
Prescribed burning to increase 

the richness of long-unburned and 

fragmented mallee communities 

 

 

by 

 

 

 

David Anthony Taylor 

 

 

 

 

Submitted in fulfilment of the requirements for the degree of 

Doctor of Philosophy 

of the Australian National University 

March 2019 

 

 

 

 



 

ii 

 

Candidate's Declaration 

 

This thesis contains no material which has been accepted for the award of 

any other degree or diploma in any university. To the best of the authorôs 

knowledge, it contains no material previously published or written by another 

person, except where due reference is made in the text. 

 

 

 

Date: 25/03/2019 



 

iii 

 

Acknowledgements 

This thesis project was undertaken in conjunction with the Eastern Plains 

Fire Trial, a project managed by the Department of Environment, Water and 

Natural Resources (DEWNR) and funded by the KI Natural Resources 

Management Board, the Australian Government and DEWNR. It would not have 

been possible without the incredible commitment of DEWNR field staff 

(particularly those from the KI Threatened Plant Project, Fire Management Unit 

and Conservation Programs Unit) to project management and prescribed burn 

delivery. I am also indebted to DEWNR management staff, particularly Bill 

Haddrill and Phil Pisanu for their support for this research project. The Country 

Fire Service on KI (led by Terry May) played a pivotal role in providing support 

(including fire-fighting equipment) and CFS volunteers from American River, 

Haines-MacGillivray, Kingscote and Wisanger brigades assisted in the delivery 

of prescribed burns. I would like to thank Kangaroo Island landholders 

(including KI Council) for providing access to research sites and supporting 

prescribed burning activities. I am particularly indebted to the owners of Cygnet 

Park Sanctuary for their ongoing support. Botanists Beverley Overton and 

Michelle Haby provided invaluable assistance with the survey and identification 

of plant species. The KI Nationally Threatened Plant Project Recovery team 

also provided critical advice and support during the delivery of this project. 

Flinders University researchers (Rick Davies, Duncan Mackay and Molly 

Whalen) supported and managed a soil seedbank trial in conjunction with this 

research project that provided important pre-fire site information on eastern 

plains plant communities (see Davies et al. 2013 - Appendix 2). Both the South 

Australian Native Vegetation Council and the Australian Governments 

Department of Environment, Water, Heritage and the Arts, granted permission 

for this project under the SA Native Vegetation Act 1991 and the Environment 

Protection and Biodiversity Conservation Act 1999. 

Financial support for the write-up of this thesis was gratefully received from 

the Australian National University and DEWNR. I would like to thank my 

supervisory panel Geoff Cary (chair), Phil Pisanu, Hwan-Jin Yoon and Malcolm 

Gill for their unwavering support and wise advice during a long and complicated 

project. Finally, the assistance and sacrifices of my family, wife, children and 

friends played óno small partô in allowing me to complete this project. I would like 



 

iv 

 

to particularly thank my wife Fiona for her ongoing patience and support. 

Michael and Michelle Heinze also deserve a special mention for their support in 

Canberra over many years. 



 

v 

 

Abstract 

Fire regimes have been altered by human activity in fire-prone landscapes 

around the world. In eastern Kangaroo Island in South Australia, the frequency 

of fire has decreased and the richness of fragmented remnant plant 

communities is declining. Land managers in this area are considering 

reintroducing fire through prescribed burning to increase native plant species 

richness, but the effects of such an intervention are difficult to accurately 

predict. This thesis explores solutions to this problem by experimentally testing 

the effect of prescribed burning on the richness of long-unburned and 

fragmented native plant communities.  

A total of 35 prescribed burns were conducted by a large number of local 

fire-fighters and land managers and in spring and autumn in 2009 and 2010. 

Post-fire surveys revealed that prescribed burning increased native plant 

species richness. However, unexpectedly, this result was not influenced by burn 

season or pre-fire modification of vegetation structure and fuels. The effects of 

prescribed burning on post-fire native plant species richness also varied 

considerably between experimental sites. Subsequent analysis revealed that 

high post-fire native plant species richness was associated with high pre-fire 

native soil seedbank richness, low introduced soil seedbank richness, low post-

fire canopy cover, low soil heating during fire events, the exclusion of native 

herbivores and the amount of native vegetation within 500 m. 

This thesis provides land managers with the knowledge to adapt site 

selection and prescribed burn methods to maximise post-fire native plant 

species richness in fragmented plant communities in eastern Kangaroo Island. 

The findings are also likely to be applicable to other long-unburned and 

fragmented fire-prone ecosystems that support substantial soil-seedbanks. 
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Chapter 1: Introduction 

1.1 Thesis aims and hypotheses 

Fire regimes (defined by the type, frequency, season and intensity of fire 

events - Gill 1975) are being altered around the globe (Bond et al. 2005; 

Syphard et al. 2007) and these changes are having important effects on fire-

prone ecosystems (Williams et al. 1994; Aikens et al. 2007; Newton et al. 2011). 

Much attention has been focussed on the widespread application of prescribed 

fire by land managers, as part of programs to reduce fuel loads and protect 

human populations and assets from the threat of wildfire (Bradstock et al. 1997; 

Morrison et al. 1995; Espelta et al. 2008). However, an increase in the capacity 

of human populations to manage and suppress wildfire is also leading to a 

decrease in fire frequency in some ecosystems and this is having significant 

long-term impacts on plant structure and diversity (Covington and Moore 1994). 

The effects of fire exclusion in these landscapes typically include an increase in 

the dominance of long-lived (usually overstorey) species at the expense of 

short-lived (typically understorey) species, and an overall decrease in apparent 

(above-ground) native plant species richness (Gill and McMahon 1986; Keith 

and Bradstock 1994; Date et al. 2002; Penman et al. 2009). Examples of 

affected ecosystems include a range of long-unburned North American forest 

and savanna plant communities (DeSelm and Clebsch 1991; Royo et al. 2010; 

Cavender-Bares and Reich 2012) and small isolated remnants in fragmented 

agricultural and urban landscapes in southern Australia (Gent and Morgan 

2007; Gosper et al. 2012).  

The eastern plains of eastern Kangaroo Island (KI) in South Australia is an 

example of a landscape adversely affected by an absence of fire. Native 

vegetation in this area is highly fragmented and has mostly not burned for at 

least 30 years (EPFT Working Group 2008). In some vegetation fragments the 

period since last fire is longer than 70 years. Short-lived understorey plant 

species in these areas have declined and this has reduced the richness of once 

highly-diverse mallee plant communities. Many of the species affected are 

endemic to eastern KI and at risk of extinction (Taylor 2012).  

Land managers wanting to restore the richness of native plant communities 

on the eastern plains are considering reintroducing fire through prescribed 
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burning. However, the effects of this type of intervention are difficult to 

accurately predict. An artificial fire regime is likely to differ from the historic 

regime and this may have undesirable effects on native plant species richness. 

The degree to which eastern plains plant communities have been altered by the 

absence of fire, past land management practices, habitat loss and habitat 

fragmentation is also not well understood and may adversely affect the 

response of plant communities to prescribed fire (Milberg and Lamont 1995; 

Cunningham 2000; Bennett 2006). 

In this thesis I explore this problem by undertaking a large-scale fire 

experiment to test the effects of prescribed burning on native plant species 

richness. I predict that a one-off prescribed burning event in long-unburned and 

fragmented plant communities will increase native plant species richness in the 

two-year period following fire. I also expect that post-fire native plant species 

richness will be influenced by the method of prescribed burning applied by the 

land manager. Specifically, that modification of vegetation structure (to remove 

the suppressing effect of the canopy and facilitate fire spread) will increase 

post-fire native plant species richness, and that prescription burning in spring 

(following winter rainfall) will lead to higher post-fire native plant species 

richness than burning in autumn (following a dry summer). Further, I also 

predict that post-fire native plant species richness will be influenced by site-

based factors including the pre-fire richness of plant communities (both 

apparent and soil seedbank-based richness), processes associated with habitat 

loss and fragmentation, and post-fire grazing and browsing by native 

vertebrates. The rationale for the development of these predictions (and the null 

hypotheses following) is described in full in Chapters 1.2 to 1.5. 

Seven null hypotheses are specifically tested: 

i) A single prescribed burn event does not alter native plant species 

richness in long unburned and fragmented plant communities. 

ii) The effect of a single prescribed burn event on native plant species 

richness does not vary between prescribed burn methods (either burn 

season or the modification of the vegetation structure and fuels). 

iii) The magnitude of soil heating during a single prescribed burn event does 

not vary between prescribed burning methods (either burn season or 

the modification of the vegetation structure and fuels). 
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iv) Post-fire native plant species richness is not affected by the magnitude of 

soil heating during a single prescribed burning event or post-fire 

canopy cover. 

v) Post-fire native plant species richness is not affected by pre-fire above-

ground native plant species richness or pre-fire below-ground soil 

seedbank richness. 

vi) Post-fire native plant species richness is not affected by proximity to the 

paddock/native vegetation interface (edge effect) or the amount of 

remnant native vegetation within 500 m (distance effect). 

vii) Post-fire native plant species richness is unaffected by caging to exclude 

native vertebrate herbivores. 

 

These null hypotheses are tested within the following research framework. 

Chapter 1 provides background on the study site, the fire regimes of the 

eastern plains of KI and the impact of changed fire regimes on native plant 

communities. It also describes options for intervening to alter this fire regime, 

possible outcomes of intervention and the rationale underpinning each thesis 

hypothesis. Chapter 2 describes a large-scale fire experiment testing the 

effects of multiple prescribed burn methods on native plant species richness in 

long unburned plant communities. The magnitude and duration of soil heating 

recorded during this prescribed burning experiment is documented in Chapter 

3, while Chapter 4 presents the effect of this soil heating on plant species 

richness. Chapter 4 also examines the effects of post-fire canopy cover and 

expands the focus of the thesis to include the relationship between native plant 

species richness and factors external to prescribed burning including pre-fire 

species composition and the effects of habitat loss and fragmentation. In 

Chapter 5 I ask the question óWould the result have been different if there had 

been no native herbivores in the landscape?ô and present the results of a 

caging study that was undertaken in conjunction with the main prescribed 

burning experiment. Lastly, Chapter 6 presents a synthesis of the projectôs 

findings and implications for management. 
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1.2 Study site  

Kangaroo Island covers an area of approximately 4,400 km2 and lies 14 km 

from the tip of the Fleurieu Peninsula (south-west of Adelaide) in South 

Australia (Willoughby et al. 2001) (Figure 1.1). The study area for this project is 

the eastern plains, a 950 km2 area of eastern KI that is defined by the 

boundaries of three land planning units: the Hundreds of Menzies, Haines and 

MacGillivray (midpoint 35Ǔ41ôS, 137Ǔ35ôE). This area experiences a 

Mediterranean and semi-arid climate, with hot-dry summers and cool-wet 

winters. Mean monthly maximum/minimum temperatures range between 

26.6/13.4oC in January and 15.4/6.0oC in July. Mean annual rainfall is 468 mm 

and mean monthly rainfall ranges between 72 mm in June and 17 mm in 

January (Kingscote Aerodrome Data, Australian Bureau of Meteorology). Soil 

types on the eastern plains vary greatly due to the diversity of the underlying 

rock material. This includes Cambrian bedrock, Permian glacial clay, Tertiary 

sandstone and marine limestone and Pleistocene dune sand (EPFT Working 

Group 2008). Prior to European settlement in 1836 the vegetation of this 

landscape consisted primarily of intact mallee woodland (Willoughby et al. 

2001). In this context, the term ómalleeô refers to plant communities that are 

dominated by Eucalypt species that have multiple stems arising from an 

underground lignotuber (or large woody swelling) (Parsons 1981; Menkorst and 

Bennett 1990). Much of eastern plains has since been cleared to facilitate 

agricultural production and the remaining native vegetation (primarily 

Eucalyptus cneorifoila mallee woodland) is heavily fragmented and persists in 

long narrow strips of remnant low mallee vegetation, along roadsides or within 

shelter belts separating paddocks (Figures 1.2 and 1.3). These corridors 

interconnect and have formed extensive areas of edge habitat along the 

interface with agricultural land. In many instances these remnants support 

populations of threatened and endemic plant species (Taylor 2012). 
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Figure 1.1 The eastern plains study site, eastern Kangaroo Island, South Australia.  
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Figure 1.2 The pattern of remnant native vegetation cover on the eastern plains of 
eastern Kangaroo Island, South Australia (Source: Microsoft BingTM Maps).  

Most of the eastern plains has been developed for agriculture (grazing and cropping) and 
cleared land is primarily depicted in light green and light brown in this aerial photo. Native 
vegetation (dark green) persists in a small number of large remnants of native vegetation 
and within an interconnected series of relatively narrow vegetation strips associated with 
fencelines and road corridors. The southern half of the study area is characterised by a high 
number of natural lakes. 
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Figure 1.3 An example of a native vegetation corridor on the eastern plains of eastern KI 
(Source: Australian Government).  

These remnants support many endemic and threatened plant species. 

 

1.3 Changes in fire regimes and biodiversity decline 

The current fire regime of the eastern plains is characterised by an absence 

of fire. Prescribed burning in native vegetation is prohibited and accidental fires, 

when they do occur via lightning or human ignition, are quickly and effectively 

extinguished in this fragmented landscape. As a result, most native vegetation 

in this area has not experienced a fire event for at least 30 years, and in some 

parts of the landscape this period is longer than 70 years (EPFT Working Group 

2008).  

There is considerable evidence suggesting that the current fire regime on 

the eastern plains differs substantially from the one influencing native 

vegetation prior to European settlement. Clark and Lampert (1981) discovered 

thick bands of charcoal in extracts from Lashmar Lagoon on the Dudley 

Peninsula and concluded that the fire regime of eastern KI was dominated by 

infrequent high intensity fires for the 2,500 year period prior to European arrival. 

Their hypothesis is supported by the characteristics of current fire regimes in 

large intact areas of native vegetation in the western and southern parts of KI 
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and in other parts of southern South Australia, including the Eyre Peninsula, 

Yorke Peninsula and the Murraylands (Overton 1994, 1997; Ball 2002; Avitabile 

et al. 2013). In these areas, high intensity fires are ignited by lightning (primarily 

in late spring or early summer) every 10 to 30 years and can spread through 

large tracts of connected native vegetation before they are extinguished (Peace 

and Mills 2012; Figure 1.4). 

Available evidence also suggests that Aboriginal burning practices had little 

or no influence on the fire regime or native vegetation of eastern KI in the 2,500 

year period leading up to European settlement (Ball 2002). Sea-levels were 

high during this period, potentially restricting the movement of Aboriginal people 

to KI from the mainland (Lampert 1981; Drexel and Preiss 1995; Lampert 2002), 

although this assumption is now disputed (Draper 2015). Furthermore, early 

European explorers recorded neither Aboriginal people, nor Aboriginal burning 

practices on Kangaroo Island at the time of European arrival (Peron and 

Freycinet 1816). This differentiates KI from many other parts of Australia where 

Aboriginal-ignited fires were frequently observed by European explorers and 

settlers and are thought to have played a key role in shaping fire regimes 

(Mount 1969; Kimber 1983; Bowman 1998). 

The pre-settlement fire regime of the eastern plains appears to have 

changed in two post-settlement phases. During the first phase (1830s to the 

1970s), fire frequency appears to have increased as the island was settled and 

developed for agriculture. Fire was used extensively by landholders in late 

summer and autumn to clear native vegetation and often spread into adjacent 

vegetation (Nunn 1981; Kelly 1988; Gill 1992; Overton 1994; Wheaton 2010). 

Fire was also used to reduce fuel loads around built and agricultural assets, to 

improve access through thick native vegetation and to stimulate the growth of 

native vegetation (Kelly 1988; Overton 1994; Wheaton 2010). Accidental fires, 

including machinery, vehicle and power-line ignited fires and escapes from 

camp fires and stubble burns, further increased fire frequency in this period 

(Overton 1994; Wheaton 2010). 
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Figure 1.4 A large, lightning-ignited, fast-moving, high intensity, wildfire Cape Borda Rd 
western KI, late-spring 2007 (Photo: Robert Ellis) 

 

However, as settlement progressed a second phase of change reduced the 

frequency of fire events on the eastern plains. This period began as early as the 

1930s in some sections of eastern KI as agricultural production intensified and 

landholders acted to protect their assets. It mirrors a pattern of post-settlement 

decline in fire activity observed in other agricultural regions in southern Australia 

as landholders sought to protect themselves and their assets from destructive 

wildfire events (Kershaw et al. 2002; Marlon et al. 2008; Yates and Hobbs 

1997). The effectiveness of fire suppression actions in eastern KI was 

enhanced by an improvement in fire suppression equipment and methods 

(further enhanced by the segmentation of native vegetation), increased 

regulation of fire use, and the introduction of fire-prevention measures (Kelly 

1988; Country Fire Act 1976; Country Fire Act 1989). The introduction of 

regulations restricting the clearance of native vegetation in the 1980s (SA 

Planning Act 1982, Native Vegetation Management Act 1985 and the Native 

Vegetation Act 1991) further reduced the use of prescribed fire. 

This latter decline in fire frequency has altered the structure and diversity of 

remnant vegetation on the eastern plains. A typical patch of long-unburned 
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remnant vegetation in this landscape currently supports a dominant and dense 

overstorey of mallee with little or no understorey (Figure 1.5). This vegetation 

community appears to be senescent, with limited recruitment of native plant 

species. In contrast, the small areas of remnant vegetation in this landscape 

that have experienced recent disturbance (due to fire, slashing or partial 

vegetation clearance) often contain a dense and highly diverse understorey of 

relatively short-lived shrub and herb species (Figure 1.6). The structure and 

diversity of eastern plains vegetation in the absence of fire is similar to that 

recorded in other long-unburned environments. Mid and understorey plant 

dieback and declining apparent (above ground) plant species diversity in the 

long-term absence of fire has been observed in semi-arid heath in north-

western Victoria (Gill and McMahon 1986), coastal banksia forest in southern 

Victoria (Gent and Morgan 2007), mallee-heath in southern Western Australia 

(WA) (Gosper et al. 2012), coastal heath in eastern New South Wales (NSW) 

(Keith and Bradstock 1994), box-ironbark woodlands in north-western NSW 

(Date et al. 2002) and dry sclerophyll forests in south-eastern NSW (Penman et 

al. 2008b; Penman et al. 2009). Coates et al. (1999) found that threatened plant 

species in Tasmania were unable to survive in the tall dense vegetation that 

develops in the absence of fire, and the rare shrub Grevillea barklyana was 

unable to recruit in the long-term absence of fire in NSW (Vaughton 1998). 

Similar responses to fire exclusion have also been reported in North America in 

tallgrass prairie communities (Abrams and Gibson 1991), eastern deciduous 

forest (Royo et al. 2010), dry prairie and herbaceous wetlands (Huffman and 

Blanchard 1991) and giant sequoia groves (Stephenson 1999). 
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Figure 1.5 Eucalyptus cneorifolia mallee woodland on the eastern plains that has not 
experienced significant disturbance for at least 30 years.  

This community is highly stable and supports few understorey plant species. 

 

 

Figure 1.6 Eucalyptus cneorifolia mallee woodland subject to relatively frequent 
mechanical disturbance (every 10 to 20 years) in a powerline easement on the eastern 
plains.  

More than 20 understorey plant species occur in this relatively small area and this contrasts 
strongly with the sparse state of adjacent undisturbed remnant woodland. 
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The decline of understorey plant species richness in eastern KI has 

prompted the listing of four endemic understorey plant species ï Beyeria 

subtecta, Leionema equestre, Olearia microdisca and Spyridium eriocephalum 

var. glabrisepalum ï as nationally threatened under the Australian Government 

Environment Protection and Biodiversity Conservation (EPBC) Act 1999 (Figure 

1.7). Inappropriate fire regimes are listed as a key threatening process for these 

species (Taylor 2012). A further 25 understorey plant species that have broader 

distributions have also been listed as nationally, state or regionally threatened 

(Taylor 2012) and the dominant KI narrow-leaved mallee (E. cneorifolia) 

woodland ecological community of eastern KI was declared critically 

endangered under the EPBC Act in 2014. 

 

 
               i) 
 

 
ii) 

 
iii) 

 
iv) 

Figure 1.7 Threatened understorey plant species endemic to the eastern plains: i) KI 
small-flowered daisy-bush (Olearia microdisca); ii) MacGillivray spyridium (Spyridium 
eriocephalum var. glabrisepalum); iii) Kangaroo Island turpentine bush (Beyeria 
subtecta); and iv) Kangaroo Island phebalium (Leionema equestre).  

All four understorey species have declined in the absence of fire. These species were 
considered to be critically endangered in 2012 (Taylor 2012). 
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1.4 Operational feasibility of prescribed burning 

Prescribed burning, the purposeful application of fire to the landscape 

(Penman et al. 2011b), represents one potential solution to the problem of 

declining fire-dependent plant species richness on the eastern plains and is 

currently being considered by KI land managers. Perhaps surprisingly, there are 

few published examples of the application of fire primarily for the purposes of 

stimulating regeneration in long-unburned Australian landscapes. Currently, 

most prescribed burning programs in southern Australia are implemented to 

reduce fire fuel loads as part of measures to manage and reduce the impacts of 

unplanned wildfires on human society (Penman et al. 2011b; Altangerel and 

Kull 2013; Burrows and McCaw 2013). However, evidence from both intact and 

fragmented senescent North American ecosystems indicates that it can also be 

successfully applied to promote plant community regeneration and increase 

understorey (particularly herbaceous species) plant species richness and/or 

cover (Heuberger and Putz 2003; MacDougall and Turkington 2007; Royo et al. 

2010). 

To determine the operational feasibility of prescribed burning in long-

unburned plant communities on the eastern plains, a series of small-scale pilot 

studies were undertaken prior to the initiation of this study (Taylor et al. 2003, 

Taylor 2004, 2005). These made two important operational discoveries. Firstly, 

while prescribed burning as part of historic vegetation and fuel reduction 

programs was primarily undertaken in autumn on KI, prescribed burning during 

spring was also feasible in long-unburned plant communities (EPFT Working 

Group 2008). This observation is important as spring burning more closely 

mimics the late-spring/early summer timing of the pre-European fire regime 

described earlier in this chapter. Secondly, the sparseness of surface and near-

surface fuel in long-unburned plant communities can inhibit the self-propagation 

of prescribed fires. Under mild prescribed burning conditions (low to moderate 

forest fire danger indices) backing fires (fires propagating into the wind) and to 

some extent flanking fires (fires moving perpendicular to the direction of the 

wind) self-extinguished only a short period after ignition. To effectively burn a 

long-unburned plant community during these pilot studies, land managers had 
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to employ a lighting strategy that primary involved a head fire (lighting with the 

wind). This typically created a canopy fire, increasing the difficulty of 

containment and the risk to public safety (Figure 1.8). The constraining effects 

of fuel quantity, fuel spatial arrangement and weather on fire behaviour 

observed during these pilot studies were similar to those reported in mainland 

semi-arid mallee communities (Bradstock and Gill 1993; Cruz and Gould 2010; 

Cruz et al. 2013). 

 

 

Figure 1.8 Application of a head fire in a long-unburned and fragmented Eucalyptus 
cneorifolia mallee community during a pilot study undertaken on the Hog Bay Road in 
eastern KI, November 2004 (Photo: Philip Pisanu) 

 

In the past KI land managers have managed the effects of sparse fuel loads 

on fire behaviour by both burning under more favourable weather conditions 

and manipulating native vegetation structure. These practices were applied 

historically as part of land clearance and fuel reduction activities (Overton 1994; 

Wheaton 2010), but they also form an important part of modern day wildfire 

suppression actions. Historically, prescribed burning on KI was conducted by 

some landholders as early in the year as late summer and early autumn to take 

advantage of warm and dry conditions (Overton 1994; Wheaton 2010). The 

structure of vegetation was modified by cutting or flattening overstorey plants to 

increase the quantity and connectedness of surface and near-surface fuels. 
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This had the dual effect of eliminating the possibility of canopy fires, thereby 

reducing flame height and spotting distance. Techniques used on KI to modify 

vegetation structure included rolling, chaining and cutting (Overton 1994; 

Wheaton 2010). óRollingô; the flattening of vegetation by towing a large cylinder 

or órollerô behind a bulldozer, and óchainingô; the knocking down of vegetation by 

a large chain connected to two bulldozers, are techniques that have been 

widely applied in clearing mallee vegetation and managing wildfire in southern 

Australia (Pelton and Conran 2002; Gosper et al. 2010). Hand cutting was used 

prior to the introduction of large machinery. There is also a tradition of hand 

cutting E. cneorifolia on the eastern plains for the purposes of firewood and 

eucalyptus oil harvesting (Overton 1994). 

So, in summary, the history of prescribed burning on KI and the results of 

recent pilot studies indicate that prescribed burning in both spring and autumn is 

operationally feasible, and that modification of vegetation structure is likely to be 

required to facilitate the propagation of prescribed fire in long-unburned plant 

communities. The combination of prescribed burn season and vegetation 

modification is hereafter referred to as the óprescribed burning methodô. 

 

1.5 Potential ecological effects of prescribed burning 

The likely impact of prescribed burning method on long-unburned plant 

communities on the eastern plains can be partly predicted through an 

understanding of successional processes in this landscape and knowledge of 

the effects of prescribed fire in other ecosystems.  

In terms of plant community succession, the most striking feature of E. 

cneorifolia communities in their current long-unburned state is the density and 

dominance of the mallee overstorey and the absence of understorey plant 

species (Figure 1.5). This observation highlights the longevity of the mallee 

overstorey and the innate capacity of overstorey species to outcompete 

understorey plants and resist ex-situ plant invasion. This stable state is similar 

to that described in long-unburned mainland mallee communities (Holland 

1986) and contrasts strongly with the few areas on the eastern plains where 

disturbance has óopened upô the mallee canopy (Figure 1.6).  
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The increase in plant species richness after disturbance infers the presence 

of a substantial and diverse soil seedbank as there are few other sources of 

canopy-held seed in this landscape. This seedbank appears to have a 

disturbance-linked germination cue and contain species that are either short-

lived, or unable to compete, with mallee for light and other resources. The role 

of soil seedbanks in mallee plant community succession is emphasised by Gill 

(1994) who concluded that the post-fire composition of some semi-arid systems 

(including mallee) is dependent on the soil seedbank, and species richness 

tends to rise sharply immediately after disturbance and then gradually decline 

over time. Substantial fire-responsive soil seedbanks have been reported in 

semi-arid mallee plant communities in the Murray-Mallee in south-eastern 

Australia (Zimmer 1940, Onans and Parsons 1980; Cohn et al. 2002; Kenny 

2012) and in Western Australia (Gosper et al. 2012). Persistent soil seedbanks 

are also a feature of a range of fire-prone Mediterranean plant communities 

(Keeley 1986). 

The characteristics of eastern plains plant communities are consistent with 

a number of ónon-classicalô successional models. For example, under the óinitial 

floristics compositionô model of Egler (1954) post-disturbance succession is 

dependent on the plant species initially present (including seeds and root stock) 

at a site without significant further invasion by other plant species. The 

óinhibitionô model of Connell and Slatyer (1977) also proposes that colonist 

species that are established early actively inhibit the growth and invasion of 

both early and late successional species until they die or are damaged. Under 

this model the longest living species eventually become dominant in the óclimaxô 

community. Noble and Slatyer (1981) also developed a series of succession 

generalisations and conclusions relevant to mallee ecosystems: 

 

ñ1) Species composition immediately after a disturbance is dependent 

on propagules, which have either dispersed from elsewhere or have 

persisted through the disturbance at the site, or upon vegetative 

resprouting from organs surviving the disturbance, 2) Immediately after 

a disturbance there is a pulse of recruitment or regrowth under 

conditions of little competition for space or other resources, 3) 

Recruitment slows after the initial pulse, since once an individual plant 
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is established it is very difficult to displace, 4) Subsequent recruitment 

of additional species is sometimes facilitated by prior occupancy, but is 

frequently restricted and may be inhibited, 5) In the absence of further 

disturbances, long-lived species and those which can regenerate in the 

presence of their own adults will finally become dominant.ò (Noble and 

Slatyer 1981)  

 

These generalisations infer a cyclical and predictable response to a 

disturbance event in conditions where the diversity of species is limited and the 

nature of the disturbance event and post-disturbance conditions are relatively 

uniform between events. Under these circumstances succession eventually 

produces a community that is very similar to the one which existed pre-

disturbance.  

These models differ substantially from the óclassicalô model of plant 

succession (Clements 1916, 1936); also known as the órelay floristicsô model ï 

Egler (1954), or the ófacilitationô model ï Connell and Slatyer (1977). This model 

infers an orderly transition of groups of species with time since disturbance until 

a stable end state is reached. Each specialist group occupying a site makes it 

more favourable for the next group to invade. 

By drawing together these observations and theories a conceptual model of 

succession for the dominant E. cneorifolia plant community can be developed 

(Figure 1.9). This predicts a cyclical pattern of succession during which the 

community undergoes substantial changes in structure and composition as time 

since fire increases. Importantly, it emphasises the significance of the initial 

post-fire phase in determining the outcomes of the succession process (Holland 

1986). Plants that establish during this ósuccession-definingô period determine 

the composition of the plant community over time and ultimately its end state. 

Maximum apparent species richness is reached after the ósuccession-definingô 

period and then declines as understorey plants senesce or are unable to 

compete. The estimated time required for the plant community to decline in 

plant species richness and form a tall and closed mallee woodland state is 30 

years post-fire. 
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Figure 1.9 A conceptual model of plant succession in Eucalyptus cneorifolia plant 
communities on the eastern plains of Kangaroo Island.  

Apparent plant species richness refers to the number of plant species present in juvenile or 
adult form. It does not include óhiddenô seedbank richness.  

 

Multiple biotic and abiotic factors have the potential to influence the 

composition and establishment of a plant community during the ósuccession-

defining periodô. One of these is the characteristics of the fire itself. Gill (1975) 

proposed that individual species are adapted to a fire regime that is defined by 

the frequency, intensity, season and type of fire events. Land managers on the 

eastern plains have a choice of prescribed burning methods that potentially 

differ in their season and intensity from both each other and the pre-European 

fire regime. The effects of these differences on the richness of post-fire plant 

community are not well understood. 

 

1.5.1 Effects of fire season 

A large number of Australian studies have demonstrated an effect of burn 

season on native vegetation in a range of environments that include eucalypt 

savanna in northern Australia (Williams et al. 2005; Werner and Franklin 2010), 

arid spinifex communities (Wright and Clarke 2007), semi-arid mallee and 
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woodland in western NSW (Noble 1989a, 1989b), heath and woodland in 

eastern NSW (Clark 1988; Ooi 2010), banksia woodlands and jarrah forest in 

south west WA (Hobbs and Atkins 1990; Lamont et al. 2000; Nield et al. 2016) 

and dry sclerophyll forest in central Victoria (Tolhurst 1994). The mechanisms 

by which this seasonal effect has influenced these plant communities has also 

been shown to be highly variable. For example; season has been shown to alter 

existing plant condition (Gill 1981, Mulligan and Kirkman 2002, Drewa 2003) 

and growth rates (Hajny et al. 2011), fuel accumulation and fire intensity 

(Menges and Deyrup 2001; Slocum et al. 2003), seed availability (Grant and 

Koch 1997), seed viability (Nield et al. 2016); post-fire grazing pressure (Hajny 

et al. 2011), plant germination conditions (Williams et al. 2005, Harrod and 

Halpern 2009) and post-disturbance plant establishment conditions including 

rainfall, temperature and competition (Noble 1989b).  

A seasonal effect of prescribed burning is expected in long-unburned 

mallee communities on the eastern plains. Landholders clearing native 

vegetation in the early periods of agricultural development observed that adult 

plant survival and seedbank germination was lower following autumn fires than 

following spring fires (Overton 1994). This phenomenon was thought to be due 

to lower soil (and presumably plant) moisture levels during autumn and the 

onset of poor regeneration conditions (lower temperatures and reduced day 

length) following autumn burning (Overton 1994). These observations are 

similar to those made by Noble (1989b) who postulated that lower mallee 

survival after autumn burns in western NSW was due to the physiological 

pressure applied to plants regenerating when the natural rate of vegetative 

growth was declining prior to winter. In semi-arid communities the growth of tall 

shrubs and mallee eucalypts typically occurs from December to April (Holland 

1968). Therefore, land managers undertaking prescribed burning on the eastern 

plains might also anticipate that post-fire richness might be lower following 

autumn fires than it is at spring-burned sites. 

 

1.5.2 Effects of fire intensity 

Fire intensity is a measure of the energy released during a fire event and is 

defined by the rate of spread, the heat yield of the fuel and the quantity of fuel 
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available for combustion (Byram 1959). It is influenced by the composition, 

quantity, structure and moisture content of fuel loads, as well as weather 

conditions and topography (Cheney and Sullivan 1997), and is likely to be 

highest on the eastern plains where the vegetation structure has been modified 

to increase the quantity and connectivity of surface fuels. 

Two effects of fire intensity are anticipated during a prescribed burning 

event in eastern KI. The first relates to scorching or consumption of the 

vegetation canopy (Cochrane and Ryan 2009; Keeley 2009). Canopy scorch 

and consumption is often used as a post-fire indicator of fire intensity and 

severity in Australian ecosystems (Gould et al. 1997; Morrison and Renwick 

2000; Vivian et al. 2008) and is a feature of fires in mallee and dry shrubland 

plant communities (Noble et al. 1980; Bradstock and Gill 1993; Cruz and Gould 

2010; Enright et al. 2012). Scorching refers to the death (but not the 

combustion) of leaves in the canopy layer. These leaves are typically exposed 

to intense heat rather than direct contact with fire flames and often remain in 

place in the canopy for long periods of time after the fire event. Complete leaf 

combustion can also occur when the intensity of the fire is sufficient to ignite the 

canopy (Cochrane and Ryan 2009; Keeley 2009).  

The effect of prescribed fire intensity on the vegetation canopy on the 

eastern plains is important because of its anticipated associated effects on 

understorey plants. In a study of heathland on the nearby South Australian 

mainland Specht and Morgan (1981) found that a decrease in overstorey cover 

stimulated a corresponding increase in understorey cover and richness (Figure 

1.10). These effects have been anecdotally observed in long-unburned 

vegetation on the eastern plains (EPFT Working Group 2008), and suggests 

that post-fire native plant species richness is likely to be highest at prescribed 

burned sites subject to high fire intensity. 

The second important effect of fire intensity anticipated during prescribed 

burning on the eastern plains is soil heating. This is biologically relevant 

because of its potential to influence the survival and germination of potentially 

diverse soil seedbanks in long-unburned plant communities on the eastern 

plains (Gagnon et al. 2015). While no quantitative soil seedbank studies have 

been conducted in this area, studies in other dry sclerophyll and grassland 

habitats in Australia provide a guide as to what might be expected in eastern 
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Figure 1.10 Extract from Specht and Morgan (1981) showing the relationship between: (A) 
number of species per stand; and (B) understorey cover (%) and overstorey cover (%) 
as the Dark Island heathland, near Keith, South Australia, regenerates after fire.  

Numbers 3, 6, 8, 15 and 25 indicate the age of the stands since fire. 

 

 

plains plant communities (Table 1.1). Seed densities in the range of 100 to 

1,600 seeds m-2 and a total richness of 40 to 130 plant species have been 

recorded in non-degraded, non-grassy forest and woodland systems. This 

includes an average of 100 to 300 seeds m-2 and up to 96 plant species in semi-

arid mallee plant communities in Victoria (Kenny 2012). However, seed 

densities may be much higher (up to 75,000 seeds m-2) in fragmented 

woodlands where introduced grasses and weeds have encroached. Most seed 

(approximately 70% to 90%) occurs within the top five centimetres of the soil 

profile in both fragmented and intact ecosystems, and seed density typically 

declines with increasing soil depth (Grant and Koch 1997; Tozer 1998; Read et 

al. 2000; Auld and Denham 2006). 
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Table 1.1 Examples of the size and richness of soil seedbanks in Australian ecosystems. 

Plant Community/Species Sampled 
Seed Density Measured 
(Mean Number of seed m-2) 

Species Richness Measured Published Source 

 
Acacia pulchella, South-West WA* 
 

 
20 ± 7.5 

 
- 

 
Shea et al. 1979 

Eucalyptus populnea Shrub Woodland, Nyngan NSW* 
a) beneath Eucalypt canopy 
b) grassy inter-tree areas 
c) bare inter-tree areas 

 
a) 3,200 
b) 13,800 
c) 4,000 

 
- 

 
Hodgkinson et al. 
1980 

Lowland Tropical Rainforest, north Qld+ 
a) Primary Forest 
b) Disturbed Secondary Forest 
c) Imperata Grassland (frequently burned) 
d) Imperata Grassland (long-unburned) 

 
a) 592 
b) 1,300-1,400 
c) 200-400 
d) 2,000-3,000 

 
104  
(total a,b,c,d) 

 
Hopkins and Graham 
1984 

Northern Jarrah Forest, Jarrahdale WA+ 767 
(range 377-1,579) 
 

68 taxa 
(range 20 to 45 species m-2) 

Vlahos and Bell 1986 

Vine forest and thicket, Atherton Tablelands Qld+ 
a) Disturbed seasonally dry vine thicket 
b) Moist vine forest 

 
a) 4,000 
b) 400-600 
 

 
94  
(total a+b) 

 
Hopkins et al. 1990 

Long grazed Themeda triandra Grassland, Melbourne Vic+ - 41 Lunt 1990 

Northern Sandplain Kwongan, Eneabba WA# 200 - Bellairs 1992 in Bell et 
al. 1993 

Northern Jarrah Forest, Dwellingup WA+ 352  
(range 212-424) 

- Koch et al. 1996 

Heathy Eucalypt baxteri Woodland, Grampians Vic+ 763  56 Enright et al. 1997 

Mine rehabilitation site (aged 12 years), Jarrah Forest, 
Jarrahdale WA+ 

1,938 70 Grant and Koch 1997 

Grassy Forest and Grassland, Gippsland Plains Vic+ 10,222 
(25,554/2.5 m2) 

155 Lunt 1997 

Eucalyptus regnans Forest, Central Highlands Vic+ 430 ± 235 
(range 61 ± 11 to 668 ± 101) 
 

48 Wang 1997 

Jarrah Forest, South-Western WA+ 292 85 Ward et al. 1997 

Acacia saligna, Central Coast NSW* 
a) site 1 
b) site 2 

 
a) 1,389 ± 297 
b) 3,600 ± 279 

-  
Tozer 1998 

Grass species in an urban natural and disturbed Eucalypt 
Woodland, Brisbane Qld+ 

- 40  
(grass species only) 

Odgers 1999 

Banksia Woodland, Perth WA* 
a) Erharta calycina 
b) Austro-stipa compressa 

 
a) up to 75,000 
b) up to 8,000 
 

-  
Smith et al. 1999 

Dry Sclerophyll Forest, Hunter Valley NSW+ 4,607 68 Read et al. 2000 

Jarrah Forest, Jarrahdale WA+ 
a) Mine rehabilitation sites (age 5 years) 
b) Mine rehabilitation sites (age 8 years) 
c) Undisturbed forest sites 

 
a) 2,121 ± 368 
b) 1,520 ± 537 
c) 1,478 ± 325 

 
a) 46 
b) 59 
c) 66 

 
Smith et al. 2000 

Cumberland Plain Eucalypt Woodland, Sydney Basin NSW+ 725-1,085 68 Hill and French 2003 

Grevillea rivularis, Southern Highlands NSW* 194 ± 73 - Pickup et al. 2003 

Forest edge between Subtropical Rainforest and Eucalypt 
Forest, South-Eastern Qld+ 

900 
(1,215 seedlings from 1.35 
m2) 
 

67 Tang et al. 2003 

Dry Sclerophyll Forest, Eden NSW+ 883 
(8,510 seedlings from 9.6 m2) 

103 Penman et al. 2008b 

Dry Sclerophyll Forest, Eden NSW+ 1,010 
(9,728 seedlings from 9.6 m2) 

126 Penman et al. 2011a 

Semi-arid Murray-mallee plant communities, western Victoria, 
eastern South Australia and western NSW+ 
 

100-300  96 Kenny 2012 

Multiple habitats, north-eastern Vic+ 
a) Native Forest  
b) Fragmented Native Forest  
c) Abandoned Farmland 

 
a) 400 (approx) 
b) 4,000 (approx) 
c) 7,500 (approx) 
 
 

 
101  
(total a+b+c) 

 
Meers et al. 2012 

Semi-arid Grasslands, Northern Vic+ 
a) Spring  
b) Autumn 
 

 
a) 6,399 ± 568 
b) 18,069 ± 1142 

 
a) 93 taxa 
b) 111 taxa 

 
Scott and Morgan 
2012 

* Study involved a count of seed in the soil seedbank 
+ Study used germination methods to determine soil seedbank composition 
# Methods unknown 
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The process of heating soil, and the seedbanks within, during a fire event 

commences with the heating of the soil surface, primarily by radiant heat 

(Oliveira et al. 1997). This involves only a small proportion of the energy 

released during a fire event (~5%) and is strongly influenced by the quantity, 

type and structure of the fuel load and the proximity of this fuel to the soil 

surface (Bradstock and Auld 1995; Molina and Llinares 2001; Massman and 

Frank 2004). Subsurface heating then follows as the result of the conductive 

transfer of thermal energy through the soil profile (Hungerford 1989; Pafford et 

al. 1991).  

Soil temperatures produced as a result of this downward heat pulse vary 

depending on depth. The highest temperatures are achieved at the soil surface 

and peak temperatures steadily decrease down the soil profile, often in a 

negative exponential pattern (Raison et al. 1986; Bradstock et al. 1992; Valette 

et al. 1994; Bradstock and Auld 1995; Tozer 1998). Quantitative field studies 

have measured surface temperatures as high as 700oC during experimental 

fires (Raison et al. 1986; Clark 1988) (Table 1.2). At a depth of 2 cm, peak soil 

temperatures are typically 70 to 90% lower than peak surface temperatures, 

and at 5 cm depth may be a further 20 to 40% lower. Maximum temperature 

differences of greater than 200oC between the surface and 2 cm depth have 

been commonly reported (Table 1.2). For example, Raison et al. (1986) 

recorded mean maximum soil temperatures of 450oC at the soil surface and 

54oC at 2 cm depth, during a low intensity prescribed burn in sub-alpine 

Eucalyptus pauciflora forest. The speed of the heat pulse being conducted 

downwards into the soil profile from the soil surface determines when peak soil 

temperature is reached for any given soil depth (Auld 1986; Bradstock et al. 

1992). Consequently, there is typically a time lag between initial surface heating 

and subsurface heating, and subsurface heating may continue for a long period 

after flaming combustion at the surface has extinguished (Tozer 1998; 

Massman and Frank 2004). Subsurface heating may also be significantly 

affected by soil moisture content and the presence of organic material. The 

evaporation of soil moisture during a fire event impedes the downward flow of 

thermal energy into the soil profile, reducing peak soil temperature and the 

duration of soil heating (Beadle 1940; Floyd 1966; Antilen et al. 2006; Busse et 

al. 2005; Wright and Clarke 2008). Maximum temperatures in moist soils during  
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Table 1.2 Soil temperatures reported during fires in a variety of ecosystems. 

Plant Community/Fuel 
Type/Fire Characteristics 

Soil Depth 
Sampled (cm) 

Mean Maximum 
Temperature Measured 

Maximum 
Temperature 
Measured 

Duration of Heating Measured 
Published 
Source 

 
High intensity slash fire in wet 
sclerophyll forest, Coffs 
Harbour, NSW, Australia. 
 
 
 
 

 
Surface 

-  
510oC (light fuel) 
386oC (medium fuel) 
370oC (heavy fuel) 

 
Duration of heat above 100oC at 
surface: 
15 min (light fuel) 
113 min (medium fuel) 
800 min (heavy fuel) 

 
Floyd 1966 

 2.5 -   44oC (light fuel) 
  85oC (medium fuel) 
  76oC (heavy fuel) 

Prescribed burn in northern 
jarrah (Eucalyptus marginata) 
forest, Western Australia. 
 
 
 

 1.0 (high 
intensity fire) 
 

167 ± 36oC  - Shea et al. 
1979 

 2.0 (high 
intensity fire) 
 

111 ± 37oC  

 2.0 (low 
intensity fire) 
 

 18-19oC 

Low intensity prescribed burn 
in sub-alpine (Eucalyptus 
pauciflora) forest, Brindabella 
Range, Canberra, Australian 
Capital Territory, Australia. 
 
 

Litter Layer 600 ± 50oC  - Temperature remained above 
75% of its maximum value for: 
2 mins (Litter) 
5 mins (Surface) 
50 mins (Depth 2 cm) 
66 mins (Depth 5 cm) 

Raison et al. 
1986 
 

Surface 450 ± 52oC  703oC 
 2.0   54 ± 5oC    94oC 
 5.0   42 ± 5oC    44oC 

Hazard reduction burns in 
autumn and spring in 
Hawkesbury sandstone dry 
sclerophyll plant 
communities, Sydney, New 
South Wales, Australia. 
 

Surface 
(autumn) 
Surface 
(spring) 

 650-680oC 
 
700-720oC 

- Clark 1988 

Prescribed burns in semi-arid, 
mallee shrublands, central 
New South Wales, Australia. 
 

 2.0 (under 
Triodia and 
Acacia litter) 
 

60-70oC  Temperatures 60 to 120oC 
recorded to 2 cm depth under 
Triodia and Acacia litter, and 
5cm depth under Eucalyptus 
litter. 
Duration of temp >120oC (under 
Eucalyptus litter) was <30 mins 
(2 cm depth). 
 

Bradstock et 
al. 1992 

 2.0 (under 
Eucalyptus 
litter) 
 

140oC  

Prescribed burns in open 
grassland, open scrub and 
dense scrub in Central Brazil. 

 1.0 (above 
surface) 

- 85-350oC  Negligible changes in soil 
temperature below soil depth of 
5 cm. 

Miranda et al. 
1993 

 1.0 -        55oC  
 2.0 -   29-38oC 

High intensity summer 
prescribed fires in Ulex 
parviflorus and Rosmarinus 
officinalis dominated 
shrublands, Valencia, Spain. 

Surface 416oC (fuel 2 kgm-2) 
515oC (fuel 4 kgm-2) 
 

338-494oC (fuel 2 
kgm-2) 
448-585oC (fuel 4 
kgm-2) 

Mean total duration of heat: 
190 min (range 115-265 min) 
(fuel 2 kgm-2) 
396 min (range 269-524 min) 
(fuel 4 kgm-2) 
Mean total duration of 
temperature >100oC at soil 
surface: 
19.8 min (range 5.9-33.7 min) 
(fuel 2 kgm-2) 
35.9 min (range 18.8-53.1 min) 
(fuel 4 kgm-2) 
 

Molina and 
Llinares 2001 

High intensity slash pile (6 m 
high, 560 t/ha) fire in Pinus 
ponderosa forest, Manitou 
Experimental Forest, central 
Rocky Mountains, Colorado, 
USA. 

 2.0 - 406.6oC  
 

Heat pulse penetrated more than 
1 m into the soil profile and 
continued to influence soil 
temperatures for weeks after the 
surface fire had extinguished. 

Massman and 
Frank 2004 
 

Prescribed burn in mulch 
from mastication of the shrub 
layer in Pine Forest, northern 
California, USA. 
 

Surface - 400-500oC (moist soil) 
500-600oC (dry soil) 

- Busse et al. 
2005 
  2.5 313oC (dry soil) 

116oC (moist soil) 
- 

 5.0 209oC (dry soil) 
82oC (moist soil) 

- 

10.0 105oC (dry soil) 
61oC (moist soil) 
 

- 

Low intensity prescribed burn 
in dry sclerophyll forest, 
south-eastern NSW, 
Australia. 
 

 2.0 40.3 ± 19.1oC 19.7-100.0oC - Penman and 
Towerton 
2008 

 5.0 25.0 ± 11.7oC 17.0-77.0oC 

Prescribed burns in 
feathertop spinifex plant 
communities, central 
Australia. 

Surface 131.1-366.8oC (Winter) 
241.3-440.3oC (Summer) 

- Mean duration above 60oC: 
8.4-47 mins (Surface, Winter) 
33.9-147.2 mins (Surface, 
Summer) 
0-20.9 mins (Depth 2 cm, Winter) 
7.3-49.5 mins (Depth 2 cm, 
Summer) 
 

Wright and 
Clarke 2008 

 2.0   38.7-66.9oC (Winter) 
  54.1-65.7oC (Summer) 

- 

Spring prescribed fire in 
eastern deciduous forest, 
Madison, Indiana, USA.  

10.0 (above 
surface) 

200oC (non weedy sites) 
580oC (weedy sites) 

- Weedy sites had longer periods 
with surface temperatures above 
100oC, 200oC and 300oC. 

Emery et al. 
2011 

Low intensity prescribed 
burns in dry dipterocarp 
forest, Thailand. 
 
 
 

Surface - 280-330oC 

- 

Wanthongchai 
et al. 2011 

 1.0 44.0-47.4oC - 
 2.0 38.9-41.7oC - 
 5.0 30.5-33.9oC - 
 10.0 26.7-29.7oC - 
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active heating are limited to ~95oC and will not increase past this point until the 

soil is dry (water content <0.02 m3m-3) (Scotter 1970; Aston and Gill 1976; 

Campbell et al. 1995). 

Given the nature of the effects observed in other studies it seems highly 

likely that the magnitude and duration of soil heating during prescribed burning 

on the eastern plains will vary depending on the prescribed method applied. 

Modification of the vegetation structure will increase the quantity of surface 

fuels. In other studies, this enhancement of surface fuels produced prolonged 

soil heating and surface temperatures in the range of 500 to 600oC (Floyd 1966; 

Molina and Llinares 2001; Busse et al. 2005). Temperatures in unmodified 

vegetation are likely to be lower (as reported in other studies). For example, 

Raison et al. (1986) recorded mean maximum surface temperatures of 450oC in 

unmodified sub-alpine forest and Wright and Clarke (2008) reported maximum 

surface temperatures up to 440oC in spinifex plant communities. The season of 

prescribed burning is also likely to alter the magnitude of soil heating on the 

eastern plains. Soil moisture is typically lower in autumn (following a dry 

summer) than in spring (following a wet winter) and this may increase sub-

surface soil temperatures during autumn.  

However, it is worth noting that the anticipated effects of prescribed burning 

method on soil heating on the eastern plains may be complicated by the 

presence of a duff layer. The accumulation of duff on the soil surface is 

common in long-unburned mallee remnants in eastern KI and other studies 

have shown that duff can insulate the soil from surface heating (Frandsen and 

Ryan 1986; Hartford and Frandsen 1992; Valette et al. 1994). Smouldering 

combustion of a dry duff layer can also provide an additional source of heat that 

produces prolonged and extensive soil heating, independent of other surface 

fuels (Hartford and Frandsen 1992; Garlough and Keyes 2011). 

The pattern of soil heating produced by prescribed burning is expected to 

influence soil seedbanks on the eastern plains in two ways. The first is an 

enhancement of the germination of soil-stored seed. In legumes (plant species 

with a hard and impermeable seedcoat), this process involves fracturing of the 

seed coat during the heating process; allowing the entry of water, promoting the 

exchange of gases and freeing the embryo from the constraint of the outer shell 

(Rolston 1978; Auld 1986; Bell et al. 1993; Morris 2000). From Australian 
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studies, optimal legume germination typically occurs in the temperature range 

60 to 100oC and this effect is largely independent of the duration of heat 

exposure (Tables 1.3, 1.4 and 1.5). The response of non-legume seed (which 

includes both hard and soft coated species) is more variable. However, a 

number of Australian studies have demonstrated that non-legumes are 

stimulated to germinate after short and moderate periods of heating to 

temperatures in the range of 40 to 80oC (Tables 1.3, 1.4 and 1.5). 

The second anticipated impact of heating on soil seedbanks is seed 

mortality (Auld and OôConnell 1991). From Australian studies, mortality in most 

legume species commences at 100oC, with complete mortality occurring at 

temperatures above 120oC for short periods of exposure (<15 mins), and at 

approximately 100-120oC for moderate (15 mins to 60 mins) and prolonged 

periods of exposure (>60 mins to 240 mins) (Tables 1.3; 1.4 and 1.5). 

Exceptions to this have been observed in a small proportion of legume seeds 

subjected to extreme temperatures for short time periods (for example Portlock 

et al. 1990 recorded Acacia pulchella germination after exposure to 

temperatures up to 238oC). Thresholds for non-legumes are much lower, with 

mortality commencing for some species at 60oC and mortality for most non-

legumes at temperatures above 100oC regardless of heating duration (Tables 

1.3, 1.4 and 1.5).  

Whether soil heating during prescribed burning on the eastern plains will 

lead to the enhancement of seed germination and increased plant species 

richness, or high rates of seed mortality and a lowering of post-fire plant species 

richness is difficult to predict. There is certainly the potential for both effects at 

autumn burn sites and in modified vegetation where soil heating is expected to 

be at its highest. However, intense soil heating as a result of a smouldering duff 

layer may also produce unexpected effects in unmodified vegetation. The 

outcome is likely be heavily dependent on the currently unknown composition of 

the soil seedbank and the ability of those species present to be stimulated by, 

or to at least tolerate, significant soil heating. 
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Table 1.3 Published observations of seed germination and mortality following short term 
exposure (<15 mins) to óheat shockô treatments in Australian studies. 
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Legumes 
 

     

Acacia 40-238 60-100 100-400 160-238 Beadle 1940; Floyd 1966; Warcup 1980; Auld 1986; Bradstock 1989; Portlock et al. 
1990; Auld and OôConnell 1991; Bell et al. 1993; Bell and Williams 1998; Brown et 
al. 2003; Tozer and Auld 2006  

Aotus  60-100   Auld and OôConnell 1991 
Bossiaea 100 60-100 100-120 120 Warcup 1980; Auld and OôConnell 1991; Bell et al. 1993; Bell and Williams 1998 
Chamaecrista 40-100 60-80 120 120 Williams et al. 2003 
Chorizema 100  100  Bell et al. 1993 
Crotalaria 40-100 80  100-120 Williams et al. 2003 
Daviesia 80-100 60-100 100 120 Auld and OôConnell 1991; Bell et al. 1993; Bell and Williams 1998; Read et al. 2000 
Dillwynia 60-100 60-100 120  Auld and OôConnell 1991 
Galactia 40-80  80-120 80-120 Williams et al. 2003 
Glycine 40-100 80-100 120 120 Auld and OôConnell 1991; Read et al. 2000; Williams et al. 2003 
Gompholobium 40-100 60-100 100-120 120 Auld and OôConnell 1991; Bell et al. 1993; Bell and Williams 1998 
Hardenbergia 60-100 90 100-120 120 Auld and OôConnell 1991; Bell et al. 1993 
Hovea 100  100  Bell et al. 1993; Bell and Williams 1998 
Indigofera 40-100 80 120 120 Williams et al. 2003 
Jacksonia 100  100  Bell et al. 1993 
Kennedia 40-100 80-100 100-120 120 Floyd 1966; Warcup 1980; Auld and OôConnell 1991; Bell et al. 1993 
Labichea 100  100  Bell et al. 1993 
Mirbelia 60-100 80-100 100-120 120 Auld and OôConnell 1991; Bell et al. 1993 
Oxylobium 100  100  Bell et al. 1993 
Paraserianthes 100    Bell et al. 1993 
Phyllota 40-100 60-100 120  Auld and OôConnell 1991 
Platylobium 40-100 60-100 120 120 Auld and OôConnell 1991 
Pultenaea 40-100 60-100   Auld and OôConnell 1991; Read et al. 2000  
Sphaerolobium 40-100 100 100-120  Auld and OôConnell 1991; Bell et al. 1993 
Templetonia 100  100  Bell and Williams 1998 
Tephrosia 40-120 80 120  Williams et al. 2003 
Trifolium 71-82    Warcup 1980 
Viminaria 
 

60-100 100 100-120  Auld and OôConnell 1991 

 
Non-Legumes 
 

     

Anagallis 55-80    Warcup 1980; Read et al. 2000 
Anigozanthus 80-85    Bell et al. 1987 
Aristida 40-120 40 80, 120  Clarke and French 2005 
Arthropodium 55    Warcup 1980 
Austrodanthonia 40-120 40 120  Clarke and French 2005 
Austrostipa  40-120    Smith et al. 1999; Clarke and French 2005 
Baeckea  25-100 50-75 100  Thomas et al. 2003 
Banksia 50-70  80 80 Beadle 1940 
Bothriochloa 40-120    Clarke and French 2005 
Briza 55-60    Warcup 1980 
Casuarina 50-70  70-80 80 Beadle 1940 
Conostylis  80-85    Bell et al. 1987 
Cymbopogon 40-120    Clarke and French 2005 
Cyperus 80    Read et al. 2000 
Dichondra 55-82    Warcup 1980; Read et al. 2000 
Digitaria 80    Read et al. 2000 
Dodonaea  40-100 75-100   Floyd 1966 
Drosera  55    Warcup 1980 
Dryandra 80-85 100 100  Bell et al. 1987; Bell and Williams 1998 
Echinopogon 40-120    Clarke and French 2005 
Ehrharta 70-90  90  Smith et al. 1999 
Epacris 90    Keith 1997; Gilmour et al. 2000  
Eragrostis 40-120 120   Read et al. 2000; Clarke and French 2005  
Eucalyptus 100  100  Bell and Williams 1998 
Gahnia 25-100 75-100   Thomas et al. 2003 
Gastrolobium 100    Bell et al. 1993; Bell and Williams 1998 
Geranium 55-82    Warcup 1980 
Gnaphalium 55    Warcup 1980 
Grevillea 80    Kenny 2000; Morris 2000; Pickup et al. 2003 
Hakea 50-60  70-100 70-100 Beadle 1940; Bell and Williams 1998 
Hybanthus 80-85    Bell et al. 1987 
Hypericum 80    Read et al. 2000 
Hypocalymma 80-85    Bell et al. 1987 
Isopogon 80-85    Bell et al. 1987 
Kunzea 25-100 50-100   Thomas et al. 2003 
Leptospermum  50-70  70, 80 80 Beadle 1940 
Lolium 55    Warcup 1980 
Microlaena 40-120    Clarke and French 2005 
Opercularia 80    Read et al. 2000 
Oxalis 60    Warcup 1980 
Panicum 80    Read et al. 2000 
Paspalidium  40-120 120   Read et al. 2000; Clarke and French 2005 
Patersonia 80-85    Bell et al. 1987 
Pimelea 80-85    Bell et al. 1987 
Poranthera 55-60    Warcup 1980 
Pratia  80    Read et al. 2000 
Senecio 55    Warcup 1980 
Sisyrinchium  80    Read et al. 2000 
Solanum 80    Read et al. 2000 
Sporobolus 40-120    Clarke and French 2005 
Thysanotus 80-85    Bell et al. 1987 
Trymalium 80-85    Bell et al. 1987 
Wahlenbergia  80    Read et al. 2000 
Xanthorrhoe   100 100 Bell and Williams 1998 



 

28 

 

Table 1.4 Published observations of seed germination and mortality following moderate 
exposure (15 to 60 mins) to óheat shockô treatments in Australian studies. 
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Published Source 

 
Legumes 
 

    
 

Acacia 40-100 60-100 85-140 100-140 Beadle 1940; Floyd 1966; Shea et al. 1979; Warcup 1980; Hopkins and Graham 
1984; Auld 1986; Bradstock 1989; Auld and OôConnell 1991; Grant and Koch 
1997; Ward et al. 1997; Bell and Williams 1998; Clarke et al. 2000; Letnic et al. 
2000; Williams 2000; Tang et al. 2003; Penman et al. 2008a; Rawson 2009; 
Davies et al. 2011; Meers et al. 2012 

Aotus 40-100 60-100 120 100-120 Auld and OôConnell 1991 
Bossiaea 55-100 60-100 100-120 100-120 Warcup 1980; Auld and OôConnell 1991; Ward et al. 1997; Bell and Williams 

1998 
Chamaecrista 85    Williams et al. 2003 
Crotalaria 85    Williams et al. 2003 
Cullen 80    Clarke et al. 2000 
Daviesia 40-100 60-100 100-120 120 Auld and OôConnell 1991; Bell and Williams 1998; Penman et al. 2008a; Clarke 

et al. 2000; Davies et al. 2011; Meers et al. 2012  
Desmodium 80    Clarke et al. 2000 
Dillwynia 20-100 60-100 120 120 Auld and OôConnell 1991; Enright et al. 1997; Davies et al. 2011  
Eutaxia  80    Rawson 2009; Davies et al. 2011 
Gastrolobium 100  100  Bell and Williams 1998 
Glycine 60-100 80 100-120 120 Auld and OôConnell 1991; Clarke et al. 2000 
Gompholobium 40-100 60-100 100-120 120 Auld and OôConnell 1991; Bell and Williams 1998; Grant and Koch 1997 
Hardenbergia 80 90 100-120 120 Auld and OôConnell 1991; Clarke et al. 2000 
Hovea 80  100 100 Bell and Williams 1998; Clarke et al. 2000; Meers et al. 2012 
Indigofera 80-85    Clarke et al. 2000; Williams et al. 2003 
Jacksonia 80    Clarke et al. 2000 
Kennedia 40-100 80-95 90-120 120 Floyd 1966; Warcup 1980; Auld and OôConnell 1991; Grant and Koch 1997; 

Ward et al. 1997; Davies et al. 2011  
Lezpedeza 80    Clarke et al. 2000 
Lotus 80-90    Grant and Koch 1997; Clarke et al. 2000 
Mirbelia 60-90 80 100-120 120 Auld and OôConnell 1991; Grant and Koch 1997 
Phyllota 40-100 60-100 120 120 Auld and OôConnell 1991 
Platylobium 40-100 60-100 120 120 Auld and OôConnell 1991 
Pultenaea 71-80 60-100 100-120 120 Warcup 1980; Auld and OôConnell 1991; Clarke et al. 2000; Rawson 2009; 

Davies et al. 2011 
Sphaerolobium 40-100 80-100 120  Auld and OôConnell 1991 
Templetonia 100  100  Bell and Williams 1998 
Tephrosia 85    Williams et al. 2003 
Trifolium 55-90    Warcup 1980; Enright et al. 1997; Grant and Koch 1997; Rawson 2009; Davies 

et al. 2011; Meers et al. 2012  
Viminaria 
 

60-100 80-100 120  Auld and OôConnell 1991 

 
Non-Legumes 
 

     

Acaena 80    Clarke et al. 2000; Meers et al. 2012 
Acetocella 80    Davies et al. 2011; Meers et al. 2012 
Aira 80    Rawson 2009; Davies et al. 2011; Meers et al. 2012 
Allocasuarina 80    Clarke et al. 2000 
Alphitonia 60-85   100 Hopkins and Graham 1984; Williams 2000 
Ammobium 80    Clarke et al. 2000 
Anagallis 55-80    Warcup 1980; Meers et al. 2012 
Anthoxanthum 80    Meers et al. 2012 
Arctotheca  80    Rawson 2009; Davies et al. 2011; Meers et al. 2012 
Aristida 80    Clarke et al. 2000 
Arthropodium 60-80    Warcup 1980; Meers et al. 2012 
Astroloma 20-100    Rawson 2009; Enright et al. 1997; Davies et al. 2011 
Austrodanthonia 80    Rawson 2009; Clarke et al. 2000; Davies et al. 2011; Meers et al. 2012  
Austrostipa 70-90  70-90  Smith et al. 1999; Davies et al. 2011 
Avena 80    Meers et al. 2012 
Billardiera  80    Penman et al. 2008a; Rawson 2009; Davies et al. 2011 
Bischofia 60  100 100 Hopkins and Graham 1984 
Bothriochloa 80    Clarke et al. 2000 
Briza 55-80    Warcup 1980; Meers et al. 2012  
Bromus 80    Davies et al. 2011; Meers et al. 2012 
Bulbine 80    Clarke et al. 2000 
Bursaria 80    Clarke et al. 2000 
Calandrinia 80    Davies et al. 2011 
Callistemon  80    Davies et al. 2011 
Calytrix 80    Rawson 2009; Davies et al. 2011 
Cardamine 80    Meers et al. 2012 
Carduus 80    Rawson 2009; Davies et al. 2011; Meers et al. 2012 
Carex 40-80  80  Warcup 1980; Hill and French 2003 
Cassinia 80    Clarke et al. 2000; Penman et al. 2008a; Meers et al. 2012 
Castanospernum    60 Hopkins and Graham 1984 
Catapodium 80    Davies et al. 2011 
Centaurium 80    Davies et al. 2011; Meers et al. 2012 
Centrolepis 20-100    Enright et al. 1997; Penman et al. 2008a; Rawson 2009; Davies et al. 2011; 

Meers et al. 2012  
Cerastium 80    Rawson 2009; Davies et al. 2011; Meers et al. 2012  
Cheilanthes 40-80    Hill and French 2003 
Choretrum  80    Rawson 2009; Davies et al. 2011 
Chrysocephalum   80  Penman et al. 2008a 
Cirsium 80    Meers et al. 2012 
Clematis 80    Tang et al. 2003; Rawson 2009; Davies et al. 2011 
Commersonia 60  100 100 Hopkins and Graham 1984 
Conyza 80    Meers et al. 2012 
Correa  80    Rawson 2009; Davies et al. 2011  
Cotula  80    Davies et al. 2011 
Crassula 80    Rawson 2009; Davies et al. 2011; Meers et al. 2012 
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Table 1.4 continued: 
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Cynodon  

 
80 

    
Davies et al. 2011 

Cynoglossum 80    Clarke et al. 2000 
Cyperus  80    Davies et al. 2011 
Daucus 80    Meers et al. 2012 
Deyeuxia 71    Warcup 1980 
Dianella  80    Rawson 2009; Davies et al. 2011  
Dichanthium 80    Clarke et al. 2000 
Dichelachne 80    Penman et al. 2008a; Meers et al. 2012  
Dichondra 55-82    Warcup 1980; Penman et al. 2008a 
Dodonaea  40-100 75-100   Floyd 1966; Rawson 2009; Clarke et al. 2000; Davies et al. 2011  
Drosera 80    Davies et al. 2011; Meers et al. 2012 
Dryandra   100 100 Bell and Williams 1998 
Duboisia  60  60-100 100 Hopkins and Graham 1984 
Dysphania  80    Davies et al. 2011 
Ehrharta 70-90  90 90 Smith et al. 1999; Rawson 2009; Davies et al. 2011  
Elymus 80    Meers et al. 2012 
Emelia 85    Williams 2000 
Epacris 20-100    Enright et al. 1997; Penman et al. 2008a; Meers et al. 2012  
Epilobium 80    Rawson 2009; Davies et al. 2011; Meers et al. 2012  
Erodium 80    Davies et al. 2011; Meers et al. 2012 
Eucalyptus 80  100 100 Bell and Williams 1998; Clarke et al. 2000; Rawson 2009; Davies et al. 2011; 

Meers et al. 2012 
Euchiton 80    Tang et al. 2003; Meers et al. 2012  
Euodia   60 60 Hopkins and Graham 1984 
Exocarpus 80    Meers et al. 2012 
Ficinia  80    Davies et al. 2011 
Ficus 60  60-100 60-100 Hopkins and Graham 1984 
Gahnia 20-100    Warcup 1980; Enright et al. 1997  
Galium  80    Davies et al. 2011; Meers et al. 2012 
Gamochaeta 80    Meers et al. 2012 
Geranium 55-82    Warcup 1980; Meers et al. 2012  
Glossostigma  80    Davies et al. 2011 
Gnaphalium 55    Warcup 1980 
Gonocarpus 80-85    Williams 2000; Penman et al. 2008a; Davies et al. 2011; Meers et al. 2012  
Goodenia  80    Rawson 2009; Davies et al. 2011  
Grevillea 80    Rawson 2009 
Hakea 80  100 100 Bell and Williams 1998; Clarke et al. 2000  
Haloragis  80    Davies et al. 2011 
Hibbertia  80    Penman et al. 2008a; Rawson 2009; Davies et al. 2011; Meers et al. 2012  
Holcus  80    Davies et al. 2011 
Hordeum  80    Davies et al. 2011 
Hydrocotyle 40-85  80  Williams 2000; Hill and French 2003; Rawson 2009; Davies et al. 2011; Meers et 

al. 2012 
Hypericum 40-80  80  Hill and French 2003; Meers et al. 2012 
Hypochaeris 80    Rawson 2009; Davies et al. 2011; Meers et al. 2012  
Isolepis  80    Rawson 2009; Davies et al. 2011  
Ixodia 20-100    Enright et al. 1997; Rawson 2009; Davies et al. 2011 
Juncus 55-80    Warcup 1980; Rawson 2009; Davies et al. 2011 
Lachnogrostis 80    Davies et al. 2011; Meers et al. 2012 
Lagenophora  80    Davies et al. 2011 
Lasiopetalum 80-90    Ward et al. 1997; Rawson 2009; Davies et al. 2011 
Lawrencia  80    Rawson 2009; Davies et al. 2011  
Laxmannia 20-100    Enright et al. 1997; Rawson 2009; Davies et al. 2011 
Lepidosperma  80    Penman et al. 2008a; Rawson 2009; Davies et al. 2011; Meers et al. 2012 
Leptospermum 20-100    Enright et al. 1997; Clarke et al. 2000  
Leucochrysum 80    Clarke et al. 2000 
Leucopogon 20-100    Enright et al. 1997 
Limosella 80    Davies et al. 2011 
Linaria 80    Meers et al. 2012 
Lobelia  80    Davies et al. 2011 
Logania  80    Rawson 2009; Davies et al. 2011 
Lolium 55-80    Warcup 1980; Rawson 2009; Davies et al. 2011 
Lomandra 80-85    Williams 2000; Meers et al. 2012  
Luzula 80    Meers et al. 2012 
Lythrum  80    Rawson 2009; Davies et al. 2011  
Melaleuca  80    Davies et al. 2011 
Melastoma 85    Williams 2000 
Micrantheum   80    Rawson 2009; Davies et al. 2011 
Microlaena 80    Penman et al. 2008a; Meers et al. 2012 
Microseris 80    Meers et al. 2012 
Millotia  80    Meers et al. 2012 
Mitrasacme 71    Warcup 1980 
Monotoca 80    Penman et al. 2008a 
Muehlenbeckia  80    Rawson 2009; Davies et al. 2011  
Myosotis 80    Meers et al. 2012 
Olearia  80    Davies et al. 2011 
Opercularia 40-80    Warcup 1980; Hill and French 2003; Penman et al. 2008a; Rawson 2009; Davies 

et al. 2011; Meers et al. 2012 
Oxalis 40-80    Warcup 1980; Hill and French 2003; Rawson 2009; Davies et al. 2011; Meers et 

al. 2012 
Panicum  40-80    Hill and French 2003 
Parapholis  80    Rawson 2009; Davies et al. 2011 
Paspalidium 40-80  80  Hill and French 2003 
Pelargonium   80    Rawson 2009; Davies et al. 2011 
Petrophile 80    Clarke et al. 2000 
Petrorhagia 80    Meers et al. 2012 
Phalaris  80    Davies et al. 2011 
Phyllangium  80    Davies et al. 2011 
Phyllanthus  80    Rawson 2009; Davies et al. 2011 
Pimelea  80    Rawson 2009; Davies et al. 2011 
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Platysace 

 
71-80 

    
Davies et al. 2011; Penman et al. 2008a; Warcup 1980 

Poa 80    Clarke et al. 2000; Rawson 2009; Davies et al. 2011; Meers et al. 2012  
Podolepis 80    Clarke et al. 2000 
Polypogon  80    Rawson 2009; Davies et al. 2011  
Polyscias 60  60-100 100 Hopkins and Graham 1984 
Prostanthera  55-80    Warcup 1980; Hill and French 2003; Penman et al. 2008a; Davies et al. 2011; 

Meers et al. 2012 
Psuedognaphalium 80    Rawson 2009; Meers et al. 2012  
Puccinellia  80    Davies et al. 2011 
Ranunculus  80    Davies et al. 2011 
Rhodomyrtus 60-85  60-100 100 Hopkins and Graham 1984; Williams 2000 
Rhytidosporum 80    Meers et al. 2012 
Rostraria  80    Rawson 2009; Davies et al. 2011 
Rubus 60-85  60-100 100 Hopkins and Graham 1984; Williams 2000; Meers et al. 2012 
Rumex 80    Clarke et al. 2000 
Samolus  80    Davies et al. 2011 
Sarcocornia  80    Davies et al. 2011 
Scaevola  80    Rawson 2009; Davies et al. 2011 
Schoenus 20-100    Enright et al. 1997; Penman et al. 2008a; Rawson 2009; Davies et al. 2011 
Scirpus  55    Warcup 1980 
Senecio 80    Meers et al. 2012 
Senecio 80    Davies et al. 2011; Meers et al. 2012 
Solanum 80    Rawson 2009; Davies et al. 2011; Meers et al. 2012 
Sonchus 80    Rawson 2009; Davies et al. 2011; Meers et al. 2012  
Sorghum 80    Clarke et al. 2000 
Spergularia 80    Davies et al. 2011; Meers et al. 2012 
Sporobolus  80    Davies et al. 2011 
Spyridium  80    Davies et al. 2011 
Stellaria 80    Meers et al. 2012 
Stuaretiana 80    Meers et al. 2012 
Stylidium 20-100    Enright et al. 1997; Rawson 2009; Davies et al. 2011  
Tetratheca 80    Penman et al. 2008a 
Themeda 40-80  80  Clarke et al. 2000; Hill and French 2003 
Thryptomene  80    Rawson 2009; Davies et al. 2011 
Thysanotus 80    Davies et al. 2011 
Trema 60-85  60-100 100 Hopkins and Graham 1984; Williams 2000 
Trichospermum 60  60-100 100 Hopkins and Graham 1984 
Trymalium 80-90    Grant and Koch 1997; Ward et al. 1997 
Velleia 80    Clarke et al. 2000 
Vellereophyton  80    Rawson 2009; Davies et al. 2011 
Veronica 80    Meers et al. 2012 
Viola 80    Meers et al. 2012 
Vittadenia 80    Clarke et al. 2000 
Vulpia 80    Rawson 2009; Davies et al. 2011; Meers et al. 2012  
Wahlenbergia 40-80    Hill and French 2003; Rawson 2009; Davies et al. 2011; Meers et al. 2012  
Xanthorrhoea 
 

  100 100 Bell and Williams 1998 
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Table 1.5 Published observations of seed germination and mortality following prolonged 
exposure (> 60 mins to 240 mins) to óheat shockô treatments in Australian studies. 
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Legumes 
 

    
 

Acacia 40-100 50-100 75-120 100-120 Beadle 1940; Floyd 1966; Auld 1986; Auld and OôConnell 1991; Bell 
and Williams 1998 

Aotus 40-100 60-100 120 120 Auld and OôConnell 1991 
Bossiaea 40-100 60-100 100-120 120 Auld and OôConnell 1991; Bell and Williams 1998 
Daviesia 40-100 60-100 100-120 120 Auld and OôConnell 1991; Bell and Williams 1998 
Dillwynia 40-100 60-100 100-120 120 Auld and OôConnell 1991 
Gastrolobium 100  100  Bell and Williams 1998 
Glycine 60-80 80 100  Auld and OôConnell 1991 
Gompholobium 40-100 60-100 100-120 120 Auld and OôConnell 1991; Bell and Williams 1998 
Hardenbergia 60-90 90 100-120 120 Auld and OôConnell 1991 
Kennedia 40-100 75-85 75-100 120 Floyd 1966; Auld and OôConnell 1991 
Mirbelia 60-80 80 100-120 120 Auld and OôConnell 1991 
Phyllota 40-100 60-100 120 120 Auld and OôConnell 1991 
Platylobium 40-80 60-80 80-120 120 Auld and OôConnell 1991 
Pultenaea 40-100 60-100 120 120 Auld and OôConnell 1991 
Sphaerolobium 40-100 100 120  Auld and OôConnell 1991 
Templetonia 100  100  Bell and Williams 1998 
Viminaria 
 

60-100 80-100 120  Auld and OôConnell 1991 
 

 
Non-Legumes 
 

    
 

Angophora 100-120  110-130 130 Beadle 1940 
Callistemon 100-130  110-130  Beadle 1940 
Casuarina 100-110  110-120  Beadle 1940 
Dodonaea  40-100 65-75 70-100  Floyd 1966 
Eucalyptus  100-110  110-120 120 Beadle 1940 
Hakea 100-110  110-120 120 Beadle 1940 
Leptospermum 
 

120-130  120-130 130 Beadle 1940 
 

 

1.6 Summary and conclusions 

The fire regimes of eastern KI have changed since European settlement. 

Fire has been excluded from most parts of the eastern plains for at least 30 

years and there has been a substantial decline in the richness of once 

biologically diverse plant communities. Prescribed burning offers a potential 

solution to this land management problem. Pilot studies found that burning in 

spring and autumn is operationally feasible and that the cutting or flattening of 

the canopy is likely to be required to elevate surface fuel enough to facilitate the 

propagation of fires under mild conditions. The available evidence suggests that 

prescribed burning will elevate native plant species richness post-fire. However, 

this effect is likely to be impacted by the prescribed burn method adopted by 

land managers. The season of prescribed burning and the effects of modifying 

vegetation structure on soil heating and canopy cover are anticipated to be 

particularly influential in determining native plant species richness post-fire. 

Native plant species richness is expected to be highest at spring-burned sites 

where the canopy has been completely removed. However, the effects of soil 
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heating may complicate this result. These effects are experimentally tested in 

Chapter 2. 
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Chapter 2: Effects of prescribed burning on 
native plant species richness in long-

unburned plant communities 

 

2.1 Aims and hypotheses 

This chapter presents the results of a landscape-scale fire experiment 

testing the effects of prescribed burning on the native plant species richness of 

long-unburned and fragmented plant communities on the eastern plains. Two 

null hypotheses are addressed:  

i) A single prescribed burn event does not alter native plant species 

richness in long-unburned and fragmented plant communities, and 

ii) The effect of a single prescribed burn event on native plant species 

richness does not vary between prescribed burn methods (either burn 

season or the modification of the vegetation structure and fuels). 

 

2.2 Methods 

2.2.1 Experimental design 

This study forms part of Eastern Plains Fire Trial (EPFT), a project 

established by the Department of Environment, Water and Natural Resources 

and the KI Natural Resources Management Board to improve understanding of 

the role of fire in maintaining ecosystem diversity and health (EPFT Working 

Group 2008). A total of 35 research sites were strategically selected from 152 

sites nominated by the KI community for inclusion in the EPFT (Figure 2.1). 

Factors considered in choosing each site included site condition and history, 

vegetation community, the level of support offered by landholders and 

neighbours, and the practicalities of implementing fire treatments (such as the 

proximity of built assets). Where possible, sites were spread across the eastern 

plains landscape to capture minor variability in vegetation communities, 

topography, climate and soil types. All sites contain between 1 and 5 ha of 

narrow-leaved mallee (Eucalyptus cneorifolia) woodland, a critically endangered 

plant community that is almost entirely restricted to eastern KI and supports a 
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large number of nationally, state or regionally threatened plant species (Taylor 

2012). The structure of vegetation at each site typically consisted of a dense 

overstorey of E. cneorifolia, often in association with E. phenax, E. diversifolia 

and/or E. odorata, with little or no midstorey or understorey. All sites had not 

experienced fire for at least 30 years.  

 

 

Figure 2.1 Location of research sites within the Eastern Plains Fire Trial study area in 
eastern Kangaroo Island, South Australia.  

Each research site location is shown by a triangle symbol and to simplify the map not all sites 
have been labelled. Only large vegetation remnants are depicted (dark grey). More location 
data is provided in Table 2.1. 

 

Four prescribed burn methods were tested and compared with unburned 

controls in this study: i) prescribed burning in autumn in unmodified vegetation, 

ii) prescribed burning in autumn in vegetation with a modified vegetation 

structure, iii) prescribed burning in spring in unmodified vegetation, and iv) 

prescribed burning in spring in vegetation with a modified vegetation structure. 

To facilitate this approximately half (17) of the 35 selected sites were burned in 

spring and the other half (18) in autumn (Table 2.1; Figure 2.1). Every effort was 

made to locate autumn and spring burn sites in similar areas to ensure that 

similar parts of the landscape were sampled in each burn season. The effects of 
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prescribed burning and vegetation modification (hereafter referred to as 

ótreatmentô) were tested in three 30 x 30 m treatment areas spaced 10 m apart 

at each research site (Figure 2.2). These were located within a relatively 

homogeneous stand of E. cneorifolia woodland and formed part of a larger 

prescription burn area. Treatment area 1 was allocated as an unburned control 

and a 2 m wide fuel break was established between the control and other 

treatment areas. The other two treatment areas were prescribed burned. One of 

these was randomly selected for vegetation modification prior to prescribed 

burning. This involved cutting the overstorey and is hereafter referred to as the 

ócut then burnô or CB treatment (Figure 2.3). In the other treatment area, 

vegetation was burned in an unmodified state (referred to hereafter as the 

óburned standingô or BS treatment). The CB treatment involved either hand or 

mechanical cutting of all overstorey stems (primarily mallee) 0.1 to 0.5 m above 

ground level within the allocated 30 x 30 m treatment area. The cut material 

was then left to dry for a minimum of 12 days before ignition. This cutting 

technique is similar to mechanical intervention practices applied in forest 

management in other landscapes (Dodson et al. 2007; Kane et al. 2010) and in 

fire management and firewood harvesting operations that have previously been 

undertaken in mallee in eastern KI (Overton 1994). 

Prescription burns were undertaken in both BS and CB treatment areas and 

in surrounding vegetation at each experimental site by a team that consisted of 

Department of Environment, Water and Natural Resources staff, SA Country 

Fire Service volunteers, landholders and KI Council staff. These operations 

were undertaken over a two year period with seven sites being completed in 

autumn 2009, seven in spring 2009, 11 in autumn 2010 and ten in spring 2010 

(Table 2.1). The area burned at each site was generally between 1 and 5 ha, 

with a few exceptions (Table 2.1). In total this work involved 96 different people 

who contributed 3,158 person hours (Taylor 2011a). The author of this thesis 

acted as the program manager for this prescribed burn program and delivered 

key project planning, funding and approval components. This role included 

developing a method for prescribed burn operations and leadership, and this is 

summarised in Appendix 1 from extracts of Taylor (2011b). During the onground 

delivery phase of this program the author delivered the fireground command 

role (leading and directing all operational activities) for each prescribed burn.  
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Figure 2.2 Arrangement of 30 x 30 m treatment areas and 10 x 10 m research plots within 
each of 35 research sites on the eastern plains of eastern Kangaroo Island.  

A pre-burn cutting treatment (CB) was applied randomly to treatment areas 2 or 3 at each site. 
Each research site comprised only a small portion of a larger vegetation remnant that was 
also prescribed burned at the same time as treatment areas 2 and 3. 

 

 

Table 2.1 Location, timing and area of prescription burn treatments at each of 35 
research sites on the eastern plains of eastern Kangaroo Island. 

 

Site 
Burn Date and 
Season 

Location Easting Northing 
Burn Area 
(ha) 

 
 
Autumn 2009 
 

 
   

RB4_1  17th April 2009 Private land, Boxer Rd 728244 6048253 0.8 
RB6_1  18th April 2009 Private land, Springs Rd 726861 6051160 1.0 
RLCL1  19th April 2009 Private land, Lades Rd 728356 6025273 8.7 
DA1_3  20th April 2009 Private land, Boxer Rd 727946 6048212 3.5 
RB3  21st April 2009 Private land, Boxer Rd 728201 6051400 1.7 
DA1_5  21st April 2009 Private land, Boxer Rd 727422 6048855 3.7 
RB2 
  

21st April 2009 
 

Private land, Birchmore Rd  727106 
 

6043651 
 

1.0 

 
 
Spring 2009 
 

 
   

AMD1  11th October 2009 Council land, American River Rd 746197 6033063 1.0 

RS1  29th October 2009 Crown land, Hog Bay Rd 735135 6040420 2.7 
WR2_1  30th October 2009 Road reserve, Willsons Rd 735056 6037551 2.1 
DA1_1  1st November 2009 Road reserve, Boxer Rd 728034 6048929 3.2 

 
Plot 2 

 
Plot 3 

 
Plot 1 

30 m 

30 m 10 m 10 m 30 m 30 m 

30 m 

Treatment Area 1 - 
Control 

Treatment Area 2 Treatment Area 3 

30 m 

Burn Treatment  Control (Unburned) Fuel Break (Hand tools, 2 m width) 
K

ey: 



 

37 

 

Table 2.1 continued: 

 

Site 
Burn Date and 
Season 

Location Easting Northing 
Burn Area 
(ha) 

 
 
 
RLCL2  

 
Spring 2009 
 
2nd November 2009 

 
 
 
Private land, Lades Rd 

 
 
 
728796 

 
 
 
6025802 

 
 
 
3.0 

RA2  7th November 2009 Private land, Wallers Rd 738025 6040862 5.3 

TH5_1  
8th November 2009 
 

Private land, Redbanks Rd  747339 
 

6037703 
 

2.5 

 
 
Autumn 2010 
 

 
   

BR1  22nd March 2010 Road reserve, Birchmore Rd 727369 6043991 1.8 
TH5_2  23rd March 2010 Private land, Redbanks Rd 747449 6037572 1.2 
WI5  24th March 2010 Private land, South Coast Rd 722757 6029326 3.8 
ROW1  25th March 2010 Private land, Lades Rd 727125 6027674 1.5 
RB6_2  31st March 2010 Private land, Springs Rd 727050 6051021 2.6 
PH1  5th April 2010 Road reserve, Playford Hwy 726411 6045082 2.4 
SC5_1  17th April 2010 Road reserve, South Coast Rd 726531 6032077 3.1 
WR2_2  20th April 2010 Road reserve, Willson Rd 737058 6037933 3.3 
SC1  20th April 2010 Road reserve, South Coast Rd 728431 6033968 3.2 
RA1  22nd April 2010 Private land, Wallers Rd 737762 6040866 0.5 

RS2  
22nd April 2010 
 

Crown land, Hog Bay Rd  734808 
 

6040533 
 

4.2 

 
 
Spring 2010 
 

 
   

AIR6  11th October 2010 Council land, Birchmore Rd 727435 6044846 1.3 
PH2  21st October 2010 Roadside reserve, Playford Hwy 726160 6044935 4.5 
RB1  25th October 2010 Private land, Playford Hwy 724723 6043916 1.4 
DA1_2  28th October 2010 Private land, Boxer Rd 727267 6048224 3.8 
DA1_4  28th October 2010 Private land, Boxer Rd 727424 6048606 3.0 
SC2_2  9th November 2010 Roadside reserve, South Coast Rd 727470 6033147 2.6 
MAY1  17th November 2010 Private land, Ropers Rd 725161 6045540 2.0 
SC7  21st November 2010 Roadside reserve, South Coast Rd 722080 6029075 2.5 
ROW2  22nd November 2010 Private land, Lades Rd 727408 6027815 3.2 

RB7_2  
23rd November 2010 
 

Private land, Boxer Rd  728438 
 

6052143 
 

3.2 
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i) Control Plot Pre-burn (Site PH1) 

 
 

ii) Burn Standing Plot Pre-burn (Site PH1) 

 
 

iii) Cut then Burn Plot Pre-burn (Site PH1) 

 
 

Figure 2.3 An example of three treatment areas immediately prior to prescribed burning 
(research site PH1, April 2010): i) Treatment Area 1, Control; ii) Treatment Area 2, BS 
treatment; and iii) Treatment Area 3, CB treatment. 
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It was not possible to collect detailed fire behaviour data at each site due to 

the demands of conducting each prescribed fire in a safe and efficient manner 

(see Appendix 1 for notes on operational requirements). However, in general, 

fire behaviour appeared to vary greatly during prescription burns within BS 

treatment areas at each research site (Figure 2.4). Flame heights generally 

averaged 0.5 m to 10 m, within a broad range of 0.1 m to 18 m depending on 

environmental conditions. Spot and line ignited backing fires were lit initially to 

establish a burned fuel break along the downwind edge at each site. The 

different prevailing wind conditions at each site ensured that the initial point and 

pattern of ignition varied between sites. After a downwind burned break was 

established, ignition on the windward side was then typically applied to increase 

fire intensity in study plots (Williams et al. 2015) and crown or canopy supported 

fire was common during experimental fires at most sites.  

In contrast, fire behaviour appeared to be much more consistent in CB 

treatment areas. Average flame heights in these plots ranged between 1 and 4 

m (under a variety of weather conditions) and most ground fuel was consumed 

in CB treatment areas. Large diameter fuels in CB plots generally burned for 

prolonged periods after ignition (Figure 2.4). 

 

2.2.2 Native plant species richness 

Native plant species richness (the number of native plant species present) 

was recorded across three pairs of 1 x 1 m permanent quadrats (six quadrats in 

total), in each treatment area at each research site, prior to burning, 18 months 

post-fire and 24 months post-fire. Therefore, native plant species richness in 

this thesis was, in essence, a measure of the presence of individual native plant 

species in 6 m2. Paired quadrats were located 1 m apart, mid-way along three 

randomly allocated sides of each 10 x 10 m research plot in the centre of each 

30 x 30 m treatment area (Figures 2.2 and 2.5).  

This approach to sampling native plant species richness was adopted in 

response to two key considerations. Firstly, previous small-scale pilot studies 

had demonstrated that it was both difficult and very time consuming to 

undertake a reliable post-fire count of the number of native plant species in  
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i) Low intensity fire (Site PH1) 

 

ii) Wind driven canopy fire (Site RLCL2) 

 

iii) Typical fire behaviour in CB plot  
(Site SC2_2) 

 

iv) Typical prolonged combustion in a CB plot 
(Site RB6_1) 

 
 

Figure 2.4. Examples of fire behaviour at different treatment areas: i) Low intensity fire 
within a BS treatment plot ï site PH1, April 2010; ii) Wind driven canopy fire within a 
BS treatment plot ï site RLCL2, November 2009; iii) Typical fire behaviour within a CB 
treatment plot ï site SC2_2, November 2010; and iv) Prolonged combustion of large 
diameter fuels at a CB treatment at site RB6_1, April 2009. 

 

quadrats larger than 1 x 1 m on the eastern plains (Taylor et al. 2003; Taylor 

2004, 2005). This was because plants recruiting from the soil seedbank in the 

first two years post-fire are typically small and difficult to identify, and can be 

easily obscured by fallen material or other larger plants. Rigorously sampling 

each 30 x 30 m treatment area at each research site would have required far 

more resources than were available to undertake this study. Reducing the 

number of research sites to facilitate greater within-site replication was an 

option. However, high between-site replication that captured likely variation in 

plant community response to prescribed fire across the eastern plains 

landscape was considered more important. Post-fire monitoring of six 1 x 1 m 

quadrats at each plot was eventually chosen as the most logistically feasible 

survey option based on the results of small-scale pilot studies prior to the main 

experiment. Secondly, the size and location (including pairing) of the quadrats 
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allowed fine-scale measures of native plant species richness to be closely co-

located with point measures of soil heating, both at the surface and at 2 cm 

depth (described in Chapter 3), measures of the effects of native vertebrate 

herbivore grazing (described in Chapter 4) and sampling of the pre-fire soil 

seedbank (Appendix 2 ï Davies et al. 2013). These factors were suspected to 

be integral in explaining the effects of prescribed burning on post-fire native 

plant species richness.  

 

2.2.3 Other plant community characteristics 

While the focus of this study was on native plant species richness, other 

plant community characteristics were also collected to supply explanatory data 

for additional analyses of the effects of prescribed burning on native plant 

species richness (see Chapters 4 and 5) and to provide managers with a 

broader understanding of the impacts of prescribed burning on eastern plains 

plant communities (see Chapter 6).  

Introduced plant species richness, as well as both native and introduced 

plant abundance and community composition was recorded, in addition to 

native plant species richness, in each of six 1 x 1 m quadrats around each 

research plot (Figure 2.5) prior to burning, 18 months post-fire and 24 months 

post-fire. Surveys of plant abundance were conducted carefully to ensure that 

multi-stemmed resprouters were counted as individual plants, rather than 

multiple plants. To facilitate an analysis of the effects of prescribed burning on 

plant composition, individual plant species were grouped into lifeforms 

described by Davies et al. (2013). 

Surveys of plant community structure were also undertaken within each 10 

x 10 m research plot prior to burning, 18 months post-fire and 24 months post-

fire. A point-intercept method was adopted within each research plot to measure 

community structure and four 10 m long transects spaced 2 m apart were 

established (Figure 2.5). Measurements of plant species identity and height 

were completed for vertical intercepts with live plant material at 9 points, spaced 

1 m apart, along each transect (total of 36 points per plot). This sampling 

methodology was developed during pilot study trials that sought to determine 

the optimum number of points required to gain a representative sample of plant  
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Figure 2.5 Data collection method within and around each of three 10 x 10 m research 
plots established at each of 35 research sites on the eastern plains of eastern 
Kangaroo Island.  

Each pair of 1 x 1 m quadrats was randomly allocated to a side in each plot and their placement 
was not influenced by topographical features or the presence/absence of mallee lignotubers.  

 

4 m 1 m 3 m 1 m 1 m 

1
0
 m

 
10 m 

1
 m

 

Vegetation sampling point 

1 x 1 m Quadrat 

Key: 

Vegetation sampling transect 
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cover in E. cneorifolia plant communities. The frequency of intercepts for a 

given species was used to calculate foliage projective cover (see Specht and 

Morgan 1981) for that species. Foliage projective cover was also calculated for 

the overstorey or canopy (>2 m in height) and the understorey (<=2 m in 

height). Leaf litter presence and depth was also measured at each intercept 

measurement point.  

 

2.2.4 Statistical analysis 

Generalised Linear Mixed Models (GLMM) generated in Genstat (18th 

edition) were used to analyse the effects of three factors (burn season, survey 

timing and treatment) on: i) native plant species richness, ii) six other general 

plant community response variables (native plant abundance, native overstorey 

foliage cover, native understorey foliage cover, introduced species richness, 

introduced plant abundance and introduced understorey cover), iii) 11 lifeform 

response variables, and iv) foliage projective cover for 11 dominant native and 

introduced plant species. óBurn seasonô referred to either autumn or spring 

prescribed burns; ósurvey timingô referred to the three survey periods: pre-burn, 

18 month post-burn and 24 months post-burn; and ótreatmentô referred to cut 

then burn, burn standing and control treatments. In each instance ósiteô was 

used as the random effect and a Poisson distribution with logarithm link function 

was applied. Over-dispersed data was analysed using a negative binomial 

distribution (logarithm link function and aggregation of 1). Each GLMM 

generated a Wald statistic and this was used to determine statistical 

significance, with significance level Ŭ=0.05. A post hoc test of the significance of 

differences between groups was undertaken by comparison with the least 

significant difference (significance level Ŭ = 0.05). References to differences 

between means or effects in the discussion text should be assumed to be 

statistically significant unless otherwise indicated. 

The response of each site to prescribed burning was classified by 

conducting two ordinations using the PATN (version 3) ordination package. In 

the first analysis, a Bray Curtis association measure and agglomerative 

hierarchical fusion (flexible UPGMA, Beta value -0.1) classification strategy was 

applied to explore differences in treatment area response based on the 
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presence/absence of 238 plant species (measured during post-fire surveys in 

spring). In the second ordination, the same classification strategy was used to 

group sites and treatment areas based on six post-fire response variables (also 

measured during spring post-fire surveys): i) native plant species richness, ii) 

introduced plant species richness, iii) native plant abundance, iv) introduced 

plant abundance, v) native understorey cover, vi) introduced understorey cover. 

Native and introduced plant abundance data was transformed (square-root 

transformation) to reduce the effect of high abundance on the analysis outcome. 

Both analyses produced a row fusion dendrogram and the results transferred 

into a table for presentation. 

 

2.3 Results 

2.3.1 Effects on native plant species richness 

A highly significant effect of survey timing and treatment (prescribed 

burning with or without vegetation structure modification) on native plant 

species richness was detected (Table 2.2). A comparison of survey timing 

means indicates that native plant species richness was higher in BS and CB 

plots post-fire than it was pre-fire (Table 2.3). For example, pre-fire mean native 

plant richness in BS plots (mean = 2.50 species/6m2, SD = 2.15, n = 34) and 

CB plots (mean = 2.97 species/6m2, SD = 2.59, n = 34) was less than one third 

of that recorded in the same BS (mean = 9.74 species/6m2, SD = 7.68, n = 35) 

and CB plots (mean = 9.69 species/6m2, SD = 8.22, n = 35) during post-fire 

autumn surveys (Figure 2.6).  

Treatment means were also higher in BS and CB plots than in control plots 

(Table 2.4). For example, mean native plant species richness in BS (mean = 

12.57 species/6m2, SD = 10.14, n = 35) and CB (mean = 12.97 species/6m2, 

SD = 10.05, n = 35) plots was more than three times that recorded in control 

plots (mean = 3.94 species/6m2, SD = 4.26, n = 35) during spring post-fire 

surveys (Figure 2.6). These effects indicate a strong influence of prescribed 

burning on native plant species richness. 

 

 



 

45 

 

Table 2.2 The effect of burn season, treatment and survey timing on mean plant species 
richness, abundance and cover (Poisson GLMM).  

Wald statistic values are shown with asterisk notations indicating statistical significance (** 
highly significant p<0.001, * significant 0.05>p>=0.001). Degrees of freedom are indicated in 
parentheses. 

 

 Factors 

Response Variable 
Burn 

Season 
Survey 
Timing Treatment 

Burn 
Season. 
Survey 
Timing 

Burn 
Season. 

Treatment 

Survey 
Timing. 

Treatment 

Burn 
Season. 
Survey 
Timing. 

Treatment 

 
Mean Native 
Species Richness 
 

 
1.65 
(1) 

 
266.79** 

(2) 

 
221.43** 

(2) 

 
5.62 
(2) 

 
2.88 
(2) 

 
51.42** 

(4) 

 
3.58 
(4) 

Mean Introduced 
Species Richness 
 

0.02 
(1) 

241.16** 
(2) 

35.38** 
(2) 

1.58 
(2) 

1.24 
(2) 

1.05 
(4) 

2.05 
(4) 

Mean Native Plant 
Abundance 
 

0.40 
(1) 

238.91** 
(2) 

192.44** 
(2) 

3.29 
(2) 

1.94 
(2) 

57.36** 
(4) 

2.52 
(4) 

Mean Introduced 
Plant Abundance 
 

1.69 
(1) 

366.89** 
(2) 

1.66 
(2) 

4.61 
(2) 

3.18 
(2) 

2.31 
(4) 

1.22 
(4) 

Mean Native 
Overstorey Foliage 
Projective Cover 
 

1.10 
(1) 

93.20** 
(2) 

139.62** 
(2) 

4.78 
(2) 

23.51** 
(2) 

171.55** 
(4) 

10.62* 
(4) 

Mean Native 
Understorey 
Foliage Projective 
Cover 
 

0.36 
(1) 

202.44** 
(2) 

107.36** 
(2) 

10.47* 
(2) 

5.40 
(2) 

48.10** 
(4) 

5.68 
(4) 

Mean Introduced 
Understorey 
Foliage Projective 
Cover 
 

0.08 
(1) 

115.01** 
(2) 

9.00* 
(2) 

5.48 
(2) 

5.25 
(2) 

27.40** 
(4) 

3.33 
(4) 

 
 

In contrast, there was no evidence of a difference in the effect of prescribed 

burn method. Mean native species richness did not vary between either the two 

prescribed burn seasons or between the two vegetation modification treatments 

(Tables 2.2 and 2.4, Figures 2.6 and 2.7). For example, in CB plots measured 

during spring post-fire surveys, mean native plant richness at autumn-burned 

sites (mean = 11.06 species/6m2, SD = 8.40, n=18) were not significantly lower 

than at spring-burned sites (mean = 15.00 species/6m2, SD = 15.00, n = 17). 

Mean native plant richness in CB plots (mean = 12.97 species/6m2, SD = 10.05, 

n = 35) was also similar to the native richness of BS plots (mean = 12.57 

species/6m2, SD = 10.14, n = 35) (burn seasons combined) during post-fire 

spring surveys. 
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Table 2.3 Comparison of survey timing means for native and introduced species richness 
(number of species/6m2), abundance (number of plants/6m2) and cover (%) for 35 
research sites (treatments combined).  

Means of transformed data are shown with letter notations indicating differences based on the 
least significant difference. 

 

Response Variable  
Pre-fire 
(n=105) 

Post-fire Autumn 
(n=105) 

Post-fire Spring 
(n=105) 

 
Native Species Richness 
 

 
0.754A 

 
1.623B 

 
1.886C 

Introduced Species Richness 
 

-2.736A 1.171B 2.063C 

Native Plant Abundance 
 

1.713A 3.240B 3.946C 

Introduced Plant Abundance 
 

-1.148A 6.168B 5.938B 

Mean Native Overstorey 
Foliage Projective Cover 
 

3.235A -0.668A -2.309A 

Mean Native Understorey 
Foliage Projective Cover 
 

0.427A 1.749B 1.852B 

Mean Introduced Understorey 
Foliage Projective Cover 
 

0.235A 0.714B 2.019C 

 

 

Table 2.4 Comparison of treatment means for native and introduced species richness 
(number of species/6m2), abundance (number of plants/6m2) and cover (%) for 35 
research sites (survey timing combined).  

Means of transformed data are shown with letter notations indicating differences based on the 
least significant difference. 

 

Response Variable 
Control 
(n=105) 

Burn Standing 
(n=105) 

Cut then Burn 
(n=105) 

 
Native Species Richness 
 

 
0.802A 

 
1.672B 

 
1.789B 

Introduced Species Richness 
 

-0.351A 0.477B 0.370B 

Native Plant Abundance 
 

1.818A 3.383B 3.698C 

Introduced Plant Abundance 
 

No significant effect of treatment 

Mean Native Overstorey 
Foliage Projective Cover 
 

3.233A 2.154B -5.129AB 

Mean Native Understorey 
Foliage Projective Cover 
 

0.720A 1.530B 1.779C 

Mean Introduced Understorey 
Foliage Projective Cover 
 

0.750A 1.185B 1.033AB 
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Figure 2.6 Mean native plant species richness (±SEM) in Control, BS and CB plots pre-
fire, post-fire autumn and post-fire spring (burn seasons combined) for 35 research 
sites across the eastern plains of Kangaroo Island. 
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Figure 2.7 The effects of prescribed burn season and treatment on mean native plant 
species richness (±SEM) pre-fire, post-fire autumn and post-fire spring for 35 research 
sites across the eastern plains of Kangaroo Island. 
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2.3.2 Effects on native plant abundance and cover 

Prescribed burning altered plant abundance and cover. Native plant 

abundance was higher post-fire than pre-fire. It was also higher in prescribed 

burned plots than in control plots (Tables 2.2, 2.3 and 2.4; Figure 2.8). During 

spring post-fire surveys in spring-burned sites, native plant abundance in BS 

plots (mean = 132.82 plants/6m2, SD = 163.34, n = 17) and CB plots (mean = 

248.00 plants/6m2, SD = 291.14, n = 17) was more than five times higher that in 

control plots (mean = 25.41 plants/6m2, SD = 51.64, n = 17). Native plant 

understorey cover also increased post-fire and was higher in prescribed burned 

plots than control plots. This increase was in direct contrast to overstorey cover 

which declined in prescribed burned plots post-fire (Tables 2.2, 2.3 and 2.4; 

Figure 2.8).  

The method of prescribed burning altered native plant abundance and 

cover. Native plant abundance was higher in CB plots than BS plots (Table 2.4) 

but was unaffected by burn season (Table 2.2). Native understorey cover was 

also higher in CB plots than BS plots (Table 2.4), although this effect was most 

pronounced in autumn-burned sites (Figure 2.8). 

Overstorey cover was affected by an interaction between burn season and 

treatment (Table 2.2). Under this interaction, prescribed burning in BS plots 

reduced overstorey cover by a greater amount when burned in spring than it did 

when burned in autumn (Figure 2.8).  

 

2.3.3 Effects on introduced plant species richness, abundance 
and cover 

Prescribed burning altered the richness and cover of introduced plant 

species (Tables 2.2, 2.3 and 2.4). Richness in BS and CB plots increased 

relative to pre-fire surveys (Table 2.3; Figure 2.9) and was roughly double that 

observed in control plots post-fire (Figure 2.9). Introduced plant cover also 

increased compared to pre-fire surveys (Table 2.3), and in BS plots relative to 

control plots (Table 2.4). Introduced plant abundance increased post-fire (Table 

2.3), but there was no effect of treatment (Tables 2.2 and 2.4).  

Introduced plant species appear to have been largely unaffected by 

prescribed burn method. Introduced plant species richness, abundance or cover 
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Figure 2.8 The effects of prescribed burn season and treatment on mean native plant: i) 
abundance; ii) overstorey cover; and iii) understorey cover (±SEM) pre-fire, post-fire 
autumn and post-fire spring, for 35 research sites across the eastern plains of 
Kangaroo Island. 
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Figure 2.9 The effects of prescribed burn season and treatment on mean introduced: i) 
plant species richness; ii) plant abundance; and iii) understorey cover (±SEM) pre-fire, 
post-fire autumn and post-fire spring, for 35 research sites across the eastern plains 
of Kangaroo Island. 
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did not vary between the two prescribed burn seasons (Table 2.2). There was 

also no difference in the effect of BS and CB treatments on introduced richness, 

abundance and cover (Table 2.4).  

 

2.3.4 Effects on plant composition 

An ordination of plots based on the presence/absence of plant species 

grouped a high number of control plots (Groups 3 and 4) separately from 

prescribed burned plots (Table 2.5), indicating an effect of prescribed burning 

on plant composition. However, the same ordination revealed no clear effect of 

prescribed burn method (vegetation modification or burn season) on plant 

composition. Groups 1, 5 and 6 consisted of relatively even number of both 

autumn and spring-burned plots, and both BS and CB plots (Table 2.5). Only 

Group 2 was made up of plots burned in only one season (autumn). However, 

this represented only a small proportion of the total research plots in this 

experiment. 

 

Table 2.5 Ordination classification of 105 experimental plots based on the 
presence/absence of 238 plant species during post-fire spring surveys.  

 

Row Fusion 
Dendrogram 
Grouping 

Research Plots 

 
1 

 
BR1BS, BR1CB, DA1_1BS, DA1_1CB, DA1_4BS, DA1_4CB, DA1_2BS, DA1_2CB, PH2C, PH2BS, PH2CB, 
RA1C, RA1BS, RA1CB, RA2C, RA2BS, RA2CB, RB1CB, RB6_2BS, RB6_2C, RB6_2CB, RB7BS, RB7CB, 
RLCL2BS, RLCL2CB, ROW1C, ROW1BS, ROW1CB, ROW2BS, ROW2CB, SC1BS, SC1CB, SC2_2BS, 
SC2_2CB, SC5_1BS, SC5_1CB, SC7CB, TH5_1BS, TH5_1CB   
 

2 DA1_3BS, DA1_3CB, DA1_5C, DA1_5BS, DA1_5CB, RB3C, RB3BS, RB3CB, RB4_1CB, RB6_1CB          

3 BR1C, DA1_1C, DA1_2C, DA1_3C, DA1_4C, PH1C, RB1C, RB1BS, RB2C, RB2BS, RB2CB, RB4_1C, 
RB4_1BS, RB6_1C, RB6_1BS, RB7C, RLCL1C, RLCL2C, ROW2C, SC1C, SC2_2C, SC5_1C, TH5_1C 
 

4 MAYC, TH5_2C, WI5C 

 
5 AMD1C, AMD1BS, AMD1CB, MAYBS, MAYCB, PH1CB, WR2_2C, TH5_2BS, TH5_2CB, WI5BS, WI5CB, 

WR2_1C, WR2_1BS, WR2_1CB 
 

6 AIR6C, AIR6BS, AIR6CB, PH1BS, RLCL1BS, RLCL1CB, RS1C, RS1BS, RS1CB, RS2BS, RS2C, RS2CB, 
SC7C, SC7BS, WR2_2BS, WR2_2CB 
 

 
Key 
Font: Red- Spring burns  
Font: Black- Autumn burns 
C Control 
BS Burn Standing Plot 
CB Cut then Burn Plot 
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The effects of prescribed burning on plant composition were explored 

further through an analysis of lifeform species richness, abundance and cover 

data. Prescribed burning altered the life-form composition of long-unburned 

plant communities. Native perennial shrub richness, abundance and cover, 

perennial forb richness and annual non-grass graminoid abundance all 

increased in BS and CB plots relative to their pre-fire state and relative to 

control plots (Figures 2.10, 2.11 and 2.12). Likewise, introduced annual grass 

richness, abundance and cover also increased post-fire (Tables 2.6, 2.7 and 

2.8; Figures 2.13, 2.14 and 2.15). 

Prescribed burn method also influenced life-form plant community 

composition. The post-fire richness of native perennial forbs was higher in 

spring-burned plots than autumn-burned plots (Table 2.6; Figure 2.16). It was 

also higher in BS plots than in CB plots in spring-burned sites (Figure 2.17). 

Similarly, introduced annual forb richness was highest in spring-burned BS plots 

(Figure 2.17). In contrast, native annual non-grass graminoid abundance (also 

affected by the interaction between burn season and treatment) was highest in 

autumn-burned CB plots (Figure 2.17). Vegetation lifeforms affected by 

vegetation modification treatment (independent of burn season) included native 

perennial mallee cover (higher in BS plots) and native perennial shrub cover 

(higher in CB plots) (Table 2.8). 
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Table 2.6 The effect of burn season, treatment and survey timing on plant species 
richness, abundance and cover for dominant plant lifeforms across 35 research sites 
(Poisson GLMM).  

Wald statistic values are shown with asterisk notations indicating statistical significance (** 
highly significant p<0.001, * significant 0.05>p>=0.001). Degrees of freedom are indicated in 
parentheses. 

 

 
 

Effects 

Response Variable 
(Lifeform) 

Burn 
Season 

Survey 
Timing Treatment 

Burn 
Season. 
Survey 
Timing 

Burn 
Season. 

Treatment 

Survey 
Timing. 

Treatment 

Burn 
Season. 
Survey 
Timing. 

Treatment 

 
Native Perennial 
Shrub/Twining 
Subshrub Richness 
 

 
1.43 
(1) 

 
161.16** 

(2) 

 
130.25** 

(2) 

 
0.49 
(2) 

 
0.55 
(2) 

 
22.18** 

(4) 

 
1.35 
(4) 

Native Perennial Forb 
Richness 
 

7.92* 
(1) 

65.48** 
(2) 

41.08** 
(2) 

6.19* 
(2) 

8.54* 
(2) 

8.79 
(4) 

1.54 
(4) 

Introduced Annual 
Grass Richness 
 

0.80 
(1) 

252.22** 
(2) 

26.83** 
(2) 

1.69 
(2) 

1.46 
(2) 

1.48 
(4) 

1.21 
(4) 

Introduced Annual Forb 
Richness 
 

2.69 
(1) 

50.89** 
(2) 

61.91** 
(2) 

2.63 
(2) 

6.56* 
(2) 

0.19 
(4) 

0.65 
(4) 

Native Perennial 
Shrub/Twining 
Subshrub Abundance 
 

1.02 
(1) 

205.91** 
(2) 

241.66** 
(2) 

3.09 
(2) 

0.13 
(2) 

37.50** 
(4) 

1.53 
(4) 

Native Annual Non-
grass Graminoid 
Abundance 
 

0.75 
(1) 

88.81** 
(2) 

7.93* 
(2) 

0.28 
(2) 

11.61* 
(2) 

3.53 
(4) 

0.02 
(4) 

Introduced Annual 
Grass Abundance 
 

1.91 
(1) 

300.74** 
(2) 

0.56 
(2) 

3.02 
(2) 

1.91 
(2) 

3.02 
(4) 

0.29 
(4) 

Native Perennial 
Tree/Mallee Cover 
 

0.07 
(1) 

205.00** 
(2) 

272.40** 
(2) 

4.03 
(2) 

0.20 
(2) 

154.13** 
(4) 

2.17 
(4) 

Native Perennial 
Shrub/Twining 
Subshrub Cover 
 

0.36 
(1) 

21.73** 
(2) 

51.54** 
(2) 

4.64 
(2) 

1.25 
(2) 

20.89** 
(4) 

6.26 
(4) 

Introduced Annual 
Grass Cover 
 

0.21 
(1) 

104.10** 
(2) 

4.90 
(2) 

2.69 
(2) 

4.45 
(2) 

22.24** 
(4) 

2.73 
(4) 

Introduced Annual Forb 
Cover 
 

0.42 
(1) 

14.86** 
(2) 

7.96* 
(2) 

0.07 
(2) 

2.92 
(2) 

0.95 
(4) 

4.05 
(4) 
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Table 2.7 Comparison of survey timing means for the richness (number of species/6m2), 
abundance (number of plants/6m2) and cover (%) of dominant lifeforms across 35 
research sites (treatments combined).  

Means of transformed data are shown with letter notations indicating differences based on the 
least significant difference. 

 

Response Variable (Lifeform) 
Pre-fire Autumn 

(n=105) 
Post-fire Autumn 

(n=105) 
Post-fire Spring 

(n=105) 

 
Native Perennial Shrub/Twining Subshrub Richness 
 

 
-0.870A 

 
0.510B 

 
0.566B 

Native Perennial Forb Richness 
 

-1.856A -0.408B 0.039C 

Introduced Annual Grass Richness 
 

-3.132A -0.044B 1.320C 

Introduced Annual Forb Richness 
 

-13.771AB -0.039A 0.740B 

Native Perennial Shrub/Twining Subshrub Abundance 
 

-0.666A 1.250B 1.279B 

Native Annual Non-grass Graminoid Abundance 
 

-18.735AB -5.048A -1.520B 

Introduced Annual Grass Abundance 
 

-1.270A 6.065B 5.632B 

Native Perennial Tree/Mallee Cover 
 

3.216A 2.238B 2.164B 

Native Perennial Shrub/Twining Subshrub Cover 
 

0.510A 1.009B 1.052B 

Introduced Annual Grass Cover 
 

-0.071A 0.422B 1.816C 

Introduced Annual Forb Cover 
 

-3.286A -1.845A -0.387B 

 

Table 2.8 Comparison of treatment means for the richness (number of species/6m2), 
abundance (number of plants/6m2) and cover (%) of dominant lifeforms across 35 
research sites (survey timing combined).  

Means of transformed data are shown with letter notations indicating differences based on the 
least significant difference. 

 

Response Variable (Lifeform) 
Control 
(n=35) 

Burn Standing 
(n=35) 

Cut then Burn 
(n=35) 

 
Native Perennial Shrub/Twining Subshrub Richness 
 

 
-0.752A 

 
0.437B 

 
0.521B 

Native Perennial Forb Richness 
 

-1.401A -0.345B -0.479B 

Introduced Annual Grass Richness 
 

-0.966A -0.464B -0.427B 

Introduced Annual Forb Richness 
 

-5.249A -3.875B -3.946B 

Native Perennial Shrub/Twining Subshrub Abundance 
 

-0.842A 1.246B 1.460B 

Native Annual Non-grass Graminoid Abundance 
 

-19.067A -3.694A -2.543B 

Introduced Annual Grass Abundance 
 

 Not significant  

Native Perennial Tree/Mallee Cover 
 

3.221A 2.502B 1.895C 

Native Perennial Shrub/Twining Subshrub Cover 
 

0.366A 0.871B 1.334C 

Introduced Annual Grass Cover 
 

 Not significant  

Introduced Annual Forb Cover 
 

-3.827A -0.765B -0.926B 
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Figure 2.10 Mean species richness of nine native plant lifeforms in: i) Control; ii) BS; and 
iii) CB treatment areas, for autumn and spring prescribed burns. 
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Figure 2.11 Mean plant abundance for nine native plant lifeforms in: i) Control; ii) BS; and 
iii) CB treatment areas, for autumn and spring prescribed burns. 
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Figure 2.12 Mean foliage projective cover for nine native plant lifeforms in: i) Control; ii) 
BS; and iii) CB treatment areas, for autumn and spring prescribed burns. 
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Figure 2.13 Mean species richness of six introduced plant lifeforms in: i) Control; ii) BS; 
and iii) CB treatment areas, for autumn and spring prescribed burns. 
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Figure 2.14 Mean plant abundance of six introduced plant lifeforms in: i) Control; ii) BS; 
and iii) CB treatment areas, for autumn and spring prescribed burns. 
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Figure 2.15 Mean foliage projective cover of six introduced plant lifeforms in: i) Control; 
ii) BS; and iii) CB treatment areas, for autumn and spring prescribed burns. 
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Figure 2.16 The interaction between burn season and survey timing for mean native 
perennial forb richness across 35 research sites on the eastern plains of Kangaroo 
Island. 

 

 

The effects of prescribed burning on plant community composition was also 

assessed using dominant plant species data. An analysis of prescribed burning 

effects on the 11 most dominant plant species in terms of foliage projective 

cover (eight native and three introduced species) revealed that three native 

species and three introduced species increased in cover in post-fire spring 

surveys relative to pre-fire surveys (Tables 2.9 and 2.10). However, there was 

no main effect of prescribed burn season on the 11 species, although 

interactions between burn season and survey timing, and burn season and 

treatment indicate some influence of burn season on seven species (Table 2.9). 

The cover of eight species differed between the two vegetation modification 

treatments. The cover of Eucalyptus cneorifolia (native), Erharta longiflora 

(introduced), Eucalyptus phenax ssp. compressa (native), Thryptomene ericaea 

(native) and Melaleuca lanceolata (native) was higher in BS plots than CB plots. 

While Muehlenbeckia adpressa (native), Lolium perenne (introduced) and 

Acacia pycnantha (native) cover was higher in CB plots (Table 2.11). 
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i) 

 
ii) 

 
iii) 
 

 
 

Figure 2.17 The interaction between burn season and treatment for: i) native perennial 
forb richness; ii) native annual non-grass graminoid abundance; and iii) introduced 
annual forb richness, across 35 research sites on the eastern plains of Kangaroo 
Island. 
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Table 2.9 The effect of burn season, treatment and survey timing on species composition 
(individual plant species cover - Poisson GLMM) across 35 research sites.  

Species are listed in order of proportion of intercepts across all sites, survey timings, burn 
seasons and treatments (highest at the top). List includes the top 11 species by cover ï 
these make up 77.1% of total plant cover across all sites. Wald statistic values are shown 
with asterisk notations indicating statistical significance (** highly significant p<0.001, * 
significant 0.05>p>=0.001). Degrees of freedom are indicated in parentheses. 

 

 
 

Effects 

Response Variable 
(Species) 

Burn 
Season 

Survey 
Timing Treatment 

Burn 
Season. 
Survey 
Timing 

Burn 
Season. 

Treatment 

Survey 
Timing. 

Treatment 

Burn 
Season. 
Survey 
Timing. 

Treatment 

 
Eucalyptus cneorifolia 
(native) 
 

 
0.54 
(1) 

 
174.23** 

(2) 

 
267.23** 

(2) 

 
6.18* 

(2) 

 
0.05 
(2) 

 
143.72** 

(4) 

 
4.13 
(4) 

Erharta longiflora 
(introduced) 
 

0.49 
(1) 

49.67** 
(2) 

22.89** 
(2) 

5.71 
(2) 

4.82 
(2) 

15.20* 
(4) 

5.21 
(4) 

Eucalyptus phenax ssp. 
compressa (native) 
 

0.04 
(1) 

35.34** 
(2) 

26.55** 
(2) 

44.82** 
(2) 

43.31** 
(2) 

86.66** 
(4) 

16.71* 
(4) 

Melaleuca uncinata 
(native) 
 

0.08 
(1) 

11.88* 
(2) 

3.79 
(2) 

5.17 
(2) 

2.17 
(2) 

15.01* 
(4) 

2.28 
(4) 

Muehlenbeckia 
adpressa (native) 
 

2.56 
(1) 

0.21 
(2) 

25.82** 
(2) 

4.29 
(2) 

9.66* 
(2) 

2.19 
(4) 

0.09 
(4) 

Lolium perenne 
(introduced) 
 

0.14 
(1) 

55.22** 
(2) 

54.09** 
(2) 

0.00 
(2) 

1.34 
(2) 

0.20 
(4) 

0.00 
(4) 

Eucalyptus diversifolia 
ssp. diversifolia (native) 
 

0.00 
(1) 

7.80* 
(2) 

10.49* 
(2) 

5.24 
(2) 

19.31** 
(2) 

4.40 
(4) 

0.00 
(4) 

Vulpia bromoides 
(introduced) 
 

0.63 
(1) 

59.50** 
(2) 

17.93** 
(2) 

0.01 
(2) 

1.08 
(2) 

3.81 
(4) 

0.00 
(4) 

Acacia pycnantha 
(native) 
 

0.32 
(1) 

39.68** 
(2) 

30.77** 
(2) 

11.52* 
(2) 

7.46* 
(2) 

4.16 
(4) 

0.00 
(4) 

Thryptomene ericaea 
(native) 
 

0.04 
(1) 

8.57* 
(2) 

2.61 
(2) 

2.97 
(2) 

10.16* 
(2) 

13.22* 
(4) 

7.17 
(4) 

Melaleuca lanceolata 
(native) 
 

0.12 
(1) 

3.98 
(2) 

11.95* 
(2) 

0.11 
(2) 

13.66* 
(2) 

15.37* 
(4) 

0.07 
(4) 

 

2.3.5 Variation in site response 

An ordination of sites based on six response variables (native plant species 

richness, abundance and understorey cover, and introduced plant species 

richness, abundance and understorey cover) identified six response groups and 

revealed considerable variation in post-fire vegetation response between 

research sites (Table 2.12). A small group of both BS and CB experimental 

plots (Group 1) exhibited high native species richness, very high native cover, 

medium native abundance and low introduced species richness, abundance 

and cover (Figure 2.18). At the other end of the scale, a small group
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Table 2.10 Comparison of individual plant species cover (%) for each survey for 11 
dominant plant species across 35 research sites (treatments combined).  

Means of transformed data are shown with letter notations indicating differences based on the 
least significant difference. The 11 species make up 77.1% of total plant cover. 

 

Response Variable (Species) 
Pre-fire 
(n=105) 

Post-fire Autumn 
(n=105) 

Post-fire Spring 
(n=105) 

 
Eucalyptus cneorifolia (native) 
 

 
3.074A 

 
2.049B 

 
1.968B 

Erharta longiflora (introduced) 
 

-0.578A -0.343A 0.673B 

Eucalyptus phenax ssp. compressa (native) 
 

-1.140A -2.582B -2.901B 

Melaleuca uncinata (native) 
 

-1.344A -1.848B -1.816B 

Muehlenbeckia adpressa (native) 
 

 No effect  

Lolium perenne (introduced) 
 

-14.191AB -2.889A -0.450B 

Eucalyptus diversifolia ssp. diversifolia (native) 
 

-0.931A -1.736B -1.671B 

Vulpia bromoides (introduced) 
 

-14.432AB -2.897A -0.849B 

Acacia pycnantha (native) 
 

-5.343A -3.607B -3.099B 

Thryptomene ericaea (native) 
 

-0.754A -1.380B -1.361B 

Melaleuca lanceolata (native) 
 

-0.979A -2.371B -2.480B 

 

 

Table 2.11 Comparison of individual plant species cover (%) between treatments for 11 
dominant plant species across 35 research sites (survey timing combined).  

Means of transformed data are shown with letter notations indicating differences based on the 
least significant difference. The 11 species make up 77.1% of total plant cover. 

 

Response Variable (Species) 
Control 
(n=105) 

Burn Standing 
(n=105) 

Cut then Burn 
(n=105) 

 
Eucalyptus cneorifolia (native) 
 

 
3.122A 

 
2.330B 

 
1.638C 

Erharta longiflora (introduced) 
 

0.131A 0.218A -0.597B 

Eucalyptus phenax ssp. compressa (native) 
 

-1.348A -2.140B -3.134C 

Melaleuca uncinata (native) 
 

-1.488A -1.646AB -1.875B 

Muehlenbeckia adpressa (native) 
 

-12.693AB -0.665A 0.090B 

Lolium perenne (introduced) 
 

-7.934A -5.343B -4.253C 

Eucalyptus diversifolia ssp. diversifolia (native) 
 

-2.033A -1.509AB -0.796B 

Vulpia bromoides (introduced) 
 

-8.887A -4.624B -4.667B 

Acacia pycnantha (native) 
 

-9.043AB -2.224A -0.783B 

Thryptomene ericaea (native) 
 

-0.958A -0.903A -1.634B 

Melaleuca lanceolata (native) 
 

-0.502A -1.874B -3.455C 
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(Group 6) were defined by very high introduced plant cover, high introduced 

plant abundance and low native richness, abundance and cover (Figure 2.19).  

 

Table 2.12 Ordination classification of experimental plots based on six response 
variables measured during spring post-fire surveys across 35 research sites and 
listed in order of decreasing native richness, abundance and cover.  
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1 

 
AMD1BS, AMD1CB, RLCL2BS, 
RLCL2CB, RS1BS, RS1CB, RS2CB, 
WI5BS, WI5CB, WR2_1BS, 
WR2_1CB, WR2_2CB 

 

 
High 

 
Low 

 
Medium 

 
Low 

 
Very 
High 

 
Low 

2 AIR6CB, BR1CB, DA1_3BS, 
DA1_5CB, RB3CB, RLCL1CB, 
ROW1BS, ROW1CB, ROW2CB, 
RS2BS, SC2_2CB, TH5_2CB, 
WR2_2BS 

 

Medium Medium High Medium Medium Medium 

3 AIR6BS, BR1BS, DA1_2BS, 
DA1_2CB, DA1_4CB, MAYCB, 
PH1BS, PH2BS, PH2CB, RA1BS, 
RA1CB, RA2BS, RA2CB, RB1CB, 
RB6_2CB, RB7BS, RB7CB, 
ROW2BS, SC1CB, SC2_2BS, 
SC5_1BS, SC5_1CB, SC7BS, 
SC7CB, TH5_1CB, TH5_2BS 

 

Medium Medium Low High High High 

4 PH1CB, TH5_1BS 

 
Low Low Low Low Medium Low 

5 DA1_3CB, DA1_4BS, DA1_5BS, 
MAYBS, RB3BS, RB4_1BS, 
RB6_1CB, RB6_2BS 

 

Low Medium Low Medium Low Low 

6 DA1_1BS, DA1_1CB, RB1BS, 
RB2BS, RB2CB, RB4_1CB, 
RB6_1BS, RLCL1BS, SC1BS 

Low Low Low High Low Very 
High 

 
 

 
Key 
Font: Red- Spring burns  
Font: Black- Autumn burns 
BS Burn Standing Plot 
CB Cut then Burn Plot 
 

 
 
Richness (species): 
Low ï 0 to 10 
Medium ï 11 to 20 
High ï 21 to 30 
Very High - >30 
 

 
 
Abundance (individuals): 
Low ï 0 to 100 
Medium ï 101 to 400 
High ï 401 to 900 
Very High - >900 

 
 
Cover (%): 
Low ï 0 to 20 
Medium ï 21 to 40 
High ï 41 to 60 
Very High - >60 
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WI5 Control Plot: i) Pre-fire 

 

ii) Post-fire Autumn 

 

iii) Post-fire Spring 

 
WI5 Burn Standing Plot: i) 

 

ii) 

 

iii) 

 
WI5 Cut then Burn Plot: i) 

 

ii) 

 

iii) 

 
RS1 Control Plot: i) 

 

ii) 

 

iii) 

 
RS1 Burn Standing Plot: i) 

 

ii) 

 

iii) 

 
RS1 Cut then Burn Plot: i) 

 

ii) 

 

iii) 

 

Figure 2.18 The response of plant communities to prescribed fire and prescribed burning 
method at two high native species richness sites - WI5 (burned in autumn 2010) and 
RS1 (burned in spring 2009): i) pre-fire; ii) post-fire autumn; and iii) post-fire spring. 



 

67 

 

 
RB2 Control Plot: i) Pre-fire 

 

ii) Post-fire Autumn 

 

iii) Post-fire Spring 

 
RB2 Burn Standing Plot: i) 

 

ii) 

 

iii) 

 
RB2 Cut then Burn Plot: i) 

 

ii) 

 

iii) 

 
RB1 Control Plot: i) 

 

ii) 

 

iii) 

 
RB1 Burn Standing Plot: i) 

 

ii) 

 

iii) 

 
RB1 Cut then Burn Plot: i) 

 

ii) 

 

iii) 

 

Figure 2.19 The response of plant communities to prescribed fire and prescribed burning 
method at two low native species richness sites - RB2 (burned in autumn 2009) and 
RB1 (burned in spring 2010): i) pre-fire; ii) post-fire autumn; and iii) post-fire spring. 
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2.4 Discussion 

2.4.1 Effects of prescribed burning on native plant species 
richness 

Prescribed burning in long-unburned and fragmented plant communities on 

the eastern plains increased native plant species richness. This result is 

consistent with the response of mallee communities to fire reported elsewhere. 

For example, a sharp increase in plant species richness was observed in 

Victorian semi-arid mallee communities after wildfire (Zimmer 1940). Plant 

richness also increased (25 herbaceous plant species in control plots compared 

to 47 species in burn treatment plots) following prescribed burns in mallee 

shrubland in western NSW (Noble 1989a), and prescribed burning stimulated 

germination of the soil seedbank and significantly altered plant composition in 

mallee-heath in Western Australia (Gosper et al. 2010).  

Rapid post-fire increases in native plant species richness have also been 

observed in other non-mallee fire-prone plant communities. For example, 

banksia woodland in Western Australia (Hobbs and Atkins 1990; Brown et al. 

2016), shrubby dry sclerophyll forests in NSW (Penman et al. 2008) and long-

unburned North American ecosystems including eastern deciduous forest (Royo 

et al. 2010), ponderosa pine and douglas-fir forest (Wienk et al. 2004; Dodson 

et al. 2007), sandhill plant communities (Reinhart and Menges 2004) and mixed 

red and white pine forest (Neumann and Dickmann 2001). 

The increase in native plant species richness reported here is also 

consistent with the relatively small number of published empirical studies that 

have examined the effect of prescribed burning on fragmented ecosystems. For 

example, Heuberger and Putz (2003) reported an increase in native species 

richness (relative to control plots) following prescribed burning in small (<0.5 ha) 

fragments of Pinus palustris (longleaf pine) that had not burned for 15 years and 

were surrounded by urban development in Florida, south-eastern United States. 

Similarly, prescribed burning in small plots within an 18 ha fragment of fire-

suppressed oak savanna in an agricultural matrix in south-western British 

Columbia increased total species richness (including introduced species) and 

native perennial forb species cover, and shifted the plant community towards its 

historical pre-European settlement state (MacDougall and Turkington 2007). 
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Native plant species richness was also high in a range of recently wildfire-

burned fragments of dry open-forest in coastal NSW compared with nearby 

relatively long-unburned fragments (Ross et al. 2002). Frequent burning of rail 

corridors also promoted higher native plant richness in Themeda australis 

grasslands in Victoria (Stuwe and Parsons 1977). 

Under the conceptual model for Eucalyptus cneorifolia plant communities 

(Figure 1.9 - developed in Chapter 1 from anecdotal observations on the 

eastern plains, observations in other mallee communities (Gill 1994) and the 

non-classical succession models of Egler (1954), Connell and Slatyer (1977) 

and Noble and Slatyer (1981)), a pulse of recruitment immediately post-fire 

should be expected in this system. The increase in plant richness reported 

during this experiment confirms this component of the model and establishes 

the conditions for the plant community to transition to an open mallee woodland 

with a dense and diverse heath understorey (Figure 1.9). Additional long-term 

studies are required to track the complete successional trajectory of this plant 

community. 

 

2.4.2 Effects of prescribed burn method on native plant species 
richness 

This study found no evidence that the effects of prescribed burning on 

native plant species richness were influenced by the method of prescribed 

burning applied. This was unexpected because other studies had reported 

significant effects of prescribed burn timing (determined by the season of 

prescribed burns), and canopy cover removal (influenced by the modification of 

vegetation structure) on native plant species richness (Specht and Morgan 

1981; Noble 1989b; Auld and OôConnell 1991; Penman and Towerton 2008). 

The apparent lack of effect of canopy removal on plant richness was particularly 

surprising. Specht and Morgan (1981) reported a strong link between 

decreasing overstorey canopy cover and increasing understorey canopy cover 

and richness in similar ecosystems on mainland South Australia (Figure 1.10), 

and for this reason post-fire native plant species richness was predicted to be 

higher in plots where the canopy cover was cut or completely scorched 

(Chapter 1.5.2). But this was not observed at experimental sites on the eastern 

plains. Instead CB plots, where the canopy was felled, supported a native plant 
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species richness that was not significantly higher than that reported in BS plots, 

where the overstorey canopy remained partially intact (Figure 2.8).  

Post-fire richness was also expected to be higher in spring-burned sites 

than autumn-burned sites (Chapter 1.5.1), but again no evidence was found for 

this effect on the eastern plains. This expectation was based on anecdotal 

observations on KI and other mallee studies that reported poor plant recruitment 

following autumn burns (Overton 1994; Noble 1989b). While other studies have 

highlighted differences in the response of native plants due to fire season 

(Lamont et al. 2000; Ooi 2010), only a small number have explored the effects 

of burn season on native plant species richness. These found mixed effects of 

burning in autumn and spring. Williams et al. (2005) reported a similar finding to 

this study (no effect of burn season) following prescribed burning in eucalypt 

savanna in north-eastern Australia. However, higher plant species richness was 

recorded in a spring-burned area of banksia woodland in Western Australia than 

in an autumn-burned area within the same vegetation remnant (Hobbs and 

Atkins 1990). Post-fire native plant richness was higher following autumn burns 

than spring burns in dry sclerophyll forest in the Sydney region of New South 

Wales. However, this trend reversed (higher at spring-burned sites) when a 

second experimental fire was conducted at the same sites six years later (Clark 

1988).  

There are a number of possible explanations for the absence of an effect of 

either burn season or vegetation modification on native plant species richness 

following prescribed burning on the eastern plains. Firstly, it is feasible that the 

pattern of soil heating may have altered post-fire native species richness in a 

way that offset increases in native species richness following either a reduction 

in canopy cover or spring burning. Soil heating can influence the germination 

and mortality of seed in soil seedbanks (as reviewed in Chapter 1.5.2) and was 

predicted to be enhanced in CB sites due to the increase in surface fuel loads 

produced by cutting the overstorey canopy (Bradstock and Auld 1995; Molina 

and Llinares 2001; Massman and Frank 2004). This heating may have been 

sufficient to surpass mortality thresholds of seeds in the soil seedbank (Auld 

and OôConnell 1991), reducing the richness of post-fire communities regardless 

of the positive effects of removing the overstorey canopy (as described by 

Specht and Morgan 1981). Native plant species richness was also expected to 
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be higher in spring-burned sites than autumn-burned sites. However, higher 

canopy scorch at spring-burned sites indicates that the intensity of spring fires 

may have been higher than autumn fires (Figure 2.8). Perhaps this also led to 

enhanced soil heating and seed mortality and reduced the richness of spring-

burned sites. 

A second possible explanation for the lack of effect of prescribed burn 

method is that the relationship between cover and richness, discovered by 

Specht and Morgan (1981), does not apply in KI mallee communities. Instead, 

there may be a minimum threshold of canopy cover below which the canopy no 

longer affects plant recruitment. Under such a model, the canopy cover of BS 

plots (Figure 2.8) may have been sufficiently reduced (through canopy 

scorching) to promote the same post-fire richness of native plants as found in 

CB plots (where the canopy cover was completely removed).  

Site-based factors may have also influenced post-fire plant recruitment. The 

importance of soil seedbanks in mallee plant communities has already been 

discussed (Zimmer 1940; Gill 1994; Gosper et al. 2012 ï Chapter 1.5) and is 

emphasised within the conceptual model of plant succession in E. cneorifolia 

plant communities on the eastern plains (Figure 1.9). It is possible that large 

differences in the soil seedbank between sites may have been enough to 

override the effects of prescribed burning season and pre-fire vegetation 

modification. Differences in the amount of canopy-held seed between sites may 

have also played a role, although the effect of this seed on post-fire native plant 

species richness is likely to have been limited by the low species richness of 

pre-fire plant communities (Figure 2.6 ï Chapter 2.3.1). 

Differences in post-fire recruitment conditions between sites burned at 

different times within a season, or in different years during the study may have 

also played a role in obscuring the effects of burn season. This was considered 

during the development of the experimental design but not studied explicitly in 

this experiment because of the additional cost and effort required, and the 

relative uniformity of the KI climate across the research area and relative 

consistency of the climate and rainfall in this area from year to year.  

Another site-based factor that may be influencing post-fire recruitment on 

the eastern plains is the long-term effect of habitat loss and fragmentation. 

There is a large body of published evidence from around the world that 
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suggests that habitat loss is a key cause of biodiversity decline (Fahrig 2003; 

Bennett 2006) and that fragmentation - the óbreaking apart of habitatô (Fahrig 

2003) or the ódisruption of continuityô (Lord and Norton 1990) - alters the 

properties of remaining habitat and with it the growth, fitness, richness, 

composition, structure and function of remnant plant communities. The 

combined impacts of habitat loss and fragmentation have typically been 

explained in terms of the concepts of edge, genetic and distance effects 

(Saunders et al. 1991; Dudash and Fenster 2000; Fahrig 2003). These 

influence important ecological processes such as pollination, propagule 

exchange between remnants and weed invasion, and therefore have the 

potential to alter post-fire recruitment. 

Practitioners working in the highly fragmented eastern plains have 

observed a range of edge effects within a 10 m interface between native 

vegetation remnants and open paddocks. The most pronounced of these effects 

is an increase in the size (height and basal diameter) of mallee eucalypts within 

this zone relative to those further away from the paddock edge. While this effect 

is not well understood it may be due to the access that edge trees have to 

additional water and nutrients under the root zone of the adjacent annual 

pastures (Robinson et al. 2006). Other edge effects anecdotally observed on 

the eastern plains include increased weed cover, decreased native plant cover 

and diversity, increased native overstorey productivity (including seed-set and 

growth) and increased fuel loads. These observations overlap with edge effects 

reported in other studies. These include increased competition with invasive 

weed species (Smith and Smith 2010), soil nutrification (Hester and Hobbs 

1992; Weathers et al. 2001), altered grazing regimes (Hobbs 2001), changes in 

reproductive success (Cunningham 2000), loss of propagules to the 

surrounding inhospitable matrix (Fahrig 2003), altered fuel loads and fire 

regimes (Cochrane 2001; Gill et al. 2014), microclimate changes such as 

altered exposure to radiation, wind and water (Saunders et al. 1991; Hobbs 

1993) and enhanced plant growth from increased access to light and nutrients 

(Lamont et al. 1994). This evidence suggests that the effect of prescribed 

burning may vary within any given patch of remnant vegetation on the eastern 

plains depending on proximity to the paddock/native vegetation interface or 

edge. 
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In contrast, the influence of both distance and genetic effects on native 

vegetation has not been reported or studied on the eastern plains. This is 

probably due to the difficulties of observing these effects, rather than their 

absence in this landscape. Genetic effects reported in other fragmented 

landscapes include elevated inbreeding and a decline in the genetic diversity, 

fitness and viability of small plant populations (Baur and Erhardt 1995; Young et 

al. 1996; Dudash and Fenster 2000; Sherwin and Moritz 2000). These effects 

are further exacerbated by the isolation of fragmented remnants, which limits 

the transfer of propagules and genetic material between populations (Saunders 

et al. 1991). This distance or isolation effect not only reduces the viability of 

existing populations but also reduces the likelihood of re-colonisation of a 

remnant patch should extirpation occur. The magnitude of its impact will be 

dependent on the dispersal strategies of individual plant species (and pollen 

and propagule carrying animal species) (Kolb and Diekmann 2005), the nature 

of the matrix separating remnant patches (Ricketts 2001; Jules and Shahani 

2003) and the distance between patches (Saunders et al. 1991). This suggests 

that distance and genetic effects on the eastern plains will be most pronounced 

in vegetation remnants that are separated from other native vegetation by highly 

modified land, such as intensively grazed and cropped paddocks.  

 

2.4.3 Effects on plant abundance, cover and composition 

In addition to increasing native plant species richness, prescribed burning 

also altered plant composition and increased native plant abundance, native 

understorey cover and introduced plant species richness and cover in this 

study. These effects were consistent with those reported in North American 

studies of the effects of prescribed burning on long-unburned and fragmented 

plant communities (Heuberger and Putz 2003; MacDougall and Turkington 

2007). Importantly, these results indicate that while prescribed burning can 

promote native species recruitment, it can also promote the recruitment of 

introduced species, resulting in long-term consequences for the affected plant 

community (Milberg and Lamont 1995, Brooks and Pyke 2001).  

Interestingly, pre-fire modification of vegetation structure and fuels, despite 

having no effect on native plant species richness, did alter native plant 
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abundance and native understorey cover. Both of these response variables 

were higher in CB plots than in BS plots (Table 2.4). This result supports the 

findings of Specht and Morgan (1981), who discovered a linear relationship 

between overstorey cover and understorey cover in heathland plant 

communities (Figure 1.10 ï Chapter 1.5.2).  

Both burn season and vegetation modification treatments influenced the 

composition of post-fire plant communities (Chapter 2.3.4). This finding 

supports the concept that plant species and lifeforms within the one plant 

community on KI can be adapted to, and favoured by, different fire regimes (a 

phenomenon described by Keith 1996). For example, native perennial forb 

richness was higher at spring-burned research sites than autumn-burned sites, 

and higher in BS treatment areas, which were subject to a different fire severity 

(possibly as a result of a different fire intensity - although this was not 

measured), than CB treatment areas (Figures 2.16 and 2.17). In contrast, native 

annual non-grass graminoid abundance was higher in autumn-burned plots 

than spring-burned plots, and higher in CB plots than BS plots Figure 2.17). At 

the species level, Thryptomene ericaea and Erharta longiflora cover was higher 

in BS plots than CB plots, while Muehlenbeckia adpressa and Acacia pycnantha 

cover was elevated in CB treatment areas relative to BS plots (Table 2.11). 

These findings may be important to land managers interested in altering the 

structure and composition of plant communities for conservation or other 

purposes. 

 

2.4.4 Summary, conclusions and management implications 

Prescribed burning increased native plant species richness in long-

unburned and fragmented mallee communities. However, the effects of 

prescribed burning on native plant species richness were not influenced by 

modification of vegetation structure or burn season. Therefore, hypothesis i), a 

single prescribed burn event does not alter native plant species richness in 

long-unburned and fragmented plant communities, is rejected. However, 

hypothesis ii), the effect of a single prescribed burn event on native plant 

species richness does not vary between prescribed burn methods (either burn 

season or the modification of the vegetation structure and fuels), is supported.  



 

75 

 

I hypothesise that the pattern of soil heating and site-based factors, 

including the pre-fire soil seedbank and the long-term effects of habitat loss and 

fragmentation, are playing an important role in determining the effects of 

prescribed burn season and vegetation structure modification on post-fire native 

plant species richness. The influence of these factors is the focus of the next 

two chapters of this thesis. 

The results presented in this chapter are important as they are among the 

first to show the effect of prescribed burning on long-unburned and fragmented 

Australian ecosystems. In a management sense, they provide well founded 

empirical justification for the use of prescribed burning to promote the 

recruitment of long-unburned plant communities. However, this study also 

raises some important issues related to the use of prescribed fire in this 

landscape. Firstly, while the method of prescribed burning did not change native 

plant species richness, it did alter native plant abundance and cover. This effect 

is likely to play an important role in shaping future plant communities and should 

be considered when selecting a prescribed burn method. Secondly, prescribed 

burning increased the richness and cover of introduced, as well as native, plant 

species. This may influence the plant succession process and create post-fire 

outcomes that are undesirable for land managers. Thirdly, the high level of 

variation in the response of individual sites to fire observed in this study (Table 

2.12, Figures 2.18 and 2.19) is a concern for land managers looking for a 

guaranteed conservation benefit from prescribed burning. Chapters 3, 4 and 5 

of this thesis aim to further improve understanding of the mechanisms 

underpinning plant community response to prescribed burning and allow land 

managers to better predict the outcomes of various prescribed burn methods. 
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Chapter 3: Soil heating during experimental 
fires in long-unburned mallee 

communities 

 

3.1 Aims and hypotheses 

Soil heating is a product of fire intensity (Byram 1959) and is strongly 

influenced by the type, quantity and structure of fuel loads (Bradstock and Auld 

1995; Molina and Llinares 2001) (see Introduction - Chapter 1.5.2). Conduction 

of thermal energy into the soil profile follows initial surface heating, and the 

magnitude of soil heating typically declines as soil depth increases or the water 

content of the soil increases (Raison et al. 1986; Hungerford 1989). Remnant 

mallee communities on the eastern plains are suspected to harbour diverse soil 

seedbanks that play a critical role in post-fire plant recruitment (see Figure 1.9 - 

Chapter 1.5) and soil heating during prescribed burns has the potential to affect 

the germination and mortality of these seedbanks (Auld and OôConnell 1991; 

Penman and Towerton 2008). From other Australian studies the key thresholds 

for enhanced germination are 40 to 80oC for non-legumes and 60 to 100oC for 

legumes, while seed mortality thresholds are 60 to 100oC for non-legumes and 

100 to 120oC for legumes (see Tables 1.3, 1.4 and 1.5 - Chapter 1.5.2). 

In the previous chapter I found that post-fire native plant species richness 

was not altered by either prescribed burning season or modification of 

vegetation structure. I hypothesised that soil heating leading to seed mortality 

may be playing a role in offsetting an increase in species richness following the 

removal of canopy cover, and predicted that soil heating must have been higher 

in CB plots than BS plots, and higher in spring-burned plots than autumn-

burned plots. This chapter presents the pattern of soil heating recorded during 

34 of the 35 experimental fires described in Chapter 2 and tests the null 

hypothesis that the magnitude of soil heating during a single prescribed burn 

event does not vary between prescribed burning methods (either burn season 

or the modification of the vegetation structure and fuels). 
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3.2 Methods 

3.2.1 Experimental design 

Soil temperature was measured at 34 of the 35 experimental fires that 

formed part of the Eastern Plains Fire Trial Project on Kangaroo Island, South 

Australia. The design of this landscape-scale experiment is described in full in 

Chapter 2.2.  

Soil temperature was measured within control, BS and CB plots at each 

research site during the delivery of each prescribed burn. Soil temperature 

monitoring points were established midway along each side of each 10 x 10 plot 

(Figure 3.1). At each point a 0.3 m deep hole was dug and two óOne Tempô K-

type thermocouples (Range 0 ï 1,250oC; Accuracy ± 4.0oC) were carefully 

inserted into the side wall of the hole (Figure 3.2). The tip of one of the 

thermocouples was placed level with the surface of the soil. If a duff layer was 

present then the tip of the thermocouples was positioned level with the upper 

surface of the duff layer. The tip of the other thermocouple was inserted 2 cm 

below the soil surface. The soil was then returned to the hole and the litter 

placed in its original position on the soil surface. These depths were chosen 

because the top 2 cm of the soil profile contains a high proportion of the 

germinable soil seedbank (Hodgkinson et al. 1980; Koch et al. 1996; Grant and 

Koch 1997; Ward et al. 1997; Tozer 1998; Read et al. 2000; Smith et al. 2000; 

Auld and Denham 2006). Measurement of soil temperatures at the soil surface 

and at 2cm depth has also been commonly applied in other soil heating studies 

making this study comparable (Table 1.2).  

Soil temperatures measured by each K-type thermocouple were logged 

every minute using two U12-014 Onset HOBO data loggers. These were stored 

in a plastic container and buried alongside the thermocouples at each soil 

measuring point (Figure 3.2). Care was taken to minimise disturbance of the 

site during the thermocouple and logger burial process. Leaf litter was collected 

prior to digging each hole and returned to the soil surface above each 

measuring pit once the instruments were buried. Thermocouples and loggers 

were left in place to measure soil temperature for a minimum of 15 hrs after the 

completion of fire ignition at each site. 
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Figure 3.1 The location of soil temperature measuring points around each experimental 
plot within each research site. 
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Figure 3.2 K-type thermocouples and U12-014 Onset HOBO data loggers (within plastic 
box) prior to burial (Photo: G. Cary). 

 

3.2.2 Statistical analysis 

An Analysis of Variance (ANOVA), with sites as blocks, was conducted to 

examine the main and interactive effects of treatment, depth and burn season 

on mean maximum soil temperature, mean duration >60oC and mean duration 

>120oC respectively. Data normality was assessed using Normal Q-Q and 

Residual plots generated by the Genstat statistical package. To ensure 

normality assumption in ANOVA, mean duration >60oC and >120oC data was 

Log10(x+1) transformed. Fishers Protected Least Significant Difference test 

(significance level Ŭ = 0.05) was used for post-hoc tests. References to 

differences between means or effects in the discussion text should be assumed 

to be statistically significant unless otherwise indicated. 

 

3.3 Results 

There was a significant main effect of treatment and depth, but not burn 

season, on mean maximum temperature, mean duration >60oC and mean 

duration >120oC (Tables 3.1 and 3.2). There was also a highly significant 
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interaction between treatment and depth for mean maximum temperature and 

mean duration >120oC, and a significant interaction between burn season and 

depth for mean duration >120oC (Table 3.2). 

Mean temperature versus time curves for plots that reached at least 60oC 

at the surface, indicate that maximum surface temperatures under both burn 

treatments were reached within 30 minutes of initial heating and peak 

temperature was delayed at 2 cm depth (Figures 3.3 and 3.4). Mean maximum 

temperature at 2 cm depth was reached more quickly in CB plots (~120 mins 

after initial surface heating) than in BS plots (~210 mins after initial surface 

heating). Elevated soil temperatures at 2 cm depth were maintained for long 

periods and tended to exceed surface temperatures ~200 mins after initial soil 

heating in both burn treatments (Figures 3.3 and 3.4). 

Extreme soil heating was recorded at a small number of individual soil 

measuring points in both BS and CB treatments. Soil temperatures up to 756oC 

at the soil surface and durations of soil heating >120oC for up to 15 hrs (904 

mins) at 2 cm depth were recorded. 

 

Table 3.1 Mean maximum soil temperature and duration of soil heating above 60oC and 
120oC in different burn seasons; at different depths; and in different treatments (n=34). 

 

Measurement Depth 

Autumn burn (n=17)  Spring burn (n=17) 

Control 
Burn 

Standing 
Cut then 

Burn  Control 
Burn 

Standing 
Cut then 

Burn 

 
Mean Maximum Soil Temperature (oC) 
 
Soil Surface 
 

23.4 

 

190.4 

 

392.5 

 

 30.6 

 

175.2 

 

362.8 

 

2 cm Below Surface 19.3   68.8 133.1  21.0   46.6   83.3 

        

Mean Duration >60oC (mins) 
 
Soil Surface 
 

  0.0 
 

  97.3 
 

199.7 
 

   0.0 
 

  70.5 
 

157.9 
 

2 cm Below Surface   0.0 131.0 270.5    0.0   74.7 177.4 

 

Mean Duration >120oC (mins) 
 
Soil Surface 
 

  0.0   60.1 119.5    0.0   35.2   89.7 

2 cm Below Surface 
 

  0.0   62.9 104.2    0.0     4.7   34.0 
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Table 3.2 Statistical analysis of the effect of burn season, treatment and depth on mean 
maximum soil temperature and duration of heating (ANOVA).  

 

Factors df1, df2 F-value P-value Notes 

Mean Maximum Soil Temperature 
 
Burn Season 
 
Depth 
 
Treatment 
 
Burn Season*Depth 
 
Burn Season*Treatment 
 
Depth*Treatment 
 
Burn Season*Depth*Treatment 

 
 
1,   32 
 
1, 160 
 
2, 160 
 
1, 160 
 
2, 160 
 
2, 160 
 
2, 160 

 
 
    1.24 
 
197.34 
 
177.59 
 
    0.33 
 
    1.80 
 
  63.55 
 
    0.06 

 
 
  0.274 
 
<0.001 
 
<0.001 
 
  0.569 
 
  0.168 
 
<0.001 
 
  0.943 

 
 
Non-transformed 

 
 
Average Duration of Soil Temperature >60oC 
 
Burn Season 
 
Depth 
 
Treatment 
 
Burn Season*Depth 
 
Burn Season*Treatment 
 
Depth*Treatment 
 
Burn Season*Depth*Treatment 

 
 
 
 
1,   32 
 
1, 160 
 
2, 160 
 
1, 160 
 
2, 160 
 
2, 160 
 
2, 160 

 
 
 
 
    0.04 
 
    4.29 
 
210.02 
 
    0.44 
 
    1.68 
 
    1.09 
 
    0.18 

 
 
 
 
  0.842 
 
  0.040 
 
<0.001 
  
  0.509 
 
  0.189 
 
  0.337 
 
  0.838 

 
 
 
 
Log10(x+1) 
transformed 
 
 

 
 
Average Duration of Soil Temperature >120oC 
 
Burn Season 
 
Depth 
 
Treatment 
 
Burn Season*Depth 
 
Burn Season*Treatment 
 
Depth*Treatment 
 
Burn Season*Depth*Treatment 
 

 
 
 
 
1,   32 
 
1, 160 
 
2, 160 
 
1, 160 
 
2, 160 
 
2, 160 
 
2, 160 

 
 
 
 
    2.29 
 
  33.54 
 
  97.15 
 
    5.08 
 
    2.29 
 
    8.73 
 
    1.30 

 
 
 
 
  0.140 
 
<0.001 
 
<0.001 
 
  0.026 
 
  0.105 
 
<0.001 
 
  0.274 

 
 
 
 
Log10(x+1) 
transformed 
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Figure 3.3 Mean temperature vs time curves at the soil surface and at 2cm depth with 
time since surface soil temperatures first reached 60oC in BS plots (n=28) and CB 
plots (n=34).  

Temperature vs time curves for plots where surface temperatures >60oC were not achieved (six 
BS plots) are excluded. Temperature-time profiles are given for burned standing treatments 
at the surface (BSSurf) and at 2 cm depth (BS2cm), and for cut then burn treatments at the 
surface (CBSurf) and at 2 cm depth (CB2cm). 
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Figure 3.4 Mean soil temperature vs time curves at the surface and at 2 cm depth for 
prescribed burns completed in spring (n=17) and autumn (n=17) in CB plots after soil 
temperatures first reached >60oC at the surface.  

Temperature-time profiles are given for cut then burn treatments in autumn at the surface 
(AutSurf) and at 2 cm depth (Aut2cm), and in spring at the surface (SprSurf) and at 2 cm depth 
(Spr2cm). 

 

 

3.3.1 Effect of treatment 

Altering vegetation structure through cutting then burning consistently 

produced the highest mean maximum temperatures and heating duration, 

irrespective of soil depth or burn season, while, as would be expected, the 

lowest temperatures and durations of heating were recorded in control plots 

(Tables 3.1 and 3.2; Figure 3.5). Mean maximum soil temperatures in CB plots 

were 107% and 88% higher, at the soil surface (mean = 377.6oC, SD = 123.2, n 

= 34) and 2 cm depth (mean = 108.2oC, SD = 65.4, n = 34) respectively, than in 

BS plots (surface mean = 182.8oC, SD = 121.8, n = 34; 2 cm depth mean = 

57.7oC, SD = 46.1, n = 34) (burn seasons combined). The mean duration of 

heating >60oC in CB plots was also 113% and 118% higher, at the soil surface 

(mean = 178.8 minutes, SD = 123.7, n = 34) and 2 cm depth (mean = 223.9 

AutSurf 

SprSurf 

Aut2cm 

Spr2cm 
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minutes, SD = 223.8, n = 34) respectively, than in BS plots (surface mean = 

83.9 minutes, SD = 105.0, n = 34; 2 cm depth mean = 102.9 minutes, SD = 

156.2, n = 34). 

 
 
 
 
 
 
 

 
 

Figure 3.5 Mean maximum soil temperature (± SEM) at the soil surface and at 2 cm depth 
across Control, BS and CB treatments (burn seasons combined) (n=34).  

Soil surface ( ) and 2cm depth ( ). Letter notations indicate differences in means (Fishers 
Protected LSD Test, 0.05 significance).  

 

 

3.3.2 Effect of soil depth 

Mean maximum soil temperature was consistently highest at the soil 

surface compared to 2 cm depth across all treatments in both burn seasons 

(Tables 3.1 and 3.2; Figure 3.5). When both burn seasons were combined, this 

effect equated to a ~70% reduction in mean maximum soil temperature at 2 cm 

depth (relative to surface temperatures) in both BS (surface mean = 182.8oC, 

SD = 121.8, n = 34; 2 cm depth mean = 57.7oC, SD = 46.1, n = 34) and CB 

plots (surface mean = 377.6oC, SD = 123.2, n = 34, 2 cm depth mean = 

108.2oC, SD = 65.4, n = 34). However, despite lower peak temperatures, 

durations of heating above 60oC at 2 cm depth were longer than at the soil 
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surface (Figure 3.6) during both autumn and spring burns (Table 3.1). This 

trend was reversed for duration of soil heating above 120oC, with duration at a 

depth of 2 cm being less than at the soil surface (Figure 3.7).  

 

 

 

 

 

 

 

 
 

Figure 3.6 Mean duration of soil heating (± SEM) >60oC at the soil surface and at 2 cm 
depth across Control, BS and CB treatments (burn seasons combined) (n=34).  

Soil surface ( ) and 2cm depth ( ).   
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Figure 3.7 Mean duration of soil heating >120oC (± SEM) at the soil surface and at 2 cm 
depth across Control, BS and CB treatments (burn seasons combined) (n=34).  

Soil surface ( ) and 2cm depth ( ). Letter notations indicate differences in means (Fishers 
Protected LSD Test, 0.05 significance).  

 

3.3.3 Effect of burn season 

There was no statistical main effect of burn season. However, there was a 

significant interaction between burn season and depth for durations >120oC 

(Table 3.2, Figure 3.8). This was due to higher durations of heating >120oC at 2 

cm depth (treatments combined) during fires in autumn than in spring. Mean 

temperature-time curves for CB plots also indicate higher soil temperatures and 

longer durations of heating in autumn, both at the soil surface and at 2 cm 

depth, than in spring (Figure 3.4). 
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Figure 3.8 Mean duration of soil heating >120oC (± SEM) at the soil surface and at 2 cm 
depth during prescribed burns completed in autumn and spring (treatments 
combined).  

Soil surface ( ) and 2cm depth ( ). Letter notations indicate differences in means (Fishers 
Protected LSD Test, 0.05 significance).  

 

3.4 Discussion 

3.4.1 Effects of prescribed burning method on soil heating  

Few studies have quantified the effect of vegetation structure manipulation 

on the magnitude and duration of soil heating across a large number of fire 

events (34) in two different burn seasons (spring and autumn). Altering the 

structure of vegetation communities (cutting the overstorey) prior to burning 

increased soil temperature and the duration of soil heating during fire events. 

Prescribed burning in autumn also produced longer soil heating at 2 cm depth 

than prescribed burning during spring. Therefore, the null hypothesis, that the 

magnitude of soil heating during a single prescribed burn event does not vary 

between prescribed burning methods (either burn season or the modification of 

the vegetation structure and fuels), can be rejected. 

The effects of pre-fire modification of vegetation structure on soil heating 

during prescribed burns on the eastern plains were anticipated. Other studies 

have found an increase in soil temperature and duration can be expected when 

the fuel load or the duration of heating is increased, and/or the proximity of the 
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fire to the soil surface is reduced (Bradstock and Auld 1995; Molina and Llinares 

2001; Massman and Frank 2004; Busse et al. 2005). Overstorey cutting in CB 

plots achieved all three of these conditions by increasing the quantity of fuels in 

close proximity to the soil surface, and increasing the availability of large 

diameter mallee stems that burned for prolonged periods of time. These large 

diameter fuels (stems) did not burn in BS plots. The effect of this change in fuel 

structure in CB plots produced mean maximum surface soil temperatures 

(autumn 393oC and spring 363oC) that were similar to those reported in heavy 

fuel slash fires in wet sclerophyll forest in eastern Australia (370oC) (Floyd 

1966) and in low intensity prescribed burns in sub-alpine forest in south-eastern 

Australia (450±52oC) (Raison et al. 1986). However, these surface 

temperatures were not as extreme as those recorded in mulch fires in 

Californian Pine Forest (500 - 600oC dry soil) (Busse et al. 2005). In contrast, 

maximum soil temperatures and durations of heating at the soil surface and at 2 

cm depth in BS plots (surface autumn 190oC and spring 175oC) were roughly 

half those in CB plots and broadly comparable to those observed during winter 

prescribed burns in feathertop spinifex in central Australia (surface 131 - 366oC) 

(Wright and Clarke 2008) and in semi-arid mallee in central New South Wales 

(Bradstock et al. 1992). 

Burn season influenced sub-surface temperatures during prescribed 

burning and I hypothesise that this effect was due to the influence of soil 

moisture. Other studies have shown that increasing soil moisture reduces 

maximum temperature and duration of heating by impeding the movement of 

the heat pulse through the soil profile (Beadle 1940; Floyd 1966; Aston and Gill 

1976; Valette et al. 1994; Hartford and Frandsen 1992; Busse et al. 2005; 

Antilen et al. 2006). Although not measured in this study, higher soil moistures 

are more likely in spring (following a wet winter) than in autumn (following a dry 

summer). 

 

3.4.2 Variation in soil temperatures with soil depth 

A reduction of ~70% in the magnitude of soil heating at 2 cm depth (relative 

to the soil surface) was observed in this study when the data from both burn 

seasons was combined. This was anticipated as a number of other studies have 
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described the insulating effect of soil and reported a decrease in maximum soil 

temperature with increasing depth down the soil profile (for example Scotter 

1970; Aston and Gill 1976; Bradstock et al. 1992 and Antilen et al. 2006). The 

findings of this study were at the lower end of a 70-90% reduction in soil 

temperature at 2 cm depth reported in other Australian field studies (Floyd 

1966; Raison et al. 1986; Wright and Clarke 2008) and this variation may be 

due to the effect of different soil characteristics and soil moisture levels. 

Mean duration of heating >60oC at 2 cm depth was also found to be ~25% 

higher than at the soil surface (Table 3.1). Again, this was to be expected as 

other studies have reported that heat typically dissipates more rapidly from the 

soil surface than at greater depths (Tozer 1998; Massman and Frank 2004). 

Interestingly, this trend was not observed for temperatures >120oC. Instead 

mean duration of heating >120oC at the soil surface was higher than that 

recorded at a depth of 2 cm (Tables 3.1 and 3.2). I concluded that this effect 

was the result of skewing of the data by the large number of points that did not 

exceed 120oC at 2 cm depth, despite reaching this temperature at the soil 

surface. 

 

3.4.3 Potential effects of soil heating on post-fire native plant 
species richness 

The pattern of soil heating observed in this study supports the hypothesis 

proposed in Chapter 2 that heating-induced seed mortality may have offset an 

expected increase in native richness in CB plots resulting from the removal of 

the overstorey canopy. In Chapter 2, mean post-fire canopy cover (18 months 

post-fire) in BS plots was 15.8% compared to 0% post-fire cover in CB plots. 

However, in this study, mean soil temperatures in CB plots (Table 3.1) were 

much higher than those recorded in BS plots and exceeded the threshold for 

mortality of non-legume species (approximately 60 to 100oC) and legume 

species (100 to 120oC) at the soil surface (both burn seasons) and at 2 cm 

depth (during autumn) (Tables 1.3, 1.4 and 1.5). Soil temperature at 2 cm depth 

is likely to be a better indicator of the impact of soil heating because successful 

post-fire germination of seeds typically occurs at a depth of 2 cm or greater due 

to increased desiccation in the upper soil layers (Tozer 1998; Tozer and Auld 

2006).  
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In contrast, soil heating in BS plots may have enhanced seed germination, 

countering the negative impacts from incomplete scorching of the overstorey 

canopy in BS plots. Mean maximum soil temperatures at 2 cm depth in BS plots 

were below mortality thresholds for both legume and non-legume species in 

both BS plots (Table 3.1). They were also within the thresholds required to 

break dormancy and/or enhance germination for both non-legume species (40 

to 80oC) (both burn seasons) and legume species (60 to 100oC) (autumn only) 

(Tables 1.3, 1.4 and 1.5).  

However, it is less clear whether soil heating played a major role in 

influencing the effect of burn season on native plant species richness. In 

Chapter 2, prescribed burn season was found to have had no effect on post-fire 

native plant species richness. This was despite canopy scorch in BS plots being 

greater in spring than in autumn (potentially promoting understorey recruitment 

in spring) and the findings of other studies that reported post-fire regeneration in 

mallee communities was typically less successful in autumn (Noble 1989b; 

Overton 1994). Sub-surface soil heating was higher in autumn on the eastern 

plains. Within CB treatment areas both surface and sub-surface soil 

temperatures exceeded the germination and mortality thresholds for all plants 

during autumn burns. While, in contrast, spring CB temperatures were within 

the threshold for enhancing the germination of both legumes and at the upper 

limit for non-legumes. This pattern of heating suggests that higher post-fire 

native plant species richness should be expected in spring-burned CB plots 

than autumn CB plots. This trend is apparent in Figure 2.7 (Chapter 2) in both 

post-fire autumn and post-fire spring surveys, but the differences due to burn 

season were not found to be statistically significant.  

Within BS treatment areas, mean soil temperatures at 2 cm depth within 

spring-burned BS plots were below the germination threshold for legume 

species and at the lower end for non-legumes. However, the temperatures for 

autumn-burned BS sites were sufficient to promote the germination of both 

legumes and non-legumes (although a level of seed mortality may have also 

been expected). This should have resulted in higher species richness at 

autumn-burned BS plots than spring-burned BS plots but this did not occur in 

Chapter 2 (Figure 2.7). Further research is required to isolate the effects of soil 
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temperature on post-fire native plant species richness from other factors such 

as canopy cover and individual site variation. This is addressed in Chapter 4. 
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Chapter 4: Effects of soil heating, canopy 
cover reduction and site-based factors on 

post-fire native plant species richness 

 

4.1 Aims and hypotheses 

I found that prescribed burning increased native plant species richness in 

long-unburned and fragmented mallee in eastern KI (Chapter 2). This result was 

consistent with observations of the effects of fire in other Australian mallee 

communities (Zimmer 1940; Gill 1994; Gosper et al. 2012), aspects of non-

classical successional models (Egler 1954; Connell and Slatyer 1977; Noble 

and Slatyer 1981) and the conceptual model developed for plant succession in 

Eucalyptus cneorifolia plant communities on the eastern plains (Figure 1.9 ï 

Chapter 1.5). Under these models, apparent species richness increases during 

a succession-defining period that immediately follows a disturbance, and then 

declines as understorey plants senesce or are unable to compete. 

However, I also found that the effects of prescribed burning on native plant 

species richness were independent of the method of prescribed burning applied 

(either the season of prescribed burning or pre-fire modification of vegetation 

structure). This result was unexpected given that the method of prescribed 

burning implemented by land managers defines prescribed burn season, and 

alters post-fire canopy cover and the magnitude of soil heating, all factors that 

have influenced post-fire native plant species richness in other studies (Specht 

and Morgan 1981; Noble 1989b; Auld and OôConnell 1991; Penman and 

Towerton 2008).  

I hypothesised that one of the reasons that the effect of prescribed burning 

on post-fire native plant richness was not altered by prescribed burn method 

was that other site-based factors (soil seedbanks, pre-fire plant composition and 

the effects of habitat loss and fragmentation) were influencing the post-fire 

native plant community (see Chapter 2.4). The importance of the soil seedbank 

to post-fire plant recruitment is highlighted within the conceptual model for plant 

succession in E. cneorifolia plant communities (Figure 1.9). In a concurrent 

study, Davies et al. (2013) found considerable variation in seedbank richness 
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between research sites on the eastern plains (Appendix 2) and this may have 

masked the effects of different prescribed burning methods. The richness of 

pre-fire plant communities and their canopy-held seedbanks may have also 

been a contributing factor, although this effect is likely to have been limited by 

the low species richness of the pre-fire vegetation.  

Habitat loss and fragmentation has been a significant cause of biodiversity 

decline in other ecosystems and was identified as another potentially important 

factor affecting research sites on the eastern plains (Fahrig 2003; Bennett 

2006). Edge effects linked to habitat loss and fragmentation have been 

anecdotally observed on the eastern plains and are consistent with edge effects 

reported in other studies, including increased weed competition, soil nitrification, 

altered fuel loads, enhanced plant growth and altered grazing regimes (Hester 

and Hobbs 1992; Lamont et al. 1994; Cochrane 2001; Hobbs 2001; Smith and 

Smith 2010). Distance and genetic effects of habitat loss and fragmentation are 

also likely on the eastern plains, and these could include limited transfer of 

propagules between vegetation fragments and a decline in the genetic fitness of 

plant populations (Saunders et al. 1991; Young et al. 1996; Dudash and Fenster 

2000). 

This chapter aims to determine the relative importance of these factors in 

shaping post-fire plant communities on the eastern plains. Three specific null 

hypotheses are tested: 

i) Post-fire native plant species richness is not affected by the magnitude of 

soil heating during a single prescribed burning event or post-fire 

canopy cover, 

ii) Post-fire native plant species richness is not affected by pre-fire above-

ground native plant species richness or pre-fire below-ground soil 

seedbank richness, and 

iii) Post-fire native plant species richness is not affected by proximity to the 

paddock/native vegetation interface (edge effect) or the amount of 

remnant native vegetation within 500 m (distance effect). 
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4.2 Methods 

Generalised Linear Mixed Models (GLMM) were developed in Genstat (18th 

edition) to analyse the influence of seven fixed effects (soil heating during 

prescribed burning, post-fire canopy cover, pre-fire native soil seedbank 

richness, pre-fire introduced soil seedbank richness, pre-fire above-ground 

native plant species richness, edge effects and distance/genetic effects) on six 

post-fire response variables (native plant species richness, introduced plant 

species richness, native plant abundance, introduced plant abundance, native 

understorey cover and introduced understorey cover) within BS and CB plots. 

Response data was measured during spring post-fire surveys (18 months 

post-fire for autumn-burned sites and 24 months post-fire for spring-burned 

sites) and sourced from Chapter 2.  

Fixed effect data was obtained from multiple sources. Maximum soil 

temperature at 2 cm data was used as a surrogate for the magnitude of soil 

heating during each prescribed fire event and sourced from Chapter 3. Post-fire 

canopy cover (18 months post-fire) was sourced from Chapter 2 and involved 

point sampling of 10 x 10 m plots. Pre-fire native plant species richness was 

sourced from pre-fire autumn surveys of the richness of native plants within six 

1 x 1 m quadrats at each BS and CB research plot at each site (also presented 

in Chapter 2). Pre-fire native and introduced seedbank sampling was 

undertaken by Davies et al. (2013), including the author of this thesis (Appendix 

2), in conjunction with the main experiment described in Chapter 2. In Davies et 

al. (2013), soil from control, BS and CB research plots at each site was pooled 

and used in a germination trial to give a soil seedbank species richness count 

for each research site. The distance from the centre of each research plot to the 

nearest edge of the native vegetation remnant was used a surrogate measure 

of edge effect. The edge of the vegetation remnant was defined as the furthest 

extent of the canopy along the paddock/native vegetation interface. Similarly, a 

surrogate measure of both the distance effect and the genetic effect was 

derived by measuring the area of native vegetation (in hectares) within 500 m of 

each research plot. Under this measure distance and genetic effects were 

assumed to increase as the amount of vegetation within 500 m decreased. Both 

the distance to edge and the area of native vegetation within 500 m was 

measured remotely using aerial imagery loaded into ArcMap (version 10).  
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Each GLMM incorporated ósiteô as the random effect and applied a Poisson 

distribution with a logarithm link function. When the data was over-dispersed a 

negative binomial distribution with a logarithm link function and aggregation of 1 

was used. Each GLMM generated a Wald statistic and this was used to 

determine statistical significance (significance level Ŭ=0.05). After fitting the 

GLMM, this model was used to predict the post-fire richness, abundance and 

cover of both native and introduced plants.  

 

4.3 Results 

4.3.1 Native plant species richness 

There was a significant correlation between post-fire native plant species 

richness and four explanatory variables: post-fire canopy cover, soil 

temperature during prescribed burning, pre-fire native soil seedbank and pre-

fire introduced soil seedbank (Table 4.1). However, I found no relationship 

between native plant species richness and pre-fire above ground native plant 

species richness, edge effect or distance effect. 

GLMMs predicting the relationship between post-fire native plant species 

richness and the four significant fixed effects of soil temperature, canopy cover, 

native seedbank richness and introduced seedbank richness, indicate that post-

fire native plant species richness increases with increasing native soil seedbank 

species richness. However, post-fire native plant species richness decreases 

with increasing soil temperature during fire, increasing canopy cover and 

increasing introduced soil seedbank species richness (Figures 4.1 and 4.2).  

The GLMMs also indicate that the effects of both soil heating and canopy 

cover are strongly influenced by pre-fire soil seedbank richness (Figure 4.3). 

The decline of post-fire native species richness in association with increasing 

soil temperature and canopy cover is most pronounced when pre-fire native soil 

seedbank richness is high and pre-fire introduced soil seedbank richness is low. 

Under these conditions post-fire native plant species richness declines as 

canopy cover increases regardless of the magnitude of soil heating. However, 

as pre-fire native soil seedbank richness declines and/or introduced soil 

seedbank richness increases, the effect of soil temperature and canopy cover 

on post-fire native plant species richness also declines (Figure 4.3).  
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Table 4.1 The relationship between native/introduced richness, abundance and cover, 
and seven fixed effects (Poisson GLMM).  

Wald statistic values are shown with asterisk notations indicating statistical significance 
(*significant p<0.05, **highly significant p<0.001). Degrees of freedom are indicated in 
parentheses. 
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Native Plant Species 
Richness 
 

 
10.37* 
(1) 

 
17.19** 
(1) 

 
14.74** 
(1) 

 
5.86* 
(1) 

 
  3.24 
(1) 

 
1.22 
(1) 

 
2.30 
(1) 

Native Plant 
Abundance 
 

  8.50* 
(1) 

  2.20 
(1) 

11.70* 
(1) 

0.00 
(1) 

  0.92 
(1) 

3.77 
(1) 

0.20 
(1) 

Native Plant 
Understorey Cover 
 

52.24** 
(1) 

12.83** 
(1) 

23.02** 
(1) 

0.32 
(1) 

  0.12 
(1) 

0.00 
(1) 

3.41 
(1) 

Introduced Plant 
Species Richness 
 

  0.09 
(1) 

  2.79 
(1) 

  0.00 
(1) 

0.49 
(1) 

  9.68* 
(1) 

0.47 
(1) 

0.30 
(1) 

Introduced Plant 
Abundance 
 

  0.02 
(1) 

  5.01* 
(1) 

  0.56 
(1) 

1.92 
(1) 

13.40** 
(1) 

0.06 
(1) 

1.12 
(1) 

Introduced Plant 
Understorey Cover 
 

  6.18* 
(1) 

  2.57 
(1) 

  0.13 
(1) 

4.58* 
(1) 

  7.23* 
(1) 

9.72* 
(1) 

2.46 
(1) 

 

Modelled mean values for native plant species richness for the two different 

vegetation structure treatments were similar (BS 10.0 species and CB 9.5 

species) when canopy cover, maximum soil temperature, and seedbank 

richness variables were set to their means (Figure 4.4). However, these two 

values were derived from different combinations of post-fire canopy cover and 

soil heating. BS plots had a higher mean post-fire canopy cover (15.8%) than 

CB plots (0%), and BS plots were exposed to lower mean soil temperatures 

(57.7oC) than CB plots (108.2oC). In contrast, there was a much greater 

difference between modelled mean spring and autumn post-fire native richness 

(12.0 and 8.1 species respectively). This effect was driven by differences in soil 

heating, post-fire canopy cover and pre-fire soil seedbank richness between 

spring and autumn burned sites. 
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i) 

 
ii) 

 
 

Figure 4.1 Predictions of the relationship between post-fire native plant species richness 
and two fixed effects: i) maximum soil temperature at 2 cm depth; and ii) post-fire 
canopy cover, with 95% confidence interval. 

This model incorporates four fixed effects: maximum soil temperature at 2 cm depth, post-fire 
canopy cover, pre-fire native soil seedbank richness and pre-fire introduced soil seedbank 
richness. In each relationship chart the remaining three fixed effects have been set at their 
respective means. 
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i) 

 
ii) 

 

 

Figure 4.2 Predictions of the relationship between post-fire native plant species richness 
and two fixed effects: i) pre-fire native soil seedbank richness; and ii) pre-fire 
introduced soil seedbank, with 95% confidence interval. 

This model incorporates four fixed effects: maximum soil temperature at 2 cm depth, post-fire 
canopy cover, pre-fire native soil seedbank richness and pre-fire introduced soil seedbank 
richness. In each relationship chart the remaining three fixed effects have been set at their 
respective means. 
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vii) 
 

 
 

ii) 
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viii) 
 

 
 

iii) 
 

 
 

vi) 
 

 
 

iii)  
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Figure 4.3 Predictions of the interactive effects of post-fire canopy cover and soil heating 
on post-fire native plant species richness under the following pre-fire soil seedbank 
richness scenarios: i) high native seedbank (29 sp) and low introduced seedbank (1 
sp); ii) high native seedbank and mean introduced seedbank (9 sp); iii) high native 
seedbank and high introduced seedbank (23 sp); iv) mean native seedbank (18 sp) 
and low introduced seedbank; v) mean native seedbank and mean introduced 
seedbank; vi) low native seedbank and high introduced seedbank; vii) low native 
seedbank (5 sp) and low introduced seedbank; viii) low native seedbank and mean 
introduced seedbank; and ix) low native seedbank and high introduced seedbank.  

Four maximum soil heating scenarios are presented: 20oC, 100oC, 180oC and 260oC. Maximum 
soil temperature is measured at 2 cm depth.  
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