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SUMMARY
Angas Downs Indigenous Protected Area (IPA) is a 3205 square kilometre pastoral
lease held by the Imanpa Development Association. It is a biologically and culturally
rich area in the Finke bioregion of the Northern Territory, south of Alice Springs
(Figure 1). Angas Downs is important to the traditional owners – the Anangu people
from the Pitjantjatjara/Yankunytjatjara language groups.
Aerial surveys were conducted over Angas Downs IPA and surrounding land in
July 2010 to determine populations of Red Kangaroo (Macropus rufus), Feral Camel
(Camelus dromedarius), Cattle (Bos Taurus) and Feral Horses (Equus caballus). This
report summarises the methods and results of aerial surveys of native and feral
animal populations undertaken in 2010.
Average population densities across Angas Downs were estimated as 0.93 ± 0.32 95%
confidence interval (CI 95%) per km2 for kangaroos and 0.18 ± 0.12 CI 95% per km2
for camels. Using mapping program ArcGis 9.3, observations were interpolated to
form maps showing spatial variability (animals/km2) of populations across the
region.
Population estimates are:
Average density
2
estimate per km
Average 2010
Population estimate
2
3205 km
Average 2010

Red Kangaroo

Camels

Horses

Cattle

0.93 ±0.32

0.18 ±0.12

0.09 ±0.06

0.14±0.10

2968 ±1011

598 ±396

258 ±192

458 ±315

(± Confidence Interval 95%)
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INTRODUCTION
Importance of Angas Downs Indigenous Protected Area
Angas Downs is an Indigenous owned 320,500 hectare pastoral lease, located 300km
SW of Alice Springs, Northern Territory (Figure 1) and 135km from Uluru National
Park (Ayers Rock) in Australia. The Imanpa Development Association holds the
pastoral lease over Angas Downs and the station is managed by Lisanote Pty Ltd
which it also owns. The IPA is supported by funding from the Australian
Government’s Caring for our Country Program. It was declared as an Indigenous
Protected Area (IPA) on 10 June 2009.

Figure 1 Location of Angas Downs Source: Wilson et al 2005
Angas Downs is a biologically and culturally rich area in the Finke bioregion
important to the traditional owners – the Anangu people from the Pitjantjatjara /
Yankunytjatjara language groups. The IPA serves a number of functions that
support both biodiversity conservation and human communities. In the past Angas
Downs has been damaged by feral animals and cattle. Many native species have
disappeared from Angas Downs and other kuka (game species) and important
animals are now less common. Under the IPA, the environment is being restored,
and up to 10 people from the Imanpa community have been employed by the
Working on Country Program as Rangers. They include both elders and younger
men and women. Land management activities restore the station environment and
also improve the self esteem and motivation of the Indigenous people by appealing
to their aspiration to care for their country, and provide opportunities for training,
employment and economic development.
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Angas Downs IPA Plan of Management
The Angas Downs IPA Plan of Management (Wilson et al. 2005) outlines the natural
and cultural resource base, land management operations, sustainable development
opportunities, training and education and collaborative relationships and
partnerships. The property also provides valuable cultural resource for Aboriginal
communities to carry out traditional ceremonial business.
The objective of the Plan is to: manage land and wildlife resources in order to
maintain Anangu culture, conserve biodiversity and enable sustainable production
in support of human communities and economic development. A key feature of this
plan is need for ongoing scientific support to monitor landscape and ecosystem
health and wildlife populations.

Figure 2 Map of the Angas Downs IPA
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Managing kuka species
The Lisanote Board and the Imanpa community would like more kuka such as red
kangaroos and emus to be available on Angas Downs for game meat and because
they are important totem species. Removal of feral animal species and restoration of
waters in such a way as to limit access to ferals while allowing native’s access is a
key strategic step towards this goal.

Why monitor populations
Monitoring is essential to assess progress and effectiveness of program. The Plan of
Management makes provision for:

“Actions: Feral and totemic species monitoring
o

Conduct biennial aerial surveys for the collation of broad scale data on feral
animals and kangaroos. More frequent surveys in hunting areas would assist
intensive management of the kangaroo resource.”

Monitoring populations of native wildlife and feral animals from the air enables
quick cost effective collection of data. Aerial surveys enable the whole property to be
covered systematically. They enable quick access to areas with limited ground access
and although expensive, provide data more efficiently than by ground surveys.
The results enable:


determination of location and an estimate of the size of populations



comparisons over time using standardised methodology



assessment of impact of total stocking rates



identification of competition between natives and feral animals such as
camels



analysis of results in context of land management activities.
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METHOD
Survey parameters
During winter, 6-7 June 2010, two aerial surveys were conducted over Angas Downs
and surrounding area to include small buffer.

Figure 3 Survey lines flown in June 2010
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Ten transects were placed 7.5 km apart ran east-west across the width of the
property. Transects 1 and 10 were just north and south of the station boundary.
Figure 3
Transects were divided into 5 km units (A-J), 200 m wide to form strips of 1km2.
Figure 6. Between each unit, a ‘break’ of 360m (approximately 7 secs flying time) was
allowed to allow observers to record data and have a rest with a changed eye focus.
The survey route was uploaded to Garmin GPSmap 296 which was then used in the
air to guide the flight.
The lines were flown using a fixed-wing Cessna 182 aircraft flown at a ground speed
of 185 km h-1 (100 kts), and a height of 76 m (250 ft) above ground level. Figure 4.
Flights were completed within three hours of sunrise.
Approval for operations below 500 feet AGL was granted the Civil Aviation Safety
Authority.
The surveys were conducted on sunny, mostly clear days, <15°C with easterly winds
of 10-15 knots at 76m trending to nil at ground level. 0 mm rainfall was recorded in
the past 48 hours.
Two observers, Jennifer Smits and Brad Lander, were positioned in the right front
and back left of the aircraft. 200 m wide strips which were delineated by streamers
trailing parallel to the fuselage and attached to the wing struts on either side of the
aircraft. The location of the streamers had been calibrated using measured reference
points beneath the aircraft while on the ground airstrip Figure 5 and confirmed by
passage over markers on the width of the landing ground.
With track guidance and unit delineation from the GPS. Observers counted
kangaroos, camels, horses, cattle, emus, bustards, euros and dingos within units A-J
along 11 transects North to South during survey 1 and South to North during survey
2. Observers did not count in the ‘breaks’ between units. Sightings were recorded
onto data sheets during 360m interval between units and collated at the end of each
survey.
Sampling intensity was approximately 5% of the total 4000km2 area (or 6% of Angas
Downs area 3205km2).
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Figure 4 Strip transect sampling from fixed-wing aircraft

Figure 5 Cessna 182 used for the Aerial Surveys –
flown by Dr George Wilson, Australian Wildlife Services
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Figure 6 200m strips delineated by streamers trailing parallel to the fuselage
and attached to the wing struts on either side of the aircraft.

Data processing
Data was collated into spreadsheets. The average estimated population density
was determined using Equation 1. The population estimate was determined for
Angas Downs using Equation 1. Variance, standard deviation and standard error
were calculated for each survey using inbuilt standard Excel functions. Differences
in observer counts and North-South facing counts were noted but not used to
determine further correction factors.
Equation 1:
Equation 2:

Where:

= estimated population
= estimated population density per km2
s = number of units in which counts are made (km2)
= plot
= number of animals counted on plot
A = total area
a = area of each sample plot
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Kangaroo visibility correction factors
Detection during aerial surveys for different species can vary considerably with
vegetation cover, group size, varying light, weather and cloud cover, temperature
and time of day. Some variables are under the control of the surveyors for example
time of day, aircraft height above ground, ground speed and transect width. Others
are subject to correction factors such as for differing vegetation types and for
different species of kangaroos and wallabies. Literature has questioned the accuracy
of correction factors (Barnes et al. 1986) although Caughley et al. (1976) stipulated
that use of correction factors should be cautious and that local experiments should
be done.
AWS considered correction factors for differences in vegetation cover used in South
Australian surveys for red kangaroos 2.29 – 2.43 and noted that in surveys in NT
1991-2006, a correction factor of 2.36 was used as a broad area intermediate
correction factor for wooded and open habitat (Neave 2008).
For the Angas Downs surveys, visibility correction factors used by the Department
for Environment and Heritage – Government of South Australia (2010) were applied
to counts of red kangaroos as per Caughley et al (1976):




2.29 for open vegetation cover 0-10%
2.36 for light cover 10-50%
2.43 for medium cover 51-75%.

Angas Downs vegetation can be broadly divided into open habitat, and light cover
and medium cover woodland vegetation, Figure 7.
There was no need to correct for temperature as recommended by Bayliss and Giles
1985; Caughley 1989 because the temperature remained under <15°C for both
surveys.
Ground speed, height and light were assumed to vary consistently around the
nominated value as a result of mild turbulence and variations wind strength.
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Figure 7 Extent of habitats and associated correction factors
for red kangaroos

Camel, horses, cattle visibility correction factors
The estimated population of camels in Australia is likely to be negatively biased.
While the size of the bias is unknown, Short et al. (1988) estimated that the visibility
of camels may be as low as 25% and Saafeld and Edwards 2008 proposed that
correction for environmental bias could be anything in the range of 1.5–2 times
perceptual corrected counts However, in order to assume the minimum estimated
population, they did not use correction factors and hence we do not in this analysis.
For the purpose of this analysis, cattle and horses were dealt with in the same
manner as camels (i.e. no correction factors applied) and it was assumed that
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estimated populations contain some negative bias and are to be viewed as minimum
estimates.

Mapping
To produce maps which showed spatial variability of animal densities, the survey
point data were interpolated using the Krigging function in ArcGis 9.3. Krigging
used an ordinary circular semivariogram with a cell size of 100 m and a variable
search radius of 12 input points maximum to 10000 m. Where appropriate, negative
values of density analysis were removed using raster calculator: [new raster = (old
raster < 0) * old raster]
Maps were then smoothed using neighbourhood statistics (SA Toolbar). Kangaroos
were smoothed to 500 m, camels, horses and cattle which were patchier in their
distribution on the property and hence had irregular distributions modelled were
smoothed to 5000 m. Where density analysis extrapolated populations in areas
where they are known not to occur (e.g. horses and camels in cattle zone paddock),
raster calculator was used to ensure values within the confines of the paddock were
nil (0).

Estimates of total herbivore grazing pressure - maps
Spatial variability of grazing pressure was compared for kangaroos, camels, cattle
and horses using the following dry sheep equivalents:
12 DSE

Cattle (Millear et al 2001)

10 DSE

Horse (Millear et al 2001)

5.4 DSE

Camel (Guerouali and Wardeh 1998)

0.5 DSE

Kangaroo (Wilson and Edwards 2008)

(Note this is very simplified analysis, changes can occur due to season and animal
size – DSE numbers quoted here are for average weights of dry animals.)

Carrying capacity for red kangaroos
Assuming a low pasture condition (condition D) and low potential productivity
(eg. poor condition mulga woodland or spinifex), the property would support a DSE
of 0.2 animals/km2 or a total whole of property carrying capacity of 5878 DSE or
587.8 Animal Equivalents (based on the Land Condition Guide for Central Australia
Grazing Land Management Workshop – Central Land Management Association
(2005) adapted from Reu (2000)).1

These assumptions do not take into account areas of higher productivity, season or other grazing
pressure by cattle or other feral animals. This is an oversimplification and further work to stratify
vegetation type and condition will improve this estimation.
1
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Using the above estimates, a kangaroo carrying capacity was determined for Angas
Downs. Results are shown in the results section.

RESULTS
The results and analysis of the 2010 Angas Downs IPA Aerial Survey are shown in
Table 1.
Table 1 Aerial survey statistics
Av density per km2
Survey 1

Malu
0.90

Camel
0.29

Horse
0.03

Cattle
0.15

±CI 95%

0.44

0.24

0.04

0.15

Survey 2

0.93

0.08

0.15

0.13

±CI 95%

0.45

0.07

0.11

0.12

Survey 1+2

0.91

0.18

0.09

0.14

±CI 95%

0.32

0.12

0.06

0.10

Population estimate

Malu

Camel

Horse

Cattle

Survey 1

2874

918

102

481

±CI 95%

1404

759

142

487

Survey 2

2981

262

466

422

±CI 95%

1457

219

354

400

Survey 1+2 average

2927

590

284

451

±CI 95%

1011

396

192

315

Figure 8 Estimated populations on Angas Downs during 2010 aerial survey
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Red kangaroos
Survey 1 and 2 produced very similar results and variances. The average of both
surveys was 0.91/km2 ± 0.32 CI 95% (range of 0.60-1.23/km2). Figure 9 shows the
density distribution of the survey. The population estimate for Angas Downs for red
kangaroos is 2927 ± 1011 (range 1917-3938 animals).

Camels
The average of both surveys was 0.18/km2 ± 0.12 CI 95% (range of 0.06-0.31/km2).
Figure 10 shows the density distribution of the survey. The population estimate for
Angas Downs for camels is 598 ± 396 camels.

Horses
The average of both surveys was 0.09/km2 ±0.06 CI 95% (range of 0.03-0.15/km2).
Figure 11 shows the density distribution of the survey. The population estimate for
Angas Downs for horses is 284 ± 192.

Cattle
The average of both surveys was 0.14/km2 ± 0.10 CI 95%. The population estimate for
cattle on Angas Downs is 451 ± 315. Figure 12 shows the density distribution of the
survey.
However, excluding cattle over the station boundary and in the cattle paddock (nonferal) the average density of feral cattle on the property 0.04/km2 ± 0.05 CI 95%.
Based on the results of the aerial survey, the population estimate for feral cattle on
Angas Downs is 131 head.
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Figure 9 Map of red kangaroo population density

Figure 10 Map of camel population density

Figure 11 Map of feral horse population density

Figure 12 Map of cattle population density

ESTIMATES OF TOTAL HERBIVORE GRAZING PRESSURE - MAPS
Spatial variability of grazing pressure for kangaroos, camels, cattle and horses are
shown in Figures 13-16.

Carrying capacity for red kangaroos
Using a DSE of 0.5 for red kangaroos (Wilson and Edwards 2008), the carrying
capacity for kangaroos on Angas Downs would be approximately 11,500 based on
the whole of property DSE carrying capacity (described in the Methods section).
Thus kangaroo numbers (2927) are at 27% capacity.
This assumption does not take into account areas of higher productivity, season or
other grazing pressure by cattle or other feral animals. This is an oversimplification
and further work to stratify vegetation type and condition will improve this
estimation.
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Figure 13 Estimated Grazing Pressure – Red Kangaroo

Figure 14 Estimated Grazing Pressure – Camels
20

Figure 15 Estimated Grazing Pressure –Feral Horses

Figure 16 Estimated Grazing Pressure – Cattle
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DISCUSSION AND CONCLUSION
Red Kangaroos


The estimated kangaroo population on Angas Downs is 2927 (95% confidence
limit range 1917-3938 animals).



Survey 1 and survey 2 showed similar population density results 0.90/km2
and 0.93/km2 respectively.



Kangaroos appeared to favour the grasslands currently allocated as the cattle
management zone, and areas around the West Bore plains to the north of the
Kernot Range.



Kangaroo presence is in areas mostly away from road access which may have
impact on ground survey success and hence it is important that aerial surveys
are conducted regularly (at least biennially) to ascertain kangaroo population
trends and movements (and other feral animals).



Kangaroo density ‘hotspots’ can help placement of future artificial watering
points on the property, along with other land management activities that
target increasing important species to local Anangu.



Kangaroo numbers (2927) are potentially running at 27% capacity and could
be increased, assuming no other grazing pressure and lowest vegetation
quality across the whole property2.



Angas Downs red kangaroo estimates were higher than previous region
population estimates: NT Government estimated red kangaroo populations in
Finke Bioregion in 2001 as 0.5/km2 (Neave 2008).

2

This does not take into account areas of higher productivity, season or other grazing

pressure by cattle or other feral animals. This is an oversimplification and further work to
stratify vegetation type and condition will improve this estimation.
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Camels


The estimated camel population on Angas Downs is 598 (95% confidence
interval range 194-986 animals).



Population estimates are likely to contain negative bias as no correction
factors were applied. Population estimates for camels on Angas Downs are
therefore to be taken as minimum estimates.



Survey 1 and survey 2 did not show similar population density results, 0.29
and 0.08/km2 respectively.



Angas Downs camel estimates from this study are lower than previous
regional population estimates. Edwards et al (2004) estimated camel densities
during 2001 in southern NT as 0.31/km2. Saalfeld and Edwards (2008) collated
aerial survey results to estimate Australia-wide camel population densities.
As shown in Figure 17, camel densities in the Angas Downs region can be
extrapolated as being 0.25-0.5/km2.

Figure 17 Density distribution of camels across the range of the camel in Australia
Note: Data derived from Krigging interpolation of known aerial survey densities extrapolated forward to 2008 (Source: Saafeld and
Edwards 2008).
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Horses


The estimated horse population on Angas Downs is 284 (95% confidence
interval range 93-476 animals).



Population estimates are likely to contain high error (negative bias) as no
correction factors were applied. Population estimates for horses on Angas
Downs are therefore to be taken as minimum estimates.



Survey 1 and survey 2 did not show similar population density results, 0.03
and 0.15/km2 respectively.

Cattle


The estimated cattle population on Angas Downs (excluding ajisted cattle) is
131 (95% confidence interval range 137-766 animals).



Population estimates are likely to contain high error (negative bias) as no
correction factors were applied. Population estimates for cattle on Angas
Downs are therefore to be taken as minimum estimates.



Survey 1 and survey 2 showed similar population density results, 0.13 and
0.15/km2 respectively.



Current carrying capacities used to describe the cattle paddock is 1.8 and 1.1
AE/km2 (or 18 and 11 DSE/km2) for pasture condition classes B and C (ie good
season versus bad season). Assuming pasture condition in 2010 is of better
quality due to good rainfall (Pasture Class B), the carrying capacity is
approximately 480 AE– similar to current (ajisted) stocking rates. However,
pressure on the landscape is likely to be higher due to the presence of denser
numbers of kangaroos in the cattle paddock.
o (1 2.5yo steer equiv to 1 AE, and approximately 10 DSE. Cattle
paddock is 266km2.)
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Grazing Pressure


Grazing pressure from cattle is higher than red kangaroos. Grazing pressures
of camels and horses was also higher than kangaroos despite a higher number
of red kangaroos. This indicates the importance of removal of feral grazing
pressure from Angas Downs to improve environmental health and
biodiversity.



Carrying capacity of the property differs between landscape vegetation types
and season.



Using spatial analysis, it is predicted that kangaroo grazing pressure within
the cattle paddock is approximately 2.12 DSE per km2 or 564 DSE (56 AE) for
the whole paddock (4.24roos/km2: 1127 kangaroos). Therefore, without active
management of the kangaroos, and assuming populations more or less
remain in the area (grassland) (somewhat unlikely that this is entirely the
case), current cattle stocking rates should be reduced by at least 50 AE (500
DSE).

Accuracy of population estimates


Rainfall had been high in the six months leading up to the June 2010 aerial
surveys. This would likely cause dispersal of some species including
kangaroos and camels. The good season will also likely see a short term
increase in kangaroo numbers.



It is AWS’s opinion that estimated populations based on aerial surveys
underestimates feral camel, horse and feral cattle numbers on the property.

Wildlife Sanctuary


Within the area designated as the proposed wildlife sanctuary, red kangaroo
populations were not high with a higher density of feral animals present.
Removal of ferals from this zone and construction of artificial watering points
will help return the landscape to more favourable kangaroo habitat.
25
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