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Abstract. A major challenge confronting many contemporary systematists is how to integrate standard taxonomic research
with conservation outcomes. With a biodiversity crisis looming and ongoing impediments to taxonomy, how can systematic
research continue to document species and infer the “Tree of Life’, and still maintain its significance to conservation science
and to protecting the very species it strives to understand? Here we advocate a systematic research program dedicated to
documenting short-range endemic taxa, which are species with naturally small distributions and, by their very nature, most
likely to be threatened by habitat loss, habitat degradation and climate change. This research can dovetail with the needs of
industry and government to obtain high-quality data to inform the assessment of impacts of major development projects that
affect landscapes and their biological heritage. We highlight how these projects are assessed using criteria mandated by
Western Australian legislation and informed by guidance statements issued by the Environmental Protection Authority
(Western Australia). To illustrate slightly different biological scenarios, we also provide three case studies from the Pilbara
region of Western Australia, which include examples demonstrating a rapid rise in the collection and documentation of
diverse and previously unknown subterranean and surface faunas, as well as how biological surveys can clarify the status
of species thought to be rare or potentially threatened. We argue that ‘whole of biota’ surveys (that include all invertebrates)
are rarely fundable and are logistically impossible, and that concentrated research on some of the most vulnerable elements
in the landscape — short-range endemics, including troglofauna and stygofauna — can help to enhance conservation and

research outcomes.

Introduction

Conservation biology strives to understand the processes and
mechanisms that can be used to identify and preserve species,
ecosystems and the underlying genetic diversity of life (see
Meine et al. 2006). Billions of dollars are invested annually
around the world to help conserve the most vulnerable of
Earth’s inhabitants. Areas are included in reserves intended for
the conservation of biodiversity generally, or to protect particular
threatened ecosystems, communities or species. Zoos and other
organisations engage in breeding programs to maintain captive
populations of species at risk or even extinct in the wild. Most of
these funds are directed at either habitat protection or restoration
or towards so-called ‘charismatic’ species. Who can deny the
plight of the tiger, Panthera tigris (Linnaeus, 1758), listed as
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endangered by the International Union for the Conservation of
Nature (IUCN) (Chundawat et al. 2010) and estimated in a media
release to become extinct in the wild by 2022 (e.g. Sydney
Morning Herald, 22 November 2010)? Or that of Spix’s
macaw, Cyanopsitta spixii (Wagler, 1832), listed as critically
endangered by the IUCN and likely to be extinct in the wild
throughout its native range of eastern Brazil (Anonymous 2010)?
These iconic and beautiful species rightly engender sympathy
and our greatest efforts to aid their ongoing preservation.
However, most of the world’s organisms live largely
unnoticed by humans, with most species — both described and
undescribed —known only to taxonomic specialists, and many of
those known from only a handful of preserved specimens in
museums and herbaria. It is unknown how many of these species
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are threatened or at risk, and a major challenge confronting
many contemporary systematists is how to integrate standard
taxonomic research with conservation outcomes (Agnarsson
and Kuntner 2007). Although ‘alpha taxonomy’ — i.e. the
description of new species, redescription of previously named
species and the documentation of their distributions, habitat
preferences and seasonality — is sufficient to ensure an
ongoing and valuable contribution towards identifying and
preserving biodiversity, the vast number of still undescribed
species is a daunting hurdle for many taxonomists. Indeed,
studying these organisms is challenging and time-consuming
and, while the advent of molecular techniques has aided this
process considerably, the ongoing ‘taxonomic impediment’
(Taylor 1983) calls into focus the role of modern systematics
in the face of a complex biodiversity crisis (Crozier 1992, 1997;
Faith 1992, 1994; Agnarsson and Kuntner 2007; de Carvalho
et al. 2007). With taxonomic expertise, training and funding
dwindling (Agnarsson and Kuntner 2007) and conservation
concerns increasing, where should our efforts be concentrated?
How can systematic research continue to document biodiversity
and infer the ‘Tree of Life’ (Donoghue and Cracraft 2004), and
still maintain its significance to conservation science and to
protecting the very species it strives to understand?

Here we advocate a systematic research program dedicated to
documenting short-range endemic (SRE) taxa, which, by their
very nature, are threatened or are most likely to be threatened by
habitat loss, habitat degradation and climate change. A focus on
short-range endemics dovetails with the needs of industry and
government agencies to obtain high-quality data to assess the
impacts of major development projects that affect landscapes
and their biological heritage. This approach has been widely
applied in Western Australia over the past decade, in a landscape
where extraordinary biodiversity and natural heritage values
(Hopper et al. 1996; Myers et al. 2000; Hopper and Gioia
2004) intersect with an ever-expanding resources sector. These
large-scale developments must conform to a legislative
framework in Western Australia — the Wildlife Conservation
Act 1950 and the Environmental Protection Act 1986 — where
the protection of unique habitats and individual taxa (species and
subspecies) is promoted and regulated.

Short-range endemism

Species with naturally small distributions are termed short-range
endemic species (Harvey 2002). Although often considered to be
restricted to invertebrate animals, SREs can in fact be found
among all major biological lineages. Any taxon that has a
restricted, small distribution qualifies as an SRE, including
most threatened species, many of which are under threat
simply because they are restricted to small patches of suitable
(but often dwindling) habitat. Harvey (2002) noted several life-
history features that are characteristic — and may be central to the
evolution of — short-range endemism, including poor powers of
dispersal, ecological confinement to discontinuous or rare
habitats, slow growth and low fecundity. These factors can all
lead to evolutionary diversification over time and to highly
restricted modern distributions. Harvey (2002) suggested a
nominal range of less than 10000 km? as a working definition
of short-range endemism, but Eberhard et al. (2009), considering
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stygofauna, recommended a reduced area of less than 1000 km?.
Even this may need further refinement as, for example,
groundwater calcrete aquifers of the southern Western Shield
(Yilgarn) each have unique faunas largely comprising endemic
species (Humphreys 2008; Guzik et al. 2011a; and references
therein). Of 77 unique calcrete faunas listed as ‘priority
communities’ by the Western Australian Department of
Environment and Conservation, the mean area of each calcrete
is 90.8 km? (range 0.89-2205km?) and some of these distinct
calcretes are only 1 km apart.

To incorporate short-range endemism into conservation
assessments and to produce positive conservation outcomes
in accordance with the Wildlife Conservation Act 1950 and
the FEnvironmental Protection Act 1986, the Western
Australian Environmental Protection Authority (EPA) has
produced a guidance statement specific to SREs. This
statement requires proponents of large-scale activities, such as
mining and associated infrastructure, to survey for SRE species
to allow informed assessment of development proposals
(Environmental Protection Authority 2009). An associated set
of guidance statements dealing with subterranean fauna has
also been developed (Environmental Protection Authority
2003, 2007) to aid in the sampling of highly diverse short-
range endemic troglofauna and stygofauna that occur
throughout large areas of Western Australia (Humphreys
2008). The EPA wishes ‘to ensure adequate protection of
important habitats for these species’ (Environmental Protection
Authority 2003), and the onus is on proponents to demonstrate
that SRE species, including subterranean fauna, are not
irreparably affected by the proposed activity. A positive side
effect of these requirements is that we are now gaining insights
into a previously poorly known and largely undocumented fauna
(see review by Guzik et al. 2011a). Collaborative research
projects being developed between industry, government and
universities foster a unique blend of outcomes that not only
document and describe the fauna, but also provide sufficient
background data against which regulatory authorities can assess
proposals to ensure positive conservation outcomes.

We highlight this scientific and legislative situation in the
context of Western Australia’s Pilbara region, an area of some
500 000 km?, which is highly prospective for several minerals,
principally iron ore but also gold and other precious metals. The
large-scale, even landscape-scale, developments either underway
or proposed for the region are now heavily scrutinised by state
government agencies before their approval, aiming to ensure
‘the protection of any portion of the environment’ (Section 28,
Environmental Protection Act 1986). Several case studies are
presented here to demonstrate the conservation benefits that
detailed studies on some of the most vulnerable species in
the landscape — short-range endemics — can have. These case-
studies are not meant to be comprehensive, but provide a vignette
of three different investigations that have led to a much
greater understanding of individual species, their taxonomy,
phylogenetic relationships and their significance to proponents
seeking approval for developments that may threaten populations
of these and other species. While several short-range endemic
invertebrate species from the Pilbara region are listed under
Western Australian legislation, there is currently only a single
species listed under the Commonwealth Environment Protection
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and Biodiversity Conservation Act 1999, the remipede crustacean
Lasionectes exleyi Yager & Humphreys, 1996 from the Cape
Range Peninsula. We therefore restrict our comments to the
Western Australian legislation and associated guidance
statements that are relevant to the case studies presented below.

Schizomids (family Hubbardiidae)

Schizomida (Fig. 1) is a small arachnid order with ~270
described species in two families: the meso-American
Protoschizomidae and the circum-tropical Hubbardiidae
(Reddell and Cokendolpher 1995; Harvey 2003, 2007). The
Australian fauna comprises 52 named species from eastern and
northern Australia, of which nearly one-third (16 species)
are restricted to subterranean habitats. The discovery of a
troglobitic schizomid from caves in Cape Range represented
the first schizomid to be described from Australia (Harvey
1988), and this species was subsequently listed as threatened
under the Western Australian Wildlife Conservation Act 1950.
The remaining Australian schizomids have been treated in
successive revisions (Harvey 1992, 2000a, 20005, 2001;
Harvey and Humphreys 1995; Harvey et al. 2008). The north-
western Australian schizomid fauna is of particular interest, as
there appear to be no surface representatives in the region, with the
entire schizomid fauna consisting of a variety of troglobites. This
fauna is thought to represent a relictual vestige of a widespread
tropical fauna that was extirpated in surface environments due
to the progressive drying of the region since the Miocene
(Humphreys 1993). This Tertiary drying (Byme e al. 2008)
ameliorated habitats that were suitable for moisture-dependent
animals, such as schizomids.

The requirement for all resource development proponents in
Western Australia to sample subterranean fauna, wherever they
are likely to occur (Environmental Protection Authority 2003,
2007), has resulted in the collection of numerous schizomids
from across the Pilbara during the past decade. Indeed, since
the description of the first schizomid from Cape Range,
now known as Draculoides vinei (Harvey, 1988), a surprising
diversity of schizomids has been detected in the Pilbara region.
The description of five newly discovered species of Draculoides

Fig.1. Draculoides bramstokeri Harvey & Humphreys from Barrow Island.
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Harvey, 1992 (Fig. 1), two new species of Bamazomus Harvey,
1992 and four new species of Paradraculoides Harvey, Berry,
Edward & Humphreys, 2008 (Harvey and Humphreys 1995;
Harvey 2001; Harvey et al. 2008) has brought the total number of
named species in the Pilbara to 12. This incremental increase in
our knowledge is portrayed in Figs 68, with relatively few
schizomids collected during the 1980s and 1990s, followed by
arapid increase in sampling success during the 2000s. At least 15
new species are thought to be represented among these new
collections (MSH, VWF, unpubl. data), bringing considerable
insight to a poorly known group of arachnids. Many species are
known to be endemic to individual geological formations, such
as pisolitic mesas only a few hundred hectares in area (Harvey
et al. 2008), and no species are known from an area greater
than 500 km?, clearly conforming to current definitions of
short-range endemism (Harvey 2002; Eberhard et al. 2009;
Environmental Protection Authority 2009). Knowledge of the
taxonomy and distribution of different species and genera has
been refined with each new discovery, and recent molecular
phylogeographic research has highlighted the evolutionary
inter-relationships among species (Harvey et al. 2008) and
the remarkable subterranean biogeography of the region
(summarised in Guzik ef al. 2011a).

The conservation implications of these research outcomes
are manifold. The discovery of subterrancan short-range
endemic invertebrates in areas that are ear-marked for mining
activity brings considerable uncertainty to the proponents.
In contrast, fine-scale studies on the taxonomy and molecular
relationships of SREs, combined with extensive sampling
programs, can provide sufficient information for the regulatory
agencies to approve mining proposals with conservation
outcomes embedded within each proposal. The application
to extract iron ore from ‘Mesa A’ and ‘Warramboo’, west
of Pannawonica, was initially opposed by the Western
Australian EPA, but was ultimately approved by the Minister
for the Environment in 2007 (Ministerial Approval Statement
756, available from http://www.epa.wa.gov.au/peia/approval
statements, accessed 19 February 2011) after the extent and
scope of the mine was modified by the proponent to include
conservation strategies for the schizomid (and the other
subterranean species) known to be endemic to Mesa A. Project
approval also required additional conservation offsets and
research funding to be committed to by the proponent.
Detailed research into these obligate troglobites has provided a
snapshot of a varied and hitherto unknown fauna, as well as
placing them at the centre of a conservation strategy aimed at
ensuring viable populations of these taxa persist during and after
the development of the iron ore mine. The course of the proposal
assessment and associated taxonomic work also served to
substantially improve the profile of these little known animals:
industry proponents and government regulators alike are now far
more aware of their potential significance and relevance to
proposal assessment than they were before the EPA’s
assessment of the Mesa A project.

As a footnote, Draculoides vinei was eventually removed
from the list of Western Australian threatened species after the
discovery that it was more widespread than previously suspected
and under no imminent danger of extinction. However, 10 other
shorter-range endemic schizomid species are currently listed as
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either vulnerable or endangered by the Minister for the
Environment due to their occurrence at few sites and, in many
cases, the perceived threat from mining or other destructive
activities.

Fire millipedes (family Pachybolidae)

Fire millipedes of the family Pachybolidae (Figs 2, 3) include
some large and spectacular millipedes of the order Spirobolida.
They appear to represent an ancient radiation, with individual
genera restricted to continental masses (Hoffman 1980). In
Australia, they occur in the northern tropical zones, as well as
in the forests of eastern Australia. Three strange, brightly-
coloured pachybolids were collected from the Burrup
Peninsula, in the Pilbara region of north-western Australia in
2002, and represented the first epigean spirobolids collected
from this region. Prior to this discovery, specimens of a small
troglobitic spirobolid were collected from Barrow Island
(Hoffman 1994). The large epigean species was subsequently
named by Hoffman (2003) as Austrostrophus stictopygus
Hoffman, 2003 (Fig. 2). Due to their large size (~5cm) and
distinctive tan and black stripes, it was thought that if the
species was widely distributed it would have been collected
elsewhere. Indeed, MSH considered nominating 4. stictopygus
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as a threatened species under the Wildlife Conservation Act 1950.
However, the guidelines used by the Threatened Species
Scientific Committee (which advises the Minister for the
Environment on which taxa are to be included as ‘specially
protected fauna’ or ‘rare flora’) are rigorous in ascertaining
whether a species should be listed as threatened, and it was
considered that the nomination would fail the ‘adequacy of
survey’ guideline required before listing (available from
http://www.dec.wa.gov.au/content/view/866/2006, accessed 19
February 2011).

The decision not to list A. stictopygus was, in hindsight,
fortuitous. During subsequent environmental surveys before
mining activities in the Pilbara region, numerous pachybolids
have been collected and submitted to the Western Australian
Museum for identification. All males have extremely similar
gonopod morphologies to that described for the holotype
(Hoffman 2003) and are all deemed to represent the same
species. These records indicate that A. stictopygus — originally
thought to represent a short-range endemic species restricted to
the Burrup Peninsula — is actually widespread across the Pilbara
(Fig. 9) and found at a variety of locations where suitable
microclimatic conditions occur. The species is clearly not a
short-range endemic, and does not need special protection.
Similar rigorous sampling and detailed taxonomic research are

Figs 2-5. 2, Austrostrophus stictopygus Hoffman from Millstream-Chichester National Park; 3, Speleostrophus nesiotes Hoffman from Barrow
Island. 4, Rhagada, sp. nov. from Glen Florrie; 5, Strepsitaurus, sp. nov. from near Tulki Gorge.
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Figs 6-8. Known distribution of schizomids from the Pilbara region of Western Australia,
based on specimens in the Western Australian Museum. 6, Specimens collected 1980-89;
7, specimens collected 1990-99; 8, specimens collected 2000-10.



6

Invertebrate Systematics

115°10'E 115°15'E 115°20E 115°25'E 115°30E 115°35'E

Figs9,10. Known distribution of millipedes of the family Pachybolidae from north-western
Australia, based on specimens in the Western Australian Museum. 9, Austrostrophus
stictopygus Hoffman with red circles depicting the holotype collected in 2002 and black
circles depicting specimens collected subsequently; 10, Speleostrophus nesiotes Hoffman
with red circles depicting specimens collected in 1991 and black circles depicting specimens
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collected since 2005.

critical to accurately identify SREs, and to avoid ‘Type I’ errors
in the recognition of taxa of conservation concern. In all cases,
good taxonomy must operate in concert with adequate
environmental surveys of impact regions. Listing SREs of
conservation concern is as important as de-listing those that
are subsequently recognised as secure (e.g. Draculoides vinei,
see above) and never listing those that do not satisfy the
Threatened Species Scientific Committee’s guidelines.
Austrostrophus stictopygus is not the only fire millipede in
the Pilbara bioregion. Speleostrophus nesiotes Hoffman, 1994
(Fig. 3) was described from specimens collected in Ledge
Cave on Barrow Island, a continental island situated
130km off the Pilbara coast. The island is known to harbour
an assortment of relictual species, and a significant and highly
unusual subterranean community was discovered in the 1990s

(Humphreys 2000, 2001), which included various arachnids
(e.g. Harvey and Humphreys 1995; Edward and Harvey 2008;
Volschenk and Prendini 2008), myriapods (Hoffman 1994),
insects (Humphreys 2000), crustaceans (Bradbury and
Williams 1996; Bradbury 2000) and fish (Humphreys 2000),
most of which are endemic to the island. Although originally
known from only a single location, S. nesiotes has since been
found at several different sites on Barrow Island (Fig. 10), during
environmental surveys commissioned before the approval
for the construction of a liquefied natural gas plant on the east
coast of Barrow Island (see http://www.chevronaustralia.com/
ourbusinesses/gorgon.aspx). While some of the locations at
which S. nesiotes has been found occur underneath the
footprint of the gas plant, others are found outside the area,
suggesting that if the plant has a detrimental effect on the
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subterranean fauna directly below it, at least some populations of
this species will be unaffected (Ministerial Approval Statements
748 and 800, available from http://www.epa.wa.gov.au/peia/
approvalstatements/).

The final safeguard in the case of Austrostrophus and
Speleostrophus would be molecular analyses to test for the
presence of cryptic species, as reported within the Caribbean
spirobolid millipede genus Anadenobolus Silvestri, 1897 by
Bond (2002) and Bond and Sierwald (2003). Molecular
systematic and population genetic methods are crucial to
unearthing cryptic taxa (Cook et al. 2010), owing at least, in
some taxonomic groups, to their morphological constancy. This
has been recently documented among the Western Australian
subterranean fauna by Bradford et al. (2010) and Guzik et al.
(2011b).

Pilbara land snails (family Camaenidae)

In northern Western Australia, the Camaenidae (Figs 4, 5) are the
dominant group of land snails, with greatest diversity in the
Kimberley region (Solem 1981a, 1991, 1997). Solem (1997)
highlighted that 19 of the 25 camaenid genera found in the
Kimberley are restricted SREs. In the Ningbing Ranges east of
Kununurra, for example, the median geographical range of the
26 species occupying the area is 0.8 km? (Cameron 1992). Many
species have ranges of only a few square kilometres and,
although the Kimberley fauna as a whole contains over 40
species, no more than a few are found at any one site (see
Solem 1985). Solem (1997) noted that many of these ranges
were already shrinking, due to threatening processes, such
as grazing and fire. This resulted in the listing of 31 camaenid
species under the ‘specially protected fauna notice’ of the Wildlife
Conservation Act 1950.

In response to very clear conservation concerns for species
with narrow ranges (e.g. Harvey 2002), combined with an
accelerated mining boom in the Pilbara region since the early
2000s, camaenid land snails became a key target of inventory
surveys carried out for the purpose of environmental impact
assessment (EIA). Solem (1997) provided the only taxonomic
framework for the Pilbara camaenids, which comprised 27
species from six genera, distributed between Port Hedland in
the north and Cape Range in the south. A striking feature of
this diversity is that congeneric species occur as geographic
replacements, as Solem (1997) had no examples of sympatry
between congeneric species. The documented ranges of several
species qualified them as SREs (sensu Harvey 2002); for
example, Rhagada pilbarana Solem, 1997 and Strepsitaurus
milyeringus Solem, 1997 (Fig. 5) had documented ranges of
less than 5 km?. In addition, there were several shell forms from
different localities that did not correspond to any of Solem’s
(1997) descriptions, and some of these taxa were known from
only a few collections over distances of less than 1 km.

The expectation of the EPA is that all potential SRE
specimens be identified to the lowest possible taxonomic
level when assessing the impact of development proposals
(Environmental Protection Authority 2009). This requirement,
combined with an incomplete taxonomic framework and lack of
relevant taxonomic expertise, led to the use of molecular genetic
approaches to address questions concerning camaenid diversity
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and endemism, initially allozymes (Johnson et al. 2004, 2006),
then mitochondrial DNA (Biota Environmental Sciences 2007,
2008; O’Neill 2008; Taylor 2010) and more recently
microsatellite DNA (Eades et al. 2010). These analyses are
usually informative at relatively small spatial scales, and often
at scales not much larger than the proponent’s project
footprint. Certainly, to meet the conservation objectives of
the EPA, mining companies and other stakeholders, a wider
phylogenetic framework is required, especially since EIA
surveys continued to discover undescribed forms with abutting
but non-overlapping distributions. The lack of co-occurrence of
congeneric species complicates assessments of taxonomy, as
only where species occur together is there direct evidence of
whether they can interbreed, and therefore warrant recognition
as separate species. Thus, nearly all taxonomic decisions
must be based on indirect evidence of ‘distinctiveness’. With
camaenid land snails, this has historically been determined from
shell morphology and reproductive anatomy (e.g. Solem 1997),
although more recent work using DNA sequences has proved
especially useful in searching for such distinct groups.

Targeted sampling of gaps in the known distributions of
camaenid land snails has revealed that many forms are
parapatric, rather than allopatric, allowing direct genetic tests
of reproductive isolation and indicating the inadequacy of
the sampling available to Solem (1997). The combination of
increased geographic sampling with molecular phylogenetics
has revealed that some species have broader distributions
than formerly thought (e.g. Rhagada convicta (Cox, 1870)),
while other described species are actually complexes of
multiple species, some with very narrow distributions (e.g.
Strepsitaurus species; Fig. 5). The molecular analyses have
also shown the unreliability of shell characteristics on their
own for assessing species taxonomy in these snails. For
example, Rosemary Island, in the Dampier Archipelago, has
five morphologically described species of Rhagada, which
span the range of shell variation in the entire genus (Solem
1997). However, detailed molecular and morphological
analyses have shown continuity among these forms, indicating
that they are a single species (S. Stankowski, unpubl. data).
In contrast, other populations with no apparent morphological
differences are highly divergent lineages (e.g. Rhagada spp.
from the central Pilbara, Fig. 4). In addition to revealing the
taxonomic complexities of the camaenids in the Pilbara region,
the phylogeographic perspective from wider geographic
sampling and molecular phylogenetics is helping to understand
the geological and landscape features shaping the evolution of
these snails. This understanding can allow predictions of where
novel forms might occur, and to accordingly target new areas
for biodiscovery (e.g. Biota Environmental Sciences 2008).

Conservation outcomes

Targeted surveys of short-range endemic species potentially have
many long-lasting conservation benefits. First, we are gaining an
unparalleled insight into the diversity, phylogenetic relationships
and, in some cases, genetic characteristics of a previously
undocumented fauna. The sheer number of new species and
the work needed to prepare full taxonomic descriptions is still
daunting and challenging, but interactions between government
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and industry are providing new avenues for SRE-based research
collaboration and species discovery.

Second, the discovery of extensive radiations of subterranean
(e.g. Leys et al. 2003; Edward and Harvey 2008; Guzik et al.
2008; Harvey et al. 2008; Guzik et al. 201 1a) and epigean short-
range endemic taxa (e.g. Solem 1979, 1981a, 19815, 1984, 1985,
1988, 1991, 1993, 1997; Johnson et al. 2006; Edward and Harvey
2010; Rix and Harvey 2010) provides insights into the
diversification of the Western Australian biota under
increasingly arid influences since the late Oligocene and
Miocene. These influences are now thought to have driven the
speciation process throughout much of Australia (e.g. Byrne et al.
2008) and to have had a considerable impact on communities of
organisms that are susceptible to reduced moisture and increased
temperature.

Third, the accurate identification and description of individual
species and detailed documentation of their geographic ranges
and habitat requirements provide regulatory authorities the
necessary background data to assess major development
proposals against as much relevant knowledge as possible. If
the goal of government conservation agencies is to reduce, in
a sustainable fashion, the impact that humans are having on a
stressed landscape, then providing information on those species
that are likely to be most affected is a laudable achievement. The
guidelines used by the Western Australian government (i.e. those
provided by the Environmental Protection Authority 2003, 2007,
2009) to benchmark proposals before development approval
ensure transparency in the process. Notably, these guidelines
are globally unique in their insistence that biological surveys
include short-range endemic invertebrates, specifically including
troglofauna and stygofauna, as well as more standard surveys for
plants and vertebrate animals.

Concluding remarks

While our knowledge of the identity and distribution of many
short-range endemic species is being considerably improved by
targeted industry-funded SRE surveys, they are providing data on
only a small suite of co-occurring species and do little to
understand functional ecosystems or the services they provide
(e.g. Boulton et al. 2008; Mooney 2010). This is quite different
from the requirements in some other regions of the world, where
the emphasis is rightly placed on ecosystem conservation (e.g. Job
and Simons 1994) under a legislative framework (e.g. GSchV
1998). Majer (2009) also lamented that the funds available for
short-range endemic research are not made available to other
components of the terrestrial invertebrate fauna. We agree, but
argue that research to improve the rate of discovery and the
conservation status of any invertebrate species is a good aim, and
what better targets than those species that we already know from
their life history traits (e.g. Harvey 2002) are highly restricted in
distribution and susceptible to many forms of land alteration?
Research targeting SRE taxa also has greater potential to yield
insights into phylogeographic patterns, and relationships with
historical and contemporary landscape-scale processes, than
do most studies of more vagile, less habitat-specific and more
widespread invertebrate species. Furthermore, given the current
biodiversity crisis (Laurance and Wright 2009; Mooney 2010;
Stork 2010) and the ongoing impediments to taxonomy, ‘whole of
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biota’ surveys (that include all invertebrates) are rarely fundable
and are logistically impossible. Clearly, we must find a way to
focus our funding and research efforts on those taxa that are
potentially most at risk, most likely to be undescribed, and most
likely to have distributions small enough that development
proposals could significantly impact their total known range.
This s especially true in landscapes that may be severely modified
by large-scale resource and development projects, where a
‘business as usual’ approach may result in extinctions of short-
range endemic species. Like Western Australia, all Australian
states and territories and many other countries have legislation
aimed at protecting biodiversity and natural heritage values, and
all have the potential to recognise and mandate for the survey and
protection of short-range endemic taxa.
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