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Summary Acacia nilotica (L.) Willd. ex Delile
was introduced to the Mitchell grass plains of north
Queensland in the late 1800s. This weed has steadily
invaded vast areas of this landscape, but its progress
has not been monitored, partly because of a lack of
resources for effective monitoring. In this study we
used temporal sequences of Landsat™ imagery to
track the change in the population extent from 1990 to
2002. Indices were developed to detect the weed from
satellite imagery and ground-truthed on small areas
typical of the surrounding landscape. The indices were
then used to detect the extent of the weed on 2642 km?
of grassland. These analyses predicted that the extent
of A. nilotica expanded by 40.31 km? over 12 years,
or a further 1.5% of the landscape. This methodology
offers agencies and land managers the opportunity to
monitor changes in vegetation structure in this eco-
system at very large scales. A reliable understanding
of the invasion process requires that the indices be
augmented with additional ecological data.

Keywords Acacia nilotica, Landsat, temporal
trends, indices, monitoring.

INTRODUCTION

Managing weed invasions across vast landscapes re-
quires delineating the extent of the weed before deter-
mining whether containment or eradication strategies
are achievable (Rejmanek 2000). Acacia nilotica (L.)
Willd. ex Delile (prickly acacia) is a weed of national
significance and has successfully colonised large areas
of'the Australian rangelands (Thorpe and Lynch 2000).
Although eradication is now out of the question, it is
still important to determine where and how rapidly the
weed is spreading. This poses several problems for land
managers as the weed has now dispersed throughout
the Mitchell grass plains in Queensland.

Acacia nilotica generally disperses along water-
courses in the rangelands. Cattle consume the seed
and disperse them into upland areas of the Rangelands
(Radford ez al. 2001). Although the plant’s ecophysiol-
ogy and habitat requirements have been well-studied
(Brown and Carter 1998, Radford er al. 2001) and its
geographic range is broadly understood, managers still
need to determine whether the weed is increasing its
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range, maintaining its range but increasing in density,
or being controlled successfully.

Naturally treeless, the Mitchell grass plains are
dominated by the native perennial Mitchell grass
(Astrebla spp.) and the native annual Flinders grass
(Iseilema spp.). These grasses grow during the wet
season and dry off with the depletion of soil moisture
in March. A. nilotica, is a spiny, woody perennial that
grows to 5 m (Radford ez al. 2001), and retains a vis-
ible canopy of up to 5 m diameter during the wet and
dry seasons. These obvious morphological differences
are complemented by pronounced spectral differences
where the green to black 4. nilotica contrasts spectrally
with the yellow to red grasses. Such a dramatic spectral
contrast in the landscape presents a unique opportu-
nity to differentiate perennial vegetation from native
grasses using remote sensing.

Landsat imagery has been used to detect changes
in vegetation structure when agencies are interested
in monitoring land clearing and revegetation efforts
(Wallace er al. 2004). By accessing temporal se-
quences of Landsat imagery and exploring temporal
trends in indices calibrated to detect 4. nilotica, the
methodologies employed by Wallace e al. (2004)
may be used to ascertain the status of the 4. nilotica
invasion. Landsat imagery enables us to describe the
extent of the invasion and rate at which the invasion
is progressing.

In this study we explored the temporal trend of
an index developed to detect dense infestations of
A. nilotica on the black soils of the Mitchell grass
plains. From these analyses we determined where the
weed occurs and where infestations have developed
over time. The imagery enabled us to determine those
parts of the landscape with detectable increases in the
density of 4. nilotica.

MATERIALS AND METHODS
Acacia nilotica was surveyed at Julia Creek and Ga-
romna in 1998 (see Radford et al. 2001 for details).
Fine scale Ikonos imagery with a pixel resolution
of 1 m? was subsequently used to obtain accurate
assessments of plant density at these locations. The
combination of ground survey techniques and Ikonos



imagery was used to develop meaningful Landsat in-
dices that detect dense infestations of A. nilotica using
the methods outlined by Wallace et al. (2004) (Figure
1). The index (sum of bands 1, 2 and 3) identified
infestations of more than 100 plants ha! on the black
soil of the Mitchell grass plains. For this area, the low
values of the index corresponded to dense infestations
of A. nilotica. The index was applied to Landsat scenes
(row 98 path 74) from 1990, 1992, 1994, 1996, 1998,
2001 and 2002. Each image was obtained during the
dry season, between July and September, when A.
nilotica contrasts strongly with the native grasses.
Black soil was present in the north-west corner of the
image and the index could be applied reliably to 2685
km? of the grasslands.

A linear time trend was calculated for each 25 m?
pixel from the seven images using ER mapper®.
Because low values correspond to dense infestations
of 4. nilotica, negative slopes imply the density of 4.
nilotica increased because the probability of 4. nilotica
presence increases with a decrease in the index. Zero
or positive slopes imply no change took place.

RESULTS

A negative trend was detected for the index for 40.31
km? of the 2642 km? surveyed. This suggests an
increase in the density of A. nilotica. A map of this
negative trend, derived from the times series of images,
demonstrated that the spatial extent of the trend was
distributed widely (Figure 1). After twelve years, dense
infestations of A. nilotica occupied an additional 1.5 %
of the landscape. Dense infestations of 4. nilotica in-
creased on 56 of the 65 properties in the surveyed area.
This increase always occurred on the bore drains. An
additional 40 properties also experienced an increase
in the upland areas of the landscape (Figure 1).

DISCUSSION

The methodology presented here enabled us to monitor
the invasion of A. nilotica in the Mitchell grass plains
over a 12 year period. By exploring sequences of
Landsat imagery we were able to explore the invasion
of A. nilotica on 65 neighbouring properties occupy-
ing 2650 km?. It is unlikely we would have achieved
a similar coverage of this area from grazier surveys,
where participation rates rarely exceed 30% and are
subjective, or with ground surveys that are expensive
and time consuming.

Surveying all properties is essential to identify
all invasion hotspots, to recognise all connectivities
between properties or habitats and to quantify spatial
patterns of the invasion. This information is useful for
designing regional management plans and monitoring
programs that enable researchers to gain important
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insights into macro-scale invasion processes. How-
ever, this can only be achieved with sequences of
Landsat imagery. The methodology presented here
is an economically viable alternative to traditional
experimental monitoring programs and grower surveys
for managers and researchers who need to understand
the landscape scale processes of an invasion. In ad-
dition, the methodology can provide critical insights
into invasion processes that cannot be investigated
with other methods. For example, the date and rate
of a change in vegetation can be determined across a
vast area from the time series imagery.

The power of monitoring programs stems from
their ability to identify previously undetected empirical
trends. Once a trend has been identified, traditional
experimental techniques can be employed to obtain a
targeted and detailed understanding of the processes
involved. In effect, the monitoring program provides a
top-down approach to ecological monitoring that can
be used to direct biophysical studies.

Successful monitoring programs require robust
and reliable indices. The trends identified in this
study were applied to a small area of a Landsat scene.
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Figure 1. Temporal trend of Acacia nilotica invasion
in north Queensland from 1990-2002.
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Ground surveys were conducted on both upland and
bore drains of the landscape. The soils were classi-
fied and other vegetation surveys were carried out.
Fine scale Ikonos imagery was also purchased. All of
this information must be collected before meaning-
ful indices can be calculated. The performance of an
index will vary with the spectral characteristics of the
landscape. Therefore, most of this information is site
specific and its relevance to other areas is question-
able. Further ground-truthing would be necessary to
extend the geographic range of the indices used here,
particularly if there was a priority to monitor trends in
A. nilotica across a large area. In this study the indices
were calibrated on a black soil. West of this region, the
soil type changed to a brown earth and the reliability
ofthe index could not be assessed. Furthermore, in the
areas where the index was developed, wet black soil,
which is spectrally similar to dense 4. nilotica, may
generate errors of commission. This confusion may
be overcome by masking out exposed black soil and
excluding it from the interpretation.

In general, the methods employed in this study
enabled us to assess the trend in A. nilotica invasion.
These analyses suggest 4. nilotica is increasing in
area occupied, because the invasion is dispersing into
upland areas. With appropriate ground-truthing these
methods may be used to monitor changes in vegetation
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structure across large areas and provide useful insights
on the processes of landscape scale weed invasion.
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