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Abstract - This paper describes the setting and aims of a multi-disciplinary
study to sample the biodiversity of a 75000 km2 region of Western Australia
(the southern Carnarvon Basin), and identify biophysical factors related to
the. observed patterns of plant and animal distributions. The study was
designed to provide a quantitative biological basis for conservation planning
and monitoring.

INTRODUCTION

Decisions on the management of Australian
rangelands (e.g. Harrington et al., 1984; Stafford
Smith et al., 1997) have been constrained by the lack
of data on patterns in biodiversity over most of the
Australian arid zone. Even the species inventories
of most phylogenetic groups in our arid bio-regions
are fragmentary. While quantitative surveys of
range condition have been carried out over large
areas of the pastoral zone in Western Australia in
recent years (e.g. Payne et al., 1987; Pringle, 1991),
most have focussed on a sub-set of plants and all
have ignored indigenous animal taxa entirely,
thereby providing only a biased first approximation
to the patterns in biodiversity. The need to acquire
such information for long term planning of
rangeland management has led a number of
authors to recommend that the conservation
resources of the Australian arid zone be identified
and measures taken to ensure that these values are
conserved (e.g. Foran et al., 1990; James et al., 1995;
Landsberg et al., 1997).

James et al. (1995) identified four key research
themes relevant to the Australian arid zone: "(1)
identification of spatial and temporal patterns of
distribution of native biota; (2) quantification of the
impacts of pastoralism on native biota; (3)
identification of, and control of, potential non­
native pest species; and (4) development of
methods and technologies to allow regional
conservation planning". We contribute data under
the first (inventory) theme and analyse these data to
provide a basis for improved regional conservation
planning. The existing conservation reserve
network is highly biased in many parts of the
Australian arid zone (Thackway and Cresswell,
1995). In particular, the major conservation reserves

in the Carnarvon Basin are confined to its periphery
and do not include examples of some prominent
land surfaces (Burbidge and McKenzie, 1995; see
also Figure 1). Although there was significant
information available in the form of opportunistic
data and surveys of restricted areas or relatively
narrow taxonomic groups, there has been no
satisfactory basis for planning a representative, yet
cost-effective reserve system. We therefore set out
to design and conduct a survey that would sample
the main environments of the region, allow an
interpretation of factors determining the patterns of
plant and animal distributions in the study area,
provide an explicit basis for designing a
conservation reserve system according to CAR
criteria (comprehensiveness, adequacy and
representativeness; see, for example, Woinarski and
Norton, 1993), and to commence the design of such
a system.

Stafford Smith et al. (1997) have argued that while
ecologists need to provide ecological understanding
of arid lands, it is also important that they actively
seek the integration of this understanding in the
wider policy debate. We attempt to provide a much
better understanding of the biogeography of one part
of the Australian arid zone, and a beginning to the
integration of such knowledge into the wider debate.

THE STUDY AREA

The Carnarvon Basin extends from near Cape
Range in the Exmouth area, south to the Murchison
River and inland to the Kennedy Range. It is one of
the major sedimentary basins of Western Australia
and has a geological history spanning much of the
last 450 million years (Wyrwoll, Stoneman, Elliott
and Sandercock, 2000).
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IBRA Regions
Thackway and Cresswell (1995) provide an

Interim Biogeographic Regionalisation of Australia
(IBRA) in which the country is divided into 80
regions based on various physical and biological
attributes. Western Australia includes 26 of these
regions, most of which are restricted to the state.
The Carnarvon Region, located on the mid-west
coast of Western Australia (Figure 2), extends from
north of Exmouth Gulf south to Shark Bay. To the
south lies the Geraldton Sandplains Region. The
boundary between these two regions is also part of
the boundary between the South-West Province and
Eremaean Province of Beard (1990), i.e. the
boundary between the arid and southern mesic
parts of Western Australia. The present study was
centred on this area.

Table 1 lists the variety of names for the
biogeographic districts referred to in this and
following papers. The Carnarvon Region
(Thackway and Cresswell, 1995) has a similar
northern and eastern boundary to the Carnarvon
Basin (see Wyrwoll, Stoneman, Elliott and
Sandercock, 2000). However, the Carnarvon Region
extends south only to Shark Bay where it adjoins
the Geraldton Sandplains Region [equivalent to
Beard's (1980) Irwin Botanical District], which
includes the southern edge of Shark Bay and the
southern end of the Carnarvon Basin.

Carnarvon Region
The Carnarvon Region occupies the northern and

central areas of the non-marine parts of the
Carnarvon Basin. Because of its geographical
position, the region is influenced by both the winter
rainfall of the south-west and the summer rainfall
of the north. It has an arid to semi-arid climate,
with a mean annual rainfall as low as 200
millimetres in places. Severe droughts are a
prominent element of the climate (see Wyrwoll,
Courtney and Sandercock, 2000).

The Region is dominated by extensive, low­
gradient, alluvial plains traversed by the Minilya,
Gascoyne and Wooramel Rivers (Figure 2; Wyrwoll,
Stoneman, Elliott and Sandercock, 2000). These
rivers flow intermittently. Low, open woodlands of
Acacia species, such as Snakewood (A. xiphophylla)
and Bowgada (A. linophylla), over shrubs such as
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Poverty Bush (Eremophila), cassias (Senna) and
saltbush, occur on these plains (Beard 1990 and
references therein). Shrubs and hummock grasses
grow on the low sand ridges that are scattered
across the plains. In northern parts, the plains grade
into red sand dune fields, supporting spinifex and
mulga communities that are reminiscent of
Australia's red centre. In the south, near the
boundary with the Geraldton Sandplains Region,
the plains support Eucalyptus-Callitris woodlands on
yellow sand dunes. Intermittently flooded claypans
are common and, close to the coast, birridas
(evaporite pans) occur in interdunal depressions.
Low-lying areas, such as the birridas, the fringes of
Lake MacLeod and the coastal flats, support rich
samphire communities. In the east of the study area,
erosional uplands such as the Kennedy Range
provide a contrast to the surrounding plains.

Land-use in the area is predominantly for pastoral
purposes, with significant areas on the margins
being set aside for nature conservation.

Geraldton Sandplains Region
The Geraldton Sandplains Region extends from

Shark Bay south to the vicinity of Jurien and
Badgingarra at about latitude 30° (Beard, 1990). The
climate is dry warm Mediterranean, with cool wet
winters and hot, dry summers. The region is
dominated by heaths and scrub-heaths near the
coast. Extensive areas of coastal limestone, partially
mantled by pale yellow to grey sands, support low
heaths with emergent thickets of Banksia and
mallees, such as Illyarrie (Eucalyptus erythrocorys). A
particularly impressive feature of the area to the
south of Shark Bay is the Zuytdorp cliffs, which are
topped with windblown, almost prostrate
shrubland. Further inland, these are replaced by
mallee, Banksia or Actinostrobus scrubs and heaths,
with Acacia-Allocasuarina thickets still further
inland. Small areas of Eucalyptus woodlands occur,
mostly in the southern part of the region. The part
of the region included in the present survey is
mostly covered with sand, with some limestone
outcropping very near the coast, and extends south
to the Murchison River (Figure 2).

Much of the northern Geraldton Sandplains
Region is used for pastoral purposes, with the
remainder mostly being in conservation reserves;

Table 1 Comparison of the names used by Beard (1980, 1990) and Thackway and Cresswell (1995) for certain
biogeographic entities referred to in the present study.

Beard,1980

Irwin Botanical District
Carnarvon Botanical District
Austin Botanical District
Ashburton Botanical District

Beard,1990

Northern Sandplains
Carnarvon Region
Murchison Region
Gascoyne Region

Thackway and Cresswell, 1995

Geraldton Sandplains Region
Carnarvon Region
Murchison
Gascoyne
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there is some vacant Crown land north-east of
Kalbarri National Park.

Study Area Boundaries
The study area for the current project extends

north to the Minilya River, inland to the eastern
boundary of the Carnarvon Basin and south to
about the Murchison River (Figure 2). It includes
the floristically and zoologically rich area around
the boundary between the Geraldton Sandplains
and Carnarvon Regions [the 'mulga-eucalypt line'
of Serventy and Whittell (1967) and others], as well
as Acacia woodlands and shrublands characteristic
of the southern two thirds of the Carnarvon Region.
It therefore includes the whole of the Shark Bay
area but excludes most of the northern tropical end
of the Carnarvon Region, which is dominated by
hummock grassland.

Why Southern Camarvon Basin?
We positioned our study area to straddle one of

Western Australia's most important biogeographic
boundaries, in an area known to have great
faunistic and floristic complexity. This, it was
hoped, would help provide a more meaningful
understanding of the factors that determine the
patterns of distribution of the plant and animal
groups sampled in our study. We therefore sampled
the woodlands, heaths and shrublands of the
northern Geraldton Sandplains and southern
Carnarvon Regions, as well as the arid zone
communities of Acacia woodland and hummock
grassland that characterise the Carnarvon Region.
The area of the southern Carnarvon Basin as
defined herein was about 7.5 x 106 hectares. We did
not have the resources to sample the northern end
of the Carnarvon Region.

An additional reason to extend the study area to
the south was to include all the Shark Bay World
Heritage Property (Anonymous, 1995).

HISTORY OF EXPLORAnON

Aboriginal Occupation
Evidence of Aboriginal occupation at Shark Bay

goes back at least 18000 years (Bowdler, 1990a).
Cape Range, north of our study area but still within
the Camarvon Basin, was occupied by Aboriginal
people over 30 000 years ago and the range has a
continuous history of occupation since that time
(Morse, 1993). Presumably the remainder of the
Carnarvon Basin has a similar history, at least along
the river systems, but there is no archaeological
evidence available to confirm this.

Seven tribes occurred in the southern Carnarvon
Basin, occupying more or less non-overlapping
parts of the region (Tindale, 1974). These people
subsisted off wild plants and animals, although
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actual use is mostly not documented; in fact, very
little is known of the traditional life and customs of
the pre-European Aboriginal people of Shark Bay
(Bowdler, 1990b). However, deposits at Cape Range
(Morse, 1993) indicate that coastal inhabiting
peoples gathered a range of food items from the
marine environment, including crabs, gastropods,
dugongs and turtles. On Peron Peninsula,
archaeological evidence shows that macropods and
Emu eggs have been used from Pleistocene times.
Fish and marine invertebrates have also been
important food sources for much of this time, but
evidence for the use of dugongs and turtles is only
available from the Holocene (Bowdler 1990a, 1995).
Aboriginal peoples in the area probably used fire as
a tool of land management, but the impact of their
activities on the flora and fauna of the Carnarvon
Basin are unknown. Clark (1992) provides a series
of interviews with older members of the Yammatji
people, who inhabited the Gascoyne region, but
these are primarily a record of life on early pastoral
properties, and little seems to be recorded of their
traditional way of life.

European Exploration and Settlement
The first recorded landing by a European in

Western Australia was at Cape Inscription, at the
northern end of Dirk Hartog Island, where Captain
Dirk Hartog landed in 1616 (Battye, 1915). He also
mapped Dorre Island and the entrances to Shark
Bay (named later by William Dampier). Hartog and
several other early Dutch sailors (including Haevick
Claeszoon van Hillegom, J. van Roosenbergh,
Wollebrand Geleynzoon de Jongh and Antonie
Caen) made only passing reference to any natural
history observations they made. Near Bernier
Island, Caen did make what appears to be the first
recorded sighting of Black Swans by a European,
although Willem de Vlamingh is known as the one
who brought the bird to the attention of Europeans,
following his observations on the Swan River
(Serventy and Whittell, 1967).

On the other hand, William Dampier, who
explored the Shark Bay islands in 1699 (Marchant,
1988; George, 1999), compiled some of the earliest
botanical collections by Europeans in Australia
(Finney, 1984). These are still preserved in the
University Herbarium, Oxford. His illustrations of
four birds he saw in the Shark Bay area (Red­
necked Avocet, Pied Oystercatcher, Bridled Tern
and Common Noddy) in his book Voyage to New
Holland, are the earliest known illustrations of
Australian birds (Whittell 1954). Dampier also
described a macropod, presumably a Banded Hare­
Wallaby (Lagostrophus fasciatus) (Troughton, 1973).
This was not the first reference to a macropod, the
Dutch having made earlier references from
Houtman's Abrolhos and Rottnest Island, but it
does appear to be the first from north-western



Carnarvon Basin survey - background 5

Kilometres

~
n
~
\/J
o
Z

27"

•

"-P~

<f,"'"
~~16°

1150

I

2 J
3 _ KE

41
5

•
•

Ri
Gascoyne

ver • J .
~ unctIon

~~~'~-0-~ • 4"~"
• 3 2~

J

• •

115" at-A\l\U'j'3-
,~~ >

-"" C'/' \/J

'''\",,, n
0.. - i" 24~~

tri

\
\
\
\

BB

1140

2 I3

4

Carnarvon

J 13°

Bemier I ~

Dorrel ~
Q

Gnaraloo

25 50
=====s

Dirk
Hartog I

26°

Figure 2 Location of sampling sites, place names mentioned in the text and major biogeographic boundaries
(Thackway and Cresswell, 1995) in the southern Carnarvon Basin. Terrestrial sampling sites are marked as
solid circles and aquatic sites as solid triangles.



6

Australia and the Carnarvon Basin. Dampier also
referred to other animals at Shark Bay, including
lizards, "manatees" (Dugongs, Dugong dugon), fish
and various marine invertebrates.

Important plant and animal collections (including
terrestrial and marine collections) were also made
by the French, during voyages in the early 1800s
[by Peron and Leschenault de La Tour with
Baudin's expedition in 1801 and Quoy and Gaimard
with Freycinet's expedition in 1818 (Marchant,
1998)), and by several English and German
expeditions (sea and land) in the mid to late 1800s.
The German expedition led by Michaelsen and
Hartrneyer in 1905 produced significant collections
of terrestrial and marine invertebrates (Michaelsen
and Hartmeyer, 1907-1930). Numerous studies
have been made since the mid-1900s, adding
considerably to our knowledge. Nevertheless, these
have all been opportunistic collections or
observations, or have been confined to a relatively
narrow range of animals or plants.

Exploration of the interior for agricultural and
development reasons began in 1839, when Captain
George Grey discovered the Gascoyne River and
explored the coast in the vicinity of the river and the
present day Carnarvon, where he reported the
presence of fertile soils (Battye, 1915). Francis
Thomas Gregory explored the length of the Gascoyne
River in 1858 and, on his return to Perth, reported
that there were several tracts of well-watered land
along the river that were admirably suited for
pastoral purposes. Pastoral settlement followed soon
after. C. von Bibra took up land near the Gascoyne in
1863, quickly followed by others nearby and at Dirk
Hartog Island and near Freycinet Harbour. These
early attempts apparently failed; the first successful
attempt in the area appears to have occurred when
Aubrey Brown and John Monger took up land at the
mouth of the Gascoyne River, Brown having
overlanded 4000 sheep from York. In 1876 Brown
established the pastoral property that later became
known as 'Brickhouse' (Burnside, 1979).
'Boolathana', just north of the mouth of the Gascoyne
River, was established by Charles Brockrnan in 1877.
'Lyons River', east of the Kennedy Range, was taken
up before 1877 and 'Jimba Jimba', at the junction of
the Gascoyne and Lyons Rivers, in 1878. Stations
away from the coast or river frontage were
established later; for example, 'Mardathuna' was
established in 1902 (Battye, 1915; McDonald, 1991).
An interesting account of station life in the 1880s is
provided by Carter (1987); a different perspective is
provided by Clark (1992). The extent of present day
pastoral leases is shown in Figure 2. Sheep numbers
in the Carnarvon Basin peaked at over 1 million in
the mid-1920s but dropped sharply to less than half
this number by about 1940. In the following 40 years
numbers did not exceed about 730 000 animals
(Payne et al., 1987).
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Other exploitative activities began in the 1840s
(Battye, 1915; Cooper, 1997). Guano mining started
in Shark Bay in 1847 and a small pearling industry
was commenced in the 1860s. Sandalwood cutting
commenced on Peron c. 1860 and was being loaded
onto sailing ships at Gladstone from the early 1870s.
American and French whalers probably operated in
the area from about 1803, and in the 1950s and
1960s whaling stations were operating first from
Point Cloates and later from Carnarvon. Fishing (for
a variety of sea foods) has also been carried out
over a long period (Cooper, 1997; Fry, 1988). Apart
from fishing, none of these industries has persisted,
but salt extraction now occurs at Useless Loop,
Shark Bay.

EXISTING KNOWLEDGE

Existing knowledge of the physical and climatic
environment and the forces and processes that have
shaped the landscapes of the Carnarvon Basin is
summarised in Wyrwoll, Courtney and Sandercock
(2000) and Wyrwoll, Stoneman, Elliott and
Sandercock (2000).

At the beginning of the survey, knowledge of the
study area's plant and animal species was based on
opportunistic collections made for various
museums and herbaria (see above), particularly for
the Western Australian Museum and Western
Australian Herbarium. Some of these (e.g. Burbidge
and George, 1978) have provided a good overview
of particular areas, but there has been no previous
systematic survey of the entire area.

A number of vertebrate pests occur in the study
area, with the main ones being rabbits, goats, foxes
and cats; their occurrence in this area is summarised
by Payne et al. (1987). Amongst plant pests in the
region, Buffel Grass (Cenchrus ciliaris) is known to
be a serious environmental weed (Humphries et al.,
1991; Griffin, 1993) although there seems to have
been little done concerning documentation of its
distribution or environmental effects in the study
area or development of management options.

The Western Australian Conservation Through
Reserves Committee (CTRC) provided
recommendations on a reserve system for the
Carnarvon Basin (and all other regions for the
State) (e.g. CTRC, 1974). The recommendations
were based on existing knowledge and constituted
a valuable advance in reserve system design for
the Carnarvon Basin. However, most
recommendations concerned areas on the
periphery of the region, with a number of major
communities not included in the proposals.

The available data did not provide a basis from
which to appraise future trends in biodiversity
under the disturbance regimes (particularly grazing
and introduced predators and other pests) that have
been imposed following European settlement.
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National Reserves System Cooperative Program
The commitment of the Commonwealth

Government, in cooperation with the States and
Territories, to develop a comprehensive national
system of parks and reserves, was outlined in the
Prime Minister's December 1992 Statement on the
Environment. Through this initiative the National
Reserves System Cooperative Program (NRSCP)
was established and administered by the Australian
Nature Conservation Authority. The Program later
became the National Reserve System Program of
the Biodiversity Unit in Environment Australia. The
aim of the NRSCP was to facilitate progress toward
a national comprehensive, adequate and
representative system of reserves to be established
progressively by the year 2000. The southern
Carnarvon Basin survey was funded under the
NRSCP as a cooperative project between the
Commonwealth Government and the Government
of the State of Western Australia as part of this
commitment.

THE SURVEY

General aims of the survey have been outlined
above. The underlying strategy used was a quadrat
based survey in which data were collected as
biophysical attributes measured at the same place
in the same time frame, to enable us to investigate
associations between species occurrence and
environmental gradients (Austin et al., 1984;
McKenzie et al., 1991; Margules and Austin, 1994;
McKenzie, Halse and Gibson, 2000).

General arrangements for the survey are outlined
below. Specific details are provided in individual
papers.

The Field Sampling Program
It was agreed between the State and

Commonwealth Governments that the survey
would include sampling of vascular plants, aquatic
invertebrates, at least one major terrestrial
invertebrate group, reptiles, amphibians, birds and
small mammals, together with an analysis of soil
attributes or water chemistry at each sample site.
The sampling program was divided into three
major phases:

• selection of sampling sites,
• first sampling: aquatic in winter 1994, terrestrial

in spring 1994,

• second sampling: aquatic in summer 1994/95,
terrestrial in autumn 1995.

Some additional sampling, to extend the
geographic and temporal coverage, was done
outside these periods (see below and relevant
papers following).

Specifically, we aimed to:
• carry out the first systematic survey of vascular
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plants, aquatic invertebrates, terrestrial
invertebrates, reptiles, amphibians, birds and
small mammals in the Carnarvon Basin,

• collect voucher material for relevant museums
and herbaria (particularly the Western
Australian Museum and Western Australian
Herbarium) for detailed taxonomic appraisal,

• investigate relationships between species
occurrences and attributes of the study area's
physical environment, to identify predictors of
gradients in species composition across the
study area,

• provide an overview of the status and
distribution of species (both native and
naturalised) and species assemblages,

• provide a quadrat-based benchmark, against
which future changes in the status of the biota
can be measured,

• provide a regional context for conserving the
study area's biodiversity,

• provide recommendations for improving the
design of the present conservation reserve
system and

• provide recommendations for the conservation
of priority species and species assemblages
outside the existing conservation reserve
system.

Terrestrial Sites
Preliminary selection of the general areas in

which sampling sites would be established was
done by N.L. McKenzie, A.H. Burbidge, G.].
Keighery, K.P. Aplin and M.S. Harvey and, based
on an appraisal of existing knowledge, including
vegetation mapping (Beard, 1975, 1976) and
geological mapping (Denman and van de Graaff,
1982; Denman et al., 1985; Butcher et al., 1984;
Hocking et al., 1982, 1985, 1987; van de Graaff et al.,
1982). The preliminary selection was then refined
following liaison with CALM regional staff (G.
Leaman and R. Shephard). Actual sites were
selected in the field by N.L. McKenzie, MS. Harvey,
G.]. Keighery and A.H. Burbidge between 7 April
and 15 April 1994.

Sample sites were positioned throughout the
geographical extent of the study area in a stratified
random array, with quadrats in typical examples of
each of the main surface stratigraphic units that
characterise the study area. From two to six sites
were clustered around each of 13 survey areas,
herein referred to as 'campsites'. A total of 63
terrestrial sites were sampled. Details are described
in the relevant chapters following, but in general
terms, for the purposes of vertebrate sampling, each
quadrat was 400 x 400 m, centred on the pit lines
and a smaller (30 x 30 m) quadrat used for sampling
vascular plants. If there was obvious internal
heterogeneity at a site, a second plant quadrat was
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established. Invertebrate pit lines were placed near
the vertebrate lines.

Campsite codes (Figure 1 and other papers in
this volume) are as follows: BB - Bush Bay;
BO - Boolathana; CV - Cuvier; EL - Edel Land;
GJ - Gascoyne Junction; KE - Kennedy Range;
MD - Meedo; MR - Mardathuna; NA - Nanga;
NE - Nerren Nerren; PE - Peron Peninsula;
WO - Woodleigh; ZV - Zuytdorp.

All relevant pastoralists (who previously had
been written to) were visited at the time of site
selection. Site establishment (digging pitfall traps)
was conducted from 27 April to late May 1994.
Some opportunistic data collection (e.g. occurrence
of birds at sites) was conducted during the site
selection and establishment periods. Initially, 61
sites were selected, but two additional sites were
established on Edel Land (EL) when it became
apparent from preliminary analyses that this area
was under-sampled.

Invertebrate pits were installed in August 1994
and left open until August 1995.

Spring zoological sampling was conducted from
26 September to 19 October 1994. Personnel
involved, and sites visited, are outlined in Table 2.
Sites listed in Tables 2 and 3 were sampled for five
days and five nights in each period. Sites at ED
were sampled for birds by P. Stone in August 1995.
These sites and 21 others were sampled for ground­
dwelling vertebrates by N.L. McKenzie, J.K. Rolfe
and W. Muir in November 1995. Further sampling
for ground-dwelling vertebrates was carried out on
all but the Edel Land (EL) quadrats in March 1996
[see McKenzie, Rolfe, et al. (2000) for details].
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Autumn zoological sampling was undertaken
from 8 May to 3 June 1995 (Table 3).

Physical attributes were sampled by K-H.
Wyrwoll and T. Stoneman (Wyrwoll, Stoneman,
Elliott and Sandercock, 2000).

Aquatic Sites
Possible sampling sites were identified by Halse

et al. (2000) from existing biological and geomorphic
knowledge and field inspection during a
reconnaissance survey early in 1994. Relevant
pastoralists were also contacted at this time. Site
selection was finalised at the time of first (winter)
sampling (August 1994). The selected set of sites
includes representatives of all common wetland
types in the region. Where possible, sites were also
sampled in summer (March 1995), but some did not
contain water at this time. A total of 56 sites were
sampled, representing 53 wetlands. Sampling
focussed on aquatic invertebrates, waterbirds and
vascular flora.

Conditions at the Time of Sampling
The study area has a rainfall regime showing high

variability through time and high patchiness
(Wyrwoll, Courtney and Sandercock, 2000). During
the years 1994 and 1995, when most of our
sampling was done, Camarvon and Meedo had
below average rainfall in 1994 and above average in
1995, Gascoyne Junction had above average rainfall
both years, Hamelin Pool had below average
rainfall both years and Gnaraloo (north of Quobba)
had close to its average rainfall in both years (Table
4). At the terrestrial sites, the differences between

Table 2 Personnel, attributes sampled and sites visited during the spring zoological sampling in the Camarvon-Irwin
study area during 1994. M = mammals, B = birds, R = reptiles and amphibians, 1 = invertebrates.

Team Personnel

1. N. Hall and P. Boglio (M), AH. Burbidge (B), ].K. Rolfe (R),
A Sampey (I), I. Cresswell (M,B,R,I)

2. N.L. McKenzie (M, R), R.E. ]ohnstone (B), W. Muir (R),
P.].L. West (I), P. Stone (B)

3. AA Burbidge (M), P.]. Fuller (B), A Desmond (R), M.5. Harvey and
].M. Waldock (I)

Sites visited

Ba, G], PE, ZU

CU, MR, MD, NA

BB, KE, wo, NE

Table 3 Personnel, attributes sampled and sites visited during the autumn zoological sampling in the Camarvon­
Irwin study area during 1994. M = mammals, B = birds, R = reptiles and amphibians, 1= invertebrates.

Team Personnel Sites visited

1. N. Hall and P. Boglio (M), AH. Burbidge (B), ].K. Rolfe and M. Cowan (R), EL, NA, MD, MR, CU
A Sampey (I)

2. N.L. McKenzie (M, R), R.E. ]ohnstone and P. Stone (B), W. Muir and NE, WO, BB, KE
L. Smith (R), P.].L. West (I)

3. AA Burbidge/P. Boglio (M), P.]. Fuller (B), A Desmond and ZU, PE, Ba, G]
B. Maryan (R), M.5. Harvey and ].M. Waldock (I)
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Table 4 Annual rainfall for 1994 and 1995, and long­
term average annual rainfall for selected
rainfall stations in the study area (data from
Australian Bureau of Meteorology).

Station Rainfall (mm)
1994 1995 average

Carnarvon 135 269 228
Hamelin Pool 134 109 207
Gnaraloo 200 233 230
Meedo 92 322 216
Gascoyne Junction 259 273 206

the seasons were most marked at Meedo. At this
site, sampling was difficult in spring 1994 due to
the dry conditions following a period in which six
of the previous eight months exhibited below
average rainfall. In autumn 1995 animals were
noticeably more abundant, and herbaceous growth
much more obvious, following much above average
rainfall in February, March and April.

As noted above, some wetlands contained water
in both winter and summer, but some did not.

Data storage and analysis
Data were entered into standard PC databases

from which presence-absence matrices for site by
species were generated for analysis. We used the
computer package PATN (Belbin, 1989, 1991), to
detect patterns of species composition in the data
matrices. In most papers herein, the following
sequence was used. The association measure 'Two­
step' (Belbin, 1980) was used to determine the
quantitative relationship between each pair of
species, to allow classification of species in terms of
the sites at which they occurred. The 'Two-step'
measure is robust for use in situations, such as the
present one, where sites vary greatly in their levels
of species richness (Austin and Belbin, 1982). The
Czekanowski measure (Czekanowski, 1932) was
used to compare the quadrats according to their
species composition. This procedure is appropriate
for ecological presence-absence data and is robust
to variations in species abundance patterns and
sampling efficiencies (Faith et al., 1987; Belbin,
1991). For both measures of association, a modified
version of un weighted pair group arithmetic
averaging (UPGMA - Sneath and Sokal, 1973;
Belbin, 1991) heirarchial clustering strategy was
used, with the clustering parameter (Beta) set to
-0.1. Two-way tables were constructed from the
classifications of sites and species, in order to
facilitate interpretation of both classifications. For
particular groups, this analysis path was extended
in various ways, as described in the relevant papers;
extensions included the use of group statistics and
generalised linear modelling to relate biological
patterns to attributes of the physical environments
on the sampling sites.
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All sites were photographed, and scanned images
are available on CD in selected libraries, including
the libraries of the Western Australian Department
of Conservation and Land Management, the
Western Australian Museum and Environment
Australia (Canberra).

Funding
Commonwealth funding for this project

($438366) was provided under the National
Reserves System Co-operative Program of the
Australian Nature Conservation Agency (later the
National Reserve System Program of the
Biodiversity Unit in Environment Australia). State
Government funding for the survey included more
than $100000 provided through the Western
Australian Museum and more than $300000
provided through CALM. The State Government
contribution included existing infrastructure and
permanent staff.
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