
Chapter 1 – General introduction 

    1 

 
Chapter 1 

General introduction 

 

1.1 Introduction 

Following global industrialisation, there has been a massive translocation of species 

around the world through human activities (Drake et al. 1989; Williamson 1996; Van 

Driesche and Van Driesche 2000). Many of these species have become pests or weeds in 

their new areas of establishment, and invasions are now recognised as one of the major 

causes of global environmental degradation (Drake et al. 1989; Williamson 1996; Van 

Driesche and Van Driesche 2000). Plant invasions arising from introductions for 

forestry, agriculture and ornamental purposes are an issue of particular concern. Such 

invasion has increasingly been recognised to occur through pollen dispersal and 

hybridisation (Rhymer and Simberloff 1996; Ellstrand et al. 1999; Vila et al. 2000). This 

process can lead to the introgression of exotic genes into native species, impacting on 

both the gene pool and the community (Rhymer and Simberloff 1996; Ellstrand et al. 

1999; Vila et al. 2000).  

Because the introgression of exotic genes is the result of species being introduced by 

humans, it is regarded as deleterious to the natural condition of native populations. 
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Therefore the term “genetic pollution” is often used (Butler 1994; Anttila et al. 1998; 

DiFazio et al. 1999; Muller et al. 2002). This term however, refers to the end result of 

genetic invasion through pollen dispersal from exotic species, not the process. Other 

terms also exist which describe the same outcome, such as “genetic assimilation” (Smith 

and Sytsma 1990; Ellstrand 1992b; Levin et al. 1996) and “genetic mixing” (Hale et al. 

2001; Riley et al. 2003). In the broader sense, genetic pollution also refers to the 

introgression of exotic genes following any human induced change in a breeding system, 

and may not involve exotic species. Therefore, it includes factors such as habitat 

fragmentation or disturbance (Vila et al. 2000; Hale et al. 2001; Lamont et al. 2003), 

climate change, the introduction of exotic pollinators, and the introduction of alternative 

food sources (Collar and Stuart 1985), all of which can influence the potential for novel 

genes to enter a population. 

Pollen-mediated gene flow from exotic plants is characterised by a number of key steps 

(Rhymer and Simberloff 1996; Arnold 1997). Initially, F1 hybrid seed is produced 

following exotic pollen flow into the native population, enabling hybrid seedlings to 

establish and grow to reproductive maturity. This then allows for repeated backcrossing 

and later generation hybridisation with the native population and the introgression of 

exotic genes. Such introgression can result in the dilution of a native gene pool and 

therefore compromise its genetic integrity (Levin et al. 1996; Rhymer and Simberloff 

1996; Anttila et al. 1998; Muller et al. 2002). However, in extreme cases exotic gene 

flow can result in the complete replacement of native species (Echelle and Connor 1989; 

Ellstrand 1992b; Rhymer and Simberloff 1996). Despite this, if a stage in the process of 

gene flow fails to be successful, introgression will be prevented (Levin 1978). 



Chapter 1 – General introduction 

    3 

Consequently, by understanding patterns of reproductive behaviour and the ability of 

first and later generation hybrids to survive and reproduce, predictions about the 

potential for introgression can be made (Wolf et al. 2001; Burke et al. 2002; Jenczewski 

et al. 2003; Lu et al. 2003). 

Many examples of genetic pollution have been documented for animals. These include 

birds (Guyomarch and Guyomarch 1999; Negro et al. 2001), fish (Echelle and Connor 

1989; Nagata et al. 1996; Yuma et al. 1998; Crivelli et al. 2000; Almodovar et al. 2001), 

amphibians (Crochet et al. 1995; Haffner 1997; Riley et al. 2003), mammals (Butler 

1994; Griffin 1998; Andersson et al. 1999; Staines 1999; Hale et al. 2001; Maehr and 

Lacy 2002), and insects (Tribe 1983). Introductions of exotic fish species due to 

deliberate stocking of rivers for sport, and escapes from aquaculture farms, represent a 

large proportion of the literature on genetic pollution (Yuma et al. 1998; Utter 2000; 

Almodovar et al. 2001; Youngson et al. 2001). Several studies in particular, provide 

clear examples of the impacts of invasion through hybridisation and the resulting partial 

or complete replacement of native species (Echelle and Connor 1989; Almodovar et al. 

2001; Rubidge et al. 2001; Youngson et al. 2001). 

For plants, a diversity of species have been documented as being impacted upon by 

genetic pollution. These range from those that inhabit aquatic (Triest 1999; Moody and 

Les 2002), semi-aquatic (Anttila et al. 1998), dune (Albert et al. 1997; Gallagher et al. 

1997), grassland (Goswami 1999), off-site agricultural (Hause and Bjorn 2001; 

Hernandez-Verdugo et al. 2001; Muller et al. 2001; Spencer and Snow 2001; Coulibaly 

et al. 2002; Song et al. 2002) and forest (Cagelli and Lefevre 1995; Dawson et al. 1996; 



Chapter 1 – General introduction 

    4 

Mejnartowicz 1996; Shapcott 1998; Benetka et al. 1999; DiFazio et al. 1999; Muller et 

al. 2002) ecosystems. Almost all examples of genetic pollution in tree species have 

resulted from introductions for plantation forestry. Concerns have been raised for a 

number of years about the potential for gene flow from commercial tree plantations 

(Ledig 1986; Hu et al. 2001; Strauss 2001; Potts et al. 2003). However, despite the 

global area of plantations reaching 187 million hectares in 2000 (Carle 2001), research 

into the offsite genetic impacts of pollen flow remains limited. Work that has been 

conducted has shown varied results, from having little impact (i.e. Abies alba, Populus 

trichocarpa) (Mejnartowicz 1996; DiFazio et al. 1999), to resulting in the widespread 

introgression of exotic genes into the native gene pool (i.e. Populus nigra) (Cagelli and 

Lefevre 1995; Benetka et al. 1999; Muller et al. 2002). Therefore, to meet the increasing 

requirements of sustainable forest management around the world, further research is 

necessary to assess the risks of genetic pollution from plantations. 

In Australia, there has been a rapid expansion of the eucalypt plantation estate (Fig.1.1). 

By 2002, the national hardwood plantation estate had reached over 630 000 ha, with 

almost all established with species of eucalypts. While eucalypts are native to Australia 

(Wardell-Johnson et al. 1996), most plantations have been established out of their 

natural distribution, and are exotic to their new areas of establishment (Strauss 2001; 

Wood et al. 2001; Potts et al. 2003). Eucalypts are well recognised for their propensity 

for hybridisation (Griffin et al. 1988; Potts and Wiltshire 1997), and appear to have 

substantial pollen dispersal capacity (Potts and Wiltshire 1997; Potts et al. 2003). 

Consequently, there is clearly a potential for exotic gene flow to occur from plantations 

into native eucalypt populations in Australia (Strauss 2001; Potts et al. 2003). This risk 
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has been recognised by the Commonwealth of Australia, as an indicator for sustainable 

forest management (Ministerial Council on Forestry Fisheries and Aquaculture 1997, pp. 

14). Combined with this, the Australian Forestry Standard (Commonwealth of Australia 

2003, pp. 22) clearly states that forest management should include constraining “the 

spread of introduced species, provenances or populations used in plantations, into 

adjacent native vegetation in order to protect its integrity”. Despite these requirements 

however, little assessment of the existence or impact of pollen-mediated gene flow has 

been conducted. This has resulted in little information being available for the 

development of strategies to manage this risk. 
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Fig. 1.1. The area of new hardwood plantations established in Australia from 1965 to 2000. Ninety-eight 

percent of these plantations are Eucalyptus species (source: Wood et al. 2001). 
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1.2 Case study: exotic gene flow from Eucalyptus nitens in Tasmania 

A clear example of the potential for gene flow from exotic Eucalyptus plantations in 

Australia is evident on the island of Tasmania, providing an opportunity for a case study 

of its existence and impact. Over 135 000 ha of eucalypt plantations have been 

established throughout the island (Wood et al. 2001; Allison and Wood 2003). The 

majority of these have been established with E. nitens (Wood et al. 2001). Eucalyptus 

nitens is naturally found as isolated populations in New South Wales and Victoria 

(Pederick 1979) and is therefore exotic to Tasmania. Eucalyptus nitens is 

morphologically (Brooker and Kleinig 1996; Barbour et al. 2002b), taxonomically 

(different series, except E. globulus) (Brooker 2000), and genetically (Chapter 3, 

Barbour et al. 2002b) distinct from most Tasmanian species. Hybridisation has been 

frequently recorded within subgenera of Eucalyptus, and particularly within sections 

(Griffin et al. 1988). Therefore, because E. nitens belongs to the same subgenus 

(Symphyomyrtus) and section (Maidenaria) as half of Tasmania’s native species, 

potential for interspecific hybridisation exists (Griffin et al. 1988). Furthermore, Tibbits 

(1989; 2000) conducted successful controlled pollination studies using E. nitens as a 

female parent and pollen from eleven native Tasmanian species. While unilateral 

barriers to hybridisation have been reported in Eucalyptus (Sedgley and Granger 1996; 

Lopez et al. 2000b; Delaporte et al. 2001b), this clearly suggests the potential of E. 

nitens to also act as a pollen parent with these native species. 

The first evidence of a plantation grown eucalypt species hybridising with a native 

species in Australia was documented in Tasmania (Barbour et al. 2002b). This work 
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recorded a mean level of F1 hybridisation of 4%, reaching 16% for one tree, between E. 

nitens and the native species E. ovata. The exotic F1 hybrids were initially detected 

among seedlings grown from seed of E. ovata. This was conducted using distinct 

morphological characters which were later verified using allozyme techniques. This 

work provided sites, species and methods, which could be used to assess the potential 

for exotic gene flow across Tasmania, and paved the way for the present PhD thesis. In 

particular, it provided the opportunity to study the pattern of pollen flow from 

plantations using the E. ovata x nitens F1 hybrids as markers for E. nitens pollen 

dispersal (Chapter 2), the ability to identify hybrids in the wild (Chapter 3), and hybrid 

plant material for assessments of their vegetative fitness (Chapter 4). The work also 

highlighted the importance of understanding patterns of flowering time of E. nitens 

relative to potentially compatible native species (Chapter 5), and the necessity of 

verifying the ability of E. nitens pollen to fertilise native species (Chapter 6). The 

information combined, then provided the opportunity to assess the scale at which such 

gene flow is likely, the species at risk, and the opportunities that exist to manage such 

gene flow if concerns arise.  
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Chapter 2 

Pollen dispersal from exotic eucalypt 

plantations 

Accepted for review by Conservation Genetics 

2.1 Introduction 

Genetic pollution involves the movement of genes from one species or population to 

another through hybridization and successive backcrossing (Daniels and Sheil 1999). It 

is the same process as natural introgression but induced by human activity, particularly 

through the introduction of species, populations or transgenics for agricultural, 

ornamental or forestry purposes (Daniels and Sheil 1999). Concerns about the impacts of 

such exotic gene flow are increasing worldwide (Rhymer and Simberloff 1996). To date, 

most studies in plants have concentrated on small perennial, herbaceous or crop species, 

while few have dealt with trees, the dominant species of many natural ecosystems 

(DiFazio et al. 1999; Muller et al. 2002). In these cases, exotic gene flow may have far 

reaching effects, impacting not only on the tree gene pool, but also on the many 

organisms that are dependent on the tree (Potts et al. 2003). 

The possibility of genetic pollution from eucalypt plantations is of increasing concern in 



Chapter 2 - Pollen dispersal from exotic plantations 

    9 

Australia (Strauss 2001; Potts et al. 2003), because firstly, there has been a massive 

expansion of the plantation estate over the last decade (Wood et al. 2001), secondly, 

Eucalyptus is an important genetic resource since it is the most planted broadleaf genus 

in the world (Carle 2001), thirdly, Australia is the centre of origin for virtually all 

eucalypt species (Wardell-Johnson et al. 1996), fourthly, they are the dominant plants of 

many Australian ecosystems (Wardell-Johnson et al. 1996), and finally they are 

notorious for weak reproductive isolation between species (Griffin et al. 1988). There 

are many factors that need to be considered when developing strategies to minimise the 

risks and consequences of such pollen flow (Potts et al. 2003). The distance over which 

pollen dispersal occurs is one of these factors. However, as with most forest trees 

(Hamrick and Nason 2000), the spatial pattern of pollen flow is poorly understood in 

eucalypts (Potts et al. 2003). 

Here we examine the spatial extent of realised pollen flow from exotic plantations of E. 

nitens in order to assess the effectiveness of spatial isolation as a barrier to pollen 

dispersal. Eucalyptus nitens has been recently introduced into the island of Tasmania 

from continental Australia. It overlaps in flowering time with the native species E. 

ovata, which often abuts the plantations. Eucalyptus nitens can cross with E. ovata since 

hybrids have been found among seedlings grown from open-pollinated seed collected on 

E. ovata (Barbour et al. 2002b) and such seedlings have been found established in the 

wild (Chapter 3). Verification of these hybrids has been conducted using morphometric 

and allozyme techniques, showing that hybrid seedlings can be identified using simple 

and diagnostic morphological characters. Consequently, this system allowed the 

screening of large numbers of seedlings, which is necessary for studying pollen dispersal 
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at a landscape level. 

2.2 Materials and methods 

Three typical sites with reproductively mature E. nitens plantations were chosen for 

study (latitude longitude; plantation age); Meander in the north (41º42’; 146º35’; 14 

years old), Nunamara in the northeast (41º 22’; 147º17’; 11 years old) and Pelham (42º 

33’; 147º 0’; 8 years old) in the south of the island. These plantations were the only local 

source of E. nitens pollen. The E. ovata forest at these sites differed in their degree of 

fragmentation. The Nunamara landscape consisted of ca. 70% mature native forest and 

the remainder was pasture, the Meander landscape was a mosaic of ca. 40% mature 

native forest as well as immature plantations and forest, while Pelham had ca.16% 

mature native forest, combined with Pinus radiata plantations and pasture. At each site, 

E. ovata trees with the potential for hybridization with the local E. nitens plantations 

were selected by identifying those with significant levels of flowering-time overlap with 

the neighbouring E. nitens plantations. Suitable trees were identified from the plantation 

boundaries to 1435 m away at Nunamara (91 trees), 508 m at Meander (27 trees) and 

1623 m at Pelham (29 trees), so that a relatively unbroken distance transect could be 

constructed (Fig. 2.1). The trees that were selected were not in a linear transect line 

extending from the plantation. This was due to a combination of the native forests 

consisting of other tree species, and areas of forest being cleared, resulting in E. ovata 

trees not present for sampling in a direct line. The distance of each sampled tree to the 

nearest point of the plantation boundary was recorded. Open-pollinated seed was 

sampled approximately a year later from the highest branches of each tree and from the 
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Fig. 2.1. Aerial photographs of the sites where the patterns of E. nitens pollen dispersal were assessed; 

Nunamara, Meander and Pelham. The solid white lines indicate the boundaries of the E. nitens plantations. 

Blue circles represent trees that were sampled for open-pollinated seed. Green shading indicates areas of 

continuous forest. The shading therefore provides a visual impression of the area of continuous forest 

relative to the area that was fragmented or had been cleared. The rank order of sites from least to the most 

fragmented (i.e. Nunamara, Meander, Pelham respectively) was based on the amount of continuous forest 

between the plantations and the sampled trees. Five trees sampled at Pelham are not shown, and lie to the 

east of the aerial photograph. 
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side of the canopy facing the plantation. This seed was then germinated and seedlings 

grown under glasshouse conditions until they could be morphologically classified as 

either “pure” E. ovata or F1 hybrid cross-types following Barbour et al. (Chapter 3, 

2002b). In total, 119,359 seedlings from 147 trees were screened, with an average of 812 

and a minimum of 102 seedlings per tree. 

2.3 Results 

The combined results for all three sites clearly indicate that pollen dispersal from the E. 

nitens plantations follows a leptokurtic pattern, with the majority of effective pollen 

dispersal occurring close to the boundary and infrequent but persistent dispersal 

continuing for a long distance (Fig. 2.2). Trees within 100 m of the boundaries produced 

an average of 13.8% (27 trees) exotic hybrids in their open-pollinated seed, but by 200-

300 m (33 trees), the average frequency had dropped dramatically to 1.1%. The mean 

proportion of hybrids for trees more than 1 km away (20 trees) from the plantations was 

1.0%. Hybrids were still being found in the progeny of the most distant trees at each site 

(i.e. 1623 m at Pelham). However, the level of hybridization and dispersal distance of E. 

nitens pollen varied between sites. The maximum hybridization level was 56% for a tree 

sampled at Pelham, 36% at Meander, and 20% at Nunamara, while the maximum 

distance over which high levels (>5%) of hybridization occurred at each site was 1271 

m, 169 m and 97 m respectively. Each site also displayed considerable variation within 

any given distance class, for example some trees close to the plantations produced no 

hybrids while others produced high proportions of hybrids (Fig. 2.2).
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2.4 Discussion 

The observed leptokurtic distribution of pollen dispersal is typical of that observed in 

many plant species (Levin and Kerster 1974). This pattern was hypothesised for the 

predominantly animal-pollinated eucalypts, based on small-scale studies that 

individually reported either localised or long-distance dispersal events (reviewed in Potts 

et al. 2003). However, this is the first landscape-wide study in the genus to allow 

verification of the leptokurtic pattern of pollen dispersal. There have been few 

landscape-wide studies of pollen dispersal in plants, but in a recent one in canola, 

dispersal distances did not follow a leptokurtic decline (Rieger et al. 2002). This may be 

due to close distances being under-represented in that study, as other studies of pollen 
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Fig. 2.2. The proportion (%) of E. ovata x nitens F1 hybrids detected in open-pollinated seed collected from E. 

ovata trees at various distances from the boundary of E. nitens plantations (pollen source). Three sites were 

studied, Pelham, Meander and Nunamara. 
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flow in canola have clearly displayed the leptokurtic pattern (Scheffler et al. 1993; 

Ingram 2000; Staniland et al. 2000).  

Eucalypt species are preferentially outcrossing and pollinated by generalist insect, bird 

and mammal pollinators (House 1997). However, E. nitens has small flowers and 

appears exclusively pollinated by small insects (< 10 mm in length), at least in Tasmania 

(Hingston 2002). While the present study clearly shows that small insects disperse 

pollen regularly over 100 m, they can also disperse pollen over 1.5 km. Combined with 

this, these recordings are likely to be under-estimates of pollinator movements, as they 

are measured from the nearest plantation boundary. Such long-distance pollen dispersal 

by insects has been reported in other forest trees (Adams 1992; Hamrick and Nason 

2000). However, pollen dispersal distances are likely to be greater in eucalypt species 

that are pollinated by larger insects, birds or bats (Southerton et al. in press). Pollen 

dispersal is likely to far exceed seed dispersal in eucalypts, as seeds of few species 

exhibit special adaptations for dispersal (House 1997). This is certainly the case with E. 

nitens, where seed dispersed wildlings have only been recorded within 30 m of 

plantation boundaries whereas exotic hybrids growing in the wild were found up to 310 

m away (Chapter 3).  

There are few studies of exotic pollen flow out of tree plantations with which to compare 

our study (DiFazio et al. 1999). The variable nature of gene flow is well recognised 

(Adams 1992; Ellstrand 1992a). Pollen dispersal distances are likely to increase in 

fragmented and low-density forest tree populations (Dick et al. 2003). This is consistent 

with the differences between our sites, where there is a tendency for higher hybridization 
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levels and longer pollen dispersal distances at sites where adjacent native forest is more 

fragmented (i.e. Pelham > Meander > Nunamara). This would argue that distances 

required to buffer native forests in fragmented rural landscapes will be greater that in 

sites where plantations abut continuous forests of potentially interbreeding native 

species. Nevertheless, across our different study sites it is clear that beyond 200 m of 

plantation boundaries, the probability of F1 hybridization is dramatically reduced 

compared to levels at the boundaries. Increasing isolation beyond this distance would 

achieve little additional reduction in the level of hybridization, at least up to 1.6 km. At 

these greater distances, the average hybridization level is comparable to the average 

levels found naturally between native species in Tasmania (1.3%, Potts and Wiltshire 

1997). 

The average level of hybridization close to plantation boundaries (0 - 300 m) in our 

study was 5.1%, which is consistent with our previous studies that were also based on 

samples within this distance (5.5% in Chapter 3, 4.2% in Barbour et al. 2002b). 

However, in all cases, these levels are likely to be upwardly biased. The present study 

sampled only trees that overlapped in flowering time with E. nitens, in order to better 

define the dispersal curve. Random samples of trees were taken in the previous studies, 

but these were either adjacent to a plantation in which flowering had been artificially 

enhanced for seed production (Barbour et al. 2002b) or focused on sites where exotic 

hybrids had already been observed in the wild (Chapter 3). Nevertheless, the levels of 

hybridization we detected are clearly greater than levels reported for a study of pollen-

mediated gene flow from an exotic plantation of hybrid Populus into synchronously 

flowering native Populus in the USA (0.7% and 1.9% at separate sites) (DiFazio et al. 
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1999). 

Post-zygotic barriers to hybridization do exist between many eucalypt species (Griffin et 

al. 1988) and will reduce the probability of genetic pollution between many species 

(Potts et al. 2003). In the present case, it is too early to determine whether the exotic E. 

ovata x nitens hybrid seedlings detected will survive to reproductive maturity in the 

wild. However, Eucalyptus is known for its propensity for hybridization. It has a 

uniform karyotype number (Potts and Wiltshire 1997), reproductive barriers between 

many species are weak (Griffin et al. 1988), hybrids and hybrid zones are regularly 

encountered in nature (Griffin et al. 1988), and there is good evidence that, through 

evolutionary time, introgression has impacted on the gene pool of some species 

(McKinnon et al. 2003). This is also the case with many forest tree genera (Stebbins 

1950; Muir et al. 2000). Worldwide, the issue of genetic pollution will therefore require 

increasing attention due to the expansion of commercial plantations reaching 187 million 

ha (Carle 2001), and diminishing native forest resources (World Resources Institute 

2000). In other words the source/sink balance between exotic and native forest is getting 

worse (Muller et al. 2002). Tree plantations provide economic benefits and are also used 

to combat land degradation from salinization and erosion, restore local biodiversity 

values, and offer alternatives to exploitation of native forests (Turnbull 1999). If gene 

flow from these plantations proves significant, the environmental benefits of plantations 

may be compromised. It is therefore important to understand all the risks and benefits of 

planting trees, in order to optimise environmental management strategies.  
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Chapter 3 

Gene flow between introduced and 

native Eucalyptus species: exotic 

hybrids are establishing in the wild 

Published in the Australian Journal of Botany, 2003, v.51, pp. 429-439  

 

3.1 Introduction 

Gene flow from introduced species can impact on the genetic integrity and survival of 

native populations (Butler 1994; Rhymer and Simberloff 1996; Anttila et al. 1998). 

Plant species introduced for agricultural, forestry and ornamental purposes, as well as 

weeds, can all act as potential sources of foreign genes. Indirect examples of gene flow 

between introduced and native species, are documented in studies of seed crop 

contamination (Bateman 1947), the evolution of agricultural weeds (Small 1984; Van 

Raamsdonk and Van Der Maesen 1996), and the escape of engineered genes (Ellstrand 

and Hoffman 1990; Raybould and Gray 1994). However, with the large number of 

exotic species establishing around the world, direct attention on the genetic impact these 

may have on native populations is becoming increasingly common (Mejnartowicz 1996; 
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Anttila et al. 1998). First generation (F1) hybrid populations between exotic and native 

populations represent an initial step towards such introgression (Arnold 1992; Raybould 

and Gray 1994). The detection of F1 hybrids has proved the most effective technique for 

tracking the movement of genes and for assessing the potential for introgression (Pryor 

1976; Potts and Reid 1988; Rieger et al. 2002).  

Gene flow between introduced Eucalyptus plantations and native eucalypt species has 

been recognised as one of the many issues to be managed as part of a sustainable forest 

production regime in Australia (Commonwealth of Australia 1998; Strauss 2001; Potts 

et al. 2003). Over 630,000 hectares of hardwood plantations, almost all from the genus 

Eucalyptus, have been established in Australia (Wood et al. 2001; Allison and Wood 

2003). These have been planted using a small number of species and within the range of 

potentially interbreeding native species (Wood et al. 2001; Potts et al. 2003). In 

Tasmania, two eucalypt species are predominantly used for plantation forestry, E. 

globulus and E. nitens (Tibbits 1986). Both of these species are in section Maidenaria, 

along with all of Tasmania’s native eucalypts that are from subgenus Symphyomyrtus 

(Brooker 2000). However, E. nitens is exotic to the island as it is native only to 

continental Australia (Pederick 1979). Its use in Tasmania may pose a risk of genetic 

pollution to the native eucalypt species, as the barriers to interspecific crossing within 

sections are often weak (Griffin et al. 1988; Tibbits 1988; 1989). Hybrids between 

plantation grown E. nitens and the native species E. ovata, were previously identified in 

open-pollinated seed from E. ovata (Barbour et al. 2002b). However, whether these 

hybrids can establish in the wild was unknown. We here present the first evidence that 

exotic F1 hybrid seedlings, arising from fertilisation of native E. ovata by plantation 
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grown E. nitens pollen, are establishing in the wild.  

3.2 Materials and methods 

3.2.1 Field and glasshouse work 

Between September 2000 and January 2002, 77 putative E. ovata x nitens F1 hybrid 

seedlings were identified at three locations in northern Tasmania; two at Huntsman in 

the Meander Valley (41° 42’ S, 146° 35’ E), six close to Lilydale (41° 14’ S, 147° 11’ E) 

and 69 at Nunamara (41° 22’ S, 147° 17’ E). The putative exotic hybrids at Huntsman 

were near an E. nitens family trial in which some of the trees had been treated with the 

flowering promoter paclobutrazol (Barbour et al. 2002b), whereas the remaining exotic 

hybrids were found near routine plantations that were reproductively mature. The E. 

nitens at the three sites were between 10-14 years old when the first exotic hybrids were 

discovered. The putative exotic hybrids were found in naturally regenerating roadside 

vegetation strips, cleared areas of forest or rough vehicular tracks and ranged in height 

from 10 to 80 cm. All the putative exotic hybrids were found regenerating next to 

reproductively mature E. ovata trees and among pure E. ovata seedlings. No other 

hybrids between the other eucalypt species at each site were identified in the wild. 

Specimens of the E. ovata x nitens hybrids, E. nitens wildlings established through seed 

dispersal from the plantations, and native E. ovata and E. viminalis, were lodged in the 

Tasmanian Herbarium (ref. no. HO 521070, 521071, 521256 and 521255 respectively). 

The first nine putative hybrids to be discovered were removed from the sites, placed into 

pots and grown further under glasshouse conditions so that allozyme analysis on fresh 

glasshouse grown leaves could be conducted. An exhaustive search of the area around 
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the plantations where the putative hybrids were originally found was then conducted, to 

locate as many of these plants as possible. The distance between each seedling and the 

nearest plantation boundary was measured, as well as the distance between any pure E. 

nitens wildlings and the plantations. Open-pollinated (OP) seed was collected from the 

Symphyomyrtus species, expected to be reproductively compatible with E. nitens, at each 

of the three sites (Griffin et al. 1988). Three native species were sampled: E. ovata, E. 

rodwayi  (present at Nunamara only) and E. viminalis, as well as the exotic E. nitens. 

Eucalyptus ovata was most likely to overlap in flowering time with E. nitens (Williams 

and Potts 1996; Barbour et al. 2002b) and the most likely seed parent of the exotic 

hybrids. To confirm this, four trees of each species located closest to the putative 

hybrids at each site were sampled. At Nunamara the sampled E. ovata and E. viminalis 

trees were within 10 m of the E. nitens plantation and within 30 m of the exotic hybrids. 

The E. rodwayi trees sampled were ca. 200 m from both the E. nitens boundary and the 

exotic hybrids. At Lilydale, the E. ovata trees sampled were ca. 100 m from the E. nitens 

and the canopies of these trees were directly above the exotic hybrids. The E. viminalis 

trees were within 50 m of E. nitens and 150 to 250 m from the exotic hybrids. At 

Huntsman, E. ovata and E. viminalis were within 100 m of the E. nitens and 20 to 200 m 

from the exotic hybrids.  

The OP seed was propagated by scattering it on top of moist potting-mix in 17 x 49 x 34 

cm polystyrene boxes, under glasshouse conditions, and kept well watered, with 

different seedlots in different boxes (Barbour et al. 2002b). Seedlings were grown to at 

least node eight so they could be morphologically screened for the presence of hybrids. 

The total number of seedlings in each putative cross-type was recorded. The 
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morphological characters used to identify putative hybrids involving E. nitens are 

outlined in Barbour et al. (2002b) and shown in (Fig. 3.1). The preliminary identification 

of hybrids between the native species was based on their morphology being outside the 

phenotypic range of each species and intermediate between any of the Symphyomyrtus 

species present at each of the sites. Due to the seedling characters of E. ovata and E. 

rodwayi being similar, the morphological detection of hybrids between these two species 

may have been less accurate than for the other cross-types. Once seedlings were 

classified most were removed to allow remaining seedlings to grow to an assessable 

height. However, some seedlings from each cross-type in each family were kept for later 

morphometric and allozyme analysis. These seedlings also acted as a reference point for 

the verification of the putative hybrids found in the wild. 

3.2.2 Morphometric assessment 

Five seedlings from each OP family were used for the morphometric analysis of the pure 

species cross-types. Where possible, five seedlings per family were also used for each of 

the putative hybrid combinations identified. However, insufficient numbers often 

resulted in extra plants from other families being used or this number not being reached. 

Also included were pure E. ovata and the putative E. ovata x nitens F1 hybrid seedlings 

identified in the wild, and the hybrids that were removed from the wild and grown 

further in the glasshouse. Twenty-one characters were assessed on each seedling (Table 

3.1). Leaf measurements were taken from a photocopy of one of the 10th node leaves 

using a digitising tablet. Stem measurements were done on the internode below node ten. 

Stem diameters were taken across the same axis as the leaves coming out of the stem at 
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Fig. 3.1. Seedling morphology (at node 10) of E. ovata (O), E. ovata x nitens F1 hybrids from E. ovata 

seedlots (ON), E. nitens (N), E. viminalis x nitens from E. viminalis seedlots (VN), E. viminalis (V) and E. 

rodwayi  (R). Variations in bud (a), node (leaves truncated) (b), leaf (c), longitudinal stem (d) and cross-

sectional stem (e) morphology display clear species-specific differences between E. nitens and the native 

species. This allowed for morphological identification of F1 hybrids between E. nitens and the native species, 

followed by their morphometric and molecular verification. It should be noted that the ON hybrids may or 

may not display intra-nodes at node ten, but if they do the intra-node is much smaller than E. ovata. 
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Table 3.1. Characters used in the morphometric analysis of the open-pollinated progeny and the plants 

found in the field. Included are the transformations (Transf.) used for the analysis along with the F-ratios and 

P- values of the significance test for the difference between the four pure species. 

 

Code Description Transf F-ratio P-value
Bud character     

LFUS 
 

Length of fusing of the apical bud leaves (mm) (see E. nitens in Fig. 
1 for an example) 

Log 299.9 0.0001

Leaf characters     
CORD 
 

Length of extension of the cordate lobes of the lamina past the base 
of the petiole/lamina join (mm) 

sqrt 46.7 0.0001

LA Leaf angle; the axilary angle made by the mid-rib and the stem (o)  sqrt 7.2 0.0001

LAML Length of lamina (mm) Log 595.2 0.0001
LAMW Lamina width at widest point (mm) Log 372.9 0.0001
LGL 
 

Leaf glaucousness (1-8); Converted from Cauvin et al. (1987) (1 to 
2 = green, 3 to 5  = sub-glaucous and 6 to 8 = glaucous)  

Log 228.9 0.0001

LP Leaf plane; cross-sectional angle of the leaf from horizontal (o) Log 92.5 0.0001
LTA The acute angle of the leaf tip (o) sqrt 26.8 0.0001
LWP Length along mid-rib to widest point (mm) none 119.3 0.0001
PETL Length of petiole (mm)  Log 98.3 0.0001

Plant characters     
HT10 Height to node 10 (mm) none 5.3 0.0016
LAT05 Number of laterals from nodes 0 to 5  sqrt 16.5 0.0001
LAT610 Number of laterals from node 6 to 10 none 19.4 0.0001

Stem characters     
INTER10 Inter-node length below node ten (mm) sqrt 534.7 0.0001
INTRA10 Intra-node length at node ten (mm) none 89.2 0.0001
SGL Stem glaucousness (1-2; 1 = absent, 2 = present) none 12.7 0.0001
SQU 
 
 

 

Stem squareness; the cross-sectional shape of the stem (ie. Fig. 1, 
line e) (1-4; 1 = round, 2 = square but no wings, 3 = wings but still 
flat between each wing, 4 = wings with little or no flat section 
between wings) 

none 181.5 0.0001

SRE Stem rectangularity (Stem Diam. 1 / Stem Diam. 2 – see text) (mm) Log 6.5 0.0003
SRO Stem roundness (Stem Diam. 1 / Stem Diam. 3 – see text) (mm) Squ 429.1 0.0001
SV Stem verrucae (1-2; 1 = absent, 2 = present) none 17.3 0.0001
WW Waviness of wings (1-3; 1 = waves absent, 3 = maximum) Log 201.3 0.0001
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node ten (SD1), at right angles to this line (SD2) and at 45 ° between the two lines 

(SD3). For seedlings that had pronounced wings on the stem, such as those of E. nitens 

(Fig. 3.1, line e), SD1 and SD2 were taken across the stem between the wings and SD3 

measured the diameter of the stem including the wings (see Tibbits 1988).  

Cross-type means of all characters were calculated. The raw data were then transformed 

where necessary, to optimise normality and homogeneity of variance criteria (Table 3.1). 

This was followed by a canonical discriminant analysis using the DISCRIM procedure 

of SAS (Version 8), which aimed to maximise the separation between the four pure 

species groups. The positions of the putative hybrids in the three-dimensional 

discriminant space were then calculated to help verify their parentage.  

3.2.3 Allozyme assessment 

Variation at the PGD-1 allozyme locus was assessed in the propagated OP seedlots 

collected from Nunamara, Lilydale and Huntsman, to assist in verification of the 

putative exotic hybrids between E. nitens and the native species, and between the three 

native species. One seedling from each cross-type per family was used. For E. rodwayi, 

however, 25 seedlings from three families were used as no previous allozyme work had 

been conducted on this species. Also the number of putative E. ovata x nitens F1 hybrid 

seedlings from each of the E. ovata seedlots was increased to an average of six. When 

individuals from a particular cross-type or family were lacking, then the numbers were 

left short or made up from other families. In addition, the putative E. ovata x nitens 

hybrids found in the wild were screened at the PGD-1 locus, along with wild samples of 

pure E. nitens, E. viminalis and E. ovata. Pure species seedlings from Huntsman were 
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not assayed as this site had been previously assessed (Barbour et al. 2002b). 

The starch gel electrophoresis technique used a morpholene citrate buffer system 

following Moran and Bell (1983). For each gel, the samples were aligned into blocks 

containing six samples, with every fourth being a known-sample homozygous for PGD-

11. The staining technique followed Wendel and Weeden (1989). Allozymes at PGD-1 

were scored from one to five, as in Barbour et al. (2002b), with one being the most 

anodal. 

3.3 Results 

3.3.1 Morphological characters of putative hybrids 

The putative E. ovata x nitens F1 hybrid seedlings found in the wild were easily 

identified by their deviant morphology which appeared intermediate between pure E. 

nitens and E. ovata seedlings growing in the same area. They were similar to the E. 

ovata x nitens F1 hybrids identified previously among glasshouse grown open-pollinated 

seedlots (Barbour et al. 2002b). 

The open-pollinated progeny grown in the glasshouse displayed significant (P < 0.001) 

separation of the pure species at both the univariate (Table 3.1) and multivariate (Fig. 

3.2) levels. All the pure species seedlings displayed tight clustering in the discriminant 

space and the greatest morphological difference occurred between E. ovata and E. nitens 

(Fig. 3.2a; Table 3.2). The putative E. ovata x nitens hybrids from the wild lay outside of 

the pure species groups and their distribution in the discriminate space was similar to the 

same hybrids identified in the open-pollinated families of E. ovata and E. nitens (Fig. 

3.2). There were two distinct morphological groups of E. ovata x nitens hybrids. One. 
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Fig. 3.2. Morphological variation (canonical discriminant analysis) of putative F1 hybrids between E. 

nitens, E. viminalis, E. ovata and E. rodwayi. Plot a. compares the putative E. ovata x nitens hybrids (field 

sampled  and grown further in the glasshouse ) and pure E. ovata ( ) identified in the field, with 

the pure species ( ) and distributions of the E. ovata x nitens hybrids (broken ellipsoids) that were grown 

from open-pollinated seed under glasshouse conditions. Plots b. and c. display all the putative F1 hybrid 

combinations found among the open-pollinated seedlots, i.e. from E. nitens (E. nitens x ovata , E. nitens 

x viminalis ), E. ovata (E. ovata x nitens , E. ovata x viminalis ), E. viminalis (E. viminalis x 

nitens ) and E. rodwayi  (E. rodwayi x ovata ), relative to the limits of the pure species’ distributions 

(ellipsoids with solid lines). 
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Table 3.2. Untransformed means for E. ovata, E. viminalis, E. rodwayi, E. nitens and hybrids involving E. 

nitens as the pollen donor for each of the characters used in the morphometric analysis. 

 

Characters 
assessed 
 

OP 
E. nitens 

OP 
E. ovata    
x nitens 

Field 
E. ovata    
x nitens 

OP 
E. ovata 

OP 
E. rodwayi 

OP 
E. viminalis 

x nitens 

OP 
E. viminalis 

Bud character        
LFUS (mm) 26.7 13.7 5.5 0.0 0.0 20.4 15.6 

Leaf characters        
CORD (mm) 6.0 2.0 0.7 0.0 0.0 1.7 1.3 
LA (o) 71.1 84.3 56.9 106.4 101.6 125.0 108.1 
LAML (mm) 79.8 76.6 56.2 70.5 44.8 61.1 47.6 
LAMW 
(mm) 40.7 38.5 27.0 34.7 11.4 23.4 25.7 
LGL (1-8) 5.2 1.2 1.5 1.2 1.0 3.0 2.5 
LP (o) 9.4 12.4 14.0 18.3 10.2 8.0 15.5 
LTA (o) 87.2 79.4 93.9 83.2 54.9 69.6 69.2 
LWP (mm) 26.4 27.3 22.5 29.1 18.6 13.0 12.8 
PETL (mm) 0.2 0.4 0.9 7.2 1.2 0.2 0.1 

Plant characters        
HT10 (mm) 35.2 38.6 10.9 38.4 26.4 34.6 32.7 
LAT05 (n) 0.0 0.3 0.8 0.1 0.7 0.0 0.7 
LAT610 (n) 0.4 0.8 0.5 2.6 2.3 0.0 1.8 

Stem characters        
INTER10 (n) 32.1 45.7 26.7 46.5 35.4 26.0 39.7 
INTRA10 (n) 0.0 1.1 1.3 16.3 10.4 0.0 0.0 
SGL (1-2) 1.9 1.1 1.0 1.0 1.0 2.0 1.2 
SQU (1-4) 3.7 3.0 2.9 1.3 1.0 2.0 1.1 
SRE (mm) 1.0 1.0 1.1 1.0 1.0 1.1 1.0 
SRO (mm) 0.5 0.7 0.7 0.9 1.0 0.8 1.0 
SV (1-2) 1.8 1.6 1.8 1.3 1.8 1.0 1.6 
WW (1-3) 2.1 1.2 2.0 1.0 1.0 1.0 1.0 
        

n seedlings 60 50 8 60 25 1 60 
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was intermediate between the parents (group 1) while the other fell more in between E. 

viminalis and E. nitens (group 2). The seedlings in group 2 deviated from an 

intermediate position because they had not developed an intra-node by node 10. Intra-

node development is one of the main indicators of vegetative phase change in these 

species, an ontogenetic process in which the juvenile foliage is replaced by adult foliage. 

The transition occurs at around node four to six in E. ovata, but much later in E. nitens 

and E. viminalis. All plants were measured at node 10 because this provided strong 

discrimination of the parental species. However, this node was within the transition 

stage of the hybrids and the group 2 hybrids had yet to develop intra-nodes.  

Four other putative hybrid combinations were identified within the open-pollinated 

seedlots: E. rodwayi ♀ x ovata; E. ovata ♀ x E. viminalis; E. nitens ♀ x E. viminalis; 

and E. viminalis ♀ x E. nitens (Fig. 3.2b and c). These hybrids were intermediate 

between the pure species clusters or biased towards one of the putative parents. The bias 

seen in the majority of the E. ovata x viminalis hybrids towards E. viminalis was again a 

result of their ontogeny as explained for the hybrids between E. ovata and E. nitens. The 

E. nitens x viminalis hybrids for example were intermediate with the exception of one, 

from an E. nitens female, that lay within the E. viminalis cluster (Fig. 3.2b). 

3.3.2 Verification of hybrids  

E. nitens displayed the highest frequency of the PGD-11 allozyme (94.4 %) with E. 

ovata (2.2 %) and E. viminalis (9.5 %) having relatively low frequencies (Table 3.3). 

PGD-11 can therefore verify the F1 hybrids between E. nitens and these native species at 

these sites. Eucalyptus rodwayi  displayed a higher proportion of the PGD-11 allozyme 
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Table 3.3. PGD-1 genotype frequencies (%) in E. nitens, E. ovata, E. viminalis, E. rodwayi and their 

putative F1 hybrids from open-pollinated seedlots and plants identified in the wild. The open-pollinated 

data from Huntsman and Tasmania-wide are from Barbour et al. (2002). The majority of the putative E. ovata 

x nitens F1 hybrids were intermediate between the two parental species, verifying their F1 hybrid classification. 

Genotype 11 refers to PGD-11 PGD-11, genotype 13 refers to PGD-11 PGD-13 etc. Underlined numbers 

indicate the most frequent genotype for each cross-type/location. The ♀ ♂ symbols indicate whether a species 

was the female or male respectively, in a particular cross-type. 

 

Cross-type/location 
  n plants 

Genotype                more cathodal 
 11       13       14       15      33       35       44     45     55 

Pure species and E. nitens ♂ hybrids           
E. nitens           

Huntsman 107 87 13        
Lilydale, Nunamara & Huntsman 8 88 13        
Field plants 10 90 10        

E. ovata ♀ x  nitens            
Huntsman 121   75   7 12 5    
Lilydale, Nunamara & Huntsman 24 17 63  4 17      

Group 1 9 11 67 22        
Group 2 12 25 58 17        

Field plants 16   75   19 6      
E. viminalis ♀ x  nitens            

Lilydale, Nunamara & Huntsman 1    100      
E. ovata           

Tasmania-wide 121 1 10   1 64 21     4 
Huntsman 122      64 27   9 
Lilydale, Nunamara & Huntsman 8     13 75 13     
Field plants 15         80 20       

E. viminalis           
Tasmania-wide 198 2     8 5 4     82 
Huntsman 65 2   8  5  3 83 
Lilydale, Nunamara & Huntsman 8     25   13  63 
Field plants 13 8               92 

E. rodwayi           
Nunamara 25 4 20   12 8 16   8 32 

           
Other hybrid combinations           

E. nitens ♀ x  ovata  4  100        
E. nitens ♀ x  viminalis  5      100    
E. ovata ♀ x  viminalis  8     13 75     13 
E. rodwayi ♀ x  ovata  4         50 25     25 
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(20 %) compared to the other native species, making the marker less effective at 

verifying hybridisation between this species and E. nitens at Nunamara. 

The PGD-11 allozyme occurs at a frequency of 48 % in the putative E. ovata x nitens F1 

hybrids from the open-pollinated families of E. ovata. Of the putative hybrids, 83 % had 

PGD-11 either in the heterozygote (67 %) or homozygote (17 %) state (Table 3.3). This 

result verifies the hybrid status of these plants since PGD-11 is frequent in E. nitens but 

rare in E. ovata (Table 3.3). Little difference was seen in allozyme composition between 

the two morphological groups of putative hybrids or the putative hybrids obtained from 

E. nitens females which argues they are all F1 hybrids between E. ovata and E. nitens. 

Almost all of the putative E. ovata x nitens hybrids found in the wild were heterozygous 

between the E. nitens PGD-11 allozyme and the slower native E. ovata allozymes, PGD-

13 or PGD-15 (94 %; Table 3.3). This, combined with the majority of the plants being 

morphologically outside pure species ellipsoids and intermediate between the pure 

parental species (Fig. 3.2), confirms their original classification. The two wild hybrids 

seen within and next to the E. viminalis cluster in the morphometric plot (Fig. 3.2) were 

heterozygous for PGD-11 and PGD-13. This result is consistent with their classification 

as E. ovata x nitens hybrids since both allozymes are rare in E. viminalis (Table 3.3). 

Putative F1 hybrids between E. nitens and E. viminalis were detected in open pollinated 

seedlots of both E. nitens and E. viminalis. All the E. nitens ♀ x viminalis hybrids, 

including the seedling within the E. viminalis morphometric cluster (Fig. 3.2), were 

PGD-13 and PGD-15 heterozygotes. PGD-15 is only found at high frequency in E. 

viminalis, is rare in E. ovata, and has not been recorded in E. nitens. All these hybrids 
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came from a single E. nitens tree that must have been homozygous for PGD-13. The E. 

nitens hybrid detected in a E. viminalis seedlot was heterozygous for PGD-11 PGD-15 as 

expected. These results, combined with their generally intermediate morphology, verify 

their hybrid status. 

Most putative E. ovata ♀ x viminalis hybrids were heterozygous for PGD-15, a rare 

allozyme in E. ovata, which is consistent with that expected from such hybrids. These 

certainly cannot be confused with the E. ovata x nitens hybrids from the same family 

since none had the common PGD-11 allozyme of E. nitens. While the putative E. 

rodwayi ♀ x ovata hybrids tended to be intermediate between the pure species in 

morphology (Fig. 3.2), the lack of clear morphological and allozyme differentiation 

between seedlings of the pure species does not allow verification of their hybridity. 

3.3.3 Frequency of hybrids in the open-pollinated seedlots 

In total, 11,486 seedlings were propagated from the OP seed and morphologically 

classified as being either pure species or F1 hybrid (Table 3.4). Eucalyptus ovata x nitens 

hybrids were found in the open-pollinated seed of all the E. ovata trees that were 

sampled in close proximity to the exotic wild hybrids. These hybrids were more 

common (averaging 5.5 %, ranging from 1% to 23 % across sampled trees) than any 

hybrid combinations between the native species (mean for all native species = 0.4 %) 

and E. nitens x ovata hybrids from E. nitens on the edge of the plantations (1.8 %). The 

effect of protandry on the frequency of hybridisation was evident in reciprocal hybrid 

combinations as hybrids were invariably more frequent in the open-pollinated seedlots 

collected from the earlier flowering species (e.g. E. ovata♀ x nitens > E. nitens ♀ x 
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Table 3.4. Frequency (%) of each cross-type found in open-pollinated seedlots of E. nitens, E. ovata, 

E. viminalis and E. rodwayi at Huntsman, Lilydale and Nunamara. Eucalyptus rodwayi was only 

sampled at Nunamara. Classification of the seedlings was conducted using clear morphological characters, 

then verified using morphometric and allozyme analyses. The number of families of each species found to 

produce hybrids with other native species (- not applicable for E. nitens) and between the exotic E. nitens 

and the native species is shown (four families were grown per species at each site). Interspecific F1’s 

arising from E. nitens pollen fertilising E. ovata were the most frequently recorded hybrid cross-type at 

each site (bold). Intraspecific crosses are under-lined. The female species are in expected order of 

flowering time (top to bottom), so that the influence of protandry can be seen on the proportions of hybrids 

in these reciprocally crossing species (Williams and Potts 1996; Barbour et al. 2002) 

 

Seed (♀)    Pollen (♂) parent  n families producing hybrids  n 
 parent/site   E. ovata E. nitens E. viminalis E. rodwayi  native exotic  seedlings
E. ovata          

Huntsman  95.6 4.1 0.3   2 4 1017 
Lilydale  82.3 16.3 1.4   3 4 1337 
Nunamara  97.3 2.7 0.0 0.0  1 4 4701 

E. nitens          
Huntsman  0.7 99.3 0.0   - 1 682 
Lilydale  0.0 98.4 1.6   - 1 310 
Nunamara  3.2 96.8 0.0 0.0  - 3 917 

E. viminalis          
Huntsman  0.0 0.0 100.0   0 0 471 
Lilydale  0.0 0.1 99.9   0 1 1168 
Nunamara  0.0 0.0 100.0 0.0  0 0 883 

E. rodwayi          
Nunamara  0.9 0.0 0.0 99.1  1 0 446 

          
Total          

E. ovata  94.2 5.5 0.3 0.0  6 12 7055 
E. nitens  1.8 98.0 0.3 0.0  0 5 1909 
E. viminalis   0.0 0.0 100.0 0.0  0 1 2522 
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ovata; E. ovata ♀ x viminalis  > E. viminalis ♀ x ovata; Table 3.4). 

3.3.4 Distribution of exotic hybrids and E. nitens wildlings in the wild 

The frequency distribution of the E. ovata x nitens hybrids identified in the wild 

indicated that the majority were found within 20 m of the plantation boundary, but their 

distribution extended to 310 m (Fig. 3.3). In comparison, all E. nitens wildlings were 

found within 30 m of the plantation boundaries and most occurred within 10 m. 

 

 
 
 
 
 
       
                           
         
 
 
 
 
 

 

 

 

Fig. 3.3. Frequency distribution of (a) E. nitens wildings (n = 61) and (b) established E. ovata x nitens F1 

hybrids (n = 77) against distance from the boundary of E. nitens plantations. 
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3.4 Discussion 

Morphological and allozyme analysis has shown that F1 hybridisation between 

plantation and native Eucalyptus is occurring (Barbour et al. 2002b, present study) and 

the present study shows that these hybrids are establishing in the wild. Natural 

hybridisation between E. ovata and E. viminalis and between E. rodwayi  and E. ovata 

has been previously recorded in the literature (Williams and Potts 1996). However, the 

present study reports the discovery of a new hybrid entity within the Tasmanian biota.  

Eucalypt species are often highly differentiated in seedling morphology and the general 

intermediacy of their hybrids makes detection relatively easy (Pryor 1976; Potts and 

Reid 1988; Tibbits 1988; Potts and Reid 1990; Delaporte et al. 2001c; Stokoe et al. 

2001; Barbour et al. 2002b). Certainly all the F1 hybrid cross-types that were identified 

appeared to be generally intermediate on visual inspection, although the level of 

intermediacy varied between trait and hybrid combinations. In the morphometric 

analysis, both reciprocal crosses of E. nitens x viminalis, E. ovata x rodwayi  and a large 

proportion of both reciprocal crosses of E. nitens x ovata, displayed generally 

intermediate positions between their parental species. However, exceptions were found 

within both reciprocal crosses of E. nitens x ovata, including a few of the hybrids from 

the wild, and in the E. ovata x viminalis hybrids, both of which showed a strong bias 

towards E. viminalis and E. nitens. The reason for this mainly lay in the ontogenetic 

stage of development at which the seedlings were measured. Many of the hybrids were 

measured close to a transitional stage in their ontogeny, which was not the case for the 

parental species.  
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The 5.5 % of exotic hybrids identified in the open-pollinated seedlots of E. ovata was 

comparable to the 4.2 % reported by Barbour et al. (2002b) where E. ovata trees had 

been sampled within 300 m of an E. nitens family trial in which the flowering of some 

trees had been artificially enhanced. In both cases, all sampled E. ovata trees produced 

E. ovata x nitens hybrids. Also the levels of exotic hybridisation were considerably 

greater than levels of natural hybridisation seen between the native species in the present 

study (0.4 %), and that reported in the literature (averaging 1.3% across 11 species, Potts 

and Wiltshire 1997). However, both studies may have biased upward the frequency of 

hybridisation with E. nitens. In the present case, sampling was focused on trees that were 

in close proximity to exotic wild hybrids and in the previous case a plantation from 

which rare hybrids had been detected in open-pollinated seed of E. nitens. The degree of 

flowering time overlap appears to be a major determinant of whether a species or 

population will be involved in hybridisation (Pryor 1976; Barbour et al. 2002b).  

Several lines of evidence argue that most of the exotic hybrids found in the wild are the 

product of E. nitens pollen dispersing into the range of native E. ovata rather than from 

dispersal by seed of the reciprocal cross from E. nitens females which have been 

pollinated by E. ovata. Firstly, the exotic hybrids were in close proximity to mature E. 

ovata trees that were shown to have the same hybrid cross-type in their open-pollinated 

seed (5.5 %) and from which hybrid seed could have easily dispersed. Secondly, the 

level of hybridisation in open-pollinated seed of E. nitens was lower than in E. ovata 

(1.8% present study, 0.15% Barbour et al. 2002b). Thirdly, all the E. ovata x nitens 

hybrids identified in the wild were found regenerating next to pure E. ovata seedlings, 

rather than E. nitens seedlings. Finally, the hybrids extend well beyond the distance over 
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which E. nitens seed dispersal occurs as judged by the distribution of wildlings. The 

later result is consistent with the limited dispersal of eucalypt seed, most of which is 

dispersed within two-tree heights (Cremer 1966; Potts and Reid 1988).  

Eucalypt pollen is animal dispersed, and is thought to be highly leptokurtic in its 

dispersal from a source (Potts and Wiltshire 1997). The majority of the exotic hybrids 

were seen within 20 m of the plantations, but a long tail in their frequency extended 

through to 310 m. In the previous study of hybridisation between plantation E. nitens 

and native E. ovata, relatively high levels of hybridisation were seen in open-pollinated 

seedlots from trees within 200 m from a plantation (16 % for one tree), while by 300 m 

hybridisation had dropped to 0.4 % (Barbour et al. 2002b). Similar results, albeit 

limited, have also been found in studies of natural hybridisation (Potts 1990; Potts and 

Wiltshire 1997). Pollinators of E. nitens in Tasmania are small insects, with birds and 

larger insects such as bees and bumble bees not being pollinators of this species 

(Hingston 2002). Consequently the pollen dispersal curve for E. nitens is likely to be 

more restricted than species that have larger insects and birds dispersing their pollen (see 

Chapter 2).  

There has been a recent expansion of the eucalypt plantation estate in Tasmania, which 

suggests exotic hybrids may become more common. Approximately 3,300 ha of 

Eucalyptus plantations were established in 1984, whereas by 2002 the total was over 135 

000 ha, with E. nitens constituting 70-80 % of the estate (Wood et al. 2001). In 

Tasmania, E. ovata and E. viminalis frequently occur adjacent to E. nitens plantations 

(R. Barbour unpubl. data). We have found exotic hybrids at three such sites and further 
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survey is required to determine if there are more. The E. ovata x nitens hybrid seedlings 

recorded to date were established next to plantations that were 10-14 years old. While 

flowering can occur in E. nitens plantations as early as age 5 (G. Dutkowski and D. 

Williams unpubl. Data, Moncur et al. 1994) flowering in dense plantations is usually 

reduced compared to open-grown trees (Williams 2000). The extent to which the 

expanded plantation estate will increase levels of exotic hybridisation will therefore 

depend upon numerous factors including harvest age, stocking density and overlap in 

flowering time with adjacent compatible species (Potts et al. 2003). 

The biological impact of gene flow from Eucalyptus plantations may be both ecological 

and genetic. The competitive effects of exotic pollen may reduce intraspecific crossing 

(outcrossing) rates and the fitness of a species (Brown and Mitchell 2001; Song et al. 

2002). Even without considering the genetic effects of backcrossing, hybrids may 

directly out-compete parental species (Arnold et al. 2001) and even cause community-

level changes to biodiversity (Whitham et al. 1999). Such considerations are most 

relevant to the conservation of threatened species (Levin et al. 1996). 

It has been suggested that hybrids are most successful in novel or disturbed habitats 

(Anderson 1948; Arnold 1997) and therefore may not be competitive in pure species 

habitats (Pryor 1953). The habitat in which the exotic hybrids were found was, however, 

the same disturbed habitat in which pure E. ovata was naturally regenerating. Most 

eucalypts rely on disturbance for natural regeneration (Ashton 1975b). As the exotic 

hybrids were found regenerating among pure E. ovata seedlings, and rarely on their 

own, they clearly were able to colonise the habitat of native E. ovata, at least up to this 
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early stage of their life cycle.  

One of the most important areas of research now lies in studying the fitness of exotic 

hybrids and their ability to reach reproductive maturity and backcross with native 

populations (Arnold 1997). This is relevant in the present case as many plant 

communities that E. ovata dominates have a high conservation priority in Tasmania 

(Commonwealth of Australia 1997; Ecosystem Services 2001) due mainly to 

agricultural clearing, although E. ovata itself is not a rare or endangered taxon. Research 

to date has shown that both first and advanced generation hybrid breakdown is common 

in Eucalyptus (Potts et al. 2003; Potts and Dungey 2004) and can be an effective barrier 

to interspecific gene flow (Potts and Wiltshire 1997). For example, F1 hybrids between 

E. ovata and E. globulus, a species closely related to E. nitens, showed poor survival by 

flowering age, compared to the pure species (Lopez et al. 2000b). Furthermore, while 

these two species overlap in their flowering time, the flowering of their F1 hybrid does 

not overlap with either species (Lopez et al. 2000b). The E. ovata x nitens hybrid 

seedlings, still at least 5 to 10 years from reproductive maturity, may well behave in a 

similar manner and strongly reduce the potential for backcrossing to E. ovata. 
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Early-age selection limits invasive 

capacity of exotic F1 hybrids in 

Eucalyptus 

 

4.1 Introduction 

Gene flow from exotic species through pollen dispersal is facilitated through F1 

hybridisation and successive backcrossing. A key determinant of such gene flow is the 

survival and fitness of F1 hybrids (Levin 1978; Arnold 1997). Hybrid fitness appears to 

be affected by both endogenous (genetic) and exogenous (environmental) factors 

(Arnold and Hodges 1995; Arnold et al. 2001). Despite this, there are few studies of the 

performance of hybrids in the habitats in which they are found (Emms and Arnold 1997; 

Arnold et al. 2001; Campbell and Waser 2001; Lexer et al. 2003). In general, studies of 

hybrid fitness have yielded a diversity of results, with estimates ranging from low, equal 

or high fitness relative to parental species (Arnold and Hodges 1995; Arnold et al. 

1999). This diversity makes predictions of hybrid fitness difficult. Consequently, studies 

of specific hybrid combinations in the habitats in which they occur, are necessary to 
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determine their role in facilitating introgression (Arnold et al. 2001). 

Seedlings that are F1 hybrids between plantation grown E. nitens and the native species 

E. ovata, have been recorded at a number of sites around Tasmania (Chapter 3, Barbour 

et al. 2002b). Furthermore, these plants have been found to be successfully invading the 

native E. ovata communities (Chapter 3). Recently, there has been a large expansion of 

the plantation estate (Wood et al. 2001; Allison and Wood 2003), most of which is only 

now reaching the age of reproductive maturity. Thus, because E. ovata communities are 

frequently found adjacent to plantations (Chapter 5), the exotic F1 hybrids are likely to 

become more common in the future (Chapter 3). Additionally, E. ovata communities 

have been classified as endangered due to extensive agricultural clearing 

(Commonwealth of Australia 1997; Ecosystem Services 2001). It is therefore important 

to determine whether there is selection against these hybrids which will reduce the 

probability of them surviving to reproductive maturity. 

In general, eucalypts have no adaptations for seed dispersal (Chapter 3, Cremer 1966; 

Potts and Wiltshire 1997). Therefore, exotic F1 hybrids are unlikely to establish out of 

the habitat of their maternal parent. The invasive capacity of exotic hybrids will 

therefore depend upon their ability to survive in this habitat and compete with native 

species. Whilst many studies of hybrid performance in Eucalyptus have focussed on 

breeding trials (reviewed in Potts and Dungey 2004), few have examined the fitness of 

hybrids in their natural environments (Drake 1980; Drake 1981a; Drake 1981b; Potts 

1986). Consequently, the aim of this chapter is to provide a study of the early-age 

vegetative fitness of exotic E. ovata x nitens F1 hybrids in the habitat of the native E. 
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ovata. This was conducted using field trials designed to directly assess the survival and 

performance of these hybrids relative to the E. ovata half-sibs, with which they will have 

to compete against in the wild. 

4.2 Materials and methods 

4.2.1 Trial site and genetic material 

Three field trials were established in the Meander Valley, Tasmania (41° 42’ S, 146° 35’ 

E), in early to mid 2001. This was one of three locations where the E. ovata x nitens F1 

hybrids were identified in the wild (Chapter 3). The site of the trials, previously an E. 

ovata forest community, had been clear-felled and was in the early stages of 

regeneration. The habitat of the site was considered to be reasonably representative of a 

naturally regenerating E. ovata forest, following disturbance (Fig. 4.1). The three trials 

that were established were referred to as the Sowing, Triangle and Pair trials. The trials 

consisted of combinations of E. ovata, E. nitens, and E. ovata x nitens F1 hybrids from 

open-pollinated E. ovata seedlots (i.e. half-sibs to the E. ovata). Eucalyptus nitens 

seedlings were included in the Triangle trial to provide an insight into their ability to 

survive as weeds, through establishment after seed dispersal from plantations (shown to 

occur in Chapter 3). The plant material for all the trials was derived from open-

pollinated seed. This seed was collected from E. ovata trees growing next to an E. nitens 

seed orchard at the Meander site. Such open-pollinated seed is the product of both self 

and outcross pollination (Lopez et al. 2000b), and represents the genetic constitution of 

plants with which the exotic E. ovata x nitens F1 hybrids would directly compete against 

in the wild. The Sowing trial involved direct sowing of the seed into field plots. This. 
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Fig. 4.1. A single pair from the Pair trial, consisting of an E. ovata and an E. ovata x nitens F1 hybrid 

planted in the naturally regenerating E. ovata habitat at Meander. The Triangle and Sowing trials were 

also established at this site. 

E. ovata

F1 hybrid
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seed was germinated and grown in the wild and morphologically screened for the 

presence of hybrids, once they reached a significant height. For the Pair and Triangle 

trials, the seed was initially germinated and grown in the glasshouse. The hybrid 

seedlings were then identified once they reached eight to ten nodes in height (see 

Barbour et al. 2002b), before being planted in the field. For all three trials, the E. ovata x 

nitens F1 hybrids were identified among pure species progeny using clear morphological 

markers (Chapter 3, Barbour et al. 2002b). These markers had been previously verified 

using molecular marker techniques as being effective (Chapter 3, Barbour et al. 2002b). 

All three trials were established in early to mid 2001. 

4.2.2 Sowing trial 

The Sowing trial were conducted to assess the effect of post-dispersal selection on the 

germination and early seedling growth of the exotic E. ovata x nitens F1 hybrids (Fig. 

4.2). A total of 15 replicates were positioned independently from each other, with each 

consisting of six 75 x 75 cm plots in a three by two grid. Twelve of the replicates were 

hand tilled to a shallow depth (5-10 cm) to mimic natural disturbance, necessary for the 

establishment of seedlings of most eucalypts (Gill 1997). A depression was dug around 

the outside of the plots to assist in removing excess water. The remaining three 

replicates received no disturbance, leaving the Poa/Lomandra/Pteridium community 

intact. Four plots in each replicate received one gram of open-pollinated seed (including 

chaff) from one of four E. ovata trees (here on referred to as families 1 to 4) previously 

identified as producing the exotic hybrids. There was only enough seed from family 2 

for eight replicates, so remaining replicates had extra seed from families 1, 3 or 4 used 

as replacement. Within each replicate, the remaining two plots received no seed and 

F1 hybrid 
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acted as controls to test for post-sowing movement of seed between plots. The allocation 

of treatments to plots was random. The seed was applied to the soil surface by hand and 

then watered. Following this, no more water was applied and only exotic weeds were 

removed. Six individual plots were also prepared that were well isolated from the 

replicates and received no seed. These plots provided the opportunity to examine if a 

pre-existing seed bank in the soil or seed dispersal from other sources existed. 

To determine the expected proportion of exotic hybrids within each of the four seedlots 

used for this experiment, one gram of each was germinated under glasshouse conditions. 

Germination was conducted in punnets containing vermiculite. Once the seed had 

germinated in the glasshouse, each plant was transplanted into individual tubes (40 x 40 

x 70 mm) and grown further until the hybrids could be morphologically identified. 

 

 
 
Fig. 4.2. Seedlings growing in a replicate of the Sowing trial (red arrow points to one E. ovata seedling), one 

year after sowing open-pollinated seed from E. ovata trees that were known to be hybridising with E. nitens. 
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These conditions allowed the seed to germinate and grow under conditions of minimal 

competition and very low selection pressure, thus providing a comparison to the field 

trial where strong selection pressure was likely.  

4.2.3 Triangle trial 

The Triangle trial was designed to assess the post-establishment fitness of the hybrids as 

young seedlings, in comparison to (i) pure E. ovata from the same family (i.e. half-sibs) 

and (ii) unrelated, nursery-derived, E. nitens seedling representing routine plantation 

stock. The E. ovata and E. ovata x nitens half-sibs were from the same four open-

pollinated families as used in Sowing trial. Each F1 was paired with a pure E. ovata half-

sib from the same family. One plant from each cross-type was planted to form the three 

corners of a triangle, with each plant being a metre away from the other two. A total of 

206 triangles were planted as three transects that crossed the regeneration area at 

Meander, with triangles being ca. two metres apart. The seedlings were ca. 26 cm high 

and seven months old when they were established. They were watered after planting, but 

received no care thereafter. The families of the E. ovata and the F1s were distributed in a 

random fashion along each transect. The number of triangles per E. ovata family ranged 

from 24 to 108. 

4.2.4 Pair trial 

The Pair trial was also designed to assess the post-establishment fitness of the exotic 

hybrids. However, the objective was to compare only pure E. ovata with the hybrids, 

using older seedlings than those used in the Triangle trial. This trial consisted of five 

transects of sequential pairs of E. ovata and E. ovata x nitens F1s (Fig. 4.1). Plants of 



Chapter 4: Early-age selection against exotic F1 hybrids 

    46 

each pair were established ca. two metres apart, and each pair was separated by three to 

four metres. 174 pairs were planted in total. Plants were ca. 90 cm tall and 1.4 yrs old 

when established in the field. The plants were from 22 families of open-pollinated seed, 

with an uneven number of pairs per family due to the differing initial frequencies of 

hybrids. The distribution of families within transects was random and the number of 

pairs per family ranged from 1 to 43. 

4.2.5 Trial measurements 

Final measurements of all three trials were conducted in May 2003, two years after field 

planting. For the Sowing trial, the number of pure E. ovata and E. ovata x nitens hybrid 

seedlings within both glasshouse-grown seedlots and those that were sown in the field 

were counted. As eucalypt seed has limited longevity once dispersed (Gill 1997), all the 

seed that was likely to germinate and grow in the Sowing trial would be expected to 

have done so over the time allowed. For the Triangle trial, height was measured and an 

ordered categorical score was used to measure the damage and health of the plants. This 

was conducted on a three-point scale (2 = poor plant health, with considerable insect or 

disease damage and no or few healthy buds and leaves; 1 = relatively normal or average 

health, but with some insect and disease damage of the leaves and buds, and 0 = very 

healthy plant with little or no obvious insect and disease damage). Measurements of the 

Pair trial involved recording plant height, diameter of the stem at 10 cm above the 

ground, and the percentage of leaf area lost. The latter relied upon a subjective estimate 

of the leaf area removed due to insect, disease or herbivore damage and was estimated 

visually from the amount of damage per leaf and the quantity of leaves remaining, 

compared to the estimated area of intact leaves that should be present if no damage had 
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occurred.  

4.2.6 Analysis 

Every five pairs or triangles in sequence along the transects were treated as replicates in 

the analysis (n = 36 and 41 respectively). However, fewer plants were used in some 

cases. The analyses were based on replicate means in order to normalise the distribution 

of residuals. All data, except the frequency of hybrids in the Sowing trial, were analysed 

using the Proc Mixed procedure of SAS (Version 8). A model was fitted that involved a 

random replicate term and a fixed cross-type term using replicate means for survival, 

stem volume (Pair trial) or height (Triangle trial), and the percentage of leaf area loss 

(Pair trial) or the plant health scores (Triangle trial). Comparisons of treatments and mid 

values between pure species for the Triangle trial, were undertaken using the Contrast 

statement in Proc Mixed. For the Sowing trial, chi-squared tests for each family were 

conducted on the number of E. ovata and hybrid seedlings identified in the field, 

compared to the expected frequency of each cross-type calculated from the proportions 

identified in the glasshouse grown seedlots. Following this, a pooled analysis was 

conducted for all the seedlings identified in the field. 

4.3 Results 

4.3.1 Germination and early growth (Sowing trial) 

In total, 1282 seedlings were produced under glasshouse conditions from the open-

pollinated seed collected from the four E. ovata trees. This corresponded to 321 

seedlings from each gram of uncleaned seed (Table 4.1). However, in the disturbed field 

replicates that were sown, substantially fewer seedlings germinated and grew to an 
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assessable height. One gram of uncleaned seed from each family produced a mean. 

Table 4.1. Summary of the Sowing trial conducted in the natural E. ovata habitat with open-pollinated 

seed from four E. ovata trees (families) previously identified as producing exotic E. ovata x nitens F1 

hybrids. The seed from each tree was divided into 1 gram lots and grown under glasshouse conditions and in 

disturbed (n = 12) and undisturbed (n = 3) replicates in the field. The table shows the number of replicates 

that the individual seedlots were sown in, the number of seedlings per gram that grew to an assessable size, 

the percentage of seedlings that were morphologically identified as E. ovata x nitens F1 hybrids, and the 

percentage of seedlings that were too small to identify. For the field replicates, information is also provided 

for the unsown control plots within replicates (2 / replicate), and isolated from replicates (n = 6), and the 

unsown area immediately outside the replicates. * data includes seedlings identified in unsown plots within 

replicates and areas outside replicates. 

 

  n replicates n seedlings % F1 % unidentified
  sown / gm seed  hybrids seedlings 
Glasshouse      

Family 1 1 335 10.0 0 
Family 2 1 230 9.8 0 
Family 3 1 279 13.6 0 
Family 4 1 439 27.5 0 
Mean across families - 320.5 15.2 0 

       
Field - disturbed      

Family 1 13 8.0 6.4 16.8 
Family 2 8 11.3 7.0 21.1 
Family 3 13 7.5 11.5 13.3 
Family 4 14 10.9 18.6 9.0 
Unsown plots (within replicates) - 0.9 0.0 0.0 
Unsown area outside replicates - 2.7 8.3 11.1 
Mean across families 12 10.3* 10.9 15.0 
       
Unsown plots (isolated from replicates) - 0.0 - - 

       
Field - undisturbed       

Family 1 4 0 - - 
Family 2 4 0 - - 
Family 4 4 0.5 0 0 
Unsown plots (within replicates) - 0 - - 
Unsown area outside replicates - 0 - - 
Mean across families 3 0.1* 0.0 0.0 
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Fig. 4.3. Post-dispersal selection against exotic E. ovata x nitens F1 hybrids compared to pure E. ovata, in 

E. ovata habitat. The graph compares the percentage of hybrids among four families of E. ovata open-

pollinated seed grown in the glasshouse and in the field. A statistically significant difference (** = P < 

0.01) was found for the analysis of the pooled results. 

 

across replicates of 10 seedlings (including seedlings outside replicates - see below). 

This demonstrated the much higher selection against seedlings survival in the field 

(3.2% of that produced under glasshouse conditions). In comparison only two pure E. 

ovata seedlings were seen across the three undisturbed replicates that were sown (0.1 

seedlings per gram of seed).  

In the nursery, all seedlings were assessed for the proportion of hybrids within each 

family, which ranged from 10 to 28% (Fig.4.3). In the field, only 86% of the seedlings 

were of sufficient size to allow them to be identified as either E. ovata or F1 hybrids, 

with the remainder being too small. The average proportion of hybrids across all four 

families was significantly lower in the field (11%) than in the glasshouse (15%) (χ2
1 = 

5.04, P < 0.01).  

**
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The control plots within field replicates which had no seed sown, produced only 11 

seedlings, and only 36 seedlings were identified immediately adjacent to the replicates. 

This indicated that little movement of seed occurred beyond the quadrats it was sown in 

(6% of all seedlings moved less than 0.3m). In addition, no seedlings were found in the 

control plots positioned away from the replicates. This verified that no pre-existing E. 

ovata seed bank existed in the soil, and no dispersal from mature local E. ovata 

occurred, both of which could have altered the frequency of hybrids in the sown plots. 

Therefore, a pooled analysis of all the seedlings detected both within and alongside the 

replicates could be conducted.  

4.3.2 Post-establishment fitness (Triangle and Pair trials) 

Across the Triangle and Pair trials, the survival of the hybrids was consistently lower 

than that of the E. ovata (F 1 = 19.0, P < 0.001 and F 1 = 4.6, P < 0.05 respectively) (Fig. 

4.4). Of the hybrids that were alive, the E. ovata x nitens hybrids were not significantly 

different in height to the E. ovata, but the hybrids in the Triangle trial were significantly 

smaller than the E. nitens and E. ovata mid-parent value (F 1 = 8.3, P < 0.01). The 

hybrids, however, were considerably less healthy than the pure species controls in both 

the Triangle and Pair trials based on the damage score (F 2 = 15.4, P < 0.001) and the 

amount of leaf area lost (F 1 = 43.1, P < 0.001). This trend was also clearly evident in 

the proportion of healthy plants, where very few of the hybrids were actually classified 

as healthy. Only 1% of hybrids in the Triangle trial were recorded as healthy (i.e. a 

damage score of 0) and only 6.3% in the Pair trial (i.e. leaf area loss of 30% or less), 

compared to 9.2% and 16% for the pure E. ovata respectively. 
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Fig. 4.4. Performance of the E. ovata x nitens F1 hybrids, relative to parental species in the Triangle and Pair 

trials (E. ovata = O, E. nitens = N). Different letters represent significant differences between cross-types of P < 

0.05 or less. Damage was measured on a three-point scale for the Triangle trial (0 = low, 1 = intermediate, 2 = 

high) and as a percentage of leaf area loss for the Pair trial (see text for full description). Healthy plants were 

those that had a score of 0 for the three-point damage scale, and those that had 30% or less leaf area loss for the 

Pair trial. The mid-parent value between E. ovata and E. nitens is given for the Triangle trial (        ). The 

hybrids are significantly different from the mid-parent value for height, damage and % of healthy plants.  
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The survival of the E. nitens in the Triangle trial was lower than both the E. ovata (F 1, 

37.6; P < 0.001) and the hybrid (F 1, 6.3; P < 0.05) (Fig. 4.4). Despite this, the surviving 

seedlings displayed equivalent or greater height and health relative to the E. ovata, 

suggesting that the initial poor survival of the E. nitens was a nursery effect. 

4.4 Discussion 

Exotic E. ovata x nitens F1 hybrids are clearly less vigorous in the wild compared to 

native E. ovata in the early-stages of their life cycle. In the Sowing trial, a significant 

difference was seen in the proportion of hybrids that germinated and grew to young 

seedlings in the wild compared to that in the glasshouse. This was found not to be due to 

a pre-existing seed bank in the soil, and suggested natural selection operates against the 

exotic hybrids at a very early-age. Based on the differences in proportion of hybrids in 

the nursery compared to the field, the selection against the hybrids at this stage of the 

life cycle is 0.71. Of the seedlings that were identified in the field plots, 15% were too 

young to be accurately classified as pure E. ovata or F1 hybrids. Most of these seedlings 

appeared to be E. ovata based on preliminary observations. This, combined with their 

low likelihood of survival due to poor growth, indicates these plants are unlikely to 

influence the frequency of hybrids already documented, and affect the conclusions. 

However, this will be confirmed with further assessments of the Sowing trial in the 

future. Following establishment, the reduced survival of the exotic E. ovata x nitens F1 

hybrids, compared to the native E. ovata, was also seen in the older seedlings (Triangle 

and Pair trials). All of these seedlings were of normal phenotype and vigour when 

planted. However, significant differences between the cross-types, in their ability to 



Chapter 4: Early-age selection against exotic F1 hybrids 

    53 

persist in the natural environment, clearly developed over the two-year period of field 

growth. 

Previous studies of germination and seedling growth of eucalypt hybrids have only been 

conducted under glasshouse and nursery conditions, or in breeding trials, which have 

conditions that are not representative of naturally regenerating forests. These studies 

however, do provide an insight into the causes of the poorer fitness of exotic hybrids in 

the wild. Generally, germination rates of F1 hybrid seed has been reported as either 

equivalent to (Chapter 6, Ellis 1991), or slightly poorer than (Potts et al. 1992; Lopez et 

al. 2000b), intraspecific crosses. As seedlings however, F1 hybrids frequently display 

greater levels of abnormality and mortality than pure parental species (Pilipenka 1969; 

Griffin et al. 1988; Potts et al. 1992; Lopez et al. 2000b; Meddings et al. 2003). This is 

particularly evident in crosses between distantly related parents (i.e. inter-sectional 

crosses, Meddings et al. 2003), but has also been noted for crosses between closely 

related species (i.e. E. nitens x globulus, an intra-series cross) (Potts et al. 2000). In the 

present case (described in Chapter 6), while the sample size was small, artificial E. ovata 

x nitens F1 hybrid seed displayed lower levels of germination, and produced a lower 

proportion of healthy seedlings, compared to intraspecific outcrosses. Under the harsher 

conditions of the wild, such abnormalities and reduced performance would be more 

pronounced, and this is likely the reason for the poorer survival of the E. ovata x nitens 

seedlings in the wild. 

The height of the surviving exotic hybrids in the Triangle and Pair trials was not found 

to be significantly different from the pure E. ovata. Despite this, there are several lines 
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of evidence that suggest that further selection against the F1 hybrids will occur. Firstly, 

the hybrids in the Triangle trial were significantly shorter than the E. ovata and E. nitens 

mid-parent values. In some cases, F1 hybrids in Eucalyptus display intermediate growth 

rates between parental species (e.g. Potts et al. 1987). When the performance of F1s falls 

below this level, it is often representative of genetic incompatibilities between the 

parents (Potts and Dungey 2004). Secondly, the hybrids displayed significantly poorer 

health than the E. ovata, showing greater susceptibility to insect, herbivore and disease 

damage. Hybrid susceptibility to such damage has frequently been documented, not only 

in Eucalyptus (Dungey et al. 1997; Dungey and Potts 2001; Scott et al. 2002; Dungey 

and Potts 2003; Lawrence et al. 2003), but also in other hybridising plant taxa (Fritz et 

al. 1994; Whitham et al. 1996; Roche and Fritz 1998; Fritz et al. 1999). Thirdly, intense 

competition between the plants in the trials is still to occur. Such interaction will place 

greater pressure on weaker genotypes, and combined with the reduced health of the 

exotic hybrids, suggests again that selection against them will continue (Rogers and 

Westman 1977; Gueritaine et al. 2003). The fourth line of evidence, comes from studies 

of later-age fitness in Eucalyptus (Potts and Dungey 2004). A study of E. ovata x 

globulus F1 hybrids (Lopez et al. 2000b), provides a good comparison to the E. ovata x 

nitens F1s, due to the close relatedness of E. nitens and E. globulus (same series, Brooker 

2000). Despite showing little differences in performance at an early-age in a field trial, 

by four years of age the E. ovata x globulus hybrids displayed poorer survival and 

growth, and by ten years, only 19% were alive compared to 71% of the E. ovata (Lopez 

et al. 2000b). Nevertheless, these hybrids flowered after three years of field growth, 

indicating the potential for introgression (Lopez et al. 2000b). Due to cross-types being 
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separated within their trial, these results are likely to over estimate both vegetative and 

reproductive fitness. However, it does suggest that selection against older-age E. ovata x 

nitens F1 hybrids may occur. Whether this will be sufficient to prevent further gene flow 

is uncertain, as even low levels of success in F1 generations can allow significant levels 

of introgression (Arnold et al. 1999). 

Despite the ability of the exotic hybrids to invade native communities (Chapter 3), it was 

clear that a number of barriers to their establishment exist. Firstly, as with E. ovata, 

hybrid establishment is limited to the availability of regeneration niches. Disturbance is 

a well-known requirement for successful establishment of eucalypts in the wild (Ashton 

and Williams 1973; Ashton 1975a; Bowman and Kirkpatrick 1986; Gill 1997), which is 

often related to wildfire (Gill 1997). In addition, there is little soil storage of eucalypt 

seed (present study, Howard and Ashton 1967; Gill 1997). Successful regeneration 

therefore depends on the coincidence of both disturbance and the presence of an arial 

seed bank, which is held within woody capsules in the canopy. This is consistent with 

the present study, where no seedling establishment occurred in disturbed plots in the 

absence of artificially sown seed. Combined with this, virtually no seedling recruitment 

in the absence of soil disturbance occurred, despite seed being sown. Therefore it is clear 

that even if exotic hybrid seed does occur in the canopy stored seed bank of E. ovata, 

such seed will not establish unless a regeneration event occurs. In many cases, such 

disturbance occurs on the edge of native forest, adjacent to forestry operations and road 

works. However, as with most eucalypts, the occurrence of regeneration niches within 

undisturbed native E. ovata forests, will in most cases depend on the occurrence of 

wildfire (Bowman and Kirkpatrick 1986; Gill 1997). Even then, the probability of 
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establishment in eucalypt forests can be extremely low, even when there is abundant 

seed rain (Potts 1986). In the present study, despite seed being sown on well-disturbed 

seedbeds, seedling establishment was only 4% of that observed under glasshouse 

conditions. This clearly reflects the more intense abiotic (e.g. drought, nutrient 

deficiency) and biotic (e.g. seed predation, herbivory) selection pressures acting in the 

wild. 

The ability of E. nitens to invade native communities as wildlings, through seed 

dispersal from plantations, was evident in the present study and in Chapter 3. Such seed-

mediated gene flow from species introduced for plantations has already been shown to 

be a significant issue in many countries (Kirkpatrick 1977; Heywood 1989; Higgins and 

Richardson 1998). In the present case, such seed dispersal is likely to lead to further 

hybridisation with E. ovata, increasing the potential for introgression. There is also the 

possibility that introgression could occur in the reverse direction to increase the invasive 

capacity of E. nitens wildlings. A number of exotic species have already been identified 

which, following their introduction, have evolved their invasive qualities through 

hybridisation and recombination of introduced and locally adapted genes (Ellstrand and 

Schierenbeck 2000; Vila et al. 2000; Abbott et al. 2003; Bleeker 2003). 

Hybridisation can clearly play a key role in both the competitive and introgressive 

replacement of native populations by exotic species. Despite this however, few studies 

have concentrated on the fitness of exotic hybrids in native habitats at risk of invasion. 

Studies to date have shown a diversity of responses (i.e. for Spartina, Helianthus, 

Carpobrotus, Raphanus) (Anttila et al. 1998; Snow et al. 1998; Vila and D'Antonio 
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1998; Gueritaine et al. 2003). However, in all cases reduced F1 hybrid fitness does not 

appear to act as a complete barrier to introgression. This may not be typical, however, as 

such studies tend to concentrate on successful hybrid combinations (Day and Schluter 

1995). In the present case, there is clear evidence of early-age selection against the 

exotic E. ovata x nitens F1 hybrids in the habitat of the native species. However, this 

selection is not absolute, and hybrid seedlings are surviving naturally in the wild 

(Chapter 3), and in experimental trials (present study). As E. ovata x nitens F1 hybrids 

have only recently established in the wild in Tasmania, several more years are required 

to determine if selection against these exotic hybrids will extend to later-ages, and 

prevent the introgression of the exotic genes into native populations. 




