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1. Introduction 
 
The ‘eucalypts’ comprise three related genera within the Myrtaceae family; Eucalyptus, 
Corymbia and Angophora, which collectively include more than 800 species and define 
the landscape of an entire continent. Almost all eucalypts are endemic to Australia, 
where they occupy a near-continuous distribution across almost all habitat types; from 
mesic forest to semi-desert and mountains. Australia has been subjected to rapid 
landscape transformation throughout 230 years, since European colonisation. This has 
resulted in, among other consequences, Australia being identified as having the highest 
rate of mammal extinction in the world, including many characteristic marsupials 
(Woinarski et al. 2012). An assessment of the threat status of the eucalypts will further 
highlight conservation issues at the continental-scale of Australia through the lens of the 
dominant tree genera. 
 
The current most widely accepted framework for assessing extinction risk of biota is the 
International Union for Conservation of Nature’s (IUCN) Red List Categories and Criteria 
(version 3.1) (IUCN 2012). These define extinction risk categories based on quantitative 
thresholds relating to geographic range, population size and rate of decline (Mace et al. 
2008, IUCN 2012). Currently accepted State and Federal lists for threatened flora have a 
range of biases and currencies, and often do not align with the IUCN Red List 
methodologies (Brito et al. 2010). The IUCN Red List is out of step with listings under 
Australian jurisdictions and in 2019 (IUCN Red List 2019.2) only two assessments of 
eucalypts were included. 
 
The Global Tree Assessment is an initiative led by Botanic Gardens Conservation 
International and the IUCN Species Survival Commission (SSC) Global Tree Specialist 
Group that aims to complete conservation assessments for all tree species worldwide by 
2020 (Beech et al. 2017, Rivers 2017). As the third largest tree genus in the world 
(Beech et al. 2017), an assessment of Eucalyptus and its relatives will provide a major 
augmentation to this effort. In addition, there have been recent advances in conservation 
assessment procedures within Australia. Foremost, an emphasis has been placed on 
documenting species that have undergone significant declines relative to naturally rare 
species which lack conceivable past and future threats (McIntyre et al. 1992, Burgman 
2002, Silcock et al. 2014). However, listing under IUCN Red List Criterion A has rarely 
been employed, as the time-series data required to undertake these analyses is often 
limited or unavailable (Brummitt et al. 2015). This tends to result in a preponderance for 
listing narrow-range species (assessed under criterion B) and species with small 
population sizes (assessed under criteria C or D) (Collen et al. 2016). This bias may be 
misleading for conservation decision-makers, as naturally narrow-range species often 
have pre-adaptations for survival in small populations (Flather and Sieg 2007, Yates et 
al. 2007, Bezemer et al. 2016) and common, widespread, yet rapidly declining species 
are overlooked due to apparent abundance (Lindenmayer et al. 2011). Emphasis on 
decline rather than rarity per se is reflected in the recent versions of the Red List 
procedures (IUCN 2012), but threatened species lists in Australia, typically have not 
been updated accordingly. There is an urgent need to identify methodologies that 
quantify past decline for assessment under criterion A and forecast future continuing 
declines under criteria A, B and C (Brummitt et al. 2015). 
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Assessing large and related groups of taxa, such as the eucalypts, overcomes the 
limitations of using variable methodologies over small, species-specific scales 
(Possingham et al. 2002). A continental assessment also allows regional conservation 
hotspots to be identified (Brummitt et al. 2015). Many eucalypts are also keystone 
species that provide the physical framework of the ecosystem where they occur; hollows 
for nesting and shelter, foliage for herbivores, pollen and nectar, nutrient cycling, and 
litter and fallen branches for ground-dwelling fauna. The current study aims to: 

(i) provide Red List assessments of all Eucalyptus, Corymbia and Angophora 
species within Australia;  

(ii) guide future conservation assessment methodologies emphasising genuine 
species’ declines;  

(iii) identify the range of threats to the eucalypts; and  
(iv) identify regional hotspots for eucalypt conservation with recommendations to 

address conservation issues. 
 

2. Methods 
 
Eucalypts have relatively open breeding systems with considerable gene flow between 
related species (Potts and Wiltshire 1997). Hybrids are especially common within 
subgenera, and species regularly exhibit morphological gradations with intermediate 
characteristics. It is therefore inevitable that the taxonomic status of the eucalypts will 
continue to be reviewed. The list assessed here includes the 822 described species 
occurring in Australia accepted by the Australian Plant Census (Australian Plant Name 
Index, accessed May 2019), excluding clearly erroneous names (n = 24). Infraspecific 
taxa were not included. 
  
Species’ geographic ranges were determined by ‘cleaning’ herbarium specimen records 
in consultation with herbarium curators, other experts and reference to distribution maps 
(Brooker and Kleinig 1994, 2001, 2006; Williams and Potts 1996; French 2012; French 
and Nicolle 2019; Nicolle 2006a, 2013; French unpublished data). A ‘geographic range’ 
is defined here as the area encompassing the distribution of the species. Herbarium 
specimen data often includes errors associated with misidentified taxa, specimens 
representing species intergrading with other species and erroneous geocoding. Although 
there are numerous additional data sources, including field survey datasets, these were 
not utilised due to the difficulty of cleaning records that are not substantiated by a 
specimen. According to experts, specimen records generally represented species’ 
geographic ranges. Specimen location data were converted to geographic ranges using 
either a convex polygon or a more-idiosyncratic polygon as guided by geographic 
features. For example, the distribution of lowland species often excluded areas that 
exceeded the highest altitude record. The ‘geographic range’ of a species is less than 
the extent of occurrence (EOO), which must be a minimum convex polygon (IUCN Red 
List Technical Working Group 2018), and often more than area of occupancy (AOO), 
which with adequate data represents the known area of the species measured using a 2 
× 2 km grid. 
 
The procedures adopted here follow the IUCN Red List Categories and Criteria, but are 
conservative, in that the estimations of generation length and decline are likely to 
underestimate threat status. This provides a high degree of certainty that the thresholds 

https://biodiversity.org.au/nsl/services/apni
https://biodiversity.org.au/nsl/services/apni
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for threat criteria are satisfied but may have resulted in an underestimation of the threat 
status for some species under criterion A2. 
 
 

2.1 Generation length 

 
The generation length metric used for IUCN Red List assessments can be determined as 
age of first reproduction + z * length of reproductive period (IUCN Standards and 
Petitions Subcommittee 2017). While the time to seeding has not been quantified for 
many eucalypts, it can be as rapid as 40 months for species from Western Australia 
(Nicolle 2006b) and up to 20 years for the obligate-seeder Eucalyptus regnans (Ashton 
and Attiwill 1994). The lifespan of tropical eucalypts has been assessed by growth rates, 
which are reasonably independent of tree size (Cook et al. 2015, Fensham et al. 2017). 
Growth rates in the order of 1.5 to 2 mm per annum indicate a tree of 50 cm diameter at 
breast height is aged between 250 and 330 years (Murphy et al. 2010, Fensham et al. 
2017). Some large E. regnans are estimated at 500 years old (Wood et al. 2010) and 
large lignotubers of other species are of similar age (Lacey and Head 1988) or older 
(Kennington and James 1997, Tyson et al. 1998). Values of z for a long-lived tree 
Araucaria cunninghamii have been calculated as 0.33 (Fung and Waples 2017). Using 
this z-value for all eucalypts appears to give a reasonable result. It is therefore assumed 
that a minimum value for generation length for eucalypts is 4 (minimum age of first 
reproduction) + 0.33 * 200 (minimum age of large tree) = 70 years. Criterion A of the 
IUCN assesses past decline relative to three generations. For eucalypts this is >210 
years and thus prior to extensive clearance of eucalypts after 1810 following European 
colonisation. 
 
 

2.2 Assessment of deforestation as a past threat 

 
When assessing under criterion A it is necessary to estimate the population size 
reduction, either in the past (A1 and A2), future (A3) or a combination of the two (A4). 
For eucalypts in Australia, percentage declines over the past three generations (210 
years) can be estimated by determining the extent of decline, assuming that populations 
were more or less stable prior to European colonisation.  Land-use change from forest 
and woodland to agricultural crops, cleared pasture for livestock and urban and peri-
urban development has been the most substantial cause of decline in eucalypt woodland 
(Yates and Hobbs 1997). Deforestation with this land-use change represents a decline in 
the quality of habitat (criterion A2c) because eucalypts are a dominant canopy tree 
species. The extent of deforestation was determined by intersecting the geographic 
range of a species with standardised land-use coverages developed for each Australian 
State and agglomerated for the entire Australian continent (Department of Agriculture 
and Water Resources 2019). The land-use categories were assigned as one of four 
types: ‘remnant’, deforestation due to ‘urbanisation’, deforestation due to ‘other intensive 
land-use’ or as ‘ambiguous deforestation’ (Table A1). The ‘ambiguous deforestation’ 
land-use categories (Table A1) include a mixture of deforested and non-deforested land 
and therefore need further examination to establish levels of deforestation within these 
areas (see below). 
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Eucalypt species are associated with certain habitats representing substrates or soil 
types. A species that grows on arable soils will have declined more than a species with a 
similar geographic range that occurs on rocky hills. The preferential deforestation of 
productive habitats has been demonstrated in Australia (Fensham and Fairfax 2003). 
Urbanisation is not dependent on soil productivity and does not occur with the same bias 
for arable soils. The habitat (soil/substrate) type of the eucalypt species were assigned 
as ‘productive’, ‘moderately productive’ or ‘unproductive’ (Table A2, Appendix 2).  
To estimate population decline against criterion A2 the following sequence was used: 

1) The geographic range of each eucalypt was intersected with the land-use 
coverage. The land-use cover was summarised as ‘remnant’ (no deforestation), 
‘unambiguous deforestation’ and ‘ambiguous deforestation’ (Table A1). The 
extent of deforestation in the ‘ambiguous deforestation’ land-use categories was 
calculated using random points as ‘less than 5% tree cover’ (Table A1, Appendix 
3).   

2) For all species a ‘preliminary estimate of population decline’ population decline 
was determined by adding ‘unambiguous deforestation’ loss to the ‘less than 5% 
cover’ component of ‘ambiguous deforestation’ in their geographic range (Table 
A1, Appendix 2).  
a) For species occurring in ‘productive’ habitat (Table A2) the ‘preliminary 

estimate of population decline’ was used as the ‘estimate of population 
decline’. 

b) For species occurring in ‘moderately productive’ habitat (Table A2), the 
‘estimate of population decline’ was determined as 60% of the ‘preliminary 
estimate of population decline’ (see Appendix 2). 

c) Species occurring in habitat classified as ‘unproductive’ (Table A2), the 
‘preliminary estimate of population decline’ was not used as an ‘estimate of 
population decline’. 

3) For any species with a significant decline (>8%) due to ‘urbanisation’, the 
‘estimate of population decline’ was calculated using a modified procedure 
because decline associated with urbanisation occurs independent of habitat type 
(Appendix 4). 

 
The application of 1) deforestation as less than 5% tree cover in the ‘ambiguous 
deforestation’ land-use categories, 2) the assumption that ‘productive’ habitats are only 
deforested to the same extent as general deforestation in an area, and 3) that 
‘moderately productive’ habitats are only deforested by 60% relative to general 
deforestation will all result in a tendency for the ‘estimate of population decline’ to 
underestimate actual population decline due to deforestation. 
 
 

2.3 Assessment using criteria B, C and D 

 
Species with continuing declines, a restricted geographic range and ten or fewer 
‘locations’ or showing severe fragmentation can be listed under criterion B (IUCN 2012). 
Species with a restricted range of AOO <2,000 km2 and EOO <20,000 km2 were listed 
as threatened under criterion B if the number of locations were also 10 or fewer. Expert 
elicitation and peer-reviewed literature was used to determine the presence of threats, 
ongoing population decline and population size. Some eucalypts may also qualify under 
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criterion B with populations subject to ‘severe fragmentation’. However, the viability of 
these populations in relation to fragmentation would require further assessment (see 
Fragmentation and genetic integrity below) and severe fragmentation was not invoked 
for any species. Extreme fluctuations (as defined by IUCN (2012) also did not apply. 
 
Criterion C was used to assess species with <10,000 mature individuals coupled with 
continuing decline. Criterion D was used to assess species with <1,000 mature 
individuals. Population size was determined using data from field surveys (Department of 
Biodiversity, Conservation and Attractions 2012) or estimates from expert opinion. 
Criterion D2 was used to assess species with a potential future threat (where current 
threats are absent) and where their range was very restricted (AOO <20 km2 or locations 
≤5) and could drive the species to become Critically Endangered or Extinct within a very 
short time. For example, a species that occurs alongside inactive mining leases, geology 
with potential for mineral resource extraction and land tenure that does not preclude 
mining. The latter is assumed to be all tenures excluding areas classified in IUCN 
Protected Area Management Categories I to IV (Dudley 2008). The documentation for 
existing threatened species listings under Australian Federal and State jurisdictions were 
reviewed where available to assist in identifying future threats (Department of 
Biodiversity, Conservation and Attractions 2012, Office of Environment & Heritage 2015, 
Department of Environment 2019). 
 
Some of the IUCN Red List Criteria are concerned with future threats and predicting 
future decline. While the fate of any species is difficult to predict, current threatening 
processes may inform future population trends. The general approach adopted here was 
to assess the response of eucalypts to past and present threats to inform their likely 
response to future threats.   
 

2.3.1 Agriculture and pastoralism 
The protection of native vegetation is addressed by legislation under all Australian State 
jurisdictions and clearing for agriculture and pastoralism has slowed substantially as a 
result of these measures (Evans 2016). It is recognised here that clearing of native 
vegetation is still occurring under some circumstances. However, there is also vegetation 
recovery occurring in some areas (Lunt et al. 2010). We assume vegetation clearance 
for cropping and pastoralism will remain regulated and have a greatly reduced impact on 
eucalypt population abundance compared to the past. 
 

2.3.2 Urbanisation 
Eucalypts were assessed for decline associated with urbanisation under criterion A2 
using the footprint of Australian cities as indicated in the landuse coverages (Department 
of Agriculture and Water Resources 2019). Australian cities will continue to expand 
causing ongoing population declines for eucalypts. The scale of a threat was assessed 
relative to the number of ‘locations’ and where the scale of ‘location’ was the size of a 
typical Australian suburb (4 km2). Wide-ranging species that may decline further 
because of urbanisation were not assessed under criteria A3 and A4 because the 
magnitude of decline is uncertain. 
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2.3.3 Mining 
Mining was considered as a plausible threat that could cause ongoing population 
declines for eucalypts occurring on geological formations supporting existing mineral 
extraction. Where mining was the dominant threat to a species under criterion B, the 
scale was defined as the footprint of a typical mining development in that area. For 
example, where a gold mine within the geographic range of a species was 4 km2, 
‘locations’ were counted as the number of 4 km2 occurrences for that species. Where 
species occurred on geology with potential for future mining, but no active mining, no 
continuing decline could be justified. These species were assessed under criterion D2 
and qualified as threatened if they have a very restricted AOO (<20 km2) and/or ≤5 
locations (as calculated above) and could drive the species to qualify as Extinct or 
Critically Endangered in a very short time. Conservation reserves classified as IUCN 
Protected Management Categories I to IV (Dudley 2008), including National Parks, were 
assumed to be protected from mining threats. 
 

2.3.4 Climate change 
Climate change is an impending threat for biodiversity (Parmesan 2006) and species 
with limited capacity for dispersal may be disproportionately affected (Guisan and 
Thuiller 2005). Most eucalypts have poor seed dispersal and some have very restricted 
geographic ranges (Hughes et al. 2006). Species distribution modelling has predicted a 
substantial decline in the area of climatically-suitable space for many eucalypts (Hughes 
et al. 2006, Butt et al. 2013, González-Orozco et al. 2016). If the ‘worst-case’ scenario 
(RCP 8.5) of the IPCC predictions are realised (IPCC 2013), the available ‘climate 
space’ for small-range species will be reduced to 2.4% of their existing range and have 
no overlap with their current area of occupation (González-Orozco et al. 2016). However, 
this modelling approach has been questioned (Heads 2015, Peterson et al. 2018) and is 
problematic for eucalypts because i) other factors, notably the soil environment, 
determine the geographic limits of a species (Austin et al. 1997); ii) there is considerable 
ecotypic variability in many eucalypt taxa (Potts and Wiltshire 1997); iii) there is evidence 
that small populations of some rare taxa have persisted for long periods despite 
Pleistocene climatic fluctuations (Byrne and Hopper 2008, Hopper et al. 2016); and iv) 
the open breeding systems of eucalypts may allow for gene transfer and confer 
adaptive-capacity to future climate change (Fensham et al. 2014). 
 
A likely influence of climate change is an increase in the intensity of drought events (Dai 
2012, Mitchell et al. 2016), which may exacerbate mortality in eucalypt populations. 
These potential impacts should be assessed in relation to historical drought-induced 
mortality data (Fensham et al. 2019). One study has indicated the moisture limits of a 
species’ range were poorly-related to drought-induced dieback symptoms for crown 
health (Fensham et al. 2014). In northeastern Australia, the most dominant and common 
species seem to be more susceptible to drought-induced mortality. These species 
apparently trade-off their vulnerability to drought for dominance and the capacity for 
population recovery (Fensham et al. 2015). Both studies strongly indicate that drought-
intensification will be difficult to predict for individual species. Furthermore, it is even 
more difficult to apply Red List Criteria to predict decline under future climate change 
scenarios (Akçakaya et al. 2006). 
 
Climate change may be detrimental to many eucalypt species in the future. However, the 
pioneering study identifying these impacts states that bio-climatic predictions cannot be 
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used to reliably predict ‘either the future distributions, the survival or extinction of specific 
eucalypt species’ (Hughes et al. 2006, p. 27-28). Due to this uncertainty, such 
predictions were not included in the Red List assessments presented here. 
 

2.3.5 Fire 
Eucalypts have evolved in the most fire-prone continent and many have traits that allow 
them to survive fires. These adaptations include epicormic buds that instigate rapid 
crown re-development if the cambium is damaged (Burrows et al. 2008). Some species 
do not have substantial capacity for epicormic recovery but possess a lignotuber. This 
large, woody organ is insulated underground and is replete with buds allowing rapid 
post-fire recovery (Nicolle 2006b, Bowman et al. 2012). For some species, fire promotes 
seed-release from woody capsules that then germinate in the ash-bed (Henry and 
Florence 1966, Burrows et al. 1990, Ashton and Attiwill 1994), while other species 
regenerate from root suckers (Lacey 1974). The rarity of fire may be a key factor limiting 
recruitment  in temperate woodlands (Orscheg et al. 2011).The Australian monsoon 
savanna dominated by E. tetrodonta and E. miniata have the highest frequency fire 
regimes in Australia (Russell-Smith et al. 2007, Bradstock et al. 2013). However, even in 
these extremely fire prone environments, only very minor areas are subject to extended 
periods of annual burning (Russell-Smith et al. 1998, 2003b) and long term experiments 
have not exhibited major changes to stand structure after application of very divergent 
fire treatments, including annual regimes relative to long unburnt treatments over 23 
years (Russell-Smith et al. 2003a). Experimental studies for a range of eucalypts in other 
environments suggest that burning regimes have little impact on stand structure (Henry 
and Florence 1966, Russell-Smith et al. 2003a, Fensham et al. 2017). A review of the 
substantial body of research from tropical savanna concluded that ‘fire tolerance makes 
eucalypts relatively unresponsive to management-imposed reductions in fire frequency 
and intensity’ (Murphy et al. 2015). There is no published evidence that frequent burning 
within the range determined by natural fuel accumulation can cause population declines 
for any eucalypts that resprout from stems or lignotubers. However, extreme and 
prolonged fire regimes may result in changes in tree densities over three generations 
(Werner and Peacock 2019). 
 
Some eucalypts are ‘obligate-seeders’ meaning that aboveground stems are typically 
killed by intense fire and germination from seed is the dominant form of regeneration 
(Nicolle 2006b). Theoretically, successive fires could cause significant population 
declines if the individuals that germinated after a fire were burnt again before they could 
produce seed (Bowman and Prior 2018). A subspecies of E. delegatensis from the 
Australian mainland is an obligate-seeder that has been assumed to produce 
‘replacement’ quantities of viable seed after 20 years of age (Fagg et al. 2013). Across 
its range, successive fires have occurred at intervals <20 years (Doherty et al. 2017). A 
reduced rate of regeneration relative to the response after a single fire has been 
observed (Bowman et al. 2014). However, ‘precocious’ individuals can fruit set seed 
within six years (Doherty et al. 2017) and adults of this subspecies of E. delegatensis 
can survive burning at some sites (Bowman et al. 2014). The long-term population 
impacts over the entire range of this and other obligate seeders from similar high rainfall 
environments are yet to be understood. 
 
In southwestern Western Australia, there is a concentration of obligate-seeders that 
occur in relatively dry landscapes (Nicolle 2006b, Gosper et al. 2019). It has been 
suggested that increased fire frequency, either through ignitions or climate change may 
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be a significant future threat to these species (O’Donnell et al. 2011a). Germination 
occurs en masse after fire for these obligate-seeders, which then often form single-age 
cohorts (Gosper et al. 2018). As germination also occurs sporadically without fire, and as 
individuals become moribund and die, stands continue to develop as multi-age cohorts 
(Gosper et al. 2018). The time to seed production for obligate-seeders in southwestern 
Western Australia varies between 4.5 and 7.5 years (Nicolle 2006a), although seed 
volumes increase substantially after this time (Gosper et al. 2018). In low rainfall areas 
(<1,000 mm mean annual rainfall) where some of these obligate-seeder species occur, 
average fire intervals are ~400 years (O’Donnell et al. 2011b). Fuel loads in E. salubris 
woodlands take 35 years to peak (Gosper et al. 2013), suggesting that fires occurring at 
intervals substantially less than this are unlikely. While frequent burning could 
theoretically cause population declines for obligate-seeders, we are not aware of any 
observations where this has occurred in low rainfall environments. Further investigation 
is required to determine the vulnerability of obligate-seeders to future fire regimes, 
especially those with small populations and restricted ranges. As fire is rare in 
agricultural landscapes due to fire suppression (Shedley et al. 2018), the species 
considered most at risk of fire-related decline are those with restricted ranges that 
occurred outside intensive land-use areas. These species were listed under criterion D2 
(if AOO of <20 km2 or ≤5 locations). Locations were calculated according to the mean 
scale of a fire within the respective region (Shedley et al. 2018). Fire was not regarded 
as a threatening process for any other eucalypts. 
 

2.3.6 Grazing 
Cattle and sheep grazing are the primary land-use throughout many areas dominated by 
eucalypts. The stand structure of eucalypt woodlands is typically represented by a high 
density of small stems that declines to a low density of large stems (Burrows et al. 1990, 
Scanlan et al. 1996, Fischer et al. 2009). Intensive sheep grazing can effectively 
eliminate eucalypt regeneration in southeastern Australia and can result in broadscale 
decline of eucalypt woodlands as mature trees die (Dorrough and Moxham 2005, 
Weinberg et al. 2011). In these areas recruitment is insufficient to replace scattered 
paddock trees in grazed pastures (Fischer et al. 2009). However, provided that sheep 
grazing is not continuous, recruitment does occur in some situations (Semple and Koen 
2001, Dorrough and Moxham 2005, Fischer et al. 2009). In tropical areas, cattle grazing 
can increase the mortality of small eucalypt trees relative to ungrazed areas (Scanlan et 
al. 1996), however, densities are not reduced below those required for stand 
replacement (Scanlan et al. 1996). Drought-induced mortality appears independent of 
livestock grazing and was similar between cattle-grazed areas and nearby ungrazed 
areas (Fensham 1998). Clearly, livestock grazing is a threatening process for eucalypt 
populations in intensively grazed areas. However, the mere coincidence of livestock 
grazing with eucalypt distributions was not accepted here as sufficient evidence of 
population decline, except where intensive grazing was a major land-use throughout the 
geographic range of a particular species and was observed to impede regeneration. 
Studies demonstrating the impacts of grazing for individual species are required to 
ascertain a causal relationship between grazing and future population declines. 
 

2.3.7 Timber harvesting 
Timber harvesting has been a pervasive land-use in eucalypt forests, especially in humid 
areas of temperate Australia, with species such as E. delegatensis, E. diversicolor, E. 
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fastigata, E. obliqua, E. marginata, E. nitens and E. regnans particularly affected. In 
some areas, native eucalypt forest has been replaced with plantations, often 
monocultures of a single species. Population decline is assessed under criterion A2 as 
deforestation in these areas.  More generally, harvesting of native forest typically allows 
canopy trees to regenerate.  
 

2.3.8 Dieback and absence of regeneration 
Some species exhibit ‘dieback’ (death and crown damage) due to unspecified causes. 
Eucalyptus gunnii has exhibited substantial mortality and many populations have little 
regeneration (Calder and Kirkpatrick 2008, Sanger et al. 2011). Where this decline was 
characterised by substantial mortality of adults combined with minimal recruitment, the 
species was assumed to be undergoing ongoing decline and the scale of this decline 
was assessed at the scale of a population or the portion of the population affected. 
 

2.3.9 Disease 
Eucalypts can be susceptible to disease including the root pathogens Phytophthora 
cinnamomi (Davison 2018), Armillaria sp. (Kellas et al. 1987), Myrtle Rust Austropuccinia 
psidii (Berthon et al. 2018) and other galls and cankers (e.g. Paap et al. 2016). These 
diseases can have localised impacts, particularly in plantations, but were not regarded 
as major threats. 
 

2.3.10 Fragmentation and genetic integrity 
Fragmentation effects on genetic diversity may be profound for eucalypts with once large 
continuous geographical ranges (Prober 1996). Conversely, naturally fragmented 
species such as those endemic to disjunct habitats like rock outcrops may have evolved 
genetic mechanisms for surviving as small populations (Byrne and Hopper 2008, 
Bezemer et al. 2016, Hopper et al. 2016). Many widespread species have naturally 
occurring ‘outlier’ subpopulations that are probably genetically isolated from the core 
range. These persist apparently without being subject to effects of a small gene pool, 
e.g. inbreeding depression. Experimental studies are needed to ascertain the threats to 
genetic integrity, which may reveal unexpected resilience to fragmentation effects as has 
been established for E. incrassata (Breed et al. 2015). The reduced genetic variability of 
E. argutifolia has been attributed to events associated with the origin of the species 
rather than subsequent genetic bottle-necks (Kennington and James 1998). Therefore in 
the absence of evidence, fragmentation effects on genetic integrity were not considered 
a threatening process. 
 
 

2.4 Assessment of Near Threatened taxa 

 
There are no defined criteria for the Near Threatened (NT) category under the IUCN Red 
List Categories and Criteria (IUCN 2012). Rather, the species must be close to meeting 
the thresholds for a threatened category (IUCN 2012). In this assessment, a species was 
listed as Near Threatened under criterion A if it had undergone a past population decline 
of between 20 and 30%. Near Threatened species under criterion B had a restricted 
range (AOO <2,000 km2 or EOO <20,000 km2) with ongoing decline, but occurred at 11–
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20 locations. For criterion C, a species was listed as Near Threatened if it had a small 
population (<10,000 mature individuals) with ongoing decline, but more than 1,000 
mature individuals in each subpopulation. For criterion D1, a species was listed as Near 
Threatened if it had a population size of 1,000–2,000 mature individuals, or under D2, if 
it had a high extinction risk but occurred at 6–10 locations or had an AOO of 20–30 km2 
(IUCN Standards and Petitions Subcommittee 2017). 
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4. Appendices 
 

4.1 Appendix 1 

 
Land-use categories and their use for decline analysis 
 
Table A1. Land-use descriptions as defined in the Australian Land Use and 
Management classification (Department of Agriculture and Water Resources 2019) and 
categorisation for analysis. The ‘ambiguous deforestation’ land-use categories were 
assessed using random points (see Appendix 3). 
ALUM code Land-use description Decline analysis category 
1.1.0 Nature conservation Remnant 
1.1.1 Strict nature reserves Remnant 
1.1.2 Wilderness area Remnant 
1.1.3 National park Remnant 
1.1.4 Natural feature protection Remnant 
1.1.5 Habitat/species management area Remnant 
1.1.6 Protected landscape Remnant 
1.1.7 Other conserved area Remnant 
1.2.0 Managed resource protection Remnant 
1.2.1 Biodiversity Remnant 
1.2.2 Surface water supply Remnant 
1.2.3 Ground water Remnant 
1.2.4 Landscape Remnant 
1.2.5 Traditional indigenous uses Remnant 
1.3.0 Other minimal use Remnant 
1.3.1 Defence land - natural areas Remnant 
1.3.2 Stock route Remnant 
1.3.3 Residual native cover Remnant 
1.3.4 Rehabilitation Remnant 
2.1.0 Grazing native vegetation Ambiguous deforestation 
2.2.0 Production forestry Remnant 
2.2.1 Wood production forestry Remnant 
2.2.2 Other forest production Remnant 
3.1.0 Plantation forests Other intensive land-use 
3.1.1 Hardwood plantation forestry Other intensive land-use 
3.1.2 Softwood plantation forestry Other intensive land-use 
3.1.3 Other forest plantation Other intensive land-use 
3.1.4 Environmental forest plantation Other intensive land-use 
3.2.0 Grazing modified pastures Ambiguous deforestation 
3.2.1 Native/exotic pasture mosaic Ambiguous deforestation 
3.2.2 Woody fodder plants Other intensive land-use 
3.2.3 Pasture legumes Other intensive land-use 
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3.2.4 Pasture legume/grass mixtures Other intensive land-use 
3.2.5 Sown grasses Other intensive land-use 
3.3.0 Cropping Other intensive land-use 
3.3.1 Cereals Other intensive land-use 
3.3.2 Beverage and spice crops Other intensive land-use 
3.3.3 Hay and silage Other intensive land-use 
3.3.4 Oilseeds Other intensive land-use 
3.3.5 Sugar Other intensive land-use 
3.3.6 Cotton Other intensive land-use 
3.3.7 Alkaloid poppies Other intensive land-use 
3.3.8 Pulses Other intensive land-use 
3.4.0 Perennial horticulture Other intensive land-use 
3.4.1 Tree fruits Other intensive land-use 
3.4.2 Olives Other intensive land-use 
3.4.3 Tree nuts Other intensive land-use 
3.4.4 Vine fruits Other intensive land-use 
3.4.5 Shrub berries and fruits Other intensive land-use 
3.4.6 Perennial flowers and bulbs Other intensive land-use 
3.4.7 Perennial vegetables and herbs Other intensive land-use 
3.4.8 Citrus Other intensive land-use 
3.4.9 Grapes Other intensive land-use 
3.5.0 Seasonal horticulture Other intensive land-use 
3.5.1 Seasonal fruits Other intensive land-use 
3.5.2 Seasonal flowers and bulbs Other intensive land-use 
3.5.3 Seasonal vegetables and herbs Other intensive land-use 
3.5.4 Seasonal vegetables and herbs Other intensive land-use 
3.6.0 Land in transition Other intensive land-use 
3.6.1 Degraded land Other intensive land-use 
3.6.2 Abandoned land Other intensive land-use 
3.6.3 Land under rehabilitation Other intensive land-use 
3.6.4 No defined use Other intensive land-use 
3.6.5 Abandoned perennial horticulture Other intensive land-use 

4.0.0 
Production from irrigated agriculture and 
plantations Other intensive land-use 

4.1.0 Irrigated plantation forestry Other intensive land-use 
4.1.1 Irrigated hardwood plantation forestry Other intensive land-use 
4.1.2 Irrigated softwood plantation Other intensive land-use 
4.1.3 Irrigated other forest plantation Other intensive land-use 
4.1.4 Irrigated environmental forest plantation Other intensive land-use 
4.2.0 Grazing irrigated modified pastures Other intensive land-use 
4.2.1 Irrigated woody fodder plants Other intensive land-use 
4.2.2 Irrigated pasture legumes Other intensive land-use 
4.2.3 Irrigated legume/grass mixtures Other intensive land-use 
4.2.4 Irrigated sown grasses Other intensive land-use 
4.3.0 Irrigated cropping Other intensive land-use 
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4.3.1 Irrigated cereals Other intensive land-use 
4.3.2 Irrigated beverage and spice crops Other intensive land-use 
4.3.3 Irrigated hay and silage Other intensive land-use 
4.3.4 Irrigated oilseeds Other intensive land-use 
4.3.5 Irrigated sugar Other intensive land-use 
4.3.6 Irrigated cotton Other intensive land-use 
4.3.7 Irrigated alkaloid poppies Other intensive land-use 
4.3.8 Irrigated pulses Other intensive land-use 
4.3.9 Irrigated rice Other intensive land-use 
4.4.0 Irrigated perennial horticulture Other intensive land-use 
4.4.1 Irrigated tree fruits Other intensive land-use 
4.4.2 Irrigated olives Other intensive land-use 
4.4.3 Irrigated tree nuts Other intensive land-use 
4.4.4 Irrigated vine fruits Other intensive land-use 
4.4.5 Irrigated shrub berries and fruits Other intensive land-use 
4.4.6 Irrigated  perennial flowers and bulbs Other intensive land-use 
4.4.7 Irrigated perennial vegetables and herbs Other intensive land-use 
4.4.8 Irrigated citrus Other intensive land-use 
4.4.9 Irrigated grapes Other intensive land-use 
4.5.0 Irrigated seasonal horticulture Other intensive land-use 
4.5.1 Irrigated seasonal fruits Other intensive land-use 
4.5.2 Irrigated seasonal flowers and bulbs Other intensive land-use 
4.5.3 Irrigated seasonal vegetables and herbs Other intensive land-use 
4.5.4 Irrigated turf farming Other intensive land-use 
4.5.5 Irrigated turf farming Other intensive land-use 
4.6.0 Irrigated land in transition Other intensive land-use 
4.6.1 Degraded irrigated land Other intensive land-use 
4.6.2 Abandoned irrigated land Other intensive land-use 
4.6.3 Irrigated land under rehabilitation Other intensive land-use 
4.6.4 No defined use - irrigation Other intensive land-use 
4.6.5 Abandoned irrigated perennial horticulture Other intensive land-use 
5.0.0 Intensive uses Other intensive land-use 
5.1.0 Intensive horticulture Other intensive land-use 
5.1.1 Production nurseries Other intensive land-use 
5.1.2 Shadehouses Other intensive land-use 
5.1.3 Glasshouses Other intensive land-use 
5.1.4 Glasshouses - hydroponic Other intensive land-use 
5.1.5 Abandoned intensive horticulture Other intensive land-use 
5.2.0 Intensive animal production Other intensive land-use 
5.2.1 Dairy sheds and yards Other intensive land-use 
5.2.2 Feedlots Other intensive land-use 
5.2.3 Poultry farms Other intensive land-use 
5.2.4 Piggeries Other intensive land-use 
5.2.5 Aquaculture Other intensive land-use 
5.2.6 Horse studs Other intensive land-use 
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5.2.7 Saleyards/stockyards Other intensive land-use 
5.2.8 Abandoned intensive animal production Other intensive land-use 
5.2.9 Abandoned intensive animal husbandry Other intensive land-use 
5.3.0 Manufacturing and industrial Urbanisation 
5.3.1 General purpose factory Urbanisation 
5.3.2 Food processing factory Urbanisation 
5.3.3 Major industrial complex Urbanisation 
5.3.4 Bulk grain storage Urbanisation 
5.3.5 Abattoirs Urbanisation 
5.3.6 Oil refinery Urbanisation 
5.3.7 Sawmill Urbanisation 
5.3.8 Abandoned manufacturing and industrial Urbanisation 
5.4.0 Residential and farm infrastructure Urbanisation 
5.4.1 Urban residential Urbanisation 
5.4.2 Rural residential with agriculture Urbanisation 
5.4.3 Rural residential without agriculture Urbanisation 
5.4.4 Remote communities Urbanisation 
5.4.5 Farm buildings/infrastructure Urbanisation 

5.4.6 
Land in transition to 
residential/infrastructure Urbanisation 

5.5.0 Services Urbanisation 
5.5.1 Commercial services Urbanisation 
5.5.2 Public services Urbanisation 
5.5.3 Recreation and culture Urbanisation 
5.5.4 Defence facilities - urban Urbanisation 
5.5.5 Research facilities Urbanisation 
5.6.0 Utilities Urbanisation 
5.6.1 Fuel powered electricity generation Urbanisation 
5.6.2 Hydro-electricity generation Urbanisation 
5.6.3 Wind electricity generation Urbanisation 
5.6.4 Electricity substations and transmission Urbanisation 
5.6.5 Electricity substations and transmission Urbanisation 
5.6.6 Gas treatment, storage and transmission Urbanisation 
5.6.7 Water extraction and transmission Urbanisation 
5.7.0 Transport and communication Urbanisation 
5.7.1 Airports/aerodromes Urbanisation 
5.7.2 Roads Urbanisation 
5.7.3 Railways Urbanisation 
5.7.4 Ports and water transport Urbanisation 
5.7.5 Navigation and communication Urbanisation 
5.8.0 Mining Other intensive land-use 
5.8.1 Mines Other intensive land-use 
5.8.2 Quarries Other intensive land-use 
5.8.3 Tailings Other intensive land-use 
5.8.4 Extractive Industry not in use Other intensive land-use 
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5.9.0 Waste treatment and disposal Urbanisation 
5.9.1 Effluent pond Urbanisation 
5.9.2 Landfill Urbanisation 
5.9.3 Solid garbage Urbanisation 
5.9.5 Sewage/sewerage Urbanisation 
6.0.0 Water Remnant 
6.1.0 Lake Remnant 
6.1.1 Lake - conservation Remnant 
6.1.2 Lake - production Remnant 
6.1.3 Lake - intensive use Other intensive land-use 
6.1.4 Lake - saline Remnant 
6.2.0 Reservoir/dam Other intensive land-use 
6.2.1 Reservoir Other intensive land-use 
6.2.2 Water storage - intensive use/farm dams Other intensive land-use 
6.2.3 Evaporation basin Other intensive land-use 
6.3.0 River Remnant 
6.3.1 River - conservation Remnant 
6.3.2 River - production Remnant 
6.3.3 River - intensive use Other intensive land-use 
6.4.0 Channel/aqueduct Other intensive land-use 
6.4.1 Supply channel/aqueduct Other intensive land-use 
6.4.2 Drainage channel/aqueduct Other intensive land-use 
6.4.3 Stormwater Other intensive land-use 
6.5.0 Marsh/wetland Remnant 
6.5.1 Marsh/wetland - conservation Remnant 
6.5.2 Marsh/wetland - production Remnant 
6.5.3 Marsh/wetland - intensive use Other intensive land-use 
6.5.4 Marsh/wetland - saline Remnant 
6.6.0 Estuary/coastal waters Remnant 
6.6.1 Estuary/coastal waters - conservation Remnant 
6.6.2 Estuary/coastal waters - production Remnant 
6.6.3 Estuary/coastal waters - intensive use Other intensive land-use 

 

 

4.2 Appendix 2 

 
The use of habitat type in the assessment of deforestation 
 
Habitat type for species with >8% of their range classified as ‘unambiguous 
deforestation’ was derived from available sources (Nicolle  2006a, 2013; French 2012; 
Western Australian Herbarium 2018; Royal Botanic Gardens and Domain Trust 2019). 
Deforestation is selective depending on habitat productivity in Australia (Fensham and 
Fairfax 2003). The habitat terms listed as ‘productive’ habitat (Table A2) were assumed 
to be accurately reflected by the ‘preliminary estimate of population decline’ (Appendix 
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3), as these are the types of habitat that have been extensively deforested for 
agriculture. This probably represents an underestimate of deforestation for the eucalypts 
in these habitats because they are likely to have been preferentially deforested relative 
to the ‘preliminary estimate of population decline’, which represents decline across all 
the habitats within the entire geographic range of a species. The habitat terms included 
as ‘moderately productive’ habitats (Table A4) have declined but at a lower rate than 
‘productive’ habitats and thus are likely to be more intact than the ‘preliminary estimate 
of population decline’. For these habitats, the actual extent of decline was assumed to 
be 60% of the ‘preliminary estimate of population decline’. The application of this factor 
assumes that ‘moderately productive’ habitats are deforested to 60% of the area 
indicated by the ‘preliminary estimate of population decline’ and biases of this magnitude 
have been documented in other estimates of deforestation in landscapes of variable 
productivity (Fensham et al. 1998). This probably represents an underestimate of 
deforestation for the eucalypts in these habitats but ensures that species are not listed 
as threatened in a category higher than their actual decline.  Habitat terms listed as 
‘unproductive’ habitats were assessed as Least Concern as these are preferentially 
uncleared in agricultural landscapes and it is not appropriate to use the ‘preliminary 
estimate of population decline’ as any indication of actual decline. 
 
Table A2. Habitat terms used to assess decline in cropping and pastoral lands in terms 
of agricultural productivity. 

Productive habitats 
Moderately productive 
habitats 

Unproductive 
habitats 

alluvial soils decomposed granite acid volcanics 
basaltic soils gravelly sands arid areas 
broad depressions gravelly soils breakaways 
calcareous loams higher landscapes granite outcrops 
clay-loams poorly-drained laterite 
clays (heavy) salt-lake margins outcrops 
deep sandplains rocky ridges 
drainage lines sands rocky soils 
fertile sandy-loams shallow soils 
fresh-water lake margins swamps skeletal soils 
loams water-logged soils soils over sandstone 
low-lying landscapes light soils stony rises 
moderately fertile 

  soils over limestone 
  alkaline soils 
   

 
 

4.3 Appendix 3 

 
Random points to assess deforestation in the ‘ambiguous deforestation’ land-use 
categories 
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Four thousand random points were generated within the three ‘ambiguous deforestation’ 
land-use categories throughout the combined geographic ranges of the species with 
>8% of their range classified as ‘unambiguous deforestation’ (Appendix 1), and not 
occurring in ‘unproductive’ habitat (Appendix 2). The value of 8% was applied to ensure 
that the distribution of random points aligned with the geographic range of species most 
affected by deforestation. The random points occur in linear proportion to the number of 
species occurring at that location. Thus if a random point informs twelve species it is six 
times more likely to be selected than if it only informs one species. This bias and the 8% 
cut-off concentrates random points in regions where intensive land-use was occurring 
but also provided a less concentrated coverage of random points within the ‘ambiguous 
deforestation’ land-use categories in other regions of the Australian continent (Figure 
A1). 
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Figure A1. a) Land-use categories representing ‘urbanisation’ (black), land-use 
categories representing ‘unambiguous deforestation’ (dark grey), land-use categories 
representing ‘ambiguous deforestation’ (light grey) and areas of ‘remnant’ vegetation 
(white); b) distribution of random points associated with ‘ambiguous’ land-use categories 
(2.1.0 Grazing native vegetation, 3.2.0 Grazing modified pastures, 3.2.1 Native/exotic 
pasture mosaic). 
 
Each random point was buffered with a 50 m radius and attributed using World Imagery 
(accessed March 2019) for the presence of tree clearance and tree cover <5%.  Points 
were classified as ‘deforestation’ where tree clearing was present and tree cover was 
<5%. All other points were classified as ‘remnant’ habitat. A pilot exercise for E. albens 
indicated that 210 random points were required to be 90% confident that the proportion 
of deforested points was within 10% of a stable solution (Figure A2). Where there were 
less than 210 random points within the range of a species, the proportion of random 
points representing each of the three ‘ambiguous deforestation’ categories (see Table 
A1 above) was calculated. The nearest random points outside the range of the species 
were then selected according to the proportion of each of the three individual 
‘ambiguous deforestation’ categories within the range of a species. For example, for a 
species range with 110 random points within its range, where 70% of the 110 random 
points intersected category 3.2.1 and the remaining 30% intersected category 2.1.0. The 
70 nearest points intersecting category 3.2.1 and the 30 nearest points intersecting 
category 2.1.0 were selected (for a total of 210) to calculate the proportion of 
deforestation within the ‘ambiguous deforestation’ categories. 
 

 
 
Figure A2. Bootstrapping exhibiting the 5th and 95th percentile for the proportion of 
deforested points (tree clearing present; tree cover <5%) with increasing frequency of 

https://www.arcgis.com/home/item.html?id=10df2279f9684e4a9f6a7f08febac2a9
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random points within the geographic range of E. albens. The horizontal lines indicate the 
band within 10% of a stable solution. The vertical line indicates 210 random points are 
required to be within 10% of the stable value with 90% confidence. 
 
The proportion of deforestation indicated by the random points was applied to the three 
‘ambiguous deforestation’ land-use categories for each species. This area was added to 
the area of the ‘unambiguous deforestation’ land-use categories for each species. The 
total proportion of deforestation relative to the total geographic range provided a 
‘preliminary estimate of population decline’. 
 
 

4.4 Appendix 4 

 
Assessing deforestation with urbanisation 
 
Unlike land-use change associated with agriculture, decline due to urbanisation occurs 
independently of habitat type. The following procedure was employed to account for a 
species having declined due to both habitat-independent (‘urbanisation’) and habitat-
dependent (‘other deforestation’) decline. ‘Other deforestation’ includes ‘other intensive 
land-use’ areas (see Appendix 1) and the ‘ambiguous deforestation’ land-use areas 
assigned as ‘less than 5% tree cover’ using random points (see Appendix 3).  The 
method was only applied to species with >8% of their range classified as ‘urbanisation’ 
(see Methods Step 3; Appendix 1). For species occurring on ‘unproductive’ habitats 
(Appendix 2), only the proportion of decline due to ‘urbanisation’ was used to assess 
decline. This procedure assumes that the species’ populations in areas affected by 
‘other deforestation’ would be otherwise intact because ‘unproductive’ habitats are not 
extensively deforested for agriculture. For species occurring on ‘productive’ habitats, the 
‘preliminary estimate of population decline’ (including the ‘urbanisation’ component) was 
used to assess decline. This assumed the species’ habitat had undergone decline due to 
both urbanisation and agriculture. For species occurring on ‘moderately productive 
habitats’, the portion of decline due to ‘other deforestation’ was reduced by 60% (see 
Methods Step 2b; Appendix 2). This moderated portion was added to the ‘urbanisation’ 
component and provided the ‘estimate of population decline’ in the urban context. Thus 
for the species occupying ‘moderately productive habitat’ decline was calculated as: 
 

 
 
Where U was ‘urbanisation’ (km2); O was ‘other deforestation’ (km2); R was the total 
geographic range of the species (km2). The outcome of the abovementioned procedure 
for 21 species where the geographic range was represented by >8% ‘urbanisation’ and 
the species were listed as Endangered (EN) or Vulnerable (VU) under the Red List 
procedure (Table A3). 
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Table A3. Criterion A2 Red List Category for species with a geographic range (GR) 
represented by >8% ‘urbanisation’ and listed as EN or VU under criterion A2, after 
augmentation depending on habitat preference. Where habitat was classified as 
‘productive’ habitat (P) the combination of ‘urbanisation’ (Urban) and ‘other deforestation’ 
(OD) represented decline. For species occurring on ‘unproductive’ habitat (U), 
‘urbanisation’ alone represented decline. For species occurring on ‘moderately 
productive’ habitat (M) the ‘other intensive land-use’ is reduced by 60% and added the 
area of ‘urbanisation’ to determine the ‘estimate of population decline’. 
 

  

Species 
GR 

(km2) 
Urban 
(km2) 

OD 
(km2) Habitat Decline (%) 

IUCN 
listing 

E. arenicola 2,286 196 1,097 M 37.4 VU 
E. aromaphloia 10,289 1,315 4,528 M 39.2 VU 
E. aurifodina 1,030 167 541 M 49.1 VU 
E. baueriana 955 1,075 1,986 P 32.1 VU 
E. cadens 95 9 35 P 46.4 VU 
E. camfieldii 487 156 8 M 32.9 VU 
E. cephalocarpa 25,871 4,950 10,169 M 42.7 VU 
E. conglomerata 330 112 68 M 46.4 VU 
E. fulgens 1,508 384 552 P 62.1 EN 
E. glaucina 3,234 266 992 P 39.0 VU 
E. gomphocephala 5,733 1,057 1,238 M 31.4 VU 
E. goniocalyx 106,196 8,577 41,163 M 31.3 VU 
E. haemastoma 6,065 2,296 502 U 37.9 VU 
E. ignorabilis 6,636 1,595 1,959 M 42.5 VU 
E. lane-poolei 2,798 310 1,137 M 35.5 VU 
E. litoralis 46 20 4 M 48.5 VU 
E. longifolia 16,484 3,037 1,913 P 30.0 VU 
E. luehmanniana 1,249 508 25 U 40.7 VU 
E. ovata 159,345 13,357 62,502 P 47.6 VU 
E. strzeleckii 6,479 766 3,556 P 66.7 EN 
E. yarraensis 13,670 3,319 5,267 P 62.8 EN 
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