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“Eucalyptus is not only the Universal Australian, it is the 

Ideal Australian - versatile, tough, sardonic, contrary, self-

mocking, with a deceptive complexity amid the appearance of 

massive homogeneity”  

(Stephen J. Pyne The Burning Bush 1992, pp. 22) 

 

 

This natural F1 hybrid between Eucalyptus stoatei and E. tetraptera was grown from seed 

collected in the Jerdacuttup area, south east of Ravensthorpe in Western Australia by Dean 

Nicolle. The photograph was taken at Dean’s Currency Creek Arboretum, in South Australia. 
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Abstract 

The movement of species around the world by humans has created situations where 

“exotic” gene flow can arise between species that would not naturally co-occur. 

Eucalyptus globulus has been planted widely throughout temperate Australia over 

the past 15 years, with around 538,000 ha of plantations now growing, mainly 

outside the species native range. Concerns have been raised that these plantations 

could genetically contaminate natural eucalypt populations. This thesis aimed to 

assess the risk, and management, of pollen- and seed-mediated gene flow from E. 

globulus plantations.  

The thesis initially addresses the risk of introgression through pollen-mediated gene 

flow from E. globulus plantations and hybridisation with co-occurring native species. 

Prior to this study there were no known complete barriers to hybridisation between 

E. globulus (as the pollen parent) and other species in subgenus Symphyomyrtus. 

This meant that as many as 484 species could have been considered at risk of 

hybridisation if they occurred within the pollen dispersal zone of E. globulus 

plantations. A controlled crossing program (where E. globulus pollen was applied to 

the stigma of 100 other eucalypts species) was undertaken to identify 

phylogenetically controlled barriers to hybridisation in subgenus Symphyomyrtus. 

This crossing suggests the presence of a complete barrier to hybridisation between E. 

globulus and more divergent groups within Symphyomyrtus, probably reducing the 

number of at-risk species by over 70% (to 138). Hybridisation success declined with 

increasing genetic distance, meaning the most at risk species were those within the 

same taxonomic section as E. globulus, Maidenaria (68 species). The results also 

provided new insights into the evolution of reproductive barriers in forest trees.  

Because hybrid identification is vital for management of exotic gene flow and can be 

difficult in eucalypts, a Bayesian modelling approach to detect hybrids in at-risk 

species was tested. Range-wide samples from five at risk species, as well as samples 

from E. globulus (total n = 606 individuals) were genotyped at 10 microsatellite loci. 

The ability of Bayesian clustering to identify hybrids using this database was tested 
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using simulations. The technique was highly effective at identifying F1 hybrids, 

which are currently the primary concern in the Australian E. globulus estate.  

The crossing study showed that species in section Maidenaria should be the focus of 

management attention. The frequent proximity of E. ovata (Maidenaria) to 

plantations and its known cross-compatibility with E. globulus makes it a prime 

candidate for exotic gene flow. However, by conducting a case study in E. ovata 

forests around plantations, the actual risk posed was found to be low. Hybridisation 

was assessed in 24,322 open pollinated progeny from 142 trees in 25 native forest 

remnants. Although patch size and tree position affected hybridisation risk (small 

patches and edge trees were at highest risk), the rate of hybridisation declined very 

rapidly inside E. ovata patches, and hybrid establishment along native forest-

plantation boundaries was low. Furthermore, hybrids showed a 78% reduction in 

survival compared to pure E. ovata after six years, making it unlikely that hybrids 

will reach reproductive maturity to enable backcrossing and subsequent 

introgression. However this study showed that pure E. globulus seedlings (wildings) 

were establishing in far higher numbers than hybrids at the edge of plantations, 

raising the concern that they could pose a threat to native forests.   

As well as having ecological impacts as locally exotic species, wildlings could cause 

introgression via hybridisation if they reach reproductive maturity. To assess the risk 

that wildings pose to native forests in Australia, surveys to quantify current levels of 

establishment were undertaken along 290 km of E. globulus plantation edges. 

Wildling establishment was low with the vast majority occurring within the 

plantation disturbance zone. It also appears that current management practices, 

including short rotations and firebreak maintenance, are reducing the risk of wildling 

spread.   

In conclusion this thesis has found that there are significant barriers to hybridisation 

between E. globulus and native eucalypts that will limit the opportunity for exotic 

gene flow. If these barriers are overcome, avenues for management exist. While 

wildling establishment appears to currently be limited, the Australian plantation 

estate is young and on-going monitoring is warranted.   



   

VIII 

 

Acknowledgements  

Firstly I would like to thank my supervisors Brad Potts and René Vaillancourt for 

their exceptional guidance and support – I really can’t imagine better supervisors, it 

would have been harder and less rewarding without them.  

Secondly I would like to thank the people, companies and organisations who helped 

by providing time, resources and access to the properties to make the various projects 

possible; Dean Nicolle for developing such an amazing resource at Currency Creek 

Arboretum and providing such willing access and help; Hancock Victoria 

Plantations, particularly Ross Gillies, Stephen Elms, Justine Krieger, Mark Reynolds 

and Phil Whitman; Australian Bluegum Plantations, particularly Ben Bradshaw; 

Elders Forestry, particularly Nigel England; WA Plantation Resources, particularly 

Matthew Kovacs and Sara Mathieson; Forestry Tasmania, particularly Stephen Read 

and Tim Wardlaw; Arianda Pty Ltd. particularly Martyn Lavery; Seed Energy,  

particularly Peter Gore; Gunns Ltd; the Australian Bureau of Agricultural and 

Resource Economics and Sciences (Canberra), particularly Mijo Gavran, for 

information and providing GIS data. For providing DNA and or tissues samples for 

DNA extraction I thank Simon Southerton, Dean Williams, Sandra Hetherington, 

Kelsey Joyce, James Marthick, Susan Foster, Jules Freeman, Dorothy Steane, and 

Corey Hudson.  

For financial support I would like to thank Forests and Wood Products Australia, the 

Australian Research Council, the CRC for Forestry, and the National Centre for 

Future Forest Industries.  

For helping out along the way I would like to thank Corey Hudson, James Worth, 

Beck Jones, Joaquim Sande Silva, Dorothy Steane, Sascha Wise, Adam Smolenski, 

Grant Williamson, Paul Tilyard, Winston Smith, Guy and Simone Roussel, Catherine 

Jones, Clancy Carver, Jodi Noble, Mark Hovenden, Michélle Lang, Michael Oates, 

and Justin Bloomfield, as well as everyone else in the Euc Group. 

For moral support I would like to thank Matilde Ravizza, Penny Ravizza, Con 

Larcombe, Katie Larcombe, Jan Larcombe my office mates and flat mates.  

Finally, special thanks must go to Mum and Dad who have helped support me 

through my many years at school, and gave me the opportunity to do this.  



   

IX 

 

List of publications and presentations 

arising from this thesis 

Refereed journal articles: 

Larcombe MJ, Vaillancourt RE, Jones RC, Potts BM (2014) Assessing a Bayesian 

approach for detecting exotic hybrids between plantation and native eucalypts. 

International Journal of Forestry Research 2014 DOI:10.1155/2014/650202.  

Larcombe MJ, Barbour RC, Vaillancourt RE, Potts BM (2014) Assessing the risk of 

exotic gene flow from Eucalyptus globulus plantations to native E. ovata 

forests. Forest Ecology and Management 312 (0):193-202.  

Larcombe MJ, Silva JS, Vaillancourt RE, Potts BM (2013) Assessing the invasive 

potential of Eucalyptus globulus in Australia: quantification of wildling 

establishment from plantations. Biological Invasions 15, 2763-2781. 

Refereed Conference Proceedings:  

Larcombe MJ, Barbour R, Vaillancourt, RE and Potts, BM (2012) Gene flow from 

Australia’s eucalypt plantations. Australian Forest Growers National 

Conference: Diverse sub-tropical forestry, 14
th

 – 17
th

 October 2012. Gympie, 

Queensland. pp 82-91. 

Presentations: 

Invited Presentations: 

Larcombe MJ, Barbour R, Vaillancourt, RE and Potts, BM (2012) Gene flow from 

Australia’s eucalypt plantations. Invited presentation at the Australian Forest 

Growers National Conference: Diverse sub-tropical forestry, 14
th

 – 17
th

 

October 2012. Gympie, Queensland.  

Other presentations: 

Larcombe
 
MJ, Steane D, Jones RC, Nicolle D, Holland B, Vaillancourt RE, Potts 

BM. Phylogenetic patterns of reproductive isolation in Eucalyptus. 

Presentation to Phylomania 2013, University of Tasmania, School of Maths 

and Physics, 6-8 November 2013.  



   

X 

 

Larcombe MJ, Silva JS, Vaillancourt RE, Potts BM (2013) Quantification of 

wildling establishment from Australian Eucalyptus globulus plantations. 

Presentation at the VII Southern Connection Congress: Southern lands and 

southern oceans - life on the edge? 21
st
 – 25

th
 January 2013. Dunedin, New 

Zealand. 

Larcombe M. Potts, BM and Vaillancourt, RE (2012) Recent progress in measuring 

gene flow from Eucalyptus globulus plantations. Presentation at the workshop 

on ‘Gene flow from planted eucalypts workshop’. CRC Annual Science 

Meeting, 5
th

 March 2012. Mooloolaba, Queensland 

Potts BM, Barbour R, Larcombe M, Vaillancourt RE (2012) Assessing and 

managing the risk of gene flow from eucalypt plantations in Australia: an 

overview. Presentation at the workshop on ‘Gene flow from planted eucalypts 

workshop’. CRC Annual Science Meeting, 5
th

 March 2012. Mooloolaba, 

Queensland. 

Posters: 

Larcombe MJ, Vaillancourt, RE and Potts, BM (2012) The landscape context of 

pollen-mediated gene flow from Eucalyptus globulus plantations. Poster at the 

CRC Annual Science Meeting, 6
th

 – 8
th

 March 2012. Mooloolaba, Queensland. 

Larcombe MJ, Vaillancourt, RE and Potts, BM (2010) Managing gene flow from 

plantation to native eucalypts. Poster at the CRC Annual Science Meeting, 18
th

 

– 20
th 

May 2010. Fremantle, Western Australia 

 

  



   

XI 

 

Format of thesis chapters 

The experimental chapters of this thesis (chapters 2 – 5) have been written in paper 

style and chapters 3 – 5 are published. Being paper style means that some repetition 

of concepts and ideas was unavoidable, particularly in the introduction sections. The 

published papers have been reformatted (including figure and table numbering), and 

the acknowledgments and references have been consolidated into single sections in 

the thesis. Chapter 1, the general introduction, includes text that was published as a 

peer reviewed conference proceedings and the full paper is provided in the General 

Appendix (with all publications arising from the thesis) in the back of the thesis.   

 

 

 

 

 

 

 

 

 

 



   

II 

 

  

Table of Contents 

Chapter 1: General introduction: exotic gene flow and Australian eucalypt 

plantations 1 

1.1 Gene flow ........................................................................................................... 1 

1.2 Exotic gene flow ................................................................................................. 4 

1.2.1 Genetically modified crops ............................................................................. 4 

1.2.2 Large scale biological releases ........................................................................ 5 

1.3 Exotic gene flow from eucalypt plantations in Australia .............................. 8 

1.3.1 Barriers to exotic gene flow provide a research and management 

framework .................................................................................................................... 9 

1.3.2 Pre-mating barriers – before pollen reaches the flower ................................ 10 

1.3.3 Post-mating barriers – after pollen reaches the flower.................................. 13 

1.3.4 Risk management .......................................................................................... 16 

1.3.5 A case study: E. perriniana Strickland, central Tasmania ............................. 18 

1.4 Exotic gene flow from Eucalyptus globulus in Australia ............................. 21 

1.4.1 Key difference between Eucalyptus globulus and E. nitens ......................... 21 

1.4.2 Seed mediated gene flow from E. globulus – an emerging issue? ................ 22 

1.5 Thesis outline ................................................................................................... 23 

1.5.1 Chapter 2: Phylogenetic patterns of reproductive isolation in Eucalyptus ... 23 

1.5.2 Chapter 3: A microsatellite database and Bayesian modelling approach 

for identifying hybrids between plantation and native eucalypts. ............................. 24 

1.5.3 Chapter 4: Assessing the risk of exotic gene flow from Eucalyptus 

globulus plantations to native E. ovata forests .......................................................... 24 

1.5.4 Chapter 5: Assessing the invasive potential of Eucalyptus globulus in 

Australia: quantification of wildling establishment from plantations ....................... 24 

1.5.5 Chapter 6: General discussion ....................................................................... 25 



   

III 

 

Chapter 2:  Phylogenetic patterns of reproductive isolation in Eucalyptus     26 

2.1 Abstract ............................................................................................................ 26 

2.2 Introduction ..................................................................................................... 27 

2.3 Materials and Methods ................................................................................... 31 

2.3.1 Crossing ........................................................................................................ 31 

2.3.2 Phylogenetic and statistical methods ............................................................ 34 

2.4 Discussion ......................................................................................................... 43 

2.4.1 The evolution of post mating barriers ........................................................... 43 

2.4.2 Hybridisation and the timing of speciation in Eucalyptus ............................ 47 

2.4.3 Implications for tree breeding and the genetic risk posed by E. globulus .... 48 

2.5 Conclusion ........................................................................................................ 49 

Chapter 3: Assessing a Bayesian approach for detecting exotic hybrids 

between plantation and native eucalypts ............................................................ 79 

3.1 Abstract ............................................................................................................ 79 

3.2 Introduction ..................................................................................................... 80 

3.3 Materials and Methods ................................................................................... 82 

3.3.1 Sample description ........................................................................................ 82 

3.3.2 Molecular methods ........................................................................................ 86 

3.3.3 Analytical approach ...................................................................................... 87 

3.3.4 1) Assessment of genetic differentiation between species ............................ 87 

3.3.5 2) Calculating detection power with simulated and pedigreed hybrids ........ 87 

3.3.6 3) Classification of the putative hybrids using STRUCTURE ..................... 88 

3.4 Results .............................................................................................................. 89 

3.5 Discussion ......................................................................................................... 95 

3.5.1 Performance of the approach ........................................................................ 95 

3.5.2 Allocation of putative hybrids ....................................................................... 98 

3.6 Conclusion ........................................................................................................ 99 



   

IV 

 

Chapter 4: Assessing the risk of exotic gene flow from Eucalyptus globulus 

plantations to native E. ovata forests ................................................................. 114 

4.1 Abstract .......................................................................................................... 114 

4.2 Introduction ................................................................................................... 115 

4.3 Materials and Methods ................................................................................. 120 

4.3.1 The effect of patch size on hybridisation rate in a fragmented E. ovata 

landscape ................................................................................................................. 120 

4.3.2 Assessing the frequency of hybrid establishment in the wild ..................... 122 

4.3.3 Survival and fitness of E. ovata x globulus F1 hybrids in the wild ............. 123 

4.3.4 Data analysis ............................................................................................... 124 

4.4 Results ............................................................................................................ 126 

4.4.1 The effect of patch size on hybridisation rate in a fragmented E. ovata 

landscape ................................................................................................................. 126 

4.4.2 Assessing the frequency of hybrid establishment in the wild ..................... 127 

4.4.3 Survival and fitness of E. ovata x globulus F1 hybrids in the wild ............. 129 

4.5 Discussion ....................................................................................................... 129 

4.5.1 Hybridisation and the effect of patch size, tree position and isolation ....... 129 

4.5.2 Hybrid fitness .............................................................................................. 133 

4.5.3 The likelihood of introgression ................................................................... 134 

4.5.4 Wildlings ..................................................................................................... 135 

4.6 Conclusion ...................................................................................................... 136 

Chapter 5: Assessing the invasive potential of Eucalyptus globulus in 

Australia: quantification of wildling establishment from plantations ........... 148 

5.1 Abstract .......................................................................................................... 148 

5.2 Introduction ................................................................................................... 149 

5.3 Methods .......................................................................................................... 153 

5.3.1 Survey area and method .............................................................................. 153 



   

V 

 

5.3.2 Broad-scale survey ...................................................................................... 154 

5.3.3 Fine-scale survey ......................................................................................... 155 

5.3.4 Datasets ....................................................................................................... 156 

5.3.5 Broad-scale analysis .................................................................................... 157 

5.3.6 Fine-scale analysis ...................................................................................... 160 

5.4 Results ............................................................................................................ 161 

5.4.1 Broad-scale survey ...................................................................................... 162 

5.4.2 Fine-scale survey ......................................................................................... 166 

5.5 Discussion ....................................................................................................... 167 

5.5.1 Establishment .............................................................................................. 167 

5.5.2 Dispersal ...................................................................................................... 169 

5.5.3 Regional variation ....................................................................................... 170 

5.5.4 Environmental variables.............................................................................. 172 

5.5.5 Management ................................................................................................ 173 

5.5.6 The general invasiveness of Eucalyptus ..................................................... 175 

5.6 Conclusion ...................................................................................................... 176 

Chapter 6: General discussion – the risk of exotic gene flow from 

Eucalyptus globulus plantations in Australia ................................................... 184 

6.1 Summary of key findings .............................................................................. 184 

6.2 Other potential issues .................................................................................... 188 

6.3 Intra-specific gene flow ................................................................................. 190 

6.4 Future issues .................................................................................................. 191 

6.5 Conclusion ...................................................................................................... 192 

References ......................................................................................................................194 

General Appendix .........................................................................................................225  




