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1.0

1.1

INTRODUCTION

BACKGROUND

The Salinity Investment Framework (SIF) was developed by the State Salinity Council to
improve the way funding is distributed to salinity initiatives at State, regional and catchment
levels. The aim of the SIF is to ensure that funds are directed to projects with the best
potential to protect high value public assets.

The Minister for the Environment and Heritage, the State Salinity Council, the Avon
Catchment Council, Department of Conservation and Land Management, Department of
Agriculture and the Water and Rivers Commission are conducting a trial or ground-truthing of
the SIF for the southwest agricultural region and within the Avon natural resource
management region. This process is expected to produce the following outcomes:

. State priorities for salinity action;

" A priority listing of projects for the Avon NRM region;

L] A documented SIF process;

. An evaluation of the process as applied during the trial,
] A set of guidelines on how to implement the process;

" Criteria used in the analysis to make decisions;

. Details of information sets needed to make decisions;
. Skills required by the people involved; and

. The approximate cost of implementing the process.

The Department of Conservation and Land Management, as the key agency for biodiversity
conservation, is participating in both the State and regional level components of the SIF
project.

To assist with this project, the Department has appointed Syrinx Environmental PL to help the
project team refine some of the steps in the priority setting process.

Four types of assets will be considered under the SIF — biodiversity, land, water and rural

infrastructure. This review focuses only on the biodiversity component of the priority setting
process.
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1.2

2.0

PROJECT TASKS

Three key tasks have been identified as requiring input from Syrinx Environmental PL.:

1- Conduct a literature survey of parameters used to characterise biodiversity
conservation assets and provide a revised list of parameters.

2 - Through literature review, discussion with personnel and a workshop, prepare a draft
list of selection criteria for ranking landscapes with significant biodiversity conservation
values.

3 - Undertake a literature review and prepare a summary of methods used to allocate
priorities among biodiversity conservation assets, and between biodiversity
conservation and other goals including land conservation, water conservation and
infrastructure protection.

This paper presents results of the first project task for circulation and comment. The paper is
intended to provide a basis for discussion amongst scientists and managers, and will be
modified on this basis.

STUDY APPROACH

The resolution of the key SIF project objectives outlined in Section 1 requires the
development of one or more frameworks to guide a decision process. The first task, which is
to derive a list of biodiversity assets that is to have agreement amongst conservation
agencies, managers and scientists, needs a framework which is fully inclusive of the
components of biodiversity and their current values, since this stage underpins the priority
selection phase. This first stage must present a means of compartmentalising all information
across all scales which may have input into the conservation selection process. In other
words, in deriving a list of biodiversity assets, the process of addition and subtraction, which
is largely driven by human goals and needs, must be made transparent. This allows
progressive changes to asset lists with time as more information becomes available for
species, communities, landscapes, and species habitat requirements.

Through the course of this literature study it became apparent that conservation biologists,
ecologists, and others contributing to the sphere of biodiversity conservation, use a plethora
of terms that are poorly defined and inconsistently applied. This problem was raised as early
as 1935 by Tansley (1935) who cited the dangers such confusion causes to scientific
understanding and conservation biology. Moreover, few papers have dealt with the concept
of biodiversity from a multidisciplinary or philosophic perspective, a situation considered by
one author to reflect the tendency of post-Aristotelian science to be driven by specialisation
and poor appreciation by many scientists for fields outside of their specific area (Naeem
2002). Similarly, classification frameworks for assessing conservation significance of areas
are uncommon (but see Semeniuk and Semeniuk 1997 and the RAMSAR convention for a

N

syrinx environmental pl restoration remediation research masterplanning landscape architectural design




global and regional classification of wetlands respectively). Moreover, the concepts of value
judgements, and risk or threat analysis, while used widely in resource economics and the
social and health sciences, has not always sat comfortably with scientists and has only
relatively recently been used in this State (eg. Priority codes for flora/fauna, TEC’s).
However, managers of biodiversity must engage these concepts on a daily basis to effect
practical management of conservation areas with limited financial resources.

The approach taken in this paper is to:
1 - Review the literature and;

2 - Derive a framework based on the literature, as well as on the objectives and outcomes
in relation to SIF, for defining biodiversity assets.

Using the literature, in context with the goal of biodiversity conservation given as the driver to
the State conservation process (Wallace et al., 2002, Appendix 1), this framework defines the
process gap between establishing the goal and defining the biological asset.

The structure of the report is as follows:

1- A preamble is given on the current definitions and values of biodiversity as used in
recent literature, and a comment on measures of biodiversity (which remain
controversial);

2 - A discussion on papers that deal with (explicitly or implicitly) the notion of biodiversity
assets as defined by Wallace et al., (2002) and it’s component parts (i.e. entity,
characteristic, value);

3 - A proposed framework for defining biodiversity assets in general;

4 - Arevised list of biodiversity assets for the Wheatbelt region.



3.0

3.1

3.1.1

BIODIVERSITY

DEFINING BIODIVERSITY

Definitions of biodiversity vary in the literature, but typically the term is used to refer to ‘the
total (and irreducible) complexity of all life, including species variety and their varying
behaviour and interactions’ (Williams et al. 1999). The global biodiversity strategy defines
biodiversity as ‘the total of genes, species and ecosystems in a region’ (World Resources
Institute (WRI), 1992), which adds a scalar perspective. Williams et al., (1999) add that
biodiversity is ‘a quantifiable value that is both broadly shared among the people for whom
they are acting and considered as being in need of protection’, which adds a common ‘value’
and ‘measure’ component to the definition. Biodiversity is usually categorised into its
components, namely genetic diversity, species diversity and ecosystem diversity (Cogger,
1993; Department of Environment, Sport and Territories (DEST), 1993; Sattler, 1993; Cohen
and Potter, 1993; Williams et al., 1999). Fundamental to the concept of biodiversity are the
different levels of biological organization ranging from landscapes to genes

Biological diversity conservation is dependent on the level of information and awareness
among the communities in any country (Nkosi 2002). ‘Biodiversity loss is not primarily a
biological problem but a sociological one involving both moral/ethical issues and self-
interest/utility issues...only fundamental changes in human economic, ethical and social
systems can reduce current rates of biodiversity loss’ (Cogger 2000). Wallace et al., (2002)
emphasised that biodiversity assets must reflect the goal, and the goal, being a human
notion, must reflect the human need or more correctly, perceptions of need. Wallace,
Beecham and Bone (in draft 2002) also correctly note that at this level, ie. the top of the
process chain, we as humans do not all share the same understanding of our genetic and
cultural need for biodiversity. From the beginning, the generation of a framework for
assessing conservation priorities and implementing conservation objectives, is driven by and
limited by human culture.

Biodiversity Values

Values are generally discussed in the literature in relation to human needs (eg. Williams et
al., 2002; Beattie, 1993; Vane-Wright, 1996; D.E.S.T, 1993). Although it is not the purpose of
this paper to fully review biodiversity values, they are briefly summarised to maintain the
context of discussion.

Wardell-Johnson (1996) and Horwitz (1996) state that high value areas must be identified
before they can be managed to conserve biodiversity. This presupposes an agreed value set
of some sort. Williams et al. ( 2002) states that the value chosen for conservation of
biodiversity should be broadly shared by the people and preferably ought to be quantifiable
(at least in relative terms) for arguments presented to economists, politicians and their
constituents.
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DEST (1993) and Williams (1996) identifies biodiversity value under the following groups;
ecosystem services, biological resources and social benefits. Services and resources
included in these groups are beneficial to maintain biodiversity. In the wheatbelt, natural
biodiversity contributes to the following community values that have been specifically detailed
in Wallace, Beecham and Bone, (in draft).

. Consumptive use values;

" Productive use values;

. Opportunity values;

= Ecosystem service values;

" Amenity values;

" Scientific and educational values;
] Recreational and tourist values;

. Spiritual/sense of place values.

Ecosystem services are becoming increasingly linked with sustainable use of the planet,
although there is no robust evidence on what level of biodiversity is essential for this (Cairns
2002). Ecosystem services include protection of water resources, soils formation,
maintenance of biological diversity, soil structure formation and protection and the retention
of moisture and nutrient levels. Such benefits as nutrient storage and cycling assist in food
production for multiple levels of ecosystems, from bacteria to higher life forms. This has a
dramatic flow down effect, with influences on such things as pollution breakdown and
absorption, vegetative influences on micro- and macro-climates. Furthermore, maintaining
healthy ecosystems improves the chances of recovery of plant and animal populations from
unpredictable natural catastrophic events (DEST, 1993).

Biodiversity in the context of a biological resource primarily refers to the heavy dependence
of humans and other organisms on primary producers (mainly plants). The wild gene pool
has incredible value to the agricultural sector as it provides disease resistance, improved
productivity and different environmental tolerances (DEST, 1993). Many Australian native
species are also reputed to have great food potential as some have greater amounts of
protein, fats, carbohydrates, minerals and vitamins compared to cultivated foods. A number
of Australian species are also recognised to be the basis of medicinal products. Wood
products, ornamental plants, breeding stocks and population reservoirs are all additional
values placed by humans on biological resources. Future resources are alsoc an important as
there are a large number of as yet undiscovered plant species which could provide future
benefit to society (Beattie, 1991).

Using plants or animals for research, education and monitoring purposes are examples of the
social benefits of biodiversity (Beattie, 1991, DEST, 1993; Burbidge, 1993). Natural areas
provide excellent living laboratories for such studies, for comparison with other areas under
different systems of use, and for valuable research into ecology and evolution (Barker, 2002;
DEST, 1993). Social values also include aesthetic, recreational, cultural and spiritual
aspects.



3.1.2

Returning to the Wallace et al., (in press) wheatbelt values, these might be broadly re-
grouped as follows:

1 - Biological Resource - Consumptive use values; Productive use values; Opportunity

values
2 - Ecosystem Service Values - Opportunity values;
3 - Social/Spiritual Benefits - Amenity values, Scientific and educational values;

Recreational and tourist values; Spiritual/sense of place values.

These are the values that should drive the goal (which has been set as the conservation of
biodiversity). They are also the umbrella values that must drive the definition of assets or
quantifiable values.

Biodiversity Measures

Most of the arguments in biodiversity conservation centre on differences in quantifying or
measuring biodiversity value (Humphries et al., 1995; Barker, 2002). Williams et al. (2002)
and others (Faith et al., 2001; Sakara, 2002; Petchey and Gaston, 2002) suggest that no
single objective measure of biodiversity is possible, only measures relating to particular
purposes or applications (Williams et al., 2002). The debate on measures of biodiversity
relate to ‘what’ is measured and ‘how’ it is best measured. This is largely the realm of later
stages of the present project, and will not be addressed further in terms of defining biological
assets, although is considered at some level in terms of clarifying terminology.

Main biodiversity measures are linked to diversity scales, and include genetic richness
(Coates and Atkins, 2001; Williams et al., 2002), species richness, community richness
(English and Blythe, 1999), complementarity-derived focal taxa (eg. Lund and Rahbek, 2002)
and a range of biodiversity surrogates (Humphries et al., 1995; Ferrier, 2002; Moritz, 2002).
Williams et al., (2002) and others (see Cohen and Potter, 1993) argue for a single currency
approach using genetic diversity as a basis for measuring species diversity (for their relative
richness in different genes) and ecosystem diversity (for the relative richness in the different
processes to which the genes ultimately contribute). Species richness as a common
measure of community and regional diversity (Magurran, 1988), is an elusive quantity to
measure properly (May, 1988), and ecologists have recently been taken to task for not
appreciating the effects of abundance and sampling effort on richness measures and
comparisons (Gotelli and Colwell, 2001).



3.2

3.21

BIODIVERSITY ASSETS

The term ‘asset’ is described by the Macquarie Dictionary, (1997) as being ‘an item of
property, a person, thing or quality regarded as useful or valuable to have’. Wallace et al.,
(2002) defines biological assets as ‘physical entities with specific biodiversity characteristics
that are of value to humans’. Therefore it must be tangible, and therefore might be redefined
simply as a ‘valuable ‘thing’ (for biodiversity). Note that Wallace et al., (2002) uses both
‘biological asset’ and ‘biodiversity asset’. It is suggested that the latter is used to maintain
the hierarchical connection to biodiversity values and the biodiversity goal.

It should be noted at the outset that the concept of ‘asset’ as used by Wallace et al., (2002)
has not previously been applied to biodiversity in the literature. Most authors deal with
definitions of biodiversity, the value of biodiversity, and the measure of biodiversity as
discussed above. The implied ‘asset’ is only dealt with as a component of biodiversity when
deriving measuring techniques, i.e. the term ‘asset’ may be equated with ‘quantifiable values’.

Although not used in the literature, the term biodiversity asset provides a concept that
demands specificity and therefore is considered an essential link between the science and
philosophy of biodiversity and operations. However as it stands, as pointed out by Wallace et
al., (2002), it requires clarity and discussion.

Wallace et al., (2002) note that it is essential to identify those biodiversity assets that need to
be protected and restored to achieve the goal. Note however that the goal is set by the
values (i.e. biological resource, ecosystem services, social), so defining biodiversity assets
must also satisfy the values, which means assets need to meet biological resource,
ecosystem service and/or social values. This is important since the current proposed list of
biodiversity assets (Appendix 2) implies a refined values list (e.g. rare, endemic), which while
fitting in to broad current biodiversity values, exclude future values. The immediate intent of
this paper for now is to develop a framework for defining assets at a point in time, ignoring
viability values into the future. These will need to be addressed at a later stage.

Separating Assets and Function

The validity or otherwise of excluding function and process concepts from the definition of
biodiversity assets is discussed in this section. Wallace et al., (2002) states that ‘we manage
the processes to protect the assets to achieve the goal to deliver the human values derived
from biodiversity’, and states that consequently, functional elements can be removed from
defining biological assets. However, the ecological service value of biodiversity implies
ecological function (Cairns, 2002), which means function is inextricably linked to both the
goal and the definition of the assets. Indeed, all entities have functions. Further, the
emerging paradigm that biodiversity governs ecosystem function is rapidly evolving — ie. the
asset dictates the function or processes, rather than the processes dictate the asset. This
debate has redirected ecology to focus on the feedback between ecosystem function and
biodiversity rather than studying them independently (Naeem, 2002). For this reason, a
review of the logic sequence as it relates to changing landscapes, such as the wheatbelt
region, is needed before an asset definition can be resolved.



Existing data on landscapes modified by large-scale process change, such as salinity and
waterlogging, show in some cases at least, species are declining in numbers and have or are
expected to become extinct (Recher and Lim 1990, Saunders and Ingram 1995, Menge and
Sutherland 1987, M. Carey, unpubl data), ie. natural systems respond in accordance with
current community ecology theory where the distribution and abundance of species is a
function of altered abiotic (physical and chemical conditions) and biotic (species interactions)
factors. The relative importance of environment-species, or species-environment interactions
is likely dependent on the rate of change and frequency of disturbance, more so than spatial
impact of change (consider the history of fire impacts in the south-west for instance, which
have shown altered species composition). As stated in Wallace et al (2002), the most
striking example is that increasing salinity threatens some 450 species of plants and
numerous native animals with extinction (Keighery 2000).

The questions relevant to the separation of asset and function from a management
perspective are 1. how does one define the point at which biodiversity ‘becomes a slave of
the environment’ (Naeem, 2002), rather than a major determinant of the environment?, and 2.
is this reversible with management, or through natural arrest of stress processes?, eg. as
catchments reach a new hydrologic equilibrium. This is key since it determines to what
extent managers must ‘manage the processes to protect the assets’, or ‘manage the assets
to protect the processes’. According to the new ‘Biodiversity-Ecosystem Function’ paradigm
(Naeem 2002), the latter will be true; according to conventional community ecology theory,
the former will be true. In reality, both are true (Naeem 2002). Few would disagree that
Homo sapiens (the asset) has altered environmental processes dramatically on a global
scale, and that this in turn has impacted on Homo sapiens in a feedback loop.

In any case, returning to the concept of biodiversity asset, whilst it is clear that a function or a
process is not an asset, what is unclear is whether defining the asset is a sufficient step in
setting priorities for conservation, or whether defining function is a better step, such that
assets are ranked according to function, and conservation priorities are driven by ecological
redundancy and complementarity principles, ie. an ecosystem approach rather than an
organism (community) approach.

Once again, if we return to the goal of biodiversity conservation, we are forced to concede
that:

1. Whilst function and processes are important, they are important for meeting
human needs; this includes meeting the needs of other species needed to meet
human needs;

2. The entity or entities performing the functions and processes we have identified as
central to meeting human needs, is the (current) asset worth preserving for the
service it provides;

3. This means that interactions (between assets) are necessary to provide some
human needs (eg. air plus soil plus water plus mycorrhiza = edible plant; the
edible plant might be considered the asset, but the plant is dependent on the soil,
water and mycorrhiza — the plant might be considered the primary asset, the sail,
water and mycorrhiza the dependent assets). The scale and nature of these
dependencies, and interdependencies, will need to be defined for assessing viable
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3.2.2.1

4. assets at a later stage, but also become key for determining the scalar boundaries
of an asset, and assisting with the ‘how’ rather than ‘what’ issues of conservation;

5. If the entity stops providing such services, it is no longer an asset worth
preserving (ie. low viability value).

Note that other assets may be defined by non-functional characteristics or values (eg. rarity).
The issue of interdependency of assets need to be defined for particular (organism-level)
assets such that areas set aside for conservation of such assets are large enough or intact
enough to incorporate the required ecosystem functions associated with the asset. This is
revisited in later sections.

In summary, it is logical to agree with Wallace (2002) that function and process are not the
assets, however these concepts are central to the process of defining and valuing assets. For
example, a species that contributes a specific, non-replicated function or group of functions
will be of more value as an asset than one that contributes a generic function or set of
functions. Of course the risk here is that the full suite of functions and processes provided by,
or influenced by, a particular organism are not at all well understood, and will not be
understood within the time scales required for effective conservation in changing landscapes
such as the wheatbelt. From this perspective, a way forward would be to incorporate function
as a characteristic or attribute of an asset.

Asset Components

The Wallace et al., (2002) definition of biodiversity asset includes three concepts: entities
(physical), characteristics and values. In order to define a specific biodiversity asset, each of
these concepts needs to be defined.

Entities

Biodiversity entities referred to in the literature are derived from the components of
biodiversity, ie. genetic diversity, species diversity, ecosystem or community diversity, and
regional diversity (Magurran, 1988; Williams et al., 2002; Sarkar, 2002; Cogger, 1993; Sattler,
1993; Cohen and Potter, 1993). Others use the terms alpha diversity (number of species in
each habitat), beta diversity (turnover of species between habitats) and gamma diversity
(regional species pool) (Ward and Tockner, 2001). In either case, the entity is gene, species,
ecosystem, landscape, region described along a geographical or biological scale (e.g.
Cogger, 2000; Sattler, 1993), or gene, species, habitat, where the scale at the gamma level
is not fixed (e.g. Ward and Tockner, 2001). In either case, most authors use a hierarchical
model to resolve biodiversity components, or entities. These hierarchies, although in detail
the subject of many different viewpoints, (eg. Groves et al., 2002; Sattler, 1993; Noss, 1990)
are normally in use as either ecological hierarchies and/or geographical hierarchies. For
example, Aronson and LeFloc’h, (1996) suggest an ecological hierarchy as follows:

gene < individual < population < community < ecosystem < landscape < matrix <
biogeographical region < biosphere.
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They define ‘ecosystem’ in the classical sense as ‘a biotic community and its biogeophysical
environment, including all the interactions between and among them’ (Tarnsley, 1935 in
Aronson and LeFloc’h, 1996). They, and many other ecologists, define ‘landscape’ according
to Forman and Godron, (1986) in Aronson and LeFloc’h, (1996), as ‘a heterogeneous portion
of land consisting of a recognisable cluster of ecosystems that interact in ways producing
spatially repeatable patterns’.

Sattler (1993), suggests a hierarchy of biodiversity grouped into four levels including:
regional landscapes > ecosystem > species > genetic variation (see Appendix 4).

Regardless of the type of hierarchy used, it is clear, and most authors agree, that we must be
explicit about scale (Aronson and LeFloc’h, 1996; Allen and Hoekstra 1987; Ward and
Tockner 2001, Groves et al., 2002). In summary, entities are either biological or
biogeographical, and are defined in a scalar context in the literature. The question of scale is
relevant to the definition of assets at each scale, as well as to the scales of management as
discussed by Wallace et al (2002). In a theoretical sense, all scales must be included to
derive biodiversity assets comprehensively; in a management sense, the appropriate scale
can be selected based on geographical, political and economic objectives and constraints
Forman (1997).

Wallace et al (2002) addressed the need for selecting appropriate scales of management and
noted that the type of physical scale used will often reflect a mix of characteristics best suited
to the task at hand. From the standpoint of planning and implementing operational
management, Wallace and Beecham (1998) found the following scales most useful:

] individual organisms;

] populations;

. specific, identifiable areas of bushland;
" landscapes; and

. bioregions and larger scales
Characteristics

The dictionary definition of ‘characteristic’ is ‘... relating to, constituting, or indicating the
character or peculiar quality; typical; distinctive, a distinguishing feature or quality’ (M.U,

1997).

Wallace et al., (2002) use the term ‘characteristics’ to link a ‘value’ to a ‘thing’. Therefore, if a
value is ‘biological resource’, and the entity is a ‘species’, a characteristic might be
‘palatability’. If a value is ‘ecological services’ and the entity is gene, the characteristic may
be salt-tolerant. In any case, the term characteristic may be useful for separating out the
objective features of an entity, from those we consider at present to have a biodiversity value
(asset).

The terms ‘characteristic’ or ‘character’ are used in the literature to define traits (e.g.
phenotypic traits such as different chemicals, morphological features, functional behaviour)



(Williams et al., 2002). In these instances the term is objective, or at least is absolute, not
relative, and furthermore it is suggested that characters are treated as of equal value given
uncertainty about future values (Williams et al., 1994; Humphries et al.,1995). Such an
approach allows flexibility in adding to an assets description as the current body of research
expands, thereby reducing the exclusion principle, which at present is in danger of being built
into the biodiversity asset concept. As an example, an individual population of a species
(entity) may at present be considered a low priority for conservation, but may in time be found
to contain ecotypic variants (characteristic) that add to genetic diversity and therefore
contribute value (according to the human values defined earlier). This population then
becomes a current biodiversity asset. This of course presumes that research must continue
in the determination of ‘future assets’ in potentially unprotected areas, or run the risk of losing
potential future assets — the acceptability or otherwise of these risks becomes part of the
priority selection process. This choice is underpinned by the current ‘aspirational goal’ as
defined by Wallace et al (2002) for the wheatbelt, which ‘means that conserving, etc. the full
range of natural biodiversity is the object of the goal. Thus provided the full range of natural
biodiversity is conserved and replicated, it will be acceptable to allow some natural
populations and individuals to be unprotected’.

In some cases the term characteristic is grouped with attribute, which is described by MU,
(1997) as ‘belonging to, resulting from, owing to, or having caused, and can be assigned or
ascribed and can otherwise be known as a characteristic’. The term attribute is used much
more widely in the literature, and a series of vital ecosystem attributes (VEA’s) and vital
landscape attributes (VLA’s) have been identified to aid quantitative evaluation of structure,
composition and functional complexity over time (Aronson et al., 1993; Aronson and Le
Floc’h, 1996). Kelly and Harwell (1990) and Lefroy and Hobbs (1993) detailed similar
attribute lists for riparian and agricultural ecosystems respectively. Sattler (1993) refers to
biodiversity descriptors such as numbers, population structure and composition at each
hierarchical level as ‘patterns’.

Although the list of attributes developed by Aronson et al., (1993) and Aronson and Le Floc’h,
(1996) were intended to assist in resolving restoration ecology problems, many of the
ecosystem and landscape traits listed are equally useful here reinterpreted as characteristics
that are considered to be useful for defining current biodiversity assets (note they are not in
themselves assets). For example, a landscape (entity) with high (value) ecosystem diversity
(structural characteristic) is a biodiversity asset; an ecosystem (entity) with high (value)
productivity (functional characteristic) is a biodiversity asset. For this reason they are
included below, although it is noted that they are a guideline list only intended to illustrate an
approach; these should be modified for each relevant setting, scale and purpose. Note
attributes relating to viability (eg. human impacts) are given in grey and are not considered
useful for current asset definition.

The Aronson et al., (1993) VEA list is as follows:

1 - VEAs related to ecosystem structure
= Perennial species richness
= Annual species richness
= Total plant cover



= Soil-borne seed bank
= Above ground phytomass
* Beta diversity
= Life form spectrum
« Keystone species (presence or activity)
= Microbial biomass
= Soil biota diversity
2 - VEAs related to ecosystem function
= Biomass productivity
» Soil organic matter (OM)
= Soil surface conditions (SSC)
» Coefficient of rainfall infiltration (CRI)
= Maximum available soil water reserves (WR)
= Rain use efficiency (RUE)
= Cation exchange capacity (CEC)
= Length of water availability period
= Nitrogen use efficiency (NUE)
» Microsymbiont effectiveness
« Cycling indices

The Aronson and Le Floc’h (1996) VLA list is as follows (anthropogenic components deleted
in grey):

* Type number and range of landforms.
= Number of ecosystems.
» Type, number and range of land units.

= Number and proportion of land use types.

= Number and variety of ecotones.

* Number and types of corridors.

= Diversity of selected critical groups of organisms (functional groups).

= Range and modalities of organisms regularly crossing ecotones.

» Cycling indices of flows and exchanges of water, nutrients, and energy within
and among ecosystems.

» Pattern and tempo of water and nutrient movements.

A comprehensive list of attributes that apply similarly to finer biological scales (community,
population, species, individual, gene) is not covered here, but again can generally be
considered in terms of structure, function and composition. These attributes, or
characteristics, provide an important matrix for attaching specific biodiversity values to
individual entities, thereby deriving biodiversity assets.
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Each of the characteristics described above and in Waliace et al (2002) can be separated
more simply into the following structural characteristics:

= Number

» Type

= Area

= Range

= Diversity

= Representativeness

Number, type, area and range are better viewed as units of measure under the characteristic
‘scarcity’.

Functional characteristics can be simplified as follows:

= Pattern

= Cation exchange capacity (CEC)

= Biomass productivity

= Hydroperiod

= Nutrient, physico-chemical flux

* Cycling indices of flows and exchanges of water, nutrients, and energy.

Note, each of these characteristics apply to biotic, rather than abiotic entities, which also
have characteristics of value, if only accepted as important as secondary to the survival of
particular organisms (see discussion in Semeniuk et al 2002). Natural history and geo-
heritage features also have (often global) conservation significance (Semeniuk et al 2002 and
references therein), and must also be considered in the conservation priority selection
process.

Values

As mentioned in earlier sections, values are normally framed in the broad context of
ecological services, biological resources and social benefits. However, individual entities
(genes, species, communities etc) are mainly ranked in a conservation priority sense in terms
of relative scarcity, i.e. rare, unique, endemic etc), which are the terms used by Wallace et
al.,, (2002) as ‘attributes’ for describing assets, and currently in use globally (at least in
theme) for prioritising conservation (Appendix 2). Rarity no doubt, is an important
biodiversity value in the sense that it may reflect speciation (new genes) and relictual genes,
unique genetic conglomerations, and unique aesthetic landscapes for example, but common
species/communities/landscapes may also hold these values.

The genetic approach to measuring biodiversity argues for maximum variability, rather than
rarity, as the key parameter for prioritising conservation (Coates 2001, Moritz 2002). Rare
organisms have unusual traits that add to the gene pool, and are therefore necessarily
covered by maximising variability in conservation reserves. A high degree of variability can



also be considered as a value of a biodiversity asset, ie. the greater the variability (from a
species through to landscape level), the higher the conservation value.

A third component relating to the value of biodiversity assets is a high level of
representativeness within a region or landscape. Common species are accommodated in the
Wallace et al (2002) list of assets under this value. This parameter places importance on the
‘centre of distribution’, ‘parent gene pool’ and dominant or typical characteristics at each
geographical and biological hierarchical level. This is an important value since it takes into
account common organisms and associations, which supplement genetic variability and
optimise opportunities for adaptive change, and may hold future values unknown at a point in
time.

To address all ecological service, biological resource and social benefit biodiversity goals,
other umbrella value attributes are required. Most of the remaining biodiversity assets can be
defined at the value level in terms of their functional values, and might be grouped under the
broad heading ‘usefulness’.

Much of this involves a revisit of the role of function in defining biodiversity assets as

discussed above. Functional characteristics are, more often than not, unavailable for most

ecosystems or landscapes; so at a practical level, the description of assets will be based on

structural descriptors more so than functional descriptors. Returning to the current

biodiversity-ecosystem function paradigm, the resolution may be to accept the following

assumptions:

1. structural characteristics are a surrogate for function;

2. changes to structural characteristics will be reflected in changes to functional
characteristics (at one or more scales); and

3. changes to functional characteristics will be reflected in changes to structural
characteristics (at one or more scales).

If we accept this, for the purpose of defining current assets (ie. at a point in time) function is
subsumed into the type, number, area, diversity and range within each entity scale, and for
the purpose of defining future assets, or viable assets, changes to both structural and
functional characteristics must be considered.

However, the value placed on structural characteristics may not represent the uniqueness or
importance of specific ecological functions, and in most instances, the progress of research
will normally identify values in parallel to characterising ecological function. For example, if a
species is found to have the ability to accumulate metals (functional characteristic), its value
or usefulness to humans will be immediately known. By including the term ‘usefulness’ as a
biodiversity value, areas and organisms with known functional importance are included in the
priority selection process. This accounts for current assets that have a known ‘use’ at this
point in time, and also allows the option of adding biodiversity assets to the accepted list over

time.

The term ‘usefulness’ may alternatively be called ‘habitat value’, since it implies all processes
and functions necessary for the survival and health of individual organisms (including
humans). For example, if passive recreational opportunities are granted as a fundamental
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human need, a management unit (say landscape) must be of an appropriate size and
diversity to satisfy the value requirement of each recreational activity — bushwalking for
instance requires a contiguous area on the scale of tens of kilometres to have high value,
recreational swimming requires a water body with a range of limits on salinity, nutrients and
heavy metals. Similarly, a landscape fragment may have high value as a breeding ground for
a range of migratory species, and a cluster of landscape fragments may have high value for
the (cross) breeding of sedentary species. On a global scale, ignoring all other values, the
Amazon Basin has a significant (critical) functional role in the generation of the earth’s

oxygen supply.

A FRAMEWORK FOR DERIVING BIODIVERSITY ASSETS

SETTING THE SCALE FOR DEFINING BIODIVERSITY ASSETS

Aronson and Le Floc h (1996) noted that establishing a clear conceptual hierarchy is
essential in the elaboration of a true landscape approach to restoration and rehabilitation
ecology. The same clearly applies to biodiversity conservation, since management decisions
must be made in the context of a range of competing priorities, limited resources and
practical constraints to achieve an agreed goal (as mentioned by Wallace et al 2002).

Using the above literature review, this section attempts to outline a framework for deriving
biodiversity assets using the evolution of terms and hierarchies discussed above. The
framework follows the logic followed in above sections, ie. separating entities and sub-entities
at various spatial scales, defining characteristics that apply at each sub-entity (which may be
viewed as purely biological, purely physical, or a combination of these), and defining current
values (for biodiversity characteristics only).

The proposed framework, given in Appendix 3, is based on a biogeographical hierarchy:
Supra-region > bioregion > landscape > ecosystem

And a biological hierarchy:
Community> population > organism > gene

Sattler (1993) used the biogeographic approach for developing a nationwide biodiversity
strategy for Queensland, which is represented in the form of a pyramid structure (Appendix
4). This type of framework has value beyond the identification of biodiversity assets, such as
at the next level of defining current and future values. Noss (1994) suggests two
hierarchies, firstly a biological organisation (eg. genes, populations, communities-
ecosystems, and landscapes), and functional hierarchies including the sequence: genetic
processes, demographic processes-life histories, interspecific interaction-ecosystem
processes, landscape processes and disturbances-land use trends.

syrinx environmental pl restoration remediation research masterplanning landscape architectural design 16



Note that ecosystem is included separate to community in the proposed framework adhering
to original definitions, where community is an interaction amongst organisms (ie. biotic), and
ecosystem is the interaction between biotic and abiotic components. Note that in terms of
management in this State, community is often used rather than ecosystem because the
boundaries of these as management (and research) units are easier than ecosystem units,
which are often fragments. In terms of management however, they are managed as a cluster
of communities within a bushland remnant, which are often actively managed in terms of
ecosystem processes (eg. fire, hydrologic change, salinity). That is they are defined as
communities and managed as ecosystems.

The framework used in this section is used for the purpose of ensuring characteristics and
values (hence biodiversity assets) are described at each scalar level, ie. for the moment
ignoring what may be more useful in a management sense which can effectively be
abstracted from the main framework.

Definitions of ecological terms vary widely in the literature, and the best one that suits the
purpose is applied here with as much adherence to classical definitions as possible. Note
this does not necessarily deal with the problems of quantifiable definitions (e.g. for
ecosystem) or how these are to be measured, or the inconsistencies in types (e.g. ‘Wetland
ecosystem’ — which is defined by abiotic geomorphic and/or hydrologic characteristics, versus
‘Woodland ecosystem’ — which is defined by biotic factors).

The structure of the frameworks is based on the entity, characteristic, asset or value attribute
and value as discussed in previous sections above. Note the framework is by no means a
comprehensive listing of characteristics or of assets at this stage. Note also that future
values are ignored at this stage.

The term characteristic is used to describe a biodiversity entity. Note that the list of
characteristics provided is incomplete, and in itself can be broken down into more helpful
levels, which has already been done by many authors, but again rarely in the same manner
(eg. Wiens 1999, Sattler, 1993; Aronson and Le Floc’h, 1996; Noss, 1990).

The biogeographical entities are defined as fixed in scale (temporal and spatial). Their
definitions are as follows:

1 - Bioregion is as defined by the National Land and Water Audit (NLWA), and in use by
SIF and has been used by Sattler (1993). The term supra-region is included above this
level to accommodate migratory species whose habitats (and therefore conservation
requirements) are often at inter-regional scales.

2 - Landscape is almost always included in biological hierarchies and refers to, 'a
heterogeneous portion of land consisting of a recognisable cluster of ecosystems that
interact in ways producing spatially repeated patterns' (Forman and Godron 1986)

3 - Ecosystem was originally coined by Tansley (1935), 'a biotic (group of) communities
and (their) biogeophysical environment, including all the interactions between and
among them’, and was intended to deter the natural human prejudice of focussing on



organisms rather than on the system as a whole. The term ecosystem is widely used in
biological hierarchies (eg. Aronson and Le Flo'ch 1996, Sattler 1993, Groves et al.,
2002; Noss, 1990; Ward and Tockner, 2001) although as noted by Sarkar (2002), ‘the
highly fashionable term ... is about the worst-defined in the ecological literature. The
original definition by Tansley (1935) is used here.

The biological entities are considered non-fixed in scale (temporal and spatial). Their
definitions are as follows:

4 - Community is used at the last level to refer to ‘clusters of populations of different
species having mutual relationships among themselves and to their environment’ (Dark
1997). The emphasis of ‘community’ is on the biota, rather than the interactions. The
term community is used widely as a management unit in the State, particularly in
defining threatened communities for conservation protection.

5 - Population is defined as ‘a genetically stable group of randomly interbreeding
individuals’ (Dark 1997). Populations of different species make up communities, and in
the case of vagile species, may belong to more than one community in time and space.

6 - Organism is a single individual of a species, and can conceivably belong to multiple
populations, multiple communities, multiple ecosystems and multiple regions.

7 - Gene is the ‘functional unit of heredity’ (Dark 1997) and as with organisms, and to
greater scale, individual genes may be present across and within all biogeographical
scales, as well as across organisms. From a scalar perspective, genetic diversity is a
powerful entity for measuring biodiversity as the base ‘currency’ of all living things
(Williams et al 1996, King and Schreiber 1999).

At odds with other hierarchical systems, the term ‘habitat’ is considered as a non-fixed spatial
entity, which is the group of communities and ecosystems within and across regions required
for the survival of an individual organism and/or population. Habitats exist at all
biogeographical levels, depending on species. Disjunct plant populations will have several
habitats within a landscape; migratory birds will have habitats that extend beyond the
regional scale. For example, the monarch butterfly, Danaus plexippus has two migratory
populations, one as far south as Mexico and one northern migration towards Canada, which
is considered an ‘endangered biological phenomenon’ (Brower and Malcolm in Sarkar, 2002).
A single species habitat requirement may comprise different ecosystems at different times of
the year, or may be confined to a single community. As a concept that crosses hierarchies,
habitat is a powerful tool for resolving some of the conflicts in conservation management,
such as how big is a ‘significant’ reserve, since the habitat (size, shape, composition,
functions) is determined by an understanding of a species requirement. Whilst this level of
research is not possible for all species, the identification of critical habitats can be handled in
this manner.
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The concept of critical habitat has recently been accepted at Federal level, with a register of
critical habitat recently erected (Environment Australia 2002). This new concept adds a value
scale to habitat similar to that discussed above for species and communities. In the context
of the framework presented here, the term habitat is only used in the sense of adding value
to an entity or characteristic or set of characteristics of an entity. Therefore it is not an asset
as such, but provides the required entity and set of processes needed to support an asset,
which in the case of habitat, will always refer to an organism.

DERIVING BIODIVERSITY ASSETS

Scarcity, variability, representativeness and usefulness can be considered umbrella values
used to identify biodiversity assets at each of the scales given above. These are presented
in Appendix 3, with assets defined across all bio-geographical and biological scales

Revisiting the broad biodiversity values, the relative ‘importance’ levels of scarcity (whether in
density, type, distribution or function), variability (genetic or spatial), representativeness
(genetic or spatial) and usefulness provides a relative measure of conservation value. Table
1 below attempts to organise the characteristics used to determine the value of a biodiversity
asset in accordance with the broad biodiversity goals, the entity (in terms of geographical and
biological hierarchies) and the value scales used against each characteristic.

These biodiversity assets can be further prioritised (ie. ranked) according to condition
(current, not viable), relative scarcity on a spatial level (eg. globally rare has greater value
than locally rare), and existing legislation (eg. already protected) for example. This is shown
in Table 2 below.

Following on from the framework approach and relative value table, the list of biodiversity
assets proposed by the draft document of Wallace et al (2002) has been revised and is
summarised in Appendix 5. Note at this stage all geological, heritage, social and economic
assets are excluded from the assets list, although these must be addressed to meet the
original biodiversity goal as currently set. This means that three of the original assets listed
by Wallace et al (2002), (ie. numbers 9, 11, 12 Appendix 2) have been (temporarily)
removed. A total of 24 assets have been listed thus far for biological values and three for
natural or geo-heritage values. Note also that all ‘condition’ values have been ignored, such
as for instance, ‘low number of non-native species’ which is considered better introduced at
the next level of threat analysis.

At some point in the decision sequence, a list of operational or management objectives that
are more about what is considered feasible at each level of the ecological/geographical entity
hierarchy, and what management scale is practical, is needed to resolve prioritising of
biodiversity assets (for instance, Wallace et al (2002) states that most of the wheatbelt must
be managed at the landscape level).



Aluswe
|euonesnpa
|euonea.dal
Ajunpoddo aunyny
aAjonpoud
oAidwnsuoo ‘6s
(1odsjoy) uoibai ‘sadeaspue| ‘swsysAsose MO —- ybiH ssau|njas
‘saniunwwiod ‘suoneindod ‘saioads ‘auan)
(yodsjoy) uocibal ‘sadeospue| ‘Sw8)SAS029 MO D — ubiH uonisodwo) ssauaAllejuasalday
‘S9IUNWILIOD ‘suonendod ‘ssipads ‘auag
(Aysusbousiey)
(yodsjoy) uoibau ‘sadeoaspue| ‘swB}sAs000 MO B ybiH| (o198 ss1oads ‘sisjoeieyd) sadA) Jo abues pue Jaquiny Ajnjiqeuep
‘seniunwiwod ‘suone|ndod ‘sseipads ‘ausn
onewld
(useped Arojeibiw -6a) euswousyd [eoibojoog
S9J0AD 19} AN
moy} ABiaug
Ayaonpold
|eo1B60[04pAH
esiwsyooahoig ‘He
(3odsjoy) uoibai ‘sedeoaspue| ‘sws)SAS009 UowwoD 4 anbjun uonouny ul AJ0Je0g
‘seniunwwos ‘suoneindod ‘saloads ‘suan)
(1odsyoy) uoibai ‘sadedspue| ‘swolsAsooe uowwiod ¢ anbiun WIOH ‘UOIIRIDOSSY odA} ul AjI0Iedg
‘saiunwiwoo ‘suohendod ‘saroads ‘ausg)
(yodsjoy) uoibal ybiH < MO (ssauiyoied ‘uoneoiidal) Aouanbaiy
‘sadeospue| ‘SWwa)sAs029 ‘saUNWWOD sa1nadg
SW9)SAS008 abpse-uoN < afpg
‘saljlunwwod ‘suoneindod ‘saioads ‘auac)
‘sadeaspue) pealdsspipy,  ¢— olwepuy uonnquisig aoeds ul Ajoieog
‘SWBIAS009 ‘sauNWWod ‘odAjoos ‘sapedg
‘sodeospue| ‘swa)sAsoos uowwo) 4 aley ssqunN|  Ausuap ur Ajoseog
‘saniunwwod ‘suonejndod ‘ssioads ‘ausg)
Aoae0g
Hun jesibojoirg (mo] 03 yBiy) ajeos anjep FRANSVIW 40 LINN S3LNAI{LLVY ALISHIAIQ

‘Aius jeapydesboab pue jea1bojolq yoea o) pajjdde ajeos anjea pue ainseaw Jo S}UN ‘Sa)NQLITIR anjeA Jo )sif pasodoid L a|qel



S9SN JO JaqWINU MO S8sn Jo Jaquinu ybiH

1004 obelaay us|@ox3 ealy |[ewsS ealy abie ‘SSDUIBP|IM Jo/pUe
‘leuoneonps ‘jeudipaw ‘euonealoal ‘aajonpoud Buipnioul ‘sanjea uonendod

10 sa10ads ‘wsiuebio juediyiubls yum Jueuwas adedspue] Jo adeospue|

1004 obeiony  JuUs||9OX] ealy ||ewS ealy abie ‘uoifal 8y} JO dAlEIUSSaIdas SaIUNLIWOD pue ‘suoliendod
‘sa10ads ‘ssuab jo uoipodoud ybiy e yym jueuwss adeospue) Jo sdeospue|

uoiBboy a1e1g jeuoneN 1Bqo|o ‘sauNWwod 1o ‘suoneindod ‘sausB 1o AyisiaAip apim e Buipnoul

‘ANIgeLeA [BuIBIUI JO [9A8] YD1y B yim Jueuwal adeaspue) Jo adeospue]

0o0d obeseay u9|eox3] adeospuer uoibay 9)els |euclieN |BqO[S) ‘(1eynqgey [eonuo “B3) suonoun;
|e2160j028 JO 18 Jo uoyouny [e2160]029 anbiun e |I5n} 1By} Sjueuwal adedspue|

. J0 seuas 40 Jueuwsl adesspue| ‘Ajunwiwod ‘voneindod ‘saoads ‘ausb vy

1004 obessay jusjeox3|  adeospue] uolIbay BETS feuoleN |1eqo|9 ‘adA} Jo uoisodwon
‘wioy ut enbiun jueuwsas sdeospuej 10 Ajunwiwod ‘uoieindod ‘soloads ‘ousb vy

1004 ebeloAay jus||99x3 adeaspuen uoibay EETY |euonen aJaumos|d pajediidal Aood AjUNUWILIOD 10 saloads v
1004 ©obeloay us|9Ix3 uowwo) poIoLIISaY aley uopnNquisIp sy jo abps
oy} je weuws. adeospue| 0 Ayunwiwod ‘vonendod ‘saivads ‘wsiueblo uy

1004 ofeiany u9|eox3| adeospuen uoibay |ers jeuoneN [[lelel[5) jueuws. adeosspue| o Ajunwwod ‘adAjooe ‘sarnads Jlwepus Uy
1004 obeisay us|9ox3] adedspueT uoiboy alelg {euoljeN ECEIR) Jueuwsas adeospuel 1o Ayunwiwod ‘uonejndod ‘seioads ‘susb alel

(3samo| 03 3s8ybI1y) yuey uonpuoy

(¥samoj o} 3s0yBiy) xuey ajess

juswabeuep jo j9Aa] adeaspue je paulyaq s}ossy AJisiaAlpolg

‘sjasse A)siaAipoiq jo Buiyued pasodoid 'z ajqey



5.0

REFERENCES

Allen, T. F. H., Hoekstra, T. W. (1987). Problems of scaling in restoration ecology: A
practical application. in W.R Jordan, lll, Gilpin, M. E., Aber, J. D., (eds). Restoration
Ecology: A Synthetic Approach To Ecological Research. Cambridge University Press,
Cambridge, U.K.

Aronson, J., Floret, C., Le Floc h, E., Ovalle, C., Pontanier, R. (1993). Restoration and
rehabilitation of degraded ecosystems in arid and semi arid lands. |l. Case studies in
southern Tunisia, central Chile and northern Cameroon. Restoration Ecology, (1) p168-187.

Aronson, J., Le Floc h, E. (1996). Hierarchies and landscape history: dialoguing with Hobbs
and Norton. Restoration Ecology, (4) p327-333.

Barker, G. M. (2002). Phylogenetic diversity: a quantitative framework for measurement of
priority and achievement in biodiversity conservation. Biological Journal of the Linnean
Society, (76) p 165-194.

Beard, J. S. (1990). Plant Life of Western Australia. Kangaroo Press, Kenthurst, NSW.

Bettie, A. (1991). Biodiversity and bioresources — the forgotten connection. Search, Vol 22,
No. 2.

Brower, L. P.,Malcolm, S. B., (1991). Animal migrations: endangered phenomena. American
Zoologist (31) p 265-76.

Burbidge, A. A. (1994). Conservation biology in Australia: where will it be heading, will it be
applied? Moritz, C., Kikkawa, J., (eds). In Conservation Biology in Australia and Oceania.
Surrey Beatty and Sons. N.S.W.

Cairns, J. (2002). Environmental monitoring for the preservation of global
biodiversity: the role in sustainable use of the planet. International Journal of Sustainable
Development & World Ecology 9:135-150, 2002.

Coates, D. J., Atkins, K. A. (2001). Priority setting and the conservation of Western
Australia’s diverse and highly endemic flora. Biological Conservation (97) p251-263.

Cogger, H. G. (1993). Biodiversity conservation in Australia: development of a national
strategy. In Conservation biology in Australia and Oceania, Moritz, C., Kikkawa, J., (eds.).
Surrey Beatty and Sons. N.S.W.

N

syrinx environmental pl restoration remediation research masterplanning landscape architectural design 2




Cohen, J. I., Potter C. S. (1993). Conservation of biodiversity in natural habitats and the
concept of genetic potential. In Perspectives on biodiversity: case studies of genetic
resource conservation and development, Cohen J. ., Potter C. S., Janczewsk, D., (eds.).
AAAS Press, Washington, DC.

Dark, G. (1997). The Cancer Web Project, online medical dictionary: including biochemistry,
cell biology, chemistry, medicine, molecular biology, physics, plant biology, radiobiology,
science and technology. , Dept. of Medical Oncology University of Newcastle, U.K

Department of Environment, Sport and Territories (DEST). - Biodiversity Unit. (1993).
Biodiversity and its value. Biodiversity Series, paper no. 1. DEST, Canberra.

English, B., Blyth, J. (1999). Development and application of procedure to identify and
conserve threatened ecological communities in the south-west botanical province of Western
Australia. Pacific Conservation Biology, (5) p124-138.

Faith, D. P., Margules., C. R., Walker, P. A. (2001). A biodiversity conservation plan for
Papua New Guinea based on biodiversity trade-offs analysis. Australian Museum, N.S.W.

Ferrier, S. (2002). Mapping spatial pattern in biodiversity for regional conservation planning:
where to from here? Systematic Biology, (51) p 331-363.

Forman, R. T. T., Godron, M. (1986). Landscape Ecology. John Wiley and Sons, New York.

Gotelli, N. J., Colwell, R. K. (2001). Quantifying biodiversity: procedure and pitfalls in the
measurement and comparison of species richness. Ecology Letters, (4) 370-391.

Groves, C. R,, Jensen, D. B., Valutis, L. L., Redford, K. H., Schaffer, M. L., Scott, J. M.,
Baumgartner, J, V., Higgins, J, V., Beck, M. W., Anderson, M. G. (2002). Planning for
biodiversity conservation: putting conservation science into practice. Bioscience, (52) p499-
512.

Humphries, C. J., Williams, P.H., Vane-Wright, R. I. (1995). Measuring biodiversity value for
conservation. Annual Reviews of Ecology and Systematics, (26) p93-111.

Kelly, J, R., Harwell. (1990). Indicators of ecosystem recovery. Environmental Management
(14) p527-545

King, T.L and Schreiber, K. (1999). Gene conservation: identification and management of
genetic diversity. Perspectives in Ecology (Ed: A. Farina), pp159-170, Backhuys Publishers,
Leiden.

Lefroy, E. C., Hobbs, R. J. (1993). Ecological indicators for sustainable agriculture. Pages
1-24 in P. R., Scott, compiler. The role of trees in sustainable agriculture. Resource
Management Technical Report 138. Department of Agriculture, Perth, W .A.



Lund M.P. and Rahbek C. (2002). Cross-taxon congruence in complementarity and
conservation of temperate biodiversity. Animal Conservation. 5:163-171, 2002.

Macquarie university(M.U). (1997). The Macquarie dictionary Third Edition. The Macquarie
Library Pty Ltd, NSW.

Magurran, A. E. (1988). Ecological diversity and its measurement. Princeton University
Press, Princeton, U.S.A.

Marckwardt, A. H., Cassidy, F. G., Hayakawa, S. I, McMillan, J. B. (1967). Colliers
International Edition Dictionary. Funk and Wagnells, New York, U.S.

May, R. M. (1988). How many species on earth? Science, (241) p1441-1449.

Moritz, C. (2002). Strategies to protect biological diversity and the evolutionary processes
that sustain it. Systematic Biology, (51) p238-254.

Muller, S. (2002). Diversity of management practices required to ensure conservation of
rare and locally threatened plant species in grasslands: a case study at a regional scale.
Biodiversity and Conservation, (11) 1173-1184.

Myers, N. (1990). The biodiversity challenge: expanded hotspots analysis. Environmentalist,
(10) p243-256.

National Land and Water Resources Audit.(NLWRA). (2001). Major vegetation groups and
their status in each state and territory. In Australian Native Vegetation Assessment. Land
and Water Australia, Canberra.

Naeem, S. (2002). Ecosystem consequences of biodiversity loss: The evolution
of a paradigm [Review] Ecology. 83(6):1537-1552, 2002 Jun.

Nilsson, C. (1986). Methods of selecting lake shorelines as nature reserves. Biology
Conservation, (35) p 269-291

Nilsson, C., Grelsson, G. (1995). The fragility of ecosystems: a review. Journal of Applied
Ecology, (32) p 677-692.

Nkosi, (2002). Community education for biological diversity conservation in the Shiselweni
Region of Swaziland. Journal of Biological Education. 36(3):113-115, 2002 Sum.

Petchy, O. L., Gaston, K.J. (2002). Functional diversity (FD), species richness and
community composition. Ecology Letters, (5) p 402-411.

Recher, H.F. and Lim, L. 1990. A review of current ideas of the extinction, conservation and
management of Australia's terrestrial vertebrate fauna. Pp 287-301 in 200 Years of
Utilisation, Degradation and Reconstruction, Eds D.A. Saunders, A.J.M. Hopkins and R.A.



How. Proceedings of the Ecological Society, Volume 16. Surrey Beatty & Sons Pty Lid,
Chipping Norton.

Saunders, D.A. and Ingram, J. 1995. Birds of Southwestern Australia; an atlas of changes in
distribution and abundance of the wheatbelt fauna. Surrey Beatty & Sons, Chipping Norton.

Sarkar, S. (2002). Defining “biodiversity”; assessing biodiversity. The Monist, (85) p131-
155.

Sattler, P. S. (1993). Towards a nationwide biodiversity strategy: the Queensland
contribution. In Conservation Biology in Australia and Oceania, Moritz, C., Kikkawa, J. (eds.).
Surrey Beatty and Sons. N.S.W.

Semeniuk, V and Semeniuk, CA (1997). A geomorphic approach to global classification for
natural inland wetlands and rationalisation of the system used by the RAMSAR convention —
a discussion. Wetland Ecology and Management 5: 145-158.

Semeniuk, V and Semeniuk, CA (2002). Human impacts on globally to regionally significant
geoheritage features of the Swan Coastal Plain and adjoining coastal zone, southwestern
Australia. Journal of the Geological Society.

Tansley, A. G. (1935). The use and abuse of vegetational concepts and terms. Ecology (16)
p284-307.

Vane-Wright, R. 1., Humphries, C. J., Williams, P. H. (1991). What to protect? — systematics
and the agony of choice. Biological Conservation, (55) p235-254.

Wallace, K., Nicholson, C., Carr, B. (2002). Priority setting for biodiversity conservation:
Draft process for the South-Western agricultural region and Avon catchment. CALM, W.A.

Ward, J. V., Tockner, K. (2001). Biodiversity: towards a unifying theme for river ecology.
Freshwater Ecology, (46) p 807-819.

Wardell-Johnson, G., Horwitz, P. (1996). Conserving biodiversity and the recognition of
heterogeneity in ancient landscapes: a case study from south-western Australia. Forest
Ecology and Management (85) p219-238.

Wardell-Johnson, G., Horwitz, P. (2000). The recognition of heterogeneity and restricted
endemism in the management of forested ecosystems in south-western Australia.
Management of Forested Ecosystems (63) p 218-225.

Williams, P. H. (1996). Measuring biodiversity value. World Conservation (formerly IUCN)
Bulletin, (1) p12-14.

Williams, P. H., Gaston, K. J. Humphries, C. J. (1994). Do conservationists and molecular
biologists value differences between organisms in the same way? Biodiversity Letters, (2)
p67-78.



Williams, P. H., Gaston, K. J. (1994). Measuring more of biodiversity: can higher-taxon
richness predict wholesale species richness? Biological Conservation (67) p211-217.

Williams, P. H., Gibbons, D., Marguies, C., Rebelo, A., Humphries, C., Pressey, R. (1996).
A comparison of richness hotspots, rarity hotspots and complementary areas for conserving
diversity using British birds. Conservation Biology, (10) p155-174.

Williams, P. H., Gaston, K. J., Humphries, C. J. (1997). Mapping biodiversity value
worldwide: combining higher-taxon richness from different groups. Proceedings of the Royal
Society, Biological Sciences, (264) p141-148.

Williams, P., Lees, D., Aradjo, M., Humphries, C., Vane-Wright, D., Kitching, . (1999).
Biodiversity- measuring the variety of nature and selecting priority areas for conservation.
National History Museum, London.

World Resources Institute (WRI), The World Conservation Union (IUCN)., United Nations
Environment Protection Programme (UNEP) in consultation with FAO and UNESCO. (1992).
Global diversity strategy; guidelines for actions to save, study and use the earths biotic
wealth sustainably and equitably. WRI, IUCN, UNEP, London, U.K



6.0

APPENDICES

APPENDIX 1

Flow diagram of process for establishing biodiversity conservation priorities for the South-
west Agricultural Region

1. Establish goal

2. |dentify current biodiversity assets

3. Identify most important assets to
achieve the goal

v

4. Apply broad Threat Analysis to
Assess Viability of Current Values
(i.e., values in the longer term)

— i

5a. Identify Threatened 5b. Collate information and
Species and Communities apply selection criteria to
Priorities potential target landscapes

(criteria already exist)

6a. List of target landscapes Bb. List of target landscapes
threatened by salinity not threatened by salinity

Note: it is proposed that sites outside 5a, 6a and 6b should be offered funding and assistance under a remnant
vegetation protection scheme, Land for Wildlife, and other similar schemes. Thus we end up with target species,

communities, landscapes and remnant habitats.
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APPENDIX 2

Characteristics that Describe Biodiversity Assets

Note that this list is a rough draft, and will be further developed during the SIF process. It will
also be essential to define and develop criteria for ranking areas/sites for each value.

An area or site is of importance for biodiversity conservation where it contains:

= An excellent, representative sample of bioregional or sub-bioregional native biota
(generally large nature reserves, or areas with significant levels of natural habitat
remaining).

= Rare' native plants and animals.

. Rare ecological communities.

. High levels of biodiversity and/or endemism.

= Populations of plants or animals at the limits of their natural range.

. Populations of plants or animals that are uncommon phenotypic or genotypic variants.

. Habitats that are important for the conservation of an animal species, for example, by

being a significant area where it breeds or congregates (e.g. a reserve serving as an
important resting place or drought refuge for migratory or nomadic species, or
important area for episodic colonial breeding).

. A wetland that satisfies criteria for nomination as a wetland of International Importance
under the Ramsar Convention, or an important habitat for migratory animals as defined
by an international treaty to which Australia is a party, or listed as important in the
Directory of Australian Wetlands.

" The site of an important biological survey (e.g. Woyerline Wells, where Shortridge
surveyed in 1908) or a type-locality of a plant or animal species

. An unusual community (e.g. there is perhaps only one site in the wheatbelt where
Allocasuarina campestris and Eucalyptus grossa occur in association)

' As noted in the main text, once viability issues are taken into consideration, then rare
entities may become assessed as threatened or in need of special protection.
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] A unique or outstanding landscape features (e.g. a range, rock, spring or lake).

. A palaeontological site.

" A representative sample of a local ecotype.

" Relictual species (for example, Gondwanan biota).

. All biodiversity assets not included in (1) to (14). However, note that common species

and their conservation should be covered under item (1).

Physical and cultural criteria — not appropriate for assessing biodiversity values.



APPENDIX 3

CLASSIFICATION FRAMEWORK

[A. BIOGEOGRAPHICAL — spatial, physical

U

entity > SUPRAREGION ..scale of widest habitat range of a species within a region, eg migratory birds, butterflys etc
entity — [BIOREGION eg. Avon WHEATBELT (NLWRA 2001)

sub-entity > ICatchment, Land Zone, District I
characteristics —> Geography Boundary - size and shape of area and landscape types

Climate (eg.dry warm mediterannean, winter precipitation 300-650mm/annum) - scarcity, variability,
representativeness, usefulness;

Total Area (eg. 93 520km?);

Landscape Units - types, number and extent of fragmentation (eg. 93% agriculture)

Geological (eg. Archaean granites with infolded metamorphics of the Yilgarn Block) - scarcity,

Geology variability, representativeness, usefulness
Hydrology Hydrological Units - scarcity, variability, representativeness, usefulness
Vegetation Vegetation Types - scarcity, variability, representativeness, usefulness
Fauna Fauna Types - scarcity, variability, representativeness, usefulness
Social/
assets (current value) Geography Geology Hydrological  [Biological Economic
high level of remnant patch replication
cultural geo-heritage high level of vegetation intactness
diversity diversity large size

regional representativeness
endemic ecosystems, communities, or species
range of unique or significant ecological functions

high gamma, beta, alpha diversity
high level of heterogeneity

values —JP STAGE2
viability
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entity > LANDSCAPE - 'a heterogeneous portion of land consisting of a recognisable cluster of ecosystems

that interact in ways producing spatially repeated patterns' (Forman and Godron 1986)

!

sub-entity |Agricu|tural, Natural (Remnant), Urban, Mixed etc. J

l
!

INatural (Remnants)

characteristics — [Landforms Type, number and range - scarcity, variability, representativeness, usefulness
(derived from Aronson and Le Floc'h Type, size, shape and structure of land units (inc. remnant patches) - scarcity, variability,
1996) Land Units representativeness, usefulness
Soil Units Type, number and range - scarcity, variability, representativeness, usefulness
Ecosystem Units Type, number, area, diversity - scarcity, variability, representativeness, usefulness
Ecotones Type, number and range - scarcity, variability, representativeness, usefulness
Corridors Number and types of corridors - scarcity, variability, representativeness, usefulness

Local rainfall/evaporation, run-off areas and amounts, discharge areas and amounts - scarcity,
Hydrological Patterns |variability, representativeness, usefulness

Vegetation Vegetation Types - scarcity, variability, representativeness, usefulness
Fauna Fauna Types - scarcity, variability, representativeness, usefulness
Social/
assets (current value) Geography Geology Hydrological  |Biological Economic

large number of ecosystem or community types
presence of unique ecosystems, communities or
cultural geo-heritage populations

diversity diversity high connectivity between remnants

large size of ecosystem or community remnants
well replicated ecosystems or communities
significant habitat values

high degree of intactness

presence of ecotones

high gamma, beta, alpha diversity

presence of endemic ecosystems, communities,
species

viability

value —3P STAGE 2 ﬁ
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entity

sub-entity

characteristics

(derived from Arons:
1993)

—’IECOSYSTEM - a biotic (group of) communities and (their) biogeophysical environment, including
all the interactions between and among them (Tansley 1935)'

l

> Woodland, Forest, Kwongan, Mallee, Halophytes, Wetlands (Beard 1990)

J

Types, number, area shape and structure of each community - scarcity, variability,

—> Community representativeness, usefulness
Soil Units Type, number and range of soil types - scarcity, variability, representativeness,
on and Le Floc'h Vegetation types, number of types, structure, composition - scarcity, variability,
Vegetation representativeness, usefulness
Fauna types, number and community composition - scarcity, variability,
Fauna representativeness, usefulness

Environmental Patterns |etc.)

Local environmental conditions (e.g. wind-temperature, nutrient levels, litter coverage

|

—tp

assets (current value) Geography Geology

value
viability

cultural geo-heritage
diversity diversity

Hydrological

freshwater
seasonal

Biological

unusual or unique communities or populations
endemic communities or species

high connectivity between remnants
ecosystem area of a significant size

well replicated community type/s

high community diversity

high gamma, beta, alpha diversity for flora &/or
fauna

significant habitat values

Social/
Economic

—P STAGE 2

syrinx environmental pl restoration remediation research masterplanning landscape architectural design 3

N



[B. BIOLOGICAL — biota

U

entity —{COMMUNITY — cluster of populations of different species having mutual relationships
among themselves and to their environment (adapted from Dark,1997)

|

sub-entity —> eg. Eucalyptus occidentalis Woodland; Melaleuca Shrubland; Mallee Fowl Community

characteristics — Populations Demography, genetic variability - scarcity, variability, representativeness, usefulness
Vegetation Structural diversity, composition - scarcity, variability, representativeness, usefulness
Flora Floristic composition and richness - scarcity, variability, representativeness, usefulness
Fauna Fauna composition and richness - scarcity, variability, representativeness, usefulness

assets (current value) —> Heritage Biological SociallEconomic
cultural unusual or unique species

rare species

edge of distribution species
disjunct community

unique or significant functions
high genetic variability

high floristic diversity

high faunistic diversity

high gamma, beta, alpha diversity

value —3 STAGE 2
viability
entity —>[SPECIES POPULATION — a (genetically) stable group of randomly interbreeding individuals (Dark,1997)
sub-entity eg. Mallee fowl, Eucalyptus salmonophloia
characteristics —> Type Scarcity, variability, representativeness, usefulness
Genetic Traits Scarcity, variability, representativeness, usefulness
Phenotypic traits Colour, habit etc - scarcity, variability, representativeness, usefulness
Demography Age, structure, turnover - scarcity, variability, representativeness, usefulness
assets (current value) ==Jp{Heritage Biological Social/lEconomic
cultural rare
endemic
edge of distribution species
disjunct population
unique functions
high variability
value — STAGE 2 ﬂ
viability
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entity ——3|SPECIES - ORGANISM
sub-entity —P|cg. Mallee fowl, Eucalyptus salmonophloia
characteristics — [Genetic Traits Variation
Phenotypic Traits Phenotypic traits
Life Cycle Traits Age, sex
asset —PHeritage Biological [Social/Economic
cultural rare or unique hybrid or subspecies
edge of distribution
unique functions
unique characters

value — STAGE 2 ﬁ

current/future

entity —PIGENE - the functional unit of heredity; the part of the DNA molecule that encodes a single
enzyme or structural protein unit (Dark,1997)

J

sub-entity —> eg. Dominant, recessive
characteristics =l

Functional Traits Colour, salt tolerance, biochemical etc
assets (current value) =—Jp»|Biological Social/Economic

rare gene

critical function

value iy STAGE 2
viability
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APPENDIX 4
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Sattler (1993). Hierarchy pyramid showing levels such as landscapes and ecosystems that have
been used in the proposed classification framework.
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APPENDIX 5

SUMMARISED LIST OF BIODIVERSITY ASSETS:

A. Biological

1- A region or landscape containing regionally representative ecosystems or
communities

2 - Ecosystems, communities, populations or species already protected under
existing Conservation Acts (including those that satisfy relevant RAMSAR,
JAMBA, CAMBA and other nationally listed conditions)

3 - Arare ecosystem or community

4 - An ecosystem or community with rare species present

5 - A community which contains relictual populations of species

6 - A region or landscape with a high level of ecosystem and/or community replication or
remnant ‘patchiness’

7 - Avregion, landscape, ecosystem or community with a high level of intactness

8 - Landscape remnants of ‘significant’ size or with other significant or critical habitat
values for supporting one or more species requirements.

9 - Areas (region or landscape) with a high level of endemism at the ecosystem,
community and/or species level.

10 - High regional (gamma), or ecosystem/community (beta) diversity

11 - A region or landscape with a high level of physical and biotic heterogeneity

12 - A region, landscape ecosystem or community that is unusual or unique or contains
unusual or unique remnants or species.

13 - Alandscape or ecosystem with high connectivity between habitat remnants

14 - An ecosystem or community with a high level of species (alpha) diversity

15 - An ecosystem with disjunct communities or a community with disjunct populations
present

16 - A community or population which contains species at the edge of their distribution

17 - A community or population which has high species and genetic variability

18 - A community, population, species or gene which has unique biodiversity functions

19 - A community containing local ecotypes

20 - An organism or population which is or contains a rare, unique or uncommon genotypic
or phenotypic variant

21 - An organism with unique or scarce functions (eg. salt tolerant, essential oil)

22 - An organism with unique genetic characters

23 - A gene with a critical function

24 - Arare gene

B. Natural Heritage or Geo-Heritage

25 -
26 -
27 -

A unique or outstanding landscape features (e.g. a range, rock, spring or lake).
A palaeontological site.
Relictual species (for example, Gondwanan biota C:\winword\Regional Plan.doc
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