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1.1 Purpose of the project
The primary objective of this survey was to satisfy the requirements documented in
Environmental Protection Agency’s (EPA) Guidance Statement 56 (EPA 2004) and Position
Statement No. 3 (EPA 2002), thus providing:
•

A review of background information (including literature and database searches).

•

A review of regional and biogeographical significance, including the conservation
status of species recorded in the project area.

•

A survey of short-range endemic (SRE) fauna species occurring in the survey area,
incorporating recent published and unpublished records.

•

A risk assessment to determine likely impacts of threatening processes on SRE fauna
within the survey area.

This project was undertaken for the purposes of presenting the EPA the information to fulfil
the their objectives with regards to invertebrate fauna management, which are:
•

to maintain the abundance, species diversity and geographical distribution of shortrange endemic terrestrial invertebrate fauna; and

•

to protect Specially Protected (Threatened) fauna, consistent with the provisions of
the Wildlife Conservation Act 1950.

The legislative framework governing this report is laid out in Appendix 1.
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2.0 EXECUTIVE SUMMARY
Background: Aviva Corporation Limited (Aviva) proposes the development of two
projects: The Central West Coal Project (Coal mine - 1,400 ha) and the Coolimba Power
Project (Power station - 300 ha). The area, in which these projects are proposed, lies
approximately 16 km SSW of the town of Eneabba (300 km north of Perth). The area is
situated within the Lesueur sand plain (IBRA v6.1). The region experiences a
Mediterranean climate with hot, dry summers and cool wet winters. The vegetation in the
region is predominantly low heath containing a rich diversity of plant species.
ecologia Environment was contracted to provide a literature review and background to the
short-range endemism in Western Australia, and to conduct a survey of short-range endemic
invertebrates in the proposed area.
Short-range endemic organisms are characterised by having highly restricted natural
distributions of 10,000 km2 (100 km x 100 km) or less. Habitats conducive to supporting
short-range endemics are typically isolated patches of landscape with abiotic properties
(ambient moisture, sun exposure or temperature profiles) differing from the surrounding
land forms. These land forms are frequently remnants of historically wetter periods that
became isolated during the last 30 million years as the Australian landscape became
increasingly arid. Speciation within these populations is mediated by the frequency of
genetic cross over (emigration and immigration of individuals) between populations.
Isolation over sufficiently long periods produces species that are restricted to the habitat
they have evolved in. Short range endemic species are recognised from mostly flightless
arthropod groups such as arachnids (i.e. Trap door spiders, scorpions, pseudoscorpions),
myriapods (i.e. specific millipedes and centipedes) and snails.
Short-range endemic invertebrates are rare invertebrates with highly restrictive and/or
specialised habitat utilisation. They frequently represent ancient lineages that were
widespread during Cretaceous (ca 65 million years before present) times, when the most
conspicuous animals in the landscape were dinosaurs
Methods: A conventional trapping and foraging programme was conducted over 30 days
between April and May 2008. Twenty sites were selected in and around the proposed
development. Site selection was designed to include as wide a range of habitats as possible,
focussing on areas where short-range endemic species were most likely to occur. Each site
was represented by 10 pitfall traps and approximately 30 minutes of targeted foraging.
After retrieval, specimens were grouped in ecologia’s invertebrate laboratory and shortrange endemic species were provided to respective experts for identification.
A follow-up foraging search was undertaken from 27-30 September in order to find
additional populations of the millipede Antichiropus sp. and the scorpion Urodacus
‘eneabba’. The search for Antichiropus involved rolling over stones and inspecting the
under surfaces for hiding animals; inspecting dead and decaying grass tree trunks and sifting
litter where appropriate. The follow up search for the Urodacus species was conducted to
determine if a suitable population was present within the South Eneabba Nature Reserve.
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Results:
Millipedes: Two specimens of the genus Antichiropus were detected in the initial survey, of
which, one was located inside the impact area of the proposed development with the other
being located outside of the area. Both specimens were subadult and were not able be
identified to species level, as species level identification is based on adult males. The
presence of only a few, immature specimens suggest that the survey occurred early in the
season. The subsequent survey conducted during September yielded several adult male,
female and subadult specimens from both within and outside of the proposed impact area. A
second population of this species was discovered nearby and outside of the proposed area of
development.
Scorpions: A new species of burrowing scorpion, genus Urodacus, was detected during the
survey. The species was detected in a number of sites, both from foraging activities and in
pitfall traps. The species was present in the sandiest of sites, some of which were within the
proposed impact zone. The follow up survey established the presence of this species in the
South Eneabba Nature Reserve, which flanks the proposed development site. Several adult
males were detected during this survey and significant populations were recorded from
within the reserve.
Snails: Two different species of Bothriembryon snail - Bothriembryon perobesus and an
undescribed species - were detected from one site outside of the area proposed for
development. Neither of the detected species was found within the proposed project area,
nor were they detected in the follow-up survey conducted during September.
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3.0 INTRODUCTION
3.1 Proposed development
Aviva Corporation Limited (Aviva) proposes the development of two projects: The Central
West Coal Project (Coal mine - 1,400 ha) and the Coolimba Power Project (Power station –
300 ha). The area in which these projects are proposed, lies approximately 16 km SSW of
the town of Eneabba (300 km north of Perth).
The footprint of the proposed development will largely occupy land currently under pastoral
lease which has already been cleared. The southern portion of the planned development will
result in native vegetation clearing for the construction of the proposed waste dump,
easement alignment and the southern part of the mine pit (Appendix 4, Figure 1).
As part of the environmental impact assessment (EIA) for the project, ecologia Environment
(hereafter ecologia) was commissioned to undertake a short-range endemic (SRE)
invertebrate survey in the proposed Central West Coal and Coolimba Power Project area.
This document presents:
1 - an overview of short range endemism in invertebrates.
2 - the description of the SRE survey methodology undertaken.
3 - publication of the survey findings.

4.0 REVIEW OF SHORT-RANGE ENDEMISM IN WESTERN
AUSTRALIA
Endemism refers to the restriction of a species distribution to a single area, whether it be at
the continental, national or a more local level (Allen et al. 2002). Short-range endemism
refers to particularly small distributions of 10,000 km2 (100 km x 100 km) or less (Harvey
2002). Short-range endemic species typically have poor dispersal capabilities (i.e.
flightless) and display specific or specialised environmental preferences (Harvey 2002).
Flightless invertebrates constitute most of the known short range endemic taxa (Harvey
2002; Ponder and Colgan 2002; Monod and Volschenk 2004; Volschenk and Prendini
2008). The potential SRE groups listed in this review are not exhaustive. Invertebrates are
historically understudied and invertebrate surveys frequently uncover new species. Reliable
taxonomic evaluation of these species has begun only relatively recently and thus the
availability of literature relevant to SREs is still scarce. It must be also stressed that the
precautionary principle, as adopted by the EPA/DEC under Section 4a of the Environmental
Protection Act 1986, is currently a guiding principle of this literature review.
Currently recognised WA SRE invertebrate groups include (but are not limited to):
•

Trap-door spiders (Mygalomorphae )

•

Scorpions (Scorpiones: Urodacus spp.)

•

Pseudoscorpions (Pseudoscorpiones)

•

Millipedes (Diplopoda)

•

Land snails (Mollusca)
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•

Isopods (Isopoda)

•

Worms (Megascolecidae)

•

Schizomids (Schizomida)

•

Freshwater crayfish (Engaewa spp.)

•

Centipedes (Chilopoda)

4.1 Processes promoting Short-range Endemism
Short-range endemism is influenced by processes which generally contribute to the isolation
of species. A number of factors, including life history, physiology, habitat requirements,
habitat availability, the ability and opportunity to disperse, biotic and abiotic interactions,
and historical conditions influence not only the distribution of a taxon, but also the tendency
for differentiation and speciation (Harvey 2002; Ponder and Colgan 2002).
Subsequent to their isolation, separated populations eventually differentiate both
morphologically and genetically as a result of different selective pressures and/or genetic
drift. Conversely, the maintenance of genetic similarity is maintained by regular gene flow
between populations through migration between the populations (Wright 1943). The level
of genetic differentiation between populations (or species) is determined by relative sizes of
the populations (smaller populations undergo more rapid genetic drift and speciation as
novel mutations spread through the population more rapidly) and frequency and magnitude
of migration between isolated populations (Wright 1943).
Migration of short-range endemic species is typically hindered by their poor dispersal
ability as well as by geographical barriers to dispersal. Short-range endemics are generally
characterised by poor dispersal, low growth rates, low fecundity and reliance on habitat
types that are fragmented (Harvey 2002).
A number of habitats in Australia contain short-range endemics because they are surrounded
by geographic barriers. Islands are a classic example, where terrestrial fauna are surrounded
by a marine environment which impedes migration and thus gene flow of terrestrial species.
Habitats such as mountain tops, aquifers, lakes and caves are essentially islands exhibiting
unique environmental conditions in comparison to the surrounding landscape and are thus
likely habitats in which to find short-range endemics.
The historical connections of habitats are also important in determining species distributions
and often explain patterns that are otherwise inexplicable by current conditions. Many
short-range endemics are considered to be relictual taxa: remnant distributions of species
that were formerly widespread, but have become extinct elsewhere, and are now restricted
to confined habitats, and in some cases, single geographic areas (Main 1996; Volschenk and
Prendini 2008). Relictual short-range endemics include species groups with relationships
reflecting Gondwanan connections (180-65 million years ago) and usually have a very
restrictive biology (Harvey 2002).
In Western Australia, relictual short-range endemics generally occur in fragmented
populations, from lineages dating to historically wetter periods. Miocene (period from 25
million to 13 million years ago) aridification of Australia resulted in the contraction and
fragmentation of many formerly large areas of moist habitat, along with the fauna dependant
on these mesic environments (Hill 1994). With continued aridification and even more
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pronounced seasonal conditions subsequent to the Miocene, suitable habitats have become
increasingly fragmented. Relictual short-range endemics now generally persist in habitats
characterised by permanent moisture and shade, maintained by high rainfall and/or
prevalence of fog, whether induced by topography or coastal proximity, or areas associated
with freshwater courses (e.g. swamps or swampy headwater of river systems), caves, or
microhabitats associated with southern slopes of hills and ranges, rocky outcrops, deep litter
beds, or various combinations of these features (Main 1996; Main 1999; Monod and
Volschenk 2004).
4.1.1

Biophysical Environment

4.1.1.1 Climate

The project area is ca. 16 km SSW of Eneabba, the nearest point to the site from which the
Australian Bureau of Meteorology records climatic data. A summary of climatic data for
Eneabba are provided in Table 1 and Appendix 4, Figure 2.
The region in which the projects are based experiences a Mediterranean climate,
characterised by hot, dry summers and mild, wet winters. The mean annual rainfall for
Eneabba is ca 500 mm, with the majority of this occurring in the period between May and
August and the wettest month is June (Table 1 and Appendix 4, Figure 2). Average
maximum temperatures peak in January and February, with a monthly mean of about 36°C.
Overnight minima also peak in January and February at approximately 19°C on average. In
contrast, winters are mild with the July average maximum temperature being just under
20°C. July and August minima are the lowest on average at just over 9°C (Table 1 and
Appendix 4, Figure 2).
During the initial sampling period (April-May), average daily maximum temperatures were
similar to the monthly average; average daily minimum temperatures were slightly less (1°C
less) than the average monthly minimum, and the average rainfall was also a little less than
the average monthly rainfall, by 3.1 mm (Table 1 and Appendix 4, Figure 2).
Table 1
Summary of climatic data for Eneabba. Records obtained from the Australian
Bureau of Meteorology, Eneabba weather station. Rainfall in mm and Temperature in °C.
Statistic

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

27.3

72.6

105.2

93.5

76.6

45.1

24.5

14.5

9.8

Average Monthly Records 1964-2008
Rainfall

7.1

13.9

12.8

Average Monthly Records 1972-2008
Temp. Max.

35.9

36.0

33.4

29.1

24.1

20.7

19.6

20.4

22.9

26.2

29.8

33.2

Temp. Min.

18.5

19.4

18.1

15.3

12.4

10.2

9.1

9.0

9.7

11.3

13.8

16.2

Records for 2008
Total Rainfall

0

93.2

7.2

24.2

13.8

Average daily
Temp. Max.

39.2

37.0

35.0

29.1

23.0

Average daily
Temp. Min.

19.2

21.1

18.2

14.1

14.4
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Flora and Vegetation

The vegetation in the area proposed for development is dominated by proteaceous heath
with structural formations including low open heath, low closed heath, open shrubland and
shrubland. The vegetation is floristically rich, with about 500 species occurring in the area
(Beard 1976).
Beard (1976), mapped the vegetation of South-western Australia, and grouped similar areas
according to vegetation. Vegetation systems are described as an area with a particular series
of plant communities recurring in a catenary sequence or mosaic pattern, linked to
topographic, pedological and geological features (Beard 1976).
The proposed projects are situated predominantly on sand plain with some low lateritic
uplands. Much of area in which the developments are proposed is on cleared agricultural
land (where most of the proposed coal mine is located). Native vegetation, ca 800 ha,
occurs in the southern portion of the proposed development, where the southern part of the
coal mine, much of the power plant infrastructure, waste dump and easement are proposed
to occur.
4.1.1.2 Biogeography and Landforms

The Interim Biogeographic Regionalisation for Australia (IBRA) divides Australia into 85
biogeographic regions on the basis of climate, geology, landforms, vegetation and fauna
(Thackway and Cresswell 1995). The combined project area is located within the Lesueur
Sandplain bioregion (Appendix 4, Figure 3), described by Thackway and Cresswell (1995)
as:
“A region composed mainly of proteaceous scrub-heaths, rich in endemics, on the sandy earths
of an extensive, undulating, lateritic sandplain mantling Permian to Cretaceous strata. Extensive
York Gum and Jam woodlands occur on outwash plains associated drainage. The Lesueur
Sandplain (GS3) comprises coastal Aeolian and limestones, Jurassic siltstones and sandstones
(often heavily lateritised) of central Perth Basin. Alluvials are associated with drainage systems.
There are extensive yellow sandplains in south-eastern parts, especially where the subregions
overlaps the western edge of the Pilbara Craton. Shrub-heaths rich in endemics occur on a
mosaic of lateritic mesas, sandplains, coastal sands and limestones. Heath on lateritised
sandplains along the subregion’s north-eastern margins.”

To date, approximately 73% of the sub-region has been cleared for agricultural purposes
(Shepherd et al. 2001) and contains wetlands of national importance (Lake Indoon,
approximately 9.75 km NW of the project area). The paucity of invertebrate data is such
that there are virtually no data concerning the life history and habitat requirements of this
component of the terrestrial fauna (as well as that of most ephemeral plants, persisting
CWR mammals, and uncommon vertebrates and plant species) (Desmond and Chant 2001).
4.1.2
Survey History of Short-range Endemics in the Eneabba area.
Few invertebrate surveys have previously been conducted in the Eneabba area. Most of the
invertebrate studies conducted within the Eneabba area have focussed on rehabilitation and
successions following disturbance (Bisevac and Majer 1999a, b; Bancroft and Bamford
2006); however, no surveys of invertebrate biodiversity have yet been undertaken and very
little is known of the short-range endemic species in the area.
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5.0

METHODS

The primary objectives of this survey were to fulfil the requirements outlined in the EPA’s
Guidance Statement 56 (EPA 2004) and Position Statement No. 3 (EPA 2002), thus
providing:
•

a review of background information (including literature and database searches);

•

an inventory of short-range endemic (SRE) fauna species occurring in the survey
area, incorporating recent published and unpublished records;

•

a review of regional and biogeographical significance, including the conservation
status of species recorded in the project area; and

•

a risk assessment to determine likely impacts of threatening processes on SRE fauna
within the survey area.

The Environmental Protection Authority’s Guidance Statement No. 56 (EPA 2004) and
Position Statement 3 (EPA 2002) currently provide no specific instructions on the expected
design of short-range endemic surveys. The temporal and spatial replication attained with
the systematic pitfall trapping approach and the effort attained with foraging activities is at
the discretion of the environmental consultant conducting the short-range endemic survey.
The survey methods adopted by ecologia have been developed in consultation with senior
staff at the Western Australian Museum (WAM) and the Department of Environment and
Conservation (DEC).

5.1

Survey timing

The survey was conducted between April and May 2008. Pitfall traps were deployed
between 14 -18 April 2008 and were retrieved during the period between 12 -16 May 2008.
The traps were open for ca 30 days. Foraging searches were undertaken at the time of
retrieval of the pitfall traps.
A second foraging search was undertaken from 27-30 September 2008 in order:
A - to find adult male specimens of the new millipede Antichiropus sp.;
B - to find adult male specimens of the new scorpion Urodacus ‘eneabba’;
C - to locate additional populations of both Antichiropus sp. and Urodacus ‘eneabba’.

5.2

Site selection

Short-range endemic invertebrates are generally found in ‘island’ habitats (see Section 4.1).
The ‘island’ habitats include south facing hill slopes, areas of deep leaf accumulation,
isolated patches of dense vegetation, river gullies etc. Within these habitats, short-range
endemics are often further specialised to utilise specific microhabitats such as areas of
permanent shade, under the bark of trees and inside decaying logs.
Targeted sampling for short-range endemic invertebrates involved scrutiny of aerial
photographs for south-facing slopes, gullies, dense patches of trees and permanent water
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bodies. On arrival at the site, further refinements were made governing the placement of
traps in shaded areas of low shrubs and in areas with accumulations of leaf litter. The poor
knowledge of invertebrate diversity in the area also prompted the selection of additional
habitat types to explore the diversity in different environments within the project areas and
surrounds. The environmental habitats examined included those listed below. Photographs
of each type of sampling site are included in Appendix 2 and the locations of these and
follow-up survey localities are listed in Appendix 3:
•

tall Eucalyptus patches, AV11;

•

low Banksia dominated heath, AV04, AV19;

•

Eucalyptus dominated heath, AV03, AV15;

•

open heath on lateritic substrates, AV05, AV07, AV14, AV17;

•

mixed open heath, AV02, AV06, AV08-09, AV12, AV16; AV20

•

dry river bed AV10;

•

Acacia dominated heath, AV13;

•

sandstone outcropping with lateritic substrates, AV01.

Foraging was conducted in the same areas as pitfall trapping. Pitfall and foraging sites are
shown in Appendix 4, Figure 1. The locality coordinates of these sites are listed in
Appendix 3.

5.3

Sampling methods

The survey was undertaken using a combination of sampling techniques, including
systematic (pitfall trapping) and hand foraging. Systematic sampling refers to data
methodically collected over a fixed time period in a discrete habitat type, using an equal or
standardised sampling effort. Foraging or, opportunistic sampling, represents highly
targeted, but non-systematic sampling at fixed sampling sites. The total survey effort is
summarised in Table 2.
5.3.1

Systematic Sampling: Pitfall Trapping

A total of 20 pitfall trap sites were established, each site comprised ten (10) invertebrate
pitfall traps. Each trap was placed in a suitable microhabitat within the habitat under
investigation. These microhabitats consisted of areas under shade-bearing shrubs, against
the shady side of larger rocks and boulders, on river banks and on southern hill slopes and
hill tops.
Each trap consisted of a two-litre container, containing ca 1 litre of trapping solution [99.8%
Ethylene glycol: 2.4% Formalin]. This solution euthanizes collected animals and fixes
tissues. Each trap was roofed with a plastic lid positioned ca 3 cm above the soil surface
and weighed down with a rock or sand to minimise the chance vertebrate by-catch, and to
shield the traps from rain.
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5.3.2

Opportunistic Data: Hand foraging and Sifting.

Hand foraging was conducted at 20 sites corresponding with those in which the pitfall traps
were set.
Foraging included several highly targeted techniques:
•

the inspection of the underside of rocks and logs, targeting mygalomorph spiders,
scorpions, pseudoscorpions and snails;

•

sifting leaf litter and sand at the base of large shade bearing trees and rock faces,
targeting millipedes, snails, pseudoscorpions and small mygalomorph spiders.

During the initial survey, sites were each searched for 15 minutes by two people (one
person–half hour). A total of 5.0 person hours was spent foraging during the survey. The
follow-up survey focussed on 10 sites whith two people searching for 3 hours, a total of 30
hours of foraging.
Table 2

Summary of survey effort.

Technique

Number of Pits Per
Site / Foraging Time
(Hrs) per site

Pitfall Traps

10

20

600

0.25 person hrs

20

5.0 person hours

3

10

30 person hours

Foraging
Follow-up foraging

5.4

Number of
Sites

Total Number of Trap
Nights / Sample Size
(n)

External support

The following expert taxonomists were used to verify the identity of those specimens
recorded:
•

Dr. Mark Harvey (WA Museum): Mygalomorphae (trapdoor spiders),
Pseudoscorpions (Pseudoscorpiones), Millipedes (Diploda);

•

Shirley Slack-Smith (WA Museum): Land Snails (Mollusca);

•

Dr. Erich S. Volschenk (ecologia Environment); Scorpions (Scorpiones),
Millipedes (Diplopoda).

6.0

RESULTS

Flightless arthropods representing five arthropod orders were recorded from 12 of the 20
trapping and foraging sites of which, three are in areas currently planned for development
(sites AV01, AV05, AV09) and two sites are very close to areas of development (AV3,
AV4).
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6.1 Class Arachnida (Arachnids)
6.1.1
Suborder Mygalomorphae (Trapdoor spiders)
Nineteen trapdoor spiders were trapped during the course of this survey.
Family Actinopodidae.
A single species of actinopodid spider was detected, belonging to the genus Missulena, from
sites AV01, AV14, AV16 and AV18 (Appendix 4, Figure 4). One species of Missulena is
presently listed for protection, M. torbayensis Main and is only known from the Torbay area
of southern Western Australia. The species detected during this survey is not M.
torbayensis. The specific identity and status as a short-range endemic are unknown.
Family Barychelidae.
Two morphospecies of barychelid spiders were detected during the survey, from sites AV01
and AV15 (Appendix 4, Figure 5). Neither of these belong to the species listed for
protection in Western Australia. The short-range endemic status of these species is
unknown.
Family Idiopidae.
Three idiopid spiders were detected during the survey. Two specimens were immature and
impossible to identify beyond family. These specimens were from sites AV01 and AV19
(Appendix 4, Figure 6). A single adult male of Euoplos mcmillani Main, was detected from
site AV20 (Appendix 4, Figure 7). The species is presently not listed for protection in
Western Australia; however, it is very uncommon. The specimen detected in this survey was
only the third specimen of the species thus far detected; previous specimens were also
collected from near Eneabba (Main 2000).
Family Nemesiidae.
Three nemisiid spiders of unknown identity were detected from sites AV04 and AV17
(Appendix 4, Figure 8). Five specimens of an unknown species of Aname were detected
from AV04, AV14, AV17 and AV19 during this survey (Appendix 4, Figure 9). The shortrange endemic status of these nemisiids is unknown.
6.1.2 Order Scorpiones (Scorpions)
Family Urodacidae: Urodacus ‘eneabba’
The Urodacus species detected in this survey is a new and undescribed species. The initial
survey uncovered only sub-adults and female specimens. Adult males are required to
accurately determine the species identity and are necessary to describe a species; however,
this species is highly sand specialised and unlike any forms previously described from
Western Australia. Three adult males were subsequently collected during the follow-up
survey in September 2008. The species lives in shallow burrows in grey sands in and
around the impact site. During the first survey ten specimens were collected from pitfall
traps in sites AV18, AV19. The burrows of this species were present in sites AV01-05,
AV12, AV13, and AV19 (Appendix 4, Figure 10). During the follow-up survey the species
was detected well within the South Eneabba Nature Reserve (Appendix 4, Figure 10).
Knowledge of the species is restricted to the knowledge gained during this survey; however,
the species is likely to be restricted to the Lesueur Sandplain bioregion.
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6.1.3

Order Pseudoscorpiones (Pseudoscorpions)

Four different pseudoscorpion species were detected during the pitfall sampling phase of the
survey.
Family Chthonidae
Austrochthonius sp. was detected from site AV10 (Appendix 4, Figure 11). Only subadults
were detected however species from this genus are not known to be short-range endemics.
Family Olpiidae
Three species of olpiid pseudoscorpions were detected: Beirolpium bornemisszai (sites
AV01, AV05, AV10, AV14, AV17); Austrohorus exul? (site AV11) and Euryolpium sp.
(site AV16). These three species were detected from 7 sites including 3 from within the
proposed area of impact: AV01, AV04, AV10, AV14 (Appendix 4, Figure 11). The shortrange endemic status of these species is unknown.
6.1.4 Class Diplopoda (Millipedes); Order Polydesmida
Family Paradoxosomatidae
Two specimens of a new species of Antichiropius millipede were discovered during the
initial survey, one from within the area proposed or development AV01, the other, AV17,
from outside of the project area (Appendix 4, Figure 12). A follow up survey uncovered
adult males (required for species level identifications) from two localities, AV01 and a new
locality. Several subadults and females were also detected from these and an additional
locality near AV01 (Appendix 4, Figure 12).

6.2 Phylum Mollusca (Stylommatophora)
Two species of the genus Bothriembryon were collected during foraging collections from
Site AV17: Bothriembryon perobesus and an undescribed Bothriembryon species. Site
AV17 does not fall within the proposed development plan.

7.0 DISCUSSIONS AND CONCLUSIONS
Of primary interest are the Antichiropus millipede and the Urodacus scorpion records, with
the millipede groups consisting of high probability short-range endemics species, and the
scorpion a potential short-range endemic. While historically pseudoscorpions and trapdoor
spiders have shown of significance, the species of these arachnids uncovered during this
survey are either not considered short-range endemics, or there is insufficient knowledge
about the species to make an assessment.

7.1

Antichiropus sp.

Millipedes are a diverse group of invertebrates, comprising nine different orders in Australia
(Harvey and Yen 1989). The genus Antichiropus is the most diverse millipede group in
Western Australia. This genus was first described in 1911,and was initially comprised of
seven species (Attems 1911). Additional species were subsequently added by Jeekel (1982)
and Shear (1992). As the result of large field surveys and taxonomic work at the Western
Australian Museum, the genus is now known to consist of more than 100 species, mostly
still undescribed. The most northerly localities for Antichiropus are Cape Range and Barlee
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Range, and the southern and south western limit is the Nullarbor Plain and the Eyre
Peninsula in South Australia (Harvey and Yen 1989; Harvey et al. 2000). The species
Antichiropus variabilis is widespread in the jarrah forests of south-western WA and is the
only species in the genus that does not exhibit a short-range endemic distribution. All other
Antichiropus species are considered to be short-range endemics and many are known from
only a few hundred square kilometres (Harvey et al. 2000; Harvey 2002).
The taxonomy of the species within the genus is almost entirely based on the morphology of
the male reproductive organs (gonopods) which are only ever present in adult males. Two
adult males: one from site AV01, and another from a new locality were collected during the
follow-up survey. The gonopods of these two males were directly compared and confirmed
these species to be conspecific. One additional locality from which this Antichiropus was
discovered is very near AV01 and plotted on Appendix 4, Figure 12. This latter yielded only
females and subadults, however its proximity to site AV01 (~1.5 km) suggests that this is
likely to be the same species. This species of Antichiropus was consistently located on
ridges and in association with sandstone outcroppings where it was collected from under
shallow stones.

7.2

Bothriembryon

During the initial survey a single specimen of Bothriembryon perobesus was collected. The
species is listed on the 2006 IUCN Red List of threatened species with the ‘EN’ category
(IUCN 2001):
“ENDANGERED (EN) - A taxon is Endangered when it is not Critically Endangered
but is facing a very high risk of extinction in the wild in the near future”

While the species is Red-listed, it is not listed on the Western Australian “Wildlife
Conservation (Specially Protected Fauna) Notice 2008(2)”. The species is considered to be
a short-range endemic; however, it was not collected within the proposed impact area.

7.3

Urodacus

The scorpion genus Urodacus is the most diverse scorpion genus in Australia, where it is
represented by 11 species (Koch 1977; Volschenk et al. 2000). The genus is presently under
revision and many more undescribed species are known from the collection of the Western
Australian Museum (Volschenk pers. obs.).
Scorpion diversity was low, but abundance was very high in places. In some areas
Urodacus scorpion burrows were evident every few metres and thus they undoubtedly play
a significant role within the food web and local invertebrate ecology. During the follow-up
survey, significant populations of this scorpion were detected within the South Eneabba
Nature reserve (Appendix 4, Figure 10).
Urodacus ‘eneabba’ is less specific than Antichiropus sp. as it was generally associated with
the more open heath on loose grey sand in lower (more depressed) aspects of the local
topology. Where the millipedes show a classical relictual short-range endemic distribution,
this scorpion is restricted by its high degree of specialization to the sandy heath
environment.
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7.4

Assessment

Two short-range endemic species were identified from our surveys within the proposed site
of development: the millipede Antichiropus sp, and the scorpion Urodacus ‘eneabba’. Our
follow-up survey identified populations of both of these taxa, that are not presently
threatened, from nearby localities. Two populations of the millipede were discovered from
outside of the proposed area of impact, and populations of Urodacus ‘eneabba’ were also
confirmed from well within the South Eneabba Nature Reserve.
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Appendix 1: Legislative Framework
The Environmental Protection Act 1986 is “an Act to provide for an Environmental Protection
Authority, for the prevention, control and abatement of environmental pollution, for the
conservation, preservation, protection, enhancement and management of the environment and for
matters incidental to or connected with the foregoing.” Section 4a of this Act outlines five
principles that are required to be addressed to ensure that the objectives of the Act are addressed.
Three of these principles are relevant to native fauna and flora:
•

The Precautionary Principle
Where there are threats of serious or irreversible damage, lack of full scientific certainty
should not be used as a reason for postponing measures to prevent environmental
degradation.

•

The Principles of Intergenerational Equity
The present generation should ensure that the health, diversity and productivity of the
environment is maintained or enhanced for the benefit of future generations.

•

The Principle of the Conservation of Biological Diversity and Ecological Integrity
Conservation of biological diversity and ecological integrity should be a fundamental
consideration.

Projects undertaken as part of the Environmental Impact Assessment (EIA) process are required to
address guidelines produced by the EPA, in this case Guidance Statement 56: Terrestrial Fauna
Surveys for Environmental Impact in Western Australia (EPA 2004), and principles outlined in the
EPA’s Position Statement No. 3 Terrestrial Biological Surveys as an element of Biodiversity
Protection (EPA 2002).
Native fauna in Western Australia are protected at a Federal level under the Environment Protection
and Biodiversity Conservation Act 1999 (EPBC Act) and at a State level under the Wildlife
Conservation Act 1950 (WC Act).
The EPBC Act was developed to provide for the protection of the environment, especially those
aspects of the environment that are matters of national environmental significance, to promote
ecologically sustainable development through the conservation and ecologically sustainable use of
natural resources; and to promote the conservation of biodiversity. The EPBC Act includes
provisions to protect native species (and in particular prevent the extinction, and promote the
recovery, of threatened species) and ensure the conservation of migratory species. In addition to the
principles outlined in Section 4a of the EP Act, Section 3a of the EPBC Act includes a principle of
ecologically sustainable development dictating that decision-making processes should effectively
integrate both long-term and short-term economic, environmental, social and equitable
considerations.
The WC Act was developed to provide for the conservation and protection of wildlife in Western
Australia. Under Section 14 of this Act, all fauna and flora within Western Australia are protected;
however, the Minister may, via a notice published in the Government Gazette, declare a list of fauna
taxa identified as likely to become extinct, or is rare, or otherwise in need of special protection.
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Appendix 2: Descriptions of the 20 Sampling Sites
AV01

Low heathland on laterite rise. Highest point within disturbance area. Laterite at
surface and large pisolites immediately below surface. Shrubs to 2 m (grey/white bark
Hakea). Xanthorrhea and other low shrubs to 1m. mostly <50 cm. Little leaf litter
(<20%).
Bare earth (grey sands) >30%.
AV02

‘Valley’ bottom. At edge of laterite slope (AV1). Large Eucalyptus species to 3 m with
Xanthorrhea and small (<1 m) shrubs.
Grey loose sands ~50% bare earth between trees.
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AV03

Some valley floor as AV2 but ~200 m to North. Some Eucalypt species but shrub
understorey larger and more diverse.
Grey loose sands.
AV04

Low heath, with Eucalypt species and low Banksia shrubs on moderate rise. On edge
of S.E. Reserve
Light yellow/grey sand.
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AV05

Low laterite outcrop (small). Large boulders at surface but no stones at depth.
Eucalypt ~3 m. Mixed shrub layer with Xanthorrhea. Bare earth ~40%.
Yellow and grey sands
AV06

Blue/green Eucalypt/Hakea dominant over low mixed heathland. Very diverse
including sedges, Xanthorrhea, Grevillea and Banksia.
Grey/brown sand

19

Central West Coal Pty Ltd & Coolimba Power Project Pty Ltd
Short-range Endemic Invertebrate Survey

AV07

Low lying Banksia heath – 2 species. Some small shrubs. Little leaf litter. Large
Eucalypt to 4 m.
Bare earth ~50%.
AV08

Low heathland on Eastern side of coal containing valley = West aspect. Sparse small
mallee Eucalypts. Diverse shrub layer below. Bare earth ca 40%. 60% leaf litter
under Eucalypts. Little litter elsewhere.
Grey/white sands.
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AV09

Low heathland (open) with blue/green Eucalypts dominant on laterite, pisolite/grey
sands. Mixed, diverse understorey, scattered Xanthorrhea.
AV10

Valley floor wetland. Paperbark and she-oak dominant of seasonal wet area.
Very fine grey clay soil. Feels almost like talc. Recently burnt <5years – all large
Melaleucas dead.
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AV11

Very different habitat from other sites; open Eucalypt woodland (Marri) ~80% in
total, 100% under trees reduced complexity of understorey many large logs and
debris.
Yellow/brown soils – alluvial – larger grain leading into very fine clays (grey) like
AV10. Feels like talcum powder
AV12

Hill top deep grey/white sans – open heathland >50%. Bare earth. Diverse low (<1 m)
shrubland. Sparse Eucalypts. Fire fairly recently. Banksias abundant. East of
proposed development area
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AV13

Heavily dominated by single species of Acacia. Very sparse Eucalyptus species and few
shrubs. Dense overall cover, ~30% bare earth.
Grey sandy soil. Slight East to West slope
AV14

Very low sparse heathland over lateritic soils. Blue/green Eucalypts. Bare earth
~50%. Fire scars.
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AV15

Eucalypts very open/sparse over heathland on top of small ridge. Bare earth ~30%.
Fire scarred. Deep grey sands.
AV16

Minor valley floor. Low diverse heathland with blue/green Eucalypt shrub.
Xanthorrhea and many others. Bare earth ~40%. Good leaf litter only under 2 Acacia
individuals. Poor elsewhere.
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AV17

Hilltop lateritic soils with breakaway to West (20 m). Very low heathland <80 cm.
Xanthorrhea and many other small shrubs. Large rocks to pisolites within grey/brown
soils. Fire scarred
AV18

Bottom of Brood Valley. Eucalyptus species to 3 m creating patches of shaded habitat
– heavy litter, ~5% with bare earth within; surrounded by diverse low heathland to
1 m high. Grey sand. Bare earth ~30%.
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AV19

Low Banksia dominated heathland with other shrubs <1 m. Bare earth ~40%. Sparse
Eucalypts sp. (see AV18)
AV20

South facing slope – leading into wooded gully (Wandoo or other Eucalypt). Bare
earth ~30%. Xanthorrhea, blue/green Eucalypt sp., cycads and diverse low shrubs to
1 m.
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Appendix 3: Position data of survey sites (Datum WGS84).
Name

Zone Northing

Easting

Longitude

Latitude

Survey 1

AV01
AV02
AV03
AV04
AV05
AV06
AV07
AV08
AV09
AV10
AV11
AV12
AV13
AV14
AV15
AV16
AV17
AV18
AV19
AV20
AV-A
AV-B
AV-C
AV-D
AV-E

50J
50J
50J
50J
50J
50J
50J
50J
50J
50J
50J
50J
50J
50J
50J
50J
50J
50J
50J
50J
50J
50J
50J
50J
50J

AV-F 50J
Rocky
Springs 50J
Spring 50J
Av-T1
AV-T2
AV-T3

50J
50J
50J

331427
6682586
115°15'09.8"E
331938
6682475
115°15'28.8"E
331767
6683124
115°15'22.8"E
331557
6683428
115°15'15.2"E
331713
6683590
115°15'21.1"E
329934
6685437
115°14'15.8"E
330014
6684735
115°14'18.3"E
331250
6684008
115°15'04.1"E
330606
6684215
115°14'40.1"E
330566
6684504
115°14'38.8"E
330465
6685934
115°14'35.9"E
330724
6685788
115°14'45.4"E
331043
6685831
115°14'57.4"E
330351
6685791
115°14'31.6"E
330036
6682833
115°14'18.1"E
330172
6682774
115°14'23.1"E
331288
6681377
115°15'02.0"E
331774
6680779
115°15'21.8"E
331750
6681075
115°15'21.0"E
331714
6680258
115°15'19.2"E
September follow up survey

29°58'33.7"S
29°58'37.6"S
29°58'16.4"S
29°58'06.4"S
29°58'01.2"S
29°57'00.4"S
29°57'23.2"S
29°57'47.5"S
29°57'40.4"S
29°57'31.0"S
29°56'44.5"S
29°56'49.4"S
29°56'48.1"S
29°56'49.1"S
29°58'25.0"S
29°58'27.0"S
29°59'12.9"S
29°59'32.5"S
29°59'22.9"S
29°59'49.5"S

331316.66 6681512.13

115°15’05.1”

29°59’08.5”

331799.37 6679909.94

115°15’22.2”

30°00’00.8”

6678219.76

115°18’53.8”

30°00’58.4”

337913.47 6678541.13

115°19’09.6”

30°00’48.2”

338146.36

6678211.5

115°19’18.1”

30°00’59”

327988.43 6678464.88

115°12’59.2”

30°00’45.8”

331187.4

6690418.84

115°15’05.3”

29°54’19.2”

327880.53

6678017.2

115°12’54.9”

30°01’00.3”

331773.18 6681057.77

115°15’22”

29°59’23.5”

331786.16 6680360.38

115°15’22”

29°59’46.1”

331781.26 6680825.52

115°15’22.1”

29°59’31.1”

337495
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Appendix 4: Figures.
Figure 1 Aerial map of proposed impact area and surrounding land, with proposed
development overlaid.
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Figure 2 Monthly average climatic statistics for Eneabba with daily averages plotted for the
months Jan-Apr 2008 (Bureau of Meteorology 2008).
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Figure 3 Location of project within the Lesueur Sandplain Subregion (shaded blue), on the
west coast of Western Australia (from IBRA v6.1).
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Figure 4 Map of impact area indicating proposed developments, survey sites and those in
which Missulena sp. (family Actinopodidae) was detected.
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Figure 5 Map of impact area indicating proposed developments, survey sites and those in
which Barychelidae was detected.
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Figure 6 Map of impact area indicating proposed developments, survey sites and those in
which Idiopidae was detected.
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Figure 7 Map of impact area indicating proposed developments, survey sites and those in
which Euoplos mcmillani Main was detected.
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Figure 8 Map of impact area indicating proposed developments, survey sites and those in
which Nemisiidae was detected.
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Figure 9 Map of impact area indicating proposed developments, survey sites and those in
which Aname sp. was detected.

36

Central West Coal Pty Ltd & Coolimba Power Project Pty Ltd
Short-range Endemic Invertebrate Survey

Figure 10 Map of proposed impact area: with survey sites (red circles); areas from which
Urodacus ‘eneabba’ was captured (yellow circles); burrows detected (white circles);
specimens detected during follow up survey (yellow triangles).
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Figure 11 Map of impact area indicating proposed developments, survey sites and those in
which Pseudoscorpions were detected.
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Figure 12 Map of impact area indicating proposed development with survey sites (red circles);
sites in which Antichiropus sp. were detected during the first survey (yellow circles);
additional sites from which additional Antichiropus sp. were detected during the
September (yellow triangles).
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Figure 13 Map of impact area indicating proposed developments, survey sites and the location
where the two Bothriembryon species were detected.
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