
Long-term changes in grassland, woodland and 

forest vegetation of south-eastern Australia: 

Impacts of land-use change 

 

 

 

 

Damian Licari 

 

Submitted in fulfilment of the requirements 

for the degree of Doctor of Philosophy 

Department of Environmental Sciences 

Faculty of Science 

University of Technology Sydney 

 

May 2009  



ii 

Cover photographs: 

Top left Remnant native grassland, Melbourne–Lancefield Road 

Railway Reserve, Clarkefield, Victoria. 

Top middle Unlogged native wet sclerophyll forest gully, Monga National 

Park, New South Wales. 

Top right Remnant native grassland, Elaine–Blue Bridge Road Railway 

Reserve, Elaine, Victoria. 

Bottom left Logged native wet sclerophyll forest, Tallaganda State Forest, 

New South Wales. 

Bottom middle Remnant native grassland, Bolac Plains Road via Woorndoo, 

Victoria. 

Bottom right Logged native wet sclerophyll forest, Tallaganda State Forest, 

New South Wales. 

 



iii 

Certificate of Originality 

I certify that this thesis is my own work and to the best of my knowledge 

contains no materials previously published or written by another person, or 

substantial portions of material which have been accepted for the award of 

any other degree or diploma at any university, except where acknowledgement 

is made in the thesis. Any contribution made to the research by others is 

explicitly acknowledged in the thesis. I also certify that the intellectual content 

of this thesis is the product of my own work, except to the extent that 

assistance from others in the project’s design and conception or in style, 

presentation and linguistic expression is acknowledged. 

 

 

_______________________________________ 

Damian Licari 



iv 

Acknowledgements 

This project was supported by an University of Technology Sydney  Doctoral 

Scholarship with project funding provided by the UTS Faculty of Science. I 

extend my heartfelt gratitude to the many people who contributed to my 

project in ways both small and large. Without your assistance this project 

would not have been possible. Special thanks go to: 

My supervisor Brad Murray for his continued enthusiasm, encouragement 

and considered advice. Thanks for your conceptual input and support 

during all those PhD crises. Also thanks to my co-supervisor Grant Hose, 

who in particular assisted early on in the project. 

Mike Austin for advice and for his generosity in providing data from the 

1968–69 floristic survey I used in Chapter 2. 

Nick Williams for providing the 1983–84 and 2001 floristic survey data I 

used in Chapters 5 and 6, but especially for his support, advice and 

assistance in the field. 

Greg Hood for his assistance with programming PopTools and R. 

Ian Arkins for being the best flatmate in the world and for allowing me to 

use Yabbamoor as a field station. 

Andrew Marshall – The Excel Wizard! Your support, good humour and 

assistance with Excel made things easy. Thank you so much! 

Simon Milner for keeping me well fed, introducing me to the intrigue of 

Battlestar Galactica and for always making me laugh. 

My mum, Sofia Licari for helping me in the myriad ways mothers do.  

Graziella Caprarelli for assisting me with learning the intricacies of ArcGIS. 

John Hunter for his advice and providing BIOCLIM data I used in Chapter 

6. 

Carla Harris, Alec Davies, Paul York and Phillip Holley for their invaluable 

assistance with fieldwork. I know that you have all bled for my PhD! 

Special thanks go to my lab-mate Carla Harris for the laughs, the bitchin’ 

and the fun times in the field. Thanks for putting aside your ophidiophobia 

to go tramping in the middle of nowhere with me. Prue and Trude will ride 

again! 



v 

Robert Coveny, Peter Hind, Seana McCune and Barbara Wiecek (National 

Herbarium of NSW) as well as Rod Buckney (UTS) for their assistance in 

plant identification.  

Staff from the NSW National Parks & Wildlife Service and Forests NSW and 

for allowing me access to GIS data as well as site selection and access. 

Fieldwork was carried out in New South Wales under permits S12190 and 

CO33850. 

Staff from the Department of Sustainability and Environment Victoria for 

advice on site selection and assistance with obtaining fire history data. 

Fieldwork was carried out in Victoria under permit 10004193. 

Liisa Atherton for her attention to detail and insightful comments in the 

final proof-reading of my work. 



vi 

Table of Contents 

Certificate of Originality ........................................................................................................................ iii 

Acknowledgements ............................................................................................................................... iv 

Table of Contents .................................................................................................................................. vi 

List of Figures ......................................................................................................................................... x 

List of Tables ......................................................................................................................................... xi 

Abstract .............................................................................................................................................. xiii 

Terminology ....................................................................................................................................... xvii 

1 Introduction .................................................................................................................................. 1 

1.1 Introduction .................................................................................................................. .............. 1 

1.1.1 Biological colonizations ...................................................................................................... .... 1 

1.1.2 Exotic plant colonization ..................................................................................................... ... 2 

1.1.3 Habitat alteration ............................................................................................................ ....... 3 

1.1.4 Native plant extinction ....................................................................................................... .... 3 

1.2 Review of theoretical and empirical findings on biotic homogenization ................................... 4 

1.2.1 Biodiversity and the biotic homogenization framework ......................................................... 4 

1.2.2 Definition of biotic homogenization ....................................................................................... 5 

1.2.3 Calculation of biotic homogenization ..................................................................................... 6 

1.2.4 Differential patterns of colonization and extinction can lead to both biotic homogenization 

and differentiation ........................................................................................................... .................... 7 

1.2.5 Conceptual framework of issues critical to the study of biotic homogenization and 

differentiation in plant species assemblages ....................................................................................... 8 

1.3 Thesis rationale .............................................................................................................. ........... 15 

1.3.1 Research significance ........................................................................................................... 15 

1.3.2 Thesis aim and objectives .....................................................................................................  16 

1.3.3 Thesis structure .............................................................................................................. ...... 17 

2 Biotic homogenization of forest vegetation in south-eastern Australia: the role of logging and fire 

regime ..................................................................................................................................................19 

2.1 Introduction .................................................................................................................. ............ 19 

2.2 Methods........................................................................................................................ ............ 21 

2.2.1 Study area..................................................................................................................... ........ 21 

2.2.2 Historical and contemporary vegetation surveys ................................................................. 21 



vii 

2.2.3 Similarity analysis ........................................................................................................... ...... 23 

2.2.4 Occupancy analysis............................................................................................................. .. 25 

2.3 Results ....................................................................................................................... ............... 25 

2.3.1 Analysis of homogenization patterns for all species ............................................................ 25 

2.3.2 Analysis of homogenization patterns for native and exotic species assemblages ............... 29 

2.4 Discussion .................................................................................................................... ............. 30 

3 Have human activities homogenized woodlands and forests of south-eastern Australia at a 

regional scale? .....................................................................................................................................34 

3.1 Introduction .................................................................................................................. ............ 34 

3.2 Methods........................................................................................................................ ............ 36 

3.2.1 Plant species assemblages in woodland and forest ............................................................. 36 

3.2.2 Human correlates of change in the species composition of assemblages ............................ 39 

3.2.3 Statistical analysis: Change in similarity ............................................................................... 39 

3.2.4 Statistical analysis: Geographical distance and patterns of change in similarity ................. 40 

3.2.5 Statistical analysis: Geographic and human correlates of patterns of change in similarity . 41 

3.3 Results ....................................................................................................................... ............... 41 

3.3.1 Native plant extinctions and exotic plant colonizations ....................................................... 41 

3.3.2 Analysis of homogenization and differentiation patterns .................................................... 42 

3.3.3 Analysis of geographic distance and patterns of change in similarity ................................. 43 

3.3.4 Geographic and human correlates and patterns of change in similarity ............................. 43 

3.4 Discussion .................................................................................................................... ............. 45 

3.5 Conclusion .................................................................................................................... ............ 52 

4 A stochastic model for reconstruction of historical species assemblages: A test in woodland and 

forests of south-eastern Australia ........................................................................................................54 

4.1 Introduction .................................................................................................................. ............ 54 

4.2 Methods........................................................................................................................ ............ 56 

4.2.1 Contemporary plant species assemblages in woodland and forest ..................................... 56 

4.2.2 Stochastic modelling approach ............................................................................................ 57 

4.3 Results ....................................................................................................................... ............... 62 

4.3.1 Analysis of modelled change in similarity for all species ...................................................... 63 

4.3.2 Analysis of modelled change in similarity for native species ................................................ 66 

4.3.3 Analysis of observed change in similarity for exotic species................................................. 67 

4.4 Discussion .................................................................................................................... ............. 68 

4.5 Conclusion .................................................................................................................... ............ 74 

5 Homogenization and differentiation of native grassland vegetation of south-eastern Australia 

along an urban–rural gradient .............................................................................................................76 



viii 

5.1 Introduction .................................................................................................................. ............ 76 

5.2 Methods........................................................................................................................ ............ 78 

5.2.1 Study area..................................................................................................................... ........ 78 

5.2.2 Historical and contemporary vegetation surveys ................................................................. 78 

5.2.3 Quantifying urbanization ..................................................................................................... 80 

5.2.4 Statistical analysis .......................................................................................................... ...... 81 

5.3 Results ....................................................................................................................... ............... 88 

5.3.1 Analysis of change in similarity for all species ...................................................................... 88 

5.3.2 Analysis of change in similarity for native species ................................................................ 94 

5.3.3 Analysis of change in similarity for exotic species ................................................................ 95 

5.4 Discussion .................................................................................................................... ............. 96 

5.4.1 Expected changes in species composition ............................................................................ 97 

5.4.2 Modelled changes in species composition ............................................................................ 98 

5.4.3 Urbanization and change in species composition .............................................................. 100 

5.4.4 Other factors affecting change in species composition ...................................................... 103 

5.5 Conclusion .................................................................................................................... .......... 104 

6 Human-related and environmental correlates of homogenization and differentiation in native 

grassland vegetation of south-eastern Australia ................................................................................ 105 

6.1 Introduction .................................................................................................................. .......... 105 

6.2 Methods........................................................................................................................ .......... 107 

6.2.1 Site classification ........................................................................................................... ..... 107 

6.2.2 Quantifying change in human-related site attributes ........................................................ 107 

6.2.3 Modelling of environmental site attributes ........................................................................ 108 

6.2.4 Statistical analysis .......................................................................................................... .... 109 

6.3 Results ....................................................................................................................... ............. 111 

6.3.1 Relationship of human-related and environmental variables to change in similarity for all 

species 111 

6.3.2 Relationship of human-related and environmental variables to change in similarity of 

native species ................................................................................................................ .................. 112 

6.3.3 Relationship of human-related and environmental variables to change in similarity of exotic 

species 114 

6.4 Discussion .................................................................................................................... ........... 116 

6.4.1 Human-related attributes and change in species composition .......................................... 116 

6.4.2 Environmental attributes and change in species composition ........................................... 118 

6.5 Conclusion .................................................................................................................... .......... 121 

7 General discussion ..................................................................................................................... 123 

7.1 Were the aims and objectives of this thesis met? .................................................................. 123 



ix 

7.2 Were the criteria for study of taxonomic homogenization and differentiation met? ............ 128 

7.3 Future research directions .................................................................................................... .. 129 

7.3.1 Predicting homogenization and differentiation ................................................................. 129 

7.3.2 Assessing homogenization and differentiation using functional traits .............................. 130 

7.4 Final conclusion .............................................................................................................. ........ 131 

8 References ................................................................................................................................. 132 

Appendix 1 ......................................................................................................................................... 144 

Appendix 2 ......................................................................................................................................... 147 

Appendix 3 ......................................................................................................................................... 149 

Appendix 4 ......................................................................................................................................... 151 

Appendix 5 ......................................................................................................................................... 152 

 



x 

List of Figures 

Figure 2.1 Location of the upper Shoalhaven River catchment of south-eastern 

Australia and the30 wet sclerophyll stands that were analysed in this study (  

= unlogged,  = logged). ............................................................................... 22 

Figure 2.2 Mean Jaccard’s Index (± SE) for the historical (H) and contemporary 

(C) assemblages for all species across the 30 stands and for subsets of these 

stands. .......................................................................................................... 27 

Figure 2.3 Mean Jaccard’s Index (± SE) for the historical (H) and contemporary 

(C) assemblages for native and exotic species considered separately across the 

30 stands and for subsets of these stands. ................................................... 29 

Figure 3.1. Location of the 20 conservation reserves in south-eastern Australia 

in which the woodlands and forests analysed in this study are located. ........ 38 

Figure 3.2 Change in similarity ( LnJ ) since European settlement plotted 

against geographic distance (km) separating reserves for a) all species; b) 

native species; and c) exotic species in both woodland and forest vegetation. 46 

Figure 5.1 Location of the 30 native grassland sites that were analysed in this 

study ( = Sampled in 1984 and 2001,  = Sampled in 1984 and 2007). ...... 79 

Figure 5.2 Mean Jaccard’s index (±SE) for the historical (H) and contemporary 

(C) remnant grassland assemblages for all species considered together (i.e. 

native and exotic) as well as native and exotic species considered separately 

across the 30 sites and for subsets of these sites. ......................................... 92 

 



xi 

List of Tables 

Table 2.1 Changes in Jaccard’s Indices and plant species occupancies across 

the 30 stands and across relevant subsets of stands for native and exotic 

species combined. ......................................................................................... 26 

Table 2.2 Changes in Jaccard’s Indices and plant species occupancies across 

the 30 stands and across relevant subsets of stands for native and exotic 

species considered separately. ...................................................................... 28 

Table 3.1 Historical and contemporary species richness for the native, exotic 

and total floras of woodland and forest assemblages in this study. ............... 42 

Table 3.2 Observed change in Jaccard’s Index, permuted Wilcoxon Z-statistic 

and observed Wilcoxon Z-statistic for all species, native species and exotic 

species in both woodland and forest vegetation. ............................................ 44 

Table 3.3 Simple regression of change in similarity ( JLn ) against geographic 

distance (km) separating reserves for all species, native species and exotic 

species in both woodland and forest vegetation. ............................................ 45 

Table 3.4 Simple regression of change in similarity ( LnJ ) for native and exotic 

species in both woodland and forest vegetation. ............................................ 47 

Table 4.1 Total number of extinct native plant species (S) and the number of 

total regional occupancies (N) for both woodland and forest vegetation and for 

both Model 1 and Model 2. ............................................................................ 60 

Table 4.2 Modelled and observed changes in Jaccard’s Index, permuted 

Wilcoxon Z-statistics and observed Wilcoxon Z-statistics for all species, native 

species and exotic species in woodland vegetation. ....................................... 64 

Table 4.3 Modelled and observed changes in Jaccard’s Index, permuted 

Wilcoxon Z-statistics and observed Wilcoxon Z-statistics for all species, native 

species and exotic species in forest vegetation. ............................................. 65 

Table 5.1 Urbanization categories and numbers of sites per urbanization 

category for remnant grassland sites sampled in 1984/2001 and 1984/2007 

based on the 1981 human population density of the area surrounding each 

site. .............................................................................................................. 82 



xii 

Table 5.2 Total number of exotic plant species possibly present historically (S) 

and the number of total regional occupancies of these species (N) for the 30 

remnant grassland sites. ............................................................................... 85 

Table 5.3 Total number of plant species occupancies for both the historical 

and contemporary surveys across all 30 remnant grassland sites. ................ 86 

Table 5.4 Modelled and observed changes in Jaccard’s Index, permuted 

Wilcoxon Z-statistics and observed Wilcoxon Z-statistics for all species, native 

species and exotic species in all 30 grassland sites. ...................................... 89 

Table 5.5 Modelled and observed changes in Jaccard’s Index, permuted 

Wilcoxon Z-statistics and observed Wilcoxon Z-statistics for all species, native 

species and exotic species in nine urban grassland sites. ............................. 90 

Table 5.6 Modelled and observed changes in Jaccard’s Index, permuted 

Wilcoxon Z-statistics and observed Wilcoxon Z-statistics for all species, native 

species and exotic species in five peri-urban grassland sites. ........................ 91 

Table 5.7 Modelled and observed changes in Jaccard’s Index, permuted 

Wilcoxon Z-statistics and observed Wilcoxon Z-statistics for all species, native 

species and exotic species in 16 rural grassland sites. .................................. 93 

Table 6.1 Correlation between change in similarity of species composition and 

human-related and environmental variables for all species, native species and 

exotic species across 30 grassland sites. ..................................................... 112 

Table 6.2 Correlation between change in similarity of species composition and 

human-related and environmental variables for all species, native species and 

exotic species across nine urban grassland sites. ........................................ 113 

Table 6.3 Correlation between change in similarity of species composition and 

human-related and environmental variables for all species, native species and 

exotic species across five peri-urban grassland sites. .................................. 114 

Table 6.4 Correlation between change in similarity of species composition and 

human-related and environmental variables for all species, native species and 

exotic species across 16 rural grassland sites. ............................................ 115 



xiii 

Abstract 

Since European settlement of south-eastern Australia in 1788, native 

vegetation assemblages have been dramatically changed by Europeans with 

activities such as land clearing associated with forestry, agriculture and urban 

development. These have either destroyed or fragmented a large proportion of 

the original native vegetation. The plant species composition of vegetation 

assemblages has been modified by native species extinctions and exotic 

species colonizations. Acting in concert, the alteration of native vegetation by 

human activities, the decline and extinction of native species and the 

successful colonization by exotic species have the potential to lead to the 

homogenization and/or differentiation of the plant species composition of 

native vegetation associations.  

In this thesis, I address the broad question: Have native species 

extinctions and exotic species colonizations resulted in the plant species 

composition of vegetation assemblages becoming more similar (i.e. 

homogenized) or less similar (i.e. differentiated) in south-eastern Australia? I 

compared historical species assemblages with contemporary species 

assemblages in three vegetation associations, at three separate spatial scales, 

to determine change in species composition over time. Specifically, I examined 

forest vegetation at the catchment spatial scale over a period of four decades, 

grassland vegetation at a regional scale over two decades and both woodland 

and forest vegetation at a continental scale over a period of c. 220 years.  

At the catchment spatial scale, I used historical (1968–69) and 

contemporary (2007) vegetation surveys to determine change in species 

composition of vegetation assemblages. I investigated the effects of logging as 

well as both native species extinctions and exotic species colonizations on 

changes in species composition of 30 native wet sclerophyll forest stands, 10 

unlogged and 20 logged, in the upper Shoalhaven River catchment over a 

period of four decades. Changes in the similarity of species composition of the 

unlogged and logged stands over time were compared, the findings indicating 

the species composition of wet sclerophyll forest in the catchment has become 

homogenized since the historical survey. It is likely that homogenization in 

unlogged stands is due to successional changes in the vegetation resulting 
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from long inter-fire intervals. However, logging has been the key driver of 

homogenization across the logged stands. 

Historical surveys are generally not available at large spatial and long 

temporal scales because accurate surveys were not conducted in the long-term 

past at large spatial scales or records of such surveys no longer exist. To 

circumvent the problem of a lack of historical survey data, ecologists have 

devised a method to reconstruct the species composition of historical 

vegetation assemblages. Historical species assemblages are reconstructed by 

both removing exotic species from the species inventory of the contemporary 

assemblage and adding currently extinct native species. Exotic species are 

removed because these species are assumed to not have been present in the 

historical assemblage. Added extinct native species account for species lost 

due to extinction.  

I used the above method to reconstruct the historical species 

composition of woodland and forest vegetation in 20 conservation reserves, 

first comparing changes in the similarity of species composition at a 

continental scale cross a broad region of south-eastern Australia since 

European settlement (c. 220 years ago). Then, observed patterns of 

homogenization and differentiation were related to the geographic and human-

related attributes of each conservation reserve. Both native species extinctions 

and exotic species colonizations differentiated the species composition for all 

species, native species only and exotic species only in woodland vegetation. In 

forest vegetation, however, only native species extinctions differentiated the 

species composition of all species and native species only. For woodland, 

patterns of differentiation in woodland for native species were associated with 

both latitudinal and longitudinal separation of reserves. Furthermore, the 

differentiating effect of exotic species was also associated with longitudinal 

separation of reserves. In forest vegetation, the differentiating effect of native 

species extinctions could not be associated with any of the geographic or 

human-related factors.  

The reconstruction technique above is problematic if data sources are of 

a different spatial scale. To address the lack of historical data and the 

shortcomings of the existing method, I employed two novel stochastic models 

to reconstruct the species composition of historical assemblages at large 

spatial and temporal scales. I used contemporary survey data on the species 
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composition of 87 woodland and 51 forest locations at a continental scale over 

a period of c. 220 years (i.e. since European settlement). 

Both models consistently indicated that native species extinctions 

promote homogenization of woodland vegetation. In contrast, exotic species 

colonizations promote differentiation in woodland vegetation. Similarly, in 

forest vegetation, both stochastic models suggested that native species 

extinctions promote homogenization. Furthermore, my observations suggested 

that exotic species colonizations promoted differentiation.  

At a regional scale, I investigated change in the species composition of 

30 native remnant grassland sites located along a 280 km urban–rural 

gradient in western Victoria. Their species composition was first sampled in 

1984, re-sampled in 2001 (14 sites) and 2007 (the other 16 sites). The 

contemporary surveys oversampled the species composition across all 30 sites. 

I used a variant of the earlier stochastic modelling technique to correct for 

oversampling. For all 30 sites as well as urban, peri-urban and rural subsets 

of these sites I determined patterns of homogenization and differentiation 

resulting from native species extinctions and exotic species extinctions and 

colonizations.  

For all 30 sites across the region, native species extinctions promote 

differentiation in the native species composition of grassland vegetation. In 

contrast, exotic species extinctions and colonizations promote homogenization 

of the exotic species composition of grassland sites. However, the composition 

of all species remains in stasis. For urban sites, native species extinctions 

promote differentiation in native species composition. Exotic species 

extinctions and colonizations promote homogenization in exotic species 

composition, but these patterns of change are not statistically significant. 

However, changes in exotic species composition were large enough to buffer 

the opposite (i.e. differentiating) effect of native species extinctions. As a result, 

the species composition for all species has become homogenized in urban 

sites. In peri-urban sites, exotic species extinctions and colonizations 

homogenize the exotic species composition, but do not have an overall effect 

on the composition of all species. Native species extinctions promote 

differentiation in native species, and exotic species extinctions and 

colonizations homogenize the exotic species composition of rural sites. 

However, the differentiating effect of extinctions in the native flora is greater 
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than the homogenizing effect of exotic species extinctions and colonizations. 

Consequently, the composition for all species in rural sites has become 

differentiated. 

The patterns of homogenization and differentiation above were 

examined to see how human-related and environmental site attributes might 

be associated with patterns of vegetation change for the same 30 remnant 

grassland sites and their subsets – how change in human population density, 

maximum fire interval, solar radiation, temperature and precipitation are 

associated with patterns of homogenization and differentiation.  

At a regional scale, differentiation in native species composition is 

associated with change in human population density. However, for urban, 

peri-urban and rural subsets of these sites no statistically significant 

association emerged. The only environmental site attribute that was 

associated with patterns of homogenization and differentiation was maximum 

temperature, which was associated with homogenization resulting from exotic 

species extinctions and colonizations in all 30 sites and peri-urban sites as 

well as change in the composition of all species for urban sites. 

Overall my results revealed complex patterns of homogenization and 

differentiation in forest, woodland and grassland vegetation at a range of 

spatial and temporal scales. Moreover, I was able to relate change in individual 

vegetation associations to a range of human-related and environmental 

factors.  
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Terminology 

In the context of this thesis the following terms are used: 

Biotic homogenization – The process by which a species, functional trait 

and/or genetic trait assemblage becomes more similar in both space and time 

as a result of species colonizations, species extinctions and habitat 

modifications. Biotic differentiation is the opposite process. 

Colonization – The process by which both native and non-native plant species 

are introduced and established. 

Exotic plant species – All non-native and non-indigenous native plant species 

found growing in areas outside their native geographic range. 

Grain size – The level of resolution of an investigation determined by the 

spatial area of the sampling unit (also granularity). 

Occupancy - The total number of locations in which a species is found to be 

present 

Revisitation method/technique – A technique that employs vegetation 

survey data collected from the same location(s) in two time periods. 

Reconstruction method/technique – Any technique that uses contemporary 

lists of extant and extinct species to reconstruct the historical species 

composition of plant species assemblages. 

Standard reconstruction technique – A method that reconstructs the 

historical species composition of plant species assemblages by both removing 

exotic species and adding extinct native species. Exotic species are removed 

from the contemporary list because it is assumed that these species would not 

have been present in the historical species assemblage. Extinct species are 

added to account for historically present species lost due to extinction. 
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