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Executive Summary
Sinosteel Midwest Corporation (SMC) is planning to develop an iron ore mine at Weld Range (the
Project) 85 km southwest of Meekatharra and 65 km northwest of the town of Cue. At present two
pits are planned (Beebyn and Madoonga) from which SMC plans to produce 15 million tonnes of
iron ore per annum for a period of approximately 9 years.
A potential Short Range Endemic curtain‐web spider from a species complex Cethegus ‘fugax’ was
collected at Weld Range by ecologia Environment (ecologia) in 2006‐2007. As the number of
species within this complex is not known, morphological and genetic analyses were undertaken to
clarify the specific status of the specimens collected at Weld Range and also to unravel their
potential regional connections predating their relictual state.
Fifteen individuals of the curtain‐web spider were collected from eight sites at Weld Range. In
addition, 22 specimens were collected from neighbouring localities, Jack Hills and Robinson Range,
in order to provide regional context (Murchison bioregion). Cethegus fugax from the type locality
in Mt Helena near Perth (Jarrah Forrest bioregion), and Cethegus ischnotheloides from the Great
Victoria Desert (Great Victoria Desert bioregion) were used to provide interspecific context.
Dissections of internal genitalia were performed in the morphological study to establish the species
identity. For the genetic study, mitochondrial gene for 16S ribosomal subunit (16S rDNA),
cytochrome c oxidase I mitochondrial gene (COI) and the nuclear gene for the Internal Transcribed
Spacer Region 1 (ITS1) were used.
Both morphological and genetic studies confirmed that Cethegus at Weld Range belonged to a
taxon new to science. The relictual hypothesis was supported by the Nested Clade Analysis, which
showed that allopatric fragmentation had occurred between lineages from Hampton Hill (Weld
Range) and Robinson Range, and also between lineages from Madoonga & Beebyn (Weld Range)
and Jack Hills. The mechanism of isolation by distance, possibly accompanied by some lineage
sorting, had also occurred, as suggested by the positive correlation between genetic and
geographic distance.
The genetic divergence was extremely high ‐ in COI gene it was four times higher among clades
from different regions (29‐45%) and twice as high among clades within the Murchison region (15‐
25%) compared to interspecific differences cited in literature (8‐11%). The divergence in 16S gene
was twice as high among clades from different regions (12‐19%) and similar among clades within
the Murchison region (5‐12%) compared to interspecific differences cited in literature (6‐12%). The
divergence within local populations (0‐0.3% in 16S and 0‐1.5% in COI) corresponded with literature‐
reported intraspecific differences. Importantly, a deep division was revealed between lineages
from Hampton Hill and Madoonga & Beebyn (5.4‐ 6.0% in 16S, COI unavailable).
The divergence of the currently described species, C. fugax and C. ischnotheloides, was used as an
interspecific benchmark to aid taxonomic conclusions. As spiders from separate ranges (or their
distinct parts) differed by divergences approximately half way between the intra‐ and interspecific
difference, they were treated as sub‐species.
In total, five subspecies were identified in the Murchison region – two at Weld range, two at Jack
Hills and one at Robinson Range. The fact that the subspecies at Weld Range were divided by a
1 km‐wide natural gap between Hampton Hill and Madoonga presented evidence that the aerial
dispersal of Cethegus spiderlings is limited to < 1 km. The subspecies at Weld Range were as
different from each other as they were from the subspecies at Jack Hills and Robinson Range and
therefore they will require separate conservation management in order to mitigate impacts from
the proposed Project.
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1.0 INTRODUCTION
1.1 PROJECT BACKGROUND
Sinosteel Midwest Corporation Ltd (SMC) is conducting mineral exploration, engineering,
environmental and economic studies for the feasibility to mine iron ore at Weld Range (the Project)
in the Western Murchison area of Western Australia. The Project is located approximately 85 km
southwest of Meekatharra and 60 km northwest of Cue (Figure 1‐1) and has high grade outcrops
over a 60 km strike length. The current resource represents 6 km of the strike length with a target
reserve of a minimum of 124 million tonnes. Mining is planned to occur at two open‐cut pits
(Beebyn and Madoonga) from which the SMC plans to ship 15 million tonnes per annum over
approximately 9 years.
The Weld Range lies in the Murchison Biogeographic Region, Western sub region which lies within
the Eremaean botanical province or the arid zone of Western Australia (Figure 1‐2). Geologically,
the Weld Land System is located within the Murchison geological province, within the Yilgarn
Craton. The System is described as rugged ranges and ridges of mainly Archaean metamorphosed
sedimentary rocks supporting Acacia shrub lands (Curry et al. 1994). It is 350 km2 in area and
includes the Weld Range and Jack Hills systems.
The tenements that form the basis for the Project cover a series of hills that rise approximately
250 m above the surrounding plains. The range is some three kilometres wide and extends for up
to 60 km in length from southwest to the northeast. The range consists of a series of parallel ridges
with deep incised valleys.
The climate of the project area is described as semi arid with a summer and winter rainfall bimodal
pattern. The average annual rainfall, as recorded from historical data at Meekatharra airport, is
236 mm falling over an average of 46 days however there is considerable annual variation (BOM
2007). The average maximum summer temperature is 39°C reaching up to 45°C and the winter
temperature is 19°C up to 30°C. The minimum temperatures on average range from 9°C in winter
to 24°C in summer (BOM 2007). Humidity is low with morning relative humidity reaching
approximately 60% and afternoon relative humidity quite often dropping below 20%. Pan
evaporation is on average 3560 mm/annum at Meekatharra Airport. The pan evaporation drops to
114 mm on average in June and rises to an average of 505 mm in January. Thus pan evaporation
always exceeds rainfall and the area is extremely dry (SRK 2007).
The baseline survey of invertebrate fauna at Weld Range, undertaken by ecologia Environment
(ecologia) in 2006/2007, identified a potential impact to a Short‐range Endemic curtain‐web spider
from a species complex Cethegus ‘fugax’ (Simon). The geographic distribution of C. ‘fugax’
complex extends from the sub‐coastal areas along the Nullabor Plain to the south‐western
Australia and near the west coast as far north as Geraldton (Raven 1984). However, the
mygalomorph experts in Australia, Prof. R. Raven from the Queensland Museum and Prof. B.Y.
Main from the University of Western Australia, have not yet resolved the number of species within
this complex on a basis of morphological characters. This has important implications for the
species potential conservation value, as isolated populations like the one at Weld Range could
represent a separate Short‐range Endemic species, and as such would be covered under the EPA
Guidance No. 56.
A new approach using a different type of characters was needed to clarify specific status of the
specimens collected at Weld Range. Consequently, molecular markers were employed along with
morphological character to resolve the taxonomic uncertainty of the population of C. ‘fugax’ from
Weld Range.
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Figure 1‐1

Weld Range Project Location Map
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Figure 1‐2

Western Murchison Subregions and Surrounds: Eastern Murchison (MUR1), Western
Murchison (MUR2); Based on IBRA Version 6.1 (Thackway and Cresswell 1995)
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1.2 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), principles outlined in the EPA’s
Position Statement No. 3 Terrestrial Biological Surveys as an element of Biodiversity Protection (EPA
2002), and, recently, Guidance Statement 20: Sampling of Short Range Endemic Invertebrate Fauna
for Environmental Imp[act Assessment in Western Australia (EPA 2009).
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 is 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. The current listing was gazetted on the 5 August 2008.
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1.3 PROJECT OBJECTIVES
SMC commissioned ecologia to undertake a genetic study of the population of the Curtain‐web
spider Cethegus ‘fugax’ from Weld Range and adjacent areas as part of the environmental impact
assessment for the Project.
The EPA’s objectives with regards to fauna management are to:
•

maintain the abundance, species diversity and geographical distribution of Short‐range
Endemic terrestrial invertebrate fauna; and

•

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

Hence, the primary objective of this study was to provide sufficient information to the EPA to
assess the impact of the project on Cethegus ‘fugax’ at Weld Range, thereby ensuring that these
objectives will be upheld.
Specifically, the objectives of this study were
•

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

•

An inventory of Cethegus ‘fugax’ occurring in the study area, incorporating recent
published and unpublished records;

•

A review of regional and biogeographical significance of Cethegus ‘fugax’;

•

Sequence analyses of selected nuclear and mitochondrial genes of all specimens collected;

•

Morphological analysis of selected morphological characters of all specimens collected;

•

Synthesis of genetic and morphological data and resolution of the taxonomic status of
specimens of Cethegus ‘fugax’ at Weld Range; and

•

A risk assessment to determine likely impacts of threatening processes on Cethegus ‘fugax’
within the study area.

1.4 SHORT RANGE ENDEMISM
1.4.1 Processes Promoting Short Range Endemism
Endemism refers to the restriction of species to a particular area, whether it be at the continental,
national or local level (Allen et al. 2002). Short range endemism refers to endemic species with
restricted ranges, which in Western Australian is currently defined as less than 10,000 km2 (100 km
x 100 km) (Harvey 2002). It must be stressed that the precautionary principle, as adopted by the
EPA under Section 4a of the Environmental Protection Act 1986, is currently a guiding principle of
this literature review.
Short‐range endemism is influenced by numerous processes which generally contribute to the
isolation of the species. A number of factors, including the ability and opportunity to disperse, life
history, physiology, habitat requirements, habitat availability, biotic and abiotic interactions, and
historical conditions, influence not only the distribution of a taxon, but also the tendency for
differentiation and speciation (Ponder and Colgan 2002). Isolated populations tend to differentiate
both morphologically and genetically as they are influenced by different selective pressures over
time. Additionally, a combination of novel mutations and genetic drift promote the accumulation
of genetic differences between isolated populations. Conversely, the maintenance of genetic
similarity is promoted by a lack of isolation through migration between the populations, repeated
mutation and balancing selection (Wright 1943). The amount of differentiation and speciation

5

Weld Range Iron Ore ProjectGenetic Study of Cethegus fugax

between populations will be determined by the relative magnitude of these factors, with the
amount of migration generally being the strongest determinant. Migration is hindered by poor
dispersal ability of the taxon as well as geographical barriers to dispersal.
The historical connections of habitats are also important in determining species distributions and
often explain patterns that are otherwise inexplicable by current conditions. Many SREs are
considered to be relictual taxa (remnants of species that became extinct elsewhere) and are
confined to certain habitats and, in some cases, single geographic areas (Main 1996). Relictual taxa
include species from as long ago as Gondwanan periods (180‐65 million years ago) which have a
very restrictive biology.
In Western Australia, relictual taxa generally occur in fragmented populations, from lineages
reaching back to historically wetter periods. For example, during the Miocene period (from 25
million to 13 million years ago), the aridification of Australia resulted in the contraction of many
areas of moist habitat and the fragmentation of populations of fauna occurring in these areas (Hill
1994). With the onset of progressively dryer and more seasonal climatic conditions since this time,
suitable habitats have become increasingly fragmented. In general, these relictual habitats are
characterised by permanent moisture and shade, maintained by freshwater courses (e.g. swamps,
river systems and creek lines) and / or microhabitats associated with southern slopes of hills and
ranges, rocky outcrops, deep litter beds, and various combinations of these features (Main 1996,
1999), of which Weld Range is a good example.

1.5 CETHEGUS ‘FUGAX’ ‐ CURRENT SCIENTIFIC KNOWLEDGE
1.5.1 Overview
The genus Cethegus Thorell (family Dipluridae) currently includes eleven named species and it is
widespread in Australia, exclusive of the extreme southwest and southeast regions and Tasmania
(Raven 1984). It occurs from tropical rainforests to semiarid areas where it is believed to be
relictual from a former wetter era when rainforest predominated in such areas (Main 1997). The
common name reflects the appearance of the spider’s nest, which includes a copious mass of
vertical, curtain‐like strands of silk with adherent soil particles that are assumed to function as
camouflage and increase the shading of the nest. At the centre of the nest are two or three funnel‐
like tubes that join into a common tube leading into a shallow burrow. Radiating from the main
mass of web, there are catching strands which entrap both crawling and flying insects. The nests
may be up to thirty centimetres in height and width and they are generally supported against
stems of trees or shrubs, tussocks of grass, logs or irregularities in soil such as banks or rocks (Main
1980). Mating and reproduction appears to depend on prevailing seasonal conditions in relation to
region or location. No data on longevity or time to maturation are currently available, however
some field evidence suggests that Cethegus ‘fugax’ in WA central wheatbelt can mature in
approximately two years (Main, unpublished data). Emergent spiderlings may be aerially dispersed
over short distances (i.e. several meters) (Main 1995).

1.5.2 Cethegus ‘fugax’ at Weld Range
At Weld Range, C. ‘fugax’ (Figure 1‐3) displays several characteristics associated with relictual
species. It is found in shaded microhabitats, mostly associated with vegetated areas on southern
slopes. Although several nests were also found on the plain below the range, their density was
sparse and their total numbers too low to warrant a viable population, thus it was assumed that a
local flood or an unusually strong wind transported the spiders from their source populations on
the range down to the plain during their aerially‐dispersed emergent stage.
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No data exist on survivor rate of new emergents, however observations by ecologia staff in the
field suggest that the mortality of new emergents is very high (>50%), with the population size
crashing over summer and autumn (December – May).

A

Figure 1‐3

B

Cethegus ‘fugax’ Adult Female (A) and Nest (B)
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2.0 METHODS
2.1 SAMPLING
Live specimens were collected in areas where the spiders were relatively abundant (> 5 nests
within 10 000 m2), using a “bait‐and‐catch” method, during which live prey (i.e. ant) was placed in
the curtain web to lure the spider out of the burrow and subsequently collect the spider into a
specimen vial. Specimens that were required for morphological identifications were preserved
whole in 75% ethanol and the third left leg was removed and stored separately in 100% in 4°C for
genetic analyses. Specimens required only for genetic analysis were gassed by CO2 for one minute,
the third left leg was removed and the spiders were released back into their nests.
Fifteen individuals of the curtain‐web spider were collected from eight sites at Weld Range (Figure
2‐1). In addition, 10 individuals were collected from seven sites at Jack Hills and 12 individuals
were collected from seven sites at Robinson Range, as these ranges present the two closest
neighbouring localities where the spider occurs (Figure 2‐2). A single specimen was also collected
at Blue Hills near Morawa (Figure 2‐3). To provide an interspecific context, four individuals of
Cethegus fugax were collected from the type locality in Mt Helena near Perth, and three individuals
of Cethegus ischnotheloides were collected from three sites in the Great Victoria Desert (Figure
2‐3).

2.2

TIMING

The sampling of specimens at Weld Range was conducted in September‐October 2006, June ‐
August 2007 and April 2008 when the spiders were active.

2.3 TAXONOMY AND NOMENCLATURE
Taxonomic identification and dissection of internal genitalia was performed by the WA trapdoor
spider expert, Prof. B.Y. Main. The preserved specimens were examined under a stereo
microscope to discern a range of morphological features. No adult males were available and many
specimens appeared to be juveniles. Several larger specimens assumed to be adult females had
the genital plate removed and cleared in clove oil in an attempt to delineate the spermathecae
(female genital tubes for sperm storage) which features are regularly used to differentiate females
of related species.

2.4 DNA ANALYSES
2.4.1 DNA Extraction, PCR, Sequencing and Sequence Editing
Prior to extraction of DNA, samples were briefly soaked in distilled water for 5‐10 minutes to
remove alcohol from tissues. Total genomic DNA was extracted from legs using Qiagen Blood &
Tissue extraction kit. Approximately 1200 base pairs (bp) of DNA were sequenced for most
samples from Weld Range, Jack Hills, Perth and Great Victoria Desert. This included a 550 bp
fragment of a mitochondrial gene for 16S ribosomal subunit (16S rDNA), 710 bp fragment for
cytochrome c oxidase I mitochondrial gene (COI) and 600 bp of nuclear DNA of the Internal
Transcribed Spacer Region 1 (ITS1). Only 16S fragment was sequenced in samples from Robinson
Range, Blue Hills and Hampton Hill at Weld Range as these samples were collected in April 2008
after the general pattern and the reliability of the 16S fragment has been already established.
Primers used are listed in Table 2‐1.
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The 25 µl reactions used 0.8 mM dNTPs, 2.0 mM MgCl2 (4.0 mM for COI), 1x buffer, 10 pmoles of
each primer, 1 unit Taq, and 3 µl template. PCR conditions were as follows: 2 min at 95 °C followed
by 30 cycles of denaturation at 95 °C for 30 sec, annealing at 53 °C for 45 sec, and extension at
72 °C for 1 min, with a final extension step at 72 °C for 5 min. The sequencing reaction was carried
out using the BigDye V3 Ready Reaction Mix (ABI Prism) and the products were sequenced in both
directions on an ABI 373 automated sequencer (Applied Biosystems).
The first sequences obtained were compared with sequences from GenBank, using BLAST (Altschul
et al. 1997)) to verify that these came from a Diplurid spider. For COI, the sequence was then
translated into the amino acid sequence, using the invertebrate mtDNA code as implemented in
GeneDoc v2.6.002 (Nicholas and Nicholas 1997) to ensure that there were no stop codons or other
anomalies in the coding regions. Sequences were aligned and edited by eye with GeneDoc
v2.6.002
(Nicholas
and
Nicholas
1997)
and
Chromas
v2.33
(http://www.technelysium.com.au/chromas.html).
Table 2‐1

A List of Primers Used for Amplification and Sequencing of DNA Fragments

Primer code

Sequence

Reference

16Sar

5' CGC CTG TTT ATC AAA AAC AT 3'

(Simon 1991)

16Sbr

5' CCG GTC TGA ACT CAG ATC ACG T 3'

(Simon 1991)

M200

5' GGAGGATTTGGAAATTGATTAGTTCC 3’

M205

5’ ACTGTAAATATATGATGAGCTCA 3’

(Simon et al. 1994) (modified CI‐N‐2329)

CAS 18sF1

5’ TACACACCGCCCGTCGCTACTA 3’

(Ji et al. 2003)

CAS 5p8 B1d

5’ ATGTGCGTTCRAAATGTCGATGTTCA 5’

(Ji et al. 2003)

(Simon et al. 1994) (modified CI‐J‐1718)

2.4.2 Phylogenetic Analyses
Tree‐building Methods
Two independent methods were used to construct molecular phylogenies:
1.

Maximum Likelihood (ML) with heuristic algorithm, random stepwise addition with 10
replicates and tree‐bisection‐reconnection (TBR) option for branch‐swapping was
evaluated by non‐parametric bootstrap (Felsenstein 1981) with 100 replicates as
implemented in PAUP* 4.0b (Swofford 1998) The GTR+I+G model was selected by
Modeltest 3.7 (Posada and Crandall 1998) as the most suitable model of evolution for both
16S and COI mitochondrial genes, while the F81+G mode was selected for the nuclear ITS1
gene.

2.

Bayesian inference (BI) was conducted using MrBayes 3.1.2 (Ronquist and Huelsenbeck
2003), with 4 chains, 700 thousand generations (sampling every 100 generations), and
1750 generations burn‐in for 16S, 300 thousand generations and 750 generations burn‐in
for COI, and 200 thousand generations and 500 generations burn‐in for ITS1.

All trees were edited using Treeview 1.1.6 (Page 1996).
Divergence
Corrected distances with ML settings (see above for models of evolution selected by Modeltest 3.7)
were calculated for COI and 16S mitochondrial genes using Neighbor‐Joining method (Saitou and
Nei 1987) as implemented in PAUP* 4.0b (Swofford 1998) in order to determine the percentage
divergence between clades. The genes were selected because they are commonly used by
molecular systematists for species delimitation (Bond et al. 2001; Hebert et al. 2003a; Bond 2004).
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The percentage divergence between C. fugax from the type locality near Perth and
C. ischnotheloides from Great Victoria Desert was used as a reference for interspecific difference.
Nested Clade Analysis
Haplotype networks were estimated by the phylogenetic reconstruction algorithm described in
Templeton et al. (1987; Templeton et al. 1992; Templeton et al. 1995; 1998) and Templeton and
Sing (1993) as implemented in Automated Nested Clade Analysis 1.2 (Mahesh and Beaumont 2007)
including TCS 2.1 (Clement et al. 2000) and GeoDis 2.5 (Posada et al. 2000) with 10000
permutations.
Correlation between Genetic and Geographic Distance
The effect of geographic isolation on population genetic structure was assessed by testing
correlations between genetic (16S fragment) and geographic distances in using Mantel tests with
10000 permutations at the 0.05 level of significance for one‐tailed test, as implemented in XL Stat
(Fahmy 1993).

2.5 SURVEY TEAM

PhD in Zoology

Experience with invertebrate
surveys
9.5 years

Jarrad Clark

Bachelor of Science

4.5 years

Melissa White

Bachelor of Science

2 years

Team member
Magdalena Davis (nee Zofkova)

Qualification

External: Prof. Barbara York Main, PhD in Zoology, 50 year of experience with surveys and
taxonomy of mygalomorph spiders
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3.0 RESULTS
3.1.1 Morphology
The internal genitalia of the following specimens from Weld Range were dissected and cleared (the
carapace length of each specimen is given in parentheses to indicate some idea of maturity):
WR 34 (CL=4.4mm), WR 36 (CL=4.5mm), 710‐110 (CL=4.7mm).
No structures of spermathecae were discernible in any of the specimens. However it is possible
that along with some of the other collected specimens they may be immature.
The internal genitalia of the following five specimens from Jack Hills were dissected and cleared for
examination (carapace lengths in parentheses):
682‐2 (CL=5.0mm); one of the two specimens of 682‐4 (CL=5.4mm); one of the two specimens of
682‐6 (682‐006) (CL=5.2mm); 682‐ 10 (CL=5.4mm); 682 [Mygal (12)] (CL=5.7mm).
No recognisable spermathecae were found in the following specimens: 682‐4; 682‐10; 682‐ [Mygal
12].
In the two specimens that revealed recognisable spermathecae, the organs appeared as extremely
delicate, linear to vermiform tubes with no sclerotisation of the walls or any tubercular
excrescences. The apparently intact spermatheca of one specimen (682‐2) appeared to be
terminally branched. However, because of the delicacy of the specimen and slightly damaged
condition this may be an artefact. Neither limb of the spermathecae of the other specimen (682‐6)
was branched but each was slightly convoluted terminally Figure 3‐1.
It is notable that a specimen collected on 21 March 2007 from the type locality of Cethegus fugax
has terminally branched spermathecal limbs Figure 3‐1. However, the specimen was again
extremely delicate and the figure thus does not exhibit the robust structure shown in the
illustrations of Raven (1984). Nevertheless, in that Raven depicted branched spermathecal tubes
from two locations in the forest not far from the type locality (Byford and Gleneagle) it seems safe
to assume that the species is characterised by terminally branched spermathecal tubes. From this
it is also deduced that the two specimens illustrated by Raven from Mokine and Ravensthorpe
(with terminally tapering, unbranched, linear spermathecal limbs) are of another species.
Other features noted on the Weld Range and Jack Hills specimens were the teeth on the cheliceral
furrow and leg spination which do not appear to be distinctively informative. However they do
appear to have more “larger” teeth on the promargin of the cheliceral furrow than does C. fugax.
Unlike some northern and inland specimens which are black, the Jack Hills and Weld Range
specimens are all a light, dusty brown.
Another feature worth considering is that noted by Raven (1984) concerning the “brown spots on
pale lung‐book covers” of C. fugax. Such dark brown patches are clearly visible on the topotype
recently collected. Such patches are absent from the Jack Hills and Weld Range specimens.
It is concluded on the present scanty evidence that the Jack Hills and Weld Range specimens are
not C. fugax, nor akin to some other Cethegus populations from northern and inland localities but
of an unnamed species.
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Figure 3‐1

A,B,C ‐ Female Internal Genitalia, Dorsal View; A, B ‐ Specimens From The Murchison
Region; C ‐ Cethegus fugax Simon, Specimen Collected From Type Locality In Mt Helena
(Jarrah Forrest Region); D ‐ Cethegus fugax Simon Ventral View Showing Lung Book
Opercula, Note Large Brown ‘Spots’ (Same Specimen As C Before Genital Plate Removed).

3.1.2 DNA Phylogeny
Phylogenetic Trees
The Maximum Likelihood and the Bayesian Inference resulted in identical topologies, therefore
only a single tree is shown for each gene, with both bootstrap (BS) and posterior probability (PP)
values shown at internal nodes.
All genes showed a strong support of three major clades, corresponding with the three different
bioregions of sampling – Murchison, Great Victoria Desert and Jarrah Forrest. This division is clearly
obvious in the most conservative nuclear gene, ITS1 (Figure 3‐2), while the mitochondrial genes
with higher mutation rates, 16S and COI, provided further insights into the finer details of Cethegus
‘fugax’ history within the Murchison region (Figure 3‐3 and Figure 3‐4). Haplotypes RR 1‐12, WRHH
1‐5, 037/1 and WR 037/2 were not included in the COI tree due to difficulties with their DNA
amplification, nevertheless the relationship among all haplotypes is shown in the 16S tree.
The 16S haplotypes from the Murchison region clustered into five separate clades, supported by
high BS and PP values and with clear association to geographic areas. Clade 1 comprised
haplotypes from the south‐west of Jack Hills, Clade 2 comprised haplotypes from Madoonga and
Beebyn at Weld Range, Clade 3 comprised all haplotypes from Robinson Range, Clade 4 comprised
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haplotypes from Hampton Hill at Weld Range and Clade 5 comprised haplotypes from north‐east of
Jack Hills.
Divergence
The interspecific divergence between C. fugax from the type locality near Perth (Jarrah Forrest
region) and C. ischnotheloides (Great Victoria Desert Region) were 12 – 13% in the 16S fragment
and 39‐43% in the COI fragment. Thus, these values were used as a reference for interspecific
differences.
The difference between C. fugax from the type locality near Perth and the haplotypes from the
Murchison region ranged from 13 – 19% in the 16S fragment and 29‐39% in the COI fragment,
while the difference between C. ischnotheloides and the haplotypes from Murchison region ranged
from 8‐14% and 29‐40%, respectively. As the divergence of at least one of the genes had fallen
within the interspecific reference, it indicated that the Cethegus from Murchison region was
neither C. fugax nor C. ishnotheloides, but rather a new, undescribed taxon.
The difference between populations from Weld Range and Jack Hills ranged from 7‐9% in the 16S
fragment and 15‐25% in the COI fragment. The difference between Weld Range and Robinson
Range ranged from 5‐7% in the 16S fragment (COI data unavailable), and the difference within
Weld Range between Hampton Hill and Madoonga & Beebyn ranged from 5‐6% in the 16S
fragment (COI data unavailable). Similarly, the difference within Jack Hills between south‐western
and north‐eastern parts ranged from 11‐12% in the 16S fragment and 7‐16% in the COI fragment.
The divergence within local populations (e.g. within Hampton Hill) ranged from 0‐0.3% in the 16S
fragment and 0‐1.5% in the COI fragment. These results show that the percentage difference
between populations occupying different ranges in the Murchison region is approximately half of
the interspecific difference. In addition, the results show that the population from Hampton Hill is
as different from the populations at Madoonga & Beebyn as it is from populations at Jack Hills and
Robinson Range.
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Figure 3‐2

The Maximum Likelihood Phylogenetic Tree Based on ITS1 Gene Showing Three Major
Clades Corresponding with the Three Different Bioregions of Sampling – Murchison, Great
Victoria Desert and Jarrah Forrest. The Scale Represents 0.1 Substitutions per Site.
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JF
GVD

Clade 1
Jack Hills
SW

Clade 2
Weld Range Madoonga & Beebyn

Clade 3
Robinson Range

Clade 4
Weld Range Hampton Hill

Clade 5
Jack Hills NE

Figure 3‐3

The Maximum Likelihood Phylogenetic Tree Based on 16S Gene Showing Three Major
Clades Corresponding with the Bioregions (red) as well as Five Internal Clades within the
Murchison Region (blue). The Scale Represents 0.1 Substitutions per Site.
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Clade 5
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Clade 2
Weld Range Madoonga &
Beebyn

Figure 3‐4

The Maximum Likelihood Phylogenetic Tree Based on COI Gene Showing Three Major
Clades Corresponding with the Bioregions (red) as well as Five Internal Clades within the
Murchison Region (blue). The Scale Represents 0.1 Substitutions per Site.
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Nested Clade Analysis
Significant associations between haplotypes and geographic distribution were found on two levels
of clade hierarchy, and the null hypothesis of no geographical association was rejected with high
significant values in four of the total 23 clades. The inferences about the population structure
showed that two allopatric fragmentation events had occurred, one between the populations from
Hampton Hill (Weld Range) and Robinson Range, and the other between populations from
Madoonga & Beebyn (Weld Range) and Jack Hills (Figure 3‐5).

Figure 3‐5

Allopatric Fragmentation Events between Cethegus Populations from Hampton Hill (orange
area) and Robinson Range (purple area), and between Populations from Madoonga &
Beebyn (blue area) and Jack Hills (green area).
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Correlation between Genetic and Geographic Distance
The Mantel tests revealed that genetic distance based on 16S gene fragment correlated
significantly with geographic distance (r = 0.75, p < 0.0001) (Figure 3‐6).
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Figure 3‐6

Positive Correlation between Genetic and Geographic Distance
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4.0 DISCUSSION
Curtain‐web spiders occurring in the semiarid and arid regions of Jarrah Forrest, Murchison and
Great Victoria Desert were hypothesised to be relicts from a former wetter era when rainforest
predominated in these areas (Main 1997). Both morphological and genetic analyses confirmed
that the three regions each harboured a distinct, separate taxon, of which the Murchison one is
new to science. Within the Murchison region, distinct lineages were associated with individual
ranges or their distinct parts. The relictual hypothesis was also supported by the Nested Clade
Analysis, which showed that allopatric fragmentation had occurred between lineages from
Hampton Hill (Weld Range) and Robinson Range, and also between lineages from Madoonga &
Beebyn (Weld Range) and Jack Hills. In addition, the mechanism of isolation by distance, possibly
accompanied by some lineage sorting, must have also occurred, as suggested by the positive
correlation between genetic and geographic distance in the Mantel test.
The genetic divergence was extremely high, both between the different regions as well as within
the Murchison region. The divergence in COI gene was four times as high among clades from
different regions (29‐45%) and twice as high among clades within the Murchison region (15‐25%)
compared to interspecific differences cited in literature (8‐11%) (Hebert et al. 2003a; Bond 2004;
Starrett and Hedin 2007). The divergence in 16S gene was almost twice as high among clades from
different regions (12‐19%) and similar among clades within the Murchison region (5‐12%)
compared to interspecific differences cited in literature (6‐12%) (Bond et al. 2001; Arnedo and
Ferrandez 2007). The divergence within local populations (0‐0.3% in the 16S fragment and 0‐1.5%
in the COI fragment) corresponded with literature‐reported intraspecific differences (Hebert et al.
2003a; Hebert et al. 2003b; Hebert et al. 2004). The extreme genetic divergence is most likely a
consequence of a long evolutionary history in a geologically stable environment, as Cethegus is an
old genus (Hedin and Bond 2006) and Western Australia did not experience any major geological
changes such as volcanic and glacial activities (Dodson et al. 2002), therefore the process of
accumulation of neutral mutation within the mtDNA markers has been occurring steadily for some
time. A crude application of invertebrate molecular clock of 1.1‐1.2% mutation rate per million
years (Brower 1994) suggests that the divergence between regions occurred approximately 24‐41
million years ago.
It is unclear how the genetic divergence corresponds with taxonomic hierarchy. Although the
comparisons with literature suggest that regional divergences correspond with difference on the
level of genera rather then just species, there is currently no morphological evidence for such
radical re‐classification of the genus Cethegus. Instead, it is reasonable to focus on the inter‐
regional divergences of the currently described species, C. fugax and C. ischnotheloides, and use
them as a specific benchmark. As the divergences between populations from separate ranges (or
their distinct parts) represent approximately a half value between the intra‐ and interspecific
difference, it is logical that these should be treated as sub‐species. Consequently, five subspecies
were identified in the Murchison region – two at Weld range, two at Jack Hills and one at Robinson
Range.
Although Cethegus spiderlings are known to use limited aerial dispersal, the pattern of the genetic
structure presented here shows that such dispersal is clearly limited. The fact that the spiders
were not able to disperse across the 1 km‐wide natural gap between Hampton Hill and Madoonga
presents evidence that aerial dispersal may possibly enable Cethegus to escape disturbance on a
very local scale (i.e. < 1km) but it does not function as a long‐distance vector.
The subspecies at Weld Range were as different from each other as they were from the subspecies
at Jack Hills and Robinson Range, therefore they will require separate conservation management.
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5.0 IMPACT ASSESSMENT
A risk assessment was undertaken to determine potential impacts arising from the development on
Cethegus sp. ‘Weld Range Hampton Hill’ and Cethegus sp. ‘Weld Range Madoonga & Beebyn’ and
the residual impacts following the implementation of management strategies identified in this
document Table 5‐1. Significance of the risks is classified as either “High” (site/issue specific
management programmes required, advice/approval from regulators required), “Medium”
(specific management and procedures must be specified) or “Low” (managed by routine
procedures).
Four major threatening processes have been identified and are listed below.

5.1 Vegetation clearing
Vegetation clearing associated with construction of tracks and infrastructure can have a severe
impact on the individuals as well as on the whole population if no refuge area for recolonisation is
available adjacent to the impact area. Sequential small‐scale clearing is, therefore, preferable to
large‐scale clearing.

5.2 Loss of genetic diversity
Genetic diversity essentially represents the extent of species ability to change. As many genes are
subject to natural selection (either directly or indirectly through linkages), their diversity within a
population increases the probability that the population will be able to adapt to selective
pressures, both current and the future ones (Allendorf and Luikart 2007). For example, when a
species’ experiences environment changes, slight gene variations are necessary for it to adapt and
survive. A species that has a large degree of genetic diversity among its individuals will have more
variations from which to choose. In contrast, species that have very little genetic variation are at a
great risk of inbreeding and subsequent inbreeding depression.
In order to maintain both of the subspecies, Cethegus sp. ‘Weld Range Hampton Hill’ and Cethegus
sp. ‘Weld Range Madoonga & Beebyn’, it is recommended that exclusion zones are established at
Hampton Hill, Madoonga and/or Beebyn.

5.3 Dust pollution
The construction and operation of an active mine typically generates fine dust, which settles on the
surrounding area, including live vegetation. This can cause serious damage to and a subsequent
reduction of vegetation, followed by a decline in invertebrate fauna. For Cethegus sp., both
processes are important as they may result in a loss of suitable habitat and prey.

5.4 Fire
Large‐scale fires have effectively the same impact as large‐scale vegetation clearings; therefore
development of a fire prevention strategy is an essential part of conserving Cethegus sp. at Weld
Range.
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Table 5‐1

Risk Assessment Matrix

Biological Environmental Impact Risk Assessment
Project: Sinosteel Midwest
Corp. Cethegus survey
Location: Weld Range

Date: 20 March 2009

Significance

Consequenc
e
Risk Level

Controls

Likelihood

Residual Risk
Significance

Aspect (Event) Impact

Consequenc
e
Risk Level

Risk
Issue

Likelihood

Inherent Risk

Mine Site
Vegetation
clearing

Removal of
Cethegus sp.
individuals and / or
habitat

Loss of local Cethegus
sp. populations

4

4

16

High

Clearing should be restricted to that which is necessary.
Clearing boundaries should be defined in the field.
Cleared areas should be rehabilitated as soon as is
practical. Areas with Cethegus sp. nests should be
avoided whenever possible.

2

4

8

Med

Vegetation
clearing

Removal of
Cethegus sp.
genetic diversity

Adverse impact to
adaptive ability

4

3

12

High

Exclusion zones have to be established for Cethegus sp.
at Hampton Hill as well as at Madoonga or Beebyn to
ensure that both of the respective subspecies
continue to survive at Weld Range

3

3

9

Med

Dust

Dust emissions
arising from mining
operations

Damage to vegetation
resulting in loss of
Cethegus sp. habitat

3

3

9

Med

Dust suppression measures should be implemented,
including management of road speed on unsealed roads
and the use of dust retardants

2

2

4

Low

Fire

Wildfire arising as a Degradation of
Cethegus sp. habitat
result of mining
operations
and populations

3

3

9

Med

A fire prevention strategy should be implemented. All
vehicles should be fitted with fire extinguishers & all
personnel trained in their use.

2

2

4

Low

26

Weld Range Iron Ore ProjectGenetic Study of Cethegus fugax

Table 5

Risk Matrix:
LIKELIHOOD

Risk–Assessment
1
Low risk, Rating
managed by routine procedures.
5 ‐ CATASTROPHIC
5
Significant impact to fauna species of conservation significance or regional
biodiversity

5

4

3

2

1

ALMOST CERTAIN

LIKELY

POSSIBLE

UNLIKELY

RARE

Is expected to occur in
most circumstance

Will probably occur in
most circumstance

Could occur

Could occur but not
expected

Occurs in exceptional
circumstances

25

20

15

10

5

20

16

12

8

4

15

12

9

6

3

10

8

6

4

2

5

4

3

2

1

4 ‐ MAJOR
Impact to fauna species of conservation significance in project area.

3 ‐ MODERATE
Loss of fauna biodiversity in project area.

CONSEQUENCES

2 ‐ MINOR

11‐
25
6 –
10

Short term or localised impact to fauna biodiversity.

1 ‐ INSIGNIFICANT
No impact to fauna of conservation significance or biodiversity.

High risk, site/issue specific management programmes required, advice/approval from regulators required.
Medium risk, specific management and procedures must be specified.
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Table 5

cont.

Likelihood:
Value
Description

Criteria

5

Almost Certain

Environmental issue will occur, is currently a problem or is expected to occur
in most circumstances.

4

Likely

Environmental issue has been a common problem in the past and there is a
high probability that it will occur in most circumstances.

3

Possible

Environmental issue may have arisen in the past and there is a high
probability that it could occur at some time.

2

Unlikely

Environmental issue may have occurred in the past and there is a moderate
probability that it could occur at some time but not expected.

1

Rare

Environmental issue has not occurred in the past and there is a very low
probability that it may occur in exceptional circumstances.

Consequence:
Value
Description

Criteria

5

Catastrophic

Significant impact to fauna species of conservation significance or regional
biodiversity

4

Major

Impact to fauna species of conservation significance in project area.

3

Moderate

Loss of fauna biodiversity in project area.

2

Minor

Short term or localised impact to fauna biodiversity.

1

Insignificant

No impact to fauna of conservation significance or biodiversity.
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6.0 MANAGEMENT RECOMMENDATIONS
The following management items are recommended to mitigate impacts of the development on
the curtain‐web spider Cethegus sp. at Weld Range:
•

Development and implementation of a dedicated Cethegus sp. Conservation Management
Plan to reduce impact on the Cethegus sp. population at Weld Range during construction,
development and active mining.

•

Establishing conservation zones at Hampton Hill, Madoonga and/or Beebyn to ensure the
long‐term survival of both subspecies at Weld Range.

•

Dust suppression measures should be implemented, including the management of road
speed on unsealed roads.

•

A fire prevention strategy should be implemented.

•

Relevant site staff should be educated about the conservation issue of Cethegus sp. and
trained in recognising the spider’s burrows and overall habitats to prevent accidental
impact on the spider’s population.

29

Weld Range Iron Ore ProjectGenetic Study of Cethegus fugax

This page has been left blank intentionally

30

Weld Range Iron Ore ProjectGenetic Study of Cethegus fugax

7.0 REFERENCES
Allen, G. R., Midgley, S. H., and Allen, M. 2002. Field Guide to the Freshwater Fishes of Australia.
CSIRO Publishing, Melbourne, VIC.
Allendorf, F. W. and Luikart, G. 2007. Conservation and the Genetics of Populations. Blackwell
Publishing.
Altschul, S. F., Madden, T. L., Schaffer, A. A., Zhang, J., Zhang, Z., Miller, W., and Lipman, D. J. 1997.
Gapped BLAST and PSI‐BLAST: a new generation of protein database search programs.
Nucleic Acids Research. 25:3389‐3402.
Arnedo, M. A. and Ferrandez, M.‐A. 2007. Mitochondrial markers reveal deep population
subdivision in the European protected spider Macrothele calpeiana (Walckenaer, 1805)
(Araneae, Hexathelidae). Conservation Genetics. 8:1147–1162.
BOM. 2007. Accessed www.bom.gov.au.
Bond, J. E. 2004. Systematics of the Californian Euctenizine spider genus Apomastus (Araneae:
Mygalomorphae: Cyrtaucheniidae): the relationship between molecular and morphological
taxonomy. Invertebrate Systematics. 18:361‐376.
Bond, J. E., Hedin, M. C., Ramirez, M. G., and Opell, B. D. 2001. Deep molecular divergence in the
absence of morphological and ecological change in the Californian coastal dune endemic
trapdoor spider Aptostichus simus. Molecular Ecology. 10:899–910.
Brower, A. V. Z. 1994. Rapid morphological radiation and convergence among races of the butterfly
Heliconius erato inferred from patterns of mitochondrial DNA evolution. Proceedings of the
National Academy of Sciences USA. 91:6491‐6495.
Clement, M., Posada, D., and Crandall, K. A. 2000. TCS: A computer program to estimate gene
genealogies, version 1.18. Molecular Ecology. 9:1657‐1660.
Curry, P. J., Payne, A. L., Leighton, K. A., Henning, P., and Blood, D. A. 1994. An inventory and
condition survey of the Murchison River catchment, Western Australia. Technical Bulletin
No.84, Department of Agriculture Western Australia.
Dodson, J., Itzstein‐Davey, F., Milne, L., and Morris., A. 2002. Vegetation and environmental history
of southern Western Australia. pp. 147‐167 in Gaynor, A., Trinca, M., and Perth, H. A., eds.
Country: Visions of land and people in Western Australia. Western Australian Museum,
Perth.
Environmental Protection Authority. 2002. Position Statement No. 3 Terrestrial Biological Surveys
as an element of Biodiversity Protection.
Environmental Protection Authority. 2004. Guidance for the Assessment of Environmental Factors
No. 56: Terrestrial Fauna Surveys for Environmental Impact Assessment in Western
Australia. 28 June 2004
Environmental Protection Authority. 2009. Guidance Statement 20: Sampling of Short Range
Endemic Invertebrate Fauna for Environmental Imp[act Assessment in Western Australia.
Fahmy, T. 1993. XL STAT ‐ statistical package distributed by Addinsoft at www.xlstat.com.
Felsenstein, J. 1981. Evolutionary Trees from DNA Sequences: A Maximum Likelihood Approach.
Journal of Molecular Evolution. 17:368‐376.
Harvey, M. S. 2002. Short‐range endemism among the Australian fauna: some examples from non‐
marine environments. Invert. System.,. 16:555 ‐ 570.
Hebert, P. D. N., Cywinska, A., Ball, S. L., and deWaard, J. R. 2003a. Biological identifications
through DNA barcodes. Proceedings of the Royal Society of London B. 270:313‐321.
Hebert, P. D. N., Ratnasingham, S., and deWaard, J. R. 2003b. Barcoding Animal Life: Cytochrome c
Oxidase Subunit 1 Divergences among Closely Related Species. Proceedings: Biological
Sciences, Supplement: Biology Letters. 270:S96‐S99.
Hebert, P. D. N., Stoeckle, M. Y., Zemlak, T. S., and Francis, C. M. 2004. Identification of birds
through DNA barcodes. PLOS Biology. 2:1657‐1663.

31

Weld Range Iron Ore ProjectGenetic Study of Cethegus fugax

Hedin, M. C. and Bond, J. E. 2006. Molecular phylogenetics of the spider infraorder
Mygalomorphae using nuclear rRNA genes (18S and 28S): Conflict and agreement with the
current system of classification. Molecular Phylogenetics and Evolution. 41:454–471.
Hill, R. S. E. 1994. History of Australian Vegetation: Cretaceous to Recent. Cambridge University
Press, Cambridge, UK.
Ji, Y.‐J., Zhang, D.‐X., and He, L.‐J. 2003. Evolutionary conservation and versatility of a new set of
primers for amplifying the ribosomal internal transcribed spacer regions in insects and
other invertebrates. Molecular Ecology Notes 3:581–585.
Mahesh, P. and Beaumont, M. A. 2007. The automation and evaluation of Nested Clade
Phylogeographic Analysis. Evolution. 61:1466‐1480.
Main, B. Y. 1980. Spiders of Australia. Axiom Books, Hong Kong.
Main, B. Y. 1995. Survival of trapdoor spiders during and after fire. CALMScience Supplement.
4:407‐216.
Main, B. Y. 1996. Terrestrial invertebrates in south‐west Australian forests: the role of relict species
and habitats in reserve design. J. Roy. Soc. W.A. 79:277 ‐ 280.
Main, B. Y. 1997. Granite outcrops: A collective ecosystem. Journal of the Royal Society of Western
Australia. 80:113 ‐ 122.
Main, B. Y. 1999. Biological anachronisms among trapdoor spiders reflect Australias environmental
changes since the Mesozoic in Ponder, W., and Lunney, D., eds. The Other 99%.
Transactions of the Royal Zoological Society of New South Wales, Mosman 2088.
Nicholas, K. B. and Nicholas, H. B. J. 1997. GeneDoc: a tool for editing and annotating multiple
sequence alignments. Distributed by the authors, www.pcs.edu/biomed/genedoc.
Page, R. D. M. 1996. TREEVIEW: An application to display phylogenetic trees on personal
computers. Computer Applications in the Biosciences. 12:357‐358.
Ponder, W. F. and Colgan, D. J. 2002. What makes a narrow‐range taxon? Insights from Australian
freshwater snails. Invert. System. 16.
Posada, D. and Crandall, K. A. 1998. Modeltest: Testing the model of DNA substitution.
Bioinformatics. 14:817‐818.
Posada, D., Crandall, K. A., and Templeton, A. R. 2000. GeoDis: A program for the Cladistic Nested
Analysis of the geographical distribution of genetic haplotypes. Molecular Ecology. 9:487‐
488.
Raven, R. J. 1984. Systematics of the Australian Curtain‐web Spiders (Ischnothelinae: Dipluridae:
Chelicerata). Australian Journal of Zoology Supplementary Series. 93:1‐102.
Ronquist, F. and Huelsenbeck, J. P. 2003. MRBAYES 3: Bayesian phylogenetic inference under mixed
models. Bioinformatics. 19:1572‐1574.
Saitou, N. and Nei, M. 1987. The neighbor‐joining method: a new method for reconstructing
phylogenetic trees. Molecular Biology and Evolution. 4:406‐425.
Simon, C. 1991. Appendix 3. pp. 345–355 in Hewitt, G. M., Johnston, A., and Young, J. P., eds.
Molecular Techniques in Taxonomy. Springer‐Verlag, United Kingdom.
Simon, C., Frati, F., Beckenbach, A., Crespi, B., Liu, H., and Flook, P. 1994. Evolution, weighting, and
phylogenetic utility of mitochondrial gene sequences and a compilation of conserved
polymerase chain raction primers. Annals of the Entomological Society of America. 87:651 ‐
701.
2007. Acid Drainage and Metal Leaching Assessment.
Starrett, J. and Hedin, M. 2007. Multilocus genealogies reveal multiple cryptic species and
biogeographical complexity in the California turret spider Antrodiaetus riversi
(Mygalomorphae, Antrodiaetidae). Molecular Ecology. 16:583–604.
Swofford, D. L. 1998. PAUP*: phylogenetic analysis using parsimony (* and other methods).
Sinauer., Sunderland, MA.
Templeton, A. R. 1998. Nested clade analyses of phylogeographic data: Testing hypotheses about
gene flow and population history. Molecular Ecology. 7:381‐397.

32

Weld Range Iron Ore ProjectGenetic Study of Cethegus fugax

Templeton, A. R., Boerwinkle, E., and Sing, C. F. 1987. A cladistic analysis of phenotypic associations
with haplotypes inferred from restriction endonuclease mapping. I. Basic theory and an
analysis of alcohol dehydrogenase activity in Drosophila. Genetics. 117:343‐351.
Templeton, A. R., Crandall, K. A., and Sing, C. F. 1992. A cladistic analysis of phenotypic associations
with haplotypes inferred from restriction endonuclease mapping and DNA sequence data.
III. Cladogram estimation. Genetics. 132:619‐633.
Templeton, A. R., Routman, E., and Phillips, C. A. 1995. Separating population structure from
population history: a cladistic analysis of the geographical distribution of mitochondrial
DNA haplotypes in the tiger salamander, Ambystoma tigrinum. Genetics. 140:767‐782.
Templeton, A. R. and Sing, C. F. 1993. A cladistic analysis of phenotypic associations with
haplotypes inferred from restriction endonuclease mapping. IV. Nested analyses with
cladogram uncertainty and recombination. Genetics. 134:659‐669.
Thackway, R. and Cresswell, I. D. 1995. An Interim Biogeographic Regionalisation for Australia:
Bioregions of Western Australia. Accessed
Wright, S. 1943. Isolation by distance. Genetics. 28:114 ‐ 138.

33

Weld Range Iron Ore ProjectGenetic Study of Cethegus fugax

This page has been left blank intentionally

34

