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Abstract

Lantana camara L. (lantana) is a major problem globally and has been declared a weed of
national significance (WoNS) in Australia due to its significant negative impacts on
Australian biodiversity and agriculture. Development of remote sensing techniques and
modelling approaches that can map lantana accurately and project its likely future
distribution should be useful for formulation of more effective, long-term management
plans. The research reported here comprises seven studies based on remote sensing and
modelling techniques that should contribute to better mapping and projected modelling of

lantana in an era of climate change.

Four image fusion techniques, namely Brovey, Hue—Saturation—Value (HSV), Principal
Components (PC) and Gram—Schmidt (GS) Spectral Sharpening, were investigated using
Quickbird imagery to identify the most effective fusion algorithm for mapping lantana.
The results identified GS and PC spectral sharpening techniques as the most effective for
this purpose. Brovey transformation and HSV, on the other hand, performed poorly with
much lower overall accuracies. Three commonly available satellite images of varying
spectral, spatial and radiometric resolutions from Landsat TM, SPOT 5 and Quickbird
were assessed for accuracy and cost effectiveness in lantana mapping. The most cost-
effective option was provided by Landsat TM with no significant difference in overall

accuracies between the three types of imagery.

A further study involved the identification of optimal hyperspectral bands for lantana
discrimination from co-occurring vegetation. The results identified 86 bands from the
reflectance data and 18 bands from the first derivative of reflectance (FDR), respectively,
where lantana significantly differed from co-occurring species. The effectiveness of these
optimal bands was evaluated using Hyperion imagery. There was no significant difference
in overall accuracy with the full set of Hyperion bands compared to the 86 and 18 bands
spectral subsets. The FDR analysis combined with the statistical analysis proved to be a
useful procedure for data reduction by refining the discrimination to fewer optimal bands
for lantana detection with no adverse impacts on classification accuracy. These first three
remote sensing studies were conducted in Toonumbar and Richmond Range National

Parks near Kyogle in New South Wales, Australia.

The modelling studies involved CLIMEX, a widely used software program for modelling

species distributions. It allows the incorporation of climate change scenarios, thereby
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providing an estimate of how lantana distribution may change under the impacts of
projected climate change. Knowledge of the potential distribution of this invasive species,
under current and future climate, will assist the development of more precise and targeted

strategies to manage lantana.

The potential global distribution of lantana was assessed under current and future climate
scenarios. Climatic suitability for lantana decreased substantially in South and Central
America as well as Africa by the 2070s. However, new areas of climatic suitability were
identified in North Africa, Europe, Australia and New Zealand. The model was also run for
continental Australia but with the incorporation of land-use data to further refine the
distributions. These results showed that the range of lantana could expand into new areas
in Victoria, South Australia and Tasmania while the northern parts of the continent become
climatically unsuitable. However, the inclusion of land-use data restricted projected

distribution.

Potential distribution of lantana for Queensland was estimated based on climate, land-use
and soil drainage data. Climate change scenarios identified the northern parts of the state as
becoming climatically unsuitable in the 2070s while southern coastal regions remain
highly suitable. A more restricted distribution was projected with the inclusion of land-use

and soil drainage data.

In the final study, a sensitivity analysis was conducted to identify the CLIMEX model
parameters that had the most influence on lantana distribution. Projected lantana
distribution was highly sensitive to changes in the upper and lower limits of temperature
tolerance. The distribution was also highly sensitive to limiting low soil moisture. Highly
sensitive parameters require extensive research and data collection to be fitted accurately in
species distribution models while relatively insensitive parameters can be fitted with a

wider margin of error.

These studies demonstrated the potential of remote sensing and modelling techniques in
more effective management of lantana. The findings provide useful information on the
actual and potential distribution of this weed which can lead to better informed
management strategies. Furthermore, the techniques identified here are also relevant to the
management of other invasive species. Additionally, this research makes a valuable

contribution to the ongoing debate on impacts of climate change on invasive species.
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