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Abstract

Mapping and explaining the distribution of vegetation helps land managers to make 

systematic conservation planning decisions. This is typically achieved using models that 

correlate the distribution of species with environmental factors, and can predict the 

vegetation at unsurveyed locations. These Species Distribution Models (SDMs) have 

numerous unresolved issues, but serve as a useful first-pass approximation for planning 

purposes. 

This thesis investigates some of the uncertainties of SDMs, including the impact of 

data accuracy, the incorporation of spatial processes, the evaluation of alternative 

models, and the benefits and challenges of producing models at the landscape scale. The 

research was conducted on the Illawarra Escarpment, 80 km south of Sydney, Australia 

(34.4 oS, 150.9 oE). The escarpment contains a north-south trend in eucalypts 

(Eucalyptus spp.) that cannot be explained in terms of elevation or geology. It also 

exhibits a patchy distribution of rainforest communities, some unique to the Illawarra. It 

is not known which environmental factors determine the distribution of either the 

eucalypts or rainforest species, or how they may respond to a changing climate. 

Species distributions are sensitive to the accuracy of data used, and yet many 

models only use elevation as a surrogate for temperature, or use simple elevation 

sensitive interpolations from weather stations. I collected hourly temperature data from 

40 sites on the Illawarra Escarpment, and investigated whether elevation was an 

adequate surrogate for temperatures in this landscape. I then investigated whether 

temperature surfaces could be improved by considering other topographic and 

geographic factors, including exposure to wind, distance to coast, radiation, and the 

average conditions in the surrounding neighbourhood. Elevation was well correlated 
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with moderate seasonal temperatures (e.g. summer minima and winter maxima), but 

was poorly correlated with the extreme temperatures (summer maxima, winter minima) 

that are physiologically limiting for many species. Using neighbourhood influences, 

exposure to wind and distance to coast improved the accuracy of temperature surfaces, 

and increased the explanatory performance of vegetation models. I concluded that 

elevation was not always an adequate surrogate for temperature. Temperatures are also 

affected by other topographic and geographic factors, and these should be considered 

when developing models for systematic conservation planning activities. 

Species distribution models are typically based solely on niche factors. Where 

spatial processes are included, it is typically by employing autologistic regression, or 

other techniques that use survey data as a predictor. This precludes the models being 

used to make predictions in times or places where survey data is unavailable, and 

reduces ecological explanation because it is an interpolation technique. I used 

neighbourhood (contextual) indices based on environmental factors as an alternative 

method to overcome these problems. I demonstrate that contextual indices improve 

SDMs over purely niche-based models, and are capable of predicting unknown 

populations in unsurveyed areas. I conclude that contextual indices have numerous 

advantages over autologistic regression, and can capture a continuum between niche and 

dispersal limited species. 

Models that predict how species will respond to climate change either use coarse-

scale climate surfaces, or idealised predictions of uniform warming. These methods may 

dramatically over-estimate extinction risk because they neglect fine-scale variations in 

warming, and refugia where species can persist despite unfavourable regional 

conditions. I created fine-scale estimates of warming by combining 35 years of Bureau 

of Meteorology observations with one year of intensive fine-scale temperature 
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monitoring. I found that warming was greatest at inland locations, at lower elevations, 

away from streams, and at sites exposed to hot, dry northwesterly winds. As species are 

biased in the geographic and topographic positions they occupied, some species have 

experienced more warming than others and are at greater threat from climate change. I 

concluded that it was important to continue developing methods to downscale coarse-

grained climate surfaces, and suggest that the accuracy of this process could be 

improved by using a range of topographic factors. 

There are many methods for selecting predictors in SDMs, and the competing 

models often make highly variable predictions. I addressed this uncertainty by 

comparing the performance of models with and without a given environmental factor. I 

found that there was relatively strong support for the geology and winter minimum 

temperature predictors, as well as predictors based on contextual indices, as there was a 

significant drop in model performance when these predictors were excluded. In contrast, 

there was less support for summer maximum temperature, as other temperature 

predictors could combine to produce similar model performance. Model performance 

varied more between models for different species than between different predictor 

combinations for the same species. I concluded that it was inappropriate to assess 

models based on subjective benchmarks, such as an AUC of more than 0.7. A 

comparison between competing models for the same species gives a better indication of 

the validity of the model building procedure. 

The results of this research provide important insights into the benefits and 

challenges of creating SDMs at the landscape scale (extent of 10–200 km). It is a major 

challenge to obtain spatially and thematically accurate environmental predictors and 

biotic data at this scale, and studies should include the collection of data to ensure 

models are adequate. Landscapes will not have as much environmental variation as 
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coarse-scale models, and this will limit the ability to transfer the models to new study 

areas. However, there are a number of benefits that justify these studies. Producing 

accurate temperature surfaces at the landscape scale will result in less pseudoreplication 

and less predictor colinearity. This will improve the robustness of models. Landscape 

scale studies also allow modellers to capture fine-scale refugia, and this will improve 

the accuracy of climate change predictions. Finally, many ecological processes operate 

at a scale that is too fine to be detected with coarse-scale models. Landscape scale 

models may be the only alternative to detect these processes. There is no optimal scale 

for SDMs, however, and a future challenge is to better integrate coarse and fine-scale 

models to make more ecologically robust predictions. 
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