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5.1 Introduction 

The introduction of exotic species results in the spatial barrier to pollen-mediated gene 

flow being broken down, creating the potential for genetic pollution (Levin et al. 1996; 

Rhymer and Simberloff 1996; Ellstrand et al. 1999). Nevertheless, other barriers 

frequently exist at pre- or post-mating stages of gene flow, which are effective at 

isolating populations (Levin 1978; Arnold 1997). Pre-mating barriers include restricted 

pollen dispersal capacity, differences in pollen vectors and flowering asynchrony (Levin 

1978; Ellstrand et al. 1989; Arnold 1997). Considerable attention in recent years has 

been paid to the effectiveness of pre-mating barriers, following concerns about the 

escape of transgenic crops (Ellstrand and Hoffman 1990; Dale 1992; Raybould and Gray 

1994; Rieger et al. 2002). Studies of the genetic contamination of seed crops (Wright 

1943; Bateman 1947; Di-Giovanni and Kevan 1991), crop-weed complexes (Small 
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1984; Van Raamsdonk and Van Der Maesen 1996), and gene flow between exotic and 

native species (Ellstrand 1992b; Levin et al. 1996; Rhymer and Simberloff 1996), have 

also demonstrated the importance of individual pre-mating barriers to gene flow. 

Consequently, by combining information on each barrier prior to pollination, strong 

predictions about the potential for gene flow from exotic species can be made for cross-

compatible species (Wolf et al. 2001; Burke et al. 2002; Jenczewski et al. 2003; Lu et 

al. 2003). 

The establishment of exotic E. nitens plantations throughout Tasmania has created the 

potential for exotic gene flow into native populations. There is strong evidence to 

suggest that E. nitens can hybridise with many of Tasmania’s native eucalypt species. 

There are two subgenera of eucalypts native to Tasmania, Eucalyptus (12 species, 

formerly Monocalyptus (Pryor and Johnson 1971)) and Symphyomyrtus (17 species) 

(Williams and Potts 1996; Brooker 2000). Strong genetic incompatibilities to crossing 

exist between these groups (Griffin et al. 1988). However, within subgenera and 

particularly within sections, interspecific hybridisation has been frequently recorded 

(Griffin et al. 1988; Williams and Potts 1996). As E. nitens belongs to the same 

Symphyomyrtus section (Maidenaria), as the Tasmanian Symphyomyrtus species, 

hybridisation is highly likely (Tibbits 1989; Tibbits 2000). Nevertheless despite this 

post-mating potential for hybridisation, differences in flowering times could act as a 

barrier to gene flow (Pryor 1976; Drake 1980; Potts and Wiltshire 1997). This barrier 

has been shown to be effective at preventing hybridisation between plantation E. nitens 

and the native species E. viminalis (Barbour et al. 2002b). In addition, limited pollen 

dispersal beyond 200 m of plantation boundaries (Chapter 2), suggests that many native 
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species will be beyond the range of significant exotic pollen dispersal. 

The aim of this study was to assess the potential for hybridisation between exotic E. 

nitens plantations and native eucalypt species in Tasmania. This was done by conducting 

flowering time observations on both E. nitens and native Symphyomyrtus species 

throughout the island. This was then combined with spatial information on the 

distribution of both plantation and native species, and likely patterns of crossability. 

5.2 Materials and methods 

5.2.1 Flowering observations 

Flowering assessments were conducted on 15 of the 17 native Symphyomyrtus species in 

Tasmania. Eucalyptus globulus was not included in the surveys due to highly divergent 

style lengths, which prevent the smaller flowered E. nitens from acting as a pollen parent 

with this species (Gore et al. 1990). The rare E. morrisbyi was not included as it is not in 

spatial proximity to E. nitens, and therefore not at risk of receiving plantation pollen. In 

total, 79 populations across 42 sites in the northeast, northwest, central and southern 

regions of Tasmania were assessed (Fig. 5.1). These sites ranged in altitude from 40-

1,245 m.a.s.l. (Appendix 5.1). Where possible, sites with both E. nitens and at least one 

native Symphyomyrtus species were selected, but sites with only one species present 

were also chosen. Most assessed E. nitens trees were in plantations, while others were 

planted along fence-lines or as ornamentals (Appendix 5.1). When growing in 

plantations, edge row trees were selected for flowering observations because they 

generally display the greatest quantity of flowers. Trees selected from native populations 

were generally on the edge of forest stands or remnant trees on roadsides or in fields 



 

  
 

Fig. 5.1. Distribution of hardwood plantations throughout Tasmania in 2000 (National Plantation Inventory 2003), combined with the sites where flowering 

surveys on E. nitens and native Symphyomyrtus species were conducted. Included after each place name are the first three letters of the species at each site (see 

Appendix 5.1 for a description of the populations of each species at each site, and Table 5.1 for the unabbreviated names of each species; E. nitens = nit). 
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(Appendix 5.1). Typically, ten trees from each population were labelled for use, but due 

to poor flowering, fewer were available in some cases. 

Flowering observations were conducted from August 2000 to May 2001 and November 

2001 to June 2002, every one to two months. This generally corresponded with the 

known flowering time of E. nitens across the range of sites where it has been planted 

(Moncur et al. 1994). Flowering observations on each tree involved recording the 

percentage of the current season’s bud crop that was flowering (with expanded anthers), 

was still to flower (unexpanded anthers, intact operculum present) and that had flowered 

(anthers wilted or absent), using a 20-60X telescope. 

5.2.2 Analysis of the time of flowering 

Analysis of the data involved condensing observation dates down to first and second 

halves of each month. Means were then generated for the percent of buds flowering at 

each date, for each population. These data were then used to produce means across 

populations for plotting species-wide trends. Mean flowering times were then calculated 

for each population, from the raw data for each tree, using the 1st of January of the year 

observations were started as the first datum. The influence of altitude (covariate) and 

season (year of observation; fixed effect) on the mean flowering time of E. nitens was 

assessed by conducting an analysis of covariance (PROC GLM in SAS version 8). For 

this analysis, data from Moncur et al. (1994) were also included. The influence of 

latitude (covariate) and longitude (covariate), and their interaction with altitude 

(covariate) were then combined with season (fixed effect) in a second analysis, but only 

on data from the current study. The patterns of mean flowering time with altitude were 
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also assessed for each season using linear regression (PROC REG in SAS version 8). 

Native species with the most populations (i.e. E. ovata, E. rodwayi and E. viminalis) 

were also assessed for their variation in mean flowering time with altitude, latitude and 

longitude, using single linear regressions in the same way as for E. nitens 

5.2.3 Analysis of interspecific flowering overlap 

From the flowering time data, the overlap that each native species had with E. nitens was 

determined and categorised into none, little (1-5%), medium (5-30%) and high (>30%) 

levels, and converted to a 0-3 scale respectively. This was conducted as a subjective 

assessment of the proportion of the area of the native species flowering curve that 

overlapped with the flowering of E. nitens. For some populations, the pattern of 

flowering was poorly documented, due to the flowering period being narrow relative to 

the time between observation dates. In such case, the percentage of the current season’s 

flowering crop yet to flower was also used to give further indication of the overall 

pattern of flowering. Each native population was either compared to E. nitens at the 

same site, or when not possible, with E. nitens at a number of comparable sites based on 

geography and altitude. Flowering time data for E. nitens from Moncur et al. (1994) and 

Williams (2000) were also used to assist with this comparison. These three sources of E. 

nitens data were also combined to produce generalised flowering curves for the species, 

within three altitudinal ranges (0-250, 250-600 and > 600 m.a.s.l.). For the two species 

on which flowering observations were not made, E. globulus and E. morrisbyi, data from 

Williams and Potts (1996) were used to estimate their degree of overlap with E. nitens. 

Flowering overlap between native species was also determined when they co-occurred at 

a site.  
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Contingency chi-squared tests on the four ranked categories of flowering overlap 

between E. nitens and native species were conducted to test for difference between 

flowering seasons. The same tests were conducted on the degree of flowering overlap 

between E. nitens and the native species, compared to that between sympatric native 

species. This was done on the pooled results for all populations, using PROC FREQ in 

SAS (version 8). The influence of altitude, latitude and longitude on levels of flowering 

overlap between E. nitens and all native species populations was also assessed. This was 

done using linear regression on the ranked categories of overlap against each variable, 

using the REG procedure in SAS (version 8). The same test was also conducted across 

populations of individual native species that had sufficient data (i.e. E. rodwayi, E. 

viminalis and E. ovata). 

5.2.4 Spatial analysis  

Data on the distribution of hardwood plantations in Tasmania, current for the year 2000, 

were provided by the National Plantation Inventory (2003) and compared to the 

distribution of native Symphyomyrtus species in Williams and Potts (1996). The 

plantation data were for hardwood plantations only, and did not differentiate between 

species. However, the only hardwood species used for plantations in Tasmania are 

eucalypts, of which the majority are established with E. nitens (Wood et al. 2001). The 

remaining estate is made of E. globulus, but due to this species’ susceptibility to 

Mycosphaerella leaf disease in Tasmania, the area currently planted with E. globulus is 

being replaced with E. nitens (K. Joyce from Gunn’s Ltd pers. com.). Therefore, the 

distribution data for hardwood plantations in Tasmania generally represents the current 

and future E. nitens plantation estate. The comparison of these data to the distribution of 
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the native species was conducted using 10 x 10 km grid reference squares (based on 

Australian Geodetic Datum), containing presence/absence data for the plantations and 

each native Symphyomyrtus species. The use of the 10 x 10 km grid squares is likely to 

over-estimate the area of each native species at risk of receiving plantation pollen, but 

nevertheless provides an initial assessment, from which further analysis at a population-

by-population level can be conducted. To enhance accuracy however, analysis of the 

rare or endangered species, E. perriniana, E. morrisbyi and E. barberi, included field 

reconnaissance trips to verify the original data, which were updated where necessary. 

5.3 Results 

5.3.1 Patterns in the time of flowering 

Considerable variation occurred between populations of each species, for the time and 

duration of flowering. Because of the large number of sites assessed across a wide 

altitudinal range, E. nitens provided the best demonstration of the inter-population 

variation that existed for each species. The GLM analysis fitting the fixed effect of 

season and the covariate altitude and their interaction, to the population mean flowering 

data showed all effects were highly significant (P < 0.001). The most pronounced 

variation was due to altitude alone. Eucalyptus nitens showed a broad period of 

flowering at low altitude sites, beginning in July and extending through to March, while 

at higher altitudes the date of first flowering was delayed towards the summer months, 

and the flowering period became shorter (Fig. 5.2). Despite this, however, low, medium 

and higher altitude populations of E. nitens had all finished flowering by March or April. 

This effect of delayed flowering at higher altitudes was evident across all three seasons 
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assessed (Fig. 5.3). The significant variation between seasons and its interaction with 

altitude (P < 0.001) (Fig. 5.3), was due to flowering in 2000 at low altitude sites starting 

considerably earlier than in 1991 and particularly 2001. Despite this, higher altitude sites 

appeared to flower at similar times across seasons. 
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Fig. 5.2. Generalised flowering curves for E. nitens at low (0–250 m), medium (250-600 m) and high altitude 

(> 600 m) sites in Tasmania across a number of seasons. Shown is the percentage of the current season’s buds 

that were flowering, averaged across trees, populations and seasons, for each observation date. These are based 

on data from the current study (n = 18 populations), Williams (2000, n = 4 populations) and Moncur et al. 

(1994, n = 22 populations) (some populations were re-studied by different authors). The populations used 

ranged in altitude from 40 to 896 m.a.s.l. 
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Fig. 5.3. Altitudinal variation in mean flowering times of planted populations of E. nitens in Tasmania, for the 

years 1991, 2000 and 2002. Data for 1991 are from Moncur et al. (1994). The x-axis is days from the start of the 

year that observations were started. 
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The effect of altitude on the time of flowering of the native species was similar to that 

for E. nitens (Fig. 5.4 for example). However, with information from only a limited 

number of populations from each species, this effect was not statistically significant in 

the GLM analysis. The influence of latitude, longitude and season were also non-

significant when tested for E. ovata, E. rodwayi and E. viminalis. Non-significant results 

for independent variables that were significant for E. nitens are no doubt due to the 

lower number and reduced diversity of sites for each native species. 
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Fig. 5.4. Mean flowering times across lower (0-250 m) and higher (250-600 m) altitude populations of E. 

ovata, E. nitens and E. viminalis. Despite a large difference in the time of flowering between low and high 

altitude populations of each species, the species sequence of flowering, and the degree of interspecific 

flowering overlap remained similar. 
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5.3.2 Patterns of interspecific flowering overlap 

Despite considerable inter-population variation in flowering for each species, the degree 

of flowering overlap between each native species and E. nitens was broadly consistent 

across sites (Appendix 5.1). This was clearly shown for E. ovata/E. nitens and E. 

viminalis/E. nitens, despite their variation in flowering time with altitude (Fig. 5.4, 

Appendix 5.1). Analyses of altitudinal, latitudinal and longitudinal influences on 

intraspecific variation in flowering overlap with E. nitens, also indicated non-significant 

variation for the species combinations that could be tested. This relatively consistent 

overlap with E. nitens allowed species-wide generalisations to be produced (Table 5.1). 

Most species displayed some degree of flowering overlap with E. nitens. Some species 

had generally low levels of overlap, particularly E. dalrympleana, E. barberi, E. 

viminalis, E. cordata and E. urnigera, while other species such as E. brookeriana, E. 

ovata, E. subcrenulata and E. perriniana displayed medium to high levels of overlap 

across most populations (Appendix 5.1, Fig. 5.5). Notable also was the greater level of 

flowering overlap between E. nitens and native species compared to overlap between 

sympatric native species (χ2
3 = 17.55, P < 0.001) (Fig. 5.6). 
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Table 5.1. Overview of the potential for pollination of native Tasmanian Symphyomyrtus species by E. 

nitens plantations. This assessment is based the mean level of flowering overlap each native species has 

with E. nitens, and the proximity of native species to eucalypt plantations (based on co-occurrence within 10 

x 10 km AGD grid reference cells, see text for data description). The plantations were found to occupy 212 

grid cells. Flowering overlap was categorised on a 0-3 scale (0 = 0%, 1 = 1-5%, 2 = 5-30%, 3 = > 30% 

overlap) and averaged across populations and seasons. The conservation status of each species is also 

provided (Tasmanian Threatened Species Protection Act 1995). 

 

 

Species 
n pops 
studied 

Flowering 
overlap (0-3) 

n grid 
cells 

% of native grid 
cells shared with 

plantations 
Conservation 

status 

Potential 
for F1  

hybridisation
E. archeri 2 2.0 20 60 Well conserved Low2 
E. barberi 2 0.0 17 18 Rare Very low 
E. brookeriana 1 2.5 81 40 Well conserved High 
E. cordata 4 0.3 25 40 Well conserved Low2 
E. dalrympleana 3 0.7 176 37 Well conserved Low 
E. globulus 0 31 211 23 Well conserved None3 
E. gunnii 7 1.9 100 37 Well conserved High 
E. johnstonii 3 1.5 47 57 Well conserved Medium 
E. morrisbyi 0 21 2 0 Endangered None 
E. ovata 10 2.3 412 38 Well conserved High 
E. perriniana 3 3.0 3 67 Rare Very high 
E. rodwayi 9 1.4 135 33 Well conserved Medium 
E. rubida 2 1.5 86 20 Well conserved Medium 
E. subcrenulata 3 2.5 64 28 Well conserved High 
E. urnigera 2 1.0 29 41 Well conserved Low2 
E. vernicosa 1 0.0 76 5 Well conserved Very low2 
E. viminalis 9 0.7 424 41 Well conserved Low 
1 Data based on generalised flowering curves in Williams and Potts (1996). 
2 Large spatial isolation between the habitats where plantations are established and the habitat of the 
native species should result in limited pollen flow between the native species and the plantations, despite 
often being found within the same 10 x 10 km grid cell. 
3 Style length incompatibility prevents E. nitens from acting as a pollen parent with E. globulus (Gore et 
al. 1990) 
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Fig. 5.5. Flowering times of native Symphyomyrtus species ( ) and E. nitens ( ) in Tasmania. Data are 

averaged across trees, populations and seasons for each observation date. The E. nitens populations used for each 

graph are those that each native species population was individually compared to for the assessment of its flowering 

overlap with E. nitens. Also provided is generalised flowering data for the presence of flowering records for each 

native species (95th percentile, , below x-axis) (Williams and Potts 1996). Graphical flowering data for E. 

globulus and E. morrisbyi are from Williams and Potts (1996), and they are compared to E. nitens populations from 

the same altitudinal range as these native species (i.e. from Fig. 5.2).  
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Fig. 5.5. (Continued) 
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5.3.3 Spatial proximity of plantations to each native eucalypt species 

In total, eucalypt plantations were present in 212, 10 x 10 km grid cells across Tasmania. 

The number of grid cells occupied by each native species, however, was generally much 

lower, with the exception of E. ovata and E. viminalis. This suggested a greater source to 

sink ratio of the area of plantations (pollen source) to that of many native species (Table 

5.2). There was considerable variation in the proportion of the distribution of each native 

species (grid cells in which they were present), also occupied by plantations. Most 

Symphyomyrtus species, 11 out of 17, shared between 20 and 41% of their distribution 

with plantations. However, more extreme results were seen for all rare or endangered 

species, E. morrisbyi (0%), E. barberi (18%) and E. perriniana (67%), and the more 
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Fig. 5.6. Frequency distribution of flowering overlap between E. nitens and native populations, and 

between sympatric natives, based on ranking scores of flowering overlap (see text) (exotic/native pairs = 

90, n native/native pairs = 27). The difference in the frequency distribution across the rank scores of 

flowering overlap between the two types of population pair combination was significant (P < 0.001). The 

results suggest that the exotic E. nitens is more likely to pollinate the native species, than sympatric native 

species are to pollinate each other. 
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common endemic species, E. archeri (60%), E. johnstonii (57%) and E. vernicosa (5%). 

Eucalyptus ovata and E. viminalis were the two Symphyomyrtus species most wide-

spread and most commonly found in proximity to plantations (Table 5.1). 

5.3.4 Assessment of the potential for E. nitens to pollinate native species 

Of the three rare or endangered Symphyomyrtus species, only E. perriniana, appears to 

have a high likelihood of pollination by E. nitens plantations (Table 5.1). This is due 

both to a high level of flowering synchrony and the co-occurrence of E. nitens 

plantations in the same grid cells to two of the three populations in Tasmania. 

Eucalyptus morrisbyi has extremely low potential for pollination by E. nitens due to its 

spatial isolation from plantations. The likelihood also appears very low for E. barberi, 

due to the lack of flowering overlap and limited spatial proximity to plantations. While 

the flowering data collected for this species was limited, it was consistent with that of 

Williams and Potts (1996) (Fig. 5.5).  

The potential for E. nitens to pollinate the generally lowland species, E. ovata, E. 

viminalis, E. cordata, E. brookeriana and E. rubida, is variable. Eucalyptus ovata and E. 

brookeriana were found to have a high level of flowering overlap with E. nitens and are 

frequently found adjacent to plantations and therefore have a high potential for exotic 

pollination. However, only one population of E. brookeriana was studied for its pattern 

of flowering, and the diversity in flowering shown in the generalised flowering curves 

(Williams and Potts 1996, Fig. 5.5) indicates that further studies of its flowering are 

required. Eucalyptus viminalis is also commonly found next to plantations and while two 

of the nine populations studied did exhibit medium levels of overlap with E. nitens, 
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other populations showed virtually no overlap, indicating a low likelihood of exotic 

pollination. Eucalyptus cordata displayed very low levels of overlap across a wide range 

of altitudes, suggesting a generally low likelihood of exotic pollination. However, E. 

cordata is distributed as a series of small and isolated populations that display two 

eastern and western morphological forms (Potts 1989), and only the western 

morphological form was assessed in the present work. Whether this same pattern of 

flowering exists across the majority of its range needs further assessment. Eucalyptus 

rubida appears to have medium opportunity for exotic pollination based on its degree of 

flowering overlap and spatial proximity to plantations. 

The higher altitude species also showed variable potential for F1 hybridisation with 

plantations. Eucalyptus rodwayi appears to have medium opportunity for exotic 

pollination based on its degree of flowering overlap and spatial proximity to plantations. 

Eucalyptus dalrympleana, E. vernicosa and E. urnigera displayed low to non-existent 

levels of flowering overlap and therefore appear to have limited potential for 

hybridisation. However, only one and two populations were assessed for E. vernicosa 

and E. urnigera respectively. The flowering data for E. urnigera were very comparable 

to the generalised flowering curves for this species (Williams and Potts 1996, Fig. 5.5). 

This was not the case for E. vernicosa as the generalised curves suggested a high level of 

overlap with E. nitens. Nevertheless, the very low proportion of its distribution in close 

proximity to plantations, suggests very little exotic pollen will reach this species. 

Eucalyptus subcrenulata, E. johnstonii, E. gunnii and E. archeri all display significant 

flowering overlap and high spatial proximity to E. nitens plantations (28 – 60% of their 

distributions are in the same 10 x 10 km grid cells), indicating high potential for exotic 
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pollination. However, because of spatial isolation likely to exist between habitats where 

plantations are established and the typically alpine tree-line habitat occupied by E. 

archeri (Williams and Potts 1996), pollen flow from plantations into populations of this 

species is likely to be limited. Such spatial or ecological isolation of species is likely to 

occur in a number of cases, despite the native populations falling within the same 10 x 

10 km grid cells (i.e. E. vernicosa, E. urnigera and E. cordata).  

5.4 Discussion  

Because of low levels of flowering overlap and lack of spatial proximity to plantations, 8 

of the 17 native eucalypt species in Tasmania appear to be at no or low risk of 

pollination by exotic E. nitens plantations. Style length incompatibilities will prevent E. 

nitens from fertilising E. globulus (Gore et al. 1990), and therefore this species is not at 

risk of exotic gene flow. Consequently, eight Symphyomyrtus species have been found to 

have medium to high potential for pollination, and potentially exotic gene flow, 

therefore requiring further fine scale assessments. These species are the lowland E. 

ovata, E. brookeriana, E. rubida and E. perriniana and the generally subalpine species, 

E. rodwayi, E. gunnii, E. subcrenulata and E. johnstonii. These species are relatively 

abundant in Tasmania, with the exception of E. perriniana, which is classified as rare in 

Tasmania since it consists of only three small populations (Tasmanian Threatened 

Species Protection Act 1995). Eucalyptus perriniana is the species most threatened by 

exotic gene flow, due to its high flowering synchrony and spatial proximity to E. nitens 

plantations (closest plantation is 600 m away). Rare species can be at greater risk of 

exotic gene flow, due to pollen swamping by more abundant species (Ellstrand 1992b; 
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Ellstrand and Elam 1993). Despite this risk, the often-harsh growing conditions of the 

unique E. perriniana habitat in Tasmania (Wiltshire and Reid 1987; Williams and Potts 

1996), may result in strong selection against exotic hybrid genotypes. However, the 

extent to which this will limit introgression is uncertain (see Chapter 4). The other 

species of particular concern is E. ovata, again because of its conservation status. 

Despite having a broad distribution, high levels of clearing for agricultural purposes 

have resulted in its populations becoming highly fragmented. Communities of E. ovata 

have therefore been listed as threatened (Commonwealth of Australia 1997; Ecosystem 

Services 2001), although the species itself does not have this status. Because E. ovata is 

commonly found in close proximity to plantations (Table 5.2), despite differences in 

peak flowering time, components of its gene pool will be receiving exotic pollen which 

may have substantial local impacts in the long term. Highly fragmented E. ovata 

populations situated among E. nitens plantations would be at particular risk of 

hybridisation due to pollen swamping (Chapter 2). However, these populations may 

have limited value for the conservation of E. ovata communities. 

The influence of altitude on flowering was very strong in E. nitens, resulting in a shift in 

mean flowering time from November at 0-100 m.a.s.l. to February at 700-900 m.a.s.l. 

Similar trends have been reported in other studies of native eucalypts (Ashton 1975b; 

Pryor 1976; Savva et al. 1988). This influence is believed to be a product of variation in 

temperature with altitude (Moncur et al. 1994). While evidence suggests flowering time 

variation at a given site can be under strong genetic control in some species (Griffin 

1980; Gore and Potts 1995), variation between sites of E. nitens appears to be under 

strong environmental control. As E. nitens has only recently been introduced to 
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Tasmania (Tibbits 1986; Wood et al. 2001), it is unlikely it will have any spatial 

patterning in its genetic variation. Therefore, the altitudinal variation in flowering time is 

likely to be a direct effect of the environment. Combined with this, the seasonal 

variation in flowering time seen at lower altitude sites (Fig. 5.3) also indicates strong 

environmental control. Interestingly, this environmental control of flowering also 

appeared to be the case for many of the native species assessed. This was indicated by 

the relatively consistent level of flowering overlap seen for each native population with 

E. nitens, across the altitudinal ranges studied (Appendix 5.1). 

Levels of hybridisation previously documented between E. nitens and native species are 

consistent with the patterns of flowering overlap observed in the present study. For E. 

nitens and E. viminalis populations that have had no hybridisation recorded (Meander 

and Nunamara in Chapter 3, Meander in Barbour et al. 2002b), no flowering overlap 

was observed (Appendix 5.1). The only E. viminalis population found to hybridise with 

adjacent E. nitens (Lilydale, X = 1% hybridisation, based on open-pollinated seed 

collections from trees of both species, Chapter 3) did display a degree of flowering 

overlap with E. nitens (Lilydale, flowering overlap score of 2, Appendix 5.1). Similarly, 

flowering overlap scores of 2 to 3 for E. ovata and E. nitens (Meander, Lilydale and 

Nunamara, Appendix 5.1), appear to have resulted in 2 to 8 % hybridisation at plantation 

boundaries (Chapter 3, Barbour et al. 2002b, based on means across both species at each 

site). This correspondence in data clearly displays the relationship between flowering 

overlap and hybridisation, and its ability to act as a barrier to gene flow.  

Most eucalypts are protandrous, resulting in the release of pollen prior to receptivity of 
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the stigma (Pryor 1976), which will induce a degree of asymmetry in levels of reciprocal 

hybridisation, for a given degree of flowering time overlap. This trend was seen in the 

present study, for the sites that were previously assessed for levels of hybridisation. 

When species overlapped in flowering, but diverged in their time of peak flowering (i.e. 

flowering overlap scores of 1 or 2; Appendix 5.1), levels of hybridisation in the earlier 

flowering species at each sites ranged from 3 to 16%. In comparison, levels in the later 

flowering species ranged from only 0 to 0.7 %, corresponding to a reduction of 83 to 

100% in the later species (E. nitens followed by E. viminalis at Lilydale, E. ovata 

followed by E. nitens at Lilydale and Meander) (Chapter 3, Barbour et al. 2002b). When 

there was little difference in the time of peak flowering, seen for E. ovata and E. nitens 

at Nunamara (i.e. flowering overlap scores of 3; Appendix 5.1), reciprocal hybridisation 

in the E. ovata averaged 3.2% while in the E. nitens averaged 2.7%, a difference of only 

16% (Chapter 3). This influence of protandry has also been noted for other species of 

eucalypts (Stokoe et al. 2001). Consequently, for species such as E. viminalis, E. 

dalrympleana and E. urnigera which typically flower later than E. nitens (Fig. 5.2), 

protandry may assist in reducing the potential for exotic gene flow and reinforce the 

effect of their already low levels of flowering overlap with E. nitens. 

Flowering characteristics of the exotic F1 hybrids will also influence the potential for 

introgression of exotic genes. There is strong genetic control of flowering time 

differences between species (Gore and Potts 1995; Lopez et al. 2000a). F1 hybrids 

between parental species that diverge in their peak flowering time, often show a 

flowering time that is intermediate between parents (Lopez et al. 2000a). This 

intermediate inheritance results in the hybrid acting as a bridge to further gene flow. In 
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the present case, the hybrid would allow exotic plantation genes to enter the native 

population through backcrossing, or by acting as a focal point for further pollen-

mediated gene flow from plantations (Potts and Reid 1988). However, there are cases in 

which the F1 hybrid flowering is asynchronous with either parent, which would result in 

a major barrier to introgression (Lopez et al. 2000b; Barbour et al. 2002a). An example 

of this is seen in E. ovata x globulus F1 hybrids (Lopez et al. 2000b; Barbour et al. 

2002a). Eucalyptus globulus takes one year for its buds to mature to the point of 

flowering, while E. ovata takes two years. Both species overlap in flowering, allowing 

for F1 hybridisation to occur. However, the buds of the F1 take only one and a half years 

to flower, resulting in the flowering time of the F1 being asynchronous with its parents. 

Eucalyptus nitens is closely related to E. globulus (same series, Brooker 2000), and also 

has the same bud maturation time. It is expected, therefore, that E. ovata x nitens F1 

hybrids will display the same flowering asynchrony with its parents. Such temporal 

isolation in flowering will prevent or greatly limit backcrossing into native parental 

populations. This does create the opportunity for crossing with a third species however, 

but the viability of multiple species hybrids is uncertain (Chapter 6, Potts et al. 2003). 

Observations during the flowering surveys suggest that of the eight species found at risk 

of exotic gene flow, at least two (E. ovata and E. rodwayi) are likely to display this 

pattern of flowering in their F1 hybrids with E. nitens. The species identified as most at 

risk of exotic gene flow in Tasmania, E. perriniana, appears to have a one to one and a 

half year bud maturation time, suggesting exotic F1 hybrids will not display flowering 

asynchrony with the maternal E. perriniana. 

Eucalyptus nitens appears more likely to hybridise with native species, than naturally 
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occurring sympatric species are to hybridise with one another (Fig. 5.6) (Chapter 3). 

This most likely reflects the evolution of flowering asynchrony between adjacent native 

species, as a barrier to gene flow (Levin 1978; Potts and Wiltshire 1997). This suggests 

therefore that, at least in Eucalyptus, introduced species have an enhanced likelihood of 

interspecific gene flow. Nevertheless, differences in flowering time and spatial 

proximity were effective at halving the number of Symphyomyrtus species in Tasmania, 

which are potentially at risk of genetic pollution. For the remaining species, barriers at 

later stages in the process of gene flow may exist. These may occur particularly at 

fertilisation and production of F1 hybrid seed (see Chapter 5), viability and fitness of 

first and later generation hybrids (see Chapter 3), and at reproductive maturity of the F1 

hybrid (Lopez et al. 2000b; Barbour et al. 2002a). In addition, with further work 

conducted at a finer scale i.e. at a population-by-population level, this risk may be 

reduced even more, as the 10 x 10 km grid cells used in the present work will over-

emphasise spatial risk. 
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5.5 Appendix 

 5.5.1. Description of the populations of each Symphyomyrtus species assessed for their patterns of 

flowering across Tasmania. Shown for each population is its location (Northing and Easting), altitude 

(m.a.s.l.), the years observations were conducted (2000 = August 2000 to May 2001, 2001 = November 

2001 to June 2002), the number of trees observed each year, a population description (Pop desc; Nat = 

unfragmented native stand, Frag = fragmented native stand, Rem = remnant trees (extreme fragmentation), 

Orn = ornamental plants, Plan = plantation, Fence = planted along fence line, Orch = seed orchard), and 

the degree of flowering time overlap (E. nitens OL) it had with E. nitens (0 = 0%, 1 = 1-5%, 2 = 5-30%, 3 

= >30%), averaged across seasons.

Species Population Northing Easting Alt Yrs of obs n trees/yr Pop desc E. nitens OL
E. archeri Ben Lomond 5404192 552507 1245 2000, 2001 10,10 Nat 2.0 
  Projection Bluff 5380875 476950 1095 2000 10 Nat 2.0 
E. barberi Cherry Tree Hill 5351573 594354 210 2001 10 Nat 0.0 
  Lake Leak Hwy 5347911 579060 333 2001 10 Nat 0.0 
E. brookeriana Roses Tier 5408030 554488 650 2000, 2001 10,10 Nat 2.5 
E. cordata Herringback Mt 5238650 511600 350 2001 10 Rem 0.0 
  Margate 5233360 520064 54 2000, 2001 5,5 Frag nat 0.0 
  Moogara 5261300 493000 460 2000 6 Frag nat 0.0 
  Snug Plains 5230500 511050 520 2001 10 Nat 1.0 
E. dalrympleana  Mt Saddleback 5418470 564250 803 2001 5 Nat 1.0 
  Roses Tier 5407764 555205 896 2001 5 Nat 1.0 
  Steppes 5336600 490832 857 2000 10 Nat 0.0 
E. gunnii Barron Tier 5350324 482026 1103 2000 4 Rem 1.0 
  Breona 5372207 473306 1060 2000, 2001 6,10 Nat 1.0 
  First of May Plains 5399557 399911 776 2001 10 Nat 2.0 
  Middlesex Plains 5400171 417016 836 2001 10 Frag nat 1.0 
  Mt Arthur 5429000 522000 750 2000, 2001 10 Nat 2.5 
  Pensford 5348508 483616 991 2001 10 Frag nat 3.0 
  Snug Plains 5230500 511050 520 2001 10 Nat 3.0 
E. johnstonii Hartz 5216852 482478 586 2000 6 Nat 3.0 
  Mt Wellington 5248378 520027 635 2001 10 Nat 0.0 
  Snug Plains 5230673 513673 544 2000, 2001 10,10 Nat 1.5 
E. nitens Shefield 5418154 444944 303 2001 10 Fence  
 Blessington 5404239 541489 424 2000, 2001 10,10 Plan  
  Bothwell 5304218 500469 389 2000, 2001 10,10 Fence  
  Devonport 5439100 449800 50 2000 5 Plan  
  First of May Plains 5439100 449800 776 2000, 2001 10,10 Plan  
  Geeveston 5217801 496679 69 2000, 2001 10,10 Fence  
  Glengarry 5423077 489316 158 2000, 2001 10,10 Plan  
  Golden Valley 5384100 477700 790 2001 5 Orn  
  Hollow Tree 5287951 500191 444 2000, 2001 10,10 Orch  
  Huntsman 5382475 465363 461 2000 10 Orch  
  Kingston 5241735 522801 127 2000, 2001 7,10 Orn  
  Lilydale 5434434 516234 189 2000, 2001 10,10 Plan  
 Margate 5234850 520300 40 2001 5 Fence  
 Massey Green 5450915 407799 145 2000, 2001 10,10 Orch  
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5.5.1. (Continued) 

Species Population Northing Easting Alt Yrs of obs n trees/yr Pop desc E. nitens OL
E. nitens Middlesex Plains 5400171 417016 836 2001 10 Plan  
  Murchison 5412358 383766 655 2000, 2001 10,10 Plan  
  Nunamara 5419038 523956 428 2000, 2001 10,10 Plan  
  Roses Tier 5407764 555205 896 2000, 2001 10,10 Plan  
  Ross 5351851 541787 240 2001 10 Fence  
E. ovata Blessington 5406460 541750 414 2000, 2001 10,10 Rem 1.5 
  Bothwell 5304218 500469 389 2000, 2001 10,10 Rem 2.5 
  Geeveston 5217801 496679 69 2000, 2001 10,10 Rem 2.5 
  Glengarry 5423077 489316 158 2001  Frag nat 1.0 
  Hollow Tree 5287951 500191 444 2000, 2001 13,10 Frag nat 3.0 
  Huntsman 5382475 465363 461 2000 11 Frag nat 2.0 
  Kingston 5241735 522801 127 2000, 2001 10,10 Frag nat 3.0 
  Lilydale 5434434 516234 188 2000, 2001 10,10 Nat 2.0 
  Ross 5342838 539979 217 2001 5 Rem 2.0 
  Nunamara 5419038 523956 428 2000, 2001 10,10 Nat 3.0 
E. perriniana Espies Crg 5288861 501907 540 2001 10 Nat 3.0 
  Hungary Flats 5294650 539352 572 2001 10 Nat 3.0 
  Strickland 5311759 471904 528 2001 10 Nat 3.0 
E. rodwayi  Arve Rd 5224150 486914 286 2000, 2001 5,5 Nat 1.0 
  Blackburn Crk 5330845 492077 668 2000, 2001 7,10 Nat 1.5 
  Blessington 5406460 541750 414 2001 10 Rem 2.0 
  Glengarry 5420260 485617 236 2001 5 Frag nat 0.0 
  Mathina Plains 5423495 563227 841 2000, 2001 10,10 Frag nat 1.5 
  Murchison 5412358 383766 655 2000 11 Frag nat 2.0 
  Nunamara 5419038 523956 428 2000 10 Frag nat 1.0 
  Ripple Crk 5344209 487221 918 2000 5 Rem 2.0 
  Steppes 5336600 490832 857 2000 10 Rem 2.0 
E. rubida Bothwell 5305963 505671 452 2000, 2001 10,10 Frag nat 1.5 
  Elderslie 5283433 504041 167 2000, 2001 5,10 Rem 1.5 
E. subcrenulata First of May Plains 5399557 399911 776 2001 10 Nat 3.0 
  Hartz 5217180 480987 826 2000, 2001 10,10 Nat 1.5 
  Moory Mount 5404300 388300 680 2000 9 Frag nat 3.0 
E. urnigera Mt Wellington 5250333 519812 893 2001 10 Nat 1.0 
  Snug Plains 5230673 513673 544 2001 10 Nat 1.0 
E. vernicosa Lake Esperance 5213700 481300 1000 2000, 2001 20, 5 Nat 0.0 
E. viminalis Blessington 5404239 541489 424 2000, 2001 10,10 Rem 0.0 
  Geeveston 5220706 494944 50 2000, 2001 10,10 Frag nat 1.0 
  Glengarry 5423088 488951 147 2000, 2001 10,10 Nat 0.0 
  Hollow Tree 5287951 500191 444 2000  Nat 0.0 
  Kingston 5241735 522801 127 2000, 2001 6,10 Frag nat 1.0 
  Lilydale 5434434 516234 189 2001 10 Nat 2.0 
  Massey Green 5450915 407799 145 2000, 2001 10,10 Frag nat 0.0 
  Nunamara 5419038 523956 428 2000 10 Rem 0.0 
  Ross 5351487 541856 236 2001 10 Rem 2.0 
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Chapter 6 

Post-mating barriers to gene flow 

from exotic Eucalyptus nitens 

plantations in Tasmania 
 

6.1 Introduction 

Exotic pollen can be restricted or prevented from reaching receptive flowers of native 

species, through both spatial isolation and differences in flowering time, i.e. pre-mating 

barriers (Levin 1978; Potts et al. 2003). For those species or populations that are not 

reproductively isolated from exotic pollen by these factors, other mechanisms for 

preventing gene flow beyond the point of pollination can exist (Levin 1978; Arnold 

1997). These barriers may act to prevent pollen from fertilising flowers, the 

development of viable hybrid seed, or the successful germination and early-growth of 

hybrids (Levin 1978; Potts et al. 2003). Such barriers have received considerable 

attention due to their ability to act as an isolating mechanism between natural 

populations (Rieseberg et al. 1995; Emms et al. 1996; Klips 1999; Williams et al. 2001), 

as well as for breeding purposes (Simmonds 1979; Mayo 1987; Kanowski 1993). In 
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addition, like pre-mating barriers, post-mating barriers have also received considerable 

attention following concerns about the escape of transgenic crops (Hoffman 1990; Dale 

1992; Raybould and Gray 1994). Their effectiveness in isolating populations has 

consequently been well documented. 

In Eucalyptus, post-mating barriers are often successful in preventing gene flow between 

naturally sympatric species (Potts and Wiltshire 1997) and have the potential to be 

effective at preventing gene flow between artificially sympatric populations (Potts et al. 

2003). For more distantly related species of eucalypts, particularly those that belong to 

different major subgenera, interbreeding does not occur (Griffin et al. 1988; Ellis et al. 

1991). This is due to post-mating physiological incongruities that prevent pollen tubes 

from reaching ovules (Ellis et al. 1991). However, hybridisation has been frequently 

recorded between species within sections of each subgenera (Griffin et al. 1988). 

Nevertheless at this level, further post-mating barriers to interspecific hybridisation may 

also occur, but despite their importance to forestry, taxonomy and evolutionary genetics, 

little assessment of their existence has been conducted. The inability of pollen tubes of 

the small-flowered species E. nitens, to grow the length of the style of the large flowered 

E. globulus, has been found to be an effective physical barrier between these closely 

related species (Gore et al. 1990). This physical barrier is also likely to influence 

crossing between other species, due to the diversity in flower size that occurs in 

Eucalyptus (Brooker and Kleinig 1996; Delaporte et al. 2001b). Because of the trends 

that exist in the frequency of recorded hybridisation events within and between 

taxonomic groups of Eucalyptus (Griffin et al. 1988; Williams and Potts 1996; Potts et 

al. 2003), estimates of the cross-compatibility of particular species combinations can be 
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made. However, due to the potential for post-mating barriers to occur, accurate 

assessments of the likelihood of exotic gene flow from eucalypt plantations must include 

verification of these patterns. 

Eucalyptus nitens belongs to subgenus Symphyomyrtus section Maidenaria, along with 

17 of Tasmania’s 28 native species. The remaining Tasmanian species belong to 

subgenus Eucalyptus and are reproductively incompatible with E. nitens (Griffin 1980; 

Williams and Potts 1996). Because of the frequency of interspecific hybridisation within 

section Maidenaria (Griffin 1980; Williams and Potts 1996), it is expected that E. nitens 

will be able to interbreed with most of these species, however, verification of this 

likelihood is necessary. Additional evidence of the cross-compatibility of E. nitens 

pollen on native Tasmanian species also exists. F1 hybridisation between plantation 

grown E. nitens and the native species E. ovata, has been identified at a number of sites 

around Tasmania (Chapter 3, Barbour et al. 2002b). Artificial pollinations have also 

indicated its potential to act as a pollen parent (Tibbits 1989; Tibbits 2000, described in 

Chapter 1.2). Nevertheless, Gore et al. (1990) has shown that style length 

incompatibility will prevent E. nitens from pollinating the native E. globulus. However, 

it is still uncertain whether this barrier will act with other Tasmanian species, or whether 

other post-mating barriers will exist. Through the use of artificial pollination techniques, 

and morphometric analyses for the verification of hybrids, this chapter aims to assess the 

cross-compatibility of E. nitens pollen on all native Tasmanian Symphyomyrtus species, 

except E. globulus. 
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6.2 Materials and methods 

6.2.1 Crossing methods 

Artificial pollinations of Tasmanian Symphyomyrtus species with E. nitens pollen were 

conducted from March 2000 through to May 2002. One to four trees of each native 

species were used (Appendix 6.5.1). These were from widely separated native 

populations. Exceptions to this were E. morrisbyi, E. brookeriana and E. vernicosa, in 

which some or all plants were from ornamental gardens (Appendix 6.5.1). Three 

crossing techniques were used; controlled stigma pollination (Moncur 1995), controlled 

cut-style pollination (adapted from Williams et al. 1999a), and supplementary 

pollination (adapted from Delaporte et al. 2001b). The first two controlled techniques 

involved emasculation of flowers just prior to operculum shed, pollination, isolation of 

flowers within terylene bags, and then removal of these bags after three to four weeks 

when flowers were no longer receptive. However, for controlled sigma pollination the 

flowers were left in the isolation bags for a week after emasculation, thus allowing time 

for them to become receptive for pollination. Stigmas were judged as receptive if they 

appeared to be wet. In comparison to this, the cut-style method facilitated immediate 

receptivity directly after emasculation, by cutting off the top third of the style. This 

procedure was immediately followed by the application of pollen to the surface of the 

cut-style, thus removing a step in the pollination process. Both these controlled methods 

were adopted to produce seedlings of known genotype. The third pollination technique, 

supplementary pollination, simply involved applying E. nitens pollen to stigma of open-

pollinated flowers that were not emasculated nor isolated with terylene bags. The 

flowers that were used for this technique ranged in development from having expanded 
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stamen with undehisced anthers, through to the stamen starting to wilt with fully 

dehisced anthers. This ensured that at least some of the flowers that were pollinated were 

receptive. The supplementary technique provided the best simulation of natural 

pollination, and an assessment of the ability of exotic E. nitens pollen to compete with 

naturally occurring pollens.  

6.2.2 Pollen and pollination 

For all three pollination techniques, individual branches with flowers, on each tree, were 

selected for pollination by individual pollen parents. Each branch had ca. 16 flowers, 

with remaining unusable flowers and capsules on each branch removed. The allocation 

of pollen treatments (i.e. E. nitens, outcross or open-pollination) to each branch was 

random across each tree. For the controlled stigma pollination technique, eight branches 

on average were prepared per tree for each pollen treatment, whilst three branches per 

pollen treatment were usually prepared for the controlled cut-style method. The 

supplementary technique required ten branches for E. nitens pollination and five 

branches for open-pollination.  

A total of 32 pollen parents from across the main provenances of E. nitens were used for 

the E. nitens treatments. The decision as to which pollen parent to use on each branch 

was based on quantity and viability tests only, with no pollen parent being used twice on 

a tree for each crossing technique. The pollen used for E. nitens treatments were 

provided by Gunns Ltd in glass vials, each of which contained dried flowers from a 

parent tree. These vials were shaken to release pollen on to the rubber lids of the 

containers, from where it could be removed. In comparison, the pollen for the 
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intraspecific outcross treatments was collected from native populations. This was 

conducted broadly across species ranges. The extraction of pollen from flowers followed 

the techniques of Moncur (1995), with the pollen being stored in gelatine capsules. All 

pollen was kept frozen. Before any period of crossing, pollen viability tests were 

conducted on E. nitens pollen (Potts and Marsden-Smedley 1989), and those with 

greater than 5% germination were used. Intraspecific pollens were not tested as they 

were usually collected just prior to use. For pollination under controlled and 

supplementary techniques, pollen was applied either to the surface of the stigma or the 

cut-style using the head of a match-stick, with enough being applied so that it could be 

seen by eye once deposited. 

Pollen from two E. nitens x cordata F1 hybrid trees was also provided by W. Tibbits 

(grown from artificial pollination work conducted in Tibbits 1989). This pollen was used 

to assess the potential for crossing onto a third species, and for back-crossing onto E. 

cordata (tested on two individual branches per female tree). The pollen from these 

hybrid trees had atypically low viability when tested (< 1%), possibly due to its length of 

storage. 

6.2.3 Seed collection, processing, germination and seedling growth 

Seed capsules were left to ripen for 8-15 months after pollination before being removed 

from the trees. However, seed from E. vernicosa was left for over two years (Appendix 

6.5.1). Capsules were assessed as being ripe if they had well developed valves. The 

capsules from each crossing technique and individual pollen parent/female tree 

combination were kept separate, and their seed maintained as individual seedlots 
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throughout the study. After removal, capsules were dried at room temperature and the 

contents of individual capsules extracted by hand, to allow for viable, inviable and 

immature seed to be counted. Viable seed were those that were black, round and heavier, 

and contained white embryonic tissue that could be seen if the seed was squashed 

(Drake 1975; Hardner and Potts 1997). Squashing of seed to test for viability was done 

on just a few seed per species, to verify the characteristics of viable seed for that species. 

Immature seed were similar in shape, but were cream to light brown in colour. Inviable 

seed were black, thin and lighter in weight, and were empty when squashed. 

Portions of viable seed from each seedlot were germinated in punnets containing a layer 

of vermiculite over a layer of potting mix and kept under warm (24° C), moist 

conditions. For the controlled and open-pollinated seed, ca. 20 were sown per seedlot. 

For the supplementary pollinations, generally all the viable seed was sown for female 

trees that produced lower amounts of viable seed (< 80), while those that produced 

higher amounts had ca. 100 sown from across the pollen parents of each tree. In cases 

when an individual seedlot had very few seed, these were not sown due to space 

limitations. This often resulted in small differences between the number of seed 

harvested and the number sown. 

Once the known number of seed in the punnets had germinated and the seedlings 

developed fully expanded cotyledons, they were pricked into individual pots (40 x 40 x 

70 mm) containing potting mix and grown under glasshouse conditions. While doing so, 

the number of viable seed that germinated was scored for each seedlot. Within the 

glasshouse, seedlings from each female tree were kept together, although, the position of 
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female trees within the glasshouse and pollen parents/crossing technique within each 

female tree was random. Gunns Ltd provided open-pollinated seed from 26 of the 32 E. 

nitens pollen parents used for the crossing, which came from trees grown in seed 

orchards. This seed was germinated and grown in the same fashion as above, with four 

seedlings from each E. nitens tree being randomly placed amongst the seedlings of each 

native tree. The number of seed that grew to healthy seedlings was recorded for each 

seedlot, as well as those that died or were abnormal. An abnormal seedling was one that 

had lost apical dominance, had a retarded growth pattern or was substantially reduced in 

its growth (i.e. a runt). 

6.2.4 Assessment of seedling morphology 

Because the supplementary pollination technique involved applying E. nitens pollen to 

open-pollinated flowers, seedlings gained from this method were not of known 

genotype. Consequently, once seed from supplementary crossing was germinated and 

seedlings grown to 10 nodes or more, the number of putative E. nitens F1 hybrids within 

these seedlots was determined. This was conducted by visually identifying seedlings that 

were outside the phenotypic range of the seedlings of the female species and 

intermediate between E. nitens and the maternal native parent. Eucalyptus nitens has 

very distinct characteristics, making it easy to differentiate from most native Tasmanian 

species (Fig. 6.1). The generally intermediate nature of E. nitens F1 hybrids therefore 

makes them very distinct from pure species half-sibs within the same seedlots (Chapter 

3, Tibbits 1988; Barbour et al. 2002b). In addition, when E. nitens hybrids were 

produced through controlled pollination techniques, these were used to assist in 

detecting the same hybrid combinations in supplementary pollinated seedlots. 



 

   

Fig. 6.1. Seedling morphology (at node 10) of E. nitens (NN), native Tasmanian Symphyomyrtus species and their F1 hybrids with E. nitens as the pollen parent. Variations in bud 

(a), node (leaves truncated) (b), leaf (c), longitudinal stem (d) and cross-sectional stem (e) morphology is shown (scale = cm’s). Eucalyptus archeri (AA), E. barberi (BaBa), E. 

brookeriana (BrBr), E. cordata (CC), E. dalrympleana (DD, E. gunnii (GG), E. johnstonii (JJ), E. morrisbyi (MM), E. ovata (OO), E. perriniana (PP), E. rodwayi (RoRo), E. 

rubida (RuRu), E. subcrenulata (SS), E. urnigera (UU), E. vernicosa (VeVe) and E. viminalis (ViVi) are shown, combined with their F1 hybrids (i.e. ViN = E. viminalis x nitens) if 

they were successfully produced through controlled or supplementary pollination. Included also are hybrids produced with E. nitens x cordata F1 hybrid pollen put on E. cordata 

(CNC), E. ovata (ONC) and E. gunnii (GNC). 



 

  

 

Fig. 6.1. (Continued)  



 

  

 

Fig. 6.1 (Continued) 
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Following the identification of putative E. nitens F1 hybrids in the supplementary 

seedlots, a morphometric analysis was conducted to verify their hybridity. Seedlings of 

each cross-type and pollination technique were randomly selected as follows:  

1) pure native species - ten from each female tree, produced from either controlled 

outcross and open-pollination or just open-pollination, 

2) pure E. nitens - one from each of the 26 open-pollinated E. nitens trees used as 

pollen parents, 

3) Eucalyptus nitens F1 hybrids - as many as ten from each native female tree and 

pollination method (controlled and supplementary pollination). This number was 

frequently not attained however, due to insufficient seedlings, 

4) E. cordata and three-way hybrids – all healthy seedlings that grew to an 

assessable height. 

5) deviant seedlings from supplementary seedlots - as many as ten per native female 

tree. These were included to verify that they were not E. nitens F1 hybrids. 

Abnormal or deformed seedlings were not used in the analyses. Deviant 

seedlings differed from abnormal seedlings, in that they did not lack vigour or 

display any form of structural deformity such as leaf distortion, 

6) randomly selected seedlings, including any deviants, from supplementary 

seedlots - ten per native female tree were used. These were chosen when no E. 

nitens F1 hybrids were produced through controlled pollinations and none were 

identified among supplementary seedlots, to verify that no hybridisation had 
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occurred.  

Twenty-six morphological characters were measured on each seedling (Table 6.1). Leaf 

characters were measured from a single leaf from node ten, either directly from the plant 

or from a photocopy using a digitising tablet. Stem characters were measured from the 

internode between node nine and ten, with the cotyledonary node being zero. For 

calculation of the stem rectangularity (STEMREC) and stem roundness (STEMRO) 

characters, three stem diameters were measured. Stem diameter one (SD1) was 

measured across the stem, below the points at which the leaves at node ten came out of 

the stem, SD2 was measured at 90º to this line and SD3 was measured at 45º (see Tibbits 

1988, Chapter 3). A full description of all the characters measured, is outlined in Table 

6.1.  

6.2.5 Analysis 

For the control pollinated seedlings, the relative success of E. nitens compared to 

outcross pollination was assessed. This was conducted with cross-type comparisons for 

capsules/flower, seed/capsule, seed/flower, the percentage of viable seed that germinated 

and the percentage of viable seed that grew to healthy seedlings. Tests were conducted 

on the cross-type means for each native tree, across all species, using paired t-tests. 

Trees were removed from the analysis at any of the stages assessed, if a treatment was 

not tested due to it failing on the previous stage (i.e. germination not assessed due to 

complete capsule abortion), or when both treatments failed at the stage being assessed.
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Table 6.1. Characters used in the morphometric analysis of progeny from controlled, supplementary 

and open-pollination. Included are the transformations (Transf.) used for the analysis (Log, Logarithmic; 

Sqrt, square root). 

Code Description Transf.
Bud characters   

BUDFUS 
 

Type of bud fusing (0-2); 0 = no fusing, 1 = partial fusing, 
2 = complete fusing, see E. nitens in Fig. 6.1 for example of fusing 

none 

LBUDFUS Length of fusing of the apical bud leaves (mm)  Log 
Leaf characters   

CRENM Crenulate margins (0-2); 0 = none, 2 = max. none 
EMARG 
 

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

X0.25 

LAML Length of lamina (mm) Log 
LAMW Lamina width at widest point (mm) sqrt 
LEAFA Leaf angle (o); the axillary angle made by the mid-rib and the stem  none 
LEAFGL 
 

Leaf glaucousness (0-7); 0 to 1 = green, 2 to 4  = sub-glaucous and 5 to 7 
= glaucous, Converted from Cauvin et al. (1987)  

none 

LEAFP Leaf plane (o); cross-sectional angle of the leaf from horizontal  sqrt 
LEAFTA The acute angle of the leaf tip (o) X2 
LWP Length along mid-rib to widest point (mm) sqrt 
MRRED Mid-rib redness (0-2); 0 = none, 2 = max. none 
PETL Length of petiole (mm)  none 

Plant characters   
HT10 Height to node 10 (mm) none 
LAT05 Number of laterals from nodes 0 to 5 (n) none 
LAT610 Number of laterals from node 6 to 10 (n) none 
LLLAT Length of longest lateral (mm) none 
NLLAT Node of longest lateral (0-10) none 

Stem characters   
INTER10 Inter-node length between node nine and ten (mm) sqrt 
INTRA10 Intra-node length at node ten (mm) none 
STEMGL Stem glaucousness (0-2); 0 = absent, 2 = max. none 
STEMREC Stem rectangularity (mm); SD1 / SD2, see text none 
STEMRED Stem redness (0-2); 0 = none, 2 = max. none 
STEMRO Stem roundness (mm); SD1 / SD3, see text none 
STEMV Stem verrucae (0-2); 0 = absent, 2 = max. none 
WW 
 

Waviness of stem wings (0-3); 0 = no wings, 1 = non-wavy wings, 3 = 
maximum waviness, see E. nitens Fig. 6.1 for example of wavy wings 

none 
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For the analysis of the morphometric data, cross-type means for all characters were 

calculated. Raw data were then transformed where necessary to optimise normality and 

homogeneity of variance criteria. This analysis was conducted on all data, rather than on 

those used for each cross-type pair comparison (see ahead). One-way ANOVAs were 

then conducted to compare each native species to E. nitens for each character, using the 

transformed data. This was followed by a canonical discriminant analysis, which aimed 

to maximise the difference between pure species cross-types. This was done using the 

DISCRIM procedure of SAS (1988). Analyses were conducted individually, comparing 

each native species to E. nitens. This resulted in a single discriminant function that 

maximised the differences between the pure species, for use as a “hybrid index”. 

Following this, the positions of the hybrids and deviant seedlings from each pair 

combination along this discriminant function was calculated, to determine their 

parentage. Some characters were dropped from the analysis of particular species 

combinations due to lacking variance in one or both of the pure species. The same 

analysis was conducted for the three-way hybrids produced with the E. nitens x cordata 

F1 hybrid pollen. Having three pure parental species however, allowed calculation of 

two discriminant functions along which to place the hybrids. 

6.3 Results 

6.3.1 Controlled pollination 

6.3.1.1 Seed development, germination and seedling growth 

In total, seven of the 13 species assessed for their crossability with E. nitens pollen under 

controlled pollination were found to hybridise successfully, producing viable hybrid 
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seed and seedlings (Table 6.2). However, across all native trees, the success of the 

interspecific F1 pollinations was significantly reduced compared with intraspecific 

outcross pollinations. This was reflected in the significantly lower number of seed per 

flower (Paired t14 = 3.42, P < 0.01) (outcross X = 3.1 ± 1.8; F1 X = 1.4 ± 2.4), and seed 

per capsule (Paired t10 = 2.82, P < 0.05) (outcross X = 7.1 ± 2.0; F1 X = 3.8 ± 2.8) for 

controlled crosses with E. nitens pollen compared with outcross pollen. However, the 

same test on capsules per flower was not significant (Paired t10 = 2.00, P = 0.07) 

(outcross X = 32.4 ± 4.2; F1 X = 17.1 ± 6.1). Across all the native trees, seed set per 

flower following E. nitens pollinations was reduced by 62% of that of intraspecific 

pollinations (Table 6.2). The poor success of hybridisation through these stages of 

fertilisation and seed development were seen for E. urnigera for example, which 

produced 24 capsules from pure species outcrossing on two trees and none from 

pollination with E. nitens. In comparison, pollen type had no significant effect 

germination and early seedling growth (post-dispersal stages of gene flow), with the 

percentage of viable seed that germinated (Paired t8 = 0.04, P = 0.97) (outcross X = 75.6 

± 3.8; F1 cross X = 75.8 ± 2.7) and the percentage of viable seed that grew to healthy 

seedlings (Paired t8
 = 0.99, P = 0.35) (outcross X = 64.8 ± 4.1, F1 cross X = 49.2 ± 4.2) 

being non-significant (Table 6.2). Notable, however, was the markedly lower seedling 

survival of F1 hybrids from the E. dalrympleana tree tested (11%), relative to outcross 

seedlings (90%), appearing to be due to cessation of growth beyond the first cotyledon. 

The low seed germination recorded for all cross-types from E. barberi and E. urnigera 

trees were a result of death due to fungus infection. 



Chapter 6: Post-mating barriers to exotic gene flow 
  
  

  99   

 

Table 6.2. Summary of controlled pollinations using exotic E. nitens and E. nitens x cordata F1 hybrid pollen on native 

Tasmanian Symphyomyrtus species. The table shows the number of flowers pollinated, the resulting capsule and viable seed 

set, the number of viable seed per flower, the percentage of viable seed that germinated and the percentage of viable seed that 

grew to healthy seedlings without abnormalities under glasshouse conditions (Hyb = E. nitens or E. nitens x cordata hybrid 

cross, Out = intraspecific outcross). The controlled crossing techniques used (Cross techn) were controlled stigma pollination 

(CP) and controlled cut-style pollination (CS). Statistical analyses of the E. nitens versus outcross pollen treatments were only 

conducted across those trees that had data for both treatments. *Totals are based on the pooled results from all species, and are 

therefore weighted means. 

 
 
Pollen 
treatment Species 

n 
trees as 
females 

n 
flowers 

pollinated
n 

caps 
n 

viable seed

n  
viable 
seed / 
flower 

n 
viable 

seed sown  
% 

germination

% 
normal 

seedlings
 

  Out Hyb Out Hyb Out Hyb Out Hyb Out Hyb  Out Hyb Out Hyb
E. nitens 
vs 
outcross E. archeri 1 61 62 35 8 252 27 4.1 0.4 6 27  0 26 0 19 
 E. barberi 1 41 34 20 29 154 172 3.8 5.1 43 59  47 51 19 22 
 E. brookeriana 1 83 81 0 0            
 E. cordata 3 69 90 6 0 80  1.2  39   95  87  
 E. dalrympleana 1 279 334 26 21 101 70 0.4 0.2 20 18  95 72 90 11 
 E. gunnii 1 54 49 40 13 338 53 6.3 1.1 24 22  83 95 83 86 
 E. johnstonii 1 48 34 9 2 0 0          
 E. morrisbyi 2 194 306 94 110 1786 2121 9.2 6.9 36 40  94 95 78 80 
 E. ovata 2 111 208 19 8 83 26 0.7 0.1 25 20  92 75 92 40 
 E. perriniana 0                
 E. rodwayi 0                
 E. rubida 1 0 81  3  1  0.0  1   0  0 
 E. subcrenulata 0                
 E. urnigera 2 46 96 24 0 150  3.3  78   15  9  
 E. vernicosa 1 34 53 4 0 13  0.4         
 E. viminalis 3 609 767 61 90 292 245 0.5 0.3 40 43  88 86 73 74 
 Total 20 1629 2195 338 284 3249 2715 2.0* 1.2* 311 230  64* 70* 54* 48*
                  
E. nitens 
x cordata 
vs 
outcross E. brookeriana 1 83 51 0 0            
 E. cordata 2 59 60 3 7 43 99 0.7 1.7 20 34  100 97 90 79 
 E. gunnii 1 54 33 40 8 338 37 6.3 1.1 24 18  83 61 83 39 
 E. ovata 2 111 61 19 5 83 13 0.7 0.2 25 11  92 55 92 55 
 E. viminalis 1 73 35 1 4 0 0          
 Total 7 380 240 63 24 464 149 1.2* 0.6* 69 63  91* 79* 88* 63*
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Pollination of the native species with E. nitens x cordata F1 hybrid pollen was successful 

for three out of the five species assessed (Table 6.2). Successful three-way crossing 

occurred with E. ovata and E. gunnii, but not E. viminalis and E. brookeriana. Failure of 

the latter crosses was due to capsule abortion of both the three-way and pure species 

outcross pollinations. Despite seedlings being produced from three-way hybridisation 

with E. gunnii and E. ovata, at each of these stages assessed, these three-way cross-

combinations appeared less successful than outcrosses and F1 crosses from the same 

trees. This was seen for seed per flower (outcross X = 1.5, three-way X = 0.3), 

percentage germination (outcross X = 87.7, three-way X = 55.6) and the percentage of 

viable seed that grew to healthy seedlings (outcross X = 88.4, three-way X = 44.4) when 

averaged across all E. ovata and E. gunnii females (see Table 6.2 for species means). 

The reduction in success of the three-way hybrids relative to the pure species outcrosses 

was not seen in the backcrosses involving E. cordata. These backcrosses produced more 

seed per flower (outcross X = 0.7, backcross X = 1.7) relative to outcrosses, and only 

slightly fewer healthy seedlings per viable seed (outcross X = 90, backcross X = 79). 

However, as with the three-way hybrids, low replication prevented reliable statistical 

analysis.  

6.3.1.2 Seedling morphology 

The morphology of the F1 hybrid seedlings gained through controlled pollination all 

appeared intermediate between their parental species characters, based on visual 

inspection. This can be seen for the photos of the typical F1 and pure species progeny 

(Fig. 6.1), and in the cross-type means (Appendix 6.5.2). This general intermediacy was 

reflected in the morphometric analysis, with all hybrids falling outside the range of 
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variation described for their parents on the discriminant function (Fig. 6.2). In the 

discriminant space, most hybrids were more or less intermediate between their parents, 

but there were exceptions. The E. ovata x nitens hybrids appeared biased towards E. 

nitens (also in Fig. 6.3), while those with E. viminalis and E. dalrympleana (based on 

two seedlings only) were biased towards the maternal parents. Most characters assessed 

were statistically significant in individually discriminating E. nitens from each native 

species (Appendix 6.5.3). 

Hybrids produced through pollination with E. nitens x cordata F1 hybrid pollen varied 

widely in their morphology across the discriminant functions. The three-way cross on to 

E. gunnii produced seedlings that fell within and between the range of variation 

described for E. gunnii and E. cordata and well away from E. nitens (Fig. 6.4). The 

same cross onto E. ovata produced seedlings that fell outside the range of all pure 

species, falling between E. cordata and E. ovata, with only a very slight bias towards E. 

nitens (Fig. 6.3). The backcross onto E. cordata produced seedlings that were strongly 

biased towards E. cordata, ranging from being intermediate with E. nitens to well within 

the morphological range of E. cordata (80% within; single discriminant function 

analysis) (Fig. 6.2, 6.3, 6.4).
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Fig. 6.2. Frequency histogram for F1 hybrid seedlings between native Tasmanian Symphyomyrtus species and 

exotic E. nitens (pollen parent) along a morphological discriminant function (DF1) separating the pure species. 

Each analysis was conducted on individual pure species pairs of E. nitens ( ) and each native species ( ), and 

their F1 hybrids from controlled ( ) and supplementary pollination (  ), any deviant or randomly selected 

seedlings from supplementary seedlots ( ), and E. cordata x (nitens x cordata) backcross hybrids    ( ) (E. 

cordata only). Plots for each species pair are in alphabetical order. Photos of the F1 and E. cordata backcross 

hybrids are only provided if they were successfully produced.
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Fig. 6.2. (Continued) 
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Fig. 6.2. (Continued) 
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Fig. 6.2. (Continued) 
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Fig. 6.2. (Continued) 
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Fig. 6.2. (Continued) 
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Fig. 6.2. (Continued) 
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Fig. 6.2. (Continued) 
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Fig. 6.3. Discriminant analysis of E. ovata x (nitens x cordata) three-way hybrids ( ), compared to their pure 

parental species (  ). Included are the other hybrid combinations also produced with these pure species, 

these being E. ovata x nitens F1 hybrids ( ) and E. cordata x (nitens x cordata) backcross hybrids ( ). DF1 

and DF2 and the first and second discriminant functions separating the three pure species. 
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Fig. 6.4. Discriminant analysis of E. gunnii x (nitens x cordata) three-way hybrids ( ), compared to their pure 

parental species (  ). Included are the other hybrid combinations also produced with these pure species, 

these being E. gunnii x nitens F1 hybrids ( ) and E. cordata x (nitens x cordata) backcross hybrids ( ). DF1 

and DF2 are the first and second discriminant functions separating the three pure species. 
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6.3.2 Supplementary pollination 

6.3.3.1 Verification of hybridisation 

Morphometric analysis of the seedlings produced from flowers that were supplementary 

pollinated with E. nitens pollen, effectively verified whether E. nitens F1 hybrids were or 

were not produced using this technique. Results from the controlled and supplementary 

pollination techniques were summarised by classifying the species into four groups. The 

first group consisted of species that produced hybrids through both controlled and 

supplementary pollination, the second consisted of those that produced hybrids through 

supplementary pollination only and not through controlled pollination, the third 

consisted of those that produced hybrids through controlled pollination and not 

supplementary pollination, and the fourth consisted of those that produced no hybrids 

through either pollination technique.  

The species in the first group were E. archeri, E. gunnii and E. ovata for which there 

were hybrids from both controlled and supplementary pollination for comparison. All 

putative hybrids from supplementary pollination, fell within or very close to the 

morphometric ranges described for the known hybrids from controlled pollination. 

These putative hybrids also fell outside the range of parental species (Fig. 6.2). The 

putative E. gunnii hybrids showed a bias towards the pure E. gunnii, not seen in the 

known hybrids. However, no deviant seedlings were identified in the open-pollinated 

seedlots from the same tree. This removed any doubt they were F1 hybrids with E. 

nitens, rather than naturally occurring hybrids. The deviant seedlings from the 

supplementary seedlots of E. archeri were clearly differentiated from the F1s and 

therefore consistent with them being pure E. archeri. In addition, the F1 hybrids between 
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E. nitens and E. ovata produced through controlled and supplementary techniques were 

very comparable, and consistent with their classification. 

The second group consisted of E. brookeriana, E. perriniana and E. vernicosa. For this 

group, the pattern of variation across the putative hybrids, relative to the maternal 

parents and other naturally occurring hybrids, provided verification of their hybridity. 

This was despite having no known hybrids for comparison. The putative hybrids all fell 

well outside the morphological range of their parental species and were generally 

intermediate (Fig. 6.2). The intermediacy between both parental species could also be 

seen in these seedlings through visual inspections. The deviant seedlings that were 

identified in the supplementary seedlots of E. brookeriana were clearly differentiated 

from those phenotypes identified as F1s and fell within the range of E. brookeriana. In 

the case of E. perriniana, the putative F1s clustered together as a distinct phenotypic 

group. One deviant seedling fell in close proximity to this group, and appeared to be a 

natural hybrid between E. viminalis and E. perriniana on visual inspection. Because of 

the similar characteristics of E. nitens and E. viminalis, the natural hybrid was pulled in 

the direct of E. nitens, as only one discriminant function was used. However, the clear 

distinction between this seedling and the putative E. perriniana x nitens F1s was 

consistent with it being a separate cross-type. The seedlots from supplementary 

pollination of E. vernicosa displayed no deviant seedlings, and the one putative exotic F1 

hybrid showed strong bias towards the E. nitens and was clearly distinct from both 

parents, verifying its classification. 

The species within the third group were E. barberi, E. dalrympleana and E. viminalis. 
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For this group, verification that no hybridisation had occurred following supplementary 

pollination was necessary, despite hybrids being produced through controlled 

pollination. Although four trees were assessed with an average of 73 seedlings grown 

per tree, no putative hybrids were detected (Table 6.3). None of the deviant seedlings 

that were detected among the supplementary seedlots of E. barberi and E. viminalis, 

were found to fall within the morphological range of that described for the known F1 

hybrids, with most falling within the range of the pure species progeny (Fig. 6.2), 

verifying that no exotic hybrids were present. For E. dalrympleana, no deviant seedlings 

were identified at all, including any that resembled F1 hybrids with E. nitens. This again 

verified that no hybridisation had occurred. Because of the bias of the E. viminalis x 

nitens and E. dalrympleana x nitens F1 hybrids to the native maternal parents, seen for 

the known hybrids, special care was taken to ensure that putative hybrids were not 

overlooked in the supplementary seedlots.  

The final group consisted of species that did not produced hybrids using either 

controlled or supplementary methods, and again required verification that no hybrids 

were present. This group consisted of E. cordata, E. johnstonii, E. rodwayi, E. rubida, E. 

subcrenulata, and E. urnigera. Morphometric analysis of the deviant and randomly 

selected seedlings from the supplementary seedlots of each species indicated that they 

were very similar to the pure native species. Few of these seedlings showed bias towards 

the characteristics of E. nitens (Fig. 6.2). However, exceptions to this were seen for E. 

johnstonii, E. rodwayi and E. rubida where a few seedlings were seen to deviate slightly 

towards E. nitens. Nevertheless, these plants were not intermediate with E. nitens and 

were still very biased towards the maternal parents, representing extremes of a 
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continuous group rather that a distinct phenotype. This left little doubt in the original 

classification of the deviant seedlings. Combined with this, F1 hybrids between E. rubida 

and E. nitens would be expected to be morphologically similar to those between E. 

gunnii and E. nitens. However, no seedlings resembling this phenotype were present. 

The morphological distribution of the backcross hybrids with E. cordata, ranging from 

intermediate between E. nitens and E. cordata through to well within the E. cordata 

phenotype, suggests that F1 hybrids between these species would be intermediate. 

However, again no seedlings with this phenotype were present. 

Table 6.3. Summary of supplementary pollination of exotic E. nitens pollen on native Tasmanian 

Symphyomyrtus species. The table shows the number of flowers pollinated, viable seed produced, viable 

seed sown, and healthy seedlings produced. Combined with this, the percentage of seedlings that were F1

hybrids with E. nitens, and the number of female trees that were tested that produced such hybrids, are 

also shown. The taxonomic series that each species belongs to is also provided in super script (F, 

Foveolatae; O, Orbiculares; S, Semiunicolores; V, Viminales). Trees that produced only a limited amount 

of seed did not have their seed sown and tested for its proportion of hybrids. 

Species 

n 
flowers 

pollinated 

 
 
 
n 

capsules

n 
viable
seed

n  
viable 
seed 
sown 

% 
E. nitens 
hybrid 

seedlings 

n 
♀ trees 

hybridising 
/ n ♀ trees 

tested 
E. archeriO 259 124 98 96 5.0 1/2 
E. barberiF 217 98 459 192 0.0 0/2 
E. brookerianaF 186 89 289 283 31.5 2/2 
E. cordataO 279 87 913 313 0.0 0/4 
E. dalrympleanaV 272 81 187 89 0.0 0/1 
E. gunniiO 382 220 1133 281 5.6 1/3 
E. johnstoniiS 186 77 156 155 0.0 0/2 
E. morrisbyiO 0      
E. ovataF 283 50 104 99 25.6 2/2 
E. perrinianaO 155 109 418 213 1.6 1/2 
E. rodwayiF 322 68 43 36 0.0 0/1 
E. rubidaV 70 30 31 31 0.0 0/1 
E. subcrenulataS 67 67 176 148 0.0 0/1 
E. urnigeraO 33 2 23 23 0.0 0/1 
E. vernicosaS 101 29 40 37 11.1 1/2 
E. viminalisV 118 58 74 63 0.0 0/1 
Total 2930 1189 4144 2059 5.4 8/27 
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No seedlings resembling the putative hybrids identified in the supplementary seedlots 

were recorded among the seedlings grown from open-pollinated seed from each tree. 

This also assisted in verifying the hybrids from supplementary pollination, as it indicated 

they were unlikely to be naturally occurring hybrids produced from local pollen. 

6.3.3.2 Levels of hybridisation 

Only six of the 15 species assessed for their crossability with E. nitens through 

supplementary pollination produced E. nitens F1 hybrids (Table 6.3). The highest levels 

of hybridisation occurred in the series Foveolatae (subsection Triangulares) (Brooker 

2000), for the species E. brookeriana (32%) and E. ovata (26%) with both trees tested of 

each species producing hybrids. No hybrids were found with E. rodwayi or E. barberi, 

which also belong to this series, but, E. rodwayi had only a low number of seed tested. 

Two trees of E. barberi were tested with supplementary pollination and neither produced 

hybrids, despite the hybrids being obtained using controlled cut-style pollination. The 

series Orbiculares (subsection Euryotae) displayed low levels of hybridisation (0-6%), 

with E. gunnii, E. archeri and E. perriniana producing hybrids from just one of the two 

to three trees tested for each species, and E. cordata and E. urnigera producing no 

hybrids. However, E. morrisbyi which is also from this series, was not tested under 

supplementary pollination. Only one hybrid was produced through supplementary 

pollination of E. vernicosa, in the series Semiunicolores (subsection Euryotae), with no 

hybrids produced from the other species in this series, E. johnstonnii and E. 

subcrenulata. This group was poorly tested due to difficulties in judging when capsules 

were ripe in these sub-alpine species, resulting in low numbers of mature seed being 

extracted from their capsules. The series Viminales (subsection Euryotae), consisting of 
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E. dalrympleana, E. rubida and E. viminalis produced no E. nitens hybrids in any of 

their supplementary pollinated seedlots, despite hybrids being produced using controlled 

stigma pollination with E. viminalis and E. dalrympleana. However, the supplementary 

and controlled pollinations were conducted on separate female trees. 

6.4 Discussion 

Only six of the 15 native Symphyomyrtus species that were tested for their crossability 

with E. nitens pollen, under supplementary pollination, produced putative E. nitens F1 

hybrids. As these seedlings were identified among pure species progeny, verification of 

their putative classification was necessary. This verification was obtained through a 

number of means. The first point of evidence came from direct comparison of the 

morphology of hybrids produced through controlled and supplementary pollination. In 

such cases, concordance in morphology strongly supported the hybridity of those 

produced from supplementary pollination. The second point of evidence came from the 

intermediate pattern of morphology of the putative hybrids from supplementary 

pollination. This was necessary when hybrids from controlled pollination were not 

produced. The putative hybrids fell outside the morphological range of their parents, and 

were usually intermediate between both parents. This therefore left little doubt as to their 

hybrid status. The intermediate character of F1 hybrids in Eucalyptus has been well 

documented (Chapter 3, Wiltshire and Reid 1987; Tibbits 1988; Delaporte et al. 2001b; 

Delaporte et al. 2001a; Delaporte et al. 2001c), and is frequently used as a tool for their 

identification among pure species siblings (Chapter 3, Pryor 1976; Wiltshire and Reid 

1987; Potts and Reid 1988; 1990; Delaporte et al. 2001c; Barbour et al. 2002b). F1 



Chapter 6: Post-mating barriers to exotic gene flow 
  
  

  118   

hybrids that are slightly biased in overall morphology towards one parent, such as seen 

in E. dalrympleana, E. gunnii, E. ovata and E. viminalis, have also been reported 

(Chapter 3, Tibbits 1988; Delaporte et al. 2001b). However, as in the present study these 

still fell outside the morphological range of their parents. The third point of evidence 

came from the observation that putative hybrids were only identified from flowers that 

were supplementary pollinated with E. nitens pollen, and none were identified among 

open-pollinated seedlots from the same trees. This indicates that the putative hybrids 

were a direct result of supplementary E. nitens pollination, and not the product of 

pollination by local interspecific pollen. Consequently, all three points of verification 

provide strong evidence that E. nitens can successfully pollinate six of the fifteen native 

species tested under supplementary pollination, and produce viable F1 hybrid seedlings. 

Of the remaining nine species tested, the morphometric analysis also verified that they 

had not produced hybrids following supplementary E. nitens pollination. This was 

evident in the analysis of the randomly selected seedlings and any deviant plants from 

supplementary seedlots. None of these seedlings resembled the characteristics expected 

for an F1 hybrid with E. nitens. Combined with this, none were found to resemble the 

known hybrids produced from controlled pollination. Consequently, these results 

adequately verified that no hybridisation had occurred in these species. 

The levels of F1 hybridisation produced through supplementary E. nitens pollination of 

native Tasmanian Symphyomyrtus species were much lower than expected, with only six 

of the 15 species tested producing hybrids. Highest levels of hybridisation were found in 

the series Foveolatae (> 25% hybridisation), however, this was for only two species (E. 

brookeriana and E. ovata), with the other two not found to hybridise (E. barberi and E. 
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rodwayi). Lower levels of hybridisation (< 12%) were recorded for the Orbiculare (3 out 

of 5 species tested were found to hybridise) and the Semiunicolores (1 out of 3 species 

found to hybridise), while no hybrids were detected for the series Viminalae (3 species). 

In previous work (Chapter 3) F1 hybrids between E. viminalis (Viminalae) and E. nitens 

have been identified from open-pollinated seed of both species, suggesting that a 

complete barrier to crossing is probably not likely for this series. Nevertheless, species 

from Viminalae and Semiunicolores do appear restricted in their crossability with E. 

nitens. Interestingly, the series producing the highest levels of hybridisation, Foveolatae, 

is the most distantly related of all the Tasmanian Symphyomyrtus species to E. nitens, 

being in a different sub-section, whereas all the remaining species are in the same sub-

section (Brooker 2000). The influence of taxonomic relatedness on the success of 

interspecific hybridisation has been recognised in Eucalyptus, with greater taxonomic 

distance generally resulting in lower levels of cross success (Griffin et al. 1988; Ellis et 

al. 1991; Tibbits 2000; Delaporte et al. 2001b). However, abnormally high levels of 

crossability between more distantly related parents have also been noted (Griffin et al. 

1988), which appears the case in the present study. 

The reduced capacity of E. nitens to fertilise the native species and produce viable 

hybrid seed, was also seen following controlled pollinations. Across the combined 

results for all species, controlled E. nitens pollination resulted in a significantly lower 

number of capsules per flower and seed per capsule than controlled outcross pollination. 

This result is strong evidence for post-mating barriers to exotic gene flow which prevent 

the production of viable hybrid seed with the Tasmanian native Symphyomyrtus species 

as females. This may be due to an inability of E. nitens pollen tubes to reach the ovaries 
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(pre-fertilisation barriers), or due to ovule, zygote or seed abortion (post-fertilisation 

barriers). A number of pre-fertilisation barriers have been recognised in Eucalyptus. 

These include physiological incongruities that occur in the upper stylar region, causing 

pollen tube arrest (Ellis et al. 1991). In addition, such incongruities can also exist 

between the base of the style and the ovule surface, which act to prevent ovule 

penetration (Ellis et al. 1991). Style-length incompatibilities have been recorded (Gore 

et al. 1990; Delaporte et al. 2001b), and may be limiting the crossability of species with 

larger flowers than the pollen parent. This may be the case with E. cordata, E. johnstonii 

and E. urnigera, as these species have been successfully crossed with E. nitens in the 

reciprocal direction (Tibbits 1988; 1989; Tibbits 2000). Also, competition between intra- 

and interspecific pollen, or female selection for particular pollen haplotypes, may also 

reduce the potential for fertilisation by E. nitens (Rieseberg et al. 1995; Carney et al. 

1996; Klips 1999; Williams et al. 1999b; Song et al. 2002). Combined with this, post-

fertilisation barriers may exist in Eucalyptus. However, no work appears to have been 

conducted on this stage of hybrid seed production. In conclusion, the post-pollination 

barriers to gene flow from E. nitens may lie at a number of points within the pre- and 

post-fertilisation stages. Within other genera, these barriers have been found highly 

effective at reducing or preventing interspecific gene flow (Arnold et al. 1993; Emms et 

al. 1996; Rieseberg et al. 1998; Boavida et al. 2001; Ramsey et al. 2003), and at 

preventing exotic gene flow from introduced species into their wild relatives (Eber et al. 

1998; Brown and Mitchell 2001; Song et al. 2002). Modelling of parameters affecting 

gene flow and rates of extinction through hybridisation have also found post-mating 

barriers highly influential (Wolf et al. 2001). 
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Despite the relatively poor success of the E. nitens pollen in producing viable hybrid 

seed with the Tasmanian Symphyomyrtus species, no overall difference was seen 

between the F1 hybrids and outcrosses at seed germination and early-seedling growth. 

Unlike the pre-dispersal stages, which were tested in the wild, post-dispersal stages of 

development were assessed in the glasshouse. Such growing conditions place little 

exogenous (environmental) pressure on the performance of each cross-type, and may not 

give a true indication of the relative fitness of the hybrids in the wild (see Chapter 4). 

Nevertheless, if differences do exist, they are likely to be even greater in the wild. 

Despite the low replication and lack of statistical analyses, the performance of backcross 

hybridisation, E. cordata x (nitens x cordata), appeared to be comparable to the 

intraspecific E. cordata crosses. The success of the backcrosses at each step in the 

process of hybrid seed production was also similar or greater than the species-wide 

means for the F1 hybrid crosses. This suggests that these backcross may be equally or 

more successful than the F1 cross. The high degree of morphological similarity between 

the backcross and the pure E. cordata was also notable. This demonstrates that hybrids 

between plantation and native species with similar morphological characters will be 

rapidly undetectable at the morphological level from native populations, within a few 

generations. 

The potential for natural three-way hybridisation was also recognised in the present 

study. Out of the four native species tested, two successfully produced three-way hybrid 

seedlings (E. nitens x cordata on E. gunnii and E. ovata). Despite this, however, a 

distinct trend for poorer performance of the three-way hybrids relative to intraspecific 

crosses was seen at each stage of development. Their performance also appeared poorer 
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than the F1s and backcrosses. As the pre-dispersal stages (pollination through to seed 

maturation) were assessed in the wild, these results may be representative of the success 

of natural three-way hybridisation. However, these hybrids were also seen to perform 

poorly at post-dispersal stages recorded under glasshouse conditions (germination and 

early seedling growth). This therefore suggests that even poorer performance would be 

expected under the natural conditions of a regenerating native forest. Clearly, strong 

barriers to natural three-way hybridisation appear to exist. Other three-way hybrid 

combinations have been produced artificially, which appear to have been viable as 

young plants (de Assis 2000; Potts and Dungey 2004). However, these were unlikely to 

have been tested under the natural conditions of the wild. Further research into the 

fitness of such hybrids is clearly necessary, as many native eucalypt communities 

contain more than one species (Griffin et al. 1988; Brooker and Kleinig 1996), and 

therefore the opportunity exists for natural three-way hybridisation with plantation 

species. 

In conclusion, significant post-mating barriers to gene flow from exotic E. nitens 

plantations into native species in Tasmania appear to exist, reducing the potential for the 

production of F1 hybrid seed and seedlings. These barriers appear particularly effective 

when native intraspecific pollen is present. Consequently, despite further verification 

being required, these barriers are likely to strongly influence the existence and degree of 

gene flow from exotic eucalypt plantations in Australia. 
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6.5 Appendix 

6.5.1. Summary of flowers pollinated and seed produced using artificial pollination techniques with 
exotic E. nitens pollen on native Tasmanian Symphyomyrtus species. Three techniques were used; 
controlled sigma pollination (CP), controlled cut-style pollination (CS) and supplementary pollination 
(SUP) (see text for description). The tree # is a catalogue number which sources grid reference co-
ordinates and descriptions of each individual tree, available at the School of Plant Science, University of 
Tasmania. Included are the general locations of each tree and the dates of when work was commenced and 
when seed capsules were harvested. 
   n flowers  n seed 
Species Uni # Location 

Date work 
commenced

Harvest
date CP CS SUP Total  CP CS SUP Total

1224 Projection Bluff 1/22/01 1/24/02 75 75   41 41
 1228 Ben Lomond 1/29/01 4/7/02 123 111 234   279 51 330
 1229 Ben Lomond 1/29/01 4/7/02 73 73   6 6
E. barberi 1985 Lake Leak Hwy 5/17/02 3/30/03 91 91   369 369
 1988 Lake Leak Hwy 5/17/02 3/30/03 75  75   326 326
 1994 Cherrytree Hill 5/18/02 3/30/03 126 126   90 90
E. brookeriana 667 Ornamental 4/22/02 3/13/03 215 117 332   0 160 160
 1396 Blessington 12/29/00 4/1/02 69 69   129 129
E. cordata 1505 Margate 4/9/01 1/30/02 82 82   324 324
 1520 Margate 4/6/01 4/24/02 115 63 178   58 147 205
 1996 Snug Plains 12/21/01 3/26/03 72 57 129   84 23 107
 2000 Snug Plains 12/24/01 3/26/03 32 77 109   37 419 456
E. dalrympleana 1386 Meander 4/13/00 4/10/01 613  613  171 171
 1982 Upper Blessington 5/15/02 3/30/03 137 137   174 174
 1995 Lower Blessington 5/14/02 3/30/03 135 135   13 13
E. gunnii 1394 Snug Plains 1/21/01 2/26/02 84 84   316 316
 1978 Snug Plains 5/2/02 3/26/03 136 78 214   428 131 559
 2001 Snug Plains 5/2/02 3/26/03 118 118   686 686
 1393 Breona 1/12/00 1/5/01 102 102   0 0
E. johnstonii 1397 Snug Tier 2/16/01 4/24/02 74 74   105 105
 1504 Mt Wellington 3/23/01 3/22/02 82 59 141   0 0 0
 2010 Mt Wellington 3/11/01 5/10/02 53 53   51 51
E. morrisbyi 1367 Ornamental 3/15/00 2/25/01 271  271  2765 2765
 1380 Ornamental 3/21/00 2/25/01 229  229  1142 1142
E. ovata 1225 Nunamara 1/24/01 1/5/02 174 174   25 25
 1509 Mt Nelson 9/5/01 8/6/02 149  149   8 8
 1986 Sandy Bay 5/5/01 3/22/02 231  231   114 114
 2012 Dunalley 4/23/01 2/27/02 109 109   79 79
E. perriniana 1981 Strickland 2/6/02 3/27/03 64 64   297 297
 1991 Strickland 2/6/02 3/27/03 91 91   121 121
E. rodwayi 1227 Arthurs Lake 3/2/01 1/24/02 109 109   0 0
 1501 Mathina Plains 3/1/01 5/14/02 154 154   39 39
 1503 Steppes 3/2/01 1/24/02 59 59   4 4
E. rubida 1222 Bothwell 12/30/00 1/25/02 70 70   31 31
 2002 Pelham 12/30/00 8/15/01 81  81   1 1
E. subcrenulata 2004 Hartz Mts 2/26/01 4/22/02 67 67   176 176
E. urnigera 1989 Mt Wellington 5/6/02 3/15/03 71  71   72 72
 1997 Mt Wellington 5/24/02 3/15/03 71 33 104   78 23 101
E. vernicosa 1399 Hartz Mts 2/18/01 3/23/03 56 56   16 16
 1400 Hartz Mts 2/18/01 3/23/03 45 45   24 24
 - Ornamental 4/26/02 5/13/03 87  87   13 13
E. viminalis 1381 Hollow Tree 4/7/00 5/26/01 615  615  151 151
 1385 Mt Nelson 4/10/00 4/18/01 621  621  386 386
 1976 South Hobart 4/2/02 1/17/03 175 118 293   0 74 74
       
Total   2349 1715 2930 6994  4615 1498 4144 1025



 

  
. 

6.5.2. Untransformed means for the characters assessed in the morphometric analysis of E. nitens, native Tasmanian Symphyomyrtus species and their 

hybrids. The table includes results for F1 hybrids with E. nitens as well as the E. ovata x (nitens x cordata ) (ONC) and E. gunnii x (nitens x cordata ) (GNC) three-way 

hybrids and the E. cordata x (nitens x cordata ) backcross hybrids. 

Characters assessed E. archeri  E. barberi  E. brookeriana E. cordata E. dalrympleana E. gunnii E. johnstonii E. morrisbyi E. nitens 
 Intra F1 Intra F1 Intra F1 Intra BC1 Intra F1 Intra F1 GNC Intra Intra F1 Intra 
Bud characters                  

BUDFUS (0-2) 0.5 2.0 0.0 1.0 0.0 1.2 1.9 2.0 2.0 2.0 0.0 1.6 0.2 0.1 0.0 1.4 2.0 
LBUDFUS (mm) 1.0 8.8 0.0 8.9 0.0 13.7 8.1 7.3 9.9 14.8 0.0 7.8 0.4 0.6 0.0 6.0 35.5 

Leaf characters                  
CRENM (0-2) 0.6 0.2 0.4 0.4 0.9 0.9 1.7 0.9 0.1 0.0 1.4 0.7 1.4 1.2 1.9 0.6 0.0 
EMARG (mm) 1.4 5.0 0.0 2.4 0.0 2.9 4.5 4.1 1.2 3.2 2.2 6.1 3.8 0.0 3.2 4.9 8.6 
LAML (mm) 22.0 41.1 18.6 37.0 27.7 35.6 34.9 34.0 27.0 34.4 21.2 35.9 28.6 26.9 26.4 34.2 49.4 
LAMW (mm) 72.8 91.0 106.0 103.0 88.1 85.2 96.8 96.5 93.5 100.0 95.8 80.5 109.0 77.5 132.8 85.0 90.4 
LEAFA (°) 20.2 56.5 45.7 71.3 53.0 72.4 39.1 42.4 49.1 73.0 18.4 45.2 32.6 40.8 23.2 38.1 94.4 
LEAFGL (0-2) 2.6 2.2 0.0 0.6 0.0 0.0 2.9 3.0 1.3 2.0 4.0 3.0 4.2 0.0 3.5 3.4 2.1 
LEAFP (°) 6.5 5.0 18.9 13.0 16.3 14.3 10.3 9.0 8.3 7.5 4.8 7.4 13.0 10.0 11.5 16.8 9.4 
LEAFTA (°) 98.2 95.0 85.6 87.3 86.1 84.7 95.4 89.7 76.3 84.6 96.0 97.1 95.4 94.1 98.7 99.2 87.7 
LWP (mm) 8.4 12.0 19.3 24.1 20.5 25.9 11.1 11.5 13.6 21.3 6.6 13.5 10.3 16.9 7.9 12.2 31.7 
MRRED (0-2) 0.0 0.0 0.5 0.8 0.4 0.3 0.0 0.2 0.5 1.0 0.0 0.1 0.2 0.1 0.0 0.3 0.7 
PETL (mm) 0.0 0.1 1.5 0.0 4.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.9 0.0 0.0 0.0 

Plant characters                  
HT10 (mm) 160.0 254.0 211.1 239.0 332.4 332.4 249.7 259.1 285.9 273.5 229.9 276.9 217.2 287.5 213.9 267.5 318.7 
LAT05 (n) 20.5 31.4 24.6 37.2 33.9 39.2 30.4 30.7 35.7 35.7 26.2 37.0 29.0 47.6 25.4 31.9 33.3 
LAT610 (n) 0.3 0.0 5.0 0.2 8.2 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.4 0.3 0.0 0.0 
LLLAT (mm) 3.6 2.8 5.4 5.0 4.9 1.6 4.8 6.1 3.1 1.5 4.2 5.4 3.8 9.7 8.5 6.8 2.9 
NLLAT (node) 4.2 4.2 3.8 5.8 7.7 5.2 3.8 6.0 4.8 4.5 5.2 4.1 5.2 9.2 7.8 4.3 2.7 

Stem characters                  
INTER10 (mm) 105.5 80.0 158.2 198.4 105.2 88.0 116.2 131.8 127.6 144.5 123.1 119.8 210.1 116.3 132.6 120.8 91.2 
INTRA10 (mm) 5.8 5.2 5.3 6.7 6.8 5.8 4.8 4.9 6.4 8.0 5.6 5.7 5.8 4.3 7.6 5.8 4.6 
STEMGL (0-2) 0.5 0.8 0.0 0.0 0.1 0.1 1.8 1.7 0.3 0.5 1.4 1.3 1.6 0.0 1.2 1.8 1.6 
STEMREC (mm) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
STEMRED (0-2) 0.3 0.6 1.4 0.7 0.7 0.4 0.2 0.2 0.9 0.0 0.3 0.2 0.8 0.5 0.1 0.4 0.8 
STEMRO (mm) 0.9 0.8 0.9 0.8 0.9 0.6 0.8 0.7 1.0 0.9 0.9 0.8 0.9 0.8 1.0 0.8 0.4 
STEMV (0-2) 1.0 0.6 1.0 0.3 1.2 0.9 1.4 1.0 0.5 0.5 1.0 0.7 1.1 1.8 1.2 0.5 0.1 
WW (0-3) 0.0 0.0 0.0 0.4 0.0 0.7 0.2 0.3 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.2 2.5 



  

   

6.5.2. (Continued) 

Characters assessed E. ovata E. perriniana E. rodwayi E. rubida E. subcrenulata E. urnigera E. vernicosa E. viminalis E. nitens
 Intra F1 ONC Intra F1 Intra Intra Intra Intra Intra F1 Intra F1 Intra 
Bud characters               

BUDFUS (0-2) 0.0 1.3 1.0 1.9 2.0 0.0 2.0 0.0 0.0 2.0 0.0 2.0 2.0 2.0 
LBUDFUS (mm) 0.0 14.3 6.1 3.7 12.4 0.0 4.3 0.0 0.0 15.1 0.0 11.7 17.9 35.5 

Leaf characters               
CRENM (0-2) 0.4 0.3 0.2 0.1 0.0 0.1 0.9 1.0 1.4 0.0 0.3 0.1 0.1 0.0 
EMARG (mm) 0.1 3.4 1.4 0.1 8.3 0.0 2.4 1.8 3.6 2.7 0.0 1.5 3.4 8.6 
LAML (mm) 33.5 39.6 30.2 49.9 49.6 13.1 31.7 27.7 25.6 24.9 11.6 20.9 33.0 49.4 
LAMW (mm) 95.6 78.9 90.0 98.3 93.3 99.5 109.0 98.5 99.5 50.0 75.0 111.5 100.3 90.4 
LEAFA (°) 59.5 76.9 43.2 21.9 49.0 38.9 25.7 29.7 24.9 46.4 17.0 40.6 61.2 94.4 
LEAFGL (0-2) 0.4 0.5 1.5 4.8 4.3 0.0 4.8 0.0 0.6 0.0 0.0 1.0 1.7 2.1 
LEAFP (°) 16.6 14.6 9.2 7.0 5.0 4.5 9.5 15.5 13.5 0.0 7.5 10.5 10.5 9.4 
LEAFTA (°) 93.3 86.7 94.8 108.3 101.1 78.8 101.3 99.8 98.4 81.6 84.3 76.5 80.3 87.7 
LWP (mm) 27.0 28.1 17.8 1.8 12.5 18.7 9.1 12.7 7.2 14.0 7.6 9.4 14.7 31.7 
MRRED (0-2) 0.5 0.3 0.3 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.2 0.7 
PETL (mm) 4.5 0.0 0.2 0.0 0.0 0.9 0.0 0.0 0.0 0.0 1.5 0.0 0.0 0.0 

Plant characters               
HT10 (mm) 329.8 338.4 295.2 244.1 228.0 188.3 213.5 215.0 222.2 193.0 85.7 261.5 285.0 318.7 
LAT05 (n) 32.7 39.9 36.0 27.2 26.5 16.1 23.8 28.4 35.2 30.0 11.6 30.4 34.0 33.3 
LAT610 (n) 16.3 0.2 0.0 0.0 0.0 7.6 0.0 0.3 0.0 0.0 0.4 0.0 0.0 0.0 
LLLAT (mm) 2.6 3.7 3.5 1.7 1.3 7.4 4.7 8.3 7.4 10.0 7.8 3.6 2.5 2.9 
NLLAT (node) 7.0 3.7 6.8 0.8 2.7 7.5 4.8 6.9 9.1 10.0 7.7 5.4 4.5 2.7 

Stem characters               
INTER10 (mm) 113.2 105.9 173.7 58.6 148.0 70.6 121.6 105.0 188.1 170.0 72.4 120.4 109.0 91.2 
INTRA10 (mm) 7.7 6.5 4.2 3.6 7.0 3.5 6.6 6.1 5.6 3.0 4.2 6.3 7.8 4.6 
STEMGL (0-2) 0.0 0.1 0.3 2.0 1.7 0.0 1.4 0.0 0.0 0.0 0.0 0.2 0.7 1.6 
STEMREC (mm) 1.0 1.0 1.0 1.0 0.9 1.0 1.0 1.0 1.0 1.1 1.0 1.0 1.0 1.0 
STEMRED (0-2) 0.1 0.5 0.7 0.6 0.0 0.2 0.7 0.4 0.6 0.0 0.3 0.7 0.4 0.8 
STEMRO (mm) 0.9 0.6 0.9 1.0 0.8 1.0 1.0 0.7 0.9 0.5 0.7 0.9 0.8 0.4 
STEMV (0-2) 0.2 0.7 0.7 0.2 0.3 1.0 0.1 1.1 1.5 1.0 0.5 0.9 0.6 0.1 
WW (0-3) 0.2 0.8 0.0 0.0 0.1 0.0 0.0 0.7 0.2 0.1 0.3 0.0 0.3 2.5 

 



  

   

 

 

 

 

6.5.3. F - ratios (F) and P - values (Prob) of the significance test for the difference between E. nitens and each native Tasmanian Symphyomyrtus species 

for variables used in the canonical discriminant analysis. Missing values indicate the variable was not used in the analysis due to it lacking variance in one or 

either of the pure species. 

 E. archeri E. barberi E. brookeriana E. cordata E. dalrympleana E. gunnii E. morrisbyi E. johnstonii 
Character F Prob F Prob F Prob F Prob F Prob F Prob F Prob F Prob 
Bud characters                 

BUDFUS 92.3 0.000     2.2 0.141 1.3 0.259       
LBUDFUS 135.5 0.000     442.3 0.000 278.3 0.000       

Leaf characters                 
CRENM 30.4 0.000 10.6 0.002 54.9 0.000 322.6 0.000 1.3 0.259 128.1 0.000 997.6 0.000 221.0 0.000 
EMARG 265.8 0.000 1072.2 0.000 1664.4 0.000 96.8 0.000 456.9 0.000 281.1 0.000 87.6 0.000   
LAML 984.7 0.000 167.0 0.000 123.2 0.000 374.4 0.000 107.3 0.000 858.5 0.000 734.2 0.000 190.2 0.000 
LAMW 200.7 0.000 266.9 0.000 80.0 0.000 54.0 0.000 86.9 0.000 248.7 0.000 115.3 0.000 64.4 0.000 
LEAFA 6.4 0.015 4.8 0.034 0.1 0.762 0.8 0.378 0.2 0.659 0.8 0.388 35.3 0.000 2.0 0.168 
LEAFGL 4.4 0.043 194.1 0.000 151.9 0.000 23.7 0.000 20.2 0.000 69.1 0.000 34.5 0.000 75.0 0.000 
LEAFP 0.6 0.458 4.8 0.033 2.2 0.146 0.2 0.671 0.0 0.999 3.4 0.069 1.2 0.278 0.6 0.460 
LTA 33.4 0.000 1.6 0.207 1.1 0.295 19.9 0.000 28.7 0.000 24.2 0.000 32.7 0.000 5.2 0.029 
LWP 187.4 0.000 37.4 0.000 30.9 0.000 201.4 0.000 82.3 0.000 341.9 0.000 205.1 0.000 32.9 0.000 
MRRED 17.6 0.000 0.7 0.406 2.3 0.135 33.0 0.000 1.4 0.239 26.6 0.000 17.6 0.000 6.0 0.020 
PETL   79.0 0.000 208.9 0.000       2.3 0.137 133.9 0.000 

Plant characters                 
HT10 281.3 0.000 76.2 0.000 1.5 0.224 76.6 0.000 10.9 0.002 101.7 0.000 124.1 0.000 7.6 0.009 
LAT05 0.6 0.454 7.2 0.010 5.9 0.019 6.0 0.017 0.1 0.832 3.2 0.078 58.3 0.000 57.6 0.000 
LAT610 6.0 0.019 2.4 0.127 54.0 0.000 2.3 0.131 11.0 0.002 18.7 0.000 55.0 0.000 100.1 0.000 
LLLAT 1.1 0.295 10.8 0.002 1.0 0.322 3.5 0.067 6.0 0.018 8.4 0.006 8.4 0.006 2.0 0.167 
NLLAT 1.7 0.204 0.3 0.573 3.3 0.074 0.0 0.915 3.5 0.068 1.8 0.190 8.2 0.006 0.0 0.934 

Stem characters                 
INTER10 30.2 0.000 14.7 0.000 0.1 0.733 1.7 0.200 1.0 0.323 10.9 0.002 10.9 0.002 16.4 0.000 
INTRA10   51.0 0.000 62.9 0.000       2.4 0.126 19.5 0.000 
STEMGL 43.2 0.000 208.9 0.000 124.8 0.000 2.7 0.104 64.6 0.000 2.2 0.146 8.3 0.006 73.2 0.000 
STEMREC 5.4 0.024 4.4 0.042 18.1 0.000 0.0 0.982 6.9 0.012 12.2 0.001 2.7 0.110 0.5 0.486 
STEMRED 24.8 0.000 19.4 0.000 1.1 0.298 38.3 0.000 0.2 0.656 27.3 0.000 72.7 0.000 5.0 0.032 
STEMRO 727.6 0.000 928.7 0.000 392.4 0.000 184.9 0.000 548.4 0.000 871.9 0.000 887.6 0.000 221.4 0.000 
STEMV 58.5 0.000 43.6 0.000 73.9 0.000 133.9 0.000 9.6 0.003 126.5 0.000 100.0 0.000 163.8 0.000 
WW 257.2 0.000 362.5 0.000 257.2 0.000 231.7 0.000 257.2 0.000 388.9 0.000 257.2 0.000 127.0 0.000 

 



  

   

  6.5.3. (Continued) 

 
 E. ovata E. perriniana E. rodwayi E. rubida E. subcrenulata E. urnigera E. vernicosa E. viminalis 
Character F Prob F Prob F Prob F Prob F Prob F Prob F Prob F Prob 
Bud characters                 

BUDFUS   1.3 0.259             
LBUDFUS   51.5 0.000   496.1 0.000       251.7 0.000 

Leaf characters                 
CRENM 11.3 0.001 1.3 0.259 2.7 0.108 68.6 0.000 61.4 0.000 109.4 0.000 12.2 0.002 3.9 0.055 
EMARG 858.7 0.000 1240.1 0.000 2132.3 0.000 138.1 0.000 239.8 0.000 77.9 0.000 614.8 0.000 393.4 0.000 
LAML 66.7 0.000 887.6 0.000 181.0 0.000 374.2 0.000 337.6 0.000 492.9 0.000 330.9 0.000 338.2 0.000 
LAMW 44.9 0.000 0.1 0.783 228.7 0.000 33.2 0.000 58.5 0.000 72.5 0.000 139.7 0.000 235.6 0.000 
LEAFA 0.6 0.434 1.4 0.251 1.0 0.333 3.8 0.059 0.8 0.386 1.0 0.333 1.7 0.198 9.7 0.003 
LEAFGL 88.6 0.000 187.6 0.000 75.0 0.000 108.9 0.000 75.0 0.000 29.6 0.000 44.7 0.000 44.9 0.000 
LEAFP 2.9 0.096 0.0 0.962 2.1 0.154 0.0 0.939 4.4 0.043 0.9 0.361 0.1 0.805 0.2 0.659 
LTA 7.5 0.008 204.4 0.000 10.2 0.003 29.4 0.000 24.3 0.000 18.1 0.000 1.2 0.277 32.6 0.000 
LWP 4.5 0.039 448.2 0.000 22.1 0.000 91.5 0.000 58.3 0.000 127.1 0.000 70.3 0.000 256.2 0.000 
MRRED 1.8 0.183 17.6 0.000 8.7 0.006 8.7 0.006 8.7 0.006 8.7 0.006 5.2 0.030 4.8 0.033 
PETL 210.4 0.000   61.7 0.000       95.6 0.000   

Plant characters                 
HT10 1.2 0.287 43.1 0.000 134.9 0.000 78.6 0.000 68.0 0.000 65.1 0.000 272.5 0.000 45.0 0.000 
LAT05 0.2 0.637 3.8 0.059 22.6 0.000 4.2 0.048 37.0 0.000 22.4 0.000 18.7 0.000 1.1 0.307 
LAT610 52.3 0.000 15.4 0.000 43.8 0.000 6.0 0.020 33.3 0.000 90.6 0.000 31.7 0.000 24.7 0.000 
LLLAT 2.3 0.139 3.0 0.093 1.3 0.268 2.7 0.107 0.5 0.466 29.2 0.000 0.7 0.419 5.9 0.019 
NLLAT 10.9 0.002 3.2 0.079 0.4 0.527 2.2 0.145 1.3 0.258 0.7 0.417 0.0 0.889 4.3 0.042 

Stem characters                 
INTER10 0.1 0.783 6.2 0.017 40.3 0.000 9.4 0.004 2.2 0.148 0.3 0.603 43.8 0.000 1.5 0.229 
INTRA10 220.6 0.000   353.9 0.000   2.7 0.108   4.9 0.035   
STEMGL 224.1 0.000 10.7 0.002 73.2 0.000 0.7 0.404 73.2 0.000 73.2 0.000 43.6 0.000 119.6 0.000 
STEMREC 30.9 0.000 1.6 0.212 6.9 0.013 3.1 0.085 9.8 0.004 0.8 0.384 2.0 0.164 2.1 0.149 
STEMRED 55.8 0.000 5.2 0.027 20.6 0.000 0.7 0.408 8.5 0.006 2.6 0.118 8.2 0.008 1.7 0.195 
STEMRO 513.4 0.000 784.9 0.000 412.4 0.000 506.6 0.000 82.9 0.000 300.8 0.000 89.1 0.000 746.4 0.000 
STEMV 0.7 0.399 0.6 0.440 72.4 0.000 0.0 0.899 42.9 0.000 91.3 0.000 5.2 0.030 47.8 0.000 
WW 238.3 0.000 257.2 0.000 127.0 0.000 127.0 0.000 50.1 0.000 68.2 0.000 32.0 0.000 388.9 0.000




