Diversity and abundance of pit-trapped reptiles
in Australian arid and mesic habitats:
Biodiversity for Environmental Impact

Assessments
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Based on pit-trapping data for reptile assemblages from mesic, semi-arid and arid Australian sites, we examined
species richness, diversity and evenness for general patterns. Reptile assemblages in Austrafian arid and semi-arid
areas are generally species rich, have a high diversity, and have a high proportion of species that are rarely caught.
Skinks are generally the most abundant taxa, followed by geckos and agamids. Varanids, elapid and blind snakes are
less frequently caught, and pygopods are seldom caught in pit-trapping programmes. However, there was considerable
variability in the pattern of reptile assemblages across the Australian arid and semi-arid landscape, and even among
closely located sites within the same soil and vegetation zones. A high proportion of arid and semi-arid reptile species
are rarely caught in pit-traps. Western Australian Environmental Protection Authority’s current requirements for assessing
the effects of a potential disturbance, which are based on desktop study and small-scale field survey, are inadequate
to describe biodiversity at the genetic, species and ecosystem levels, and also in terms of ecosystem function. If the
Environmental Protection Authority considers rare species are an important component of the biodiversity of an area,
then a greater level of trapping is required for the preparation of an environmental impact assessment than is generally

occurring at present.
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INTRODUCTION

THE Environmental Protection Authority in
Western Australia recently released its Position
Paper No. 3, Terrestrial Biological Survey as an
Element of Biodiversity Protection (2002), which
indicates the extent of biological surveys
required for each of the 26 Western Australian
Interim Biogeographic Regions when preparing
an environmental impact assessment. For
developments that are rated as “high impact” in
any region, a desktop survey, reconnaissance
survey and a comprehensive flora and fauna
survey are required. For developments rated as
“moderate” or “low” impact, a desktop study, or
a desktop study with a reconnaissance survey
and a comprehensive flora and fauna survey, are
required, depending on the region. The
position paper goes on to indicate that the
Environmental Protection Authority “expects
proponents to ensure the terrestrial biological
surveys provide sufficient information to address
both biodiversity conservation and ecological
function values . ..” (Environmental Protection

Authority 2002).

Data often reviewed in a desktop study will
include a checklist of rare or endangered species
historically known to have been in the area
(using the Department of Conservation and

Land Management database) and a review of the
Western Australian Museum species list for the
area. Other sources of information include
systematic surveys on a regional scale undertaken
by government agencies (e.g., McKenzie e al.
1991, 2000; McKenzie and Hall 1992) or
researchers (e.g., Pianka 1986, 1996). Are these
data adequate to enable the Environmental
Protection Authority to assess the impact of local
level disturbances on the biodiversity of the
area? If no field survey data exist for an area
being reviewed and the museum records are
poor, then how do proponents of a development
assess the ecological significance or biodiversity
value of the area from a desktop survey?

For sites with substantial data on species
richness and abundance, a field survey is
generally not required by the Environmental
Protection Authority, and available data need to
be interpreted in the context of the site’s
contribution to biodiversity and the importance
of the ecosystem (Environmental Protection
Authority 2002). An earlier Environmental
Protection Authority preliminary position
statement (Environmental Protection Authority
2000) was critical of the quality of environmental
impact assessment reports submitted for its
consideration, indicating “a lack of appropriate
scale baseline information”, “site-specific data
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being collected but not interpreted/analysed for
biodiversity value”, “lack of reference to current
literature” and concluded that the “Environ-
mental Protection Authority historically accepted
substandard work”. Even when a field survey
was undertaken, the adequacy of the survey was
such that the value and usefulness must be
questioned (Thompson et al., in press). So, how
much useful data are available for proponents
and their consultants?

There is a paucity of collated data on patterns
of reptile fauna against which site-specific
terrestrial fauna survey data can be evaluated.
Baseline information and summarized literature
that report on diversity and abundance across a
range of habitats, or for a particular Western
Australian Interim Biogeographic Regions, are
generally not available for reptile assemblages.
So, on what basis do proponents of a develop-
ment judge species at a particular site to make
a significant contribution to biodiversity or
ecosystems? Obviously the presence of rare,
endangered or range-restricted species would
normally give a site special status, but a species
does not have to be rare to make a significant
contribution to biodiversity or to justify being
of particular interest. Does high species richness
or high abundance of particular taxa also
indicate special status and, if it does, then what
makes one site significant and another of less
importance?r These questions can best be
addressed by proponents in the context of the
“typical pattern of diversity and abundance” for
the region. Is it possible to describe a typical
pattern of diversity and abundance for
undisturbed Australian habitats against which we
can compare sites? Literature on this issue and
the associated questions is scant.

Our study examined species richness and
abundance of reptiles for a number of mesic,
semi-arid and arid sites in Australia for general
patterns. We used only pit-trap data, as this is
the primary method for collecting reptiles for
environmental impact assessments, although
some consultants also use a range of other
strategies such as raking and searching. For

these latter methods, search effort is often -

difficult to quantify and experience can influence
catch rates. We examined data for two
bioregional scale studies (Carnarvon Basin and
Lake Eyre Basin), and twelve landscape-local
scale areas; two of these are the same area
(Tanami Desert) but surveyed at different times
and reported separately. In addition, we
compare biotopes (homogenous habitat) within
two landscape scale areas (Bungalbin and Ora
Banda) to enable us to address questions about
the extent of similarity of reptile assemblages
within a landscape.

METHODS AND MATERIALS

We selected 14 study sites, 10 of which are
from the literature and four of our own, all of
which have collected a minimum of 800
individual reptiles during a pit-trapping
programme. A minimum of 800 individuals was
used to ensure sufficient reptiles were caught to
enable reasonable estimates of diversity and
abundance (Thompson et al.,, in press). Many of
the indices of diversity are influenced by species
richness (Magurran 1988; Hayek and Buzas
1997) and estimates of species richness are
influenced by survey effort (Thompson and
Withers, in press). Surveyed habitats varied in
size (1 ha to 75 000 km?), and bioregional and
landscape scale sites typically include a range of
soil types and vegetation habitats. Selected sites
are in mesic, semi-arid and arid areas of
Australia (Fig. 1).

Site descriptions
Bioregional scale

Carnarvon Basin (surveyed by Rolfe and
McKenzie 2000)

The Carnarvon Basin was the largest of the
areas surveyed (26°0'S, 114°30'E; 75000 km?;
Fig. 1). The Basin had relatively flat alluvial
plains that dominated the study area, although
there were uplands in the eastern section. The
area was a complex mosaic of soils and
vegetation, as might be expected for such a large
area, and included woodlands associated with
two relatively large ephemeral rivers, low red
sand ridges vegetated with spinifex grasses and
low shrubs, woodlands, coastal dunes and low-
lying saline areas that support samphire and
saltbush communities. Specimens were captured
with 20 L PVC buckets and 125 mm PVC pipes
with flywire drift-fences.

Lake Eyre South catchment area (surveyed by
Read and Owens 1999)

This was a large study site (29°30'S, 136°30'E;
26 256 km?; Fig. 1) that included cracking soils,
sand dunes, gibber plains, rocky outcrops,
chenopod shrubland and woodland. The major
land use was pastoralism. Data were collected in
two lines of six pitfall traps at 77 sites within
the catchment during 1995.

Landscape scale

Redsands (authors’ survey)

Redsands (28°12'S, 123°35'E; 1 km?, Fig. 1) was
in the Great Victoria Desert of Western Australia.
It was characterized by red sand plains and long
east-west sand ridges (Shephard 1995). The
Redsands survey included the swale, base, slope
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and crest of sand ridges with most areas being
vegetated with spinifex (Triodia basedowii),
occasional large marble gum eucalypt trees
(Eucalypius gongylocarpa), and some scattered
bushes (Acacia aneura and others) often in
patches. All reptiles were caught in 20 L PVC
buckets joined by flywire drift-fences located in
the various habitats. All captured reptiles were
removed. Trapping took place intermittently
over a 10 year period.

Simpson Desert (surveyed by Downey and
Dickman 1993)

This study site was located in southwestern
Queensland (23°46'S, 138°28'E; Fig. 1). It was
characterized by linear red sand ridges (up to 8
m, 0.6-1 km apart) vegetated with spinifex
(Triodia basedowi) with the occasional shrub
(Acacia spp.). Reptiles were caught in 20 L PVC
buckets joined by flywire drift-fences. Twenty
grids, each consisting of six trap lines of six
traps, 20 m apart, were spaced between 0.6 and
9 km apart. Trapping was undertaken on 15
occasions between March 1990 and June 1993.

Bungalbin (authors’ survey)

Bungalbin sandplain (30°24'S, 119°38'E; Fig. 1)
was a gently undulating site, covered with small
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Fig. 1. Location of bioregional sites and the biotope sites at Bungalbin and Ora Banda.

shrubs (predominantly Melaleuca spp. and Acacia
spp.), sedges and perennial grass clumps of spinifex
(Triodia spp.). Twelve sites (labelled B to M)
located along a sand track, each containing five
arrays of six pit-traps (150 mm PVC pipes; 30
in total per site), were sampled from December
1989 until April 2001 for periods of 3 to 20
days each spring-autumn when reptiles were
active. The 12 sites were placed in different
vegetation habitats within 10 km of each other
(Fig. 1), and for the purposes of this analysis we
considered each site a separate biotope. Other
than vouchered specimens, most captured
individuals were released. Recaptured reptiles
were excluded from this data set.

Ora Banda (authors’ survey)

Ora Banda (30°27'S, 121°4'E; Fig. 1) was on
Archaen granites or gneisses that underiie lateritic
gravel soils. The vegetation was heterogenous,
ranging from Eucalypt-Casuarina-Mulga wood-
lands interspersed with Acacia, to sparsely
distributed spinifex (Triodia spp.) and shrubs
(Acacia spp.) through to dense shrubs (dcacia
Spp., Atriplex spp., Allocasuarina spp.). Our 10
study sites (Salmon Gums, Spinifex, Gimlet,
Golden Arrow, Davyhurst, Security, Palace, Rose,
Wendy Gully and Crossroads) were located within
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50 km of each other (Fig. 1). Each site was located
near the centre of a specific vegetation community.
Each site was considered a separate biotope for the
purposes of this analysis. Data were collected
during 10 field trips between spring 2000 and
winter 2002 using alternating 20 L PVC buckets
and 150 mm PVC pipes joined by flywire drift-
fences, with 48 pit-traps at each site. Recaptured
reptiles were excluded from this data set.

Central Wheatbelt of Western Australia
(surveyed by Smith et al. 1997)

Within the wheatbelt of Western Australia,
numerous plots of remnant vegetation have been
incorporated into a reserve system. This study
site included eight of these remnant plots (1 680
km?) and an extensive area of a salt lake between
Kellerberrin (31°38'S, 117°43'E) and Trayning
(31°07'S, 117°47'E). The original vegetation was
a complex mosaic of heath, shrublands and
woodlands. Data were collected between 1987
and 1994 using 20 L PVC buckets, joined by a
flywire drift-fence.

L Area (authors’ survey)

Great Victoria Desert (GVD) L area (28°31'S,
122°46'E; Fig. 1) was typical western Great Victoria
Desert habitat; flat, gently rolling, red sand plain,
dominated by spinifex (Triodia basedoun), with large
marble gum eucalypt trees (Eucalypius gongylocarpa)
and some scattered bushes (Acacia aneure and
others). No sand ridges were nearby, but some
gentle swales were present. Traps (20 L PVC
buckets with flywire drift-fences) were run
intermittently between September 1989 and
December 1992, All reptiles caught were removed.

Tanami Desert A (surveyed by Morton et al.
1988)

This study site (20°32'S, 130°24'E; Fig. 1) was a
flat sand plain dominated by spinifex (Plectrachne
schinzii), with the composition of the grassland
varying due to its fire history. Reptiles were caught
using both PVC buckets and pipes during October
and November 1985, and March and April 1986.

Tanami Desert B (surveyed by Hobbs et al. 1994)

This study site (20°32'S, 130°24'E; Fig. 1) was
as described above. Reptiles were caught in 20 L
PVC buckets with drift-fences during each
autumn and spring between March 1987 and
March 1990. Although it was not explicit in their
article, it is presumed that the two Tanami study
sites are similar if not the same.

Uluru (surveyed by Masters 1996}

This study site was 15 km west of Ayers Rock
on the boundary of the Uluru National Park
(25°17'S, 130°65'E; Fig. 1) and was transitional
sand plain with heavy clayey sands. The

dominant vegetation was spinifex (Triodia
basedowts) with scattered shrubs (Acacia spp. and
desert oaks). The site was burnt in 1976 and the
data were collected between September 1987
and May 1990. Pit-traps were 20 L PVC buckets
with drift-fences.

Ewaninga (surveyed by James 1989)

James (1989) described this site, 40 km south
of Alice Springs (24°0'S, 133°54'E; Fig. 1), as
irregular sand dunes (up to 7 m) covered with
Triodia spp., Plectrachne spp. and a small number
of shrubs (Eucalyptus spp. and Acacia spp.).
Pit-traps were 20 L PVC buckets joined by drift-
fences. Trapping was undertaken in both spring
and autumn between September 1985 and
April 1988.

Bold Park (surveyed by How 1998)

Bold Park (31°58'S, 115°42'E; Fig. 1) was a large
(330 ha) remnant bushland on the Swan Coastal
Plain in Western Australia. This study site
consisted of four mesic habitats (coastal heath,
Dryandra sessilis shrubland, Banksia attenuata
and B. menziesii woodland, and Eucalyptus
gomphocephala woodland) situated on the
Quindalup Dune formation. This study site was
dissimilar to the arid and semi-arid locations in
inland Australia, but it provided an interesting
contrast that enabled a comparison to be drawn
between mesic and semi-arid habitats of similar
latitude. The survey was undertaken between
December 1986 and June 1993 using 175 mm
PVC pipes joined by flywire drift-fences.

Roxby Downs (surveyed by Read 1995)

A one hectare chenopod shrubland near Roxby
Downs (30°29'S, 136°53'E; Fig. 1) in arid South
Australia was surveyed between January 1991
and June 1993, using 401 PVC pipes. No drift-
fences were used in this study, but pits were
placed at 5 m intervals in a square grid. The
trapping area was in an interdunal swale that
was dominated by the perennial shrubs, Atriplex
vesicaria and Maireana astroiricha.

Data Analyses — Pit-trapping catches were
tallied to calculate the total number of
individuals caught, the total number of species,
and the number and percentage of species in
major taxonomic groups {Agamidae — agamids;

Varanidae — varanids; Scincidae — skinks;
Gekkonidae — pgeckos; Pygopodidae —
pygopods; Typhlopidae — blind snakes;

Elapidae -— elapid snakes; Boidae — pythons).
For each study site, the Shannon index (H: in
using Species Diversity and Richness II software),
o log series diversity index (Magurran 1988;
using Species Diversity and Richness II software)
and evenness index (E: Hayek and Buzas 1997,
using Species Diversity and Richness II software)






