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High nature conservation
values in the area arise
from the existence of a
number of large, intact

protected areas, centres

of floristic endemism,
areas of high floristic
diversity and important
refuges for threatened
fauna species, including
Gondwanan relicts.

— John Watson

Context and
Acknowledgements

Whilst the concept of vegetation corridor connectivity in parts of the study
area was recognised in the early 1970s, and the potential for interconnection
of corridors across the whole South Coast Region was recognised in the mid
to late 1980s, the specific reference to ‘macro’ corridors did not occur until
around 199¢7.

The significance of this concept as an important component of the fledgling
natural resource management (NRM] initiatives of the time and as an
important way to raise community awareness regarding the values of
landscape connectivity led to successful application for a Natural Heritage
Trust (NHT) Bushcare grant in 1999. Hence the South Coast Macro Corridor
Project was born.

Upon exhaustion of the NHT funds in 2001, additional funds were provided
by the Director of Nature Conservation, Western Australian Department of
Conservation and Land Management (CALM], which enabled continuation of
the project through 2002 in order to advance more fully the establishment of
a network of long term monitoring sites within the Macro Corridor Network.

Due to staff changes, the rapidly changing arrangements for NRM delivery in
Australia and the resulting focus on urgent progress towards the preparation
of aregional NRM strategy, a detailed report on the Macro Corridor Project was
never completed.

Through preparation of The South Coast Regional Strategy for NRM (SCRIPT
2005), the significance of the regional scale macro corridor concept as an
adjunct to the existing and proposed protected area network primarily
national parks and nature reserves) has become more widely apparent as
a strategy towards achieving the best long-term outcomes for biodiversity
conservation. The potential importance of the proposed monitoring site
network has also become more apparent in the face of a suite of threats to
biodiversity including the effects of climate change.



As a result, the South Coast Regional Initiative Planning
Team (SCRIPT), the regional NRM organisation, has
supported further work to finally publish the Macro
Corridor Project report and to bring subsequent
development of the network up to date as at January
2006. Consultant Angela Sanders, who has extensive
experience of the South Coast Region and who has
been involved in several of the more localised aspects
of biodiversity conservation, voluntary conservation of
private lands and corridors, was commissioned to re-edit
the draft report in close consultation with CALM South
Coast Regional Manager, John Watson, who initiated the
concept and Macro Corridor Project in 1997.

One of the challenges in re-editing and updating this report
has been to set the Macro Corridor Project (1999-2002)
against the historical evolution of the corridor network
concept in the Region from the early 1970s through to
2005, as well as to look forward to its evolution as a
strategic regional tool for biodiversity conservation well
into the 21% century.

The original NHT funded project officer, Peter Wilkins, who
subsequently became Senior Ranger of the Fitzgerald River
National Park before moving to South Australia, pioneered
the GIS and community consultation components of the
project over the first two years 1999-2001, and the bulk
of the project work described here is his work. Additional
work towards designing and establishing a long term
monitoring site network during 2001-02 was undertaken
by Sandra Gilfillan, who later worked on a threatened
species pilot project for the South Coast Region. Sandra
was also one of many to be involved with early attempts at
converting the original Macro Corridor draft report to suit a
wider audience.

Significant input to the process was also received

from Jude Allan (in particular assisting John Watson

with development of the original grant application),

lan Herford (initial project coordinator), Alan Danks
(project supervisor from 2000 plus editorial input],
Shane French and Steve Jones (CALM GIS section, Perth],
Sandra Maciejewski (additional editing/updating work in
2003}, Deon Utber (improvement of mapping] and Sarah
Comer (technical and editorial input at all stages). There
were many more officers from within CALM and other
agencies and many others from outside the agencies who
contributed to varying degrees along the way. Whilst there
are far too many to list individually, sincere thanks are

due to all.

Special thanks are also due to SCRIPT CEQ, Rob Edkins,
for his encouragement and support to see the Macro
Corridor Report published at long last so as to provide a
significant tool alongside the Region’s NRM Investment
Plan (2005}, which is now being implemented. Thanks
are also extended to Kristina Fleming, SCRIPT Business
Manager, for her ongoing encouragement towards the
report reaching a wider audience.

Finally, due thanks are extended to all funding support:
m  NHT Bushcare funds 1999-2001
m  CALM Nature Conservation Programme 2001/2002

m  SCRIPT report editing, updating and publication

Having finally brought all the threads together, we hope
that you enjoy and find good value in this report on the
Western Australian South Coast Macro Corridor Network as
an important bioregional strategy for nature conservation
in the years to come.

LEAD WRITERS

Itis important to appreciate that the various sections of
this report were initially compiled by different lead writers
with varying degrees of subsequent editorial amendment
as required.

Where possible original writing styles, descriptions of
project rationale and strategies have been retained,
especially in Sections 1, 2 and 3. In a few instances
additional comments or footnotes have been added where
current (2006) information is useful. Such additions are
clearly identified.
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OVERVIEW

The seeds of the Western Australian South Coast Macro
Corridor Network concept were first sown in the 1970s
when it was recognised that a continuous strip of
vegetation along the Fitzgerald River valley linked the
Fitzgerald River National Park with Lake Magenta Nature
Reserve some 25 km to the north. The theory of landscape
connectivity underpins the concept, which evolved in
tandem with a growing recognition of the important part
that off-reserve remnant vegetation could play in the
development of corridors between existing protected
areas (mainly national parks and nature reserves] in the
South Coast Region of Western Australia. The concept of
the Macro Corridor Network was essentially a culmination
of local, State and international developments in

landscape-scale nature conservation.

The Macro Corridor Network detailed in this report lies on
the central south coast of Western Australia. It is within
the South West Botanical Province, which is recognised

as a biodiversity hotspot of international significance.
High nature conservation values in the area arise from
the existence of a number of large, intact protected areas
such as the Stirling Range and Fitzgerald River National
Parks, centres of floristic endemism, areas of high floristic
diversity and important refuges for threatened fauna
species, including Gondwanan relicts.

Approximately 800,000 ha of natural vegetation in the
area is managed by the Western Australian Department
of Conservation and Land Management (CALM),
including State Forest, Timber Reserve, National Park,
Nature Reserve and Miscellaneous Reserves with some
Conservation Parks being proposed for the area. This

is anticipated to increase to approximately 1.1 million
hectares (20% of the area) with the implementation of the
proposed additions to conservation estate outlined in the
South Coast Regional Management Plan (CALM 1991).

To help address the threats to biodiversity through habitat
fragmentation, the Macro Corridor Project was designed to
identify a potential regional-scale Macro Corridor Network
of native vegetation extending some 700 km from Israelite
Bay, east of Esperance and westwards through Albany
along Western Australia’s southern coastline, with inland
linkages along major river systems to protected areas and
other uncleared bushland.



The project identified 21 potential vegetation corridors
that could be defined as macro corridors, all of which have

regional nature conservation significance and strategic
spatial significance within the South Coast Region.
These were prioritised according to predicted nature
conservation values at a landscape scale.

A secondary objective of the project was to establish a
strategic network of monitoring sites across the area
with a latitudinal, longitudinal and altitudinal spread to
serve as a baseline network to monitor long-term change.
These monitoring sites were chosen to be representative
of the vegetation units across the area. This network
comprises a combination of previously established sites
and new sites identified during the project. Baseline data
was collected from most of the new sites to augment that
available for the established sites. Recommendations
were made for the future development of an effective
monitoring program.

The identification of a Macro Corridor Network was
completed in 2002 and since then it has been used in
many ways. Its usefulness as a planning tool to help
retain and enhance vegetation connectivity has been
highlighted in various projects including the Lowlands
Coastal Management Plan and Watershed Torbay
Catchment Restoration Plan.

SCRIPT has also recognised the importance of the Macro
Corridor Network in its Regional NRM Strategy and
Regional Investment Plan.

The Network is also seen as a key component in the Lower
Great Southern Regional Strategy, being prepared by the
Department of Planning and Infrastructure as a broad
level guide to land use planning in the City of Albany and
the Shires of Plantagenet, Cranbrook and Denmark.

Although the body of this report focuses on the Macro
Corridor Project 1999-2002 (Sections 1 and 2) and the
identification and establishment of monitoring sites in
2003 (Section 3], it is clear that the significance of the
Macro Corridor Network remains a very powerful concept
in the context of natural resource management and in
particular long term biodiversity conservation. It is also
clear that the corridor network remaining in the Region
would be the envy of many other parts of the world where
such a high degree of vegetation connectivity between
major protected areas no longer exists.

It is vital that we continue to promote and protect the
South Coast bioregional Macro Corridor Network not
only for its biodiversity conservation outcomes but also
because ultimately our social and economic futures will
also benefit.







In 1978, the Fitzgerald River National Park was designated as
one of 12 Australian Biosphere Reserves. - watson & Sanders

EVOLUTION OF THE SOUTH
COAST MACRO CORRIDOR
CONCEPT

In 1997, the International Union for
Conservation of Nature (IUCN) World
Commission of Protected Areas (WCPA)
Symposium in Albany, Western Australia,

endorsed a strategy for a global network
of bioregional initiatives through macro-
scale corridors around the world.

This approach sought to maintain
biological diversity across entire

SECTI 0 N 1 landscapes, while at the same time
meeting the needs of the community.

INTRODUCTION AND BACKGROUND o Y s

®well-protected core ecosystems

Lead Writers: Sandra Gilfillan and Peter Wilkins bulSo U itiofeCTIES
® corridors that connect core ecosystems

® cooperative programs that foster
collaboration among all landholders.

BIOGEOGRAPHIC
REGIONALISATION OF
AUSTRALIA (IBRA)

Western Australia as a whole has 26 of
Australia’s 54 biogeographic regions,
which have been divided into subregions
or provinces. Within the project area
there are five regions comprising seven
subregions, all of which are restricted to
Western Australia.

The Esperance Region occupies just
under half (45.9%) of the area, the Mallee
(29.4%) and Jarrah Forest Regions
(17.5%) also occupy a significant
proportion.




SECTION 1: INTRODUCTION and BACKGROUND

1.1 EVOLUTION OF THE SOUTH COAST

MACRO CORRIDOR CONCEPT
(1970s-1999)

The theory of landscape connectivity underpins the South
Coast Macro Corridor concept which evolved in tandem
with a growing recognition of the potential for off-reserve
remnant vegetation to play an important part in the
development of corridors between existing protected
areas (mainly national parks and nature reserves) in the
South Coast Region of Western Australia.

As early as the mid to late 1970s, local botanist Ken
Newbey recognised that vegetation along the Fitzgerald
River valley linked the Fitzgerald River National Park with
Lake Magenta Nature Reserve some 25 km to the north.

In 1978, the Fitzgerald River National Park was designated
as one of 12 Australian Biosphere Reserves under UNESCO
Man and the Biosphere (MAB] Program (Sanders 1996;
Watson & Sanders 1997]. At the time of nomination

the focus of biosphere reserves was primarily upon

the recognition of outstanding representative areas of
Australia’s biodiversity. However, in the early 1980s, a
global review of the biosphere reserve concept placed
greater emphasis on the need for biosphere reserves to
comprise not only a pristine core area (or areas), but also
surrounding buffer zones and a transition zone, or zone of
cooperation leading out into the broader landscape beyond
the core (Batisse 1982). Some remnant vegetation within
the buffer zone of the Fitzgerald Biosphere Reserve
comprised corridors linking nature reserves and the
Fitzgerald River National Park (e.g. the Fitzgerald River
corridor as recognised by Newbey) and therefore further
fostered the concept of non-protected area remnant
vegetation linking major protected areas.

In the mid 1980s, moves were made by a small group of
people in the local Fitzgerald area community to recognise
a buffer zone and zone of cooperation for the biosphere
reserve. This recognition coincided with the development
of the Landcare movement, especially in the Shire of
Jerramungup. There were also proposals for further
agricultural land releases within the proposed buffer

zone of the National Park, especially along its northern
boundary. This further raised awareness of the biosphere

concept, which was a significant factor in the introduction
of a moratorium on further land clearing introduced by the
State Government of the day in 1983.

Upon the creation of the Department of Conservation and
Land Management CALM] in 1985, an early priority for the
department’s South Coast Region was the preparation of a
regional management plan. The planning process began in
1987, a draft management plan was released in 1989 and
the final plan was released in 1992 (CALM 1991]. It was
soon recognised that within the Region there were several
river corridors similar to the Fitzgerald River valley, some
wide road reserves and a fairly continuous coastal strip of
uncleared land between Albany and Esperance. A section
of the Regional Management Plan was therefore entitled,
Vegetation and Reserve Corridors.

In 1989, an international conference was held in
Western Australia on the role of corridors in nature
conservation (Saunders & Hobbs 1991], involving wide
ranging discussions on the inventory, value, potential
and management of corridors around the world. One
paper within this conference was an outline by John
Watson of CALM’s major planning review of the South
Coast Region’s system of protected areas. This paper
identified the regional potential for the establishment of
major ‘corridor’ reserves as links or conduits to improve
habitat connectivity and the movement of fauna between
parks and reserves across the entire South Coast Region
(Watson 1991] (Figure 1).

To investigate this further a Save the Bush River Corridor
Project was initiated to assess any special conservation
values of four of the river corridors (B, C, Hand | of Figure
1). This project increased local awareness of corridor
values and identified them as important habitats in their
own right, as well as potential areas to enhance landscape
connectivity (Leighton & Watson 1992].



FIGURE 1:  South Coast vegetation corridors as identified by Watson (1991)




Parallel to these local developments, an international
Biosphere Conference during 1995 in Seville, Spain,
developed a new global strategy for Biosphere Reserves
with one of the recommendations being to:

encourage participation of Biosphere Reserves in a
national program of ecological and environmental
monitoring AND the development of linkages
between Biosphere Reserves and other monitoring
sites and networks. (italics and capitals added)

In 1997, the International Union for Conservation of Nature
(IUCN) World Commission of Protected Areas (WCPA]
Symposium in Albany, Western Australia, endorsed a
strategy for a global network of bioregional initiatives
through macro-scale corridors around the world (Miller

& Hamilton 1997). This approach sought to maintain
biological diversity across entire landscapes, while at

the same time meeting the needs of the community. Key
elements of the approach include:

®  well-protected core ecosystems
®  buffer or transition zones
®  corridors that connect core ecosystems

®  cooperative programs that foster collaboration among
all landholders.

In 1999, a special issue of the IUCN PARKS journal was
devoted to the bioregional approach to protected areas.
Four case studies from around the world were chosen to
illustrate the growth of the concept, including the Western
Australian South Coast Macro Corridor Project (Watson &
Wilkins 1999).

Thus, the concept of a South Coast Macro Corridor Network
was a culmination of local, State and international

developments in landscape and bioregional scale nature
conservation, and out of this the 1999-2002 South Coast
Macro Corridor Project was developed.

1.2 BACKGROUND THEORY
CONTEXT

Habitat fragmentation and loss are widely regarded as key
reasons for the continuing decline in biodiversity around
the globe (e.g. Saunders et al. 1987). Over the past two
decades, the science of conservation biology has shown
that isolated reserves are inadequate to address the
formidable challenge of conserving most living species
through the next millennium (Soule & Terborgh 1999). The
notion that designated protected areas, such as national
parks and nature reserves, may not in themselves be
adequate to ensure long-term conservation of flora and
fauna (Bennett 1997) has highlighted the importance of
off-reserve conservation on a landscape scale.

Increased landscape connectivity, or ‘the degree to which
the landscape facilitates or impedes movement among
resource patches’ (Taylor et al. 1993] is now recognised
internationally as an important factor in abating the

loss of biodiversity through habitat fragmentation. It is a
fundamental component in the planning and designing

of modern protected area networks for the long-term
conservation of many of the world’s significant threatened
fauna in fragmented landscapes, including the tiger,
african elephant, cougar, black bear, giant panda and koala.
Increasingly, connectivity is being seen as a key element
in an integrated landscape approach to conservation,
such that habitats can function as integrated systems
within the landscape allowing continuity of populations,
communities and ecological processes (Bennett 1997,
1999).

KEY ASSUMPTIONS

The key assumptions in regard to landscape connectivity
are that landscape patterns that promote connectivity
for species, communities and ecological processes are
a key element in nature conservation, and ‘Populations,
communities and ecological processes are more likely
to be maintained in landscapes that comprise an
interconnected system of habitats, than in landscapes
where natural habitats occur as dispersed ecologically-
isolated fragments’ (Bennett 1999), or more simply
‘movements of individuals between patches of habitat
enhances the maintenance of regional biotic diversity’
(Nichols & Margules 1991).



Comprehensive discussions on landscape connectivity
can be found in the following publications: Nature
Conservation: The Role of Remnants of Native Vegetation
(Saunders et al. 1987), Nature Conservation 2: the Role of
Corridors (Saunders & Hobbs 1991), Nature Conservation
3: the Reconstruction of Fragmented Ecosystems
(Saunders et al. 1993) and Linkages in the Landscape
(Bennett 1999).

LANDSCAPE SCALE BIODIVERSITY
CONSERVATION

Alandscape can be defined as a mosaic of heterogeneous
landforms, vegetation types and land uses (Noss 1990).
The relevance of landscape structure to biodiversity has
been well established in the scientific literature (e.g.
Forman & Godron 1986). Consequently, landscape-scale
conservation, through the integrated management of

the entire landscape, including protected areas and off-
reserve areas of habitat, is seen as an important way of
maintaining biodiversity and ecosystem function.

The concept of biodiversity conservation at multiple
scales developed from an expansion of the definition of
biodiversity to encompass genes, species, communities,
ecosystems and landscapes. Each of these levels of
biological organisation exhibits characteristic and complex
composition, structure and function (Noss 1990, 2002).
The need to conserve dynamic, multiscale ecological

patterns and processes that sustain the full compliment of

biota and their supporting natural systems is increasingly
being seen as a fundamental objective of nature
conservation (Poiani et al. 2000).

LANDSCAPE FRAGMENTATION

Within a landscape, habitat loss and fragmentation
through land clearance is recognised as a major threat

to the conservation of biodiversity (IUCN 1980). Land
clearance for agriculture and residential development has
drastically reduced the degree of landscape connectivity
for wildlife over much of southern and eastern Australia.
Fragmentation acting in combination with the effects of
any or all of the following: altered fire regimes, altered land
management, introduced plants, animals and diseases,
human exploitation, rising underground water tables

and climatic change, helps to steadily push many native
species towards extinction. The presence of these threats
is a major problem for nature conservation within the
South West land division of Western Australia.

The process of fragmentation has three recognisable
components, habitat loss, habitat reduction and

increased isolation of habitats (Bennett 1999). In
fragmented landscapes, features such as the size,

shape, heterogeneity, configuration and connectivity of
suitable habitat patches will have major influences on the
persistence of taxa whose survival and movements are
limited by such fragmentation. The fact that fragmentation
is detrimental to biodiversity and ecosystem function is




supported by both theoretical (e.g. equilibrium theory of

island biogeography and the concept of metapopulation)
and empirical evidence (Bennett 1999).

LANDSCAPE CONNECTIVITY

Connectivity is fundamental to nature conservation
because both plants and animals need to be able to move
through landscapes. This necessity is easier to see for
most vertebrate animals, as they are more obviously
mobile. Types of movements that animals make vary from
extremely frequent, but short daily or regular foraging
movements measured in minutes, to dispersal and
migratory movements, or expansion of a species range to
accommodate climate change (measured in decades or
more) (Table 1) (Harris & Scheck 1991).

Plants, although sessile for most of their life cycle, must
also be able to ‘move’ in their reproductive and dispersal
phases (Harris & Scheck 1991). Enhanced connectivity
can therefore benefit plants indirectly through the ability
of animal pollinators and seed dispersers to move more
freely through the landscape, and directly by allowing
seed dispersal to suitable habitat patches. The increased
ability of plants to move in this way can ultimately lead
to range expansions in the event of climate change, for
example.

One local example of the importance of retaining
connectivity is a species of mallee eucalypt that shows a
gradual gradation, seen by its leaf form, from Eucalyptus
pleurocarpa which grows in the Stirling Range National
Park, to €. tetragona found at Condingup to the east and
then further east to & extrica (N. McQuoid pers. comm.).
These types of gradation, and presumably their inherent
adaptive evolution, would not be possible in a highly
fragmented landscape.

The potential benefits of connectivity thus include:

B 3ssisting movement of both plants and animals
through disturbed landscapes

B increasing immigration rates to habitat isolates
thus maintaining higher species richness and
diversity, reducing the risk of extinction, allowing
re-establishment following local extinction and
enhancing genetic variation

m facilitating the continuity of natural ecological
processes (e.g. pollination, dispersal, predation, and
nutrient cycling) in developed landscapes

®  provision of habitat for many species

®  provision of ecosystem services such as the
maintenance of water quality, reduction of erosion and
stability of hydrological cycles.

Whilst the benefits of connectivity appear to be relatively
straightforward, the way in which connectivity is
achieved is a more complex issue. Connectivity is not
just synonymous with the traditional concept of habitat
corridors, (i.e. a continuous, often linear connection of
favoured habitat through an inhospitable environment).
Other ways to achieve connectivity include making use
of stepping stones—a sequence of discrete patches

of favoured habitat across the landscape—and habitat
mosaics which may consist of a matrix of undisturbed
habitat and modified (not totally removed) habitat with
indistinct boundaries.

The degree to which a site, landscape or network is
connected and the ability of organisms to move, disperse,
migrate or re-colonise varies with the species. For
instance, a landscape that is fragmented to a mammal
may be continuous to a small terrestrial insect. Thus,

the design and management of habitat links must be
considered in light of the wide ranging life-history,
characteristics and ecological processes occurring within
the landscape (Poiani et al. 2000], and of the many
different scales at which ecological processes operate

TABLE 1 Reasons that plants or animals must move through a landscape (adapted from Harris & Scheck 1991)
Reason for movement Animal or plant Time interval Distance

To forage for resources that are patchy in space animal daily km to 10skm

To exploit sporadic resources in time animal daily/monthly m to km

To exploit seasonal environments (migration) animal seasonal 100s of km
Accommodate different life stages plant and animal seasonal km to 100s km
Colonise new environments plant and animal local to 100s km
Extend distributional range plant and animal local to 100s km
Accommodate climate change plant and animal decades km to 100s km




(Bennett 1999]. However, this level of knowledge is often
unavailable orincomplete and there is little experimental
evidence addressing the requirements for suitable
linkages. Therefore the best approach to compensate for
the effects of habitat loss and fragmentation is to focus
on linkages that maintain the integrity of ecological
processes and continuity of biological communities at
the biogeographic or regional scale. However, regional

or biogeographical linkages are difficult to reconstruct,
and consequently high priority must be given to their
identification, protection and maintenance before their
ecological function is lost and major changes occur in
patterns of biodiversity (Bennett 1999].

Although a crucial assumption is that increased landscape
connectivity is beneficial to nature conservation, a
number of possible disadvantages of connectivity have
been outlined by some authors (Aars & Ims 1999; Bienen
2002; Plummer & Mann 1995; Simberloff & Cox 1987;
Simberloff et al. 1992 including:

m  facilitation of the spread of pests, weeds, exotic
species and disease

®  facilitation of the spread of fire or other abiotic
disturbances

® increased genetic homogeneity (e.g. hybridisation
between previously disjunct taxonomic forms or
interbreeding of distinct subpopulations within a
metapopulation)

®  formation of ‘sink’ habitats within linkages where
mortality exceeds reproductive output.

Both the potential advantages and disadvantages of
increased landscape connectivity are largely theoretical
and there is an urgent need for them to be addressed
through experimental studies (Bennett 1999; Aars & Ims
1999; Plummer & Mann 1995). Some scientists believe
that because of this lack of evidence the large cost of
implementing corridors as a conservation strategy is
unwarranted (Plummer & Mann 1995; Simberloff et

al. 1992). However, much of the criticism of increased
connectivity comes from trying to assess the benefits
of linkages only in terms of their ability to facilitate
direct movements of individual animals (i.e. corridors],
and ignoring other ways in which they may enhance
connectivity, for example through stepping stones and

habitat mosaics.

1.3 THE MACRO CORRIDOR NETWORK
AREA

The South Coast Macro Corridor Network lies on the central
south coast of Western Australia (Figure 2). It is within
the South West Botanical Province which is recognised

as a biodiversity hotspot of international significance
(Myers et al. 2000) and includes the southern portion

of the Western Australian wheatbelt. High nature
conservation values in the area arise from the existence
of a number of large, intact protected areas, centres of
floristic endemism, areas of high floristic diversity and
important refuges for threatened fauna species, including
Gondwanan relicts.

The original area boundary was to be equivalent to that
portion of the CALM South Coast Region from Cape Arid to
Hay River west of Albany (Figure 2). A Technical Advisory
Group (TAG) that was formed for the project (see Section
2.1) expanded the area to match the 1999 boundaries of
the South Coast NRM Region (Figure 2]. This boundary
better fitted the extent to which satellite imagery and
subsequent digital geographical information was available
at the commencement of the project. It also meant that
linkages with forested areas to the west of Albany could
be included.

The amended area includes the catchments of all
southerly flowing rivers from the Walpole area in the west
to Cape Arid National Park, some 700 km to the east, and
covers an area of 5.4 million hectares.

As the boundary is essentially an administrative one, it
does not take into consideration biological linkages that
occur with adjoining regions. To better appreciate the
possibility of inter-regional linkages, a 30 km buffer was
therefore added to the boundary when carrying out data

collation and information processing.




FIGURE 2: The Macro Corridor Network area

CLIMATE

The annual rainfall distribution of the area is typical of a
Mediterranean climate, with cool to cold wet winters and
warm to hot dry summers. The summer period is regularly
affected by remnants of cyclonic low-pressure systems

which can produce considerable amounts of rain and
cause local flooding.

Rainfall generally decreases northward and eastward
across the Region from approximately 1,400 mm per

year in Walpole to 400 mm at Ravensthorpe and less

than 300 mm north of Salmon Gums. However, the mean
rainfall does increase moderately towards Esperance from
Ravensthorpe to approximately 600 mm mean annual
rainfall at Cape Arid east of Esperance (Figure 3).

FIGURE 3:  Average annual rainfall (mm) isohyets in the
area (Water Authority 1987)

Yearly maximum and minimum temperatures are
influenced by distance from the coast, with inland parts of



the region experiencing a far greater range in mean
temperatures than the coastal areas (CALM 1991). Mean
maximum temperatures range from approximately 19.5°C
at Albany to 23.2°C at Salmon Gums, whilst the mean
minimum temperatures for the same two locations are
11.6°C and 9°C respectively. Highest temperatures
throughout the region range from 39.9°C at Albany to the
mid-40s at most other locations, whilst the lowest
temperatures range from —6.1°C at Salmon Gums to 2.7°C
at Albany (Bureau of Meteorology).

Annual weather patterns can vary considerably in the
South Coast Region from a very dry season one year to
very wet in another. This is probably related to oscillations
in southern barometric pressure between the Pacific
Ocean and the Indian Ocean, which causes the weather
phenomena called EI Nino and La Nina (Bureau of
Meteorology website].

The Leeuwin Current is the dominant ocean current off
the Western Australian coast, running southwards from
Indonesia to Cape Leeuwin and eastwards along the

South Coast to the Great Australian Bight. This current is
generated by the tidal effects of the El Nino and transports
warm, clear, low nutrient and low salinity tropical water
along the continental shelf of the Western Australian
coast. Itis responsible for the existence of coral reefs and
some tropical marine species off the western south coast.
An EI Nino event can weaken the Leeuwin Current, thereby
reducing the extent to which it affects the South Coast and
hindering the survival or growth of some marine species.

Climate change is now an accepted phenomenon and one
possible scenario based on a CSIRO climate change model
of 1992 predicts an increase in global temperature of 1°C
to 2°C, which translates into a marked southern shift of
regional isotherms and a contraction of the area of lower
temperatures in winter in south-west Western Australia
(Newman & Pouliquen-Young 1997). Further discussion
on climate change is given in Section 1.7.

GEOLOGY

The following summaries for geology, landforms and soils
were compiled from CALM (1991]), Green & Wetherley
(2000) and SCRIPT (2000).

The geological history of the area extends back to the
Late Archaean (approximately 3,100 million years ago).
Since then, the area has experienced several stages of

tectonic activity producing four major geological units that
make up the area in the present day. These are the Yilgarn
Craton, the Albany-Fraser Province, the Mt Barren Group
(including the Stirling Range Formation) and the Bremer
Basin (Green & Wetherley 2000]). These units, and their
interfaces, determine to a large extent the nature of major
landforms in the Region (Figure 4).

FIGURE 4:  Major geological units of the area (re-worked

from Green & Wetherley 2000)

YILGARN CRATON

The rocks of the Yilgarn Craton formed around
2,600-3,100 million years ago and are among the oldest
on Earth. Two major rock types occur within the Yilgarn
Craton, greenstones and Yilgarn granites. The greenstones
are the oldest and were originally deposited as layers of
sediment (silt, sand and gravel) on an ancient sea bed
and were then overlain with lava and exposed to heat and
pressure to form new minerals and textures. Within the

area greenstones occur mainly around Ravensthorpe.
The Yilgarn granites are composed of granite and




granitic gneisses with feldspars, quartz and minor
biotite outcrops. In most areas the granites are covered
with weathered soils and only appear at the surface as
scattered isolated hills with boldly rounded shapes.

ALBANY-FRASER PROVINCE

In the Albany area the Albany-Fraser Province is an east/
west trending belt of rocks that extends from Windy
Harbour, west of the area, to Bremer Bay, where it is
becomes submerged by the Southern Ocean. It swings
north-east and re-emerges around Esperance and runs
along the south-east edge of the Yilgarn Craton. It is
primarily made up of various forms of granites, gneisses
and some dolerite dykes.

The Albany-Fraser Province was shaped by the Albany-
Fraser Orogeny (1,345-1,140 million years ago) that
occurred during Antarctic and Australian sub-continental
movements. Sediments derived from granites and
greenstones of the Yilgarn Craton deposited along the
southern flank of the craton were deformed and intruded
by bodies of molten granite.

MOUNT BARREN GROUP

The deformed sediments, derived from the Yilgarn Craton,
now form the mountains to the north of Doubtful Island

Bay which culminate in the Mount Barrens and the peaks
and ridges of the Stirling Range (Stirling Range Formation).
Un-deformed granitic plutons intruded the Region towards
the end of the Orogeny creating the Porongurup Range and
the coastal hills around Albany.

BREMER BASIN

The Bremer Basin formed as a result of slumping along the
southern margin of the Yilgarn Craton during the break up
of Australia and Antarctica in the Early Tertiary (42 million
years ago). The sea encroached over the land inundating
valleys that had been eroded and reached as farinland as
the southern Stirling Range. Deposits from the old seabed
irregularly overlie the Albany-Fraser Province and at this
time most of the current mountain peaks were isolated
islands.

The Bremer Basin is characterised by two sedimentary
formations, the Werillup Formation and Pallinup Siltstone.
The Werillup Formation is comprised of dark clay, siltstone,
sandstone and lignite (brown coal). It also includes

the Nanarup Limestone, a highly fossiliferous rock. The
Pallinup Siltstone overlies this formation and consists of a
light coloured siltstone and white, brown or red spongolite
that can be seen exposed in some of the river gorges.



LANDFORMS AND SOILS

Landforms in the area include sand dunes (mobile and
stable], hills, headlands, valleys, breakaways, granite
outcrops, coastal plains, mountains, inlets and river
valleys.

The long history of igneous intrusion, deformation,
erosion and sedimentation in the area has, together with
the influence of climate and local relief, created a wide
diversity of soils. The rocks of all four geological units
have been deeply eroded and weathered and are overlain
in part by weathered profiles forming various types of
sails. These include red earths, red duplex soils, red and
yellow duplex soils, yellow sands, yellow duplex soils,
shallow sandy soils, laterite residuals and calcareous
loams. Unconsolidated sands occur on granitic and
limestone headlands and cliffs along the coast (CALM
1991). Landforms and soils are described in more detail in
Section 1.5.

1.4 BIOGEOGRAPHIC REGIONALISATION
OF AUSTRALIA (IBRA) REGIONS
AND SUBREGIONS

Western Australia as a whole has 26 of Australia’s 54
biogeographic regions, which have been divided into
subregions or provinces as described below [Thackway
& Creswell 1995, Environment Australia 2000]. Within
the project area there are five regions comprising seven
subregions (Figure 5), all of which are restricted to
Western Australia. The Esperance Region occupies just
under half (45.9%) of the area, the Mallee (29.4%) and
Jarrah Forest Regions (17.5%) also occupy a significant
proportion. The remaining biogeographic regions occupy
only small portions of the area — Warren (2.9%) and Avon
Wheatbelt (4.3%).

FIGURE 5: Biogeographic sub regions and their percentage

of the area




Areview of the nature conservation issues that each
of Western Australia’s subregions faced was produced
in 2002. The following descriptions are taken from this
review (May & McKenzie 2002).

Esperance 1 (ESP1- Fitzgerald subregion): The
Fitzgerald subregion is characterised by myrtaceous

and proteaceous scrub and mallee heaths on sandplain
overlying Eocene sediments and is rich in endemics.

It has variable relief, comprising subdued relief on

the sandplains of the coastal region, punctuated with
metamorphosed granite and quartzite ranges both inland
and on the coastal plain. It lies mainly on the Bremer
Basin and, in the eastern and western sections of the
subregion, within the Albany-Fraser Orogen of the Yilgarn
Craton. It has extensive western plains over Eocene
marine sediment basement with small areas of gneiss
outcropping. Archaean greenstones — sand sheets with
varying levels of laterisation with gravel soils also occurs.
The subregion is dominated by yellow duplex soils and
deep and shallow sands on the plains and dissected areas
and by shallow sandy soils on the mountain ranges.

Vegetation types are diverse, often cryptic and
significantly endemically localised in nature. Eucalypts
dominate most systems in an unparalleled array of
diversity. Broadly the types include coastal dune
woodland, shrubland, heathland and mallee shrubland,;
mallet and moort woodlands on gravel rises, clay sheets,
colluvial slopes and greenstone; Yate and York Gum
woodland on alluvials; Jarrah/Marri woodland in the west
and Goldfields woodland and mallee systems mixing with
south coast and wheatbelt taxa on Greenstone in the east.
The subregion has a Temperate Mediterranean climate
with 350—700 mm annual rainfall.

Esperance (ESP2— Recherché Subregion). The Recherché
subregion has variable relief, comprising the Quaternary
coastal sandplains and dunes overlying Proterozoic
gneiss and granite as well as Eocene and more recent
coastal limestones. Numerous granitic islands occur in
the near shore area of this subregion. Vegetation types are
diverse and comprise heath, coastal dune scrub, mallee,
mallee-heath and granite heath. The climate is Temperate
Mediterranean with 400—700 mm annual rainfall.

Mallee 1 (MAL1 — Eastern Mallee Subregion): Soils of
this subregion comprise calcareous clays and loams as
duplex soils that often contain sheet and modular kankar,
outcrops of metamorphosed sandstone, and white and

yellow sandplains and loamy plains with numerous salt
pans (pan fields). Mallee occurs on sandplains, samphire
around small salt lakes, mallee and patches of woodland
on clay, scrub-heath on sandstone and Mallee with Boree
(Melaleuca pauperiflora) on calcareous clay and loam. The
climate is Semi-arid (Dry) Warm Mediterranean with an
annual rainfall of 250—-500 mm.

Mallee 2 (MAL2 — Western Mallee Subregion): This
subregion has more relief than its eastern counterpart
and comprises clays and silts underlain by Kankar,
exposed granite, sandplains and laterite pavements.
Salt lake systems occur on a granite basement. Mallee
communities occur on a variety of surfaces, Eucalyptus
woodlands occur mainly on fine-textured soils with
scrub-heath on sands and laterite. The climate is Warm
Mediterranean with 300—-500 mm rainfall.

Jarrah Forest 2 (JF2 — Southern Jarrah Forest
Subregion): The eastern part of JF2 occurs within the area
and is characterised by a broad plateau that slopes gently
to the south coast. Drainage is dissected in the west,

but broadening and levelling of the surface in the east
causes poor drainage with some large (e.g. Lake Muir) and
numerous small wetlands. [ronstone is buried beneath
sands. Jarrah-Marri forests occur on laterite gravels and,
in the north-eastern part Marri-Wandoo woodlands occur
on clayey soils. Eluvial and alluvial deposits support
Agonis shrublands. In areas of Mesozoic sediments
Jarrah forests occur in a mosaic with a variety of species-
rich shrublands. There are extensive areas of swamp
vegetation in the south-east dominated by paperbarks
(Melaleuca species) and Swamp Yate (Eucalyptus
occidentalis). The understorey component of the forest
and woodland reflects the more mesic nature of this area.
The majority of the diversity in the communities occurs
on the lower slopes or near granite soils where there are
rapid changes in site conditions. The climate is Warm
Mediterranean with 600—1,000 mm annual rainfall.

Warren (W): The eastern end of this subregion is contained
within the Macro Corridor Network area. It consists of
dissected undulating country on the Albany Orogen with
loamy soils supporting Karri Eucalyptus diversicolor
forest, laterites supporting Jarrah £ marginata and

Marri €. calophylla forest. Leached sandy soils occur

in depressions and plains and support paperbark/

sedge swamps with Holocene marine dunes supporting
Agonis flexuosa woodlands. The climate is Moderate
Mediterranean with 1,000—1,400 mm annual rainfall.



Avon Wheatbelt 2 (AW2 — Re-juvenated Drainage
Subregion): The southern most portion only of this
subregion occurs within the Macro Corridor Network

area. This is an area of active drainage dissecting a
Tertiary plateau in the Yilgarn Craton. It is generally an
undulating landscape of low relief with no connected
drainage and with salt lake chains occurring as remnants
of ancient drainage systems that now only function in
very wet years. Lateritic uplands are dominated by yellow
sandplain. The vegetation is a mosaic of scrub on residual
lateritic uplands and derived sandplain and woodland on
Quaternary alluvials and eluvials. The climate is Semi-arid
(Dry) Warm Mediterranean which receives an annual
rainfall of 300-500 mm.

1.5 REGIONAL NATIVE PLANT
COMMUNITIES AND FLORA

PRE-EUROPEAN NATIVE VEGETATION

One hundred and twenty different plant communities have
been identified within the area using 1:250,000 scale
maps produced by Beard [ 1972—80]). Figure 6 represents
the probable distribution of native vegetation types prior
to broad-scale clearing for agriculture within the area.

The diversity of plant communities for each Biogeographic
Subregion has been broadly described in Section 1.5. Prior
to clearing generally the wetter far western part of the
area was characterised by tall forests of karri on loamy
soils, jarrah/marri woodlands on leached sands, jarrah
forest on ironstone gravels and marri/wandoo woodlands
on loamy soils. Paperbark and sedge swamps occurred

in the valleys. North of the Stirling Range the vegetation
included scrub-heath on sandplains, Acacia-Allocasuarina
thickets on ironstone gravels, woodlands of York gum,
salmon gum and wandoo on loams and salt tolerant
species on saline soils. Much of the coastal sandplain from
west of Albany to east of Esperance was characterised

by scrub and mallee-heath with tallerack Eucalyptus
tetragona as the dominant species and mallees,

particularly €. redunca and €. incrassata occupied the




FIGURE 6:  1:250,000 vegetation association




valleys. Eucalyptus eremophila predominated in the
valleys and scrub-heath and Allocasurina thickets
occurred on the plateau.

CURRENT NATIVE VEGETATION

Land clearing began slowly in the first half of the last
century, then with the advent of heavy machinery clearing
accelerated and 54% of all clearing was carried out after
1945. Clearing peaked in the 1960s when the government
of the day made one million acres (405,000 ha) of land
available annually for wheat and sheep farms under what
was known as ‘conditional purchase’ with the condition
being that the land had to be fenced and cleared. By the
late 1970s, most large-scale clearing had ceased, but by
then about 90% of the original wheatbelt vegetation had
been removed (Saunders & Ingram 1995). Within the
Macro Corridor Network area almost three million hectares
(55%) of the original vegetation has been cleared, mainly
for agricultural purposes (Figure 7). The greatest extent
of clearing occurred in the ‘wheatbelt area’ of the Region,
which receives between 300 mm and 600 mm annual
rainfall (Figure 3).

Some vegetation types were selectively cleared as

the underlying soils were seen as the most suitable

for agricultural production. These included Eucalyptus
tetragona heath/scrub on sandy soils with gravel over
clay, & redunca mallee scrub on sandy clay, €. decipiens
myrtaceous/proteaceous heaths on deep white sands,
Eucalyptus marginata (Mallee/Tree) scrub heath on sandy
gravel over clay and gravel and the Banksia speciosa

and Melaleuca pulchella proteaceous/myrtaceous

heaths around Esperance. Woodlands, particularly €.
occidentalis, with native grasslands on heavy soils were
targeted early on in the period of clearing (M. Grant pers.
comm.; Saunders & Ingram 1995]. As a consequence, the
native vegetation that remains does not represent a full
compliment of the original vegetation types.

Broad scale clearing has largely ceased now with a
moratorium on new land releases imposed in 1983 (CALM
1991). The vegetation remaining on agricultural land is
largely fragmented and varies in condition depending

on the size of the patch and whether it has been fenced
to exclude stock (Connell & ATA Environmental 2001;
Griffin 1995). Approximately 36% of the remaining native
vegetation in the area is on public land (Crown reserves
including national parks, nature reserves, shire reserves
and unallocated crown land).

FLORA

The flora of the south-west of Western Australia, in general,
is characterised by high levels of species diversity and

a high proportion of endemic species, which has been
calculated at 68% by Marchant (1973 and at 83% by

Beard (1981). In some genera (e.g. Banksia, Caladenia
and Leucopogon], more than 90% of the southern Western
Australian species are endemic (Marchant 1991).

High floral species diversity is also characteristic of

the area. For example, Walpole-Nornalup National Park
contains a startling array of orchids (104 species] in
addition to many other geographically restricted species
(CALM 1992]. The Stirling Range National Park contains
1,530 plant species, 82 of which are endemic as well

as several endemic montane plant communities. This
park is also an area of particular richness for Proteacea
and Epacridaceae families. The Fitzgerald River National
Park contains almost 20% of the known flora of the South
West Botanical Province comprising 1,748 species, which
includes 75 endemics (Chapman & Newbey 1995a]. The
Mallee heath and Banksia scrubland of the Esperance
Sandplain are also rich in species. Other areas of high
floristic diversity include the Ravensthorpe Range and the
Mt. Manypeaks—Waychinicup National Park area.




FIGURE 7: 1996 woody vegetation data




DECLARED RARE FLORA (DRF)

Flora can be listed as rare (threatened) under the Western
Australian Wildlife Conservation Act 1950. Such Declared
Rare Flora are ranked into threat categories (Critically
Endangered, Endangered or Vulnerable — refer to Appendix
1) using IUCN criteria (IUCN 1994). A further category,
Data Deficient, is used where not enough information is
known to allow a species to be categorised. CALM also
maintains a supplementary listing referred to as the
Priority Flora List and species may be listed as Priority 1
to Priority 4 with Priority 1 as highest priority. Priority flora
are not scheduled under the Act and do not have the same
legal status and hence protection as Declared Rare Flora.

Eighty-nine species of declared rare and threatened flora
are known in the area and many of these are endemic
with limited distributions. There are many other plants
which are regarded as priority species that need more
research to evaluate their status. Important refugia for
threatened flora in the area include the Stirling Range
National Park, the Pallinup/Cape Riche area and the
quartzite ranges of the Fitzgerald River National Park.
Many other species occur in small populations with
restricted distributions in small reserves orin remnant
vegetation on private land.

Two major threats to the flora within the area are the
small population sizes and restricted distributions

of many species and the pathogen Phytophthora
cinnamomi. This pathogen is particularly prevalent in

the Stirling Range and is a threat to the persistence of
many upland species (e.g. Oryandra montana). Salinity
is not directly threatening any species in the area at
present, but it poses a significant potential threat. Amore
comprehensive discussion of threats to flora is presented

in Section 1.7.

1.6 FAUNA

In contrast to flora, the area is characterised by a low
level of faunal endemism, which is the case for all
Mediterranean climates throughout Australia. This is
particularly apparent for birds and mammals and less
so for reptiles and frogs (Lambeck 1992). The low level
of endemism within this climatic zone suggests that the
distribution of many vertebrate species in the area may
be largely a consequence of historical and biogeographic
factors rather than a result of adaptations to local
ecological conditions (Lambeck 1992).

Many species once had wider distributions before
European colonisation and some are now restricted to
small patches of bushland within the area. The most
restricted of these are Gilbert’s Potoroo Potorous gilbertii
at Two Peoples Bay Nature Reserve and the Noisy Scrub-
bird Atrichornis clamosus also at Two Peoples Bay Nature
Reserve as well as the nearby Waychinicup National Park
and Mt Manypeaks Nature Reserve.

A number of invertebrate species also have restricted
distributions as a result of evolutionary isolation.




These species are relicts from the Gondwanan phase

of geological history and are restricted to areas with
microhabitats similar to the cooler, moister Gondwanan
environment. The Stirling Range National Park is
particularly important as it provides refugial habitats

for a number of Gondwanan relictual taxa (e.g. the
Mygalomorph spiders and several species of snail).
Similar relictual species are found in the wetter forests in
the western part of the area.

Several species of fauna occur which have wide
distributions that include much of Western Australia

or the whole of Australia, for example the Red-capped
Plover Charadrius ruficapillus and Echidna Tachyglossus
aculeatus. Some species are also found in south-eastern
Australia but not in intervening areas. It is thought that the
higher rainfall on the south coast of Australia in the past
enabled a more continuous distribution of mesic adapted
fauna. However, these areas are now separated by
extensive arid and semi-arid regions resulting in disjunct
distributions (Wilson 1984). Examples include Quenda or
Southern Brown Bandicoot Isoodon obesulus, Heath Rat
Pseudomys shortridgei, Tiger snake Notechis scutatus
and the pygopodid Aprasia striolata. Broadly, faunal
assemblages within the area change from west to east,
mainly as a result of climate particularly the amount and
timing of rainfall) and proximity to other biogeographic
regions which act as source areas. This is particularly so
for mammals and reptiles (Gilfillan 2000).

Mammals typical of the southern forest occur in the
western part of the area with the ranges of many of these
species extending further east along the coastal strip
due to the moister conditions near the coast (e.g. Brush-
tailed Phascogale Phascogale tapoatafa, Bush Rat Rattus
fuscipes, Mardo or Yellow-footed Antechinus Antechinus
flavipes (Christensen et al. 1985, Ring-tailed Possum
Pseudocheirus occidentalis (Jones et al. 1994; Barrett
1996) and Quokka Setonix brachyurus (T. Friend pers.
comm.].

The reptile faunal assemblage of the south coastal area
west of Denmark contains many elements of the southern
forest region (How et al. 1987) and this assemblage is
impoverished compared to areas further east.

At Two Peoples Bay Nature Reserve, Storr (in Bannister
1970] found a reptile fauna assemblage typical of ‘wet
south coastal’ areas that was characterised by:

®  poverty of the arid adapted families, Geckonidae and
Agamidae, which occur on the drier coastal plains
immediately to the east and north-east

®  among skinks, richness in Egernia spp., but poverty in
Ctenotus species

m  occurrence of Egernia luctosa, Lerista microtis
microtis (as L. microtis) and Elapognathus minor

®  absence of genera otherwise distributed throughout
the state e.g. Gehyra, Menetia and Pseudechis.

The Fitzgerald River National Park to the east represents

a transition from the wetter southern forests to the

drier country to the north and east. Mammals of the
wetter south-west still occur here but many are at the
eastern limit of their range (e.g. Water Rat Hydromys
chrysogaster at the Gairdner River (Chapman & Newbey
1995a). In addition, there are remnants of the fauna of the
wheatbelt including Tammar Wallaby Macropus eugenii
and the threatened Red-tailed Phascogale or Wambenger
Phascogale calura.

East of the Fitzgerald River National Park the fauna
generally comprises more arid adapted species with
more reptile species from the Geckonidae and Agamidae
families occurring, particularly in the north. Cape Le
Grand National Park, to the east of Esperance, represents
the eastern most limits of several species common
further west e.g. the skinks Acritoscincus trilineatum
(Leiolopsima trilineatum) and Egernia kingii, and the
pygopod Aprasia striolata.

Most birds have broad distributions and within the

area there is only one species confined to the Bassian
Zone* (Noisy Scrub-bird Atrichornis clamosus) and only
two species restricted to the Eyrean Zone? (Gilbert’s
Whistler Pachycephala inornata and Southern Whiteface
Aphelocephala leucopsis) (Smith 1987). Thus the area
contains an intermingling of Bassian and Eyrean species.
Alarge percentage of these are nomadic to varying
degrees, most obviously the waterbirds and honeyeaters,
and a number are regular transcontinental migratory
waders.

1 Bassian Zone —in WA this encompasses an area southwest of aline from
about Geraldton to Esperance

2 EyreanZone—inWAthis cover the remainder of the state except the
Kimberley region (Serventy & Whittell 1976)



In contrast to mammals and reptiles, assemblages of
frogs change little over the area, except for the transition
from winter rainfall to arid zone rainfall patterns. Most
frog species inhabiting the forest region also extend along
the south coast and into the wheatbelt region, although
population densities are generally lower in the latter area
(D. Roberts pers. comm.]. The eastern limit of six south-
west frog species coincides with the eastern limit of
granitic outcrops in the coastal region east of Esperance
(Storr et al. 1981] (e.g. Banjo Frog Lymnodynastes
dorsalis and Slender Tree Frog Litoria adelaidensis)

and Cape Le Grand National Park is the eastern limit of
Quacking Frog Crinia georgiana (Kitchener et al. 1975).

THREATENED AND PRIORITY FAUNA

The conservation status of threatened fauna in Western
Australia is listed under the Western Australian Wildlife
Conservation Act 1950 (the Act) and ranked according to
the IUCN criteria (IUCN 1994). The IUCN Red List Categories
(1994 ) used for WA fauna are given in Appendix 1. In
addition to the state listing, recommendations are made
by CALM to the Commonwealth Government (Environment
Australia) which lists threatened fauna under the
Environment Protection and Biodiversity Conservation Act
1999.

Threatened species are defined as ‘fauna that is rare
oris likely to become extinct’ and are listed under the
Act. There are eight mammals, 11 birds, one frog and
three invertebrates within the area that are recognised
as threatened species under the Act (Appendix 2a). No
reptiles are considered as threatened. In addition seven
mammals, 14 birds and three reptiles are listed as
specially protected, priority or conservation dependent
(Appendix 2b]). The fact that there is a relatively high
number of threatened species within the area, relative
to other areas in WA, is thought to be due the area acting
as a refuge for remnants of once much more widespread
populations.

Two areas in particular within the area stand out as
strongholds for a number of these threatened species.
Two Peoples Bay Nature Reserve supports the Gilbert’s
Potoroo Potorous gilbertii and Noisy Scrub-bird Atrichornis
clamosus and Fitzgerald River National Park supports the
Dibbler Parantechinus apicalis, Heath Mouse Pseudomys
shortridgei and Western Ground Parrot Pezoporus
wallicus flaviventris. Therefore, these protected areas are

extremely important for the conservation of threatened
fauna.

Recovery Plans or Interim Recovery Plans exist for all of
the above species and much work aimed at their recovery
has already been undertaken. Existing populations of
many threatened species are being regularly monitored
and surveys to locate new populations are being carried
out. Translocation to new areas using both captive bred
and wild animals are being implemented for a number of
species. Dibblers were released in the proposed Peniup
Nature Reserve in October 2001, 2002 and 2003 and 51
were captured there in September 2004 (T. Friend pers.
comm.]. Ongoing monitoring, most recently in January
2005, indicated that the Dibbler population is well
established there.

Owing to the successful Peniup release, Dibblers were
translocated to the Stirling Range National Park in October
2004 and they are yet to be monitored. The Numbat

is maintaining a population in Stirling Range National
Park after its release in 1998. A group of Black-flanked
Wallabies Petrogale lateralis were released in Cape Le
Grand National Park in October 2003. There have been
several reintroductions of Noisy Scrub-bird Atrichornis
clamosus to Mt Manypeaks and Bald Island, and other
releases between Oyster Harbour and Cheyne Beach, that
continue to be monitored.




1.7 THREATSTO FLORA AND FAUNA

The major threatening processes that have led to
detrimental impacts on flora and fauna include the
following:

®  |oss of native vegetation through land clearance
®  fragmentation of the remaining vegetation

®  changes in fire regimes

m  disease

®  environmental weed invasion

®  changing hydrological processes/salinity

®  predation by introduced animals

® introduced herbivores

®  climate change.

LOSS AND FRAGMENTATION OF NATIVE
VEGETATION

Land clearance has undoubtedly been the major
threatening process for flora and fauna in the area in the
past. Although clearing has largely ceased the resulting
fragmentation and isolation of native vegetation continues
to threaten the long-term viability of wildlife populations.
Habitat loss has played a major role in the decline of most
threatened species in the area including Gilbert’s Potoroo
Potorous gilbertii (Courtenay et al. 1998), Noisy Scrub Bird
Atrichornis clamosus (Danks et al. 1996] and Malleefow!
Leipoa ocellata [Benshemesh 2000).

FIRE

Fire is a natural environmental factor affecting the
composition and structure of plant communities

and species and plant communities have evolved a
diverse array of structural, physical and behavioural
adaptations to persist under a range of fire regimes
(Knight 1998). However, changes in burning regimes as
land management passed from the Aboriginal people to
European settlers resulted in more frequent, larger and
more intense wildfire events. This change also reduced
the area of long unburnt plant communities that provided
habitat for many threatened fauna species e.g. Noisy
Scrub Bird (Danks et al., 1996 ), Western Ground Parrot
(Garnett 1992, and the Stirling Range Moggridgea Spider
(Barrett 1996). There are also many flora species that
appear to be threatened by inappropriate fire regimes.

DISEASE

Pathogens such as Phytophthora cinnamomi, which cause
dieback, are a major threat to native flora, particularly

the families of Proteaceae, Epacridaceae, Papilionaceae
and Myrtaceae. Phytophthora is a water mould that

grows in the soil and parasitises plants via the roots,
eventually Killing susceptible plant species. There are
probably as many as 2,000 plant species susceptible to
Phytophthora Dieback in Western Australia. So far nothing
can be done to eradicate Phytophthora Dieback from areas
which it has affected. CALM has a strict Phytophthora
Dieback hygiene policy in place, which aims to manage
the transportation of soil and to reduce the chance of



further spreading the disease. The chemical phosphite
confers temporary resistance on susceptible plants and
aerial spraying of declared rare flora in the Stirling Range
National Park has been operational for the last five years
(Smith et al. 2004]). It is highly likely that changes in the
structure and composition of plant communities caused
by Phytophthora Dieback will also affect some fauna
species. The Honey Possum Tarsipes rostratus is likely to
be affected by the removal of nectar producing species
such as Banksia.

The introduced Chytrid fungus (Batrachochytrium sp. ),
which causes a skin disease called chytridiomycosis, is
spreading east across the area and is a potential threat
to amphibians. There is epidemiological, pathological and
experimental evidence that some amphibian populations
suddenly decline due to mass mortalities caused by this
disease (Berger et al. 1999).

ENVIRONMENTAL WEED INVASION

Environmental weeds are another significant threat

to remnant populations of threatened plants, and to

a number of threatened ecological communities in
south-western WA (Brown et al. 1998). The invasion

of weeds is often the result of habitat degradation
following inappropriate fire regimes, increased nutrients,
(especially through agricultural fertilisers) and damage
to habitat from grazing, particularly where remnants of
native vegetation are small. The invasive and vigorous
nature of weeds allows them to out-compete many of
the slower growing native species. Environmental weeds
that impact on ecosystem diversity, particularly on
ecosystems with limited distributions or which are highly
vulnerable due to fragmentation, are of particular concern
(CALM 1999). However there is a lack of research that
directly documents the impacts of invasive weeds at the
ecosystem level.

More than 1,350 taxa have been identified in Western
Australia as either potential or existing environmental
weeds (CALM 1999). These taxa are from 107 families and
588 genera and include native species that exhibit weed
characteristics. No comprehensive list of environmental
weeds exists for the area but it contains a number of
exotic species that have been identified for priority
research and management by the National Weeds Strategy
(Anon. 1997, including Blackberry Rubus fruticosa sensu

lato, Gorse Ulex euopaeus and Bridal Creeper Asparagus
aspargoides. A number of woody perennials native to

the eastern states have weed potential including Golden
Wattle Acacia pycantha, Sydney Golden Wattle A. longifolia
and Victorian Tea Tree Leptospermum laevigatum (Craig
2000).

SALINITY

Western Australia has the largest area of dryland salinity
in Australia and the highest risk of increased salinity in the
next 50 years. An estimated 4.3 million hectares (16%)

of the south-west region of WA have a high potential of
developing salinity from shallow water tables (NLWRA
2000). As at 2000, the risk is predominantly in the
eastern wheatbelt in valley floors and adjacent areas with
predicted salinity expansion by 2050 being mainly in the
Great Southern and South Coast Regions.

The current extent of dryland salinity has been mapped for
the South Coast hydrologic region, which includes much

of the area (Ferdowsian et al. 1996). Within this Region,
itis estimated that 16.8% of the area of cleared land will

be affected by secondary salinity by 2010—20. The area
contains a Natural Diversity Recovery Catchment for the
protection of natural and biophysical diversity (the Lake
Warden Catchment System) north-west of Esperance,
which is also listed under the Ramsar Convention as a
Wetland of International Significance.

The impacts of salinity on biodiversity have been well
documented and they include direct effects on the soil
biota, including those species involved in important
system functions such as fixing nitrogen for use by plants
and the loss of populations of all but the most salt tolerant
plant species in low lying areas. No plant species within
the area is known to be under direct threat from increased
salinity at present, however salinity poses a real potential
threat. Other direct effects of salinity include loss of
waterbirds and freshwater invertebrates from hyper-
saline wetlands. A 50% decline in the number of waterbird
species occurring in freshwater wetlands in the south-
west of WA has been recorded (Halse et al. 1993). Less
direct effects include a probable loss of the freshwater
invertebrate prey of the Water Rat Hydromys chrysogaster
causing its demise in agricultural areas (Sanders 1991)
and a loss of habitat through salinity for the Slender Tree
Frog Litoria adelaidensis and the Long-necked Swamp
Tortoise Chelodina oblonga.




FERAL PREDATORS

The introduced Cat Felis catus and European Red Fox
Vulpes vulpes are widely documented as causing decline
in native wildlife populations. Both of these animals are
common and widespread in the area.

Predation by the fox has been implicated as a factor in the
decline of critical weight range (3.5-5.5 kg) mammals
and some ground birds in Western Australia (Burbidge &
McKenzie 1989; Garnett 1992]. The experimental removal
of foxes has been shown to increase populations of native
mammals (e.g. Rock Wallaby Petrogale lateralis) (Kinnear
etal. 1988).

The impact of predation by the feral cat can be strongly
inferred from historical, circumstantial and observational
evidence. On the mainland, feral cats impact most heavily
on mammals weighing less than 220 g and have been
implicated in the decline and extinction of species of
Western Australian rodents. Ground foraging and nesting
birds weighing less than 200 g are also vulnerable to cat
predation (Dickman 1996).

CALM’s Western Shield program is a broad-scale baiting
regime which uses 1080° to control fox numbers in
selected conservation estate. Unpublished results of the
Western Shield fauna monitoring program in the Fitzgerald
River National Park indicate spectacular recoveries in
numbers of many mammal species, especially those in
the critical weight range (CALM 2003).

Unfortunately, a similar program to control cats has not
yet been achieved due to difficulties in designing effective
and target-specific baits.

3 1080 -sodium fluoroacetate, used in poison baits to control foxes in
Western Australia

INTRODUCED HERBIVORES

The European Rabbit Oryctolagus cuniculus can occur

in very high numbers on deep sandy soils in remnant
vegetation on agricultural land. They also occur on
mountain tops of the Stirling Range (Barrett 1996)

where they are a potential threat to the persistence

of some species of threatened flora (e.g. Leucopogon
gnaphthalioide (S. Barrett pers. comm.] ). Grazing by
rabbits can cause floristic and structural changes in plant
communities by causing an increase in species favoured
by grazing and a decrease in species intolerant of grazing,
and it can also decrease the recruitment of woody
perennials.

The potential impacts of rabbits on fauna include direct
competition for food and shelter, changes in vegetation
structure through grazing and the maintenance of a prey
base for feral predators. While the rabbit has not been
directly implicated in the decline of threatened fauna
species in the area, its potential impact, both past and
present, cannot be ignored. AlImost no quantitative data
exists on the critical level of unacceptable secondary
damage to fauna caused by the rabbits and this damage is
commonly chronic and subtle and is difficult to measure
and differentiate from damage done by other threatening
processes (Armstrong 1998).

CLIMATE CHANGE

Changes in global climatic systems in the future
constitute another major predicted threat. There is
considerable uncertainty about the likely rate and
magnitude of greenhouse induced climate changes,
especially at regional levels, but it is clear that there is

a potential for significant impact on the status of flora
and fauna throughout the world (Bennett 1999). One
possible scenario, based on a CSIRO climate change model
of 1992, predicts an increase in global temperature of
1°C to 2°C translating into a marked southern shift of
regional isotherms and a contraction of the area of lower
temperatures in winter in south-west Western Australia
(Newman & Pouliquen-Young 1997).

The south-west of Western Australia (west of Albany in the
area) has experienced a 20% decline in winter rainfall over
the last 30 years. At present, it is believed that this change
is primarily the result of natural climate change and a
return to wetter conditions is likely in the next decade or



so. However, predictive models also indicate a regional
decline in rainfall of 7.5% by 2030 and of 25% by 2070 and
also warmer conditions (CSIRO 1996).

If on the other hand rainfall increases, especially

during warm summer conditions, then there would be

the potential for an increase in the distribution of the
pathogen Phytophthora cinnamomi and an increase in the
geographical area exposed to its infection. The pathogen
is currently restricted to areas of greater than 400 mm
annual average rainfall.

If climatic change does occur, the present geographic
distributions of many species will be climatically
unsuitable within a very short time and changes in
distribution will occur (Bennett 1999]. A number of
models exist for predicting geographical shifts of

species under proposed climate changes: Newman &
Poulequin-Young (1997) for Dryandra species; Bennett
etal. (1991] for Victorian mammals. However, simple
models of predicted change for species and communities
are seen by some to be of little value, arguing instead
that individual species will respond to changes, in
particular, climate parameters which effect their growth or
reproduction and therefore will migrate at different rates
(Hobbs & Hopkins 1991). Rates of species movements
will vary greatly depending on the mode of dispersal
employed by each plant and animal species.

Those groups likely to be most affected by climate change
include geographically localised taxa, peripheral or
disjunct populations, specialised species, poor dispersers,
genetically impoverished species and montane and alpine
species (Peters & Darling 1985).

The effectiveness of corridors in assisting migration in
response to climate change is uncertain, and may be
reduced by the following factors:

® the required rate of range expansion may be too great
to keep up with climate change

B range expansion may be limited by ecological or
anthropogenic factors despite the existence of
seemingly suitable linkages

®  many species are codependent and therefore require
shifts of whole assemblages to maintain inter-

relationships.

However, if we assume that corridors will allow movement
of at least some of the biota, then they will certainly be

of importance in assisting the maintenance of species
assemblages under climatic change, especially if they
extend in a three dimensional network (i.e. latitudinally,
longitudinally and altitudinally] across the Region.




1.8 THREATENED ECOLOGICAL
COMMUNITIES (TECS)

An ecological community can be listed as threatened by
the Western Australian Minister for the Environment and
recommendations for listing are made by the CALM TEC
Scientific Advisory Committee. TECs may then be endorsed
by the Commonwealth Minister and listed under the
Environment Protection and Biodiversity Conservation
Act 1999. A threatened ecological community may be
placed in one of the following categories: Presumed
Totally Destroyed, Critically Endangered, Endangered

or Vulnerable. Ecological communities that do not

meet survey criteria are listed in a Priority Ecological
Community List (Priority 1, 2 and 3). Those that are
inadequately known, are rare but not threatened, or
meet criteria for Near Threatened, or that have recently
been removed from the threatened list, are placed in
Priority 4 and these ecological communities require
regular monitoring. Conservation Dependent ecological
communities are placed in Priority 5.

There are three TECs in the area that have been endorsed
by the WA Minister for the Environment. These are: the
Montane Thicket and Heath of the South West Botanical
Province, Above Approximately 900 m Above Sea Level,
the Mt. Lindesay — Little Lindesay Vegetation Complex
and the Thumb Peak — Mid Mount Barren — Woolburnup
Hill (Central Barren Ranges) Eucalyptus acies mallee
Community.

The Montane Thicket TEC is found on five peaks within the
Stirling Range National Park. It includes a number of DRF
including Dryandra montana, Sphenatoma drummondii
and Andersonia axilliflora and priority taxa Adenanthos
filifolius, Calothamnus crassus and Andersonia
echinocephala. This community is threatened by disease
caused by Phytophthora cinnamomi, inappropriate fire
regimes and disturbance from recreational activity. The
Montane Thicket TEC has Critically Endangered status
under the CALM listing and an Endangered status under
the Environment Protection and Biodiversity Conservation
Act 1999 and it was the first TEC within the area to be
endorsed under the Commonwealth legislation. A Recovery
Team has developed an Interim Recovery Plan for the
community and will incorporate measures for the control
of threatening processes (Barrett 1999).

The Little Lindesay Vegetation Complex is listed as
Endangered as it has a limited current distribution
and exists at only two sites in the Mt Lindesay area.
Itis threatened by disease caused by Phytophthora
cinnamomi and inappropriate fire occurrence.

The Eucalyptus acies mallee heath is listed as Vulnerable
and includes the following threatened flora, Coopernookia
georgei, Daviesia obovata and Grevillea infundibularis.

Two other ecological communities within the area have
been put forward by the TEC Advisory Committee for
consideration and are awaiting endorsement. These

are the Montane mallee thicket community and Reedia
spathacea — Empodisma gracillimum — Schoenus
multiglumis dominated peat paluslopes and sandy mud
floodplains of the Warren Biogeographical Region.



1.9 PROTECTED AREA SYSTEM
(EXISTING AND PROPOSED)

In Western Australia, terrestrial protected areas are vested
in the Conservation Commission of Western Australia
(CCWA) and managed by CALM under the Conservation
and Land Management Act 1984. The Act lists eight
categories of conservation land to which the legislation
applies, five of these are found in the area: State Forest,
Timber Reserve, National Park, Nature Reserve and
Miscellaneous Reserves (CALM 1991] and there are some
proposed Conservation Parks in the area.

Within these protected lands in the area approximately
800,000 ha of natural vegetation is managed by CALM.
This area will increase to approximately 1.1 million
hectares (20% of the area) with the implementation of
proposed additions (Figures 8 and 9] to conservation
estate outlined within the CALM South Coast Regional
Management Plan (CALM 1991].

STATE FOREST AND TIMBER RESERVES

These areas are managed for one or more of the following
purposes: conservation, recreation and timber production
on a sustained yield basis, water catchment protection

or any other purpose described by the regulations (CALM
1991].

There are several State Forest and Timber Reserves within
the Region (Figure 8]. Most of the State Forests between
Denmark and Walpole in the west of the Region are now
gazetted as National Park. This proposal will link other
National Parks to create the Walpole Wilderness Area, a
massive area (approximately 500,000 ha] of continuous
conservation reserve that extends from the Hay River,
east of Denmark towards Augusta.

NATIONAL PARKS

These are areas managed for wildlife conservation,
scientific study and public enjoyment and have
important conservation, cultural and scenic values.

They are nationally or internationally unique in terms of
landscape and/or biota and are usually of a sufficient size
to accommodate recreation or historical uses without
significantly detracting from their conservation values
(CALM 1991).

There are 14 National Parks in or immediately adjacent

to the Region (Figure 8). Of these, the most significant in
terms of size are the Fitzgerald River, Stirling Range and
Cape Arid National Parks. Collectively these represent a
major proportion of the nature conservation values within
the area and each of them is sufficiently large to maintain
viable populations of many species.

NATURE RESERVES

Nature Reserves are managed for wildlife conservation
and scientific study and have important conservation
value, either as part of a reserve system, as a remnant
or because of particular species. They have no historical
commitment to recreational activities (CALM 1991).There
are more than 150 Nature Reserves in and adjacent to
the area (Figure 8). Lake Magenta and Dundas Nature
Reserves protect large areas of semi-arid habitats
adjacent to the area. Most of the remaining nature
reserves are small but provide valuable refuges for
many rare or threatened flora and fauna species (e.g.
Two Peoples Bay Nature Reserve]. In terms of landscape
connectivity, many nature reserves have an additional
function in that they act as important nodes of habitat or
stepping stones between larger protected areas.

MISCELLANEOUS RESERVES

These include lands that do not satisfy the criteria for the
previous categories and are managed for their natural
values and may accommodate a range of land uses that
do not conflict with their purpose (CALM 1991). There are
a few Miscellaneous Reserves within the area.

CONSERVATION PARKS

These are managed for wildlife conservation, scientific
study and public enjoyment. They are generally not
nationally or internationally unique in terms of landscape
and/or biota and are generally less than 1,000 ha in size
and/or have been affected by past activities or land uses
(CALM 1991).

As at 2005, there are no Conservation Parks within or
adjacent to the area although some bushland patches
are proposed as Conservation Parks in the South Coast
Regional Management Plan (CALM 1991].

The protected area estate is recognised as perhaps
the most valuable asset for the maintenance and
management of biodiversity, as well as key ecological




FIGURE 8: CALM managed estate (2005) within the area and surrounds




FIGURE9: CALM managed estate and proposed additions to conservation estate within the area




processes (Bridgewater et al. 1996). However, since the
present system was not necessarily designed to fulfil this
task, but rather grew out of opportunities created by soils
too poor to farm and landscapes too difficult to clear, it is
doubtful whether the present protected area system is
adequate to maintain full biodiversity.

The representativeness of the protected area system
may be stated as the proportion of the total land area
reserved, or in some way protected, within the system
of reserves. However, this is a very broad approach that
can be biased by large reserves containing only a few

of the communities and ecosystems of the bioregion. A
more meaningful indication of representativeness is the
proportion (and viability) of the bioregion’s communities
and ecosystems which are protected in the reserve
system.

According to Thackway & Cresswell (1995], 28.01% of
the Esperance Plains (the IBRA region that falls wholly
within the area) is within protected areas. Although this
exceeds the nominal ‘high reservation’ status of greater
than 10% used in the IBRA framework, the diversity of
geological, geographical, pedological and meteorological
systems that are present within the area have created a
diversity of plants and animals that has been described
as mega in world standards. Thus a complex system of
protected areas is probably necessary on the south coast
to adequately represent the Region’s very high levels of
diversity and endemism, and to protect the number of
species now threatened by human induced changes.

1.10 HUMAN DEMOGRAPHY

Information in Section 1.11 is largely derived from SCRIPT
(2000).

As of 2001, approximately 57,400 people lived in the area,
with just over half living in the urban areas of Albany and
Esperance. Most inland shires have declining populations
while coastal shires are increasing in population. There

is a migration of youth out of the Region for tertiary
education, travel and employment. Statistics suggest
that some of these return to regional centres in their

late twenties and early thirties (SCRIPT 2000). There are
more young males than females in the age group 20—29,
particularly in the inland broad-acre agricultural shires

of Broomehill, Gnowangerup, Tambellup and Cranbrook.
Indigenous people make up about 3.6% of the population
and are significantly younger than the population as a
whole.

The largest employment sector is agriculture, forestry and
fisheries (approximately 20%). All other sectors have fairly
low employment rates with the retail trade the second
highest at 13%, with the remaining being under 10%.



1.11 RURAL INDUSTRY

Employment in the rural section is mainly derived from
agriculture (which includes sheep, cattle and dairy
production, cropping and farm forestry], horticulture,
other forestry and fisheries.

Sheep — The area continues to produce over a quarter of
the State’s wool, with meat being a secondary industry to
wool.

Beef and dairy — Beef production varies greatly with
market prices. Low beef prices in recent years have
resulted in some high rainfall area farmers releasing
pasture to the production of timber products. There is a
small dairy industry in the area.

Cropping — Wheat and barley have been the dominant
crops in the area with Canola becoming an important crop
since the late 1980s. Lupins and oats are other secondary
crops.

Horticulture — A rapidly expanding industry in the area
that involves the production of fruit, vegetables, wine and
flowers. Fruit, vegetables and viticulture production are
valued at $8—10 million; the floriculture industry is valued
at about $1 million and increasing.

Timber Production — Investor companies have established
large areas of Tasmanian Blue Gum Eucalyptus globulus
on farmland in high rainfall (greater than 600 mm) zones
in the area. In 1997, investment in the Albany area by the
blue gum industry was estimated at $46 million which
included 216 full-time and over 500 part-time jobs. Itis
estimated that employment within the blue gum industry
willincrease to 1,425 full time jobs.

Other farm forestry options being developed include Oil
Mallee Eucalypt spp., Maritime Pine Pinus pinaster, and

Sandalwood Santalum spicatum. Generally these options
are for areas that receive less than 600 mm of rainfall.







Patches of native vegetation as small as one hectare can
have significant conservation value. - Giltedder & Kirkpatrick

PURPOSE

The main purpose for the project was to
identify a potential regional-scale Macro
Corridor Network of native vegetation
stretching some 700 km from Israelite
Bay, east of Esperance and westwards
through Albany along Western Australia’s
southern coastline, with inland linkages
along major river systems to protected
areas and other uncleared bushland.

OBJECTIVE

S E CTI 0 N 2 A major objective of the development of

the Network was to enhance connectivity
between existing protected areas in
order to maintain regional biodiversity

The South Coast Macro Corridor PrOject and ecosystem function.
(1999-2002)

METHODS

Lead Writer: Peter Wilkins " Mapgine S da8

B Existing databases

® Databases created within the project
® Defining viability

® |dentifying the Macro Corridor Network

® Developing a tool to identify
strategically important native

vegetation for regional landscape
connectivity

ASSIGNING NATURE
CONSERVATION VALUES TO
AREAS

Through identifying the highest priority
macro corridors, this project has the
potential to provide guidance on a
regional level as to where protection
and enhancement of corridors might be
targeted.




SECTION 2: The South Coast Macro Corridor Project

(1999-2002)

2.1 PROJECT DEVELOPMENT AND

FUNDING

After developing a project concept in 1997, CALM South
Coast Region was successful in obtaining a two-year
Natural Heritage Trust (NHT) Bushcare grant in 1998 to
fund the South Coast Macro Corridor Project. With the
appointment of a full time Project Officer, the project
commenced in mid 1999 and was managed through the
Albany CALM office.

The project was extended for a further year from mid 2001
to mid 2002 through a combination of additional NHT
funds and direct departmental funding.

The Macro Corridor Project was a landscape scale, nature
conservation initiative and it was deemed essential for
the initiative to involve the wider community so as to
gain a broad appreciation of issues, pool intelligence and
experience and aid in the promotion of the project.

An initial strategy saw the establishment of a select group
of representatives from relevant government agencies
and community groups, to form a Macro Corridor Technical
Advisory Group (TAG). This group provided a source of
knowledge and experience which helped to direct the
development of the project.

The TAG comprised representatives from the following
agencies and groups:

m  Department of Conservation and Land Management
®  Forest Products Commission

®m  Department of Agriculture Western Australia

®  Water and Rivers Commission (Department of
Environment)

®  South Coast Regional Initiative Planning Team (SCRIPT)
= Community members

m  (ity of Albany

®  Greening Australia

2.2 PROJECT OBJECTIVES

The long-term goal of the project was to improve the
long-term future of wildlife within national parks and
nature reserves within the South Coast Region of Western
Australia by further developing and promoting the
potential to improve landscape connectivity via a three
dimensional (latitudinal, longitudinal and altitudinal},
regional-scale bush corridor network.

The main objective of the project was to identify a potential
regional-scale Macro Corridor Network of native vegetation
stretching some 700 km from Israelite Bay, east of
Esperance and westwards through Albany along Western
Australia’s southern coastline, with inland linkages

along major river systems to protected areas and other
uncleared bushland.

A secondary objective of this project was to establish a
strategic network of monitoring sites across the area with
a latitudinal, longitudinal and altitudinal spread to serve
as a baseline network to monitor long-term change. This
network of sites was to be expanded upon that already
established in the Fitzgerald Biosphere Reserve by
Sanders (1996, 1997).

Working with the philosophy of landscape connectivity
was the logical choice for the Macro Corridor Project. The
size of the area, the diversity of wildlife species and lack of
general information about the requirements of movement
for species, meant that an ecological approach (e.g. focal
species approach (Lambeck 1997]) was not achievable
within the timeframe of the Project. The project therefore
focussed on identifying the best potential for improving
landscape connectivity for wildlife by examining the
spatial attributes of vegetation such as patch size and
proximity to other patches of native vegetation.



2.3 METHODS
MAPPING AND DATA

One of the major difficulties for the project was the limited
availability of data that was consistent across the entire
area. For example, good quality vegetation mapping
existed for only some of the catchments in the area.

At the time that the project began, the most complete
and consistent digital mapping of vegetation was the
1996 Woody Vegetation mapping produced by the Land
Monitor Project for south west Western Australia (Figure
7). This was the primary dataset on which geographical
information systems (GIS) analysis for the South Coast
Macro Corridor Project was based.

That data did have limitations since the classification

as perennial vegetation relied on the spectral contrasts

of cover types resulting from physical differences on

the ground and effectively required a certain density of
vegetation. Hence thin, scattered vegetation with a high
proportion of soil background (e.g. after recent fire) may
be omitted. The data included plantations and other non-
natural stands of woody vegetation and it was based, in
part, on various assumptions and predictions (Renzullo

& Wallace 2001). As a consequence plantation data from
2000 was compared with the 1996 woody vegetation data
and it was found that the relatively small area of woody
vegetation that was plantation would not significantly
affect the final results and it was therefore not clipped out
of the woody vegetation data set.

The CALM GIS section vectorised the 1996 woody
vegetation data which made it possible to calculate the
area of polygons and distances between polygons in
ArcView 3.2 software. This was necessary for determining
spatial relationships between vegetation polygons. The
shapefiles used in the project are outlined in Appendix 3.

The area crossed two Australian Map Grid (AMG) zones.
Therefore, to accurately calculate areas and distances it
was necessary to use Albers Equal-area conic projection.
The standard parallels used were —32.0 and —34.0. The
ArcView extension prjctr.avx made it possible to project
the data to the Albers projection. The extension was
obtained from the CALM GIS section in Perth. All datasets

were projected back to geographic projection (latitudes/
longitudes) at the completion of the analysis.

EXISTING DATABASES

Alarge body of information was available in the form of
existing databases, or in a form that could be collated
and brought together into a database, that would improve
knowledge of biodiversity and ecological function within
the area. The existing databases accessed were the
threatened ecological communities database and the
declared rare and priority flora database.

The threatened ecological community database was
developed by the WA Threatened Species and Communities
Unit of CALM in Perth and the latest product was released
late in 2000. The database listed all threatened ecological
communities that had been endorsed by the State
Minister under the WA Wildlife Conservation Act or the
Commonwealth Minister under the Environment Protection
and Biodiversity Conservation Act 1999. It also listed
potential threatened ecological communities in a priority
ecological community list (priority 1, 2 and 3) (see
Section 1.8). The database included detailed descriptions
of the communities, why they were considered threatened
and their current status.

Declared rare and priority flora information (see Section
1.5) was accessed via the Wildlife Administration section
of CALM who manage Western Australia’s declared rare
flora database. This data was also used as a criterion to
identify off reserve areas of high nature conservation
value.

DATABASES CREATED WITHIN THE PROJECT

Two new databases were developed during this project, the
threatened fauna database and the representativeness of
ecosystems database.

The main purposes of the threatened fauna database were

to:

®  produce maps of species distributions using GIS as an
aid to achieving the objectives of the Macro Corridor
Project

®  provide a complete database for any situation where
knowledge of the distribution of threatened fauna

within CALM’s South Coast Region is required.




This data helped identify the current, and in some cases,
historical distribution of threatened species. The data
was accurate enough to be linked to good vegetation
mapping in order to identify preferred habitats. It could
also be predictive, identifying areas of vegetation with
the potential to provide habitat for particular threatened
species. The database was also used to identify areas of
high nature conservation value in the area.

The CALM GIS section developed information about

the representativeness of vegetation communities for

the macro corridor area and CALM South Coast Region
combined. This was developed using the Beard 1:250,000
vegetation community mapping and CALM managed lands
and waters cadastral information.

For each vegetation unit, the area in which it was located
within CALM managed lands (Statewide) was expressed
as a percentage of the total Statewide occurrence. The
percentages were categorised into 0% — not represented
in CALM managed reserves; less than 10% — inadequately
represented in protected areas: and greater than 10% —
may be adequately represented.

This representativeness information was used as one

of a number of criteria to develop a GIS dataset which
identified areas of high nature conservation value outside
CALM managed estate. The Albany Hinterland Catchment
(community] Group also used this information to help

target devolved grant funds for nature conservation
priorities. The information has also been used by CALM’s
South Coast Regional Office in Albany for assessing
various land use proposals, especially opportunities to
add areas to the protected area network.

DEFINING VIABILITY IN TERMS OF PATCH SIZE

Viability in the context of this project refers to the survival
of natural organisms in time. There are many factors

that affect the viability of species including habitat
variability, isolation, climate, threats, food availability and
population size. The key factor for viability in fragmented
environments appears to be area of habitat (Safstrom &
Craig 1996). Factors that generally correlate positively
with habitat size are diversity in plant communities, the
likelihood of rare or specialised habitats, species richness,
population size and resistance to natural disturbances
(Bennett 1999).

The most obvious (and at this stage probably the most
correct) rule of thumb for optimal habitat size is ‘the
bigger the better’. Unfortunately this definition cannot be
used in a GIS. The minimum area of habitat used as a guide
for viahility of a range of species over time by the macro
corridor project was set at greater than 1,500 ha. This
figure has been recommended as the minimum area for
subregional reserves in the Western Australian wheatbelt
(Kitchener et al. 1982).



It was also important to define a minimum patch size. It
has been recognised that patches of native vegetation as
small as one hectare can have significant conservation
value, often only requiring fencing or other simple
protection. Gilfedder & Kirkpatrick (1998] found, in a
study of remnant vegetation in Tasmania, that those

remnants regarded as badly degraded were often rich

in threatened species, though poor in native species as

a whole and often badly weed invaded. The authors also
found that tiny remnants could survive in good condition
for many decades, despite being surrounded by cultivated
land. However, 30 ha has been recommended by Kitchener
etal. (1982] as a minimum viable patch size for the
Western Australian wheatbelt. In addition, a vegetation
survey of the Albany Hinterland found a clear relationship
between the area of a remnant and its ecological
condition, irrespective of security in tenure (Connell & ATA
Environmental 2001).

The Albany Hinterland survey found that almost all
remnants within or greater than the size range of 20-50
ha were in good to very good condition and 8,249 (82%)
of 10,033 remnants less than 20 ha were degraded or
very degraded. For the Macro Corridor Project, a decision
was made to use a minimum patch size of 30 ha in

the process of identifying the potential of remnants to
improve landscape connectivity for wildlife. Nevertheless,
the project recognised that degraded patches of native
vegetation of one hectare or less could also have
significant conservation value, at least for some specific
vegetation types.

IDENTIFYING THE MACRO CORRIDOR NETWORK

As a first step to the analysis the woody vegetation data
was queried using the above criteria to show all vegetation
polygons greater than 1,500 ha in size.

The result (Figure 10) generally confirms previous corridor
assessments based on visual interpretation of aerial
photography and satellite imagery in the South Coast
Region shown previously in Figure 1 (Watson 1991).

Figure 10 illustrates areas of vegetation that are the same
colour as being continuous, and changes in colour indicate
breaks in the vegetation continuity. In this case, a break

is defined as greater than one pixel or approximately 30
m. The figure also illustrates some of the major landscape
connectivity issues that exist in the area. The Stirling
Range (illustrated as red) and Porongurup National

Parks (within the purple patch below the Stirling Range
National Park]) are isolated from other large areas of native
vegetation. Perhaps more importantly, the Jarrah forests
(in orange) are discontinuous with the remainder of the
vegetation in the area.

One positive aspect of the analysis, in terms of nature
conservation, is the amount of natural vegetation where
the degree of landscape connectivity remains relatively
high. In particular the coastal vegetation which is shown
as almost continuous between Wilson Inlet (east of
Denmark) and Cape Arid east of Esperance. Several
inlets, main roads, fire scars and urban settlements
(e.g. Albany] cause the few gaps in continuity. Inland,
the coastal vegetation of Fitzgerald River National Park
remains connected to Lake Magenta Nature Reserve via
the Fitzgerald River foreshore and to Frank Hann National
Park via the Ravensthorpe Range. The vegetation along
the Pallinup River foreshore provides a high degree of
connectivity between the coast and Corackerup Nature
Reserve and the proposed Peniup Nature Reserve.

The result of this first query provided the foundation,

or core, from which to analyse landscape connectivity
between protected areas in the area using other existing
patches of native vegetation. This involved selecting

all those vegetation polygons that were equal to, and
greater than 30 ha, and less than 1,500 ha in size and
determining their proximity, firstly to the core vegetation
polygons greater than 1,500 ha in size and, secondly, to
each other.

Various proximity values (i.e. 250, 500, 750 and 1,000
m), were used in the assessment. The results from the
250 m analysis generally showed very little connectivity
between polygons with the exception of those in the
Porongurup area, where chains of polygons extended from
the forest through the Porongurup Range to Manypeaks
and the coast. There were significant improvements

in connectivity in the up to 750 m analysis and little
difference between 750 m and 1,000 m analyses.

Figure 11 illustrates the results in the western portion of
the area using a proximity value of 1 km. Chains of woody
vegetation or stepping stone linkages (in blue) are clearly
visible, many of which have the potential to improve
connectivity between core areas of native vegetation
(green).




FIGURE 10: Areas of native vegetation greater than 1,500 ha in size and continuity of vegetation in the area




FIGURE 11: Chains of woody vegetation greater than 30 ha in size and spaced less than 1 km apart




DEVELOPING A TOOL TO IDENTIFY STRATEGICALLY
IMPORTANT NATIVE VEGETATION FOR REGIONAL
LANDSCAPE CONNECTIVITY

The final step in the development of the Macro Corridor
Network was to create a simplified GIS product that
could be used by community groups and others to
identify patches of native vegetation that are important
for maintaining and improving regional landscape
connectivity. This process also identified the gaps in
vegetation cover. The metadata statement for the Macro
Corridor Project is given in Appendix 4.

The product was developed using the 1 km proximity
result. A grid with cells of 3x3 km was placed over the 1
km result chains of blue and the percentage of woody
vegetation within each grid cell was calculated. All grid
cells with less than 13% of woody vegetation were
removed. This percentage was determined through a
subjective process in order to make the final product as
simple as possible.

The remaining grid cells were tagged as being either a
Strategic Zone A, Strategic Zone B or Zone C as follows:

Strategic Zone A cells were identified firstly by intercepting
them with the core polygons of native vegetation and
secondly through a visual process which located the cells
where large remnants (greater than 30 ha) and protected
areas created the most direct link between core areas.

Strategic Zone B cells were identified as having large areas
(greater than 30 ha) of woody vegetation and protected
areas, but which did not create the most direct link
between protected areas.

Zone C cells were identified as all other grid cells that
included greater than 13% woody vegetation.

2.4 RESULTS
DEFINITION OF MACRO CORRIDOR ZONES

The Macro Corridor Project identified at least 21 potential
vegetation corridors that could be defined as macro
corridors, all of which have regional nature conservation
significance and strategic spatial significance within the
South Coast Region (Figure 13; Table 2). Three categories
of Strategic Zones were identified. These are defined
below:

Strategic Zone A: Contains areas of woody vegetation
where polygons greater than 30 ha in size are spaced no
greater than 1 km apart and potentially form the most
strategic link between major protected areas.

Strategic Zone B: Contains areas of woody vegetation
where polygons greater than 30 ha in size are spaced
no greater than 1 km apart and potentially provide good
nodes of habitat which are within 1 km of vegetation
within Strategic Zone A.

Strategic Zone C: Contains areas of woody vegetation
where polygons greater than 30 ha in size are spaced
greater than 1 km from the woody vegetation within
strategic Zones A and B. The vegetation within Zone C
potentially provides habitat for wildlife at the local scale,
but requires closer assessment to determine its value for
a regional scale Macro Corridor Network. These zones are
mapped in Figure 12.

Two macro corridors, the Forest to Fitzgerald Corridor and
the Coastal Corridor, stand out from the others for their
significance in spatial scale and number of protected
areas they potentially link.

The Coastal Corridor is the longest of all corridors in the
area and spans approximately 500 km from Walpole in
the west to Cape Arid National Park in the east. It links,
almost continuously, three IBRA sub regions (JF2,ESP1
and ESP2]. In general, much of this corridor is protected
to some degree either as CALM managed estate, Shire
Reserve or unallocated Crown land. Further to this, CALM,
in the South Coast Regional Management Plan proposes to
include significant amounts of the coastal unallocated and
allocated Crown land as national park or nature reserve.
As a whole this corridor is a very high priority linkage as

it links two high nature conservation value protected
areas (Two Peoples Bay Nature Reserve and the Fitzgerald
River National Park), as well as numerous other protected



TABLE 2

Macro corridors identified by the GIS process

MACRO CORRIDOR
Coastal Corridor:
* Forest to Two Peoples Bay Nature Reserve
* Two Peoples Bay to Fitzgerald River National Park
e Fitzgerald River National Park to Cape Arid National Park
Esperance Mallee Corridor
Forest to Fitzgerald Corridor:
* Forest to Stirling Range National Park
e Stirling Range NP to Fitzgerald River National Park
Fitzgerald River Corridor
Gordon River Corridor
Gordon/Franklin Corridor
Hassell National Park Corridor
Jerdacuttup River Corridor
Kalgan River Corridor
Lake Magenta-King Lakes
Lort River Corridor
Marbellup Link
Munglinup River Corridor
Oldfield River Corridor
Pallinup River Corridor
Phillips River Corridor
Porongurup Range Corridor
Ravensthorpe Range Corridor
Salmon Gums Corridor
South Stirlings Link
Young River Corridor

LENGTH (KM) DEGREE OF FRAGMENTATION
512

115 Near Continuous
132 Continuous

265 Near Continuous
65 Fragmented

146

66 Fragmented

80 Fragmented

15 Near Continuous
62 Fragmented

30 Fragmented

52 Near Continuous
20 Near Continuous
55 Fragmented

50 Fragmented

/0 Near Continuous
25 Fragmented

47 Near Continuous
41 Near Continuous
22 Near Continuous
52 Near Continuous
90 Fragmented

50 Continuous

57 Fragmented

8 Near Continuous
65 Near Continuous

areas (i.e. Waychinicup National Park/Mt. Manypeaks
Nature Reserve, Stokes National Park, Cape Le Grand
National Park and Cape Arid National Park]. This Corridor
can be divided into three sections linking major nodes
along the corridor. The Two Peoples Bay Nature Reserve to
Fitzgerald River National Park Corridor is continuous and is
reasonably wide for most of its length. It does have some
weaknesses such as the thinning of corridor width caused
by cleared land close to the edge of some estuaries,

and the occurrence of mobile sand dunes. The Forest to
Two Peoples Bay Nature Reserve Corridor has a break at
the City of Albany, as does the Fitzgerald River to Cape
Arid National Park at Esperance. The latter is generally
narrower than the other two sections.

The Forest to Fitzgerald Corridor is approximately 145

km in length and includes four IBRA bioregions (i.e.
Warren, Jarrah Forest, Esperance Plains and Mallee]. This
corridor is generally not well connected and currently
exists as a series of stepping stones. The inland location
of this corridor and the east to west orientation across

a climatic gradient may be important in the advent of
climate change. Taken as a whole, this corridor constitutes

a very high priority status, as it links two high nature

conservation value protected areas, the Stirling Range
and Fitzgerald River National Parks. Several protected
areas form nodes within this linkage and can be used to
divide this corridor into sections. The Forest to Stirling
Range National Park Corridor contains a major break

at the western end of the Stirling Range. This linkage

is given a high priority status as it links a high nature
conservation protected area with the massive expanse of
contiguous protected area in the Southern Forest Region.
The Stirling Range National Park to Corackerup/Peniup
Corridor also contains a break at the eastern end of the
Stirling Range National Park, and the Corackerup/Peniup
to Fitzgerald River National Park Corridor has a break
between the proposed Peniup Nature Reserve and the
Fitzgerald River National Park. (The forest to Fitzgerald
Corridor and Ravensthorpe Range Corridor to the east
have progressively become the focus of the on-going
Gondwana Link project described in Section 4.3 — J.
Watson.)




FIGURE 12: Zones where woody vegetation is strategically located to improve landscape connectivity within the area




ASSIGNING NATURE CONSERVATION VALUES TO
AREAS

Through identifying the highest priority macro corridors,
this project has the potential to provide guidance on a
regional level as to where protection and enhancement of
corridors might be targeted.

A major objective of the development of the Macro Corridor
Network was to enhance connectivity between existing
protected areas in order to maintain regional biodiversity
and ecosystem function, hence the determination of a
priority status for each of the corridors was assessed by
considering whether or not a particular corridor linked
areas with considerable nature conservation value.

Within the area three protected areas are already well
recognised as places with a high nature conservation
value based on their well-documented biological values
and nature conservation significance with regard to the
number of threatened species they contain. These are Two
Peoples Bay Nature Reserve, the Stirling Range and the
Fitzgerald River National Parks.

There was also a need to quantitatively assign nature
conservation values to other areas including those

that were proposed for protection because of their high
biodiversity or other nature conservation value (e.g. the
Ravensthorpe Range). The quantitative measure used here
is the number of threatened flora and fauna species that
occur in each of these areas (Table 3). This information
was obtained from CALM’s Declared Rare and Priority

Flora Database and from the Threatened Fauna Database

TABLE 3

Number of Threatened Fauna Species

CR_____[EN W ___Jlotal _JCR__|
1 0

Bakers Junction NR 0 0 1
Beaumont NR 0 0 0
Birdwood NR 0 0 0
Camel Lake NR 0 0 0
Cape Arid NP* 0 2 3
Cape Le Grand NP 0 0 1
Cheadenup NR 0 0 0
Cheyne Rd. NR 0 0 2
Chorkerup NR 0 0 0
Corackerup NR/Proposed Peniup NR™ 0 1 2
Dunn Rock NR 0 1 0
Fitzgerald River NP 0 B 5
Forest 0 2 5

created for this project (see Section 2.3). Single records
of fauna species for an area were not included in the table
below.

Forty-seven areas were identified as containing at least
one species of threatened flora or fauna. To assess nature
conservation values most relevant to the development of
regional linkages, the number of threatened fauna species
only was used to assign rankings to areas. The decision to
use only fauna species in this assessment was based on
the following rationale.

The Stirling Range National Park contains an exceptionally
large number of species of threatened flora (25), which is
ten more than the next highest ranked area, the Fitzgerald
River National Park. The inclusion of threatened flora
species in the assignment of nature conservation values
would therefore be highly skewed towards the Stirling
Range National Park. However, many of the threatened
flora species in the Stirling Range are high altitude
adapted species that are essentially isolated within the
park through evolutionary processes and therefore have
limited capacity for range expansion (Barrett 1996).

Under possible climate change scenarios of warmer
temperatures these species would probably suffer range
contractions to higher altitudes. The only possible method
of range expansion for these species would be via bird
assisted seed dispersal to other mountain ranges with
suitable habitats (e.g. Barren Ranges in the Fitzgerald
River National Park which contains an overlap of endemic
species with the Stirling Range mountain areas (Barrett
1996]). The very limited mobility of these species, and of
plants in general compared to fauna species makes them

Nature Conservation Values of protected and other identified areas within the macro corridor network area

Number of Threatened Flora Species

EN W
1

1 2
0 0 1 0 1
0 1 0 0 1
0 1 0 0 1
5 0 0 1 1
1 1 1 1 3
0 0 1 1 2
2 0 1 0 1
0 1 0 0 1
2 0 1 1 2
1 1 1 0 2
8 1 9 5 15
/ 1 3 9 13

CR = Critically Endangered, EN = Endangered, VU = Vulnerable NP = National Park, NR = Nature Reserve.




TABLE 3 (cont'd] Nature Conservation Values of protected and other identified areas within the macro corridor network area

AREA Number of Threatened Fauna Species Number of Threatened Flora Species
R [EN W ____lotal _JCR___JEN W ____Jmul

Denmark Catchment State Forest 3 4 0 5

D’Entrecasteaux NP™

Frankland Sate Forest

Gladstone State Forest

Granite Peaks State Forest

Keystone State Forest

Lake Muir NR

Lake Muir Sate Forest

Mount Frankland NP

Palgarup State Forest

Shannon NP

Shannon State Forest

Tingle State Forest

Tone State Forest

Walpole-Nornalup NP

West Frankland State Forest

Yellerup NR

Frank Hann NP

Granite Hill NR

Gum Link Rd. NR

Hassell NP

Helms Arboretum

Jeffrey Lagoon NR

Jerdacuttup Lakes NR

Kalgan Plains NR

Kodjinup NR

Kwornicup NR

Lake Ace NR

Lake King NR

Lake Magenta NR

Lake Pleasant View

Mill Brook NR

North Sister Lake

Owingup NR

Pallarup NR

Peak Charles NP

Porongurup NP

Ravensthorpe Range

Ridley South NR

Shark Lake NR

Sheepwash Creek NR

South Sister NR

South Stirling NR

Stirling Range NP™

Stokes NP

Toompup NR

Torndirrup NP

TPB/Waychinicup/Manypeaks

Two Peoples Bay NR (TPB)

Waychinicup NP

Mt Manypeaks NR

Truslove Townsite NR

West Cape Howe NP

William Bay NP

CR = Critically Endangered, EN = Endangered, VU = Vulnerable NP = National Park, NR = Nature Reserve.
*Chuditch release **Dibbler release ***Only section of D'Entrecasteaux NP that occurs in area plus the buffer ****Numbat Release
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less critical for inclusion in criteria for prioritising areas

to be used in turn for prioritising regional linkages. It was
thus decided that the number of threatened fauna species
was sufficient for this purpose. (More recent work (2005)
under the Regional Threatened Species and Communities
Pilot Project has confirmed the validity of the threatened
fauna distribution patterns used by Wilkins in 1999/2000
- SGilfillan.)

A ranking was therefore given to each of these areas
based on the following criteria:

Very High Nature Conservation Value: contains = 20% of
the total number (23, Appendix 2b] of threatened fauna
species present in the project area (> 5 species).

High Nature Conservation Value: contains 10—19% of the
total number of threatened fauna species presentin the
area (2—4 species).

Based on these criteria six areas were designated as Very
High Nature Conservation Value Areas:

Cape Arid National Park

Fitzgerald River National Park

Forest area

Lake Magenta Nature Reserve

Stirling Range National Park

o ok w N e

Two Peoples Bay/Waychinicup/Mt Manypeaks area

TABLE 4 Priority Status of Macro Corridors

Macro Corridors VERY HIGH PRIORITY

Links two or more very high

nature conservation value
areas.

Coastal Corridor:

Forest to Two Peoples Bay Corridor |
Two Peoples Bay to Fitzgerald Corridor |
Fitzgerald to Cape Arid Corridor |
Forest to Fitzgerald Corridor:

Forest to Stirling Range Corridor |
Stirling Range to Fitzgerald Corridor |

Fitzgerald River Corridor

Jerdacuttup River Corridor

Kalgan River Corridor |
Lake Magenta-King Lakes

Marbellup Link

Phillips River Corridor

Porongurup Range Corridor |
Ravensthorpe Range Corridor

South Stirlings Link u

A further seven areas were designated as High Nature
Conservation Value Areas:
1. Cheyne Rd. Nature Reserve

2. Corackerup Nature Reserve / proposed Peniup Nature
Reserve

Porongurup National Park
Ravensthorpe Range
Torndirrup National Park

West Cape Howe National Park

N AW

William Bay National Park

The level of priority of linkages was determined by the
following criteria:

Very High Priority = links two very high nature
conservation value areas.

High Priority = links one very high nature conservation
value area with a high nature conservation value area.

Moderate Priority = links one very high or high nature
conservation value with any protected area.

Priority = all other linkages identified.

As all linkages have been identified as having a potential to
form regionally important linkages by the Macro Corridor
Network GIS process described in this report, they should

HIGH PRIORITY MODERATE PRIORITY

Links one very high nature
conservation value area with
a high nature conservation
value area.

Links a high nature
conservation value areas with
any protected area.




FIGURE 13: Macro Corridors identified by the Macro Corridor GIS tool and their priority status




all be afforded some degree of priority. The remaining
linkages can therefore be assigned the status of ‘priority’.

The resulting priority status of macro corridors is shown in
Table 4 and Figure 13.

The linkages identified through this process of
prioritisation have exceptional biological value and have
the potential to create linkages of bioregional proportions.

The prioritisation process adopted here has identified a
concentration of priority corridors in the western section
of the area. This may be a result of a lack of information
regarding threatened species locations for the area east
of the Fitzgerald River National Park. However, even if this
area has less nature conservation value in terms of the
number of threatened species, linkages in this area could
still be extremely important under a scenario of climate
change. This area represents a transition zone between
the arid interior and the more mesic south-west (South
West Interzone (Beard 1981)). In the event of the climate
becoming warmer and drier possible contraction of

more mesic species and expansion of more arid adapted
species, southward and westward, would be facilitated
greatly by linkages within this part of the area.

USING THE MACRO CORRIDOR GIS AS ATOOL FOR
ACHIEVING STRATEGIC LANDSCAPE MANAGEMENT
AT A MORE LOCAL SCALE

The Macro Corridor GIS has been used in a number of
community projects to target the expenditure of funds
towards areas that will contribute to strategic landscape
management, specifically in the context of regional
connectivity.

For example a demonstration high nature conservation
value database was developed for the Albany Hinterland
subregion for assessing the nature conservation value
of off-reserve patches of native vegetation (Appendix

5). This information was used to target the expenditure
of devolved grant monies for privately owned remnant
vegetation which were within macro corridor zones A or B
and which were known to have high nature conservation
values (Figure 14).

2.5 PROMOTION

A major component of the Macro Corridor Project was

the promotion of the macro corridor concept to the
community. The ultimate success and implementation of
the project was reliant on the uptake of the concept by the
community. For uptake to occur it was necessary for the
community to have a good understanding of the issues
involved with landscape connectivity and the relationship
with nature conservation. A communication strategy was
developed and a number of activities were undertaken

to promote the concept including presentations at local
workshops, meetings and conferences, and several
articles were also published.

LOCAL WORKSHOPS

Workshops to promote the Macro Corridor Project were
run in Albany, Jerramungup and Esperance in September
2000. The target audience of these workshops was the
natural resource management coordinators and officers
within the South Coast Region.

The western location of the project officer and the

long, linear dimensions of the area meant that the
communication effort was strongly biased toward the
western half. With the exception of the Albany and
Esperance workshops, the remaining workshops and
meetings in small rural centres were poorly attended.
Unfortunately the timing coincided with preparations for a
predicted locust plague which caused low attendances.

PUBLISHED ARTICLES AND MEDIA CONTACT

An article written by Watson and Wilkins (1999) was
published in the international journal, PARKS (IUCN). This
article was entitled, The Western Australian South Coast
Macro Corridor Project — a bioregional strategy for nature
conservation. The abstract for this paper is as follows:

An innovative strategy of ‘bioregional initiatives’ to
improve the viability of protected areas has been
widely accepted by environmental land managers
around the world. The South Coast Region of Western
Australia has outstanding biodiversity values with
an extremely high degree of endemism, much of
which is represented within the Fitzgerald River
National Park Biosphere Reserve, an internationally

significant protected area.




FIGURE 14: Example of how the Macro Corridor zone information can help identify native vegetation at a local level that is
important for regional scale connectivity




The wider community of the South Coast Region

and relevant government agencies are working
together on a bioregional initiative called the ‘Macro
Corridor Project’. This is a bold program which aims
to increase viability of the existing protected area
network by either maintaining existing linkages or
re-establishing new linkages between the biosphere
reserve, major national parks, nature reserves and
other remnant vegetation across the Region.

A paper (Maciejewski et al. 1999] was published in the
State Landcare Conference Proceedings entitled Towards
Strategic and Integrated Landscape Management: The
Western Australian South Coast Macro Corridor Network.

An article entitled Linking the Landscape was published in
CALM’s Landscope Magazine in 2001 (Wilkins 2001). The
article outlined how the project was making it easier for
native animals to move between reserves thus increasing
their chances of long-term survival.

Two ABC radio interviews were conducted in the Esperance
and Geraldton areas.

MEETINGS AND CONFERENCES

The project was promoted at numerous meetings during
its development including the regional NRM Group (i.e.
SCRIPT), community groups, agency staff and meetings
with individuals. The project was also presented at

the State Landcare Conference in Esperance, Western
Australia, in September 1999.

Dr Gomboso (at the time Senior Policy Adviser to CALM’s
Director of Nature Conservation) presented a poster on
the topic, Towards A Biodiversity Conservation Strategy
for Western Australia: A Focus on Ecological Restoration

at the Society for Ecological Restoration International
Conference, in Liverpool, England, in September 2000.
The poster included a range of initiatives currently being
undertaken by CALM that address ecological restoration at
a landscape scale. These included: Western Shield, Project
Eden, Western Everlasting, Land for Wildlife, salinity,
nature-based tourism and the Western Australian South
Coast Macro Corridor Project (Dr Gomboso pers. comm.].

The Esperance Landcare Conference, CALM Wildlife
Information Day, Albany Hinterland forum, Coastal
Managers Forum, SCRIPT forum and the Jurien Bay
presentation were major highlights of the public promotion

program. Approximately 1,500 individual people contacts

were made by the project officer through personal liaison,
guest presentations, GIS demonstrations, phone calls and
educational workshops.

The SCRIPT network created the ideal platform from

which to achieve community education and support

and liaison with other agencies. The SCRIPT network is
very large and is in contact with approximately 4,000
South Coast community members through its regular
newsletter Southern Prospects Review. It also meets on a
quarterly basis where many sectors of the community are
represented.

In summary, the public communication strategy reached
a wide range of people, Government agencies and
community groups both within the area and outside.
Promotional activities occurred with more than 40
relevant Government agency and community groups

as well as at least 10,500 individual people contacts
made through various strategies. This is reflected in the
number of people within the South Coast community
that at least know of the project which includes the
regional bodies and strategies that recognise the macro
corridor concept (e.g. CALM, SCRIPT and the Southern
Shores coastal planning and management strategy),

the percentage (approximately 60%) of NHT Bushcare
projects (around 2001) and others (e.g. the Gondwana
Link Project) that have used the Macro Corridor Framework
for their development, and projects that are using the
Framework to strategically target devolved grant funds
(e.g. the Albany Hinterland Catchment Group). In addition
the representatives of the TAG played an important role in
conveying the development of the project to respective
organisations.




2.6 OUTCOMES 1999-2002

The major outcomes and achievements of the project are
given below.

®  The project provided guidance at a regional level as to
where protection and enhancement of major corridor
linkages should be targeted.

®  Amethodology was developed to prioritise macro
corridors based on predicted nature conservation
values at a landscape scale. This was based upon the
fauna values of the protected areas being connected.

®  The macro corridor GIS that was generated for this
project has also been used in community endeavours
to help target the expenditure of devolved funds
towards areas that will contribute to strategic
landscape management and biodiversity protection.
(An example of such use by the Albany Hinterland
Group is given in Section 2.4.)

®  Adatabase of existing and new monitoring sites across
the area was established using a combination of
Beard’s vegetation mapping, IBRA Subregional reports
and existing sites (see Section 3 following).

®  Baseline data were also collected for a sub-set of the
new monitoring sites.

®  The public communication strategy has reached a wide
range of people, Government agencies and community
groups both within the area and outside.

®  The IUCN PARKS and the Landscope articles were two
major highlights of the promotional program, reaching
out to State and International audiences.

®  The Esperance Landcare Conference, CALM Wildlife
Information Day, Albany Hinterland Forum, Coastal
Managers Forum, SCRIPT forum and the Jurien Bay

presentation were major highlights of the public
promotion program.




Biological efficiency, productivity or balance (of
living organisms) will indicate the overall health or
integrity of the ecosystem. - spellerberg

SECTION 3

DEVELOPMENT OF LONG-TERM
ECOLOGICAL MONITORING SITES (2001-2002)

Lead Writer: Sandra Gilfillan

GOAL

The goal of a long-term ecological

monitoring program is to monitor the
natural range of temporal variability of
ecosystems by documenting the rates
and types of changes that occur in
response to natural processes.

INFLUENCING FACTORS

Possible factors which may influence
the long-term maintenance of ecological
integrity in the South Coast Region on a
regional scale include:

® climate change

®increase in connectivity

® changes in ground water salinity

m disease spread and occurrence




SECTION 3: DEVELOPMENT OF LONG-TERM ECOLOGICAL
MONITORING SITES (2001-2002)

3.1 INTRODUCTION

Monitoring can be broadly defined as the process by which
we keep the characteristics of the environment in view, or
as surveillance to detect changes in relation to baseline
data or some defined standards (Spellerberg 1991; New
1998]). Environmental monitoring measures physical
attributes such as temperature or chemistry. These
parameters are relatively easy to measure but do not tell
us much about the responses of ecosystems or species.
Ecological (or biological) monitoring attempts to measure
change to living organisms using the logic that they will
integrate the impact of many variables, and their biological
efficiency, productivity or balance will indicate the overall
health or integrity of the ecosystem (Spellerberg 1991).
These two terms can be defined as:

®  health — the maintenance of the structural and
functional attributes including natural variability and
succession of a particular ecosystem (Cairns Jr 1993

® integrity (the ecological integrity of an ecosystem)
— the ability to maintain component species and
processes, within its natural range of variability, over
long timeframes (Poiani et al. 2000).

The goal of a long-term ecological monitoring program

is to monitor the natural range of temporal variability

of ecosystems by documenting the rates and types of
changes that occur in response to natural processes,
such as succession and disturbance, through the
systematic resurvey of representative sites. Once a
baseline is established it can be used to detect changes
in biodiversity that result from human disturbance.
These monitoring programs are commonly projected over
50—200 years or more (Solbrig 1991; Hopkins & McKenzie
1994; Elzinga et al. 2001).

This form of monitoring program does not specifically
evaluate current management practices or necessarily
result in a management decision, although it may provide
important information for future management direction by
describing system functions and fluctuations.

Monitoring thus provides essential data on how systems
are changing and how fast (Spellerberg 1991). As we
manage the environment to maintain ecosystem health

or integrity, the direct surveillance of its biological
characteristics is likely to be the best way to establish
whether the assumptions behind our management
activities are valid.

Long-term ecological monitoring programs have been
undertaken and promoted for many years on an
international level, particularly in the USA and Europe.
The USA has a national network of long-term ecological
monitoring sites, which are fairly representative of the
ecosystems of North America (Spellerberg 1991). Global
networks of monitoring sites which gather information
on parameters such as climate change, biodiversity

and forest health include Global Terrestrial Observing
System (GTOS) and Biodiversity Resources for Inventory
and Monitoring (BRIM). BRIM is a sub-program of Man
and the Biosphere Program which seeks to facilitate

the sharing of scientific data worldwide. The integration
and interpretation of the data collected will provide
scientists, land managers and policy makers with a
better understanding of global environmental conditions,
biological diversity, ecosystem management and
environmental sustainability.

Ecological monitoring can be carried out at a number

of different scales (Gaines et al. 1999; Noss 1990),
including landscape, community or ecosystem, species
or population and genetic. This project is concerned with
monitoring at the first two scales only.

As has been seen in the previous section, the development
of a strategic regional scale Macro Corridor Network
involved the baseline mapping of landscape elements
such as remnant vegetation and vegetation types.

The project therefore provides baseline information on
landscape diversity, and as such, has the potential to
enable the monitoring of trends at a landscape scale.

The system of long-term ecological monitoring sites
referred to in this section is intended to measure
changes in factors such as species richness, community
composition and vegetation structure of ecosystems. As
these ecosystems or communities are embedded within
the landscape, this network of sites will contribute to
monitoring of the area both on a landscape scale, as well
as on an ecosystem or community scale.



The following are attributes required of long-term
monitoring sites and monitoring techniques if they are to
be effective in determining change:

1. Sites should consist of permanently marked sampling
units — permanent sampling units are effective at
measuring statistical change from year to year,
markers must be non-destructive and easily seen.

2. Sites and sampling units should be relocatable — the
production of accurate site location maps and spatial
locations Global Positioning System coordinates) are
essential for re-locating sites.

3. Sampling should be non-destructive — the need for
continued sampling of the same place requires that
nothing should be damaged or removed from the site.

4. Sampling should be carried out using standardised
techniques that are user friendly — sampling
techniques should be straightforward with no
ambiguity about the technique; this requires the

accurate recording of techniques used and recording
sheets and techniques descriptions should be easily
interpreted.

3.2 OBJECTIVES

A fundamental objective of nature conservation at the
bioregional level is to achieve ecological integrity of a
whole regional ecosystem. In order to measure whether
component species and processes are indeed being
maintained, a series of monitoring sites needs to be
established across the area.

A major objective of the Macro Corridor Project was stated
as:

To monitor long-term ecological change of regionally
representative ecosystems in order to assess the
maintenance of ecological integrity or health of
these ecosystems by establishment of a strategic
network of ecological monitoring sites across the
area.

Itis clear from this definition that the aim of monitoring
is not to measure any specific management practice or
the effect of specific local factors. However, the following
are possible factors that may influence the long-term
maintenance of ecological integrity in the South Coast
Region on a regional scale:

®  climate change

B increase in connectivity

®  changes in ground water salinity

®  disease spread and occurrence

This list of is by no means exhaustive and there are other
potential factors, which may yet be unknown, that could

impact on biodiversity and ecosystem function on a
regional scale.

In addition to identifying potential monitoring sites a
further objective of the project was to identify and locate
the sites on the ground and carry out the collection of
baseline data.




3.3 METHODS
IDENTIFYING THE MONITORING SITES

Prior to the design and commencement of the project, a
number of established monitoring sites existed within
the area (Appendix 6). It was felt that these could form
the basis of a comprehensive network that could be
used as a guide for any future monitoring involving both
agency staff and community groups. This, along with
the establishment of new sites identified by this project,
would ensure that there was a strategic approach to
monitoring such that any local monitoring could also
contribute to the management of regionally important
habitats, species and processes and also contribute to a
greater understanding of ecological change on a regional
scale.

The selection of potential areas for monitoring within
the area was performed using a GIS (ArcView) and the
following information:

m  JSBeard 1:250,000 vegetation mapping of Western
Australia

®  cadastral information regarding the location of CALM
managed land

®  |ocation of previously established permanently marked
long-term monitoring sites

B basic knowledge of associated survey methodologies
and species to be sampled

= remnant vegetation 2000 mapping (Land Monitor)

Sites were intended to measure change on a regional
scale, therefore they must be located so as to sample
patterns of variation in regional biological diversity. Thus,
knowledge of regional patterns of species composition,
climatic gradients, landforms, soils, fire history and
geomorphology was required. However, no regional
biological surveys had been carried out within the area,
thus regional patterns of species richness and abundance
were not known. The only regional-scale patterns of
biological or physical features available for the area were
Beards 1: 250,000 scale vegetation mapping (Beard
1972-80]) and the Geological Survey of WA geological
maps.

As vegetation types are known to reflect regional patterns
of the physical factors listed above (Beard 1990), Beard’s
1:250,000 vegetation mapping was chosen as the data

set to stratify the area for site selection. Sites strategically
located within these vegetation units should resultin a
network of sites representative of regional ecosystems.
This information had the added advantage that it was
digitised in GIS format.

Longitudinal and latitudinal variation reflects climate
gradients within the area. Longitude reflects the main
gradient for rainfall with decreasing annual average
rainfall from west to east (~1400 mm at Walpole and
~600 mm at Esperance). A latitudinal gradient also
exists such that coastal areas receive higher rainfall
than inland areas. The temperature gradient is not nearly
so pronounced as the rainfall gradient and is affected
primarily by longitude also, although coastal influences
ameliorate the high summer maxima and low winter
minima experienced by inland areas. Considering the
important role that longitudinal and latitudinal variation
plays in climatic gradients these factors were also
included in the site selection process in addition to Beards
1:250,000 vegetation classifications.

SELECTION CRITERIA

Given the availability of regional datasets, potential
locations for the establishment of regional long-term
monitoring sites were based on the following three criteria:

Selection Criterion 1: Stratifying the area into Beard’s
1:250,000 vegetation units — Representation of Beard’s
1:250,000 major vegetation units (i.e. those which
constitute greater than 3% of the area prior to agricultural
clearing]. Within these vegetation units, consideration of
latitudinal and longitudinal variation.

In order to sample regional variation in ecosystems, the
scale of sampling should be such that it incorporates
major vegetation units and major climatic gradients. One
hundred and twenty vegetation units described by Beard
(1972-80)] exist within the area and 96 were represented
within CALM managed land. Those constituting greater
than 3% of the area were selected, which resulted in ten
vegetation units being chosen, which account for over 70%
of the area (Table 5, Figure 15).

Site locations were also chosen to cover latitudinal and
longitudinal variation within these ten vegetation units.
This was based on visual inspection of the map. Vegetation
units with obvious latitudinal or longitudinal gradients



TABLE 5

Beard’s 1:250,000 vegetation units constituting greater than 3% of the area

Shrublands; tallerack mallee-heath 16.0
Shrublands; heath with scattered Nuytsia floribunda on sandplain 10.0
Shrublands; mallee scrub, Eucalyptus eremophila 9.2
Medium forest: jarrah-marri 84
Shrublands; mallee scrub, black marlock 7.8
Mosaic: shrubland; mallee scrub, black marlock/Shrublands: tallerack mallee heath 4.5
Shrublands; mallee scrub, Eucalyptus eremophila & Forrest’s marlock (€. forrestiana] 4.3
Mosaic: medium woodland: salmon gum and red mallee/ Shrubland: mallee scrub Eucalyptus eremophila 3.8
Medium woodland: wandoo and yate 3.5
Shrublands: jarrah/mallee heath 3.2

were assigned more than one site location to account for
this variation.

This process resulted in 20 site locations across the
area. Whilst representing major regional ecosystems,
this number was also deemed reasonable in terms of the
logistics of sampling.

Ideally other factors, such as altitudinal variation that
may influence patterns of regional ecosystems (Barrett
1996] could have been used as additional factors in the
site selection process. However a decision was made not
to include additional factors, as taking into consideration
time and resource constraints there would have been
too many sites to cover all the variations within each
vegetation unit.

Selection Criterion 2: Location within CALM managed
estate and proposed CALM managed estate.

Cadastral information was used to identify CALM managed
estate or proposed changes or additions to CALM managed
estate within each of the ten vegetation units.

Selection Criterion 3: Location of remnant vegetation
greater than 1,500 ha and greater than 300 m from
edge of remnant vegetation or from the boundary of a
vegetation unit.

Remnant vegetation patches less than 1,500 ha

were deemed unsuitable for the location of long-term
monitoring sites due to their vulnerability to site specific
impacts such as fox predation, competition with rabbits
and weed invasion, which are greatly exacerbated by
edge effects. The location of sites greater than 300 m
from edges was introduced to decrease these effects.
The locations of patches of remnant vegetation greater
than 1,500 ha were identified by querying the Remnant
vegetation 2000 shapefile.

Two vegetation units identified through selection criterion
1 (‘Medium woodland: Wandoo and Yate (3.5%)’ and
‘Shrublands; heath with scattered Nuytsia floribunda on
sandplain (10.0%)’) were omitted from the site selection
process at this step as no reserves or patches of remnant
vegetation larger than 1,500 ha occurred within these
vegetation units. This left eight vegetation units that could
be used for further site selection.

Potential site locations were then chosen across the area
that were within the identified eight vegetation units and
covered latitudinal and longitudinal variation within each
unit and were situated within CALM or proposed CALM
estate and were greater than 1,500 ha (Figure 15).

ESTABLISHED MONITORING SITES

A number of survey sites existed within the area and have
provided baseline data on various ecological parameters
(Appendix 6). Some of those sites were initially set up
with the intention of long-term ecological monitoring (e.g.
a subset of Chapman & Newbey (1995a) and Sanders
(1997] sites in the Fitzgerald Biosphere). Other sites
were set up to meet other specific objectives, but had

the potential to be used as monitoring sites as they

were permanently marked (e.g. Barrett 1996). Many of
the other sites constituted one-off surveys and were

not permanently marked but provided useful sites with
baseline data if they could be re-located and permanently
marked for future monitoring.

Examples of established monitoring sites within the area
included:

Fitzgerald Biosphere sites

A concentration of survey work had been carried out
within the Fitzgerald Biosphere. Chapman & Newbey
(1995a] conducted biological surveys of Fitzgerald




FIGURE 15: Potential monitoring site locations taking into account the ten Beard 1:250,000 vegetation units constituting
greater than 3% of the area and the latitudinal and longitudinal variation




area (core and buffer) 1985—-87. They established 84
quadrats and 225 plotless sites. During 1982—-84 and
1987 Chapman & Newbey (1995b] sampled sites within
the Ravensthorpe Range (buffer zone), and in 1991
Leighton & Watson (1992) established one site within
the Corackerup Creek Corridor and two sites within the
Fitzgerald River Corridor (buffer zone). In the 1990s,
Sanders (1996] established ten sites within the buffer
and transition zone and Sanders (1997) re-monitored

a subset of Chapman & Newbey (1995a] sites plus an
additional seven sites within the buffer zone (Corackerup
Nature Reserve and Ravensthorpe Range], which were set
up as permanent long-term monitoring sites.

Western Shield sites

These monitoring sites were specifically set up in 1997
for monitoring the impacts of a reduction in fox predation
on medium sized mammals through the introduction

of widespread fox baiting under CALM’s Western Shield
Program. The sites were chosen in major protected areas
where aerial fox baiting was carried out on a regular basis.

Mountain sites

In 1995-96, a comprehensive biological survey of
mountains within the South Coast Region was carried

out with the main objectives of assessing their nature
conservation values and describing and quantifying
threats to the areas (Barrett 1996]. These sites were

permanently marked and included quadrat based flora
surveys and vertebrate and litter invertebrate sampling.

For each site location identified above a monitoring site
was sought with the following additional preferential
criteria:

1. the site had been set up initially as a long-term
monitoring site (i.e. it was already permanently
marked])

2. the site had been sampled more than once

3. as much information as possible had been collected
on site (e.g. the availability of vegetation and fauna
baseline data had preference over just vegetation
baseline data)

TABLE 6 Plant Communities representing greater than 3%

of the area and associated potential monitoring
sites within CALM or CALM proposed managed
estate greater than 1,500 ha.

Shrublands; tallerack mallee-heath (16.0%)
Stirling Range National Park (Western Shield site)
Fitzgerald River National Park (Chapman & Newbey 1995a and
Sanders 1997 site 51A)
Southern Fitzgerald River National Park — Pt. Anne (Chapman &
Newbey (1995a) site 37A)
Jerdacuttup Lakes Nature Reserve (Sanders (1996) site NR11)
Medium forest: jarrah-marri (8.4%)
Mt. Lindesay (Western Shield site)
Porongurup Nature Reserve [Western Shield site)
Shrublands; mallee scrub, black marlock (7.8%)
Corackerup Nature Reserve (Western Shield site]
Kundip Nature Reserve (new)
Beaumont Nature Reserve (new)
Shrublands; mallee scrub, Eucalyptus eremophila (9.2%)
Lake Magenta Nature Reserve (new)
Griffiths Nature Reserve (new)
Southern portion of Frank Hann National Park (new)

Mosaic: shrubland; mallee scrub, black marlock/Shrublands:
tallerack mallee heath (4.5%)

Proposed Peniup Nature Reserve (Western Shield site)
Fitzgerald River National Park — Chapman & Newbey (1995a) site
15B
Cocanarup Timber Reserve [new)
Shrublands; mallee scrub, Eucalyptus eremaphila and
Forrest’s marlock (€. forrestiana) (4.3%)
Proposed CALM Nth of Cheadenup Nature Reserve (new])
Bishops Nature Reserve (new)
Mosaic: medium woodland: salmon gum and red mallee/
shrubland: mallee scrub £ eremophila (3.8%)
CALM proposed extension of Peak Charles National Park (new)
Shrubland: jarrah/mallee heath (3.2%)
Stirling Range National Park (Barrett 1996, Mondurup Pk site)

Cape Riche / Pallinup River (Wellstead community site)




On the basis of these criteria, 11 established sites were
chosen across the area (Table 6). This left the addition
of nine new sites to fulfil the criteria of representation of
Beard’s vegetation units plus longitudinal and latitudinal

variation.

NEW MONITORING SITES

New sites were established at the selected site locations
with the following additional constraints:

1. the need to be accessible via four wheel drive vehicle

2. the need to be away from possible future disturbance
(e.g. fire breaks and road realigning)

The nine new sites chosen are listed in Table 7 below.

GROUND TRUTHING AND COLLECTION OF BASELINE
DATA

After the process of site selection via the GIS, the next
step in the process was to ground-truth sites. For most
established sites, ground-truthing was not critical, as
information was already available for these sites on
vegetation type and accessibility. However, this did not
apply to the Western Shield sites as, although these
were established sites, they provided data on small and
medium-sized mammals sampled from a 5 km long
transect and had no quadrats established for monitoring
vegetation. It was therefore thought necessary that these
sites be ground-truthed to assess the suitability of the
vegetation type.

The initial intention of the project was to identify and
locate new sites on the ground and to carry out the
collection of baseline data. However, after a number of
sites had been visited it became clear that, although some
sites fell into a particular Beard vegetation unit on the GIS
system, on the ground, the site was not of that vegetation
type. For example, the Griffiths Nature Reserve site fell
into Beards vegetation unit Shrublands; mallee scrub,
Eucalyptus eremophila. This vegetation unit is described
by Beard as ‘€ucalyptus eremophila is dominant and
characteristic with a Melaleuca understorey’. However,
within Griffiths Nature Reserve the mallee formation was
predominantly Eucalyptus forrestiana with £. eremophila
mostly occurring on the roadsides.

Another example was the CALM proposed extension of
Peak Charles National Park in the north east of the area.
Here quite a large area of the south-east corner of this
proposed reserve falls into Beards ‘Mosaic: medium

woodland: salmon gum and red mallee/shrubland: mallee
scrub Eucalyptus eremophila.’ This vegetation unit is
described by Beard as ‘somewhat flat or gently undulating
country covered with mallee of Eucalyptus eremophila

or of € oleosa (red mallee) — €. flocktoniae with patches
of woodland of the last two named species and £.
salmonophloia (salmon gum) or €. diptera’. On-ground
inspection of this area found only one very small patch
of Salmon Gum approximately 100 m across. Much of the
area was Allocasurina woodland with very little mallee

or woodland formation. The interpretation of Beard’s
description of mosaic may also have been a problem in
this case.

At other sites, mosaic clearly meant very small-scale
patchiness. For example in the vegetation unit ‘Mosaic:
shrubland; mallee scrub, black marlock/Shrublands:
tallerack mallee heath’, black marlock (€. redunca) and
tallerack (€. tetragona) occurred as a tight mosaic, such
that one 20 m? quadrat sampled both components of the
mosaic. It became clear that this was not the definition of
the term ‘mosaic’ in the vegetation unit ‘Mosaic: medium
woodland: salmon gum and red mallee/shrubland: mallee
scrub Eucalyptus eremophila’ and thus the description
was misleading in this respect. This latter case may have
been an example of misinterpretation of Beard’s maps
rather than any inaccuracy in the maps.

The lack of correlation with Beard’s mapping on the ground,
in some instances, raises the question of the accuracy

of these maps. This problem is more than one of scale.
Obviously mapping at a larger scale than 1:250,000 would
have picked up a greater variety of plant associations in
an area. However, although it may be expected that all
small patches of vegetation types may not be identified
ata 1:250,000 scale, it would be expected that a point

on the map which has been identified as a particular
vegetation association, should consist predominantly of
that vegetation association. As discussed, this was not
the case for two potential monitoring site locations in the
eastern portion of the area.

Thus, in the future, caution is needed when using Beard’s
1:250,000 vegetation mapping as a precise data set of
vegetation associations, and care should be taken in the
interpretation of this data set. This may be of greater
concern in the eastern portion of the area.

The difficulties encountered with the mapping made site
selection on the ground, or the decision not to locate



a site where intended, difficult and time consuming.
Consequently, as only limited time was available for this
process, not all sites could be visited or ground-truthed.
Of the new sites selected, two were not visited and
therefore it remains unknown as to whether these sites

are suitable in terms of vegetation type and accessibility.
The unknown suitability of vegetation types also applies
to the Western Shield sites not visited (three sites]. Table
7 summarises the sites to be potentially used in the
monitoring network and the actions taken for each site.

The following information was collected as baseline data at
six of the nine new sites.

QUALITATIVE DATA:
= photopoints

®  gerial photographs

®  site descriptions (soil, landform and slope])

QUANTITATIVE DATA:

®  species richness of plants
®  cover of vegetation stratum

®  species richness and abundance of invertebrates

Details of methods of the collection of baseline data are
given in Appendix 7.

3.4 RESULTS AND DISCUSSION
PROPOSED NETWORK OF MONITORING SITES

The final selection from existing established sites and the
creation of new sites resulted in a network of monitoring
sites that were representative of regional ecosystems
(Table 7; Figures 16 and 17).

TABLE 7 Potential network of long-term ecological
monitoring sites and the actions taken for each
site (As at 2003)
Monitoring site

Established sites

Stirling Range National Park —

Actions taken Site #

Base line data collected 8

Western Shield site Oct 2001

Fitzgerald River National Park — Not visited 13
Chapman & Newbey, 1995a and

Sanders, 1997 — site 51A

Southern Fitzgerald River National Not visited 14
Park (Pt. Anne) — Chapman &

Newbey, 1995a — site 37A

Jerdacuttup Lakes Nature Reserve — Not visited 16
Sanders, 1996 — site NR11

Mt. Lindesay — Western Shield site  Not visited 19

Baseline data collected 7
Oct 2001
Not visited 18

Porongurup National Park — Western
Shield site

Corackerup Nature Reserve —
Western Shield site

Proposed Peniup Nature Reserve —
Western Shield site

Fitzgerald River National Park —
Chapman & Newbey, 1995a — site
15B

Stirling Range National Park —
Barrett, 1996 — Mondurup Pk site
Cape Riche / Pallinup River —
Wellstead community site

New sites

Kundip Nature Reserve

Site established butno 9
baseline data collected
Not visited 15

Not visited 12

Not visited 17

Not visited 11

Visited and new site 1
selected in Muntz

Rd. Nature Reserve
baseline data collected
Sept 2001

Not visited 10

Beaumont Nature Reserve

Lake Magenta Nature Reserve
Griffiths Nature Reserve Visited but vegetation
type not suitable

Baseline data collected 5
Oct 2001

Site established but no 6
baseline data collected

Baseline data collected 4

Southern portion of Frank Hann
National Park

Cocanarup Timber Reserve

Proposed CALM Reserve Nth of

Cheadenup Nature Reserve Oct 2001
Bishops Nature Reserve Baseline data collected 2
Sept 2001

CALM proposed extension of Peak
Charles National Park

Visited but vegetation
type not suitable




FIGURE 16: Proposed network of long-term ecological monitoring sites (numbers correspond to Table 7)




FIGURE 17: Macro Corridor Network and long term monitoring sites




The 18 sites listed above (20 minus the two sites visited

and deemed unsuitable] represent a proposed system of
regional long-term ecological monitoring sites for the area.
This system should provide a representation of regional
ecosystems and enable detection of ecosystem change
on a regional scale.

PROBLEMS ENCOUNTERED WITH THE COLLECTION
OF BASELINE DATA

No specific problems were encountered with the physical
collection of baseline data. However, interpretation and
analysis of the data revealed several problems that may
hinder the accurate or unequivocal detection of change at
these sites. These problems are:

®  the use of a vegetation cover measure thatis an
estimate rather than a real measure may make the
statistically based detection of change difficult

®  the number of quadrats sampled (three] was the
maximum that could be sampled within the time and
resource constraints of the project; however, although
three quadrats are better then one for detecting
change, this is a low number as the greater the number
of quadrats the more accurately change may be
detected

®  the abundance of invertebrates sampled in a number
of the eastern sites was very low; this may have been a
factor of low temperatures during the sampling season
(September 2001).

The following outcomes were achieved during the project
in relation to the monitoring network:

1. Adatabase was developed of existing and new
monitoring sites within the area.

2. AGIS tool was developed that can be used to select
discrete areas or sites across the area that are
representative of the area. The criteria used here
for the site selection process could be diversified to
include variables such as altitude to provide a more
comprehensive system of sites if more resources
became available.

3. Baseline data was collected for a subset of the new
monitoring sites.

4. Recognition of the limitations of Beard’s 1:250,000
vegetation mapping.

3.5 RECOMMENDATIONS

During the project a few problems were encountered and
the following recommendations are made to improve the
future monitoring program:

®  Further work is needed to establish new monitoring
sites that are ground-truthed to ensure that the
network is truly representative of the area.

®  The objective for monitoring may need to be refined
further so that specific outcomes can be measured
and therefore change can be unequivocally detected.

®  The use of a measure for vegetation cover that can
statistically detect change should be investigated
further.

= The number of quadrats sampled may need to be
increased in future monitoring.

®  The costs of the above two recommendations may
be quite high and should be factored into any further
cost/benefit analysis.

®  Although many of the established sites were not
included in the regional monitoring network, it is
nevertheless strongly recommended that sites already
set up as permanent monitoring sites continue to be
sampled at regular intervals to provide information
on long-term changes within these communities; for
example, the mountain top sites (Barrett 1996) could
act as an early warning for climate change.

m  Seasonal sampling should be built in to the monitoring
program.

m  (onsideration should be given to integrating this
regional network of monitoring sites into a global
system of monitoring such as BRIM, a sub program of
the Man and the Biosphere Program.



The Macro Corridor Network has been recognised in

other localised or landscape scale planning processes.
- John Watson

SECTION 4

EVOLVING USE AND APPLICATIONS OF THE MACRO
CORRIDOR CONCEPT INTO THE 21° CENTURY

Lead Writer: John Watson

GLOBAL RECOGNITION

There has been growing recognition
that better protection is required,

for example through the presence of
buffer zones around protected areas in
order to reduce external impacts, and
through establishment and protection
of vegetated corridor links or secure
stepping stones between remnant
patches in disturbed landscapes

SOUTH COAST INITIATIVES

Rather than simply target development
of the most obvious nearby portions

of uncleared Crown reserves within
the Coastal Macro Corridor, it has been
possible to negotiate designs which
minimise impact on the width of the
corridor.

GONDWANA LINK

The Gondwana Link project is an exciting
partnership between various non-
government conservation organisations.

It has now broadened its horizons to
a longer Karri-to-Kalgoorlie linkage
via the Stirling Range and Corackerup
and then along the north-east axis
via Jerramungup to the Fitzgerald
River National Park and then via the
Ravensthorpe area to the Southern
Goldfields.

COMMUNITY VALUES

There are many other major corridor
linkages, then even more localised
connecting linkages right down to the
farm paddock level.

The Network provides a sound basis for
the maxim to ‘think globally, act locally’
in the context of providing a degree of
ownership or belonging to the entire

regional network.




SECTION 4: EVOLVING USE AND APPLICATIONS OF THE
MACRO CORRIDOR CONCEPT INTO THE 21 CENTURY

4.1 GLOBAL RECOGNITION OF LARGE

SCALE CONNECTIVITY NEEDS

Only some 30-40 years ago, there was a belief that the
world’s biodiversity could be adequately protected into
the future by simply establishing national parks and other
conservation reserves in such a way that they included
representation of all major landforms and vegetation
associations. Since then, however, there has been growing
recognition that better protection is required, for example
through the presence of buffer zones around protected
areas in order to reduce external impacts (the original
biosphere reserve concept) and through establishment
and protection of vegetated corridor links or secure
stepping stones between remnant patches in disturbed
landscapes. It is also now recognised that community
awareness of and support for protected areas are
essential.

Every ten years or so the World Commission on Protected
Areas (WCPA), a commission of the World Conservation
Union (IUCN]J, convenes a World Parks Congress which
brings together managers, researchers, policy makers,
Indigenous owners, users, non-government organisations
(NGOs) and many others, all of whom have a direct
reliance on, responsibility for, or interest in, protected
areas in different parts of the world. The 5® World Parks
Congress was held in Durban, South Africa, in September
2003, which was shortly after completion of the Western
Australian South Coast Macro Corridor Project 1999-2002.
It attracted some 2600 participants, of whom around 50
were from Australia (IUCN 2005).

These global congresses provide an overview of what
trends, issues and initiatives have emerged in protected
areas around the world over the previous decade, what
new issues and potential threats to protected areas are
emerging, and what strategies need to be put in place to
address change over the ensuing ten years and beyond.
At the Durban congress there was a strong focus on
protected areas as integral parts of total landscapes with
one of the seven major workshop themes focusing on
Linkages in the Landscape/Seascape. It was apparent
from the presentations in this theme that the type of
landscape and bioregional approach of our Macro Corridor

Network in Western Australia is recognised in many
parts of the world as crucial to long term biodiversity
conservation and to the socioeconomic values and
ecosystem services that protected areas provide.

There was also a strong focus at the congress on change
into the 21% century including a plenary presentation
looking at potential scenarios for protected areas through
to 2023 McNeely & Schutyser 2003). A recurring focus
within discussions on change was the inevitability of
global climate change as a threatening process for
biodiversity.

Based on the growing recognition of the importance

of landscape and regional connectivity for biodiversity
conservation and similar growth in recognition of the
threat of global climate change, in this final section of the
Macro Corridor Report we address :

B initiatives and actions to retain existing connectivity in
the South Coast Region

B jnitiatives to enhance existing connectivity

®  yse of the Macro Corridor Network and concept as a
planning tool

®  broader community values of the Macro Corridor
Network

®  the potential of the network as a key part of a broader
bioregional network to monitor change.

Each is now addressed in turn.



4.2 SOUTH COAST INITIATIVES TO
RETAIN CONNECTIVITY

Whilst use of the Macro Corridor concept as a planning

tool is explored more fully in Section 4.4, at a more local
level there have already been several instances where
awareness of the concept has helped reduce the impact of
incremental vegetation clearing upon the existing corridor
network.

For example, the town of Hopetoun sits within the
important coastal macro corridor a few kilometres to the
east of the Fitzgerald River National Park. There are several
records for threatened species of flora or fauna (including
Chuditch] in the section of corridor around Hopetoun. In
response to an increase in local population as a result of a
significant new mining operation for nickel in the Bandalup
Hill area to the north, there was a need to release more
blocks of land for future housing on and around the
outskirts of Hopetoun. There have also been growing
requirements for additional services for the expanding
community such as improved water and power supplies
and refuse disposal.

Rather than simply target development of the most
obvious nearby portions of uncleared Crown reserves
within the Coastal Macro Corridor, it has been possible to
negotiate designs which minimise impact on the width
of the corridor. Hence the coastal corridor will not suffer
further significant narrowing at this point which would
have occurred otherwise.

4.3 INITIATIVES TO ENHANCE

CONNECTIVITY

At a local level there have now been numerous instances
where undisturbed or regenerating natural vegetation
adjacent to or within a macro corridor has been purchased
as a public or private conservation reserve, has been
adopted under one of the range of conservation covenant
schemes available for private land, or has been designated
as a Land for Wildlife property in voluntary association
with the land owner or land manager. In many of these
instances, awareness of the Macro Corridor Network has
assisted a win-win outcome for both the land owners and
the granting organisations and authorities.

At a broader scale, several land conservation district
committees and similar organisations have developed
catchment or landscape scale proposals for various
funding opportunities to address natural resource
management issues such as soil conservation and
rising groundwater salinity. These have usually included
strategic revegetation and in many cases linkages with
existing major corridors or other areas of uncleared
vegetation.

A'local community group, the Friends of the Porongurup
Range Inc., has purchased and promoted a private
conservation reserve, Twin Creeks, as part of a wildlife
corridor link to the Porongurup National Park some 4 km to
the south. The private reserve is also partially linked to the

Kalgan River macro corridor to the north-east and hence is




an important stepping stone between the Porongurup and
Stirling Range National Parks.

The most ambitious and well known project is the
Gondwana Link project. Initially this focused on a potential
linkage between the Stirling Range National Park and the
western boundary of the Fitzgerald River National Park via
the Corackerup and proposed Peniup Nature Reserves. The
Gondwana Link project is an exciting partnership between
various non-government conservation organisations,
including the Australian Bush Heritage Fund, Greening
Australia and the Wilderness Society, as well as the local
community. It has recently broadened its horizons to a
longer Karri-to-Kalgoorlie linkage via the Stirling Range
and Corackerup and then along the north-east axis via
Jerramungup to the Fitzgerald River National Park and
then via the Ravensthorpe area to the Southern Goldfields.
A focus in recent times has been on purchase of lands to
consolidate existing connectivity in the Corackerup-Peniup
sector (Figure 12).

The Macro Corridor Network has also been recognised in
other localised or landscape scale planning processes
such the Lowlands Coastal Management Plan (Henke
2003] and Watershed Torbay Catchment Restoration Plan
(Read 2004), both located between Albany and Denmark.
The Lowlands Reserve is recognised as a vital macro
corridor link for the movement of both plants and animals
between West Cape Howe National Park and the Nullaki
Peninsula to the west. Within the Torbay catchment, an
analysis of remnant woody vegetation showed the high
potential for adding to biodiversity and habitat value
through bio-geographic planning for corridors.

4.4 USE AS A STRATEGIC PLANNING
TOOL

The Macro Corridor concept has also been used as a
planning tool by SCRIPT in order to target more strategic
use of devolved local scale grants. While the proximity of
a macro corridor or other major vegetation connection is
certainly not mandatory for strategic use of funds (there
will always be some localised areas of conservation
importance in the landscape between macro corridors
(e.g. threatened flora or special localised fauna habitats),
nevertheless the strategic long term significance of the
Macro Corridor Network is a key factor. SCRIPT has also
recognised the importance of the Macro Corridor Network
in the South Coast Regional Strategy for NRM (SCRIPT
2004) and its Regional NRM Investment Plan (SCRIPT
2005).

The Department of Environment is now using the datasets
as input to their assessment of land clearing applications.
The Network is also seen as a key component in the
Lower Great Southern Regional Strategy being prepared
by the Department of Planning and Infrastructure as a
broad level guide to land use planning in the City of Albany
and the Shires of Plantagenet, Cranbrook and Denmark
(Western Australian Planning Commission 2005).



4.5 COMMUNITY VALUES OF THE
MACRO CORRIDOR NETWORK

The Macro Corridor Network should not be thought of

in isolation from the rest of the South Coast landscape.
There are many other major corridor linkages, then even
more localised connecting linkages right down to the farm
paddock level. Figures 10, 11 and 14 earlier in the report
demonstrate this very effectively. Thus, most areas within
the regional landscape are ultimately connected to others
via this local, dendritic network and then via the Macro
Corridor Network at a regional scale. Hence, the Network
provides a sound basis for the maxim to ‘think globally, act
locally’ — at least in the context of providing a degree of
ownership or belonging to the entire regional network.

The Malleefowl Preservation Group is carrying out staged
strategic revegetation in part of this local, dendritic
network to facilitate the movement of malleefowl in the
north Ongerup area. Here malleefowl exist in isolated
patches of bushland within a farmland matrix and several
kilometres of corridors have been planted to assist their
dispersal to larger areas of vegetation such as the Tieline
Road Nature Reserve (Harold & Dennings 1998).

4.6 THE NETWORK AS PART OF A
BIOREGIONAL MONITOR OF CHANGE

As indicated briefly in Section 4.1, the consequences of
global climate change are seen by the IUCN and WCPA

as key challenges for the world’s protected area network
in the 21 Century. There is increasing acceptance in
Australia (Natural Resource Management Ministerial
Council 2004) and in Western Australia (Indian Ocean
Climate Initiative Panel 2002; McKellar 2004 that climate
change is occurring at a rapid rate — in geoclimatic
timescales — and that among the many impacts there will
be extra pressures upon biodiversity.

Without debating the predicted changes in detail, it does
appear that in the south west of Western Australia there
will be a reduction in rainfall away from the coast and a
general mean temperature rise. This will resultin a general
movement of climatic zones to the south, to the west and
upwards. Hence, in order to survive in the longer term we
can expect similar movement of plants and animals to
evolve.

The Macro Corridor Network could provide a valuable basis
on which to monitor any discernible wildlife movement
and to monitor biodiversity change generally, especially
if a monitoring network is established in conjunction

with more isolated control sites in the core areas of large
protected areas. This was one of the underlying rationales
for the monitoring network being proposed in Section 3.2
above. The identification of the Macro Corridor Network has
added value in this regard, in that it is essentially three
dimensional extending longitudinally, latitudinally and
altitudinally across the entire Region.

As pointed out in the 2004 NRM Ministerial Council
report, whereas enhanced connectivity should increase
the opportunity for dispersal and adaptation of endemic
species to climate change, it may also increase the
opportunity for more aggressive competing organisms,
including predators and pathogens, to spread. There is
some debate on the potential of corridors to exacerbate
the spread of wildlife disease (Bienen 2002). Thus,
additional monitoring sites within major corridors may
also provide an early warning system of such threats.

The South Coast Region of the South West global
biodiversity hotspot (Myers et al. 2000] contains a high
concentration of endemic or threatened species with even

more localised concentrations in areas such as the Stirling




Range National Park, Fitzgerald River National Park and the

Two Peoples Bay/Waychinicup area near Albany (Hopper
& Gioia 2004 ). These various regional ‘hotspots’ are also
linked by macro corridors that were classified to be of very
high priority and hence the focus of long term monitoring
maybe better skewed more towards the western part of

the study region.

4.7 FINAL COMMENT

Although the body of this report focuses on the Macro
Corridor Project 1999-2002 and the identification and
establishment of monitoring sites in 2001-2002, it is
clear that the Macro Corridor Network remains a very
useful tool and concept in the context of natural resource
management and in particular long term biodiversity
conservation. It is also clear that the framework in this
Region would be the envy of many other parts of the world
where such a high degree of vegetation connectivity
between major protected areas no longer exists.

With publication and dissemination of this report, it is
likely that new applications will emerge and that the
project will assume a greater input to on-going integrated
natural resource management planning and investment
across the Region. It is therefore vital that we continue

to promote and protect our bioregional Macro Corridor
Network not only for its biodiversity conservation
outcomes but also because ultimately our social and
economic futures will also benefit.
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APPENDIX 1:

THE IUCN RED LIST CATEGORIES (1994) USED FOR WESTERN AUSTRALIAN

FAUNA
THE CATEGORIES

EXTINCT (EX] — A taxon is Extinct when there is no
reasonable doubt that the last individual has died.

EXTINCT IN THE WILD (EW) — A taxon is Extinct in the

wild when it is known only to survive in cultivation, in
captivity or as a naturalised population (or populations)
well outside the past range. A taxon is presumed extinct
in the wild when exhaustive surveys in known and/or
expected habitat, at appropriate times (diurnal, seasonal,
annual), throughout its historic range have failed to
record an individual. Surveys should be over a time frame
appropriate to the taxon’s life cycle and life form.

CRITICALLY ENDANGERED (CR) — A taxon is Critically
Endangered when it is facing an extremely high risk of
extinction in the wild in the immediate future, as defined
by any of the criteria (A—E) as described below.

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, as defined by any
of the criteria (A—E] as described below.

VULNERABLE (VU] — A taxon is Vulnerable when it is not
Critically Endangered or Endangered but is facing a high

risk of extinction in the wild in the medium-term future, as

defined by any of the criteria (A—E) as described below.

LOWER RISK (LR) — A taxon is Lower Risk when it has
been evaluated, does not satisfy the criteria for any of
the categories Critically Endangered, Endangered or
Vulnerable. Taxa included in the Lower Risk category can
be separated into three subcategories:

1. Conservation Dependent (cd). Taxa which are the
focus of a continuing taxon-specific or habitat-specific
conservation programme targeted towards the taxon
in question, the cessation of which would result in the
taxon qualifying for one of the threatened categories
above within a period of five years.

2. Near Threatened (nt). Taxa which do not qualify for
Conservation Dependent, but which are close to
qualifying for Vulnerable.

3. Least Concern (Ic). Taxa which do not qualify for
Conservation Dependent or Near Threatened.

DATA DEFICIENT (DD]) A taxon is Data Deficient when

there is inadequate information to make a direct, or
indirect, assessment of its risk of extinction based on

its distribution and/or population status. A taxon in this
category may be well studied, and its biology well known,
but appropriate data on abundance and/or distribution is
lacking. Data Deficient is therefore not a category of threat
or Lower Risk. Listing of taxa in this category indicates
that more information is required and acknowledges the
possibility that future research will show that threatened
classification is appropriate. It is important to make
positive use of whatever data are available. In many cases
great care should be exercised in choosing between DD
and threatened status. If the range of a taxon is suspected
to be relatively circumscribed, if a considerable period

of time has elapsed since the last record of the taxon,
threatened status may well be justified.

NOT EVALUATED (NE) A taxon is Not Evaluated when it is
has not yet been assessed against the criteria.



THE CRITERIA FOR CRITICALLY ENDANGERED, 3. Extreme fluctuations in any of the following:
ENDANGERED AND VULNERABLE

CRITICALLY ENDANGERED (CR)

a) extent of occurrence
b) area of occupancy

Ataxon is Critically Endangered when it is facing an ¢] number of locations or subpopulations

extremely high risk of extinction in the wild in the d) number of mature individuals
immediate future, as defined by any of the following

o C) Population estimated to number less than 250 mature
criteria (A-E):

individuals and either:

A) Population reduction in the form of either of the 1. An estimated continuing decline of at least 25%
following: within three years or one generation, whichever is
1. An observed, estimated, inferred or suspected longer or
reduction of at least 80% over the last ten years or 2. Acontinuing decline, observed, projected, or
three generations, whichever is the longer, based inferred, in numbers of mature individuals and
on (and specifying) any of the following: population structure in the form of either:
a) direct observation a) severely fragmented (i.e. no subpopulation

b]) anindex of abundance appropriate for the taxon estimated to contain more than 50 mature

o individuals)
c) adecline in area of occupancy, extent of

occurrence and/or quality of habitat b) allindividuals are in a single subpopulation

d) actual or potential levels of exploitation D) Population estimated to number less than 50 mature

e) the effects of introduced taxa, hybridisation, individuals.

athogens, pollutants, competitors or parasites. _ . . -
pathog P P P E) Quantitative analysis showing the probability of

2. Areduction of at least 80%, projected or suspected extinction in the wild is at least 50% within ten years or

to be met within the next ten years or three three generations, whichever is the longer.
generations, whichever is the longer, based on (and

specifying) any of (b}, (c), (d) or (e] above.

B) Extent of occurrence estimated to be less than 100
km? or area of occupancy estimated to be less than 10
km?, and estimates indicating any two of the following:

1. Severely fragmented or known to exist at only a
single location.

2. Continuing decline, observed, inferred or projected,
in any of the following:

a) extent of occurrence
b) area of occupancy
c) area, extent and/or quality of habitat

d) number of locations or subpopulations

e] number of mature individuals




ENDANGERED (EN) C) Population estimated to number less than 2500
mature individuals and either:

Ataxon is Endangered when it is not Critically Endangered 1. An estimated continuing decline of at least 20%

but is facing a very high risk of extinction in the wild in within five years or two generations, whichever is

the near future, as defined by any of the following criteria |
onget, or

A-E):
(A-E) 2. Acontinuing decline, observed, projected, or

inferred, in numbers of mature individuals and
population structure in the form of either:

A) Population reduction in the form of either of the
following:

1. Anobserved, estimated, inferred or suspected a) severely fragmented (i.e. no subpopulation

reduction of at least 50% over the last ten years or
three generations, whichever is the longer, based
on (and specifying) any of the following: b) allindividuals are in a single subpopulation.

estimated to contain more than 250 mature
individuals)

a) direct observation D] Population estimated to number less than 250 mature

b) anindex of abundance appropriate for the taxon individuals.

c) adecline in area of occupancy, extent of

occurrence and/or quality of habitat E) Quantitative analysis showing the probability of

extinction in the wild is at least 20% within 20 years or

d) actual or potential levels of exploitation five generations, whichever is the longer.

e] the effects of introduced taxa, hybridisation,
pathogens, pollutants, competitors or parasites.

2. Areduction of at least 50%, projected or suspected
to be met within the next ten years or three
generations, whichever is the longer, based on (and
specifying) any of (b], (c], (d], or (e] above.

B) Extent of occurrence estimated to be less than 5000
km? or area of occupancy estimated to be less than
500 km?, and estimates indicating any two of the
following:

1. Severely fragmented or known to exist at no more
than five locations.

2. Continuing decline, inferred, observed or projected,
in any of the following:

a) extent of occurrence
b) area of occupancy
c) area, extent and/or quality of habitat
d) number of locations or subpopulations
e) number of mature individuals
3. Extreme fluctuations in any of the following:
a) extent of occurrence
b) area of occupancy
c) number of locations or subpopulations

d) number of mature individuals




VULNERABLE (VU) C) Population estimated to number less than 10,000

mature individuals and either:
Ataxon is Vulnerable when it is not Critically Endangered

or Endangered but is facing a high risk of extinction in the
wild in the medium-term future, as defined by any of the
following criteria (A—E):

1. An estimated continuing decline of at least 10%
within ten years or three generations, whichever is
longer, or

2. Acontinuing decline, observed, projected, or

A) Population reduction in the form of either of the inferred, in numbers of mature individuals and

following: population structure in the form of either:

1. An observed, estimated, inferred or suspected a) severely fragmented (i.e. no subpopulation

reduction of at least 20% over the last ten years or
three generations, whichever is the longer, based
on (and specifying) any of the following: b) allindividuals are in a single subpopulation

estimated to contain more than 1000 mature
individuals)

a) direct observation D) Population very small or restricted in the form of either

b) an index of abundance appropriate for the taxon of the following:

c) adecline in area of occupancy, extent of 1. Population estimated to number less than 1000
occurrence and/or quality of habitat mature individuals.

d) actual or potential levels of exploitation 2. Population is characterised by an acute restriction

e) the effects of introduced taxa, hybridisation, in its area of occupancy (typically less than 100
pathogens, pollutants, competitors or parasites. km?] or in the number of locations (typically less

than five). Such a taxon would thus be prone to
the effects of human activities (or stochastic
events whose impact is increased by human
activities) within a very short period of time in
an unforeseeable future, and is thus capable of

2. Areduction of at least 20%, projected or suspected
to be met within the next ten years or three
generations, whichever is the longer, based on (and
specifying) any of (b], (c], (d] or (e) above.

B) Extent of occurrence estimated to be less than 20,000 becoming Critically Endangered or even Extinctin a
km? or area of occupancy estimated to be less than very short period.
2000 km?, and estimates indicating any two of the

E) Quantitative analysis showing the probability of
extinction in the wild is at least 10% within 100 years.

following:

1. Severely fragmented or known to exist at no more
than ten locations.

2. Continuing decline, inferred, observed or projected,
in any of the following:

a) extent of occurrence
b) area of occupancy
c) area, extent and/or quality of habitat
d) number of locations or subpopulations
e] number of mature individuals
3. Extreme fluctuations in any of the following:
a) extent of occurrence
b) area of occupancy

c) number of locations or subpopulations

d) number of mature individuals




APPENDIX 2A:
THREATENED FAUNA OF THE MACRO CORRIDOR NETWORK AREA AS OF
NOVEMBER 2004.

(LISTED UNDER THE WESTERN AUSTRALIAN WILDLIFE CONSERVATION ACT 1950 ACCORDING TO THE IUCN
RED LIST CATEGORIES — SEE APPENDIX 1)

THREATENED MAMMALS
Chuditch

Dibbler

Red-tailed Phascogale
Numbat

Western Ringtail Possum
Gilbert’s Potoroo

Recherche Rock-wallaby
Black-flanked Rock-wallaby
Quokka

Heath Rat

THREATENED BIRDS
Malleefowl

Recherche Cape Barren Goose
Australasian Bittern

Baudin’s Black Cockatoo
Carnaby'’s Black Cockatoo
Western Ground Parrot

Noisy Scrub-bird

Western Bristlebird

Western Whipbird
THREATENED FROGS

Sunset Frog

THREATENED INVERTEBRATES
Stirling Range Rhytidid Snail
Stirling Range Moggridgea Spider
Western Archaeid Spider

Dasyurus geoffroii VULNERABLE
Parantechinus apicalis ENDANGERED
Phascogale calura ENDANGERED
Myrmecobius fasciatus VULNERABLE
Pseudochierus occidentalis VULNERABLE
Potorous gilberti CRITICALLY ENDANGERED
Petrogale lateralis hackettii VULNERABLE
Petrogale lateralis lateralis VULNERABLE
Setonix brachyurus VULNERABLE
Pseudomys shortridgei VULNERABLE
Leipoa ocellata VULNERABLE
Cereopis novaehollandiae grisea VULNERABLE
Botaurus poicilptilus VULNERABLE
Calyptorhynchus baudini ENDANGERED
Calyptorhynchus latirostris ENDANGERED
Pezoporus wallicus flaviventris CRITICALLY ENDANGERED
Atrichornis clamosus VULNERABLE
Dasyornis longirostris VULNERABLE
Psophodes nigrogularis nigrogularis VULNERABLE

Spicospina flammocaerulea VULNERABLE
Undescribed Rhytidid sp.(WAM#2295-69) CRITICALLY ENDANGERED
Moggridgea sp. (B.Y.Main 1990/24, 25) ENDANGERED
Austrarchaea mainae VULNERABLE




APPENDIX 2B:
SPECIALLY PROTECTED AND PRIORITY MAMMALS, BIRDS AND REPTILES OF
THE MACRO CORRIDOR NETWORK AREA AS OF NOVEMBER 2004

PRIORITY MAMMALS

Brush-tailed Phascogale Phascogale tapoatafa Priority 3
Quenda Isoodon obesulus fusciventer Priority 5
Woylie Bettongia penicillata Priority 5
Tammar Wallaby Macropus eugenii derbianus Priority 5
Western Brush Wallaby Macropus irma Priority 4
Water Rat Hydromys chrysogaster Priority 4
Western Mouse Pseudomys occidentalis Priority 4
Black Bittern (south west population) Ixobrychus flavicollis Priority 2
Little Bittern Ixobrychus minutus Priority 4
Peregrine Falcon Falco peregrinus Specially Protected
Bustard Ardeotis australis Priority 4
Eastern Curlew Numenius madagascariensis Priority 4
Hooded Plover Charadrius rubricollis rubricollis Priority 4
Bush Stonecurlew Burhinus grallarius Priority 4
Forest Red-tailed Black Cockatoo Calyptorhynchus banksii naso Priority 3
Naretha Blue Bonnet Northiella haematogaster narethae Specially Protected
Major Mitchell’s Cockatoo Cacuata leadbeateri Specially Protected
Barking Owl Ninox connivens connivens Priority 2
Masked Owl Tyto novaehollandiae Priority 3
Shy Heathwren (western) Hylacola cauta whitlocki Priority 4
Rufous Fieldwren (western wheatbelt) Calamanthus campestris montanellus Priority 4
White-browed Babbler (western wheatbelt) Pomatostomus superciliosus ashbyi Priority 4
Western Whipbird (western mallee subsp.) Psophodes nigrogularis oberon Priority 4
Crested Shrike-tit (south-western subsp.) Falcunculus frontatus leucogaster Priority 4
Crested Bellbird (southern) Oreoica gutturalis gutturalis Priority 4
Southern Death Adder [southwest population) Acanthophis antarcticus Priority 3
Short-nosed Snake Elapognathus minor Priority 2
Lake Cronin Snake Paraplocephalus atriceps Priority 3
Elapid Snake Parasuta spectabilis bushi Priority 1
Recherche Dugite Pseudonaja affinis tanneri Priority 2
Ravensthorpe Range Lerista Lerista viduata Priority 1
Gecko (unnamed species) Phyllodactylus sp ‘Cape Le Grand” Priority 2
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APPENDIX 4:

METADATA STATEMENTS FOR THE SOUTH COAST MACRO CORRIDOR PROJECT

METADATA STATEMENTS — DEPARTMENT OF
CONSERVATION AND LAND MANAGEMENT,
WA

Title:
The South Coast Macro Corridor Project

Custodian:
CALM South Coast Region

Jurisdiction:
Western Australia

Abstract:

The broad aim of the project was to improve the long-term
viability of the region’s terrestrial biota by identifying and
promoting the potential to improve landscape connectivity
on a regional scale.

Existing and potential large scale corridors connecting

the larger areas of remnant vegetation with significant
conservation value were identified, mapped and prioritised
in a network of ‘macro’ corridors.

Search Words(s):
Connectivity, corridors, landscape networks,

Geographic Extent:

Originally the Project Area boundary was to be equivalent
to that of the CALM South Coast Region from Cape Arid to
Hay River west of Albany (see Figure 1 of the main report).
ATechnical Advisory Group (TAG] that was formed for the
project expanded the Project Area to match the boundaries
of the South Coast Regional Initiative Planning Team’s
(SCRIPT) NRM Region (see Figure 1 of the main report).
This boundary better fitted the extent to which satellite
imagery and subsequent digital geographical information
was available at the commencement of the project. It also
meant that linkages with forested areas to the west of
Albany could be included.

The amended Project Area includes the catchments of all
southerly flowing rivers from the Walpole area in the west
to Cape Arid National Park, some 700 km to the east, and
covers an area of 5.4 million hectares.

As the boundary is essentially an administrative one, it
does not take into consideration the biological linkages

that occur with adjoining regions. To better appreciate the
possibility of inter-regional linkages, a 30 km buffer was
added to the boundary when carrying out data collation
and information processing.

Beginning Date: June 1999
Ending Date: December 2002

Update Frequency:
HAS NOT BEEN UPDATED SINCE COMPLETION

Comments on data used:

One of the major difficulties for the project was the

limited availability of data that was consistent across the
entire Project Area. For example, good quality vegetation
mapping existed for only some of the catchments in the
Project Area. At the time that the project began, the most
complete and consistent digital mapping of vegetation
was the 1996 Woody Vegetation mapping produced by
the Land Monitor Project for south west Western Australia.
This was the primary dataset on which GIS analysis for the
South Coast Macro Corridor Project was based.

That data does have limitations since the classification

as ‘perennial vegetation’ relies on the spectral contrasts
of cover types resulting from physical differences on

the ground, and effectively requires a certain density

of vegetation. Hence thin, scattered vegetation with a
high proportion of soil background (e.g. after recent fire)
may be omitted. The data includes plantations and other
non-natural stands of woody vegetation and it is based, in
part, on various assumptions and predictions (Renzullo &
Wallace 2001).

Current plantation data (2000) was compared with

the 1996 Woody Vegetation data. It was found that

the relatively small area of woody vegetation that was
plantation would not significantly affect the final results
and therefore was not clipped out of the Woody Vegetation
data set.

The CALM Geographical Information System (GIS) section
vectorised the 1996 Woody Vegetation data, which made
it possible to calculate the area of polygons and distances
between polygons in ArcView 3.2 software. This was
necessary for determining spatial relationships between
vegetation polygons.



Pixels used are broader than actual remnant vegetation
boundaries — caution is required with use.

EXPLANATION OF MACRO CORRIDOR ZONES

Strategic Zone A:

Contains areas of woody vegetation where polygons >30
ha in size are spaced <1 km apart and potentially form the
most strategic link between major protected areas.

Strategic Zone B:

Contains areas of woody vegetation where polygons
>30 ha in size are spaced <1 km apart and potentially
provide good nodes of habitat which are within <1 km of
vegetation within Strategic Zone A.

Zone C:

Contains areas of woody vegetation where polygons >30
ha in size are spaced >1 km from the woody vegetation in
Strategic Zones A and B, and also contains areas of woody
vegetation where polygons >30 ha in size are space <1
km apart but the total area of woody vegetation is <10% of
a 900 ha grid cell. The vegetation within Zone C potentially
provides habitat value for wildlife at the local scale but
requires closer assessment to determine its value for a
regional scale Macro Corridor Network.

Stored Data Formats:
SHAPEFILE

Available Data Formats:

Datum and Projection:
WGS84

Access Constraint:
Not to be copied without permission from CALM Albany

Lineage:
See Excel file given in Appendix 3 of the main report for
details of datasets used.

Positional Accuracy:

Not relevant

Attribute Accuracy:

Relates to accuracy of individual datasets used.
Logical Consistency:

Completeness:

Contact Organisation:

Department of Conservation and Land Management South
Coast Region

120 Albany Highway

Albany WA 6330

Contact Person: Sarah Comer

Mail Address:

Department of Conservation and Land Management South
Coast Region

Albany Highway

Albany WA 6330

Locality: South Coast Region
State: Western Australia
Country: Australia

Postcode: 6330

Telephone: (08) 9842 4500
Facsimile: (08) 9841 3329
Email Address: sarah.comer@dec.wa.gov.au

Metadata Date: May 2004




APPENDIX 5:
DEVELOPMENT OF THE HIGH NATURE CONSERVATION AREA DATABASE

Atemplate dataset needed to be built prior to assessing nature conservation values. The following flow diagram
illustrates the GIS process.

All Datasets were projected into Albers Equal area-conic projection.The demonstration nature conservation value

database has been developed using the above proforma and the following nature conservation criteria:

Beard 1:250,000
Veg map

——————————— CLIP TO PROJECT AREA ————————

Woody Veg

Calculate area

Tag all records in a new field with ‘wv” Tag all records in a new field with ‘pla”

Plantation

Calculate area

Cadastre

Calculate area and
keep

Union2 | ‘

N
=

Union 1

Merge ‘wv’ and ‘pla’ tags
into one field

Shapefile

Nature Conservation Proforma

With the following fields: Beard veg. codes and descriptions, total woody veg
area, total plantation area, veg type i.e. plantation or other, cadastre area.
Calculated the area of each new polygon and keep in a new area field.




Presence of Declared Rare and Priority Flora

Declared rare flora (DRF) and priority flora data was
overlaid onto the proforma. Using the ‘select by theme’
function, each woody vegetation polygon that intercepted
with or was within 100 m of a DRF species was tagged
with a number one in a new field called ‘DRF’. Where two
DRF species occurred in the same polygon the polygon
was tagged with a number two and so on until no more
DRF species occurred.

This was repeated for priority species; however each
polygon was tagged with 0.5 regardless of the number of
priority species that may have occurred within a polygon.

The reasoning behind using the ‘within 100 m’ criteria was
mainly to account for inaccuracies of the site location
data.

Presence of Threatened Fauna

At the completion of the threatened fauna database, the
same process as above for DRF will identify which woody
vegetation polygons have threatened fauna records.
Polygons with threatened fauna will score one. Accurate
historical data could be incorporated as it may indicate
potential habitat for some species.

Representativeness of Beard’s 1:250 000 plant
communities within CALM managed estate

Representativeness percentages were inserted into the
proforma attribute table and saved in a new field. These
figures were categorised into three groups:

m (0% =unreserved: areas of woody vegetation that were
unreserved, these were tagged with a score of two

m  (0-10% = inadequately reserved: vegetation
communities that were inadequately reserved were
tagged with a score of one

m  10-100% = adequately reserved: these polygons were
not scored

Threatened Ecological Communities (TEC)

This data should be incorporated within the proforma.
Each woody vegetation polygon that is identified as a TEC
should be scored with one.

Priority Wetlands

Wetlands that have been given a priority status according
to their nature conservation value should be scored with
one within the proforma.

Area and Shape of Woody Vegetation Polygons

The area and shape of woody vegetation polygons were
not included into the nature conservation value database
for the simple reason that these are very difficult to value.
Area is important for long-term viability of species but an
area of bush that is adequate for one species may not be
for another. Shape is especially significant when designing
a protected area; however the Macro Corridor Project

does not recognise shape as being significant because
corridors of vegetation naturally have poor edge to area
ratios. Each patch of bush is however recognised as
having potential to improve landscape connectivity.

Once all the polygons were allocated a number these were
tallied into a new field, and then displayed as categories in
ArcView.

The assumption used for the demonstration database
was that any polygon with a score of one or greater had
especially high nature conservation value and should be
targeted for protection.

A major limitation with this data is that it is biased to
areas where nature conservation values, in particular the
presence of threatened species and the representation
of Beard’s Vegetation Associations at a 1:250,000 scale,
are well known and it under represents areas where little
or nothing is known. Therefore areas that score less than
one should not be seen as having no significant nature
conservation value but should be treated as an area

where information is lacking.




APPENDIX 6

ESTABLISHED ECOLOGICAL MONITORING SITES WITHIN AND SURROUNDING

THE SOUTH COAST REGION
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APPENDIX 7:

METHODS OF BASELINE INFORMATION COLLECTED ON LONG-TERM

MONITORING SITES
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1.0 ESTABLISHED SITES

For already established sites, information was collated on
the following:

location

baseline data collected

vegetation type

soil type

number of times sampled

how the site was marked or mapped

2.0 NEW SITES
Information collected on five new sites included:

®  site descriptions

®  floristics

®  cover of each vegetation stratum

®  soil and landform description

®  abundance and richness of invertebrates

Sampling occurred from September to November 2001.

Methods for site descriptions, vegetation descriptions and
soil and landform descriptions were based on those set up
by CALM’s Wheatbelt Region for the assessing the nature
conservation values of Crown Lands (Prowse 2000). Data
required for the description of sites, vegetation and soils
generally follows the methods and coding of McDonald et
al. (1998). The relevant sections of McDonald et al. (1998)
have been included in this document. If any clarifications
are required the appropriate page number(s) have also
been included. The methodology and coding of McDonald
etal. (1990]) is identical to McDonald et al. (1998];
however page numbers differ.

The methods were modified slightly to suit the objectives
of the current project.

2.1 SURVEY SITE DESCRIPTION

The following information was recorded for each site
surveyed:

®  Reserve number [Reserve Details] Reserve No

®  Reserve name [Reserve Details] Reserve Name

m  |ocation number [Reserve Details] Location No

m  Shire [Reserve Details] Shire

®  Land district [Reserve Details] Land District

m  CALM district name [Reserve Details] District Name
®  District number [Reserve Details] District Number

®  The appropriate 1:50 000 Topographic Survey
mapsheet name and number ] (record more than
one if necessary) [Reserve Details] Topo Map Name;
[Reserve Details] Topo Map No.

2.2 QUADRAT DESCRIPTION

2.2.1 NUMBER OF QUADRATS PER SITE AND
SAMPLING DESIGN

Sampling of the physical, soil, floristic and vegetation
structural attributes at each survey site was quadrat
based.

The sampling design was one of stratified random

sampling. The project area was stratified into vegetation
units and three quadrats were then randomly placed




within this vegetation unit at each site (assessed visually)
by randomly placing the first quadrat and then situating
the next two quadrats at a set distances apart (200-300
m).

The three quadrats at each site are not true replicates as
they do not have exactly the same species composition,
structure etc (this is impossible to do considering the
nature of the vegetation types i.e. small scale changes in
species); however, they should give a better indication of
change on a site than if only one quadrat was used. For
example, if a species is present in all quadrats at time 1
and absent form all quadrats at time 2 it suggests more
confidently that species may have disappeared form the
site than if only one quadrat were used.

2.2.2 SIZE OF QUADRATS

Each quadrat consisted of a combination of two nested
quadrats and a transect. The first quadrat measured 20
m by 20 m (400 m?). The second quadrat, measuring 10
m by 10 m (100 m?}, was nested within the northwest
corner of the first (400 m?) quadrat (Figure 1). Atransect
was established that diagonally intersects both nested
quadrats, with its origin in the northwest corner.

]

10

Transect

FIGURE A7-1: The quadrat and transect structure used at

each survey site

2.2.3 MARKING AND LABELLING

All quadrats were marked with a galvanised steel star
picket with a unique site identifier punched directly into
the star picket to facilitate future relocation. The marker
was placed in the corner common to the nested quadrats
and at the start of the transect. The alignment of the

transect was documented with a magnetic compass
bearing.

2.3 QUADRAT BASED MEASUREMENTS

2.3.1 GENERAL

A colour photograph of each quadrat was taken from the
star picket in the direction of the transect (a photopoint].
The photograph showed the galvanised steel star picket in
the foreground and showed the general appearance of the
vegetation at the survey site.

All photographs were taken with a standard 35 mm SLR
camera using colour negative (print) film (100ASA). The
following information was recorded for each photo:

Film number
Negative number
Reserve number

Site identifier (quadrat number, non-Indigenous and/or
Aboriginal cultural heritage)

Date

Magnetic compass bearing of photo (to nearest ten
degrees)

In addition the following general information was recorded
for each quadrat:

®  Unique quadrat identifier (LTM = Long term Monitoring)
and two digits plus VA or VB or VC (i.e. Vegetation A,B,C)
[Quadrat Description] Quadrat Number

® Date [Quadrat Description] Date

®  Surveyor(s) name(s) [Quadrat Description] Collector

®  Reserve number [Quadrat Description] Reserve
Number

®  Reserve name [Quadrat Description] Reserve Name
Location using a GPS [Quadrat Description] Latitude;
[Quadrat Description] Longitude; Duration of GPS
averaging (minutes) [Quadrat Description] Duration
For survey sites the GPS fixes should be averaged over
a the time taken to complete the tasks at that site
(this was generally 15-20 minutes). The latitude and
longitude refers to the position is of star picket.

®  Anair photo reference (McDonald et al. 1998 p.7)

¢ Film number — give film number of photo, for
example WA3998 [Quadrat Description] Air Photo
Film No.



* Run number — give number of run [Quadrat
Description] Air Photo Run No.

+ Frame number — give number of individual photo
[Quadrat Description] Air Photo Frame No.

®  Aspect (McDonald et al. p.87)

®  Give as a compass bearing to nearest ten degrees.
On level lands, less than 1% slope, aspect need not be
recorded [Quadrat Description] Aspect

®  Elevation (McDonald et al. pp.87—88)

®  Elevation value [Quadrat Description] Elevation ASL.
Give in meters above sea level

m  Afull vegetation description and vegetation name
[Quadrat Description] Full Vegetation Description;
[Quadrat Description] Brief Vegetation Description

®  An estimate of the number of years (range] since the
most recent fire [Quadrat Descriptions] Years Since
Fire

m  Percentage cover of plant litter [Quadrat
Descriptions]% Litter Cover

®  Percentage cover of bare ground [Quadrat
Descriptions]% Bare Ground Cover

2.3.2 VEGETATION DESCRIPTION

The following elements of the vegetation present at a
survey site were quantified and described using the
methodology and coding of McDonald et al. (1998) and
Muir (1977), see Appendix 1 and 2.

A) Floristics

All vascular plant species were identified to the
species and subspecies level, where possible, within or
overhanging the 100 m? quadrat.

Any additional plant species were identified within

or overhanging the 400 m? quadrat i.e. species not
recorded from the 100 m? quadrat. These species were
annotated as being from the 400 m? quadrat [Vegetation
Descriptions] Quadrat Size.

Plant collection and identification was carried out by
Ellen Hickman. Three specimens for each species were

collected and after identification were processed through

CALM’s Albany Regional Herbarium. One specimen was
lodged at the Albany Regional Herbarium, one at CALM’s
Herbarium in Perth and one kept to be included in a
reference collection for the project.

The stratum occupied by each of the species identified
above was recorded [Vegetation Descriptions] Stratum.
Stratum: 1 =tallest dominant, 2 = middle, between upper
and 1 m, 3 =lower, up to 1 m, 4 = non woody, ground.

B) Vertical Structure

For each of the species in the tallest stratum within
the 400 m? quadrat, the following was calculated and
recorded:

m  Growth form, [Vegetation Descriptions] Growth Form

m  Average height, [Vegetation Descriptions] Average
Height

®  Height class and name, [Vegetation Descriptions]
Height Class

For each of the species in the other strata within the 100
m? quadrat the following was calculated and recorded:

m  Growth form, [Vegetation Descriptions] Growth Form

®  Average height, [Vegetation Descriptions] Average
Height

®  Height class and name, [Vegetation Descriptions]
Height Class

Growth form — Definitions of the most common growth
forms are given in Appendix 1.

Average height — The average height of each stratum was
estimated, including all species within that stratum.
Height class — Height class and name was determined as
given in Appendix 2.

C) Vegetation Cover

In order to detect change, a cover measure that visually
estimates percentage cover is not suitable. The method
used for estimating cover provided a value that, while not
a calculation of true cover, was to some degree repeatable
as it involved the measurement of actual crown gaps and
widths along the fixed transect.




For each stratum (except 4 — ground layer non-woody),
the transect was used to record a minimum of 12

measurements of actual crown widths and gaps (as
below]. This data was used to calculate and record the
following for each stratum:

®  Average crown width and gap [Crown Cover Data] Av
Crown Width; [Crown Cover Data] Av Crown Gap

®  Crown separation ratio [Crown Cover Data] Crown
Separation Ratio

m  Percentage crown cover [Crown Cover Data] % Crown
Cover

m  Crown cover class [Crown Cover Data] Crown Cover
Class

Crown separation ratio (C)

The crown separation ratio was calculated as the ratio of
the mean distance between crowns relative to the mean
crown size, ie. crown widths and gaps were measured to
determine C [Crown Cover Data] Crown Separation Ratio.

There were three key elements the field estimation of C:

1. Azig-zag transect was sampled as shown in Figure
2 below. Transect PQ was established and starting

at a crown near P (in this case A}, the next crown
encountered was selected going towards or across the
transect line and in the direction P <= Q.

FIGURE A7-2: The zig-zag sampling procedure (from
McDonald et al. 1998)

2. Crown widths and gaps were measured for each
stratum separately irrespective of species, 12
measurements were taken between P and Q.

3. Where crown overlap occurred, the crown gap had a
negative value; the greater the overlap the greater the
negative value.

Crown separation ratio (C) = Mean B/ Mean A
Where B is the crown gap and A is the crown cover

Percentage Crown Cover was calculated using the crown
separation ratio (C) as shown below:

Crown cover % = k / (1=C)?

where the constant k = 80.6 for samples along a
zig-zag transect as shown in Figure 2 [Crown Cover
Data] % Crown Cover.

Crown widths and gaps were measured using a tape
measure and two people. A person stood at either side of
the crown gap or width, looking up to determine where
the crown begins or ends, and the measurement was
recorded. The crown gaps were measured in the direction
of travel according to the zig-zag pattern and the crown
gaps at their widest.

®  Percentage foliage cover [Crown Cover Data] % Foliage
Cover

Because some mallee species have very sparse crowns
(e.g. Eucalyptus tetragona) the added estimate of crown
type was made (Figure 3). This was then used to calculate:

Percentage foliage cover = % crown cover x crown
type



40%

45%

50%

55%

60%

65%

70%

FIGURE A7-3: Crown types. The rows show different crown
types for different leaf sizes (large to small,
left to right). Acacia phyllodes are in the right
hand row (from McDonald et al. 1998).

Ground layer, non woody stratum (stratum 4): Foliage
cover of the ground layer was accurately estimated by
using foliar intercepts along the transect. A5 m tape was
placed along the transect from its start. Looking vertically
down on the tape and foliage, the amount of foliage
intercepted along the tape is estimated and expressed as
a percentage of the transect length (Figure 4).

FIGURE A7-4: The method of estimation of cover of ground
layer, non-woody vegetation. The length
of intercepted foliage is measured along
a tape and foliage cover calculated (from
MacDonald et al. 1998).

2.3.3 LAND SURFACE, LANDFORM AND SOIL

A) Surface Coarse Fragments

The abundance of different categories of surface coarse
fragments (gravel, stones and boulders) were recorded as
per Appendix 3. [Soil and Landform Data] Surface Gravel
Abundance; [Soil and Landform Data] Surface Stone
Abundance; [Soil and Landform Data] Surface Boulder
Abundance

B) Landform

Slope class, morphological type and landform element
were recorded (see McDonald et al. pp.11-34).

Slope class [Soil and Landform Data] Landform Slope
Class

®  Slope classes were recorded as per McDonald et al.
(1998).

®  The slope was observed and recorded as precisely as
the chosen survey method permitted.

®  The observation spanned no less than 20 m so as
not to be influenced too much by features of the
microrelief that occurred within the landform element.

Morphological Type [Soil and Landform Data] Landform
Morphology

Landform elements fell into morphological types as given
in Appendix 4 and ten types were distinguished.

C) Soil
Soil colour and type were recorded as in Appendix 5 [Soil
and Landform Data] Soil Type.

2.4 INVERTEBRATE SAMPLING

Methods for invertebrate collecting were based on that
developed by CALMScience Division for sampling of
invertebrates in the Tingle forests. The following methods
description is extracted from Van Heuke (2001}, modified
slightly to suit the current project.




2.4.1 SAMPLE DESIGN AND METHODS

Each sampling site comprised a sampling unit of 16
pitfall traps, each pitfall trap was a cup 90 mm diameter
and 110 mm deep, placed inside a sleeve of PVC piping,
with the top level with the surface of the A soil horizon,

so as to minimise disturbance to the soil. The diameter

of these cups was chosen to be larger than the largest
invertebrate species that were expected to be collected
during this study (i.e. orthopterans, carabid beetles

and mygalomorph spiders). This avoided any possible
sampling bias that may have occurred if pitfall traps with
smaller diameters were used. Lids consisting of 90 cm
diameter plastic petri dish were placed over the pit and
supported with three metal ‘bobby pins’ so that the lid sat
approximately 1.5 cm above the lip of the cup. This allowed
large insects, but excluded things like small mammals
(particularly honey possums]) and frogs.

Four co-dominant eucalypt trees were selected per site,
four pitfall traps were established around each tree, two
pitfalls in the litter near the tree butt and two pitfalls 10

m away in shallower litter or bare ground (see Appendix
6). Traps were opened for a ten day period and each trap
was half filled with antifreeze (ethylene glycol] mixed with
50% water as a preservative. At the end of each trapping
period the contents of each trap was fine sieved (0.2

mm x 0.2 mm mesh size] to collect all meso and macro-
invertebrates which were then transferred to a solution

of 70% ethanol for transportation to the laboratory. Four
traps from the butts of two trees were then bulked into
one sample. The four shallow litter or bare ground traps
from two trees were similarly bulked into a single sample.
The collection of the 16 traps around the four trees at each
site resulted in four samples, two butt litter samples and
shallow litter or bare ground samples.

Traps were closed by removing the trapping cups from the
PVC tubes and filling with soil and surface litter to allow
normal surface activity of the litter invertebrates between
trapping sessions.

2.4.2 SAMPLE COLLECTION

The method of collection of invertebrate samples in the
field is outlined in the Invertebrate Collecting Methods
Sheet for Use in the Field (see Appendix 6).

2.4.3 SORTING AND IDENTIFICATION

Each sample was kept separate and was sorted using

a binocular microscope, usually using the 6.5 x 10
objectives. All macro and meso-invertebrate specimens
(those greater than 0.2 mm body dimensions) were
identified and separated to order level using the keys

of Harvey & Yen (1989). For each invertebrate order

the number of individuals and the number of different
morphospecies (Oliver & Beattie 1993) were determined
within each sample to estimate sample richness. (These
morphospecies were not described nor kept separate). For
each sample the orders were kept in separate vials and
labelled with Site, Date, Collector and Survey.
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APPENDIX 7.1: GROWTH FORM

Tree
Mallee tree

Shrub
Mallee shrub

Heath shrub
Chenopod shrub
Tussock grass

Hummock grass
Sod grass

Sedge™*
Rush

Forb
Fern

Moss
Vine

woody plant more than 2 m tall with a single stem or branches well above the base

woody perennial plant usually of the genus Eucalyptus; multi-stemmed with fewer than five trunks of which at least three
exceed 100 mm in diameter at breast height; usually 8 m or more tall

woody plant multi stemmed at the base (or within 200 mm from ground level) or, if single stemmed, less than 2 m tall
commonly less than 8 m tall, usually with five or more trunks, of which at least three of the largest do not exceed 100 mm in
diameter at breast height

shrub usually less than 2 m tall, commonly with ericoid leaves

xeromorphic single or multistemmed halophytes exhibiting drought and salt tolerance

forms discrete but open tussocks usually with distinctive shoot, or if not, then not forming a hummock; these are common
agricultural grasses

coarse xeromorphic grass with a mound like form often dead in the middle; genera are Triodia and Plectrachne

grass of short to medium height forming compact tussocks in close contact at their base and uniting as a densely interfacing
leaf canopy

herbaceous, usually perennial, erect plant generally with a tufted habit and of the families Cyperaceae and Restionaceae.
herbaceous, usually perennial, erect plant; rushes are grouped in the families Juncaceae, Typaceae, Restionaceae and the
genus Lomandra

herbaceous or slightly woody, annual or sometimes perennial plant; not a grass

characterised by large usually branched leaves (fronds), herbaceous to arborescent and terrestrial to aquatic; spores in
sporangia in the leaves

small plant usually with a slender leaf-bearing stem with no true vascular tissue

climbing, twining, winding or sprawling plant usually with a wooden stem

*The following will help differentiate between grasses and sedges that are not flowering.

Grasses
Leaf sheath always split Leaf sheath never split (except Restionaceae)

Ligule present
Leaf usually flat

Usually no ligule
Leaf not always flat

Steam cross-section circular ~ Stem cross-section circular, triangular or polygonal
Evenly spaced internodes Extended internode below inflorescence




APPENDIX 7.2:

TTrees >30m
M Trees 15-30 m
LATrees 5—-15m

LB Trees < 5m

KT Mallee Tree Form

KS Mallee Shrub Form

S Shrubs

SA Shrubs 1.5-2.0 m
SB Shrubs 1.0-1.5m
SC Shrubs 0.5-1.0 m
SD Shrubs 0.0-0.5m

P Mat Plants

H Hummock Grass

GT Bunch Grass >0.5m
GL Bunch Grass <1.5m

J Herbaceous species

VT Sedges >0.5m
VL Sedges <0.5 m

X Ferns

Mosses, Liverworts

DENSE:
70-100%d

Dense Tall Forest
Dense Forest
Dense Low Forest A

Dense Low Forest B

Dense Tree Mallee

Dense Shrub Mallee

Dense Thicket
Dense Heath A
Dense Heath B
Dense Low Heath C

Dense Low Heath D

Dense Mat Plants
Dense Hummock Grass
Dense Tall Grass

Dense Low Grass

Dense Herbs

Dense Tall Sedges

Dense Low Sedges

Dense Ferns

Dense Mosses

MID-DENSE
30-70%c

Tall Forest
Forest
Low Forest A

Low Forest B

Tree Mallee

Shrub Mallee

Thicket
Heath A
Heath B
Low Heath C
Low Heath D

Mat Plants

Mid-dense Hummock Grass

Tall Grass
Low Grass

Herbs

Tall Sedges
Low Sedges

Ferns

Mosses

VEGETATION CLASSIFICATION BY MUIR, 1977

SPARSE
10-30%i

Tall Woodland
Woodland

Low Woodland A
Low Woodland B

Open Tree Mallee

Open Shrub Mallee

Scrub

Low Scrub A
Low Scrub B
Dwarf Scrub ¢

Dwarf Scrub D

Open Mat Plants
Hummock Grass
Open Tall Grass

Open Low Grass

Open Herbs

Open Tall Sedges
Open Low Sedges

Open Ferns

Open Mosses

LIFE FORM/HEIGHT CLASS CANOPY COVER

VERY SPARSE
2-10%r

Open Tall Woodland
Open Woodland

Open Low Woodland A
Open Low Woodland B

Very Open Tree Mallee
Very Open Shrub Mallee

Open Scrub

Open Low Scrub A
Open Low Scrub B
Open Dwarf Scrub C
Open Dwarf Scrub D

Very Open Mat Plants
Open Hummock Grass
Very Open Tall Grass
Very Open Low Grass

Very Open Herbs

Very Open Tall Sedges
Very Open Low Sedges

Very Open Ferns

Very Open Mosses




APPENDIX 7.3: SURFACE COARSE FRAGMENTS

Course fragments are particles coarser than 2 mm. They
include unattached rock fragments and other fragments
such as charcoal and shells.

Table 4a: Abundance of coarse fragments

0. No coarse fragments 0

1. Very slightly; or Very few, <2%
for example very slightly fine gravelly;
very few small pebbles

2. Slightly; or Few, 2-10%
for example slightly stony, few stones

3. No qualifier; or Common 10-20%
4. Moderately; or Many 20-50%
5. Very; or Abundant 50-90%
6. Extremely; or Very abundant >90%

Size of coarse fragments
The average maximum dimension of fragments is used to
determine the class interval.

1. Fine gravelly; or small pebbles 2-6mm

2. Medium gravelly; or medium pebbles 6-20 mm

3. Coarse gravelly; or large pebbles 20-60 mm

4. Cobbly; or cobbles 60-200
mm

5. Stony; or stones 200-600 FIGURE A7.3-1: Estimating the abundance of coarse
mm fragments

6. Bouldery; or boulders 600 mm-2
m

7. Large boulders >2m




APPENDIX 7.4: MORPHOLOGICAL TYPE

DEFINITIONS OF MORPHOLOGICAL TYPES

Symbol |Morphological type |Definition

C Crest Stands above all, or almost all points in the adjacent terrain; it is characteristically smoothly convex
upwards in down-slope profile or in contour, or both; the margin of a crest element should be drawn
at the limit of observed curvature

H Hillock Compound landform element comprising a narrow crest and short adjoining slopes, the crest length
being less than the width of the landform element

R Ridge Compound landform element comprising a narrow crest and short adjoining slopes, the crest length
being greater than the width of the landform element

S Simple slope Slope element adjacent below a crest or flat and adjacent above a flat or depression

U Upper slope Slope element adjacent below a crest or flat but not adjacent above a flat or depression

M Mid-slope Slope element not adjacent below a crest or flat and nit adjacent above a flat or depression

L Lower slope Slope element not adjacent below a crest or flat but adjacent above a flat or depression

F Flat Planar landform element that is neither a crest nor a depression and is level or very gently inclined

v Open depression Landform element that stands below or almost all adjacent terrain; an open depression extends at

(vale] the same elevation, or lower beyond the locality where it is observed

D Closed depression  Landform element that stands below all adjacent terrain

Crast
c
Crgst i
Open
Opan depression
». depression

Ergal Crest
Simple i'.;‘:el_e
b. Opan g 5
depression v
Cresi Open
Ridge i
[ h. Simpl; slope depression
Opean
depression Flat
| v
€. Crast Waxing
C__|upper-slope
Ridge i UX  Maximal

GRS Maximal

W
Open depression

lowar - slope

LM Flal depression

F

Open
depression

FIGURE A7.4-1: Examples of profiles across terrain divided into morphological types of landform element. Note that the
boundary between crest and slope elements is at the end of the curvature of the crest. Each slope element is
treated as if it were straight.




APPENDIX 7.5: THE RECOMMENDED FIELD TEXTURE GRADES FOR DETERMINING SOIL TYPE

Field texture grade Behaviour of moist bolus Approximate clay content (%)
S Sand Coherence nil to very slight, cannot be moulded; sand grains of medium size; Commonly less than 5%
single sand grains adhere to the fingers
LS  Loamysand Slight coherence; sand grains of medium size; can be sheared between the thumb  About 5%
and forefinger to give a minimal ribbon of about 5 mm
CS Clayey sand Slight coherence; sand grains of medium size; sticky when wet; many sand grain ~ 5-10%
stick to the fingers; will form minimal ribbon of 5—15 mm; discolours fingers with
clay stain
SL  Sandyloam Bolus coherent but very sandy to touch; will form a ribbon of 15-25 mm; dominant 10—-20%
sand grains are of medium size and are readily visible
L Loam Bolus coherent and rather spongy; smooth feel when manipulated but with no About 25%

obvious sandiness or silkiness; may be somewhat greasy to the touch if much
organic matter present; will form ribbon of about 25 mm
ZL  Silty loam Coherent bolus; very smooth to often silky when manipulated; will form ribbon of ~ About 25% and with silt 25% or
about 25 mm more
SCL Sandy clay loam Strong coherent bolus, sandy to touch; medium size sand grains visible in finer 20-30%
matrix; will form ribbon of 25—40 mm

CL Clayloam Coherent plastic bolus, smooth to manipulate; will form a ribbon of 40—50 mm 30-35%

CLS Clay loam sand Coherent plastic bolus, medium size sand grains visible in finer matrix; will form ~ 30-35%
ribbon of 40—-50 mm

ZCL Silty clay loam Coherent smooth bolus, plastic and often silky to the touch; will form a ribbon of ~ 30-35% and with silt 25% or more
40-50 mm

LC Lightclay Plastic bolus; smooth to touch; slight resistance to shearing between thumband ~ 35-40%

forefinger; will form a ribbon of 50—75 mm

LMC Light medium clay Plastic bolus; smooth to touch; slight to moderate resistance to ribboning shear; ~ 40-45%
will form a ribbon of about 75 mm

MC  Medium clay Smooth plastic bolus; handles like plasticine and can be moulded into rods without 45-55%
fracture; has moderate resistance to ribboning shear; will form ribbon of 75 mm or
more

MHC Medium heavy clay Smooth plastic bolus; handles like plasticine; can be moulded into rods without 50% or more

fracture; has moderate to firm resistance to ribboning shear; will form a ribbon of
75 mm or more

HC  Heavyclay Smooth plastic bolus; handles like stiff plasticine; can be moulded into rods 50% or more
without fracture; has firm resistance to ribboning shear; will form ribbon of 75 mm
or more

All the above field texture grades on which sand is recorded, for example LS, SL, are defined as having medium sized sand. Coarse or fine sand
grades can be given as below:

K Course sandy — coarse sand is obviously coarse to touch. Sand grains are very readily seen with the naked eye.

F Fine sandy fine — sand can be felt and often heard when manipulated. Sand grains are clearly evident under a X 10 hand lens.




APPENDIX 7.6:

INVERTEBRATE COLLECTING METHODS

INVERTEBRATE COLLECTING METHODS SHEET FOR USE IN THE FIELD

Each site has 16 pits arranged as follows:

Q Co-dominant tree

iC) Invertebrate pit

ot O
0 o2 0 Os
"IO® ®|:|:
o o
(e [
Je) Qoz 0@ o
DI ;D

FIGURE A7.6: Sampling design of invertebrate pits

Trees are assigned a letter from A-B.

Two pits are placed near the base of the four trees which
are approx 15—-20 m apart, and two pits are placed about
10 m away from each of the four trees in litter. This results
in 16 pits at each site.

Each pit has a marked dropper placed next to it.

Each pit is a cup set into the ground within a PVC pipe
sleeve.

The cup is filled with a solution of ethylene glycol (50%
ethylene glycol and 50% water).

The pits are left open for ten days.

On the tenth day the invertebrates are removed from the
cups as follows:

1. Remove cup from PVC sleeve. Leave the PVC sleeve in
place and fill in with soil. Leave dropper in place also.

2. Combine the following pits to make four samples:

sample 1 =A1 + A2 + B1 + B2 = 1 tree base sample
sample 2=A3 + A4 + B3 + B4 = 1 litter sample
sample 3=C1+C2 + D1+ D2 =1 tree base sample
sample 4 =C3 + C4 + D3 + D4 = 1 litter sample

3. Foreach sample sieve off the ethylene glycol solution
into a waste container and wash the invertebrates left
in the sieve thoroughly with water in a squirt bottle.
Place the contents of the sieve into the appropriate
collecting vial (120 ml plastic screw lid container)
using a funnel and 70% alcohol. Screw lid tightly in
place.

Make sure the correct label is used for each sample.
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