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Abstract
Context. In central Queensland, Australia, the development of a coal-seam gas (CSG) industry is creating additional

fragmentation of landscapes consisting of woodland and open forest that are already highly fragmented.
Aims. To assess the response to fragmentation of Strophurus taenicauda (golden-tailed gecko). The species is ‘near

threatened’ in Queensland.

Methods. Occurrence and abundance were examined across three categories of patch size – small (#10 ha), medium
(10–100 ha) and large ($100 ha) – across three geographic areas of the species’ range. Minimal impact (i.e. sighting only)
active searches for geckos were conducted at night. A minimum of three replicate sites of each patch size category was
surveyed in each of the three geographic areas. Eleven additional patches (each ,4 ha and located in the southern

geographic area) were surveyed to investigate how size and spatial isolation of small patches affected occurrence and
abundance of S. taenicauda. At all sites a standardised set of 22 habitat variables was collected, and the presence of other
species of arboreal gecko was recorded.

Key results. The species was located across patches of all sizes, including those as small as 1.11 ha. It was also located
opportunistically in the matrix among patches and occurred in isolated trees within an urban area. The abundance of
another commonly occurring arboreal gecko,Gehyra dubia (dubious dtella), was negatively correlated with S. taenicauda

abundance in small patches. The most important habitat variable for S. taenicaudawas average basal area of trees. As this
increased, especially above 5.7 m2 ha�1, it was more likely to be present. When considering only the small patches, the
main factors influencing presence and abundance of S. taenicauda were the average basal area of Callitris glaucophylla

(white cypress) and grazing (negligible or absent).
Conclusions. Strophurus taenicauda is a species that is tolerant of disturbance and can persist in fragmented habitat,

provided the fragments have adequate cover of white cypress.
Implications. The species appears to be resilient to the current level of CSG development within its geographic range.

Keywords: brigalow, matrix, patch size, remnant, white cypress.
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Introduction

Understanding the habitat requirements of animal and plant

species is a fundamental aspect of ecology. This task takes on
heightened importance when the species concerned is classified
as threatened or potentially at risk from anthropogenic or natural
disturbances. The loss and fragmentation of habitat, driven by

anthropogenic disturbance, has been identified as a significant
driver of wildlife defaunation globally, triggering extinctions of
species and populations, and local declines in abundance of

individuals (Dirzo et al. 2014).
Species responses to habitat fragmentation can be difficult to

predict because fragmentation is an aggregate process that

involves both a decline in the area of habitat and alteration of
its spatial configuration (Yeager et al. 2016). When considering

changes in spatial configuration, a range of attributes have been
shown to be important. These factors include patch size (the area
of a fragment of potential habitat), patch isolation, number of
patches, matrix (the areas between the remaining fragments)

quality and edge characteristics (Fahrig 2003). Members of
different species vary in their responses to the fragmentation
of their habitat (Keinath et al. 2017). In one recent major review

of the literature, most studies that demonstrated a response to
fragmentation reported a positive one for the species concerned
(Fahrig 2017; Fahrig et al. 2019).
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Although further fragmentation of already fragmented land-
scapes can result from a range of development types, develop-

ment of unconventional gas resources has recently emerged as a
significant fragmenting process and hence as an emerging
conservation issue (Brittingham et al. 2014; Hobday and

McDonald 2014; Souther et al. 2014). Optimisation of under-
ground coal-seam gas (CSG) exploitation generally involves a
trade-off between interference from adjacent gas boreholes and

infrastructure costs, meaning accessing these resources inher-
ently results in high levels of fragmentation (Baker et al. 2012).
The high degree of fragmentation exists primarily because of the
road infrastructure necessary to access the optimally placed

boreholes. Unconventional gas developments are often imple-
mented rapidly and over very large areas (.1 million ha). In the
Brigalow Belt region of central and southern Queensland,

Australia, landscapes of woodland and open forest that have
been heavily fragmented by over 150 years of agricultural
development are being further disturbed by the rapid construc-

tion and operation of an unconventional CSG industry (Hobday
and McDonald 2014).

The Brigalow Belt had lost 60% of its original vegetation by

1999, with a high rate of ongoing clearing for grazing and crop
production (Wilson et al. 2002). The construction and operation
of a CSG industry, commencing in 2011, has produced addi-
tional clearing and fragmentation of the original vegetation

(APLNG Project EIS 2010), with the potential for interaction
with existing threats including introduced carnivores and inva-
sive plants. The amount of clearing resulting fromwell and road

construction varies and is ongoing, but in the Dalby (Brigalow
Belt South) region, development footprints average 3.5%, so in
forested areas, 3.5% of the remnant forest will be cleared. It also

creates an average of 208 parcels of land, separated by roads, per
100 km2 (eco logical Australia 2012).

Here, we report on our study, which assessed the response to

fragmentation of a focal animal species of conservation signifi-
cance in the Brigalow Belt of Queensland, the golden-tailed
gecko (Strophurus taenicauda). This species is found only in the
Brigalow Belt North and Brigalow Belt South bioregions of

Queensland and New South Wales, eastern Australia (Brown
et al. 2012). The golden-tailed gecko is a mostly arboreal,
nocturnal lizard (70 mm snout–vent length) that feeds on a

variety of insects and other invertebrates. The species occupies a
range of vegetation types, particularly where Acacia harpo-

phylla (brigalow), Casuarina cristata (belah), Allocasuarina

luehmannii (bull oak), Eucalyptus crebra (narrow-leaved
ironbark) and Callitris glaucophylla (white cypress) are grow-
ing (Brown et al. 2012). The species has the conservation status
of ‘near threatened’ in the state of Queensland under the Nature

Conservation Act 1992. In an assessment of the impact of
thinning and logging of white cypress forest on vertebrates,
Eyre et al. (2015) found that S. taenicauda was associated with

unthinned and unlogged sites. The habitat of the species was
associated with increased densities of large live eucalypts, litter
cover, dead trees and small live trees. This association, together

with the conservation status of the species suggested that it was
at risk of population declines in the face of CSG development.
Potential impacts from this development include the degrada-

tion and loss of habitat, direct mortality from clearing activities
and the creation of barriers to movement through the matrix.

Strophurus taenicauda was chosen as the focal species over
several other potentially impacted candidate species because of

its overlap with the broad CSG footprint and its relative ease of
detection, which we predicted would make subsequent statisti-
cal analysis possible.

We sought to understand how fragmentation influences the
occurrence and abundance of S. taenicauda across its range, and
whether this exposed it to risks from the activities of a CSG

industry. Using a space-for-time approach, we designed a study
that assessed both the occurrence of the species in fragments that
differed in size, and the relationship between fragment size and
presence of white cypress and other dominant tree species on

abundance. We predicted that the species would favour areas
with continuous vegetation and with a high proportion of white
cypress, leaf litter and dead trees.

Materials and methods

Study location

Fieldwork took place in three areas of southern and central

Queensland. This region has been heavily targeted for clearing
for grazing, mining and other projects since the 1960s; clearing
and modification (and their attendant fragmentation) are ongo-
ing and rapid (Accad et al. 2006; Young et al. 1999).

The broad study area encompasses a mix of habitat types,
mostly woodland to open forest ecosystems, many of which are
characterised by the presence of Acacia harpophylla, from

which the bioregion derives its name. As well as A. harpophylla,
other significant components of the canopy layer in the particu-
lar study areas we targeted include ‘she-oaks’(Casuarina

cristata and Allocasuarina luehmannii), ‘eucalypts’ (e.g. Euca-
lyptus crebra andCorymbia species) andCallitris glaucophylla.
Shrubby Acacia species and sparse grasses are common com-
ponents of the understorey and ground layer.

The climate is generally warm to hot and semiarid (mean
minima–mean maxima ,19–348C) and has average annual
rainfall,642 mm, with a dry season through the winter months.

Survey methods

Survey methods for this study are detailed in full in Pavey et al.
(2016). Here we provide an outline of the main approaches used.

Field work was undertaken during February, October and
November 2015. These months were chosen because they are
typically warm, and geckos are likely to be active and thus

detectable by the methods we employed.
Strophurus taenicauda occurs at night mostly on the trunks

and outer branches of trees. On occasions it can be found on the
ground either amongst leaf litter or ground debris. The preferred

diurnal shelter appears to be loose bark on standing trees.
Strophurus taenicauda is therefore effectively detected at night
using appropriate head torches to detect its ‘eyeshine’. We

undertook active searches at night without any habitat destruc-
tion (i.e. we did not strip bark or search leaf-litter), so for a gecko
to be detected, it could not be hidden deep under bark, or in a

burrow. We wanted to avoid methods such as bark stripping to
prevent additional disturbance to the species’ habitat.

Each search during the main stratified part of the study was

45min in duration and involved three observers eachwith a head
torch (Led Lenser H14R, Solingen, Germany). The same three
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observers undertook all the surveys, helping to reduce detection
bias. Further measures undertaken to help reduce detection bias

are covered below. For the 45-min period, each observer would
gradually diverge from the other observers, to help avoid double
counting geckos. Using our methods, detectability does not

extend beyond ,30 m, and if, while still close together, two
observers saw the same gecko, then it was only counted once.
Each observer carried a GPS (Garmin GPSmap 76CSx) during

the search period, and tracks were compared after surveys to
ensure no overlap between observers occurred.

Each gecko observed by eyeshine was identified and its
location (�5 m) recorded on the same GPS as above. Where

geckos were high up in trees, they were identified using the head
torch plus binoculars to discern identifying features. Most gecko
species found in the study region are easily identified to species

without resorting to scale counts, or other fine morphological
features (Wilson 2015). Two pairs of congeners can be difficult
to identify (Table 1), but these are easily distinguished from our

target species, S. taenicauda, without capture. No attempt was
made to identify geckos solely on the nature of their eyeshine.

Survey design

Two sets of surveys were undertaken to assess the potential
impact of fragmentation on occurrence and abundance of
S. taenicauda. The first set of surveys (Study1 hereafter) involved

searches for the species in remnant vegetation of three categories
of patch size: small (#10 ha), medium (10–100 ha) and large
($100 ha). We carried out a desktop GIS study to identify

potentially suitable areas of different sizes in order to stratify our
sampling across the three patch size categories. Small and
medium remnant patches had to be mapped as being surrounded

by a matrix of non-remnant vegetation in order to qualify.
The different sizes for patches were chosen to represent

realistic sizes for assessing potential thresholds of impacts for

the target species. Specifically, areas#10 ha are smaller than the
typical size of an ‘island’ created by the matrix of boreholes and
access roads within otherwise remnant forest in the study area;
areas of 10–100 ha represent ‘islands’ of suitable habitat created

by fragmentation from CSG activities, and areas $100 ha are

realistically able to support stand-alone populations of the target
species and potentially have a much-reduced edge-to-area ratio.

Distance between patches was measured in an effort to
maintain at least 1 km distance between survey sites to increase
likelihood of independence. However, logistic constraintsmeant

that three pairs of sites had minimum distances less than 1 km
(see Results).

The desktop study used Regional Ecosystem (RE) and

bioclimatic modelling to identify REs in which S. taenicauda

may occur within a modelled highly favourable bioclimatic
extent. Potentially favourable REs were considered to be those
that were mapped as containing species of cypress (Callitris

spp.) in the primary RE designation (RE1 column) of Queens-
land Government’s Regional Ecosystem Description Database
(REDD; Queensland Herbarium 2014). Bioclimatic suitability

was modelled using MAXENT (Phillips et al. 2006), based on
eight climatic variables: (1) annual mean temperature; (2)
temperature seasonality; (3) maximum temperature of warmest

month; (4) minimum temperature of coldest month; (5) annual
precipitation; (6) precipitation of wettest month; (7) precipita-
tion of driest month; and (8) precipitation seasonality at 1-km2

resolution. Thus, a patch had to fall within potentially suitable
REs and themodelled high bioclimatic suitability extent in order
to qualify. In addition, given our primary interest in investigat-
ing the impacts of CSG development on the focal species,

sampling sites were only selected if they were located within
15 kmofCSGboreholes. Borehole locationswere obtained from
the Queensland Government (2014), and only those mapped

boreholes with ‘COAL SEAM GAS’ or ‘GAS’ in the Results
column were considered for proximity to our survey sites.

We stratified sampling across three broad geographic areas

within the range of S. taenicauda: southern (approximately
between Chinchilla andMiles); central (north of Roma and west
of Taroom); and northern (east and south-east of Blackwater and

east to Duaringa) (Fig. 1). Three subspecies of S. taenicauda are
recognised by Brown et al. (2012). The southern area is within
the range of Strophurus taenicauda taenicauda, whereas the
central and northern areas are within the range of Strophurus

taenicauda albiocularis. Strophurus taenicauda triaureus has a
limited range in the central eastern part of the Brigalow Belt and
its distributionwas not surveyed as part of this study. These three

geographic areas have extensive operational and/or exploratory
gas drilling, though there are fewer boreholes in the north
relative to the central and southern areas (Fig. 1). Survey sites

were between 100 m and 11 km from mapped CSG boreholes.
In Study 1 we surveyed a minimum of three replicate sites of

each patch size category in each of the three geographic areas
(i.e. all nine combinations of patch size and geographic area had

three replicates except for small patches in the south, which had
four replicates). All siteswere surveyed twice – once in February
2015 and once in October 2015. Each survey period was carried

out over 9–10 nights (3–4 sites surveyed per night). The order in
which sites of different sizes were surveyed was varied each
night in an effort to prevent interactions between patch size and

daily light and weather fluctuations from influencing the results.
The second set of surveys (Study 2 hereafter) sought to

understand how the size and isolation of small patches affected

occurrence and abundance of S. taenicauda. Study 2 involved
searches for the species in patches that were designated as small

Table 1. Summary of gecko species (families Carphodactylidae, Diplo-

dactylidae and Gekkonidae) recorded during surveys

Family Species Total recorded

Carphodactylidae Nephrurus asper 4

Diplodactylidae

Amalosia jacovaeA 22

Amalosia rhombiferA 4

Diplodactylus vittatus 76

Lucasium steindachneri 8

Nebulifera robusta 27

Oedura monilis 1

Strophurus taenicaudaB 153

Gekkonidae Gehyra catenataC 2

Gehyra dubiaC 677

Hemidactylus frenatus 8

Heteronotia binoei 13

ADifficult to distinguish between these congeners.
BTarget species.
CDifficult to distinguish between these congeners.
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(i.e.,10 ha) in Study 1, and was undertaken in November 2015.

All sites in Study 2 were in the southern geographic region (i.e.
within the range of Strophurus t. taenicauda). Nine small sites
were surveyed on each of two nights and an additional two small

sites on one night. Each of these sites was,4 ha in area except
for one (Chinchilla cemetery), which consisted of a few trees
that were continuous with the urban area of Chinchilla (i.e. this
site did not support a vegetation patch per se). In addition, a large

site (156.1 ha) and a medium site (23.01 ha) that were known to
be inhabited by S. taenicauda, based on the patch size categories
and surveys from Study 1, were surveyed on each of two nights

during this period to ensure that ambient environmental condi-
tions during Study 2 were not influencing search success.

Habitat surveys

We recorded a standardised set of habitat variables at each of the

sites we surveyed for S. taenicauda. The habitat assessment was
based on themethods of Neldner et al. (2012) and is summarised
below.

Four disturbance variables were scored on an ordinal scale.

These variables and the measurement scales are listed here.

� Fire frequency. Scored as 0 (#1 year since last burn), 1

(1–5 years since last burn), 2 (5–10 years since last burn)
and 3 (.10 years since last burn).

� Weed extent. Ranged from 0 (not present) to 3 (widespread).
� Grazing impact. Ranged from 0 (none) to 3 (high).
� Erosion extent. Ranged from 0 (none) to 3 (high).

A 100-m line transect was established centrally at each site,
and several vegetation structural and floristic variables were
measured. These variables were: tree species richness; shrub

species richness; basal area of non-cypress trees; and basal area
of white cypress. Basal area measurements were undertaken
using the Bitterlich stickmethod at the 0, 50 and 100mmarks on
the line transect. Averages of these three measurements were

used to compute site-level basal areas for white cypress and non-
cypress trees, which were used in the analyses. Five 1-m2

quadrats were established along the 100-m line transects, at

TOWNSVILLE

MACKAY

N

C

S

Legend Legend

Gas or CSG found 

Primary REs

Gas or CSG found 

Surat CMA

0 62.5 125 250 375

N

500
km

ROCKHAMPTON

ROMA

DALBY

(a) (b)

Fig. 1. The separation of theSuratCumulativeManagementArea (CMA) into three geographic blocks for the purposes of this study: S, south;C, central;

and N, north, with red dots indicating coal-seam gas (CSG) boreholes. (a) The underlying primary Regional Ecosystems (REs) mapped as containing

Callitris. (b) MAXENT-modelled bioclimatic suitability for Strophurus taenicauda, with black being high suitability through to white being unsuitable.
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25, 35, 45, 55 and 65 m, and in each of these the following were
visually estimated: percentage cover of bare ground; litter;

fallen woody vegetation; native perennial grasses; native peren-
nial herbs; native annuals; native shrubs; native trees; exotic
herbs and shrubs; and exotic grasses.

In addition, the following landscape-scale spatial variables
(or groups of variables) were recorded for each of the survey
sites.

� Patch dimensions. This category included patch size (area in
hectares), maximum length (in metres) and minimum width

(in metres).
� Distance to next nearest patch (metres)
� Proximity (km) to larger patches.
� Isolation. The length of time since the patch was isolated (only
applicable to small and medium-sized patches). This variable
was estimated using interpretation of historical aerial
photography.

Statistical analysis

All statistical analysis was carried out using the R computing

environment (R Core Team 2016).
The relationship between patch size and the abundance

of S. taenicauda was assessed using a nested ANOVA. In
this analysis, the response variable was the abundance of

S. taenicauda and the independent variable was patch size, a
categorical variable with three levels (large, medium, small).
The random effect was region (South, Central, North) with patch

size nested within region. The error term was adjusted to reflect
the nested effect of patch size within region. The analysis was
carried out with gecko abundance summed across sampling

times for the stratified survey (February, October).
As a complement to the above analysis, we also carried out an

analysis treating patch size as a continuous rather than a

categorical variable. We carried out multiple regression with
abundance (log-transformed) of S. taenicauda at each site as the
response variable. The independent variables were patch size
(ha) and the abundance of a sympatric gecko species, Gehyra

dubia (log-transformed). Gehyra dubia was the most abundant
gecko at our study sites and overlapped extensively with
S. taenicauda (see Results). These two factors led us to include

it in our analyses. We then used partial regression coefficients
and partial plots to examine the effect of each variable indepen-
dent of the effects of other variables.

The relationship between habitat variables and the abun-
dance of S. taenicauda was examined using classification and
regression tree analysis (CARTs). CARTs are a simple but
analytically robust technique of describing variation in a single

response variable through the splitting of multiple independent
variables using a technique referred to as recursive binary
partitioning (De’ath and Fabricius 2000). CART algorithms

work by selecting a single explanatory variable (and a value
for that variable) that best splits the dataset into two mutually
exclusive groups that are most homogenous. This process of

splitting the dataset into two mutually exclusive groups is
repeated for each sub-group until a threshold is reached. CARTs
can handle multiple types of covariates (e.g. ordinal,

continuous), collinearity and missing values, and they are
relatively simple to construct and interpret. CART modelling

can be used for both data exploration and prediction. This
approach is valuable, and is used here, because CARTs can

often detect patterns that are not obvious from linear modelling.
The independent variables used in our CART analyses were a

subset of the habitat variables collected. This subset was based

on the assessment of one of the authors (C. Pavey). The ordinal
and continuous variables included in the analysis were: fire
frequency (ordinal); grazing (ordinal); weeds (ordinal); erosion

(ordinal); patch size (ordinal); basal area of non-cypress trees
(continuous); basal area of white cypress trees (continuous);
percentage fallen woody material (continuous), percentage
cover of trees (continuous);% cover of native shrubs

(continuous);% cover of litter (continuous); and% cover of
bare ground (continuous). The response variable was either the
presence/absence (binomial variable) of S. taenicauda, used in

classification tree analysis, or the abundance (continuous
variable) of S. taenicauda, used in regression tree analysis.

Results

We observed 12 species of gecko, including S. taenicauda,
during the surveys (Table 1). The most frequently recorded

gecko was G. dubia. It is an arboreal species that is sometimes
syntopic with S. taenicauda, but is much more widely distrib-
uted and occupies a wider variety of habitat types. The abun-
dance ofG. dubia and its extent of overlap with our focal species

led to us consider it in our analyses. The rationale for this was
that management actions that influence the abundance of
G. dubia may potentially have direct or indirect impacts on

populations of S. taenicauda.
During the stratified sampling across three geographic

regions, S. taenicauda was detected in 40% of small sites, 56%

of medium sites and 78% of large sites. During the second field
program that targeted only small sites in the south of the range, the
specieswas detected at seven of the 11 (64%) small sites sampled.

We recorded 45 individuals of the species during the stratified
survey and 99 individuals during the survey of small sites.

The average distance between the nearest pairs of sites was
4.8 km (0.3–18.0 km). Three sites were less than 1 km from their

nearest neighbour. There are no studies of movements of
individual S. taenicauda. Indeed, there is almost no research
of displacement of Australian geckos that is relevant to the scale

of our research here. In mark–recapture research, Read (1999),
found average maximum displacements of 35–40 m for three
species of Diplodactylidae geckos in arid South Australia. He

also found a high degree of site fidelity over several years
(strong evidence of a ‘home range’), suggesting the geckos he
studied did not move far. The geckos Read studied were all
terrestrial species, and it is not known whether the scale of

movement he reported is relevant to S. taenicauda, which is
predominately an arboreal species. However, if Read’s work is
applicable to our study species then the minimum distance

between pairs of sites in our study of 0.3 km should be sufficient
for there to be no or very little movement among sites.

Influence of patch size and abundance of Gehyra dubia on
abundance of Strophurus taenicauda

We recorded S. taenicauda across the full range of patch sizes
during the two sets of surveys (i.e. Study 1 and Study 2). We
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located the species in patches as small as 1.11 ha. The species
occurred at high abundance in some of these small patches. As

an example, 12 and nine individuals were observed during two
separate nights of sampling at the 1.11 ha patch in November
2015. Strophurus taenicauda also was common in an area
containing isolated groves of trees that was within the urban area

of Chinchilla, and within a 3.75-ha vegetation remnant that was
enclosed by the town of Chinchilla. At the latter site, 20
S. taenicauda were counted during the 45-min survey on 15

November 2015.
We observed the species in a range of other locations. For

instance, we located two individuals in regrowth bordering one

of the medium-sized survey patches. At another location, two
individuals were located in small trees within the agricultural
matrix as wemoved from one remnant patch to another. Further,
individuals were observed along a roadside strip of white

cypress in agricultural land on the edge of the town of Chinchilla
during both February and October 2015.

Patch size did not have a statistically significant effect on the

abundance of S. taenicauda in Study 1. Specifically, there were
no differences in abundance of S. taenicauda (F2,6 ¼ 1.71,
P¼ 0.26) across patches of different size classes, after account-

ing for the effects of region. The multiple regression model
relating the abundance of S. taenicauda to G. dubia abundance
and patch size was marginally non-significant (F2, 25 ¼ 3.08,

P ¼ 0.06, R2 ¼ 0.13). Examination of partial regression plots
revealed that the influence of patch size on S. taenicauda was
positive andmarginally non-significant (F1, 25¼ 3.62,P¼ 0.07;
Fig. 2a), whereas the abundance of G. dubia did not influence

S. taenicauda abundance (F1, 25 ¼ 2.54, P ¼ 0.12; Fig. 2b).
We examined the influence of both patch size and the

abundance of G. dubia on the abundance of S. taenicauda using

data from Study 2. The multiple regression model relating the

abundance of S. taenicauda toG. dubia abundance and patch size
was statistically significant (F2, 7 ¼ 6.01, P ¼ 0.03, R2 ¼ 0.53).

Examination of partial plots revealed that the influence of patch
size on S. taenicauda abundancewas not significant (F1, 7¼ 0.52,
P¼ 0.49; Fig. 3a). In contrast, the abundance ofG. dubia appears
to have a negative influence on S. taenicauda abundance in small

patches (F1, 7 ¼ 12.50, P ¼ 0.01; Fig. 3b).
To determine if the pattern from the November surveys of

small patches (Study 2) was consistent with the overall pattern

across the study area, data from only the small sites surveyed
during the stratified survey (Study 1) were examined. The
multiple regression model relating the abundance of S. taeni-

cauda to the abundance of G. dubia and patch size was
marginally non-significant (F2, 5 ¼ 3.81, P ¼ 0.10,
R2 ¼ 0.45). Examination of partial plots revealed that the
influence of patch size on S. taenicauda was not significant

(F1, 5¼ 1.42,P¼ 0.29). In contrast, and as in the case of Study 2,
the abundance of G. dubia appears to have a negative influence
on the abundance of S. taenicauda (F1, 5 ¼ 6.19, P ¼ 0.055).

Influence of habitat characteristics on presence and
abundance of S. taenicauda

For data from the stratified survey (Study 1), a classification tree
analysis revealed that the presence of S. taenicauda was influ-
enced by the average basal area (AVE_BA) at the site (Fig. 4a).

When AVE_BA was greater than 5.7 m2 ha�1, the likelihood of
S. taenicauda presence was ,90%; when below this threshold
the likelihood of presence was ,38%. In regression tree anal-
yses that used relative abundance of S. taenicauda (instead of

presence/absence) as the response variable, the dominant par-
tition in the dataset was patch size (Fig. 4b). When the patch size
exceeded 46 ha, S. taenicauda abundance was 2.46 � 0.69

individuals/site/night (mean� s.e.); when patch size was below
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this threshold, S. taenicauda abundance was 0.73 � 0.30 indi-
viduals/site/night.

For data from the survey of small sites (Study 2), a classifi-
cation tree analysis revealed that the presence/absence of

S. taenicauda was influenced equivalently by grazing (Fig. 5a)
and the average basal area of white cypress (AVE_BA_Callitris)

(Fig. 5b). When grazing was negligible or absent or when
average basal area of white cypress was greater than
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2.59 m2 ha�1, the chance of presence of S. taenicauda was
100%; when these conditions were not met, the chance of

S. taenicauda presence was ,17%. In regression tree analyses
that used relative abundance of S. taenicauda (instead of pres-
ence/absence) as the response variable, as with the classification

tree S. taenicauda was influenced, equivalently, by grazing and
average basal area of white cypress at the site. When grazing was
negligible or absent or when average basal area of white cypress

was greater than 2.59 m2 ha�1, S. taenicauda abundance was
22.75 � 11.85 individuals/site/night (mean � s.e.); when these
conditions were not met, S. taenicauda abundance was

0.17 � 0.17 individuals/site/night (Fig. 6).

Discussion

Our assessment of the persistence of S. taenicauda within

landscapes, where the original vegetation is already fragmented
and where further fragmentation is occurring, has shown that the
species readily occupied small patches of remnant vegetation.

Specifically, it was common in small remnant patches (down to
1.11 ha in area) within an agricultural matrix, in remnant patches
surrounded by urban development and in linear vegetation along

roads. This pattern of occupation of fragments by S. taenicauda
appears to be a long-term response, because it is occurring in a
landscape that has been fragmented during 150 years of agri-
cultural development.

Recently, it has been argued that the response of a species to
the matrix surrounding fragments strongly predicts both the
direction (increase or decrease in occurrence) and magnitude of

the response to fragmentation (Evans et al. 2017). Strophurus
taenicauda provides support for this prediction. The species’

occupation of small fragments of vegetation was matched by its
occurrence outside of remnants. Specifically, we located it in
isolated trees in parkland within a town, and opportunistically in

regrowth and in isolated small trees within the matrix between
patches of remnant vegetation.

Although S. taenicauda in our study area was tolerant of

habitat fragmentation, it needed key structural components to be
present in a fragment for it to occur there. Foremost among these
structural components was tree density. This perspective is best

represented in our data by the variable average basal area. As
average basal area increased, especially above 5.7 m2 ha�1, this
species was more likely to be present. An average basal area of
5.7 m2 ha�1 occurs in woodlands of moderate tree density. Such

woodlands also have open areas and gaps within them. In small
patches, themain factors influencing presence and abundance of
S. taenicauda were the average basal area of white cypress and

grazing. As average basal area of white cypress increased, the
species was more likely to be present (and occur at a higher
abundance) in small patches, but this persistence was aided

when other stressors to white cypress recruitment (e.g. grazing)
were limited.

Our results and conclusions clearly differ from our initial
hypothesis that S. taenicauda favours areas with continuous

vegetation. Patch size was weakly positively correlated with
S. taenicauda abundance; however, this relationship was rarely
statistically significant. White cypress has previously been
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recognised as an important habitat tree for S. taenicauda

(Wilson and Knowles 1988; Thompson and Eldridge 2005;
Ngugi et al. 2013). In our small patches, we found that

S. taenicauda was abundant when average basal area of white
cypresswas greater than 2.59m2 ha�1 andwhen grazingwas low
or absent. This finding adds to available evidence of the value to

biodiversity of regrowth patches of white cypress (Gonsalves
et al. 2018). The grazing effect fits with previous observations,
summarised in Thompson and Eldridge (2005), that browsing by

cattle and sheep and grazing by rabbits restricts white cypress
regeneration and damages young seedlings of the species,
respectively. Therefore, it appears likely that S. taenicauda

occupation of white cypress patches was not influenced by

patch size but rather by the condition of individual trees and
overall patch condition, highlighting how stressors can interact
to impact populations of this species. Our observations of the

equivalent influence of average basal area of white cypress and
grazing on S. taenicauda abundance suggests that long-term
effects of a lack of cypress recruitment could be a factor in our

study sites. Unfortunately, our data collection methods do not
allow us to tease apart effects of a historic lack of white cypress
recruitment from current grazing practice.

Our analysis found a negative correlation between another
commonly occurring arboreal gecko, G. dubia, and S. taeni-

cauda abundance, particularly in small patches; because this
relationship was uncovered through the course of our study we

did not examine it in detail. However, it appears to be a topic
worthy of further consideration.

Taken together, our findings characterise S. taenicauda as a
species that occupies patches of all sizes if a sufficient density of
trees, especially white cypress, is present and if there is no or

limited grazing. Although preliminary, our data suggest that the
health of remnant patches, rather than size, is a key factor.
Grazing had a negative influence on occupancy of small patches

by S. taenicauda. Given the degraded status of much of the
cypress forests in eastern Australia (Thompson and Eldridge
2005), this is a likely explanation for the patchy distribution of

the study species.
Although underappreciated, there is a considerable amount

of published research showing that habitat fragmentation can
have positive effects on biodiversity (Fahrig 2003, 2017; Fahrig

et al. 2019). These positive effects include increased functional
connectivity resulting from either a larger number of small
patches with smaller distances between them, and/or a higher

edge density facilitating the movement of species that preferen-
tially move along edges, increased landscape complementation
with increased fragmentation and positive edge effects (Fahrig

2003, 2017). Positive edge effects occur when edges are more
productive and structurally diverse than interiors, thus providing
higher food availability and lower predation risk. If a species is

favoured by edges then it is favoured by fragmentation, because
a fragmented landscape contains more edge. Strophurus taeni-
cauda appears to be a species that experiences positive edge
effects. It readily occupied fragments with a high edge to interior

ratio and often occurred at high abundance in these locations.
Additional research that accounts for imperfect detection during
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surveys using an occupancy modelling approach may shed
further light on this pattern.

Conclusion

In terms of assessing the ability of S. taenicauda to persist in the
face of habitat fragmentation, our research demonstrates that it

regularly occurred outside of continuous vegetation. This ability
is likely to have been of prime importance in enabling it to
persist despite the widespread habitat fragmentation in the

Brigalow Belt since European occupation (Wilson et al. 2002).
The species’ occupation of both remnant patches and areas in the
matrix leads us to classify it as a species that is resilient to dis-

turbance if certain habitat quality measures are met. As a con-
sequence, it is unlikely to be sensitive to the changes that will
result from the development and operation of a CSG industry,
based on current practices and approaches of that industry,

within its core geographic range.
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