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Abstract 
As a measure of the capacity of ecological systems to absorb disturbance and change, 
resilience represents a form of stability and, as such, is related to the way communities 
respond to disturbance. Measuring resilience in ecological communities is difficult in 
practice, as it requires the observation of a change in structure or function. Operationally, 
maintaining species richness is often seen as one mechanism for conferring resilience, with 
land management agencies often strongly focused on this objective. But as a species’ 
persistence in the landscape is related to its relative abundance (i.e. extinction risk), there 
have recently been attempts to quantify a more robust and effective measure of ecological 
resilience. 

In fire-prone areas of Victoria, ‘geometric mean abundance’ is currently being used, in 
conjunction with the diversity of landscape structure and the susceptibility to disturbance, as 
a measure of resilience. Combined with knowledge about the relationship between an 
animal’s abundance and post-fire vegetation stage, it is possible to determine the 
composition of fire mosaics (defined by vegetation age classes) that maximise species 
diversity. The generation of heterogeneous fire mosaics is commonly advocated as a 
strategy for biodiversity conservation in flammable ecosystems, but it is usually unclear how 
mosaic properties link to biodiversity outcomes.  

Here I present an example from the heathy woodlands of southwest Victoria, using data for 
135 species from four taxa (birds, mammals, vascular plants and invertebrates). As a basis 
for management decisions, the distribution of post-fire age vegetation classes (growth 
stages) can be optimised to maximise species diversity at a landscape scale. It is also possible 
to explore the degree to which particular taxa can act as surrogates for others. This 
approach provides land managers with a planning tool that allows them to consider the 
potential impact of alternative fire management strategies on biodiversity. 
 
 
INTRODUCTION 
We currently lack a clear definition of 
ecological resilience and, accordingly, 
effective strategies and tools with which 
to manage landscapes to achieve it. One 
widely accepted definition of an 
ecosystem’s response to disturbance 
incorporates two components. Firstly 
‘resistence’, which is the capacity of 
ecological systems to withstand the 

disturbance and, secondly, ‘resilience’ 
which is the capacity to recover from the 
disturbance even though the biota and 
ecological processes may have been 
altered (Westman, 1978; Lake, 2012). In 
the case of disturbance by fire, resistance 
can be measured post-fire as some 
deviation from the pre-fire state, 
reflecting fire severity. Resilience can only 
be determined at some time after the 



disturbance has ceased, and is often 
regarded as reflecting the capacity of the 
system to ‘recover’ over the longer term, 
although the new state might differ in 
some respects to the original condition. 
Low resilience, conceptually, might see a 
system cross a ‘threshold’ and move to a 
new, less desirable state. 

As human societies generally find such 
dramatic environmental (state) changes 
unacceptable, land managers are seeking 
to reduce the risk of this occurring and to 
better understand what might lead to 
ecosystem resilience. In the context of 
biodiversity conservation, managers are 
seeking to improve their understanding of 
how disturbance, and more importantly 
the disturbance ‘regime’, influences the 
resilience of ecological communites. In 
fire prone ecosystems, fire as an agent of 
disturbance, can influence landscape 
variability (heterogeneity) at a range of 
spatial scales. This heterogeneity varies 
not only over space, but with time, as 
successive disturbance events reshape 
landscape pattern. The range of post-
disturbance states and their spatial 
configuration is expressed as a landscape 
‘mosaic’; the nature of which in both 
space and time is thought to have a 
substantial influence on biodiversity (see 
Di Stefano and York, 2012). Because 
different species have different resource 
requirements, heterogeneous areas 
should support a more diverse biota than 
homogeneous ones, leading to a positive 
relationship between environmental 
heterogeneity and species diversity (e.g. 
Bennett, Radford and Haslem, 2006).  

Heterogenous, species-rich landscapes 
should be more resilient to disturbances 
such as fire. What fire regimes are 
required to create this heterogenity at 
landscape scales to maintain biodiversity 
and what form should the mosaic take? As 
an ecologically important aspect of fire-

mediated heterogeneity is the relative 
abundance of different vegetation age 
classes, land managers can manipulate 
these to achieve biodiversity outcomes. 
Vegetation age classes (see Cheal, 2010) 
are a representation of time since last fire, 
with different age classes expected to 
contain different suites of resources such 
as light, nutrients, shelter, forage and nest 
sites.  

Thus post-fire vegetation age influences 
the abundance of many species from a 
range of taxa and from different 
ecosystems (Nimmo et al., 2012; Duff, Bell 
and York, 2013). As current approaches to 
define ecologically appropriate fire 
regimes often focus on a narrow range of 
fire-sensitive vascular plants (key fire 
response species) which may result in 
management outcomes unsuitable for 
other plants or species from different taxa 
(Clarke, 2008), data from a broader suite 
of species are needed to inform 
management strategies where multi-
species conservation is the goal. 

Here I outline a new method for multi-
species conservation that can be applied 
by altering the relative proportions of 
vegetation age classes. The method links a 
landscape-scale conservation objective 
(maximising species diversity) to an easily 
defined management goal (the relative 
abundance of fire generated vegetation 
age classes). This paper provides a basic 
summary of the approach; see Di Stefano 
et al. (2013) for a detailed explanation. 

 
APPROACH 
The example I use comes from a study 
undertaken in the heathy stringybark 
woodlands of south western Victoria. The 
landscape and study design is described in 
Di Stefano, Owen, Morris, Duff and York, 
(2011) and consists of a single vegetation 
type (Ecological Vegetation Class 48) with 



a complex spatial arrangement of post-fire 
vegetation age classes. Based on available 
vegetation in the study area, four broad 
age classes (2-3, 9, 17-23, and 55 years 
since fire) were defined, which 
represented major stages in post-fire 
vegetation development in this EVC 
(Juvenile, Adolescent, Mature and Old 
respectively – see Cheal, 2010). The 
relative abundances of small mammals, 
diurnal birds, surface-active invertebrates 
and vascular plants were collected using 
standard field methods at 20 sites, five 
within each of the defined age classes. 

These data were then used to calculate 
the geometric mean of species abundance 
(GMA); a statistic that has several 
properties that makes it superior to 
conventional indices such as Shannon’s 
and Simpson’s Index (McCarthy, 2012; 
Buckland et al., 2012). An optimisation 
procedure (see Di Stefano et al., 2013) is 
then used to calculate an age class 
distribution that maximises the GMA. This 
was undertaken for each taxa (small 
mammals, diurnal birds, surface-active 
invertebrates and vascular plants) 
separately, and then for all taxa 
combined. 

 
RESULTS 
The age class distribution in this example 
that maximised the geometric mean of 
species abundances varied substantially 
between taxa (Fig. 1). For example, the 
optimal age class distribution resulting 
from the bird data, contained a relatively 
large proportion of 55 year old vegetation, 
while that for invertebrates and vascular 
plants contained more of the 2-3 year old 
vegetation. The optimal distribution for all 
taxa (Fig. 1e) indicated that around 45% of 
the landscape should be composed of 17-
23 year old vegetation, highlighting the 
importance of this age class for the 
persistence of all taxa considered. 

Interestingly, the optimal age class 
distribution for vascular plants differed 
substantially from the optimal solution for 
both mammals and birds, suggesting that 
plant diversity is a poor surrogate for the 
diversity of these vertebrate taxa in this 
environment. 
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(d)  Vascular plants
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(c)  Invertebrates
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(b)  Birds
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(a)  Small mammals

Fig. 1: Vegetation age class distributions that 
maximised the geometric mean of species abundances 
for (a) small mammals, (b) birds, (c) invertebrates, (d) 
vascular plants and (e) all taxa combined. Post fire age 
classes represent Juvenile (2-3), Adolescent (9), Mature 
(17-23) and Old (55 years) vegetation (Adapted from Di 
Stefano et al., 2013).



DISCUSSION 
As a measure of the capacity of ecological 
systems to absorb disturbance and 
change, resilience represents a form of 
stability and is related to the way 
communities respond to disturbance.  
Operationally, maintaining species 
richness is often seen as one mechanism 
for conferring resilience, with land 
management agencies often strongly 
focused on this objective. But as a species’ 
persistence in the landscape is related to 
its relative abundance (i.e. extinction risk), 
there have recently been attempts to 
quantify a more robust and effective 
measure of ecological resilience. In this 
example I use the Geometric Mean 
Abundance; an index that incorporates 
both a species’ presence and its relative 
abundance (McCarthy, 2012). 

The generation of heterogeneous fire 
mosaics is commonly advocated as a 
strategy for biodiversity conservation in 
flammable ecosystems, but it is usually 
unclear how mosaic properties link to 
biodiversity outcomes. Here I describe an 
approach that provides land managers 
with a planning tool; allowing them to 
consider the potential impact of 
alternative fire management strategies on 
biodiversity. The method involves three 
elements:  

 the definition of a suite of vegetation 
age classes within the landscape of 
interest; 

 the quantification of species 
abundance (GMA), using data collected 
from the specified age classes; and  

 the determination of an age class 
distribution that maximises species 
diversity across the landscape.  

 
This approach provides land managers 
with a planning tool that allows them to 
consider the potential impact of 

alternative fire management strategies on 
biodiversity. 

Operationally, this approach, which 

specifies a landscape-scale management 

(conservation) objective, could be used in 

conjunction with approaches that 

independently determine the optimal fire 

regime required to achieve a particular 

age-class distribution (e.g. Richards, 

Possingham and Tizard, 1999). Divergence 

from a defined ‘optimal’ state could then 

potentially be used as a measure of 

resilience (McCarthy, 2012). Some further 

development of the methodology is 

currently being undertaken to incorporate 

spatial issues such as mosaic pattern 

(arrangement) and connectivity; factors 

known to influence species’ persistence in 

landscapes (Driscoll et al., 2010a). 

This approach is not intended to replace 

existing fire management strategies but to 

complement them. Management needs to 

occur at a range of scales, with this 

method being only one of a suite of 

approaches aimed at meeting both multi-

species and single-species conservation 

objectives. Strategies to protect 

threatened and/or locally significant 

species can be overlain, with asset 

protection trade-offs included using a 

Decision Theory Framework (see Driscoll 

et al., 2010b). Obviously, these strategies 

should be applied within an adaptive 

management approach, with progress 

towards stated goals and/or objectives 

tracked through monitoring. 
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