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Abstract

Altered fire regimes are a driver of biodiversity decline. To plan effective management, we need to know how
species are influenced by fire and to develop theory describing fire responses. Animal responses to fire are
usually measured using methods that rely on animal activity, but animal activity may vary with time since fire,
potentially biasing results. Using a novel approach for detecting bias in the pit-fall trap method, we found that
leaf-litter dependent reptiles were more active up to six weeks after fire, giving a misleading impression of
abundance. This effect was not discovered when modelling detectability with zero-inflated binomial models.
Two species without detection bias showed early—successional responses to time since fire, consistent with a
habitat-accommodation succession model. However, a habitat specialist did not have the predicted low
abundance after fire due to increased post-fire movement and non-linear recovery of a key habitat component.
Interactions between fire and other processes therefore must be better understood to predict reptile responses to
changing fire-regimes. We conclude that there is substantial bias when trapping reptiles after fire, with species
that are otherwise hard to detect appearing to be abundant. Studies that use a survey method based on animal
activity such as bird calls or animal movements, likely face a similar risk of bias when comparing recently-

disturbed with control sites.

Key words: adaptive management, biological legacies, disturbance regime, keystone species,

prescribed burning, state and transition model



46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

Introduction

Inappropriate fire regimes have the potential to drive species towards extinction (Barlow and
Peres 2004; Burgman et al. 2007; Cleary et al. 2006; Underwood et al. 2009). Fires may
occur too often, without time for populations to recover between events (Bradstock et al.
1997; Gandhi et al. 2001; Odion and Tyler 2002). Fire frequency could increase with climate
change (Flannigan et al. 2009; IPCC 2007; Westerling et al. 2006), with the spread of
invasive grasses (Ostoja and Schupp 2009), or through an increase in fuel reduction burning
as a management response to increased fire risk (DellaSala et al. 2004; Morrison et al. 1996;
van Wilgen et al. 2010). However, an equally extreme management response, to suppress all
fires, may be detrimental for species that depend on fire for reproduction or provision of
suitable habitat (Greenberg and Waldrop 2008; Menges et al. 2006). Detailed knowledge of
where the bounds of suitable habitat are after fire, for the range of species sharing a

community, are needed as a guide for management.

Developing such an understanding requires knowledge of the drivers of post-fire faunal
succession, and vegetation change has often been implicated (Briani et al. 2004; Madden et
al. 1999; Valentine and Schwarzkopf 2009). The habitat accommodation model of
succession predicts that species enter a community when their preferred habitat type has
developed, and then decline as the plant succession proceeds beyond their optimal habitat
conditions (Caughley 1985; Fox 1982; Fox et al. 2003; Letnic et al. 2004). However, there
may be circumstances where a consistent sequence or temporal pace is not observed. For
example, in North America, recolonisation of burnt old-field patches by plants was dependent
on patch size (Schweiger et al. 2000). This meant that larger patches developed late-

successional characteristics while small patches remained in an early seral stage, with
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concomitant responses by small mammals (Schweiger et al. 2000). Factors that influence the
recovery of vegetation after fire may therefore alter the timing of peak abundance for

particular animal species.

Reptiles often show a strong response to habitat structure and so habitat accommodation
models have been particularly useful for describing sequences of species recovery after fire
(Caughley 1985; Friend 1993; Greenberg 2000; Letnic et al. 2004). However, recent research
shows that some reptiles do not follow a linear sequence of recovery. Lindenmayer et al
(2008Db) suggested that rapid vegetation growth after fire in eastern Australia may have
undermined any possibility of sequential colonisation by reptiles. Driscoll and Henderson
(2008) found that many reptile species in mallee woodlands of southern Australia showed
either no response to time since fire or, for one species, an interaction between location and
time since fire. In that study, habitat elements may not have responded linearly after fire, or
reptiles may have responded more strongly to environmental variables such as soil type

(Pianka 1969).

Sampling biases may also make it difficult to understand how species respond to fire.
Responses to fire are often measured using a sampling method that depends on animal
activity, such as calling by frogs or birds and movement into stationary traps by terrestrial
animals (e.g. Cunningham et al. 1999; Driscoll 1998; Ford et al. 2010; Yarnell et al. 2007),
including reptiles (Schlesinger 2007). However, if movement rates differ between recently
burnt and long-unburnt habitat, abundance estimates based on pitfall trap captures will be
confounded with movement (Anderson 2003; Driscoll and Henderson 2008; Schutz and
Driscoll 2008). Pitfall trap biases have been described for some beetles (Greenslade 1964;

Koivula et al. 2003) and ants (Melbourne 1999), although two studies addressing this issue
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for reptiles found no biases when comparing different levels of grass cover (Schlesinger
2007) or shrub cover (Craig et al. 2009). Nevertheless, there remains a risk that movement

rates depend on time since fire which could bias the interpretation of fire effects.

We therefore address two problems in this study. First, we address survey bias by examining
post-fire spikes in capture rates, and by modelling detection with zero-inflated binomial
models (MacKenzie et al. 2006). Then, with knowledge of trap-bias, we examine the
response of reptiles to time since fire and to key habitat elements, as a step towards building a
general predictive theory of faunal responses to fire. Specifically, we ask (1) is there
evidence of increased movement activity related to time since fire; (2) how do reptiles
respond to time since fire and key habitat elements, and; (3) are those responses consistent

with expectations from the habitat accommodation model?

Developing management practices that conserve biodiversity in the face of altered fire
regimes is now critical in many regions of the world (Driscoll et al. 2010a; Fattorini 2010;
Louzada et al. 2010; Pons and Clavero 2010; van Wilgen et al. 2010). To better inform
management, research that addresses the responses of a range of plants and animals to fire is
needed. However, for some of these animal groups there is a potential for biased sampling at
different times since fire. Our research provides an informative case-study in this respect by
demonstrating how sampling bias can be recognised and then used to better interpret the

results from fire experiments.
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Materials and Methods

Study Region

Our research was conducted in mallee woodland communities of South Australia (Fig 1).
Mallee communities consist of multi-stemmed Eucalyptus species that form low open
woodlands (Specht 1971). On the Eyre Peninsula of South Australia, these woodlands are
dominated by Eucalyptus incrassata, E. brachycalyx, and E. socialis, with some Callitris
verrucosa. The shrubby understorey includes Melaleuca uncinata, Baeckea crassifolia,
Phebalium bullatum, and spinifex (Triodia irritans), a sharply spined clumping grass
(Robinson and Heard 1985; Specht 1971). Spinifex (Triodia species) has a strong influence
on the distribution of reptiles (Driscoll 2004; Masters 1996). The distribution of spinifex is
influenced by the depth of sand, with more spinifex occurring on sand dunes than in the

swales between dunes (Cohn 1995).

Mallee on the Eyre Peninsula overlies parabolic and longitudinal dunes with a solid limestone
calcrete base (Twidale and Campbell 1985). The climate is mediterranean with annual
rainfall 300-400mm (Schwerdtfeger 1985). Over half of the mallee on the Eyre Peninsula
has been cleared, mostly before 1939, leaving a small number of very large mallee reserves
and many small remnants (Australian Native Vegetation Assessment 2001; State of the
Environment Report 2003). Natural fire regimes in mallee communities are poorly
understood, but fire return intervals of less than 15 years are regarded as short (Bradstock and

Cohn 2002), and mallee may remain unburnt for more than a century (Haslem et al. 2011).
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Survey Design

We sampled three fire age categories (0-2 years since fire, 5-10 years, > 20 years) from four
or five locations (Table 1, Fig. 1). This contrasts with a previous study by Driscoll and
Henderson (2008) who only used the latter two age classes. Unexpected events altered the
number of treatments at some locations. Planned burns failed at Hambidge so the 0-2 age
class was not available. Unplanned fires at Pinkawillinie and a planned burn then an
unplanned fire at Hincks left two sites in the 0-2 year age category at both locations. Two
new > 20 years sites were established at Pinkawillinie, and one at Hincks (Table 1). Thus we
used six sites burnt within the past two years, seven sites burnt within 5-10 years, and seven

sites burnt twenty or more years ago.

We sampled each site using 22 pitfall traps, with 11 trap pairs spaced at 40 m intervals along
a 400 m transect. Transects were aligned perpendicular to the angle of the sand dunes so that
they traversed both sandy dunes and the clay inter-dunes across their length, sampling the full
range of soil types in the landscape. Traps within pairs were 10 m apart and a 20 m drift fence
was erected across them (for full details see Driscoll and Henderson 2008). Each trap
contained approximately 500 cm® of sand, a halved PVC pipe 5¢m in diameter, and a block of
wood for sheltering trapped animals. All sites were surveyed for seven consecutive nights
per month in four austral summers (2004-5, 2005-6, 2006-7, 2007-8; only two of the three
summer months were sampled in 2005-6). The first two years of data were published in
Driscoll and Henderson (2008) and we use some of these data again (described below).
Reptiles were individually or batch marked and released at the point of capture. There were

not enough recaptures to allow estimates of population density or detection probability.
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Recaptures were excluded from our index of animals captured, but were used in estimating

detection probability.

Taxonomy generally follows Wilson and Swan (2003), however, we combined Pogona
records because recent research suggests there may be two allopatric taxa in the study area
(Jane Melville, Museum Victoria, personal communication). Keys for separating Lerista
distinguenda from L. taeniata were inadequate (Cogger 1996), and these taxa were pooled for
analysis. However L. taeniata represents the majority of animals at Pinkawillinie, and L
distinguenda at other locations (A. L. Smith, unpublished data). Percentage cover of spinifex

was estimated within a 10 x 5m quadrat adjacent to each trap-pair.

Probability of Detection

Captures One Week to Ten Months after Fire

We examined potential bias of capture rates with time since fire by measuring reptile
abundance before and after fires. An increase in reptile capture rates in the first few days
after fire would imply an increase in movement. Immigration is likely to occur more slowly
(e.g. Calsbeek 2009; Warner and Shine 2008). We speculate that immigration may lead to
density increases over an intermediate period, possibly months or longer. Increases observed
following the first breeding season after a fire are more likely to represent population changes
from a combination of immigration (if that occurs at all) and increased births or survival. In
mallee communities, increased survival of species favouring open habitats is likely to last for
at least a decade (Driscoll and Henderson 2008; Smith et al. In press) because the vegetation

is slow to recover in the semi-arid environment (Bradstock and Cohn 2002).
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To examine changes in capture rates that could be associated with fire, a time series of data
was required, with some sites burnt during the time series and others that remained unburnt
for comparison. Because fire occurrence is not predictable, the data we have for examining
these possible responses are opportunistic. For examining responses to natural unplanned
fires, there are no other realistic options (Driscoll et al. 2010b). By including data reported in
Driscoll and Henderson (2008) (three weeks from 2004-5 and two weeks from 2005-6), we
were able to use a four-year data series. Unplanned fires at Pinkawillinie in December 2005
allowed us to sample the sites P3 and P4 six weeks after the fire. Four year data series were
also available from P1 and P2 which had previously burnt in 2001. At Hincks, North
Heggaton and South Heggaton, planned fires burnt the sites 13, N4 and S4 in April 2006,
which we sampled eight months later. An unplanned burn at Hincks in December 2006 razed
14, and we sampled this site, beginning the day after the fire was extinguished. One other site
at Hincks (11) and two sites at both North and South Heggaton were not burnt during the

study and had comparable four year data series (see Table 1 for site and burn details).

For each of the sites with four-year data series, we used a permutation test (Good 1994) to
determine if there was significantly more animals captured in the period after each fire. As
the test statistic, we used the number of animals captured in a seven-day survey period,
averaged across the three capture sessions after the fire (or one capture session from the same
summer at Pinkawillinie) minus the number of animals captured per week averaged across all
other sample weeks. For example, 14 was burnt in December 2006, so our test statistic was
the average weekly abundance from the December 2006, January and February 2007
samples, divided by the average of weekly samples from 2004-5, 2005-6 and 2007-8. For

each of 1000 permutations, we randomly allocated sample periods to capture data and
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recalculated the test statistic, with P calculated as the proportion of test statistics that were
equal to or larger than the actual value. We tested species with at least five captures at the
site examined. We adjusted the P values, separately at each site, using the p.adjust function
with method = "BH" (Benjamini and Hochberg 1995) in R (R Development Core Team

2011).

Zero-inflated Binomial Models

The number of animals trapped can provide a reasonable index of abundance in contrasting
treatments if the probability of detecting an individual is the same across treatments. We
examined the risk of different detectability in different time since fire categories by
modelling detectability based on repeated surveys of each site. For each day of survey, we
scored each site as either 1 (species captured) or zero (species not captured), providing a
series of presence/absence records for each site across each day of the survey periods. We
generated these sites by days datasets for each of the 17 most common reptile species in each
of two survey years (2006-7 or 2007-8). Common species were those judged to have
adequate data for our generalized linear modelling approach (described below). To each of
these data sets we fitted a null detectability and occupancy model, and a model where time
since fire category (0-2 years, 5-10 years, >20 years) was fitted as a detection covariate using
zero-inflated binomial models (MacKenzie et al. 2006). We assessed the relative importance
of each model using Akaike's Information Criterion for small samples (AlCc: Burnham and
Anderson 2002). Models were fitted using the unmarked R library (Fiske et al. 2011), with R

2.13.0 (R Development Core Team 2011).
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Fire, sand and spinifex effects

We pooled data across the two sample years to maximise sample sizes for individual species
in the three fire age categories (the same approach as Driscoll and Henderson 2008), because
the majority of differences in capture rates between years reflected changes in activity

associated with the temperature during the sampling weeks (see also, James 1994).

We examined the possible influence on reptile species’ capture rates of three fixed effects:
burn age-category, proportion of sand dune on the transect and percentage cover of spinifex
(averaged across trap-pairs on a transect and square-root transformed). We used a
generalised linear mixed model with Poisson link function, including location as a random
effect to account for spatial blocking of the sample sites. We also included an observation
level random effect (a factor delimiting each of the 20 sites) to model extra-Poisson variation
in the data, thereby accounting for over-dispersion in residual variation (Maindonald and
Braun 2010). We assessed the significance of the coefficients of sand and spinifex using the
estimated coefficient divided by the standard error and assumed a t distribution, with degrees
of freedom equal to the number of sites less the number of fixed effects that were estimated.
This approximation was supported by comparison with MCMCglmm credible intervals,
which are the rough counterpart of confidence intervals based on glmer output (MCMCglmm
function in the MCMCglmm package, Hadfield 2010). Tests based on the likelihood were
used to obtain p-values for differences between burn age categories. Wald statistics were too
inaccurate for this purpose because of the large differences in Poisson mean. Two locations
have sites nested within the same burn. We explored a mixed model that included burn nested
in location as a random effect to accommaodate this pseudo-replication. However, such

random effects explained negligible variance and so we did not include them in our analyses.
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We applied the model to the 17 most common reptile species and so adjusted the P values
using the "BH" method. Analyses were completed using the glmer function from the R
package Ime4 (Bates et al. 2011). This function does not calculate confidence intervals. For
presentation of significant burn age-category results we calculated least significant
differences (P < 0.05) to define error bars, where non-overlap of error bars imply the
probability of the observed difference is < 0.05 under the null hypothesis of no effect. We
assessed the relative importance of the random location effect by comparing the range

(maximum - minimum) of the random effects with the range of the fixed effects.

There was inadequate replication of fire categories within locations to test for the interaction.
However, we checked for a possible interaction between location and burn age-category by
examining the means for each fire age at each location. Possible interactions between

location and sand or spinifex were examined graphically.

Results

We captured 2079 reptiles representing 40 species, 17 of which met our criteria for analysis

(see Online Resource 1 for a full list of species captured in each fire age).
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Probability of Detection

Captures One Week to Ten Months after Fire

Of the seven sites that were surveyed in four years and were not burnt during that time, one
species at one site was significantly more abundant in the period corresponding with the post-
fire period in nearby sites (Egernia inornata at 11, test statistic = 2.9, Pagjusted = 0.04).
Therefore, with this one exception, seasonal changes in capture rates did not coincide with

the post-fire period in sites that were burnt during the study.

At 14, surveyed one week to two months after a fire, four species had higher capture rates
after the fire, compared with other survey weeks in years 1, 2 and 4 of the study (Fig. 2). An
immediate increase in captures was observed for Diplodactylus granariensis and Morethia
obscura, whereas the two Lerista species showed a gradual increase over the three month
survey period (Fig. 2). Diplodactylus granariensis also had significantly higher capture rates
in the post-fire surveys, eight months after the fire, at north Heggaton (test statistic = 2.2,
Pagjusted < 0.001). However, such effects were not detected at two other locations for this

species (south Heggaton, Pinkawillinie).

A number of rare species also had patterns consistent with higher activity after the fire at 14.
These included five species that were only captured in the week after the fire at this site
(Pygopus lepidopodus (2 animals), Ramphotyphlops australis (1), Hemiergis peroni (9),
Delma butleri (4), Delma australis (1)). There were no other trapping sessions at 14 in which
a species unique to that session was captured. Compared with data series at 11 and 13 (one
and zero species unique to the December 2006 session, four and three unique to other

sessions respectively), the observation at 14 is statistically improbable (Fisher's exact test, P =
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0.009). In addition, at 14, five Cyclodomorphus melanops were caught in the week after the
fire whereas only one other animal was captured at that site throughout the four year study.
Seven species that occurred at 14 did not show evidence of increased capture rates in the
months after the fire: Aprasia inaurita, Ctenophorus fordi, Ctenotus atlas, Ctenotus euclae,
Nephrurus stellatus, Pogona sp. and Ramphotyphlops bituberculatus. Any differences in
capture rates of these species in different aged vegetation therefore likely represent

population size changes and not differences in movement activity.

Zero-inflated Binomial Models

Despite strong evidence of detection bias after fire at 14, the zero-inflated binomial models
suggested that detectability did not vary with time since fire. For each species and year, we
found that the zero-inflated binomial model with time since fire included as a detectability
covariate always had a lower AICc and was never within two AlCc of the null model. Inall
but one case, AlCc weights for the null model exceeded 0.989 (Online Resource 2). We
therefore made no further adjustment to our data (c.f. Ford et al. 2010) before fitting

generalized linear mixed models.

Fire, sand and spinifex effects

Two abundant species were captured most commonly in the 5-10 year-old burns, with very
low numbers in recently burnt and long unburnt sites (Ctenophorus fordi, Nephrurus
stellatus, Fig. 3). This pattern was consistent across all locations for C. fordi, and four of five
locations for N. stellatus. Nephrurus stellatus had high abundance in the first two time-since-

fire categories at Hincks. Two additional species had highest capture rates in the recently
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burnt sites (Lerista dorsalis and Ctenotus atlas, Fig. 3), results that were likely due to higher
activity after fire. One of these (Lerista dorsalis) had significantly increased movement
activity after fire (Fig. 2c) and burn age-category was no longer included in the model when
14 was excluded from the analysis. Highest abundance in the 0-y category was only observed
at Hincks. The second species (Ctenotus atlas) did not have significantly more individuals
immediately after fire in our permutation tests, but it was nevertheless more abundant in the
first survey period after fire (abundance in weeks after fire minus abundance in other survey
periods, at sites that were burnt: 6, 4.3, 3.4, -0.5; at sites that were not burnt: 0.7, 1.9,0.4).
Ctenotus atlas occurred at three locations, and at Pinkawillinie had a pattern opposite to the
main time-since-fire effect (3, 3, 17 individuals captured in 0, 5-10 and >20 y respectively).

Fixed effects for all analyses are provided in Online Resource 3.

The agamid Ctenophorus cristatus had a negative relationship with the proportion of sand on
the transect and a weak negative relationship with the sqrt (% spinifex) (Figs. 4a, b). Lerista
distinguenda/taeniata captures where higher with a higher proportion of sand (Fig. 4c).
Ctenotus atlas capture rates were positively correlated with sqrt (% spinifex) (Fig. 4d).
Capture rates of all taxa examined varied substantially among locations, with the range of
random location effects at least half as big as the range of fixed effect in nine species (Online
Resource 4). An additional seven species with small random location effects were absent
from some locations. The only taxon not in those response categories was Lerista
distinguenda/taeniata, where L. distinguenda is rare at Pinkawillinie relative to L. taeniata

(Online Resource 4).
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347 Discussion

348 Probability of detection

349  The surprising number of species that were only captured in the week or weeks after fire at 14
350 is very informative because most of these were leaf-litter dwelling species. Their increased
351  capture rates probably represent increased movement after the fire. It seems unlikely that
352  these species would move into the burnt area given the lack of leaf litter. An increase in
353  population density through reproduction is implausible because many of the increases

354 occurred within a week of the fire and because the spike in capture rates was not sustained
355 into the second year. Although species that depend on leaf litter are expected to be late-

356  successional species, with low abundance for the first decade or two after fire (Caughley
357  1985), we have found no supporting evidence for low abundance after fire in this study, and
358  only weak evidence in the previous study (Driscoll and Henderson 2008). However, the
359 increased capture rate of litter-dwelling species immediately after the fire implies that these
360  species are difficult to capture most of the time, making any response to fire hard to detect.
361

362  Our results therefore highlight an important methodological limitation: pitfall traps rarely
363  capture cryptic species, but these species may represent the majority of late-successional
364  species. To discover if poorly sampled species are also late-successional species, alternative
365  research approaches are needed. This could involve manual searching for reptiles (Fogarty
366  and Jones 2003), stationary visual surveys (Irvin et al. 2003) (both of which would need to
367  consider detection probability, MacKenzie et al. 2006), or trapping immediately after fire
368  then tracking the animals (Naef-Daenzer et al. 2005) to see if they disperse from the burnt

369 area (Legge et al. 2008), hide again, or die.
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The increase of two Lerista species from the first week after fire to the first and second
month after fire at 14 was not observed in other years at that site, or at other sites in the same
year. This pattern was opposite to that shown by other species, where there was a spike in
capture rates followed by a gradual decline. If the Lerista species were not typical leaf-litter
dwelling species, immigration from surrounding habitat might be a plausible explanation.
Perhaps more likely, these animals remain in temporary shelter during and after a fire, and
then emerge one to four weeks later, with increased movement as they seek to emigrate or

find new shelter.

Increased movement activity after fire is not unique to mallee reptiles. In forests of south-
eastern Australia, Irvin et al (2003) used a range of survey techniques but only found large
numbers of the skink Nannoscincus maccoyi in the year after fire when it was forced to use
logs as an alternative to its usual shelter in deep leaf litter. It became more cryptic in the
following years as the leaf litter re-established (Irvin et al. 2003). We do not know if mallee
reptiles are like N. maccoyi and find new shelter sites after fire. This is an important
knowledge gap to resolve because if they hide, the reptile community may be robust to a
broad range of fire regimes. If that were the case, it would allay concerns that we need to

carefully design fire mosaics to conserve reptile diversity.

The modelling approach for estimating detectability depends on data from many sites with
multiple surveys (MacKenzie et al. 2006), and so did not detect the site-specific survey bias
that we have found using the permutation approach. In our study, this was potentially
problematic, because our GLMMSs suggested that the skink Lerista dorsalis was most

abundant in the first years after fire, whereas our permutation analyses revealed that higher
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captures after fire was likely a detection bias. In the circumstances of our study, modelling

detection was not adequate to account for detection bias.

Fire, sand and spinifex effects

Although other studies report that species decline in abundance after a fire, with a possible
increased risk of extinction (Driscoll and Roberts 1997; Lindenmayer et al. 2008a; Lyon and
O'Connor 2008), we did not detect such a pattern. Two common reptile species in this study
have increased abundance after fire, a response that is commonly reported for reptiles (e.g.
Matthews et al. 2010; Santos and Poquet 2010). The habitat accommodation model of reptile
responses to fire (Caughley 1985; Driscoll and Henderson 2008; Letnic et al. 2004) predicts
that burrowing species that forage in open areas will be favoured in the post-fire
environment. The gecko Nephrurus stellatus fits this description. Consistent with previous
research (Driscoll and Henderson 2008), a second species (Ctenophorus fordi) that does not
use burrows as a regular retreat, showed the same response to time since fire as N. stellatus,
implying that routine burrowing is not required to survive the fire and exploit the open post-

fire environment (Driscoll and Henderson 2008).

According to the habitat accommodation model, spinifex specialists including the skink
Ctenotus atlas are expected to remain at low numbers after fire until the spinifex recovers
after approximately six years (Caughley 1985). However, two factors are likely to have
undermined this expectation. First, increased movement immediately after fire has given the
false impression of increased abundance in the 1-2 year post-fire age category. Although this
pattern was not statistically significant, we presented evidence showing that increased

movement is a more likely explanation than a tripling of abundance in the first two years after
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fire. Second, although C. atlas does have a strong relationship with percent cover of spinifex
(Fig. 4a), spinifex does not have the expected linear relationship with time since fire. For
example, one long-unburnt site (P7) had no spinifex (despite suitable soil conditions) and no
C. atlas, whereas a nearby site with the same time-since-fire (P8) had a substantial cover of
spinifex and high numbers of C. atlas. Further, two other sites that burnt during the study
had rapid re-establishment of spinifex through resprouting and no apparent change in C. atlas
abundance (I3, 14). Processes in addition to fire must therefore influence spinifex re-
establishment and subsequently the rate at which C. atlas populations increase after fire.
Candidate processes include the rate of re-sprouting (Rice and Westoby 1999), possible
interactions with grazing (Cohn and Bradstock 2000; Legge et al. 2008) and the influence of
fire frequency on plant survival (Bradstock et al. 1998; Regan et al. 2003). Conceivably a
state and transition model like that proposed for small mammals in the Australian arid zone
(Letnic et al. 2004) may be a more useful concept than succession for describing changes in

abundance of species that depend on a flammable habitat component (Fig. 5).

We found no evidence to support the concern raised by Driscoll and Henderson (2008) that
some species may drop to extremely low numbers in the first two years after fire, and
therefore face a substantial extinction risk. Cryptic species may have declined after fire, but
we were unable to detect any effects. However, the "early successional™ species with peak
abundance after 5-10 years face a greater (though unquantified) risk of extinction when fire is
excluded from the ecosystem for long periods of time (Gray et al. 2003) because that is when
they have their lowest abundance. This problem could be exacerbated in fragmented
landscapes that are subject to fire suppression (Hobbs 2003) because population sizes will be
smaller than in large blocks of habitat and the potential for recolonisation may be lower for

some species (Schutz and Driscoll 2008; Williams et al. in press).
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Because we did not stratify our sampling by burn age and soil type, there was a risk that a
strong response to soil type may have introduced additional variation that prevented us from
detecting burn effects for some species. However, we found little evidence that soil type
influenced the abundance of species at a site level. Only two species were correlated with the
amount of sand on a transect. These few effects of sand in our study probably do not reflect
the importance of soil type for reptile habitat specialisation (e.g. Pianka 1969; Woinarski et
al. 1999). Rather, these few effects likely arise from our sampling design which avoided

strong soil type differences among sites.

Driscoll and Henderson (2008) reported substantial differences between locations and our
findings using the subsequent two years of data confirm that pattern. As suggested by
Driscoll and Henderson (2008), a range of location-specific factors may drive these patterns
such as soil, climatic and vegetation differences. These knowledge gaps await research

attention.

Considering our experimental design more generally, we detected few fire effects compared
with our previous study (Driscoll and Henderson 2008). This reflects reduced statistical
power due to the altered sampling design, with fewer replicates of each fire age class. The
high likelihood of unplanned and uncontrollable alterations to experimental design (Hurlbert
1984) in fire research suggests that space-for-time substitution may be a less risky approach
to studying fire than attempting to study fire responses across multiple years (Driscoll et al.

2010D).
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468 Conclusions

469  Pitfall trapping is widely used to survey reptiles but only two studies of which we are aware
470  measure possible trap biases due to increased movement in more open habitat, and both

471  found no evidence of bias (Craig et al. 2009; Schlesinger 2007). Our study is the first to
472  show that a proportion of the reptile species in a community have increased capture rates in
473  open habitat one to six weeks after fire. This additional activity can give the erroneous

474  impression that a species has increased in abundance, even when data are pooled across

475  broader sample periods (c.f. Figs. 2c, 3c). Studies that use data collected from shortly after
476  disturbance that also have an increase in capture rates in disturbed sites (e.g. Kilpatrick et al.
477  2010; Todd and Andrews 2008) need to consider the risk of increased movement after

478  disturbance as a possible interpretation. It may be wrong to assume that an increase in

479  capture rate represents an increase in population density (Chelgren et al. 2011).

480

481  Given the possibility that leaf-litter species depend on late successional habitat and the

482  observation that there are early successional species, a general recommendation to avoid
483  extreme fire regimes is supported. Widespread frequent fires and complete fire suppression
484  are unlikely to be ecologically sustainable fire strategies in many ecosystems including the
485  mallee system (Cunningham et al. 2002; Perry et al. 2009). However, it is not yet clear how
486  important a carefully managed fire mosaic might be for conserving reptile species (Bradstock
487 et al. 2005; Driscoll and Henderson 2008; Parr and Andersen 2006). Some reptile species
488  could remain in a landscape at low population density during less favourable seral stages
489  (Greenberg 2000; Pianka 1996). If that is true, the bounds of suitable fire mosaics may be

490  very broad for reptiles and require little management input. The actual risk of extinction in
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long-unburnt habitat for species with peak abundance within ten years of fire, and in recently

burnt habitat for leaf-litter species remain important knowledge gaps to fill.

Our study emphasises that reptile responses to fire can be mediated by their association with
habitat, and that sometimes habitat does not have a linear response to fire (Fig. 5). When the
association with habitat is very strong (e.g. Ctenotus atlas with spinifex) fire becomes only
one of the factors that influence abundance. Understanding the strength of association of
species with habitat features is therefore critical for building theory with a predictive
capacity. Both theory and management need to consider a broad range of processes to
understand population dynamics in the face of fire. Rather than considering just time since
fire (Madden et al. 1999; Richards et al. 1999), fire management for biodiversity conservation
may need to be integrated with management of other processes (e.g. grazing, wood removal,
predator control: Gill and Williams 1996; Letnic et al. 2005; Olsson et al. 2005). These

interactions are important topics for future research (Driscoll et al. 2010b).

Acknowledgements We are extremely grateful for the assistance provided by Joe Tilley
DENR SA and fire crews who completed the planned burns. We thank Meredith Henderson
for access to maps and support throughout the project. Thanks to DENR Port Augusta who
provided field communications. The field work was completed with the assistance of L.
Ahrendt, Z. Auburn, B. Bader, D. Barry, J. Bilney, S. Burgess, C. Cameron, A. Castafieda, N.
Coggan, J. Crierie, D. Cunningham, S. Dalgairns, S. Dardanelli, N. Diaz, E. Dix, M.
Doughty, R. Dudaniec, T. Egan, C. Element, T. Forrest, D. Frahm, M. Harris, E. Hoffman, T.
Smith-Harding, C. Jeong, S. Johnson, H. Jung, J. Kirkby, T. Klinger, L. Kyriacou, S. Lath,

W. Lawrence, C. Lawson, C. Li, C. Lovegrove, K. Marten, R. McGuiness, A. McGuire, W.



23

515  McLachlan, V. Meyer, M. Mihailova, A. Mogoutnov, B. Muelders, A. Murphy, A.

516  Nedosyko, K. Pelgrim, A. Quarmby, T. Rawson, A. Seidel, R. Shannon, D. Sortino, S. South,
517 K. Tiitsaar, A. Treils, A. Waller, S. Way, M. Westgate, H. Westgate, J. Williams, N.

518 Yazdani. The project was funded by the Department for Environment and Heritage, South
519  Australia, Flinders University and the Australia and Pacific Science Foundation. Write up
520  was completed with funding from the Applied Environmental Decision Analysis

521  Commonwealth Environment Research Facility. Animals were handled under permit E194
522  of the Flinders University Animal Welfare committee, and DENR SA permit to undertake
523  scientific research Q24788.

524

525 LITERATURE CITED

526  Anderson DR (2003) Response to Engeman: Index values rarely constitute reliable

527 information. Wildl Soc Bull 31:288-291

528  Australian Native Vegetation Assessment (2001) Australian Native Vegetation Assessment.
529 National Land and Water Resources Audit and Commonwealth of Australia,

530 Canberra, Australia

531 Barlow J, Peres CA (2004) Avifaunal responses to single and recurrent wildfires in

532 Amazonian forests. Ecol Appl 14:1358-1373

533  Bates D, Maechler M, Bolker B (2011) Ime4: Linear mixed-effects models using S4 classes

534 R package version 0.999375-39, http://CRAN.R-project.org/package=Ime4



http://cran.r-project.org/package=lme4

535

536

537

538

539

540

541

542

543

544

545

546

547

548

549

550

551

552

553

554

555

556

24

Benjamini Y, Hochberg Y (1995) Controlling the False Discovery Rate - a Practical and
Powerful Approach to Multiple Testing. J Roy Stat Soc Ser B (Stat Method) 57:289-

300

Bradstock RA, Bedward M, Gill AM, Cohn JS (2005) Which mosaic? A landscape ecological
approach for evaluating interactions between fire regimes, habitat and animals. Wildl

Res 32:409-423

Bradstock RA, Bedward M, Kenny BJ, Scott J (1998) Spatially-explicit simulation of the
effect of prescribed burning on fire regimes and plant extinctions in shrublands typical

of south-eastern Australia. Biol Conserv 86:83-95

Bradstock RA, Cohn JS (2002) Fire regimes and biodiversity in semi-arid mallee ecosystems.
In: Bradstock RA, Williams JE, Gill AM (eds) Flammable Australia: the fire regimes
and biodiversity of a continent. Cambridge University Press, Cambridge, UK, pp 238-

258

Bradstock RA, Tozer MG, Keith DA (1997) Effects of high frequency fire on floristic
composition and abundance in a fire-prone heathland near Sydney. Aust J Bot 45:641-

655

Briani DC, Palma ART, Vieira EM, Henriques RPB (2004) Post-fire succession of small

mammals in the Cerrado of central Brazil. Biodivers Conserv 13:1023-1037

Burgman MA, Keith D, Hopper SD, Widyatmoko D, Drill C (2007) Threat syndromes and

conservation of the Australian flora. Biol Conserv 134:73-82

Burnham KP, Anderson D (2002) Model Selection and Multimodel Inference. Springer-

Verlag, New York



557

558

559

560

561

562

563

564

565

566

567

568

569

570

571

572

573

574

575

576

S77

578

579

25

Calsbeek R (2009) Sex-specific adult dispersal and its selective consequences in the brown

anole, Anolis sagrei. J Anim Ecol 78:617-624

Caughley J (1985) Effect of fire on the reptile fauna of mallee. In: Grigg G, Shine R, Ehmann
H (eds) Biology of Australasian frogs and reptiles. Royal Zoological Society of NSW

and Surrey Beatty & Sons, Chipping Norton, NSW, pp 31-34

Chelgren ND, Adams MJ, Bailey LL, Bury RB (2011) Using multilevel spatial models to

understand salamander site occupancy patterns after wildfire. Ecology 92:408-421

Cleary DFR, Priadjati A, Suryokusumo BK, Menken SBJ (2006) Butterfly, seedling, sapling
and tree diversity and composition in a fire-affected Bornean rainforest. Austral Ecol

31:46-57
Cogger HG (1996) Reptiles and Amphibians of Australia, 5th edition. Reed, Port Melbourne

Cohn JS (1995) The vegetation of Nombinnie and Round Hill Nature Reserves, central-

western New South Wales. Cunninghamia 4:81-101

Cohn JS, Bradstock RA (2000) Factors affecting post-fire seedling establishment of selected

mallee understorey species. Aust J Bot 48:59-70

Craig MD, Grigg AH, Garkaklis MJ, Hobbs RJ, Grant CD, Fleming PA, Hardy G (2009)
Does habitat structure influence capture probabilities? A study of reptiles in a

eucalypt forest. Wildl Res 36:509-515

Cunningham RB, Lindenmayer DB, Nix HA, Lindenmayr BD (1999) Quantifying observer

heterogeneity in bird counts. Aust J Ecol 24:270-277

Cunningham SC, Babb RD, Jones TR, Taubert BD, Vega R (2002) Reaction of lizard
populations to a catastrophic wildfire in a central Arizona mountain range. Biol

Conserv 107:193-201



580

581

582

583

584

585

586

587

588

589

590

591

592

593

594

595

596

597

598

599

600

601

602

26

DellaSala DA, Williams JE, Williams CD, Franklin JE (2004) Beyond smoke and mirrors: a

synthesis of fire policy and science. Conserv Biol 18:976-986

Driscoll DA (1998) Counts of calling males as estimates of population size in the endangered

frogs Geocrinia alba and G. vitellina. J Herpetol 32:475-481

Driscoll DA (2004) Extinction and outbreaks accompany fragmentation of a reptile

community. Ecol Appl 14:220-240

Driscoll DA, Henderson MK (2008) How many common reptile species are fire specialists?
A replicated natural experiment highlights the predictive weakness of a fire

succession model. Biol Conserv 141:460-471

Driscoll DA, Lindenmayer DB, Bennett AF, Bode M, Bradstock RA, Cary GJ, Clarke MF,
Dexter N, Fensham R, Friend G, Gill M, James S, Kay G, Keith DA, MacGregor C,
Possingham HP, Russel-Smith J, Salt D, Watson JEM, Williams RJ, York A (2010a)
Resolving conflicts in fire management using decision theory; asset-protection versus

biodiversity conservation. Conservation Letters 3:215-223

Driscoll DA, Lindenmayer DB, Bennett AF, Bode M, Bradstock RA, Cary GJ, Clarke MF,
Dexter N, Fensham R, Friend G, Gill M, James S, Kay G, Keith DA, MacGregor C,
Russel-Smith J, Salt D, Watson JEM, Williams R, York A (2010b) Fire management
for biodiversity conservation: key research questions and our capacity to answer them.

Biol Conserv 143:1928-1939

Driscoll DA, Roberts JD (1997) Impact of fuel reduction burning on the frog Geocrinia lutea

in south-west Western Australia. Aust J Ecol 22:334-339

Fattorini S (2010) Effects of fire on tenebrionid communities of a Pinus pinea plantation: a

case study in a Mediterranean site. Biodivers Conserv 19:1237-1250



603

604

605

606

607

608

609

610

611

612

613

614

615

616

617

618

619

620

621

622

623

27

Fiske I, Chandler R, Royle A (2011) unmarked: Models for Data from Unmarked Animals. R

package version 0.9-0. Available from http://CRAN.R-

project.org/package=unmarked (accessed June 2011)

Flannigan M, Stocks B, Turetsky M, Wotton M (2009) Impacts of climate change on fire
activity and fire management in the circumboreal forest. Global Change Biol 15:549-

560

Fogarty JH, Jones JC (2003) Pitfall trap versus area searches for herpetofauna research.
Proceedings of the Fifty-Seventh Annual Conference of the Southeastern Association

of Fish and Wildlife Agencies:268-279

Ford WM, Rodrigue JL, Rowan EL, Castleberry SB, Schuler TM (2010) Woodland
salamander response to two prescribed fires in the central Appalachians. For Ecol

Manage 260:1003-1009

Fox BJ (1982) Fire and mammalian secondary succession in an Australian coastal heath.

Ecology 63:1332-1341

Fox BJ, Taylor JE, Thompson PT (2003) Experimental manipulation of habitat structure: a

retrogression of the small mammal succession. J Anim Ecol 72:927-940

Friend GR (1993) Impact of fire on small vertebrates in mallee woodlands and heathlands of

temperate Australia: a review. Biol Conserv 65:99-114

Gandhi KJK, Spence JR, Langor DW, Morgantini LE (2001) Fire residuals as habitat
reserves for epigaeic beetles (Coleoptera : Carabidae and Staphylinidae). Biol

Conserv 102:131-141


http://cran.r-project.org/package=unmarked
http://cran.r-project.org/package=unmarked

624

625

626

627

628

629

630

631

632

633

634

635

636

637

638

639

640

641

642

643

644

645

646

28

Gill AM, Williams JE (1996) Fire regimes and biodiversity: The effects of fragmentation of
southeastern Australian eucalypt forests by urbanisation, agriculture and pine

plantations. For Ecol Manage 85:261-278

Good P (1994) Permutation tests : a practical guide to resampling methods for testing

hypotheses. Springer-Verlag, New York

Gray JB, Wentworth TR, Brownie C (2003) Extinction, colonization, and persistence of rare
vascular flora in the longleaf pine-wiregrass ecosystem: Responses to fire frequency

and population size. Nat Areas J 23:210-219

Greenberg CH (2000) Fire, habitat structure and herpetofauna in the southeast. In: Ford WM,
Russell KR, Moorman CE (eds) The role of fire in nongame wildlife management and
community restoration: traditional uses and new directions General Technical Report

NE-GTR-288. U.S. Forest Service, Newton Square, Pennsylvania, pp 91-99

Greenberg CH, Waldrop TA (2008) Short-term response of reptiles and amphibians to
prescribed fire and mechanical fuel reduction in a southern Appalachian upland

hardwood forest. For Ecol Manage 255:2883-2893

Greenslade PJM (1964) Pitfall trapping as a method for studying populations of Carabidae

(Coleoptera). J Anim Ecol 33:301-310

Hadfield J (2010) MCMC methods for multi-response generalized linear mixed models: The

MCMCglmm R package. Journal of Statistical Software 33:1-22

Haslem A, Kelly LT, Nimmo DG, Watson SJ, Kenny SA, Taylor RS, Avitabile SC, Callister
KE, Spence-Bailey LM, Clarke MF, Bennett AF (2011) Habitat or fuel? Implications
of long-term, post-fire dynamics for the development of key resources for fauna and

fire. J Appl Ecol 48:247-256



647

648

649

650

651

652

653

654

655

656

657

658

659

660

661

662

663

664

665

666

667

668

29

Hobbs RJ (2003) How fire regimes interact with other forms of ecosystem disturbance and
modification. In: Abbott I, Burrows N (eds) Fire in ecosystems of south-west Western

Australia. Backhuys, Leiden, The Netherlands, pp 421-436
Hurlbert SH (1984) Pseudoreplication and the design of ecological field experiments
Ecol Monogr 54:187-211

IPCC (2007) Climate change 2007. Synthesis report. Intergovernmental Panel on Climate

Change, Geneva

Irvin M, Westbrooke M, Gibson M (2003) Effects of repeated low-intensity fire on reptile
populations of a mixed eucalypt foothill forest in south-eastern Australia, Research

Report No. 65. Department of Sustainability and Environment, Melbourne, Victoria

James CD (1994) Spatial and temporal variation in structure of a diverse lizard assemblage in
arid Australia. In: Vitt LJ, Pianka ER (eds) Lizard Ecology Historical and
experimental perspectives. Princeton University Press, Princeton, New Jersey, pp

287-317

Kilpatrick ES, Waldrop TA, Lanham JD, Greenberg CH, Contreras TH (2010) Short-Term
Effects of Fuel Reduction Treatments on Herpetofauna from the Southeastern United

States. For Sci 56:122-130

Koivula M, Kotze DJ, Hiisivuori L, Rita H (2003) Pitfall trap efficiency: do trap size,

collecting fluid and vegetation structure matter? Entomol Fenn 14:1-14

Legge S, Murphy S, Heathcote J, Flaxman E, Augusteyn J, Crossman M (2008) The short-
term effects of an extensive and high-intensity fire on vertebrates in the tropical

savannas of the central Kimberley, northern Australia. Wildl Res 35:33-43



669

670

671

672

673

674

675

676

677

678

679

680

681

682

683

684

685

686

687

688

689

30

Letnic M, Dickman CR, Tischler MK, Tamayo B, Beh CL (2004) The responses of small
mammals and lizards to post-fire succession and rainfall in arid Australia. J Arid

Environ 59:85-114

Letnic M, Tamayo B, Dickman CR (2005) The responses of mammals to La Nina (EI Nino
Southern Oscillation)-associated rainfall, predation, and wildfire in central Australia. J

Mammal 86:689-703

Lindenmayer DB, MacGregor C, Welsh A, Donnelly C, Crane M, Michael D, Montague-
Drake R, Cunningham RB, Brown D, Fortescue M, Dexter N, Hudson M, Gill AM
(2008a) Contrasting mammal responses to vegetation type and fire. Wildl Res 35:395-

408

Lindenmayer DB, Wood JT, Michael D, MacGregor C, Cunningham RB, Crane M,
Montague-Drake R, Brown D, Muntz R, Gill AM, Driscoll DA (2008b) How

predictable are reptile responses to wildfire? Oikos 117:1086-1097

Louzada J, Lima AP, Matavelli R, Zambaldi L, Barlow J (2010) Community structure of
dung beetles in Amazonian savannas: role of fire disturbance, vegetation and

landscape structure. Landscape Ecol 25:631-641

Lyon JP, O'Connor JP (2008) Smoke on the water: Can riverine fish populations recover

following a catastrophic fire-related sediment slug? Austral Ecol 33:794-806

MacKenzie D, Nichols J, Royle J, Pollock K, Bailey L, Hines J (2006) Occupancy estimation
and modeling: inferring patterns and dynamics of species occurrence Elsevier

Academic Press, Burlington, MA, USA



31

690 Madden EM, Hansen AJ, Murphy RK (1999) Influence of prescribed fire history on habitat
691 and abundance of passerine birds in northern mixed-grass prairie. Can Field-Nat

692 113:627-640

693  Maindonald J, Braun J (2010) Data analysis and graphics using R. An example-based

694 approach. Third Edition. Cambridge University Press, Cambridge

695  Masters P (1996) The effects of fire-driven succession on reptiles in spinifex grasslands at

696 Uluru National Park, northern territory. Wildl Res 23:39-48

697  Matthews CE, Moorman CE, Greenberg CH, Waldrop TA (2010) Response of Reptiles and

698 Amphibians to Repeated Fuel Reduction Treatments. J Wildl Manage 74:1301-1310

699  Melbourne BA (1999) Bias in the effect of habitat structure on pitfall traps: An experimental

700 evaluation. Aust J Ecol 24:228-239

701  Menges ES, Ascencio PFQ, Weekley CW, Gaoue OG (2006) Population viability analysis

702 and fire return intervals for an endemic Florida scrub mint. Biol Conserv 127:115-127

703  Morrison DA, Buckney RT, Bewick BJ, Cary GJ (1996) Conservation conflicts over burning

704 bush in south-eastern Australia. Biol Conserv 76:167-175

705  Naef-Daenzer B, Fruh D, Stalder M, Wetli P, Weise E (2005) Miniaturization (0.2 g) and
706 evaluation of attachment techniques of telemetry transmitters. J Exp Biol 208:4063-

707 4068

708 Odion D, Tyler C (2002) Are long fire-free periods needed to maintain the endangered, fire-

709 recruiting shrub Arctostaphylos morroensis(Ericaceae)? Conserv Ecol 6

710  Olsson M, Wapstra E, Swan G, Snaith E, Clarke R, Madsen T (2005) Effects of long-term
711 fox baiting on species composition and abundance in an Australian lizard community.

712 Austral Ecol 30:907-913



713

714

715

716

717

718

719

720

721

722

723

724

725

726

727

728

729

730

731

732

733

734

32

Ostoja SM, Schupp EW (2009) Conversion of sagebrush shrublands to exotic annual

grasslands negatively impacts small mammal communities. Divers Distrib 15:863-870

Parr CL, Andersen AN (2006) Patch mosaic burning for biodiversity conservation: a critique

of the pyrodiversity paradigm. Conserv Biol 20:1610-1619

Perry RW, Rudolph DC, Thill RE (2009) Reptile and Amphibian Responses to Restoration of

Fire-Maintained Pine Woodlands. Restor Ecol 17:917-927

Pianka ER (1969) Habitat Specificity, Speciation, and Species Density in Australian Desert

Lizards. Ecology 50:498-502

Pianka ER (1996) Long-term changes in the lizard assemblages in the Great Victoria Desert.
In: Cody ML, Smallwood JA (eds) Long-term studies of vertebrate communities.

Academic Press, San Diego, California, pp 191-216

Pons P, Clavero M (2010) Bird responses to fire severity and time since fire in managed

mountain rangelands. Anim Conserv 13:294-305

R Development Core Team (2011) R: A language and environment for statistical computing.
Version 2.13.0. R Foundation for Statistical Computing, Vienna, Austria. ISBN 3-

900051-07-0, Available from http://www.R-project.org (accessed November 2010)

Regan HM, Auld TD, Keith DA, Burgman MA (2003) The effects of fire and predators on
the long-term persistence of an endangered shrub, Grevillea caleyi. Biol Conserv

109:73-83
Rice B, Westoby M (1999) Regeneration after fire in Triodia R. Br. Aust J Ecol 24:563-572

Richards SA, Possingham HP, Tizard J (1999) Optimal fire management for maintaining

community diversity. Ecol Appl 9:880-892


http://www.r-project.org/

735

736

737

738

739

740

741

742

743

744

745

746

747

748

749

750

751

752

753

754

755

756

757

33

Robinson AC, Heard LMB (1985) National Parks. In: Twidale CR, Tyler MJ, Davies M (eds)
Natural history of Eyre Peninsula. Royal Society of South Australia, Adelaide, SA, pp

201-223

Santos X, Poquet JM (2010) Ecological succession and habitat attributes affect the postfire
response of a Mediterranean reptile community. European Journal of Wildlife

Research 56:895-905

Schlesinger CA (2007) Does vegetation cover affect the rate of capture of ground-active

lizards in pitfall traps? Wildl Res 34:359-365

Schutz AJ, Driscoll DA (2008) Common reptiles unaffected by connectivity or condition in a

fragmented farming landscape. Austral Ecol 33:641-652

Schweiger EW, Diffendorfer JE, Holt RD, Pierotti R, Gaines MS (2000) The interaction of
habitat fragmentation plant, and small mammal succession in an old field. Ecol

Monogr 70:383-400

Schwerdtfeger P (1985) Climate. In: Twidale CR, Tyler MJ, Davies M (eds) Natural history

of Eyre Peninsula. Royal Society of South Australia, Adelaide, SA, pp 89-104

Smith A, Driscoll DA, Bull CM (In press) Post-fire succession affects abundance and

survival but not detectability in a knob-tailed gecko. Biol Conserv

Specht RL (1971) The vegetation of South Australia. British Science Guild Handbooks

Committee, Adelaide, SA

State of the Environment Report (2003) State of the Environment Report. Supplementary

report. Government of South Australia, Adelaide, SA

Todd BD, Andrews KM (2008) Response of a reptile guild to forest harvesting. Conserv Biol

22:753-761



34

758  Twidale CR, Campbell EM (1985) The form of the land surface. In: Twidale CR, Tyler MJ,
759 Davies M (eds) Natural history of Eyre Peninsula. Royal Society of South Australia,

760 Adelaide, SA

761  Underwood EC, Viers JH, Klausmeyer KR, Cox RL, Shaw MR (2009) Threats and

762 biodiversity in the mediterranean biome. Divers Distrib 15:188-197

763  Valentine LE, Schwarzkopf L (2009) Effects of Weed-Management Burning on Reptile

764 Assemblages in Australian Tropical Savannas. Conserv Biol 23:103-113

765  van Wilgen BW, Forsyth GG, de Klerk H, Das S, Khuluse S, Schmitz P (2010) Fire
766 management in Mediterranean-climate shrublands: a case study from the Cape

767 fynbos, South Africa. J Appl Ecol 47:631-638

768  Warner DA, Shine R (2008) Determinants of dispersal distance in free-ranging juvenile

769 lizards. Ethology 114:361-368

770  Westerling AL, Hidalgo HG, Cayan DR, Swetnam TW (2006) Warming and earlier spring

771 increase western US forest wildfire activity. Science 313:940-943

772 Williams JR, Driscoll DA, Bull CM (in press) Dispersal and isolation affect structure of

773 vertebrate communities in a fragmented landscape Austral Ecol

774 Woinarski JCZ, Fisher A, Milne D (1999) Distribution patterns of vertebrates in relation to an
775 extensive rainfall gradient and variation in soil texture in the tropical savannas of the

776 Northern Territory, Australia. J Trop Ecol 15:381-398

777  Yarnell RW, Scott DM, Chimimba CT, Metcalfe DJ (2007) Untangling the roles of fire,
778 grazing and rainfall on small mammal communities in grassland ecosystems.

779 Oecologia 154:387-402

780



781

35



782
783

36

Table 1. The fire history of sites surveyed in summer 2006-7 and 2007-8. Six sites were burnt in 2005 or 2006

in planned burns or unplanned fires started by lightning. Site codes from Driscoll and Henderson (2008).

Site Location Name Year last burnt prior to surveys Burn type Age Latitude Longitude
code '05-6 2006-7

Al Hambidge 2000 6 -33.4382343 135.8695555
A2 Hambidge 2000 6 -33.425131 135.8478811
A3 Hambidge 1965 41 -33.45925 135.8675567
Ad Hambidge 1965 41 -33.4261074 135.8236423
11 Hincks 1999 7 -33.7632891 136.0797203
13 Hincks 1977 + April 2006 planned 0 -33.7631529 136.0593281
14 Hincks 1977 + Dec 2006 unplanned 0 -33.809309 136.1451495
17 Hincks 1977 29 -33.7547989 136.0343191
N1 Heggarton N 1997 9 -33.3658658 136.542489
N3 Heggarton N long unburnt >30 -33.3685451 136.527118
N4 Heggarton N long unburnt + April 2006 planned 0 -33.3646362 136.5348834
P1 Pinkawillinie 2001 5 -32.9001251 135.8778749
P2 Pinkawillinie 2001 5 -32.9056547 135.878542
P3 Pinkawillinie 1986 + Dec 2005 unplanned 1 -32.9099813 135.8670276
P4 Pinkawillinie 1986 + Dec 2005 unplanned 1 -32.9141698 135.8708898
P7 Pinkawillinie 1986 20 -32.9100385 135.8157418
P8 Pinkawillinie 1986 20 -32.9019816 135.7890342
S2 Heggarton S 2001 6 -33.4134099 136.5284644
S3 Heggarton S long unburnt >30 -33.4067317 136.5171501
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S4

Heggarton S
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Fig. 1 Reptiles were sampled at twenty sites representing up to three fire ages in five locations on the Eyre

Peninsula, southern Australia.

Fig. 2 Abundance of four lizards in 11 trapping periods at 14 with significantly more animals captured in the
three sample periods after a fire (dashed vertical line). Numbers indicate the test statistic (mean occurrence in

samples during the summer after the fire minus mean occurrence in all other sample periods).

Fig. 3 Predicted abundance of lizard species (at mean levels of spinifex and sand) in the three burn-age
categories: <2 y = sites burnt in planned or unplanned fires in the year prior to this study; 5-10 y, >20 y = sites
burnt 5-10 or >20 years respectively prior to this study. Error bars are 95% confidence limits. The number of

locations at which each species occurred and included in the analyses for that species is indicated.

Fig. 4 Predicted abundance (with 95% Cls) of four lizard species that had a significant relationship with the
proportion of transects on sand dunes (a, ¢) and with the square root of percent cover of spinifex (b, d) (note log
scale on y axes). The number of locations at which each species occurred and included in the analyses is

indicated.

Fig. 5 Conceptual state and transition model for the post-fire population trajectory of a species that depends on a
flammable habitat component (such as the skink Ctenotus atlas that depends on the clumping grass Triodia
irritans). Depending on the rate of re-establishment of the key habitat component, the species may decline then

recover, barely change abundance at all, or become extinct after fire

38
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Figure 2
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Figure 3
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Figure 4
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Figure 5
Likely abundance trajectory
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