are present in land units
10a, 10b and 10c, the risk would be high immediately adjacent to the marine environment and
significantly reduced or minimal further inland.
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Table 6-16: Limitation classes according to acid sulfate soils

12d

Limitation Land Units Area (ha)
5a, 6a, 7a, 8a, 8a1, 8b, 8c, 8c1,

Not Present 8d, 11a, 11b 12 488

Present 10a, 10b, 10c, 12a, 12b, 12c, 6 345
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6.6

The land suitability classification was determined from the types and severity of limiting factors
for agricultural land use in each of the land units and summarised in Table 6-3. A land suitability
class was determined by the highest ranking limiting attribute in Table 6-3. Table 6-10, which
has been modified from FAO (1976 in Van Gool et al. 2008), summarises the agricultural land
suitability class for each land unit and the areas of these classes. Agricultural land suitability
classes have been mapped in Figure 6-10.

Agricultural land suitability

Table 6-16: Agricultural land suitability classes of land units

Class | Suitability | Description Land Area
Units (ha)
1 Highly Suitable land with minimal limitations. Highly productive Not 0
Suitable requiring only low management practices. Identified
(Slope 0-1%; rock outcrop - nil; soil depth >1.5 m; soll
drainage - rapid to well; erosion risk - low)
2 Moderately | Suitable land with only moderate limitations. Will require 8a 5908
Suitable minor management practices.
(Slope 1-3%; rock outcrop - 0-2%; soil depth 0.5 - 1.5 m;
soil drainage - moderate; erosion risk - moderate)
3 Marginally | Land having severe limitations. Will require major 8a1, 8b, 5226
Suitable management practices. 8c, 8c1,
(Slope 3-10%; rock outcrop - 2-10%; soil depth 0.25-0.5 8d
m; soil drainage - imperfect to poor; erosion risk -
substantial)
4 Not Land not suitable for Agriculture, having extreme 5a, 63, 7 699
Suitable limitations. This includes undisturbed land with significant | 7a, 10a,
habitats, erosion risk due to steep slopes, soil depth, 10b, 10c,
rocky outcrops, and poor drainage. 11a, 11b,
(Slope >10%; rock outcrop - >10%; soil depth <0.25 m; 12a, 12b,
soil drainage - very poor; erosion risk - high) 12¢, 12d

There was no land considered highly suitable in the study area due to slope limitations. Land
mapped as Class 2 (Land unit 8a) is considered moderately suitable for agricultural production.
Class 3 (marginally suitable) is not considered suitable for agricultural production because high
rainfall in the region combined with the substantial long slopes presents a high risk of erosion.
The above agricultural land suitability classes do not take into account limitations of soil fertility.
This would be a limiting factor for agriculture, especially on Kandosols which comprise
10 345 ha of the survey area (Table 6-4).
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Figure 6-4: Slope classes
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6.7 Management of soil erosion

The need for soil conservation in agricultural landscapes in the wet dry tropics of the NT is well
documented. Key research undertaken in the 1990s in the Douglas Daly region (Dilshad,
Motha and Peel, 1996) quantified the loss of soil on a number of agricultural plots under
different management systems. A 2011 Department of Resources report on sustainable
agriculture in the NT identified soil loss by erosion to be a major threat (Smith and Hill, 2011).
Soil erosion can disrupt progress of development works, delay completion dates and create
additional costs. Soil erosion is likely to result in damage to infrastructure and cropping areas,
reduced agricultural productivity, extra maintenance costs and discharge of sediment to
waterways and wetlands. Accepted practice recognises erosion control as an essential
management component for sustainable agriculture in the semi-arid tropics (O’Gara, 2010).

Key factors for managing soil erosion include:
¢ timing and staging of development works
e appropriate vegetation clearing methods
e careful selection and placement of surface runoff and drainage controls
¢ minimising surface disturbance or modification that concentrates surface flow
¢ stabilisation and re-vegetation of disturbed soils
e controlling sediment to prevent discharge to sensitive environments

e use of monitoring and maintenance programs to ensure erosion controls remain
effective

Timing and staging of works for erosion control generally focuses on lower risk periods such
as the dry season. Installation of key erosion controls prior to major site disturbance and a
progressive work schedule to limit the extent and duration of soil exposure is essential.
Vegetation clearing should focus on minimum disturbance and retention of vegetation in key
areas, especially adjacent to drainage lines. Areas not to be cleared should be clearly marked
and clearing methods should avoid or minimise formation of flow paths in slash piles or wheel
ruts that can accelerate concentrated runoff and create potential erosion.

Surface water and drainage control should aim at preventing the build-up of volume and
velocity of surface water flows on disturbed and/or cleared areas and avoid or minimise the
formation of concentrated flows. In broad acre situations this involves interception and control
of surface flows with graded banks or diversion banks.

Suitable erosion control should be implemented to protect exposed soil surfaces and prevent
or reduce erosion caused by raindrop impact and storm water flows. Loss of topsoil hampers
revegetation and adversely affects the productive value of the site. Methods can include
establishment of cover crops and pasture species or use of mulch. Infrastructure development
such as tracks, trench back-fill and building pads or laydown areas should also be suitably
stabilised.
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Effective erosion control programs require planning and controlled implementation. The use of
Erosion and Sediment Control Plans (ESCPs) is recommended to set out erosion and
sediment control works appropriate to specific land developments. An ESCP is a schematic
plan based on the development site, showing the location and technical specifications for all
proposed erosion or sediment controls. The ESCP often includes notes and drawings to assist
correct implementation. Further information on ESCP layout and content can be found on
DLRM website at http://www.Irm.nt.gov.au/soil/management
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7. Biodiversity

Kym Brennan, lan Cowie, Nick Cuff, Matthew Fegan, Alaric Fisher, Graeme Gillespie, Tony
Griffiths and David Liddle, Flora and Fauna Division

The vegetation assemblages, flora and vertebrate fauna of the Tiwi Islands are moderately well
known due to a number of broad-scale vegetation, plant and fauna surveys; studies targeting
particular environments, notably jungle patches; targeted surveys for and monitoring of
threatened species; and environmental assessment associated with development, including
forestry and sand mining projects. These data clearly demonstrate that Melville and Bathurst
Islands (the second and fifth largest islands in Australia) have very high biodiversity values,
which have been reviewed in detail by Woinarski et al. (2003) and summarised by Harrison et
al. (2009, for the Tiwi Islands Site of Conservation Significance).

These biodiversity values include high plant species diversity; the presence of 51 listed
threatened species (17 of which are listed as nationally threatened under the Environment
Protection and Biodiversity Conservation Act); a large number of endemic and range-restricted
species and subspecies; internationally significant aggregations of marine turtles, seabirds and
shorebirds; a high density and extent of monsoon rainforest patches; and extensive areas of the
tallest eucalypt open forest in the Northern Territory. Recent data suggests that the Tiwi Islands
also appear to retain substantial populations of native mammal species that have undergone
dramatic recent decline on the Northern Territory mainland.

Due to remoteness and limited vehicle access, detailed data for the flora and fauna of the
upland areas of northern Bathurst Island is sparse and patchy. Field surveys in 2014 aimed to
clarify the distribution and abundance of significant flora and vertebrate fauna species,
particularly targeting listed threatened species for which the study area is likely to contain
important habitat. Approaches to surveys and assessment differed for flora and fauna species,
and these are described separately below. Data collected in 2014 and relevant existing data
was used to assess the potential risks to biodiversity (and especially threatened species) from
potential development of land suitable for agriculture within the study area, as well as to place
northern Bathurst Islands with a regional (Tiwi Islands) context.
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71 Flora

The flora of the Tiwi Islands is moderately well known from a combination of general and
targeted survey and opportunistic sampling (Woinarski et al. 2003), with at least 1 200 native
plant taxa recorded from Bathurst and Melville Island. The large size, prolonged isolation from
the mainland and unique climatic regime of the Tiwi Islands has facilitated the development of a
distinct flora associated with the diverse range of vegetation types present on the Islands. High
degrees of endemism, particularly within rainforest, and the occurrence of a number of species
restricted in their Australian distributions to the Islands has resulted in the recognition of the
Tiwi’'s as a site of National and International significance with respect to significant and
threatened plant species (Woinarski el al. 2003; Harrison et al. 2009; Liddle & Elliott 2008). The
distribution of many of the significant plant species is not completely known, including within
north-eastern Bathurst Island, where there has not previously been systematic and
comprehensive survey of the flora.

The objectives of this study were to:

1. Review and assess the likelihood that threatened plant species (listed under the
Environment Protection and Biodiversity Conservation Act and/or Territory Parks and
Wildlife Conservation Acts) occur within the study area.

2. Using existing data, provide an assessment of the current status of these species within
the study area and the Tiwi Islands more broadly.

3. Conduct targeted field assessment to supplement existing data for more comprehensive
assessments of priority threatened species.

4, Where data allows, develop predictive tools for priority taxa to inform a biodiversity risk
assessment within the study area.

711 Methods

7111 Selection of target species

Data from Herbarium databases, previous floristic surveys and threatened plant studies on
Bathurst Island were used in conjunction with expert opinion to develop a sub-set of significant
plant taxa considered likely to occur within the study area. From the taxa listed in Appendix 8,
an initial shortlist of 17 threatened and 37 significant species were assessed as having a
reasonable likelihood of occurring on north-eastern Bathurst Island (Table 7-1).

All of the shortlisted threatened taxa (those listed as Vulnerable, Endangered or Critically
Endangered under NT Parks and Wildlife Conservation Act or Commonwealth Environment
Protection and Biodiversity Conservation Act) have a reasonable expectation of being
encountered within the survey area. These threatened species are highlighted in bold in Table
7-1 and include one species from Melaleuca wetland habitats, three species from eucalypt
woodland and open forest associations and fourteen species from the various monsoon forest
associations present within the survey area. These species were the priority taxa for
assessment as part of this study.
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Table 7-1: Threatened or significant plant species considered likely to occur on northern Bathurst Island,
listed by the broad habitat in which they occur. Priority taxa for assessment (listed as threatened under
the Parks and Wildlife Conservation Act or Environment Protection and Biodiversity Conservation Act,
see Table 7-3 for status) are highlighted in bold. Other significant species are listed as Near Threatened

or Data Deficient under the TPWCA.

Habitat type

Threatened plant species

Other significant plant species

Dry monsoon forest,
Coastal rainforest

Hoya australis subsp.
oramicola, Tarennoidea
wallichii

Clerodendrum longiflorum var. glabrum,
Habenaria hymenophylla, Pittosporum
moluccanum, Turraea pubescens

Eucalypt open forest

Cycas armstrongii,
Typhonium jonesii,
Typhonium mirabile

Calochilus holtzei, Desmodium tiwiense

Eucalypt woodland

Empusa habenarina, Habenaria elongata,
Mitrasacme inornata

Wet Monsoon forest,
Ever-wet rainforest

Burmannia sp. Bathurst
Island (R.J.Fensham 1021),
Dendromyza reinwardtiana,
Elaeocarpus miegei,
Endiandra limnophila,
Freycinetia excelsa,
Freycinetia percostata, Luisia
corrugata (syn. L. teretifolia),
Mapania macrocephala,
Mitrella tiwiensis,
Tarennoidea wallichii,
Thrixspermum congestum,
Xylopia monosperma

Actinostachys wagneri, Adiantum
atroviride, Clerodendrum longiflorum, var.
glabrum, Crepidium fontinale, Embelia
tiwiensis, Endospermum myrmecophilum,
Habenaria hymenophylla, Hypolytrum
nemorum, Hypserpa decumbens, Hypserpa
polyandra, Lindsaea walkerae, Melodinus
australis,, Parsonsia sp. Melville Island,
Psychotria coelosperma, Strychnos minor,
Syzygium claviflorum, Syzygium forte
subsp. forte, Syzygium hemilamprum
subsp. hemilamprum, Turraea pubescens,
Vittaria ensiformis,

Monsoon forest
margins, Monsoon
forest/open forest
ecotone

Dendromyza reinwardtiana

Pavetta tenella, Thismia sp. Melville Is

Margins of creek flats

Sophora longipes

Melaleuca forest

Dendrobium johannis

Melaleuca woodland,
sedgelands, swamps

Calochilus caeruleus

Byblis aquatic Drosera fulva, Empusa
habenarina, Habenaria ferdinandi,
Ischaemum barbatum, Lindsaea walkerae,
Scleria carphiformis, Stylidium tenerrimum

71.1.2

Taxonomic uncertainties

Priority taxa with uncertain taxonomic status and/or particular problems for identification include
Typhonium, Cycas and Freycinetia. Of most importance to this study are the challenges
presented by the Endangered herbs Typhonium jonesii and Typhonium mirabile. Previous
studies (Liddle & Elliott 2008) have noted the significant morphological variability that exists
within and between populations of both Typhonium species on the Tiwi Islands so that, in the
absence of fertile material, there are significant problems with positive identification of
specimens to species level in the field. In this study therefore numerous leaf samples were
collected to allow genetic testing to confirm the field identification of sampled populations.
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Two cycad species have been recorded from eucalypt open-forest and woodland habitats on
Bathurst Island. Existing circumscriptions of Cycas armstrongii and Cycas machonochiei readily
separate these taxa at the extremes of their morphological characteristics on a combination of
characters including the relative prominence of the pinnae midrib on the upper and lower
surfaces and the degree of thickening and shape of the pinnae margins (Hill 1996, Dixon 2004).
However, field observations suggest significant morphological variation exists within these taxa,
including intermediate character states and substantial overlap in the ranges of character states
used to discriminate them. The open pollination systems of Cycas species are well known to
facilitate the production of hybrid taxa in the Northern Territory (Dixon, 2004) and the potential
exists for significant uncertainty regarding the identity of the Cycas entities present. Specimens
were therefore collected during the field survey to assist in clarifying which species is present in
the study area.

The Vulnerable (TPWCA) woody climbing palms Freycinettia excelsa and Freycinetia
percostata have both been recorded from within the study area, but the application of the
names to this data has resulted in some uncertainty over the distribution of the species in the
monsoon forests within the area. Infrequent encounter of fertile material has contributed to this
uncertainty and, while no flowering or fruiting individuals were encountered during the field
survey, leaf samples were collected to assist in clarifying which species were present in the
rainforests visited.

All nomenclature follows Short et al. (2011) with the exception of taxa subject to more recent
taxonomic revision where currently accepted names are those contained in the Northern
Territory Herbarium specimen database (HOLTZE).

7113 Field survey

The variability in lifeform, distribution, abundance, habitat and detectability amongst the priority
taxa required a more flexible and targeted approach to survey design than the standard plot
based method (Brocklehurst et al. 2007). The differing phenological patterns also necessitated
timing field surveys to coincide with the optimal times for detection and identification of the
target taxa. Similar assessment methods were appropriate for multiple species within broad
habitat types and thus habitat was used as the primary basis for structuring the survey design
and species-specific methods outlined below.

7.1.1.3.1 Eucalypt woodland and open forests

Initial evaluation of the study area suggested that land and water resources suitable for
agriculture or horticulture were most likely to be within the extensive woodland and open forest
of the gently undulating plains and plateau margins associated with the eroding Tertiary land
surface. Consequently, threatened plant species associated with this habitat - Typhonium
jonesii, T. mirabile and Cycas armstrongii - were the focus for assessment.

Targeted presence-absence surveys were used in the assessment of Typhonium species
populations as the most efficient means of detecting these cryptic, ephemeral and widely
dispersed taxa (Joseph et al. 2006). While this does not provide an estimate of total abundance,
it allows a much larger number of sites to be visited within the available survey period.

Typhonium spp.
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Ecological data and expert knowledge (Kerrigan & Cowie 2006; Kerrigan et al. 2007h, 2007g;
Liddle & Elliott 2008) suggest that Typhonium species occur in association with specific
vegetation communities and landscape positions (elevation, topography and regolith/soil
combinations) on both Bathurst and Melville Islands. Known populations of Typhonium on the
Tiwi Islands occur on well drained lateritic soils in Eucalyptus miniata, Eucalyptus tetrodonta
and Corymbia nesophila woodland and open-forest at elevations greater than 60m AHD.

Habitat within the study area was stratified at two levels based on mapping of Broad Floristic
Formations at approximately 1:25 000 scale undertaken in the planning phase of this project
and elevation envelopes greater than or less than 40 m AHD (Figure 7-1). Potential habitat
areas above and below 40 m AHD were divided into one hectare (100 x 100 m) grid-cells using
the GENREGIONSAMPPLEPLOTS routine in the Geospatial Modelling Environment (Beyer,
2012). The sampling grid was established in a north-south and east-west orientation. Sixty grid-
cells were randomly selected as target sampling units with a 60/40 bias (36 vs 24) toward the
>40 m AHD elevation. Grid-cells which did not fall completely within either a habitat or elevation
strata were manually reassigned to the closest adjoining grid-cell completely contained within a
stratum.

A presence-absence sampling design suitable for analysis using occupancy modelling was
employed. ‘Surveys’ (i.e. opportunities to observe the target taxa) were replicated spatially
across a site (grid-cell) as the repeat measure required assessing occupancy. Six 100 m x 2 m
belt transects orientated along the north-south axis of the sampling grid were sampled by three
observers (2 surveys per observer per site), so that approximately 12 percent of each grid cell
was searched (Figure 7-2).

Each survey involved a thorough search of the belt transect for the target Typhonium species
with the transect start and end, and location of any individuals (or closely associated groups of
individuals) recorded on handheld GPS (Garmin GPS60 of GPS62) units. The morphological
details of any individual or discreet group of Typhonium species encountered during a survey
were recorded along with a digital photograph. At each site and within each survey, additional
data were collected to characterise the biophysical and meteorological conditions at the time of
the sampling. These measures and the field survey proforma are described in Appendix 9).

Field sampling was conducted in two seven day blocks between 19 March 2014 and 2 April
2014. Most sites were accessed on foot, with field support provided by the Tiwi Land Rangers.

Cycas spp.

The abundance and distribution of cycads was assessed on each of the sites sampled for
Typhonium. A larger 100 x 10 m belt transect was superimposed over each of the Typhonium
transects and the abundance and location of Cycads was recorded within this area (Figure 7-2).
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Figure 7-1: Habitat stratification and sampling sites for Typhonium species within the study area. Solid
colours on map represent potential habitat (Eucalypt woodland and open forest) in two elevation strata
(<40 m and > 40 m AHD). Coloured points are the randomly selected sites in each of the elevation strata.
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Figure 7-2: Nested arrangement of Typhonium and Cycas survey transects within a 100 m x 100 m site.
Solid black lines indicate transect centrelines with coarse-dashed and dotted lines representing 2 m and
10 m belt transects for Typhonium and Cycas respectively. Transects were uniformly spaced and aligned
north-south.

Incidental observations

The largely foot-based travel during field surveys in March/April 2014 provided the opportunity
for incidental observations of all species of conservation significance to be documented during
traverses between survey sites. Field traverses used continuous belt-transects during transit
between sites in a similar manner to the surveys themselves to record species occurrence.
Each observer traversed between sites on separate tracks recording the location of any
individuals/populations of priority or significant species encountered. Digital photographs and
vegetative samples were collected from locations where Typhonium species were encountered
as per the methodology employed on the assessment sites, with data collection for other taxa
following standard specimen data collection protocols (e.g. Brocklehurst et al. 2007;
Queensland Herbarium 2013).

7.1.1.3.2 Monsoon forests

A large number of monsoon rainforest patches occur within the study area and are habitat for
the majority of threatened plant species likely to occur in this area, so these were also targeted
for assessment. A hybrid quadrat-based methodology to sample the floristic variation within
monsoon forest patches, supplemented by systematic, plotless searching outside of the
quadrats was employed as the best means of improving knowledge of priority species and
species of conservation significance within these habitats. This also allows compatibility with
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previous survey data from the Tiwi Islands, providing a regional context for the monsoon forest
vegetation associations.

Survey design

Existing mapping of monsoon forest vegetation in the NT (Russell-Smith 1991) was used in
conjunction with preliminary mapping of broad floristic formations and land-units in the study
area as the basis for identifying target areas for intensive survey. Monsoon forest patches were
prioritised for survey based firstly on type (spring-fed, riparian or dry-monsoon) and size, with
patches greater than 5 hectares initially selected for survey, as larger patches are likely to have
higher species richness. However, field investigation showed patch area estimates based on
older mapping were poor, and greater weight was given to selecting patches within each type
that gave good spatial dispersion of sites across the survey area. Initial site selection
discounted any monsoon forest patch for detailed survey where inventory information had
previously been collected (Russell-Smith 1991, Liddle & Elliot, 2008), although supplementary
survey of these sites was conducted for species of conservation significance where logistically
feasible. A total of 31 rainforest sites were assessed in the field (Figure 7-3).

Field data collection

The floristic and structural attributes of monsoon forests within the survey area were
characterised using standard 20 m x 20 m vegetation survey plots (Brocklehurst et al. 2007)
replicated at multiple locations within monsoon forest patch, and these data were used in the
mapping of vegetation and land resources described in Chapter 6. Searches were also
conducted for additional taxa within a patch but not recorded in the plots. The extent of these
searches varied with the size and complexity of the patch but was generally for approximately
one hour, and searches were terminated when additional search effort did not yield additional
species. Population estimates were made for species of conservation significance within each
surveyed monsoon forest patch, with the estimated number of adult and juvenile individuals
recorded. Representative specimens of species of conservation significance were collected for
previously undocumented locations or for investigation of taxonomic issues

Floristic inventories were also compiled for monsoon forest patches within the survey area not
subject to plot-based sampling, including some patches that had been visited as part of
previous surveys (e.g. Russell-Smith, 1991) and where there were previous population
estimates for species of conservation significance. Site inventories involved independent
meander searches within the patch by multiple observers and the compilation of a species
inventory, including recording population estimates for species of conservation significance.

7.1.1.3.3 Other habitats

The initial evaluation of significant plant species on the Tiwi Islands showed that a number of
species potentially occurred in swampy or wetland habitats (including Melaleuca communities)
in the study area (Table 7-1). Survey of these areas used similar methods to those for monsoon
forest - a combination of plot-based sampling and searches. However, given that only one
threatened species and relatively few significant species were expected in this habitat, sampling
effort in wetland habitats was small.

Tiwi Island Economic Development - Bio-Physical Resources of North East Bathurst Island (Technical Report) 124



Figure 7-3: Location of rainforest sites on northern Bathurst Island sampled in October 2014. An
additional five sites were sampled during previous surveys of NT rainforests (Russell-Smith 1991).
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71.1.4 Occupancy modelling for Typhonium spp.

The effects of environmental variables and observer-specific parameters on the probabilities of
occurrence and detection of Typhonium species within grid-cells in the study area were
modelled in PRESENCE v6.2 (Hines, 2006), using single season occupancy models. The
analysis was based on a modified closed-population, mark-recapture approach where ‘survey’
events by each observer at a ‘site’ represent repeat measures of the population within a sample
area, fulfilling the requirement for repeat, independent ‘surveys’ to form the basis of the
sampling regime (MacKenzie et al. 2002). Presence-absence data from the surveys was used
to estimate the proportion of sites (grid-cells) occupied by the target species while taking
imperfect detection into account.

As the aim was to spatially map the probability of Typhonium species occupancy within the
study area, the predictive covariates had to be drawn from uniformly available environmental
data, and the available processed and derived remotely sensed data is summarised in
Appendix 10. Spatial covariates were extracted for each 100 m x 100 m grid cells within the
stratified study area, with measures averaged if required. From the field data, an average
ground cover estimate for the sample cell at the time of survey was calculated, and vegetation
floristics in each stratum was summarised to produce a categorical habitat classification for the
sampling site. Data for all continuous covariates were standardized.

Initial appraisal of environmental covariates suggested that a number of covariates had very low
correlation with the occurrence of Typhonium species. A final set of 5 occupancy and 2
detection covariates was selected to form the candidate model-set for analyses. An a priori set
of 21 models with additive linear covariates of detection and occupancy for Typhonium species
were derived using expert opinion and existing understanding of factors affecting the species
distribution (Appendix 10). Goodness of fit tests in PRESENCE (Hines 2006) were used to test
assess the adequacy of the global model (the model containing all covariates) based on 10 000
bootstrap simulations. The Akiaike Information Criterion (AIC) was used to assess the relative
weight of evidence to support individual models, and the relative values (AIC differences or A
AIC) of each model over the other candidate models was taken as the relative level of empirical
support for each model.

To examine the effects of covariates on the probability of occupancy and detection for individual
species, fitted relationships for the top-ranked model were plotted with 95% confidence intervals
using the delta method (Ver Hoef 2012). If the 95% confidence interval for the slope of the logit
covariates did not include zero, the relationship was considered statistically significant (Williams
et al. 2002)

Assessment of the adequacy of the survey methodology was also undertaken through the

calculation of the number of repeat surveys required to ascertain absence of the target species
at a confidence level greater than 0.90, using a modification of the formula of McArdle (1990):

log1o(1 —a)

=—— - = g=1- (1-p)V

og10(1— 7) =n

Where N = Number of Surveys, p = detection probability and a = confidence level.
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7115 Review of species of conservation significance

Threatened (EPBCA and TPWCA), Near Threatened and Data Deficient (TPWCA) species with
20% or more of their estimated NT population in north-eastern Bathurst Island were assessed in
detail to evaluate the significance of subpopulations in the study area (Appendix 11). For each
species, new data from the 2014 field survey was combined with existing species records held
in DLRM corporate databases, and the data were verified, reviewed and analysed to assess the
number of known locations, extent of occurrence (EoQO), area of occupancy (AoQO), habitat
preference, abundance and potential threats (Table 7-2). These were used in the development
of species dossiers for priority and significant species recorded within the study area.

Table 7-2: Definition and calculation methods for terms used in the assessment of conservation status

Location IUCN guidelines define a location as “a geographically or ecologically distinct area in
which a single threatening event can rapidly affect all individuals of the taxon
present.” (IUCN Standards and Petitions Subcommittee 2014). Based on the scale of
typical intensive development projects in the NT, we considered a location to be an
area of 5 x 5 km? or 2 500 ha.

Extent of Defined by IUCN as "the area contained within the shortest continuous imaginary

Occurrence boundary which can be drawn to encompass all the known, inferred or projected

(EoO) sites of present occurrence of a taxon, excluding cases of vagrancy” (IUCN 2012).
Extent of occurrence was estimated by calculating the area of a minimum convex
polygon around the known localities (IUCN 2012). Note that this is usually larger
than the amount of occupied or potential habitat.

Area of Defined by IUCN as the “area within its ‘extent of occurrence’, which is occupied by a

occupancy taxon, excluding cases of vagrancy”, and “a parameter that represents the area of

(A0O). suitable habitat currently occupied by the taxon” (IUCN Standards and Petitions

Subcommittee 2014). The 'grid' method recommended by IUCN (2012) was used:
the number of occupied cells in a uniform grid that covers the entire range of a taxon
was tallied, and total area of all occupied cells calculated. The grid size was
determined by the size of habitat patches and was 400 ha (2 x 2 km) for woodland
taxa, which is recommended as applicable in most cases (IUCN Standards and
Petitions Subcommittee 2014). Rainforest patches in NT are small and localised, and
on northern Bathurst Island average 5.9 ha in area. The rare and threatened
rainforest species considered here are also typically restricted to either just the very
wet core of these patches and absent from the drier margins or in one case
(Dendromyza) found only on the margins. It was estimated that around 50 % of each
rainforest patch was effectively available habitat for these species. Therefore, a

170 x 170 m (3 ha) grid was applied for rainforest species.

Subpopulation

Defined by IUCN as “geographically or otherwise distinct groups in the populations
between which there is little demographic or genetic exchange (typically one
successful migrant individual or gamete per year or less).” (IUCN 2012). For
rainforest species, individuals in a rainforest patch may constitute a 'subpopulation’,
although may vary depending on distances between patches and the taxa involved.
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71.2 Results

A total of 13 threatened and 20 other significant (Near Threatened and Data Deficient) plant
species have been confirmed as occurring in the study area, based on previous and 2014
survey data (Tables 7-3 and 7-4). Seven threatened species and eleven other significant
species have 20% or more of their known NT population within the study area. Most of these
species (five threatened and ten Near Threatened and Data Deficient species) occur in
monsoon rainforests, with two threatened species in Eucalypt open forest and woodland and
one Near Threatened species in wetland habitats. Further details of individual species are
provided in Appendix 11.

A number of species of conservation significance that have been previously recorded in the
study area were not relocated during the 2014 surveys. Reassessment of historical records
confirms that at least one threatened (Thrixspermum congestum) and four significant
(Ischaemum barbatum, Mitrasacme inornata, Scleria carphiformis and Xylocarpus granatum)
species records are almost certainly from within the study area. However, the reassessment
suggests that the historical records of the remaining species in Tables 7-3 and 7-4 were not
from the study area and have inaccurate geocoding associated with pre-GPS data. For
example, a record of the Vulnerable species Mapania macrocephala supposedly from the study
area was determined to be from Big Pig Jungle south of the study area boundary.

71.21 Eucalypt woodlands and open forests

Three threatened (Cycas armstrongii, Typhonium mirabile and T. jonesii) and two other
significant species (Calochilus holtzei and Desmodium tiwiense) were recorded in eucalypt
woodland and open forests within the study area during the 2014 field survey (Figure 7-4).
Results for the threatened species are discussed further below.

71211 Typhonium spp.

Typhonium species were recorded at 22 of the 60 sampled grid-cells, with T. mirabile recorded
in 18 cells and T. jonesii in 6 cells (Fig. 7-5). The species co-occurred in only 2 of the 60
sampled grid-cells. Naive occupancy (not accounting for detection) was estimated at 0.3 and
0.1 for T. mirabile and T. jonesii respectively. Nineteen (86%) of Typhonium species plot
records were in Eucalyptus miniata, Corymbia nesophila and Eucalyptus tetrodonta woodland to
open forest formations on deep, superficially well-drained, red sandy clay-loam soils
(Kandosols) (Table 7-5).
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Table 7-3: Threatened plant species recorded from northern Bathurst Island, indicating numbers of known locations, range (Extent of Occurrence) and estimated
area occupied by the species (Area of Occupancy). Species having 20% or more of their known NT population within the study area are in bold. Species where
reassessment showed that the geocode for the original record was in error and there is no sound evidence of occurrence in the study area are in brackets. An (e)
under ‘Restricted Range’ denotes endemic to the Tiwi Islands; (d) denotes a disjunct distribution species with the entire NT population restricted to the Tiwi
Islands; (NT) indicates endemic to the NT. Legislative status: TPWCA = Territory Parks and Wildlife Conservation Act, EPBCA = Environment Protection and
Biodiversity Conservation Act, CR=critically endangered; EN=endangered; V=vulnerable. * after the taxon name indicates the species was not recorded in 2014
surveys. EoO in the study area can only be calculated when there are more than two records.

- Locations Extent of Occurrence Area of Occupancy

g g _‘§ @ NT Study % NT Study % NT Study %
Taxon E @ "g c area (km?) areg (ha) area

= w [ £ ot (km°) (ha)
[Burmannia sp. EN | EN | Y (e) 1 ; ; 8.8 ; ; 12 ; ;
Bathurst Island ]
Cycas armstrongii \% N 197 5 2.5 37377 40.5 0.1 364 9 2.5
Dendromyza reinwardtiana \% N (d) 22 4 18.2 1434 294 2.0 201 51 254
Elaeocarpus miegei CR N (d) 8 5 62.5 288.3 36.2 12.5 66 33 50.0
Endiandra limnophila \Y N 28 7 25.0 5502 75.7 1.4 231 72 31.2
Freycinetia excelsa \% N 12 2 17 51668 na na 84 6 7
[Freycinetia percostata] \% N 7 - - 2971 - - 33 - -
Z;},'j I_i:/ztra/"s subsp. v | v | Y 8 1 12,5 2438 na na 45 3 6.7
Luisia corrugate \% - 15 1 6.7 5884 na na 60 3 5.0
[Mapania macrocephala] \% N 7 - - 8386 - - 57 - -
Mitrella tiwiensis \" V | Y(e) 19 5 26.3 1148 41.6 3.6 135 21 15.5
Tarennoidea wallichii EN N 7 3 42.9 225.3 16.8 7.5 33 12 36.4
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Locations Extent of Occurrence Area of Occupancy
e
()
g g S o NT Study % NT Study % NT Study %
Taxon = @ |5 e area 2 area area
o o O © (km®) . (ha)
= w X (km°) (ha)
(NT)
Thrixspermum congestum * \% Y 9 2 22.2 314.9 na na 33 6 18.1
Typhonium jonesii EN EN [ Y (e) 14 6 35.7 1148 52.0 4.5 15 7 46.7
Typhonium mirabile EN EN [ Y (e) 13 6 46.2 823.0 64.1 7.8 21 16 76.2
Xylopia monosperma EN EN Y 6 2 33.3 522.0 11 0.2 63 15 23.8
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Table 7-4: Near Threatened and Data Deficient (Territory Parks and Wildlife Conservation Act) plant species recorded from northern Bathurst Island, indicating
numbers of known locations, range (Extent of Occurrence) and estimated area occupied by the species (Area of Occupancy). Species having 20% or more of
their known NT population within the study area are in bold. An (e) under ‘Restricted Range’ denotes endemic to the Tiwi Islands; (d) denotes a disjunct
distribution species with the entire NT population restricted to the Tiwi Islands; (NT) indicates endemic to the NT. Legislative status: TPWCA = Territory Parks and
Wildlife Conservation Act, DD = Data Deficient; NT=Near Threatened; Habitat: WL= eucalypt woodland/open forest; RF=monsoon rainforest; SW=swamp. *
indicates the species was not recorded in 2014 surveys; ** denotes species tentatively recorded from sterile material in 2014 surveys and requiring confirmation
and further assessment.

- Locations Extent of Occurrence Area of Occupancy

= S‘ § @ NT Study % NT Study % NT (ha) Study %
Taxon 3 S iR area (km?) area area

T|F| e (km?) (ha)
Calochilus holtzei WL | DD N 19 3 15.8 114614 5.9 0.0 20 3 15.0
Desmodium tiwiense WL [ NT | N(NT) 16 2 12.5 17964 0.0 0.0 20 3 15.0
Embelia tiwiensis RF | NT | Y(NT) 10 7 70.0 1477 55.7 3.8 51 39 76.5
Endospermum myrmecophilum RF | NT N 42 7 16.7 20806 731 0.4 201 42 21
Hypolytrum nemorum RF | NT N 15 1 6.7 20219 0.1 0.0 114 9 7.9
Hypserpa decumbens ** RF | NT - na na na na na na na na na
Ischaemum barbatum * SW | NT N 13 1 7.7 15621 na na 42 3 7.1
Lindsaea walkerae SW | NT N 11 3 27.3 37738 3.7 0.0 36 12 33.3
Melodinus australis RF | NT N 23 10 43.5 11393 91.2 0.8 111 51 45.9
Mitrasacme inornata * DD N 8 1 12.5 71161 na na 9 1 111
Parsonsia sp. Melville Island RF | NT | Y(NT) 23 5 21.7 1645 34.3 21 114 21 18.4
Psychotria coelosperma RF | NT N 26 7 26.9 28763 61.0 0.2 138 48 345
Scleria carphiformis * SW | DD N 9 1 111 5079 na na 30 3 10.0
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Locations

Extent of Occurrence

Area of Occupancy

e
()
E g ‘g @ NT Study % NT Study % NT (ha) Study %
Taxon s| 2| B ¢ area (km?) area area
« o o © 2
= = X o (km°) (ha)
Sophoralongipes * NT N 19 1 5.3 41219 na na 57 5 5.3
Strychnos minor RF | NT N 34 10 294 2156 98.9 4.6 261 81 31.0
Syzygium claviflorum RF | NT N 58 9 15.5 5481 114.8 21 315 93 29.5
Syzygium forte subsp. forte RF | DD N 9 1 1.1 12331 na na 27 3 1.1
jum hemil .
Syzygium hemilamprum subsp. | pe | 