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Land managers may conserve populations by using fire to sustain or enhance functional connectivity. 

Abstract  

Globally, the mean abundance of terrestrial animals has fallen by 50% since 1970, and populations 

face ongoing threats associated with habitat loss, fragmentation, climate change and disturbance.  

Climate change can influence the quality of remaining habitat directly, and indirectly by precipitating 

increases in the extent, frequency and severity of natural disturbances such as fire.  Species are 

confronted with the combined threats of habitat clearance, changing climates and altered 

disturbance regimes, each of which may interact and have cascading impacts on animal populations.  

Typically, conservation agencies are limited in their capacity to mitigate rates of habitat clearance, 

fragmentation or climate change, yet fire management is increasingly used worldwide to reduce 

wildfire risk and achieve conservation outcomes.  A popular approach to ecological fire management 

involves the creation of fire mosaics to promote animal diversity; however, this strategy has two 

fundamental limitations: (1) the effect of fire on animal movement within or among habitat patches 

is not considered; and (2) the implications of the current fire regime for long term population 

persistence are overlooked. Spatial and temporal patterns in fire history can influence animal 

movement, which is essential to the survival of individual animals, the maintenance of genetic 

diversity, and the persistence of populations, species and ecosystems.  We argue that there is rich 

potential for fire managers to manipulate animal movement patterns, enhance functional 

connectivity, gene flow and genetic diversity, and increase the capacity of populations to persist 

under shifting environmental conditions.  We describe a suite of recent methodological advances, 
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including spatio-temporal connectivity modeling, spatially-explicit individual-based simulation, and 

fire-regime modeling, and explain how these tools can be integrated to achieve better outcomes for 

biodiversity in human-modified, fire-prone landscapes.  

Why factor animal movement into fire management?  

Movement of individuals and their genes at multiple scales may allow populations to withstand 

disturbances, which affects the capacity of whole biomes to persist under changing climates (Banks 

et al. 2013; Moen et al. 2014; Doherty & Driscoll 2018; Nimmo et al. 2019).  Genetic diversity is a 

fundamental aspect of biodiversity because it influences individual fitness, population viability and 

the capacity of species to adapt to environmental change (Hughes et al. 2008).  Genetic diversity, 

including the presence of rare alleles (forms of a gene), underpins resilience because genes are at 

the foundation of biological function and response.  

Levels of genetic diversity, and rates of individual and genetic interchange, are a function of dispersal 

capacities, movement choices, and landscape structure (Mandelik et al. 2003), which collectively 

influence functional connectivity: the degree to which the landscape facilitates or impedes 

movement (Taylor et al. 1993; Baguette et al. 2013).  In fire-prone regions, functional connectivity 

may also be influenced by the spatial and temporal arrangement of the fire regime, which is defined 

by fire intensity, frequency and seasonality (Gill 1975; Bradstock et al. 2005).   

Fire regimes can be described in terms of the visible mosaic, which is the patchwork of vegetation 

growth stages in a landscape at a point in time, and the invisible mosaic, which reflects fire 

frequency (Bradstock et al. 2005).  The visible mosaic of vegetation growth stages results from the 

resetting (or partial resetting, if fire intensity is low) of the successional process in time and space 

(Kleyer et al. 2007).  Growth stage (or time since fire) is a popular fire-regime variable because it is 

relatively easy to measure and manipulate (Di Stefano et al. 2013; Kelly et al. 2015; Mutz et al. 

2017).  Species may select different growth stages to meet their resource requirements (e.g. Pons et 

al. 2012; Swan et al. 2015), thus to persist in fire-prone landscapes, animals must be able to locate 

their preferred habitat as the arrangement of growth stages changes through time and space 

(Bowler & Benton 2005; Pereoglou et al. 2013).  

While studies of relationships between animal occurrence or abundance and growth stage or time 

since fire are quite common, differences in rates of animal movement along successional gradients 

have rarely been investigated (Table 1).  The handful of studies that report  responses of animal 

movement to growth stage or time since fire indicate that movement rates can be influenced by 

differences in vegetation structure among growth stages, implying that a growth stage could 

represent a source of fragmentation in continuous habitat (Table 1; Templeton et al. 2011).  For 

example, Neuwald & Templeton (2013) measured the influence of fire suppression on the eastern 

collared lizard (Crotaphytus collaris collaris), and found that ten years of fire suppression in the 

woodland resulted in a dispersal barrier, leading to local extinction.  Subsequently, prescribed 

burning over a 12-year period facilitated colonization of unoccupied glades, increasing genetic 

diversity and resulting in a stable metapopulation (Neuwald & Templeton 2013).  Understanding 

how growth stages or other fire-regime variables influence movement is a crucial knowledge gap 
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because it has implications for the capacity of species to maintain functional connectivity and 

genetic diversity, and thereby reduce the risk of local extinction.  Studies linking fire regimes with 

population viability are scarce; however, Potvin et al. (2017) used population modeling to show that 

frequent fire increased extinction risk in amphibian populations because fire reduced functional 

connectivity.   

The influences of fire regimes on animal movement are likely to be affected by other aspects of 

landscape structure such as the spatial arrangement of habitat in a fragmented landscape, but the 

combined influences of fire and fragmentation on functional connectivity are have rarely been 

studied (but see Tulloch et al. 2016; Scroggie et al. 2019).  Theoretical studies demonstrate that 

patch occupancy in fragmented landscapes is influenced by four parameters: colonization rate, 

extinction rate, disturbance frequency and the rate of succession (Amarasekare & Possingham 

2001).  The challenge facing managers of flammable ecosystems is to design fire regimes that allow 

all species in habitat patches to become established, reproduce and disperse (Amarasekare & 

Possingham 2001; del Castillo 2015; Tulloch et al. 2016).  We suggest that managing fire to enhance 

functional connectivity could present an effective means of promoting population persistence for 

multiple species in the absence of detailed demographic data.  

We follow Fahrig’s (2007) definition of landscapes as spatially heterogeneous areas where the 

degree of heterogeneity is species-specific (Figure 1).  In human-modified landscapes, the level of 

heterogeneity is influenced by human activity.  In many cases, landscape structure (the composition 

and configuration of land-cover types) reflects human activities that result in fragmentation and 

habitat loss, and we define fragmented landscapes as those where 10-90% of natural habitat 

remains (McIntyre & Hobbs 1999).  Our ideas apply to fragmented landscapes where fire is used as a 

management tool (Figure 1), as well as largely intact forest landscapes where fire management is 

applied.  We limit our scope to the influence of landscape structure on animal functional 

connectivity in the context of longer-term successional changes occurring over years to centuries.  

In this essay, our main objectives are to (1) identify empirical approaches and simulation tools that 

could be used to estimate the influence of fire regimes on functional connectivity, and (2) outline 

how land managers could use fire to alter functional connectivity for conservation gains.  We begin 

by discussing the importance of placing fire regimes in the context of human-modified landscapes, 

where the fire regime is embedded in a matrix of land uses, and functional connectivity may be 

influenced by multiple elements of landscape structure. 

Fire management in human-modified landscapes 

Human-modified landscapes pose a challenge to fire managers because the fire regime is embedded 

in a patchwork of land uses and tenures.  The extent of intact forest landscapes (defined by a 

minimum area of 500 km2) has been reduced by 919,000 km2 worldwide since 2000, and 77% of the 

global forest area is currently considered fragmented (Potapov et al. 2017).  Through the lens of 

island biogeography, fragmented landscapes are viewed as dichotomies of habitat patch “islands” 

surrounded by a static and inhospitable “ocean” or matrix of other land-cover types (MacArthur & 

Wilson 1967; Levins 1970).  A paradigm shift recognizes the habitat islands and matrix as points 
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along a continuum of habitat alteration (McIntyre & Hobbs 1999).  The matrix may influence 

population persistence through its effects on movement and dispersal; for example, replacement of 

pasture with pine (Pinus radiata) plantations promoted habitat patch colonization by forest bird 

species (Lindenmayer et al. 2008).  Furthermore, processes such as fire, and temporal flux in the 

matrix, are regarded as integral to landscape structure in human-modified landscapes (Driscoll et al. 

2013; del Castillo 2015).  Fifty percent of terrestrial ecosystems are fire prone (Shlisky et al. 2007) 

and most are influenced by human activity (Potapov et al. 2017), yet species responses to spatial 

discontinuities in their habitat are rarely considered in fire management (Gillson et al. 2019).  

Currently, species preferences for different growth stages often form the basis of ecological fire 

management.  For example, the proportions of growth stages that maximize a species diversity index 

can be defined by applying numerical optimization to data describing the abundance of species in 

different growth stages (Di Stefano et al. 2013; Kelly et al. 2015).  This method has gained traction 

because of its strong theoretical basis and practical benefits – input data are obtained via standard 

ecological survey methods, and outputs provide an operational target for practitioners that reflects 

the needs of multiple species (McCarthy et al. 2014).  Crucially, however, this and other common 

approaches to ecological fire management do not account for the influence of fire on animal 

movement within or among growth stages and habitat patches in human-modified landscapes.  

Understanding how fire influences both habitat suitability and connectivity will help managers 

maintain a range of growth stages that suit the requirements of multiple species, as well as a 

network of habitat patches that permits the movement of individuals and genes. 

Linking functional connectivity and fire management 

Successful biodiversity conservation in flammable, human-modified landscapes requires a shift in the 

focus of research and management from patterns in species’ occurrence or abundance to the 

underlying ecological and evolutionary processes (Driscoll et al. 2010; Nimmo et al. 2019).  Factoring 

animal movement into fire management requires mapping functional connectivity for individual 

species or species groups.  Connectivity maps require two main inputs: (1) a resistance (or cost) 

surface that reflects resistance to movement of different elements of landscape structure and (2) a 

connectivity algorithm such as cost distance (Dijkstra 1959), implemented in the R package gdistance 

(van Etten 2017; R Core Team 2019), or circuit theory (McRae et al. 2008), applied in the software 

Circuitscape (Figure 2).  Resistance surfaces can be derived from genetic data or any data source that 

reflects habitat suitability among land-cover types such as growth stages, paddocks or plantation 

forestry (Figure 1).  The simplest assumption is that resistance is the linear negative inverse of 

habitat suitability; however, alternative transformations may be more appropriate if dispersing 

individuals tolerate habitat that they would not normally occupy, or competitors impede movement 

through high-quality habitat (Pavlacky et al. 2009; Zeller et al. 2018).  The influence of fire-regime 

variables on resistance may be subtle relative to more static components of landscape structure, and 

we recommend using genetic data in connectivity mapping where possible; reductions in functional 

connectivity associated with fire have been identified in genetic data without a detectable reduction 

in animal abundance (Potvin et al. 2017).  Although genetic data or GPS (Global Positioning System) 

telemetry data will generally yield better estimates of functional connectivity, opportunistic 
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presence-only data or presence-absence data may contribute to reasonable estimates of resistance 

(Zeller et al. 2018).   

The performance of connectivity algorithms and metrics is a function of data type, and there is no 

single best approach to quantifying functional connectivity (Kindlmann & Burel 2008; Zeller et al. 

2018).  Cost distance algorithms minimize the cumulative cost between two points on a resistance 

surface, but assume animals base movement decisions on perfect knowledge of the landscape 

(Adriaensen et al. 2003); in contrast, current flow models based on circuit theory assume no 

knowledge of the landscape beyond one step ahead (McRae et al. 2008).  Available metrics include 

current density, which represents net movement probabilities of random walkers through an 

individual grid cell, and effective resistance, which provides a pairwise distance-based metric of 

isolation among sites or populations (McRae et al. 2008).  Habitats are often delineated as discrete 

patches, and connectivity measures reflect emigration and immigration between patches; however, 

measurement of within-patch connectivity is crucial in disturbance-prone systems (Spanowicz & 

Jaeger 2019).  High performance computing now permits application of connectivity algorithms to 

large datasets at fine resolutions (Leonard et al. 2016), and concurrent innovations in data 

visualization tools help to present dynamic connectivity maps effectively (Dickson et al. 2018). 

In conjunction with established connectivity mapping tools such as gdistance and Circuitscape, 

increasingly sophisticated statistical techniques can distinguish the influences of interacting 

landscape-structure variables on functional connectivity (e.g. Phillipsen et al. 2015).  For example, 

mixed-effects models account for nonindependence in spatial data, and can be applied to 

relationships between functional connectivity and landscape features in the R statistical 

environment using the package ResistanceGA (Clarke et al. 2002; Peterman 2018).  New statistical 

tools that accommodate the complexity of real-world landscapes will enhance the precision of 

connectivity models. 

Connectivity metrics and maps form a strong basis for conservation action by identifying land-cover 

types or corridors which are particularly important to population persistence; however, most 

applications in terrestrial ecosystems assume a static landscape (but see Martensen et al. 2017; 

Bishop-Taylor et al. 2018), which is particularly problematic in fire-prone systems where landscape 

structure is a function of the fire regime.  Incorporation of temporal change into connectivity models 

is a fruitful area for development.  For example, Martensen et al. (2017) developed a network-based 

model of landscape dynamics using bird and mammal data collected in fragmented landscapes in the 

Atlantic Forest of Brazil, and parameterized the model using dispersal distances.  When spatio-

temporal links (occurring where habitat patches form temporary stepping stones) were included, 

functional connectivity was on average 30% higher than connectivity associated with purely spatial 

models.  The extent to which these results may translate to fire-prone landscapes is unclear, and 

there is an urgent need to quantify the response of connectivity to fire-regime variables through 

time.   
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Simulation allows inference in the face of real-world constraints 

Efforts to empirically quantify animal responses to interactions between landscape structure and fire 

regimes are hampered by the need for landscapes containing covarying gradients in habitat amount, 

configuration and matrix permeability.  Additionally, fire-regime variables must vary systematically 

along landscape-structure gradients.  Powerful individual-based simulation methods offer capacity 

to overcome limitations encountered by empirical researchers (e.g. HexSim; Schumaker & Brookes 

2018) (Figure 2).  Flexible simulation-based approaches allow exploration of multiple interacting 

factors over large spatial and temporal scales and eliminate the need for study landscapes that 

feature covarying gradients in multiple factors (Davies et al. 2016; Banks et al. 2017).  Further, when 

combined with empirical research, simulation provides an effective means of separating the 

influences of habitat-mediated dispersal and population density on genetic diversity (Smith et al. 

2016).  We emphasize that empirical research is crucial for parameterizing simulation models and 

validating their outputs.  Together, empirical and simulation approaches are poised to provide new 

insights into the influence of current fire management practices on functional connectivity and 

population viability. 

Using fire simulation to guide conservation action 

Coupling a spatially and temporally explicit fire-regime simulator (e.g. FIRESCAPE (Cary & Banks 

2000) or FROST (Penman et al. 2015a)) with empirical research and/or individual-based simulation 

will highlight the consequences of current management actions for future functional connectivity 

(Banks et al. 2017).  Fire-regime simulation has practical applications at the scales of both individual 

fire events and fire regimes (Figure 2).  At the scale of individual fire events, fire simulation may 

assist decision-making by allowing managers to quantify and compare the influence of fire events on 

connectivity.  For example, a planned fire in one location may have a greater positive influence on 

functional connectivity than another fire of similar size if the spatial configuration or surrounding 

landscape structure differs.  “Pinch points” act as bottlenecks to movement if a lack of alternative 

paths exists nearby (McRae et al. 2008; Figure 1); planned fire or fire suppression at pinch points 

may have a disproportionate impact on connectivity for some species.  If connectivity models 

include fire regime variables such as severity or seasonality, it will be possible for managers to 

compare the influences of these factors on functional connectivity at small scales and adjust 

management operations accordingly.   

At larger spatial scales, fire simulators may provide insight into the consequences of alternative fire 

regimes for functional connectivity and population persistence over decades to centuries.  

Innovative fire-regime simulation tools such as FROST (Fire Regime and Operation Simulation Tool) 

allow comparison of risks posed to houses, water, carbon and ecological assets at successive 

timesteps (Penman et al. 2015a).  In this context, risk is defined as the product of the probability of 

fire and the expected fire damage (Hardy 2005).  FROST builds on the fire behavior simulator 

Phoenix RapidFire (Tolhurst et al. 2008) and is parameterized using fuel loads, topography and 

weather to quantify risk given alternative fire-management scenarios and stochastic wildfire.  It uses 

Bayesian Networks to capture uncertainty associated with risk estimates and generates realistic 

simulations by incorporating dynamic interactions between previous fires to determine subsequent 
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fire intensity.  Fire-regime simulation tools will allow measurement of functional connectivity 

responses to planned-fire scenarios where the percent of total habitat burnt per year is varied; for 

example, in south east Australia, plausible planned fire treatments range from 1.5-5% of total 

habitat burnt per year (Connell et al. 2019).   

Climate change has potential to alter fire regimes worldwide (Abatzoglou et al. 2018), and simulation 

tools can help to identify the consequences of changing climates for future fire, species distributions 

and connectivity.  Climate influences fire through two key processes: first, low precipitation reduces 

fuel moisture and increases the likelihood of ignitions; and second, high precipitation increases 

vegetation biomass, which increases the likelihood of both ignition and fire spread (Westerling et al. 

2002).  Interactions among climate, fire and vegetation dynamics are difficult to disentangle, and 

most research to date has investigated the effects of weather on fire events (Abatzoglou & Williams 

2016).  High temperatures, low humidity and high wind speed define severe fire weather, which is 

expected to occur more frequently in many regions, although the magnitudes of predicted changes 

are strongly context-dependent (Pausas 2004; Keeley & Syphard 2016).  

Fire-regime simulation tools offer a means of understanding the interdependencies among climate, 

vegetation biomass and fire, as well as testing the sensitivity of animal responses (Penman et al. 

2015a).  To date, the influences of alternative fire regimes and climate-change scenarios on species 

distributions have been considered separately (Sirami et al. 2017), or the combined influences of fire 

and climate have been represented aspatially such that the likelihood of a fire occurring in one cell is 

not influenced by fire in neighboring cells (Penman et al. 2015b).  Fire-regime simulation tools that 

include planned burning and stochastic wildfire under alternative climate scenarios will highlight the 

role fire managers may play in sustaining connectivity and mitigating extinction risk (Figure 2). 

Research challenges 

We identify four important challenges for future research.  First, the interplay between species’ 

generation times and rates of temporal flux in landscape structure are likely to have complex 

ecological ramifications.  Individual-based simulation offers a platform for examining how functional 

connectivity is influenced by species’ traits, such as generation time and average dispersal distance, 

and may lend further realism by accommodating competitive interactions and predation (Schumaker 

& Brookes 2018).   

Second, we advocate a multi-species approach to fire management in human-modified landscapes, 

while recognizing that prioritization of species or species groups is often essential.  Initially, 

integration of functional connectivity and fire management should focus on species with distinct 

growth-stage preferences, as well as less mobile species, such as flightless beetles or small 

mammals.  In theory, less mobile species are less resilient to environmental change if they are 

unable to recolonize following local extinction (Hanski & Thomas 1994).  However, this assumption 

does not necessarily hold if mortality rates are elevated in mobile species through greater exposure 

to human-dominated land-cover types (Fahrig 2007).  Information on the structure of the landscape 

where the species evolved may prove useful where empirical data on movement and mortality are 

lacking (Ceia-Hasse et al. 2018).  We emphasize that our proposed framework applies to any 
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taxonomic group whose movement capacity may be influenced by landscape structure and fire; for 

example, plants may feature among priority species in some systems (Pérez-Méndez et al. 2018).   

Third, fire management planning is currently undertaken in many regions (e.g. Penman et al. 2011; 

Fernandes et al. 2013; Kobziar et al. 2015), providing scope for managers to use fire to enhance 

functional connectivity.  However, we acknowledge major changes in fire regimes expected due to 

global warming (Abatzoglou et al. 2018) may render conservation interventions impractical in some 

contexts.  For example, increasingly frequent wildfires may shift the focus from long-term planning 

to emergency response, reducing the capacity of land management agencies to use fire to achieve 

conservation objectives.  

Finally, we operate in a socio-ecological system where the risk of land management actions to 

ecological assets must be traded off against their effects on other values.  In this context, mitigating 

the risk of fire management to connectivity will be an ongoing challenge.  Currently, the prevailing 

purpose of fire management globally is mitigation of wildfire risk to human life and assets, and the 

protection of natural resources, including biodiversity, is usually secondary (Penman et al. 2011; 

Fernandes et al. 2013).  While protection of people and property will always take precedence, public 

understanding of the ecological role of fire is increasing, and there is growing political will to invest 

in ecologically-sensitive fire management (DellaSala & Hanson 2015; DELWP 2015).  Fire-regime 

simulation tools will help managers design fire regimes that minimize risk to both human and 

ecological assets (Penman et al. 2015a).  Amid public concern about the dangers presented by large 

wildfires, policy makers should pursue strategies that protect people and property while avoiding 

actions that may detrimentally impact biodiversity (DellaSala & Hanson 2015).  Where wildfire risk to 

humans is low, greater focus may be placed on promotion of functional connectivity.  

Conclusions  

We argue that a shift in the focus of fire management from patterns in species occurrence and 

abundance to underlying processes is timely given rapidly accelerating rates of climate change (Bevis 

et al. 2019).  A focus on sustaining functional connectivity should enhance population persistence 

without a need for detailed demographic data, though we recommend building connectivity models 

from genetic data where possible because patterns in genetic diversity can reveal reduced dispersal 

rates long before declines in animal abundance are evident (Potvin et al. 2017).  Integration of 

empirical research, individual-based simulation and fire-regime simulation will help identify land 

management strategies that ultimately yield better conservation outcomes under changing climates. 
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Table 1.  Examples of empirical studies relating animal movement to the fire regime.  Asterisks (*) 

denote studies that are directly relevant to our proposed framework because they focus on animal 

responses to longer-term successional changes occurring over years to centuries.  Other studies 

examine changes in animal movement occurring immediately after fire, which normally results in 

sudden change in vegetation structure and animal mortality.   

Reference Species and 
location 

Response 
variable(s) 

Fire-regime 
variable(s) 

Results and conclusions 

Banks et 
al. (2015) 

Mountain 
brushtail 
possum 
(Trichosurus 
cunninghami); 
Central 
Highlands of 
Victoria, 
southeast 
Australia. 

Movement 
derived from 
mark-recapture 
data. 

Burnt/unburnt 
over three 
durations (<1 
year after fire, 
<2 years, <4 
years). 

Net movement was 
directional, from unburnt 
refuges to the burnt zone. 
Conserving unburnt refuges 
can mediate short-term 
effects of fire on 
demographic processes. 

Ferreira et 
al. (2019)* 

Wall lizard 
(Podarcis 
guadarramae); 
northern 
Portugal. 

Genetic diversity Burnt (2–8 fires 
between 1975 
and 2013) or 
unburnt. 

Greater genetic diversity in 
burnt than unburnt areas at 
the population level; weak 
genetic structure indicating 
no fire effect at the regional 
level. Recurrent fire gives 
ecological opportunities to 
lizards that benefit from 
open habitat. 
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Fordyce et 
al. (2015) 

Bush rat (Rattus 
fuscipes); Otway 
Ranges, Victoria, 
southeast 
Australia. 

Turning angles 
and step lengths 
derived from 
spool-and-line 
tracking devices. 

Burnt/unburnt 
(before-after, 
control-impact 
design). 

Movement pathways 
became more convoluted 
post-fire because animals 
used unburnt patches within 
the fire perimeter and 
turned sharply when 
encountering patch edges.  
Impacts of prescribed fire 
depend on the resulting 
mosaic of burnt and unburnt 
patches and how they 
correspond to species’ 
resource requirements.  

Neuwald 
& 
Templeton 
(2013)* 

Eastern collared 
lizard 
(Crotaphytus 
collaris collaris); 
Ozarks, Missouri, 
central USA. 

Genetic diversity Time since 
commencement 
of management 
action (10 years 
of fire 
suppression, 
followed by 12 
years of 
prescribed fire) 

Eastern collared lizards 
avoid dispersal through 
long-unburnt woodland; 
prescribed fire promotes 
connectivity. 

Pavlacky 
et al. 
(2009) 

Logrunner 
(Orthonyx 
temminckii); 
southeast 
Queensland, 
east Australia. 

Genetic diversity Historic 
landscape 
structure, in 
which wildfire 
was the 
dominant 
disturbance 
agent, versus 
contemporary 
landscape 
structure, 
involving 
deforestation 
and fire 
suppression. 

Heterogeneous fire mosaics 
that maintained enclaves of 
rainforest may have 
facilitated dispersal across 
extensive areas of open 
forest and woodland. 
Contemporary deforestation 
was the most important 
barrier to dispersal.   

Pereoglou 
et al. 
(2013)* 

Eastern chestnut 
mouse 
(Pseudomys 
gracilicaudatus); 
Booderee 
National Park, 
southeast 
Australia. 

Genetic diversity Burnt/unburnt Recently burnt vegetation 
had greater conductance for 
gene flow than unburnt 
habitat.  Variation in habitat 
quality between occupied 
patches did not affect gene 
flow.  

Potvin et 
al. (2017) 

Southern brown 
tree frog (Litoria 
ewingii), 
Victorian tree 
frog (Litoria 

Genetic diversity Before/after 
wildfire 

Levels of inbreeding 
increased after wildfire, and 
effective population size 
declined.  Fire managers 
should consider the timing 
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paraewingi); 
Kinglake region 
of Victoria, 
southeast 
Australia. 

of prescribed burns and 
maintenance of habitat 
connectivity. 

Rickbeil et 
al. (2017) 

Barren-ground 
caribou 
(Rangifer 
tarandus 
groenlandicus); 
North West 
Territories and 
Nunavut, 
Canada. 

Movement 
velocity and 
turning angle 
derived from 
telemetry data 

Time since fire, 
fire severity 

Caribou used burnt areas as 
movement habitat rather 
than foraging habitat 
throughout the 26-year 
post-fire timeframe 
examined.  Low severity fire 
resulted in a more rapid 
increase in foraging 
behaviour. 

Schrey et 
al. (2011)* 

Florida sand 
skink (Plestiodon 
reynoldsi); 
Florida Scrub, 
USA. 

Genetic diversity Three time-
since-fire 
categories: long 
unburnt, 
intermediately 
burnt, recently 
burnt 

Long unburnt sites had 
greater genetic diversity 
than intermediately or 
recently burnt sites.  
Infrequent fire may benefit 
skinks, and too-frequent fire 
may reduce genetic 
diversity. 

Smith et 
al. (2016)* 

Star knob-tailed 
gecko 
(Nephrurus 
stellatus); Eyre 
Peninsula, South 
Australia. 

Genetic diversity Time since fire, 
fire frequency 

Vegetation succession 
(greater time since fire) 
increased resistance to gene 
flow and decreased dispersal 
and genetic diversity beyond 
the influence of changes in 
population density alone. 
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Figure 1. Landscape structure and fire in the Glenelg Region of southeast Australia.  Landscape 

structure reflects the composition and configuration of land-cover types (a, b), and normally changes 

at a slower rate than the visible mosaic of vegetation growth stages associated with the fire regime 

(c, d). Species perceive landscape structure and fire at different spatial and temporal scales: for 

example: (a) Short-beaked Echidna (Tachyglossus aculeatus) responds to landscape structure at 

smaller spatial scales (Swan et al. 2015) and (b) Wedge-tailed Eagle (Aquila audax) responds at larger 

spatial scales (Kozakiewicz et al. 2017); (c) Eastern Chestnut Mouse (Pseudomys gracilicaudatus) 

responds to both landscape structure and fire at smaller spatial scales (Pereoglou et al. 2013), and 

(d) Eastern Grey Kangaroo (Macropus giganteus) responds at larger spatial scales (Styger et al. 

2011).  The narrow strip of native vegetation indicated by the white arrow represents a potential 

“pinch point”, which may act as a bottleneck to movement if a lack of alternative pathways exists 

nearby (Dickson et al. 2013). 
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Figure 2. Linking empirical research, individual-based simulation and fire-regime simulation to 

promote functional connectivity in human-modified landscapes.   


